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Abstract

The exponential growth of scientific evidence (i.e., pri-
mary research) and the ongoing development of meth-
ods to summarize such evidence, such as meta-analy-
ses and mixed treatment comparisons (/.e., secondary
research), make the worldwide dissemination of high-
quality meta-analyses and pertinent articles a key sci-
entific priority. The World Journal of Meta-Analysis will
apply an electronic open access publishing approach
combined with a timely and thorough peer-review of
submitted manuscripts, weighing more on quality than
priority, in order to improve the dissemination of sys-
tematic reviews and meta-analyses, as well as novelties
and advancements in methods related to them, focus-
ing on clinical medicine, but spanning all biomedical,
epidemiological, and psychological research fields.

© 2013 Baishideng. All rights reserved.

Key words: Evidence-based medicine; Meta-analysis;
Meta-regression; Review; Systematic review

Core tip: The exponential growth of scientific evidence
and the ongoing development of meta-analyses make
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the worldwide dissemination of the latter study type
a key scientific priority. The World Journal of Meta-
Analysis will apply an electronic open access publishing
approach, in order to improve the dissemination of sys-
tematic reviews and meta-analyses, focusing on clinical
medicine, but spanning all biomedical, epidemiological,
and psychological research fields.

Biondi-Zoccai G, Anderson LA. What is the purpose of launching
World Journal of Meta-Analysis? World J Meta-Anal 2013; 1(1):
1-4 Available from: URL: http://www.wjgnet.com/2308-3840/
full/v1/i1/1.htm DOI: http://dx.doi.org/10.13105/wjma.v1.il.1

INTRODUCTION

The scientific literature includes thousands of journals
on a extremely wide variety of topics, stemming from
scientific methods (e.g., Bayesian Analysis) or techniques
(e.g., Magnetic Resonance Imaging) to specific clinical topics
(e.g., Stroke). In an era dominated by online bibliometric
resources and fast dissemination and accrual of scientific
evidence, it is becoming increasingly difficult to remain
abreast of the most recent scholatly developments. This
is one of the main reasons for the success of secondary
research, ze., any form of scholarly activity which aims to
appraise and summarize specific research publications (ze.,
primary research)!?.

Within the context of secondary research, qualitative
reviews, defined as viewpoints summarizing the evidence
base on a specific scientific topic, conducted without any
explicit or validated method, are commonplace. Con-
versely, systematic reviews are based on explicit and, when
possible, validated means to seatch, select, appraise and
summatize the evidence base on a specific scientific topic.
Meta-analysis is the method by which primary data, given
appropriate methodological approaches, can be summa-
rized, and it is best undertaken in the context of a sys-

May 26,2013 | Volume 1 | Issuel |



Biondi-Zoccai G et a/. An exciting time to launch the WJMA

tematic retrieval of the literature™. Finally, more advanced
types of secondary research endeavors include meta-
regression analyses, cumulative meta-analyses, individual
patient-level meta-analyses, overview of systematic re-
views, and mixed treatment comparisons. The latter study
type, also known as network meta-analyses, appears very
promising and, despite obvious methodological limitations
which still require ample research, capable of powerful
evidence synthesis'*,

The success of reviews, systematic reviews, and meta-
analyses is well testified by the fact that this research de-
sign has grown exponentially in recent decades, outpac-
ing, at least in relative terms, all other research designs,
and it is the most likely to be quoted once publishedp’m.
Despite such ongoing success and impact among both
researchers and readers, until recently journals devoted
specifically to publishing systematic reviews and meta-
analyses were lacking. However, with the creation of
Systematic Reviews in February 2012 and the birth of the
World Journal of Meta-Analysis (World | Meta-Anal, W]NM.A,
ISSN 2308-3840, DOI: 10.13105) today, accessibility and
retrieval of important, and peer-reviewed meta-analyses
are set to improve. The WJMA Editorial Board has now
been established and consists of 402 distinguished ex-
perts from 41 countries.

It is not casual that both journals are seeing their light
within the electronic open access publication framework.
This novel approach, unheard of just a decade ago, is
revolutionizing the way evidence is created and dissemi-
nated, by putting increasing emphasis on readers down-
loading, using and commenting on articles, in addition to
other researchers later studying and quoting them, rather
than on peer-reviewers and editors, who are used to ap-
praise them before full publication. This paradigm shift is
well exemplified by the ongoing success of PLOS ONE,
an open access journal published without any editorial
regard for priority. In such scenario, we strongly believe
that meta-analyses and similar scholatly efforts to sum-
marize scientific evidence will become more and more
important, and thus merit a specific and protected schol-
arly haven. This is what we, as Editors-in-Chief of the
WJMA, strive to do.

Among the key advantages of meta-analyses are the
cost-effectiveness, ability to maximize statistical power,
bolster external validity, appraise clinical and statistical
consistency, and explore effect modifiers or moderators,
including small study effects (e.g., publication bias) and
important patient or study features' ™", Despite such im-
portant pros, meta-analyses have been criticized as well,
citing among the potential disadvantages the inability to
correct flaws already present in the original studies, the
risks of ecological fallacy and spurious precision, and
the fact that an average effect estimate may not be easily
applicable to the individual case which is faced in real-
world practice“ﬂ. Despite these important drawbacks, it is
clear that researchers and readers worldwide trust meta-
analyses as a reasonably sound and rigorous research
design, and the ongoing accumulation of new methods
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and refinements in the underlying statistical methods will
improve them further, bolstering our optimism concern-
ing their current and future scholatly role.

AIM AND SCOPE

WJMA is a peer-reviewed open access academic journal
that aims to guide clinical practice and improve diagnos-
tic and therapeutic skills of clinicians, with a specific fo-
cus on meta-analysis, systematic review, mixed-treatment
comparison, meta-regression, and overview of reviews.

The primary task of WJM.A is to rapidly publish high-
quality basic research, clinical studies, methodology or
scientific theory in diverse areas of biomedical sciences,
Editorial, Frontier, Field of Vision, Minireviews, Review,
Topic Highlight, Medical Ethics, and Meta-Analysis.
WJNLA covers a variety of clinical medical fields including
allergy, anesthesiology, cardiac medicine, clinical genet-
ics, clinical neurology, critical care, dentistry, dermatology,
emergency medicine, endocrinology, family medicine,
gastroenterology and hepatology, geriatrics and gerontol-
ogy, hematology, immunology, infectious diseases, internal
medicine, obstetrics and gynecology, oncology, ophthal-
mology, orthopedics, otolaryngology, pathology, pediat-
rics, peripheral vascular disease, psychiatry, radiology, re-
habilitation, respiratory medicine, rheumatology, surgery,
toxicology, transplantation, and urology and nephrology,
while maintaining its unique dedication to systematic re-
views and meta-analyses.

WJM.A is dedicated to become an influential and pres-
tigious journal in meta-analysis, to promote the develop-
ment of the above disciplines, and to improve the diag-
nostic and therapeutic skills and expertise of clinicians.

WJM.A is edited and published by Baishideng Publish-
ing Group (BPG). BPG has a strong professional editorial
team composed of science editors, language editors and
electronic editors. BPG currently publishes 42 open access
clinical medical journals, and is one of the leading medical
publishers, with first-class editing and publishing capacity

and production.

CONTENTS OF PEER REVIEW

In order to guarantee the quality of articles published in
the journal, WJM.A usually invites three experts to com-
ment on the submitted papers. The contents of peer re-
view include: (1) whether the contents of the manuscript
are of great importance and novelty; (2) whether the
study is complete and described clearly; (3) whether the
discussion and conclusion are justified; (4) whether the
citations of references are necessaty and reasonable; and
(5) whether the presentation and use of tables and figures
are correct and complete.

COLUMNS
The columns in the issues of WJM.A will include: (1) Edi-

torial: The editorial board members are invited to make

May 26,2013 | Volume 1 | Issuel |



comments on an important topic in their field in terms of
its current research status and future directions to lead the
development of this discipline; (2) Frontier: The editorial
board members are invited to select a highly cited cutting-
edge original paper of his/her own to summarize major
findings, the problems that have been resolved and remain
to be resolved, and future research directions to help read-
ers understand his/her important academic point of view
and future research directions in the field; (3) Field of
Vision: The editorial board members are invited to write
commentaries on classic articles, hot topic articles, or latest
articles to keep readers at the forefront of research and in-
crease their levels of clinical research. Classic articles refer
to papers that ate included in Web of Knowledge and have
received a large number of citations (ranking in the top
1%) after being published for more than 2 years, reflecting
the quality and impact of papers. Hot topic articles refer to
papers that are included in Web of Knowledge and have
received a large number of citations after being published
for no more than 2 years, reflecting cutting-edge trends in
scientific research. Latest articles refer to the latest pub-
lished high-quality papers that are included in PubMed,
reflecting the latest research trends. These commentary
articles should focus on the status quo of research, the
most important research topics, the problems that have
now been resolved and remain to be resolved, and future
research directions. Basic information about the article to
be commented will be provided as well (including authors,
article title, journal name, year, volume, and inclusive page
numbers; (4) Minireviews: The editorial board members
are invited to write short reviews on recent advances and
trends in research to provide readers; (5) Review: To make
a systematic review to focus on the status quo of research,
the most important research topics, the problems that
have now been resolved and remain to be resolved, and
future research directions; (6) Topic Highlight: The edito-
rial board members are invited to write a series of articles
(7-10 articles) to comment and discuss a hot topic; (7) Meta-
Analysis: Covers the systematic review, mixedtreatment
comparison, meta-regression, and overview of reviews,
in order to summarize a given quantitative effect, eg., the
clinical effectiveness and safety of clinical treatments by
combining data from two or more randomized controlled
trials, thereby providing more precise and externally valid
estimates than those which would stem from each indi-
vidual dataset if analyzed separately from the others; (8)
Medical Ethics: The editorial board members are invited
to write articles about medical ethics to increase readers’
knowledge of medical ethics. The topic covers interna-
tional ethics guidelines, animal studies, clinical trials, organ
transplantation, e#z.; (9) Letters to the Editor: To discuss
and make reply to the contributions published in WJM.A,
or to introduce and comment on a controversial issue of
general interest; (10) Book Reviews: To introduce and
comment on quality monographs; and (11) Autobiog-
raphy: The editorial board members are invited to write
their autobiography to provide readers with stories of suc-
cess or failure in their scientific research career. The topic
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covers their basic personal information and information
about when they started doing research work, where and
how they did research work, what they have achieved, and
their lessons from success or failure.

THE CASE FOR THE WJMA

So, who would benefit from submitting a manuscript to
the WJM.A and who should read it? Anyone reporting a

meta-analysis, systematic review, mixed-treatment com-

parison, meta-regression, overview of reviews, or network
meta-analysis in any medical-related field is invited to
submit his or her work to the WJM.A. This holds also true
for anyone wishing to publish the protocol of any of the
above studies, but also for all authors who want to dis-
cuss meta-analyses published elsewhere, or exploit meta-
analytic methods to appraise other important scientific
issues, such as is done in meta-epidemiologic enquities.
Manusctripts focusing on meta-analytic methods are also
welcome as developments and improvements in the way
meta-analyses are conducted and reported occur with
increasing frequency. Indeed, our mission is also to make
presentation of results of meta-analyses more easily un-
derstandable by the reader. This goal might be achieved by
explicitly publishing technical papers, which could also be
in the form of simple and clear education papers. While
the Editors-in-Chief are skilled and practice routinely
clinical medicine and epidemiology, the WJM.A aims for a
broader scope, which build upon its key interest in clinical
medicine to include also all biomedical, epidemiological,
and psychological research fields.

Accordingly, anyone interested in meta-analyses or im-
portant novelties or advancements related to them within
the context of clinical medicine, as well as biomedical,
epidemiological, and psychological topics, should read
regularly the WJMA. Moreover, this journal will prove
useful also for anyone wanting a high-quality synthesis of
information, such that they do not need to trawl the litera-
ture themselves as it will already be summarized for them.
As Editors-in-Chief, we will surely enjoy our involvement
in this exciting editorial effort, and make a formal oath that
thorough yet timely external peer-review will be the rule to
all manuscripts received, and that quality will always have
the upper hand on priority in shaping the editorial decision.

CONCLUSION

In conclusion, the WJM.A aims to provide for both au-
thors and readers a friendly yet authoritative scholarly
framework for the dissemination of meta-analyses and
important scientific advancements related to them within
the field of medicine, as well as all ancillary disciplines, in
keeping with the comprehensive effort of improving dis-
semination of high-quality science by BPG.
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Abstract

Meta-analyses are often misused and underused in
neurology. This editorial provides some comments on
the role of meta-analyses in neurological research.
Recently, a huge increase in the number of meta-
analyses and systematic reviews has been observed
in neurological journals. The major strengths of meta-
analyses are the increase of statistical power. Howe-
ver, as for any other investigative tool, meta-analytic
research is a research method itself which can produce
severe shortcomings. Specifically, the issues of search
terms, time periods of published studies, databases
used for searching, the definitions of inclusion and ex-
clusion criteria for papers (which greatly affect clinical
heterogeneity), publication bias; and the statistical me-
thods used, dramatically influence the results of meta-
analyses. The main problem of meta-analyses is that
they cannot be expected to overcome the limitations
of the studies they include (the so-called “garbage in,
garbage out” phenomenon). Furthermore, most syste-
matic reviews in the neurological literature lead to the
unsatisfying and clinically frustrating statement “further
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studies are needed”. However it is much more frustra-
ting to see how the gaps in scientific knowledge iden-
tified by meta-analyses have not been translated into
serious efforts to fill them. Besides their role in evalu-
ating efficacy and tolerability of drugs, meta-analyses
may be used to assess diagnostic values of debatable
clinical findings, as they represent powerful tools to
try to answer questions not posed by individual stud-
ies and to settle controversies arising from conflicting
claims.

© 2013 Baishideng. All rights reserved.

Key words: Clinical evaluation; Epilepsy; Meta-analysis;
Migraine; Neurology

Core tip: Besides their role in evaluating efficacy and
tolerability of drugs, meta-analyses may be used to as-
sess diagnostic values of debatable clinical findings, as
they represent powerful tools to try to answer questions
not posed by individual studies and to settle controver-
sies arising from conflicting claims.

Brigo F, Igwe SC. Meta-analyses in the wonderland of neurology.
World J Meta-Anal 2013; 1(1): 5-7 Available from: URL: http:/
www.wjgnet.com/2308-3840/full/v1/i1/5.htm DOI: http://dx.doi.
org/10.13105/wjma.v1.il.5

META-ANALYSES AND THE
NEUROLOGICAL UNANSWERED
QUESTIONS

It is both astonishing and frustrating to consider how
much meta-analyses are misused and underused in neuro-
logical research.

As a young neurology resident, I used to consider
experienced neurologists as enlightened, trustworthy and
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truth holding people. After gaining some clinical expeti-
ence in neurology and in evidence-based practice, I learnt
to mistrust self assured people without worties, as I real-
ized that truth does not exist in medicine, as it is an as-
ymptotic process', not a divine revelation. Similarly, cer-
tainty in medicine does not exist, only probability does.

Neurology is probably the field of medicine most
burdened with dilemmas on several crucial aspects of
pathophysiology, diagnosis, and treatment of a number
of diseases. Consider for instance the pathophysiological
mechanisms involved in Alzheimer’s disease, the ques-
tionable therapeutical strategies against multiple sclerosis,
and the endless discussions on cortical excitability in
migraine or epilepsy. Questions in neurology seem to be
much more than answers and as for the Holy Grail, the
quest for definite conclusions is hard to be achieved but
nevertheless remains an urgent need.

NEUROLOGICAL META-ANALYSES:
REASONS FOR SUCCESS

Recently, a huge increase in the number of meta-analyses
and systematic reviews has been observed in neurological
journals. For instance, the number of articles published
in four major neurological journals (Brain; Annals of
Neurology; Neurology; and Journal of Neurology, Neurosurgery,
and Psychiatry) increased from only 53 (1993-2002) to 187
(2003-2012)!

Such a great proliferation of meta-analyses may be

easily understood: because of its inflated sample size,
meta-analyses can detect treatment effects with greater
statistical power, estimating these effects with greater pre-
cision than any single study.

SOME PITFALLS OF META-ANALYSES

However, improper use of meta-analyses may lead to
erroneous conclusions regarding treatment efficacy. In
fact, as for any other investigative tool, meta-analysis is a
research method itself which can produce severe short-

comings.

Specifically, the issues of search terms, time periods
of published studies, databases used for searching, the
definitions of inclusion and exclusion criteria of papers
(which greatly affect clinical heterogeneity), publication
bias; and the statistical methods used, dramatically influ-
ence the results of meta-analyses.

Readers should be well aware of these pitfalls. After
all, meta-analyses are human constructs, and as such they
are fallible. All that glitters isn’t gold!

The main problem of meta-analyses is that they can-
not be expected to overcome the limitations of the stu-
dies they include (the so-called “garbage in, garbage out”
phenomenon). Furthermore, most systematic reviews in
neurological literature lead to the unsatisfying and clini-
cally frustrating statement “further studies are needed”.
However, it is much more frustrating to see how the gaps
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in scientific knowledge identified by meta-analyses have
not been translated into serious efforts to fill them.

ROLE OF META-ANALYSES IN
NEUROLOGICAL RESEARCH: SOME
PERSONAL EXAMPLES

Despite the above mentioned risks of pitfalls, how can
meta-analyses help neurologists in their quest for an-
swers?

As a neurologist dealing with epilepsy and clinical
neurophysiology I learnt to use meta-analyses as powerful

tools to try to answer questions not posed by individual
studies and to settle controversies arising from conflicting
claims.

Meta-analyses allowed me not only to evaluate effi-
cacy and tolerability of some neurological treatments™”,
but also to better understand the diagnostic utility of
some debatable clinical findings such as tongue biting,
urinary incontinence or eye closure in the differential di-
agnosis of scizures'™”. Meta-analyses helped me to shed
further light on the role of cortical excitability in the
pathophysiology of migraine or idiopathic generalized
epilepsies’”

Finally, meta-analysis prompted me to consider the
one single point of view of the view of one single point.

Dear neurologists, if there is no answer, just look for
it! And may meta-analyses give you a hand!
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Abstract

Tuberculosis (TB) is an infection caused by Mycobac-
terium tuberculosis and is one of the world’s deadliest
diseases. Multidrug resistant TB (MDR-TB) is a serious
form of TB and it implies resistance for at least two es-
sential first-line agents like, Isoniazid and Rifampicin.
The US Food and Drug Administration (FDA) granted
accelerated approval to Janseen Therapeutics “Sirturo
(Bedaquiline)”, a diarylquinoline anti mycobacterial drug
on December 28, 2012 as part of combination therapy
in adults (= 18 years) to treat MDR-TB when other
alternatives are not available. The FDA also granted Sir-
turo fast track designation, priority review and orphan-
product designation. Bedaquiline inhibits mycobacterial
ATP (adenosine 5'-triphosphate) synthase, an enzyme
that is essential for the generation of energy in Myco-
bacterium tuberculosis.

© 2013 Baishideng. All rights reserved.

Key words: Multidrug resistant tuberculosis; Bedaqui-
line; Sirturo

Core tip: The US Food and Drug Administration granted
accelerated approval to Janseen Therapeutics “Sirturo
(Bedaquiline)”, a diarylquinoline anti mycobacterial drug
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on December 28, 2012 as part of combination therapy
in adults (= 18 years) to treat multidrug resistant tu-
berculosis when other alternatives are not available.

Undela K. Sirturo (Bedaquiline): The first new anti tubercular drug
in decades. World J Meta-Anal 2013; 1(1): 8-9 Available from:
URL: http://www.wjgnet.com/2308-3840/full/v1/i1/8.htm DOI:
http://dx.doi.org/10.13105/wjma.v1.i1.8

INTRODUCTION

Tuberculosis (IB) is an infection caused by Mycobacterium
tuberculosis and is one of the world’s deadliest diseases. Ac-
cording to the Centers for Disease Control and Preven-
tion, nearly 9 million people around the world and 10528
people in the United States became sick with TB in 2011.

Multidrug resistant TB (MDR-TB) is a serious form
of TB and it implies resistance for at least two essential
first-line agents, like Isoniazid and Rifampicin. MDR-TB
is a possibly fatal disease that affects as many as 630000
people worldwide who cannot be cured with existing ther-
apies alone and it is considered an orphan disease in the
US, with 98 reported patients in 2011. The World Health
Organisation estimates more than two million people will
develop MDR-TB between 2011 and 2015.

The US Food and Drug Administration (FDA) granted
accelerated approval to Janseen Therapeutics “Sirturo
(Bedaquiline)™!"!, a diarylquinoline anti mycobacterial drug
on December 28, 2012 as part of combination therapy in
adults (= 18 years) to treat MDR-TB when other alterna-
tives are not available and it leads to the approval of the
first TB therapy in 40 years with a new mechanism of ac-
tion. The FDA also granted Sirturo fast track designation,
priotity review and orphan-product designation (Figure 1),

MECHANISM OF ACTION

Bedaquiline inhibits mycobacterial ATP (adenosine 5-tri-
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Figure 1 Chemical constitution of “Sirturo (Bedaquiline)”.

phosphate) synthase, an enzyme that is essential for the
generation of enetgy in Mycobacterium tuberculosis.

MECHANISMS OF RESISTANCE

Mycobacterial resistance mechanisms that affect Beda-
quiline include modification of the atpE target gene. Not
all isolates with increased minimum inhibitory concentra-
tions have atpE mutations, suggesting the existence of at
least one other mechanism of resistance.

SPECTRUM OF ACTIVITY

Bedaquiline has been shown to be active against most
isolates of Mycobacterium tuberculosis.

SAFETY AND EFFECTIVENESS

Bedaquiline’s safety and effectiveness were established in
440 patients in two phase 2 clinical trials. Patients in the
first trial were randomly assigned to be treated with Sirtu-
ro plus other drugs used to treat MDR-TB (Sirturo treat-
ment group) (7 = 79), ot a placebo plus other drugs used
to treat MDR-TB (placebo treatment group) (# = 81); the
other drugs used to treat MDR-TB consisted of a combi-
nation of five other antimycobacterial drugs (ethionamide,
kanamycin, pyrazinamide, ofloxacin and cycloserine/teriz-
idone or available alternative). Sirturo was administered as
400 mg once daily for the first 2 wk and as 200 mg three
times per week for the following 22 wk. After the 24 wk
study drug (Sitrturo or placebo) treatment phase, patients
continued to receive their other drugs used to treat MDR-
TB until total treatment duration of 18 to 24 mo was
achieved, or at least 12 mo after the first confirmed nega-
tive culture. All patients in the second trial, which is ongo-
ing, received Sirturo plus other MDR-TB drugs. In both
studies, the primary endpoint was time to sputum culture
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conversion (SCC), defined as the interval in days between
the first dose of the study drug and the date of the first
of two consecutive negative sputum cultures collected at
least 25 d apart during treatment.

Results from the first trial showed that patients treated
with Sirturo combination therapy achieved SCC in a me-
dian time of 83 d, compared with 125 d in patients treated
with placebo combination therapy. According to these
results, 77.6% of patients in the treatment group reached
treatment success after 24 wk compared with 57.6% of
those in the placebo group. Results from the second trial
showed the median time to SCC was 57 d, supporting the
efficacy findings of the first trial.

ADVERSE DRUG REACTIONS

Sirturo carries a boxed warning, alerting patients and
health care professionals that the drug can affect the heart’
s electrical activity (QT prolongation) and also notes that
an increased risk of death was seen in the Sirturo treat-
ment group (9/79, 11.4%) compared to the placebo treat-
ment group (2/81, 2.5%) in one placebo-controlled trial.
Sirturo should only be used when an effective treatment
regimen cannot otherwise be provided.

The most common adverse reactions reported in >
10% of patients treated with Sirturo are nausea, arthral-
gia and headache. Additional adverse events reported in
= 10% of patients treated with Sirturo and with a higher
frequency than the placebo treatment group are hemop-
tysis and chest pain. More hepatic-related adverse drug
reactions were reported with the use of Sirturo plus other
drugs used to treat TB compared to other drugs used to
treat TB without the addition of Sirturo.

The safety and efficacy of Sirturo for the treatment of
drug-sensitive TB has not been established. In addition,
there is no data on the treatment with Sirturo of extra-
pulmonary TB (eg., central nervous system).

Sirturo was discovered by researchers at “Janssen” and is
currently under review by three regulatory bodies, includ-
ing the European Medicines Agency (European Union),
State Food and Drug Administration (China) and Medi-
cines Control Council (South Africa).
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Abstract

AIM: To evaluate the benefits of low-volume polyeth-
ylene glycol (PEG) with ascorbic acid compared to full-
dose PEG for colonoscopy preparation.

METHODS: MEDLINE, Cochrane Central Register of
Controlled Trials and Database of Systematic Reviews,
CINAHL, PubMed, and recent abstracts from major con-
ferences were searched (January 2012). Only random-
ized-controlled trials on adult subjects comparing low-
volume PEG (2 L) with ascorbic acid vs full-dose PEG
(3 or 4 L) were included. Meta-analysis for the efficacy
of low-volume PEG with ascorbic acid and full-dose
PEG were analyzed by calculating pooled estimates of
number of satisfactory bowel preparations as well as
adverse patient events (abdominal pain, nausea, vomit-
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ing). Separate analyses were performed for each main
outcome by using OR with fixed and random effects
models. Heterogeneity was assessed by calculating the
F measure of inconsistency. RevMan 5.1 was utilized for
statistical analysis.

RESULTS: The initial search identified 242 articles
and trials. Nine studies (7 = 2911) met the inclusion
criteria and were analyzed for this meta-analysis with
mean age range from 53.0 to 59.6 years. All studies
were randomized controlled trials on adult patients
comparing large-volume PEG solutions (3 or 4 L) with
low-volume PEG solutions and ascorbic acid. No sta-
tistically significant difference was noted between low-
volume PEG with ascorbic acid and full-dose PEG for
number of satisfactory bowel preparations (OR 1.07,
95%CI: 0.86-1.33, P = 0.56). No statistically significant
difference was noted between low-volume PEG with
ascorbic acid and full-dose PEG for abdominal pain (OR
1.09, 95%CI: 0.81-1.48, P = 0.56), nausea (OR 0.70,
95%CI: 0.49-1.00, £ = 0.05), or vomiting (OR 0.99,
95%CI: 0.78-1.26, £ = 0.95). No publication bias was
noted.

CONCLUSION: Low-volume PEG with the addition of
ascorbic acid demonstrates no statistically significant
difference to full-dose PEG for satisfactory bowel prep-
aration and side-effects.

© 2013 Baishideng. All rights reserved.

Key words: Polyethylene glycol; Ascorbic acid; Colonos-
copy; Meta-analysis; Bowel preparation

Core tip: Optimal visualization of the colon during colo-
noscopy requires adequate bowel preparation that is
effective and tolerable to the patient. Low-volume poly-
ethylene glycol (PEG) preparation coupled with ascorbic
acid has been utilized to enhance patient tolerability
without affecting the quality of bowel preparation. This
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meta-analysis shows that bowel preparation with low-
volume PEG with ascorbic acid does not differ from full-
dose PEG for quality of bowel preparation or patient
tolerability.

Godfrey JD, Clark RE, Choudhary A, Ashraf I, Matteson ML,
Puli SR, Bechtold ML. Ascorbic acid and low-volume polyeth-
ylene glycol for bowel preparation prior to colonoscopy: A meta-
analysis. World J Meta-Anal 2013; 1(1): 10-15 Available from:
URL: http://www.wjgnet.com/2308-3840/full/v1/i1/10.htm DOI:
http://dx.doi.org/10.13105/wjma.v1.i1.10

INTRODUCTION

Colorectal cancer (CRC) is the third-leading cause of
cancer and second-leading cause of cancer-related deaths
in the United States'. In 2012, it is estimated that 143460
new cases of CRC will be diagnosed and 51690 deaths
will occur secondary to this disease!’. Given these estima-
tions, it has become increasingly important to screen for
and prevent CRC, ideally detecting the disease in an eatly
stage. Colonoscopy has become a widely available screen-
ing test for both preventing and detecting CRC and has
been recommended as the preferred CRC prevention test
by the American College of Gastroenterology (ACG)?.
Furthermore, colonoscopy is an important tool in the
work-up and management of various other conditions in-
cluding inflammatory bowel disease, lower-gastrointestinal
bleeding, and diarrhea”*.

To provide optimal visualization of the colonic muco-
sa during exam, colonoscopy is dependent on an adequate
bowel preparationw’sj. In order to accomplish this, patients
are asked to drink, at times, large volumes of colon prepa-
ration solutions” !, This large amount of oral intake prior
to a colonoscopy can lead to patient discomfort, nausea,
vomiting, and poor patient compliance, which, in turn,
leads to a poor colon preparation and increased potential
for missed lesions and need for repeat colonoscopy“z’1 I

Several bowel cleansing preparations have been devel-
oped and used over the years. One of the most common
preparations is polyethylene glycol (PEG) which was
introduced in 1980, The use of PEG generally requires
the ingestion of a large volume of solution (usually 4 L).
Several studies have investigated the utility of a low-vol-
ume PEG solution (2-3 L) with the addition of adjunct
therapy such as a laxative or additive ", More specifi-
cally, some studies have compared a standard PEG prep-
aration to a low-volume PEG preparation coupled with
ascorbic acid, acting as an osmotic laxative” . The low-
volume of PEG solution used in these studies has been
theorized to decrease patient side-effects and improve
patient compliance, resulting in a higher quality of bowel
preparation. Therefore, we conducted a meta-analysis to
compare low-volume PEG solution with ascorbic acid to
standard volume PEG solution for bowel preparation for
colonoscopy.
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MATERIALS AND METHODS

Study selection criteria

All randomized controlled trials (RCTs) on adult patients
comparing large-volume PEG solutions (3 or 4 L) with
low-volume PEG solutions and ascorbic acid were in-
cluded in our analysis.

Data collection and extraction

A three-stage search method was utilized to maximize
search results. First, a comprehensive search was per-
formed in MEDLINE, Cochrane Central Register of
Controlled Trials and Database of Systematic Reviews,
CINAHL, PubMed in January 2012. Second, refer-
ences of the retrieved articles and reviews were manu-
ally searched for any additional articles. Third, a manual
search of abstracts submitted to the Digestive Disease
Week and the ACG national meetings was performed
from 2003-2011. All articles were searched irrespective of
language, publication status (atticles or abstracts), or re-
sults. The search terms used were PEG and ascorbic acid.
Only randomized-controlled trials on adult subjects that
compared low-volume PEG (2 L) with ascorbic acid »s
full-dose PEG (3 or 4 L) were included. Standard forms
were used to extract data by two independent reviewers.
Each study was evaluated by a Jadad score™ and criteria
based on Jini ez al”” to assess the quality of the study.

Statistical analysis

A meta-analysis was performed comparing the efficacy of
low-volume PEG with ascorbic acid and full-dose PEG
by calculating pooled estimates of number of satisfac-
tory bowel preparations as well as adverse patient events
including abdominal pain, nausea, and vomiting, Separate
analyses were performed for each main outcome by us-
ing OR with fixed and random effects models which was
considered significant if P < 0.05 and 95%CI does not
include 1. Heterogeneity among studies was assessed by
calculating I? measure of inconsistency which was consid-
ered significant if P < 0.10 or I > 50%. If heterogeneity
was statistically significant, a study elimination analysis
was utilized to examine for heterogeneity when certain
studies were excluded from the analysis. RevMan 5.1 was
utilized for statistical analysis. Publication bias was as-
sessed by funnel plots.

RESULTS

The initial search identified 242 articles and trials (Figure 1).
Nine studies satisfied the inclusion criteria (7 = 2911)
with a mean age range from 53.0 to 59.6 years. Table 1
shows a summary of the details for each study including

the low-volume and full-dose preparations. All studies
used 2 L PEG with ascorbic acid #s 3 or 4 L. PEG solu-
tions.

Bowel preparations
Eight studies examined the number of satisfactory bowel
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Table 1 Details of studies included in the meta-analysis

Author Type of study  Blinding Location No. of Low-volume bowel preparation Full-dose bowel preparation Jadad
patients Score

Clark et al™ 2007 RCT Abstract ~ Single  Not specified 294 2 L PEG with ascorbic acid 4L PEG 1

Ell et al®! 2008 RCT Single Germany 308 2 L PEG with ascorbic acid 4L PEG 3

Lee et al™ 2008 RCT Abstract ~ Single  Not specified 56 2 L PEG with ascorbic acid 4L PEG 1

Corporaal et al®® 2010 RCT Single Netherlands 307 2 L PEG with ascorbic acid 4L PEG 2

Marmo et al™ 2010 RCT Single Italy 433 2 L PEG with ascorbic acid 4L PEG 3

Pontone et al" 2011 RCT Single Italy 130 2 L PEG with ascorbic acid 4 L PEG with Simethicone 3

Jansen et al™! 2011 RCT Single Netherlands 370 2 L PEG with ascorbic acid 4 L PEG +/- Simethicone 3

+/- Simethicone

Gonzélez-Méndez RCT Abstract Single Spain 681 2 L PEG with ascorbic acid 3 L PEG + Bisacodyl 1

et al® 2011 + Bisacodyl

Valiante et al®” 2012 RCT Single Ttaly 332 2 L PEG with ascorbic acid 41 PEG 3

PEG: Polyethylene glycol; RCT: Randomized controlled trial.

Potentially relevant articles
(n = 242)

Excluded n = 217
Case Reports/Series
Retrospective
Reviews
Pediatric

Potentially appropriate articles
(n = 25)

Excluded n = 16
Not RCTs
No outcomes
No 4 L PEG solution

Trials included in meta-analysis
(n=9)

Figure 1 Article search results for this meta-analysis. PEG: Polyethylene
glycol; RCT: Randomized controlled trial.

preparations (# = 2478)""*% Among these 2478 pa-
tients, it was found that 1891 had a satisfactory bowel
preparation with 950 in the 2 L. PEG with ascorbic acid
group and 941 in the full-dose PEG group. No statisti-
cally significant difference between the two groups was
found when evaluating for satisfactory bowel preparation
(OR 1.07, 95%CI: 0.86-1.33, P = 0.56). Figure 2 shows
the Forest plot for satisfactory bowel preparations. No
statistically significant heterogeneity was observed =
42%, P = 0.10).

Five studies examined the number of poor bowel
preparations (7 = 1447)!""**, Figure 3 shows the Forest
plot for these results. There was no significant difference
for poor bowel preparation (OR 0.73, 95%CI: 0.48-1.11,
P = 0.14) between the two groups. No significant hetero-
geneity was noted in the poor bowel preparation group r
= 0%, P = 0.64).

Gastrointestinal side effects

Gastrointestinal side effects including abdominal pain[m
(n = 1880), nausea*****" (» = 1510), and vorniting[w’zo’nzs]
(m = 2191) were analyzed. No statistically significant dif-
ference was found for abdominal pain (OR 1.09, 95%CI:
0.81-1.48, P = 0.56) or vomiting (OR 0.99, 95%CI:
0.78-1.26, P = 0.95) (Table 2). A trend was noted for less
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Table 2 Outcomes of side effects analyzed between low-

volume polyethylene glycol with ascorbic acid and full-dose
polyethylene glycol before colonoscopy

Side effect OR 95%ClI P-value Significance
Abdominal pain 1.09 0.81-1.48 0.56 NS
Nausea 0.70 0.49-1.00 0.05 NS
Vomiting 0.99 0.78-1.26 0.95 NS

NS: Not significant.

nausea in the 2 L. with ascorbic acid as compared to full-
dose PEG; however, no statistical significance was reached
(OR 0.70, 95%CI: 0.49-1.00, P = 0.05).

Publication bias
No statistically significant publication bias was noted

(Figure 4).

DISCUSSION

Colonoscopy is a widely available and highly useful di-
agnostic tool for evaluating colonic and terminal ileal
disease. Its success largely depends on an adequate bowel
preparation to allow a thorough examination of the co-
lonic and ileal mucosa. Various bowel preparations have
been developed over the years under the premise that an
ideal bowel preparation is one that is palatable to the pa-
tient, effective in cleansing quality, relatively small in vol-
ume, and tolerated well by patients with minimal adverse
gastrointestinal symptoms.

One of the most commonly used bowel preparations
has been 4 L of PEG solution. While effective, it requires
the patient to consume a large amount of volume over a
short period of time, resulting in some that are unable to
tolerate the preparation. Due to this large volume, several
recent studies, including a meta-analysis, have evaluated
the effectiveness of administering the PEG solution in
a split-dose with half given the evening before and half
given the morning of the procedure™. While this study
showed an improvement in bowel cleansing and decrease
in some gastrointestinal side effects, patients still need to
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Study or subgroup 2 L PEG + ascorbic acid  Full dose PEG Weight Odds ratio Odds ratio
Events Total Events Total M-H, Fixed, 95%CI M-H, Fixed, 95%CI

Clark et al®” 139 145 145 149 3.9%  0.64 (0.18-2.31) -

Corporaal et a/** 135 149 151 158 9.1%  0.45(0.18-1.14) —

Ell et ai*" 136 153 147 155 10.8% 0.4 (0.18-1.04) —

Gonzalez-Méndez et a/* 131 328 133 353 51.0%  1.10 (0.81-1.50) -

Jansen et a/*" 175 188 166 182 7.7%  1.30 (0.61-2.78) —t—

Lee et a/*® 28 34 17 22 2.4%  1.37(0.36-5.20) —

Pontone et a/*” 63 69 54 61 3.3%  1.36 (0.43-4.30) R

Valiante et a/* 143 166 128 166 11.8%  1.85(1.04-3.26) -

Total (95%CI) 1232 1246 100.0%  1.07 (0.86-1.33)

Total events 950 941 T

Heterogeneity: ° = 12.13,df = 7 (P = 0.10); I = 42% 0.61 0.‘1 1 ;0 160

Test for overall effect: Z = 0.59 (P = 0.56)

Favors full dose PEG  Favors LV + ascorbic acid

Figure 2 Forest plot for satisfactory bowel preparations between low-volume polyethylene glycol with ascorbic acid compared to full-dose polyethylene

glycol. PEG: Polyethylene glycol.

Study or subgroup 2 L PEG + ascorbic acid  Full dose PEG Weight Odds ratio Odds ratio
Events Total Events  Total M-H, Fixed, 95%CI M-H, Fixed, 95%CI

Corporaal et a/** 4 149 2 158 3.6%  2.15(0.39-11.93) —
Ell et a/*" 2 153 1 155 1.9%  2.04 (0.18-22.73)
Jansen et a/*" 6 188 9 182 17.1%  0.63 (0.22-1.82) —
Pontone et a/*” 6 69 7 61 13.1%  0.73(0.23-2.32) —
Valiante et a/*” 28 166 40 166 64.2%  0.64 (0.37-1.10) -
Total (95%CI) 725 722 100.0%  0.73 (0.48-1.11) @
Total events 46 59

e 2 - _ . - 0o L L L |
Heterogeneity: ° = 2.53,df = 4 (P = 0.64); I’ = 0% 0.01 0.1 1 10 100

Test for overall effect: Z = 1.46 (P = 0.14)

Favors LV + ascorbic acid  Favors full dose PEG

Figure 3 Forest plot for poor bowel preparations between low-volume polyethylene glycol with ascorbic acid compared to full-dose polyethylene glycol.

PEG: Polyethylene glycol.

0.0 -

0.2 -

0.4 | /o

SE [log (OR)]

0.6 AL

0.8 -

1.0 I \ I |
0.01 0.1 1 10 100
OR

Figure 4 Funnel plot demonstrating no publication bias.

consume 4 L of PEG solution. Other studies have used
lower-volume 2 L PEG solutions with various adjuncts
including senna, bisacodyl, or magnesium citrate. These
studies showed an improvement in tolerability but sug-
gested a decrease in efficacy’*"™. More recently, several
studies have been conducted to evaluate the effectiveness
and tolerability of a low-volume 2 L. PEG solution with
ascorbic acid as compared to full-dose 4 L PEG. These

studies suggested that the reduced volume solution is
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effective in bowel cleansing but may not offer any advan-
tages in reducing potential gastrointestinal side-effects.
Our meta-analysis was conducted to clarify the overall
effects of a low-volume 2 L. PEG solution with ascorbic
acid compared to full-dose 4 . PEG solution. Only RCTs
in adult patients were evaluated and used in this study.
Based on our findings, low-volume PEG with ascorbic
acid was equally effective in producing a satisfactory bow-
el preparation during colonoscopy, suggesting this to be a
reasonable alternative to full-dose 4 1. PEG solution with
comparable bowel cleansing properties. However, patients
receiving the low-volume 2 L PEG solution with ascor-
bic acid showed a similar pattern in gastrointestinal side
effects including abdominal pain, nausea, and vomiting
when compared to full-dose 4 L. PEG solution, offering
no overt advantage. One possible explanation for this is
that patients receiving the 2 L PEG solution with ascorbic
acid are required to consume an additional 500 mL of
clear liquids after each 1 L of solution, totaling 3 L of lig-
uid volume consumed during this preparation. One could
argue that this still requires patients to ingest a moderate-
to-large amount of fluid during a short period of time.
The strengths of our meta-analysis include the use
of RCTs in various populations and end-points that are
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significant to clinical practice. This also represents the
first meta-analysis performed on this subject. However,
a few limitations to this meta-analysis do exist. First,
uniformity between the studies in using only 2 L. PEG
with ascorbic acid and full-dose PEG solution was not
consistent among all studies. Gonzalez-Méndez et al™
used a 3 L PEG solution rather than the typical 4 L. PEG
solution. This could alter the results as patients ingested
an equal volume of liquid (3 L) in both groups. However,
if this study was eliminated, the overall results were simi-
lar (Satisfactory prep: OR 1.04, 95%CI: 0.75-1.43, P =
0.82). Additionally, a few studies utilized other adjuncts
such as bisacodyl”™ and simethicone!”!!. Given that si-
methicone is not a laxative, its addition in these studies
likely had little impact on the quality of bowel cleansing,
However, although bisacodyl is a laxative, it was given to
both arms of the study, negating its overall effect. Sec-
ond, a limited number of studies were used in this meta-
analysis; howevet, all studies to-date wete included in this
meta-analysis using an extensive search protocol. Third,
the quality of the studies was not ideal. As in most bowel
preparation studies, it is very difficult to blind the patient.
Therefore, these RCT’s were single-blinded to the colo-
noscopist, which is the optimal format for these studies.
Also, three of the studies were abstracts with no data re-
garding method of randomization or blinding, leading to
a lower Jadad scote. However, these abstract studies were
single-blinded randomized trials and due to word limits
on abstracts, may not have presented their randomization
and blinding techniques, which does not make them any
less quality than other bowel prep studies. Finally, slightly
different bowel prep rating systems were utilized among
studies. However, all studies specifically defined satisfac-
tory or unsatisfactory bowel preparations based upon
their specific scale.

In conclusion, our meta-analysis found that a low-
volume 2 L. PEG solution with ascorbic acid administered
for bowel preparation prior to colonoscopy provided
equal bowel cleansing when compared to a full-dose 4 L
PEG solution. However, the reduced volume of the 2 L
PEG solution with ascorbic acid did not provide any ben-
efit when comparing gastrointestinal side-effects includ-
ing abdominal pain, nausea, and vomiting, Therefore, the
low-volume 2 L. PEG solution with ascorbic acid can be
considered as an appropriate and equally effective bowel
preparation prior to colonoscopy but does not appear to
offer any advantage over the traditional 4 I. PEG solu-
tion. Further studies are required to compare the 2 L with
ascorbic acid to the newer 4 L split-dose bowel prepara-
tion.

COMMENTS

Background
Colorectal cancer (CRC) is a major cause of cancer-related deaths worldwide.
Colonoscopy has become a widely available screening test for both preventing
and detecting CRC. However, colonoscopy requires an adequate bowel prepa-
ration for complete visualization which may induce unwanted side effects and
patient discomfort.
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Research frontiers

Several studies have compared the standard bowel preparation of 4 L poly-
ethylene glycol (PEG) to a 2 L PEG solution with ascorbic acid. This study is a
meta-analysis comparing the above mentioned bowel preparations with regards
to adequacy of the bowel preparation as well as patient side-effects during in-
gestion of the bowel preparation.

Innovations and breakthroughs

This is the first meta-analysis comparing 2 L PEG solution with ascorbic acid to
4 | PEG solution. We found that the 2 L PEG solution with ascorbic acid pro-
vided equal bowel cleansing when compared to a full-dose 4 L PEG solution.
However, the reduced volume of the 2 L PEG solution with ascorbic acid did
not provide any benefit when comparing gastrointestinal side-effects including
abdominal pain, nausea, and vomiting.

Applications

The low-volume 2 L PEG solution with ascorbic acid can be considered as an
appropriate and equally effective bowel preparation prior to colonoscopy but
does not appear to offer any advantage over the traditional 4 L PEG solution.
Terminology

PEG is a common bowel cleansing solution that was first introduced in 1980.
Standard bowel preparation using PEG typically involves ingestion of 4 L of
solution prior to colonoscopy.

Peer review

This is an interesting study, and a well written paper.
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Abstract

AIM: To quantitatively evaluate the impact of smoking
on tooth loss.

METHODS: We performed a PubMed search to iden-
tify published articles that investigated the risk of tooth
loss by smoking, from which RRs and their variance
with characteristics of each study were extracted. The
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random-effects models were used to derive a pooled
effect across studies. Potential sources of heterogeneity
on the characteristics of the study and their influence
on the pooled effect size were investigated using meta-
regression models.

RESULTS: We identified 24 studies containing a total
of 95973 participants for analysis. The pooled RR of
ever-smokers compared with never- smokers was 1.73
(95%CI: 1.60-1.86, P < 0.001). In meta-regression
analysis, only the mean age of participants alone was
identified as a statistically significant source of het-
erogeneity. The effect of smoking on tooth loss was
stronger when the mean age of study participants was
higher, indicating possible enhancement of tooth loss
due to aging by smoking. RR was significantly lower in
former smokers (1.49, 95%CI: 1.32-1.69, P < 0.001)
than in current smokers (2.10, 95%CI: 1.87-2.35, P <
0.001), indicating the substantial benefit of smoking
cessation for reducing the risk of tooth loss.

CONCLUSION: Smoking is an independent risk factor
for tooth loss regardless of many other confounders.
Smoking cessation may attenuate this effect.

© 2013 Baishideng. All rights reserved.

Key words: Meta-analysis; Oral health; Relative risk;
Smoking; Tooth loss

Core tip: Smoking is known to be a major cause of
tooth loss. However, it has never been known how it
quantitatively attributes to tooth loss or whether smok-
ing cessation counteracts or not. This study clarified
that ever smoking increases risk of tooth loss by 73%.
In addition, smoking cessation substantially attenuates
this effect.

Sato F, Sawamura M, Ojima M, Tanaka K, Hanioka T, Tanaka H,
Matsuo K. Smoking increases risk of tooth loss: A meta-analysis
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INTRODUCTION
The World Health Organization Global Oral Health Pro-

gram works to increase awareness of oral health world-
wide as an important component of general health and
quality of life"!. A number of studies have investigated
the association between tooth loss and cardiovascular

diseases, including stroke, atherosclerosis and hyperten-
sion””, Several reviews outlined a possible role for tooth
loss in carcinogenesis, independent of other known risk
factors™"". Tooth loss is one of the main impediments to
oral health; and by affecting the patient’s ability to chew
and thus altering food choices and the digestive process,
may lead to malnutrition"""”. The impact of tooth loss
can be even more severe, impairing taste, phonetics, and
aesthetics, often resulting in limited social and personal
interaction™"". A systematic review provided faitly strong
evidence that tooth loss is associated with the impairment
of oral health-related quality of life™,

The ctiology of tooth loss is complex, and includes
factors such as age; sex; body mass index; physical activity;
systemic disease, such as osteoporosis and diabetes; so-
cioeconomic status (SES); and oral hygiene behavior*?',
Smoking is considered an important risk factor for tooth
loss! 1517220 Although numerous studies have consis-
tently reported a positive association, attempts to quantify
the association have been hampered by their variation in
background factors, such as country of the study, study
design, age of participants, sex, and oral hygiene behavior.

The present study aims to: (1) confirm the associa-
tion between smoking and tooth loss, and to quantify the
impact systematically; (2) to confirm the difference in the
impact of smoking on tooth loss between former and
current smokers; and (3) to investigate the difference in
the impact of smoking on tooth loss by the factors above.
To our knowledge, this study is the first meta-analysis to
quantify the impact of smoking on tooth loss.

MATERIALS AND METHODS

Search strategy

The initial literature search was conducted through PubMed
using the free text search term: (tooth loss OR missing
tooth OR oral health OR oral hygiene) AND (smoking
OR smoke OR cigarette), with publication period updated
to July 2010.

We selected candidate studies based on the following
inclusion critetia: original article published in English; and
the availability of RRs estimates of smoking for tooth loss
in the article, namely hazard ratio, risk ratio, or odds ratio,
with the reference group consisting of never smokers, and
with adjustment for age at least, and their 95%ClIs. Two
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investigators (FS and MS) independently reviewed all po-
tentially relevant articles, and disagreements were resolved
by discussion. The reference lists of the studies identified
through this process were also checked.

Data extraction

Characteristics extracted from the articles included name
of the first author, year of publication, country of study,
study design (cohort or cross-sectional study), base popu-
lation, sex distribution, number of participants, mean age
of study population, measure of association (hazard ra-
tio, risk ratio, or odds ratio), point estimate and its 95%Cl
of RR, adjustment for SES (yes or no), adjustment for
behavior associated with oral health (yes or no), and defi-
nition of the number of teeth lost.

Data synthesis

For inclusion in quantitative analysis, studies had to pro-
vide sufficient data to allow calculation of an effect-size
measure and its corresponding measute of variability. Be-
cause we extracted multiple estimates from several studies
(e.g., using pack-year units or stratified analysis), we pre-
pooled RRs to derive one overall RR for each study using
fixed-effects estimates weighted by the inverse of their
variance as the RR for ever-smokers relative to never-
smokers. All analyses were petformed on the natural log
scale. Because of the widely different methodological ap-
proaches used to examine the relationship in the individ-
ual studies, we used the random-effects models of DetSi-
monian-Laird”” to detive a pooled effect across studies,
in which the between-study variance was estimated in
addition to the specified within-variance component. We
investigated potential sources of heterogeneity on the
characteristics of the study and their influence on the
pooled effect size using meta-regression models. We ex-
amined heterogeneity using Cochrane’s (-test and the r
statistic™. I’ can be interpreted as the proportion of the
total variation in the estimated slopes for each study due
to heterogeneity between studies. Variables considered
as potential sources of heterogeneity were the country
in which the study was conducted [United States (refer-
ence), Japan, Nordic, and others as dummy variables],
study design (cohott or cross-sectional), base population
(general population or other), sex included in the study
(male, female, or both, as dummy variables), mean age of
the study population (continuous), adjustment by SES,
adjustment by behavior associated with oral health, and
definition of the number of teeth lost (continuous).

Publication bias was assessed by a funnel plot with
the fitted line corresponding to the regression test for
funnel-plot asymmetry proposed by Egger e al™.

All analyses were conducted using the metan and metareg
commands in STATA ver 10.1 (Stata Corporation, College
Station, Texas, USA) and were two-sided. Tests wete con-
sidered statistically significant when the P value were less
than 0.05, except in meta-regression analysis, for which we
defined a threshold P value of less than 0.1.
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3745 studies for title review
(tooth loss OR missing tooth OR oral health OR oral
hygiene) AND (smoking OR smoke OR cigarette) in
PubMed

3182 studies excluded
based on title review

563 studies for abstract review

470 studies excluded
based on abstract review

93 full studies retrieved ‘
—{ 69 studies excluded =
0 studies
included by references
~—

24 studies with adequate data ‘

Figure 1 Selection of literature.

RESULTS

Search results

A total of 3745 potentially relevant reports were identi-
fied. Of these, 93 full papers were obtained based on title
and abstract review (Figure 1), of which 24 with a total of
95973 participants were identified as having sufficient data
for inclusion* " *,

Table 1 shows the baseline characteristics of partici-
pants from each study. By country, seven papers were
from the USA, six from Japan, three each from Brazil and
Finland, and one each from Sweden, Notway, Germany,
Italy, and Australia. Of these, five were cohort studies,
with a mean follow-up of 9.4 years; 16 were conducted
in general populations; 16 were conducted in both sexes;
15 investigated the risk of tooth loss in current and for-
mer »s never- smokers; nine investigated the risk of tooth
loss in ever- »s never-smokers; 15 were adjusted by SES;
and 15 were adjusted by behavior associated with oral
health. The studies varied in study size (range, 166-8409
for cross-sectional studies, 693-43112 for cohort studies),
mean age of the study population (21.5-81.0 years), and
definition of the number of teeth lost as a dependent
variable. All studies used multivariate analysis to calculate
the RR of tooth loss by smoking,

Association between smoking history and risk of tooth
loss

Results for the meta-analysis of RRs of tooth loss in ever-
vs never-smokers are shown in Figure 2. A forest plot of
the random-effects model analysis showed that four of
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No results of association between smoking and tooth loss (7 = 35)
HR, OR, RR not available (7 = 21)

Duplication in study population (7 = 3)

Not adjusted by age (7 = 3)

Not detailed in smoking status (7 = 5)

Not English (7 = 2)

18

. . [16-183031 .
the five earliest studies'*"*"" tended to show a higher

RR of tooth loss in ever-smokers than those published
later. Pooled RR as estimated by the random-effects mod-
el was 1.73 (95%CI: 1.60-1.806). Significant heterogeneity
was seen between studies, with a P value of < 0.001 and I’
of 67.4%.

Modifiable factors in smoking history and risk of tooth
loss

We used meta-regression analysis to investigate sources of
heterogeneity for the relationship between smoking and
tooth loss (Table 2). In univariate meta-regression analy-
sis, mean age of the study population (P = 0.009) and
definition of the number of teeth lost (P = 0.040) were
identified as potential sources of heterogeneity. Figure 3A
and B show the results of meta-analyses sorted by mean
age of study population and definition of the number of
teeth lost. In multivariate meta-regression with significant
modifiers detected by these two variables, mean age of
the study population remained as the potentially strongest
source of heterogeneity (P = 0.030).

Publication bias

We also assessed potential publication bias in selected
studies. A funnel plot (Figure 4) shows the distribution of
log-transformed RR and standard error in each study, with
the fitted line corresponding to the regression test for
funnel-plot asymmetry (solid line). Studies with large stan-
dard errors with weaker associations seemed less reported;
however, the association remained significant even after
exclusion of studies with large standard errors greater
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Table 2 Source of heterogeneity by meta-regression analysis
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Factors Univariate Multivariate
Coefficient SE P value Coefficient SE P value
Published year -0.0063553 0.01429 0.661 = = .
Country (vs United States)
Japan -0.0922341 0.11903 0.447 = = .
Finland, Norway, Sweden 0.1485642 0.14826 0.328 - - -
Other countries 0.1828302 0.12939 0.173 - - -
Study design (cohort vs cross-sectional) 0.0667818 0.12342 0.594 - - -
Base Population of Study (general population vs others) -0.0761659 0.10297 0.467
Sex (male vs female)
Male 0.0739773 0.11212 0.517 = = =
Female -0.1176073 0.24732 0.639 = = =
Mean age of study population 0.0080805 0.00284 0.009 0.0067276 0.00288 0.030
Adjustment for socioeconomic status (Yes vs No) -0.0723939 0.10375 0.493 - - -
Adjustment for behavior associated with oral health (Yes vs No) -0.0054823 0.10733 0.960 - - -
Definition number of tooth loss in the study (range: 1-28) 0.0093892 0.00430 0.040 0.0065434 0.00414 0.129
Author Year of n Mean age (yr) of ES (95%CI) % Weight
publication study population
Eklund et a/*® 1994 2207 42 1.88 (1.04-3.38)  1.34
Norlén et a/*® 1996 500 68 2.79 (1.73-452)  1.86
Slade et a/™” 1997 693 73 2.38(1.52-3.74)  2.05
Suominen-Taipale et a/*"! 1999 213 40 1.40 (1.00-1.96)  3.10
Xie et a*” 1999 293 81 3.12 (1.56-6.24)  1.01
Yoshida et a/™ 2001 2015 39.5 1.45(1.18-1.77)  5.18
Randolph et a/** 2001 3050 74.1 1.40 (1.20-1.63)  6.26
Yigstalo et a/*”! 2004 8409 31 1.73 (1.39-2.15)  4.90
Cunha-Cruz et a/** 2004 3840 40 1.62 (1.35-1.94)  5.64
Klein et a/*" 2004 2915 65 1.88 (1.53-2.30)  5.17
Tanaka et a/*® 2005 1002 29.8 1.52 (1.20-1.93)  4.58
Susin et a/*™” 2005 974 48.7 1.50 (1.18-1.90)  4.52
Susin et a/*” 2006 612 21.5 1.30 (1.02-1.66)  4.45
Okamoto et a/*® 2006 1332 43,5 1.46 (1.15-1.85)  4.56
Krall et a/* 2006 789 49 1.69 (1.32-2.16)  4.37
Ojima et ai*” 2007 1314 30 1.58 (1.21-2.07)  4.02
Mundt et a/*? 2007 2501 49,5 2.19 (1.82-2.64)  5.55
Dietrich et a/* 2007 43112 56 1.75 (1.69-1.80) 8.43
Hanioka et a/*® 2007 3999 60 1.70 (1.40-2.05)  5.47
Musacchio et a/*” 2007 1226 76.8 3.64 (2.77-4.77) 3.9
Haugejorden et a/*® 2008 1092 47.9 2.20 (1.30-3.72)  1.61
Cunha-Cruz et a/*" 2008 12631 51 1.82 (1.63-2.02)  7.27
Moedano et a/*" 2009 166 69.1 1.19 (0.49-2.89)  0.65
Yanagisawa et a/*” 2010 1088 59.6 1.49 (1.14-1.94)  4.03
Overall (7 = 67.4%, P = 0.000) 1.73 (1.60-1.86) 100.00
| | |
0.1 0.5 1 5 10
RR

Figure 2 Forest plots of relative risk. The size of the squares corresponds to the weight of the study in the meta-analysis. Combined relative risk was calculated us-

ing the random-effects model. Weights are from random effects analysis.

to influence the effect of smoking on tooth loss. Results
showed no statistically significant heterogeneity by coun-
try (included in the present study), study design, sex, oral
health behavior, or SES except age. Although the risk
of tooth loss by smoking showed heterogeneity by pat-
ticipant age, RRs of all studies were significantly higher
in ever-smokers than in never-smokers, except for one
study, which had the smallest number of participants of
all studies analyzed"".

Several mechanisms have been hypothesized to ex-
plain the association between smoking and tooth loss.
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Systemic effects of smoking include dysfunction of gin-
gival fibroblasts, a decrease in microcirculatory function
and immune system deficiency via effects of chemicals
included in tobacco smoke"*. Bacterial organisms in
petiodontal region are reported to contribute to tissue
destruction among smokers'*™*?, These lines of evidences
are consistent with findings in this study and are sugges-
tive of importance of implementation of smoking cessa-
tion in the dental field"".

We speculate that several factors might explain why
the effect of smoking on tooth loss was modified by age.
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A Author n Mean age (yr) of ES (95%CI) % Weight
study population
Susin et a/*” 612 21.5 1.30 (1.02-1.66) 4.45
Tanaka et a/*” 1002 29.8 1.52 (1.20-1.93) 4,58
Ojima et a/*” 1314 30 1.58 (1.21-2.07) 4,02
Yiostalo et ai* 8409 31 1.73 (1.39-2.15) 4,90
Yoshida et a/*” 2015 39.5 1.45 (1.18-1.77) 5.18
Suominen-Taipale et a/*!! 213 40 1.40 (1.00-1.96) 3.10
Cunha-Cruz et a/** 3840 40 1.62 (1.35-1.94) 5.64
Eklund et a/*® 2207 42 1.88 (1.04-3.38) 1.34
Okamoto et a/*® 1332 43.5 1.46 (1.15-1.85) 4.56
Haugejorden et a/**! 1092 47.9 2.20 (1.30-3.72) 1.61
Susin et a/*™ 974 48.7 1.50 (1.18-1.90) 4,52
Krall et a/* 789 49 1.69 (1.32-2.16) 4,37
Mundt et a/*! 2501 49,5 2.19 (1.82-2.64) 5.55
Cunha-Cruz et a/** 12631 51 1.82 (1.63-2.02) 7.27
Dietrich et a/* 43112 56 1.75 (1.69-1.80) 8.43
Yanagisawa et a/*! 1088 59.6 1.49 (1.14-1.94) 4,03
Hanioka et a/*® 3999 60 1.70 (1.40-2.05) 5.47
Klein et a/*" 2915 65 1.88 (1.53-2.30) 5.17
Norlén et a/*® 500 68 2.79 (1.73-4.52) 1.86
Moedano et a/*" 166 69.1 1.19 (0.49-2.89) 0.65
Slade et a/™” 693 73 2.38 (1.52-3.74) 2.05
Randolph et a/*? 3050 74.1 | 1.40 (1.20-1.63) 6.26
Musacchio et a/*” 1226 76.8 § —+ 3.64 (2.77-4.77) 3.99
Xie et af*” 293 81 I 3.12 (1.56-6.24) 1.01
Overall (7 = 67.4%, P = 0.000) & 1.73 (1.60-1.86) 100.00
L L H L L
0.1 0.5 1 5 10
RR
B Author n Mean age (yr) of Definition of No. ES (95%CI) % Weight
study population  of tooth loss
Susin et a/*” 612 21.5 1 1.30 (1.02-1.66) 4.45
Tanaka et a/™ 1002 29.8 1 1.52 (1.20-1.93) 4.58
Ojima et a/*” 1314 30 1 1.58 (1.21-2.07) 4.02
Yoshida et a/** 2015 39.5 1 1.45 (1.18-1.77) 5.18
Okamoto et a/™" 1332 43,5 1 1.46 (1.15-1.85) 4.56
Krall et a/* 789 49 1 1.69 (1.32-2.16) 4.37
Cunha-Cruz et a/*! 12631 51 1 1.82 (1.63-2.02) 7.27
Dietrich et a/*” 43112 56 1 1.75 (1.69-1.80) 8.43
Klein et a/*" 2915 65 1 1.88 (1.53-2.30) 5.17
Slade et a/™ 693 73 1 2.38 (1.52-3.74) 2.05
Yiostalo et a/**! 8409 31 6 1.73 (1.39-2.15) 4.90
Susin et a/*™ 974 48.7 7 1.50 (1.18-1.90) 4.52
Yanagisawa et a/*?! 1088 59.6 8 1.49 (1.14-1.94) 4.03
Moedano et a/*" 166 69.1 10 1.19 (0.49-2.89) 0.65
Randolph et a/*? 3050 74.1 14 1.40 (1.20-1.63) 6.26
Norlén et a/*® 500 68 16 2.79 (1.73-4.52) 1.86
Haugejorden et a/* 1092 47.9 20 2.20 (1.30-3.72) 1.61
Hanioka et a/*® 3999 60 20 1.70 (1.40-2.05) 5.47
Cunha-Cruz et a/** 3840 40 26 1.62 (1.35-1.94) 5.64
Mundt et a/*! 2501 49,5 26 2.19 (1.82-2.64) 5.55
Suominen-Taipale et a/*"! 213 40 28 1.40 (1.00-1.96) 3.10
Eklund et a/*® 2207 42 28 1.88 (1.04-3.38) 1.34
Musacchio et a/*” 1226 76.8 28 3.64 (2.77-4.77) 3.99
Xie et af*” 293 81 28 3.12 (1.56-6.24) 1.01
Overall (7 = 67.4%, P = 0.000) 1.73 (1.60-1.86) 100.00
Il Il Il
0.1 0.5 10

Figure 3 Forest plots of relative risk sorted by mean age of the study population (A) and by the number of teeth lost defined as representing a case (B).
A: The size of the squares corresponds to the weight of the study in the meta-analysis. Combined relative risk was calculated using the random-effects model; B: The
studies with definition of 1 means those losing one or more teeth were defined as cases. The size of the squares corresponds to the weight of the study in the meta-
analysis. Combined relative risk was calculated using the random-effects model. Weights are from random effects analysis.

First, because we did not include data on smoking dose factors. Some studies have indicated that the effect of
and duration, we could not exclude confounding by these smoking is dose- and duration-dependent!”****, Par-
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Funnel plot with pseudo 95%CI

0.0 |
,’/,' .\‘\
e .
0.1 . ®o o A
— ]
g 02f :
g Y
P . h
o L
i 0.3 .
, [ ]
04
’ L]
0.5 C Il Il Il Il
1 2 3 4

RR (Igo scale)

Figure 4 Funnel plot of included studies for the evaluation of publication bias.

Sato F et a/. Impact of smoking on tooth loss

Author Year of n  Mean age (yr) of ES (95%CI) % Weight
publication study population

SE of log(OR) < 0.2
Suominen-Taipale et a/*!! 1999 213 40 1.40 (1.00-1.96) 3.10
Susin et a/*” 2006 612 21.5 1.30 (1.02-1.66) 4.45
Krall et a/*! 2006 789 49 1.69 (1.32-2.16) 4.37
Susin et a/*™ 2005 974 48.7 1.50 (1.18-1.90) 4.52
Tanaka et a/* 2005 1002 29.8 1.52 (1.20-1.93) 4.58
Yanagisawa et a/*?! 2010 1088 59.6 1.49 (1.14-1.94) 4.03
Musacchio et a/*” 2007 1226 76.8 3.64 (2.77-4.77) 3.99
Ojima et ai*” 2007 1314 30 1.58 (1.21-2.07) 4.02
Okamoto et a/*® 2006 1332 43,5 1.46 (1.15-1.85) 4.56
Yoshida et a/** 2001 2015 39.5 1.45 (1.18-1.77) 5.18
Mundt et a/*! 2007 2501 49,5 2.19 (1.82-2.64) 5.55
Klein et a/*" 2004 2915 65 1.88 (1.53-2.30) 5.17
Randolph et a/*? 2001 3050 74.1 1.40 (1.20-1.63) 6.26
Cunha-Cruz et a/*? 2004 3840 40 1.62 (1.35-1.94) 5.64
Hanioka et a/*® 2007 3999 60 1.70 (1.40-2.05) 5.47
Yiostalo et a/** 2004 8409 31 1.73 (1.39-2.15) 4.90
Cunha-Cruz et a/*! 2008 12631 51 1.82 (1.63-2.02) 7.27
Dietrich et a/* 2007 43112 56 1.75 (1.69-1.80) 8.43
Subtotal ( = 72.0%, # = 0.000) 1.68 (1.56-1.82) 91.48

SE of log(OR) = 0.2
Moedano et a/*"! 2009 166 69.1 1.19 (0.49-2.89) 0.65
Xie et al™” 1999 293 81 3.12 (1.56-6.24) 1.01
Norlén et ai*® 1996 500 68 2.79 (1.73-4.52) 1.86
Slade et a/™” 1997 693 73 2.38 (1.52-3.74) 2.05
Haugejorden et a/*® 2008 1092 47.9 2.20 (1.30-3.72) 1.61
Eklund et a/*® 1994 2207 4?2 1.88 (1.04-3.38) 1.34
Subtotal (7 = 0.0%, P = 0.551) 2.31 (1.84-2.90) 8.52

Overall (7 = 67.4%, P = 0.000) 1.73 (1.60-1.86)  100.00

| | | |
0.1 0.5 1 5 10
RR

Figure 5 Subset-analysis according to the precision of studies. Weights are from random effects analysis.

ticularly among current smokers, older smokers may also
have a lower daily consumption. Second, because tooth
loss is a cumulative and irreversible event, older subjects
may tend to have fewer teeth than younger smokers, and
might therefore tend to be defined as case subjects. Third,
chronic diseases such as diabetes and osteoporosis, which
are considered as risk factors for tooth loss, may be more

prevalent in older than younger people! ™!,
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Several technical limitations of this meta-analysis war-
rant mention. One major limitation is the data source
we used. Analyses were based on abstracted rather than
individual patient data (IPD). In general, an IPD-based
meta-analysis would allow a more robust estimation of
the association. Second, the validity of meta-analyses is
significantly threatened by potential publication bias. Al-
though we detected no evidence of publication bias using
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Author Year of n  Mean age (yr) of ES (95%CI) % Weight
publication study population

Former vs never
Norlén et a/*® 1996 500 68 — 2.60 (1.34-5.04) 1.70
Slade et a/*” 1997 693 73 — 2.55 (1.48-4.39) 2.17
Randolph et a/* 2001 3050 74.1 4 1.26 (1.04-1.53) 434
Yoshida et a/*” 2001 2015 39.5 I 1.27 (0.89-1.81) 3.22
Klein et a/*" 2004 2915 65 —f—F- 1.57 (1.25-1.97) 4.10
Tanaka et a/™ 2005 1002 29.8 1 1.42 (0.91-2.22) 2.67
Okamoto et a*® 2006 1332 43.5 — 1.11 (0.68-1.81) 2.43
Krall et a/*” 2006 789 49 —F— 1.30 (0.90-1.88) 3.14
Ojima et a/* 2007 1314 30 — 0.80 (0.45-1.43) 2.02
Hanioka ef a/*® 2007 3999 60 = 1.18 (0.87-1.59) 3.61
Musacchio et a/**) 2007 1226 76.8 P —— 3.42 (2.42-4.83) 3.29
Dietrich et a/*” 2007 43112 56 | 1.57 (1.53-1.62) 5.04
Mundt et a/*! 2007 2501 49,5 1.71 (1.27-2.30) 3.61
Cunha-Cruz et a/*" 2008 12631 51 i 1.30 (1.10-1.54) 4.49
Yanagisawa et a/*! 2010 1088 59.6 B i 1.35 (0.94-1.94) 3.18
Subtotal ( = 71.1%, £ = 0.000) <> 1.49 (1.32-1.69) 49.00

Current vs never §
Norlén et a/*® 1996 500 68 : H 3.02 (1.50-6.08) 1.58
Slade et a/™ 1997 693 73 = 2.06 (0.92-4.61) 1.29
Randolph et a/*? 2001 3050 74.1 —1— 1.69 (1.31-2.18) 3.91
Yoshida et a/** 2001 2015 39.5 — 1.54 (1.20-1.98) 3.95
Klein et a/*" 2004 2915 65 ; ——FF——  4.04(2.52-6.48) 2.52
Tanaka et a/*” 2005 1002 29.8 —— 1.56 (1.18-2.07) 3.75
Okamoto et a/*® 2006 1332 435 R 1.59 (1.21-2.08) 3.80
Krall et a/* 2006 789 49 § 2.10 (1.50-2.94) 3.35
Ojima et al*” 2007 1314 30 1.91 (1.41-2.59) 3.57
Musacchio et a/* 2007 1226 76.8 4,01 (2.59-6.21) 2.72
Mundt et a/*" 2007 2501 49.5 2.58 (2.03-3.27) 4.03
Hanioka et a/™ 2007 3999 60 2.19 (1.71-2.80) 3.96
Dietrich et a/* 2007 43112 56 2.25 (2.14-2.36) 5.00
Cunha-Cruz et a/*" 2008 12631 51 2.30 (2.00-2.64) 4.65
Yanagisawa et a/*?! 2010 1088 59.6 1.67 (1.12-2.49) 2.94
Subtotal (7 = 67.6%, £ = 0.000) 2.10 (1.87-2.35) 51.00

Overall (7 = 89.3%, P = 0.000) 1.79 (1.61-1.99)  100.00

Il Il Il Il
0.1 0.5 1 5 10
RR

Figure 6 Subset meta-analysis according to smoking status. Weights are from random effects analysis.

graphical and statistical methods, it is difficult to com-
pletely rule out this possibility. A third limitation might be
potential heterogeneity across studies, although we applied
a random-effect model. Further, although we evaluated
as many candidate characteristics as possible, unmeasured
potential sources of heterogeneity might have remained.
Although we tried to evaluate the different impact of
smoking between former and current smokers, we did
not directly compare two groups because RRs directly
comparing two groups were not available in most of the
studies. There have been discussions on how to precisely
estimate the pooled estimates of RRs combining several
levels of groups with strong correlations™™. we chose
Greenland and Longnecker’s methods™ instead of Ham-
ling’s method™ based on a recent study by Orsini e a/”
reporting negligible difference in estimation. Finally, we
abstracted data only from English-language articles, and
we only used PubMed search results because of lack of
access. Therefore, bias might have occurred in our search
strategy. However, given the nature of the studies we were
looking for, namely clinical studies of adequate quality, we
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consider our search within MEDLIINE to be sufficient.
In conclusion, we demonstrated that smoking is a risk
factor for tooth loss regardless of many other confound-
ers, and that smoking cessation has a protective effect
against tooth loss. Although our conclusions should be
interpreted cautiously, our results nevertheless raise a crit-
ical point regarding the long-standing debate on whether
smoking is a risk factor for tooth loss. Implementation of
smoking cessation in the dental field is encouraged.

COMMENTS

Background

The World Health Organization Global Oral Health Program works to increase
awareness of oral health worldwide as an important component of general
health and quality of life. Number of tooth loss is one of the main impediments
to oral health and smoking behavior could be the one of the modifiable causes
of tooth loss, therefore, quantitative evaluation of the impact of smoking on
tooth loss is needed.

Research frontiers

Smoking behavior is a risk factor for the risk of tooth loss, however, the effects
of confounders such as sex, age, and other comorbidity on tooth loss have
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limited its interpretability among population. Therefore, more quantitative evalu-
ation of the association between smoking and tooth loss is essential.

Innovations and breakthroughs

Previous studies have suggested that smoking behavior could be a risk of tooth
loss, however, it has not been quantitatively evaluated. This meta-analysis of
the literatures clarified that (1) ever-smoking increased the risk by 73% relative
to non-smokers; and (2) risk increase among former smokers was different from
that in current smokers (49% and 110%, compared to non-smokers). The latter
suggests that it is important to consider smoking cessation to reduce the risk of
tooth loss among smokers.

Applications

The study results suggest that the smoking increased the risk of tooth loss.
Smoking cessation might be recommended to reduce the risk of tooth loss.
Peer review

This is a good quantitative study in which authors analyzed the impact of smok-
ing on number of teeth loose with consideration of potential heterogeneity of
studies. The results are interesting and suggest that smoking behavior should
be considered in the oral health policy and practice.
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Abstract

AIM: To summarize the evidence from randomized con-
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trolled trials (RCTs) on the rehabilitation effects of recre-
ational activities.

METHODS: Studies were eligible if they were RCTs.
Studies included one treatment group in which recre-
ational activity was applied. We searched the following
databases from 1990 to May 31, 2012: MEDLINE via
PubMed, CINAHL, Web of Science, and Ichushi-Web.
We also searched all Cochrane Databases and Camp-
bell Systematic Reviews up to May 31, 2012.

RESULTS: Eleven RCTs were identified, which included
many kinds of target diseases and/or symptoms such
as stroke, dementia, Parkinson'’s disease, acquired brain
injury, chronic non-malignant pain, adolescent obesity,
high-risk pregnancy, and the frail elderly. Various inter-
vention methods included gaming technology, music,
dance, easy rider wheelchair biking, leisure education
programs, and leisure tasks. The RCTs conducted have
been of relatively low quality. A meta-analysis (pooled
sample; 7 = 44, two RCTs) for balance ability using
tests such as “Berg Balance Scale” and “Timed Up and
Go Test” based on game intervention revealed no sig-
nificant difference between interventions and controls.
In all other interventions, there were one or more ef-
fects on psychological status, balance or motor func-
tion, and adherence as primary or secondary outcomes.

CONCLUSION: There is a potential for recreational
activities to improve rehabilitation-related outcomes,
particularly in psychological status, balance or motor
function, and adherence.

© 2013 Baishideng. All rights reserved.

Key words: Recreation activities; Randomized controlled
trial; Rehabilitation effect

Core tip: This is the first systematic review of the ef-
fectiveness of rehabilitation based on recreational ac-
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tivities. There is a potential for recreational activities to
improve rehabilitation-related outcomes, particularly in
psychological status (depression, mood, emotion, and
power), balance or motor function, and adherence (fea-
sibility and attendance). To most effectively assess the
potential benefits of recreational activities for rehabilita-
tion, it will be important for further research to utilize (1)
randomized controlled trials methodology (person unit
or cluster unit) when appropriate; (2) an intervention
dose; (3) a description of adverse effects and withdraw-
als; and (4) the cost of recreational activities.

Kamioka H, Tsutani K, Yamada M, Park H, Okuizumi H, Honda T,
Okada S, Park SJ, Kitayuguchi J, Handa S, Mutoh Y. Effective-
ness of rehabilitation based on recreational activities: A systemat-
ic review. World J Meta-Anal 2013; 1(1): 27-46 Available from:
URL: http://www.wjgnet.com/2308-3840/full/v1/i1/27.htm DOI:
http://dx.doi.org/10.13105/wjma.v1.i1.27

INTRODUCTION

Recreational activity is anything that is stimulating and re-
juvenating for an individual. Some people may enjoy na-
ture hikes, others may enjoy playing the guitar. The idea
behind these activities is to expand the mind and body
in a positive, healthy way. The best reason to take part in
these activities is that they will slow the aging process by
helping to lessen or eliminate stress'’. A dictionary de-
scribes “recreation” as “the fact of people doing things
for enjoyment, when they are not working”[zl. However,
there are various views about what constitutes a recre-

ational activity and there is no fixed consensus.

A systematic review (SR) of randomized controlled
trials (RCTs) based on recreational and leisure activity
reported some beneficial effects such as improvement in
quality of life, as well as health-promoting, educational
and therapeutic effects”. Three RCTs adopted for this re-
view evaluated appreciation of performed music', enter-
tainment using an easy rider wheelchair bike™, and leisure
tasks'” as the intervention method. In the present study,
we assumed that recreational activity is defined broadly
as a physical activity with a strong element of pleasure ot
enjoyment.

Stroke is a disease that typically requires rehabilitation
and has been described as a worldwide epidemicm. Many
stroke patients suffer from sensory, motor and cognitive
impairment as well as a reduced ability to perform self
care and to participate in social and community activi-

es'™. Standardized repetitive task training has been shown
to be effective in some aspects of rehabilitation, such as
improving walking distance and speedm. Over the years,
virtual reality (VR) and interactive video gaming (IVG)
have emerged as new treatment approaches in stroke re-
habilitation. In particular, commercial gaming consoles
are being rapidly adopted in clinical and nursing settings.
A recent SR of stroke rehabilitation studies reported that
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the use of VR and IVG may be beneficial in improving
arm function and activities of daily living (ADL) func-
tion when compared with the same dose of conventional
therapy, although there was insufficient evidence to reach
a conclusion about the effect of VR and IVG on grip
strength or gait speedm].

The current study has shown that even a short dura-
tion of Wii play can provide an effective adjunct to stan-
dard rehabilitation for fall prevention, although a “Wii
only” training approach is not being advocated"". The
“enjoyment” factor is an important one that may aid ad-
herence to training for rehabilitation'.

Low back pain is also a disease that requires reha-
bilitation and is the most common reason for use of
complementary and alternative medicine in the United
States'”. A SR of RCTs into alternative therapy (ze., spa
and balneotherapy) targeting the relief of lower back
pain reported that even though the data are scarce, there
was encouraging evidence suggesting that these therapies
may be effective,

Over the years, recreational activity and trelaxation in
a forest environment called “forest therapy” or “Shinrin-
yoku” (forest-air bathing and forest-landscape watching,
walking, e#.), have become a kind of climate therapy or
nature therapy and are popular methods for many urban
people with mentally stressful situations'”. The fields of
preventive and alternative medicine have also shown an
interest in the therapeutic effects of forest therapy®. A
study reported that forest environments may contribute
to the maintenance of health and well-being by, for ex-
ample reducing hostility and depression which are risk
factors for coronary heart diseases, or by improving over-
all emotions, particularly among populations with poor
mental health"”. In addition, a recent study reported
that forest bathing trips increase natural killer (NK) cell
activity, which was mediated by increases in the number
of NK cells and by the levels of intracellular anti-cancer
proteins and phytoncides released from trees. The de-
creased production of stress hormones may also partially
contribute to the increased NK cell activity",

It is well known in research design that evidence grading
is highest for a SR with meta-analysis of RCTs. Although
many studies have reported the rehabilitation effects of
recreational activities, there is no SR of evidence based on
RCTs. The objective of this review was to summarize the
evidence from RCTs on the rehabilitation effects of recre-
ational activities.

MATERIALS AND METHODS

Criteria for considering studies included in this review
Types of studies: Studies were eligible if they were
RCTs.

Types of participants: There was no restriction on pa-
tients.

Types of intervention and language: Studies included
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at least one treatment group in which recreation activity
was applied. The definition of the recreational activity is
complex, but, in this study, it describes a specific exercise
item. Specifically, any kind of recreational activity (not
only dynamic activities but also musical appreciation or
playing, painting, hand-craft, ez.) was permitted and de-
fined as an intervention. However, we excluded compre-
hensive exercise interventions such as walking, jogging,
Tai chi, Yoga, stretching, and strength training, There was
no restriction on the basis of language.

Types of outcome measures: We focused on rehabilita-
tion effects. The World Health Organization states that
rehabilitation of people with disabilities is a process
aimed at enabling them to reach and maintain their opti-
mal physical, sensory, intellectual, psychological and so-
cial functional levels"”. Rehabilitation provides disabled
people with the tools they need to attain independence
and self-determination. In this study, beneficial outcome
measures included cognitive function, physical function,
and pain-relief. We did not specify secondary outcomes
but instead estimated items as primary outcomes if an
article treated them as rehabilitation effects.

Search methods for studies identification

Bibliographic database: We searched the following data-
bases from 1990 to May 31, 2012: MEDLINE »iz PubMed,
CINAHL, Web of Science, Ichushi Web (in Japanese),
and the Western Pacific Region Index Medicus (WPRIM).
The International Committee of Medical Journal Edi-
tors (ICMJE) recommended uniform requirements for
manuscripts submitted to biomedical journals in 1993. We
selected articles published (that included a protocol) since
1990, because it appeared that the ICMJE recommenda-
tion had been adopted by the relevant researchers and had
strengthened the quality of reports.

We also searched the Cochrane Database of Systematic
Reviews (Cochrane Reviews), the Database of Abstracts
of Reviews of Effects (Other Reviews), the Cochrane
Central Register of Controlled Trials (Clinical Trials or
CENTRAL), the Cochrane Methodology Register (Meth-
ods Studies), the Health Technology Assessment Da-
tabase (Technology Assessments), the NHS Economic
Evaluation Database (Economic Evaluations), About The
Cochrane Collaboration databases (Cochrane Groups)
and Campbell Systematic Reviews (the Campbell Collabo-
ration), and the All Cochrane all up to May 31, 2012.

All searches were performed by two specific searchers
(hospital librarians) who wete qualified in medical infor-
mation handling, and who had sophisticated skills in the
searching of clinical trials.

Search strategies: The special search strategies contained
the elements and terms for MEDLINE, CINAHL, Web
of Science, Ichushi Web, WPRIM, All Cochrane databases,
and Campbell Collaboration (Table 1). Only keywords
about interventions were used for the searches. First,

(49

Boichidoogs  WIMA | www.wjgnet.com

29

titles and abstracts of identified published articles were
reviewed in order to determine the relevance of the ar-
ticles. Next, references in relevant studies and identified
RCTs wetre screened.

Registry checking: We searched the International Clini-
cal Trials Registry Platform (ICTRP), Clinical Trials.gov,
the University Hospital Medical Information Network-
Clinical Trials Registry (UMIN-CTR), the Japan Pharma-
ceutical Information Center-Clinical Trials Information
(Japic CTI), and the Japan Medical Association-Center
for Clinical Trials (JMACCT CTR), all up to May 31,
2012. ICTRP and the WHO Registry Network meet spe-
cific criteria for content, quality and validity, accessibility,
unique identification, technical capacity and administra-
tion. Primary registries meet the requirements of the
ICMJE. Clinical Trials.gov is a registry of federally and
privately supported clinical trials conducted in the United
States and around the world. UMIN-CTR, Japic CTI, and
JMACCT CTR are registries of clinical trials conducted
in Japan and around the world.

Handsearching, reference checking, efc.: We hand-
searched abstracts published on recreation activities in
relevant journals in Japan. We checked the references of
included studies for further relevant literature.

Review methods
Selection of trials: In order to make the final selection
of studies for the review, all criteria were applied inde-
pendently by five authors (e.g, Honda T, Kitayuguchi
J, Okada S, Park SJ) to the full text of articles that had
passed the first eligibility screening (Figure 1). Disagree-
ments and uncertainties were resolved by discussion with
other authors (e.g., Mutoh Y, Okuizumi H, Park H).
Studies were selected when (1) the design was an
RCT; and (2) one of the interventions was a form of
recreational activity. Rehabilitation effects were used as a
primary outcome measure. Trials that were excluded are
presented with reasons for their exclusion (Table 2).

Quality assessment of included studies
In order to ensure that variation was not caused by sys-
tematic errors in the study design or execution, seven
review authors (Okuizumi H, Mutoh Y, Okada S, Park
SJ, Honda T, Handa S, and Honda T) independently as-
sessed the quality of articles. A full quality appraisal of
these papers was made using the combined tool based
on the “CONSORT 2010”™ and the “CONSORT for
non-pharmacological trials”" developed to assess the
methodological quality of non-pharmacological RCTs.
These checklists were not originally developed to use as a
quality assessment instrument, but we used them because
they are the most important tools related to the internal
and external validity of trials.

Each item was scored as “present” (p), “absent” (a),
“unclear or inadequately described” (?), or “not appli-
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Table 1 The special search strategies

1 MEDLINE
#1 Search “Recreation” [MeSH Major Topic]
#2 Search “Recreation Therapy” [MeSH Major Topic]
#3 Search “Rehabilitation” [MeSH Major Topic]
#4 Search “Treatment Outcome” [MeSH Terms]
#5 Search (#1) OR #2
#6 Search (#3) OR #4
#7 Search (#5) AND #6
#8 Search (#5) AND #6 Filters: Publication date from 1990-01-01 to
2012-04-30
#9 Search (#5) AND #6 Filters: Publication date from 1990-01-01 to
2012-04-30; Humans
#10 Search (#5) AND #6 Filters: Publication date from 1990-01-01 to
2012-04-30; Humans; Randomized Controlled Trial
2 CINHAL
#1 TX recreation
#2 (MH “Recreation+”) OR (MH “Recreational Therapy”)
#3 #1 or #2
#4 TX rehabilitation
#5 (MH “Rehabilitation+")
#6 (MH “Treatment Outcomes+”) OR (MH “Outcome Assessment”)
#7 #4 or #5 or #6
#8 #3 and #7
#9 #3 and #7
#10 #3 and #7
#11 #3 and #7
3 Web of Science
#1 Recreation

#2 Leisure
#3 #1 OR #2
#4 Rehabilitation
#5 “Quality of life”
#6 Outcome
#7 #4 OR #5 OR #6
#8 #3 AND #7
#9 Randomized OR randomised
#10 (#8 AND #9) AND Article time span = 1990-2012
4 Ichushi Web (Originally in Japanese)
#1 Recreation/ TH or recreation/ AL or recreational/ AL or
recreation/ AL or Rikuryeshon/AL or recreation/ AL
#2 Rehabilitation/HL or rehabilitation/ AL or rehabilitation/ ALAL
#3 #1 and #2
#4 (#3) and (DT = 1990:2012 PT = original papers CK = person)
#5 (#4) and (RD = randomized controlled trials, quasi-randomized
controlled trials, comparative studies)
#6 (#4) and (RD = randomized controlled trials)
5 WPRIM
#1 recreation
6 All Cochrane
#1 MeSH descriptor Recreation explode all trees
#2 (recreation): ti, ab, kw
#3 MeSH descriptor Rehabilitation explode all trees
#4 MeSH descriptor Randomized Controlled Trials as Topic explode
all trees
#5 (Randomized controlled trial): ti, ab, kw
#6 (#1 OR #2)
#7 (#4 OR #5)
#8 (#3 AND #6 AND #7), from 1990 to 2012
7 Campbell Collaboration
#1 Recreation
8 ICTRP
#1 Recreation
9 Clinical Trials.gov
#1 Recreation OR recreational
10 UMIN-CTR (Originally in Japanese)
#1 Recreation
11 Japic CTI (Originally in Japanese)
#1 Recreation
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12 JMACCT CTR (Originally in Japanese)
#1 Recreation

ICTRP: International Clinical Trials Registry Platform; UMIN-CTR:
University Hospital Medical Information Network-Clinical Trials
Registry; Japic CTI: Japan Pharmaceutical Information Center-Clinical
Trials Information; JMACCT CTR: Japan Medical Association-Center for
Clinical Trials.

cable” (n/a). Depending on the study design, some items
wete not applicable. The “n/a” studies were excluded
from calculation for quality assessment. We displayed the
percentage of present description in all 47 checked items
for the quality assessment of articles. Then, based on the
percentage of risk of poor methodology and/or bias,
each item was assigned to the following categories: good
description (80%-100%), poor description (50%-79%),
very poor desctiption (0%-49%). Disagreements and un-
certainties were resolved by discussion with other authors
(e.g., Okuizumi H, Okada S and Kamioka H). Inter-rater
reliability was calculated on a dichotomous scale using
percentage agreement and Cohen’s k coefficient (&).

Summary of studies and data extraction: Seven review
authors (Okuizumi H, Mutoh Y, Okada S, Park SJ, Honda
T, Handa S and Kamioka H) described the summary
from each article based on the recommended structured

abstracts™).

Benefit, harm, and withdrawals

The GRADE Working Group™ reported that the bal-
ance between benefit and harm, quality of evidence,
applicability, and the certainty of the baseline risk were
all considered in judgments about the strength of recom-
mendations. Adverse events, withdrawals, and cost for
intervention were especially important information for
researchers and users of clinical practice guidelines, and
we have presented this information with the description
of each article.

Analysis

Pre-planned stratified analyses were: (1) trials comparing
recreational activities with no treatment or waiting list
controls; (2) trials comparing different types of general
rehabilitation method [eg., physical therapy, occupational
therapy (OT), et.]; and (3) trials comparing recreational
activities with other intervention(s) (e.g., musical apprecia-
tion »s singing). We planned to express the results of each
RCT, when possible, as relative risk with correspond-
ing 95%CI for dichotomous data, and as standardized
or weighted mean differences (SMD) with 95%CI for
continuous data. However, heterogeneous results of
studies that met inclusion criteria were not combined.
All analyses were computed with the “R version 2.15.17,
a free software environment for statistical computing
and graphics (URL:http://www.t-project.org/), which
compiles and runs on a wide variety of UNIX platforms,
Windows.
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Table 2 References to studies excluded in this review

Excusion Ref. Title Reason of exclusion

No.

1 Green et al'*” Physiotherapy for patients with mobility problems more than 1 year after stroke: a randomised Not recreation activity
controlled trial

2 Kobayashi et al*’  Effects of a fall prevention program on physiacal activities of elderly people living in a rural Community-dwelling
region: an interventional trial healthy elderly

3 Das et al™ The efficacy of playing a virtual reality game in modulating pain for children with acute burn ~ Cross-over design
injuries: A randomized controlled trial

4 Hurwitz et al®™ Effects of recreational physical activity and back exercises on low back pain and psychological ~ Observational study
distress: Findings from the UCLA low back pain study

5 Matsuo®™? The influence of the exercise using a video game on the physical function and brain activities Cross-over design

6 Saposnik et al™! Effectiveness of virtual reality exercises in stroke rehabilitation: rationale, design, Research protocol
and protocol of a pilot randomized clinical trial assessing the Wii gaming system

7 Mitsumura et al™  Effect on physical and mental function of a group rhythm exercise for elderly persons certified ~ Exercise training
under the less severe grades of long-term care insurance

8 Fraga et al™ Aerobic resistance, functional autonomy and quality of life of elderly women impacted Community-dwelling
by a recreation and walking program healthy elderly

9 Watanabe et al®  Effects of congnitive rehabilitation with computer training on neurophychological functionin  Not recreation activity
schizophrenia

10 Hsu et al™” A "Wii" bit of fun: The effects of adding Nintendo Wii Bowling to a standard exercise regimen  Cross-over design
for residents of long-term care with upper extremity dysfunction

11 Kwok et al®™ Evaluation of the Frails' Fall Efficacy by Comparing Treatments on reducing fall and fear of Research protocol

fall in moderately frail older adults: study protocol for a randomised control trial

Manuscripts based on databases

Clinical registries

Potentially relevant abstracts (7 = 1861)
MEDLINE (7 = 728)
CINAHL (7 = 74)
Web of Science (7 = 333)
Ichushi-Web (7 = 62)
Western Pacific Regional Index Medicus (7 = 42)
Cochrane Reviews (7 = 17)
Cochrane Other Review (7 = 19)
Cochrane Clinical Trials or CENTRAL (7 = 377)

Clinical Trials.gov (7 = 93)

International Clinical Trials Registry Platform (7 = 46)

University Hospital Medical Information Network-Clinical Trials Registry (7 = 0)
Japan Pharmaceutical Information Center-Clinical Trials Information (7 = 0)
Japan Medical Association-Center for Clinical Trials (7 =

0)

Excluded \

Not relevant (7 = 118)"

Cochrane Method Studies (7 = 0) \
Technology Assessments (17 = 0)
NHS Economic Evaluations (7 = 3)
Cochrane Groups (7 = 0)
Campbell Systematic Review (7 = 19)

‘ Articles meeting inclusion criteria (7 = 1)

Excluded
J‘ Not relevant (7 = 1839)"

Retrieved for detail evaluation by articles (7 = 22)

Table 2 (references to studies excluded)

Protocol of published article (7 = 2)

Not recreation activity (7 = 2)

Focus on exercise (7 = 1)

Cross-over design (7 = 3)
Community-dwelling healthy elderly (7 = 2)
Observational study (7 = 1)

Excluded

Articles meeting inclusion criteria (7 = 11)

Figure 1 Flowchart of trial process. 'Reduplication.

Research protocol registration

We submitted and registered our research protocol to the
PROSPERO database (No. CRD42012002381)™. 'This is
an international database of prospectively registered SRs

in health and social care. Key features from the review
protocol are recorded and maintained as a permanent re-
cord in PROSPERO. This will provide a comprehensive
listing of SRs registered at inception, and enable compar-
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ison of reported review findings with what was planned
in the protocol. PROSPERO is managed by CRD and
funded by the UK National Institute for Health Research.
Registration was recommended because it encourages full
publication of the review’ findings and transparency in
changes to methods that could bias ﬁndings[zﬂ

RESULTS

Study selection

The literature searches based on databases included 1861
potentially relevant articles (Figure 1). Abstracts from
those articles were assessed and 22 papers were retrieved

for further evaluation (checks for relevant literature).
Eleven publications were excluded because they did not
meet the eligibility criteria (Table 2). Eleven studies" "
met all inclusion criteria (Figure 1).

Study characteristics

The language of all eligible publications was Eng-
lish. Target diseases and/or symptoms (Table 3) were
stroke, > depressionm, Parkinson’s disease’”, acquired
brain injury[zs], chronic non-malignant pain (CNMP)M,
adolescent obesity™, high-risk pregnancy™, and the frail
elderlym. Intervention methods were gaming technol-

ALl t P casy rider wheelchair bik-
[34]

. [430]
, music ", dance
: 5 : .

ing”, leisure education programs

For gaming technology intervention, Szturm ez al””

, and leisure tasks'”.

reported that dynamic balance exercises on fixed and
compliant sponge surfaces could be coupled to interac-
tive video game-based tasks in frail community-dwelling
older adults. Gil-Gémez e al* reported that virtual treat-
ment with game exercises promotes improvement in the
dynamic balance of patients with acquired brain injury.
Saposnik ez a/*” reported that VR Wii gaming technol-
ogy represents a safe, feasible, and potentially effective
alternative to facilitate rehabilitation therapy and promote
motor recovery after stroke. Adamo ef al”"' reported that
cycling to music was superior to interactive video game
cycling in promoting attendance and intensity of exercise
expenditure for obese adolescent people, indicating that
investment in the more expensive GameBike may not be
worth the cost. Yavuzer e al” reported that Playstation
EyeToy Games combined with a conventional stroke re-
habilitation program have the potential to enhance upper
extremity-related motor functioning in subacute stroke
patients.

Siedliecki e# a/" reported that nurses could help pa-
tients with CNMP identify and use music they enjoy as a
self-administered complementary intervention to facilitate
feelings of power, and to decrease perceptions of pain,
depression and disability. Bauer ¢ a/*” reported that single
session music and recreational therapy interventions ef-
fectively alleviate antepartum-related distress among high-
risk women experiencing antepartum hospitalization and
should be considered as valuable additions to any compre-
hensive antepartum program.
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Concerning dance intervention, Hackney ez al™ re-
ported that the tango may target deficits associated with
Parkinson’s disease more than the waltz/foxtrot, but both
dances may benefit balance and locomotion.

Fitzsimmons' reported that easy rider wheelchair
biking contributed to the body of knowledge regarding
options for the treatment of depression in older adults,
and provided encouraging findings that psychosocial in-
terventions might be effective in reducing depression.

Desrosiers ez al™ reported that the results for leisure
education programs indicated their effectiveness in im-
proving participation in leisure activities, improving sat-
isfaction with leisure and reducing depression in people
with stroke.

Parker ¢t a/” reported that additional OT treatments
did not show a clear beneficial effect on mood, leisure ac-
tivity or independence in ADL measured at 6 or 12 mo.

Quality assessment

We evaluated 47 items from the CONSORT 2010 and
the “CONSORT for non-pharmacological trials” check-
lists in more detail (Table 4). Inter-rater reliability metrics
for the quality assessment indicated substantial agreement
for all 517 items (percentage agreement 97% and £ =
0.953).

This assessment evaluated the quality of how the
main findings of the study were summarized in the writ-
ten report. There was a remarkable lack of description
in the studies of the methods, results, discussion, and
other information in general. The items for which the
description was lacking (very poor; < 50%) in many stud-
ies were as follows (present ratio; %): “in the abstract,
description of the experimental treatment, comparator,
care providers, centers, and blinding status” (36%); “im-
portant changes to methods after trial commencement”
(36%); “details of how the interventions were standard-
ized” (40%); “details of how adherence of care providers
with the protocol was assessed or enhanced” (11%); “any
changes to trial outcomes after the trial outcomes after
the trial commenced” (25%); “how sample size was de-
termined” (45%); “when applicable, explanation of any
interim analyses and stopping guidelines” (22%); “when
applicable, details of whether and how the clustering by
care providers or centers was addressed” (11%); “type
of randomization” (29%); “when applicable, how care
providers were allocated to each trial group” (29%); “who
generated the random allocation sequence, who enrolled
participants, and who assigned participants to interven-
tion” (45%); “whether or not those administering co-
interventions were blinded to group assignment” (0%);
“if blinded, method of blinding and description of the
similarity of interventionist” (18%); “methods for ad-
ditional analyses, such as subgroup analyses and adjusted
analyses” (38%); “when applicable, details of whether
and how the clustering by care providers or centers was
addressed” (38%); “for binary outcomes, presentation of
both absolute and relative effect sizes is recommended”
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Table 3 Brief summary of articles based on structured abstracts and additional elements

Ref.
Citation

Title

Aim/ objective

Setting/ place

Participants

Intervention

Main and
secondary
outcomes
Randomisation

Blinding/masking

Numbers
randomised

(4 9

T
JBaishideng®

Szturm et al™

Phys Ther 2011; 91: 1449-1462

Effects of an interactive computer game
exercise regimen on balance impairment
in frail community-dwelling older
adults: a randomized controlled trial

To examine the feasibility and benefits
of physical therapy based on a task-
oriented approach delivered via an
engaging, interactive video game
paradigm. The intervention focused

on performing targeted dynamic tasks,
which included reactive balance controls
and environmental interaction

A geriatric day hospital (Winnipeg,
Manitoba, Canada)

Thirty community-dwelling and
ambulatory older adults. Inclusion
Criteria; age: 65-85 yr, MMSE score >

24, English-speaking with the ability

to understand the nature of the

study and provide informed consent,
independent in ambulatory functions,
with or without an assistive device

(cane or walker). without a disability

and medical conditions (cancer, kidney
disease, fracture, uncontrolled diabetes or
seizure disorder, cardiovascular-related
problems, stroke, multiple sclerosis, late-
stage Parkinson disease, fainting, or dizzy
spells)

The control group received the

typical rehabilitation program such as
strengthening and balance exercise at the
day hospital. The experimental group
received a program of dynamic balance
exercises coupled with computer-based
video game play, using a center-of-
pressure position signal as the computer
mouse. The tasks were performed while
standing on a fixed floor surface, with
progression to a compliant sponge

pad. Each group received 16 sessions,
scheduled 2/wk, with 45 min

BBS, TUG, ABC

Group assignment codes were placed in
envelopes and sealed. Each individual
who agreed to enter the study randomly
selected an envelope

Assessors were blinded to the participant
group assignments. The participant
names of the GaitRite data files were
coded

Experimental group (n = 15) and Control
group (n =15)

WIMA | www.wjgnet.com

Gil-Gémez et al™

J Neuroeng Rehabil 2011; 8: 30

Effectiveness of a Wii balance board-based
system (eBaViR) for balance rehabilitation:
a pilot randomized clinical trial in patients
with ABI

To evaluate the efficacy of the eBaViR
system as a rehabilitation tool for balance
recovery in patients with ABI

Hospital NISA Valencia al Mar y Sevilla A
ljarafe, Spain

Twenty participants. Inclusion criteria were:

(1) age = 16 yr and < 80 yr; (2) chronicity >
6 mo; (3) absence of cognitive impairment

(MMSE > 23); (4) able to follow instructions;
and (5) ability to walk 10 m indoors with or

without technical orthopaedic aids

Each patient participated in a total of
20 1-h-sessions of rehabilitation and

accomplished a minimum of 3 sessions and
a maximum of 5 sessions per week. During

control sessions, traditional rehabilitation
exercises that focused on balance training
were practiced either individually or in a
group. The sessions of the trial group were
programmed according to the three games
of the system (Simon, Balloon Breaker

and Air Hockey) with a system based on
the eBaViR. The eBaViR using Nintendo
system had a significant improvement

in static and/or standing balance (BBS
and Anterior Reaches Test) compared

to patients who underwent traditional
therapy. The patients reported having had

fun during the treatment without suffering

from cyber side effects, which implies
additional motivation and adhesion level
to the treatment

BBS, Brunel Balance Assessment, and ART

The randomization schedule was computer
generated using a basic random number
generator

Program specialsits and assessors were
blinded to the patients group assignments

Trial group (n = 10) and Control group (n =
10)

33

Saposnik et al™

Stroke 2010; 41: 1477-1484

Effectiveness of virtual reality using
Wii gaming technology in stroke
rehabilitation: a pilot randomized
clinical trial and proof of principle

To examine the feasibility and

safety the VR Nintendo Wii gaming
system (VRWii) compared with RT

in facilitating motor function on the
upper extremity required for activities
of daily living among patients with
subacute stroke receiving standard
rehablitation

Toronto Rehabilitation Institute

Participants (n = 22) who are 18 to 85
yr of age (mean age 61.3 yr) having
a first-time ischemic or hemorrhagic
stroke

Participants received an intensive
program consisting of 8 interventional
sessions of 60 min each over a 14-d
period. Intervention group conducted
a virtual reality Wii gaming, and the
control group did a RT such as card
game

Feasibility and safety were set as the
main outcome, and the efficiency was
a secondary outcome in this study
The randomization schedule was
computer generated using a basic
random number generator

Only caregivers were blinded (single
blinding)

Virtual Reality Therapy (7 =11) and
Recreation Therapy (1 = 11)
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Recruitment

Numbers analysed

Outcome

Harm

Conclusion

Trial registration
Found

Cost of intervention

Ref.
Citation

Title

Aim/ objective

Setting/ place

Participants

(49

TR
JBaishideng®

Thirty community-dwelling and
ambulatory older adults who were
attending the Riverview Health Center
Day Hospital for treatment of limitations
were recruited to participate in this
study

Experimental group (n = 14) and Control
group (n =13)

Finding demonstrated significant
improvements in posttreatment balance
performance scores for both group, and
change scores were significantly greater
in the experimental group compared
with the control group (BBS; P = 0.001,
ABC; P = 0.02). No significant treatment
effect was observed in either group for
the TUG or spatiotemporal gait variables

No description

Dynamic balance exercises on fixed and
compliant sponge surfaces were feasibly
coupled to interactive video game-based
exercise. This coupling, in turn, resulted
in a greater improvement in dynamic
standing balance control compared with
the typical exercise program. However,
there was no transfer of effect to gait
function

Clinical Trials.gov (NCT01381237)
Grant from the Riverview Health Centre
Foundation, Winnipeg, Manitoba,
Canada: The Fund provided the space
at their facility and access to their day
hospital program clients for assessment
and treatment of the control group

No description

Bauer et al™

J Womens Health (Larchmt) 2010; 19:
523-531

Alleviating distress during antepartum
hospitalization: a randomized controlled
trial of music and recreation therapy
To examine the efficacy of a single
session music or recreation therapy
intervention to reduce antepartum-
related distress among women with
high-risk pregnancies extended
antepartum hospitalizations

Midwestern, suburban teaching hospital
with a regional Perinatal Center with 26
private rooms on the antepartum unit
Participants (1 = 80) were hospitalized
with various high-risk obstetric health
issues, including preterm labor,
premature rupture of membranes,
preeclampsia, and multiple gestations.
They were all over the age of 18 (mean
age 31 yr), between 24 and 38 wk of
gestation

WIMA | www.wjgnet.com

“Seventy-nine hemiparetic patients who
had sustained an ABI and were attending
a rehabilitation program were potential
candidates for participation in this study”

Trial group (1 = 9) and Control group (n = 8)

Patients using eBaViR had a significant
improvement in static balance (P = 0.011
in BBS and P = 0.011 in ART) compared

to patients who underwent traditional
therapy. Regarding dynamic balance, the
results showed significant improvement
over time in all these measures, but no
significant group effect or group-by-time
interaction was detected for any of them,
which suggest that both groups improved
in the same way

No adverse events

The results suggest that eBaViR represents
a safe and effective alternative to traditional
treatment to improve static balance in the
ABI population

No registration

Ministerio de Educacién y Ciencia Spain,
Projects Consolider-C (SEJ2006-14301/
PSIC), “CIBER of Physiopathology of
Obesity and Nutrition, an initiative of
ISCIII” and the Excellence Research
Program PROMETEO

No description

Adamo et al®

Appl Physiol Nutr Metab 2010; 35: 805-815

Effects of interactive video game cycling on
overweight and obese adolescent health

To examine the efficacy of interactive

video game stationary cycling (GameBike)
in comparison with stationary cycling to
music on adherence, energy expenditure
measures, submaximal aerobic fitness, body
composition, and cardiovascular disease
risk markers in overweight and obese
adolescents, using a randomized controlled
trial design

The Endocrinology clinic at the Children’s
Hospital of Eastern Ontario

Thirty obese adolescents between ages of
12-17 yr

34

110 potential candidates were
screened to participate in EVREST
(the Effectiveness of Virtual Reality
Excercises in Stroke Rehabiritation),
and a total of 88 patients were
excluded

Virtual Reality Therapy (7 = 10) and
Recreation Therapy (1 = 10) on the
primary end point

Feasibility (time tolerance) and safety
(intervention-related adverse event)
did not show significant difference
between groups. In contrast, the
intervention group showed a
significant improvement in mean
motor function (Wolf Motor Function
Test) compared to the control group
(-7.4 5; 95%CI: -14.5--0.2)

No adverse events

Virtual reality Wii gaming technology
represents a safe, feasible, and
potentially effective alternative to
facilitate rehabilitation therapy and
promote motor recovery after stroke

No description

This study was supported by a grant
from the Ministry of Health and Long
Term Care through the Ontario Stroke
System, administered by Heart and
Stroke Foundation of Ontario

No description

Hackney et al™

J Rehabil Med 2009; 41: 475-481

Effects of dance on movement control
in PD: a comparison of Argentine
tango and American ballroom

To compare the effects of tango,
waltz/foxtrot and no intervention on
functional motor control in individuals
with PD

No description

Fifty-eight participants with idiopathic
PD participated. They were at least

40 yr of age, could stand for at least

30 min, and walk independently for =

3 m with or without an assistive device
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Intervention

Main and
secondary
outcomes

Randomisation

Blinding/masking

Numbers
randomised

Recruitment

Numbers analysed

Outcome

Harm

(49

TR
JBaishideng®

Participants were received a 1-h music
or recreation therapy intervention.
Music therapists offered a range of
interventions for patients, all within
the current standards of care of these
therapies, included music-facilitated
relaxation, active music listening,

song writing, music for bonding, and
clinical improvisation. Recreation
therapy interventions offered included
adaptive leisure activities, creative arts,
community resource education, and
leisure awareness activities

Antepartum Bedrest Emotional Impact
Inventory Scores

The groups were assigned by

the research coordinator (using a
Random Numbers Statistical Table
and opaque envelopes containing
group membership) to an intervention
condition (either a music or recreation
therapy) or waitlist control condition
Only participants were blinded (single
blinding)

Music therapy group (1 = 19), recreation
therapy group (n = 19), and control
group (n = 42)

Identified eligible patients through
chart review and nursing report during
2003-2005. A total of 136 patients; once
enrolled, however, 56 patients were
unable to complete the study

Music therapy group (1 = 19), recreation
therapy group (n = 19), and control
group (n = 42)

Significant association were found
between the delivery of music and
recreation therapy and reduction of
antepartum-related distress in women
hospitalized with high-risk pregnancies.
These statistically significant reductions
in distress persisted over a period of up
to 48-72 h (each P < 0.05)

No description

WIMA | www.wjgnet.com
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In the experimental group (interactive
video game cycling), participants (1 = 15)
were required to exercise on a GameBike
interactive video gaming system that
was interfaced with a Sony Play Station
2. Participants were allowed to select
from variety of choices, video games to
play while cycling and were permitted to
switch games during the exercise session.
In control group (stationary cycling to
music), participants were allowed to listen
to music of their choice via radio, CD, or
personal music device. The instructions
given participants and the general
protocol for this condition was the same
as for video game condition. The 10-wk
program consisted of twice weekly sessions
lasting a maximum of 60 min per session,
respectively

Adherence, submaximal aerobic fitness
(Peak workload,Time to exhaustion,Peak
heart rate), exercise behaviour, body
composition, and blood parameters

The randomization schedule was computer
generated using a basic random number
generator

No blinding

Video game cycling (n = 15) and Music
cycling (n = 15)

Participants were recruited between May
2007 and January 2009 and the final subject
assessment was completed in March 2009.
A total of 150 families were screened
through the Endocrinology clinic at the
Children's Hospital of Eastern Ontario to
determine Assessed for eligibility. Thirty
families me the all inclusion criteria

Video game cycling (n = 13) and Music
cycling (n =13)

The music group had a higher rate of
attendance compared with the video game
group (92% vs 86%, P < 0.05). Time spent in
minutes per session at vigorous intensity
(80%-100% of predicted peak heart rate)
(24.9 £ 20 min vs 13.7 £ 12.8 min, P < 0.05)
and average distance (km) pedaled per
session (12.5 + 2.8 km v5 10.2 £ 2.2 km,

P <0.05) also favoured the music group.
However, both interventions produced
significant improvements in submaximal
indicators of aerobic fitness as measured by
a graded cycle ergometer protocol

No adverse events

35

The both dance classes were taught
by the same instructor who was an
experienced professional ballroom
dance instructor and an American
Council on Exercise certified personal
trainer. Those in the dance groups
attended 1-h classes twice a week,
completing 20 lessons in 13 wk.

Both genders spent equal time in
leading and following dance roles.
Healthy young volunteers, recruited
from physical therapy, pre-physical
therapy and pre-medical programs at
Washington University and St. Louis
University, served as dance partners
for those with PD. Volunteers were
educated about posture and gait
problems associated with PD

The Unified Parkinson’s Disease Rating
Scale Motor Subscale 3 (UPDRS), BBS,
TUG, 6MWT, FOG questionnaire,

and forward and backward gait (gait
velocity, stride length, and single
support time)

Randomly selecting one of the 3
conditions from a hat

The first author was not blinded to
group assignment. The evaluations
were videotaped for a rater who was
a specially trained physiotherapy
student otherwise not involved in the
study (blinded assessor). Participants
were not informed of the study
hypotheses

Waltz/foxtrot (n = 19), Tango (n = 19),
and Control (n = 20)

Participates were recruited from

the St. Louis community through
advertisement at local support groups
and local community events. Most
were directly recruited via telephone
from the Washington University
Movement Disorders Center database

Waltz/foxtrot (n = 17), Tango (n = 14),
and Control (n =17)

Significant improvements were noted
in tango and waltz/foxtrot on the

BBS, 6MWT and backward stride
length when compared with controls
(P <0.05). Control group worsened
significantly with respect to disease
severity, as measured by the UPDRS,
and on time spent in single support
during forward and backward walking

No description
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Conclusion

Trial registration
Found

Cost of intervention

Ref.
Citation
Title

Aim/ objective

Setting/ place

Participants

Intervention

Main and
secondary
outcomes

Randomisation
Blinding/masking

Numbers
randomised

(49

TR
JBaishideng®

Single session music and recreation
therapy interventions effectively
alleviate antepartum-related distress
among high-risk women experiencing
antepartum hospitalization and should
be considered as valuable additions to
any comprehensive antepartum program
No description

No description

No description

Yavuzer et al™

Eur ] Phys Rehabil Med 2008; 44: 237-244
“Playstation eyetoy games’”” improve
upper extremity-related motor functioning
in subacute stroke: a randomized
controlled clinical trial

To evaluate the effects of “Playstation
EyeToy games” on upper extremity
motor recovery and upper extremity-
related motor functioning of patients
with subacute stroke

Twenty inpatients with hemiparesis
after stroke in rehabilitation center from
the general hospital, Turkey

Twenty hemiparetic inpatients

with post-stroke. Eligible criteria:

(1) first hemiparesis within 12 mo;

(2) Brunnstrom stage 1-4 for upper
extremity; and (3) no severe cognitive
disorders

Both the intervention group and

the control group participated in a
conventional stroke rehabilitation
program, 5 d a week, 2-5 h/d for

4 wk. The conventional program

is patient-specific and consists of
neurodevelopmental facilitation
techniques, physiotherapy, OT, and
speech therapy. For the same 4-wk of
period, the EyeToy group received
an additional 30 min of VR therapy
program

Brunnstrom stages and FIM

The randomization schedule was
computer generated using a basic
random number generator

Assessor was blinded to the group
allocation of the subject. Patients and
physical therapist were not blinded
Intervention group (7 = 10) and Control
group (n =10)

WIMA | www.wjgnet.com

The results supported the superiority of
cycling to music and indicated investing in
the more expensive GameBike may not be
worth the cost

Clinical Trials.gov (NCT00983970)
The Canadian Diabetes Association

Participants and their families were
reimbursed CAN$10 per visit to the
laboratory for parking and transportation
costs, and the participants were given

a CAN$20 movie theatre gift certificate
following trial completion

Desrosiers et al™

Arch Phys Med Rehabil 2007; 88: 1095-1100
Effect of a home leisure education program
after stroke: a randomized controlled trial

To evaluate the effect of a leisure education
program on participation in and satisfaction
with leisure activities (leisure-related
outcomes), and well-being, depressive
symptoms, and quality of life (primary
outcomes) after stroke

Home and community

Sixty-two people (mean age 70 yr) with
stroke

The experimental participants (1 = 33)
received the leisure education program
(leisure awareness, self-awareness, and
competence development) at home once
a week for 8 to 12 wk. The recreational
therapist was responsible for the
intervention whereas the occupational
therapist acted as a consultant. The control
participants (n = 29) were also visited

by the recreation therapist but the topics
discussed were unrelated to leisure (e.g.,
family, cooking, politics, news, everyday
life)

Minutes of leisure activity per day, number
of leisure activities, the Leisure Satisfaction
Scale, the Individualized Leisure Profile,
the GWBS, the Center for Epidemiological
Studies Depression Scale, and the SA-SIP30
The randomization schedule was computer
generated using a basic random number
generator

Only assessor was blinded

Experimental participants (n = 33) and
Control participants (n = 29)

36

Tango may target deficits associated
with PD more than waltz/foxtrot, but
both dances may benefit balance and
locomotion

No description

The American Parkinson’s Disease
Association and NIH grant K01-048437
No description

Siedliecki et al!

J Adv Nurs 2006; 54: 553-562
Effect of music on power, pain,
depression and disability

To test the effect of music levels of
power, pain, depression, and disability;
to compare the effect of researcher-
provided relaxing music choices with
subject-preferred music, selected daily
based on self-assessment; and to test
the relationship between power and
the combined dependent variable of
pain, depression and disability

Pain clinics and chiropractic office in
northeast Ohio, United States

Participation of 60 African American
and Caucasian people aged 21-65 yr

(mean age 49.7 yr) with chronic non-
malignant pain CNMP

Patterning Music (PM; subject-
preferred music) group were asked to
select upbeat, familiar, instrumental
or vocal music to ease muscle tension
and stiffness. Standard Music (SM;
researcher-provided music) group
were offered a choice of one 60-min
relaxing instrumental music tape
from a collection of five tapes (piano,
jazz, orchestra, harp and synthesizer)
used in several music and acute pain
studies. Each group received their
assigned intervention for 1-h a day
for 7 consecutive days. Control group
received standard care that did not
include music intervention, and all
participants kept a diary for 7 d
Power (characterize power: awareness,
choices, freedom, and a personal
involvement in creating change), pain,
depression, and disability

The random allocation sequence using
the Min-8 program

No description
PM group (n = 18), SM group (n = 22),

and Control group (n = 20)
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TR
JBaishideng®

“Inpatients with hemiparesis after
stroke”

Intervention group (n = 10) and Control
group (n = 10)

The mean change score (95%CI) of the
FIM self-care score [(5.5 (2.9-8.0) vs 1.8
(0.1-3.7), P = 0.018] showed significantly
more improvement in the EyeToy
group compared to the control group.
No significant differences were found
between the groups for the Brunnstrom
stages for hand and upper extremity

No adverse events

“Playstation EyeToy Games” combined
with a conventional stroke rehabilitation
program have a potential to enhance
upper extremity-related motor
functioning in subacute stroke patients

No description
No description

No description
Fitzsimmons®

J Gerontol Nurs 2001; 27: 14-23

Easy rider wheelchair biking. A nursing-
recreation therapy clinical trial for the

treatment of depression

To determine if participation in a
therapy biking program had an effect on
the degree of depression in older adults
living in a long-term facility in upstate
New York

The New York State Home for Veterans
(Veterans” Home)

Thirty-nine older adults (mean age 80 yr)
with depression living a long-term facility
Ease rider Program (Therapy program)
intervention. The experimental groups
received the therapeutic biking program
for 1 haday, 5 d a week, for 2 wk

WIMA | www.wjgnet.com
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A total of 62 people entered the trial carried
out in 2002 and 2003. Authors recruited them
after a review of medical charts of people

(n = 230) who were previously admitted
with stroke to a rehabilitation or acute care
facility up to 5 yr before the study
Experimental participants (n = 29) and
Control participants (n = 27)

There was a statistically significant difference
in change scores between the groups

for satisfaction with leisure with a mean
difference of 11.9 points (95%ClI: 4.2-19.5) and
participation in active leisure with a mean
difference of 14.0 min (95%Cl: 3.2-24.9). There
was also a statistically significant difference
between groups for improvement in
depressive symptoms with a mean difference
of -7.2 (95%ClI: -12.5--1.9). Differences between
groups were not statistically significant on
the SA-SIP30 (0.2; 95%ClI: -1.3-1.8) and GWBS
(2.2;95%ClI: -5.6-10.0)

No description

The results indicate the effectiveness of the
leisure education program for improving
participation in leisure activities, improving
satisfaction with leisure and reducing
depression in people with stroke

No description
The Canadian Institutes of Health Research
(MOP-49526)

No description

Parker et al

Clin Rehabil 2001; 15: 42-52

A multicentre randomized controlled trial of

leisure therapy and conventional occupational

64 patients with CNMP was recruited
over a 24-mo period from 2001 to 2003
from pain clinics and a chiropractic
office in northeast Ohio

PM group (n = 18), SM group (n = 22),
and Control group (n = 20),

The music groups had more power
and less pain (P = 0.002), depression

(P =0.001) and disability (P = 0.024)
than the control group, but there were
no statistically significant differences
between the two music interventions.
The model predicting both a direct and
indirect effect for music was supported

No description

Nurses can help patients with CNMP
identify and use music they enjoy as
a self-administered complementary
intervention to facilitate feelings of
power, and to decrease perceptions of
pain, depression and disability

No description

The Frances Payne Bolton Alumni
Association, Case Western Reserve
University, Cleveland Ohio; Sigma
Theta Tau, Delta Omega Research Grant;
NRSA (NINR; NIH#1F31nro7565)

No description

therapy after stroke. TOTAL Study Group. Trial

of Occupational Therapy and Leisure

To evaluate the effects of leisure therapy
and conventional OT on the mood, leisure
participation and independence in ADL of
stroke patients 6 and 12 mo after hospital
discharge

Five UK centres: Aintree Fazakerley
Hospital, Bristol Southmead Hospital,
Edinburgh Western General Hospital,
Glasgow Royal Infirmary and Nottingham
University Hospital

Four hundred and sixty-six stroke patients
(mean age 72 yr)

Two treatment groups (ADL group and
Lisure group) received OT interventions

at home for up to 6 mo after recruitment.
The protocol specified a minimum of 10
sessions lasting not less than 30 min each.
The treatment goals set in the ADL group
were in term of improving independence

in self-care tasks and therefore treatment
involved practising these task (such as
preparing a meal or walking outdoor). For
the leisure group, goals were set in term of
leisure activity and so interventions included
practising the leisure task as well as any ADL
tasks necessary achieve the leisure objective.
Control group received no OT treatment
within the trial

37
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Main and The short-form Geriatric Depression
secondary Scale

outcomes

Randomisation No description

Blinding/masking ~ No description

Numbers Treatment group (n = 20) and Control
randomised group (n = 20)

Recruitment The target population (1 = 90) was

residents with a diagnosis of or
symptoms of depression in the New
York State Home for Veterans

Numbers analysed  Treatment group (1 = 19) and Control
group (n = 20)
The control groups' GDS pretest means

of 7.95 increased slightly at the posttest

Outcome

to 8.65, indicating a slight increase (+0.70)
in depression. The treatment groups'
pretest 7.68 decreased to 4.21 (-3.47) at
the posttest, denoting a marked decrease
in depression (P < 0.001)

Harm No adverse events

Conclusion This study contributes to the body

of knowledge of nursing regarding
options for the treatment of depression
in older adults, and is an encouraging
that psychosocial interventions may be
effective in reducing depression

Trial registration
Found

No description

The NewYork State Dementia Research
Grant 2000

Cost of intervention  The cost of a basic bike is approximately

$3600 plus shiping

For mood, the GHQ/For leisure activity,
the Nottingham Leisure Questionnaire/For
independence in ADL, the Nottingham
Extended ADL Scale

The Collaborative Stroke Audit and
Research telephone randomization service
was used to allocate patients to one of three
group: leisure, ADL and control

Only participants were blinded

Leisure group (1 =153), ADL group (n =
156), and Control group (n = 157)
Recruitment was conducted at five UK
centres: Aintree Fazakerley Hospital, Bristol
Southmead Hospital, Edinburgh Western
General Hospital, Glasgow Royal Infirmary
and Nottingham University Hospital. 1750
patients was registered

Leisure group (n =113), ADL group (n =
106), and Control group (n = 112)

At 6 mo and compared to the control
group, those allocated to leisure therapy
had nonsignificantly better GHQ scores
(-1.2: 95%ClI: -2.9-0.5), leisure scores (+0.7:
95%CI: -1.1-2.5) and Extended ADL scores
(+0.4: 95%ClI: -3.8-4.5): the ADL group had
nonsignificantly better GHQ scores (-0.1:
95%ClI: -1.8-1.7) and Extended ADL scores
(-1.4: 95%CI: -2.9-5.6) and nonsignificantly
worse leisure scores (-0.3: 95%CTI: -2.1-1.6).
The results at 12 mo were similar

No description

In contrast to the findings of previous
smaller trials, neither of the additional OT
treatments showed a clear beneficial effect
on mood, leisure activity or independence
in ADL measured at 6 or 12 mo

No description

NHS Research and Development
Programme

No description

ABI: Acquired brain injury; PD: Parkinson’s disease; BBS: Berg Balance Scale; RT: Recreational therapy; MMSE: Mini-Mental State Examination; TUG:
Timed “Up and Go” Test; ABC: Activities-specific Balance Condidence Scale; ART: Anterior Reach Test; 6SMWT: 6-min walk test; CNMP: Chronic non-
malignant pain; OT: Occupational therapy; GWBS: General Well-Being Schedule; SA-SIP30: Stroke-Adapted Sickness Impact Profile; FIM: Functional
Independence Measure; ADL: Activities of daily living; GHQ: General Health Questionnaire.

(11%); “results of any other analyses performed, includ-
ing subgroup analyses and adjusted analyses, distinguish-
ing pre-specified from exploratory” (14%); “all important
harmful or unintended effects in each group” (27%);
“generalizability (external validity) of the trial findings
according to the intervention, comparators, patients, and
care providers and centers involved in the trial” (27%);
“registration number and name of trial registry” (18%);
and “where the full trial protocol can be accessed, if
available” (18%).

Meta-analysis of balance ability

Results from RCTs with control groups”? were pooled
in a meta-analysis to establish the overall effect of bal-
ance ability interventions compared with no-interven-
tions controls (Figures 2 and 3). For the Berg Balance
Scale (BBS), the included interventions were sufficiently
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homogenous (I’ = 62.8%, P = 0.101), so the fixed ef-
fects model was used. This revealed a non-significant
difference in balance ability favoring interventions over
controls at the last reported assessment (SMD = 3.75;
95%Cl: 1.82-5.69; #» = 44). For the Timed “Up and Go”
(TUG), the interventions were homogenous (I’ = 69.5%,
P =0.070), so the fixed effects model was also used. This
revealed a no significant difference in balance ability fa-
voring interventions over controls (SMD = 0.19; 95%CI:
-4.09-4.47, n = 44). A funnel plot to assess publication
bias was not generated as fewer than 10 interventions
were included in the meta—analysis135

Withdrawals and adverse events

Five studies™**”"") reported no adverse events dur-
ing all interventions but there were no descriptions of
adverse events in the other studies (Table 3). Two stud-
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Study Experimental Control SMD 95%CI W (fixed) W (random)

Total mean SD Total mean SD
Gil-Gémez et af*® 9 422 233 8 15 131 : 272 095449  43.9% 47.7%
Szturm et af*” 14 820 130 13 35 260 — 4.70 3.13-6.27  56.1% 52.3%
Fixed effect model 23 21 <> 3.83 2.66-5.00 100% --
Random effects model ——— e 375  1.82-5.69 - 100%
Heterogeneity: 7 = 62.8%, 7° = 1.231, 7 = 0.1011 ‘ ‘ ‘ ! ‘ ‘ ‘

1 2 3 4 5 6
Mean difference

Figure 2 A meta-analysis on the effect of the Berg Balance Scale by gaming intervention. SMD: Standardized mean difference.
Study Experimental Control SMD 95%CI W (fixed) W (random)

Total mean SD Total mean SD
Gil-Gémez et a/*® 9 23 233 8 448 4.98 -2.18  -5.95-1.59  36.7% 45.9%
Szturm et af*” 14 51 370 13 290 3.90 220  -0.67-5.07 63.3% 54.1%
Fixed effect model 23 21 0.59 -1.69-2.88 100% --
Random effects model 0.19 -4.09-4.47 -- 100%

Heterogeneity: /7 = 69.5%, ° = 6.667, P = 0.0702

Mean difference

Figure 3 A meta-analysis on the effect of the Timed “Up and Go” Test by gaming intervention. SMD: Standardized mean difference.

(depression, mood, emotion, and power), balance or mo-
tor function, and adherence (feasibility and attendance).

Video gaming as new trend of rehabilitation

The trend over the past 10 years towards game interven-
tions by VR is particularly interesting, Basically, sedentary
screen time has been shown to be associated with obe-
sity™ as well as negative health outcomes such as prema-
ture death” " independent of physical activity levels™”.
However, one strategy, the term “active video gaming”
or “virtual gaming” has been used to describe games in
which body movement is necessary or encouraged by
the control scheme of each game. Typically, active games
use a motion-sensing or motion-encouraging controller
rather than a traditional handheld game pad controller.
Lyons et al™” reported that dance simulation and fitness
games seemed to have the potential to produce moder-
ate-intensity physical activity in physiological experiments.
A recent SR™ without meta-analysis, based on video
games reported that there is potential for video games to
improve health-related outcomes, particulatly in the area
of psychological and physical therapy. However, the in-
cluded RCTs were of relatively low quality. A discussion,
including a meta-analysis to clearly demonstrate an effect
of the video game, was required.

Meta-analysis of balance ability based on video games

For BBS and TUG as an indicator of balance ability, the
interventions were not identical, but the results for both
revealed no significant differences in balance ability be-
tween interventions and controls. One reason for this was
that the pooled sample size was very small (two studies,
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44 participants) and we could not, therefore, calculate and
describe a funnel plot to assess publication bias. It may be
difficult to recruit many patients as participants in reha-
bilitation studies, although studies (cluster- or multicenter-
RCTs depending on the case) with sufficient numbers of
subjects are necessary. The second problem may be that
the dose-regimen, such as period and frequency of the
interventions, was inadequate. The mental and physical
burden on participants is increased when there is substan-
tial intervention, although it is expected that the effect of
balance ability would rise in a positive relationship with
the quantity of intervention. Because a gradual increase in
load with recovery is necessary in rehabilitation programs,
it is easy to assign settings like “Level” or “Stage” for the
game, such as first, second level, ez. Therefore, we also
expect to understand correctly the results and detailed de-
scriptions of “pragmatic trials”*”
trials” for the rehabilitation effects of game intervention.

as well as “explanatory

Non-meta-analysis of other recreation activities

In all other interventions, there wa at least one effect on
psychological status, balance or motor function, and ad-
herence as the primary or secondaty outcomes. However,
it was impossible to perform a meta-analysis and inte-
grate the results since the main outcome measures and
interventions were different. Therefore, we recognize the
potential for recreational activities to improve rehabilita-
tion effects, but could not provide conclusive evidence of
these rehabilitation effects.

Overall evidence and quality assessment
The CONSORT 2010 and the CONSORT for non-phat-
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Table 5 Overall evidence and future research agenda to build evidence

Overall evidence in the present

Research agenda

Structural description of papers based on the CONSORT 2010 and the
CONSORT for nonpharmacological trials
1 Satisfactory description and methodology

There is potential for effects such as psychological status, balance
or motor function, and adherence but overall evidence remains
unclear

(Method used to generate the random allocation sequence, blinding, care
provider, estimated effect size and its precision, harm, external validity, and trial
registry with protocol)

2 Description of intervention dose (if pragmatic intervention)

3 Adequate sample size to perform a meta-analysis

4 Description of adverse effects (e.g., dizziness by watching screen)
5 Description of withdrawals

6 Description of cost (e.g., gaming equipment)

7 Development of the original check item in recreation activity

macological trials checklists were not originally developed
for use as quality assessment instruments, but we used
them as such because they are the most important tools
related to the internal and external validity of trials. There
were serious problems with the conduct and reporting
of the target studies. In particular, our review detected
omissions in the following desctiptions: methods used to
generate the random allocation sequence, blinding, care
provider, estimated effect size and its precision, harm,
external validity, and trial registry with protocol. Descrip-
tions of these items were lacking (very poor; < 50%) in
many studies.

In the Cochrane Review, the eligibility criteria for a
meta-analysis are strict, and for each article, heterogene-
ity and low quality of reporting must first be excluded.
Because there was insufficient evidence in the studies
of recreational intervention, due to poor methodologi-
cal and reporting quality as well as heterogeneity, we are
unable to offer any conclusions about the effects of re-
habilitation by recreational intervention based on RCTs.
Both the CONSORT 2010 and the CONSORT for non-
pharmacological trials checklists are relatively new, but it
was shown that the study protocol description and imple-
mentation for recreational studies could be subjected to
these checklists.

Overall evidence and future research agenda to build
evidence

The results of this study suggest that few RCTs have
been conducted in this area, and that the RCTs conduct-
ed have been of relatively low quality. Table 5 shows the
future research agenda for studies of the rehabilitation
effect by recreational activity. There is potential for ef-
fects on psychological status, balance or motor function,
and adherence, but the overall evidence remains unclear.
Therefore, researchers should use the appropriate check-
lists for research design and intervention method, as this
would lead to improvement in the quality of the study,
and would contribute to the accumulation of evidence.
Researchers should also present not only the efficacy
data, but also description of any adverse events or harm-
ful phenomena and withdrawals. Many studies in this
review did not describe these factors.
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A recent study™ suggested that public health is mov-
ing toward the goal of implementing evidence based
intervention. However, the feasibility of possible inter-
ventions and whether comprehensive and multilevel eval-
uations are needed to justify them must be determined.
It is at least necessary to show the cost of such interven-
tions. We must choose to introduce an interventional
method based on its cost-benefit, cost-effectiveness, and
cost-utility. In addition, recreational activities as interven-
tion are unique and completely different than pharma-
cological or traditional rehabilitation methods. Therefore
it may be necessary to add some original items such as
herbal intervention'™", aquatic exercise™ and balneo-
therapy"! to the CONSORT checklist as alternative or
complementary medicines.

Strength and limitations

This review had several strengths: (1) the methods and
implementation registered high on the PROSPERO da-
tabase; (2) it was a comprehensive search strategy across
multiple databases with no data restrictions; (3) there were
high agreement levels for quality assessment of articles;
and (4) it involved detailed data extraction to allow for
collecting all of an article’s content into a recommended
structured abstract. The conduct and reporting of this
review also aligned with the PRISMA statement"”! for
transparent reporting of SRs and meta-analyses.

This review also had several limitations that should
be acknowledged. Firstly, although some selection criteria
were common across studies, as described above, bias
remained due to differences in eligibility for participation
in each study. Secondly, publication bias was a limitation.
Although there was no linguistic restriction in the eligi-
bility criteria, we searched studies with only English and
Japanese key words. In addition, this review reported on
a relatively small and heterogeneous sample of studies.
Moreover we could not follow standard procedures for
estimating the effects of moderating variables. Finally,
although we used an original definition of recreation ac-
tivity because of the lack of a clear worldwide definition,
our definition was not universal.

In conclusion, this comprehensive SR demonstrates
that recreational activities may have the potential for im-
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proving rehabilitation in a wide vatiety of areas, and for a
variety of patients and eldetly people. To most effectively
assess the potential benefits of recreational activities for
rehabilitation, it will be important for further research to
utilize (1) RCT methodology (person unit or cluster unit)
when appropriate; (2) an intervention dose; (3) a descrip-
tion of adverse effects and withdrawals; and (4) the cost
of recreation activities.
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Background

Recreational activity is anything that is stimulating and rejuvenating for an indi-
vidual. “Enjoyment” is an important factor that may aid adherence to training for
rehabilitation.

Research frontiers

Although many studies have reported the rehabilitation effects of recreational
activities, there is no systematic review (SR) of the evidence based on random-
ized controlled trials.

Innovations and breakthroughs

This is the first SR of the effectiveness of rehabilitation based on recreational
activities. There were serious problems with the conduct and reporting of the
target studies. In particular, this review detected omissions in the following de-
scriptions: methods used to generate the random allocation sequence, blinding,
care provider, estimated effect size and its precision, harm, external validity,
and trial registry with protocol. Descriptions of these items were lacking (very
poor; < 50%) in many studies.

Applications

There is a potential for recreational activities to improve rehabilitation-related
outcomes, particularly in psychological status (depression, mood, emotion, and
power), balance or motor function, and adherence (feasibility and attendance).

Terminology

For rehabilitation, the World Health Organization explains that rehabilitation
of people with disabilities is a process aimed at enabling them to reach and
maintain their optimal physical, sensory, intellectual, psychological and social
functional levels. The definition of the recreational activity is complex but, in this
study, it distinguishes the specific exercise item. Specifically, any kind of recre-
ation activity (not only dynamic activities but also musical appreciation or play,
painting, hand-craft, etc.) was permitted and defined as an intervention.

Peer review

The authors have done an excellent job in presenting results, with a format
different than that normally employed in works of meta-analysis. This did not
include the usual estimates of effect size based on meta-analytical indicators
but is likely that this did not lead to major complications, given the number of
studies analyzed. It is a good descriptive work, very systematic and ordered.
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Abstract

AIM: To investigate whether periodontal disease (PD)
is associated with increasing coronary heart disease
(CHD) risk by performing a meta-analysis.

METHODS: Two authors independently searched
PubMed and China National Knowledge Infrastructure
up to January 10", 2013 for relevant case-control stud-
ies that investigated the association between PD and
CHD. After quality assessment using Newcastle-Ottawa
Scale and data extraction by two independent authors,
the overall and subgroup meta-analyses were per-
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formed and publication bias were examined using the
Comprehensive Meta-Analysis V2 software. Potential
publication bias was assessed using visual inspection of
the funnel plots, Egger linear regression test, and trims
and fill method.

RESULTS: Finally 38 relevant case-control studies
were identified, involving 4950 CHD patients and 5490
controls. Eleven studies were rated low quality and 27
were high quality. Based on random-effects, a signifi-
cant association was identified between PD and CHD
(OR 3.79, 95%CI: 2.23-6.43, P < 0.001, I* = 98.59%),
and sensitivity analysis showed that this result was
robust. Subgroup analyses according to adjusted/unad-
justed ORs, source of control, methodological quality,
end point, assessment of PD/CHD, and ethnicity also
indicated a significant association. Publication bias was
detected, and the estimated OR including the “missing”
studies did not substantially differ from our estimate
with adjustment for missing studies (OR 4.15, 95%CI:
2.62-6.54, P < 0.001).

CONCLUSION: Based on the meta-analysis, PD is
probably associated with CHD risk independently and
significantly.

© 2013 Baishideng. All rights reserved.

Key words: Periodontal disease; Coronary heart dis-
ease; Case-control study; Risk factor; Meta-analysis

Core tip: Growing evidence indicated that periodontal
disease (PD) might be associated with coronary heart
disease (CHD), however, results from the studies were
inconsistent. This meta-analysis based on 38 case-
control studies indicated that PD increased a 3.79-fold
risk of CHD (OR = 3.79, 95%CI: 2.23-6.43, P < 0.001,
I’ = 98.59%). The results showed that PD is probably
an independent and significant risk factor for CHD.
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Records identified in PubMed
(7 = 394) and CNKI (7 = 227)

Additional records identified
through the references (7 = 61)

Records after duplicates removed (7 = 629)

Titles or abstracts excluded after
screened (7 = 533)

INTRODUCTION

Coronary heart disease (CHD) is one of the major causes
of mortality, account for nearly 30% of deaths world-

wide!l. As almost half of all first onset of CHD events
2]

occur in asymptomatic patients”, it is important to seek
CHD risk factors and accurately identify high-risk indi-
viduals and guide the risk reduction interventions, pre-
vention, and lifestyle changes. CHD is a complex disease,
epidemiologic studies have suggested that the etiology of
CHD involved interactions of genetics, environmental
factors, and gene-gene and gene—environmentm. Envi-
ronmental factors (including psychological and social fac-
tors)*” are the classical risk factors for CHD, however,
these markers do not explain the etiology of CHD to the
fullest of its extent. Given the importance of fatal health
problem related to CHD, efforts are being made to iden-
tify other modifiable risk factors that play a role in the
etiology of CHD.

Periodontal disease (PD) is a group of inflammatory
diseases which affect the supporting tissues of the tooth,
approximately at least 35% dentate adults aged 30-90 years
in United States suffer from PD" and it also affects up to
90% of the worldwide populationm. Based on the theory
of “focal infection” which emerged at the beginning of
the 20" century, many studies have observed a possible
role of PD as a risk factor for systemic conditions over
the past two decades™, such as cardiovascular diseases”,
diabetes'"”, and chronic obstructive pulmonary disease".

Growing evidences indicated that chronic infections
and inflammation (such as PD) might play a role in the
initiation and progression of CHD!"?. Many epidemio-
logical studies have investigated the link between PD and
risk of CHD, and most of them found a positive associa-
tion, even though some results are varied or even contra-
dictory among studies. There was a published meta-analy-
sis based on 8 cross sectional and 14 case-control studies
by Blaizot ez al” in 2009, which identified that there were
higher odds of developing CHD in patients with PD (OR
2.35, 95%CI: 1.87-2.96, P < 0.0001). Howevet, this meta-
analysis did not perform subgroup analyses because of
the study design, and adjusted or unadjusted factors. As
we know, a cross sectional design is subjected to more
confounding and biases than a case-control design, and
adjusted data could obtain more precise point estimate
than unadjusted data. Up to now, there have been 38
case-control studies'” ™" published in English or Chinese.

An improved understanding of this association may
have important public health and clinical implications, for
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Full articles assessed for
eligibility (7 = 96)

Articles excluded (7 = 58)
Reviews (7 = 11)
Meta-analyses (7 = 4)
Duplicate data (7 = 2)
Used intermediate outcomes (7 = 12)
Study with other design (7 = 17)
Incomplete data (7 = 1)
PD as non-exposure factor (7 = 11)

Studies included in meta-
analysis (7 = 38)

Figure 1 Flow chart of included case-control studies that tested the as-
sociation between periodontal disease and risk of coronary heart disease.
PD: Periodontal disease; CHD: Coronary heart disease; CNKI: China National
Knowledge Infrastructure.

prevention and treatment of PD would reduce the CHD
events. This meta-analysis aims to (1) evaluate the incon-
sistent results from published case-control studies on
the association between PD and risk of CHD; (2) gain a
more precise estimate association; and (3) provide a gen-
eral interpretation of the results in the context of other
evidences and propose suggestions for the prevention
and treatment of the diseases.

MATERIALS AND METHODS

We followed the proposed MOOSE (Meta-Analysis of
Observational Studies in Epidemiology)”"! guidelines to
report the present meta-analysis.

Literature search

We initially identified published studies that investigated
the association between PD and CHD by searching the
PubMed and China National Knowledge Infrastructure
databases up to January 10%, 2013. The following search
terms were used: (1) “PD” or “peridontal disease” or
“petiodontitis” or “petiodontal attachment loss” or “peri-
odontal pocket” or “alveolar bone loss”, and (2) “CHD”
or “coronary artery disease” or “myocardial infarction
(MI)” or “angina pectoris” or “ischemic heart disease”.
The studies were published in either English or Chinese.
We also reviewed the reference lists of retrieved articles,
previous meta-analysis, and recent reviews.

Study selection

Any study met all of the following criteria was included:
(1) the study was of a case-control design; (2) clear diag-
nostic criteria for PD and CHD were reported; (3) the as-
sociation between PD and risk of CHD was investigated,
and PD is the exposed factor; and (4) the ORs and the
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Table 1 Characteristics and methodological quality of included 38 case-control studies in the meta-analysis

Ref. Location Sample size Age (case/control, yr) Source of control Assessment End points OR (95%CI) NOS
PD CHD
Liet al™ China 88/128 > 60 Hospital-based PI C CHD 1.85 (1.07-3.20) 4
Lopez et al™ Chile 35/51  425+5.7/405+6.3 Hospital-based PPD ECG CHD 3.17 (1.31-7.65)" 6
Huang et al™ China 146/136 58.7+89 Hospital-based Q CAG CHD 2.27 (1.40-3.68) B
Liu et al™ China 216/216 59.4+153/57.9+13.7 Population-based =~ PI CAG CHD 5.42 (3.32-8.86) 4
Rutger Persson et al'”  Sweden 80/80 634+89/619+9.1 Population-based ABL ECG MI 14.1 (5.8-34.4)' 7
Geerts et al™ Belgium 108/62  59.2+10.9/57.7+8.7 Hospital-based PPD C CHD 6.50 (1.80-23)" 7
Montebugnoli et al™  Ttaly 63/50 523+49/545+6.1 Population-based PPD CAG CHD 4.61 (1.00-23.20)" 8
Renvert et al™” Sweden 88/80 627+9.1/NA  Hospital-based PPD C MI 7.67 (1.13-51.92)" 6
Tang et al™" China 250/250 =45 Hospital-based CPI C CHD 1.95 (1.36-2.78) 4
Buhlin et al™ Sweden 143/50 65.9+8.6/645+83 Population-based PPD CAG CHD 3.80 (1.68-8.74)" 8
Liu et al™ China 45/40 549+81/51.2+65 Hospital-based PI CAG CHD 18.70 (6.25-55.93) 4
Wang et al™ China 216/216 59+15/58 +14  Population-based ~ABL CAG  CHD 1.76 (1.31-2.36)" 7
Andriankaja et al®™  United 537/800  54.6+85/550%0.0 Populationbased CAL C MI 2.24 (1.60-3.13)" 8
States
Barilli et al™ Brazil 40/59 49.2 (30-79) Hospital-based CPl  C CHD 61 (17.26-214.86) 5
Briggs et al”” United 92/79  56.7+63/582%67 Population-based PPD CAG CHD 3.06 (1.02-9.17)" 8
Kingdom
Geismar et al™ Denmark 110/140 65/62.6 Hospital-based ABL ECG CHD 2.0 (0.77-5.08)" 7
Liet al™ China 357/305 72.5+8.9 Population-based ~ PI CAG CHD 1.16 (0.91-1.48) 6
Spahr et al®™ Germany 263/526  61.0+£7.1/61.0+7.1 Population-based CPI CAG CHD 1.67 (1.08-2.58)" 8
Zhang et al®™ China 77/74  502%9.6/50.8+9.5 Population-based PPD CAG CHD 2.13 (1.08-4.22) 6
Zhang et al®™ China 277/238  57+11.3/55+10.8 Hospital-based CAL CAG CHD 2.70 (1.52-4.80)" 7
Latronico et al™ Ttaly 15/19 57.7/55.1 Population-based ABL CAG  CHD 5.85 (1.03-33.12) 6
Nonnenmacher et al®  Germany 45/45 635+7.4/63.6+7.4 Hospital-based CAL CAG CHD 3.2 (1.29.0) 7
Rech et al™ Brazil 58/57 59.3/70 Hospital-based PPD ECG MI 1.8 (0.7-4.7)! 6
Ge et al™ China 13/30  551+48/512+47 Hospital-based CAL CAG CHD 2.53 (1.01-6.32)" 6
Meng et al™” China 150/150  71.2+4.6/71.9+4.7 Population-based = ABL C CHD 2.95 (1.74-5.02) 5
Wu et al™ China 77/75 53.81 +8.25/ Hospital-based CAL CAG CHD 2.18 (1.52-3.13) 5
51.14 + 6.44
Zamirian et al™ Iran 80/80 54.0+£8.7/51.9£9.4 Hospital-based CAL ECG MI 3.18 (1.37-7.42)' 6
Zhu et al™ China 98/104 61.34 +£9.63 Population-based CAL  C MI 11.43 (2.59-50.34) 5
Dong et al'*! China 161/162 33-66/30-70 Population-based ~ABL CAG CHD 5.74 (2.07-15.90)" 7
Ma et al™ China 146/257 45-72 Hospital-based CAL CAG CHD 2.36 (1.49-3.73) 5
Oikarinen et al™ Kuwait 88/88  48.8+10.0/47.0 +11.6 Hospital-based ABL C CHD 19.69 (19.36-20.02) 6
Sun et al™! China 167/242 68.28 +10.53/ Hospital-based CAL CAG CHD 9.10 (0.87-95.07)" 7
50.18 +10.56
Willershausen et al'®  Germany 125/125 61.8+10.4/63.4+10.7 Population-based CAL ECG MI 3.65 (2.02-6.56)" 7
Bokhari ef al*" Pakistan 45/35 41.67 £5.11/ Hospital-based PPD CAG CHD 6.37 (1.26-32.27) 6
4031 +6.97
Chen"” China 46/34 38-68/35-66 Hospital-based ABL CAG CHD 9.87 (3.50-27.82) 4
Sikka et al'*" India 100/100 54.97 +7.97/ Population-based ~ CPI CAG  CHD 2.66 (1.50-4.71) 7
55.1 +8.08
Ashraf et al™ Pakistan 145/145 53.3+12.3/51.7 +11.6 Hospital-based CPl  C CHD 1.20 (0.93-1.55)" 7
Zhang et al™ China 162/162 66.7/66.0 Hospital-based Q CAG CHD 2.16 (1.65-2.83)" 6

'Adjusted OR and 95%CL. PD: Periodontal disease; CHD: Coronary heart disease; NOS: Newcastle-Ottawa Scale; CAG: Coronary arteriography; ECG:
Electrocardiograph; MI: Myocardial infarction; CAL: Clinical attachment loss; PPD: Periodontal pocket depth; ABL: Alveolar bone loss; CPI: Community

periodontal index; PI: Periodontal index; Q: Questionnaire; C: Cardiologist.

corresponding 95%Cls, or the number of events were
reported. Two authors independently evaluated the eligi-
bility of all retrieved studies; disagreements were resolved
by discussion or consultation with a third author.

Methodological quality assessment

The methodological quality of included studies was as-
sessed independently by two authors according to the
Newcastle-Ottawa Scale (NOS) for case-control study[szj.
The NOS for case-control study consists of 3 parameters
of quality: selection, comparability, and exposure assess-

ment. It assigns a maximum of 4 points for selection, a
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maximum of 2 points for comparability, and a maximum
of 3 points for exposure. Therefore, 9 points is the high-
est score, reflecting the highest quality. We defined overall
quality rating scores < 6 as low quality, and = 6 as high
quality. All discrepancies between authors were addressed
by a common reevaluation of the original article.

Data extraction

Two authors independently extracted data of each study
using a preliminary standardized data collection form.
Data extracted included: first author’s last name, year of
publication, country of study; characteristics of study
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Table 2 Adjustments in case-control studies included in this meta-analysis

Ref. Adjustment

Lopez et al™ DM, systolic blood pressure, and smoking

Rutger Persson et al"” Smoking

Geerts et al™ Age, gender, smoking, DM, hypertension, hyperlipidemia, diet, and alcohol

Montebugnoli et al
Renvert et al™”
Buhlin et al™

Smoking

Age, smoking, DM, hypertension, high/low density lipoprotein, CRP, leukocytes, BMI, social class

Age, gender, smoking, DM, BMI, education, place of birth
Gender, age, BMI, smoking, hypertension, DM, blood lipid, CRP, white blood count, and fibrinogen

Age, sex, BMI, smoking, alcohol, DM, hypertension, hyperlipoproteinemia, education, exercise, and statin intake
Smoking, age, gender, BMI, hypertension, DM, high-density lipoproteincholesterol, total Cholesterol, total glycerin

Wang et al™!

Andriankaja et al® Age, gender, hypertension, cholesterol, DM, and smoking
Briggs et al”’ Smoking, education, alcohol, BMI, exercise, unemployment, hobby, plaque, and CRP
Geismar et al™ Gender, smoking, DM, and education

Spahr et al™

Zhang et al™

Nonnenmacher et al*! Smoking and BMI

Rech et al™ Age, gender, smoking, DM

Ge et al™ Blood pressure and BMI

Zamirian et al® Smoking and alcohol

Dong et al*! Smoking, age, and education

Sun et al*! Age and BMI

Willershausen et al™!
Ashraf et al™
Zhang et al®™

Age, gender, and smoking
Age, gender, and education

Age, gender, smoking, alcohol, hypertension, and BMI

DM: Diabetes mellitus; BMI: Body mass index; CRP: C-reactive protein.

population and age at baseline; number of participants
with PD and CHD, and total number of participants, or
ORs and relevant 95%ClIs; end points of CHD, ascet-
tainment of PD and CHD; and adjustment for covari-
ates. Any disagreement was resolved by consensus. CHD
was defined as MI, angina pectoris, and other ischemic
heart diseases (IHD).

Statistical analysis

We pooled the results from single studies which were
found to be both clinically and statistically appropriate. We
computed pooled ORs and relevant 95%ClIs using Com-
prehensive Meta-Analysis software, Version 2.2 (Biostat,
Englewood, NJ, United States) Pl to generate forest plots,
determine whether a statistical association between PD
and CHD exists, assess the heterogeneity of the selected
studies, and detect whether publication bias present. Het-
erogeneity was quantified using the I statistic™, with the
low, moderate, and high I values of 25%, 50%, and 75%,
respectively[ssl, where I’ value of 25% or lower indicated
no evidence of heterogeneity, we used the fixed-effect
model; otherwise, the random-effects model was used.

When heterogeneity existed, we performed subgroup
and sensitivity analyses to explore possible explanations
for the heterogeneity and examine the influence of vari-
ous exclusion criteria on the overall risk estimate. We also
investigated the influence of single study on the overall
risk estimate by sequentially removing each study to test
the robustness of the main results.

Potential publication bias was assessed by visual in-
spection of the funnel plots of overall outcome. The Eg-
ger linear regression test was used to examine the associa-
tion between mean effect estimate and its variance™. In
addition, to assess the effect of possible publication bias,
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we calculated the number of unpublished studies which
may exist to negate the results, and the pooled OR adjust-
ed for publication bias using the trim and fill method"”.

RESULTS

Study identification

Of 682 records searched initially, 38 case-control stud-
ies!"*" were included in this meta-analysis. A detailed flow-
chart of the selection process is shown in Figure 1.

Characteristics and quality of studies

Table 1 presents the major characteristics and methodologi-
cal quality of the 38 case-control studies. These studies fo-
cused on CHD only. Sample sizes ranged from 34 to 1337,
involving 4950 CHD patients and 5490 controls subjects.
Twenty-one studies!*!"222HBTBNRMHBHMSEON Lo o
adjusted covariates (Table 2), while there was no adjustment
of the other 17 studies!>1162123262951 5373840244648 .
methodological quality of 11 studies'
cording to NOS were rated low quality, and 27 were rated
high quality!"'™2#227 5694846850 Al (he CHD patients
were confirmed and non-CHD patients were excluded by
coronary arteriography (CAG), cardiologists, or electrocar-
diography (ECG).

13,15,16,21,23,2637,38,40,42.47]
ac-

PD and risk of CHD

Of all 38 studies, six studies"”*****! showed no sta-
tistical difference, and all the 38 studies identified sig-
nificantly increased risk of developing CHD (OR 3.79,
95%CI: 2.23-6.43, P < 0.001). Substantial heterogeneity
was observed (I = 98.59%, P < 0.001). Figure 2 shows
the results from the random-effects model pooling the
ORs and 95%Cls.
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Model Study name Statistics for each study OR and 95%CI
OR Lower  Upper Z-value P-Value
limit limit
Li et a¥ 2001 1.85  1.07 3.20 220  0.03 I
Lopez et a/ 2002 3.17 1.31 7.66 2.56 0.03 —
Huang et a** 2003 2.27 1.40 3.69 333 0.00 -+
Liu et a/*® 2003 542 3.32 8.85 6.57  0.00 -+
Rutger Persson ef 2/ 2003 14.10 579  34.34 583  0.00 —
Geerts et a/'® 2004 6.50 1.82 2323 2.88  0.00 — H—
Montebugnoli et a/*! 2004 4,61 0.96 22.20 1.91 0.06 {1
Renvert et a/*” 2004 7.67 1.13 51.99 2.09 0.04 —A
Tang et a/*" 2004 1.95 1.36 2.79 3.66 0.00 1t
Buhlin et a/** 2005 3.80 1.67 8.67 3.17 0.00 —
Liu et @/ 2005 18.70 6.25  55.94 524  0.00 —{
Wang et a/** 2005 1.76 1.31 2.36 3.76 0.00 1F
Andriankaja et a/**' 2006 2.24 1.60 3.13 471 0.00 1t
Barilli et a/*® 2006 61.00 1729 21522 639  0.00 —H
Briggs et a/”” 2006 3.06 1.02 9.17 200  0.05 —f
Geismar et a/*® 2006 2.00 0.78 5.14 144  0.15 L
Li et a/** 2006 116 091 1.48 120 0.23 Il
Spahr et a™ 2006 1.67 1.08 2.58 231 0.02 {}
Zhang et a* 2006 2.13 1.08 421 2.17 0.03 —{
Zhang et a? 2006 2.70 1.52 4.80 3.39 0.00 —1
Latronico et a/** 2007 5.85 1.03 33.17 2.00 0.05 1
Nonnenmacher et a/** 2007 3.20 1.17 8.76 2.28 0.02 —
Rech et a/*™ 2007 1.80 0.69 4.66 1.21 0.23 —
Ge et a* 2008 2.63 1.01 6.33 1.88 0.05 —
Meng et a/*” 2008 2.95 1.74 5.01 4,00 0.00 {1+
Wu et a/** 2008 2.18 1.52 3.13 4,23 0.00 It
Zamirian et a/°* 2008 3.18 1.37 7.40 2.68 0.01 —
Zhu et a/*” 2008 11.43 2.59 50.39 3.22 0.00 ——
Dong et a/*" 2009 5.74 2.07 15.91 3.36 0.00 —
Ma et a/** 2009 2.36 1.49 3.73 3.67 0.00 1F
Oikarinen et a*' 2009 19.69  19.36 20.02 348.47 0.00 ]
Sun et a/*¥ 2009 9.10 0.87  95.13 1.64  0.07 Hl
Willershausen et a/**! 2009 3.65 2.03 6.58 431  0.00 1
Bokhari et a* 2011 6.37 126 32.24 224 0.03 —_—] H—
Chen 2011 9.87 3.50 27.83 433 0.00 ——
Sikka et a/*® 2011 2.66 1.50 4.71 335 0.00 1
Ashraf et ai*” 2012 1.20 0.93 1.55 140  0.16 ]
Zhang et a* 2012 2.16 1.65 2.83 5.60 0.00 ]
Fixed 18.15  17.86 18.46 345.35 0.00 |
Random 3.79 2.23 6.43 4,93 0.00 > 2
0.01 0.1 1 10 100

Figure 2 Forest plot of periodontal disease and risk of coronary heart disease, using pooled random-effects model. The pooled odds ratio is represented by

a diamond of standard height, with the width indicating the 95%Cl.

Subgroup and sensitivity analyses

Table 3 shows the results of subgroup analyses by adjust-
ment for covariates, source of control, methodological
quality, end point, assessment of PD, assessment of CHD,
and ethnicity. All these analyses indicated that PD is a risk
factor for CHD. Sensitivity analysis was performed by se-
quentially removing each study, the significance of pooled
ORs was not influenced by the omission of any single
study (the values of ORs were between 3.05 and 3, 91, and
the relevant 95%ClIs between 2.06 and 6.62), suggesting
that the results of this meta-analysis were stable (Figure 3).

Publication bias

Figure 4 shows that the funnel plot was asymmetrical, in-
dicating publication bias existed; this was also confirmed
by Egger linear regression test (P < 0.001). As the evi-
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dence of bias could be due to inadequate statistical power,
we used the non-parametric method of “trim and fill” and
estimated 3 possible missing studies based on random-
effects model (black spots in Figure 4). The estimated OR
including the “missing” studies did not substantially differ
from our estimate with adjustment for missing studies (OR
4.15, 95%CI: 2.62-6.54, P < 0.001).

DISCUSSION

In 1989, Mattila ef o/ reported that dental health was
significantly associated with acute MI, and this associa-
tion remained valid after adjustment for age, social class,
smoking, serum lipid concentrations, and the presence
of diabetes. Since then, many observational studies
have emerged to investigate the relationship between
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Study name Statistics with study removed OR (95%CI) with study removed
Point Lower  Upper Z-value P-value
limit limit

Li et a 2001 3.86 2.26 6.61 4.93 0.00 —{}+
Lépez et a1 2002 3.80 2.22 6.51 4.87 0.00 —{}
Huang et a/**! 2003 3.84 224 6.58 4.90 0.00 1+
Liu et a/** 2003 3.75 2.18 6.45 4,77 0.00 —{
Rutger Persson et a/'” 2003 3.65 2.13 6.26 4.71 0.00 {1+
Geerts et a® 2004 3.74 2.18 6.39 4.81 0.00 —{F
Montebugnoli et a/*! 2004 377  2.20 6.44 4.85 0.00 —{F
Renvert et a/* 2004 3.73 2.18 4,37 4.82 0.00 1+
Tang et a/*! 2004 386  2.26 6.60 4.93 0.00 —{
Buhlin et a/?? 2005 3.79 221 6.40 4.85 0.00 | F
Liu et @/ 2005 363 212 622 4.70 0.00 -+
Wang et a/*" 2005 387 227 6.61 4.96 0.00 —{}+
Andriankaja et a/*! 2006 3.85 224 6.59 4.90 0.00 | F
Barilli et a/** 2006 3.53  2.06 6.04 4.60 0.00 1}
Briggs et a/”” 2006 361 223 652 4.88 0.00 -+
Geismar et a/**! 2006 3.85  2.25 6.59 4.92 0.00 1+
Li et a/* 2006 391 233 6.56 5.16 0.00 1F
Spahr et a/*”! 2006 3.88 227 6.62 4.96 0.00 4 F
Zhang et a/* 2006 3.85 2.25 6.59 491 0.00 1F
Zhang et a* 2006 3.82 2.23 6.55 4.88 0.00 F
Latronico et a** 2007 3.75  2.19 6.41 4.83 0.00 1
Nonnenmacher et a/*“ 2007 3.80 2.22 6.51 4.87 0.00 {1}
Rech et a/**! 2007 3.86  2.26 6.61 4,94 0.00 1+
Ge et ai®® 2008 3.83 224 6.55 4.90 0.00 1F
Meng et a/*” 2008 381 222 654 4.86 0.00 -+
Wu et a/®® 2008 3.85 225 6.9 4.90 0.00 {F
Zamirian et a/*” 2008 3.80 2.2 6.52 4.87 0.00 1+
Zhu et a*” 2008 3.69 2.16 6.31 4.76 0.00 {}
Dong et a/*"! 2009 374  2.19 6.41 481 0.00 {4 F
Ma et a/*? 2009 3.84 224 658 4.89 0.00 {F
Oikarinen et a/** 2009 3.05 2.48 3.75 10.52 0.00 L]
Sun et a*¥ 2009 372 218 636 4.82 0.00 -+
Willershausen et a/** 2009 379 221 650 4.84 0.00 -+
Bokhari et a/*! 2011 374 219 640 4.82 0.00 -+
Chen!™ 2011 3.69 215  6.32 4.76 0.00 -+
Sikka et a*® 2011 3.82 223 655 4.88 0.00 -+
Ashraf et a/*? 2012 391 232 658 5.12 0.00 -
Zhang et a/* 2012 3.85 224  6.60 4.90 0.00 -+

379 223 643 4.93 0.00 > 2

0.01 0.1 1 10 100

Figure 3 Forest plot of sensitivity analysis by removing each study in each turn. The pooled odds ratio is represented by a diamond of standard height, with the

width indicating the 95%ClI.

oral health and CHD, and PD was of special concern.
However, the result remains controversial. In the present
study, we performed a meta-analysis about the associa-
tion between PD and CHD risk based on 38 case-control
studies, and identified that subjects with PD had higher
odds and higher risk of developing CHD than subjects
without PD. Subgroup analyses based on adjustment for
covariates, soutce of control, methodological quality, end
point, assessment of PD, assessment of CHD, and eth-
nicity yielded significant and consistent results.

Compared with the previous meta-analysis by Blaizot
et al’ in 2009, whose result based on pooled 8 cross-
sectional and 14 case-control studies identified 2.35 times
higher risk of developing CHD in patients with PD (OR
2.35, 95%CI: 1.87-2.96, P < 0.001), our meta-analysis
identified the higher risk (OR 3.79, 95%CI: 2.23-6.43, P
< 0.001) based on 38 case-control studies. Obviously, our
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meta-analysis separated case-control studies from cross-
sectional studies, therefore, the result was subjected to
fewer confounding and biases of study design.

Second, except for geographic area, end point, and
assessment of PD, we added subgroup analysis according
to adjustment for covariates, source of control, method-
ological quality, and assessment of CHD. We found that
the populations of America (OR 4.75, 95%CI: 1.50-15.02)
had higher risk than Europeans (OR 3.81, 95%CI:
2.46-5.91), and Europeans had higher risk than Asians
(OR 3.46, 95%CI: 1.73-6.94). This was different from
previous meta-analysis, whose result showed American
populations seem to present weaker association between
PD and CHD than European ones. If it is due to the in-
dividual and social economic factors, why the oral health
awareness and healthcare level of European and Ameri-
can populations are higher than Asians, but the trend of
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Table 3 Results of overall and subgroups analyses of pooled odds ratios and 95%Cls

Total and subgroup No. of trials Heterogeneity Model Meta-analysis
F (%) P OR 95%Cl P

Total 38 98.59 <0.001 Random 3.79 2.23-6.43 <0.001
Adjustment for covariates

Yes 21 66.02 <0.001 Random 2.72 2.13-3.46 <0.001

No 17 98.68 <0.001 Random 4.62 2.10-10.18 <0.001
Source of control

HB 22 98.5 <0.001 Random 4.04 2.00-8.12 <0.001

PB 16 80.38 <0.001 Random 3.08 2.23-4.26 <0.001
Methodological quality (NOS)

<6 11 83.28 <0.001 Random 3.38 1.75-6.52 <0.001

=6 27 98.73 <0.001 Random 4.16 2.71-6.40 <0.001
End point

CHD 31 98.75 <0.001 Random 3.63 2.00-6.59 <0.001

MI 7 70.15 <0.001 Random 412 2.35-7.22 <0.001
Assessment of PD

ABL 8 97.93 <0.001 Random 5.57 1.90-16.33 <0.001

CAL 10 0 0.5 Fixed 2.54 2.13-3.04 <0.001

CPI 5 90.24 <0.001 Random 2.76 1.45-5.23 <0.001

PI 5 91.95 <0.001 Random 312 1.38-7.05 <0.001

PPD 8 0 0.76 Fixed 3.55 2.39-5.27 <0.001

Questionnaire 2 0 0.86 Fixed 219 1.73-2.77 <0.001
Assessment of CHD

CAG 22 73.04 <0.001 Random 2.85 2.23-3.64 <0.001

Cardiologists 10 99 <0.001 Random 5.09 1.71-15.14 <0.001

ECG 6 60.72 0.03 Random 3.55 2.06-6.12 <0.001
Ethnicity

America 4 88.24 <0.001 Random 4.75 1.50-15.02 0.01

Asia 23 99.01 <0.001 Random 3.46 1.73-6.94 <0.001

Europe 11 56.82 0.01 Random 3.81 2.46-5.91 <0.001

PD: Periodontal disease; CHD: Coronary heart disease; NOS: Newcastle-Ottawa Scale; OR: Odds ratio; CAG: Coronary arteriography; ECG: Electrocardio-
graph; MI: Myocardial infarction; CAL: Clinical attachment loss; PPD: Periodontal pocket depth; ABL: Alveolar bone loss; CPI: Community periodontal

index; PI: Periodontal index.

Funnel plot of SE by log OR
0.0

0.5

SE

2.0 I 1 I

Log OR

Figure 4 Filled funnel plot with pseudo-95%Cls of the 38 studies. Log of
odds ratio (OR) represents the natural logarithm of the OR of individual studies;
Standard error by Log OR represents the standard error in the natural logarithm
of the OR of individual studies. A circle in the figure represents a study, while
a black spot represents an unpublished study which may exist to negate the
results of the meta-analysis.

risk is just opposite. Whether other factors, such as racial
predisposition of CHD or dietary difference (e.g., Asians
like drinking green tea) caused this result still needs to be
identified by further researches.

Third, when stratified by adjustment for covariates,
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the risk of adjusted data was lower (OR 2.72, 95%CI:
2.13-3.46, P < 0.001) than unadjusted ones (OR 4.62,
95%CI: 2.10-10.18, P < 0.001), and the relevant 95%CI was
also narrower. This showed that adjusted data could obtain
more precise point estimate than unadjusted data, and also
confirmed that PD was an independent risk factor of CHD.
When stratified by assessment of CHD, we observed that a
definite diagnosis by cardiologists showed higher risk (OR
5.09, 95%CI: 1.71-15.14) than by CAG (OR 2.85, 95%CI:
2.23-3.64) or ECG (OR 2.06, 95%CI: 2.06-6.12). This may
be because that objective diagnostic approach is more ac-
curate than subjective one, therefore, similar researches in
future combining objective and subjective diagnostic ap-
proaches would be more beneficial to confirm CHD. The
high methodological quality studies obtained narrower CI
(OR 4.16, 95%CI: 2.71-6.40) than low quality ones (OR
3.38, 95%CI: 1.75-6.52), and this was in accordance with
PB (OR 3.08, 95%CI: 2.23-4.26) compared with HB (OR
4.04, 95%CI: 2.00-8.12). It could be concluded that high
methodological quality and PB study can more effectively
control confounding bias.

Some limitations also should be indicated. The major
limitation of this meta-analysis was the clinical heteroge-
neity among the studies with regard to both outcome and
exposure definitions. Although we performed subgroup
analyses according to the possible sources of heteroge-
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neity, clinical heterogeneity also could not be removed
completely. However, the result of sensitivity analysis
supported that overall result was not influenced by any
included single study. Second, 17 studies did not adjust
covariates, and the pooled results also showed that the
risk reduction sequence was unadjusted, followed by total
(combined with adjusted and unadjusted), and adjusted.
This means that the overall result may exaggerate the
risk. Third, this study only included articles published in
Chinese and English, and articles in the other languages
(representing the populations of other races) were under-
represented. The funnel plot, Egger linear regression
test, and “trim and fill”” method also indicated publication
bias. Finally, according to the the American Association
of Periodontology in 1999, PD should be confirmed by
the measure of clinical attachment loss (CAL). However,
other periodontal outcomes such as periodontal pocket
depth, alveolar bone loss, community periodontal index,
periodontal index, or by dentist according to question-
naire were conducted in 28 included studies. This variety
of criteria leads to careful interpretation of the meta-
analysis results.

In conclusion, this meta-analysis indicated that PD
was associated with CHD risk independently and signifi-
cantly, and we can conclude that an effective oral hygiene
regimen would effectively prevent the progression of
CHD, an effective PD intervention treatment can control
CHD, and correct and effective brushing of teeth, use
of dental floss, and regular periodontal scaling would be
the simplest and most cost-effective actions. However,
whether this is a causal association or PD is only a marker
of CHD needs to be confirmed by well-designed studies
with larger sample sizes and by taking the certain genetic
or environmental confounding factors into account; and
whether periodontal interventions are effective also needs
to be validated by high quality studies with strict design,
large sample size and the standardized implementation,
and multi-center randomized controlled trials.

COMMENTS

Background

Growing evidence indicated that periodontal disease (PD) might be associated
with coronary heart disease (CHD), however, results from these studies were
inconsistent. Thus, whether PD is a risk factor of CHD remains to be clarified.

Research frontiers

CHD is one of the major causes of mortality, account for nearly 30% of deaths
worldwide; PD is one of the major two oral diseases and affect up to 90% of the
worldwide population. Therefore, it is very important to identify the association
between PD and CHD, in order to provide evidence for prevention and treat-
ment of the diseases.

Innovations and breakthroughs

This is a comprehensive meta-analysis, in which the authors performed
subgroup analyses to identify the similarities and differences between the
adjustment for covariates, source of control, methodological quality, end point,
assessment of PD, assessment of CHD, and ethnicity. All these analyses indi-
cated that PD is a risk factor for CHD.

Applications

According to this meta-analysis, an effective oral hygiene regimen would ef-
fectively prevent the progression of CHD, an effective PD intervention treatment
can control CHD, and correct and effective brushing of teeth, use of dental
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floss, and regular periodontal scaling would be the simplest and most cost-
effective actions. In addition, whether this is a causal association or PD is only
a marker of CHD, and whether periodontal interventions are effective remain to
be confirmed.

Peer review
The authors have made a good meta-analysis, complete and deep enough.
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review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional teview board.
If human participants were involved, manuscripts must be accom-
panied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedures) section must
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page,
Abstract, Introduction, Materials and Methods, Results, Discus-
sion, Acknowledgements, References, Tables, Figures, and Figure
Legends. Neither the editors nor the publisher ate responsible for
the opinions expressed by contributors. Manuscripts formally ac-
cepted for publication become the permanent property of Baish-
ideng Publishing Group Co., Limited, and may not be teproduced
by any means, in whole or in part, without the written permission
of both the authors and the publisher. We reserve the right to copy-
edit and put onto our website accepted manuscripts. Authors should
follow the relevant guidelines for the care and use of laboratory ani-
mals of their institution or national animal welfare committee. For
the sake of transparency in regard to the performance and report-
ing of clinical trials, we endorse the policy of the ICMJE to refuse
to publish papers on clinical trial results if the trial was not recorded
in a publicly-accessible registry at its outset. The only register now
available, to our knowledge, is http://www.clinicaltrials.gov spon-
sored by the United States National Library of Medicine and we en-
courage all potential contributors to register with it. However, in the
case that other registers become available you will be duly notified.
Aletter of recommendation from each author’s organization should
be provided with the contributed atticle to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photographs
and illustrations because rejected manuscripts will not be returned
to the author(s) and the editors will not be responsible for loss or
damage to photographs and illustrations sustained during mailing,
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mended to consult the ONLINE INSTRUCTIONS TO AUTHORS
(http:/ /www.wignet.com/2308-3840/¢_info_20100722180909.htm)
before attempting to submit online. For assistance, authors encoun-
tering problems with the Online Submission System may send an
email describing the problem to wima@swignet.com, ot by telephone:
+86-10-85381892. If you submit your manuscript online, do not make
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script is strictly prohibited.
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typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
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Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should be
provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of Pathology, Chengde Medic-
al College, Chengde 067000, Hebei Province, China. One author may
be represented from two institutions, for example, George Sgourakis,
Department of General, Visceral, and Transplantation Surgery,
Essen 45122, Germany; George Sgourakis, 2nd Sutgical Department,
Korgialenio-Benakio Red Cross Hospital, Athens 15451, Greece

Author contributions: The format of this section should be: Author
contributions: Wang CL and Liang L. contributed equally to this work;
Wang CL, Liang L, Fu JE Zou CC, Hong F and Wu XM designed
the research; Wang CL, Zou CC, Hong F and Wu XM performed the
research; Xue JZ and Lu JR contributed new teagents/analytic tools;
Wang CL, Liang I and Fu JF analyzed the data; and Wang CL, Liang
L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of sup-
portive foundations should be provided, e.g., Supported by National
Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title, af-
filiation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name
and email address. For example, Montgomery Bissell, MD, Profes-
sor of Medicine, Chief, Liver Center, Gastroenterology Division,
University of California, Box 0538, San Francisco, CA 94143,
United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +, coun-
try number, district number and telephone or fax number, e.g., Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. Nor-
mally, three experts are invited for each article. Decision on accept-
ance is made only when at least two experts recommend publication
of an article. All peer-reviewers are acknowledged on Express Sub-
mission and Peer-review System website.
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Instructions to authors

Abstract

There are unstructured abstracts (no less than 200 wotds) and sttruc-
tured abstracts. The specific requirements for structured abstracts
are as follows:

An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be struc-
tured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write the
Aim in the form of “To investigate/study/...”), METHODS (no
less than 140 words for Original Articles; and no less than 80 words
for Brief Articles), RESULTS (no less than 150 words for Original
Articles and no less than 120 words for Brief Articles; You should
present P values where appropriate and must provide relevant data
to illustrate how they were obtained, e.g., 6.92 = 3.86 »s 3.61 £ 1.67,
P <0.001), and CONCLUSION (no mote than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which
reflect the content of the study.

Core tip

Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents in
your paper to attract readers.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both.

Illustrations

Figutes should be numbered as 1, 2, 3, ¢#., and mentioned cleatly in
the main text. Provide a brief title for each figure on a separate page.
Detailed legends should not be provided under the figures. This part
should be added into the text where the figures are applicable. Keep-
ing all elements compiled is necessary in line-art image. Scale bars
should be used rather than magnification factors, with the length of
the bar defined in the legend rather than on the bar itself. File names
should identify the figure and panel. Avoid layering type directly over
shaded or textured areas. Please use uniform legends for the same
subjects. For example: Figure 1 Pathological changes in atrophic gas-
tritis after treatment. A: ...; B: .; C: s D: s Bl B G Ll Tt s
our principle to publish high resolution-figures for the E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e¢#., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one hortizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. *P <
0.05,"P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other seties of P values, ‘P < 0.05 and “P < 0.01 are used.
A third series of Pvalues can be expressed as °P < 0.05 and P < 0.01.
Other notes in tables or under illustrations should be expressed as
'F, °F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration,
each curve should be labeled with ®, o, m, O, A, /\, ¢, in a cer-
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REFERENCES

Coding system

The author should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability!?””, Tf references are cited directly
in the text, they should be put together within the text, for example,
“From references"”***, we know that...”

When the authors write the references, please ensure that the
order in text is the same as in the references section, and also ensure
the spelling accuracy of the first author’s name. Do not list the same
citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference list, eg.,
PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/Sim-
pleTextQuery/, respectively. The numbers will be used in E-version
of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-faced
letters. The family name of all authors should be typed with the in-
itial letter capitalized, followed by their abbreviated first and middle
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of the cited article and italicized
journal title (journal title should be in its abbreviated form as shown
in PubMed), publication date, volume number (in black), start page,
and end page [PMID: 11819634 DOTI: 10.3748/wjg.13.5396].

Style for book references

Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.

Format

Journals

English journal article (list all authors and include the PMID where applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung E Evaluation of quantitative con-
trast harmonic imaging to assess malignancy of liver tumors:
A prospective controlled two-center study. World | Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg13.
63506]

Chinese journal article (list all anthors and include the PMID where applicable)

2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diar-
rthoea. Shijie Huaren Xiaohna Zazhi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson |, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Natl Acad Sci USA
20006; In press

Organization as author
Diabetes Prevention Program Research Group. Hyperten-
sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.
09]

Both personal anthors and an organigation as author

5  Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI1:10.1097/01.ju.
0000067940.76090.73]

No author given

6 21st century heart solution may have a sting in the tail. BM]
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2002; 325: 184 [PMID: 12142303 DOI:10.1136/bm;j.325.
7357.184]

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: $93-99 [PMID: 12028325 DOI:10.1046/
j.1526-4610.42.52.7 x]

Issue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthep
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
97/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care. HRSA
Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

10  Sherlock S, Dooley J. Diseases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11  Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March of
Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper

14 Christensen S, Oppacher F. An analysis of Koza's computa-
tional effort statistic for genetic programming. In: Foster JA,
Lutton E, Miller |, Ryan C, Tettamanzi AG, editors. Genetic
programming. EuroGP 2002: Proceedings of the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5;
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdec.gov/
ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and position-
ing tool assembly. United States patent US 20020103498.
2002 Aug 1

Statistical data

Write as mean * SD or mean *+ SE.

Statistical expression

Express 7 test as 7 (in italics), I test as I (in italics), chi square test as
y’ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as # (in italics), and probability as P (in

italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, ¢ (glucose) 6.4 = 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 pg/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, ef. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/2308-3840/
g_info_20100725073806.htm.
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Abbreviations

Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbteviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /length,
7 mass, 17 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRl, Hindl, BamHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli, ete.

Examples for paper writing
All types of articles’ writing style and requirement will be found in the
link: http:/ /www.wjgnet.com/esps/NavigatonInfo.aspxrid=15

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited. The
revised version, along with the signed copyright transfer agreement,
responses to the reviewers, and English language Grade A certifi-
cate (for non-native speakers of English), should be submitted to
the online system zia the link contained in the e-mail sent by the edi-
tor. If you have any questions about the revision, please send e-mail
to esps@wijgnet.com.

Language evaluation

The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of language polishing
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needed; and (4) Grade D: rejected. Revised articles should reach
Grade A.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wijgnet.com/2308-3840/¢_info_20100725073726.htm.

Responses to reviewers

Please revise your article according to the comments/ suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wignet.com/2308-3840/
g _info_20100725073445.htm.

Proof of financial support
For papers supported by a foundation, authors should provide a copy
of the approval document and serial number of the foundation.

Links to documents related to the manuscript

IWJMA will be initiating a platform to promote dynamic interactions
between the editors, peer reviewers, readers and authors. After a
manuscript is published online, links to the PDF version of the
submitted manuscript, the peer-reviewers’ report and the revised
manusctipt will be put on-line. Readers can make comments on the
peer reviewer’s report, authors’ responses to peer reviewers, and
the revised manuscript. We hope that authors will benefit from this
feedback and be able to revise the manuscript accordingly in a timely
mannet.

Publication fee

WJMA is an international, peer-reviewed, OA online journal.
Articles published by this journal are distributed under the terms
of the Creative Commons Attribution Non-commercial License,
which permits use, distribution, and reproduction in any medium
and format, provided the original work is properly cited. The use
is non-commercial and is otherwise in compliance with the license.
Authors of accepted articles must pay a publication fee. Publica-
tion fee: 600 USD per article. All invited articles are published free
of charge.
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Abstract

AIM: To quantify smoking/lung cancer relationships
accurately using parametric modelling.

METHODS: Using the International Epidemiological
Studies on Smoking and Lung Cancer database of all
epidemiological studies of 100+ lung cancer cases pub-
lished before 2000, we analyzed 97 blocks of data for
amount smoked, 35 for duration of smoking, and 27 for
age started. Pseudo-numbers of cases and controls (or
at risk) estimated from RRs by dose level formed the
data modelled. We fitted various models relating loge
RR to dose (d), including pd, pd" and Bloge (1 + Wd),
and investigated goodness-of-fit and heterogeneity be-
tween studies.

RESULTS: The best-fitting models for loge RR were
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0.833 loge [1 + (8.1¢/10)] for cigarettes/d (c), 0.792
(y/10)*”* for years smoked (y) and 0.176 [(70 - a)/10]**
for age of start (a). Each model fitted well overall,
though some blocks misfitted. RRs rose from 3.86 to
22.31 between ¢ = 10 and 50, from 2.21 to 13.54 be-
tween y = 10 and 50, and from 3.66 to 8.94 between
a = 30 and 12.5. Heterogeneity (P < 0.001) existed
by continent for amount, RRs for 50 cigarettes/d being
7.23 (Asia), 26.36 (North America) and 22.16 (Europe).
Little heterogeneity was seen for duration of smoking
or age started.

CONCLUSION: The models describe the dose-relation-
ships well, though may be biased by factors including
misclassification of smoking status and dose.

© 2013 Baishideng. All rights reserved.
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Core tip: This paper, for the first time, meta-analyses
smoking/lung cancer dose-relationships. Based on
data from 71 studies published before 2000, single pa-
rameter models were fitted to summarize how the RR
increased with increasing amount smoked, longer dura-
tion of smoking, and earlier age of starting to smoke.
Overall, the models fitted well. Little heterogeneity
was seen for duration of smoking or age of start, but
the rise in RR with amount smoked was much steeper
in North America and Europe than in Asia. The fitted
models can be used to more precisely estimate the
lung cancer risk from smoking.
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ship of lung cancer to amount smoked, duration and age starting.
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INTRODUCTION

We recently carried out a systematic review' of the evi-
dence relating smoking to lung cancer incorporating all
287 studies published before 2000 involving a minimum
of 100 lung cancer cases. We refer to this as “our eatlier
review”. In that review, we assessed evidence concerning
amount smoked per day, duration of smoking, and age
of starting to smoke. Data are typically available as blocks
of RRs for differing levels of the dose-response mea-
sure, each compared to never smokers. Comparing meta-
analysis estimates for low, medium and high exposure,
we clearly demonstrated a dose-response existed. For ex-
ample, for amount smoked by current smokers, random-
effects RR estimates are 4.71 (95%CI: 4.14-5.37, n = 80)
for about 5 cigs/d, 9.83 (95%CI: 8.60-11.24, » = 54) for
about 20 cigs/d, and 17.10 (95%CI: 14.62-19.99, » = 62)
for about 45 cigs/d. Here “about 5 cigs/d” combined re-
sults for dose ranges including 5 but not 20 cigs/d, “about
20 cigs/d” considered ranges including 20 but not 5 or
45 cigs/d, and “about 45 cigs/d” ranges including 45 but
not 20 cigs/d. This approach has limitations. First, for-
mal statistical comparison of the RRs at the different lev-
els is not possible as the RRs are not independent, having
the same denominator. Second, the analyses do not use
all the information available. Thus, results for ranges
wholly between 5 and 20 cigs/d or wholly between 20 and
45 cigs/d are ignored, as are results for ranges coveting
two or more of the “key values” of 5, 20 and 45 cigs/d.
Also, linearity, or other shapes of the relationship, is not
assessed. Dose-response relationships for years quit are
considered in a separate paper .

Here, we study dose-response in more detail by fit-
ting models to the various dose-response blocks to
estimate parameters which can be meta-analyzed and
used to assess heterogeneity. We follow the approach
previously used” to quantify the dose-response relation-
ship between environmental tobacco smoke exposure
and lung cancer risk, developing a variant of it for age
of starting. We restrict attention to the data considered
in our eatlier review!. Rather than also considering re-
sults for ever smokers, we restrict attention to curtrent
smokers, giving a more homogeneous dataset and one
showing a stronger dose-relationship. All our analyses
are of overall lung cancer risk, no attempt being made in
the present paper to fit models for specific histological

types.

MATERIALS AND METHODS

The International Evidence on Smoking and Lung
Cancer database

All analyses use the International Evidence on Smoking
and Lung Cancer database, fully described in our eatlier
review!. Papers considered were published before 2000,
described studies of 100+ cases, and provided RR esti-
mates for one or more smoking indices. We use the term
RR generically to describe alternative RR estimates, e.g.,
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odds ratio or hazard ratio. Lee ef al" gives details of the
structure and data entry rules for the database.

Data selection and blocks

The data considered here comprise blocks of RRs, each
relative to never smokers, for all lung cancer (or occasion-
ally near equivalent definitions, each including squamous
cell carcinoma and adenocarcinoma) for three measures
of dose-response among current smokers: amount
smoked, duration and age of starting. Where possible,
blocks by sex or by sex and race were considered. Except
for amount smoked, blocks by age were considered, if
available. Covariate-adjusted RRs were preferred to un-
adjusted RRs. Each block includes an estimate of the RR
and 95%CI: for each level of the measure. The data re-
corded per block included study type, sex, location, pub-
lication year, age range (at baseline for prospective stud-
ies), product smoked [any product, cigarettes +/- other
products (7.e., pipes, cigars), cigarettes only], never smoker
definition (never any product, never cigarettes). For each
RR, the range of the measure was also recorded.

Pseudo-numbers

We used the method of Hamling ez al on each block
to estimate the pseudo-table of numbers of cases, and
either controls (for case-control studies) or at risk (for
prospective studies) which correspond to the observed
RRs and 95%ClIs. The method was applied even to un-
adjusted RRs. This estimation requites, in addition to the
given RRs and 95%Cls, estimates of the proportion of
never smokers among the controls/at risk and of the ra-
tio of total controls/at risk to total cases, as well as start-
ing values for the numbers of never smoking cases and
controls/at risk. These estimates were also recorded on
the database. The pseudo-table forms the basic data for
fitting the models used, and estimating the overall current
smoking RR.

Midpoints for levels of exposure

For amount smoked, midpoint estimates for each expo-
sure level were derived using standard distributions, as
described by Fry et al” when relating lung cancer risk to
amount smoked by the husband. For US studies, the dis-
tribution derived from published data for two large CPS
[ and CPSTI studies”, while for non-US studies, it was
that given in Appendix Il of International Smoking Sta-
tistics'”,

For duration of smoking and age of starting the mid-
points were based on US NHANES !, selecting data
for subjects for the given sex, age and range of values of
the relevant dose-response measure.

Statistical models

For each measure, the data analyzed consist of blocks,
each containing the pseudo-numbers and the estimated
midpoint exposutes for each of { exposure levels, and
for never smokers. The methodology varies by dose-
response measure, as desctibed below.
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Table 1 Models used to relate risk to dose

loge (RR) = pud (linear)

loge (RR) = Bid + Bad® (quadratic)

loge (RR) = Bid + pad® + Bad’ (cubic)

loge (RR) = Bid” (power)

loge (RR) = Piloge (d) (log)

loge (RR) = Biexpe (d) (exponential)

loge (RR) = Biloge (1 + Wd) (log-with-baseline)
Amount smoked

The Greenland and Longnecker method™" was used
to fit functional forms relating RR to dose (midpoint
amount smoked). We fitted the models expressing dose, d,
in units of 10 cigs/d.

In the simplest application, the RR is predicted by
loge RR (d) = Bd, B and SE (B) are estimated separately
per block, and estimates of 3 and SE () are then com-
bined using inverse-variance weighted random-effects or
fixed-effects meta-analysis"". This model implies that a
fixed dose increment increases risk by a fixed factor. The
method can be used with d replaced by a function of d,
such as d'?, d°, or log (d + 1).

Greenland e7 a/” describe a more general, “pool-first”,
method in which all the blocks are considered in a single
analysis. The method gives the same results for the model
log RR = 3d, but allows direct fitting for other functional
forms.

As the best model was initially unclear, we first tried
various models (Table 1) using the pool-first method,
comparing deviances to assess which models fitted the
overall data better. For the “power” and “log-with-base-
line” models, the parameters Y or W could not be fitted
directly, but an iterative method was adopted, comparing
deviances for a range of values.

For the models with lowest deviance, the simpler ap-
proach was then used to estimate 1 (and B2, B3) and its
standard error (SE) for each block. For a particular model,
goodness-of-fit for a block was tested by comparing ob-
served and fitted number of cases (and for case-control
studies also the observed number of controls) at each
level of amount smoked (including never smokers). The
fitted values were estimated as desctibed in Goodness of
fit""!. As also described there, the sum of (observed - fit-
ted)’/fitted over levels was taken as an approximate chi-
squated on £ - 1 degrees of freedom (df) for prospective
studies ot on 20 - 1 df for case-control studies. Informa-
tion on overall goodness-of-fit was derived by summing
observed and fitted values over blocks for never smokers
and for specified levels of amount smoked, and similarly
deriving an approximate chi-squared statistic. Plots of ob-
served and predicted RRs per block were also examined.

Duration of smoking
The approach used was as for amount smoked.

Age of starting to smoke
For smokers of a given age, age of starting (a) and dura-
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tion (y) are directly related. We used the same basic ap-
proach, replacing y by 70 - a to produce a duration-like
measure. As this produced a relatively good fit, we did not
attempt sensitivity analyses replacing y by 60 - a or 80 - a.

Regression analyses

Sources of heterogeneity were studied by inverse-variance
weighted regression of . Between block variation was
examined one factor at a time (simple regression), and
using forward stepwise methods. The factors used were
study type, sex, location, publication year, midpoint age (at
baseline for prospective studies), smoking product and
study size. The deviance of the fitted models indicated
the extent to which heterogeneity was explained.

Statistical analysis

No multiple testing adjustments were made, significant
being defined as P < 0.05. However, results showing
stronger evidence of a relationship (P < 0.01, or P <
0.001), and sometimes weaker evidence (P < 0.1) are also
distinguished, where appropriate. All data entry and most
statistical analyses were carried out using ROELEE ver-
sion 3.1 (available from PN Lee Statistics and Computing
Ltd., 17 Cedar Road, Sutton, Surrey SM2 5DA, United
Kingdom). Some analyses used Excel 2003.

RESULTS

Studies considered
For each of the 71 studies providing the data used, Stud-

[11]

ies
brief description incorporating the location, character-
istics of the population studied, study design, and study
duration; the total number of lung cancers studied; and
the measures for which data are analyzed.

, gives the six character reference code (REF); a

Amount smoked
Details of blocks used for each measure are given in
Blocks"". These include study REF, sex (and where ap-
plicable race), study type, location, product smoked, defi-
nition of unexposed group, adjustment factors used, cut-
rent smoker RR, and total numbers of cases in smokers.
The 97 blocks derive from 69 studies, 45 providing
results for a single block, 22 results by sex, and 2 (DOR-
GAN and HUMBLE) results by sex and race. 55 blocks
(56.7%) are for males, 34 (35.1%) females, and 8 (8.2%)
both sexes. 48 (49.5%) are from prospective studies. 43
(44.3%) are from North American studies, 32 (33.0%)
from Europe and 17 (17.5%) from Asia, the remaining 5
(5.2%) from South America, Africa or Australasia. Five
different combinations of product #s unexposed occur:
cigarettes = other products »s never any product (32
blocks 33.0%), cigarettes & other products »s never ciga-
rettes (29, 29.9%), any product #s never any product (20,
20.6%), cigarettes only »s never any product (13, 13.4%)
and cigarettes only »s never cigarettes for (3, 3.1%). Of
the 8 blocks for sexes combined, 4 (50.0%) concern RRs
adjusted for sex, while 64 of the full 97 blocks (66.0%0)
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Table 2 Amount smoked by current smokers (cigarettes per day) - dose-response data

Block: Study Amount smoked groupings' Mean values RRs?

1: AKIBA 1-14, 15-24, 25+ 8.11, 19.19, 34.63 3.50, 6.10,19.10 M

2: AKIBA 1-14, 15+ 8.11, 24.09 3.60,5.80 M

3: ARCHER 1-19, 20, 21+ 10, 20, 31.83 3.53,6.09,8.52 M

4: AXELSS 20 20 43.30

5: BENSHL 1-9,10-19, 20+ 4.85,12.73, 26.03 4.00, 9.05,10.95 M

6: BEST 1-9,10-20, 21+ 4.85,15.92, 31.83 10.00, 16.41, 17.31 M
7: BOUCOT 1-20, 21-40, 41+ 13.38, 29.02, 53.33 54.09, 78.56, 161.70 M
8: BRETT 1-14, 15-24, 25+ 8.11,19.19, 34.63 2.55,4.25,8.00 M

9: BROSS 1-20, 21+ 13.38, 31.83 491,720 M

10: BUFFLE 1-19, 20, 21+ 10.20, 31.83 5.60,11.84,22.10 M
11: CEDERL 1-7,8-15, 16+ 4.29,11.61, 25.41 3.40,7.50,11.90 M
12: CEDERL 1-7,8-15, 16+ 4.29,11.61, 25.41 2.83,7.74,7.56

13: CHANG 1-10, 11-20, 21+ 7.08,17.67, 31.83 5.02,10.60, 8.26

14: CHANG 1-10, 11-20, 21+ 7.08,17.67, 31.83 3.03,4.87,821 M

15: CHOW 1-19, 20-29, 30+ 10, 21.35, 38.39 13.88, 21.87, 44.48 M
16: COMSTO 1-19, 20-39, 40+ 10, 22.90, 45.71 12.42,18.16,24.92 M
17: COMSTO 1-19, 20-39, 40+ 10, 22.90, 45.71 7.45,17.35,13.27

18: CORREA 1-20, 21+ 13.38, 31.83 9.30, 25.30 M

19: CPSI 1-9, 10-19, 20-39, 40+ 4.85,12.73,22.90, 45.71 4.51,8.41,14.30,17.49 M
20: CPSII 1-9, 10-19, 20, 21-39, 40, 41+ 4.85,12.73, 20, 26.71, 40, 53.33 12.22,14.52, 21.59, 22.72, 24.14, 45.52 M
21: CPSII 1-9, 10-19, 20, 21-39, 40, 41+ 4.85,12.73, 20, 26.71, 40, 53.33 3.89, 8.33,14.21, 21.40, 19.31, 18.22
22: DARBY 1-14, 15-24, 25+ 8.11,19.19, 34.63 73.47,95.43,142.69 M
23: DARBY 1-14, 15-24, 25+ 8.11,19.19, 34.63 15.70, 21.50, 41.62 M
24: DEAN3 1-12,13-22, 23+ 7.65,18.42, 33.04 5.46,7.42,21.66 M
25: DEAN3 1-12,13-22, 23+ 7.65,18.42, 33.04 3.16,8.42,24.24 M
26: DEKLER 1-14, 15-24, 25+ 8.11,19.19, 34.63 19.40, 23.00, 32.50 M
27: DOLL2 1-14, 15-24, 25+ 8.11,19.19, 34.63 5.20,10.60, 22.40 M
28: DOLL2 1-14, 15-24, 25+ 8.11,19.19, 34.63 1.29,6.43,29.71 M
29: DORANT 1-9, 10-19, 20+ 4.85,12.73, 26.03 8.52,27.22,36.24 M
30: DORGAN 1-19, 20+ 10, 26.03 9.13,20.65 M

31: DORGAN 1-19, 20+ 10, 26.03 26.67,72.46 M

32: DORGAN 1-19, 20+ 10, 26.03 6.55,24.13 M

33: DORGAN 1-19, 20+ 10, 26.03 7.43,41.43 M

34: DORN 1-9, 10-20, 21-39, 40+ 4.85,15.92, 26.71,45.71 4.02,9.92,17.19,22.75 M
35: ENGELA 1-4, 5-9, 10-14, 15-19, 20+ 2.5,6.5,10.88, 15.83, 26.03 1.40, 4.10, 7.00, 11.00, 15.00 M
36: ENGELA 1-4,5-9,10-14, 15+ 2.5,6.5,10.88, 24.09 12.00, 12.00, 24.00, 26.00
37: ENSTRO 1-9, 10-19, 20, 21-39, 40+ 4.85,12.73, 20, 26.71, 45.71 4.74,7.68,13.65,16.08, 19.41 M
38: ENSTRO 1-9, 10-19, 20, 21+ 4.85,12.73, 20, 31.83 2.15,4.31,9.48,16.47 M
39: GAO2 1-19, 20-29, 30+ 10, 21.35, 38.39 3.36,7.54,10.63 M
40: GILLIS 1-14, 15-24, 25-34, 35-49, 50+ 8.11,19.19, 28.13, 39, 53.33 4.50, 7.60, 8.60, 9.70, 7.80
41: HAENSZ 1-20, 21+ 13.38, 31.83 1.77,5.15 M

42: HAMMO2 1-19, 20+ 10.00, 26.03 9.15,10.39 M

43: HAMMON 1-9, 10-20, 21-39, 40+ 4.85,15.92, 26.71, 45.71 7.44,8.42,17.91, 20.64 M
44: HIRAYA 1-9, 10-19, 20+ 4.85,12.73, 26.03 2.06,4.00,6.24 M

45: HIRAYA 1-9,10-19, 20+ 4.85,12.73, 26.03 2.25,2.56,4.47 M

46: HITOSU 1-14, 15-24, 25+ 8.11, 19.19, 34.63 2.08,2.82,4.68 M

47: HITOSU 1-14, 15+ 8.11, 24.09 3.11,3.17 M

48: HOLE 1-14, 15-24, 25-34, 35+ 8.11, 19.19, 28.13, 44.38 5.47,8.90,10.75, 7.49
49: HUMBLE 1-19, 20+ 10, 26.03 9.20,24.70 M

50: HUMBLE 1-19, 20+ 10, 26.03 11.60, 26.10 M

51: HUMBLE 1-19, 20+ 10, 26.03 19.20, 16.00

52: HUMBLE 1-19, 20+ 10, 26.03 18.50, 36.90 M

53: KAISE2 1-19, 20+ 10, 26.03 447,10.34 M

54: KAISE2 1-19, 20+ 10, 26.03 7.61,2212M

55: KAISER 1-19, 20-40, 41+ 10, 24.32, 53.33 6.58,17.24,20.91 M
56: KAISER 1-19, 20-40, 41+ 10, 24.32, 53.33 3.42,7.98,12.63 M
57: KANELL 1-10, 11-20, 21-35, 36+ 7.08,17.67,26.71, 45.71 1.71,7.06, 20.39, 34.22 M
58: KATSOU 1-20, 21+ 13.38, 31.83 2.26,7.46 M

59: KAUFMA 1-14, 15-24, 25-34, 35-44, 45+ 8.11,19.19, 28.13, 39, 53.33 8.00, 15.00, 28.00, 43.00, 60.00 M
60: KINLEN 1-14, 15-24, 25+ 8.11,19.19, 34.63 10.61,14.14,21.74 M
61: KNEKT 1-14, 15+ 8.11, 24.09 5.00,12.70 M

62: KOO 1-10, 11-20, 21-30 7.08,17.67, 25.88 1.36,7.29,1.52

63: LIAW 1-10, 11-20, 21+ 7.08,17.67, 31.83 3.10, 3.60, 8.30 M

64: LIDDEL 1-19, 20+ 10, 26.03 3.33,5.02 M

65: MACLEN 1-9, 10-19, 20-29, 30+ 4.85,12.73, 21.35, 38.39 1.36,3.41,4.16, 5.00 M
66: MACLEN 1-9, 10-19, 20+ 4.85,12.73, 26.03 0.76,3.44,3.84

67: MATOS 1-14, 15-24, 25+ 8.11,19.19, 34.63 1.60, 8.00, 15.00 M
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68: MIGRAN 1-9,10-19, 20, 21+
69: MIGRAN 1-9,10-19, 20

70: MRFITR 1-19, 20-39, 40+
71: NAM 1-24, 25+

72: NAM 1-24, 25+

73: PARKIN 1-14, 15+

74: PERSH2 1-9, 10+

75: PETO 1-14, 15+

76: PEZ702 1-20, 21-40, 41+
77:PEZZOT 1-20, 21-40, 41+
78: PRESCO 1-14, 15+

79: PRESCO 1-14, 15+

80: SEGI2 1-9, 10-19, 20-29, 30-39, 40+
81: SEGI2 1-9, 10-19, 20+

82: SHAW 1-19, 20+

83: SOBUE 1-19, 20-29, 30+
84: SPEIZE 1-4, 5-14, 15-24, 25-34, 35+
85: STOCKW 1-19, 20-40, 41+
86: SVENSS 1-10, 11-20, 21+
87: TENKAN 1-14, 15-24, 25+
88: TSUGAN 1-15, 16-35, 36+
89: TULINI 1-14, 15-24, 25+
90: TULINI 1-14, 15-24, 25+
91: TVERDA 1-9, 10-19, 20+

92: TVERDA 1-9, 20+

93: WAKAI 1-19, 20-20, 30+
94: WU 1-20, 21+

95: WYNDE6 1-10, 11-20, 21-30, 31+
96: WYNDE6 1-10, 11-20, 21-30, 31+
97: YAMAGU 1-20, 21+
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4.85,12.73, 20, 31.83
4.85,12.73, 20
10, 22.90, 45.71
14.06, 34.63
14.06, 34.63
8.11, 24.09
4.85,20.90
8.11, 24.09
13.38, 29.02, 53.33
13.38, 29.02, 53.33
8.11, 24.09
8.11, 24.09
4.85,12.73,21.33, 31.07, 45.71
4.85,12.73,26.03
10, 26.03
10, 21.35, 38.39
2.5,9.42,19.19, 28.13, 44.38
10, 24.32, 53.33
7.08,17.67,31.83
8.11,19.19, 34.63
9.33,22.45,45.71
8.11,19.19, 34.63
8.11,19.19, 34.63
4.85,12.73,26.03
4.85,26.03
10.00, 21.35, 38.39
13.38,31.83
7.08,17.67, 25.88, 43.06
7.08,17.67, 25.88, 38.39
13.38,31.83

4.01,4.24,5.14,5.93 M
4.88, 6.53,7.48 M
10.86, 50.12, 56.43 M
6.70,10.27 M
9.06,16.65 M
3.90,5.20 M
5.76,11.34 M
5.50,9.49 M
8.00, 44.39,112.13 M
7.40,70.00, 246.50 M
10.20,19.96 M
6.36,10.08 M
2.10, 3.10, 3.40, 6.90, 7.90 M
2.90,1.44,1.03
6.31,30.48 M
3.52,4.00,4.55M
2.70,5.20, 12.60, 15.70, 22.00 M
6.67,14.51,28.84 M
4.60,12.60, 59.00 M
15.86, 20.25,24.97 M
0.90,1.22, 1.66
6.02,12.00, 27.30 M
8.17,26.30, 38.70 M
2.14,3.32,6.56 M
4.53,18.00 M
1.80,4.01,9.19M
3.25,8.48 M
6.80,11.16,17.32,28.22 M
3.75,11.97, 21.64,39.14 M
3.75,12.14 M

'In some studies, amount smoked is based on cigarette equivalents for cigars and pipes; M indicates a strictly monotonic rise in RR with increasing amount

smoked.

concern age-adjusted RRs. Race and/or other factors
were adjusted for in 28 (28.9%) blocks.

Table 2 gives for each block the levels used to catego-
rize amount smoked and the corresponding estimated
mean values and RRs for each level. The RRs reveal an
obvious trend for risk to rise with amount smoked. Of
the 96 blocks with more than one level, 84 (87.5%) show
a strictly monotonic increase in RR. However, considet-
able variation is evident in the RR for the highest expo-
sure.

Table 3 gives the pool-first results investigating model
suitability. The exponential model is particularly poor,
explaining only 21.75% of the overall deviance in the
estimates of log RR. The log model is also relatively
poor. The linear, quadratic and cubic models are better.
However, despite involving more parameters, the cubic
model explains less of the overall deviance than do the
best-fitting powet or log-with-baseline models. The re-
sidual deviance is lowest for the log-with-baseline model,
the best-fitting W value explaining 94.12% of the overall
deviance, though the best-fitting power model explains
almost as much (93.95%).

Fit Amount Smoked""!] gives full details for the fur-
ther analyses carried out using the linear, and best-fitting
power and log-with-baseline models. These include
95%ClIs for the RRs in Table 2, and observed and fitted
numbers by level for each block.

For each of these models, Table 4 compares the ob-
served and fitted numbers of cases summed over blocks
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for never smokers and for current smokers by amount
smoked. The linear model fits pootly, overestimating cas-
es for never smokers and 30+ cigs/d smokers and undet-
estimating for 1-30 cigs/d smokers, the model implying a
far steeper increase with amount smoked than observed.
This is consistent with the block-specific goodness-of-
fit tests, 63 showing misfits significant at P < 0.05. This
model is cleatly inadequate for amount smoked.

Although Table 4 shows highly significant (P < 0.001)
misfit to both the power and log-with-baseline models,
the misfit is not substantial, with observed and expected
numbers generally agreeing to a few percent.

For each block, and both models, Table 5 gives fit-
ted values of 1 and SE and goodness-of-fit P values. A
number of blocks show significant (P < 0.05) misfit, these
tending to be the same blocks for both models. We com-
ment on those 15 blocks where the P value for the log-
with-baseline model is < 0.01 (Fit Amount Smoked'""
and Table 2 for further details). These divide into vatious
categories. Three blocks (19: CPS I, 34: DORN, 37: EN-
STRO males) involve very large numbets of cases (Table 3)
where the model appears to fit quite well, though in
block 19: CPS I the observed flattening of response for
40+ cigs/d is not well fitted. Seven blocks (6: BEST, 20:
CPSII males, 22: DARBY males, 43: HAMMON, 60:
KINLEN, 74: PERSH2, 87: TENKAN) show a marked
risk increase for the lowest level of amount smoked, but
the slope subsequently flattens. In contrast the reverse is

true for five blocks (24: DEAN3 males, 38: ENSTRO fe-
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Table 3 Comparing the suitability of different models relating log RR to amount smoked by current smokers, expressed as d = cigarettes
per day/10
Model Parameter Fitted coefficient(s) (SE) Deviance DF Deviance
value' explained (%)

Null = = 24894.53 97
Linear: log RR = pid . B1 = 0.6107 (0.0046) 7265.32 9% 70.82
Quadratic: log RR = fid + pad? . B1=1.4121 (0.0130), P2 = -0.1792 (0.0027) 2907.39 95 88.32
Cubic: log RR = pid + pod® + pad’ - B1 = 21915 (0.0266), Bz =-0.6346 (0.0138), Bs = 0.0633 (0.0019) 1779.05 94 92.86
Power: log RR = fid” Y =0.32 =1.8922 (0.0124) 1512.49 96

Y =033 =1.8691 (0.0122) 1506.19 96

Y =0.34 =1.8457 (0.0121) 1506.07 96 93.95

Y =035 =1.8222 (0.0119) 1511.92 9

Y =036 =1.7986 (0.0118) 1523.54 9

Y =0.50 =1.4673 (0.0097) 2179.71 9

Y =1.00 = 0.6107 (0.0046) 7265.32 9%

Y =2.00 =0.0969 (0.0010) 14739.19 9
Log: log RR = pilog d = =1.2265 (0.0107) 11674.70 9 53.10
Exponential: log RR = Biexp d - =0.0120 (0.0002) 19480.21 96 21.75
Log-with-baseline: log RR = W=75 =0.8520 (0.0056) 1466.21 96
Bilog (1 + Wd) W=77 = 0.8456 (0.0055) 1465.37 96

W=79 = 0.8394 (0.0054) 1464.88 96

W=80 = 0.8364 (0.0055) 1464.76 96

W=81 =0.8334 (0.0054) 1464.71 96 94.12

W=82 = 0.8305 (0.0054) 1464.73 96

W=83 = 0.8277 (0.0054) 1464.82 96

"Note that we only sought the best-fitting value of Y to two decimal places and of W to one decimal place.

Table 4 Amount smoked by current smokers - observed and fitted lung cancers for the linear, best power and best log-with-baseline

model, with B1 fitted separately for each block

Midpoint amount smoked Observed' Fitted’

(cigs/d) Linear model Best power model Best log-with-baseline model
<5 1249.17 1023.00 1297.42 1173.88
5to <10 2579.62 2156.31 2595.37 2539.78
10 to <15 6125.69 4749.92 6276.74 6299.68
15t0 <20 7940.18 6678.14 8009.06 8156.50
20 to < 30 18138.36 15724.45 17468.99 17678.51
30 to <40 3858.94 4106.12 3743.23 3701.31
40+ 7703.88 8860.42 8115.77 7949.95
Never smoked 6649.61 10947.08 6738.86 6745.84
Total 5424545 54245.45 54245.45 54245.45
Fit statistic’ 3792.53 65.29 56.78

'Observed pseudo-number of lung cancer cases, summed over blocks; “Fitted pseudo-number of lung cancer cases, summed over blocks. For each study,

the fitted number of cases for each block is calculated from the numbers at risk and the fitted RRs by amount smoked, derived from the fitted value of B1;
’Based on summation of (observed-fitted)’/fitted, the summation also including terms for the observed and fitted total numbers of controls (not shown).

The statistic can be considered to be approximately chisquared on 12 DF and is significant at P < 0.001 for all three models.

males, 57: KANELL, 76: PEZZO2, 77: PEZZOT) with
the RR for the highest exposure greater than predicted
from the response at lower levels. For some of the 15
blocks, the number of cases in never smokers is relatively
low (less than 10 in 6 of them) and the best-fitting model
gives rather different fitted numbers, so the fitted block
of RRs appears substantially different from that observed
For example, in block 6: BEST where the observed pseu-
do-number of cases in never smokers is 6.88, and the ob-
served RRs are 10.00, 16.41 and 17.31 for 1-9, 10-20 and
21+ cigs/d, the fitted number of cases in never smokers
is 23.61 and the fitted RRs are 2.47, 4.46 and 6.47.

Table 6 presents results of weighted simple regression
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analyses of PB1 for the log-with-baseline model. There is
highly significant (P < 0.001) variation by continent, with
1 much lower for Asian studies, and by study size, larger
studies giving higher 1 values. Some variation is also
seen for sex (P < 0.05), study type, publication year and
midpoint age (P < 0.1), but not with product definition
or unexposed group. Table 6 also presents predicted RRs
at 20 cigs/d. The variation by continent is clear.

In a forward stepwise analysis (not shown), continent
remained highly significant (P < 0.001), but no other fac-
tor remained significant at P < 0.05. The association with
study size seems due to a strong correlation with conti-
nent.
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Table 5 Amount smoked by current smokers - fitted values of B1 and SE, and P values for goodness-of-fit tests for the best-fitting power

model and log-with-baseline model

Block: Study Log-with-baseline model’ Power model’
log RR = B1 [1 + (8.10c/10)] log RR = B1 [(c/10)*3Y]

B1 SE Bt P (fit)? B1 SE Bt P (fit)?
1: AKIBA 0.6599 0.0712 NS 1.4882 0.1609 NS
2: AKIBA 0.6099 0.0660 NS 1.3445 0.1453 NS
3: ARCHER 0.6713 0.1274 NS 1.4932 0.2835 NS
4: AXELSS 1.3245 0.2214 NS 2.9770 0.4976 NS
5: BENSHL 0.7133 0.1169 NS 1.6337 0.2688 NS
6: BEST 0.5678 0.0824 0.0000 1.3483 0.1948 0.0001
7: BOUCOT 0.8332 0.2140 NS 1.7439 0.4482 NS
8: BRETT 0.6637 0.1146 NS 1.4946 0.2575 NS
9: BROSS 0.6090 0.0735 NS 1.3514 0.1634 NS
10: BUFFLE 0.9349 0.1040 NS 2.0810 0.2313 NS
11: CEDERL 0.8191 0.0726 NS 1.8388 0.1634 NS
12: CEDERL 0.7697 0.0693 NS 1.6833 0.1520 NS
13: CHANG 0.6772 0.1522 NS 1.5044 0.3402 NS
14: CHANG 0.6255 0.1165 NS 1.3937 0.2595 NS
15: CHOW 1.0002 0.1050 NS 2.2134 0.2311 NS
16: COMSTO 0.8497 0.1552 NS 1.8491 0.3399 NS
17: COMSTO 0.8857 0.1172 NS 1.9560 0.2601 NS
18: CORREA 0.9945 0.0483 NS 2.2052 0.1069 NS
19: CPS 1 0.8314 0.0348 0.0002 1.8278 0.0773 0.0000
20: CPSI1 0.8262 0.0331 0.0000 1.8467 0.0739 0.0000
21: CPSI1 0.8972 0.0304 0.0153 1.9874 0.0677 0.0006
22: DARBY 0.8198 0.1213 0.0000 1.9085 0.2770 0.0000
23: DARBY 1.0879 0.0841 NS 2.4434 0.1879 NS
24: DEAN3 0.8271 0.0724 0.0009 1.8968 0.1639 0.0042
25: DEAN3 0.8617 0.0801 (0.0569) 1.9152 0.1789 0.0368
26: DEKLER 0.5704 0.1839 NS 1.3114 0.4155 NS
27: DOLL2 1.0464 0.0644 (0.0824) 2.3531 0.1443 NS
28: DOLL2 1.1001 0.1698 NS 2.4424 0.3745 0.0091
29: DORANT 1.1082 0.0867 0.0322 2.5183 0.1972 0.0270
30: DORGAN 0.9728 0.0937 NS 2.1814 0.2101 NS
31: DORGAN 1.4168 0.1835 NS 3.1557 0.4086 NS
32: DORGAN 0.9636 0.0595 NS 2.1418 0.1325 NS
33: DORGAN 1.0359 0.1844 NS 2.2976 0.4094 NS
34: DORN 0.9024 0.0171 0.0001 2.0099 0.0381 0.0000
35: ENGELA 1.0083 0.1270 NS 2.3043 0.2995 NS
36: ENGELA 1.0897 0.1561 0.0206 2.5654 0.3553 NS
37: ENSTRO 0.8261 0.0312 0.0000 1.7910 0.0684 0.0000
38: ENSTRO 0.8229 0.0252 0.0000 1.8368 0.0564 0.0000
39: GAO2 0.7037 0.1042 NS 1.5526 0.2304 NS
40: GILLIS 0.5811 0.0729 NS 1.2704 0.1614 NS
41: HAENSZ 0.3382 0.0805 NS 0.7563 0.1796 NS
42: HAMMO2 0.5198 0.1167 0.0112 1.1870 0.2641 0.0138
43: HAMMON 0.8032 0.0748 0.0038 1.8185 0.1677 0.0116
44: HIRAYA 0.5974 0.0337 NS 1.3374 0.0756 NS
45: HIRAYA 0.4424 0.0501 NS 0.9729 0.1100 NS
46: HITOSU 0.4573 0.1182 NS 1.0324 0.2654 NS
47: HITOSU 0.4988 0.1223 NS 1.0992 0.2686 NS
48: HOLE 0.6142 0.1082 NS 1.3410 0.2413 NS
49: HUMBLE 1.0435 0.1431 NS 2.3386 0.3207 NS
50: HUMBLE 1.0378 0.2633 NS 2.3306 0.5907 NS
51: HUMBLE 0.8922 0.1393 NS 1.9997 0.3114 NS
52: HUMBLE 1.2268 0.2487 NS 2.7318 0.5532 NS
53: KAISE2 0.7599 0.1018 NS 1.6991 0.2278 NS
54: KAISE2 1.0098 0.1107 NS 2.2592 0.2478 NS
55: KAISER 0.7685 0.0477 0.0247 1.6130 0.1010 0.0033
56: KAISER 0.6882 0.0570 NS 1.4932 0.1238 NS
57: KANELL 0.8982 0.0647 0.0000 1.9758 0.1442 0
58: KATSOU 0.4517 0.1260 NS 1.0089 0.2809 NS
59: KAUFMA 1.0712 0.0583 NS 2.3560 0.1278 NS
60: KINLEN 0.6021 0.0616 0.0017 1.3838 0.1399 0.0055
61: KNEKT 0.8644 0.1264 NS 1.9618 0.2876 NS
62: KOO 0.4309 0.1424 NS 0.9299 0.3133 NS
63: LIAW 0.5538 0.0918 NS 1.2384 0.2045 NS
64: LIDDEL 0.5136 0.0742 NS 1.1535 0.1666 NS

(4 9

3.,;2.‘,::,.,9@ WJMA | www.wjgnet.com 63 August 26, 2013 | Volume1 | Issue 2 |



Fry JS et a/. Lung cancer and smoking dose-response

65: MACLEN
66: MACLEN
67: MATOS
68: MIGRAN
69: MIGRAN
70: MRFITR
71: NAM

72: NAM

73: PARKIN
74: PERSH2
75: PETO

76: PEZZO2
77: PEZZOT
78: PRESCO
79: PRESCO
80: SEGI2

81: SEGI2

82: SHAW
83: SOBUE
84: SPEIZE
85: STOCKW
86: SVENSS
87: TENKAN
88: TSUGAN
89: TULINI
90: TULINI
91: TVERDA
92: TVERDA
93: WAKAI
94: WU

95: WYNDEG6
96: WYNDEG6
97: YAMAGU

0.4973 0.1511
0.4301 0.1161
0.8315 0.1122
0.4590 0.1448
0.7246 0.2207
0.6382 0.2225
0.6883 0.0711
0.8481 0.0690
0.6129 0.0554
0.8420 0.0381
0.6262 0.1606
1.3641 0.1251
1.5483 0.1569
0.8289 0.1002
0.7383 0.0942
0.5679 0.0991
0.1503 0.1297
1.1326 0.1121
0.4048 0.0594
0.8772 0.0390
0.8822 0.0096
0.9255 0.1158
0.6211 0.1092
0.1104 0.1169
1.0019 0.0901
1.2489 0.0862
0.6063 0.0773
0.9309 0.1838
0.6776 0.1099
0.5916 0.1017
0.9181 0.0373
0.9796 0.0371
0.6608 0.1223

NS
NS
NS
NS
NS

0.0338
NS
NS
NS

0.0004
NS

0.0051

0.0005

(0.0759)
NS
NS
NS
NS
NS
NS
NS
NS

0.0001
NS
NS

(0.0728)
NS
NS

(0.0831)
NS
NS

0.0102
NS

1.0875
0.9350
1.8390
1.0568
1.6547
1.1984
1.5157
1.8809
1.3556
1.9065
1.4651
2.9784
3.4045
1.9305
1.6725
1.2849
0.3513
2.5298
0.8893
1.9509
1.9383
2.0479
1.4407
0.2461
2.2394
2.8447
1.3657
2.1244
1.5073
1.3183
2.0237
2.1767
1.4756

0.3355
0.2577
0.2485
0.3286
0.4987
0.4461
0.1569
0.1532
0.1222
0.0854
0.3737
0.2710
0.3415
0.2318
0.2122
0.2208
0.2865
0.2509
0.1309
0.0870
0.0210
0.2573
0.2484
0.2574
0.2008
0.1983
0.1746
0.4198
0.2430
0.2263
0.0820
0.0825
0.2723

NS
NS
NS
NS
NS
0.0152
NS
NS
NS
0.0446
NS
0.0118
0.0014
NS
NS
NS
NS
NS
NS
NS
NS
NS
0.0003
NS
NS
0.0098
NS
NS
NS
NS
NS
0.0060
NS

'c = cigarettes/ d; *Not significant (NS) indicates P = 0.1. P values in the range 0.05 < P < 0.1 are shown in brackets.

Table 6 Amount smoked by current smokers - inverse-variance weighted simple regression analyses of 31 based on best-fitting log +

baseline model

Factor Level n B1 (95% CI) P RR for 20 cigs/d
All 97 0.83 (0.80-0.86) 10.71
Sex Male 55 0.79 (0.75-0.84) <0.05 9.50
Female 34 0.82 (0.75-0.88) 10.21
Combined 8 0.89 (0.84-0.94) 12.50
Study type Case-control 49 0.86 (0.82-0.90) <01 11.48
Prospective 48 0.80 (0.76-0.85) 9.85
Continent North America 43 0.87 (0.84-0.89) <0.001 11.48
Europe 32 0.83 (0.76-0.90) 10.65
Asia 17 0.53 (0.45-0.61) 4.53
Other 5 0.80 (0.61-0.99) 9.80
Publication year” <1990 40 0.83 (0.79-0.88) <0.1 10.71
1990-1994 29 0.77 (0.70-0.84) 8.90
1995-1999 28 0.87 (0.82-0.92) 11.94
Product’ Any product 20 0.75 (0.64-0.85) NS 8.36
Cigarettes +/- 61 0.85 (0.81-0.88) 11.09
Cigarettes only 16 0.82 (0.74-0.90) 10.19
Unexposed Never cigarettes 32 0.83 (0.76-0.90) NS 10.49
Never any product 65 0.84 (0.80-0.87) 10.76
Grouped midpoint age (yr) <50 14 0.79 (0.67-0.92) <01 9.57
50-59 62 0.85 (0.82-0.89) 11.35
60+ 21 0.79 (0.71-0.84) 9.13
Cases in smokers <100 29 0.67 (0.56-0.78) <0.001 6.72
100 to < 200 28 0.73 (0.64-0.83) 8.08
200 to < 500 16 0.76 (0.65-0.87) 8.72
500 to < 1000 16 0.80 (0.75-0.86) 9.87
1000+ 8 0.89 (0.85-0.92) 12.42

'Probability values for factor considered, presented as < 0.001, < 0.01, < 0.05, < 0.1 or not significant (NS) (P = 0.1); *Of principal publication for the study;
’Any product = Smokes cigarettes and/or pipes and/or cigars; Cigarettes +/- = Smokes cigarettes with or without other products (pipes, cigars).
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Figure 1 Model predictions. A: Amount smoked. Predictions of the linear, power and log-with-baseline models; B: Amount smoked. Predictions of the log-with-
baseline models by continent; C: Duration of smoking. Predictions of the linear, power, and log-with-baseline models; D: Age of starting to smoke. Predictions of the
linear and power models. The RR is plotted against number of cigarettes per day (A and B), years smoked (C) and age of starting to smoke (D). The linear model for
amount smoked is the poorest fit to the data, other models shown fitting the data similarly well.

For the 97 blocks combined the RRs predicted by
the log-with-baseline model for 5, 10, 20, 30, 40 and 50
cigs/d are, respectively, 3.86, 6.30, 10.71, 14.77, 18.62 and
22.31. The RRs are similar for the power model (4.30,
6.33,10.34, 14.61, 19.24 and 24.29), but very different for
the linear model (1.36, 1.84, 3.39, 6.25, 11.50 and 21.19).
See also Figure 1A which compares model predictions,
and Figure 1B which shows the predictions by continent.

Duration of smoking

Blocks"! gives details of the 35 blocks, derived from 14
studies. CPS I and CPSTI provide 20 blocks, with data
by sex and age. Three further studies provide sex-specific
results, the remaining nine only providing one block each.
Three studies are from Europe, two South America and
one Asia, the remaining eight being from North America.

Table 7 summarizes the dose-response data. A clear
increase in risk with increasing duration is evident, 34
blocks (97.1%) showing a greater RR for the longest than
the shortest duration group, and 22 (62.9%) showing a
strictly monotonic increase in RR.

Table 8 summarizes the analyses on model suitability.
The exponential model is again very poor, explaining
only 31.47% of the deviance. Other models differ little,
explaining 88.49% to 89.96%. The best single parameter
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models are the best-fitting power model (89.96%) and
log-with-baseline model (89.89%).

Fit Duration"", gives full details for the further analy-
ses using the linear model and best-fitting power and log-
with-baseline models, laid out as Fit Amount Smoked"".

Table 9 compares observed and fitted cases summed
over blocks. Misfit is similatr for all three models, and
significant (P < 0.001), though its extent seems relatively
moderate.

Table 10 gives fitted values of 1 and SE and good-
ness-of-fit P values for the power and log-with-baseline
models. We comment on six blocks where Pis < 0.001 for
both models, and three where P is < 0.001 for one model
(Fit Duration" and Table 7 for further details). In three
blocks (1: AMANDU, 29: HUMBLE, 35: PEZZ02) the
RR associated with the lowest duration level is large, but
the RRs associated with higher levels are not much larger
(or even smaller). In another block (10: CPS I males age
65-74 years) the misfit comes from the lack of rise in risk
over short duration levels, while in another (17: CPS1I
males age 30-44 years) it is associated with the very high
risk for the longest duration. In three other blocks (11:
CPS T males age 75+ years, 15: CPS I females age 65-74
years, 20: CPSII males age 65-74 years) the misfit is at
least partly due to the non-monotonic dose-response.
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Table 7 Duration of smoking by current smokers (yr) - dose-response data

Block: Study Duration of smoking groupings (yr) Mean values RRs'

1: AMANDU 0-24, 25+ 12.66, 41.28 5.92,7.02M

2: BEST 1-4, 5-9, 10-14, 15-19, 20-29, 30-39, 40+ 2.64,7.02,12.03, 16.89, 24.03, 33.93, 51.12 1.60, 2.60, 2.30, 3.20, 4.10, 13.90, 14.20

3: BOUCOT 1-39, 40+ 32.05,51.14 42.40,89.94 M

4: BUFFLE 1-30, 31-40, 41+ 19.34, 35.56, 48.49 14.00, 14.70, 18.15 M

5: CEDERL 1-29, 30+ 23.94, 41.09 1.80,7.40 M

6: CEDERL 1-29, 30+ 22.26,39.47 1.60, 9.60 M

7:CPS1 1-29, 30+ 23.70, 32.03 3.83,6.56 M

8: CPS1 1-29, 30-34, 35-39, 40+ 24.92,31.91, 36.52, 43.07 5.58,13.40, 16.93, 29.61 M

9:CPS 1 1-29, 30-34, 35-39, 40-44, 45-49, 50+ 23.57,32.25, 37.75, 42.03, 46.80, 51.81 3.11, 6.57,10.35, 15.21, 21.46, 33.11 M

10: CPS 1 1-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 10.67, 30.00, 39.00, 42.21, 47.57, 52.05, 56.73, 5.46, 6.26, 5.86, 8.22, 12.48, 15.28, 18.86,
60+ 62.87 28.60

11: CPS 1 1-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 20.00, 32.00, 37.00, 41.00, 46.25, 51.86, 57.00, 2.17,2.27,12.66,3.47,6.22,6.31,12.87,
60+ 65.03 13.23

12: CPS 1 1-29, 30+ 21.86,31.37 6.16,13.80 M

13: CPS 1 1-29, 30-34, 35-39, 40+ 23.29, 31.61, 36.72, 43.09 2.90,6.91, 8.49,19.48 M

14: CPS 1 1-29, 30-34, 35-39, 40-44, 45-49, 50+ 21.03, 31.92, 37.45, 42.21, 46.65, 52.80 1.51,3.71,4.73,5.72,7.78, 14.48 M

15: CPS 1 1-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55+ 21.69, 31.38, 37.19, 41.80, 47.14, 51.76, 57.56 2.30, 3.38, 3.67, 5.81, 7.01, 6.20, 3.32

16: CPS 1 1-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55+ 18.00, 30.00, 38.00, 41.75, 46.71, 52.25, 61.54 0.38,3.11,2.72,3.22,1.15, 1.85, 3.20

17: CPSI 1-29, 30+ 19.15, 32.13 3.69,108.27 M

18: CPSI 1-29, 30-34, 35-39, 40+ 24.92,31.91, 36.52, 43.07 7.72,19.47, 25.01, 36.98 M

19: CPSI 1-29, 30-34, 35-39, 40-44, 45-49, 50+ 23.57,32.25, 37.75, 42.03, 46.80, 51.81 15.51,17.86, 27.31, 44.71, 50.92, 72.07 M

20: CPSI 1-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 10.67, 30.00, 39.00, 42.21, 47.57, 52.05, 56.73, 9.97,11.05, 20.45, 18.59, 24.33, 32.06,
60+ 62.87 40.43, 45.64

21: CPST 1-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 20.00, 32.00, 37.00, 41.00, 46.25, 51.86, 57.00,  7.54, 4.53,4.37, 16.30, 16.01, 13.40, 18.09,
60+ 66.09 21.79

22: CPSII 1-19, 20+ 13.93,24.23 10.98, 8.38

23: CPS1II 1-29, 30-34, 35+ 23.29, 31.61, 37.81 8.96,18.34,23.32 M

24: CPSII 1-29, 30-34, 35-39, 40-44, 45-49, 50+ 21.03, 31.92, 37.45, 42.22, 46.65, 52.80 6.50,13.04, 17.07, 20.56, 23.94, 28.45 M

25: CPSII 1-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55+ 21.69, 31.38, 37.19, 41.80, 47.14, 51.76, 57.56 6.64,5.57,10.19, 12.96, 15.79, 18.75, 19.34

26: CPSTI 1-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 18.00, 30.00, 38.00, 42.20, 46.71, 52.23, 57.10, 3.36,7.92,6.31, 8.14, 11.68, 9.45, 9.18,
60+ 65.06 19.88

27: DEAN2 1-19, 20+ 15.09, 38.28 3.21,3.84 M

28: DEAN2 1-19, 20+ 13.93, 35.85 0.98, 5.88

29: HUMBLE 1-29, 30-39, 40-49, 50+ 17.18, 34.07, 44.43, 56.60 15.45,17.54,19.61, 17.27

30: KAISE2 1-39, 40+ 23.76,51.12 4.86,15.64 M

31: KAISE2 1-39, 40+ 22.73,48.96 9.09,30.41 M

32: KATSOU 1-29, 30+ 14.58, 42.43 1.29,743 M

33: LIAW 1-20, 21-30, 31+ 14.32,26.18, 44.79 0.90, 2.60, 4.70

34: MATOS 1-24, 25-39, 40+ 12.75, 31.16, 50.57 5.20,7.40,10.20 M

35: PEZZO2 1-35, 36+ 17.15, 48.89 16.25,26.77 M

"M indicates a strictly monotonic rise in RR with increasing duration of smoking.

In the remaining block (9: CPS I males age 55-64 years)
the rise is monotonic, but the relatively small RR for the
shortest duration does not fit in well with the large RRs
for longer durations.

Table 11 presents results of weighted simple regres-
sion analysis of 1 for the power model. Significance at
P < 0.05 is only seen for midpoint age, with higher 1
values for lower ages. In forward stepwise regressions (not
shown), the model included in succession midpoint age (P
< 0.05), number of cases in smokers (P < 0.05), smok-
ing product (P < 0.05) and unexposed group (P < 0.01).
The final model associated increased risk with younger
age, larger numbers of cases, smoking of cigarettes only
or cigarettes + other products (compated to smoking any
product) and with the unexposed being never any prod-
uct (rather than never cigarettes).

For the 35 blocks combined the RRs predicted by the
power model for durations of 10, 20, 30, 40 and 50 years
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are, respectively, 2.21, 3.75, 5.96, 9.11 and 13.54. Figure 1C
compares model predictions.

Age of starting to smoke
Blocks'""! gives details of the 27 blocks, deriving from 15
studies. One study gives results by age and sex, two by
age for males, and five by sex but not age, the remaining
seven studies only providing one block each. There are
similar numbers of blocks from North America (9), Eu-
rope (9) and Asia (8), only one being from elsewhere.
Table 12 summarizes the dose-response data. A re-
lationship of risk to age of starting is not consistently
seen. While 13 blocks (48.1%) show a strictly monotonic
decline in risk as starting age increases, with risk often
substantially higher in eatly starters, and 6 (22.2%) blocks
show a similar non-monotonic tendency, 8 (29.6%)
blocks (1, 2, 7-9, 16, 20, 21) show no such tendency.
Table 13 summarizes the analyses on model suitability,
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Table 8 Comparing the suitability of different models relating log RR to duration of smoking by current smokers, expressed as d =

years smoked/ 10

Model Parameter Fitted coefficient(s) (SE) Deviance DF Deviance
value' explained (%)

Null - - 6161.11 185
Linear: log RR = fid - 1= 0.5134 (0.0069) 672.01 34 89.09
Quadratic: log RR = Bid + p2d’ - B1=0.6718 (0.0237), B2 = -0.0300 (0.0043) 623.20 33 89.88
Cubic: log RR = pid + pod? + pad’ - B1 = 0.6788 (0.0607), [32 =-0.0330 (0.0243), B> = 0.0003 (0.0025) 623.19 32 89.89
Power: log RR = p1d" Y =0.50 =1.1576 (0.0156) 682.56 34

Y =0.72 =0.8180 (0.0110) 619.30 34

Y =073 =0.8049 (0.0108) 618.93 34

Y =074 =0.7919 (0.0106) 618.75 34 89.96

Y =075 =0.7791 (0.0105) 618.76 34

Y =0.76 =0.7665 (0.0103) 618.95 34

Y =1.00 =0.5134 (0.0069) 672.01 34

Y =2.00 =0.0863 (0.0013) 1426.44 34
Log: log RR = ilog d - =1.5870 (0.0215) 708.96 35 88.49
Exponential: log RR = fiexp d =0.0045 (0.0001) 4222.01 35 31.47
Log-with-baseline: log RR = W=0.10 = 6.4054 (0.0861) 629.58 34
Bilog (1 + Wd) W =015 = 4.6503 (0.0625) 623.99 34

W =0.18 =4.0572 (0.0545) 622.82 34

W =0.19 =3.9001 (0.0524) 622.69 34

W =0.20 = 3.7581 (0.0505) 622.67 34 89.89

W=0.21 =3.6293 (0.0488) 622.74 34

W =0.22 =3.5117 (0.0472) 622.89 34

"Note that we only sought the best-fitting value of W and Y to two decimal places.

Table 9 Duration of smoking by current smokers - observed and fitted lung cancers for the linear, best power and best log-with-

baseline model, with B1 fitted separately for each block

Midpoint years smoked Observed' Fitted®
Linear model Best power model Best log-with-baseline model

<15 109.36 89.10 93.61 91.19
15 to < 30 605.64 584.79 666.12 645.42
30 to <45 3968.47 3917.11 4000.71 4012.22
45+ 3493.56 3573.95 3499.85 3499.95
Never smoked 2533.97 2546.03 2450.69 2462.20
Total 10710.98 10710.98 10710.98 10710.98
Fit statistic’ 28.14 25.70 24.53

'Observed pseudo-number of lung cancer cases, summed over blocks; “Fitted pseudo-number of lung cancer cases, summed over blocks. For each study,

the fitted number of cases for each block is calculated from the numbers at risk and the fitted RRs by years smoked, derived from the fitted value of 81;

’Based on summation of (observed-fitted)’/fitted, the summation also including terms for the observed and fitted total numbers of controls (not shown).
The statistic can be considered to be approximately chisquared distributed on 6 df, and is significant at P < 0.001 for all three models.

taking (70-age at starting) as a duration-like measure. The
exponential model again is the poorest, explaining only
60.24% of the deviance, and the log model is also poorer
than the other models. Although slightly more deviance
is explained by the cubic model, the best-fitting power
model is the best simple model, explaining 88.29% of the
deviance. Log-with-baseline models were also tried (not
shown), but the best-fitting value of W was extremely
low, so it became essentially identical to the linear model,
having the same deviance.

Fit Age Start"" gives full details of the further analy-
ses using the linear and best-fitting power models.

Table 14 compares observed and fitted cases summed
over blocks. Both the linear and best-fitted power models
fit well.

Table 15 gives fitted values of (1 and SE and goodness-
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of-fit P values. For no block does either model show misfit
at P < 0.01, though misfits at P < 0.05 are sometimes seen.
We comment on four blocks with some evidence (P < 0.1)
of misfit to both models (Table 12 and Fit Age Start!""
for further details). For block 4 (CPS I males aged 55-69)
the misfit seems due to the relatively small decline in risk
between age of start 1-14 and 15-19 years, compared to
a greater decline subsequently. For block 5 (CPS I males
aged 70-84 years), risk again declines substantially over
ages of start 15-19, 20-24 and 25+ years, but risk is slightly
less at age 1-14 than 15-19 years. For block 12 (ENGELA
males), risk decreases from age 1-19 to 20-29 years but
then falls no further. For block 17 (LIAW), the pattern is
non-monotonic.

Table 16 presents results of the weighted simple re-
gression analyses of f1 for the power model. Various fac-
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Table 10 Duration of smoking by current smokers - fitted values for of 31 and SE, and P values for goodness-of-fit tests for the

best-fitting power model and log-with-baseline model

Block: Study Log-with-baseline model' Power model’
log RR = B1 [1 + (0.2 yr/10)] log RR = B1 (yr/10)°7*

B SE B P (fit)® B SE B P (fit)’
1: AMANDU 15114 0.5504 0.0030 0.3454 0.1210 0.0046
2: BEST 3.7163 0.4210 (0.0548) 0.7995 0.0908 0.0469
3: BOUCOT 6.7731 1.6574 NS 1.4235 0.3482 NS
4: BUFFLE 45141 0.4888 0.0466 0.9570 0.1029 (0.0780)
5: CEDERL 3.4044 0.7166 NS 0.7147 0.1512 NS
6: CEDERL 3.3566 0.7692 NS 0.6990 0.1609 NS
7:CPS1 3.6386 1.4531 NS 0.7530 0.3009 NS
8: CPS1 5.7248 0.4753 (0.0947) 1.2122 0.1011 (0.0518)
9: CPS 1 4.8058 0.2032 0.0003 1.0130 0.0429 0.0002
10: CPS T 3.7681 0.1557 0.0002 0.7976 0.0328 0.0010
11: CPS 1 3.1437 0.1768 0.0079 0.6566 0.0369 0.0073
12: CPS 1 5.1328 1.5211 NS 1.0518 0.3119 NS
13: CPS 1 3.9960 0.3377 0.0308 0.8342 0.0708 0.0165
14: CPS 1 2.8575 0.1844 (0.0637) 0.5999 0.0388 0.0383
15: CPS 1 2.6384 0.1872 0.0000 0.5544 0.0394 0.0000
16: CPS 1 1.5443 0.3346 NS 0.3238 0.0702 NS
17: CPSTl 9.5482 2.4662 0.0149 1.9485 0.5160 0.0076
18: CPSTI 6.1160 0.5675 NS 1.2874 0.1199 NS
19: CPSTl 5.9905 0.3222 (0.0749) 1.2722 0.0684 (0.0921)
20: CPSTI 45913 0.1996 0.0058 0.9714 0.0421 0.0210
21: CPSTI 3.6604 0.2069 NS 0.7645 0.0432 NS
22: CPSTI 5.1073 3.0925 NS 1.1011 0.6362 NS
23: CPSTI 5.8103 0.4709 NS 1.2180 0.0988 NS
24: CPSTI 4.9498 0.2256 NS 1.0461 0.0476 NS
25: CPSTI 41028 0.1646 NS 0.8656 0.0347 NS
26: CPSTI 3.3310 0.1915 NS 0.6993 0.0402 NS
27: DEAN2 2.1038 0.3399 NS 0.4515 0.0723 NS
28: DEAN2 29155 0.6412 NS 0.5984 0.1334 NS
29: HUMBLE 4.2780 0.2807 0.0091 0.9005 0.0590 0.0148
30: KAISE2 3.8758 0.4357 NS 0.8202 0.0922 NS
31: KAISE2 4.7883 0.5320 NS 1.0198 0.1130 NS
32: KATSOU 2.9305 0.7339 NS 0.6031 0.1527 NS
33: LIAW 24277 0.4372 NS 0.5093 0.0921 NS
34: MATOS 3.4356 0.5336 NS 0.7276 0.1124 NS
35: PEZZO2 3.3022 0.5283 0.0002 0.7260 0.1137 0.0005

"Years smoked; *Not significant (NS) indicates P = 0.1. P values in the range 0.05 < P < 0.1 are shown in brackets.

tors are significant at P < 0.05, including number of lung
cancer cases (P < 0.001), continent (P < 0.01), publica-
tion year (P < 0.01), sex (P < 0.05) and product smoked
(P < 0.05), though in a forward stepwise model (details
not shown), only two factors were included: number of
lung cancer cases (P < 0.001) and midpoint age (P < 0.05).
However, the relationship of 1 to number of cases was
not smooth (higher risks for 100 to < 200, and 500 to <
1000 cases and lower risks for < 100, 200 to < 500 and
1000+) so the result is difficult to interpret. The associa-
tion with age is related to a lower (1 in older subjects (aged
60+ years).

For the 31 blocks combined, the RRs predicted for
age of start 12.5, 15, 17.5, 20, 25 and 30 years are, respec-
tively, 8.94, 7.80, 6.83, 5.99, 4.66 and 3.66 for the power
model and 8.31, 7.57, 6.91, 6.30, 5.24 and 4.36 for the
linear model (Figure 1D).

DISCUSSION

In our eatlier review" of the evidence relating smoking
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to lung cancer, we demonstrated a clear dose-response
with the three measures considered, risk increasing with
increasing amount smoked and duration and with de-
creasing age of starting. We extend this work by fitting
parametric models to the dose-relationships.

We tried various models. The most useful were the
“linear model” (log RR = B1d), the “power model” (log
RR = fid") and the “log-with-baseline model” [log RR
= Bilog (1 + Wd)], where d is dose. For amount smoked,
the linear model proved inadequate, but a reasonable fit
was found with the other two models, the best fit being
for the log-with-baseline model with W = 0.81. For dura-
tion, all three models were reasonable, the best being the
power model with Y = 0.74. For age of starting, where
we used a duration-like dose measure based on (70 - age
of starting to smoke), the best-fitting model was again
the power model, here with Y = 1.44.

Inverse-variance weighted analyses were also carried
out to identify sources of heterogeneity in (31. For amount
smoked, as expected from our eatlier review!, the major
source was continent, the fitted slope being much less
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Table 11 Duration of smoking by current smokers - inverse-variance weighted simple regression analyses of 31 based on best-fitting

power model

Factor Level n B1 (95%CI) P RR for 30 yr smoked
All 35 0.79 (0.72-0.86) 5.94
Sex Male 18 0.84 (0.73-0.94) NS 6.59
Female 15 0.74 (0.64-0.85) 5.35
Combined 2 0.79 (0.45-1.12) 5.89
Study type Case-control 7 0.73 (0.50-0.97) NS 5.24
Prospective 28 0.80 (0.72-0.87) 6.02
Continent North America 27 0.81 (0.73-0.88) NS 6.19
Europe 5 0.55 (0.20-0.90) 3.44
Asia 1 0.51 (-0.11-1.13) 3.15
Other 2 0.73 (0.19-1.27) 5.15
Publication year <1990 8 0.76 (0.52-0.99) NS 5.50
1990-1994 2 0.44 (-0.20-1.09) 2.73
1995-1999 25 0.80 (0.72-0.88) 6.08
Product’ Any product 4 0.50 (0.18-0.83) NS 3.12
Cigarettes +/- 10 0.86 (0.73-0.98) 6.89
Cigarettes only 21 0.78 (0.70-0.87) 5.85
Unexposed Never cigarettes 19 0.77 (0.69-0.86) NS 5.71
Never any product 16 0.85 (0.71-0.99) 6.75
Grouped midpoint age (yr) <50 8 1.06 (0.78-1.34) <0.05 11.00
50-59 13 0.87 (0.75-0.99) 7.04
60+ 14 0.73 (0.65-0.82) 5.21
Cases in smokers <100 14 0.62 (0.39-0.84) NS 4.01
100 to < 200 9 0.73 (0.59-0.87) 5.19
200 to < 500 6 0.78 (0.67-0.89) 518
500 to < 1000 B 0.95 (0.80-1.10) 8.58
1000+ 1 0.80 (0.59-1.01) 6.04

'Probability values for factor considered, presented as < 0.001, < 0.01, < 0.05, < 0.1 or not significant (NS) (P = 0.1); *Of principal publication for the study;
*Any product = Smokes cigarettes and/ or pipes and/ or cigars; Cigarettes +/- = Smokes cigarettes with or without other products (pipes, cigars).

Table 12 Age of starting to smoke by current smokers (yr) - dose-response data

Block: Study Age of starting to smoke groupings (yr) Mean values RRs'

1: CEDERL <17,17-18, 19+ 13.83,17.52,22.45 6.40, 9.80, 6.50

2: CEDERL <17,17-18,19+ 14.31, 17.56, 24.32 0.61,1.84,1.99
3:CPS1 <15,15-19, 20-24, 25+ 11.98,16.74, 21.29, 28.47 15.00,9.71,7.14, 3.43 M
4: CPS1 <15,15-19, 20-24, 25+ 11.59, 16.56, 21.00, 30.90 18.16, 16.32, 12.00, 5.21 M
5:CPS1 <15,15-19, 20-24, 25+ 11.19, 16.61, 21.07, 35.00 14.03, 16.60, 8.66, 1.71
6: CPS I <15,15-19, 20-24, 25+ 12.71, 16.88, 21.26, 31.51 9.00, 5.00, 4.00, 1.50 M
7:CPS 1 <20,20-24, 25+ 16.02, 20.95, 33.29 2.59,3.23,2.62

8: DEAN3 <15,15-19, 20-24, 25+ 11.73,16.67, 21.19, 29.95 5.67,7.01, 6.86, 6.80

9: DEAN3 <15,15-19, 20-24, 25+ 12.45,16.95, 21.15, 32.19 241,290, 2.95,3.70
10: DORN <15,15-19, 20-24, 25+ 11.63,16.43, 21.23, 30.88 23.42,16.25,11.06, 5.18 M
11: DORN <15,15-19, 20-24, 25+ 11.37,16.81, 20.69, 32.63 14.18,11.31,7.94,495 M
12: ENGELA <20, 20-29, 30+ 15.08, 22.23, 35.10 7.42,3.60,3.79

13: ENGELA <20, 20-29, 30+ 15.80, 22.63, 35,80 11.29, 8.15,2.73 M

14: GAO2 <20, 20-29, 30+ 15.11,22.17, 35.94 8.62,6.44,2.15M

15: HIRAYA <20,20+ 14.90, 24.02 5.71,435M

16: HIRAYA <20,20+ 15.87, 27.40 0.78, 2.46

17: LIAW <21,21-24, 25+ 15.70, 21.94, 32.03 4.60,5.90, 1.50

18: MATOS <15,15-19, 20+ 11.96, 16.64, 23.49 11.30, 8.60, 5.30 M

19: MIGRAN <16,16-19, 20+ 12.60,17.19, 23.71 10.03, 6.93, 7.79

20: MIGRAN <16,16-19, 20+ 12.94,17.31, 26.17 7.17,8.29,7.98

21: MRFITR <16,16-17,18-19, 20-21, 22-23, 24+ 12.93,16.45, 18.31, 20.40, 22.35, 27.74 45.91, 67.17, 50.54, 27.09, 60.06, 23.91
22: SEGI2 <20,20-22, 23+ 15.28, 20.77, 26.60 8.21,5.56,1.83 M

23: SEGI2 <20,20-22, 23+ 14.87, 20.90, 28.96 8.70, 5.68, 3.56 M

24: SEGI2 <20,20-22, 23+ 14.37, 20.59, 30.87 3.26,1.70,1.52 M

25: SVENSS <19,19-25, 26+ 15.04, 21.31, 33.89 7.82,13.08, 5.61

26: WAKAI <20, 20-29, 30+ 14.91, 22.14, 37.23 3.69,4.62,2.08

27: WU <19,19-24, 25+ 15.06, 20.71, 31.44 10.32,3.57,1.55 M

"M indicates a strictly monotonic decline in RR with increasing age of starting to smoke.
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Table 13 Comparing the suitability of different models relating log RR to age of starting smoke by current smokers, expressed as d =

(70-age at start)/10

Model Parameter value' Fitted coefficient(s) (SE) Deviance DF Deviance explained (%)
Null - - 2145.30 27
Linear: log RR = pid - B1=0.3681 (0.0085) 276.67 26 87.10
Quadratic: log RR = id + pad? - B1 =0.1987 (0.0349) 251.63 25 88.27
B2 = 0.0318 (0.0064)
Cubic: log RR = pid + pod’ + pad’ - B1 = -0.0415 (0.2143) 250.34 24 88.33
B2 = 0.1304 (0.0870)
Bs =-0.0100 (0.0088)
Power: log RR = [31dy Y =075 B1=0.5515 (0.0129) 316.69 26
Y =1.00 B1=0.3681 (0.0085) 276.67 26
Y=142 B1=10.1825 (0.0042) 251.27 26
Y =143 B1=10.1794 (0.0041) 251.24 26
Y =144 B1=10.1764 (0.0041) 251.23 26 88.29
Y =145 B1=0.1734 (0.0040) 251.25 26
Y =1.46 B1=10.1705 (0.0039) 251.28 26
Y =1.50 B1=10.1592 (0.0037) 251.67 26
Y =2.00 B1=0.0668 (0.0015) 284.04 26
Log: log RR = Bilog d = B1 = 1.1460 (0.0270) 340.23 26 84.14
Exponential: log RR = Biexp d - B1 = 0.0058 (0.0002) 852.85 26 60.24

'Note that we only sought the best-fitting value of Y to two decimal places.

Table 14 Age of starting to smoke by current smokers - ob-

served and fitted lung cancers for the linear and best power
model, with B1 fitted separately for each block

Age of starting Observed' Fitted”

on Linear model  Best power model
<16 1304.92 1294.48 1387.73

16 to <20 1964.76 1906.55 1921.20
20to <24 1227.48 1266.99 1216.48

25+ 2173.90 2219.26 212214
Never smoked 894.41 878.20 917.92
Total 7565.47 7565.47 7565.47

Fit statistic’ 4.77 9.75

'Observed pseudo-number of lung cancer cases, summed over blocks;
*Fitted pseudo-number of lung cancer cases, summed over blocks. For
each study, the fitted number of cases for each block is calculated from the
numbers at risk and the fitted relative risks for age of starting to smoke,
derived from the fitted value of f1; *Based on summation of (observed-
fitted)z/fitted, the summation also including terms for the observed
and fitted total numbers of controls (not shown). The statistic can be
considered to be approximately chisquared distributed on 6 df and is not
significant (P > 0.1) for both models.

steep for Asian than European or North American stud-
ies. However, it proved more difficult to identify mean-
ingful major sources for the other measures.

We discuss various issues relating to interpretation of

these findings.

Adequacy of literature search and publication bias

All the data used came from the IESLC database. The
source paper'! demonstrated that the search was compre-
hensive, though limited to papers published before 2000
and studies of 100+ cases. Publication bias was discussed
catlier!" | evidence for its existence being considered not
strong. The probability of dose-response results being
published might depend on the strength of the overall
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relationship seen. While cleatly demonstrated for passive
smoking and lung cancer”, this seems less relevant here,
the association with active smoking being so strong. Nev-
ertheless, some publication bias may exist.

Thete are various reasons why the fitted dose-rela-
tionships may not accurately reflect the true relationships.

Misclassification of smoking status

It is well-documented (e.g.,[12’13]) that some subjects deny
current or past smoking, so increasing the apparent lung
cancer risk in reported never smokers and biasing down-
wards the estimated smoking RR. Such misclassification
is difficult to adjust for, as it varies by aspects of study
design, the questions asked, and also by sex, age, loca-
tion and other demographics. Indeed, higher denial rates
in Asian populationsm] may contribute to the markedly
weaker observed associations seen in Asia.

In prospective studies there is an additional problem,
especially in studies with long-term follow-up with no re-
interviews to update smoking status. In particular, some
subjects classified at baseline as current smokers may quit
during follow-up. Also some never smokers may start,
though this is less likely given the subjects’ age at baseline
in many studies.

Misclassification of amount smoked

Similar problems arise. Subjects may understate (or over-
state) the amount they smoke, and during follow-up in
prospective studies, may reduce or increase the amount
smoked. Although some studies, particulatly case-control,
may ask questions on habits at various times during the
subject’s smoking career, the data reported may relate to
average consumption. Someone smoking, say, 30 ciga-
rettes/d for 20 years, then 10 cigarettes/d for 20 yeats,
may not have the same risk as someone smoking 20 ciga-
rettes/d for the whole 40 yeats petiod. Difficulties in re-
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Table 15 Age of starting to smoke by current smokers - fitted values of B: and SE, and P values for goodness-of-fit tests for the

linear model and for the best-fitting power model

Block: Study

Linear model'
log RR = B1(70 - a)/10

Power model'
log RR = B1(70 - a)/10"*

B SE Bt P (fit)? B SE p1 P (fit)?
1: CEDERL 0.0385 0.0082 NS 0.1828 0.0394 NS
2: CEDERL 0.0140 0.0089 NS 0.0699 0.0445 NS
3:CPS1 0.0461 0.0041 0.0490 0.2167 0.0188 NS
4:CPS1 0.0524 0.0029 (0.0959) 0.2399 0.0135 (0.0579)
5:CPS1 0.0512 0.0047 0.0195 0.2408 0.0223 0.0307
6: CPS I 0.0301 0.0036 (0.0510) 0.1480 0.0175 NS
7:CPS 1 0.0237 0.0046 NS 0.1168 0.0238 0.0828
8: DEAN3 0.0332 0.0041 NS 0.1482 0.0189 0.0342
9: DEAN3 0.0209 0.0039 NS 0.0960 0.0187 NS
10: DORN 0.0549 0.0037 (0.0874) 0.2527 0.0166 NS
11: DORN 0.0455 0.0027 NS 0.2086 0.0125 NS
12: ENGELA 0.0360 0.0037 0.0109 0.1682 0.0171 0.0269
13: ENGELA 0.0442 0.0045 NS 0.2186 0.0221 NS
14: GAO2 0.0394 0.0066 NS 0.1909 0.0318 NS
15: HIRAYA 0.0317 0.0022 NS 0.1497 0.0104 0.0288
16: HIRAYA 0.0207 0.0029 NS 0.1086 0.0152 NS
17: LIAW 0.0296 0.0050 0.0396 0.1448 0.0242 (0.0661)
18: MATOS 0.0411 0.0063 NS 0.1933 0.0296 NS
19: MIGRAN 0.0373 0.0087 NS 0.1612 0.0385 NS
20: MIGRAN 0.0400 0.0108 NS 0.1859 0.0519 NS
21: MRFITR 0.0686 0.0237 NS 0.2931 0.1055 NS
22: SEGI2 0.0468 0.0140 NS 0.2325 0.0639 NS
23: SEGI2 0.0440 0.0128 NS 0.1974 0.0557 NS
24: SEGI2 0.0192 0.0109 NS 0.0945 0.0500 NS
25: SVENSS 0.0432 0.0051 NS 0.2064 0.0246 NS
26: WAKAI 0.0275 0.0068 NS 0.1244 0.0318 NS
27: WU 0.0348 0.0063 NS 0.1741 0.0305 NS

a = Age of starting to smoke; *Not significant (NS) indicates P = 0.1. P values in the range 0.05 < P < 0.1 are shown in brackets.

Table 16 Age of starting to smoke by current smokers - inverse-variance weighted simple regression analyses of 1 based on best-

fitting power model

Factor Level n B1 (95%CI) P! RR for 15 yr start
All 27 0.18 (0.16-0.20) 7.80
Sex Male 17 0.19 (0.17-0.21) <0.05 9.49
Female 9 0.14 (0.11-0.17) 5.14
Combined 1 0.14 (0.04-0.25) 5.40
Study type Case-control 10 0.15 (0.11-0.20) NS 5.94
Prospective 17 0.18 (0.16-0.20) 8.37
Continent North America 9 0.21 (0.19-0.23) <0.01 11.49
Europe 9 0.16 (0.13-0.19) 6.38
Asia 8 0.14 (0.11-0.17) 5.17
Other 1 0.19 (0.08-0.31) 9.50
Publication year <1990 11 0.15 (0.11-0.19) <0.01 5.59
1990-1994 4 0.14 (0.11-0.17) 5.17
1995-1999 12 0.20 (0.18-0.22) 10.37
Product’ Any product 3 0.17 (0.11-0.24) <0.05 7.65
Cigarettes +/- 16 0.19 (0.17-0.21) 9.09
Cigarettes only 8 0.13 (0.09-0.17) 4.69
Unexposed Never cigarettes 4 0.19 (0.13-0.25) NS 9.05
Never any product 23 0.17 (0.15-0.20) 7.66
Grouped midpoint age (yr) <50 7 0.18 (0.13-0.23) NS 7.73
50-59 9 0.21 (0.17-0.25) 10.98
60+ 11 0.17 (0.14-0.19) 6.88
Cases in smokers <100 12 0.14 (0.11-0.17) <0.001 5.09
100 to < 200 7 0.20 (0.16-0.24) 9.88
200 to < 500 4 0.17 (0.23-0.20) 7.02
500 to < 1000 3 0.23 (0.20-0.26) 14.57
1000+ 1 0.15 (0.11-0.19) 5.71

'Probability values for factor considered, presented as < 0.001, < 0.01, < 0.05, < 0.1 or not significant (NS) (P = 0.1); *Of principal publication for the study;
*Any product = Smokes cigarettes and/ or pipes and/ or cigars; Cigarettes +/- = Smokes cigarettes with or without other products (pipes, cigars).
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membering smoking history also form part of the prob-
lem. Also the dose of smoke constituents received may
not be directly proportional to the amount smoked!"”,

Misclassification of duration and age of starting
Subjects may not remember the exact age of starting, and
indeed there may be differences in definition between
studies - age of first trying a cigarette, or age of starting
to smoke regularly? Also duration may not represent a
continuous period. Risk may be affected by intermediate
quit periods, which may be asked about differently in dif-
ferent studies.

Estimating midpoints of ranges

The statistical methods used require estimates of mid-
points of ranges used. We have not attempted sensitivity
analyses based on alternative procedures for defining
midpoints.

Use of pseudo-numbers

Our methodology requires knowledge, for each block,
of the numbers of cases and controls (or at risk) in each
smoking group. As such data are not always provided,
and indeed for covariate-adjusted data are only hypotheti-
cal, we used the method of Hamling ez al” to estimate
pseudo-numbers corresponding exactly to the reported
RRs and Cls. These pseudo-numbers have been shown!"
to allow accurate estimation of RRs and ClIs relative to a
different base group from that used originally, and should
be adequate for model fitting. This issue seems less im-
portant than others considered so far.

Adjustment for other smoking variables

Our analyses compare risk relative to never smokers, all
the RRs in any block being adjusted for the same vari-
ables. As RRs relative to never smokers cannot be adjust-
ed for other smoking variables, we necessarily restricted
attention to estimates adjusted for age and non-smoking
characteristics. This is possibly unfortunate as, for ex-
ample, later starters may smoke less than carlier starters.
In theory one could study the extent of such bias based
on studies presenting risk (compared to never smokers)
jointly by more than one dose measure. However, few
studies present such data and we did not investigate this.

Use of simple models based on published results

We restricted attention to models of a relatively simple
functional form, partly as it is much easier to explain
results and conduct tests of heterogeneity where differ-
ences between blocks can be expressed in terms of one
parameter (B1). Also, the numerous data uncertainties
may not justify a more complex approach. Such an ap-
proach is better pursued using individual person data
from large studies. This would allow fitting of models
simultaneously accounting for amount smoked and dura-
tion, and allow a more precise risk estimation. In the con-
text of a systematic review and meta-analysis, involving
many studies conducted years ago with the data unlikely
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to be accessible, we made no attempt to obtain individual
data sets.

Model fit

Goodness-of-fit has been studied in various ways. First,
we used the “pool-first” approach™” to compare the
deviance of models with a common 1 per block but a
different functional form of the dose-relationship. The
exponential (log RR = Biexp d) and the log model (log
RR = Bilog d) clearly fitted substantially worse than other
models, and were not pursued further. Also, the power
model (log RR = [31dY) and the log-with-baseline model
[log RR = Bilog (1 + Wd)] generally fitted better than
the linear model (log RR = [1d), though for age of start-
ing the best-fitting log-with-baseline model had such a
low estimate of W that it became equivalent to the linear
model. While the deviance of the linear model was re-
duced by adding quadratic and cubic terms this advantage
was small. We concentrated most on the power and/or
log-with-baseline models, given their greater simplicity,
and the fact that the cubic model fitted worse than these
alternatives for amount smoked and not materially better
for duration or age of start.

We then restricted attention to the linear, power and,
except for age of start, the log-with-baseline model, fit-
ting separate (31 values to each block. We investigated
goodness-of-fit by studying plots of observed and pre-
dicted RRs (not shown), and by comparing observed
and predicted numbers, both within block (Fit Amount
Smoked"", Fit Duration, and Fit Age Start[“]) and
summed over block (Tables 4, 9 and 14). This allowed
two general conclusions. First, the best models (log-with-
baseline for amount smoked, power for duration and age
of start) fitted the shape of the dose relationship well.
Given the large number of cases analyzed (54245 for
amount smoked, 10711 for duration and 7575 for age
of start) it is unsurprising that formal misfit existed for
amount smoked and duration, but this seems relatively
unimportant. Second, there were significant misfits for
some blocks. The results section comments on the worst
cases. Sometimes these are due to unusual response pat-
terns, difficult to fit by any plausible model, sometimes to
differing response patterns in different blocks. Thus, for
amount smoked, there are some blocks where the slope
flattens off at high consumption, but others where the
reverse is true. The explaination for this is unclear, but at-
tempting to account for it by more complex models seems
unattractive, as compared to the models selected, which
involve a common shape and variation only in slope (B1).

Sources of heterogeneity
We carried out weighted regression analyses to investigate
sources of heterogeneity. While some factors (e.g., age and
sex) could be better evaluated using pooled analyses based
on individual person data, and problems arise from coz-
relations between variables studied, these analyses should
detect major sources.

For amount smoked, these analyses only identified

August 26, 2013 | Volume1 | Issue 2 |



continent as a significant factor, other associations seen in
the simple analyses becoming non-significant once conti-
nent was accounted for. The smaller 1 for Asian studies
is consistent with our eatlier analyses, and may relate to
higher denial rates of smoking in Asia.

For duration and age of starting, the regression analy-
ses showed a tendency for 1 to be greater in studies
involving more lung cancer cases and studies of younger
people. Higher values in males than females and lower
values in Asian studies were not independently significant.
There was also some evidence for duration of higher (1
values for smoking cigarettes, than smoking any product.

Comparison with some previous work
Attempts have been made before to model the relation-
ship of lung cancer to amount smoked and duration.
For example, Doll ¢ a/'”, in a much cited paper, based
on data for British doctors who started smoking at ages
16-25 and smoked 40 or less per day, modelled the annual
lung cancer incidence at age 40-79 by the expression
0.273 X 10" X (cigarettes/d + 6)° X (age - 22.5)"".
They noted “significant (P < 0.01) upward curvature
of the dose-tesponse relationship in the range 0-40 ciga-
rettes/d, which is what might be expected if more than
one of the ‘stages’ (in the multistage genesis of bronchial
carcinoma) was strongly affected by smoking.” They
also noted a drop off in response above 40 cigarettes/d,
though based on few cases, and discussed various explaina-
tions for it. Our analyses show little evidence of upward
curvature with amount smoked. However, this does not
rule out smoking affecting more than one stage of a multi-
stage process; indeed there is strong evidence this is true”,
Taking (age - 22.5 years) as an approximate indicator
of duration, the model of Doll ¢ a"” suggests risk rises
steeply with increasing duration, according to a fourth
or fifth power relationship. At first sight, this appears to
conflict with our findings, where the power relationship
we fitted was only somewhat above linear (Figure 1C).
However, whereas Doll and Peto’s analysis compares risk
by age for people of a similar age of start, our modelling
compares risk by age of start for people of a given age.
Here, the relationship of risk to duration will be much
less steep. This can be illustrated by applying formulae
for a form of the multistage model where risk affects the
first and penultimate stages, the effect on the penultimate
stage being twice as strong as for the first stage, a form
known to fit smoking and lung cancer relationships quite
well"™, The RR for a 70-year-old starting at age 15 is es-
timated as 1.66 times higher than for a 70-year-old start-
ing at age 30. This ratio somewhat exceeds the ratio of
durations (55/40 = 1.38), but much less than predicted
by a fourth or fifth power relationship (1.38* = 4.26).

Summing up

Based on 71 studies described in 87 publica‘tionsm106J we
demonstrated that for all three measures of dose studied
(amount smoked, duration and age of start), the shape
of their relationship with lung cancer can be described
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quite accurately using simple models. Though, for all dose
measures, there is evidence of misfit for some data blocks,
these seem mainly due to unusual response patterns dif-
ficult to fit with plausible models, ot to different blocks
showing differing shapes of the dose-relationship. The
main limitations of the models relate to the data they were
fitted to. Misclassification of smoking status and of dose
may produce bias, as may failure to update smoking hab-
its during follow-up in prospective studies, and failure to
adjust for other indices of dose. Nevertheless, the models
presented characterize the observed relationships of lung
cancer to amount smoked, duration, and age of start
more fully than previously attempted.
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Background

No previous meta-analysis has used parametric models in order to quantify
more precisely the relationship between smoking and lung cancer. Using a
database of all epidemiological studies of 100 or more lung cancer cases
published before 2000, models are fitted relating lung cancer risk to amount
smoked, duration of smoking and age of starting to smoke.

Research frontiers

Based on all the studies providing relevant data, the models fitted show that
the risk, relative to never smokers, rises from 3.86 to 22.31 between 10 and 50
cigarettes/d, from 2.21 to 13.54 between 10 and 50 years smoked, and from 3.66
to 8.94 between age of starting 30 and 12.5 years. There is little heterogeneity
between studies for duration of smoking or age started, but there is clear het-
erogeneity for amount smoked, with RRs for 50 cigarettes/d being 7.23 for stud-
ies in Asia, as compared to 26.36 for North American and 22.16 for European
studies.

Innovations and breakthroughs

The new feature of this paper is the comprehensive assessment of the shape
of the dose-responses studied, with a number of alternative functional forms
studied, and the best-fitting one selected. The fitted models, which describe the
relationships well, are each quite simple in form, allowing ready meta-analysis
of individual study estimates.

Applications
The fitted models allow more precise quantification of the hazards of smoking
than previously reported, and will assist smoking and health researchers.

Terminology

Linear model: The logarithm of the RR is linearly related to dose. In the power
model it is related to dose raised to a power. In the log-with-baseline model, it
is related to the logarithm of dose with an offset for background risk. Pseudo-
numbers are estimates of numbers of cases and controls, by dose level, de-
rived from published RRs, which allow fitting of the models.

Peer review

The authors meta-analyzed smoking/lung cancer relationships using parametric
modelling according to the IESLC database. They found that the models de-
scribe the dose-relationship well and concluded that they can be used to more
precisely estimate the lung cancer risk from smoking. The limitation has been
fully discussed in the discussion part. This study provides some interesting re-
sults for further research into smoking and lung cancer.
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Abstract

AIM: To detect ophthalmic adverse drug reactions
(ADRs), that occurred in Portugal from 2000 to 2009,
through the utilization of administrative hospital data-
bases. We also intended to compare the results of this
methodology with spontaneous reporting.

METHODS: We conducted a retrospective nationwide
study using hospital administrative databases, which
included all inpatients and outpatients in all public hos-
pitals in Portugal, from 2000 to 2009. We used Interna-
tional Classification of Diseases - 9" Revision - Clinical
Modification (ICD-9-CM) coding data that allowed the
detection of ADRs. We used WHOQ's definition for ADR.
We searched all of ICD-9-CM terms in Ophthalmology
for codes that included “drug-induced”, “iatrogenic”,
“toxic” and all other that could signal an ADR, such
as “362.55 - toxic maculopathy” or “365.03 - steroid
responders”, and also “E” codes (codes from E930 to
E949.9, that exclude intoxications and errors).
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RESULTS: From 11944725 hospitalizations or ambula-
tory episodes within that period of time, we identified
1524 probable ophthalmic ADRs (corresponding to a
frequency of 1.28 per 10000 episodes) and an addi-
tional 100 possible ophthalmic ADRs. We used only 4
person-hours in the application of this methodology. A
total of 113 spontaneous reports arose from ophthal-
mic ADRs from 2000 to 2009 in Portugal (frequency of
0.095 per 10000 episodes).To our knowledge, this was
the first estimate of the frequency of ophthalmic ADRs
through the use of databases, and the first nationwide
estimate of ophthalmic ADRs, in Portugal. We identified
1524 probable ADRs and 100 possible ADRs.

CONCLUSION: This database methodology adapted
for Ophthalmology may represent a new approach for
the detection of ophthalmic ADRs, since these codes
exist in the ICD-9-CM classification. Its performance
was clearly superior to spontaneous reporting.

© 2013 Baishideng. All rights reserved.

Key words: Adverse drug reactions; Ophthalmology;
Ocular; Databases; Pharmacovigilance

Core tip: We used International Classification of Dise-
ases - 9" Revision - Clinical Modification coding data
for the detection of adverse drug reactions (ADRS).
From 11944725 episodes, we identified 1524 probable
ophthalmic ADRs. 113 spontaneous reports arose from
that population. This was the first nationwide study of
ophthalmic ADRs and may represent a new Pharmaco-
vigilance approach, with a higher detection than spon-
taneous reporting.

Miguel A, Henriques F, Marques B, Marques J, Freitas A, Lopes
F, Azevedo L, Pereira AC. Ophthalmic adverse drug reactions:
A nationwide detection using hospital databases. World J Meta-
Anal 2013; 1(2): 78-82 Available from: URL: http://www.
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INTRODUCTION

Adverse drug reactions (ADRs) are responsible for sig-
nificant morbidity, mortality and costs in Health Care
systems!. They may occur in 16.9% of patients during
hospitalization (95%CI: 13.5-20.2)" and provoke 5.3%
of hospital admissions (interquartile range 2.7%-9.0%)".
ADRs are a frequent cause of death in developed coun-
tries”. However, in Ophthalmology the evidence is scarce
and lacks systematization”. A review about challenges in
ADRs in Ophthalmology"” concluded that there are sev-
eral areas that can be improved, namely by applying always
the definition of ADR of the World Health Organization
(WHO)™, by performing a causality assessment in each
ADR (which determines the probability of representing
a true ADR; the most utilized causality assessments of
ADRs are from WHO! and from Naranjo e a/”).

The development and validation of new methodolo-
gies for an improved detection of ADRs would be anoth-
er area of improvement™. There are Pharmacovigilance
methodologies” used for the detection of ADRs and
that can be adapted for detecting ADRs in Ophthalmol-
ogy, but they may have methodological issues: Spontane-

ous reporting is the most used (it needs low resources)
and is the only Pharmacovigilance method continuously
used in the majority of countries, being the main support
of WHO International Drug Program. However, it has
several limitations, namely, the smallest detection rate of
several Pharmacovigilance methods'"”, under-reporting",
heterogeneous report quality'” and increased risk of
bias"”. Intensive and prospective monitoring are meth-
odologies with good detection rates but too resource-
consuming for continuous application”.

Administrative hospital databases have large clinical
information and thus may represent an interesting Phat-
macovigilance approach with readily available and cheap
information"”. Some authors have utilized databases"*""
for the detection of ADRs, taking advantage of the large
quantity of clinical information readily available, con-
taining coding data that can be used as an alert for the
detection of an ADR, with low relatively low resources
required.

Our purpose was to identify and characterize oph-
thalmic ADRs in a Nationwide study in Portugal, using
hospital databases with clinical information.

MATERIALS AND METHODS

Study design

A retrospective study was performed for ADR identifica-
tion using hospital administrative databases with infor-
mation from all public hospitals in Portugal, from 2000
to 2009, obtained from our National Health Department
(data from the second semester of 2009 was not avail-
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able). These databases contain anonymized data for
patient identification, episode and process number, and
also information on age, sex, admission date, discharge
date, ward(s), hospital attended (tertiary, university),
area of Healthcare, district, outcome (death, dischatge,
transfer), payment data and International Classification
of Diseases - 9" Revision - Clinical Modification (ICD-
9-CM)"™ codes for: diagnoses (principal diagnosis, other
diagnosis up to 19), procedures (up to 20) and external
causes (up to 20). Patient population included all patients
hospitalized or admitted for ambulatory care, in all public
hospitals in Portugal, from 2000 to 2009 (inpatients and
outpatients). All investigations were performed accord-
ing to the guidelines of the Declaration of Helsinki and
Institutional Review Boatrd approval from was obtained.

Definition of ADR
There is some misuse of terms in this matter; therefore
we present definitions.

An ADR is: “any noxious, unintended and unde-
sired effect of a drug, which occurs at doses used in hu-
mans for prophylaxis, diagnosis, or therapy”. Therefore,
to increase specificity, we wanted to assess only ADRs.
Adverse drug event is not a synonym of ADR. There
are other definitions of ADR, namely from Karch ¢ a/""
and from Edwatds ¢ a/'"', but we used the definition
of WHO. An adverse event'” is: “an injury related to
medical management (all aspects of care, including diag-
nosis and treatment, failure to diagnose or treat, and the
systems and equipment used to deliver care), in contrast
to complications of disease”. An adverse drug event'"”
is: “An injury related to the use of a drug, although the
causality of this relationship may not be proven”. These
include medication errors (namely the prescription of
a wrong dose) and ADRs. We aimed to assess strictly
ADRs.

Detection of ADRs

Hospital administrative databases include information
of diagnosis. Codes searched for ADR identification
were adapted to the specificities of Ophthalmology and
resulted from a thorough search of: all terms of ICD-
9-CM in Ophthalmology that included “drug-induced”,
“latrogenic”, “toxic” and all codes that could signal an
ADR, such as “362.55 - toxic maculopathy” or “365.03 -
steroid responsers”, as detailed in the Results Section.

We also performed a search of general ADRs through
the use of ‘E’ codes ICD-9-CM codes from E930 to
E949.9, designed to represent ADRs and already exclud-
ing wrong doses, errors and intoxications) to assess if
these general ADRs could detect ophthalmic ADRs.

In this study, we petformed a query of Ophthalmol-
ogy in a nationwide study using administrative databases,
including inpatients and ambulatory patients. Our main
outcome was ADR detection. Secondary outcomes in-
cluded: type of ADR, age, sex, admission diagnosis, other
diagnoses, hospital length-of-stay and year of discharge.
We petformed WHO’s causality assessments of ADRs,
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with two independent reviewers. Differences were re-
solved by consensus. A third review was consulted to
help resolved differences. We also registered how many
person-hours were spent in the application of this meth-
odology, to estimate cost (resources spent). The number
of person-hours refers to the number of hours and
number of people used in the application of this meth-
odology; commonly used in the compatison of different
Pharmacovigilance methodologiesm. The number of
spontancous reporting of ADRs in hospitalized patients
from 2000 to 2009 was obtained from Portuguese Na-
tional Authority of Medicines INFARMED), for com-

parisonm].

Statistical analysis

Statistical analyses were done using the 12 test for cat-
egorical variables (or exact Fisher’s test whenever pos-
sible), Student’s ~test for normally distributed continuous
variables and Mann-Whitney or Kruskal-Wallis for vari-
ables without normal distribution, using SPSS v20. The a
priori level of significance was P < 0.05.

RESULTS

Study population

There were 11944725 patients hospitalized or with ambu-
latory episodes in public hospitals of Portugal, from 2000
to the first semester of 2009. The baseline characteristics
of the study population (7 = 11944725) are shown in
Table 1. The mean age of hospitalized patients was 48 +
27 years and in 55.2% of episodes the patient was female.
We spent only 4 person-hours in the application of this
methodology.

From 2000, there was a slight increase in the num-
ber of hospitalizations in Portugal. Specific ophthalmic
ADRs (7 = 1524) were detected through the search of
codes that could represent particular ophthalmic ADRs,
as shown in Table 2. This corresponds to a frequency of
1.28 ophthalmic ADR per 10000 episodes. Additionally,
100 episodes that could possibly correspond to an oph-
thalmic ADR were also detected (Table 2). Therefore, a
total of 1624 possible ophthalmic ADRs were detected.
These possible ADRs included: conjunctival concre-
tions, pigmentations and deposits (which can be caused
by drugs such as topical adrenaline®, but also by other
factors, therefore may correspond to an ADR in some
cases) and acquired color vision deficiencies (which may
be caused by drugs such as sildenafil™, but have other
non related causes).

The search of general ADRs through the use of “E”
codes allowed us to identify 116720 ADRs, but only 62
of them corresponded to the ophthalmic ADRs that
were identified.

The total number of spontaneous notifications of
ADRs in Portugal from 2000 to 2009 was 13562, from
which 113 were spontaneous teports specific of ophthal-
mic ADRs. There were 553 additional spontaneous re-
ports of systemic ADRs that included some ophthalmic
manifestations.
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Table 1 Socio-demographic characteristics of study population

Characteristic Value
Number of episodes (inpatient, ambulatory) 11944725
Mean age (yr, mean + SD) 48 +£27
Female gender n (%) 6598266 (55.2)

1% Lisbon 21.2%
2" Oporto 17.2%
3" Setubal 7.66%

District with higher number of hospitalizations

Mean hospital length-of-stay for inpatients 71£321
(d, mean + SD)
Number of probable ophthalmic ADRs 1524

ADRs: Adverse drug reactions.

Table 2 Clinical codes searched and respective results in the

portuguese database

ICD-9-CM code  Diagnosis No. of
episodes
Specific ophthalmic ADR codes
362.55 Toxic maculopathy 1388
365.03 Steroid responders 4
365.31,365.32  Corticosteroid-induced glaucoma 0
364.55 Miotic pupillary cyst (provoked by 2
pilocarpine)
364.81 Floppy iris syndrome 2
366.45 Toxic cataract 83
367.89 Other drug-induced disorders of 25
refraction and accommodation,
Toxic disorders of refraction and
accommodation
377.34 Toxic optic neuropathy, Toxic amblyopia 20
Possible signs of ophthalmic ADRs
366.46 Cataract associated with radiation and 10
other physical influences
372.54 Conjunctival concretions 67
372.55 Conjunctival pigmentations, including
conjunctival argyrosis
372.56 Conjunctival deposits
368.55 Acquired color vision deficiencies 23
368.59 Other color vision deficiencies
Sub-Total specific 1524
Total 1624

ICD-9-CM: Classification of Diseases - 9" Revision - Clinical Modification;
ADRs: Adverse drug reactions.

DISCUSSION

To our knowledge, this is the first estimate of the fre-
quency of ophthalmic ADRs through the use of admin-
istrative databases, and the first to apply a nationwide
estimate of ophthalmic ADRs, in Portugal. We identified
1524 probable ADRs and 100 possible ADRs. This may
represent a new approach for the detection of ophthal-
mic ADRs, since these codes exist in the ICD-9-CM clas-
sification.

The strengths of our study include: our comprehen-
sive database, which contains data from all hospitaliza-
tions and ambulatory episodes in every public hospital
in Portugal within almost a decade, the fact that this is a
new methodology to aid ADR detection (until now only
case reports and spontaneous reports wete available for
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ADR detection), and the fact that these codes are widely
available and universal, making possible to easily build
estimates of ophthalmic ADRs in other countries and
other years. In fact, it would be very interesting to see if
ophthalmic ADRs in Portugal have the same distribution,
frequency and characteristics in comparison with other
countries, therefore further studies are necessary.

Limitations of our work are inherent to the use of
administrative databases, which may contain incomplete
or wrong data and coding bias™) (in which coders select
a different code to increase reimbursement to their hos-
pital). The small number of ADRs found may be consid-
ered a limitation, but on the other hand this is 2 method-
ology resource-sparing (only 4 person-hours spent in its
application), having potential for widespread application
in other countries. Also, this method identified 1524
probable ADRs, a much higher number than the number
of ophthalmic ADRs found by spontaneous reporting:
113.

We suggest complementing spontaneous reporting
with this database methodology to increase detection of
ophthalmic ADRs. In fact, the complementary use of
several methodologies is defended by several authors™,
in order to enhance ADR detection and increase patient
safety. Finally, we believe that after this study, these codes
should be applied prospectively in a future study in a
nation-wide basis, enabling an expert to confirm each
ADR and causing drug, to further complete and validate
the data suggested here, and to integrate this method as a
Pharmacovigilance methodology.

In conclusion, Ophthalmology represents simultane-
ously a challenge and an opportunity to identify ADRs.
This is the first nationwide estimate of ophthalmic
ADRs. Administrative databases are a useful methodolo-
gy for the detection of ocular ADRs, but require adapted
diagnoses codes. They may underestimate the real num-
ber of ADRs, but nevertheless they have the potential to
complement spontaneous reporting as a methodology for
ophthalmic ADR detection, with a higher detection rate.

ACKNOWLEDGMENTS

The authors would like to thank ACSS for providing ac-
cess to the data, and express gratitude to the statistical
suppott given by the research project HR-QoD - Quality
of data (outliers, inconsistencies and errors) in hospital
inpatient databases: methods and implications for data
modeling, cleansing and analysis (project PTDC/SAU-
ESA/75660/2006). The authors would also like to thank
the INFARMED, Portuguese National Authority of
Medicines and Health Products, for the data kindly pro-
vided about spontaneous reporting in Portugal.

COMMENTS

Background

Adverse drug reactions (ADRs) are a frequent cause of death in developed
countries. However, in Ophthalmology the evidence is scarce and lacks sys-
tematization.
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Research frontiers

There are Pharmacovigilance methodologies used for the detection of ADRs
and that can be adapted for detecting ADRs in Ophthalmology, but they may
have methodological issues.

Innovations and breakthroughs

This is the first estimate of the frequency of ophthalmic ADRs through the use
of administrative databases, and the first to apply a nationwide estimate of oph-
thalmic ADRs, in Portugal.

Applications

The authors suggest complementing spontaneous reporting with this database
methodology to increase detection of ophthalmic ADRs.

Peer review

This is a well written article reporting the adverse effects of ophthalmic drugs.
The methods are well described, and the results are easy to understand.
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Abstract

AIM: To determine the prevalence of hypertension in
the urban and rural population of India.

METHODS: Relevant studies were identified through
computer based and manual searches using MEDLINE/
PubMed, Google scholar, EMBASE, Cochrane Library
and reference lists of prevalence studies from January
2000 to June 2012. A total of 12 studies were included
in the meta-analysis of hypertension in urban India and
10 studies in the analysis of hypertension in rural India
after applying the inclusion and exclusion criteria. Esti-
mates of prevalence were calculated using the random
effect model for meta-analysis.

RESULTS: The electronic search using appropriate
keywords identified 177 titles for prevalence of hyper-
tension in urban India, of which 165 were excluded,
and 133 titles for prevalence in rural India, of which
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123 were excluded after applying the inclusion criteria.
Twelve studies including 125333 subjects were ana-
lyzed to assess the prevalence of hypertension in the
urban Indian population, whereas ten studies including
24800 subjects were analyzed to determine the preva-
lence of hypertension in the rural Indian population.
The prevalence of hypertension in the urban population
was estimated to be 40.8% (95%CI: 40.5%-41.0%)
and that of hypertension in the rural population was
17.9% (95%CI: 17.5%-18.3%). It is evident that the
prevalence of hypertension is significantly higher in the
urban population of India compared to the rural.

CONCLUSION: Current evidence suggests that policies
and interventions should be prioritized for reduction of
hypertension in the adult Indian population, especially
the urban population.

© 2013 Baishideng. All rights reserved.

Key words: Prevalence; Hypertension; Meta-analysis;
India; Urban; Rural

Core tip: A meta-analysis of prevalence studies on hy-
pertension in India from January 2000 to June 2012
reveals a high prevalence of hypertension in the urban
(40.8%) as well as rural population (17.9%). The prev-
alence of hypertension is markedly higher in the urban
population compared to the rural population, but the
prevalence in the rural population is also a matter of
concern with almost every fifth individual at risk. This
is indicative of the epidemiological transition, which
must raise an alarm for policy makers and health care
professionals. Primordial and primary prevention of
hypertension can bring about a substantial reduction in
cardiovascular morbidity and mortality which occurs as
a consequence of hypertension.

Midha T, Nath B, Kumari R, Rao YK, Pandey U. Prevalence
of hypertension in India: A meta-analysis. World J Meta-Anal
2013; 1(2): 83-89 Available from: URL: http://www.wjgnet.
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INTRODUCTION

Globally, the overall prevalence of hypertension or raised
blood pressure in adults aged 25 and above was around
40% in 2008". Worldwide, hypertension is estimated
to cause 7.5 million deaths, about 12.8% of the total
deaths. Hypertension accounts for 57 million disability
adjusted life years (DALYS) or 3.7% of total DALYS'".
The World Health Organization (WHO) has estimated
that globally about 62% of cerebrovascular diseases
and 49% of ischemic heart diseases are attributable to
suboptimal blood pressure (systolic > 115 mmHg), with
little variation by sex”. One in three adults worldwide
has high blood pressure. Hypertension increases the risk
of heart attack, stroke, kidney failure and many other as-
sociated co morbidities. Treating raised blood pressure
and maintaining it below 140/90 mmHg is associated
with a reduction in cardiovascular complications'".

The theme for World Health Day (WHD) 2013 is
“high blood pressure”m. The goal of WHD 2013 is to
reduce heart attacks and strokes. Keeping in line with
the WHO-Government of India Country Cooperation
Strategy, the WHD 2013 events in India are aimed at
raising the awareness amongst national policymakers,
program managers and other stakeholders on the need
to strengthen the Indian health system to make it com-
petent enough to respond to hypertension and related co
morbidities.

Hypertension is a controllable disease and it has been
reported that targeted reductions in people with hyper-
tension are expected to produce large reductions in the
burden of cardiovascular disease!. According to the sev-
enth report of the Joint National Committee (JNC-7) on
prevention, detection, evaluation and treatment of high
blood pressure, adoption of healthy lifestyles by all indi-
viduals is critical for the prevention of high blood pres-
sure’”. Accurate estimates of hypertension are therefore
necessary to plan effective control measures.

A meta-analysis showed an increase in the prevalence
of hypertension in India over the years from 1%-3% in
1950 to 10%-30.9% in 2002". Another cause for concern
is the epidemiological transition, as it is likely that the
prevalence of risk factors, and consequently the preva-
lence of hypertension and cardiovascular diseases, would
rise with the socioeconomic development of rural areas
in India.

India accounts for 17% of the world’s population,
the second largest in the world, and hence it contributes
largely to the statistics of any disease in the world".
Given the fact that hypertension is on the rise in develop-
ing countries like India, this meta-analysis was designed
to consolidate the available data to find out the current
prevalence of hypertension in urban and rural India.
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MATERIALS AND METHODS

Search strategy

We searched MEDLINE/PubMed, Google scholat,
EMBASE, Cochrane Library and reference lists of preva-
lence studies from January 2000 to June 2012. Internet
searches used permutations of medical subject headings
for prevalence studies on hypertension in India. The fol-
lowing keywords were looked for individually or in asso-
ciation: hypertension, India, prevalence, blood pressure,
systolic, diastolic, mmHg; The limits included were: Eng-
lish for the language category and humans for the study

category (Figure 1).

Selection criteria

The studies that met all of the following criteria were in-
cluded in the present meta-analysis: (1) they were preva-
lence studies; (2) the study design was cross-sectional;
(3) the age group included in the study was 20 years and
above; (4) the study was conducted in the Indian popula-
tion; (5) the cut-off for classification of hypertension was
systolic blood pressure = 140 mmHg and/or diastolic
blood pressure = 90 mmHg; and (6) the study contained
original data. All the studies had a cross-sectional design
and blood pressure measurement on a single visit was
considered. Exclusion criteria: reviews, letters to editors,
case series and case-control studies were not included be-
cause of insufficient data for analysis.

Statistical analysis

Data was analyzed using the statistical software Compre-
hensive Meta-analysis V2. The random effect model was
used to calculate the estimate of the prevalence of hyper-
tension rather than the fixed effect model. The random
effect model takes into account any heterogeneity inher-
ent in the meta-analysis.

RESULTS

Literature review

The electronic search in Pubmed, using the keywords
“prevalence of hypertension in urban India”, identified
177 titles, of which 165 were excluded based on review
of titles, abstracts and text after applying the inclusion
criteria. To avoid bias due to selection criteria and blood
pressure criteria used in various studies, age, blood pres-
sure cut-off and study design criteria were taken into
consideration. The remaining 12 studies were included
in the analysis. Similarly, following electronic search in
Pubmed, using the keywords “prevalence of hyperten-
sion in rural India”, we identified 133 titles, of which 123
were excluded based on review of titles, abstracts and
text after applying the inclusion criteria. The remaining
10 wete included in the analysis.

Study characteristics

In total, 12 studies were included in the meta-analysis of
hypertension in urban India and 10 studies in the analysis
of hypertension in rural India.
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Table 1 Review of studies on the prevalence of hypertension

First author Place Age group (yr) Sample size Prevalence

In the urban Indian population
Anand™ Maharashtra 30-60 1662 34.0
Gupta et al™ Rajasthan >20 1123 334
Shanthirani ef al™ Tamil Nadu > 20 1262 21.1
Gupta et al™ Maharashtra >35 88653 47.9
Prabhakaran et al™” Delhi 20-59 2935 30.0
Reddy et al™ Multi-centric 20-69 19973 27.7
Mohan et al™ Tamil Nadu > 20 2350 20.0
Kaur et al™ Tamil Nadu 18-69 2262 27.2
Yadav et al™ Uttar Pradesh > 30 1746 322
Midha et al"” Uttar Pradesh > 20 400 32.8
Gupta® Multi-centric 35-70 926 482
Chakraborty et al” West Bengal 18-60 433 17.6

In the rural Indian population
Kusuma et al®" Andhra Pradesh >20 1316 21.0
Hazarika et al™ Assam > 30 3180 33.3
Midha et al” Uttar Pradesh >20 400 145
Todkar et al™ Maharashtra >20 1297 7.2
Bhardwaj et al™ Himachal Pradesh >18 1092 35.9
Kinra et al®™ Multi-centric 20-69 1983 20.0
Rajasekar et al™ Tamil Nadu >30 1905 19.1
Kadu et al™ Maharashtra >18 2196 12.8
Bansal et al™ Uttarakhand >15 968 323
Kaur et al™ Tamil Nadu 25-64 10463 214

Total articles identified using MeSH search on
MEDLINE/Pubmed, EMBASE, Cochrane, Google
scholar using keywords
“prevalence of hypertension in urban India”
(n = 260)

Total articles identified using MeSH search on
MEDLINE/Pubmed, EMBASE, Cochrane, Google
scholar using keywords
“prevalence of hypertension in rural India”
(n = 208)

Total articles restricted to studies done on
humans
(n = 236)

Total articles restricted to studies done on
humans
(n =182)

Total articles restricted to studies ranging from
year 2000 onwards
(n=177)

Total articles restricted to studies ranging from
year 2000 onwards
(n =133)

Total articles remaining after applying
exclusion criteria:
Age = 20 yr, BP cut-off: systolic = 140 mmHg
and/or diastolic = 90 mmHg
(n=12)

Total articles remaining after applying
exclusion criteria:
Age = 20 yr, BP cut-off: systolic = 140 mmHg
and/or diastolic = 90 mmHg
(n =10)

Figure 1 Flow diagram of selection process. Course of systematic literature review on prevalence of hypertension in urban and rural India. BP: Blood pressure.

Meta-analysis

After analysis of 125333 subjects from twelve studies,
the prevalence of hypertension in the urban Indian pop-
ulation was found to be 40.8% (95%CI: 40.5%-41.0%)
(Table 1). Ten studies including 24800 subjects were
analysed and the prevalence of hypertension in the
rural population was estimated to be 17.9% (95%Cl:
17.5%-18.3%) (Table 1). Figure 2 shows the meta-analysis

of prevalence of hypertension in the urban and rural
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Indian population respectively. The overall prevalence
rate is represented by the random effect size which was
estimated to be 40.8% in urban and 17.9% in the rural
population.

DISCUSSION

In the present meta-analysis, the prevalence of hyperten-
sion was estimated to be 40.8% in urban and 17.9% in
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A Meta Analysis
Study name Statistics for each study
Point estimate SE Variance Lower limit Upper limit Z-value P-value
Anand™”! 34.00 1.160 1.34 31.72 36.27 29.310 0.000
Gupta et a*! 33.40 1.410 1.98 30.63 36.16 23.688 0.000
Shanthirani et a/** 21.10 1.150 1.32 18.84 23.35 18.348 0.000
Gupta et a*® 47.90 0.170 0.02 47.56 48.23 281.765 0.000
Prabhakaran et a/*®! 30.00 0.850 0.72 28.33 31.66 35.294 0.000
Reddy et ai** 27.20 0.310 0.09 26.59 27.80 87.742 0.000
Mohan et a/** 20.00 0.830 0.68 18.37 21.62 24.096 0.000
Kaur et a/*! 27.20 0.940 0.88 25.35 29.04 28.936 0.000
Yadav et a/*” 32.20 1.120 1.25 30.00 34.39 28.750 0.000
Midha et a/*” 32.80 2.350 2.40 28.10 37.49 28.725 0.000
Gupta®”? 48.20 1.640 2.69 44,98 51.41 29.390 0.000
Chakraborty et a/”! 17.60 1.830 3.34 14.01 21.18 9.617 0.000
Random effect size 40.76 0.137 0.01 40.49 41,02 297.873 0.000
B Meta Analysis
Study name Statistics for each study
Point estimate SE Variance Lower limit Upper limit Z-value P-value

Kusuma et /" 21.00 1.100 1.21 18.84 23.15 19.091 0.000
Hazarika et a/*” 33.30 0.800 0.64 31.73 34.86 41,625 0.000
Midha et a/*” 14.50 1.500 0.25 11.10 17.90 18.600 0.000
Todkar et a/*”! 7.20 0.700 0.49 5.82 8.57 10.286 0.000
Bhardwaj et a/*" 35.90 1.500 2.25 32.96 38.84 23.933 0.000
Kinra et a/®* 20.00 0.900 0.81 18.23 21.76 22.222 0.000
Rajasekar et a/*™” 19.10 0.900 0.81 17.33 20.86 21.222 0.000
Kadu et a/*" 12.75 0.700 0.49 11.37 14.12 18.214 0.000
Bansal et a/*® 32.30 1.500 2.25 29.36 35.24 21.533 0.000
Kaur et a/* 21.40 0.400 0.16 20.61 22.18 53.500 0.000
Random effect size 17.91 0.223 0.05 17.47 18.34 80.259 0.000

Figure 2 The overall prevalence rate is represented by the random effect size. A: Meta-analysis of prevalence of hypertension in the urban Indian population; B:

Meta-analysis of prevalence of hypertension in the rural Indian population.

the rural Indian population. Gupta ez al” reported the
highest prevalence of hypertension (48.2%) in a recent
multi-centric study, conducted in the urban population
of India. However, Chakraborty ez a/” observed a lower
prevalence of hypertension (17.6%) possibly because of
the lower age group (18-60 years) and lower socioeco-
nomic strata (slum dwellers) included in the study.
Anand™ (34.0%), Gupta ez a/"" (33.4%) and Shanthirani
et al' (21.1%) in the early 2000s, and Reddy et a/'"”
(27.7%), Mohan et al' (20.0%), Kaur ez al™ (27.2%),
Prabhakaran ¢z a/'” (30.0%) and Midha e al'” (32.8%)
in the mid 2000s have observed that the prevalence of
hypertension ranged between 20%-40% throughout the
decade. However, no significant trend has been observed
in the prevalence of hypertension among the studies
conducted down the years. The findings of Gupta ¢z al'"
reveal a prevalence of 47.9% from Mumbai, Maharashtra,
probably because of the stressful lifestyle of subjects in
a metropolitan city. The result of the meta-analysis sum-
marizes all these findings and shows the prevalence of
hypertension as 40.8% in the urban population of India.
In the rural population, the lowest prevalence (7.2%)
was observed by Todkar ¢ a/'” in Maharashtra. Midha
et al'" (14.5%), Rajasekar ¢ al™ (19.1%) and Kadu ez al*"
(12.8%) have reported a lower prevalence compared to
Bansal ez ai™ (32.3%) and Kaur ez al” (21.4%). Despite
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the lack of an obvious trend, the prevalence of hyperten-
sion in the rural population is rising swiftly to match up
to the urban rates. Bhardwaj ez a/* reported the highest
prevalence of hypertension (35.9%) in the rural popula-
tion of Himachal Pradesh. The meta-analysis revealed a
prevalence rate of 17.9% among the rural population.
From the available data, it is obvious that the preva-
lence of hypertension is higher in the urban population
of India compared to the rural. No consistent trends
are visible with respect to regional variations. In rural
populations, the prevalence of hypertension is higher
in Himachal Pradesh, while in urban studies prevalence
rate is higher in Maharashtra™". The prevalence rate of
hypertension was amongst the highest in metropolitan
cities like Mumbai''”. Moreover, the prevalence of hyper-
tension in rural populations is steadily increasing and is
approaching the rates of the urban population. Several
studies have reported that there are significant urban-ru-
ral differences in metabolic cardiovascular risk factors™
Prevalence of smoking is greater in rural men while all
other risk factors, such as sedentary lifestyle, obesity,
central obesity, hypercholesterolemia, diabetes and the
metabolic syndrome, are more common in urban men
and women". Most studies on urban-rural differences in
cardiovascular risk factors from Haryana, Delhi, Rajast-
han and Tamil Nadu have reported greater prevalence of
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multiple CVD risk factors in the urban population””. As
a result, cardiovascular diseases are epidemic in the urban
regions of low income countries such as India. However,
greater prevalence of cardiovascular risk factors in urban
areas in India is in contrast to high income countries
where the CVD risk factors are equal in urban and rural
areas”™, Similarly, it has been observed that in the more
developed states of India, such as Kerala, the rural-urban
differences in cardiometabolic risk factors have largely
disappeared and the risk factors are equal or slightly
greater in the rural population®™. Hazarika ez a/*” report-
ed that even in the rural population of Assam, body mass
index and waist-hip ratio were significant risk factors of
hypertension. Kusuma e7 al’" confirmed the hypothesis
that acculturation/modernization may elevate the risk of
hypertension and that prevalence is generally low among
traditional population groups. Kinra ef al™ suggested
that a nutrition transition (coexistence of over-nutrition
and under-nutrition) may have progressed to some parts
of rural India. He observed that obesity, dyslipidemia,
diabetes and hypertension were more prevalent in higher
socioeconomic groups in the rural areas. This epidemio-
logical transition is a cause for serious concern as it is
likely that the prevalence of risk factors, and thereby the
prevalence of hypertension and cardiovascular diseases,
would rise with the socioeconomic development of rural
areas.

Yadav ¢z al™ observed that there was a high preva-
lence of cardiovascular risk factors in the general popula-
tion [central obesity (86.7%), elevated LDL cholesterol
(22.8%), abnormal glucose tolerance (41.6%) and smok-
ing (20.3% of males)]. Two or more of the cardiovas-
cular risk factors were present in a higher proportion
of hypertensives (66%, OR = 3.0, P < 0.0001) and pre-
hypertensives, (56%, OR = 2.0, P < 0.0001) compared
to normotensive subjects (39%). The current rate of hy-
pertension in the urban areas and the rising trend in the
rural population is a warning to institute lifestyle changes
in the community in order to put a halt to the increasing
rates.

Challenge ahead

The high prevalence of hypertension in the urban and ru-
ral population in India presents a formidable challenge to
the Indian health system. In countries like India, the out-
of-pocket expenditures incurred for non-communicable
diseases (NCDs) like hypertension are high, which hits
the impoverished households the most. Medicines for
these chronic diseases account for a large portion of ex-
penditure. Therefore, population based prevention strate-
gies have a high impact and are cost-effective as these
target lifestyle change. Interventions utilizing the power
of public policies for reducing salt, fat, sugar and alco-
hol intake through regulatory and consumer education
approaches; increasing physical activity through sound
urban planning and creation of activity-promoting envi-
ronments; increasing fruit and vegetable intake through
appropriate agricultural and pricing mechanisms; and
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implementing comprehensive tobacco control have the
potential to prevent a large proportion of disease events
in the whole populationml

Hypertension is easily diagnosable and treatable with
lifestyle modifications and effective medicines. Furthet-
more, hypertension control provides an entry point to
deal with other NCDs as any intervention will help to
concomitantly address other NCDs as well. This has been
taken into cognizance in the newly launched National
Programme for Prevention and Control of Cancer, Dia-
betes, Cardiovascular Diseases and Stroke (NPCDCS),
which has hypertension and diabetes as the main focus
areas’ . National strategies will focus on prevention and
health promotion as the key to reduce disease burden.
Health education programs that promote exercise, weight
reduction, early diagnosis and screening are some of the
key interventions that will be promoted at various levels
of heath facilities””. Under the NPCDCS, the strategy for
early diagnosis of chronic NCDs will consist of oppor-
tunistic screening of persons above the age of 30 yeats
at the point of primary contact with any health care facil-
ity™. The NCD clinics mandated under NPCDCS could
be leveraged to facilitate guidelines based hypertension
management with emphasis on generic drugs and those
recommended by the Indian Public Health Standards™.

In conclusion, the high prevalence of hypertension in
the urban population and a rising prevalence in the rural
population must raise an alarm for policy makers and
health care professionals as this is an area where primor-
dial and primary prevention measures can bring about
a substantial reduction in cardiovascular morbidity and
mortality in the future.

Limitations

Given the limited amount of data available on the preva-
lence of hypertension in India, studies conducted in sub-
jects with different bio-social characteristics have been
included in the meta-analysis. Nevertheless, the pooled
estimate does provide an overview of the magnitude of
the problem of hypertension in the Indian population.

COMMENTS

Background

The overall prevalence of hypertension in adults aged 25 and over was around
40% in the world in 2008 and a meta-analysis estimated a prevalence of
10-30.9% in India in 2002. This shift in epidemiological profile presents a unique
challenge to India’s health system as rates of cardiovascular and metabolic
disease like hypertension and diabetes, obesity and cancer rise, tuberculosis,
diarrheal disease and water borne ilinesses remain widespread. According
to a 2012 World Health Organization report, non communicable diseases are
responsible for two-thirds of the total morbidity burden and about 53% of total
deaths in India. Hypertension provides an entry point to other non-communica-
ble diseases. Therefore, a precise estimate of the prevalence of hypertension in
the urban and rural population of the India is required to assess the magnitude
of the problem that has to be addressed.

Research frontiers

Very few studies are available on the prevalence of hypertension in India. A
consolidated estimate of hypertension from various studies conducted in dif-
ferent regions of the country can aid the development of preventive strategies.
The difference in prevalence between the urban and rural population has also
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been studied to provide an insight to the kind of preventive and promotive ser-
vices required.

Innovations and breakthroughs

It is possible that an insight into the magnitude of the problem of hypertension
can help in shaping the preventive programs and policies specific for the rural
and urban population.

Applications

Very few multi-centric studies are available in India; therefore, the main applica-
tion of this meta-analysis is to consolidate the available data to determine the
burden of hypertension in country.

Terminology

A meta-analysis integrates the quantitative findings from separate but similar
studies and provides a numerical estimate of the overall effect of interest. Dif-
ferent weights are assigned to the different studies for calculating the summary
or pooled effect. The weighting is related with the inverse of the standard error
(and therefore indirectly to the sample size) reported in the studies. Studies with
smaller standard error and larger sample size are given more weight in the cal-
culation of the pooled effect size. The meta-analysis table lists the prevalence
of hypertension (expressed as a percentage), with their 95%Cl found in the
individual studies included in the meta-analysis. The pooled proportion (preva-
lence) with 95%Cl is given for the random effects model. The random effects
model will tend to give a more conservative estimate (i.e., with wider confidence
interval), but the results are more valid as they take into account any inherent
heterogeneity. Under the random effects model, the true effects in the studies
are assumed to vary between studies and the summary effect is the weighted
average of the effects reported in the different studies.

Peer review

This manuscript is a meta-analysis on the prevalence of hypertension in India.
Its results have provided evidence for policies and interventions for hyperten-
sion. It is well written.
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Abstract

AIM: To determine the relationship between subclini-
cal hypothyroidism (SCH) and the metabolic syndrome
(MS).

METHODS: We performed a systematic search of da-
tabases [MEDLINE (July 1950 to July 2012), EMBASE
(July 1966 to July 2012)] and the references of identi-
fied studies. Completely published cross-sectional stud-
ies of a general population involving SCH and the MS
were included. The pooled odds ratio and weighted
mean difference (WMD) for the outcomes were calcu-
lated using random-effects models.

RESULTS: Six cross-sectional studies with 19546 partic-
ipants were included. In total, 398 of 1324 participants
(30.06%) in the SCH group had the MS compared with
4975 of 18222 participants (27.30%) in the euthyroid
group [OR = 1.20; 95%CI: 1.05-1.36; 2 = 0.004; »°
= 2.53 (P = 0.773); I’ = 0%]. Further analysis of the
components of the MS showed that SCH was associated

(4 9

Boichidoogs  WIMA | www.wjgnet.com

90

with increased body mass index (WMD, 0.32 kg/m’;
95%CI: 0.04-0.61; £ = 0.026), systolic blood pressure
(WMD, 2.62 mmHg; 95%CI: 1.35-3.89; P < 0.001) and
triglyceride (WMD, 0.25 mmol/L; 95%CI: 0.23-0.28;
P < 0.001).

CONCLUSION: Based on the cross-sectional data,
SCH may be associated with an increased risk of the
MS, which could be attributed to the increased risk of
metabolic components.

© 2013 Baishideng. All rights reserved.

Key words: Subclinical hypothyroidism; Metabolic syn-
drome; Meta-analysis

Core tip: A recent meta-analysis of individual data con-
cluded that subclinical hypothyroidism (SCH) is associ-
ated with an increased risk of coronary heart disease
(CHD) and CHD mortality. Meanwhile, it has been well
recognized that the metabolic syndrome (MS) is associ-
ated with increased cardiovascular events and all-cause
mortality. Our meta-analysis of cross-sectional data
demonstrated that SCH may be associated with an in-
creased risk of the MS, which may explain the relation-
ship between SCH and increased risk of CHD.

Ye YC, Xie HZ, Zhao XL, Zhang SY. Subclinical hypothyroidism
and the metabolic syndrome: A meta-analysis of cross-sectional
studies. World J Meta-Anal 2013; 1(2): 90-96 Available from:
URL: http://www.wjgnet.com/2308-3840/full/v1/i2/90.htm DOI:
http://dx.doi.org/10.13105/wjma.v1.i2.90

INTRODUCTION

Subclinical thyroid disease is defined biochemically and
subclinical hypothyroidism (SCH) occurs when serum thy-
roid-stimulating hormone (IT'SH) concentrations are raised
and serum thyroid hormone concentrations are normal'"’
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Over the past several decades, a plethora of publications
has established that SCH is associated with cardiovascular
disease and a meta-analysis of individual data by Rodondi
et al” concluded that SCH is associated with an increased
tisk of coronary heart disease (CHD) and CHD mortality
in those with higher TSH levels, particularly in those with
a TSH concentration of 10 mIU/L or greatet.

The metabolic syndrome (MS) is a cluster of mul-
tiple cardiovascular risk factors, including central obesity,
glucose intolerance, diabetes, dyslipidemia and elevated
blood pressurem. It has been well recognized that the MS
is associated with increased cardiovascular events and all-
cause mortality'¥, Recently, several cross-sectional studies
have investigated a potential relationship between SCH
and the MS, with conflicting findings”"". To clarify this is-
sue, we performed a meta-analysis of the published cross-
sectional data in a general population to determine the
association between SCH and the MS.

MATERIALS AND METHODS

We designed a protocol that detailed the objective of our
analysis, the criteria for study inclusion/exclusion, the as-

sessment of study quality, the primary outcome and the
statistical methods in accordance with the meta-analysis
of observational studies in epidemiologym] and PRISMA

statements'

Data sources and searches

We conducted a search of MEDLINE (1950 to July
2012) and EMBASE (1966 to July 2012) »ia EMBASE.
com to identify all cross-sectional studies of a general
population involving SCH and the MS [search strategy: (1)
“hypothyroidism”/exp OR hypothyroidism; (2) “thyroid
dysfunction”/exp OR thyroid dysfunction; (3) “thyroid
disease”/exp OR thyroid disease; (4) “thyrotropin”/exp
OR thyrotropin; (5) “thyroid stimulation hormone”/exp
OR thyroid stimulation hormone; (6) “MS x”/exp OR
MS x; (7) “MS”/exp OR MS; (8) 1 OR 2 OR 3 OR 4 OR
5, (9) 6 OR 7; (10) 8 AND 9], as well as a search of the
Cochrane Database for Systemic Reviews. In addition,
we performed a manual search of the literature using the
references of original manuscripts, reviews and meta-
analyses.

Study selection

Two reviewers (Ye YC and Xie HZ) independently deter-
mined the study eligibility. Disagreements were resolved
by consensus. The eligibility critetia for study inclusion
were: (1) cross-sectional studies; (2) studies of a gen-
eral population; (3) studies that reported the numbers
of participants with the MS from among subjects with
SCH and euthyroid; and (4) completely published stud-
ies (exclusive of unpublished material and abstracts). No
language restriction was imposed. The «k value between
two reviewers (Ye YC and Xie HZ) was 0.97 for the first
screen (based on title and abstract) and 1.0 for the full-
text screen.
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Data extraction

Data extraction was carried out independently by two
authors in duplicate (Ye YC and Xie HZ). Disagreements
were resolved by discussion between the two reviewing
authors. From each included study, information was ex-
tracted on: (1) the characteristics of the study population;
(2) the criteria for the MS; (3) TSH reference; (4) the
numbers of participants with the MS in SCH and euthy-
roid groups; and (5) the components of the MS in SCH
and euthyroid groups [including waist circumference,
body mass index (BMI), systolic blood pressure (SBP),
diastolic blood pressure (DBP), fasting plasma glucose,
triglyceride (T'G) and high-density lipoprotein cholesterol
(HDL-C)).

Risk of bias

Risk of bias was described and judged in following do-
mains': (1) Define the source of information (survey,
record review); (2) List inclusion and exclusion criteria
for exposed and unexposed subjects (cases and controls)
or refer to previous publications; (3) Indicate time period
used for identifying individuals; (4) Indicate whether or
not subjects were consecutively enrolled if not popula-
tion-based; (5) Indicate if evaluators of subjective com-
ponents of study were masked to other aspects of the
status of the participants; (6) Describe any assessments
undertaken for quality assurance purposes (e.g., test/re-
test of primary outcome measurements); (7) Explain any
individual exclusions from analysis; (8) Describe how
confounding was assessed and/or controlled; (9) If ap-
plicable, explain how missing data were handled in the
analysis; and (10) Summarize individual response rates
and completeness of data collection. The judgments were
assessed independently by two authors (Ye YC and Xie
HZ) based on the published report and protocols of the
studies. Disagreements were resolved by consensus. The
judgments involved the answers “yes” (indicating a low
risk of bias), “no” (indicating a high risk of bias), and
“unclear” (if risk of bias is unknown or if an entry is not
relevant to the study).

Statistical analysis

The primary outcome was the unadjusted OR for the MS
between the SCH and the euthyroid group. The second-
ary outcomes were the weighted mean difference (WMD)
of the components of the MS between the SCH and
the euthyroid group. The pooled unadjusted ORs and
WMD for the outcomes were calculated using fixed ef-
fects models since there may be potential heterogeneity
among the studies. The heterogeneity between the results
of different studies was examined using ZZ tests for sig-
nificance (a P-value < 0.10 was considered to be statisti-
cally significant) and the inconsistence was examined
using I tests. Subgroup analysis was used to explore the
potential race heterogeneity (Chinese population and non
Chinese population). Sensitivity analysis was used to ex-
plore the degree to which the main findings of our meta-
analysis were affected by individual studies. Publication
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Table 1 Characteristics of included studies

Studies Age Male MS criteria Sample Definition Euthyroid SCH Inclusion Exclusion criteria
Gyr) (%) size of SCH MS mTSH No. MS mTSH criteria
Hergeng 51.99 46.70 NCEP 488 TSH > 465 193 112 23 10 754  Age> NA
et al® /ATPII 4.2 nU/mL 34yr
Gardunio- 423 48.80 NCEP 3033 TSH: 2771 876 NA 262 84 NA Aged Thyroid disease, diabetes,
Garcia Jde /ATPII 4.5-10 mIU/L 18-70 yr cardiovascular disease,
et al® FT4: cerebral vascular disease,
10-25 pmol/L amputations, pregnancy,
corticosteroid use, active liver
disease, and renal dysfunction
Laietal” NA NA NCEP 6254 TSH > 6123 1871 NA 131 43 85  Age> Taking medications for
/ATPII 5.0 pU /mL 65 yr control of glucose, blood
Normal FT4 pressure, dyslipidemia, and
thyroid function
Laietal® 451 NA China 1385 TSH > 1283 238 NA 102 25 NA  Aged  History of thyroid disease;
Diabetes 48 mIU/L 18-85 yr  Taking medication such as
Society thyroxine/antithyroid drugs,
Normal glucocorticoid, antiepileptic
FI3/FT4 and contraceptive drugs;
Pregnant/within the first
year of postpartum period;
Overt hypothyroidism/
hyperthyroidism
Liuetal™ 489 3820 International 6339 TSH > 5801 1236 2 538 138 6.5 Aged  Pregnant; Severe renal, liver
Diabetes 45mIU/L 20-88 yr or heart failure, or abdominal
Federation Normal ascites; Taking medicines
FTI3/FT4 influencing thyroidal function
Waring 73.6 47 NCEP 2047 TSH > 1779 561 NA 268 98 NA  Aged Diabetes; Taking medication
et al™ /ATPII 0.35mIU/L 70-79 yr such as amiodarone, lithium

and antithyroid medications

NCEP/ATPII: National Cholesterol Education Program/Adult Treatment Panel I; TSH: Thyroid-stimulating hormone; MS: Metabolic syndrome; SCH:
Subclinical hypothyroidism; FT4: Free thyroxine; FT3: Free triiodothyronine; NA: Not available; mTSH: mean/median thyroid-stimulating hormone level.

bias was assessed by the Begg’s funnel plot and the Egger
weighted regression statistic, with a value of P < 0.10
indicating significant publication bias among the included
studies" ™. All statistical analyses were performed using
STATA 11.0 (STATA, TX, United States).

RESULTS

Study identification

In total, 515 studies were retrieved from the initial search
and 17 studies were reviewed in full text. Six cross-sec-
tional studies investigating a total of 19546 participants
were included in the meta-analysis (Figure 1).

Study characteristics

The analysis included a total of 1324 SCH and 18222
euthyroid is imparticipants. In the individual studies, the
sample size ranged from 488 to 6339. The reported mean
age of the participants ranged from 42.3 to 73.6 years.
Each study included both males and females. Table 1
presents a summary of the characteristics of the study
population, the criteria for the MS, the TSH reference
and the prevalence of the MS in SCH and euthyroid
groups. Of the six studies included, four provided data
on the components of the MS in SCH and euthyroid
groups (Table 2). The results of quality assessment of
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515 records identified through
initial search
448 records excluded:
405 no related topic
—>
32 animal studies
11 letter to editor
67 abstracts assessed for
eligibility
50 records excluded:
28 no related topic
—_—>
12 reviews
10 abstract only
17 full-text articles assessed
for eligibility
11 records excluded:
—> 5 euthyroidism only
6 not MS number reported

6 studies included in the final
meta-analysis

Figure 1 Flowchart of study selection. MS: Metabolic syndrome.

included studies (risk of bias) were summarized and are
presented in Figure 2.

Data analysis of outcomes

In total, 4975 of the 18222 participants (27.30%) in the
euthyroid group fulfilled the criteria for the MS, com-
pared to 398 of the 1324 participants (30.06%) in the
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Table 2 Components of the metabolic syndrome in each study

‘

Studies Thyroid n Waist BMI SBP DBP FBG TG HDL-C
function (cm) (kg/m?) (mmHg) (mmHg) (mmol/L) (mmol/L) (mmol/L)
Hergeng et al® Euthyroid 465 954 £10.5 293+45 126.5 +20.6 80.9£10.9 5.77 £2.30 192+1.24 1.14£0.32
SCH 23 93.0£10.5 29.0+4.2 121.6 +23.8 78.8 £13.2 5.66 +1.51 1.81+£1.11 1.16 £ 0.30
Gardufio-Garcia Euthyroid 2771 9421+11.18 28.69+4.5 115+15.12 7729 +£10.68 490+1.16 229+1.73 1.10 £ 0.29
Jde et al"® SCH 262 94.06 £11.18 2898 £5.1 118 £16.23 78.22 £10.87 4.91+0.973 2.59+4.03 1.13£0.29
Lai et al® Euthyroid 1283 80.8 £10.3 243+3.6 123 +18 79+11 5.22 £0.03 1.47 £0.03 1.33£0.37
SCH 102 80.7 £9.6 245+33 122 +19 77 £11 512 +0.11 1.73£0.12 1.26 £0.27

Liu et al Euthyroid 5801 804 +11.1 244 +6.6 126.8 £19.2 81.9+11.3 52+1.7 15+1.6 13104

SCH 538 81.1+124 248+39 130.2 £20.8 83.4+£12.0 53+15 1.6+1.7 1.3+0.6

SCH: Subclinical hypothyroidism; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; FBG: Fasting blood glucose; TG:
Triglyceride; HDL-C: High density lipoprotein cholesterol.

M Low risk of bias
[ Unclear risk of bias
M High risk of bias

Define the source of information _

Inclusion and exclusion criteria _

Time period used for identifying patients _

Participant enrollment _:-

Blind of subjective endpoint measurement _

Explaination for patients exclusions _
Confounding was assessed and/or controlled _ Hergen ef af*, 2005

Explaination for missing data [N Lai et a/”, 2011

Patient response rates and completeness _ Lai et a/™, 2011

L Il Il Il I
o
0%  25%  50%  75%  100% Huera’, 2011

Waring et a/'”, 2012

Explaination for missing data

Participant enroliment

-~

. . . . . . Confounding was assessed and/or controlled
~J
©® ® O 0O O O reotict response rates and completeness

. . . . . . Explaination for patients exclusions

@ OO O O O 7peiodused for identifying patients
N

. . . . . . Blind of subjective endpoint measurement

. . . . . . Measurement quality assurance

® O S O O O 1ncusionand exclusion criteria
® e ee e

® O O O® @ @ Define the source of information

Figure 2 Risk of bias assessment.

Studies (yr) ORs (95%CI) Weights
Hergeng et a” (2005) ‘ * 1.08 (0.47-2.52) 2.16
Gardufio-Garcia Jde et a/*' (2010) —F 1.02 (0.78-1.34) 20.90
Lai et a/” (2011) - 1.11 (0.77-1.61) 11.34
Lai et 2 (2011) f = 1.43 (0.89-2.29) 6.90

Liu et 2 (2011) o 1.27 (1.04-1.56) 37.23
Waring et a/'® (2012) . 1.25 (0.96-1.64) 21.47

Overall (72 = 0.0%, P = 0.773) 1.20 (1.06-1.36) 100.00

Note: Random effect model

Il : Il
0.396 1 2.52
Euthyroid Subclinical hypothyroidims

Figure 3 Subclinical hypothyroidism vs euthyroid on pooled ORs for the metabolic syndrome.

SCH group. The pooled risk of the MS is significantly Further meta-analysis of the components of the MS
higher in the SCH group than in the euthyroid group (OR, showed that SCH was associated with increased BMI
1.20; 95%CI: 1.05-1.36; P = 0.004). We obtained a y° val- (WMD, 0.32 kg/m’; 95%CI: 0.04-0.61; P = 0.026), SBP
ue of 2.53 (P = 0.773) and an I value of 0%, indicating (WMD, 2.62 mmHg; 95%CI: 1.35-3.89; P < 0.001) and
the absence of heterogeneity among the studies analyzed TG (WMD, 0.25 mmol/L; 95%CI: 0.23-0.28; P < 0.001).
(Figure 3). The rest of the components, including waist circumfer-
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Table 3 Sensitivity analysis of the effect of exclusion of individual studies on pooled ORs with 95%CI

Studies excluded Pooled ORs of remaining P for OR I* (%) Ve P for y
studies (95%Cl)
Hergeng et al® 1.20 (1.06-1.36) 0.004 0 2.47 0.650
Gardufio-Garcia Jde et al® 1.25 (1.09-1.44) 0.002 0 0.84 0.934
Lai et al” 1.21 (1.06-1.38) 0.005 0 234 0.673
Lai et al®® 1.18 (1.04-1.35) 0.011 0 1.97 0.742
Liu et al® 1.15 (0.99-1.35) 0.071 0 1.97 0.742
Waring et al"” 1.20 (1.03-1.36) 0.018 0 2.40 0.663

Components of the MS

Weighted mean differences (95%CI)

Waist (cm)

BMI |(kg/m?)
SBP (mmHg)
DBP (mmHg)

FBG (mmol/L)
TG (mmol/L)
HDL-C (mmol/L)

Note: Random effect model

0.22 (-0.55-1.00)
0.32 (0.04-0.61)
2.62 (1.35-3.89)
0.23 (-1.38-1.84)

-0.01 (-0.13-0.10)
0.25 (0.23-0.28)
0.00 (-0.03-0.03)

-3.89
Euthyroid

3.89

Subclinical hypothyroidims

Figure 4 Weighted mean differences for the components of the metabolic syndrome. MS: Metabolic syndrome; BMI: Body mass index; SBP: Systolic blood
pressure; DBP: Diastolic blood pressure; FBG: Fasting blood glucose; TG: Triglyceride; HDL-C: High-density lipoprotein cholesterol.

1 |
0.5 -
g AT o 5
(=)} 0 )
S
-0.5 +
-1 Cd I I
0 0.2 0.4
SE of Log OR

Figure 5 Begg’s funnel plot with pseudo 95%Cl for publication bias.

ence, DBP, fasting blood glucose and HDL-C, were not
significantly different between the two groups (Figure 4).
The subgroup analysis indicated that the OR for the
MS in Chinese studies did not significantly differ from that
in non Chinese studies (OR for MS in Chinese studies:
1.256; 95%CI: 1.063-1.484; OR for MS in non Chinese
studies: 1.130; 95%CI: 0.938-1.360, P for interaction =
0.404). The sensitivity analysis indicated that the pooled
ORs excluding each individual study were comparable
(Table 3). No significant publication bias was found after
assessment using the Begg’s funnel plot (P = 0.573) and the
Egger weighted regression statistic (P = 0.833) (Figure 5).

DISCUSSION

In this meta-analysis of 19546 participants from six cross-
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sectional studies of a general population, SCH was as-
sociated with an increased risk of the MS compared with
being euthyroid. To our best knowledge, this is the first
meta-analysis showing the relationship between SCH and
the MS. The previous meta-analysis demonstrated a possi-
ble association between SCH and increase risk of CHD.
This association might be mediated by the effect of these
risk factors because the MS is one of the established risk
factors for cardiovascular disease™'®. However, whether
this association between SCH and coronary heart is inde-
pendent or dependent of MS is still unclear and further
investigation is needed.

Even in euthyroid populations, the relationship between
thyroid function and the MS has been well investigated,
with results consistent with those of our meta-analysis. In
a cross-sectional study in the Netherlands, free T4 levels
within the normal reference range were significantly related
to four of the five components of the MS (P for waist
citcumference = 0.038, P for TGs = 0.023, P for HDL-C
= 0.007 and P for SBP = 0.019), independent of insulin
resistance . Park ez /'™ found a close relationship between
TSH and the MS in euthyroid postmenopausal women (ad-
justed OR for the MS 1.55; 95%CI: 1.26-1.89; P < 0.001).

It was previously reported that overt hypothyroidism
was associated with the MS""”, presumably because of the
associated hypercholesterolemia and hypertension™. The
reason why SCH is associated with the MS could be also
attributed to the increased risk of the components of the
MS. In a study evaluating 27097 individuals > 40 years of
age without a diagnosis of thyroid disease, serum TSH,
even within the normal range, was positively associated
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with BMI (P for trend in all BMI groups < 0.001)*". The
relationship between blood pressure and thyroid function
has also been well investigated but with conflicting find-
ingspz’zs]. A recent meta-analysis of seven cross-sectional
studies concluded that SCH is associated with increased
blood pressure, whereas subclinical hyperthyroidism is
not”. Hypothyroidism has been associated with dyslip-
idemia, which is characterized by increased levels of total
cholesterol and low-density lipoprotein cholesterol””. In
the Colorado thyroid disease prevalence study, the total
cholesterol, low-density lipoprotein cholesterol and TG
levels of SCH subjects were significantly greater than
the corresponding lipid levels in euthyroid subjects (P <
0.001 for total cholesterol and low-density lipoprotein
cholesterol; P = 0.02 for TG), whereas no difference was
found in HDL-C level™. Our meta-analysis of metabolic
components has further confirmed these conclusions.

Another important issue is whether SCH should be
treated with thyroid hormones ot whether hormone re-
placement therapy could reduce the cardiovascular risk
and mortality in SCH. A systematic review of random-
ized controlled trials showed that thyroid hormone re-
placement in SCH could improve the lipid profile (WMD
for low-density lipoprotein cholesterol: -10.77 mg/dL;
95%CI: -21.57-0.04; P = 0.051)*" and recent data from a
cohort study indicated that treatment of SCH with levo-
thyroxine was associated with less ischemic heart disease
in younger individuals compared to those without treat-
ment (adjusted hazard ratio 0.61; 95%CI: 0.39-0.95)"".
Since our meta-analysis indicated a higher risk of the
MS in SCH, screening and treatment of these metabolic
components are necessary to further reduce the risk of
cardiovascular events.

It is notable that the included study from Waring ez o/
reported not only cross-sectional data but also prospective
data, making it the only prospective study on SCH and the
MS in the literature. After 6 years of follow-up, the risk of
the MS in SCH individuals with a TSH > 10 mIU/L was
similar to that in the baseline cross-sectional analysis but
with a wider confidence interval (OR for cross-sectional
analysis, 2.3; 95%CI: 1.0-5.0; OR for prospective analysis,
2.2; 95%CI: 0.6-7.5). However, this study seemed to be
underpowered because a very small number of partici-
pants with marked SCH were included"’.

Our study has several limitations. Firstly, although
our heterogeneity test showed no statistically significant
heterogeneity among studies, it is still impossible that our
final results would be confounded by the different defini-
tions of SCH and MS among the included studies, as well
as the different inclusion/exclusion criteria. Secondly,
this is a study-level and we used unadjusted OR instead
of adjusted OR; thus, it is impossible to exclude the con-
founding effects of age, sex and race. Finally, although no
statistically significant publication bias was detected in our
analysis, we believe there may be data relevant to this topic
that have never been published.

Our meta-analysis indicated that SCH may be associ-
ated with an increased risk of the MS, which is attributed
to the increased risk of metabolic components. A large
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prospective cohort study is needed to further confirm the
conclusion of our study.
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Background

Over the past several decades, a plethora of publications has established that
subclinical hypothyroidism (SCH) is associated with cardiovascular disease.
Meanwhile, it has been well recognized that the metabolic syndrome (MS) is
associated with increased cardiovascular events and all-cause mortality.

Research frontiers
Is SCH associated with a higher risk of the MS?

Innovations and breakthroughs

This meta-analysis of 6 cross-sectional studies with 19546 participants indi-
cated that SCH may be associated with increased risk of the MS, which is at-
tributed to the increased risk of metabolic components.

Applications

It may be necessary to screen for the MS in SCH individuals in clinical practice.
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SCH occurs when thyroid-stimulating hormone levels are elevated but thyroxine
(T4) and triiodothyronine (T3) levels are normal. MS is a name for a group of
risk factors that occur together and increase the risk for coronary artery dis-
ease, stroke and type 2 diabetes.

Peer review

This paper reports the results of a meta-analysis of observational studies evalu-
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Abstract

The number of systematic reviews is gradually increas-
ing over time. Also, the methods to perform a system-
atic review are being improved. However, little atten-
tion has been paid for the issue regarding how to find
duplicates in systematic reviews. On the basis of the
survey and systematic reviews by our team and others,
we review the prevalence, significance and classifica-
tion of duplicates and the method to find duplicates in
a systematic review. Notably, although a preliminary
method to find duplicates is established, its usefulness
and convenience need to be further confirmed.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Duplicates; Systematic review; Method;
Prevalence; Significance

Core tip: Finding duplicates is an indispensable step
in a systematic review. The prevalence of duplicates
ranges from 7% to 25%, as three different databases
were searched (PubMed, EMBASE, Cochrane library).
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Until now, few studies have reported the detailed infor-
mation regarding how to find duplicates. A preliminary
method to find duplicates is established, but its useful-
ness and convenience need to be further confirmed.

Qi XS, Bai M, Yang ZP, Ren WR. Duplicates in systematic
reviews: A critical, but often neglected issue. World J Meta-
Anal 2013; 1(3): 97-101 Available from: URL: http://www.
wjgnet.com/2308-3840/full/v1/i3/97.htm DOI: http://dx.doi.
org/10.13105/wjma.v1.i3.97

INTRODUCTION

Nowadays, there is an increasing trend in the number of
systematic reviews over time (Figure 1). This phenom-
enon is primarily because well-conducted systematic re-
views can provide the best-quality research evidence for
clinicians by combining the results of all available data.
The PRISMA (Preferred Reporting Items for Systematic
reviews and Meta-Analyses) statement, an updated ver-
sion of Quality of Reporting of Meta-analysis statement
published in 1999" has been recently developed to im-
prove the quality of reporting systematic reviews"”. More
recently, an international registry of systematic review
protocols is being established by the Centre for Reviews
and Dissemination to further increase the transparency
of the review process and outcomes". In spite of these
methodological advances, little attention has been paid
for the issue regarding how to find duplicates in system-
atic reviews. On the basis of the survey and systematic
reviews by our team and others, this review primarily
aims to outline the prevalence, significance, and classifica-
tion of duplicates, and to describe the method regarding
how to find duplicates in a systematic review.

PREVALENCE

In this section, the prevalence of duplicates reported in

November 26, 2013 | Volume 1 | Issue 3 |
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four systematic reviews conducted by our team using
more than three databases is summarized"” (Figure 2).
The reason why only the literature search results from
our published papers are primatily reviewed is primarily
because of the reliability and accuracy of data regarding
the duplicates in our systematic reviews. Additionally,
other systematic reviews using only one database are not
analyzed® ", Overall, the prevalence of duplicates ranges
from 7% to 25% among the three different databases
(PubMed, EMBASE, Cochrane library).

On the other hand, several investigators have evalu-
ated the duplicate publication in different journals or
specialties. Arrivé ef al'” searched 362 original research
articles published in Radiology during 2001, but only two
redundant publications were found among these articles.
Durani also found that only less than 1% of articles had
some degree of redundancy in British Journal of Plastic
Surgery and Plastic and Reconstructive Surgery during
2000", By compatison, Schein and Paladugu screened
660 original articles published in the journals Surgery,
The British Journal of Surgery and Archives of Surgery
during 1998 and found that about 14% of these papers
had some potential form of a redundant publication'”

(49
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Duplicates

l )

Figure 3 Classification of duplicates proposed by our team. Types of du-

plicates signed by blue are often permitted, but types of duplicates signed by
red are unethical.

Type I
(among different journals)

Recently, our systematic analysis demonstrated a rela-
tively high prevalence of covert duplicate publications
among articles on Budd-Chiati syndrome in China (10%,
184/1914)", Notably, we also found a significantly higher
prevalence of covert duplicate publications in Science
Citation Index journals, compared to Chinese language
journals.

SIGNIFICANCE

The most detrimental effect of duplicates on the sys-
tematic review is to introduce the potential bias and to
influence the reliability of the conclusion. In a case study
by Tramér e al'”, all published randomized controlled
trials, which compared the prophylactic and therapeutic
efficacy between ondansetron and placebo, no treat-
ment, or other antiemetics on nausea and vomiting after
general anesthesia, were retrieved by searching Medline,
EMBASE, and Biological Abstracts databases. The in-
vestigators found a high prevalence of duplicate papers
(17% of randomized controlled trials and 28% of patient
data were duplicated). More importantly, if duplicated
data were included into the meta-analysis, the antiemetic
efficacy of ondansetron would be overestimated by 23%.
In addition, covert duplicate publications can cause some
serious harm in routine clinical practice[m’”], such as vio-
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lation of the ethics of scientific publications and inflation
of medical knowledge.

CLASSIFICATION

Several different classifications or patterns of duplicates
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dicates the “Edit” menu. Blue arrow indicates the “Preferences” and “Duplicates”

have been proposed.

First, a traditional grading system includes three types
of redundant publications, as follows: (1) dual publica-
tion (identical material, methods, and conclusions); (2)
potentially dual (almost identical material, methods, and
conclusions); and (3) salami slicing (suspected study rep-
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Figure 6 Ordering the literatures according to the first author’s name and title. Red arrow indicates that literatures are ordered according to the author’s name.

Blue arrow indicates that literatures are ordered according to the title.

resents a part of, continuation of, or partial repetition of
the index article)"". This grading system has been widely
used by journal editors and peer reviewers to identify the
redundant publications'”

Second, a Switzerland group has recently identified
six different patterns of duplicate publications by analyz-
ing 56 systematic reviews in anesthesia and analgesiam]
According to the samples and outcomes, they include:
(1) identical samples and identical outcomes; (2) same as
1 but several duplicates assembled; (3) identical samples
and different outcomes; (4) increasing samples and iden-
tical outcomes; (5) decreasing samples and identical out-
comes; and (0) different samples and different outcomes.
Systematic review authors should be encouraged to use
this classification to unearth duplications and make them
public.

Finally, more recently, our group has further divided
the duplicates into two main types by analyzing the litera-
ture regarding portal vein thrombosis and Budd-Chiari
syndrome in systematic reviews'" (Figure 3). Type I
duplicates would be considered, if one paper was simul-
taneously recorded in one database twice or more times
or in two or three databases'”. Type II duplicates would
be considered, if one study was published in different
journals or issues!”. The simple classification is primarily
dependent on the origin of redundant publications (dif-
ferent databases or different journals). Certainly, the type
I duplicates are reasonable. In addition, according to the
type of publication, type II duplicates are further clas-
sified as Abstract-Abstract, Abstract-Full text and Full
text-Full text”. The first two types are often permitted,

(4 9
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but the last type is unethical and considered as redundant
publication.

HOW TO FIND DUPLICATES?

Although it is a critical issue to find duplicates, no con-
sensus regarding how to find duplicates has been reached
yet. In an analysis of previous systematic reviews, the
investigators described a decision tree to mutually iden-
tify the patterns of duplicate publications, but did not
introduce any methods to find duplicates'”. Our group
attempted to design a pragmatic strategy of combining

auto- and hand-searching duplicates in systematic reviews.
Briefly, this strategy includes two main steps as follows'”.
First, the review authors can use “Find Duplicates” com-
mand on the “References” menu to automatically identify
the duplicates in the Endnote library (Figure 4). Notably,
before auto-searching duplicates, the “Preferences” com-
mand on the “Edit” menu could be used to edit the char-
acteristics of duplicates (Figure 5). Additionally, all identi-
fied duplicates should be confirmed by review authors.
Second, the remaining literatures are ordered according
to the first author’s name and title (Figure 6). Review
authors can mutually identify the duplicates by the same
author and title. Certainly, further confirmation of accu-
racy of these duplicates should be necessary. Additionally,
we have to acknowledge that not all duplicates would be
found by the above-mentioned method, especially when
the first authors and titles are different between two po-
tential duplicate papers. Thus, further improvement of
this method to find duplicates should be warranted.

November 26, 2013 | Volume 1 | Issue 3 |



CONCLUSION

As we have known, literature search results are often vari-
able across different databases, thereby potentially leading
to heterogeneous conclusions. Therefore, it has been rec-
ommended that multiple databases should be adopted to
search the relevant literatures in a systematic review! . In
this case, further work is very necessary to find duplicates
among different databases. However, few systematic re-
views reported the detailed information regarding how to
find duplicates. A preliminary method to find duplicates
is established, but its usefulness and convenience need to
be further confirmed.
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Abstract

AIM: To assess the efficacy and safety of probiotics for
preventing pediatric: (1) antibiotic associated diarrhea
and (2) Clostridium difficile (C. difficile) infections.

METHODS: On June 3, 2013, we searched PubMed
(1960-2013), EMBASE (1974-2013), Cochrane Da-
tabase of Systematic Reviews (1990-2013), CINAHL
(1981-2013), AMED (1985-2013), and ISI Web of
Science (2000-2013). Additionally, we conducted an
extensive grey literature search including contact with
National Institutes of Health Clinical Trials Registry,
abstracts from annual infectious disease and gastroen-
terology meetings, experts in the field and correspon-
dence with authors. The primary outcomes were the
incidence of antibiotic-associated diarrhea (AAD) and
C. difficile infections (CDI). Dichotomous outcomes
(e.g., incidence of AAD or CDI) were pooled using a
random-effects model to calculate the relative risk and
corresponding 95% confidence interval (95%CI) and
weighted on study quality. To explore possible explana-
tions for heterogeneity, a priori subgroup analysis were
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conducted on probiotic strain type, daily dose, quality
of study and safety of probiotics. The overall quality of
the evidence supporting each outcome was assessed
using the grading of recommendations, assessment,
development and evaluation criteria.

RESULTS: A total of 1329 studies were identified with
22 trials (23 treatment arms and 4155 participants)
meeting eligibility requirements for our review of pre-
vention of AAD and 5 trials (1211 participants) for the
prevention of CDI. Trials in adult populations, trials of
uncertain antibiotic exposure or studies which did not
provide incidence of AAD were excluded. We found
12 trials testing a single strain of probiotic and 10 tri-
als testing a mixture of probiotic strains. Probiotics (all
strains combined) significantly reduced the incidence of
pediatric AAD (pooled RR = 0.42, 95%CI: 0.33-0.53)
and significantly reduced pediatric CDI (pooled RR =
0.35, 95%CI: 0.13-0.92). Of the two strains with multi-
ple trials, both significantly reduced pediatric AAD: Sac-
charomyces boulardii lyo (pooled RR = 0.43, 95%CI:
0.32-0.60) and Lactobacillus rhamnosus GG (pooled RR
= 0.36, 95%CI: 0.19-0.69). There was no significant
effect by type of antibiotic, or by duration or dose of
probiotic. No adverse events associated were found in
the 22 controlled trials relating to the use of probiotics.

CONCLUSION: This meta-analysis found that probiot-
ics significantly prevented pediatric antibiotic associated
diarrhea and pediatric CDI, but the efficacy varies sig-
nificantly by the strain of the probiotic.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Probiotics; Pediatric; Antibiotic-associated
diarrhea; Clostridium difficile; Saccharomyces boulardii;
Lactobacillus rhamnosus; Safety; Meta-analysis; Ran-
domized clinical trials
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Core tip: A meta-analysis was conducted (1985-2013)
for clinical trials testing probiotics for the prevention
of pediatric antibiotic-associated diarrhea (AAD) or
Clostridium difficile infections (CDI). Overall, probiot-
ics significantly reduced the incidence of pediatric AAD
(pooled from 22 trials RR = 0.42, 95%CI: 0.33-0.53)
and significantly reduced pediatric CDI (pooled from five
trials RR = 0.35, 95%CI: 0.13-0.92). Of the two strains
with multiple trials, both significantly reduced pediatric
AAD: Saccharomyces boulardii lyo (RR = 0.43, 95%CI:
0.32-0.60) and Lactobacillus rhamnosus GG (RR = 0.36,
95%CI: 0.19-0.69). There was no significant effect by
type of antibiotic, or by duration or dose of probiotic.

McFarland LV, Goh S. Preventing pediatric antibiotic-associated
diarrhea and Clostridium difficile infections with probiotics: A
meta-analysis. World J Meta-Anal 2013; 1(3): 102-120 Avail-
able from: URL: http://www.wjgnet.com/2308-3840/full/v1/i3/10
2.htm DOI: http://dx.doi.org/10.13105/wjma.v1.i3.102

INTRODUCTION

The use of antibiotics, while effective in treating a pre-

cipitating infection, may cause diarrheal disease as a
common side effect, termed antibiotic associated diar-
thea (AAD), caused by the unintended disruption of
normal intestinal flora. Normal microbiota is a complex
interaction of bacterial and fungal species that produce
a phenomenum called “colonization resistance”, which
acts as a barrier to opportunistic pathogens. The most
commonly known etiology of AAD is Clostridium difficile
(C. difficile), which takes advantage of the disruption of
colonization resistance and overgrows the intestines, pro-
ducing toxins and resulting in an inflammatory intestinal
disease called C. difficile infection (CDI)“]. These unin-
tended consequences of antibiotic use are well-studied
phenomena in adults, but less attention has been focused
on the pediatric population. Pediatric patients present
unique challenges for the clinical management of disease
due to differences in their immune development, suscep-
tibility to dehydration and their response to treatments.

Pediatric AAD and pediatric CDI were recognized
as important clinical concerns as the incidence of both
continues to increase over time and serious consequences
of infection are reportedm. The incidence of pediatric
AAD varies widely from 6%-11% in pediatric outpatients
to 23%-33% in pediatric inpatients“"ﬂ. Data collected
from national United States surveys of pediatric inpa-
tients shows the incidence of pediatric CDI has increased
2.5 fold over three years, from 12.8/10000 in 2006 to
31.5/10000 in 2009”. A more recent study in 41 children’
s hospitals found pediatric CDT at 73/10000"".

Clinical symptoms include asymptomatic carriage
of C. difficile (typically 65% of neonates carry C. difficile
but do not develop symptoms), mild-moderate diarrhea
is most common in infants and older children (typically
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peaking at age 2-6 years old), to more severe disease
(colitis or pseudomembraneous colitis) less frequently
and rarely toxic megacolonw’s]. As with adults, nearly
20% of children with one episode may develop recurrent
episodes of cDI1". Consequences of pediatric AAD or
CDI may include a 2-3 fold increase in length of hospital
stay™, a 6-fold increase in the risk of mortality™, and
the need for colectomy (approximately 2%o) 5,

Current recommended treatments for pediatric AAD
and CDI include discontinuation of the inciting anti-
biotic if possible (for mild diarrhea) or treatment with
metronidazole ot vancomycin, however treatment failure
is common (18% with metronidazole) and vancomycin
is used with caution in children due to toxicity”'"". Cases
of moderate-severe pediatric diarrhea often require the
administration of oral rehydration therapy or parental
fluids to reduce dehydration associated with diarrhea. Al-
ternative strategies are currently being sought to prevent
pediatric AAD and CDI, rather than delaying until the
children are ill.

Probiotics are living microorganisms, which when ad-
ministered in adequate amounts, confer a health benefit
to the host". The use of probiotics may be especially
suited for AAD and CDI, as they are linked by a com-
mon mechanism of action, namely interactions with the
normal microflora”™. When antibiotics disrupt coloniza-
tion resistance, overgrowth of pathogens may occur and
disease erupts. Probiotics act as surrogate normal flora
to protect the intestine until the normal microbiota can
recover (typically 1-2 mo, after antibiotics are discon-
tinued)!". Some probiotics also have other mechanisms
of action (production of bacteriocins, stimulation of
the immune response, production of toxin-destroying
proteases, attachment site interference, ez.) that are also
beneficial to the pediatric patientm]. While over 60 clinical
trials testing probiotics for AAD and/or CDI have been
reported, most (66%) have been done in the adult popu-
lation, so the efficacy of probiotics for children is less
well documented. Evidence from meta-analyses of AAD
and CDI have indicated probiotics, in general, may be
efficacious for the prevention of these diseases, but they
have based their results on mixed adult-pediatric popula-
tions, or have been based on adults only"”"?. Because the
efficacy to prevent AAD and CDI has been determined
to be specific by probiotic strain, it is imperative that data
are analyzed by separate strains.

The purpose of this meta-analysis to evaluate the
efficacy and safety of similar probiotic strains for the
prevention of antibiotic associated diarthea and C. difficile
infections in the pediatric population.

MATERIALS AND METHODS
Study objectives

Primary aims: (1) to systematically assess whether
probiotics co-administered with antibiotics (any agent)
reduces the incidence of AAD in children; and (2) to
systematically assess whether probiotics co-administered
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with antibiotics (any type) reduces the incidence of CDI
in children.

Secondary aims: (1) to assess the efficacy by specific
strain of probiotic for the prevention of AAD and CDI
in children; (2) to systematically assess if there is a dose
effect for probiotics in the prevention of AAD and CDI
in children; (3) to determine if study quality is associated
with a change in the estimate of outcome effect; and (4)
to assess the safety of the use of probiotics in children
receiving antibiotics.

Criteria for study selection

Abstracts of all citations and retrieved studies were re-
viewed and rated for inclusion. Full articles were retrieved
if probiotics were given to prevent AAD or CDI in a
pediatric population, or if the population age range was
unclear from the abstract. Inclusion criteria included ran-
domized (well described or partially) controlled trials (ei-
ther placebo, standard active treatments, or no treatment
given), blinded or open trials in pediatric populations (in-
patient or outpatients) published in peer-reviewed jour-
nals or on clinical trial websites. Non-English language
trials were translated and included whenever possible.
Exclusion criteria included pre-clinical studies, safety or
phase 2 studies, adult patients or healthy volunteer popu-
lations, diarrhea not associated with antibiotic use, case
reports or case series, duplicate reports, trials of unspeci-
fied types of probiotics, incomplete or no diarrheal out-
comes reported, no data on incidence rates of AAD or
CDI, mixed pediatric and adult patient populations or if
translation could not be obtained.

Interventions

The type of probiotic intervention included probiotics in
any form (e.g, capsule, sachet, yogurt, wafer). Trials inves-
tigating non-specific probiotics or yogurts (e.g., products
that do not label the probiotic strain and dose) were ex-
cluded. Trials combining probiotics with prebiotics were
included if the prebiotic dose was less than 2.5 g, as this
was judged to be of limited impact to alter the intestinal
microflora"®"". Trials not providing the dose of the pre-
biotic in the product were excluded. The type of control
group may include: placebo, active treatment currently
used as standard practice, or no treatment control.

Outcomes and definitions

The primary outcome for AAD is defined as diarrhea
(typically definition varied from > 2-3 loose or watery
stools/day for > 2 consecutive days) occurting within 2
mo of antibiotic use"?. The primary outcome for CDI
is defined as a new episode of diarrhea associated with
a positive culture or toxin (A or B) assay within 1 mo of

antibiotic use! 'Y,

Data sources
On June 3, 2013, we searched PubMed (1960-2013), EM-
BASE (1974-2013), Cochrane Database of Systematic
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Reviews (1990-2013), CINAHL (1981-2013), AMED
(1985-2013), and ISI Web of Science (2000-2013). Three
on-line clinical trial registries were searched: Cochrane
Central Register of Controlled trials (http://www.co-
chrane.org), MetaRegister of Controlled Trials (http:www.
controlled-trials.com/mrct) and National Institutes of
Health (http://www.clinicaltrials.gov). Additionally, we
conducted an extensive grey literature search including
abstracts from annual infectious disease and gastroenter-
ology meetings, experts in the field and communication
with published authors on pediatric AAD or CDI. Search
terms included: Antibiotic-associated diarthea, C. difficile
disease and/or infection, pediattic, randomized controlled
trial and probiotics and specific probiotic strains. Search
strategies were broad-based initially, then narrowed to the
disease and population of interest. The procedure of this
meta-analysis follows MOOSE guidelines using cleatly
delineated parameters, a priori inclusion and exclusion cri-

teria and standardized data extraction tools'”".

Data extraction

Two authors independently and in duplicate extracted
data and assessed risk of bias using pre-constructed, and
piloted, data extraction forms. Any disagreements were
resolved by discussion. For articles published in abstract
form only, further information was sought by contacting
principal authors. Articles not published in the English
language were translated. Using a standardized data ex-
traction form, we systematically collected the following
data: authors, year of publication and journal, pediatric
population data (age range, setting, antibiotic given for
disease, types of antibiotics given), study aims and out-
comes, study methods (study design, eligibility criteria,
sample size calculations, interim analysis, statistical meth-
ods used, recruitment methods, subgroup analysis done),
randomization (method of randomization allocation,
randomization method), degree of blinding (open, single
or double), intervention data (probiotic strains used, daily
dose, duration of treatment, duration of follow-up, type
of control used, treatment concealment), results (bal-
anced randomization achieved, attrition rate and reasons,
compatison of treatment groups by demographics, e,
CONSORT flow-chart provided), AAD outcome data
(incidence of AAD by group, ITT or APP analysis used,
method to assess AAD), CDI outcome data (incidence
of CDI by group, ITT or APP analysis used, method
to assess CDI), safety data (adverse events reported by
group), discussion points (limitations, generalizability and
comparison of study results to published papers), clini-
cal trial registration, location of protocol, and source of

funding.

Assessment of methodological quality

Quality components for each trial were assessed for se-
lection, detection, performance, reporting and loss to
follow-up bias. Each of the included studies was evalu-
ated using 33 items collected with the standardized data
extraction form. Each item was graded as: present, ab-
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sent, or not applicable (for example studies done in coun-
tries not requiring clinical trial registration, CONSORT
flow-chart not present if trial was published before this
became a standard, elf.)[wl. The overall quality score for
the trial was calculated as the percent of items present
divided by the total items present and absent (not ap-
plicable items were excluded from the calculation). Each
of the 33 quality items were analyzed within one of six
categories of potential of bias: study design bias (trial
title, setting, early stoppage, background, study aims, pro-
spective design, eligibility criteria, sample size calculation,
interim analysis, statistical methods, recruitment methods,
subgroup methods, probiotic well described by strain,
daily dose and duration), selection bias (randomization
allocation method, balanced groups resulted), detection
bias (double blinded, treatments concealment), attrition
bias (rates provided and reasons by each group), report-
ing bias (baseline group comparison, CONSORT flow-
chart, intent to treat analysis done for each AAD and
CDI outcome, incidence of each outcome provided,
adverse event data provided and sub-group analysis pro-
vided, if applicable) and miscellaneous sources of bias
(limitations, generalizability and comparison with other
studies in discussion, trial registration, location of proto-
col for access and source of funding, if appropriate). Tri-
als were classified as high quality if > 75% of the quality
items were present, moderate quality if 50%-75% were
present and low quality of < 50% were present.

We also employed the GRADE (grading of recom-
mendations, assessment, development and evaluation)
system for rating overall quality of evidence for each
of the outcomes (prevention of AAD or prevention of
CDI) by probiotic strain or type (single strain compared
to mixtures of strains)”*"*?, Recommendation for use of
each probiotic strain or mixture can be assessed by the
overall strength of the evidence (“strong”, many ran-
domized controlled trials show significant protection,
more benefit than risk, cost-effective or “weak”, only
case series or reports, limited number of small trials, ez.).
Quality of the evidence is graded as “high quality” (fur-
ther research is unlikely to change our confidence in the
estimate of the effect), or “moderate quality” (further
research is likely to have an important impact on our
confidence and may change the estimate of the effect), or
“low quality” (further research is very likely to change our
confidence in the estimate and may change the direction
of the estimate of the effect).

Statistical analysis

Statistical analysis was performed using Stata software
version 12 (Stata Corporation, College Station, Texas).
The primary outcomes were the incidence of AAD and
CDI. Univariate analysis of bivariate parameters were
analyzed using Zz test or Fisher’s exact test for small cell
sizes (< 5) with a significance level of P < 0.05. Meta-
analysis was conducted for dichotomous outcomes (e.g.,
incidence of AAD or CDI) using models to calculate the
pooled relative risk and corresponding 95% confidence
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interval (95%CI) and weighted by study quality score.
Heterogeneity across trials was evaluated using Cochran
Q test based on pooled relative risks by the Mantel-
Haenszel method™. If the studies were homogenous, a
fixed effects model was used, if studies were heteroge-
neous, a random effect model was employed. If signifi-
cant heterogeneity was detected, a subgroup analysis was
conducted to determine the source of heterogeneity. To
explore possible explanations for heterogeneity, a priori
subgroup analyses were conducted on study size, probi-
otic strain type, daily dose [= 1 X 10" colony-forming
units (cfu) per day or < 1 X 10" cfu/ d] and by quality of
study.

Publication bias

To assess for publication bias, a funnel plot, as well as
a weighted regression (Egger’s test) and a rank correla-
tion test (Begg’s test for small study effects) were con-
ducted™. If publication bias was apparent, adjustment
of the pooled estimates was considered using the trim
and fill method™. Funnel plots show graphically that as
sample sizes of trials increase, the precision is estimating
the underlying treatment effect increases, which results in
the effect estimates (relative risks) from small trials scat-
tering more widely at the bottom of the graph and nar-
rower scattering among larger studies. In the absence of
publication bias, the funnel plot resembles a symmetrical
inverted funnel. Reporting bias (smaller studies showing
no protective effect) often are not published, and are in-
dicated by an asymmetrical appearance with a gap in the
bottom left of a funnel plot[%’m.

RESULTS

Overview of included studies
The literature review yielded 1329 abstracts that were
screened for inclusion. Of those 1251 were excluded ac-

cording to our exclusion criteria (see Figure 1) and 78 full
articles or meeting abstracts were pulled for full review.
Of the 78, 51 were excluded relating to the prevention
of AAD (37 were in adult patients, 8 did not provide suf-
ficient diarrhea outcome data, 4 were not associated with
antibiotic use or it was unclear if the patients had been
exposed to antibiotics, one did not describe the product
sufficiently and one was an open dose-ranging study) and
5 articles were also excluded relating to CDI, as they were
in adult patients. As a result of the review, 22 pediatric
trials were included in this meta-analysis™ ", The major-
ity of the trials designated AAD as the primary outcome,
while three (14%) trials designated AAD as a secondary
outcome*"*,

Of the 22 included clinical trials in pediatric popula-
tions, two trials had two treatment arms™**” and one trial
had two types of controls (a placebo yogurt and a ‘no
treatment’ control)™. Erdeve e a/™ compared Saccharo-
myces boulardii (S. boulardii) to controls using two different
antibiotic arms, thus these were analyzed separately. Seki
et al*™ had two probiotic arms, with C. butyricum starting
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‘ Citations found, abstracts screened (7 = 1329) ‘

Excluded (duplicates, phase 2 safety or kinetic studies,
volunteer studies, treatment trials, case series/reports,

reviews, epidemiologic, efc. (n =1251)

‘ Full articles screened (7 = 78)

AAD excluded (7 = 51):
In adults (7 = 37)

Incomplete diarrhea outcome/only duration (7 = 8)
Unclear if antibiotic exposed (7 = 4)

CDI excluded: (7 = 5)
In adults (7 = 5)

Incomplete treatment description (7 = 1)
Open, dose ranging (7 = 1)

Pediatric AAD included (7 = 22 trials, 23 treatment arms) ‘ H‘ Pediatric CDI included (7 = 5)

Figure 1 Flow chart of included and excluded trials for pediatric antibiotic-associated diarrhea and Clostridium difficile infections. AAD: Antibiotic-associat-

ed diarrhea; CDI: Clostridium difficile infections.

half-way through the antibiotic exposure and the other
arm starting the probiotic from time of antibiotic initia-
tion. As there was no significant difference in the efficacy
by the timing of the probiotic, these two arms were
combined into one probiotic group. One paper did not
present pediatric AAD data separately from adults, and
this information was obtained directly from the author™,
Two controlled trials with uncertain randomization pro-
tocols were included to decrease potential publication
bias, but were downgraded in their quality score as a
result. Four articles were translated from the original lan-
guage (French, Italian, Persian, or Chinese) PO

There wete no separate randomized controlled trials
using probiotics for the prevention of pediatric CDI as
their primary outcome, but five trials for the prevention
of pediatric AAD included CDI as a secondary outcome
in their trial and were thus included™>*****, We includ-
ed 22 randomized clinical trials (RCT) evaluating the use
of probiotics in a pediatric population for the prevention
of AAD and 5 RCT for CDL

Excluded pediatric studies

Of the 78 articles screened, 42 were in adult populations
and were excluded. Of the 14 excluded trials in pediatric
populations (Table 1), eight had incomplete documenta-
tion of diarrhea outcomes: the outcome was given as days
of diarrhea, not AAD incidence™, outcome was mixed
“any GI effects” or “disorders of defection”, which
grouped diarrhea and/or nausea and/or discomfort™
or no data on diarrhea outcome was reported™ ", Four
other trials evaluating probiotics in children aimed at the
prevention of nosocomial diarrhea were excluded as they
either did not document if antibiotic exposure occurred
or specifically excluded antibiotic-exposed children™ ",
One study was excluded as it was an early dose-ranging
study, which was not randomized nor used a placebo',
One study was excluded as their investigational probiotic
also included unknown doses of inulin and lactoferrin®,
The inter-rater agreement on inclusion and exclusion of
trials was 100%.
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Patient population

The characteristics of the enrolled study populations by
trial arm are presented in Table 2. The age of enrolled
pediatric patients ranged from 1 mo to 18 years old and
usually included both genders. Race or ethnicity was not
reported in most clinical trials. The trials were carried
out in a wide array of countries: Poland (» = 4), United
States (7 = 3), Finland (# = 2), Iran (» = 2), China (» =
2) and one each in Brazil, Bulgaria, France, Italy, Japan,
Philippines, Thailand, Turkey and the United Kingdom.
The clinical setting was usually outpatient only (z = 11,
50%) or inpatient only (# = 6, 27%) or a combination of
inpatient and outpatients (7 = 4, 18%) and the type of
practice was not reported in one trial.

The type of infection for which the antibiotic(s) were
prescribed included mixed types of infections (respira-
tory and/or urinary tract and/or otitis media) in 10 trials
(45%), or were restricted to one type of infection [respi-
ratory, in 6 trials (27%) or Helicobacter pylori (H. pylori) in
three trials (14%) or otitis media in one trial (4%)] and
the type of infection was not reported in two trials, as

shown in table 2,

Antibiotic exposure

Type of antibiotics: Three trials (four treatment arms)
limited inclusion due to a single type of antibiotic: amoxi-
cillin**) or sulbactam—ampicillin1341, or azithrom57cinl34j.
Three trials limited antibiotic exposure to the two con-
tained in the standard triple therapy components for H.
pylori infections (amoxicillin and clarithromycin or furazol-
idone) ™", The majority of trials (# = 15, 68%) included
a mixture of eligible antibiotic types129’33’35'37’39’4()’42’43’45’48"“)J
and one trial did not report the type of antibiotic
Most common types of antibiotics were in these mixed-
typed antibiotic trials included: amoxicillin (19%-66%),
ampicillin (76%), penicillin (47%-71%), cephalosporins
(11%-89%).

138]

Duration of antibiotic use: While most trials did not
provide the time of antibiotic exposure prior to study, the

November 26, 2013 | Volume 1 | Issue 3 |



McFarland LV et a/. Probiotics and prevention of pediatric AAD/CDI

Table 1 Excluded studies from pediatric antibiotic-associated diarrhea and Clostridium difficile infections by year of publication

and reason

Probiotic strain Outcome Reason for exclusion Ref.

C. butyricum AAD Open, dose ranging study Kurata et al'”, 1988
L. acidophilus + Bifido bifidum Prevent AAD Outcome measured by days of diarrhea. No data ~ Contardi et al™, 1991

Bifido bifidum _ Strept thermo
L. acidophilus + L. bulgaricus

L. rhamnosus GG

L. acidophilus + Bifido infantis +
FOSs

L. casei

L. reuteri

L. acidophilus + L. rhamnosus
Bifido animalis + L. casei

S. boulardii

L. rhamnosus GG

L. reuteri DSM 17938

Mix of 9 bacterial strains and
inulin and lactoferrin

Prevention of nosocomial diarrhea
Prevent GI effects
Prevention of nosocomial diarrhea
Increase in body weight for children on
antibiotics
Eradicate H. pylori in children given
triple therapy
Reduce side effects of triple therapy for
pediatric H. pylori infections
Eradicate H. pylori in children given
triple therapy
Eradication of H. pylori in children
Eradication of H. pylori in children
Prevention of nosocomial pediatric
respiratory or GI infections
Prevent nosocomial diarrhea in children
Improve H. pylori eradication and
reduce AAD in children

Unclear how many were exposed to antibiotics

Unclear how many were exposed to antibiotics

No data on diarrhea provided, only “disorders

Unclear how many were exposed to antibiotics

on AAD incidence
Saavedra et al®, 1994
Witsell et al™"!, 1995
Szajewska et al™ 2001
Schrezenmeir et al®, 2004

No data on AAD, just “any GI effects”
No data on diarrhea provided
Sykora et al™”!, 2005

No data on diarrhea provided

Lionetti et al™, 2006
of defecation”, mixed diarrhea and upper GI

No data on diarrhea provided Plewinska et al®™, 2006

Side effects (diarrhea) not documented Goldman et al™, 2006
No data on diarrhea provided Hurduc et al®, 2009
None were exposed to antibiotics Hojsak et al'®”, 2010

Wanke et al", 2012
Poorly described product (unknown Tolone et al'*”, 2012

concentrations of inulin and lactoferrin)

S. boulardii: Saccharomyces boulardii; L. rhamnosus: Lactobacillus rhamnosus; H. pylori: Helicobacter pylori; AAD: Antibiotic-associated diarrhea; CDI: Clostridium

difficile infection; GI: Gastrointestinal.

trial intervention typically started as soon as possible after
the antibiotic was initiated. Overall, the mean duration of
antibiotic use during the trial averaged between 7 and 10 d,
but the range was broad (3-30 d).

Antibiotic route: Most trials (#» = 12, 54%) included
children using oral antibiotics'™* " 424448 "N ixed
intravenous and oral antibiotics were given in six tri-
alsP> 05 One trial was limited to solely intravenous
antibiotics'™. In three trials, it was unclear what antibiotic

33,353
route was used” 7,

Definition of AAD and CDI

Most trials defined AAD as diarrhea associated with the
use of antibiotics (any type, route, or duration). The stan-
dard definition of AAD in adults, (= 3 loose or watery
stools per day for = 2 consecutive days) was used in 10
(45%) of the trials (as shown in Table 2). Other trials just
required either = 3P op = PN r = 1 Jo0se
or watery stools per day, but did not require a specific
number of days to be considered as defined diarrhea.
Less stringent definitions were used by two trials: “parent
report”™ or “otherwise unexplainable diarrhea”™ and
three trials did not report a definition for AADP>**,

Of 22 trials, only 8 (36%) tested diarrheal stools for
viral (adenovitus, rotavirus, calicivirus or astrovirus)
and bacterial (Salmonella, Shigella, Yersinia, Campylobacter,
Staphylococcus aurens, C. difficile and yeasts) enteric patho-

s PHBOINEH O ditcile was diagnosed using stan-
dard enzyme immunoassays (EIA) for toxins A/B in four
trials for children who developed diarrhea™**** and
in two trials, the type of C. difficile assay was not report-
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edP>¥.

Most of the trials (16, 73%) used daily diaries given
to the parents or the child to document gastrointestinal
symptoms and adverse events, but one trial in inpatient
children had hospital staff chart symptoms™ and one
had staff call parents[48], while four trials did not de-

scribe the method used to collect gastrointestinal symp-
33,34,39,42]
toms .

Intervention
Details of the intervention for the 22 trials (23 trial arms)
are given in Tables 3 and 4.

Randomization: Of the 22 trials, 20 were randomized,
but two did not clearly report if they were random-
ized™*. Seki ez al* only stated “the subjects were divid-
ed into three groups” and does not provide a method for
randomization, but does provide data showing that the
three treatment groups were not significantly different by
gender, age, type of antibiotic distribution or treatment
group assignment. The other trial was from a published
meeting abstract and a full paper was never found in
the literature nor were we successful in contacting the
authors, which might have provided more details on the
methods used™.

Degree of blinding: Of the 22 trials, 15 (68%) were
double-blinded, one was single-blinded and 6 (27%) were
open trials (due to the nature of the control group used),
as shown in Table 3. One trial used two types of controls,
an identical looking and smelling yogurt (double-blinded
comparison) and a “no treatment” control arm (open)®”.
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Table 2 Characteristics of enrolled pediatric population and probiotic therapies for 22 clinical trials of pediatric antibiotic-

associated diarrhea and Clostridium difficile infections

Probiotic strain Agerange  Country Setting (inpatient Type of inciting Type of antibiotic (s) Diarrhea Ref.
or outpatient) infection defined"
S. boulardii lyo 1-5yr France Out Resp Mixed: amox (19%), >3 Benhamou et al™, 1999
ceph (11%)
S. boulardii lyo 1-15yr Turkey Out Nr Sulbactam-ampicillin >2 Erdeve et al™, 2004
only
S. boulardii lyo 1-15 yr Turkey Out Nr Azithromycin only >2 Erdeve et al™, 2004
S. boulardii lyo 6mo-14yr  Poland In and Out OM, Resp Mixed: ceph (41%), >3/2d Kotowska et al®, 2005
amox (29%)
S. boulardii lyo 6 mo-14 yr China In Resp IV only: ceph (52%), >3/2d Shan et al'™, 2014
amox (26%)
L. rhamnosus GG 5mo-11yr  Finland Out oM Amox only "by parents' Vaisanen et al'*”, 1998
L. rhamnosus GG 2wk-128 yr  Finland Out Resp Mixed: amox (66 %) >3/2d Arvola et al®”, 1999
L. rhamnosus GG 6 mo-10 yr United Out Resp, UTI, skin ~ Mixed: amox (52%) >2 Vanderhoof et al*®,
States 1999
L. rhamnosus GG 517 yr Poland In H. pylori + Amox and >3/2d  Szajewska et al™, 2009
clarithromycin only
L. sporogenes (aka Bacilllus 4 mo-15 yr Italy Out Resp Mixed: ceph (41%), >2 La Rosa et al®”, 2003
sporogenes) + FOS amox (30%)
C. butyricum MIYAIRI 1mo-15yr  Japan Nr Resp, GI Mixed: ceph (48%) >3 Seki et al**, 2003
L. acidophilus 1mo-18 yr  Bulgaria In Resp, Pyel Mixed: b-lactams, Nr Pancheva-dimitrova
clinda, amino et al®, 2004
B. clausii 6 mo-12 yr  Philippines In and Out Resp, GU, Skin  Mixed beta-lactams:  "otherwise  Destura et al®™, 2008
pen (47%), ceph (35%) unexplained"
Mixes
L. acidophilus +L. bulgaricus 5 mo-6 yr United Out OM, pharyn, etc. Amox only >1 Tankanow et al*, 1990
States
L. acidophilus + Bifido infantis ~ 1-36 mo Thailand In Sepsis or Mixed: cefotaxime Nr Jirapinyo et al®, 2002
meningitis (89%)
Bifido lactis + Strept 6-36 mo Brazil In Nr Mixed: amp (76%), >3/2d Corréa et al®™, 2005
thermophilus amox (58%)
Bifido longum PLO3 + L. 5mo-16 yr  Poland In and Out Resp, OM, UTI  Mixed: amox (43%), >3/2d  Szymanski et al*”, 2008
rhamnosus KL53A + L. ceph (26%)
plantarum PLO2
L. rhamnosus (3 strains) 3mo-14yr  Poland In and Out Resp, OM, UTI, Mixed: amp or pen >3/2d Ruszczynski et al”,
E/N, Pen and Oxy skin (50%), ceph (37%) 2008
Kefir (mix of 9 strains)' 1-5yr United Out Resp Nr Nr Merenstein et al™, 2009
States
C. butyricum + Bifido. infantis 3 mo-3 yr China In Pneumonia Mixed: ceph (46%) >2 Investigating Group for
Prevention of AAD in
Children with Pheumonia
by Clostridium Butyricum
and Bifidobacterium™,
2012
Bifido animalis + 1-17 yr United Out Resp, skin, UTI  Mixed: pen (71%) >3/2d  Conway et al™, 2007
L. acidophilus + Kingdom
Strept thermophilus
L. casei + L. acidophilus + L. 4-14 yr Iran Out H. pylori + Amox and >3/2d Saneeyan et al*"), 2011
reuteri + L. bulgaricus + Strept. clarithromycin only
cremoris + Bifido. bifidum +
Bifido. infantis + FOS
L. casei + L. rhamnosus + L. 3-14 yr Iran Out H. pylori + Amox and >3/2d Ahmad et al®, 2013
bulgaricus + L. acidophilus + furazolidone only

Strept. thermophilus + Bifido.
breve + Bifido. infantis

Diarrhea defined as > 3/2 d: indicates 3 or more loose/watery stools for at least 2 consecutive days; > 3: 3 or more loose or watery stools/day; > 2: 2 or
more watery stools/day; "by parents": Defined by parents; "otherwise unexplained": Diarrhea with no other explanation associated with antibiotic use.
Amino: Aminoglycosides; Amp: Ampicillin; Amox: Amoxicillin +/- clavulanic acid; Ceph: Cephalosporins; Clinda: Clindamycin; GU: Genito-urinary; FOS:
Fructooligosaccharide (990 mg/d); H. pylori: Helicobacter pylori; In: Inpatient; Nr: Not reported; OM: Otitis media; Out: Outpatient; Pharyn: Pharyngitis;
Pyel: Pyelonephritis; Resp: Upper or lower respiratory tract infection; UTI: Urinary tract infection. 'Kefir contains: Lactococcus plantarum, L. rhamnosus, L.
acidophilus, L. casei, L. lactis subspecies diacetylactis, Leuconostoc cremoris, Bifido. longum, Bifido. breve, Saccharomyces florentinus.

Of the 15 double-blinded trials, most (11, 73%) described and taste), but four trials did not provide any further de-
how treatments were concealed (e.g., identical appearance tails, other than the trial was double blinded”******",
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Table 3 Description of the interventions for 22 clinical trials of pediatric antibiotic-associated diarrhea and Clostridium difficile

Probiotic strain Random- Blinding Type of Formulation Daily dose Duration Follow-up po- Ref.
ized controls (cfu/d) treatment st-treatment
S. boulardii lyo Yes Double Active Capsules  45x10°  6-10d None Benhamou et al™, 1999
(diosmectite)

S. boulardii lyo Yes Open No treatment Sachet 5x10° duration 2wk Erdeve et al®, 2004

S. boulardii lyo Yes Open No treatment Sachet 5x10° duration 2wk Erdeve et al®, 2004

S. boulardii lyo Yes Double Placebo Wafers 1x10"° 5-7d 2wk Kotowska et al®, 2005

S. boulardii lyo Yes Open No treatment  Powder 1x 10" 2wk 2wk Shan et al®, 2014

L. thamnosus GG Yes  Double Milk control Whey drink 8 x 10" 7d None Vaisanen et al'’”, 1998

L. thamnosus GG Yes  Double  Placebo Capsules  4x10°  7-10d 3 mo Arvola et al®, 1999

L. thamnosus GG Yes  Double  Placebo Capsules 1-2x10°  10d None Vanderhoof et al'**!, 1999

L. rhamnosus GG Yes  Double  Placebo Capsules 2 x10° 7d 6 wk Szajewska et al'™!, 2009

L. sporogenes [aka Bacilllus Yes Double Placebo Capsules 5.5 x 10° 10d None La Rosa et al™, 2003

sporogenes] + FOS

C. butyricum MIYAIRI Nr Open No treatment Capsules  1-4 x 107 6d None Seki et al'*”, 2003

L. acidophilus Nr Open No treatment Nr 2x10°  duration None Pancheva-Dimitrova et al®, 2004

B. clausii Yes Open No treatment  Powder 4 x10° 7-21d 6 wk Destura et al™, 2008

Mixes

L. acidophilus +L. bulgaricus Yes Double Placebo Sachets 2 x10° 10d None Tankanow et al*l, 1990

L. acidophilus + Bifido infantis Yes Double Placebo Capsules 6 x10° 7d None Jirapinyo et al®, 2002

Bifido lactis + Strept thermophilus Yes  Double  Placebo Formula 4 x10° 15d 15d Corréa et al®, 2005

Bifido longum PLO3 + L. rhamnosus ~ Yes Double Placebo Capsules 2 x10° 3-14 d 2wk Szymanski et al'**!, 2008

KL53A + L. plantarum PL0O2

L. rhamnosus (3 strains) E/N, Yes Double Placebo Capsules 4 x 10" 3-30d 2 wk Ruszczynski et al™”, 2008

Pen and Oxy

Kefir (mix of 9 strains) Yes Double Heat-killed Drink 7-10 x 10 10d 4d Merenstein et al®, 2009

drink
C. butyricum + Bifido. infantis Yes Open No treatment  Sachet 5x 10’ 7d None Investigating Group for Prevention
of AAD in Children with Pneumonia
by Clostridium Butyricum and

Bifidobacterium*”, 2012

Bifido animalis + L. acidophilus + Yes  Double,  Control Yogurt 1x10° 12d None Conway et al®™"!, 2007

Strept thermophilus open  yogurtand

no treatment
groups

L. casei + L. acidophilus + L. Yes Single Placebo Sachet 1x10° 14d 2 wk Saneeyan et al*"!, 2011

reuteri + L. bulgaricus + Strept.

cremoris + Bifido. bifidum +

Bifido. infantis + FOS

L. casei + L. rhamnosus + L. Yes Double Placebo Sachet 1x10° 28d 4-8 wk Ahmad et al®™ 2013

bulgaricus + L. acidophilus +
Strept. thermophilus + Bifido.
breve + Bifido. infantis

cfu/d: Colony-forming units/day; Diosmectite: An anti-spasmotic; Duration: Treatment given for the duration of the antibiotic; Nr: Not reported; S.

boulardii: Saccharomyces boulardii; L. rhamnosus: Lactobacillus rhamnosus.

Type of controls: Of the 22 trials, two studies had
two separate control groups. One trial had two control
groups (a placebo yogurt and a “no treatment/no yogurt”
group)®™. Another study paired S. boulardii and placebo
groups for each of two different types of antibiotics™.
Of the 24 control arms (Table 3), 15 (62%) used a pla-
cebo compatison, 8 (33%) used a ‘no treatment’ control
consisting of just the antibiotic used in both groups; one
trial compared the probiotic to a standard anti-spasmotic

(diosmectite) treatment™,

Formulation used: Most of the 23 treatment arms used
a capsule (9 arms, 39%), while six (26%) used sachets,
two trials (9%) used fermented drinks™"", and two tri-
als used powder™", as shown in table 3. Less frequent

formulations used in single trials included: wafers™,
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yogurtm, infant formula™”, while one trial did not report
the type of formulation used"””.

Probiotic used

Type of probiotic strain(s): In the 23 treatment arms,
13 (57%) tested a single strain of probiotic and 10 (43%)
had 2-9 strains in their test probiotic treatment. Only two
probiotic strains, S. boulardii lyo and Lactobacillus rhammnosus

(L. rhamnosus) GG were tested in multiple controlled tri-
als, as shown in Table 3.

Probiotic dose: The daily dose of probiotics varied
widely from 10 cfu/d to 10" cfu/d, as shown in table 3.
The most common daily doses were 1-6 X 10°/d (54%
of trials), while only one trial used 10'/d", three trials
used 10°/d™>*1 and seven trials (32%) used a higher
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Table 4 Outcomes for 22 clinical trials of pediatric antibiotic-associated diarrhea and Clostridium difficile infections trials (total

23 treatment arms)

Probiotic strain Attrit- ITT or Incidence A- Incidence AAD P value Incidence Incidence P value Ref.
fon APP  AD probiotic controls (% power) CDI CDI (%
probiotic controls power)
S. boulardii lyo 21%  APP  25/327 (7.6%) 16/289 (5.5%) 0.29 - - - Benhamou et al™, 1999
14%
S. boulardii lyo + SAM 29%  APP  7/117 (5.7%) 30/117 (25.6%) < 0.001 = = = Erdeve et al™, 2004
98%
S. boulardii lyo + AZT 29%  APP  7/127 (55%) 12/105 (11.4%) 0.15 = = = Erdeve™, 2004
29%
S. boulardii lyo 8.60% APP  9/119 (8.0%) 29/127 (23.0%)  0.001 3/119 (25) 10/127 (79%) 0.09  Kotowska et al®!, 2005
87% 36%
S. boulardii lyo 15%  APP  6/139 (4.3%) 28/144 (194%) <0001  1/139 (0.7%) 8/144(56%) 0.04 Shan et al'™, 2014
96 % 42%
L. thamnosus GG 0% ITT  6/23 (26%) 8/36 (22%) 0.76 = = = Vaisanen et al'*”!, 1998
3%
L. rhamnosus GG 28.70% APP  3/61 (5%) 9/58 (16%) 0.07 1/61 (1.6%) 1/58 (1.7%) 1 Arvola et al™, 1999
38% 10%
L. rhamnosus GG 6.90% APP  7/93(7.5%)  25/95 (26%) 0.001 - - - Vanderhoof et al**, 1999
90%
L. rhamnosus GG 20% ITT 2/34 (6%) 6/30 (20%) 0.13 - - - Szajewska™, 2009
26%
L. sporogenes [Bac. sporog ~ 18% ITT  14/48 (29%)  31/50 (62%) 0.001 - - - La Rosa et al™”), 2003
enes] + FOS 88%
C. butyricum MIYAIRI Nr Nr 6/86(7%)  16/27 (59%)  <0.001 0/86 0/27 = Seki et al™, 2003
99%
L. acidophilus Nr Nr 10/215 (4.6%) 30/139 (21.6%)  <0.001 - - - Pancheva-Dimitrova et
99% al™, 2004
B. clausii 0% ITT  3/162(1.8%) 7/161 (4.3%) 0.22 0/162 (0%) 1/161 (0.6%) 0.5 Destura et al™, 2008
16% 3%
Mixes
L. acidophilus + 37% APP  10/15 (66%) 16/23 (69.5%) 1 - - - Tankanow et al*®, 1990
L. bulgaricus 3%
L. acidophilus + 0% ITT  3/8(37.5%)  8/10 (80%) 0.14 - - - Jirapinyo et al®, 2002
Bifido infantis 25%
Bifido lactis + Strept 7.10% APP  13/80 (16%) 24/77 (31.2%) 0.04 -- -- -- Corréa et al®, 2005
thermophilus 54%
Bifido longum PLO3 + L. 0% ITT 1/40 (2.5%) 2/38 (5.3%) 0.61 - - - Szymaniski et al'*”, 2008
rhamnosus KL53A + L. 3%
plantarum PL02
L. thamnosus (3 strains) ~ 1.20%  ITT  9/120(7.5%) 20/120 (17%) 0.046  3/120 (25%) 7/120(58%) 0.33 Ruszczynski et al*", 2008
E/N, Pen and Oxy 53% 16%
Kefir (mix of 9 strains) ~ 6.40%  ITT  11/61 (18%) 14/64 (21.9%) 0.66 = = - Merenstein et al®, 2009
5%
C. butyricum + 210%  APP 15/193 (7.8%) 30/179 (16.8%) 0.01 - - - Investigating Group for
Bifido. infantis 70% Prevention of AAD in
Children with Pneumonia
by Clostridium Butyricum
and Bifidobacterium'®,
2012
Bifido animalis + 12%  ITT  2/48 (4%) 3/34 (9%) 0.64 = = = Conway et al™, 2007
L. acidophilus + Strept 8%
thermophilus
L. casei + L. acidophilus + 0% ITT  3/25(12%)  13/25 (52%) 0.005 -- - - Saneeyan et al*"!, 2011
L. reuteri + L. bulgaricus 80%

+ Strept. cremoris + Bifido.
bifidum + Bifido. infantis +

FOS
L. casei + L. rhamnosus + L.~ 0% ITT 2/33 (6.1%)  8/33 (24.2%) 0.04 - - - Ahmad et al™, 2013
bulgaricus + L. acidophilus 40%

+ Strept. thermophilus
+ Bifido. breve + Bifido.
infantis

AAD: Antibiotic-associated diarrhea; CDI: Clostridium difficile disease; S. boulardii: Saccharomyces boulardii; L. rhamnosus: Lactobacillus rhamnosus; Nr: Not
reported.
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RR (95%CI) Figure 2 Forest plot of 23 probiotic treatment
arms for the prevention of pediatric antibiotic

1.38 (0.75, 2.53) associated diarrhea.

0.23 (0.11, 0.51)
0.48 (0.20, 1.18)
0.33 (0.16, 0.67)
0.27 (0.15, 0.51)
0.32 (0.09, 1.11)
0.29 (0.13, 0.63)
1.17 (0.47, 2.95)
0.29 (0.06, 1.35)
0.12 (0.05, 0.27)
0.47 (0.29, 0.77)
0.22 (0.11, 0.43)
0.45 (0.21, 0.95)
0.43 (0.11, 1.62)

| N
Tankanow 1990_La+Lb | | 0.96 (0.61, 1.50)
Jirapinyo 2002_La+Bi | 0.47 (0.18, 1.21)
Correa 2005_Blac+Stherm } 0.52 (0.29, 0.95)
Szymansky 2008_BI+Lp : 0.47 (0.04, 5.03)
Zheng_2012_Cb+Bi  — 0.46 (0.26, 0.83)
Merenstein 2009_kefir L 0.82 (0.41, 1.67)
Conway_2007_Ba+La+St 1 0.47 (0.08, 2.68)
Saneeyan 2011_7 strains ; 0.23 (0.07, 0.71)
Ahmad 2013_7 strains <> 0.25 (0.06, 1.09)
Overall (7 = 61.6%, P = 0.000) | 0.42 (0.33, 0.53)
I I
0.0449 1 22.3

daily dose of probiotic (= 10"/d). As there is no stan-
dard recommended dose of probiotics for the pediatric
population, doses varied, even for the same strain of
tested probiotic. The daily doses in the four trials testing
S. boulardii lyo ranged from 4.5 X 10" to 1 x 10" cfu/d.
The daily doses in the four trials testing L. rhammnosus GG
ranged from 2 X 10” to 8 X 10" cfu/d.

Duration of probiotic treatment: Typically, the probi-
otic/control treatments are started soon after the incit-
ing antibiotic is begun, but only three trials stated they
required the study intervention to begin within 24 h of
the antibiotic initiation”** while the remaining trials
did not specify a minimum time. As the probiotic and
control treatment were to be given concurrently with the
antibiotic, the time of probiotic/control treatments var-
ied according to the duration of the antibiotic given and
ranged from 5 to 30 d, with the most duration of 7-10 d,
as shown in Table 3.

Duration of follow-up post-antibiotic: Of the 23
treatment arms, 10 (43%) did not follow the pediatric
subjects after the antibiotics and investigational treatments
were discontinued. Only four trials followed children
for an adequate time (6-12 wk) to capture delayed-onset
AADP*?* while nine arms had very short follow-up
times, ranging from 4 d to 2 wk, as shown in Table 3.

Attrition: Lost-to-follow up data was reported in 20
(91%) of the 22 trials (Table 4), but was not reported in
two trials”*, Six trials (27%) did not report any loss to
follow-up”>*>#*44 six (27%) had low attrition rates (<

10%)P*54%45%9) " while eight (36%) had higher attrition
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rates ranging from 12%-37%""" 544 Only 11 (50%)
of the trial arms included all enrolled patients in their in-
tent-to-treat analysis, while nine (41%) excluded dropped
patients from their as-per-protocol analysis and two (9%0)
did not report how many dropped from their studies”*.

Efficacy of probiotics for AAD

Incidence of pediatric AAD: The incidence of AAD
for each treatment arm is presented in table 4. The
incidence of AAD in pediatric controls ranged from
4.3%-80%. Of the 23 probiotic treatment arms analyzed
separately, 12 (52%) significantly protected children from
AAD. As there is significantly heterogeneity in these trials
by study size, type of probiotic strain(s) tested, formula-
tion, dose and study design quality, further investigation
and analysis was required. A meta-analysis of the 23
treatment arms weighted on study quality score revealed
a significant efficacy for probiotics (in general) of a
pooled RR for the prevention of pediatric AAD of 0.42
(95%CI: 0.33-0.53), as shown in the forest plot in Figure
2. When the model was run weighted on study size, the
pooled results were similar: RR = 0.43 (95%CI: 0.33-0.56,
P < 0.001). As significant heterogeneity was found Q/zzz =
57.4, P < 0.001), a randomized effect model was used in
all meta-analysis models. The number needed to treat to
prevent one case of pediatric AAD was 8.5.

Incidence of pediatric CDI: The incidence of CDI for
each treatment arm analyzed separately is presented in
Table 4. Of the five trials, only one significantly protected
children from CDI™. A meta-analysis of the five treat-
ment arms for the prevention of CDI using probiotics
revealed that probiotics are significantly protective for the
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Figure 3 Forest plot of 5 probiotic treatment arms for the prevention of pediatric Clostridium difficile disease.
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Figure 4 Funnel plot for publication bias assessment from 22 clinical tri-
als for the prevention of pediatric antibiotic associated diarrhea.

prevention of C. difficile disease, but only when all strains
are pooled (pooled RR = 0.35, 95%CI: 0.13-0.92, P =
0.03), as shown in Figure 3. The number needed to treat
to prevent one case of pediatric CDI was 34.8.

Publication bias

A funnel plot analysis (Figure 4) provides no compelling
indication of publication bias for AAD trials showing
general symmetry of the funnel for the relationship be-
tween risk ratio and standard error. Although there are
a limited number of trials reporting on the incidence of
diarrhea (# = 22), Egger’s test for small study effects (P =
0.17) and Begg’s test (P = 0.81) also failed to suggest evi-
dence of publication bias. Although our tests for publica-
tion bias fail to demonstrate that negative studies remain
unpublished, the literature suggests that these tests are, at
best, subjective. The only indication that publication bias
might exist is the gap in the funnel plot where small stud-
ies having an elevated risk for probiotics would appeat.

A similar test for publication bias for publication bias
for CDI trials also did not indicate significant publication
bias (Egger’s test, P = 0.62 and Begg’s test, P = 0.62), but
caution is warranted due to the small number of trials

published for pediatric CDI.

Subgroup analysis
Probiotic species: It is well known that not all probiotic
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strains are equally effective for the prevention of disease,
therefore it is necessary to analyze the efficacy by similar
probiotic strains whenever possible. Only two probiotic
strains have been tested in multiple trials in the pediatric
population: S. boulardii lyo and L. rhamnosus GG. When
the five treatment arms (one trial had two treatment
arms) testing S. boulardii were pooled in a meta-analysis
model weighted by study qua]ity[30’34’36’43], there was a sig-
nificant protective effect for pediatric AAD (pooled RR
= 0.43, 95%CI: 0.32-0.60, P < 0.001). When the four
trials testing L. rhammnosus GG were pooled in a meta-anal-
ysis model weighted by study quality™***™*¥ this strain is
also significantly protective for pediatric AAD (pooled
RR = 0.306, 95%CI: 0.19-0.69, P = 0.002).

A meta-analysis for the prevention of CDI was not
possible by probiotic strain, as there are no multiple trials
within any probiotic strain, other than the two trials for .
boulardii.

Probiotic dose: The a priori subgroup analyses on dose
compared high dose probiotic (= 1 x 10" cfu/d) »s low
dose (< 1 % 10" cfu/d). Seven of the treatment arms
used high daily doses of probiotics and 16 used lower
doses (Table 3). For the seven trials using high dose
(=1 % 10" cfu/d) probiotics, the pooled incidence of
AAD was 8.3% for the probiotic group and 20.6% for
the control group (P < 0.001). For the 16 trials using
lower doses, the pooled incidence of AAD was 7.3% for
the probiotic group and 15.9% for controls (;(21 = 59.3,
P < 0.001). A meta-analysis stratifying by low zs high
dose trials (Figure 5) showed no significant difference by
dose (pooled RR by high dose trials, RR = 0.42, 95%CI:
0.31-0.58 and pooled RR by low dose trials, RR = 0.41,
95%CI: 0.30-0.58). If a lower dose threshold was used (5
X 10%), there was no significant effect on AAD incidence
for probiotics given at 5 X 10” cfu/d (7.2%) s lower
doses of probiotics (7.6%). For the 23 different probiotic
treatments given, there was no significant dose-effect on
the incidence of AAD in children.

Quality of studies: Of the 22 trials, 10 were judged to
be of high qualityp1’32’36'38’4“’43"45‘48], 10 trials were judged to
be of moderate quality”™*****%%| "o trials that had
only meeting abstract data available were judged to be of
low quality, largely due to missing information™*". The
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Figure 5 Meta-analysis of pediatric antibiotic-associated diarrhea by high dose (1010 cfu/d) compared to lower doses of daily probiotics given (colony

forming units).

33 study items scored on quality were assessed for six
sources of potential bias, as shown in Figure 6. Within
the study design factors, 82% were scored as high quality,
as the studies were typically well described and designed
and the interventions were well defined. However, only
36% of trials provided sample size calculations. Within
the randomization factors, 64% of the trials were of
high quality, but 36% did not describe the method used
to generate the randomized treatment allocation num-
bers. Within the blinding factors, 50% were moderate-
low quality, as 32% were not double-blinded and the
method of treatment concealment was not well described
in 50% of the trials. Within the attrition factors, 41%
of the trials were moderate-low quality, and while most
(91%) provided attrition rates, only 68% described why
children dropped out or were lost-to-follow-up. Within
the outcome factors, 54% of the trials were of high qual-
ity. Most of the source of reporting bias was due to as-
per-protocol analyses (excluding attrition) and not using
intent-to-treat analyses. In addition, 27% of the trials did
not present a CONSORT flow-chart of the study popu-
lation and 14% did not present any adverse event data by
treatment group. Within the ‘other’ categories, only 14%
of the trials were scored as high quality, largely due to a
lack of two topics in the discussion (only 9% discussed
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generalizability and only 50% discussed limitations of
their trial). Other areas that could use improvement were
to provide clinical trial registry information and to pro-
vide a location where the full protocol may be accessed.
The agreement between reviewers on the initial calcula-
tion of quality scores was good (kappa = 0.68, 95%CI:
0.63-0.73) and improved after re-review (kappa = 0.98,
95%ClI: 0.97-0.99). All disagreements were resolved after
further discussion.

Adverse events

Of the 22 trials, 19 (86%) planned a priori to document
any adverse events that might occur during the interven-
tion and follow-up period (if done), while three trials did
not document adverse events during their trials” >,
None of the trials reported significantly more adverse
events in the probiotic group compared to the control
groups, nor were there any reported cases of bacteremia
or fungemia. Conway e/ al’! reported 44% abdominal
pain and 63% gas in his study, but there was no significant
difference by treatment group. La Rosa ez al”” reported
more (64%) abdominal complaints (cramps, gas and
other) in the placebo group than the probiotic group (46%,
P = 0.07). Merenstein ¢ al™” reported one case of emesis
in the probiotic group and one case of constipation in the
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placebo group (P > 0.05). Szajewska ez al™ reported 18
adverse events in the probiotic group (nausea, vomiting,
taste disturbance, loss of appetite, flatulence, constipa-
tion), but these were not significantly different than the 13
adverse events reported in the placebo group. Tankanow
et al™” reported 14 adverse events (including rash, gas,
burping, hiccups, constipation, vomiting, e#.), but failed
to report in which treatment group these occurred. The
result™ found fewer adverse events in the probiotic group
(27%) compared to the placebo group (57%, P = 0.006),
which included dehydration, fever and vomiting

GRADE criteria for AAD

For the prevention of pediatric AAD, we recommend the
following probiotic strains: S. boulardii lyo (high quality
and strong strength) and L. rbamnosus GG (high quality
and strong strength). All other strains require additional
multiple randomized, controlled trials before a recom-
mendation can be provided.

GRADE criteria for CDI

For the prevention of pediatric CDI, we are unable to
make any recommendations for a specific probiotic strain
at the present time due to the limited number of clinical
trials performed.

DISCUSSION

Our meta-analyses found that, while in general, probiot-
ics may be an effective strategy to prevent AAD and CDI
in children, only a few probiotic strains (. boulardii lyo
and L. rbammnosus GG) have sufficient evidence from ran-
domized clinical trials to be confident in their abilities to
prevent disease in the pediatric population. The safety of
probiotics was excellent, as there were no adverse reac-
tions significantly associated with the use of probiotics in
any of the 22 clinical trials.

The evidence from meta-analyses of AAD and CDI
in the literature have indicated probiotics, in general, may
be efficacious for the prevention of AAD or CDI, but
two main issues have limited the conclusions for pediatric
populations: either trials did not assess the efficacy by

. .. .13 .
specific probiotic strain**" or the authors did not ana-
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lyze the pediatric data separatelym or the studies only in-
cluded adults™. Hempel ¢ a/” reviewed 63 randomized
controlled trials in adult and pediatric subjects and found
a protective effect for probiotics in the prevention of
AAD (pooled RR = 0.58, 95%CI: 0.50-0.68), but did not
analyze the data by probiotic strain for just pediatric sub-
jects. When the subgroup of pediatric data only was pre-
sented, the authors did not present it by probiotic strain.
This is an important consideration, as not all probiotics
strains are equally effective for AAD or CDI. Two meta-
analyses including adult and pediatric subjects did restrict
their analysis to trials using only one type of probiotic
(8. bonlardii), and found a protective effect of this strain
(pooled RR = 0.43, 95%CI: 0.23-0.78)" and (pooled RR
= 0.47, 95%CI: 0.35-0.63)"”, but only one of these 10
trials was in a pediatric population. Kale-Pradhan ez a/*
reviewed six trials in adults and four trials in children and
found the use of different Lactobacilli probiotic strains
were protective (RR = 0.35, 95%CI: 0.19-0.67), but not
when only pediatric patients were analyzed. Unfortu-
nately, the pediatric data was not analyzed grouped by
identical Lactobacilli strain types. Of ten meta-analyses
of probiotics for the prevention of AAD found in the
literature, only four analyzed probiotics strains separately
for pediatric subjects.

Several meta-analyses in pediatric populations only
have limited their inclusion to studies to the same probi-
otic stain for the prevention of AAD. Szajewska e# al®
pooled the results from six RCT in children and found
L. rhamnosus GG was significantly protective in two RCT,
but other probiotic strains were not. Johnston e# al™™
also conducted a sub-group analysis by probiotic strains
for pediatric cases of AAD over a seties of three meta-
analysis over time and from the most current meta-anal-
ysis of 16 RCT, found L. rhamnosus GG was significantly
protective in three RCT, but . boulardii did not show a
significant efficacy in results pooled from three other
RCT. In our meta-analysis, we found both S. boulardii and
L. rhamnosns GG had significant efficacy for preventing
pediatric AAD. No other probiotics strains have been
tested with multiple clinical trials and this is required be-
fore any conclusions and recommendations can be made
on other probiotic strains.
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There have been several meta-analyses investigating
the use of probiotics for the prevention of CDI, but

[65,67,73]

they were in adult populations , or used a pediatric

subgroup for the treatment, not prevention, of CDI"",
Goldenberg ¢f a/™ pooled three pediatric trials from their
23 trials in adult and pediatric populations and found a
significant protective effect of probiotics for pediatric
CDI (RR = 0.37, 95%CI: 0.23-0.60), which was similar
to our findings from five randomized controlled trials for
CDI (pooled RR = 0.35, 95%CI: 0.14-0.91). Our meta-
analysis for the prevention of CDI combined five treat-
ment arms, four with non-significant findings from the
individual trials, but overall resulting in a pooled estimate
of 65% risk reduction. This finding illustrates a limitation
with meta-analytic methods. Although the pooled relative
risk indicates a significant protective effect of probiotics,
most individual trials did not. This may be interpreted
as probiotics, in general, may be an effective strategy for
the prevention of pediatric CDI, but the choice of the
appropriate tactic (Ze. the specific strain of probiotic) has
yet to be tesolved. As only five randomized clinical trials
were found for the prevention of pediatric CDI, but only
two trials tested the same strain, we recommend confir-
matory clinical trials for these four strains. Clearly, more
randomized clinical trials testing specific probiotic strains
in multiple trials are required before a conclusion can be
reached.

Besides the strain of the probiotic, other factors may
either confound the efficacy estimate or be as important
as a predictor. These factors may include the dose of
probiotic used, the duration used, the formulation and
the quality of the study. We investigated the dose of pro-
biotic used and the impact on the efficacy for AAD and
CDI by doing sensitivity analyses by different daily doses.
Johnston e al™ reported higher dose groups (= 5 X
10” cfu/d) resulted in a significant reduction in pediatric
AAD for probiotics (8%) compared to controls (22%0)
and compared the high dose groups who those develop-
ing AAD assigned to lower doses (8% probiotics »s 11%
in controls), but the apparent dose-effect was driven
solely by differences in AAD rates in the control groups,
not by rates in the probiotic groups. We did not find a
significant dose effect in our meta-analysis of pediatric
AAD, as our rates of AAD were similar in the probiotic
groups regardless of the threshold used (8% for = 10"
or 7.8% for = 5 x 10’ cfu/d and 8.2% for < 5 x 10°),
but our AAD rates did not vary significantly in the con-
trol groups depending upon the dose group (21% for =
10" or 20% for = 10’ cfu/d and 18% if <5 x 10%), un-
like the study by Johnston ez al™”.

The quality of clinical trials varied from a score of
38% to 96%, which was not surprising as some of the
trials were done at an earlier time before standardized
randomized controlled trial guidelines were widely pub-
lished and some trials with low quality scores were from
meeting abstracts that never resulted in full article publi-
cations. The advantage of scoring trials on quality is this
allows a meta-analysis model to be run weighing more

(49

Boichidoogs  WIMA | www.wjgnet.com

115

heavily on higher quality trials. Another advantage of as-
sessing the quality of the clinical trials is the results allow
an assessment of recommendations to improve future
studies by assessing the different types of bias present in
the studies. The trials included in this meta-analysis had
generally low rates of bias relating to study design, attri-
tion and reporting bias, but could show improvements in
randomization methods and the degree of blinding;

We did not find any significant adverse events associ-
ated with the use of probiotics in the 22 pediatric trials
and most of the reviews of probiotic clinical trials have
not found adverse reactions associated with probiotic
use!”!. However, bacteremia and fungemia have been
reported in the literature, especially for immunocompro-
mised infants who have a central catheter or have disor-
ders associated with increased bacterial translocation”*””.
Whelan and Myers reviewed the literature from 1950 to
2009 for adverse reactions noted in trials using probiot-
ics in adult and pediatric populations and found only 20
case reports of adverse events. There were five cases of
pediatric bacteremia associated with L. rbamnosus GG
and six cases of fungemia in children taking S. bowlardii
and all eleven children recovered after treatment with
antibiotics or anti-fungals were given'”, Salminen ez a/”
reported since the introduction of L. rbamnosus GG in
Finland in 1990, only 0.02% of blood cultures were posi-
tive for Lactobacilli bacteremia and none of the 11 cases
were found to have taken the oral probiotic. It is unclear
what the absolute risk is for probiotics, as safety data is
not routinely collected and reported for children treated
with probiotics. The safety of probiotic products is a
concern due to the lack of standardized regulations on
the quality control of commercial probiotic products and
the differing safety regulations depending upon if the
probiotic product is an over-the-counter product, dietary
supplement or prescribed medication. A review of the
field by the World Gastroenterology Organization iden-
tified several issues relating to the safety of probiotics,
including the inconsistent quality control results due to
the failure of some probiotic products to meet their label
claims with regard to the numbers and types of viable
organisms in their product and the lack of standardiza-
tion regulations for safety assessment of probiotic prod-
ucts™., Sanders e a/*" evaluated the safety of probiotic
products and also identified several safety concerns: the
presence of unlabeled organisms in some of the retail
products and the higher rate of sepsis in immunocom-
promised patients. However, she also found use of pro-
biotics reduced post-surgery infections in five of seven
randomized controlled trials®". As a consequence, the use
of probiotics in severely ill patients should be restricted
to probiotic products with strong evidence-based efficacy
and beneficial safety profiles.

This systematic review has several strengths. We had
specific outcomes selected a priori and the search strategy
for this review was comprehensive including any relevant
trials irrespective of language or publication status (7.e. we
included published data from meeting abstracts, obtained
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pediatric specific data from authors, and translated four
non-English trials). Additional strengths of the review
include its rigorous application of the GRADE criteria

P11 and the rigorous evaluation

for each of the outcomes
of each of the subgroups (i.e. probiotic species, probi-
otic dose, antibiotic class, and risk of bias) using the 33
criteria for assessing subgroup credibility[gzl. The results
of this meta-analysis may be generalizable to the global
pediatric population, because we included a wide range
of ages, countries and settings (inpatients and outpatient
children were included). It should be noted however,
that ethnicity and race data were not reported, nor were
immunocompromised children included in most of the
trials, so the applicability of our results to these types of
pediatric populations is not known.

This review also has limitations. While we did a
more comprehensive search of the grey literature, we
did not search all conference proceedings or dissertation
abstracts. One of the main limitations for doing meta-
analysis on probiotics is the limited number of probiotic
strains that have data from multiple trials. Probiotic strain
is the key indicator of efficacy for AAD and CDI, but
the limited number of trials on the same strain limits our
ability draw robust conclusions on most of the strains
used for pediatric studies. Only five trials had data on
CDI and only two of those were done using the same
strain of probiotic. Clearly, more confirmatory research
on probiotic strains is mandated. Combining the results
of different clinical trials introduces sources of hetero-
geneity, which may influence the estimate of efficacy. To
control for these differences in trial populations and de-
signs, we performed sensitivity analyses by the influence
of different doses, by study quality and did separate mod-
els for probiotic strains with sufficient numbers of trials.
Videlock e# a/*" used another technique, meta-regression
modeling, to assess the association of study-related vari-
ables (age, probiotic type, risk of bias and incidence of
diarrhea in the placebo group), but failed to find any sig-
nificant association between these variables and the risk
of AAD in adult and pediatric clinical trials. However,
it is possible that differences in efficacies found in our
meta-analysis may have been influenced by differences in
study population, and other study-related variables that
we did not stratify on.

The issues of strain-specific efficacy, study design
and safety are not unique to the use of probiotics for the
prevention of AAD and CDI. Other reviews and meta-
analyses of probiotics have also addressed the issues of
identifying an appropriate target population, choice of an
effective probiotic strain, which needs to be given at an
effective dose and for a sufficiently long duration, even
though they have been for a different indications than
our meta-analysis, such as the treatment of acute pediat-
tic diarrheg?jw, treatment of adults with irritable bowel

syndrome”®™* and the prevention of adult AAD and
CDISS7

The alternatives for therapies to prevent pediatric di-
arrhea are scarce. Racecadotril and diosmectite have been
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used as adjunctive therapy with oral rehydration therapy
in children with existing diarthea™. but only diosmectite
has been tested in one study for the prevention of diar-
rhea in pediatric patients receiving pelvic radiation™.
Thus probiotics remain one of the few strategies avail-

able for the prevention of pediatric AAD and CDI.

Suggestions for future research

Recommendations for future research include multiple
randomized, controlled trials on the same probiotic
strains, allowing confirmation of single clinical trial re-
sults. Improvements in study design include reducing bias
by the use of treatment concealment (double blinding),
calculating sample size a priori to power a large enough
study to detect significant results, use of intent-to-treat
analysis to account for patient attrition effects, the collec-
tion of adverse event data and having sufficient follow-
up time after the treatments are discontinued. While most
cases of AAD occut while a person is on antibiotics; be-
cause it takes 6-8 wk for the normal intestinal microbial
to become re-established, delayed onset AAD may occur
up to 8 wk after antibiotics are discontinued™”. In our
meta-analysis, only four of the trials had sufficient fol-
low-up times (6-12 wk) to capture delayed-onset cases of
AAD or CDI. Future clinical trials need to incorporate
sufficient follow-up times in their study protocols. As the
safety of probiotic products continues to be a concern,
safety data needs to be collected and global standards for
commercial probiotic products are recommended.

In conclusion, our meta-analyses found probiotics
are beneficial and safe in the prevention of pediatric
AAD and pediatric CDI and, while only two strains had
sufficient evidence to conclude they are efficacious for
the prevention of AAD (S. boulardii lyo and L. rhamnosus
GG), other probiotic strains are promising;
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Background

Antibiotic associated diarrhea and Clostridium difficile (C. difficile) infections are
important side-effects of antibiotic use. The frequency of both these diseases
is increasing over time and the new therapies are needed to prevent these dis-
eases. The use of probiotics (living organisms that have health benefits) have
gained popularity for the prevention and treatment of various diseases, but the
evidence can be confusing due to differences in the type of probiotic used and
the type of patients treated.

Research frontiers

Of the many available types of probiotic products, only a few have evidence-

November 26, 2013 | Volume 1 | Issue 3 |



McFarland LV et a/. Probiotics and prevention of pediatric AAD/CDI

based information on the efficacy and safety for the prevention of antibiotic
associated diarrhea and C. difficile infections. While there are several reviews
of probiotics in the adult population, there are limited meta-analysis for the
prevention of these two diseases in the pediatric population. The research hot-
spot is how to choose the proper probiotic strain(s) for the prevention of these
diseases in the pediatric population.

Innovations and breakthroughs

In the present meta-analysis, the largest number of randomized controlled tri-
als in the pediatric population have been reviewed for the efficacy and safety
of probiotics. By analyzing the quality of the studies, recommends on how to
improve future clinical trials for probiotics have been discovered.
Applications

This meta-analysis found two probiotic strains (Saccharomyces boulardii lyo
and Lactobacillus rhamnosus GG) were found to be significantly preventive for
pediatric antibiotic-associated diarrhea. These two probiotics are generally safe
to use in pediatric patients, but use is cautioned in children who are immuno-
compromised or are severely ill.

Terminology

Probiotics are living microorganisms (bacteria or yeasts) that when taken at a
sufficient daily dose show a health benefit for the child.

Peer review

This manuscript on the meta-analysis of the use of probiotics in antibiotic-
associated diarrhea and C. difficile infections is very well written.
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Abstract

AIM: To perform a meta-analysis of the prevalence of
anti-ribosomal P (aRP) antibodies in lupus psychosis,
and the odds of psychosis in aRP-positive subjects.

METHODS: We identified articles by searching PubMed,
PsychInfo, and ISI, and the reference lists of identified
studies.

RESULTS: Twenty-four studies met the inclusion crite-
ria. Positive aRP antibodies were found in 51% (91 of
179 total cases) of cases of lupus psychosis. There was
an almost 3.5-fold increased odds of psychosis in aRP-
positive patients (OR = 3.46, 95%CI: 1.97-6.09, P <
0.001). The population attributable risk percentage was
36% for aRP antibodies.

CONCLUSION: aRP antibodies are common in lupus
psychosis, although the potential mechanism(s) under-
lying this association remain unclear. Given the overlap

(4 9
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121

between the clinical presentation and risk factors for
lupus psychosis and schizophrenia, further investigation
of aRP antibodies in schizophrenia is warranted.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Systemic lupus erythematosus; Psychosis;
Autoantibodies; Anti-ribosomal P antibodies; Meta-
analysis

Core tip: In a meta-analysis of twenty-four studies,
positive anti-ribosomal P (aRP) antibodies were found
in 51% (91 of 179 total cases) of cases of lupus psy-
chosis. There was an almost 3.5-fold increased odds of
psychosis in aRP-positive patients (OR = 3.46, 95%(CI:
1.97-6.09, P < 0.001). The population attributable
risk percentage was 36% for aRP antibodies. aRP an-
tibodies are common in lupus psychosis, although the
potential mechanism(s) underlying this association
remain unclear. Given the overlap between the clinical
presentation and risk factors for lupus psychosis and
schizophrenia, further investigation of aRP antibodies in
schizophrenia is warranted.

Linz K, Miller BJ. Meta-analysis of anti-ribosomal P antibodies in
lupus psychosis. World J Meta-Anal 2013; 1(3): 121-129 Avail-
able from: URL: http://www.wjgnet.com/2308-3840/full/v1/i3/12
1.htm DOI: http://dx.doi.org/10.13105/wjma.v1.i3.121

INTRODUCTION

Neuropsychiatric manifestations occur in about half
of patients with systemic lupus erythematosus SLE)".
Psychosis is a rare, but well-documented neuropsychi-

atric sequelae of SLE. A systematic review of 9 studies,
comprised of 1422 subjects with SLE, found a 5% point
prevalence of lupus psychosism. Lupus psychosis is de-
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Search Strategy: “aRP
antibodies and (lupus or SLE or
psychosis)”

3 databases searched:

Medline (7 = 27)

PsycInfo (7 = 20)

Thomson Reuters Web of Knowledge
(n =43)

Plus manual review of reference lists

N = 44 Potential studies
for meta-analysis

N = 20 excluded:

n = 11 Psychosis not stratified from
other neuropsychiatric sequelae

n = 4 Review article

n = 2 In vitro studies of aRP

n = 2 Data for aRP not available

n = 1 Reported absolute aRP titers

N = 24 Studies included
in the meta-analysis

Figure 1 Flowchart of the study selection process. aRP: Anti-ribosomal P.

fined as a severe disturbance in the perception of reality
characterized by delusions and/or hallucinations”. The
diagnostic criteria require that the disturbance (1) includes
either delusions or hallucinations without insight; (2)
causes clinical distress or impairment in social, occupa-
tional, or other relevant areas of functioning; (3) does not
occur exclusively during the course of a delirium; and (4)
is not better accounted for by another mental disorder. A
primary psychotic disorder unrelated to SLE (e.g., schizo-
phrenia), substance- or drug-induced psychosis, and a
psychologically medicated reaction to SLE (eg., brief re-
active psychosis with a major stressor) are exclusionary to
the diagnosis of lupus psychosis.

The clinical presentation of lupus psychosis may
mimic that of schizophrenia. Schizophrenia is a hetero-
geneous psychotic disorder that requires the presence of
two or more characteristic symptoms-delusions, halluci-
nations, disorganized speech, grossly abnormal psycho-
motor behavior (such as catatonia), or negative symptoms
(i.e. restricted affect or avolition/asociality'. At least one
of these two characteristic symptoms should include
delusions, hallucinations, or disorganized speech. There
is significant impairment in one or more major areas of
functioning, including work, interpersonal relations, and
self-care. It must also be established that the disturbance
is not better accounted for by a primary mood disorder,
schizoaffective disorder, substance intoxication or with-
drawal, or another general medical condition.

A recent study found that 2 of 85 subjects hospitalized
for a first-episode of schizophrenia had positive anti-nu-
clear (ANA) antibody titers and subsequently were found
to have neuropsychiatric SLE". Importantly, neither sub-
ject had signs or symptoms suggestive of rheumatologic
disease, and presented only with psychiatric complaints.

A number of previous studies have found an asso-
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ciation between anti-ribosomal P (aRP) antibodies and
lupus psychosis[(”m. aRP antibodies target PO, P1 and
P2 proteins on the ribosomal sub-unit, and are capable
of penetrating cells and inducing apoptotic changes. A
previous meta-analysis investigated the accuracy of aRP
antibody testing for the diagnosis of neuropsychiatric
SLE"; however, this study did not consider psychosis
separately from other neuropsychiatric manifestations of
SLE, such as mood disorders and seizures. The purpose
of the present study was to perform a meta-analysis of
the prevalence of aRP antibodies in lupus psychosis, and
the odds of psychosis in aRP-positive subjects.

MATERIALS AND METHODS
Study design

Studies of aRP antibodies in lupus psychosis were sys-
tematically searched using using Medline (PubMed,
National Center for Biotechnology Information, United
States National Library of Medicine, Bethesda, Mary-
land), Psyclnfo (via Ovid, United States Psychological
Association, Washington, DC), and Thomson Reuters
(formerly ISI) Web of Knowledge (Science Citation
Index and Social Sciences Citation Index, Thomson Re-
uters, Charlottesville, Virginia) in October 2011 and again
in March 2013. The primary search strategy was “anti-
ribosomal P antibodies and (upus or SLE or psychosis).”
Limiting results to studies in English, this search resulted
in 27 citations from Medline, 20 from Psychlnfo, and 43
from ISI. From these citations, as well as 2 manual review
of their reference lists, we identified 44 potential studies,
which are described in Table 1",

The inclusion criteria were (1) cross-sectional stud-
ies of the proportion of subjects with SLE positive for
aRP antibodies, stratified by the presence or absence of
psychosis; (2) cross-sectional studies of the proportion
of subjects with lupus psychosis and positive aRP anti-
bodies; or (3) longitudinal studies of aRP antibodies at
multiple time points in subjects with lupus psychosis. The
exclusion criteria were: (1) studies in which there were no
cases of lupus psychosis; (2) studies which did not stratify
psychosis from other neuropsychiatric sequelae of SLE,
such as seizures and mood disorders; and (3) 7 vitro stud-
ies of aRP antibodies.

After independent searches, review of the study meth-
ods by two authors (BJM and KL) 24 studies met the
inclusion criteria. There was universal agreement on the in-
dependent studies. 20 studies were excluded due: psychosis
not stratified from other neuropsychiatric sequelae (7 = 11),
review articles (# = 4), in vitro studies of aRP (» = 2), data
for aRP not available (#» = 2), and reported absolute aRP
titers (# = 1). A flow chart summarizing the study selection
process is presented in Figure 1. For each of the 16 case-
control studies identified, we also extracted descriptive data
on subject age, gender, and illness duration.

Statistical analysis (prevalence of anti-ribosomal P
antibodies)
For all 24 studies, we calculated the prevalence of positive
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Table 1 Studies of anti-ribosomal P antibodies in systemic lupus erythematosus

Study Assay method Location Included Comment
Abdel-Nesser 2008 ELISA Egypt Yes Case-control study
Almeida 2002 ELISA Spain Yes
Arnett 1996 ELISA United States Yes Case-control study
Bonfa 1987 Immunoblotting, RIA United States Yes
Briani 2009 Immunoblotting Italy Yes Case-control study
Caponi 2002 ELISA Italy Yes Case-control study
Chan 1998 ELISA, Western blot China No Psychosis not stratified from other neuropsychiatric sequelae
Conti 2004 ELISA Ttaly No Psychosis not stratified from other neuropsychiatric sequelae
Derksen 1990 ELISA Netherlands Yes
Ebert 2005 N/A No Review article
Ghirardello 2001 N/A No Review article
Haddouk 2009 Immunodot assay Tunisia Yes Case-control study
Hanly 2008 ELISA Canada Yes Case-control study
Hanly 2011 ELISA, Lupus anticoagulant Canada Yes Case-control study
Hoffman 2004 N/A Europe No Data for aRP not available
Isshi 1996 ELISA Japan Yes Case-control study
Isshi 1998 ELISA Japan No Reported absolute titers
Jonsen 2003 Immunoassays Sweden Yes
Kao 1999 N/A China Yes
Karassa 2005 N/A Multicenter No Psychosis not stratified from other neuropsychiatric sequelae
Magalhaes 2007 ELISA Brazil No Psychosis not stratified from other neuropsychiatric sequelae
Mabhler 2003 Indirect immunofluorescence No Review article
Massardo 2002 Double immune diffusion, Chile Yes Case-control study
or Western blot and ELISA
Munoz 1999 N/A Spain Yes
Nagai 2005 Flow cytometery Japan No In vitro study
Nagai 2011 ELISA Japan No In vitro study
Nojima 1992 western blot Japan Yes Case-control study
Press 1996 ELISA Canada Yes Case-control study
Sanna 2000 N/A Italy No Data for aRP not available
Sato 1991 FIEA Japan No Psychosis not stratified from other neuropsychiatric sequelae
Schneebaum 1991 ELISA United States Yes Case-control study
Shovman 2006 ELISA Israel Yes Case-control study
Teh 1992 ELISA United Kingdom Yes Case-control study
Teh 1993 ELISA United Kingdom No Psychosis not stratified from other neuropsychiatric sequelae
Teh 1993b ELISA United Kingdom No Psychosis not stratified from other neuropsychiatric sequelae
Toubi 2007 N/A No Review article
Tziousfas 2000 Western blot Isreal No Psychosis not stratified from other neuropsychiatric sequelae
Van Dam 1991 ELISA, Inmunoblotting Netherlands Yes Case-control study
Watanabe 1996 ELISA Japan No Psychosis not stratified from other neuropsychiatric sequelae
Weiner 2000 Not specified Germany No Psychosis not stratified from other neuropsychiatric sequelae
West 1995 ELISA United States Yes
Williams 2004 Western blot United States Yes
Yalaoui 2002 N/A Tunisia No Psychosis not stratified from other neuropsychiatric sequelae
Yoshio 1995 ELISA Japan Yes Case-control study

aRP: Anti-ribosomal P; FIEA: Fluro-immuno-enzymatic assay; RIA: Radioimmunoassay.

aRP antibodies in lupus psychosis by dividing the number
of subjects with psychosis and positive aRP antibodies by
the total number of subjects with psychosis.

Meta-analysis

For each of the 16 case-control studies, we calculated
odds ratios (OR) and 95% confidence intervals (95%Cls)
for psychosis in aRP-positive patients, with odds set equal
to 1.00 for psychosis in aRP-negative patients. We then
performed a meta-analysis to estimate pooled OR (and
95%CI) for psychosis in aRP-positive patients, again with
risk = 1.00 for psychosis in aRP-negative patients. Ran-
dom effects pooled estimates and 95%CI were calculated
using the method of DerSimion and Laird. Random ef-
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fects models yield their actual first error rate while fixed
effect models tend to inflate their first error rate. Cls ob-
tained by fixed effect models are also biased and their ac-
tual coverage rate is smaller than their nominal coverage
rate™. P-values were considered statistically significant at
the 7° = 0.05 level. A funnel plot and Egger’s test were
generated to assess for publication bias. In case of sig-
nificant heterogeneity in the overall result, we performed
subgroup analysis and meta-regression, to explore pos-
sible reasons for the heterogeneity. The subgroup analysis
included assay methodology (ELISA »s other). We con-
ducted meta-regression analyses of four variables, year of
publication, age, the proportion of female subjects, and
illness duration. The statistical analyses were performed
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Table 2 Effect of anti-ribosomal P antibody status on psychosis risk

Study Total Mean Female Mean illness aRP(+) aRP(-) Psychosis Psychosisa- No psycho- Psychosis No psycho- OR 95%CI
N) age (yr) (%) duration (n) (n) (n) nd aRP(+) sisand and aRP(-)  sis and
(yr) () aRP(+) (1) () aRP(-) ()
Abdel-Nesser 2008 32 25.0 87.5 3.9 7 25 1 1 6 0 25 8.33 0.25-278.68
Arnett 1996 364 63 301 17 8 55 9 292 472 1.74-12.76
Briani 2009 219 28.0 84.5 45 174 1 1 44 0 174 791 0.26-239.58
Caponi 2002 149 37.1 93.3 9.3 18 131 1 0 18 1 130 0.07 0-2.6 x10
Haddouk 2009 200 30.5 86.5 47 153 3 1 46 2 151 1.64 0.15-18.51
Hanly 2008 214 349 87.4 0.4 17 197 7 3 14 4 193 10.34 2.10-50.82
Hanly 2011 991 352 89.1 0.5 91 900 14 4 87 10 890 409 1.26-13.32
Isshi 1996 75 21 54 19 10 11 9 45 455 1.49-13.88
Massardo 2002 141 33.0 90.1 5.0 21 120 2 2 19 0 120 25.26 1.10-581.69
Nojima 1992 91 80.0 38 53 10 9 29 1 53 16.45 1.98-136.36
Press 1996 79 16 63 13 B 11 8 55 3.13 0.86-11.37
Schneebaum 1991 269 51 218 29 13 38 16 202 432  1.92-9.71
Shovman 2006 44 6 38 1 1 5 0 38 15.2 0.45-513.80
The 1992 116 18 98 13 15 10 88 1.76 0.43-7.15
Van Dam 1991 38 12 26 1 1 11 0 26 4.73 0.15-151.50
Yoshio 1995 70 31.9 943 41 29 10 38 7 22 0.25 0.06-1.06
Total 3093 512 2581 142 65 447 77 2504
aRP: Anti-ribosomal P; OR: Odds ratios; CI: Confidence interval.
using Stata 10.0 (StataCorp LP, College Station, TX). The (Figure 4).

meta-analysis procedure also calculates a ;(2 value for the
heterogeneity in effect size (ES) estimates, which is based
on Cochran’s Q-statistic™. Between-study heterogeneity

;(2 was considered significant for P < 0.10"",

RESULTS

Prevalence of anti-ribosomal P antibodies
Positive aRP antibodies were found in 51% (91 of 179
total cases) of cases of lupus psychosis.

Meta-analysis

As described in Table 2, the case-control studies included
a total of 3093 subjects. Table 2 and Figure 2 present the
estimates of OR with 95%CIs from the meta-analysis.
There was an almost 3.5-fold increased odds of psycho-
sis in aRP-positive patients (OR = 3.46, 95%CI: 1.97-6.09,
P < 0.001). There was significant heterogeneity in this
effect size estimate,;(2 = 26.43, P = 0.03. In a post-hoc
sensitivity analysis, the heterogeneity was no longer sig-
nificant @(2 = 12.63, P = 0.55) and the association was
stronger (OR = 4.29, 95%CI: 2.90-6.36, P < 0.001) after
excluding one study (Yoshio). A funnel plot showed no
evidence of publication bias (Figure 3; Eggers test, P =
0.99).

In the subgroup analysis, there was no change in
the association when studies using ELISA to measure
aRP antibodies were considered separately (OR = 3.00,
95%CI: 1.60-5.59, P < 0.001). In meta-regression analy-
ses, year of publication (P = 0.55), age (0.55), and illness
duration (P = 0.27) were unrelated to the association
between aRP antibodies and lupus psychosis. However,
there was a significant association with gender (slope =
-0.31, 95%CI: -0.55 to -0.08, P = 0.02), with a stronger
association in studies with a higher proportion of males
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We also estimated the population attributable risk
percentage (PAR%) for aRP-positivity. The PAR% is the
prevalence of the outcome (psychosis) in all subjects,
minus the prevalence of the outcome among the unex-
posed (defined here as aRP negative patients), divided by
the prevalence of outcome in the total population, and
multiplied by 100%. The population PAR% was 36% for
aRP antibodies.

DISCUSSION

Although psychosis is a rare neuropsychiatric manifesta-
tion of SLE, we found that more than half of subjects
with lupus psychosis had positive aRP antibodies. Fur-
thermore, there was an almost 3.5-fold increased odds of
psychosis in aRP-positive patients. The association was

not moderated by year of publication, age, or illness du-
ration, but there was a significant association with gender.
The PARY% was 36% for anti-ribosomal P antibodies.

An important strength of our study is that we includ-
ed data from all case-control studies of this association.
A previous meta-analysis aRP antibodies in SLE did not
consider psychosis separately from other neuropsychiat-
ric manifestations of SLE"". Our analysis differed from
this study in several ways. First, we focused on psychosis
as the outcome, rather than the broader category of
neuropsychiatric SLE. Second, we were able to calculate
the odds of psychosis in aRP-positive subjects, as well
as the PAR% for aRP-positivity. Although we were able
to perform subgroup and meta-regression analyses, an
important limitation of the present study was that data
on a number of potential confounding factors, including
age, sex, and illness duration, were available for only a
portion of studies. We were not able to control for other
potential confounding factors including smoking status,
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Figure 2 Forest plot of risk of psychosis in anti-ribosomal P antibody-positive subjects.

Anti-Ribosomal P Ab
Funnel plot with pseudo 95% confidence limits

Figure 3 Funnel plot of studies of anti-ribosomal P antibodies
in lupus psychosis.
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rheumatologic symptoms, stage of illness (e.g., active vs
inactive SLE), and medications.

We found a population attributable risk percentage
(PAR%) of 36% for aRP-positivity. As the PAR% varies
with both the risk (Ze. OR) associated with an exposure
(z.e. aRP-positivity) and its prevalence, caution must be
exercised in the interpretation of this result. The PAR%
refers to a family of concepts. Greenland and Robins"™
distinguished between the etiologic and excess fraction.
The etiologic fraction is the proportion of cases that the
exposure had played a causal role in its development. The
excess fraction is the proportion of cases among the ex-
posed population that is in excess in comparison with the
unexposed. Our results describe the excess fraction for
aRP-positivity, as it is not possible to establish the causal-
ity of this association.

One longitudinal study found that IgA and IgM
classes of aRP antibodies were elevated at the onset of
psychosis, and titers decreased following a remission of
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psychosism]. Another longitudinal study of aRP activity
in two patients with psychosis revealed that aRP levels
increased before and during the active phases of psycho-
sis"™”, ‘This could possibly help predict efficacy of treat-
ment and warrants further investigation into the possibil-
ity of monitoring disease activity by aRP titers.

The mechanism(s) underlying this association remain
unclear and warrant further investigation. One possibil-
ity is that aRP antibodies may directly cross-react with
central nervous system antigens, resulting in acute psy-
chosis. Autoantibodies are also associated with increases
in pro-inflammatory cytokines, such as interleukin-6
(IL-6) which can directly modulate dopaminergic neuro-
transmission””, or indirectly modulate glutamatergic neu-
rotransmission through tryptophan catabolism™, which
can also result in acute psychosis. Consistent with the
latter, increased cerebrospinal fluid IL-6 is also associated
with lupus psychosis, although the relationship with aRP
antibodies is unknown'™
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Female

Figure 4 Meta-regression analysis of the effect of the proportion of female
subjects on the association between anti-ribosomal P antibodies and psy-
chosis.

A previous study found 2 of 85 subjects presenting
with first-episode schizophrenia were subsequently di-
agnosed with neuropsychiatric SLE, and neither subject
had other signs or symptoms of rheumatologic disease".
A systematic quantitative review also found an increased
prevalence of autoantibodies associated with limbic
encephalitis (NMDA receptor antibodies) in subjects
with first-episode schizophrenia, in the absence of other
neurologic signs or symptomsw. To our knowledge,
only one previous study has measured aRP antibodies in
subjects with schizophrenjam. Among 59 patients in this
study, aRP antibody titers were below cutoff levels in 58
patients and borderline in 1 patient. One possibility for
the negative finding is that the prevalence of potentially
pathogenic central nervous system autoantibodies in
schizophrenia is low, and this study was underpowered
to detect an association. Another possibility is that serum
autoantibodies are only present earlier in the course of
the disorder.

In addition to overlapping clinical presentations,
there are also shared risk factors for lupus psychosis
and schizophrenia. There is bidirectional evidence for
an association between schizophrenia and autoimmune
disorders”™ . Single nucleotide polymorphisms in genes
in the major histocompatibility complex on chromosome
6q, which are critical to immune system function and as-
sociated with autoimmune disorders, are also risk factors
for schizophrenialmmj. Patients with schizophrenia may
also have abnormal absolute levels of antibody-produc-
ing B—lymphocytes[(’%q. Thus, as identification of patients
with autoantibody-mediated psychosis (25 schizophrenia)
has important treatment-related implications, these find-
ings suggest that future studies of aRP antibodies in pa-
tients with schizophrenia are warranted.

In conclusion, aRP antibodies are highly prevalent and
significant predictors of lupus psychosis. Future stud-
ies of these antibodies will be important to an improved
understanding of the pathophysiology of psychosis. Fur-
ther investigation of these autoantibodies in patients with
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schizophrenia, which has largely been unexplored, are
warranted.
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Background

Neuropsychiatric manifestations occur in about half of patients with systemic
lupus erythematosus (SLE). Psychosis is a rare, but well-documented neuro-
psychiatric sequelae of SLE. A number of previous studies have reported an
association between anti-ribosomal P (aRP) antibodies and lupus psychosis.
Research frontiers

The purpose of the present study was to perform a meta-analysis of the preva-
lence of aRP antibodies in lupus psychosis, and the odds of psychosis in aRP-
positive subjects.

Innovations and breakthroughs

A previous meta-analysis investigated the accuracy of aRP antibody testing
for the diagnosis of neuropsychiatric SLE; however, this study did not consider
psychosis separately from other neuropsychiatric manifestations of SLE, such
as mood disorders and seizures. In a meta-analysis of 24 studies, we report
that positive aRP antibodies were found in 51% (91 of 179 total cases) of cases
of lupus psychosis. There was an almost 4-fold increased odds of psychosis in
aRP-positive patients (OR = 3.75, 95%Cl: 2.23-6.30, P < 0.001). The popula-
tion attributable risk percentage was 36% for aRP antibodies.

Applications

aRP antibodies are common in lupus psychosis. Schizophrenia is associated
with increased prevalence of autoantibodies and autoimmune disease. Given
these associations, aRP warrants further investigation in schizophrenia.

Terminology

aRP antibodies: Autoantibodies are immune molecules (proteins) that are
directed against the body’s own tissues. aRP antibodies target proteins on the
ribosome, and are capable of penetrating cells and inducing apoptosis, or pro-
grammed cell death.

Psychosis: Psychosis is a potential neuropsychiatric complication that occurs
in some patients with systemic lupus erythematosus. Psychosis is a neuropsy-
chiatric disorder that includes abnormalities in thinking, behavior, mood, and
cognition. Common symptoms of psychosis included hallucinations, delusions,
disorganized speech and behavior, and negative symptoms.

Peer review

This is a very good study that supports a potential role for anti-ribosomal P
antibodies in lupus psychosis. Findings strengthened previous reports in the
literature about this association. The topic is up-to-date and the results are of
high interest for other researchers.
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Abstract

AIM: To pool data currently available to determine the as-
sociation between statin use and the risk of liver cancer.

METHODS: A computerized literature search was con-
ducted to identify those relevant studies between Janu-
ary 1966 and March 2013. Stata 11.0 (Stata Corp, Col-
lege Station, Texas) was used for statistical analyses.
Pooled relative risk (RR) estimates with 95%CI were
calculated for overall analysis and subgroup analyses,
using the random- and fixed-effects models. Heteroge-
neities between studies were evaluated by Cochran’s Q
test and /* statistic. The Begg’s funnel plot and Egger’
s regression asymmetry test were used to detect the
publication bias.
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RESULTS: Seven studies were included in our meta-
analysis according to the selection criteria, including
four cohort studies and three case-control studies.
These studies involved 4725593 people and 9785 liver
cancer cases. The overall analysis showed that statin
use was statistically associated with a significantly re-
duced risk of liver cancer (random-effects model, RR =
0.61, 95%CI: 0.49-0.76, P < 0.001; fixed-effects mod-
el, RR = 0.64, 95%CI: 0.57-0.71, P < 0.001); however,
significant heterogeneity was found between studies
(Cochran’s Q statistic = 19.13, 2 = 0.004; > = 68.6%).
All subgroup analyses provided supporting evidence for
the results of overall analysis. Begg's (Z = 0.15, P =
0.881) and Egger’s test (£ =-0.44, £ = 0.681) showed
no significant risk of having a publication bias.

CONCLUSION: Statin use was associated with the re-
duced risk of liver cancer. To clearly clarify this relation-
ship, more high quality studies are required.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Statin use; Liver cancer; Reduced risk;
Meta-analysis

Core tip: Statin use has been suggested to be associ-
ated with the risk of liver cancer by some studies, but
no consensus was reached among them. This meta-
analysis involved 4725593 people, 9785 liver cancer
cases, and found that statin use was associated with
the reduced risk of liver cancer (RR = 0.67, 95%CI:
0.55-0.82, P < 0.001).

Zhang H, Gao C, Fang L, Yao SK. Statin use and risk of liver
cancer: A meta-analysis of 7 studies involving more than 4.7 mil-
lion patients. World J Meta-Anal 2013; 1(3): 130-137 Avail-
able from: URL: http://www.wjgnet.com/2308-3840/full/v1/i3/
130.htm DOI: http://dx.doi.org/10.13105/wjma.v1.i3.130
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INTRODUCTION

MATERIALS AND METHODS

Liver cancer, with a mounting annual incidence of 4.9 per
100000 people, is the third most common cause of can-
cer death worldwide. For example in 2008, an estimated
748300 new liver cancer cases and 695900 cancer deaths
occurred!'. Despite some advances in treatment over the
past several decades, the prognosis of liver cancer is un-
favorable. Even in the most developed countries like the
United States, the 1-year survival rate is less than 50%".
Because of its high fatality rate, it is very important to
identify those risk and protective factors. Major risk fac-
tors that were identified include hepatitis B virus (HBV),
hepatitis C virus (HCV), cirrhosis, heavy alcoholic con-
sumption, non-alcoholic steatohepatitis, and alfatoxin
exposure”, Recently, emerging evidence suggests that
diabetes mellitus (DM) may be a potential risk factor for
9 Wwhereas metformin use in diabetic pa-
tients, coffee and tea consumption have been suggested
as possible protective factors” ",

Statins have been widely used to lower the choles-
terol level, which could inhibit the activity of hepatic
3-hydroxy-3-methylglutaryl coenzyme A reductase
(HMG-COA), the rate-limiting enzyme in the mevalon-
ate synthesis pathway"”. The protective role of statin use
in cardiovascular diseases has been confirmed by several
large-scale randomized controlled trials (RCTs)™ . Over
the past several years, statins have been suggested to

liver cancer

be associated with some varieties of cancers, including
liver cancer"". For example, two epidemiological stud-
ies which were performed in Taiwan province of China
found that statin use was associated with the reduced risk
of liver cancet!"™"™. In addition, # vitro and in vive studies
showed that statins could enhance anti-proliferative ef-
fects of some antitumor agents in cancer treatment ",
Moteover, combined treatment with pravastatin and
chemoembolization had been reported to improve the
survival rate of patients with hepatocellular carcinoma
(HCO)™,

However, results from the limited number of RCTs
were disappointing™, which could not provide supportive
evidence for those above-mentioned epidemiological and
pre-clinical studies, although several limitations should be
acknowledged in these RCTs. First, most of these studies
were not designed to determine the association of statin
use with the risk of liver cancer. Therefore, liver cancer
was neither a primary end point nor a topic of interest
in these studies, and selection bias may not be avoided”".
The second limitation is that most of these studies were
conducted in the United States or Eutopean countties, not
in the areas with higher incidence of HCC, such as China
and other Asian countries. Thus, the number of observed
liver cancer cases was very limited”, which could not be
regarded as the representative for the overall study popu-
lation. Considering that no consensus was reached among
these studies, this meta-analysis was performed to pool
data currently available to determine the association be-
tween statin use and the risk of liver cancer.
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Search strategy

A computerized literature search (Medline, Embase and
the Cochrane library) was conducted to identify those rel-
evant studies between January 1966 and March 2013. The
Medical subject heading (MeSH) terms and/or the text
words which were used included “statin(s)”, “HMG-COA
reductase inhibitor(s)”, “atorvastatin”, “cerivastatin”,
“fluvastatin”, “lovastatin”, “mevastatin”, “pravastatin”,
“rivastatin’, “rosuvastatin”, or “simvastatin”, com-
bined with “carcinoma(s)”, “hepatoma(s)”, “cancer(s)”,
“neoplasm(s)”, or “malignancy(ies)”. Publication type was
limited to ““article”. Data from abstracts, review articles,
editorials, case reports, and letters were excluded. After
scanning of the titles and abstracts, studies identified in
the search clearly not relevant to our topic of interest
were excluded. The full texts of the remaining studies
were read to determine whether they were eligible for
inclusion. Data from each eligible study were extracted.
According to the retrieved original studies and relevant
review articles, we also manually searched the reference
lists to identify those possible eligible articles which were
not found in our primary search.

Selection criteria

The studies would be included in our statistical analysis
if they fulfilled these criteria as follows: (1) Epidemio-
logic studies on human subjects, including cohort study
or case-control study; (2) The language was English and
only full papers were included; (3) They were designed to
evaluate the association between statin use and the risk of
liver cancer; and (4) Risk estimates, including relative risks
(RRs) for cohort studies or odds ratios (ORs) for case-
control studies, and their corresponding 95% confidence
intervals (95%ClIs) were provided or could be calculated
based on the available data. If more than one paper was
derived from the same research, only the recently pub-
lished paper which provided the most abundant informa-
tion was included. When necessary, the authors were con-
tacted to obtain the corresponding required information.

Data extraction

Each potentially eligible study was evaluated indepen-
dently by at least two authors (HZ, CG and LF). If evalu-
ation results diverged, agreement was reached in a joint
session. The following information would be extracted
and recorded, including the first author, the year of publi-
cation, study design, country or area which the study was
conducted, study time or mean follow-up years, total par-
ticipants, liver cancer cases, adjusted RR or OR with their
95%Cls, and the confounding factors which had been
adjusted. The quality of included studies was not tried to
be assessed, considering that no consensus standardized
method could be obtained for the quality assessment of
observational studies”". Instead, we performed several
subgroup analyses to explore the source of heterogeneity
and validate the results from overall analysis.
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997 potentially eligible articles identified from search of
Medline, Embase and Cochrane library

934 excluded after title reviewed:
874: not relevant
60: duplicate titles

63 relevant articles with abstract

38 excluded after abstract reviewed:
32: not case-control or cohort study
6: not about statins and liver cancer risk

25 relevant full-text articles

18 excluded after full-text reviewed:
16: not about statins and liver cancer risk
2: did not report estimate of relative risk

‘ 7 articles included in our meta-analysis ‘

l

‘ 3 case-control studies ‘ 4 cohort studies

Figure 1 Flow chart of the selection of studies for inclusion.

Statistical analysis

For cohort studies, the value of RRs were used to assess
the risk estimate; however, for case-control studies, those
ORs would be regarded as approximate RRs in our meta-
analysis, considering that the prevalence of liver cancer
was relatively very low in these studies. We used the ad-
justed RRs (ARRs) to estimate the risk of liver cancer
treated with statins, whereas for those studies in which no
ARR was available, the unadjusted RRs were adopted. We
also expressed the summary of results as the RR and the
corresponding 95%CI. For all tests, P < 0.05 was consid-
ered statistically significant unless specially described and
all P values quoted were two-sided.

For overall analysis, both random-effects model (Det-
Simonian and Laird method) and fixed-effects model
(Mantel-Haenszel method) were used to calculate the
pooled RR estimates™” in order to provide accurate
results and conclusions”™", When significant hetero-
geneity between studies is not found, the two models
would provide the similar results, whereas if significant
heterogeneity is found, the random-effects model, which
incorporates an estimate of between-study variance (het-
erogeneity) in the weighting, is more appropriate. The
combined RR was displayed in Forest plot.

Moreover, subgroup analyses would be performed
based on the study design, the country or area in which
the study was conducted, the study population and
whether the confounding factors had been controlled
adequately, in order: (1) to validate the results and conclu-
sion from the overall analysis in different conditions; (2)
to further explore the stability and reliability of the ovet-
all analysis; and (3) to find the possible source of statisti-
cal heterogeneity among studies.

For the statistical heterogeneity among studies, Co-
chrane Q statistic test with a significance level of P < 0.10
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was used™. I statistic, which describes the percentage
variation across studies that is due to heterogeneity rather
than chance, was also calculated, considering the low
power of Cochrane Q test when the number of included
studies was very limited. The heterogeneity would be
considered significant when > 50%"". Finally, the pub-
lication bias for included studies would be detected using
the Begg’s funnel plot and Egger’s regression asymmetry
test”. We followed the guidelines for the meta-analysis
of observational studies in epidemiology proposed by
MOOSE group””. Stata 11.0 (Stata Corp, College Station,
Texas) was used for the statistical analyses.

RESULTS

Search results

Seven studies were included in our meta-analysis ac-
cording to the selection criteria using the defined MeSH
terms and/or the text words, including 4 cohort studies
and 3 case-control studies (Table 1 and Figure 1),
Among them, four studies were conducted in Euro-
pean and American regions (United States and Den-

37,39-41 . . .
mark)””” " and others were in Asian country (Taiwan of
.\ [17-1838]
China) .

Baseline characteristics of included studies

These studies involved 4725593 people and 9785 liver
cancer cases. They were published between the years
of 1966 and 2013. The confounding factors which had
been controlled in these studies include age, sex, HBV
infection, HCV infection, alcohol liver disease, DM, liver
cirrhosis, other lipid-lowering drugs, nonsteroidal anti-
inflammatory drugs/aspitin, angiotensin-converting en-
zyme inhibitors, the number of hospitalization, anti-HBV
treatment, income, level of urbanization, calendar period,
hormone replacement therapy, race, anti-HCV treatment,
propensity to use statins, body mass index, and smok-
ingm’m’”m. For these factors, some were controlled by
matching which had been indicated in Table 1, and others
were controlled by multivariate analyses. When these 5
factors had been controlled, including age, sex, HBV in-
fection, HCV infection and alcohol liver disease, the con-
founding factors would be regarded as been controlled
adequately.

For the study population, most of the studies (5/7)
were designed to aim at the general population, except for
two studies: one case-control study limited their patients
to those with DM"", and another cohort study restricted
to those with HBV infection”. In the study performed
by Friedman ¢z a/*” in the United States, 4222660 patients
were observed and only 32 patients were diagnosed with
liver cancer, including intrahepatic bile duct cancer cases.
In addition, in this studym the RRs and their 95%ClIs
were reported by men and women, separately. Therefore,
we had pooled the two risk estimates before statistical
analysis, using random-effects model and fixed-effects
model; and the two models yielded a same result (Table 1).
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Table 1 Baseline characteristics and results of multivariate analysis in included studies

Ref. Country Study time/mean Total participants Liver cancer Adjusted Confounding adjustment’
follow-up years cases RR(95%CI)
Case-control studies (1 = 3)
El-Serag et al™" United State 1997-2002 6515 1303 0.74 (0.64-0.87)  1%,2%3-5,6%7,9,10,17-19
Chiu et al™ Taiwan 2005-2008 2332 312 0.62 (0.45-0.83) 1,2,3, 4,510
Leung et al"™ Taiwan 2000-2008 34205 6841 0.44 (0.28-0.72) 1,2%6,8,9,
Cohort studies (1 = 4)
Friis et al®™ Denmark 3.3 (exposure) 334754 171 1.16 (0.46-2.90) 1,2,9,15,16
5.1 (control)
Friedman et al*”! United State 491 4222660 32 0.47 (0.34-0.64) 15
Marelli et al'*" United State 4.7 (exposure) 91714 105 0.88 (0.60-1.28) 1%, 2%, 15, 17°, 207, 217
4.6 (control)
Tsan et al" Taiwan 328196 33413 1021 0.47 (0.36-0.61) 1-14

(person-years)

1 Age; 2: Sex; 3: HBV infection; 4: HCV infection; 5: Alcohol liver disease; 6: Diabetes mellitus; 7: Liver cirrhosis; 8: Other lipid-lowering drugs; 9:
Nonsteroidal anti-inflammatory drugs/aspirin; 10: Angiotensin-converting enzyme inhibitors; 11: Number of hospitalization; 12: anti-HBV treatment; 13:
Income; 14: Level of urbanization; 15: Calendar period; 16: Hormone replacement therapy; 17: Race; 18: Anti-HCV treatment; 19: Propensity to use statins;
20: Body mass index; 21: Smoking. *Variables which had been indicated were controlled by matching, and others were controlled by multivariate analyses.
RR: Relative risk; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

Study Year RR (95%CI) Figure 2 Forest plot of pooled relative risks and their
Friis 2005 1.16 (0.46, 2.90) ?S%CI for statin use and the ris!( of liver cancer, when us-
Friedman 2008 . 0.47 (0.34, 0.64) ing random effe.cts.model. Studies .arel arranged bgsedl on
El-Serag 2009 n 0.74 (0.64, 0.87) thg year. of publlcatloln. Black boxes |nd|.cate the relatl\(e risks
Chiu 2011 i 0.62 (0.45, 0.83) point est.lmate, gnd then’l areas are proportional to the weights of
Marelli 2011 0.88 (0.60, 1.28) the studies. Horizontal lines represent the 95%Cls. The broken
Tsan 2012 L 0.47 (0.36, 0.61) line and diamond represent the summary estimate and the un-
Leung 2013 i 0.44 (0.28, 0.72) broken vertical line is at the null value.
Overall (7 = 68.6%, P = 0.004) 0.61 (0.49, 0.76)
Note: Weight are from random effects analysis

1 1 1

030611 2 5
RR

Overall analysis: Reduced risk of liver cancer with statin source of statistical heterogeneity among studies. As

use shown in Table 2, subgroup analyses were performed ac-
Table 1 shows the adjusted RRs, their corresponding cording to the type of design of studies, the country or
95%Cls, and the confounding adjustment in included area in which the study was conducted, the study popu-
studies. The RRs and their 95%CIs from the study by lation and whether the confounding factors had been
Friedman e «/*" had been pre-treated before the final controlled adequately. Based on the results of Cochran’
statistical analysis. Of the total seven studies, reduced s O statistic, significant heterogeneities were not found
risk of liver cancer was observed in five studies by mul- only when the subgroup analysis was restricted into those
tivariate analysis, whereas the results with no statistical ~ studies which were conducted in Asian country. This may
difference had been demonstrated in the left two stud- be because these three studies were conducted in the
ies. For all the three case-control studies, positive results same area, Taiwan province of China (Table 2).

wete found; however, for the four cohort studies, half of Fortunately, all of the subgroup analyses provided
them demonstrated no statistical difference. We used the supporting evidence for the results of overall analysis,
random- and fixed-effects models to perform the overall especially when the subgroup analysis was restricted
analysis (Figure 2). The results showed that statin use into those cohort studies. The results from the four co-
was statistically significantly associated with the reduced hort studies also showed that statin use was associated
risk of liver cancer (random-effects model, RR = 0.61, with the reduced risk of liver cancer (random-effects
95%CI: 0.49-0.76, P < 0.001; fixed-effects model, RR = model, RR = 0.62, 95%CI: 0.43-0.89, P = 0.010; fixed-

0.64, 95%CI: 0.57-0.71, P < 0.001); howevert, significant effects model, RR = 0.56, 95%CI: 0.47-0.66, P < 0.001),
heterogeneity was found between studies (Cochran’s O although heterogeneity was also found (Cochran’s @ =

statistic = 19.13, P = 0.004, I = 68.6%, Figure 2). 10.74, P=0.013, I'= 72.1%).

Subgroup analyses Publication bias

We further performed subgroup analyses to validate the ~ Finally, we detected the publication bias using the Begg’s fun-
results from the overall analysis, and to find the possible nel plot and Egger’s regression asymmetry test. As shown
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Table 2 Subgroup analyses of included studies

Subgroup No. of studies Fixed-effects model Random-effects model Heterogeneity
RR 95%Cl P value RR 95%Cl P value Q P I (%)
Type of design of studies
Case-control 3 0.69 0.60-0.79  <0.001 0.63 0.49-0.82 <0.001 475  0.093 57.9
Cohort 4 0.56 0.47-0.66  <0.001 0.62 0.43-0.89 0.01 10.74  0.013 72.1
Country or area
Asian 3 0.51 0.43-0.62  <0.001 0.51 0.42-0.63 <0.001 230 0317 13.0
Euro- American 4 0.71 0.62-0.80  <0.001 0.71 0.52-0.95 0.023 914  0.028 67.2
Confounding adjustment
Adequately’ 3 0.65 0.58-0.74  <0.001 0.61 0.46-0.81 0.001 864 0013 76.8
Inadequately 4 0.59 0.48-0.73  <0.001 0.63 0.41-0.95 0.028 9.82  0.020 69.4
Study population
General population 5 0.60 0.50-0.71  <0.001 0.62 0.46-0.83 0.001 9.89  0.042 59.5
Restricted to specified patients” 2 0.66 0.58-0.75  <0.001 0.60 0.38-0.93 0.023 8.50  0.004 88.2

'The confounding factors would be regarded as been controlled adequately when these 5 factors had been controlled, including age, sex, HBV infection,

HCV infection and alcohol liver disease; “The study population of two studies was restricted to specified patients, including patients with diabetes mellitus
(Ref. 37) and those with HBV infection (Ref. 18). RR: Relative risk; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

A Begg’s funnel plot with pscudo 95% confidence limits
0.5
0.0 -
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B Egger’s publication bias plot
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o
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Figure 3 Publication bias detected by the Begg’s funnel plot (A) and Egger’s regression asymmetry test (B).

in Figure 3 by Begg’s (Z = 0.15, P = 0.881) and Egger’s
test (# = -0.44, P = 0.681), no statistically significant pub-
lication bias was noted.

DISCUSSION

Our meta-analysis, which involved 4725593 people and
9785 liver cancer cases, was designed to determine the as-
sociation between statin use and the risk of liver cancer.
The results showed that statin use was associated with
a 36%-39% reduction in liver cancer risk. Motreover, all
subgroup analyses provided supporting evidence for the
results of overall analysis. In addition, no significant risk
of having a publication bias was observed by using Begg’
s plot and Egger’s regression test.

Statins have been widely and successfully used in
patients with hypercholesterolemia and cardiovascular
diseases for more than 30 yearsmj. In the past few years,
some studies have been designed to determine the asso-
ciation between statins use and the risk of cancer, includ-
ing liver cancer, taking into account the large number of
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patient population treated with statins. Besides the epide-
miological studies, preclinical studies also suggested that
statins may inhibit the growth of cancer cells by promot-
ing apoptosis, suppressing angiogenesis and inhibiting the
metastatic processm%]. Considering that no consensus
was reached among these studies, our meta-analysis was
performed to pool data currently available to determine
this relationship.

Some issues or questions, which could be regarded as
the drawbacks or limitations, should be acknowledged,
before acceptance of these results and conclusion. The
first was about the observational designs of included
studies, which could not provide definite evidence to
clarify the causal association. Of the total seven studies,
four were population-based cohort designs, three were
case-control designs, and none was prospective interven-
tion study. Unfortunately, for the four cohort studies,
half of them wetre shown as without statistical difference.
From the viewpoint of basic principle, cohort study is
better than case-control study to explain the causal as-
sociation. However, even when the study population

November 26, 2013 | Volume 1 | Issue 3 |



was limited to those from cohort studies, consistent
results were obtained which showed that statin use was
associated with the reduced risk of liver cancer, provid-
ing supporting evidence for the results of overall analysis.
To clarify this relationship between statin use and liver
cancer risk, more cohort studies, especially prospective
intervention studies, are required.

The second was about the very limited number of
included studies. To include all the possibly relevant stud-
ies in which the study population could represent the ma-
jority of the general population, we added case-control
studies in the statistical analysis and treated the ORs as
approximate RRs, which may have some effect on the
final results. However, when the study population was re-
stricted to those either from cohort studies or from case-
control studies, the results remained unchanged. Be that
as it may, we also hope that these results and conclusions
could be validated in more patients, more hospitals and
more countries with higher quality.

The third was about the study population and the
general population. The seven studies were conducted
in three countries, including the United States, Denmark
and Taiwan (China), which could not be regarded as the
representative of the general population. Mainland China
has the higher incidence of liver cancer with nearly 40
per 100000 people per year, which is more than eight
times compared with the average incidence worldwide.
In addition, risk factors, including the subtype of HBV,
in Taiwan are different from those in mainland China.
Therefore, for the general study population, more stud-
ies are required, such as prospective intervention study in
China.

The fourth limitation was about the confounding fac-
tors which could not be controlled adequately because of
the original nature of observational epidemiological stud-
ies. These studies did not have the process of random
allocation, and complete controlling of the confounding
factors was seemingly impossible. Some important fac-
tors, such as age, sex, HBV/HCV infection, cirthosis
and alcohol drinking, were not controlled adequately in
some of these studies. Others included: the exposure
time of statins was not long enough, leading to one pos-
sibility that the positive association may be affected by
other factors, such as high socioeconomic status ™"
different units and different kind of statins were used in
these studies, whereas different statins may have different
effects on liver cancer risk, for example, the effect of hy-
drophilic statins was different from that of hydrophobic
statins'**"; and statin use was contraindicated in the pres-
ence of liver diseases™, which may have effects on the
results and conclusions.

Besides these aforementioned weaknesses, some
strengths were made in this meta- analysis to ensure the
accuracy and reliability of our results, based on the avail-
able literature and current knowledge. The first was about
the subgroup analysis which was designed to validate the
results from the overall analysis, and to find the possible
source of statistical heterogeneity among studies. Fortu-
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nately, all of the subgroup analyses provided supporting
evidence for the results of overall analysis, especially
when the subgroup analysis was restricted into those co-
hort studies. The second was that our meta-analysis was
designed to pool the data currently available to determine
the association between statin use and liver cancer risk.
For example, in one studym] the RRs and their 95%ClIs
were reported by men and women, separately. We had
pooled the two risk estimates before statistical analysis,
using random-effects model and fixed-effects model, and
the two models yielded a same tresult.

In conclusion, our meta-analysis showed that statin
use was associated with the reduced risk of liver cancer.
To clearly clarify this relationship, more high quality epi-
demiological studies, especially prospective intervention
studies, are required. Iz vitro data and animal studies are
also required to clarify the relevant mechanisms.
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cancer cases. The authors found that statin use was associated with the re-
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Abstract

AIM: To evaluate the association between apolipopro-
tein E (gpo£) gene polymorphism and total cholesterol
(TC) level in patients with kidney diseases.

METHODS: A predefined literature search was per-
formed to collect data from the electronic databases of
PubMed, Embase and the Cochrane Library and eligible
relevant studies reporting the association of gpo£ gene
polymorphism with TC level in patients with kidney dis-
eases were recruited for meta-analysis.

RESULTS: Twenty-one studies were identified for the
analysis of association between gpo£ gene polymor-
phism and TC level in patients with kidney disease.
Subjects with E3E4 had a higher TC than those with
E3E3 [weighted mean differences (WMD) = 2.14, P
= 0.01] and subjects with E2E3 had a lower TC than
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those with E3E3 (WMD = -1.93, 2 = 0.01). Subjects
with €2 had a lower TC than those with €3 (e2 vs £3:
WMD = -1.23, P = 0.002; €2 vs ¢4: WMD = -2.77, P <
0.0001) and subjects with 3 had a lower TC than those
with 4 (WMD = -0.79, Z = 0.03).

CONCLUSION: Subjects with gpo£ E3E4 and ¢4 had
a higher TC level and subjects with gpo£ E2E3 and 2
had a higher TC level in patients with kidney disease.
However, more well-designed studies should be per-
formed in the future to confirm these findings.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Apolipoprotein E; Gene polymorphism; To-
tal cholesterol; Meta-analysis

Core tip: The available evidence for an association be-
tween apolipoprotein E (gpoF) and total cholesterol (TC)
in kidney disease is weak and has conflicting results.
This meta-analysis based on 21 included studies indi-
cated that subjects with gpo£ E3E4 and 4 had a higher
TC level and subjects with gpof E2E3 and £2 had a
higher TC level in patients with kidney disease.

Zhou TB, Jiang ZP, Yin SS, Qin YH. Relationship between
apolipoprotein E gene polymorphism and total cholesterol level
in patients with kidney diseases. World J Meta-Anal 2013;
1(3): 138-146 Available from: URL: http://www.wjgnet.
com/2308-3840/full/v1/i3/138.htm DOI: http://dx.doi.
org/10.13105/wjma.v1.i3.138

INTRODUCTION

Apolipoprotein E (apoE) is an important protein of the
lipoprotein transport system and plays an important role
in lipoprotein metabolism and lipid homeostasis" . It is
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associated with the metabolism of total cholesterol (TC)
and triglyceride™. ApoFE, a 229-amino-acid polypeptide,
is classified into three major isoforms (g2, €3 and g4)
according to the differences in amino acids at positions
112 and 158, forming six genotypes: E2E2, E2E3, E2E4,
E3E3, E3E3 and E4E4". £3 and E3E3 are the wild type
of apoE and g2, €4, E2E2, E2E3, E2E4, E3E3 and E4E4
are the mutation type of apoE.

The represent one of the major systems that maintain
the body homeostasis". Abnormalities of lipid metabo-
lism and homeostasis are commonly present in patients
with kidney disease”, such as nephrotic syndrome (NS).
Most kidney diseases are associated with elevated serum/
plasma concentration and the impaired clearance of very
low density lipoprotein and their atherogenic remnants.
Nephrotic dyslipidemia is a risk factor for the develop-
ment of systemic atherosclerosis, it may aggravate the
glomerulosclerosis lesion and enhance the progression of
glomerular disease"”. apoE lipoprotein plays an impoz-
tant role in lipid homeostasis and kidney diseases.

In renal tissue, apoE is mainly synthesized by me-
sangial cells under normal physiological conditions'"'?,
Investigators reported that apoE had a protective role for
the kidney"*'¥. Some other investigations found that the
apoE expression in renal glomerulus was elevated when
compared with that of the normal group”"”\. There were
some investigations reporting that apoE polymorphism
was associated with renal diseases. In our previous studym,
we reported that the gpoEl gene expression was associated
with the NS susceptibility in experimental studies and the
apoll £33, €3¢e4, €3 and g4 were associated with the onset
of NS in human studies. Hayakawa ¢z 2/ cartied out an
investigation on a patient with apoE g3g3 variant without
lipoprotein glomerulopathy and illustrated that not all
apoE variants resulted in lipoprotein glomerulopathy and
that the location of mutations in the apoE protein was
one of the important determinants for the development
of lipoprotein glomerulopathy. Luo ez 2/ reported that
apoE mutation was associated with the lipoprotein glo-
merulopathy risk and found that the apoE mutation could
cause a marked molecular conformational change of apoE
and thus impaired its binding ability to lipids.

Some reports show that gpol5 gene polymorphism is
associated with the expression of TC. However, some
studies found that gpoE gene polymorphism was not asso-
ciated with the expression of TC. The available evidence
for an association between apoE and TC in kidney disease
is weak due to paucity of data or disagreements among the
reported studies. Thus, evidence from a meta-analysis may
be more powerful compared to single studies™. To date,
no meta-analysis exists that determines the association be-
tween apolZ gene polymorphism and TC level in patients
with kidney diseases. This meta-analysis was performed
to investigate the association of the apoEl gene polymot-
phism with the TC level in patients with kidney diseases.

MATERIALS AND METHODS
Search strategy

The relevant studies were screened from the search en-
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gines of PubMed, Embase and the Cochrane Library on
March 1, 2012. “(apoE AND apolipoprotein E) AND
(renal OR kidney)” was used in PubMed, Embase and
the Cochrane Library. We also extended our search spec-
trum to the “related articles” and the bibliographies of all
retrieved studies. If multiple publications from the same
study group using the same data were reported, we only
recruited the most complete study for our analysis.

Inclusion and exclusion criteria

Inclusion criteria: (1) the study had to be about kidney
diseases; (2) provide detailed gene distribution of apoE;
and (3) report on the level of TC.

Exclusion criteria: (1) Editorials, reviews, case reports;
(2) data from multiple publications; (3) investigating the
association of other genes in kidney diseases; and (4) in-
vestigating the role of apoE in diseases other than kidney
diseases.

Data extraction and synthesis

The following information was extracted from each study
independently by the investigators: first author’s surname,
year of publication, location of study, patient type, level
of TC and the number of subjects. Study type, compari-
sons of apoE gene polymorphism and methodological
quality assessment outcomes were also extracted. The
results were compared and disagreements were resolved
by discussion.

Statistical analysis

Available data was entered into Cochrane Review Manag-
er (RevMan, Version 5) and analyzed. The pooled statistic
was counted using the fixed effects model but a random
effects model was conducted when the P value of hetero-
geneity test was less than 0.1. Results were expressed with
weighted mean differences (WMD) for continuous data
and 95%CI were also counted. P < 0.05 was required for
the overall WMD to be deemed statistically significant. I
was used to test the heterogeneity between the included
studies. The Begg adjusted rank correlation test™ and the
Egger regression asymmetry test™ were used for explor-
ing publication bias (P < 0.1 was considered significant)
when the number of the included studies was more than
fifteen.

RESULTS

Study characteristics for the relationship between apoE
gene polymorphism with TC expression

Twenty-one studies were included in the meta-analysis for
the relationship between apolZ gene polymorphism with
TC expression (Figure 1 and Table 1). One studyl%J was
for the comparison of E2E2 zs E3E3. Eleven reports™ ™!
were recruited into the study of E2E3 »s E3E3 (including
13 comparisons). Three reports”*”* were recruited into
the study of E2E4 »s E3E3 (including 3 comparisons).
11 reports”™ were recruited into the study of E3E4 s

November 26, 2013 | Volume 1 | Issue 3 |
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Table 1 The detailed characteristics of included studies

Author Study type Location of Ethnicity Patient type Number of subjects Comparisons Genotyping Blinding of
study of apoF gene method  genotyping
polymorphism  reported
Feussner Prospective ~ Germany Caucasian ESRD 141 males and 104 E2E2, E2E3, No Not
et al® females E2E4, E3E3, mention
E3E4, E4E4
Eggertsen Prospective ~ Sweden  Caucasian ESRD: 19 cases 25 males and 26 E2E3, E2E4, Yes Not
et al® glomerulonephritis, 11 cases females E3E3, E3E4, mention
diabetic nephropathy, nine cases E4E4
interstitial nephritis
Odaetal™ Prospective  Japan Asian 107 with GN and 399 with ESRD  Patients with GN  E2E3, E3E3, Yes Not
consisted of 42 men E3E4, €2, €3, 4 mention
and 65 women
Lim et al®™  Prospective China Asian  ESRD: 85 patients with chronic GN, 96 males and 60 &4, non-g4 Yes Not
30 patients with DN, 18 patients females. mention
with chronic pyelonephritis, 3
patients with PKD
Kimura Prospective Japan Asian DN 88 men and 90 &4, non-g4 Yes Not
et al™ women mention
Werle Prospective ~ Germany Caucasian DN 159 men and 129  E2E3, E3E3, €2, Yes Not
et al™ women €3, g4 mention
Imura Prospective Japan Asian ESRD 287 men and 206 E2E3, E3E3, Yes Not
et al® women E3E4, €2, €3, €4 mention
Xiang Prospective China Asian DN 26 men and 20 2,3 Yes Not
et al™ women mention
Giiz et al™ Prospective Turkey Caucasian ESRD: GN (107 cases), 149 men and 112 E2E3, E3E3, Yes Not
hypertension nephropathy (37 women E3E4, €2, €3, €4 mention
cases), unknown (36 cases),
pyelonephritis (29 cases),
amyloidosis (20 cases), DN (15
cases), obstructive uropathy
(9 cases), PKD (7 cases), toxic
nephropathy (6 cases), and
Alport’s syndrome (3 cases)
Zahalkova Prospective Czech Caucasian ESRD 53 males and 34 E2E3, E3E3, Yes Not
et al® females E3E4, €2, €3, ¢4 mention
Lehtinen Prospective Finland Caucasian DN Not mention &4, non-¢4 Yes Not
et al™ mention
Kahraman Prospective  Turkey  Caucasian Renal transplant recipients 80 males and 38 €2, €3, g4 Yes Not
et al™ females mention
Joss et al Prospective United Caucasian DN Not mention E2E3, E3E3, Yes Not
Kingdom E3E4, €2, €3, ¢4 mention
Maluf Prospective United Mix Renal transplant recipients 21 males and 18 €2, €3, e4 Yes Not
et al™ States females mention
Arikan Prospective ~ Turkey  Caucasian ESRD 84 males and 60 E2E3, E3E3, Yes Not
et al® females E3E4, €2, €3, €4 mention
Kwon Retrospective Korea Asian DN 32 males and 62 €2, €3, ¢4 No Not
et al™ females mention
Leiva Retrospective  Chile South DN 53 males and 32 €3, g4 Yes Not
et al™® America females mention
Maetal®  Prospective  China Asian DN 146 males and 259 €2, non-g2 Yes Not
females mention
Erdogan Prospective ~ Turkey = Caucasian DN 19 males and 27 E2E3, E3E3, Yes Not
et al™ females E3E4, €2, €3, ¢4 mention
Hu et al® Prospective China Asian MCNS 176 males and 74 E2E2, E2E3, Yes Not
females E2E4, E3E3, mention
E3E4, E4E4, €2,
€3, ¢4
Li et al™ Prospective China Asian Renal transplant recipients 59 males and 46 €2, €3, e4 Yes Not
females mention

ESRD: End-stage renal disease; GN: Glomerulonephritis; DN: Diabetic nephropathy; PKD: Polycystic kidney disease; MCNS: Minimal change nephrotic
syndrome.

26,27,29] ]

E3E3 (including 13 comparisons). Three reports' ing 3 comparisons). Two reports”’ were included for
were recruited into the study of E4E4 »s E3E3 (includ- the meta-analysis of g2 »s non-g2 (including 2 compari-
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Table 2 Meta-analysis of the association of apo£ gene polymorphism with total cholecterol level

Genetic comparisons Q test P contrasts Model seclected Weighted mean differences (95%CI) P value
E2E2 vs E3E3 1 - Fixed 109.00 (-32.07-250.07) 0.13
E2E3 vs E3E3 13 <0.00001 Random -1.93 (-3.39--0.46) 0.01
E2E4 vs E3E3 3 0.48 Random -2.48 (-4.23--0.72) 0.006
E3E4 vs E3E3 13 < 0.00001 Random 2.14 (0.46-3.83) 0.01
EAE4 vs E3E3 3 0.02 Random 0.30 (-4.25-4.84) 0.90
€2 vs non-g2 2 0.57 Fixed -0.25 (-0.43--0.08) 0.005
&4 vs non-g4 4 0.0001 Random 0.20 (-1.42-1.83) 0.81
€2 vs €3 20 < 0.00001 Random -1.23 (-1.99--0.46) 0.002
€3 vs ¢4 20 < 0.00001 Random -0.79 (-1.50--0.08) 0.03
€2 vs g4 19 <0.00001 Random -2.77 (-4.05--1.49) <0.0001

Articles retrieved from PubMed,
Embase, Cochrane Library for
review: 678

629 articles were excluded:
Editorials/reviews/case
report: 126
Preliminary results not on
apoE gene ploymorphism or
renal diseases: 363
Investigating the association
of other genes in kidney
diseases: 140

Potentially relevant studies
retrieved for more detailed
evaluation: 49

28 articles excluded:
Did not provide the detailed
data of genotype distribution
of apoE gene ploymorphism:
8
Did not report on the level
of total cholecterol: 17
Multiple publications of the
same data from the same
study group: 3

Studies included in meta-
analysis: 21

Figure 1 Flow diagram for this meta-analysis.

. [38-40 N
sons). Three studies™ " were recruited into our meta-

analysis for the comparison of g4 with non-g4 (including
4 comparisons). 13 studies™ """ were included into
the study of &2 #s €3 (including 20 comparisons). Four-
2830304244 Gere included into the study
of €4 »s g4 (including 20 comparisons). Thirteen stud-
es PRI Gere included into the study of g2 us g4
(including 19 comparisons).

teen studies

Association of apoE gene polymorphism with TC
expression

In this meta-analysis, the number of included studies for
some comparisons was more than ten (E2E3 »s E3E3,
E3E4 vs E3E3, €2 vs €3, €4 vs5 €3, €2 vs €4) and the num-
ber of included studies for some comparisons was less
ten (E2E2 »s E3E3, E2E4 »s E3E3, E4E4 »5s E3E3, €2 vs
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non-g2, €4 vs non-g4). Those results from less than ten
might be less robust. We presented those results indepen-
dently.

Subjects with E3E4 had a higher TC than those with
E3E3 (Figure 2A and Table 2) and subjects with E2E3
had a lower TC than those with E3E3 (Figure 2B and
Table 2). Subjects with €2 had a lower TC than those with
€3 or g4 (Figure 2C for €3 and Figure 2D for g4; Table 2)
and subjects with ¢4 had a higher TC than those with
€3 (Figure 2E and Table 2). It seemed that E3E4 and 4
were associated with higher level of TC and E2/E3 and
€2 were associated with lower level of TC. The number
of included studies for some comparisons was more than
ten and those results might be robust to some extent.

Subjects with E2E4 had a much lower TC level when
compared with those with E3E3. Subjects with g2 had
a lower level of TC than those with non-g2. Subjects
with E2E2 or E4E4 had a slightly higher TC than those
with E3E3, although there was no statistical difference.
Subjects with 4 had a similar level of TC than those with
non-g4 (Table 2). It seemed that E2E4 and g2 was as-
sociated with lower level of TC. The number of included
studies for some comparisons was less than ten and more
studies should be performed in the future.

Publication bias test for the association of apoE gene
polymorphism with TC expression

There was a publication bias test for the comparisons of
E2E3 vs E3E3, E3E4 vs E3E3, €2 vs €3, €4 v5 €3, €2 vs 4.
There was no publication bias for the comparisons of
E2E3 vs E3E3, E3E4 vs E3E3, €2 v5 €3, ¢4 v5s €3, €2 vs €4
(E2E3 ps E3E3: Begg P = 0.951, Egger P = 0.936; E3E4
vs BE3E3: Begg P = 0.951, Egger P = 0.710; €2 v5 £3: Begg
P =0.871, Egger P = 0.970; €4 vs €3: Begg P=0.315, Eg-
ger P = 0.251; €2 vs g4: Begg P=0.294, Egger P = 0.495).

DISCUSSION

High serum TC level is an important characteristic for
many kidney diseases, such as NSt glomerulonephrl—
tis™ end- stage kidney disease requiring d1a1y51s et
Raised TC is a consequence of kidney disease but may
accelerate progression to end-stage kidney disease. In our
meta-analysis, we found that subjects with E3E4 had a
higher TC than those with E3E3 and subjects with E2E3
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A E3E4 E3E3 Weight Mean difference Mean difference

Study or subgroup Mean SD  Total Mean SD  Total (%) 1V, Random, 95%CI IV, Random, 95%CI

Arikan et a/*™, 2007 2234 856 5 2672 399 54 0.0  -43.80 (-119.58-31.98)

Arikan et a/*™, 2007 194.8 20.7 7 1973 50.6 53 0.6 -2.50 (-23.01-18.01) —

Eggertsen et a/*, 1997 736 1.21 14 649 1.5 30 145 0.87 (0.04-1.70)

Erdogan et a®*, 2009 194 73.386 5 21214 46.824 36 0.1  -18.14 (-84.26-47.98)

Feussner et a/*, 1992 222 55 54 209 58 143 0.9  13.00 (-4.48-30.48) +—

Giiz et a™, 2000 163.96 32.1 28 1465 3451 200 1.5 17.46 (4.64-30.28) —

Hu et a/”, 2010 71 2.2 10 9.7 38 195 135 -2.60 (-4.06--1.14) .

Imura et a", 1999 164 34 90 161 34 350 3.5 3.00 (-4.88-10.88) ——

Joss et al*®, 2005 59 21 17 55 1.2 49 142 0.40 (-0.65-1.45)

Oda et a/™®, 1997 481 1.01 18 439 0.85 80 14.8 0.42 (-0.08-0.92) .

Oda et a/™®, 1997 6.07 1.13 5 519 1.35 14 139 0.88 (-0.34-2.10)

Werle et a/™”, 1998 241 9.5 23 220 43 72 8.1  21.00 (16.99-25.01) -

Zahélkova et a/*", 2002 5.1  1.46 11 52 136 57 143 -0.10 (-1.03-0.83) .

Total (95%CI) 287 1333 100.0 2.14 (0.46-3.83) )

Heterogeneity: 781 = 4.91; 4° = 131.34, df = 12 (P < 0.00001); I = 91% ‘ : : :

Test for overall effect: Z = 2.50 (P = 0.01) -100 -50 0 50 100
Favours E3E4 Favours E3E3

B E3E4 E3E3 Weight Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total (%) 1V, Random, 95%CI IV, Random, 95%CI

Arikan et a/*™, 2007 154.7 235 11 1672 39.9 54 0.7  -12.50 (-30.00-5.00) -

Arikan et a**, 2007 187.7 425 7 1973 50.6 53 0.2 -9.60 (-43.90-24.70) _—

Eggertsen et a/*”,1997 6.9  0.99 2 6.49 1.5 30 134 0.41 (-1.06-1.88)

Erdogan et a, 2009  198.67 34.53 3 21214 46.824 36 0.1  -13.47 (-55.43-28.49) _

Feussner et a/*, 1992 199 44 29 209 58 143 0.6 -10.00 (-28.62-8.62) —_—

Giiz et a*, 2000 1419 31.56 33 1465 3451 200 1.4 -4.60 (-16.38-7.18) —t

Hu et a/*”, 2010 87 2.7 22 9.7 38 195  13.9 -1.00 (-2.25-0.25) .

Imura et a", 1999 155 36 53 161 34 350 1.8 -6.00 (-16.33-4.33) —t

Joss et al*®, 2005 49 09 20 55 1.2 49 152 -0.60 (-1.12--0.08) -

Oda et a/®, 1997 6.27 3.22 8 522 1.19 79 113 1.05 (-1.20-3.30)

Oda et a/™, 1997 439 0.67 16 439 0.85 80 153 0.00 (-0.38-0.38) .

Werle et a/*”, 1998 180 6.4 33 194 3.5 92 11.2  -14.00 (-16.30--11.70) .

Zahalkova et a/*", 2002 549 0.78 9 52 136 57  15.0 0.29 (-0.33-0.91) .

Total (95%CI) 246 1418 100.0 -1.93 (-3.39--0.46) {

Heterogeneity: 781 = 3.62; y° = 152.50, df = 12 (P < 0.00001); /* = 92% ‘ : : :

Test for overall effect: 2 = 2.58 (P = 0.010) -100  -50 0 50 100
Favours E2E3 Favours E3E3

C €2 €3 Weight Mean difference Mean difference

Study or subgroup Mean SD  Total Mean SD  Total (%) 1V, Random, 95%CI 1V, Random, 95%CI

Arikan et a/**, 2007 154.7 235 11 1672 39.9 54 0.2  -12.50 (-30.00-5.00) o

Arikan et a/**, 2007 187.7 425 7 1973 506 53 0.0 -9.60 (-43.90-24.70) _

Erdogan et a*¥, 2009  198.67 34.53 3 21214 46824 36 0.0  -13.47 (-55.43-28.49) _—

Giiz et a™, 2000 1419 31.56 33 1465 3451 200 0.4 -4,60 (-16.38-7.18) —

Hu et a”, 2010 87 25 18 9.7 38 211 8.0 -1.00 (-2.26-0.26) .

Imura et a", 1999 155 36 53 161 34 350 0.5 -6.00 (-16.33-4.33) —

Joss et al*®, 2005 49 09 20 55 1.2 49 9.8 -0.60 (-1.12--0.08) .

Kahraman et a*?, 2004 209 25 12 222 43 92 0.2 -13.00 (-29.65-3.65) —

Kwon et a/*"l, 2007 187.2 21.8 8 196.6 32.2 36 0.2 -9.40 (-27.81-9.01) —

Li et a/*¥, 2010 381 0.6 17 3.84 0.54 77 10.1 -0.03 (-0.34-0.28) .

Li et a/*", 2010 5.87 1.88 17 55 142 77 8.9 0.37 (-0.58-1.32)

Maluf et a/**!, 2005 324 1755 8 2174 1165 78 0.0 106.60 (-17.73-230.93) —_—

Oda et a/™®, 1997 6.27 3.22 8 522 1.19 79 5.5 1.05 (-1.20-3.30) .

Oda et a/*®, 1997 439 0.67 16 439 0.85 80  10.0 0.00 (-0.38-0.38)

Oda et a/*®, 1997 4.04 05 4 519 1.35 14 9.1 -1.15 (-2.01--0.29) -

Ukkola et a/*”, 2009 48 09 46 57 11 301 10.1 -0.90 (-1.19--0.61) .

Werle et a/*”, 1998 180 6.4 33 194 3.5 92 5.3  -14.00 (-16.30--11.70) .

Werle et a/*”, 1998 211 9.7 22 220 43 72 2.5 -9.00 (-13.17--4.83) -

Xiang et a/**, 1999 5.7 1 10 4.7 1.2 28 9.3 1.00 (0.24-1.76) 1

Zahélkova et /%", 2002 549 0.78 9 52 136 57 9.6 0.29 (-0.33-0.91)

Total (95%CI) 355 2036  100.0 -1.23 (-1.99--0.46)

Heterogeneity: 78w = 1.49; 4° = 208.48, df = 19 (P < 0.00001); /> = 91% ‘ ‘ ‘ ‘

Test for overall effect: Z = 2.13 (P = 0.002) -100 -50 0 50 100

Favours 2 Favours 3
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D €2 &4 Weight Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total (%) 1V, Random, 95%CI 1V, Random, 95%CI

Arikan et a/*™, 2007 154.7 235 11 2234 856 5 0.0 -68.70 (-145.00-7.60) <——————

Arikan et a/*™, 2007 187.7 425 7 1948 207 7 0.1 -7.10 (-42.12-27.92) _

Erdogan et a/*¥, 2009  198.67 34.53 3 194 73.386 5 0.0 4.67 (-70.59-79.93)

Giiz et a*, 2000 1419 31.56 33 163.96 32.1 28 0.6 -22.06 (-38.10--6.02) _—

Hu et a/”, 2010 87 25 18 7.3 2 21 9.3 1.40 (-0.04-2.84) "

Imura et a", 1999 155 36 53 164 34 90 1.0 -9.00 (-20.97-2.97) -

Joss et al*®, 2005 49 09 20 59 21 17 9.8 -1.00 (-2.07-0.07) .

Kahraman et a/*?, 2004 209 25 12 247 40 14 0.2 -38.00 (-63.28--12.72) _

Kwon et a/*"l, 2007 187.2 21.8 8 2134 308 13 0.3 -26.20 (-48.75--3.65) _

Li et a*, 2010 3.81 06 17 433  0.68 11 104 -0.52 (-1.01--0.03) .

Li et a1, 2010 5.87 1.88 17 545 1.3 11 9.7 0.42 (-0.76-1.60) -

Maluf et a/**!, 2005 324 1755 8 310.8 149 12 0.0 13.20 (-134.78-161.18)<

Oda et a/*®, 1997 6.27 3.22 8 529 1.38 20 7.8 0.98 (-1.33-3.29) .

Oda et a/*®, 1997 439 0.67 16 481 101 18  10.0 -0.42 (-0.99-0.15)

Oda et a/™®, 1997 4.04 05 4 6.07 1.13 5 9.8 -2.03 (-3.14--0.92) =

Ukkola et a/*”, 2009 48 09 46 58 1 179 105 -1.00 (-1.30--0.70) .

Werle et a/™”, 1998 180 6.4 33 19 5.7 33 6.8 -16.00 (-18.92--13.08) -

Werle et a/™”, 1998 211 9.7 22 241 9.5 23 3.5 -30.00 (-35.61--24.39) -

Zahdlkova et af*¥, 2002 5.49 0.78 9 51 146 1 9.9 0.39 (-0.61-1.39)

Total (95%CI) 345 523 100.0 -2.77 (-4.05--1.49) \

Heterogeneity: 781 = 4.04; 4° = 263.05, df = 18 (P < 0.00001); /> = 93% ‘ ! ! |

Test for overall effect: Z = 4.24 (P < 0.0001) -100 -50 0 50 100
Favours 2 Favours ¢4

E €3 4 Weight Mean difference Mean difference

Study or subgroup Mean SD  Total Mean SD  Total (%) 1V, Random, 95%CI 1V, Random, 95%CI

Arikan et a/**!, 2007 167.2  39.9 54 2234 85.6 5 0.0 -56.20 (-131.98-19.58)

Arikan et a/**, 2007 197.3  50.6 53 1948 20.7 7 0.1 2.50 (-18.01-23.01) —

Erdogan et a, 2009 212.14 46.824 36 194 73.386 5 0.0 18.14 (-47.98-84.26)

Gz et a™, 2000 146.5 3451 200 163.96 32.1 28 0.3 -17.46 (-30.28--4.64) —_—

Hu et a”, 2010 9.7 3.8 211 7.3 2 21 8.5 2.40 (1.40-3.40) .

Imura et a", 1999 161 34 350 164 34 90 0.7 -3.00 (-10.88-4.88) —

Joss et al*®, 2005 55 1.2 49 59 21 17 8.3 -0.40 (-1.45-0.65)

Kahraman et a/*”, 2004 222 43 92 247 40 14 0.1 -25.00 (-47.72--2.28)

Kwon et a/*"l, 2007 196.6  32.2 36 2134 308 13 0.1 -16.80 (-36.57-2.97) —

Leiva et a/*®!, 2007 4.5 1.2 102 5.2 1.1 9 9.2 -0.70 (-1.46-0.06) 1

Li et ai, 2010 3.84 054 77 433 0.68 1 9.9 -0.49 (-0.91--0.07)

Li et a/*Y, 2010 5.5 1.42 77 545 1.3 11 9.0 0.05 (-0.78-0.88)

Maluf et a/**', 2005 217.4 116.5 78  310.8 149 12 0.0 -93.40 (-181.58--5.22) «———

Oda et a, 1997 522 1.19 79 529 1.38 20 9.4 -0.07 (-0.73-0.59)

Oda et a™, 1997 439 0.85 80 481 1.01 18 9.7 -0.42 (-0.92-0.08)

Oda et a, 1997 519 1.35 14 6.07 1.13 5 7.9 -0.88 (-2.10-0.34) .

Ukkola et a/*”, 2009 5.7 1.1 301 5.8 1 179  10.2 -0.10 (-0.29-0.09)

Werle et a/*”, 1998 194 3.5 92 196 5.7 33 5.5 -2.00 (-4.07-0.07) -

Werle et a/*”, 1998 220 4.3 72 241 9.5 23 2.4 -21.00 (-25.01--16.99) -

Zahalkova et a/*", 2002 5.2 1.36 57 51 146 11 8.7 0.10 (-0.83-1.03)

Total (95%CI) 2110 532 100.0 -0.79 (-1.50--0.08)

Heterogeneity: 7’ = 1.27; ° = 161.50, df = 19 (P < 0.00001); /> = 88% ‘ : : :

Test for overall effect: Z = 2.19 (P = 0.03) -100  -50 0 50 100
Favours 3 Favours ¢4

Figure 2 Association of apoE gene polymorphism with total cholesterol level. A: Using the comparison of E3E4 vs E3E3; B Using the comparison of E2E3 vs
E3E3; C: Using the comparison of €2 vs €3; D: Using the comparison of €2 vs €4; E: Using the comparison of €3 vs &4.

had a lower TC than those with E3E3. Subjects with g2
had a lower TC than those with g3 or g4, and subjects
with g4 had a higher TC than those with g3. There was
no publication bias test for the comparisons of E2E3 ps
E3E3, E3E4 vs E3E3, €2 v5 €3, €4 vs €3, €2 vs ¢4. E3E4
and g4 were associated with higher level of TC and
E2/E3 and €2 were associated with lower level of TC.
The conclusions for those comparisons were robust to
some extent. Toms ez al”” reported that the g2 allele was
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associated with the lowest and g4 allele with the highest
level of TC in rheumatoid arthritis patients. Alvim e7 al!
reported that the g4 allele was associated with higher T'C
value in healthy urban Brazilian individuals. Rahimi ez a/”
found that g4 allele resulted in a significant increase in the
level of TC in sickle cell disease. Smart e# al” reported
that significantly higher TC was observed in apoE g4
carriers compared to E3E3 homozygotes and €2 carri-
ers in 882 Greek children. The results from those studies

November 26, 2013 | Volume 1 | Issue 3 |
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mentioned above were similar to our results in this meta-
analysis.

The roles of apoE in diseases were also complicated.
Many studies reported that apoE could play a protective
role against diseases. apoE can play an antioxidant role™,
has been demonstrated to play an important role in pro-
viding protection against mesangial cell injury{ss] and also
appears to be involved in the repair response to tissue
injury; for example, markedly increased amounts of apoE
are found at sites of peripheral nerve injury and regen-
eration””. apoE deficiency in mice leads to the develop-
ment of atherosclerosis and re-expression of the protein
reduces the extent of the disease”. It appears that the
increased apoE is a protective factor against disease pro-
gression. However, more studies need to be performed
to explore the role of apoE in disecases.

There were some meta-analyses to evaluate the re-
lationship between apoEE gene polymorphism and TC
level. Anthopoulos ez al™ performed a meta-analysis to
detect the association of apoE gene polymorphism with
TC level in patients with type 2 diabetes and the meta-
regression analysis provided some weak evidence that the
risk conferred by €2 allele was mediated through altering
serum TC level. Our study reported the association of
apoE gene polymorphism with increased TC levels in
patients with kidney diseases and showed that gpoE gene
polymorphism was associated with the increased levels
of TC in patients with kidney disease.

In this meta-analysis, it was difficult to conduct the
methodological quality assessment of included studies for
the reason that the information in the included studies
was few. More well-designed studies should be performed
in the future.

In conclusion, our meta-analysis shows that apolZ
gene polymorphism is associated with increased levels of
TC. However, larger studies should be performed in the
future to confirm this association.
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To date, no meta-analysis exists that determines the association between the
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morphism with the TC level in patients with kidney diseases.
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This paper performed a meta-analysis to investigate the relationship between
apoE gene polymorphism and TC level in patients with renal diseases. The
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Abstract

AIM: To evaluate the accuracy of methylation of genes
in stool samples for diagnosing colorectal tumours.

METHODS: Electronic databases including PubMed,
Web of Science, Chinese Journal Full Text Database and
Wanfang Journals Full-text Database were searched to
find relevant original articles about methylated genes
used in diagnosing colorectal tumours. Quality assess-
ment of diagnostic accuracy studies items were used
to evaluate the quality of the included articles, and the
Meta-disc 1.4 and SPSS 13.0 software programs were
used for data analysis.

RESULTS: Thirty-four articles met the inclusion crite-
ria, and 4151 patients were included. Pooled diagnostic
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performances of SFRP2 methylation for colorectal can-
cer (CRC) provided the following results: the sensitivity
was 79% (95%CI: 75%-82%), the specificity was 93%
(95%CI: 90%-96%), the diagnostic odds ratio (DOR)
was 47.57 (95%CI: 20.08-112.72), and the area under
the curve was 0.9565. Additionally, the results of ac-
curacy of SFRP2 methylation for detecting colorectal
adenomas were as follows: the sensitivity was 43%
(95%CI: 38%-49%), the specificity was 94% (95%CI:
91%-97%), the DOR was 11.06 (95%CI: 5.77-21.18),
and the area under the curve was 0.9563.

CONCLUSION: Stool-based DNA testing may be use-
ful for non-invasively diagnosing colorectal tumours,
and SFRP2 methylation is a promising marker that has
great potential in early CRC diagnosis.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Colorectal carcinoma; Colorectal adenoma;
Stool; Methylation; Meta-analysis

Core tip: The analysis of stool methylation markers as
a non-invasive test is important for the early diagnosis
of colorectal tumours. However, no consensus has been
reached with regard to the role of stool methylation mark-
ers in colorectal tumour diagnosis. We performed a meta-
analysis of 34 articles, and the pooled results showed that
stool methylation markers could be used as a valuable
diagnostic and predictive tool for colorectal tumours and
SFRP2 methylation serves as a promising marker with
great potential in early colorectal cancer diagnosis.

Zhang H, Zhu YQ, Qi J, Wang QX, Cai SS, Zhu SY, Zhu XW,
Wang XT. Accuracy of early detection of colorectal tumours us-
ing stool methylation markers: A meta-analysis. World J Meta-
Anal 2013; 1(3): 147-156 Available from: URL: http://www.
wjgnet.com/2308-3840/full/v1/i3/147.htm DOI: http://dx.doi.
org/10.13105/wjma.v1.i3.147
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INTRODUCTION

Colorectal cancer (CRC) is the third most common ma-
lignancy and the second leading cause of cancer-related
deaths in Western countries'”. The 5-year survival of
stage I CRC has reached 90%", but less than 10% of
CRC cases have distant metastases'. However, most
cases of CRC are diagnosed at the middle or late stage
because no typical symptoms for eatly-stage CRC exist”.
Therefore, the diagnosis of CRC at eatly stages has great
importance for reducing CRC mortality.

Early diagnosis of CRC will help reduce mortal-
ity and the costs for surgery. The current colonoscopy
screening test is of high efficacy, but the acceptability of
this procedure in the general public is rather low. As an
available non-invasive method, faecal testing has a unique
advantage when compared to other screening modalities.
Although faecal occult blood testing (FOBT) has been
confirmed to reduce mortality due to CRC, the test has
little or no impact on the incidence of CRC because of
its low-level sensitivity for the detection of adenoma'®,
i.e., a sensitivity of only 10%-20%". Compared to FOBT,
the most important advantage of methylation markers in
stool samples is their higher accuracy and sensitivity for
the diagnosis of premalignant lesions of CRC',

DNA methylation often occurs in the early stage of
CRC, and many studies have been performed on the di-

agnosis of colorectal tumours by determining the meth-

ylation of genes in stool samples. However, the results
of these studies are variable although inspiring. Thus,
this meta-analysis was conducted to assess the accuracy
of the detection of colorectal tumours using methylation
markers in stool samples.

MATERIALS AND METHODS

Search strategy

A literature search was performed independently by two
investigators (Zhang H and Qi J) using the following da-
tabases: PubMed, Web of Science, Chinese Journal Full
Text Database and Wanfang Journals Full-text Database.
All references that were cited in these studies and all pub-
lished reviews were also searched. All English and Chinese
references for analyses were published before January
2013. The following keywords were used in the search
strategy: “colon/rectal/colorectal”, “cancet/tumours”,
“stool,” and “methylation”. In this meta-analysis, 2 X 2
tables were constructed from each study for the true-posi-
tive, false-negative, true-negative and false-positive values.

Inclusion and exclusion criteria
Eligible studies were required to meet all of the following
criteria: (1) the data were independent; (2) CRC was di-
agnosed by analyzing DNA methylation in stool sample;
(3) patients were diagnosed with colorectal cancer or
colorectal adenomas by pathology; and (4) the colonos-
copy result of control individuals was normal.

Exclusion criteria for this meta-analysis were as fol-
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lows: (1) studies on secondary CRC or primary CRC with
distant metastases and (2) studies on CRC patients receiv-
ing chemotherapy or curative surgery.

Data extraction and quality assessment

The following data were extracted from each study: au-
thor, year of publication, country or region, sample size,
the name of genes, the detection method of methyla-
tion and the study design. The data were independently
extracted by two investigators (Zhang H and Qi J), and
discrepancies were solved by a third investigator (Zhu
YQ) and collective discussion. Quality Assessment of
studies of Diagnostic Accuracy” (QUADAS) was used to
assess the quality of the primary studies with diagnostic
accuracy, and quality scoring was appraised based on the
empirical evidence, the experts’ opinions and the formal
consensus. Score of 1, 0 or -1 was given to the articles
that were in compliance with the standards completely,
unclear or out of standards, respectively, and the full
score was 14.

Statistical analysis

All statistics were calculated and then combined using
a random-effects model and 95%CI as effect measure-
ments. The diagnostic odds ratio (DOR) reflects the rela-
tionship between the result of the diagnostic test and the
disease. The summary receiver operation characteristic
(SROC) curve displays the trade-off between sensitivity
and specificity and represents a global summary of test
performance. We used the (-value, which is the intersec-
tion point of the SROC curve with a diagonal line from
the left upper corner to the right lower corner of the
receiver operation characteristic (ROC) space, which cor-
responds to the highest value of sensitivity and specificity
for the test. The positive likelithood ratio (PLR) represents
the value by which the odds of the disease increase when
a test is positive, whereas the negative likelihood ratio
(NLR) shows the value by which the odds of the disease
decrease when a test is negative. Statistical heterogeneity
was assessed using the Chi-square test, and alpha signifi-
cance testing was performed at the two-tailed 0.05 level.
The professional statistical software programs (Meta-DiSc
1.4 and SPSS 13.0) were used for analysis. Publication
bias was assessed by Egger analysis.

RESULTS

The literature search retrieved 453 citations, of which 344
were excluded because they were duplicates. Of the 109
potentially eligible studies, 75 publications were excluded
because they did not investigate colorectal tumour stud-
ies (n = 0), included no diagnostic value studies (# = 15),
were reviews (7 = 26) or had overlapping data (2 = 28).
Finally, 34 studies that focused on the target patient spec-
trum were included (Figure 1).

Study characteristics
Of the 34 studies, 7 were Chinese and 27 were English,
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Table 1 The characteristics of the included studies in the meta-analysis and QUADAS scores

Ref. Country/ Methylated genes N CRC Adenoma Normal Blind Detection QUADAS
region ——— ——— —— design method score
+ - + - + -
Ahlquist et al™ Ireland Vimentin/NDRG4/BMP3/TFPI2 98 26 4 18 4 5 41  Yes QuARTS 11
Bosch et al™ 2011 Netherlands PHACTR3 185 40 25 6 13 4 97 Unclear qMSP 10
GATA4 160 29 11 3 16 6 9
OSMR 185 25 40 4 15 7 9%
Ahlquist et al™ Ireland PHACTR3 639 214 38 51 43 29 264  Yes QuARTS 11
Azuara et al™ Spain RARB2/P16/MGMT/APC 98 25 13 20 20 0 20  Yes MS-MCA 10
RARB2 8% 11 23 7 31 0 13
P16 77 9 21 6 28 0 13
MGMT 80 9 19 3 34 0 15
APC 77 9 19 9 25 0 15
Tang et al™ China SRRP2 262 142 27 29 34 2 28  Yes MSP 9
Baek et al™ South Korea Vimentin/MGMT/MLH1 149 45 15 31 21 5 32 Yes MSP 9
MLH1 149 18 42 6 46 0 37
Vimentin 149 23 37 8 44 0 37
MGMT 149 31 29 19 33 5 32
Li et al™, 2009 United States Vimentin 80 9 13 9 11 2 36 Unclear Methl-BEAMing 5
Melotte et al'”), 2009 Netherlands NDRG4 150 42 33 nr nr 3 72 Yes qMSP 11
Ausch et al™, 2009 United States IGTA4 37 nr nr 7 2 6 22 Unclear qMSP 4
Hellebrekers et al'”, 2009  Netherlands GATA4 150 44 31 nr nr 9 66 Yes qMSP 10
Mayor et al™, 2009 Spain EN1 60 8 22 nr nr 1 29 Unclear  MS-MCA 7
Kim et al™, 2009 United States OSMR/SFRP1 42 12 8 6 11 0 5  Yes qMSP 9
OSMR 201 35 54 2 14 4 92
SFRP1 5 11 9 5 12 0 15
Nagasaka et al™, 2009 Japan SFRP2 253 53 31 18 38 9 104 Unclear COBRA 10
RASSF2 253 38 46 7 49 6 107
Glockner et al™, 2009 United States TFPI2 129 44 14 7 19 2 43 Yes qMSP 12
Wang et al®, 2008 China SERP2 133 60 9 21 13 2 28  Yes MethyLight 8
Oberwalder et al™, 2008 Australia SERP2 19 nr nr 6 7 0 6  Yes MethyLight 9
Ttzkowitz et al®, 2008 United States Vimentin 80 9 13 9 11 2 36 Yes MSP 13
Huang et al””, 2007 China SFRP2/HPP1/MGMT 97 50 2 15 6 1 23  Yes MSP 8
SFRP2 97 49 3 11 10 1 23
HPP1 97 37 15 12 9 0 24
MGMT 97 25 27 6 15 0 24
Ttzkowitz et al®, 2007 United States Vimentin/HLTF 162 31 9 nr nr 19 103 Yes MSP 13
HLTF 162 15 25 nr nr 9 113
Vimentin 162 29 11 nr nr 16 106
Abbaszadegan et al®, 2007 Hong Kong pl6 45 5 20 nr nr 0 20 Unclear MSP 8
Zhang et al™, 2007 Germany SFRP1 4 16 4 7 0 2 15 Yes MSP 9
Leung et al®™, 2007 Hong Kong  SFRP2MGMT/MLHI/HLTF/ 75 16 4 18 7 3 27  Yes MSP 13
ATM/APC
SFRP2 75 6 14 3 2 2 28
MGMT 75 4 16 3 22 0 30
MLH1 75 4 16 3 22 0 30
HLTF 75 5 15 5 20 1 29
ATM 75 5 15 5 20 0 30
APC 75 4 16 4 21 0 30
Petko et al®™, 2005 United States MGMT/ CDKN2A/ MLH1 48 nr nr 16 13 7 12 Yes MSP 9
CDKN2A 48 nr nr 9 20 3 16
MGMT 48 nr nr 14 15 5 14
MLH1 48 nr nr 0 29 2 17
Lenhard et al®, 2005 Germany HIC1 71 11 15 4 9 0 32 Yes MSP 11
Chen et al®, 2005 United States Vimentin 263 43 51 6 44 8 111  Yes MSP 11
Miiller et al®, 2004 Australia SFRP2/SRRP5 390 20 3 nr nr 8 8 Unclear MethyLight B
SRRP2 39 19 4 nr nr 4 12
SRRP5 39 18 5 nr nr 5 11
Xu et al®, 2012 China SFRP2 90 20 10 15 15 1 29 Unclear MSP 5
Kang et al'™”, 2011 China MGMT/ MAL/ CDKN2A 119 64 5 17 7 2 24 Unclear MSP 7
MAL 119 54 15 14 10 1 25
CDKN2A 119 36 33 10 14 0 26
MGMT 119 38 31 9 15 1 25
Zhang et al™, 2011 China Vimentin/ OSMR/ TFPI2 107 52 8 13 4 4 26 Unclear MSP 9
Vimentin 107 32 28 5 12 0 30
OSMR 07 41 19 7 10 0 30
TFPI2 107 45 15 11 6 4 26
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Fu et al™, 2010 China Vimentin
Ling et al'*”, 2009 China P16
Cheng et al™", 2007 China SFRP2
Zhao et al'™, 2009 China NDRG4
Chang et al™, 2010 South Korea IGTA4/SFRP2/P16
IGTA4
SFRP2
P16

22 5 9 nr nr 0 8 Unclear MSP 5
108 47 14 16 11 1 19 Unclear MSP 7

97 49 3 11 10 1 23 Unclear MSP 5]
114 64 20 nr nr 3 27 Unclear MSP 6

8 21 9 18 7 1 30 Yes MSP 8

86 1 19 4 21 0 31

86 18 12 11 14 0 31

8 12 18 6 19 1 30

+: Represents the number of individuals with the disease when the DNA methylation test was positive; -: Represents the number of individuals with the

disease when the DNA methylation test was negative; nr: Not reported; N: Total number. CRC: Colorectal cancer.

453 citations were retrieved from
database searches

344 duplicate articles
were excluded

109 full-text articles were
assessed according to the
selection criteria

75 articles were excluded
according to explicit
exclusion criteria

34 studies were finally
included in meta- analysis

Figure 1 Flowchart of the study selection.

and they included 4151 patients (Table 1). These stud-
ies were performed in 10 countries or regions (including
China, the United States, the Netherlands, Spain, Japan,
Germany, Iran, Hong Kong, Austria and South Korea).
In these studies, 31 evaluated CRC, and 26 evaluated
colorectal adenoma. Twenty-two studies focused on the
methylation of a single gene, and the other 12 studies in-
volved the methylation of multiple genes.

Genes evaluated in these studies are mainly involved
in three types of regulation pathways: the Wnt pathway,
the DNA damage repair pathway and other pathways.
Four genes of the Wnt pathway were involved in 10 stud-
ies: secreted frizzled-related proteins (SFRP7, SFRP2,
SFRP5) and adenomatous polyposis coli (APC). Two
genes of the DNA damage repair pathway were involved
in 7 studies: O-6-methylguanine-DNA methyltransferase
MGMT) and Mut L homologue 1 (MLHT). Twenty-sev-
en studies involved 16 genes of other pathways: vimen-
tin, oncostain M receptor-f§ (OSMK), phosphatase and
actin regulator 3 (PHLACTR3), cyclin-dependent kinase
inhibitor 2A (CDKNZ2A), tissue factor pathway inhibitor
2 (TFPI2), hyperplastic polyposis protein gene (HPPT),
GATA4, human lactoferrin (HLTT), ATM, ras associa-
tion domain family 2 (RASSF2), RARB2, hypermethyl-
ated in cancer 1 (HIC), engrailed gene (ENT), N-myc
downstream-regulated gene family (NDRG4), IGT.A4
and T-cell differentiation protein (M.AL).

Qualitative and quantitative methods were the two
main types of methods used for methylation detection.
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The qualitative method included methylation-specific
PCR (MSP) and methylation-specific melting curve
analysis (MS-MCA). The quantitative method included
Methl-BEAMing; quantitative MSP (qMSP); MethyLight;
combined bisulfite restriction analysis (COBRA); and
quantitative, allele-specific, real-time target and signal am-

plification (QuARTS).

Colorectal carcinoma meta-analysis

The colorectal carcinoma results were pooled from 31
studies and are shown in Table 2. The meta-analysis
showed that the sensitivity and specificity of gene meth-
ylation for the detection of colorectal carcinoma were
73% (95%CI: 71%-75%) and 92% (95%CI: 90%-93%),
respectively. The PLR was 7.94 (95%CI: 6.08-10.36), the
NLR was 0.31 (95%CI: 0.25-0.39), the DOR was 30.86
(95%CI: 22.33-42.66), and the symmetric area under the
curve was 0.9286.

Heterogeneity was significant for the sensitivity (P <
0.001), specificity (P = 0.0012), PLR (P = 0.0023), NLR (P
< 0.001), and DOR (P = 0.0245).

Of the involved regulation mechanisms, we found
that DOR and AUC of the methylated genes belonging
to the Wnt pathway were higher than the genes of the
DNA damage repair pathway and other pathways. The
sensitivity, specificity, DOR and AUC of different meth-
ylated genes in the three types of pathways were calcu-
lated (Table 2), and the results indicated that the accuracy
of faecal SFRP2 methylation in the diagnosis of colorec-
tal carcinoma was higher than that of other genes, with
a sensitivity of 79% (95%CI: 75%-82%) (Figure 2A),
a specificity of 93% (95%CI: 90%-96%) (Figure 2B), a
DOR of 47.57 (95%CI: 20.08-112.72), and the area un-
der the curve of 0.9565 (Figure 2C).

Colorectal adenoma meta-analysis
Pooled colorectal adenoma analysis (Table 3), including
26 studies, provided the following results: the sensitiv-
ity and specificity of gene methylation for colorectal
adenoma diagnosis were 51% (95%CI: 47%-54%) and
92% (95%CI: 90%-93%), respectively. The PLR was 5.52
(95%CI: 4.23-7.19), the NLR was 0.52 (95%CI: 0.44-0.61),
and the DOR and symmetric area under the curve were
12.61 (95%CI: 8.66-18.37) and 0.8830, respectively.
Heterogeneity was also significant regarding sensitiv-
ity (P < 0.001), specificity (P = 0.0233), PLR (P = 0.1160),
NLR (P < 0.001), and DOR (P = 0.0565).
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Table 2 Methylation of pooled genes for the diagnosis of colorectal cancer

‘
.
3

Whnt pathway DNA damage repair pathway Other pathways SE (95%ClI) SP (95%ClI) DOR (95%CI) AUC
Wnt pathway =~ DNA damage repair pathway Other pathways 73% (0.71-0.75) 92% (90%-93%) 30.86 (22.33-42.66) 0.929
Wnt pathway - = 74% (70%-77%) 93% (90%-95%) 33.92 (17.73-64.90) 0.932
= DNA damage repair pathway = 42% (36%-47%) 97% (94%-99%) 12.87 (5.98-27.72) 0.730
= = Other pathways 57% (55%-60%) 94% (93%-95%) 20.93 (15.56-28.15) 0.921
SFRP2 = = 79% (75%-82%) 93% (90%-96%) 47.57 (20.08-112.72) 0.957
MGMT = 47% (40%-53%) 95% (90%-98%) 11.67 (5.10-26.67) 0.709
= MLH = 28% (18%-39%)  100% (95%-100%)  23.68 (3.02-185.44) 0.500
= - Vimentin 48% (42%-54%) 93% (90%-95%) 14.95 (8.99-24.84) 0.862
= = OSMR 47% (40%-54%) 95% (91%-98%) 14.66 (5.06-42.47) 0.225
= = P16 50% (42%-58%) 98% (92%-100%)  24.39 (7.26-81.96) 0.975
SFRP2 MGMT = 69% (66%-72%) 94% (91%-96%) 33.24 (16.76-65.93) 0.946
SFRP2 MLH - 72% (68%-75%) 94% (92%-96%) 43.03 (20.15-91.87) 0.953
SFRP2 MLH Vimentin 64% (61%-67%) 94% (92%-95%) 27.11 (16.48-44.61) 0.934
SFRP2 MLH OSMR 65% (62%-69%) 95% (93%-96%) 33.10 (17.12-63.98) 0.951
SFRP2 MLH P16 68% (64%-71%) 95% (93%-97%) 38.86 (20.11-67.54) 0.952
SE: Sensitivity; SP: Specificity; DOR: Diagnostic odds ratio; AUC: The area under the curve.
A 3 Sensitivity (95%CI) B Sensitivity (95%CI)
{ Tang et ai*! 0.84 (0.78-0.89) | Tang et ai  0.93 (0.78-0.99)
—— Nagasaka et a/*'0.63 (0.52-0.73) | | Nagasaka et a/°0.92 (0.85-0.96)
—- Wangetaf"  0.87(0.77-0.94) —— | Wang et a/*?  0.93 (0.78-0.99)
— Huang et a””  0.94 (0.84-0.99) — B Huang eta/””  0.96 (0.79-1.00)
- Leung et a  0.30 (0.12-0.54) — B-|leungeraf?  0.93 (0.78-0.99)
— L g Millereta®™  0.83(0.61-0.95) g |Millereta 0.75(0.48-0.93)
- Xu et af*® 0.67 (0.47-0.83) — W xuetal® 0.97 (0.83-1.00)
—J Cheng eta/™  0.94 (0.84-0.99) — B Cheng et ai*  0.96 (0.79-1.00)
— Chang et a/'  0.60 (0.41-0.77) —fichang et 2/ 1.00 (0.89-1.00)
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Figure 2 Forest plot of SFRP2 methylation in the diagnosis of colorectal cancer. A: The sensitivity of SFRP2 methylation in stool samples used for colorectal
carcinoma diagnosis. The point estimates of specificity from each study are shown as red squares; B: The specificity of SFRP2 methylation in stool samples used for
colorectal cancer diagnosis. The point estimates of specificity from each study are shown as blue squares; C: The summary receiver operating characteristic curves
of SFRP2 methylation assays used for diagnosis of colorectal carcinoma. Red circles represent each study that was included in the meta-analysis. The size of each
study is indicated by the size of the red circle. Summary receiver operating characteristic curves summarize the overall diagnostic accuracy. Error bars indicate the
95%Cl, and df indicates the degrees of freedom.

The DOR and AUC of the methylated Wnt pathway
genes were higher than those of the genes of the DNA

damage repair pathway and other pathways when group-
ing all of the genes by pathway for analysis. In these
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Table 3 Methylation of pooled genes for the diagnosis of colorectal adenomas

Whnt pathway DNA damage repair pathway Other pathways SE (95%ClI) SP (95%Cl) DOR (95%CI) AUC
Wnt pathway DNA damage repair pathway Other pathways 51% (47%-54%) 92% (90%-93 %) 12.61 (8.66-18.37) 0.883
Wnt pathway - - 40% (35%-46%) 95% (92%-97%) 10.81 (6.43-18.16) 0.932
- DNA damage repair pathway - 21% (17%-27%) 95% (91%-97%) 4.23 (2.01-8.88) 0.672
- - Other pathways 32% (28%-35%) 94% (93%-95%) 7.78 (5.48-11.05) 0.873
SFRP2 - - 43% (38%-49%) 94% (91%-97%) 1106 (5.77-21.18)  0.956
- MGMT - 29% (22%-36%) 93% (87%-96%) 4.42 (2.18-8.95) 0.614
- MLH - 8% (4%-16%) 98% (92%-100%) 2.35 (0.14-40.83) -

- - Vimentin 23% (17%-31%) 95% (92%-98%) 8.30 (2.60-26.55) 0.898
- - OSMR 25% (14%-39%) 95% (91%-98%) 5.20 (1.44-18.82) 0.817
- - P16 33% (23%-44%) 97% (89%-100%) 13.27 (3.40-51.83) 0.97
SFRP2 MLH - 34% (29%-39%) 95% (929%-97 %) 9.62 (4.64-19.93) 0.947
SFRP2 MGMT - 38% (33%-42%) 94% (91%-96%) 7.85 (4.79-12.87) 0.753
SFRP2 - OSMR 41% (35%-46%) 95% (929%-96%) 9.25 (5.13-16.69) 0.948
SFRP2 - Vimentin 36% (32%-41%) 95% (93%-96%) 9.88 (5.55-17.57) 0.946
SFRP2 - P16 41% (36%-46%) 95% (929%-97%) 10.37 (6.21-17.31) 0.948
SFRP2 MGMT Vimentin 34% (30%-38%) 94% (929%-96%) 7.81 (4.96-12.29) 0.804
SFRP2 MGMT OSMR 36% (32%-41%) 94% (929%-96%) 7.25 (4.61-11.39) 0.775
SFRP2 MGMT P16 37% (33%-41%) 94% (929%-96%) 7.92 (5.14-12.21) 0.772
SFRP2 MLH Vimentin 31% (27%-35%) 95% (93%-97%) 8.99 (4.95-16.31) 0.944
SFRP2 MLH OSMR 33% (29%-38%) 95% (93%-97%) 8.37 (4.50-15.59) 0.941
SFRP2 MLH P16 34% (30%-38%) 95% (93%-97 %) 9.98 (5.45-18.27) 0.947

SE: Sensitivity; SP: Specificity; DOR: Diagnostic odds ratio; AUC: The area under the curve.

regulation mechanisms, we also found that the sensitivity
and specificity of the methylated genes in the Wnt path-
way were higher than those in the DNA damage repair
pathway and the other pathway. The sensitivity, specific-
ity, DOR and AUC of the different methylated genes in
the three types of pathways were calculated (Table 3),
and the results indicated that the values of DOR and
AUC of P16 and SFRP2 were higher than those of other
genes, but the accuracy of faecal SFRP2 methylation for
the diagnosis of colorectal adenoma was higher than that
of P16 methylation according to sensitivity (Figure 3).

Meta-regression

In the meta-regression analysis, the difference in relative
diagnostic odds ratio (RDOR) values between the higher
and lower quality studies was not significant. We also
noted that the differences between the blinded and non-
blinded methods, qualitative and quantitative methods,
single- and multiple-gene methylation did not reach sta-
tistical significance, indicating that these potential factors
did not substantially affect the diagnostic accuracy, as
shown in Table 4.

Publication bias

In our meta-analysis, publication bias was evaluated using
the Egger test. The results showed no significant publica-
tion bias among the studies of SFRP2 methylation in fae-
cal samples from CRC or adenoma patients (Figure 4).

DISCUSSION

It is widely accepted that DNA methylation in stool
samples may be valuable for increasing the rate of CRC
detection at earlier stagew. In the present study, we fo-
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cused on the detection performance of gene methylation
in stool samples for patients with colorectal tumours.
Our analysis suggests that the specificity of SFRP2 meth-
ylation is high (93% for CRC and 94% for colorectal
adenoma) for the detection of colorectal tumours; how-
ever, it has moderate (79%) and low sensitivity (43%) for
diagnosing CRC and adenoma, respectively. Compared to
FOBT, with a sensitivity of 14% for colorectal tumour
diagnosis“sj, the detection accuracy of faecal methylation
biomarkers was higher as a CRC screening method.

The DOR is an indicator of test accuracy. The value
of the DOR ranges from 0 to infinity, and higher values
indicate better discriminatory test performance. In this
meta-analysis, we found that the DOR of faecal SFRP2
methylation for colorectal carcinoma and adenoma were
47.57 and 11.00, respectively, which indicated a high level
of overall accuracy for CRC and a low level for adenoma.
The SROC curve represents an overall measure of the
discriminatory power of a test. The area under the curve
of 1 for any test indicates that the test is excellent. Our
data showed that the area under the curve (AUC) of the
SROC curve for faecal SFRP2 methylation for the diag-
nosis of colorectal catcinoma and adenoma were 0.9565
and 0.9563, respectively, which indicated that faecal
SFRP2 methylation is an excellent diagnostic biomarker
for colorectal tumours.

Because the DOR and SROC cutve are not easy to
use in clinical practice, the likelihood ratios are consid-
ered to be more clinically meaningful. For a high-quality
diagnostic test, a PLR of > 10 or an NLR < 0.1 is typi-
cally required. However, our meta-analysis showed that
neither PLR nor NLR alone was adequate to confirm or
exclude the diagnosis of colorectal carcinoma or adeno-
ma. The PLR value was 9.12 in the diagnosis analysis of
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Figure 3 Forest plot of SFRP2 methylation in the diagnosis of colorectal adenomas. A: Plot and table of the sensitivity of SFRP2 for diagnosis of colorectal ad-
enomas; B: Plot and table of the specificity of SFRP2 for diagnosis of colorectal adenomas; C: The symmetric summary receiver-operating characteristic of SFRP2 for

diagnosis of colorectal adenomas.
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Figure 4 Assessment of the publication bias in the faecal SFPR2 methylation for the diagnosis of colorectal cancer (A) and adenomas (B). No significant

publication biases were found in any of these studies (all # > 0.05).

CRC, which suggested that patients with a positive faecal
SFRP2 methylation assay had a nine-fold chance of being
diagnosed with CRC than non-CRC. Therefore, a colo-
noscopy was necessary for patients with a positive faecal
SFRP2 methylation assay to confirm the diagnosis of
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CRC with high probability. On the other hand, an NLR
of 0.24 in the diagnosis analysis of CRC suggested that if
a faecal SFRP2 methylation assay result was negative, the
probability rate of the individual having CRC was 24%.
For the diagnosis of colorectal adenoma, a PLR of 5.99
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Table 4 Weighted meta-regression on the diagnostic accuracy
of the gene methylation assays

Covariate Coefficient SE Pvalue RDOR 95%CI

QUADAS score' -0.259 0419 0.541 0.77 (0.33,1.82)
Detection method” 0.101 0.377  0.790 111 (0.51,2.40)
Blinded desigrt3 -0.179 0.381 0.642 0.84 (0.38,1.82)
Methylated genes4 0.302 0.394 0449 1.35 (0.60, 3.03)

"Based on QUADAS score, studies were divided into those with higher
quality (QUADAS score = 10) and those with lower quality (QUADAS
score < 10); "Detection method, which was divided into qualitative and
quantitative assay methods; *Blinded design: the study was included with
or without blinded design; “Methylated genes, which were divided into
single gene and combination genes. QUADAS: Quality Assessment for
Studies of Diagnostic Accuracy was used to assess the quality of primary
studies of diagnostic accuracy; SE: Standard error; RDOR: Relative
diagnostic odds ratio.

suggested a moderate necessity to consider colonoscopy
for patients with a positive faeccal SFRP2 methylation
assay to confirm the diagnosis of colorectal adenoma.
Moreover, the NLR was 0.60 in the diagnosis analysis of
colorectal adenoma. These data suggest that a negative
faecal SFRP2 methylation assay result should not be used
alone as a justification for denying or discontinuing the
screening of colorectal adenomas.

An aberrant Wnt signalling pathway is an early event
in 90% of colorectal carcinomas. SFRPs are secreted
glycoproteins that antagonise Wnt signaling »iz different
direct or indirect mechanisms. Thus, the role of SFRPs
as a negative regulator of Wnt signaling may have im-
portant significance in tumourigenesis. These epigenetic
events are involved in eatly steps of colon carcinogenesis,
and changes in the status of DNA methylation are as-
sociated with early steps of the histologic progression
of colon carcinoma. Our previous studies of CRC tissue
showed that SFRP1 and SFRP2 were methylated in more
than 80.6% of colorectal carcinomas'™”. Therefore, faccal
SFRP2 methylation could be expected to be a biomarker
for the screening of colorectal tumours. Although it can-
not be generally used as a screening tool for the financial
limited, the analysis of methylation markers offers a vari-
ety of new opportunities for developing biomarkers for
colorectal tumours at the molecular level.

Our meta-analysis had several limitations. First, none
of the included studies were multicentre or large-blinded,
randomized, controlled trials. Second, conference ab-
stracts and non-English and non-Chinese language stud-
ies were excluded, which might have led to publication
bias. Third, studies on DNA methylation with statistical
significance tend to be published and cited. Finally, due to
the absence of case-mix difference analysis, smaller trials
may show larger treatment effects than larger studies (e.g.,
patients with only localised »s metastatic disease).

To sum up, stool-based DNA methylation has been
shown to be highly discriminatory in the detection of
colorectal tumours. Our results demonstrate that SFRP2
methylation, as a non-invasive modality, shows promise
for the accurate detection of CRC; however, a large num-
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ber of studies are required to further confirm the role of
faecal SFRP2 methylation for the eatly and accurate CRC
diagnosis.

COMMENTS

Background

Colorectal cancer (CRC) is the third most common malignancy and the second
leading cause of cancer-related deaths in Western countries. The diagnosis of
CRC at early stages has great importance for reducing CRC mortality. Although
significant advances have been achieved in diagnostic technologies, the current
available modalities for diagnosing CRC remain suboptimal.

Research frontiers

DNA methylation often occurs during the early stages of colon tumours and
has played an important role in oncology, especially in the early diagnosis of
colorectal tumours. However, no consensus with regard to the role of stool
methylation markers in colon tumours exists.

Innovations and breakthroughs

Stool methylation markers as an available non-invasive modality have high ac-
curacy and sensitivity for the diagnosis of premalignant lesions of CRC. A few
systematic reviews about the efficacy of stool methylation markers in colorectal
tumour diagnosis exist. This article comprehensively assesses the accuracy of
methylated genes in stool samples for diagnosing colorectal tumours.

Applications

Analysis of DNA methylation in stool samples may be used as a non-invasive
test for the diagnosis of CRC, and SFRP2 methylation is a promising marker
that has great potential in early CRC diagnosis.

Terminology

Diagnostic odds ratio (DOR) reflects the relationship between the result of the
diagnostic test and the disease. The summary receiver operation characteristic
(SROC) curve displays the trade-off between sensitivity and specificity and rep-
resents a global summary of test performance. We used the Q-value, the inter-
section point of the SROC curve with a diagonal line from the left upper corner
to the right lower corner of the receiver operation characteristic (ROC) space,
which corresponds to the highest value of sensitivity and specificity for the test.
The positive likelihood ratio (PLR) represents the value by which the odds of
the disease increase when a test is positive, whereas negative likelihood ratio
(NLR) shows the value by which the odds of the disease decrease when a test
is negative.

Peer review

This study reviewed 34 trials to evaluate the accuracy of stool methylation
genes for diagnosing colorectal tumours. Based on these analyses, the authors
conclude that stool SFRP2 methylation is a promising marker that has great
potential in early CRC diagnosis. The analysis was carefully performed, the
results were clearly presented and summarized, and valuable advice for early
clinical diagnosis of colorectal tumours was provided.
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