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World Journal of Methodology (World J Methodol, WJM, online ISSN 2222-0682, DOI:
10.5662) is a bimonthly peer-reviewed, online, open-access (OA), journal supported by
an editorial board consisting of 23 experts in methodology from 41 countries.
WJM aims to rapidly report the most recent results in medical diagnostics, therapeutic techniques and equipment, clinical medical research, clinical and experimental
techniques and methodology. It provides a platform to facilitate the integration of clinical medicine and experimental techniques and methodology to help clinicians improve
diagnostic accuracy and therapeutic efficacy. The journal publishes original articles and
reviews on the following topics: (1) Clinical medical techniques, including but not limited to those for pharmaceutical medicine, laboratory medicine, radioactive medicine,
medical imaging, nuclear medicine, physical therapy, pathology, surgery, disinfection, nutritional therapy, transfusion and medical equipment; (2) Clinical medical research on etiology, epidemiology, pathogenesis, morphology and function, signs and symptoms, clinical trials, and evidence-based medicine; and (3) Laboratory methodology, including but
not limited to techniques in DNA/RNA sequencing, preparation and transformation
of competent cells, PCR, protein biochemistry, cell biology, genetics and epigenetics,
immunology, microbiology, animal models of human pathologies, bioinformatics, and
laboratory equipment manipulation and control.
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Figure 1 Editor-in-Chief of the
World Journal of Methodology.
Yicheng Ni, MD, PhD, Professor,
Department of Radiology, University
Hospitals, KU Leuven, Herestraat 49,
B-3000 Leuven, Belgium.

Abstract
Congratulations to the publisher, members of the editorial board of the journal, all the authors and readers
for launching the World Journal of Methodology (WJM )
as a new member of the World series journal family!
Scientific advances and important breakthroughs have
been facilitated by well developed methodologies or
techniques and any misleading findings and theories
are exclusively attributable to certain methodological
defects. Thus, the role of appropriate methodologies
in the development of science and technology cannot be overemphasized and the need for inaugurating
this new journal is self-evident. The WJM is a peerreviewed open-access periodical centered in biomedical sciences but with multidisciplinary coverage. If you
want to share any new methodologies, any experiences of the application or improvement of such methodologies and any methodology-related academic issues
with your peers, you will find the WJM a good media
to publish your papers!

University of Bologna, Viale Carlo Pepoli 5, 40123 Bologna,
Italy
Ni Y. What is the purpose of launching the World Journal of
Methodology? World J Methodol 2011; 1(1): -3 Available
from: URL: http://www.wjgnet.com/2222-0682/full/v1/i1/1.htm
DOI: http://dx.doi.org/10.5662/wjm.v1.i1.1

I am Yicheng Ni (Figure 1), a full professor from University of Leuven, Belgium and the editor-in-chief of World
Journal of Methodology (WJM). It is my great honor to introduce the WJM as a new forum for exchanging thoughts
and experiences about any methodological approaches
to solving problems in research in both fundamental and
clinical medicine. Congratulations to the publisher, members of editorial board of the journal, all the authors and
readers for this memorable event!
I am very pleased to announce that the first issue of
the WJM, on which preparation was initiated on April
5, 2011, is officially published on September 26, 2011.
The WJM Editorial Board has now been established and
consists of 238 distinguished experts from 41 countries.
What is the purpose of launching WJM? And what is

© 2011 Baishideng. All rights reserved.

Key words: Methodology; Biomedical sciences; Peerreviewed; Open-access; Journal
Peer reviewer: Alberto Chiesa, MD, Institute of Psychiatry,
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the scope and how are the columns designed? These are
some of the subjects I would like to address hereunder.
The word methodology refers to a process involving definitions, explanations and procedures applied as a
guideline to collect, store, analyze and present information
in the practices of a particular research discipline. Methodology addresses how to solve problems with specified
components such as tasks, tools, techniques, methods,
phases, etc.
Historically, scientific advances and important breakthroughs have all been facilitated by well developed
methodologies or techniques[1-5]. Likewise, any findings,
conclusions and theories that temporarily predominated
but later were proved wrong and misleading can be attributed to their methodological defects[6-8]. Therefore, the
role of appropriate methodologies in the development of
science and technology cannot be overemphasized and
the need for inaugurating this new journal is without any
doubt.
The WJM aims to rapidly report the most recent results
in medical diagnostics, therapeutic techniques and equipment, clinical medical research, clinical and experimental
techniques and methodology. It provides a platform to
facilitate the integration of clinical medicine and experimental techniques and methodology to help clinicians
improve diagnostic accuracy and therapeutic efficacy.
The journal publishes original articles and reviews on the
following topics: (1) Clinical medical techniques, including but not limited to those for pharmaceutical medicine, laboratory medicine, radioactive medicine, medical
imaging, nuclear medicine, physical therapy, pathology,
surgery, disinfection, nutritional therapy, transfusion
and medical equipment; (2) Clinical medical research on
etiology, epidemiology, pathogenesis, morphology and
function, signs and symptoms, clinical trials, and evidence-based medicine; and (3) Laboratory methodology,
including but not limited to techniques in DNA/RNA
sequencing, preparation and transformation of competent cells, polymerase chain reaction, protein biochemistry, cell biology, genetics and epigenetics, immunology,
microbiology, animal models of human pathologies,
bioinformatics, and laboratory equipment manipulation
and control. Since biomedical science stems from natural
science as a relatively young branch and has been fostered by the methodologies of almost all other science
branches, the scope of the WJM can be immensely broad
or virtually unlimited as illustrated by a few examples in
Figure 2.
The columns in the issues of the WJM include: (1)
Editorial: to introduce and comment on major advances
and developments in the field; (2) Frontier: to review
representative achievements, comment on the state of
current research and propose directions for future research; (3) Topic highlight including the following three
formats (A) 10 invited review articles on a hot topic;
(B) a commentary on common issues of this hot topic;
and (C) a commentary on the 10 individual articles; (4)
Observation: to update the development of old and new

WJM|www.wjgnet.com

Figure 2 Representative components illustrate the methodological network and multidisciplinary relationship. Along the trunk of sciences, the
development of modern life and biomedical sciences are fostered by the methodologies of other branching disciplines.

questions, expose unsolved problems and propose strategies on how to solve such problems; (5) Guidelines for
Basic Research: to provide guidelines for basic research
recommended by scientific communities; (6) Guidelines
for Clinical Practice: to provide guidelines and consensuses for clinical diagnosis and treatment reached by international and national academic authorities; (7) Review:
to systemically review progress and obstacles in the field,
comment on the state of current research and make
suggestions for future work; (8) Original Articles: to
report innovative and original findings in basic and clinical medical research with emphasis on methodological
aspects; (9) Brief Articles: To briefly report novel findings with improvement in basic and clinical medical research methodology; (10) Case Report: to report a rare,
atypical or interesting case; (11) Letters to the Editor: to
discuss and reply to the comments on the contributions
published in the WJM or to introduce and comment
on a controversial issue of general interest; (12) Book
Reviews: to introduce and comment on quality monographs of basic and clinical medical research methodology; and (13) Voices: to publicize methodology-related
communications that have been rejected or impossible
for publication elsewhere due to evident prejudice and/
or unreasonable reasons. Similarly, your experiences of
the proven mistreatment during the past grant applications can be narrated or documented in this corner. The
corresponding responses and echoes from readers are
also welcome here.
So, if you want to share any new methodologies, any
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experiences on the application or improvement of such
methodologies in biomedical research and any methodology-related academic issues with your peers, the WJM is a
place you can feel at home!
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Abstract
The increasing number and sophistication of available
psychotherapies suggests that a critical appraisal of the
methodological issues of psychotherapy studies is highly
needed. Several key questions regarding the efficacy
of a given intervention, the understanding of whether
positive effects observed following the delivery of a
psychotherapeutic intervention are specifically attributable to the intervention itself or to other “non specific”
factors, such as benefit expectations, therapist attention
and support, and the possibility of improving psychotherapy research need an answer. This, in turn, could
provide clinicians with more rigorous information about
psychotherapy outcomes and could properly address
several shortcomings that are frequently observed in
current psychotherapy studies. Accordingly, in this editorial I will highlight some of the most important critical
issues that a well designed psychotherapy study should
take into account, including the need for appropriate
control groups, appropriate randomization and blinding
procedures, and the importance of performing appropriately powered studies that include a sufficiently long
follow-up period. Finally, I will build on my expertise in
the field of mindfulness based interventions, in particular mindfulness based stress reduction and mindfulness
based cognitive therapy, to show how such issues have
been and can be successfully implemented in the design
of future psychotherapy studies.

WJM|www.wjgnet.com

INTRODUCTION
How can we know that a psychotherapeutic intervention
is efficacious? How can we ascertain that positive effects
observed following the delivery of a psychotherapeutic
intervention are specifically attributable to the intervention itself ? And, most importantly, can psychotherapy
research be improved and to what extent?
Such questions are just some of the more challenging and intriguing issues that researchers involved with
the investigation of psychotherapeutic interventions
have handled in the last decades and are still handling
today. If one takes into account the large number of
available psychotherapies as well as the difficulties inherent in any attempt to properly conduct a psychotherapy
study, it becomes evident that consistent effort should be
directed towards the improvement of the methodological quality of studies designed to investigate the efficacy
of psychotherapeutic interventions. This, in turn, could
provide clinicians with more rigorous information about
psychotherapy outcomes and could properly address several shortcomings that are frequently observed in current
psychotherapy studies.
Accordingly, in this editorial I will highlight some of
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the most important critical issues that a well designed
psychotherapy study should take into account and will
build on my expertise into the field of mindfulness based
interventions (MBIs) to show how such issues have been
and can be successfully implemented in the design of future psychotherapy studies.

ness or to the regression to the mean, a more important
effect remains to be considered: the placebo or the “non
specific effect” of treatment[1]. Over the last decades,
the conceptualization of the placebo effect has shifted
from the impossibility of the inert content of a placebo
agent to produce clinically significant benefits to the
concept of a simulation of an active therapy within a
psychosocial context that would empower the influence
of placebo[2]. The nature and the accurate description of
the non specific effects of a given intervention represent
a significant challenge for researchers involved in psychotherapy studies. Indeed, as several authors have recently
underscored[3-5], in psychotherapy studies, the “placebo”
control condition should be ideally matched as closely as
possible with the intervention under investigation with
regard to such non specific factors as benefit expectations, therapist contact, therapist (and, in some cases,
group) support and educational information while, at the
same time, it should exclude the “active ingredient(s)” of
the specific intervention under investigation. Accordingly,
it appears evident that, because a waiting list does not
elicit any benefit expectation nor involves any educational
information and therapist or group support, trials comparing a psychotherapeutic intervention with a waiting
list control group cannot distinguish between the specific
and the non specific effects of treatment (e.g.[6]).
A third issue that should be carefully considered in
psychotherapy studies regards the random assignment
of subjects to the treatment under investigation or to the
control condition. Empirical evidence consistently supports the role of randomization in bias reduction. It has
been shown, for instance, that nonrandomized trials are
more likely to show advantage of an innovation over a
standard treatment[7]. Furthermore, randomization procedures should be appropriate. Indeed, as Schulz et al[8] have
stressed, only a few randomization procedures can be
considered as appropriate and it is not surprising that appropriate randomization is one of the five criteria outlined
in the Jadad Scale, one of the most widely used scales
used to assess the quality of controlled trials thus far, to
decide whether the quality of a given study can be considered as high or low[9]. An example of an appropriate
randomization procedure is simple randomization, which
is analogous to repeated fair coin-tossing. Such a procedure, although it represents the most basic of sequence
generation approaches, is considered as significantly more
reliable than other approaches, irrespective of their complexity and sophistication. If such a procedure cannot
be successfully implemented, a blocked randomization, a
procedure that controls the probability of obtaining an allocation sequence with an undesirable sample size imbalance in the intervention, can likewise be employed[8]. On
the other hand, other procedures such as alternated allocation of patients should be considered as inappropriate
because they carry a high risk of allowing the investigator
anticipate which is going to be the following assignment
and therefore to introduce a methodological bias.
In line with this point, allocation concealment should

PSYCHOTHERAPY RESEARCH: WHAT
SHOULD WE TAKE INTO ACCOUNT?
A thorough review of the large variety of methodological issues that could affect the results of a psychotherapy
study is a huge matter that falls out with the aim and
scope of this editorial. Rather, this paper aims to address
some of the key issues that a psychotherapy study should
take into account and suggests that the improvement
of psychotherapy research is not only something that is
largely needed but, more importantly, something that is
feasible and should therefore be strongly encouraged.
The first question that a given psychotherapy study
should address could be described as follows: how do
we know that a specific intervention is efficacious for a
given condition? A simple answer could be to deliver the
intervention under investigation to a target population
of subjects and to see if, by the end of the treatment period, some improvement, as measured with objective or
subjective measures, can be observed. Although such an
answer is somewhat intuitive and studies using an uncontrolled design have frequently been employed in psychotherapy studies, such a design does not allow control for
important phenomena that could occur regardless of the
administration of treatment. As Price and colleagues outlined in their seminal paper[1], the most common of such
phenomena is the natural history of illness. Indeed, several conditions show a spontaneous improvement over
time that can be unrelated to treatment. Furthermore, a
second phenomenon that should be taken into account is
the regression to the mean, a statistical phenomenon that
assumes that individuals with extreme scores on any measure at one point probably will have less extreme scores,
for purely statistical reasons, the next time they are tested.
How to deal with such issues? Two main approaches
have usually been employed. The first one involves the
comparison of the results of one’s own study with those
reported in scientific studies focusing on untreated samples of subjects prospectively followed for a given period
of time. The second approach involves the inclusion of
a waiting list control group that receives no treatment.
Although an empirical investigation aimed at comparing these two approaches in the field of psychotherapy
research is still lacking, it is reasonable to suggest that
the second approach carries the advantage of reducing
possible sources of variance that could derive from the
qualitative comparison of different populations by randomizing individuals to the treatment under investigation
or to the waiting list (see also below).
Even though we exclude that the benefits related to
treatment are not simply due to the natural history of ill-
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also be considered to ascertain that the methodological
rigor of the randomization procedure is appropriately
applied to a given study[10]. Indeed, without adequate
allocation concealment, even random, unpredictable assignment sequences can be undermined. As an example,
an analysis of 250 trials from 33 meta-analyses showed
that randomized controlled trials in which treatment
allocation was inadequately concealed, or in which concealment of allocation was unclear, yielded significantly
larger estimates of treatment effects than those trials in
which concealment was adequate[11]. As Schulz et al[10]
outlined, many investigators involved with clinical trials
can be tempted to decipher assignments, which, in turn,
can subvert randomization. For some investigators implementing a trial, deciphering the allocation scheme might
frequently become too great an intellectual challenge to
resist. Therefore, methods that ensure appropriate allocation concealment should be implemented in future
psychotherapy studies. One such example is the use of
sealed envelopes numbered in advance, opened sequentially only after the participant’s name and other details
are written on the appropriate envelope[12] and possibly
containing cardboard or aluminum foils placed inside the
envelope aimed at inhibiting the detection of assignments
via hot lights.
A fourth important issue that should be taken into account is blinding. The rich history of blinding in clinical
trials spans a couple of centuries[13]. However, significant
misunderstandings exist with regard to a correct definition of blinding and consistent effort has recently been
given to more properly define different types of blinding[14]. In extreme sum, in a double-blind design, currently
considered as the most appropriate blinding methodology, investigators and assessors (frequently the same
persons) as well as participants all remain unaware of the
intervention assignments throughout the trial. However,
several types of studies such as surgical intervention studies and psychotherapy studies cannot be double-blinded
because of the difficulty of keeping subjects unaware
of the intervention they are assigned to. Nevertheless,
even though double blinding can be difficult if not even
impossible to use in psychotherapy research, a single
blind design in which at least the investigator is blind as
to whether a given subject is receiving the intervention
under investigation or the control intervention can be
employed to reduce the risk of an assessment bias. In line
with this view, several reviews currently assign one point
of the Jadad Scale[9] when single blinding is employed
(e.g.[6,15]).
Even though an appropriate control group as well as
appropriate randomization and blinding procedures are
employed, a challenging issue for psychotherapy studies
is to ascertain that the intervention is appropriately delivered. First of all, this implies that the intervention should
be manualized. Otherwise there would be no comparison
to which the delivered intervention can be contrasted.
Furthermore, it is also important to be able to measure
the degree to which the intervention, as described in its
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treatment manual, is actually being administered. In other
words, it is important to rely on adherence measures that
offer a way of quantifying how faithfully the intervention has been provided[16] and whether the treatment has
been successfully manipulated. This is usually achieved by
means of audiotape or videotape recordings of the sessions and the use of adequate adherence scales through
which an external evaluator expert in the treatment under
investigation evaluates the extent to which the delivered
intervention differs from the intervention described in
the manual[17]. Finally, therapist experience should be
considered as well. Indeed, although such a variable could
have only a small effect on psychotherapy outcomes
(e.g.[18,19]), it could nonetheless provide important complementary information that parallel the more “technical”
information of treatment adherence[5].
Even when the issues mentioned above are appropriately addressed, the results of a psychotherapy study may
still have limited usefulness if the sample size is not sufficiently powered to detect differences between groups (in
superiority studies) or to ascertain that the apparent lack
of difference between the intervention under investigation and the established treatment used as a comparison
is not simply due to the lack of statistical power (in noninferiority studies)[20]. In both cases, the authors should
rely, whenever it is possible, on an effect size estimate
based on prior studies dealing with the same or similar
interventions for the intended clinical condition. Furthermore, several issues including the notion that in the
forthcoming study, effect sizes could tend to the lower
extreme of improvement, that a certain proportion of
patients is likely to drop out over the study period and
that for still other patients some information may not be
appropriate or available, should also be considered in the
design of a methodologically sound psychotherapy study
(e.g.[21]).
In addition to the points outlined above, several further methodological issues should be considered.
As an example, there is consensus that for superiority trials, the intent-to-treat population (ITT) should be
considered as the primary analysis population because it
tends to avoid the over-optimistic estimates of efficacy
that results from a per-protocol (PP) population that
excludes subjects that for various reasons have dropped
out from the intervention[22]. However, the choice of
the appropriate analysis population in non-inferiority
studies is far less defined. Although relying on the ITT
population could be considered as a conservative approach even in this case, a simple simulation study aimed
at investigating the degree of anticonservatism of the
ITT population and to quantify the influence of noncompliers on the conclusion of a non-inferiority study
found that, in the presence of non-compliers, the test for
non-inferiority gives higher type Ⅰ error rates (false positive findings) that increase with the proportion of noncompliers, and the degree of anticonservatism of ITT is
inversely related to the size of the treatment effect in the
non-complier group[23]. Therefore some authors have put
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forward that an hybrid ITT/PP analysis, which excludes
non-compliant patients as in the PP analysis and properly
addresses the impact of non-trivial missing data as in
the maximum likelihood estimation-based ITT analysis,
is a promising way of providing reliable non-inferiority
tests (for a detailed description see[24]). Furthermore, the
follow-up period should be consistent with that usually
required to detect a significant effect of treatment on
the target condition. In particular, the overall follow-up
period should be based on existing literature focusing on
a given psychotherapeutic intervention for a well specified clinical population and on the specific outcome
under investigation (e.g. the reduction of acute depressive symptoms is supposed to require a shorter followup period in comparison with the prevention of future
depression relapses). Finally, it is worth mentioning that
authors other than the developers of the original psychotherapy program perform independent trials focusing on
the efficacy of such interventions so as to provide evidence for treatment transportability and generalizability[25]
and that large observational studies are performed in the
community to ascertain intervention effectiveness. The
distinction between efficacy and effectiveness is particularly important because, while efficacy measures how well
a given intervention works in clinical trials, effectiveness
relates to how well a treatment works in practice.
As we can see from this brief description, several
issues should be considered in the design of a high quality psychotherapy study. In the next two sections I will
briefly explore the concept of mindfulness and some of
the main MBIs and will show how the methodological
issues mentioned above have been successfully employed
to improve current knowledge about such interventions.

Although there is not complete consensus as to how the
concept of mindfulness should be properly defined and
classified so far[36-39], mindfulness is currently conceptualized in psychological terms as a systematic development
of attention to the present moment with a non-judgmental awareness of the inner and/or outer experiences.
Kabat-Zinn[40], the founder of one of the most popular
MBIs, as an example, describes mindfulness as the process of “paying attention in a particular way, on purpose,
in the present moment and non-judgmentally” or, alternatively, as “the awareness that emerges through paying
attention on purpose, in the present moment and nonjudgmentally to the unfolding of experience moment by
moment”[41].
MBIs, which include, among others, MindfulnessBased Stress Reduction (MBSR)[42,43] and MindfulnessBased Cognitive Therapy (MBCT)[44], have become a very
popular form of treatment in contemporary psychotherapy as a means to deal with a large variety of physical, psychological and stress related problems[6,45-49]. Of
note, it is worth mentioning that clinical findings are also
increasingly supported by a large amount of objective
neuropsychological and neurobiological findings[50,51].
In sum, MBSR is a standardized group-based meditation program conceived in the late ‘70s from the effort to
integrate Buddhist mindfulness meditation with contemporary Western clinical and psychological practice[43,52].
MBSR is mainly based on three different techniques
including (1) “body scan” which involves a gradual
sweeping of attention through the entire body from feet
to head, focusing non-critically on any sensation or feeling in body regions and using periodic suggestions of
breath awareness and relaxation; (2) “sitting meditation”
which involves both mindful attention on the breath or
on the rising and falling abdomen, as well as on other
perceptions, and a state of non judgemental awareness
of cognitions and of the stream of thoughts and distractions that continuously flow through the mind; and (3)
“Hatha yoga” practice which includes breathing exercises,
simple stretches and posture designed to strengthen and
relax the musculoskeletal system[43]. The standard program consists of 8 wk sessions with a duration of 2 and
a half hours each and homework for 45 min a day, 6 d a
week[43,52].
On the other hand, MBCT is a manualized 8 wk skillstraining group program[44] based upon the theoretical
framework of information processing theories[53] and
integrating aspects of cognitive behavioral therapy for
major depression (MD) [54] with components of the
MBSR program developed by Kabat-Zinn[43]. MBCT was
originally designed to teach patients in remission from recurrent MD to become more aware of, and to relate differently to, their thoughts, feelings and bodily sensations.
An example includes recognizing thoughts and feelings
as passing events in the mind rather than necessarily accurate readouts of reality. The original program teaches
skills that allow individuals to disengage from habitual,
automatic dysfunctional cognitive routines as a way to

MINDFULNESS BASED INTERVENTIONS
The word mindfulness derives from the Pali word sati,
which can be found in early Buddhist scriptures such as
the Abhidhamma[26], a classic scholastic compilation of
Buddhist psychology and philosophy and, later, in the
Vishuddimagga[27], a summary of the part of the Abhidhamma that deals with meditation. Because mindfulness
concerns a clear awareness of one’s inner and outer experience, including thoughts, sensations, emotions, actions
or surroundings as they exist at any given moment, in the
Buddhist classical literature it has often been termed as
“bare” attention[28-30] or alternatively as “pure” or “lucid”
awareness[28,31,32], emphasizing that mindfulness is supposed to reveal what is occurring, before or beyond conceptual and emotional classiﬁcations about what is or has
taken place. This, in turn, is supposed to reduce suffering
related to the concept of an individual ego and ultimately
lead to psychological well-being and happiness[33].
The cultivation of mindfulness has been a key element of several Buddhist meditations including Vipassana meditation[34] and Zen meditation[35] for centuries.
More recently, the development of mindfulness has also
proven to be a fruitful topic within clinical psychology[4].
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reduce future risk of relapses and recurrences of MD[44].
More recently, however, MBCT has also been successfully
used for other clinical targets including, among others,
the reduction of inter-episodic depression and anxiety
levels in patients suffering from bipolar disorder[55,56]
and the treatment of some anxiety disorders (e.g.[57-59]).
In conclusion, MBIs can be described as psychological
interventions whose purpose is to help patients achieve
relief from such negative symptoms as chronic pain and
depressive symptoms by targeting the extra baggage that
is piled on to the symptoms in the form of, for example,
negative thoughts and emotions by means of the development of an enhanced ability to cope with and/or relate
differently to them.

gentle stretching exercises and weekly topical discussions.
However, consistent emphasis was placed on not describing or training mindfulness skills to the control group.
An even better design was subsequently employed by
Zautra and colleagues[64]. The authors compared a MBI
closely derived from MBSR with both an educational
“non specific” control group and an active psychological
control group (group cognitive behavioral therapy) in a
sample of patients with rheumatoid arthritis. This design
is particularly useful because, on the one hand it ascertains that both active treatments are significantly superior
to the non specific comparison group and on the other
hand, it investigates the existence of a possible specificity
profile of active treatments that could be useful for future research. As an example, in the study by Zautra and
colleagues[64], the authors found that mindfulness training
was more efficacious for patients with rheumatoid arthritis and an history of MD while the cognitive behavioral
intervention was more efficacious for patients with rheumatoid arthritis and without an history of MD.
With time, the improvement of randomization and
blinding procedures has paralleled that of control groups
employed in MBI research studies. Indeed, while the majority of early studies about MBIs employed an uncontrolled or a non randomized controlled design (e.g.[42,60,65],
later studies have increasingly employed randomization,
have properly described randomization procedures and
have provided information about the appropriateness of
allocation concealment[6]. A recent study investigating the
efficacy of the adjunct of MBCT to treatment as usual
(TAU) with TAU only for the prevention of MD relapses
over a period of 1 year is a good example of the implementation of adequate randomization and blinding procedures to psychotherapy studies[66]. First of all, eligible
subjects interested in MBCT were randomized to MBCT
or to the waiting list control group using a stratified
block randomization procedure. Stratiﬁcation variables
included site, number of previous depressive episodes
and duration since remission from last episode. Secondly,
they specified which strategy had been implemented to
ensure adequate allocation concealment by stating that,
after checking for inclusion and exclusion criteria and
informed consent had been obtained, intervention was
assigned to patients through sealed envelopes (Note,
however, that information as to whether sealed envelopes
contained cardboard or aluminum foils aimed at inhibiting detection of assignments was lacking).
Of note, the study by Bondolfi and colleagues[66], as
well as many other ongoing (e.g.[21]) and recently published (e.g.[67]) studies, is also a good example of how
sample size should be determined. Indeed, as the authors
explained, sample size was estimated on the basis of
previously reported differences of relapse rates between
MBCT and waiting list control groups in MBCT studies.
Additionally, an even better sample size estimate that has
also taken into account the likelihood of drop outs has
recently been described[68].
In the last decade, an increasing number of studies

MBIs AS AN EXAMPLE OF HOW
PSYCHOTHERAPY RESEARCH MIGHT BE
IMPROVED
As the field of mindfulness has grown exponentially in
the last three decades in both quantity and complexity,
it is well suited to show how the increasing sophistication of the methodological design can be successfully
implemented in psychotherapy research and to highlight
fruitful avenues for future research. Early studies focusing
on the efficacy of MBSR for chronic pain patients mostly
employed an uncontrolled design that did not distinguish
between the specific effects of treatment, the non specific
effects and the natural history of disease of such patients
(e.g.[42,60]). Therefore, the only way observed findings could
be critically evaluated was in a comparison between findings reported in the study and those usually observed in
chronic pain patients under naturalist conditions. In the
1990s, the first studies appeared that compared MBSR
with a waiting list control group to which subjects could
be randomly (e.g.[61]) or non randomly assigned (e.g.[62]).
Although the results were encouraging in that they suggested that subjects assigned to MBSR improved to a significantly higher extent than those assigned to the waiting
list control group, such findings did not yet ascertain that
benefits observed following MBSR could be specifically
attributable to the interventions itself rather than to other
non specific factors such as benefit expectations, group
support, educational information and teacher’s care[47].
It is worth noting, however, that in more recent times
several studies have been published that used appropriate
comparison groups. One such example is the study published by Grossman and colleagues[63] comparing MBSR
with a comparison group designed to match the non specific effects of MBSR while excluding the claimed “active
ingredient”, i.e. mindfulness meditation practice. The
control group employed by Grossman and colleagues
included the presence of a trained, experienced group
facilitator, participation in an 8 wk group setting of the
same size and weekly format as the MBSR program, similar curriculum structure and equivalent amount of homework assignments, social support, relaxation training,
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of Onken et al[25] who underscore that the development
of new approaches should involve different progressive
stages that guide the process of treatment development
in a manner informed by ever more complex and rigorous tests of the novel protocol.
In conclusion, as the field of psychotherapy research
moves forward, it will be increasingly important to use
more rigorous methodological approaches. MBIs offer
a good example of how psychotherapy research can be
successfully improved. If any progress is to be achieved,
the observations mentioned above could provide a precious source of information for the improvement of
future psychotherapy studies.

has also successfully controlled treatment adherence. In
particular, several recent MBCT studies have reported that
sessions were videotaped, that adherence to the MBCT
protocol was assessed by experienced and independent
MBCT therapists with a specific adherence scale (i.e. the
Mindfulness Based Cognitive Therapy Adherence Scale[69])
and that treatment adherence could be considered at least
as acceptable (e.g.[66,67]). Furthermore, the majority of recent MBCT studies consistently reported therapist experience and adherence to homework (for a review see[6]).
Notably, increasing attention has recently been given
to the appropriateness of employed statistical analyses[21,68] and appropriate follow-up periods are increasingly being considered (e.g.[21]), even in short term studies (e.g.[70]). Finally, although large observational studies
allowing for a proper evaluation of the effectiveness of
MBSR and MBCT in the community are still lacking thus
far, it is encouraging that an increasing number of studies
performed by authors other than the developers of such
interventions have recently been published that allow for
an appropriate understanding of treatment transportability and generalizability (e.g.[66,71]).
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Abstract

“Who shall decide when doctors disagree?” This question, raised by Alexander Pope in 1732, must have been
a very common one in Pope’s day, since medical practice
at that time was based largely on tradition and opinion,
not science. In the 21st century, medicine should be
considered at least a combination of art and science.
Consequently, careful clinical research should provide
clear answers that stand the test of time and the scrutiny
of additional investigations. This is the theory behind
evidence-based, data-driven scientific medicine[1-3].
In scientific terms, when focused strictly on the evaluation of clinical variables, Pope’s question challenges
reproducibility, in particular interobserver reproducibility[4-8]. It relates to the common experience where two
independent observers provide different results, with this
disagreement implying a sort of uncertainty about the
truth. From the patient’s point of view, it may appear that
his/her condition is not an objective one and that each
clinician is allowed to have his/her own opinion. This
may be very frustrating and cause the patient to lack trust
in medicine.
In addition to interobserver reproducibility there is
also intraobserver reproducibility, i.e. the ability of a single
observer to provide the same opinion regarding a patient’s
condition if he/she is questioned again later. In fact, selfdisagreements occur more frequently than might be expected, in particular if the question posed has more than
two mutually exclusive answers (categorical variables).

clear Medicine, PET Unit, S. Maria della Misericordia Hospital,
Istituto Oncologico Veneto (IOV)-IRCCS, Viale Tre Martiri 140,
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Estimating reproducibility is often wrongly thought of
as basic science. Although it has a significant clinical
relevance, its importance is underestimated. It was Alexander Pope in 1732 who was first to understand the
value of reproducibility, with his famous comment “Who
shall decide when doctors disagree?”. Pope’s question
concerns the medical doctors’ opinion on a patient’
s status, which from a statistical point of view may be
considered a categorical variable. However, the same
question may be posed for continuous quantitative
variables. Reproducibility is complementary to variability: the larger the variability, the lower the reproducibility, and vice versa. Thus, we can think at them as
interchangeable, even thought statistical methods have
been developed for the estimation of variability. The
question now is “Why do we need to know the reproducibility of measurements? ”. The most important and
simplest answer is that we need to know how reliable a
measured value or a subjective judgment is before taking clinical decisions based on this measurement/judgment. Integrating this knowledge in clinical practice is a
key aspect of evidence-based medicine.
© 2011 Baishideng. All rights reserved.
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An example of efforts to better clarify intra- and interobserver reproducibility is the BI-RADS score system
for breast lesions[9]. Based mainly on the appearance at
mammography, radiologists may apply one of the following scores: (0) Incomplete, when mammograms do
not give the radiologist enough information to make a
clear diagnosis; (1) Negative, when there is nothing to
comment on; (2) Benign, in presence of a definite benign
finding; (3) Probably benign, in presence of findings that
have a high probability of being benign; (4) Suspicious
abnormality, in presence of a lesion not characteristic of
breast cancer, but with reasonable probability of being
malignant; and (5) Highly suspicious of malignancy, in
presence of a lesion that has a high probability of being
malignant.
Because of their different experience in reading mammograms, two independent observers may apply two
different scores to the same image (lack of interobserver
reproducibility). On the other hand, the learning curve of
an individual radiologist, may mean that he/she will apply
a score to a single mammogram different to that applied
during a previous reading (lack of intraobserver reproducibility).
Intra- and interobserver reproducibility not only apply to categorical and ordinal variables but also, and more
strictly, to quantitative (continuous) variables. Examples
include cardiac ventricle volumes, a vessel diameter, arterial blood pressure, and body temperature. From the observer’s point of view, the numerical values observed for
such variables are obtained by mean of “instruments”, i.e.
technical systems, based on a physical principle, that are
sensitive to the quantity to be measured. Many of these
instruments are now available as software algorithms
implemented on computers used for imaging techniques.
Even if the use of a technical instrument may lead
an observer the believe the measurement to be an objective process without uncertainty, we must remember that
this process does not proceed by itself and that it needs
the observer’s intervention. This intervention may apply
at any level and certainly impacts on the final observed
value. For example, the measurement of a vessel diameter based on a magnetic resonance image needs the
observer to place a ruler between two distant points (the
vessel boundaries) and the repetition of this action rarely
provides the same value as that previously obtained.
Furthermore, an independent observer may perform this
measurement by placing the ruler at another part of the
vessel course, i.e. on another slice of the magnetic resonance scan. Therefore, as for categorical variables, the
measurement of continuous variables also is characterized by intra- and interobserver variability.
Reproducibility and variability are two complementary
concepts: the larger the variability, the lower the reproducibility, and vice versa. Thus, we may think of them as
interchangeable, even though statistical techniques have
been developed for estimating variability. Moreover, intraand interobserver variability are only two of the possible
sources of the total variability of a measurement ob-
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tained using imaging techniques. In general, if an examination on a patient is repeated after a treatment, the total
variability associated with the measurements will consist
of the following components: (1) The intraobserver variability of the radiologist who performed the measurement prior the treatment; (2) Intraobserver variability of
the radiologist who performed the measurement after
treatment; (3) The interobserver variability between those
radiologists; (4) The interstudy variability, due to the repetition of the examination; (5) The inter-instrumentation
variability, due to the possible use of two different machines; and (6) The biological variability, due to changes
in the patient’s health status during the time elapsed between the two examinations (the effect of treatment may
also be a part of this variability).
Why do we need to know the variability of measurements of categorical and continuous variables? The most
important and simplest answer is because we need to
know the reliability of measured values before taking
decisions based on those measurements! Recalling the
previous example, if we observe a difference between the
values measured before and after the treatment, can we
establish that the patient’s health status is changed, or is
that difference within the overall variability? Of course,
the only way to answer that question is to know the overall variability.
In theory, one way to estimate the measurement variability is to repeat a measurement many times, to calculate the mean value and the 95%-confidence interval.
However, this approach has three important limitations.
Firstly, it no longer holds if the measurements are taken
by different observers, adding interobserver variability.
Secondly, in clinical practice there is little or no time
available for repeating the same measurement. Thirdly, although this allows estimation of the variability associated
to a particular value, that variability cannot be applied to
all possible values. Therefore, it is more practical to perform a preliminary analysis of at least intra- and interobserver variability.
The statistical techniques suitable for the estimation
of the intra- and interobserver variability depend only on
the type of the measured variables. Two main methods
are available: Cohen k statistics for categorical variables[5]
and Bland-Altman statistics for continuous variables[7,8].
Here, I will not go into the mathematical details of these
methods (a complete description may be found in references[4]), but I would like to highlight the main difference
between them. The Cohen k method provides a coefficient of agreement that lies within the range (-1, 1),
where k = 1 indicates perfect agreement, k = 0 absolutely
no agreement, and k = -1 the “perfect disagreement”.
Conversely, Bland-Altman analysis results in a value
expressed with the same measurement units as the measured variable.
The estimation of the intra- and interobserver variability may be performed in parallel. In clinical settings,
a suitable protocol would include two observers with
different experience in the measurement under evalua-
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tion. The less experienced observer should measure the
variable of interest twice for each patient, with the more
experienced observer making only one measurement per
patient. The intraobserver variability may be estimated
using the pairs of values obtained by the first observer,
while the interobserver variability may be estimated using
the first value of the first observer and the single value
obtained by the second observer.
Let me conclude with an example taken from my
own experience as an author. In 2008 we demonstrated
that the interobserver variability in the measurement of
the left ventricle ejection fraction on magnetic resonance
imaging may be as large as 17%, in absolute units[10]! This
means that if an observer obtains a value of, for example,
50% for a patient’s ejection fraction, a second observer
may obtain a value of between 33% to 67% for the same
patient. Considering such variability, I can only smile
when I see continuous variables expressed to two or
three decimals places.
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Risk of fracture and pneumonia from acid suppressive drugs
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H2RAs, when compared with non-use of the respective
medications. Long-term use of PPIs increased the risk
of any fracture (adjusted OR = 1.30, 95% CI: 1.15-1.48)
and of hip fracture risk (adjusted OR = 1.34, 95% CI:
1.09-1.66), whereas long-term H2RA use was not significantly associated with fracture risk. Clinicians should
carefully consider when deciding to prescribe acid-suppressive drugs, especially for patients who are already
at risk for pneumonia and fracture. Since it is unnecessary to achieve an achlorhydric state in order to resolve
symptoms, we recommend using the only minimum
effective dose of drug required to achieve the desired
therapeutic goals.
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Abstract
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A recently published systematic review and meta-analysis, incorporating all relevant studies on the association
of acid suppressive medications and pneumonia identified up to August 2009, revealed that for every 200
patients, treated with acid suppressive medication, one
will develop pneumonia. They showed the overall risk
of pneumonia was higher among people using proton
pump inhibitors (PPIs) [adjusted odds ratio (OR) = 1.27,
2
95% CI: 1.11-1.46, I = 90.5%] and Histamine-2 receptor antagonists (H2RAs) (adjusted OR = 1.22, 95%
2
CI: 1.09-1.36, I = 0.0%). In the randomized controlled
trials, use of H2RAs was associated with an elevated
risk of hospital-acquired pneumonia (relative risk 1.22,
2
95% CI: 1.01-1.48, I = 30.6%). Another meta-analysis
of 11 studies published between 1997 and 2011 found
that PPIs, which reduce stomach acid production, were
associated with increased risk of fracture. The pooled
OR for fracture was 1.29 (95% CI: 1.18-1.41) with
use of PPIs and 1.10 (95% CI: 0.99-1.23) with use of

WJM|www.wjgnet.com

INTRODUCTION
Recently, the medical literature has paid considerable attention to unrecognized adverse effects of commonly
used medications and their potential public health impact[1,2]. Acid-suppressive drugs (ASDs), represent the
second leading category of medication worldwide, with
sales totalling US$26.9 billion in 2005[3]. Experts have
generally viewed proton pump inhibitors (PPIs) as safe[4].
However, potential complications such as gastrointestinal neoplasia, malabsorption of nutrients and increased
susceptibility to infection and fracture have caused concern[5].

15

September 26, 2011|Volume 1|Issue 1|

Eom CS et al . Risk of fracture and pneumonia from acid suppressive drugs

Of special interest is the possibility that ASDs could
increase susceptibility to respiratory infections because
these drugs increase gastric pH, thus allowing bacterial
colonization[6,7]. Several previous studies have shown that
treatment with ASDs might be associated with an increased risk of respiratory tract infections[8] and community-acquired pneumonia in adults[6,7] and children[9]. Given the widespread use of PPIs and Histamine-2 receptor
antagonists (H2RAs), clarification of the potential impact
of acid-suppressive therapy on the risk of pneumonia is
of great importance to public health[10].
Some findings have raised the possibility that PPIs
may prevent osteoporosis and fractures. Several in vitro
and animal studies have suggested that PPIs may decrease bone resorption by inhibiting osteoclastic vacuolar
hydrogen potassium adenosine triphosphatase (H+/K+
ATPase) activity[11-15]. Osteoclasts possess proton pumps,
which are used during the excretion of H+ ions for bone
resorption. Osteoclast-selective PPIs may therefore be
used as antiresorptive agents[16] with the potential of
preventing fractures[17-20]. Administration of a selective inhibitor of the osteoclastic vacuolar H+/K+ ATPase prevents bone loss in ovariectomized rats, an animal model
representative of postmenopausal osteoporosis[19]. However, as bone resorption is necessary for the development
of normal bone microstructure, one may speculate that
PPI-induced blockade of the osteoclast-associated vacuolar proton pump may actually increase fracture risk[21].

the findings of the observational studies (relative risk:
1.22, 95% CI: 1.01-1.48, I2 = 30.6%).
Subgroup meta-analyses
In subgroup analyses by type of pneumonia, a significant
positive association was observed between use of PPIs
and community- acquired pneumonia (adjusted OR =
1.34, 95% CI: 1.14-1.57, I2 = 93.6%) and between use
of H2RAs and hospital-acquired pneumonia (adjusted
OR = 1.24, 95% CI: 1.05-1.47, I2 = 0.0%). Subgroup
analyses by dose indicated a dose-response relationship.
A higher dose of PPIs was more strongly associated with
pneumonia (adjusted OR = 1.52, 95% CI: 1.31-1.76, I2 =
27.5%) than the usual dose (adjusted OR = 1.37, 95% CI:
1.08-1.74, I2 = 86.5%).
Subgroup analyses by duration of exposure showed
that the strength of the association between use of PPIs
and risk of pneumonia decreased with longer duration
of therapy before the index date (date of diagnosis of
pneumonia). There were significant positive associations between risk of pneumonia and use of PPIs within
7 d before the index date (adjusted OR = 3.95, 95% CI:
2.86-5.45, I2 = 0.0%), within 30 d before the index date
(adjusted OR = 1.61, 95% CI: 1.46-1.78, I2 = 30.6%) and
from 30 to 180 d before the index date (adjusted OR =
1.36, 95% CI: 1.05- 1.78, I2 = 84.3%).
The risk of pneumonia was greater with the use of
H2RAs within 7 d before the index date (adjusted OR =
5.21, 95% CI: 4.00-6.80, I2 not available). This risk also
appeared greater with the use of these drugs within 30 d
before the index date (adjusted OR = 1.49, 95% CI: 0.822.72, I2 = 80.4%) and from 30 to 180 d (adjusted OR =
1.21, 95% CI: 0.94-1.56, I2 = 27.6%), although these associations were not statistically significant.
Subgroup analyses of the 23 randomized controlled
trials by comparators showed a significant positive association between use of H2RAs and risk of pneumonia
in studies that employed sucralfate as a control (relative risk: 1.33, 95% CI: 1.04-1.69, I2 = 24.7%). Placebocontrolled studies also indicated an overall increase in the
risk of pneumonia with these drugs, but this increase was
not statistically significant (relative risk: 1.09, 95% CI:
0.80-1.48, I2 = 37.9%).
The authors conducted subgroup meta-analyses of
the observational studies and randomized controlled
trials according to methodological quality. Among the
observational studies, they observed a significant positive
association for both high-quality studies (adjusted OR =
1.29, 95% CI: 1.17-1.42, I2 = 0.0%) and low-quality studies (adjusted OR = 1.15, 95% CI: 1.00-1.32, I2 = 82.1%).
Among the randomized controlled trials, the risk of
pneumonia appeared greater in low-quality studies (relative risk: 1.35, 95% CI: 1.10-1.67, I2 = 12.5%), whereas
there was no effect among the high-quality studies (relative
risk: 0.96, 95% CI: 0.65-1.43, I2 = 47.0%).

USE OF Acid-suppressive drugs AND
RISK OF PNEUMONIA
A recently published systematic review and meta-analysis,
which incorporated all relevant studies on the association of acid suppressive medications and pneumonia
that could be identified to August 2009, showed that of
every 200 inpatients treated with acid suppressive medication one will develop pneumonia. From a total of 2377
articles identified in the initial search for observational
studies, the authors reviewed 60 abstracts and 18 full articles, including 8 of these articles in their final analysis.
They identified 8513 randomized controlled trials, and
reviewed 914 abstracts and 35 full articles, including 23
of articles and 2 bibliographies of relevant articles in the
study. In summary, they included five case-control studies[6,7,10,22,23], three cohort studies[3,24,25], and 23 randomized
controlled trials[26-48] in the final analysis.
Main pooled analyses
Meta-analyses on observational studies with the two types
of ASD showed significant positive associations between
use of PPI and risk of pneumonia [adjusted odds ratio
(OR) = 1.27, 95% CI: 1.11-1.46, I2 = 90.5%] and between
use of H2RA and risk of pneumonia (adjusted OR = 1.22,
95% CI: 1.09-1.36, I2 = 0.0%). Meta-analysis of randomized controlled trials examining risk of hospital-acquired
pneumonia in association with use of H2RA s confirmed
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Discussion
Several lines of evidence point to the biological plausi-
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Subgroup meta-analyses
A positive association between the use of PPIs and fracture risk was observed in all types, but a positive association between the use of H2RAs and fracture risk was
found only when nested case-control studies were combined (adjusted OR = 1.20, 95% CI: 1.13-1.28, I2 = 0.0%)
or when cohort studies were combined (adjusted OR =
1.08, 95% CI: 1.02-1.13, I2 = 0.0%). In contrast, no significant association was observed in case-control studies
(adjusted OR = 1.11, 95% CI: 0.81-1.51, I2 = 85.6%).
Grouping of studies according to methodological
quality showed a significantly increased fracture risk with
PPI use in both high-quality studies (adjusted OR = 1.32,
95% CI: 1.18- 1.47, I2 = 63.7%) and low-quality studies
(adjusted OR = 1.25, 95% CI 1.06- 1.48, I2 = 78.7%).
There was also a significant positive association between
H2RA use and fracture risk in high-quality studies (adjusted OR = 1.13, 95% CI: 1.05-1.21, I2 = 40.3%) but not in
low-quality ones (adjusted = OR 1.09, 95% CI: 0.87-1.38,
I2 = 90.6%).
Grouping studies by the number of patients showed
marginally no association between PPI use and fracture
risk (adjusted OR = 1.16, 95% CI: 0.98-1.38, I2 = 66.5%),
but no significant association between H2RA use and
fracture risk (adjusted OR = 1.11, 95% CI: 0.81- 1.51, I2
= 85.6%).
When studies were grouped by fracture outcome, the
authors found a significant positive association between
PPI use and hip fracture risk (adjusted OR = 1.31, 95%
CI: 1.11-1.54, I2 = 88.4%) and vertebral fracture risk (adjusted OR = 1.56, 95% CI: 1.31-1.85, I2 = 6.3%), whereas
there was no significant association between PPI use and
the risk of other fractures, or between H2RA use and risk
hip or any other fracture.
In subgroup meta-analyses by duration of use, longterm use of PPIs increased the risk of any fracture (adjusted OR = 1.30, 95% CI: 1.15-1.48) and the risk of hip
fracture (adjusted OR = 1.34, 95% CI: 1.09- 1.66). There
was no association between long-term use of H2RAs and
either of these outcomes.
Grouping studies by dose, a significantly increased
risk of hip fracture was observed for both high-dose use
of PPIs (adjusted OR = 1.53, 95% CI: 1.18-1.97) and
usual-dose use of PPIs (adjusted OR = 1.42, 95% CI:
1.31-1.53). In contrast, there was no association with hip
fracture for either high-dose or usual-dose use of H2RAs.
Subgroup analyses by sex showed no significant association between PPI or H2RA use and hip fracture risk
in men, or with hip fracture or vertebral fracture risk in
women.

bility of these observations. Firstly, ASDs may increase
the risk of pneumonia by inhibiting the secretion of
gastric acid, thus allowing bacterial overgrowth and colonization in the upper alimentary tract with subsequent
translocation to the lungs by aspiration[6,7,49]. Secondly,
H+/ K+ ATPase is present not only in the parietal cells
of the stomach, but also in the respiratory tract[50,51]. It
is conceivable that use of a PPI could alter the pH of
the seromucinous secretions by inhibiting this enzyme,
thereby encouraging bacterial growth in the respiratory
tract, which could in turn lead to increased risk of pneumonia[5]. Thirdly, in vitro studies have shown that ASDs
may impair the function of neutrophils and the activity
of natural killer cells[52-58].
Interestingly, the most striking increase in the risk of
pneumonia in association with PPIs was observed in the
first week of use. The risk of pneumonia associated with
use of PPIs was attenuated, but still significant, between
30 and 180 d. Recipients of H2RAs between 30 and 180
d before the index date appeared to have an increased
risk of pneumonia, although the association was not
statistically significant. These findings might reflect tolerance[5]. Tolerance to H2RAs generally develops within 2
wk with repeated administration, resulting in a decline in
acid suppression[59]. Another reason may be that those
who are more susceptible to pneumonia become ill with
this disease soon after starting ASDs, leaving fewer susceptible individuals among those using these drugs for
longer periods. That is, patients who remain on the drug
are those who can tolerate it, whereas those who are susceptible select themselves out of the population at risk.
This depletion of susceptibility effect has been considered in other pharmacoepidemiologic studies of adverse
events[60].

USE OF Acid-suppressive drugs AND
RISK OF FRACTURE
A recently published meta-analysis found possible evidence linking PPI use to an increased risk of fracture,
but no association between H2RA use and fracture risk.
The widespread use of PPIs means that the potential risk
of fracture is of great importance to public health. The
authors excluded 170 duplicate articles and an additional
1621 articles that did not meet the selection criteria.
They reviewed the full texts of the remaining 18 articles,
eventually excluding 7 of them. The remaining 11 studies
were included in the final analysis[61-67].
Main pooled analyses
The overall use of PPIs was associated with a significantly increased risk of any fracture in a random-effects
model meta-analysis of 4 case-control studies, 3 nested
case-control studies, and 3 cohort studies (adjusted OR
= 1.29, 95% CI: 1.18-1.41, I2 = 69.8%). However, use of
H2RAs was not associated with an increased fracture risk
(adjusted OR = 1.10, 95% CI: 0.99-1.23, I2 = 86.3%).
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Discussion
In this meta-analysis of observational studies, the authors
found that the use of PPIs was associated with a moderate increase in the risk of fracture compared with nonuse
of PPIs, whereas no significant association was observed
between H2RA use and this risk. Similarly, long-term PPI
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predisposing patients to fractures[21,67]. However, further
research is required to determine the precise effect of
long-term use of PPIs on bone mineral metabolism[65].
Finally, gastric parietal cells appear to have a potent endocrine role in secreting estrogens[81,82]. Atrophy of the
gastric mucosa, observed in patients infected with CagApositive Helicobacter pylori[83], reduces the number of gastric
parietal cells and may decrease local production of estrogens. Estrogens produced in the stomach directly induce
expression and production of ghrelin[84,85], which appears
to increase bone formation by osteoblasts[86].

use and any dose of PPIs increased the risk of fracture
in a meta-analysis of all the studies reporting duration of
use and dose, whereas for H2RAs neither long-term use
and nor use of any dose was significantly associated with
fracture risk.
No significant association was found between use of
H2RAs, which are less potent acid inhibitors than PPIs,
and fracture risk. On average, H2RAs block only 70%
of gastric acid production, whereas PPIs suppress acid
production by up to 98%[68-70]. More prolonged exposure
to H2RAs may be necessary to observe similar effects
on fracture risk, although long-term use of these agents
was not found to increase risk. These results suggest that
H2RAs and PPIs may have differing effects on bone metabolism.
Some studies suggest that H2RAs may have antiresorptive properties[71,72] and even increase bone mineral
density, which could decrease fracture risk[66]. Cimetidine
also has been shown to prevent osteoclast differentiation
induced by histamine[73,74]. Because of the possible mixed
effects of H2RAs on bone health, data regarding longterm use of these drugs and fracture risk[63,64,66,67] or bone
mineral density[75] have been inconsistent.
In contrast, PPIs have been shown to inhibit gastric
proton pumps at physiological concentrations, whereas
the inhibition of osteoclast and other tissue H+/K+
ATPase activity, such as osteoclast proton pumps, is
much less pronounced[76]. It was, however, noted that the
use of H2RAs was associated with a mild increase in fracture risk in studies having high-quality methodology (NOS
score > 7) and in studies adjusting for at least 5 variables,
but not in studies having low-quality methodology and
adjusting for fewer than 5 variables. Further research in
this area is needed.
Interestingly, the subgroup meta-analyses by the number of adjustment variables showed a significantly increased risk of fracture for both PPI and H2RA use when
the data were adjusted for at least 5 variables. The results
for H2RAs conflict with those of Vestergaard et al[66], who
reported a statistically significant protective effect with
use of these drugs for any fracture and for hip fracture.
The positive association they found between H2RA use
and fracture risk in studies with a high level of statistical adjustment may also be consistent with the marginal
association they observed in high-quality studies (NOS
score > 7).
Several potential mechanisms by which PPI therapy
may lead to fractures have been identified. Firstly, the
small intestine’s ability to absorb ingested calcium salts
depends on pH[77,78]. Calcium solubility is believed to be
important for its absorption[79], and an acidic environment in the gastrointestinal tract facilitates the release of
ionized calcium from insoluble calcium salts[80]. Secondly,
impaired calcium absorption might lead to compensatory secondary hyperparathyroidism, which may increase
the rate of osteoclastic bone resorption. Thirdly, PPIs
may interfere with the resorptive activity of osteoclasts.
Without osteoclast activity, old bone cannot be replaced,
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CONCLUSION
Clinicians should carefully consider any decision to prescribe ASDs, especially for patients who are already at
risk for pneumonia[87] and fracture[88-90]. Since it is unnecessary to achieve an achlorhydric state in order to resolve
symptoms, we recommend using only the minimum
effective dose of the drug required to achieve desired
therapeutic goals.
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Abstract
AIM: To provide the first objective data to show that
the electrical conditions of an acupuncture point and a
non acupuncture point are different.

INTRODUCTION
The discipline of biomedical engineering has emerged
as an integrating medium for two dynamic professions,
medicine and engineering. In this process, biomedical engineers have become actively involved in the design, development and utilization of devices and new techniques[1].
The Research Unit of Biomedical Engineering in
Anesthesia and Intensive Care Medicine at the Medical
University of Graz (http://litscher.info) has been dealing
with the development and implementation of new instruments, especially in the field of high-tech acupuncture
research for more than 14 years[2-12].
Acupuncture has been used for medical treatment for
thousands of years. A large number of empirical data is
available but the technical quantification of effects was

METHODS: A newly developed multi-channel skin resistance measuring system is used to characterize the
variability in electrical resistance measurements in and
around an acupoint, a non-acupoint and a scar. The
system measures the electrical skin resistance at 48
points, both absolutely and continuously. The study was
performed at the Medical University of Graz in 10 male
volunteers, aged between 20 and 30 years and of eurocaucasian descent. With software developed along with
the hardware, both a high-resolution measurement and
a graphical presentation of possible changes in electrical
resistance in the region of interest are possible.
RESULTS: Using the new electrodermal mapping sys-

WJM|www.wjgnet.com

22

September 26, 2011|Volume 1|Issue 1|

Litscher G et al . Electrodermal mapping

not possible until now. Using electro-acupuncture, needle
or laser needle stimulation and modern biomedical techniques, it was possible to quantify changes in biological
activities caused by acupuncture[2-12]. In the middle of the
20th century, researchers found lower skin resistance of
acupuncture points compared to non acupuncture sites.
Impedance measuring devices were developed[13-23] in order to locate the acupuncture points precisely and guarantee the success of the therapy. But a few years later, new
measurements were made that disproved this discovery
by potential confounders.
In this context, electrical characterization of acupuncture points is a real challenge[13]. The numerous complicating factors, like electrode-tissue interface, electrode
material, contact medium, electrode geometry, electrode
arrangements, etc., involved in electrodermal readings
present a daunting challenge for anyone intent on studying the electrical characteristics ascribed to the acupuncture point[13].
In order to approach the issue of electrical characterization of acupuncture points scientifically, basic research
is absolutely necessary because at the moment there are
many open questions. It is not clear if the electrical skin
resistance at and around an acupuncture point is higher,
lower or equal to a non acupuncture point. The same
questions arise concerning scars on the human body. In
numerous publications acupuncture points are described
as having distinct electrical properties [13]. Therefore,
comprehensive, high-precision measurement of skin resistance in the area of an acupoint or a scar plays an important role, especially since there is currently no reliable
data on the subject. This is also very important because it
is a commonly held opinion that acupuncture structures
(acupuncture points and meridians) are special conduits
for electrical signals. It has to be mentioned here that this
opinion has always been viewed sceptically by the scientific community in general.
Within the present editorial, the first measurements
of newly developed equipment for electrodermal mapping[14] which allows precise measurements of skin resistance are presented. In a previous manuscript from our
research team, a short technical description of the system
and two measurement examples during acupuncture
needle insertion and needle stimulation as well as during
violet laser application can be found[14]. In that publication[14], information concerning other devices in the area
of acupuncture research can be found.

Figure 1 Measurement system for electrodermal mapping (modified
from[14,15]).

Figure 2 Part of the electrode arrays of the sensor for electrodermal mapping.
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Figure 3 Graphical analysis of 48 channels of electrodermal skin impedance (average values of n = 10 persons) at an acupuncture point (below)
and a non-acupuncture point (placebo point; above). Note the mean difference between the two surrounding areas is about 100 kOhm. Modified from[16].

MATERIALS AND METHODS

The new Grazer ElectroDermal Impedance measurement System (GEDIS)[15,16] has been used. It is an 8 × 6
electrode array with spring-mounted electrodes.
GEDIS, the new system (Figure 1), was developed
to register the skin resistance over a period ranging from
seconds to hours. The signals of 48 channels are detected
simultaneously using a multiplexer. The electrodes have
a diameter of 0.9 mm (Figure 2) and consist of a goldplated beryllium-copper alloy. While it is not possible to
measure the constant pressure of the spring-mounted

The study was performed at the Medical University of
Graz in 10 male volunteers, aged between 20 and 30 years
(mean age ± SD: 24.6 ± 2.5 years) and of eurocaucasian
descent[15,16]. The aim of this study was to take measurements of the skin resistance of acupuncture points compared to a non acupuncture point.
The basis for the “electrodermal mapping system” was
laid with the development and initial testing of a multichannel skin resistance measuring system.
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Figure 4 Three-dimensional presentation of the electrodermal activity at and around a scar (top) and a control area (bottom) (left) and corresponding thermal images of the same areas (right). Modified from[17].

electrodes during online monitoring, the contact pressure
of an electrode is estimated to be about 0.5 to 1 N[14,15].
The measurement current was 1.46 μA.
The point Kǒngzuì (Lu6) and a placebo-point on
the same level of the acupoint but located on the ulnar
side of the heart meridian were used. These points were
located by an experienced acupuncture practitioner. At
these points, the measurement system was easy to apply.
The results of acupuncture points and placebo points
were then compared.
In addition, thermal imaging was performed of the
areas surrounding the scar. These were taken with a Flir
i5 (Flir Systems Inc., Portland, USA) infrared camera.
These pictures were taken to exclude a difference in the
surface of the body temperature at the location of the
scar and the surrounding tissue.

ues placebo point: 1218 kOhm, mean values acupuncture
point 1112 kOhm)[16].
The changes of skin resistance at the appendectomy
scar (20 years old) can be seen in Figure 4 (top left).
The three-dimensional presentation clearly shows the
increased resistance values around the scar, ranging from
800-1000 kOhm. In comparison, the impedance of the
surrounding tissue is markedly lower. A control measurement of intact tissue located lateral to the incision
is shown in Figure 4, bottom left. The resistance values
within the control measurement area are more uniform
than those of the region of interest (skin incision). In
addition to the results of the electrodermal mapping,
Figure 4 shows thermographic images on the right. In
contrast to the impedance measurements, the two thermal images show absolutely no difference[17].

RESULTS

DISCUSSION

Figure 3 shows the results of the first study with the system[16]. The results of the electrical characterization (skin
resistance) of the areas surrounding the acupuncture
point and the placebo point were compared. The measurements of skin resistance at the acupuncture point
showed lower impedance values than those taken from
the placebo point on the same arm (Figure 3). A significant (P < 0.01; ANOVA on ranks) difference of the
values was found. Measured values on the acupuncture
point were significantly lower (by 106 kOhm; mean val-

Because of the controversially discussed results of existing
studies in acupuncture research[14,18-23], a new multichannel
skin impedance measurement system was developed at the
Research Center for Traditional Chinese Medicine at the
Medical University of Graz. This system was designed to
supply objective data for the first time, taking into consideration the previously existing technical limitations[14].
Many non-scientific contributions report that scars
show altered electrical skin resistance and this difference
can be detected with one-channel measurements. It is
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concluded that these altered conditions of the electrical
activity indicate an interference field, which could then
be “erased” using simple injection techniques with a few
drops of local anesthetics. It is claimed that this would
require only one or two sessions. However, to our knowledge there are no evidence-based publications available
on this topic.
We found, for example, that skin resistance within
a very small area can differ by up to 500 kOhm. These
alterations cannot be detected by any other method currently (e.g. thermography).
Thus, “electrodermal mapping” is a method which
allows a highly precise electrical characterization of acupoints, non-acupoints and scars for the first time. Further studies are needed to show whether “electrodermal
mapping” may contribute to clarification of important
questions concerning the existence and possible structure
of the tissue of acupuncture points and/or meridians in
complementary medicine.

a highly precise electrical characterization of acupoints, non-acupoints and
scars for the first time. However, further studies are needed to show whether
electrodermal mapping may contribute to a clarification of important questions
concerning the existence and possible structure of the tissue of acupuncture
points and/or meridians in complementary medicine.
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on the state of current research, and propose directions for future
research; (3) Topic Highlight: This column consists of three formats,
including (A) 10 invited review articles on a hot topic, (B) a commentary on common issues of this hot topic, and (C) a commentary on
the 10 individual articles; (4) Observation: To update the development
of old and new questions, highlight unsolved problems, and provide
strategies on how to solve the questions; (5) Guidelines for Basic
Research: To provide Guidelines for basic research; (6) Guidelines for
Clinical Practice: To provide guidelines for clinical diagnosis and treatment; (7) Review: To review systemically progress and unresolved
problems in the field, comment on the state of current research, and
make suggestions for future work; (8) Original Articles: To report
innovative and original findings in basic and clinical medical research
methodology; (9) Brief Articles: To briefly report the novel and innovative findings in basic and clinical medical research methodology;
(10) Case Report: To report a rare or typical case; (11) Letters to the
Editor: To discuss and make reply to the contributions published in
WJM, or to introduce and comment on a controversial issue of general interest; (12) Book Reviews: To introduce and comment on quality monographs of basic and clinical medical research methodology;
(13) Guidelines: To introduce Consensuses and Guidelines reached
by international and national academic authorities worldwide on the
research basic and clinical medical research methodology; and (14)
Voices: to publicize methodology-related communications that have
been rejected or impossible for publication elsewhere due to evident
prejudice and/or unreasonable reasons. Similarly, your experiences
of the proven mistreatment during the past grant applications can be
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