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Abstract

Aggregate data meta-analysis is currently the most
commonly used method for combining the results
from different studies on the same outcome of inter-
est. In this paper, we provide a brief introduction to
meta-analysis, including a description of aggregate
and individual participant data meta-analysis. We then
focus the rest of the tutorial on aggregate data meta-
analysis. We start by first describing the difference
between fixed and random-effects meta-analysis, with
particular attention devoted to the latter. This is fol-
lowed by an example using the random-effects, method
of moments approach and includes an intercept-only
model as well as a model with one predictor. We then
describe alternative random-effects approaches such as
maximum likelihood, restricted maximum likelihood and
profile likelihood as well as a non-parametric approach.
A brief description of selected statistical programs avail-
able to conduct random-effects aggregate data meta-
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analysis, limited to those that allow both an intercept-
only as well as at least one predictor in the model, is
given. These descriptions include those found in an
existing general statistics software package as well as
one developed specifically for an aggregate data meta-
analysis. Following this, some of the disadvantages of
random-effects meta-analysis are described. We then
describe recently proposed alternative models for con-
ducting aggregate data meta-analysis, including the
varying coefficient model. We conclude the paper with
some recommendations and directions for future re-
search. These recommendations include the continued
use of the more commonly used random-effects models
until newer models are more thoroughly tested as well
as the timely integration of new and well-tested models
into traditional as well as meta-analytic-specific soft-
ware packages.

© 2012 Baishideng. All rights reserved.

Key words: Meta-analysis; Methods; Random-effects;
Fixed-effect

Peer reviewer: Martin Voracek, Associate Professor, School
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INTRODUCTION

Meta-analysis is currently the most common approach
for quantitatively combining the results of the same out-
come from different studies. Indeed, the use of meta-
analysis has increased dramatically over the past 30 years.
For example, a recent PubMed search by the authors us-
ing the keyword “meta-analysis” resulted in 6 hits in the
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year 1980 »s 6865 hits in the year 2010 (unpublished re-
sults). Meta-analysis can be accomplished using either an
aggregate data (AD) or individual participant data (IPD)
approach. Using an AD approach, summary data for
the same outcome from each study, for example, change
outcome means and standard deviations for resting sys-
tolic blood pressure, are pooled for statistical analysis.
In contrast, an IPD meta-analysis includes the pooling
of raw data for ecach participant from ecach included
study. While the IPD approach might be considered the
ideal in that it allows for such things as (1) standardizing
statistical analyses from ecach study; (2) obtaining sum-
mary results directly, indigenous of study reporting; (3)
checking the assumptions of models; (4) assessing par-
ticipant-level effects; and (5) examining interactions', the
obtainment of IPD as well as the associated costs for
conducting an IPD meta-analysis can be prohibitive!”, In
addition, since the main interest in meta-analysis is often
the overall result™”, both the TPD and AD approaches
should yield similar ﬁndingsl4’5j. Given these realities, the
AD approach continues to be the most commonly used
method for pooling the findings of separate studies.
Congruent with the use of the AD approach is the need
to select a model for combining findings from different
studies as well as examining the potential influence of
selected covariates on the overall results. Given the for-
mer, the purpose of this paper is to provide a brief tuto-
rial of several models currently available for AD meta-
analysis, with an emphasis on random-effects models.

FIXED VS RANDOM-EFFECTS META-
ANALYSIS

The statistical aspects of an AD meta-analysis encom-
pass a two-stage approach. In the first stage, the sum-
mary statistics from each study are calculated. In the
second stage, these summary statistics from each study
are combined to yield an overall result. The focus of this
brief tutorial is on the second stage. For a more detailed
description of stage one, the reader is referred to the
work of Lipsey et al”.

As previously mentioned, the meta-analyst is often
most interested in the overall result(s)™”. Borrowing
from Harbord ¢# a/" and regardless of whether a fixed or
random-effects model is used, conducting an AD meta-
analysis requires that the analyst be able to derive from
study 7 of # studies an estimate of the outcome of inter-
est (yi) such as a difference in means or log odds ratio,
and a standard error of the estimate ¢, often which has
to be estimated from other data in each study. A fixed-
effect meta-analysis assumes that all observed variation is
caused by the play of chance, that is, within-study sam-
pling error. Thus, since all studies are assumed to mea-
sure the same overall effect, i.e., a single true effect size 6,
the intercept-only fixed-effect model can be denoted as
yi = 0 + gi where g represents the sampling error for y..

In contrast, the intercept-only random-effects model
allows i to differ between studies under the assumption
of a normal distribution around 9. This can be denoted
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as yi = 0 + & + ui, where pi represents the between
study variance 7 that must be estimated from the data.
Put more simply, a fixed-effect model tests the null hy-
pothesis that there is zero effect in every study while a
random-effects model tests the null hypothesis that the
mean effect is zero”. The fixed-effect model is appropri-
ate for an AD meta-analysis when all included studies are
identical and the goal is to estimate a common effect size
for the identified population and not generalize to the
rest of the population. However, since most researchers
are probably interested in generalizing results across a
variety of situations and the included studies are unlikely
to be functionally equal, the random-effects model is
usually the more appropriate model®”.

In addition to generating an overall effect size from
the pooling of studies, one may also be interested in look-
ing at the effect of potential covariates on the overall ef-
fect size, especially, but not exclusively, when significant
between-study heterogeneity exists. Since the random s
fixed-effect model is usually the more appropriate model
to use, we focus our discussion on the random-effects
model in the form of regression, i.e., meta-regression.
This is denoted as y: = ;8 + ui + gi, where the single
linear covariate (predictor) xif3 replaces the mean 6.

Several different types of random-effects meta-regres-
sion models have been recommended for use in an AD
meta-analysis, the primary difference being in the calcula-
tion of the between-study variance " These models
may be better described as mixed-effects models when
covariates ate included. Howevet, in otder to avoid confu-
sion, they will continue to be described as random-effects
models.

Regardless of the model chosen, random-effects meta-
regression models will initially estimate 7°, the between-
study variance, followed by B, the regression coefficients.
The regression coefficients are calculated using weighted
least squares, 1/(c? + 1°), where o2 represents the stan-
dard error of the estimated effect size from study 7

Currently, the most common random-effects meta-
regression model used is an extension of the nonitera-
tive method of moments approach originally proposed
by DerSimonian ez al"", For this model 7° is estimated
as:!"

_ L.-(tk)
X1/ o (1- ki)

where Ors is the residual weighted sum of squares
heterogeneity statistic, calculated as:

A2

>, 25y

(e}

i

and /i represents the 7th diagonal element of the hat
matrix X(X’T0'X)" XT4', and 1% = diagonal (6202, ...
2
G?/ .
Based on the work of Higgins ef al™ the proportion
of residual heterogeneity is calculated as:

72 = max{M,O}

res
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Table 1 Meta-regression models for changes in triglycerides (mg/dL)

Variable Studies (7)  Participants (77) B c z p(z) 95% CI I [Fics
Model 1 (intercept-only)

Intercept 6 559 -9.4 87 -25 0.01 -16.6 to -2.1 65.4 98.8
Model 2 (intercept + 1 covariate)

Intercept 6 559 7.5 5.9 1.3 .02 -41t019.1

Bodyweight (kg) 6 559 2.9 0.9 32 .001 11t048 15.1 93.7

B: Coefficient; o: Standard error; z: z-value; p(z): Alpha value for z; 95% CI: 95% confidence interval; = Tau-squared between-study variance; Ires: Percent-

age of residual heterogeneity that is attributable to between-study heterogeneity.

Adjusted R’ (the proportion of between study vari-

ance explained by the covariates) is calculated as
R, =(2,-7")/1,

where 77 is the estimate of the between-study vari-
ance in the model with covariates and 7, 02 is the estimate
of the between-study variance without covariates, i.c.,
intercept-only model.

Summary random-effects estimates do not provide
any information regarding how treatment effects from
new individual trials are distributed around the summary
effect"”. This may be problematic since the treatment ef-
fect is assumed to vary between studies when a random-
effects model is used. Recently, prediction intervals have
been developed and recommended for determining how
treatment effects from new individual trials are distribut-
ed about the mean in a random-effects meta- analysism].

This is calculated as

Qi =24 SE(0) + 12

where fI is the average weighted estimate across
studies, z‘ - 2 is the 100 (1 - a./2)% percentlle of the
t- d1str1but10n with k-2 degrees of freedom, SE( [)’is the
estimated squared standard error of £, and 7%is the es-
timated between study variance. This is in contrast to
obtaining a confidence interval of £ H £ 1.96 SE( 1) bl
As previously described in more detail "™, the major pomt
is that the variability between studies, as measured by 77,
needs to be included when making predictions for a new
study but not if making inferences about the average ef-
fect size. In addition, using the t-distribution »s the not-
mal distribution for prediction intervals is in recognition
of the fact that it is estimated rather than being known.
Furthermore, it is important to understand that conclu-
sions based on prediction intervals should not be used to
determine whether confidence intervals for underlying
mean effects are correct or incorrect since prediction
intervals are based on a random mean effect while confi-
dence intervals are not.

RANDOM-EFFECTS ANALYSIS (A BRIEF
EXAMPLE)

Data from a previously published meta-analysis of six
randomized controlled trials addressing the efficacy of
combined aerobic exercise and diet on lipids and lipo-
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proteins in adult men and women at least 18 years of age
will serve as the brief examplem. This dataset reflects
the real wotld of AD meta-analysis with respect to the
small number of studies that are usually included and
while being mindful that participants are nested within
studies, thereby increasing power and precision """, The

focus of the example is on effect size changes in tri-
glycerides, a continuous variable and one of the primary
outcomes of the original meta-analysis'?. At stage one,
effect sizes from each study were calculated by subtract-
ing the change score in the intervention group (acrobic
exercise and diet) from the change score in the control
group. Negative values were indicative of improvements
(reductions) in triglycerides. Variances were calculated
from the pooled standard deviations of change scores in
the intervention and control groups. At stage two, results
were pooled using method of moments random-effects
meta-regression'" . While somewhat arbitrary, residual
heterogeneity (7)) was classified as small (< 50%), medi-
um (50% to < 75%) and large (= 75%)". All data were
analyzed using the updated metareg command (version
2.2.6)" in version 11.2 of Stata’.

The intercept-only results are shown in Table 1, Mod-
el 1. As can be seen, a statistically significant decrease of
approximately 9 mg/dL was observed for triglycerides as
a result of a combined aerobic exercise and diet interven-
tion. In addition, non-overlapping confidence intervals
were found. However, based on fixed-effect analysis,
there was a large amount of residual variation attribut-
able to heterogeneity (I2). This is not uncommon in
meta-analysis. The 95% pr.ediction interval for a new trial
was -34.08 to 15.35 mg/dL. While a lack of substantial
residual heterogeneity should not exclude one from con-
ducting covariate analysis, the presence of a large amount
of heterogeneity does provide support for such. Table
1, Model 2 includes effect size changes in bodyweight
(change outcome difference between the intervention and
control group) as a single covariate. As can be seen, body
weight is a statistically significant covariate for triglycer-
ides. For every 1 kg decrease in bodyweight, an approxi-
mate 3 mg/dL decrease in triglycerides can be expected.
The adjusted R’ is 76.9%, meaning that 76.9% of the
between-study variance (93.7%) is explained by changes
in bodyweight while the remaining 23.1% is unexplained.
Importantly, the 76.9% and 23.1% sum to 100% because
we’re solely concerned here with the variance between
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studies and not the within-study variability. Additionally,
from the I output in Table 1, Model 2, a large amount
of residual variation is still due to heterogeneity (93.7%0)
while only 6.3% is attributable to within-sample vari-
ability. Thus, while decreases in bodyweight appear to be
a strong predictor of decreases in triglycerides, a large
amount of between-study heterogeneity continues to ex-
ist. This suggests that other covariates are also contribut-
ing to between-study heterogeneity. This occurrence is
not uncommon in meta—analysism]. To address this issue,
a radically different approach has recently been pro-
posed in which a formal process for soliciting opinions
is sought from quantitatively trained assessors regarding
internal biases and subject-matter specialists regarding
external biases” . After adjusting for these biases, the

authors reported no apparent heterogeneitym.

DISCUSSION

Irrespective of the type of meta-regression model cho-
sen, it’s important to realize that when conducting a
meta-analysis, studies are not randomly assigned to co-
variates™. Consequently, meta-regression that includes
covariates is considered to be observational in nature
and thus, does not support causal inferences. Rather,
the validity of these findings would need to be tested in
large, well-designed randomized controlled trials.

While the original DerSimonian and Laird random-
effects model is the most widely used" it may not be
the most appropriate. For example, Brockwell ez al®
found that even with large sample sizes, the intervals
based on the DetrSimonian and Laird method did not
attain the preferred coverage for the odds-ratio. This ap-
peatred to be the result of the estimated inverse variance
weights that included estimates of the variance com-
ponent. The DerSimonian and Laird approach has also
been critiqued by Hardy e7 a/”. While not commonly
used, DerSimonian ¢ a/°* have recently provided up-
dated random-effects models that they believe are more
valid than the original DerSimonian and Laird model.
These models include two new two-step methods that
appear to approximate the optimal iterative method bet-
ter than the eatlier and most commonly used one-step
non-iterative method"".

Alternative and more computationally intensive para-
metric random-effects models for estimating between-
study heterogeneity in an AD meta-analysis have been
proposed. These include, but are not necessarily limited
to, maximum likelihood, restricted maximum likelihood
and profile likelihood""***". One nonparametric random-
effects model, the permutations model, has also been
proposed for estimating the between-study variance in
an aggregate data meta—analysislzsj. While not discussed
further, the empirical Bayes model for estimating 7° has
also been proposed for random-effects meta—analysesm.
However, the results for such have been mixed!"*”.

As described by others™ the maximum likelihood
model assumes that both the within and between-study
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effects have normal distributions. The between-studies
variance for the log-likelihood function is then solved it-
eratively. Unfortunately, this model does not always con-
verge, the end result being that estimates are reported as
missing. In addition, when the between studies variance
is negative, it is set to zero. When this occurs, the model
collapses into a fixed-effect model.

Coterminous with the maximum likelihood approach,
the restricted maximum likelihood model also follows
the same assumptions of normal within and between-
study effects. However, unlike the maximum likelihood
model, only that portion of the likelihood function that
doesn’t change, for example, p if estimating 7’ is maxi-
mized. Another similarity to the maximum likelihood
approach is that this method doesn’t always converge,
resulting in estimates being reported as missing, In addi-
tion, when the between-studies variance is negative, the
model collapses into a fixed-effect model.

Thompson ez al'™ advocate for the use of a restricted
maximum likelihood model but not the maximum like-
lihood model because the latter does not account for
the degrees of freedom employed when estimating the
tixed-effect portion of the model. The end result is a
smaller 77 and standard errors. This may be particularly
relevant when the number of studies included is small, a
common occurrence in meta-analysis.

The profile likelihood method also utilizes the same
function as the maximum likelihood model. However,
unlike the maximum likelihood model, nested iterations
that converge to a maximum are used to account for the
uncertainty associated with the between studies variance.
However, similar to the maximum likelihood and re-
stricted maximum likelihood models, the model doesn’t
always converge. Consequently, values not calculated are
reported as missing. In addition, the confidence intervals
produced by this model are asymmetric.

A nonparametric random-effects approach for esti-
mating between-study heterogeneity is the permutations
model described by Follmann e# al™. By permuting the
sign of each observed effect, a dataset of observed study
outcomes is generated under the assumption that all true
study effects are zero and observed effects are due to
random variation. The original DerSimonian and Laird
model"" is then used to estimate an overall effect size
for each combination. Based on the distribution of these
effect sizes, asymmetric confidence intervals as well as
heterogeneity statistics are estimated.

When conducting an AD meta-analysis, one is usu-
ally interested in a fast, efficient and accurate way of not
only calculating the outcome of interest (intercept-only
model) but also the association with one or more predic-
tor variables with the outcome of interest (meta-regres-
sion). With the former in mind, the user-written routine
metaan®™’, developed for use in the general statistics pack-
age Stata™ allows one to conduct random-effects AD
meta-analysis using the method of moments, maximum
likelihood, restricted maximum likelihood and profile
likelihood approaches. In addition, the metareg uset-
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written routine”, also for Stata™| allows one to calculate
the method of moments, maximum likelihood, restricted
maximum likelihood and empirical Baye’s estimate. Com-
prehensive meta-analysis” ", a statistical software package
developed specifically for AD meta-analysis, allows the
user to conduct random-effects analysis using the method
of moments and maximum likelihood approaches. How-
ever, only a single predictor (simple meta-regression) is
allowed in each model.

While random-effects models are generally preferred
over fixed-effect models, random-effects models also
have disadvantages. For example, random effects models
assume that study-level effect sizes are sampled from a
larger distribution of effect sizes"”. However, this may
not be realistic. In addition, the smaller the number of
studies included, the poorer the estimate of 77, i.e., weak-
er precisionlg]. Unfortunately, to the best of the authors’
knowledge, no definitive cutpoint for what constitutes a
small number of studies has been established.

Alternative models to both fixed and random-effects
meta-analysis for aggregate data have recently been pro-
posed. For example, Bonett e a/”*>" has advocated for
what is known as the varying coefficient model. As de-
scribed by Krizan e a/™, Bonett argues that current fixed-
effect models inappropriately assume a common effect
size across all included studies and perform poorly when
heterogeneity exists while current random-effects models
require unrealistic assumptions about random sampling
of observed effect sizes from a normally distributed “su-
perpopulation”. In contrast, the varying coefficient model
makes no assumptions with respect to a common effect
size or random sampling of study populations from a
normally distributed, well-defined “superpopulation” of
studies. The varying coefficient model has been shown
to have better coverage probabilities than both fixed and
selected random-effects models when applied across a va-
riety of statistics”", including unstandardized and stan-
dardized mean differences”™. Other alternative models
have also been recently proposed by Kulinskaya e# al™,

In time, it is likely that the DerSimonian ez /' ap-
proach will be replaced by more accurate and precise
models. However, at this time, it is probably imprudent
to over-react to newly proposed models. This is espe-
cially true since many of the alternatives proposed as a
means of dealing with specific problems in meta-analysis
may turn out to have problems of their own, often with
substantially worse impact than the problems they were
intended to solve. In addition, the usually minor differ-
ences in results from the use of different random-effects
approaches for meta-analysis may have little effect on
the “big picture”, something that should be considered
as practically relevant. The former notwithstanding, a
need exists for extensive testing of all current models as
well as the development of newer ones across a variety
of different scenarios. In addition, a gap exists between
the development and testing of these models and their
timely integration into traditional as well as meta-analytic-
specific software packages, one or both of which are
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probably used by the vast majority of those conducting
meta-analytic research. However, from our perspective,
the final decision about when a model is ready for wide-
spread use is truly Solomonic.
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INSTRUCTIONS TO AUTHORS

GENERAL INFORMATION

World Journal of Methodology (World | Methodol, W]M, online ISSN
2222-0682, DOI: 10.5662) is a bimonthly peer-reviewed, online,
open-access (OA), journal supported by an editorial board consist-
ing of 238 experts in methodology from 41 countries.

The biggest advantage of the OA model is that it provides free,
full-text articles in PDF and other formats for experts and the pub-
lic without registration, which eliminates the obstacle that traditional
journals possess and usually delays the speed of the propagation
and communication of scientific research results. The open access
model has been proven to be a true approach that may achieve the
ultimate goal of the journals, i.e. the maximization of the value to
the readers, authors and society.

Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist,
and build an important bridge for communication between scien-
tists and the public. As we all know, the significance of the publica-
tion of scientific articles lies not only in disseminating and com-
municating innovative scientific achievements and academic views,
as well as promoting the application of scientific achievements, but
also in formally recognizing the "priority" and "copyright" of in-
novative achievements published, as well as evaluating research per-
formance and academic levels. So, to realize these desired attributes
of WJM and create a well-recognized journal, the following four
types of personal benefits should be maximized. The maximization
of personal benefits refers to the pursuit of the maximum personal
benefits in a well-considered optimal manner without violation of
the laws, ethical rules and the benefits of others. (1) Maximization
of the benefits of editorial board members: The primary task of
editorial board members is to give a peer review of an unpublished
scientific article via online office system to evaluate its innovative-
ness, scientific and practical values and determine whether it should
be published or not. During peer review, editorial board members
can also obtain cutting-edge information in that field at first hand.
As leaders in their field, they have priority to be invited to write
articles and publish commentary articles. We will put peer review-
ers’ names and affiliations along with the article they reviewed in
the journal to acknowledge their contribution; (2) Maximization of
the benefits of authors: Since WJM is an open-access journal, read-
ers around the wotld can immediately download and read, free of
charge, high-quality, peer-reviewed articles from WJM official web-
site, thereby realizing the goals and significance of the communica-
tion between authors and peers as well as public reading; (3) Maxi-
mization of the benefits of readers: Readers can read or use, free of
charge, high-quality peer-reviewed articles without any limits, and
cite the arguments, viewpoints, concepts, theories, methods, results,
conclusion or facts and data of pertinent literature so as to vali-
date the innovativeness, scientific and practical values of their own
research achievements, thus ensuring that their articles have novel
arguments or viewpoints, solid evidence and correct conclusion;
and (4) Maximization of the benefits of employees: It is an iron law
that a first-class journal is unable to exist without first-class editors,
and only first-class editors can create a first-class academic journal.
We insist on strengthening our team cultivation and construction so
that every employee, in an open, fair and transparent environment,
could contribute their wisdom to edit and publish high-quality ar-
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ticles, thereby realizing the maximization of the personal benefits
of editorial board members, authors and readers, and yielding the
greatest social and economic benefits.

Aims and scope

WJM aims to rapidly report the most recent results in medical di-
agnostics, 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, clini-
cal trials, and evidence-based medicine; and (3) Laboratory meth-
odology, 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.

Columns

The columns in the issues of WJM will 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: This column consists of three formats,
including (A) 10 invited review articles on a hot topic, (B) a commen-
tary 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 treat-
ment; (7) Review: To review systemically progress and untesolved
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 in-
novative 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
W]JM, or to introduce and comment on a controversial issue of gen-
eral interest; (12) Book Reviews: To introduce and comment on qual-
ity monographs of basic and clinical medical research methodology;
(13) Guidelines: To introduce Consensuses and Guidelines reached
by international and national academic authorities wotldwide on the
research basic and clinical medical research methodology; and (14)
Voices: to publicize methodology-related communications that have
been tejected 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 readets are also welcome here.
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Biostatistical editing

Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics to evaluate the statistical method used
in the paper, including #test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
ete. The reviewing points include: (1) Statistical methods should
be described when they are used to verify the results; (2) Whether
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to
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cate any potential conflict they might have reviewing a particular
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Requirements for Manuscripts Submitted to Biomedical Journals:
Ethical Considerations in the Conduct and Reporting of Research:
Conflicts of Interest” from International Committee of Medical
Journal Editors (ICMJE), which is available at: http://wwwicmje.
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Statement of informed consent

Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee or it
should be stated cleatly in the text that all persons gave their informed
consent prior to their inclusion in the study. Details that might disclose
the identity of the subjects under study should be omitted. Authors
should also draw attention to the Code of Ethics of the World Medi-
cal Association (Declaration of Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from expetiments, authors should follow
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines
Research Council Guidelines for Good Clinical Practice in Clinical
Trials) and/or the World Medical Association Declaration of Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If doubt exists whether the research was conducted
in accordance with the above standards, the authors must explain the
rationale for their approach and demonstrate that the institutional
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 boatd.
If human participants were involved, manuscripts must be accompa-
nied 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, Ab-
stract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced 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 animals
of their institution or national animal welfare committee. For the
sake of transparency in regard to the performance and reporting of
clinical trials, we endorse the policy of the ICMJE to refuse to pub-
lish papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored
by the United States National Library of Medicine and we encour-
age all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified. A
letter of recommendation from each author’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photo-
graphs 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 dur-
ing mailing,

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http://www.wjgnet.com/esps/. Authors are highly recom-
mended to consult the ONLINE INSTRUCTIONS TO AUTHORS
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phone: +86-10-85381892. If you submit your manuscript online, do
not make a postal contribution. Repeated online submission for the
same manusctipt is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must be
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mat-
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Title page
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Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contribu-
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for important intellectual content; and (3) final approval of the ver-
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Chen Zhang, Li-Xin Mei, Department of Pathology, Chengde
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George
Sgourakis, Department of General, Visceral, and Transplantation
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical
Department, Korgialenio-Benakio Red Cross Hospital, Athens
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XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L 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, Professor of
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty 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.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
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were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in WJM, reviewers
of accepted manuscripts will be announced by publishing the name,
title/position and institution of the reviewer in the footnote ac-
companying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong Uni-
versity, Shanghai, China; Professor Xin-Wei Han, Department of
Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract

There are unstructured abstracts (no less than 256 words) and
structured abstracts (no less than 480). The specific requirements
for structured abstracts are as follows:

An informative, structured abstracts of no less than 480 words
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no
more than 20 words): Only the purpose should be included. Please
write the aim as the form of “To investigate/study/...; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no
less than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 + 3.86 »s 3.61 £ 1.67, P < 0.001; 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.

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. The main text format of these sections, editorial,
topic highlight, case report, letters to the editors, can be found at:
http://www.wignet.com/2222-0682/¢_info_20100725072755.htm.

Hlustrations

Figures should be numbered as 1, 2, 3, ez., and mentioned clearly
in the main text. Provide a brief title for each figure on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wignet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all clements 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 leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1 Pathological changes in atrophic gastritis after treat-
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