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Abstract
Meta-analysis has been used increasingly
in reviewing and summarising epidemio-
logical studies. Reviews incorporating
meta-analyses have appeared in medical
journals in increasing numbers. Although
there are several methodology papers on
meta-analysis, most of these papers have
been written primarily for discussion
among epidemiologists. The present
paper considers some of the basic
methodological issues, the more practical
aspects of meta-analysis, and targets an
audience of mainly non-epidemiologists.
Thus, the main objective of this paper is
to provide some basic guidelines for non-
epidemiologists to evaluate meta-analysis
in occupational cohort studies. In this
methodology paper, the limitations and
problems of traditional qualitative
reviews are pointed out. Some of these
problems can be dealt with by quantita-
tive meta-analysis. The potential limita-
tions and benefits of quantitative
meta-analysis are discussed. Rather than
replacing traditional qualitative review,
quantitative meta-analysis should be
made part of the overall assessment. The
term "meta-review" is proposed to
emphasise the importance of both quali-
tative and quantitative components in a
comprehensive review process. The basic
steps in a meta-review are outlined, with
a discussion on how to recognise and
avoid some of the problems which are
likely to occur at each step. A meta-
review is useful in selecting studies, and
in organising, presenting, and summaris-
ing results from individual studies. A
meta-review can also be used to detect
heterogeneity among studies. Major ben-
efits of conducting a meta-analysis (the
quantitative component in a meta-
review) include the increase in statistical
power and the estimate of a properly
weighted summary risk estimate.

(Occup Environ Med 1996;53:793-800)
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Meta-analysis has been used increasingly in
epidemiological literature reviews. Its use has

generated both enthusiasm and scepticism.
Meta-analysis, when used properly, is a pow-
erful research tool. There are several papers in
the epidemiological literature on different
aspects of meta-analysis. However, these have
been written primarily for discussion among
epidemiologists. The present paper considers
some of the basic methodological issues and
the more practical aspects of meta-analysis,
and targets as its audience mainly non-
epidemiologists, such as occupational physi-
cians, occupational nurses, industrial hygien-
ists, toxicologists, risk managers, or others
who have the need and the interest to read epi-
demiological literature. Thus, a primary objec-
tive of this paper is to provide some basic
guidelines for non-epidemiologists to evaluate
papers on meta-analysis in occupational
epidemiology. As such, highly statistical or
technical issues will not be discussed.
Furthermore, the discussion will focus on
occupational cohort studies.
The term meta-analysis was coined by the

British psychologist Glass in 1976 to describe
"statistical analysis of a large collection of
analysis results from individual studies for
the purpose of integrating the findings."'
Although the term meta-analysis was not used
before that time, statistical integration of
results from studies began long before then. In
particular, several excellent papers describing
statistical techniques for combining data from
individual experiments had been written by
pioneers such as Cochran, Fisher, and
Pearson.2 5 Meta-analysis has been used exten-
sively in psychology, sociology and education,
and more recently, in clinical trials. In epi-
demiology meta-analysis has not been widely
used until recently. Although the term meta-
analysis was not used, in the 1964 Surgeon
General's report Smoking and health, data from
seven cohort studies available at that time
were combined to provide summary estimates
of cancer risk for smokers.6

Various definitions of meta-analysis have
been published. For example, similar to the
original definition by Glass, Huque defined
meta-analysis as "a statistical analysis which
combines or integrates the results of several
independent clinical trials, considered by the
analyst to be combinable."7 Without any ques-
tion, statistical analysis is a major part of meta-
analysis. However, as will be discussed below,
meta-analysis involves more than the applica-
tion of statistical techniques. There is defi-
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nitely a qualitative component in the selection
of studies to be included as well as in the inter-
pretation of the results.

Meta-review of occupational
epidemiology
In a traditional qualitative literature review, the
selection of studies is usually not subject to pre-

determined criteria. This was particularly true
in the days before the availability of comput-
erised databases. Furthermore, weights
assigned to individual studies were usually sub-
jective. In traditional reviews, no quantitative
summaries of risk estimates are provided.
Therefore they are primarily narrative, and tend
to be subjective.
A comprehensive literature review should

consist of both a qualitative review and a quan-
titative analysis. To be distinguishable from a

traditional literature review, we propose the use

of the term "meta-review" to describe a com-

prehensive review that includes a meta-analysis.
This term seems appropriate as the Greek word
"meta" means "after".8 According to Webster's
dictionary, "meta" is "used with the name of a
discipline to designate a new but related disci-
pline designed to deal critically with the original
one."9

Table 1 shows the steps in conducting a
meta-review. Some of the steps are self explana-
tory and will be discussed only briefly. Within
the framework of occupational studies, the
research question (step 1) should consider and
identify the exposure of interest, the exposed
population, and the extent of exposure. On the
response (health outcomes) side, the specific
health end points and the corresponding diag-
nostic criteria should be clearly stated.

Step 2, a literature search or identification of
studies, calls for a comprehensive search strat-
egy; and step 3, criteria for inclusion, is vital to
the overall search strategy. One question which
has been debated to some extent is whether
unpublished studies should be included.
Negative studies-that is, studies showing no

increased risk-are less likely to be published
for various reasons, the most common one

being that the investigators or journal editors do
not think that the results are exciting or infor-
mative. This is particularly true for negative
studies with a small sample size, because such
studies individually are not conclusive.
Negative studies are also less likely to be pub-
lished in the absence of positive studies or any
controversy of the subject matter. This is usu-
ally referred to as the "file drawer" problem or

"publication bias." The general consensus is
that a study's quality should not be judged
according to whether it is unpublished or not.'0
A more troublesome issue is the identification

Table Steps in conducting a meta-review

1 Defining the research question
2 Literature search
3 Criteria for inclusion in the study
4 Traditional qualitative review
5 Quantitative meta-analysis
6 Integrating traditional qualitative review with quantitative

meta-analysis
7 Applying criteria for causation in interpretation

of all unpublished studies. There is no good
solution to this problem. If the reviewer is also a
primary investigator in that particular field,
identifying unpublished studies may not be dif-
ficult. Otherwise, the best approach may be
inquiring of researchers (identified through
published reports) in that field.

There is also the reverse file drawer problem,
the repeated publications or overrepresentation
of positive studies. There is a tendency for posi-
tive studies to be published or presented at con-
ferences more than once. In a meta-review on
asbestos and gastric cancer, it was found that
some data sets had been published repeatedly."
Papers reporting on different subcohorts of the
same population may also complicate the
process. Furthermore, studies may have been
updated periodically, and results from different
versions of the same study may have been pub-
lished. The general guideline for inclusion in a
study is that the most recent and the most com-
plete version of the study should be included.'2
Also, any serious discrepancies between past
and current versions should be identified and
explained. Finally, studies based on individual
companies or individual centres may also be
part of an industrywide or multicentre study,
and caution must be exercised not to enter the
same data more than once in the meta-analy-
SiS. 12

A similar issue is the presentation bias, which
refers to selective presentation of study results.
For example, the results for rare cancers in a
cohort study consisting of workers exposed to
certain chemicals of interest may not be pre-
sented due to small numbers; yet this is exactly
the situation where a meta-analysis is most ben-
eficial. Again, contacting the original authors
may be the only solution to this problem. This
was done in a recent investigation, in which
original investigators were contacted to provide
unpublished data for analyses of cell type spe-
cific leukaemia in a combined cohort of more
than 208 000 workers in the petroleum indus-
try.'3 In most of the original studies, cell type
specific leukaemia results were not analysed or
reported due to small numbers.

Step 4, the traditional qualitative review, is a
main component of the overall process. It sum-
marises the basic information from individual
studies, such as design, subject selection, expo-
sure patterns, diagnostic criteria, observation
period, potential confounding factors, statistical
techniques, etc. The quantitative review should
also point out the strengths and weaknesses of
individual studies. Table 2 provides a suggested
checklist for evaluating studies. Most of the
items in table 2 are self explanatory and com-
mon to any qualitative literature review, and as

Table 2 Checklistfor evaluating studies

Study design
Selection of study subjects
Sample size and statistical power
Statistical analysis
Comparison population
Duration and completeness of follow up
Latency
Diagnostic information
Adequacy and specificity of exposure data
Concomitant exposures
Confounding factors
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such will be discussed only briefly when they
have special relevance in a meta-analysis. The
principal objective of this review step is to iden-
tify studies of acceptable quality for inclusion in
subsequent meta-analyses and to identify fac-
tors contributing to heterogeneity between
studies, which can then be used to guide further
stratification of data (stratified meta-analyses).

Study design is used to group individual
studies for meta-analysis. Generally, separate
meta-analyses should be performed on studies
of different designs. It is not usually advisable
to combine studies of different designs in a

single meta-analysis unless it can be deter-
mined that study design has little or no influ-
ence on study characteristics such as quality of
data, specificity of exposure, and uniformity of
diagnoses. In reality, study design is usually
one of the most important determinants of
data quality, exposure specificity, and diagnos-
tic criteria. Similarly, studies with very differ-
ent statistical techniques, different comparison
populations, or different diagnostic categories
should generally not be lumped into a single
analysis. For example, in the literature on

occupational epidemiology, some studies may
report proportional mortality ratios (PMRs)
and others standardized mortality ratios
(SMRs). It is generally agreed that SMR stud-
ies are far better than PMR studies, and that
PMRs usually overestimate cancer risks in
industrial populations due to the healthy
worker effect. Therefore, SMR and PMR
studies should not be combined in a single
meta-analysis. Similarly, if one study examines
total digestive cancer in general and another
stomach cancer in particular, it would be inap-
propriate to combine these studies as different
diagnostic categories are involved.
The selection of study subjects, adequacy

and specificity of exposure data, concomitant
exposures, and confounding factors should be
examined at the individual study level; includ-
ing studies which are significantly deficient in
any of these areas would increase the hetero-
geneity in the resultant meta-analysis. For
example, if different concomitant exposures
are present in individual studies, heterogeneity
in the combined analysis will result, as this
would reflect the influence of different con-

comitant exposures. Finally, although sample
size or statistical power are important criteria
for evaluating a study's quality on an individ-
ual basis, it should not be part of the basis for
including or excluding a study in a meta-
analysis. As will be discussed later, one of the
main benefits of a meta-analysis is the pooling
of small studies to improve statistical power.
Some authors have suggested the use of

"quality scoring" to determine whether a

study should be included. This suggestion has
met with strong opposition. For example, in a

recent commentary quality scoring was char-
acterised as "the most insidious form of sub-
jectivity masquerading as objectivity."'4 We do
not recommend the use of quality scoring for
the simple reason that it would be impossible
to treat different study characteristics (size,
exposure information, completeness of follow
up, etc) that are related to quality as if they are

of equal importance or interchangeable and
can be measured by a single score. In any
event, quality scoring does not improve objec-
tivity, as any scoring system can be arbitrary
and subjective.
Whether a particular study should be

included or excluded in a meta-analysis should
be based on a set of criteria such as those sug-
gested in the checklist in table 2. Only those
studies which meet certain minimum require-
ments should be considered further for inclu-
sion. An additional assessment has to be made
to find whether all such eligible studies can be
included.
The first consideration in a quantitative

meta-analysis (step 5) is the ability of individual
studies to be combined. To some extent, the
definition of a study can sometimes be artifi-
cial or arbitrary. For example, a study of
petroleum refinery workers from an oil com-
pany can consist of two or more refineries. An
industrywide study obviously consists of more
than one company. Data from individual
refineries or companies could have been pub-
lished separately. Thus, the issue of whether or
not studies can be combined may already exist
at the level of individual studies.
The primary question to ask is: do studies

to be included in the meta-analysis have suffi-
cient common ground to consider the scien-
tific issue in question? Table 3 provides a list
of items to be considered in evaluating
whether studies can be combined. In occupa-
tional studies, the question often asked is: is
there a relation between exposure to a certain
chemical and a specific disease? Therefore,
both specificity and patterns of exposures are
obviously important determinants in deciding
whether it would be meaningful to combine
certain studies. As discussed already, separate
meta-analyses should be performed for studies
of different design due to the heterogeneity in
data collection and data quality.

Other study characteristics should also be
examined. The fundamental question is "Are
studies so different that they should not be
combined?" Studies should be carefully exam-
ined for similarity or differences of characteris-
tics such as eligibility of study subjects, cohort
definition, exposure definition and classifica-
tion, disease. diagnostic criteria, data collec-
tion, etc. However, because many statistical
tests are available to evaluate heterogeneity of
study results or effect estimates, in many
meta-analysis papers the emphasis on assess-
ment of heterogeneity has been incorrectly
placed on the results of studies rather than on
the basic characteristics of studies. In other

Table 3 Factors determining whether studies can be
combined in a meta-analysis

Study design
Specificity of exposures
Patterns of exposures
Concomitant exposures
Specificity of health end points
Uniformity of diagnostic criteria
Statistical procedures
Information available from individual studies for meta-analysis
Comparison populations
Heterogeneity of effect, risk estimates
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words, heterogeneity of studies is more a sci-
entific than a statistical issue. Nevertheless,
statistical tests for heterogeneity of study
results can sometimes provide clues to sources
of disagreement among studies.'5 If the test for
heterogeneity is significant, the underlying
studies must be scrutinised closely. Once the
source for heterogeneity is identified, the deci-
sion whether to combine the studies must be
carefully considered.
From the practical point of view, statistical

procedures used in individual studies play an
important part in the ability of studies to be
combined, as do the type and amount of infor-
mation presented in individual studies. Only
studies presenting adequate information can
be included in the meta-analysis. In occupa-
tional cohort studies, as will be discussed later,
statistical procedures are usually similar and
information needed for a meta-analysis is usu-
ally presented.

Although several study designs are appro-
priate for investigating occupational health, for
chronic diseases such as cancer, most studies
use the historical cohort design. Most occupa-
tional cohort studies are based on documented
employment or exposure histories, and those
included in meta-analyses usually consist of
workers at similar places of work or from the
same industry. As such, information on expo-
sure is relatively reliable and exposure pattern is
homogeneous. When linked to industrial
hygiene data, such information can be rela-
tively specific. Another epidemiological study
design commonly used is the case-control
study. Typically in a case-control study occu-
pational information is based on recalls of the
subjects themselves or family members, which
may not be reliable or specific. Other popula-
tion based case-control studies may use popu-
lation registries to identify the industries and
jobs of cases and controls. These different
approaches to exposure classification between
cohort and case-control studies can result in
significant heterogeneity. Diagnostic criteria
can also be different between cohort and case-
control studies. Therefore, in most situations
we do not recommend combining cohort and
case-control studies in a single meta-analysis.
The meta-analysis should at least be stratified
by study design.

As the title suggests, this discussion will
focus on the statistical procedure used in

occupational cohort studies-the standardised
mortality ratio (SMR). In a meta-analysis,
once it has been decided which studies will be
combined, one of the goals is to calculate a
quantitative summary estimate of the effect or
risk of exposure, as well as the corresponding
precision, usually in the form of a 95% confi-
dence interval (95% CI). The summary esti-
mate should make maximum use of the
information available and preserve the proper-
ties of the original estimates in individual stud-
ies (such as adjustment for confounding).

In general, the summary estimate is some
type of weighted average of the effect measures
or risks from the original studies, with weights
inversely proportional to the variance of the
individual estimates-that is, a combination of
stratum specific effect measures, with individ-
ual studies as the strata. For cohort mortality
studies, the summary risk estimate is the sum-
mary SMR or meta-SMR, which is defined as
the ratio of the total number of observed
deaths (summed over all studies) to the total
number of expected deaths. That is,

meta-SMR = 1iOi/Ei,
where the subscript i denotes the ith study, 0
the observed deaths, and E the expected
deaths. Under the null hypothesis (SMR = 1),
the approximate variance of SMR in the ith
study is l/E,. Furthermore:

meta-SMR = Xi{W, x SMRI}
where W, = Ei/Ei is the weight. That is, the
weights for the meta-SMR are proportional to
the inverse of the variance of individual stud-
ies. In other words, more weight is given to
larger studies, and vice versa.

In calculating a meta-SMR, each study is
treated as a separate stratum, and the data
pooling is therefore similar to the indirect
standardisation in individual studies. The total
data from individual cohorts can be consid-
ered as a "megacohort." Figure 1 shows the
concept graphically. It should be evident from
both the statistical expression meta-SMR =
YX{W, x SMR} and fig 1 that a meta-SMR is
based on a series of comparisons within each
study, although the computational formula
meta-SMR = XiOi/EiEi shows that it is the
ratio of the total observed deaths to the total
expected deaths. A meta-SMR is simply a
summary risk index based on all the data, with

Figure 1 Relations between subcohorts, cohorts, and megacohort.
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individual studies as a stratifying variable. The
95% CI of the meta-SMR can be calculated
with the same procedure as SMRs for individ-
ual studies (for example, treating it as a
Poisson variable'6). Data needed to calculate a
meta-SMR are the observed and expected
deaths for the causes of interest from individ-
ual studies, which are usually reported.

Once the meta-analysis has been com-
pleted, the result should be integrated with the
qualitative component of the meta-review
(step 6), especially the discussion on the
strengths and weaknesses of the individual
studies. It should be emphasised that a meta-
analysis will not compensate for any deficien-
cies that the individual studies may have, other
than low statistical power. As such, it is impor-
tant to discuss the impact of suspect individual
studies on the meta-analysis. Analysis of sensi-
tivity can be helpful for this. In such an analy-
sis, studies of marginal quality, with slightly
dissimilar exposures or slightly different from
other studies in some aspects, are removed,
and the result is then compared with the one
that includes them.
The results of a meta-analysis are directly

applicable to two important criteria of causa-
tion (step 7): strength and significance of asso-
ciation and consistency. The strength of
association is given directly by the magnitude
of the meta-SMR, and the statistical signifi-
cance is measured by the 95% CI. Risk esti-
mates from individual studies, especially for
rare diseases, can be unstable and inadequate
in statistical power. If the results from individ-
ual studies are in general agreement, however, a
summary risk estimate such as the meta-SMR
takes the consistency of results into considera-
tion. The meta-SMR, based on the combined
database, is more stable and is less vulnerable
to fluctuations due to small numbers than the
original studies. Thus, a meta-analysis takes
into consideration not only the size of risk esti-
mates from individual studies but also their
consistency.

So far our discussion of statistical proce-
dures in meta-analysis of cohort studies has
been based on the summation of observed and
expected deaths. This method is commonly
used because the information needed is usu-
ally available. Depending on the information
presented in the underlying studies, other sta-
tistical techniques may be used.'7 18 In general,
the weights for the summary risk estimate are
inversely proportional to the variance of the
individual study.
The choice of a particular statistical tech-

nique depends on information presented in
individual studies. Any valid statistical proce-
dure of meta-analysis should be based on an
objective weighting system. This implies that
exposed and non-exposed groups are com-
pared within each study. In other words, each
study is treated as a stratum in the meta-analy-
sis. The separate identity of each study is pre-
served, and it is the estimates of the effect from
each study that are combined according to
appropriate weights. 19 As already discussed,
the method commonly used in combining
cohort studies clearly satisfies this criterion. On

the other hand, simply pooling results from
individual studies, ignoring study as a stratify-
ing variable, is not a valid procedure.20

For completeness, we also mention another
statistical issue of meta-analysis: fixed effects
versus random effects models. Fixed effects
models assume a single effect estimate for all
studies, whereas random effects models take
variability between studies into consideration.
Most methods of meta-analysis commonly
used (including the one discussed here) are
fixed effects. There is an ongoing debate
among epidemiologists about the choice of
models. In this paper it suffices to say that the
choice of models does not change the risk esti-
mate, but may affect the width of the 95% CI. It
should also be noted that, as already discussed,
the definition of a study can be arbitrary and
the concept of variability between studies can
be ambiguous. Random effects models have
been criticised for assigning more even weight
to all studies, thus incorrectly overemphasising
the results of small studies. 19 Interested readers
are referred to some recent publications on the
issue of fixed and random effects models.'4 19 23

Discussion and an example
Meta-analysis is a powerful tool in reviewing,
summarising, and integrating scientific data
from multiple studies. As stated by Glass et al
"the findings of multiple studies should be
regarded as a complex data set, no more com-
prehensible without statistical analysis than
would hundreds of data points in one study."24
A meta-analysis not only provides a summary
risk estimate which is properly weighted, but
also takes consistency of results of individual
studies into consideration. An additional bene-
fit of meta-analysis is that it comprehends the
multiple comparison problem exhibited in
individual cohort studies. Typically in an occu-
pational cohort study more than 40 causes of
deaths are examined. Statistically significant
results for as many as two causes could have
occurred by chance alone given a type 1 error
of 5% (or a 95% confidence level). By combin-
ing data across studies, chance excesses or
deficits for a particular cause in individual
studies are less likely to influence the meta-
analysis.
The meta-SMR discussed has several desir-

able attributes. It is the natural extension of the
indirect standardization of summarising results
from age, sex, and race specific strata in the
original studies. Being an extension of the indi-
rect standardisation, the meta-analysis pre-
serves the statistical properties of the original
estimates as well as the original interpretation
of the effect measure. In particular, by treating
each study as a stratum, the summary effect
measure preserves the adjustment for con-
founding made in the original studies. The
number of expected deaths in each study is
proportional to the size and age of the individual
cohort as well as the duration of observation.
From the practical point of view, the data
required for a calculation of a meta-SMR are
almost always available in the individual
reports.
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Table 4 Summary of mortality from brain cancer in petroleum workers'2

Author, year

Wong 1980*
Kaplan 1986*
Schottenfeld et al 198 1*
Nelson 1985
Wong et al 1986
Hanis et al 1982*
Hanis et al 1985
Wen et al 1983
Morgan and Wong 1984
Morgan and Wong 1985
Enterline and Henderson 1985
Divine et al 1985
Divine and Brown 1987
Rushton and Alderson 1981
Rushton and Alderson 1981
Theriault and Goulet 1979*
Thbriault and Provencher 1987
Christie 1987
Total (meta-analysis)

Place

17 US refineries
17 US refineries
US refineries
10 US refineries
2 California refineries
1 Louisiana refinery
3 US refineries
1 Texas refinery
1 Texas refinery
1 Pennsylvania refinery
1 California refinery
13 US refineries
Production and pipeline in US
8 UK refineries
Distribution centers in UK
1 Canada refinery
1 Canada refinery
Australia refineries

Observed Expected
Cohort size Follow up deaths deaths

20163
20163
55007
10763
14179
8666

21698
15095
6139
4263
1621

19077
11098
34781
23306
1205
1207

10489

1962-71
1962-80
1977-79
1970-82
1950-80
1970-77
1970-77
1937-78
1945-79
1946-79
1959-78
1947-77
1946-80
1950-75
1950-75
1928-75
1928-81
1981-86

8
22
8
8

22
5

15
23
9
7
3

31
11
36
39
3
4
2

210

11-29
24-63
4-90
9-60
17-48
4-90
13-00
22-85
8-26
6-64
2-09

28-00
15-90
44-77
36-54
0-77
1-87
2-70

209-70

SMR (95% CI)

0-71 (0-31 to 1-40)
0-89 (0-56 to 1-35)
1-63 (0-70 to 3-21)
0-83 (0-36 to 1-63)
1-25 (0-78 to 1-89)
1-02 (0-33 to 2-38)
115 (0-64 to 190)
1-01 (0-64 to 2-37)
109 (050 to 2 07)
105 (0-42 to 2-16)
1-43 (0-30 to 4-18)
-11 (0-76 to 142)

0-69 (0-35 to 1 58)
0-80 (0-56 to 11)
1-07 (0-76 to 1-46)
3-89 (0-80 to 11-37)
2-13 (0-58 to 5-45)
0-74 (0-09 to 2-67)
1-00 (0-87 to 115)

*Excluded from the calculation of the meta-SMR because of overlap of data.

Table 4 provides an example of meta-analy-
sis of data on brain cancer in petroleum work-
ers originally reported by Wong and Raabe in
1989. 2 As discussed in the original report,
both published and unpublished (but other-
wise meeting the eligibility criteria) cohort
studies of petroleum workers were eligible for
inclusion in the meta-analysis. The PMR stud-
ies were not included because of their inherent
limitations. Case-control studies were also not
included because of the inadequacy of expo-
sure information (based primarily on recalls),
but they were included in the discussion. An
examination was made of all cohort studies for
evidence for heterogeneity of cohort identifica-
tion, data collection, and statistical analysis.

Nelson 1985 F

Wong et al 1986 H

Hanisetal1985

Wen eta! 1983

Morgan and Wong 1984 K

Morgan and Wong 1985 K

Enterline and Henderson 1985 e

Divine et al 1985 F

Divine and Brown 1987 K

Rushton and Alderson 1981 K

Rushton and Alderson 1981 F

Therialt and Provencher 1987

Christie 1986

Total (Meta-analysis)
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Based on this examination, two cohort studies
were excluded because of methodological or
data deficiencies. For the remaining cohort
studies, it was decided that no significant het-
erogeneity was present and the data could be
combined in a meta-analysis. All these studies
were historical cohort studies based primarily
on employment records. Exposures in these
studies were relatively homogeneous in the
sense that all study subjects were petroleum
workers. Methods of follow up and compari-
son populations were also similar. In the meta-
analysis, duplicate data (such as industrywide
studies or data based on earlier follow ups)
were excluded.

Table 4 and figure 2 show that the brain
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Figure 2 Mortality from brain cancer in petroleum workers.
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Application of meta-analysis in reviewing occupational cohort studies

cancer meta-analysis consisted of listing the
SMRs and the corresponding 95% CIs from
individual studies as well as the meta-SMR
and its 95% CI. The presentation of risk esti-
mates as well as other key study variables from
all individual studies in a single table is obvi-
ously very informative. Similarly, the graphical
presentation is a helpful visual aid. Unfor-
tunately, in some recent meta-analyses only
graphical presentations are available. The lack
of a presentation of numerical data often
makes it difficult for the readers to determine
what data from the original studies were actu-
ally used in the meta-analyses. Thus, we rec-
ommend presenting data both numerically
and graphically.

In our example of brain cancer in petroleum
workers, the meta-SMR was 100 (95% CI
0 87 to 1-15). Therefore, the combined data
had reasonable power to rule out an increase
in risk of brain cancer as small as 15%. The
improvement in statistical power through the
use of meta-analysis is evident from the nar-
row 95% CI of the meta-SMR and the small
increase in risk that the data could detect. A
meta-review should not stop at the quantita-
tive meta-analysis. In the example of brain
cancer in petroleum workers, the result of the
meta-analysis based on cohort studies was dis-
cussed in conjunction with results from case-
control studies. It was concluded that
petroleum workers did not experience any
increased risk of brain cancer.'2

It should be pointed out that the application
of meta-analysis is not without criticisms.
Some of the common criticisms are: the inclu-
sion of both good and poor studies; publica-
tion bias resulting from the tendency of
positive studies being more likely to be pub-
lished; the reliance on published studies only;
overrepresentation of data from studies pub-
lished repeatedly; and most seriously, the
oversimplification of a complicated issue by
focusing on a single summary risk estimate.
Most of these criticisms arise from improper
application of meta-analysis. The general
guidelines provided earlier should help to min-
imise these problems. It should also be noted
that all of these criticisms, except for oversim-
plification, are equally applicable to a tradi-
tional qualitative review.
The last criticism of oversimplification of

study results is equally applicable to sum-
maries of data specific to strata-for example,
age groups-in an individual study. Several
decades ago, the pros and cons of summaris-
ing data in an individual study were vigorously
debated.25 29 The issue at that time was
whether risk estimates from different age
groups in a study should be summarised with a
single index such as SMR; yet today it would
be inconceivable that SMRs or some other
summary indices are not calculated in a cohort
study. As already discussed, a reasonable and
practical approach is to examine data for evi-
dence of heterogeneity, and if necessary pro-
vide stratified meta-SMRs or sensitivity
analyses. The issue of heterogeneity is more
scientific than statistical. Although a statistical
test for heterogeneity of study results is help-

ful, other aspects of the original studies must
be investigated before studies can be com-
bined (table 3).
The usefulness of a meta-analysis is obvi-

ously dictated by the quality of the input data of
the original studies and the amount of infor-
mation available to the meta-analyst. With
regard to the amount of information available,
hopefully in the future authors will report their
investigations in a uniform manner and pro-
vide sufficient details to facilitate any future
meta-analysis, and journal editors will include
as part of their decisions the potential contri-
bution of a manuscript to a future meta-analy-
sis of similar studies.

Summary
Meta-analysis is useful in selecting studies,
and in organising, presenting, and summaris-
ing results from individual studies. The bene-
fits of conducting a meta-analysis in a review
include enhancing statistical power (particu-
larly when original studies are small), pro-
viding a summary risk estimate, taking
consistency of study results into consideration,
minimising the problem of multiple compar-
isons, and examining data for heterogeneity.
Compared with a traditional qualitative
review, a review incorporating a meta-analysis
tends to be less subjective. Rather than replac-
ing the traditional qualitative review, a meta-
analysis should be made part of the overall
assessment. We propose the use of the term
meta-review to emphasise the importance of
both qualitative review and quantitative meta-
analysis.
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Vancouver style
All manuscripts submitted to Occup Environ
Med should conform to the uniform
requirements for manuscripts submitted to
biomedical journals (known as the
Vancouver style.)

Occup Environ Med, together with many
other international biomedical journals, has
agreed to accept articles prepared in accor-
dance with the Vancouver style. The style
(described in full in the BMJ, 24 February
1979, p 532) is intended to standardize
requirements for authors.

References should be numbered consec-
utively in the order in which they are first
mentioned in the text by Arabic numerals
above the line on each occasion the refer-
ence is cited (Manson' confirmed other
reports2 . . .). In future references to
papers submitted to Occup Environ Med

should include: the names of all authors if
there are seven or less or, if there are more,
the first six followed by et al; the title of
journal articles or book chapters; the titles
of journals abbreviated according to the
style of Index Medicus; and the first and final
page numbers of the article or chapter.
Titles not in Index Medicus should be given
in full.

Examples of common forms of refer-
ences are:
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phil chemotactic factor of anaphylaxis during cold
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3 Weinstein L, Swartz MN. Pathogenic properties of
invading micro-organisms. In: Sodeman WA Jr,
Sodeman WA, eds. Pathologic physiology, mechanisms
of disease. Philadelphia: W B Saunders, 1974:457-72.
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