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Studies

Abstract: In contrast to traditional reviews, systematic reviews explore the
literature on a specific topic comprehensively using a well-defined protocol and
recruit the findings of eligible studies after the assessment of their qualities,
using a clear and reproducible method. Checking the assumptions, we may
merge the findings of recruited studies in a systematic review and use meta-
analysis techniques not only to estimate the pooled effect but also to assess the
possible sources of heterogeneity and the extend of heterogeneity in the
findings .

Generally, randomized clinical trials are the most common type of studies which
are recruiting in systematic reviews and meta-analyses. However, we couldn’t
ignore the importance of observational studies particularly in sensitivity topics
with ethical limitations against interventional studies. Although we are usually
faced with wide variations in the methodology of observational studies even in
narrow topics, systematic review and meta-analysis of their results can generate
valuable findings. They are particularly useful for explaining the source of
heterogeneity in the results of primary observational studies .

In this paper, we review the basic concepts of the systematic review and meta-
analysis and their main applications in summarizing the findings of
observational studies with respect to their advantages and limitations.
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Although systematic review (SR) and meta-analysis

(MA) are new methodological terms and have been
added to the research encyclopedia since three decades
ago, nowadays they are common terms for their

decisive applications.

Briefly, SR introduces simple but critical methodology
to review and select the best available research findings
on a specific topic to minimize the selection bias in
picking up the best accurate evidences. MA, however,
uses statistical techniques to help us to combine the
findings of comparable studies, present the aggregated
statistics and check how significant the differences
between the findings of studies are (i.e.: their

heterogeneity).

There is a deep controversy surrounding the eligible
type of studies for a MA. Some experts only
recommend Randomized Clinical Trials (RCTs) (1),
while others include evidences from a diversity of
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sources (2). In fact, SR and MA are much more
applicable to those studies that share a similar
methodology and address comparable research
questions. Therefore, the principles of the SR and MA
are more applicable to the findings of comparable
RCTs.

Nevertheless, observational studies are very common
type of studies that either describe variables
(descriptive studies) or explore the relationship
between variables (analytical studies).

Considering the limitations, using SR and MA, we may
explore the finings of observational studies
conclusively. The concepts of the SA and MA may not
be easily applicable to the findings of observational
studies; nonetheless, we believe that the SA and MA
techniques have some additional advantages which
may help to propose more appropriate conclusions
through combining the findings of observational
studies.
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In this paper, we presented the basic concepts of the
SA and MA and their main applications in
summarizing the findings of observational studies.
Moreover, we highlighted the limitations of these
techniques.

Definition of the SR and MA

A SR is a summary of the literature and it starts with a
well defined question and continues by a systematic
searching protocol to find out the most relevant studies.
In the next step, all evidences are critically appraised
with specific appraisal tools and irrelevant or low
quality studies are excluded. Hence, this process
sometimes may lead to a SR with no qualified study (3,
4).

Suppose you are going to run a SR on the protective
effect of male circumcision on the transmission of
HIV. Reviewing the available literature, you may find
an extensive controversy among the study findings.
The odds ratio between male circumcision and HIV
transmission in the general population varies from 0.21
and 1.90 (5). Moreover, your discussion with national
and international experts might amplify your
confusion. What would be the best strategy in dealing
with such confusion?

Searching all the available evidences and checking
their validities is extremely necessary. It is not wise to
relay on the findings of only a few papers or to accept
the findings of those studies that did not follow a clear
and justified methodology.

In fact, SR helps you to formulate the steps that you
need to follow to address your question.

With a well-defined systematic search strategy you will
gather all the available evidences and check their
qualities. (Figure 1)

Step 1. Framing Question

Step 2. Identifying relevant
litreture

Steps 3. Assessing quality of
the litruture

Stepd. Summerizing the
evidences

Step5. Interpreting the
findings

Figure 1. The main steps in a
systematic review
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Figure 2, Reviews, Systematic reviews and meta-analysis

In contrast to SR, traditional reviews do not follow a
clear data collection method that may lead to their
findings to section bias. In addition, the selected
studies are interpreted based on the researcher opinions
(6) while SRs are more robust to these possible errors
(7) (Figure 2).

Having collected the findings of well-qualified
evidences, you may recognize that different studies
reported diverse OR’s regarding the effect of male
circumcision on the odds of HIV transmission. In the
next step, you should combine the findings of different
studies to calculate the most appropriate pooled OR.
MA methods help you to compute such an estimate
using weighted average of the eligible study’s findings.
MA is defined as the statistical analysis of different
results (effects) for the purpose of integrating the
findings (Pooled effects)(8).

The term “effect” refers to any measure of association
between exposure and outcome (e.g. odds ratio, risk
ratio). Individual studies may be too small to produce
precise effects (i.e. explore the significant effects)
while MA improves the precision by combining the
findings of comparable studies. However, we should
mention that in descriptive studies the mean (the
average of age at first sex) or prevalence (the frequency
of condom use) are our effect and we may like to
estimate the overall mean or prevalence based on the
observed effects in individual descriptive studies.

In addition, MA explores the variations of findings
(i.e.: the heterogeneity among the effects estimated in
different studies). With MA in subgroups or some
advanced statistical methods (e.g. Meta regression
models) we explore the source of heterogeneity and
interpret the differences in the findings of individual
studies. For example, the wide variation of the ORs
between male circumcision and HIV can be explained
by the difference in their study designs (for example,
the ORs would be closer to each other if you compare
the findings of studies with similar designs; i.e., case-
control, cross-sectional or cohort design) .(Figure 3).
Based on this finding, we can imply that the study
design is one of the main sources of heterogeneity.
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Figure 3. Forest plot adopted from Lancet Infect Dis. 2005; 5: 165-73 (5). ORs greater than 1 indicates increased
risk of HIV infection with circumcision, and ORs less than 1 indicates decreased risk of HIV infection with
circumcision. A wide heterogeneity in the ORs indicates that there are some underlying factors which cause
ORs to differ from one study to another. Making strata based on the study design showed closer ORs.
Therefore, we can conclude that study design is one of the main sources of heterogeneity and we can quantify
the impact of the study design using meta-analytic techniques. (We modified the original graph to make it easier
for the readers to understand how an extraneous factor like the Study Design can induce heterogeneity in the

effects, such as ORs.)

In general, MA is a statistical method which only
aggregates the findings of comparable and eligible
studies selected in a SR. However, some limitations
may force us to report the findings of a SR without
using MA methods. Sometimes we cannot combine the
findings of the selected studies due to their
methodological differences. For instance, studies might
measure their variables using different definitions or
tools. In addition, you may even use SR principals to
search qualitative studies, while MA only combines the
findings of quantitative studies. Lastly, SR may select
few eligible studies while for a meaningful MA we
need at least a minimum number of comparable
studies.

The application of SR and MA in RCTs

A RCT (Randomized Clinical Trial) is considered the
most reliable (Gold Standard) method to determine
which medical laboratory test/ interventions work the
best. The participants are allocated randomly between
different intervention arms while they do not know
which intervention they are receiving (blindness).
Therefore, the results are less prone to selection and
information biases and confounding errors. (9). All the
unique characteristics of RCTs, in compare to
observational studies, suggest that choosing RCTs is
the gold standard and RCTs are considered the best
evidence in primary researches(10).

SR and MA on randomized clinical trials with limited
biases and low level of heterogeneity, produce the top

level of evidences in medicine. That’s why most of the
SRs only included such study types (4). MA of clinical
trials can recommend effective treatments on time or
lead to the timely identification of adverse effects (11).
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However, some biases such as loss to follow up
(withdrawal) after randomization, affect RCT’s
validity; moreover, the results of negative trails have a
less chance of being published (Publication bias). Thus,
SR and MA on published trials are prone to show the
effects stronger than the real ones (12). Moreover, due
to ethical considerations, we cannot test every
intervention following the general rules of RCTs
strictly.

The application of SR and MA in

observational studies

Based on the above explanation, you can use the SR
principles to search and select any type of studies
including observational studies. Without any doubt, SR
is an efficient method for presenting the findings of
comparable observational studies with a clear and
straight forward approach to convince readers that you
had a comprehensive search. A well-conducted SR
allows a more objective appraisal of the evidence than
the traditional narrative reviews.

Observational designs may lack the experimental
element of a random allocation to an intervention and
may rely on the observed associations (e.g., the
association between male circumcision and risk of HIV
infection) (13). These designs have long been used in
the evaluation of educational programs (14) and
exposures that might cause disease or injury (15).

In fact, observational studies are intending to cover
some limitations of RCTs. For instance, we cannot
randomize some risk factors because they relate to
inherent human characteristics or practices; and we
should bear in mind that exposing subjects to harmful
risk factors is unethical (16). Referring to our first
example, to perform a study on the preventive effects
of male circumcision on the transmission of HIV, you
have to run a case control, cross-sectional or cohort
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study since RCT design will be practically impossible
(17). Observational data may also be needed to assess
the effectiveness of an intervention in a community as
opposed to the special setting of a controlled trial
(18).They estimate the prevalence or incidence of
diseases or their determinants in communities , and SR
and even MA methods may help us to explore their
findings more comprehensively (e.g. prevalence of
hypertension (19), chronic kidney disease (20),
Hepatitis B virus infection (21), etc).

Although MA is merely preferred for RCTs (22-24),
the number of published MAs concerning
observational studies in health has increased
substantially during the past 4 decades (678 in 1955-
1992, 525 in 1992-1995, and more than 400 in 1996
alone) (13, 25). Although the results of MAs based on
observational studies have particular challenges due to
inherent biases in individual studies and differences in
their study designs, they may help us to understand and
quantify sources of variability in results across studies.
MA of observational studies also is the only available
method for assessing the efficacy and effectiveness of
some interventions; therefore, their publication is
increasing in numbers (13). Thus, a clear understanding
of the advantages and limitations of statistical
syntheses of observational data is needed (26, 27).

MA may explain the observed heterogeneity between
the results of individual studies (28); for instance, it
may help us to find the source of heterogeneity ; most
readers pay less attention to this function of MA.
However, exploring the source of heterogeneity is the
most important function in MA of descriptive studies.
In addition, it could help us to discuss why the
prevalence or incidence of a disease was reported
differently.

Zhang and Rothenbacher performed a SR design to
assess the prevalence of chronic kidney disease (CKD)
using available population-based studies with
published data in MEDLINE (20). This SR design
provides useful information on equation, age, gender
and ethnic-specific prevalence of CKD in various
population-based studies. Almost the same method was
used by Goodman et al to estimate the prevalence and
the mean score for child mental health status in
different ethnic groups (29). Considering the main
pitfalls of prevalence studies, in addition to the usual
criteria used to assess the quality of studies, they also
used different inclusion/exclusion criteria from
methodological point of view (e.g. calculating a
minimum sample size for studies or their subgroups,
measurements of mental health, etc).

Usually in SR and MA of descriptive studies, a
minimum sample size is considered as one of the
inclusion criteria because null findings involving very
small numbers become ‘uninformative’, being better
interpreted as an absence of evidence rather than
evidence of an absence. Moreover, because a null
finding based on so few individuals is so uninformative
such findings are unlikely to be published, and
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publication bias is likely to become particularly acute
(29).

Surprisingly, MAs belong to observational studies (28)
even when they are applied to RCTs (30).

Running SR and MA using such data can provide
useful information not only for health care planning but
also for future researchers to perform studies that are
more succinct and less prone to errors. Recently such
designs have been used in different studies (19-21, 31).

Limitations of SR and MA in observational

studies

Based on the above explanation, it is important to take
into account the limitations of SR and MA in exploring
the data of observational studies. These limitations are
applicable in SA and MA of interventional studies but
with less extend.

1- Analytic observational studies yield estimates
of associations which may deviate from true underlying
relationships beyond the play of chance. This may be
due to the effects of confounding factors, biases or
both. Accordingly, MA of a number of biased studies
will result in a biased pooled estimation. In the case of
confounding factors, the usual approach is to adjust the
effect size for confounding factors using multivariate
analysis. However, it is very difficult to believe that all
observational studies included in a MA report an effect
size adjusted for exactly similar confounding factors.
On the other hand, the associations resulted from RCTs
are less prone to such effects because of random
allocation. These limitations in methodology may lead
to contradictory results. For instance, in a MA
evaluating association between beta carotene intake
and cardiovascular mortality, combining cohort studies
showed a significantly protective effect for beta
carotene while the pooled resulted from RCTs showed
a moderate adverse effect of beta carotene (26).

2- Diversity of methodology in observational
studies per se may lead to contradictory results even
when different types of observational studies enter into
analysis. For instance, a comprehensive MA study on
whether the higher intake of saturated fat is associated
with the increased risk of breast cancer indicated an
association for the case control but not for cohort
studies (31). Similar result is apparent in figure 3.

3- MA of descriptive observational studies is
exposed to some other limitations in addition to biases.
Combining the results of descriptive studies which
apply the classic MA methods may not be the most
appropriate approach. For instance, coming back to one
of the mentioned examples, estimating the prevalence
of hypertension in Iran weights of each study in MA is
usually the reverse of their standard errors (SE) which
is a function of sample sizes. However, as the goal is to
estimate the prevalence of hypertension in the whole
country, it is more logical to weight the reported
provincial estimates based on the population size of the
provinces and not based on the size of the studies (21).
However, such a limitation is less important if you aim
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to find the source of heterogeneity between the
findings of descriptive studies.

Conclusion

Despite these challenges, following the rules of SR
helps us to present a fair and comprehensive
representation of the best available evidences in all
types of studies including observational studies. In
addition, accepting the limitations in observational

studies,

MA of observational studies may not only

illustrate the best summary estimate but may also
explore the source of heterogeneity which is even more
important than the summary estimate in most of the

cases.
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