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In a previous note we pointed out limitations and
strengths of reviewing and summarising primary research
findings (Cipriani & Barbui, 2006). This note will help
interpret the graphical results of meta-analyses of data
extracted from primary studies. In meta-analyses, the
process of combining patient data from different studies
increases the precision of the estimates of treatment
effects, and consequently the statistical power of the
analysis (Lang & Secic, 1997). The typical graph for dis-
playing the results of a meta-analysis is called a forest
plot. The name forest plot (formerly "forrest plot" - see
Lewis & Clarke, 2001) comes from the idea that this plot
appears as a forest of lines. Each line stands for each
study included in the meta-analysis. The forest plot
allows readers to see the information from the individual
studies that are included in the meta-analysis at a glance
(Lewis & Clarke, 2001). It also provides a simple visual
representation of the amount of variation between the
results of the studies, as well as an estimate of the overall
result of all the studies together (Sutton et al., 2000). Here
below we report an example of meta-analytical study, and
we describe step by step how to read a forest plot.

The names on the first column on the left of the plot are
the names of the studies (usually the names of the first
author) included in the meta-analysis (1). Studies can be
listed according to subgroups of treatment intervention
(i.e. placebo, comparator A, comparator B and so on) or
according to other orders (i.e. alphabetical, by year of pub-
lication). Usually, results of these subgroups of studies
can be pooled and are shown in the forest plot as subtotals
[la]. The overall estimate from the meta-analysis and its
confidence intervals (CIs - see below for details) is report-
ed at the bottom of the forest plot and is represented as a
diamond [lb]. The centre of the diamond represents the
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pooled point estimate and its horizontal tips represent the
CI. Significance is achieved at the set level if the diamond
is clear of the line of no effect (that is below or above 1.0,
wich corresponds to the vertical line in the graphs).

In the "number of events" column, the results of each
study are pooled reporting the number of events out of the
number of randomised patients (sample) for each treatment
group (2). Accordingly, subtotals and total are also reported.

The results of each study are shown as squares centred
on the point estimate (3a). The same results are also
numerically reported as figures to make the graph clearer
and more readable (3b). The point estimate is the best esti-
mate of what is true for the relevant population from which
the sample is taken. In other words, it corresponds to the
estimate which has the biggest probability to be the most
reliable estimate for that study. The most precise estimates
are given the largest plotting symbols. In the graph, the
horizontal line which runs through the square shows the CI
(reported in brackets 3b). The CI is the measure of the
uncertainty associated with the point estimate and it is due
to the play of chance. Confidence limits are the lower and
upper boundaries/values of a CI, that is, the values which
define the range of a CI. The width of the confidence inter-
val gives us some idea about how uncertain we are about
the unknown parameter (real estimate). The CI gives an
estimated range of values which is likely to include the
unknown true estimate and is expressed as percentage. CIs
are usually calculated so that this percentage is 95%, but
90%, 99%, 99.9% CIs for the unknown parameter can be
produced. It should be remembered that estimates with the
widest CIs, which thus have the most visual impact, are the
least precise and generally least influential. CIs are more
informative than the simple results of hypothesis tests (p
value) since they provide a range of plausible values.

In the graph the vertical line corresponds to the risk
ratio of 1 (3c) and means that there is no difference of
effect between treatment. Risk ratio can be expressed
either as relative risk (RR) or as odds ratio (OR). The
odds for a group is defined as the number of patients in
the group who achieve the stated end point divided by the
number of patients who do not. By contrast, risk is calcu-
lated as the number of patients in the group who achieve
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Figure 1. - Graphic representation of the forest plot. Details and interpretation are discussed in the text.

the stated end point divided by the total number of
patients in the group. As the name implies, OR (or RR) is
a ratio of two odds (or two risks). They are simply defined
as the ratios of the odds (risks) of the treatment group to
the odds (risks) of the control group. An OR or RR greater
than 1 indicates increased likelihood of the stated out-
come being achieved in the treatment group. If the OR or
RR is less than 1, there is a decreased likelihood in the
treatment group. A ratio of 1 indicates no difference - that
is, the outcome is just as likely to occur in the treatment
group as it is in the control group. Statistical significance
refers to the likelihood that the results obtained in a study
were not due to chance alone. CIs may be used to assess
statistical significance. If the Cl for relative risk or odds
ratio for an estimate includes 1, then we are unable to
demonstrate a statistically significant difference between
the groups being compared; by contrast, if Cl does not
include 1, then there is a statistically significant differ-
ence. Clinical significance reflects the value of the results
to patients and could be defined as a difference in effect
size between groups that is considered to be important in
clinical decision making - regardless of whether the dif-
ference is statistically significant or not.

The bottom line of the graph (3c) is a logarithmic
scale. For the purposes of combining results of different

studies, it is recommended to work with the natural loga-
rithm of the OR, as this should provide a measure which
is approximately normally distributed.

The overall treatment effect is calculated as a weight-
ed average of the individual summary statistics (4). It
should be noted that in meta-analysis data from individ-
ual studies are not simply combined as if they were from
a single study. Each study estimate is given a weight
directly proportional to its precision, that is inversely pro-
portional to its variance and which relates closely to sam-
ple size. Greater weights are given to the results of stud-
ies that provide more information (number of events,
greater sample size), because they are likely to be closer
to the "true effect" we are trying to estimate.
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