
Methodological letter

Assessment of heterogeneity in meta-analysis§

Evaluación de la heterogeneidad en el metaanálisis
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One of the greatest challenges and limitations of meta-

analysis is deciding which studies are or are not eligible.

Clearly combinable are those in which the research hypothe-

sis completely coincides. Unfortunately, studies differ for

various reasons: in the definition and severity of the

pathology; the study country; the study design characteristics,

and the participating populations, etc., with the last two being

of greatest significance.1–3

The concept of heterogeneity arises from these differences

and may be defined as the inter-study variability existing

between the effect size estimates.2–4

Study design characteristics may have an effect here1,3:

1) The intervention assignment process: a) the selection of

the cohort through pragmatic studies, which have high

external validity, or explanatory studies with low

internal validity; b) randomisation; c) masking; d) the

type of analysis, which, if by protocol, overestimates the

differences or if by intention to treat, underestimates

them.

2) Monitoring of patients during the study.

The characteristics of the study’s participating populations

may also have an effect1,3:

1) Variations in the same surgical technique not reflected in

the studies.

2) The representation of special risk subgroups.

3) The type of effect related to the exposure or intervention.

The same intervention can have different results or effects

due to patient variability.

As a result, all meta-analysis must analyse the amount of

heterogeneity existing among the included studies. There are

several statistical and graphical methods to evaluate the

degree of heterogeneity.

Regarding statistical methods, the most used are the

following1–5,6: (Fig. 1)

- Cochrane’s Q test: is a statistic based on a Chi-square test

that considers the deviations between the results of each

study and the global result, according to the weight of the

study with respect to the global result. Its limitations include

loss of power when the number of studies is small. It thus

tends to be compensated by considering it statistically

significant and heterogeneous from p values under .10.

- I2: expresses the percentage of heterogeneity in the meta-

analysis, with values between 0% (homogeneous) and 100%

(totally heterogeneous). Values below 25% are considered to
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indicate low heterogeneity and values above 75% to indicate

high heterogeneity. If values are between 25%–75%

Cochrane’s Q test may be used as support.

Regarding graphical methods, the most used are the

following1–5:

- Forest plot or diagram: if the confidence intervals of the

effect measure used in the different studies do not overlap

each other, it is heterogeneous. In other words, if the

graphical representation of the studies adopts a ‘‘stack of

coins’’ shape, it indicates homogeneity (Fig. 1).

- Galbraith’s radial plot: this can be used in both observational

and experimental studies. It represents the precision of each

study (X-axis) against its standardised effect (Y-axis), along

with the fitted regression equation line and confidence

bands. The points outside these bands contribute the

greatest heterogeneity to the analysis, whereas if all the

points were located within the said bands, we would speak

of homogeneity. The position of each study on the precision

axis indicates the weight of its contribution to the overall

study, with those of greatest weight being on the right side of

the graph7 (Fig. 2).

- L’Abbé plot: this is a useful tool when working with a

dichotomous response in clinical trials. In it, the proportion

of events in the control group (X axis) is represented against

the proportion of events in the treatment group (Y axis) and

their position with respect to the bisector. Each of the points

in the plot represents the measure of association of each

study, in such a way that, above the diagonal, there are

studies favourable to the treatment, while, below it, there

are those favourable to the control group. Heterogeneity is

interpreted according to the dispersion of the points with

respect to the bisector.8 (Fig. 2).

The presence or absence of heterogeneity will determine

the analysis method that should be used use1–3,5:

- If there is no heterogeneity or it is very low, the fixed-effects

model analysis will be performed. This model assumes that

study size and intra-study variability (variance) are the only

determinants of the weight of each individual study within

the meta-analysis.

- If heterogeneity exists, the random-effects model should be

used. This model considers both intra-study and inter-study

variability. It has two fundamental limitations: firstly, it

tends to increase the variance of the meta-analysis result,

reducing the possibility of finding a significant result

(decreased power) and secondly it generates wider confi-

dence intervals, thus granting excessive weight to studies

with small sample size. Whenever the presence of hetero-

geneity is detected, its cause should be investigated. To do

this, a subgroup analysis or a (more efficient) meta-

regression is used, allowing us to explore whether the

characteristics of the patients, the methodologies or other

aspects of the studies may have generated heterogeneity.1,3

Fig. 1 – Statistical interpretation and Forest Plot of heterogeneity using simulated data and authors. A) Homogeneous study

(Cochrane’s Q P > .1 and I2 = 0). B) Heterogeneous study (Cochrane’s Q P < .1 and I2 with intermediate values).
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Fig. 2 – Graphical interpretation of heterogeneity using simulated data. A) Galbraith’s plot B) L’Abbé plot.
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