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Description
estat heterogeneity computes multilevel heterogeneity statistics after multilevel meta-regression

fit by meta multilevel or meta meregress.

Menu for estat
Statistics > Postestimation

Syntax
estat heterogeneity [ , relevel(levelvar) ]

Option

� � �
Main �

relevel(levelvar) displays the amount of the total heterogeneity that can be attributed to a specific level

of hierarchy defined by levelvar. This option affects the multilevel Higgins–Thompson 𝐼2 statistic.

Remarks and examples
For multilevel meta-regression models, estat heterogeneity reports Cochran’s statistic and the

Higgins–Thompson 𝐼2 statistic. Cochran’s 𝐼2
Q is available for all models fit by meta meregress or

meta multilevel, whereas the Higgins–Thompson 𝐼2
HT and 𝐼2

HT, 𝑙 statistics are available after meta
multilevel and random-intercepts multilevel models (models with no random slopes) fit by meta
meregress.

The Cochran 𝐼2
Q is based on 𝑄M, a multilevel extension of the Cochran statistic 𝑄res defined in (3)

in Methods and formulas of [META]meta regress. Cochran’s 𝐼2
Q does not depend on the random-effects

component of the multilevel meta-regression model; therefore, its value does not change for models

with the same fixed-effects component. Because 𝐼2
Q does not depend on the random-effects component

of the model, it may be computed for all multilevel meta-regression models (with or without random

slopes). It quantifies the heterogeneity among the effect sizes jointly for all levels of hierarchy and has a

similar interpretation to the 𝐼2 statistic reported in standard meta-analysis or standard meta-regression.

This statistic reduces to the 𝐼2
res [see (4) in Methods and formulas of [META]meta regress] based on the

DerSimonian–Laird random-effects method in the standard meta-analysis setting.

The multilevel Higgins–Thompson 𝐼2
HT and 𝐼2

HT, 𝑙 (Nakagawa and Santos 2012; Cheung 2014) statis-

tics are defined for multilevel models with random intercepts only (without random slopes). These statis-

tics can be computed separately for each level of hierarchy and jointly for all levels of hierarchy in the

model. Therefore, they quantify the contribution of each level of hierarchy to the total heterogeneity, in

addition to their joint contribution.
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See example 3 of [META] meta meregress for assessing heterogeneity in multilevel meta-analysis

models.

Stored results
estat heterogeneity stores the following in r():
Scalars

r(I2 Q) Cochran 𝐼2
Q heterogeneity statistic

Matrices

r(I2 HT) Higgins–Thompson 𝐼2
HT and 𝐼2

HT, 𝑙 heterogeneity statistics

Methods and formulas
Methods and formulas are presented under the following headings:

Multilevel heterogeneity statistics
Cochran heterogeneity statistic
Higgins–Thompson heterogeneity statistics

Multilevel heterogeneity statistics
See Methods and formulas of [META] meta meregress. We will discuss two types of multilevel 𝐼2

statistics: Cochran’s 𝐼2
Q and the Higgins–Thompson 𝐼2

HT, 𝑙 and 𝐼2
HT. Cochran’s 𝐼2

Q does not depend on

the random-effects component of the multilevel meta-regression model, whereas the Higgins–Thompson

𝐼2
HT, 𝑙 and 𝐼2

HT are defined for multilevel models with random intercepts only (with no random slopes).

Therefore, we will use the random-intercepts three-level meta-regression to illustrate their computations.

Consider the three-level random-intercepts meta-regression model

̂𝜃𝑗𝑘𝑟 = x𝑗𝑘𝑟β + 𝑢(3)
𝑗 + 𝑢(2)

𝑗𝑘 + 𝜖𝑗𝑘𝑟

where 𝑢(3)
𝑗 ∼ 𝑁(0, 𝜏2

3 ) and 𝑢(2)
𝑗𝑘 ∼ 𝑁(0, 𝜏2

2 ). Let X𝑗, θ̂𝑗, and ε𝑗 be defined as in Methods and formulas

of [META] meta meregress, and then the model can be written in matrix form as

θ̂𝑗 = X𝑗β + ̇Z𝑗u̇𝑗 + ε𝑗, 𝑗 = 1, 2, . . . , 𝑀

where 𝑚𝑗. × (𝑚𝑗 + 1) matrix Ż𝑗 = (1𝑚𝑗.
, ⊕𝑚𝑗

𝑘=11𝑚𝑗𝑘
) and (𝑚𝑗 + 1) × 1 vector of random effects

u̇𝑗 = (𝑢(3)
𝑗 , 𝑢(2)

𝑗1 , 𝑢(2)
𝑗2 , . . . , 𝑢(2)

𝑗𝑚𝑗
)′.

Cochran heterogeneity statistic

The multilevel 𝑄M is defined as

𝑄M =
𝑀

∑
𝑗=1

(θ̂𝑗 − X𝑗β̂𝑓)
′
𝚲−1

𝑗 (θ̂𝑗 − X𝑗β̂𝑓)

where β̂𝑓 is a fixed-effects estimator obtained by fitting a standard fixed-effects meta-regression (see

[META]meta regress) of the ̂𝜃𝑗𝑘’s on the moderators defining the X𝑗 matrix. Cochran’s 𝐼2
Q is defined as

𝐼2
Q = 100 × max(0, 𝑄M − 𝑛 + 𝑝

𝑄M

)
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One drawback of the Cochran statistic is that it assesses only the impact of heterogeneity jointly for all

levels of hierarchy. It may be of interest to separately investigate the extent of each level of hierarchy’s

contribution to the total variability. This will be possible with the heterogeneity statistics discussed below.

Higgins–Thompson heterogeneity statistics

For a level 𝑙 (𝑙 = 2 and 𝑙 = 3 here), the Higgins–Thompson 𝐼2
HT statistics are defined as

𝐼2
HT, 𝑙 = ̂𝜏2

𝑙
̂𝜏2
2 + ̂𝜏2

3 + 𝑠2
HT

, 𝑙 = 2, 3

𝐼2
HT = ̂𝜏2

2 + ̂𝜏2
3

̂𝜏2
2 + ̂𝜏2

3 + 𝑠2
HT

where ̂𝜏2
𝑙 is the estimated variance of the random intercepts at level 𝑙 = 2, 3 and 𝑠2

HT is defined below.

When option relevel(levelvar) is specified, then only 𝐼2
HT, 𝑙 is reported by estat heterogeneity,

where 𝑙 corresponds to the level identified by variable levelvar.

Let 𝑋 = (X′
1,X′

2, . . . ,X𝑀)′
and 𝚲 = ⊕𝑀

𝑗=1𝚲𝑗. The level-1 variance 𝑠2
HT is computed similarly to 𝑠2

in Residual heterogeneity measures in Methods and formulas in [META] meta regress and is given by

𝑠2
HT = 𝑛 − 𝑝

tr(P)

where 𝑛 = ∑𝑀
𝑗=1 𝑚𝑗 is the total number of observations and

P = 𝚲−1 − 𝚲−1
X (X′𝚲−1

X)
−1
X′𝚲−1.

The 𝐼2
HT, 𝑙 and 𝐼2

HT statistics reduce to 𝐼2
res reported by (4) in Methods and formulas of [META] meta

regress when there are two levels of hierarchy in the model.
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Also see
[META] meta me postestimation — Postestimation tools for multilevel mixed-effects meta-analysis

[META] meta meregress — Multilevel mixed-effects meta-regression

[META] meta multilevel — Multilevel random-intercepts meta-regression
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