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Qin, Liu and Li (henceforth QLL) review methods for
combining information using empirical likelihood and
related approaches; many of these ideas originated in
the earlier work of Jing Qin. I thank the authors for
their review, and for the opportunity to contribute to
its discussion. I have little to say about technical aspects,
which are well established but will comment briefly on
broader aspects of data integration, and implications for
methods like those in the article. I will focus on settings
where there is a response variable Y and covariates X,
Z and assume the target of inference is either the dis-
tribution f (y | x, z) of Y given X, Z or the ‘marginal’
distribution fm(y | x) of Y given X. In health research
Y might represent (time to) the occurrence of some
specific event, and X, Z covariates, exposures or inter-
ventions. The distribution f (y | x, z) is important for
individual-level decisions; in settings where X repre-
sents interventions fm(y | x) is relevant in randomized
trials and comparative effectiveness research.

The authors consider two main topics in data inte-
gration: (i) the use of external auxiliary data to augment
the analysis of a specific ‘internal’ study, and (ii) the
combination of data from separate studies with a view
to estimation or tests for common parameters or fea-
tures. They focus on situations where, aside from the
internal study in the topic (i), data are in summarized
form; they note results showing that combining sum-
mary information from each study is asymptotically as
efficient as combining individual-level data and show
that EL methods have this property. However, these
results make strong assumptions about distributions of
variables being the same in the different studies; fail-
ures of these assumptions for methods like those in
the article can lead to biased estimation or to estimates
whose interpretation is unclear. Various authors (e.g.
Estes et al., 2018; Han and Lawless 2016; Han & Law-
less, 2019) have for example shown that for topic (i),
estimates of covariate effects in a model for f (y | x, z)
using augmentation with external data on (Y ,X) can
be significantly biased when the distributions of (X,Z)

in the internal study and external data source dif-
fer. For topic (ii), heterogeneity of parameter values
across studies is well recognized inmeta-analysis, and is
often addressed by incorporating random study effects
(QLL, Section 2.2; DerSimonian & Laird 1986); how-
ever, interpretation of combined estimates is often
problematic.

For the topics considered, there is in general no sub-
stitute for a comparison of data sources so as to assess
their compatibility. Individual-level data are typically
needed to compare distributions across data sources
and to validate assumptions used for data integration,
though in some settings this can be done with suffi-
ciently granular summary data. Consider topic (i) and
an internal study that records data (Y ,X,Z), with the
focus on inference for f (y | x, z); external auxiliary sum-
mary data are available for (Y ,X). It is possible (e.g.
Han& Lawless, 2019; Kundu, Tang, &Chatterjee, 2019)
to test whether the joint distribution of (Y ,X,Z) is the
same in the internal study population and the popu-
lation by providing a summary auxiliary information.
However, aside from settings where these two pop-
ulations are the same (e.g. as in the use of calibra-
tion in survey methodology, or in two-phase studies
where phase 1 and phase 2 samples are drawn from the
same population), this is rarely the case; distributions
of (X,Z) usually differ, and the conditional distribu-
tions f (y | x, z)may also differ. At aminimum, checks of
compatibility should involve a comparison of summary
external data with analogous data from the internal
study. This might require ingenuity or additional aux-
iliary data in some settings, for example, if the internal
study is a case–control study providing information on
P(X,Z |Y) and the external data provide information
on P(Y ,X).

Topic (ii), discussed in QLL Section 6, has a huge lit-
erature, much of it under the heading of meta-analysis.
Consider studies i = 1, . . . ,K as in QLL and estima-
tion of a regression coefficient βX based on a (gener-
alized) linear model for fm(y | x); this is common in
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meta-analyses of randomized trials. Distributions or
models that condition on multiple covariates are more
likely to be similar across populations than marginal
models (e.g. Keiding & Louis, 2016), so let’s assume
the conditional distributions f (y | x, z) are the same
across studies, where Z represents some ‘maximal’ set
of covariates. If there is an XZ interaction in the distri-
bution f (y | x, z) then the coefficients βXi differ unless
(X,Z) has the same distribution in each study pop-
ulation. This is uncommon even when X represents
a randomly assigned treatment in each study and so
is independent of Z. Variation in treatment effects
βXi motivates random effects meta-analysis where, as
outlined by QLL (Section 2.2), studies i = 1, . . . ,K
are assumed to target a common estimand θ , but
the values θi may vary across studies according to
a model with E(θi) = θ0, SD(θi) = τ . Parameters θ0
and τ can be estimated (DerSimonian & Laird 1986)
but a key question is how to interpret θ0, especially
if the θi do not measure exactly the same thing. In
the illustration here, regression coefficients θi = βXi
represent marginal effects of X in each study popu-
lation. One might say this means the same thing in
each population but if the distribution of Z and the
βXi vary substantially across studies, combining them
may make little sense. DerSimonian and Laird (2015)
view meta-analysis ‘as providing an overall summary
of what has been learned, as well as a quantitative
measure of how results differ, above and beyond sam-
pling error’ but recognize problems associated with
very diverse results, and the need to examine individ-
ual study conditions to assess sources of differences.
Meta regression (e.g. Thompson and Higgins (2002)),
in which study-level covariates are used to explain
variation in estimates across studies, can be applied
more broadly to data integration that is based on sum-
mary measures. Analyses of variation in results across
studies provide the most valuable insights in some
situations.

Finally, it is not the focus of QLL, but many authors
have recently discussed the combination of informa-
tion for the formulation of predictive models (e.g. Gu
et al., 2021; Kundu, Tang, & Chatterjee, 2019). Mod-
els that give predictive probabilities are best compared
using scoring rules that address both calibration and
sharpness (e.g. Gneiting & Katzfuss, 2014); the Brier
Score is a common measure for assessing predictive

distributions for binary outcomes Y such as experienc-
ing (Y = 1) or not experiencing (Y = 0) some event by
a given time t. Papers often focus on improvements in
the estimation of regression coefficients from combin-
ing data or models from different sources. However, for
well-calibrated models, substantial gains in predictive
performance arisemostly from the discovery and incor-
poration of new covariates or covariate effects with high
explanatory power. Increases in the precision of estima-
tion usually have a small effect and gains in predictive
performance from data integration alone tend to be
modest (e.g. see Kundu, Tang, & Chatterjee, 2019).
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