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Whether and when to use sampling weights in analyses of
complex survey data has been the subject of substantial debate in
the statistical and epidemiologic literature; an excellent summary
of the issues is given by Korn and Graubard (1999). The exchange
in this journal (Kim, 2012; Kim and Kim, 2012; Lee and Kim,
2012) presents two different opinions on the issue. Here, we
outline some of the challenges and controversies, and provide
some guidance for future work.
Complex surveys may sample certain groups or strata at
higher rates than others, in order to ensure sufﬁcient precision
for group-speciﬁc estimates and for bias reduction. Observations
are then assigned weights to account for this over-sampling.
Additional weighting may also be applied to account for missing
data (unit non-response); observations on subjects without missing data are up-weighted in order to represent comparable
subjects with missing observations (Brick and Kalton, 1996). An
important distinction between the two kinds of weights is that
the sampling weights are usually determined by the design,
planned in advance, and considered ﬁxed and known, while the
missing-data weights are based on a model of the missingness
mechanism, i.e., the process that gives rise to missing data.
In a complex survey the weights are designed to ensure that the
sample is representative of the whole population when the weights
are taken into account. Weighted estimates of population-level
parameters (e.g., the mean of a continuous outcome variable) are
then unbiased, meaning that if the study were repeated inﬁnitely
many times, the average parameter estimate should equal the true
population parameter. There is relatively little debate on the need to
use weighted analysis for this purpose (Korn and Graubard, 1999);
it is essential when the mean outcome differs between sampling
groups, or in the complete cases vs. the full data. Weighting may be
statistically inefﬁcient when the mean outcome does not differ
between sampling groups (meaning that standard errors are large
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and conﬁdence intervals wider than other unbiased methods), but it
nevertheless provides unbiased estimation.
For estimation of associational parameters, the situation is less
clear (Korn and Graubard, 1999). There are at least three
approaches that can provide unbiased estimation. Weighted
analysis is unbiased, but again potentially statistically inefﬁcient
(giving rise to wider conﬁdence intervals). Model-based adjustment for sampling (i.e., including variables describing the survey
design) is unbiased and can be efﬁcient if models are correctly
speciﬁed, but this is based on the assumption that the model is
correct. Incorrect speciﬁcation can lead to bias and inefﬁciency.
Unadjusted analyses will be unbiased if there is no effect measure
modiﬁcation by sampling strata; that is, if the association under
study is homogeneous in each of the sampling strata. This is a
population-level assumption and is not testable.
Kim and Kim (2012) are correct in stating that their inferences are
correct for those people who completed data, i.e., internally consistent. However, it is unclear whether such an analysis is generalizable
to the entire survey population, and such generalization rests on the
untestable assumption that missingness is completely at random. On
the other hand, Lee and Kim (2012) correctly point out that weighted
analyses are unbiased, and do not rely on such assumptions.
In summary, investigators should approach estimation in complex
surveys with care. If one is interested in estimating population
parameters, weighted analysis is recommended. For associational
parameters, weighted analysis is unbiased, but statistically inefﬁcient.
Model-based analysis is unbiased and more efﬁcient, if the modeling
assumptions are correct, but these are almost impossible to verify.
Finally, unweighted analysis as conducted by Kim and Kim, depends
for generalizability on important untestable assumptions but can be
much more precise than weighted analyses if these assumptions hold.
A conservative approach might involve comparing the various
analyses; if weighted and unweighted results are similar, efﬁciency
would favor recommending the unweighted analysis. If they differ,
investigation of model-based analyses would allow for better understanding of the impact of the sampling scheme on results.
The most appropriate approach for each speciﬁc case depends
on the usual statistical trade-off; an unbiased estimate is possible
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with minimal assumptions, while a potentially more efﬁcient
estimate depends on validity of assumptions, either about the
data or models or both.
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