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The development of sophisticated methods for analy-
sis of complex epidemiologic data is an exciting area of
methodologic research. However, investigators frequently
face more basic issues that challenge proper interpretation
of study results. Nondifferential exposure misclassification
is 1 such example and seems straightforward superficially.
Complicated (and perhaps realistic) scenarios of nondiffer-
ential exposure misclassification, with correlated exposure
and outcome measurement error, for example, have been
described. However, even the simple case of nondifferential
misclassification with a dichotomous exposure may be not
so simple.

The term nondifferential misclassification of exposure
is generally understood to bias estimates toward the null,
but the meaning of this concept and the implications to
research in practice are subjects of longstanding misun-
derstanding. In 2001, failure to acknowledge and accu-
rately interpret the effects of exposure misclassification was
described as commonplace in epidemiologic research (1),
and certain points of confusion persist. In particular, the con-
nection between the likelihood of exposure misclassification
being related to the outcome and how misclassification
occurs in a given data set and how bias from misclassi-
fication is related to error in a given study are prone to
misperceptions.

In this article, we consider nondifferential misclassifica-
tion of exposure in terms of likelihood vs. occurrence, and
error versus bias to describe how misclassification can affect
results and inferences. For simplicity, we restrict considera-
tion to a prospective cohort study with dichotomous expo-
sure misclassified (with probabilities sensitivity (SE) and
specificity (SP)) and measured prior to incident outcomes.
Also assuming a perfectly measured dichotomous outcome
and no confounding or bias, we consider the following in
regard to nondifferential misclassification of exposure:

1) What is meant by nondifferential?
2) How does nondifferential misclassification of exposure

affect an individual study?

3) Counterintuitive effects of nondifferential misclassifi-
cation of exposure.

4) How should nondifferential misclassification of expo-
sure be addressed?

WHAT IS MEANT BY NONDIFFERENTIAL?

Nondifferential misclassification of exposure is described
in vague and inconsistent terms in texts and published
research that may create confusion about what, precisely,
nondifferential references. Sometimes, the term refers to the
degree of misclassification or the proportion of subjects
misclassified. These descriptions imply nondifferential
misclassification of exposure is the occurrence of mis-
classification of exposure that is the same in cases and
noncases in a study. Examples where misclassification is
exactly equivalent in data (as in Table 1, classification B)
are often used to illustrate nondifferential misclassification
of exposure.

However, interpreting nondifferential misclassification of
exposure as exactly equal misclassification of exposure by
outcome in a study is flawed. For one, it is impractical.
Investigators would require complete data on both measured
and true exposure status for all individuals in the study
to determine nondifferential misclassification of exposure
defined this way. This can be useful to illustrate misclas-
sification; however, the notion of a data set that includes
correct exposure, misclassified exposure, and outcomes for
all individuals is implausible. More likely is this: Investiga-
tors design a study and measure exposure using an approach
subject to misclassification that can reasonably be expected
to be unrelated to outcomes. Nondifferential in this context
means the probability of misclassification is the same in all
study groups, for example, defined by outcome (2, 3). The
probability of misclassification can be evaluated prior to data
collection, on the basis of pilot data, study design, logic, and
reason.
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Table 1. Hypothetical Cohort Study Data With True Exposure Classification

Proportion Correctly
Classified as Exposed

Outcome
Scenarioa

Cases Noncases

Exposure

No. of Cases No. of Noncases Total Observed Risk R̂R

A 1 1 Actually exposed 100 900 1,000 0.100 2.00

Actually unexposed 50 950 1,000 0.050

B 0.90 0.90 Measured exposed 90 810 900 0.100 1.83

Measured unexposed 60 1,040 1,100 0.055

C 0.89 0.88 Measured exposed 89 792 881 0.101 1.85

Measured unexposed 61 1,058 1,119 0.055

D 0.92 0.87 Measured exposed 92 783 875 0.105 2.04

Measured unexposed 58 1,067 1,125 0.052

Abbreviation: RR, risk ratio.
a Classification A and varying scenarios with observed exposure as measured using a test with sensitivity = 0.9 and specificity = 0.1

Classifications B–D by proportion correctly classified on exposure status in cases and noncases.

HOW DOES NONDIFFERENTIAL MISCLASSIFICATION
OF EXPOSURE AFFECT AN INDIVIDUAL STUDY?

The distinction between these 2 interpretations of nondif-
ferentiality (i.e., equal occurrence vs. equal probability of
misclassification) is more than just a matter of semantics.
When dichotomous exposure is misclassified with the same
exact SE and SP in cases and noncases, risks in the measured
exposure groups appear more similar to one another, and
magnitudes of measures of association will be underesti-
mated. Simple formulas have been described to estimate
the measure of effect had there been no misclassification
(4). However, in practice, the nondifferentiality generally
refers to the probability of misclassification rather than the
realized misclassification proportion. In prospective studies
with dichotomous exposure measured with error before and
independent of outcomes, it is generally fair to conclude the
study will be affected by nondifferential misclassification of
exposure—exposure misclassification with equal probabil-
ity in persons who go on to develop outcomes and those who
do not. Nevertheless, it is highly unlikely that the occurrence
of misclassification will be exactly equal between groups,
due to chance.

Because nondifferential misclassification of exposure
is defined in terms of probability, its realized impact on
estimated measures of association in a given study is not
completely predictable; instead, realized impact depends
on manifestation (i.e., how misclassification occurs in that
study). In a study affected by nondifferential misclassifica-
tion of exposure but where misclassification is not exactly
equal between cases and noncases, results can underestimate
the true measure of effect (Table 1, classification C) if risks
in observed exposure groups are more similar than when
risks are compared between true exposure groups. This is
the commonly understood case of bias toward the null. But,
it is also possible for unequal exposure misclassification
to occur between outcome groups, such that the result

overestimates the truth (Table 1, classification D). It would
be incorrect to describe this estimate as “biased away
from the null.” Rather, this particular study resulted in
an overestimate, regardless of any bias. Bias is not the
difference between a particular study result and the truth—
that is error. Bias is a tendency—the difference between the
true value of a parameter and the expected value based on
(usually hypothetical) repetitions of a study. The potential
for such counterintuitive findings was described at length
by Jurek et al. (3). In practice, our challenge is the conduct
and interpretation of results from single, nonhypothetical
studies; this point remains underappreciated.

COUNTERINTUITIVE EFFECTS OF NONDIFFERENTIAL
EXPOSURE MISCLASSIFICATION

The scenario in Table 1, classification D, provides a
hypothetical example of study data that yield an overesti-
mate despite nondifferential misclassification of exposure
in probability. But, a single example does not provide
information regarding how commonly such results may
occur or why. Simulations are useful for this purpose. By
generating data for many studies from the same underlying
truth, simulations enable evaluation of errors in individual
studies, and of bias, as the average error from repeated
studies. So, we performed a simulation study generating
500 data sets, each with n = 5,000 for scenarios (s1–s25)
with varying degrees of exposure-measurement error. Each
data set included dichotomous outcome, dichotomous true
exposure (X) that doubles outcome risk (i.e., risk ratio
(RR) = 2.0), and measured exposure (Z) with nondifferential
misclassification of exposure, with values determined with
equal probability of misclassification (as reflected by SE
and SP) for cases and noncases. Varying SE and SP, we
calculated estimates for each of the 500 “studies” on the
basis of true exposure (R̂RX) and measured exposure ˆ(RRZ),
considered errors in individual studies. Geometric mean
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Table 2. Simulation Study From 25 Scenarios of Varying Sensitivity and Specificitya

Geometric Mean Maximumc

Scenario Sensitivity Specificity

R̂Rx R̂Rz

Bias
% Studies

R̂RZ > R̂RX
b

Max(R̂Rx) Max(R̂Rz)

1 1.00 1.00 1.99 1.99 0.00 0.0 2.86 2.86

2 1.00d 0.95d 2.00d 1.69d −0.31d 1.6d 2.95d 2.69d

3 1.00d 0.80d 2.00d 1.36d −0.64d 0.4d 2.98d 1.97d

4 1.00 0.60 1.97 1.22 −0.75 0.0 3.23 1.83

5 1.00d 0.40d 1.99d 1.16d −0.83d 0.2d 3.15d 1.82d

6 0.95d 1.00d 1.99d 1.98d −0.01d 46.2d 3.10d 3.00d

7 0.95d 0.95d 1.99d 1.66d −0.33d 3.0d 2.99d 2.54d

8 0.95d 0.80d 2.00d 1.35d −0.65d 0.2d 2.99d 1.99d

9 0.95 0.60 2.00 1.20 −0.79 0.0 3.05 1.76

10 0.95d 0.40d 1.96d 1.13d −0.84d 0.2d 2.94d 1.59d

11 0.80d 1.00d 1.99d 1.94d −0.05d 38.0d 3.03d 3.08d

12 0.80d 0.95d 1.98d 1.59d −0.39d 4.0d 3.07d 2.52d

13 0.80 0.80 2.00 1.28 −0.73 0.0 3.20 1.79

14 0.80 0.60 1.99 1.14 −0.85 0.0 2.90 1.60

15 0.80 0.40 1.96 1.08 −0.88 0.0 3.27 1.55

16 0.60d 1.00d 1.99d 1.90d −0.09d 37.2d 2.99d 2.98d

17 0.60d 0.95d 1.98d 1.51d −0.48d 1.8d 2.92d 2.25d

18 0.60d 0.80d 1.98d 1.19d −0.79d 0.2d 3.16d 1.75d

19 0.60d 0.60d 1.99d 1.07d −0.91d 0.2d 2.81d 1.65d

20 0.60 0.40 1.99 1.00 −0.99 0.0 3.22 1.40

21 0.40d 1.00d 1.98d 1.85d −0.13d 40.2d 2.77d 3.27d

22 0.40d 0.95d 1.96d 1.36d −0.60d 1.8d 3.33d 2.17d

23 0.40 0.8 1.98 1.09 −0.89 0.0 2.87 1.58

24 0.40 0.6 2.01 1.00 −1.01 0.0 3.12 1.43

25 0.40 0.4 1.96 0.93 −1.03 0.0 3.25 1.32

Abbreviations: Max, maximum from 500 data sets; RR, risk ratio; R̂R, estimated risk ratio.
a For each combination of sensitivity and specificity, 500 studies with n = 5,000 were generated with probability of exposure of 0.10 and

a true risk ratio of 2. The maximum risk ratio using correctly measured exposure (R̂Rx) is from an individual study and represents sampling
variability. The maximum R̂Rz represents a combination of misclassification and sampling variability.

b Percentage of 500 studies (each with n = 5,000) in which misclassification resulted in overestimates ( R̂Rz > R̂Rx).
c Maximum individual study estimate.
d Scenarios in which ≥1 of the 500 studies resulted in an R̂R using misclassified exposure that exceeded the estimate based on correctly

measured exposure; bias was determined by comparison of geometric mean estimates from 500 data sets.

estimates were determined and compared to determine bias
as the expected error across studies (Table 2).

For comparison, scenario 1 (s1) reflects no misclassifica-
tion and thus no resultant bias; estimates vary due to sam-
pling variability only. Bias was toward the null in all scenar-
ios with nondifferential misclassification of exposure (i.e.,
s2–s25). With substantial misclassification, (e.g., s23–s25),
biases were large and each of the 500 individual study results
was an underestimate. However, in other scenarios, despite a
bias toward the null, some individual study estimates based
on misclassified exposure ˆ(RRZ) were further from the null
than those based on true exposure (R̂RX). For example, with
SE of 0.95 and SP of 1 (s6)—roughly corresponding to
measurement of smoking status using serum cotinine—

nondifferential misclassification of exposure resulted in a
small bias toward the null; but, overestimates of effect were
observed in 46% of studies (n = 230 of 500). These over-
estimates were generally small, but not always; in 1 of the
data sets with SE of 0.4 and SP of 1 (s21), the RRz was 3.27,
whereas the RRx was 2.52.

HOW SHOULD NONDIFFERENTIAL
MISCLASSIFICATION OF EXPOSURE BE ADDRESSED?

As shown in the simulation study, in the specific setting
of a dichotomous exposure with nondifferential mis-
classification of exposure and errors uncorrelated with
outcomes, the result is a bias toward the null, as observed
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in a large number of study repetitions. Notably, even in
circumstances where bias is always toward the null, our
concern is interpretation of an individual study result in
practice. Error in a study is not the same as bias as a tendency
across studies, and there is no guarantee that an estimate
from a study affected by nondifferential misclassification of
exposure will be an underestimate. Probabilistic quantitative
bias analysis has been described by various authors as an
approach to provide insights about a plausible range of
values for a measure of association. Using observed data
and estimates for SE and SP, this kind of analysis can
aid interpretation of findings by allowing for a degree of
uncertainty in misclassification, as occurs in practice. The
notion that nondifferential misclassification of exposure
causes a bias toward the null and, therefore, results under-
estimate the true association is an oversimplification that is
often not accurate. Taking additional complexities that can
arise in other circumstances into account (e.g., dependent
misclassification error and multilevel categorical expo-
sures), caution is warranted to appropriately acknowledge
exposure misclassification in practice when interpreting
findings.
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