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ANALYSIS OF CASE-CONTROL DATA DERIVED IN PART FROM
PROXY RESPONDENTS

ALEXANDER M. WALKER,1-2 JOHAN P. VELEMA,2 AND JAMES M. ROBINS'

In the conduct of case-control studies, it
has been a general experience that some
cases are identified only after death, and
that others cannot be personally inter-
viewed because of extreme morbidity. As a
way of dealing with the dilemma of obtain-
ing data on unavailable cases, investigators
have sometimes chosen to interview a rel-
ative or friend (a proxy respondent) whose
responses are based on his or her knowledge
of the lifestyle, medical history, occupa-
tional history, etc., of the unavailable index
subject. The same procedure may be used
for controls who are unable to respond per-
sonally to the questions of the investigator.

Some methodological inquiries have been
carried out to assess the agreement between
index (i.e., personally interviewed) and
proxy respondents. In these studies, the
proxy respondents have usually been the
spouses of the index respondents, and the
questions have most often concerned the
frequency and/or quantity with which
foods were consumed (1-4). Results from
these studies show a high concordance be-
tween group level aggregate measures, such
as mean nutrient intake or mean frequency
of consumption, estimated from index and
proxy responses. On an individual level,
however, dietary information obtained
from proxy respondents appears to have
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been a relatively crude substitute for index
responses, as evidenced by kappa values
that rarely exceed 0.5.

It is difficult to generalize about the util-
ity of different kinds of proxy respondents.
Humble et al. (4) reported, for example,
that kappa values were lower when men
responded to food frequency questionnaires
for their wives than when the wives did so
for their husbands, suggesting that hus-
bands may be less informative proxy re-
spondents than their wives in dietary stud-
ies. By contrast, Cahalan (5) indicated that
men know more about their wives' drinking
habits than do women about their hus-
bands' drinking habits. Wives' recall of
their deceased husbands' jobs has been
found to vary according to the duration of
the job (6).

The problems introduced by the use of
proxy respondents can be seen in data from
Rogot and Reid's (7) report of spouse re-
sponses to questionnaires that were similar
to ones administered several years earlier
to index subjects who had died in the in-
terim (table 1). To illustrate the effect, we
have assigned a "tobacco exposure score"
to each individual, based on his self-
reported level of tobacco use, and we have
calculated the average score across the rows
of table 1, which correspond to categories
of proxy-reported tobacco use. The row av-
erages provide an index of self-reported
tobacco exposure within each category of
proxy response. Proxy respondents have
produced a net overestimate of exposure in
this case: The average exposure score com-
puted from proxy responses is (1,186 * 0 +
104 * 0.1 + 171 • 0.5 + 278 * 1.0 + 214 *
1.5)/1,953 = 0.36, as opposed to 0.31 from
the index responses. More seriously, the
true exposure differences between the
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TABLE l

Cigarette smoking from index and next-of-kin interviews, British and Norwegian immigrants to the
United States

Proxy
response

NC (0)t
OC (0.1)
<1 (0.5)
1 (1.0)
>1 (1.5)

Total

NC*
(0)t

1,133
49
26
30
9

1,247

OC
(0.1)

13
18
4
6
1

42

Index response

(0.5)

27
31
92
90
39

279

1
(1.0)

7
5

43
113
73

241

(1.5)

6
1
6

39
92

144

Total

1,186
104
171
278
214

1,953

Average
index
score

0.03
0.23
0.58
0.78
1.08

0.31

* Response abbreviations: NC, not current smokers; OC, occasional smokers; <1, 1, >1, less than one, one,
more than one pack per day current smoker, respectively,

t Cigarette exposure level score given in parentheses.

proxy-derived categories are smaller than
those between the index-derived categories.

Investigators have employed a variety of
devices to deal with proxy information in
their data sets. For example, McLaughlin
et al. (8) selected two control groups, one
composed of living, directly interviewable
persons, the other of deceased persons, for
whom proxy respondents were interviewed;
the information for cases, obtained from
either index or proxy respondents, was
compared with the data for both control
groups. Heyman et al. (9) were forced to
obtain case information from proxies in a
study of Alzheimer's disease, because cases
with this condition could not respond di-
rectly; the investigators obtained both
index and proxy interviews for controls.
Presentation of results included odds ratios
obtained from proxy case-control compari-
sons and a corresponding measure of proxy-
index agreement, calculated for each vari-
able from the controls.

Multiple interview protocols can be ex-
pensive and difficult to implement. Some
investigators have therefore simply in-
cluded the information obtained from
proxy respondents in their data sets as
equivalent to the information obtained
from index respondents (10, 11). Others
(12, 13) have adjusted estimates of mea-
sured associations of exposure and disease
by including in their logistic models an
indicator variable to distinguish proxy from

index respondents. When there is one ex-
posure of interest, estimates obtained by
this latter procedure are equivalent to the
maximum likelihood estimates of an odds
ratio that is assumed to be constant over
the strata defined by respondent status.

While each of these approaches may be
defensible under particular circumstances,
criteria by which to judge the appropriate-
ness of any one approach are not well es-
tablished, and the data presented rarely
permit the reader to form an independent
opinion on this point. In the following, we
suggest a course of analysis of mixed proxy-
index data sets that will provide point and
interval estimates of effect whose bias is
approximately known. The analytic proce-
dure that we will recommend should also
give insight into the divergence between
index- and proxy-based inference in a par-
ticular analysis.

STATISTICAL CONSIDERATIONS

For the purpose of developing our argu-
ments, we will assume in this section 1)
that disease is correctly classified, 2) that
proxy response is the sole source of classi-
fication error, 3) that the probabilities of
misclassification are the same among proxy
respondents for cases and proxy respon-
dents for controls, and 4) that among cases,
the probability of obtaining an index inter-
view is independent of exposure status, and
similarly among controls.
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In the absence of misclassification, the
ratio of case to control counts at each ex-
posure level corresponds to the disease in-
cidence rate in the underlying population
from which cases and controls are drawn,
divided by the ratio of sampling parameters
for cases and controls. The latter may be
unknown, and as a result the ratio of the
incidence rates in the two exposure cate-
gories, rather than the incidence rates
themselves, is estimated by dividing one of
the case-control ratios by the other. This
value, the odds ratio, is the usual measure
derived from case-control analyses.

The net effect of exposure misclassifica-
tion is to permit migration of cases and
controls between exposure categories. It is
not possible in the general case to predict
the direction of bias that results from mis-
classification, even under the assumption
that identical reclassification matrices ap-
ply to the cases and controls. Table 2 gives
an example of a reclassification matrix in
which extreme values of exposure tend to
be reported as intermediate values; a pro-

TABLE 2

A reclassification matrix that does not give rise to bias
in odds ratio estimates

Reported
exposure level

Low
Moderate
High

Disease status

Cases
Controls
Odds ratio

Disease status

Cases
Controls
Odds ratio

The matrix
True exposure

Low Moderate

0.75 0.00
0.25 1.00
0.00 0.00

True data
Exposure

Low Moderate

100 200
200 200
1 2

Reported data
Exposure

Low

75
150
1

Moderate

300
300

2

level

High

0.00
0.25
0.75

High

300
200
3

High

225
150
3

cess characterized by the reclassification
scheme summarized in the matrix results
in no bias at all in point estimates of the
odds ratios when applied to the "true" data
of table 2. The lack of distortion arises from
the flow of heavily and lightly exposed sub-
jects into the moderately exposed category
in such a way that the average exposure
intensity in the latter category is un-
changed. It would be possible to construct
other hypothetical reclassification matrices
under which a movement of heavily ex-
posed persons into moderate exposure cat-
egories resulted in a positive bias in the
moderate exposure odds estimates, or in
which an opposite flow yielded a negative
bias in the high exposure odds estimates.
When there is reclassification in both di-
rections between two categories, the corre-
sponding odds are drawn toward one an-
other. If they are changed at all, odds in
the categories of extreme risk can only be
drawn by misclassification toward the val-
ues of less extreme categories. Dichotomous
exposure classifications furnish a special
case in which each class is an extreme, and
therefore any misclassification leads to a
bias toward the null in the odds ratio be-
tween the classes.

In case-control studies, the proportion of
proxy respondents (whose responses result
in misclassification) is usually greater
among cases than among controls, with the
result that overall misclassification proba-
bilities differ between cases and controls.
Crude analysis of partially misclassified
data can distort effect estimates and render
tests of significance invalid. At a minimum,
therefore, it would seem necessary to seg-
regate misclassified (i.e., proxy-derived)
case and control data into strata with ho-
mogeneous misclassification probabilities,
leaving the index-derived data in a stratum
whose point estimate of the incidence ratio
is unbiased. Within the misclassified stra-
tum, any one case-control ratio may be
biased toward or away from any other, ex-
cept at the extremes of risk, where the odds
must be biased toward one another if they
are biased at all.
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We will now consider stratified analyses,
beginning with the effects of nondifferen-
tial misclassification on significance tests.
If the null hypothesis of no effect holds, the
size of a statistical test of the null hypoth-
esis (such as the Mantel-Haenszel test (14)
or the Mantel-Haenszel extension proce-
dure (15)) is preserved under misclassifi-
cation. Even so, as an alternative to any
stratified test, one could consider perform-
ing the corresponding nonstratified test in
the index stratum only. Depending on the
degree of misclassification in the proxy
stratum, the power of the stratified test
may be either smaller or greater than that
of the nonstratified test performed exclu-
sively in the index stratum. At first, the
possibility of a loss of power resulting from
the addition of proxy data to an analysis
may seem counterintuitive. Consider, how-
ever, the extreme case of misclassification,
when the probability of assignment to a
given exposure category is independent of
a subject's true exposure status: The proxy
stratum then represents pure noise, and its
inclusion necessarily diminishes the power
of a test.

Greenland and Robins (16) have shown
in the case of dichotomous exposure clas-
sification that misclassification rates that
vary between strata (e.g., between proxy
and index strata) will introduce a spurious
appearance of heterogeneity in the odds
ratio. When generalized to polytomous or
continuous exposure measures, however,
the result as demonstrated in table 2 can
only be that misclassification may intro-
duce spurious heterogeneity. When mis-
classification fails to introduce heteroge-
neity in point estimates, however, it also
produces index and proxy strata which can
be collapsed without introduction of bias.
As in the example presented in table 2, this
situation can hold only when the case-
control ratios at all exposure levels are in-
dependent of proxy status under misclas-
sification; the pooling of strata with iden-
tical case-control ratios produces a crude
stratum whose case-control ratios are those
of the component strata. Tests of hetero-

geneity of the odds ratio between strata are
therefore valid (albeit weak) tests of the
hypothesis that an analysis that collapses
data over strata of respondent status is
unbiased. In the case of dichotomous ex-
posures, where misclassification necessar-
ily implies heterogeneity, and vice versa, in
the nonnull case, tests of heterogeneity be-
tween strata are tests of misclassification.

IMPLICATIONS FOR ANALYSIS

We propose the following steps in an
analysis of data from case-control studies
in which proxies have been used: Stratify
the data by respondent status, and estimate
the relative biases in the proxy stratum by
dividing the proxy-derived estimates of ef-
fect at every exposure level by the index-
derived estimates. Confidence intervals for
the biases may be estimated either by tak-
ing the variance of the logarithm of the bias
as the sum of the variances of the loga-
rithms of the point estimates, calculated
for example by Woolf s (17) procedure, or
they may be estimated from a one degree
of freedom heterogeneity chi-square, using
a test-based procedure (18). If the relative
biases are large in the substantive context
of the study, or if they are incompatible
with the null hypothesis of homogeneity,
only the stratum-specific estimates should
be presented. A global test of the null hy-
pothesis of no association between expo-
sure and disease, performed conditionally
on respondent status, is valid in the sense
of having its nominal significance level, but
has the dual disadvantages of having an
unknown power relative to a test limited to
the index stratum, and of being unrelated
to any confidence interval. If the stratum-
specific odds ratios appear to be homoge-
neous, and if in addition the nature of the
data collection mechanism makes impor-
tant misclassification of proxy responses
unlikely a priori, proxy and index strata
may be collapsed. Even in the absence of a
strong prior hypothesis about the quality
of data derived from proxy respondents, if
the confidence interval for the estimate of
bias excludes values that would be of any
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consequence in the context of the study,
the proxy and index strata may be col-
lapsed.

The logic of the analytic sequence for
dealing with misclassification suggested
above is "if heterogeneous, then separate,
otherwise collapse." In practice, an analyst
may be uncertain, even after careful review
of data collection procedures and after per-
forming appropriate tests, whether or not
heterogeneity exists. A possible middle road
under uncertainty is to obtain a single sum-
mary estimate over strata such as the Woolf
(17), maximum likelihood (19), or Mantel-
Haenszel (14) estimate of the common odds
ratio. In the absence of heterogeneity in-
duced by misclassification, all of these es-
timates will be consistent, and more precise
than an estimate derived from the index
stratum alone. They will, however, be less
precise than the crude estimate, which is
also consistent. If there truly is misclassi-
fication in the proxy stratum, a common
estimate of a single odds ratio for a dichot-
omous exposure will be biased toward the
null, although not so much as the estimate
derivable from the proxy stratum. The
crude estimate may be biased either toward
or away from the null (16). The direction
and magnitude of this bias depend on the
actual probabilities of misclassification
(which differ for different kinds of respon-
dents), on the probabilities of exposure for
cases and controls, and on the relative pro-
portion of proxy respondents among cases
and controls. Examples of this phenome-
non have been presented by Greenland and
Robins (16). Investigators who prefer a po-
tential bias of known direction and esti-
mable magnitude in the common estimate
to one of uncertain direction and magni-
tude in the crude estimate may be willing
to sacrifice the increased precision that the
crude supplies if misclassification is truly
absent. When data from proxy respondents
are necessary to augment the information
from directly interviewed subjects, and
when there is residual uncertainty as to
whether substantial misclassification ex-
ists, we recommend supplementing crude

and stratum-specific estimates with the
presentation of a common odds ratio esti-
mate across strata defined by respondent
status.

In a logistic analysis, the homologous
procedure is as follows: Include in the pre-
dictor model an indicator variable which
distinguishes between index and proxy re-
spondents, and include interaction terms
between this indicator variable and the ex-
posure variables in the model. Calculate
point and interval estimates for the inter-
action terms, which measure the bias in the
proxy stratum relative to the index stra-
tum. If any of the interaction terms is large
in the context of the study, separate esti-
mates of the corresponding exposure-
disease association parameters should be
presented for index and proxy respondents.
A valid summary test of exposure-disease
association is obtained by removing inter-
action terms from the model and testing
the main exposure-disease effect. As indi-
cated above in the context of stratified
analyses, the main effect of respondent sta-
tus should be retained at this point if the
analyst wishes to ensure that the direction
of any bias resulting from misclassification
be of known direction (toward the null).
The resulting test has, as above, the dis-
advantage of unknown power. If all inter-
action terms are unimportant, but there
remains some doubt about underlying het-
erogeneity, an adjusted estimate of the as-
sociation between exposure and disease
should be derived by retaining a term for
respondent status, deleting all interaction
terms between respondent status and ex-
posure, and presenting the coefficients of
the exposure terms as the result of the
analysis. As before, if there is a strong a
priori expectation of similarity of proxy and
index responses, and if there is no demon-
stration of heterogeneity in the data, all
terms involving respondent status may be
dropped from the model.

No matter which method is employed to
account for respondent status, presentation
of results for each respondent category, of
crude results, and (if appropriate) of sum-
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mary results is advisable: It provides some
evidence as to the magnitude of possible
distortion in the data at hand, and it offers
a useful estimate for readers whose a priori
beliefs in the validity of the proxy interview
may differ from those of the authors.

It seems likely that different probabili-
ties of misclassification will apply to differ-
ent kinds of proxy respondents and to dif-
ferent interview situations. One could
therefore naturally extend the proposed
analysis by stratifying according to the re-
lationship of the proxy respondent to the
index subject (husband, wife, child, col-
league, etc.), according to the number of
years for which the proxy respondent had
direct knowledge of the index subject's hab-
its, or according to the time elapsed since
the index subject's death.

EXAMPLE

To illustrate the methods described
above, we have used the reclassification
matrix implied in table 1 to create a hypo-
thetical study of 400 cases and 800 controls.
The marginal distribution of self-reported
cigarette use in Rogot and Reid's (7) study

has been taken as the distribution in the
control group, and the distribution among
the cases has been computed assuming odds
ratios of 1.5, 2, 3, and 3.5, respectively, for
occasional smokers, and smokers of less
than one, one, and more than one pack of
cigarettes per day, all relative to non-
smokers. For 50 per cent of the cases and
10 per cent of the controls at every exposure
level, proxy rather than index respondents
are assumed to have been interviewed. The
constructed data are shown in table 3.
The crude data show a distortion of the
exposure-response function, with an inter-
change in the relative risk of the two lowest
smoking categories.

The stratified data present a clearer pic-
ture. Taking nonsmokers as the reference
stratum, estimates from proxy respondents
are biased toward the null in the two high-
est exposure categories and away from the
null for occasional smokers. Although the
biases in the proxy stratum show a mono-
tonic trend (table 4), they are not large (a
posteriori, they might easily be thought to
have resulted from the play of chance), and,
depending on the purposes of the study,

TABLE 3

Data from a hypothetical case-control study of the relation between disease incidence and cigarette use

Cases
Controls
Odds ratio

Crude
Cases
Controls
Odds ratio

Index respondents
Cases
Controls
Odds ratio

Proxy respondents
Cases
Controls
Odds ratio

NC*

161
511

1

161
509

1

80
460

1

81
49

1

OC <:

True data
8

18
1.4

Observed data

14
20

2.2

4
16

1.4

10
4
1.5

Cigarette Use

L 1

73
114

2.0

60
110

1.7

36
103

2.0

24
7
2.1

93
98

3.0

92
99

2.9

47
88

3.1

45
11
2.5

>1

65
59

3.5

73
62

3.7

33
53

3.6

40
9
2.7

Total

400
800

400
800

200
720

200
80

* Response abbreviations: NC, not current smokers; OC, occasional smokers; <1, 1, >1, less than one, one,
more than one pack per day current smoker, respectively.
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TABLE 4

Summary measures obtained from the analysis of data from a hypothetical case-control study of the relation
between disease incidence and cigarette use

Mantel-Haenszel summary odds ratio
Proxy stratum bias
95% confidence interval for bias

Woolf*
Test-based§

Logistic models
No response status indicator

Exposure terms
Response status indicator included

Exposure terms
Interaction terms
95% confidence interval for interaction

Omitting interaction
Exposure terms

OC*

1.5t
1.05

0.20-5.5
0.18-6.0

2.2

1.4
1.05

0.20-5.5

1.5

Cigarette use

<1

2.0
1.03

0.37-2.8
0.41-2.6

1.7

2.0
1.03

0.37-2.8

2.0

1

2.9
0.81

0.34-1.9
0.35-1.9

2.9

3.1
0.81

0.34-1.9

2.9

>1

3.2
0.75

0.29-1.9
0.29-2.0

3.7

3.6
0.75

0.29-1.9

3.3

* Response abbreviations: OC, occasional smokers; <1, 1, >1, less than one, one, more than one pack per
day current smoker, respectively.

t All values take noncurrent smokers as the reference exposure level.
t Reference 17.
§ Reference 18.

they might well be considered as acceptable
limits to the level of bias induced by re-
spondent status in the full analysis.
Mantel-Haenszel summary estimates of the
category-specific odds ratios are found to
preserve the ordering and relative magni-
tudes of risk found in the underlying "true"
data and in each of the strata. Accounting
in the analysis for respondent status re-
veals an exposure-response relation which
would not have been observed in the crude
data.

The homologous analysis, carried out
through logistic regression in GLIM (20),
is also summarized in table 4. Indicator
variables have been used to represent
smoking effects and respondent status. In
the absence of an indicator variable for
proxy status, the coefficients of the expo-
sure terms, transformed to a relative risk
scale, simply reproduce the results of the
crude analysis. Inclusion of a respondent
status term and its interactions with expo-
sure yields exposure effect estimates that
correspond to those of the index stratum
and interaction effects that provide esti-

mates of the bias in the proxy stratum.
Omission of the interaction terms leads to
summary exposure effect estimates similar
to the Mantel-Haenszel estimates.

CAVEATS

In the development above, we have as-
sumed that the probabilities of misclassifi-
cation, given respondent status, are the
same for cases and controls. If proxy re-
spondents for cases are more or less likely
to give erroneous responses than proxies
for controls, a bias will result that cannot
be corrected for in the analysis. A discrep-
ancy between misclassification probabili-
ties according to case status may arise, for
example, when proxy respondents are cho-
sen for healthy controls in an attempt to
match on respondent status for deceased
cases. The use of data from proxy respon-
dents in this instance invokes the hypoth-
esis that error in proxy responses is unaf-
fected by the vital status of the index sub-
ject. We cannot offer any data to support
or refute this hypothesis. Greenberg et al.
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(21), however, have provided an example of
a closely related phenomenon: They found
errors in proxy respondents' reports of oc-
cupation to be related to the cause of death
of index subjects.

We have also assumed that the probabil-
ity that an index interview will be obtained
is independent of exposure status. To see
the role of exposure, consider the notation
presented in table 5, in which p,y is the
probability of obtaining an index interview
in the category of respondents indexed by
the ith disease status and y'th exposure sta-
tus. If

Pij = Pi. for all i and j ,

the ratio of case-control index interview
probabilities (py/py ) will be constant (and
equal to p\./pz.) over all exposure levels,
and the resulting odds ratios between ex-
posures will provide consistent estimates of
the underlying effect parameters. In the
absence of misclassification, the same
would hold for the proxy stratum, in which
the ratio of interview probabilities, (1 —
Pu )/(l — Pv )> at every exposure level
equals (1 - Pi)/(1 - P2 )• This argument
for lack of distortion holds of course
whether it is the probability of index inter-
view or the probability of proxy interview
that is represented by p,y.

If the probability of obtaining an index
interview varies with exposure and with

TABLE 5

Notation for probability of interview

Cases
Controls
Total

Cases
Controls
Total

1

Pn
P21

Pi

1

1 -P21
1 - P i

Index interviews
Exposure level

j n

Pl, Pin
Pij Pin
P., Pn

Proxy interviews
Exposure level

j

1 - P . ,
1 ~Pi,
1-P.,

n

I -Pin
1-Pin
1-P.n

Total

Pi
Pi.
P.

Total

1 -Pi.
1-P..

disease status in an independent fashion,
that is, if

Pa = PiP j for all i and;,

the ratios of interview probabilities remain
constant across exposure levels in the index
stratum, and the resulting odds ratios are
consistent estimates of the underlying pa-
rameters. In the proxy stratum, however,
the terms in p.; in the ratios of interview
probabilities do not cancel out, and the
ratios of interview probabilities vary from
one exposure level to another, giving rise
to incorrect odds ratio estimates, even in
the absence of misclassification. The proxy
stratum in this case is directly analogous
to the set of hospitalized patients that
Berkson (22) considered in his discussion
of bias in hospital-based case-control stud-
ies. If it is not the probability of obtaining
an index interview but rather the probabil-
ity of obtaining a proxy interview that var-
ies independently with both exposure and
disease status, estimates from the index
stratum are biased, while those from the
proxy stratum are distorted by misclassifi-
cation. In reality, the relation of exposure
status to the probability of interview is
unlikely to have a simple structure under
any parameterization in the nonnull case.
A search for unbiased subsets of the data
would then be fruitless.

Finally, if the probability of obtaining an
index interview varies with both exposure
and disease in any way other than the sim-
ple multiplicative relation given above, the
ratios of both index and proxy interview
probabilities will vary over exposure levels,
with consequent distortions in the odds
ratios in both strata. In studies in which
proxy interviews are not obtained when the
index is unavailable, this last stricture is
identical to the familiar result that the
probabilities of case and control selection
cannot be differently dependent on expo-
sure if one is to obtain valid odds ratio
estimates.

We have also assumed that proxy re-
sponses were misclassified and that the in-
dex responses were not. In reality, both
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proxy and index responses will be misclas-
sified to some extent for most factors, and
it may not be clear whether the classifica-
tion based on information from proxy re-
spondents is better or worse than the clas-
sification obtained from index respondents.
In some situations, a proxy respondent may
be better informed than the index respon-
dent, or his or her disease may have affected
the capacity of the index subject to respond
adequately, as in Heyman et al.'s study of
Alzheimer's disease (9). Under such cir-
cumstances, estimation of the true popula-
tion odds ratio is in fact improved by the
use of proxy respondents. In practice, a
researcher who detects a higher odds ratio
among proxy respondents than among in-
dex respondents (as did Greenberg et al.
(21)) will want to assure himself first that
this difference is not due to differential
misclassification between the proxies who
respond for cases and those who respond
for controls. The possibility that proxy in-
terviews are more accurate than direct in-
terviews must be entertained next. We have
not considered here the analysis of data
arising from proxy and direct interviews
when both yield misclassified results.

The crude odds ratio which is not ad-
justed for respondent status can be biased
in either direction away from the parameter
value. Thus, in some situations, an adjusted
effect estimate may be further removed
from the underlying parameter value than
is the unadjusted estimate. Unless the
probabilities of misclassification for index
and proxy respondents can be known from
an information source external to the data,
however, it is impossible to appreciate the
bias of the unadjusted effect measure. In
the absence of such external sources of
information, we suggest that an analysis
such as that presented here, in which con-
trollable sources of distortion have been
removed and the direction and approximate
magnitude of those remaining are estima-
ble, is to be preferred.

IMPLICATIONS FOR DESIGN

Decisions on the use of proxy respon-
dents in a case-control study have to be

made in the design stage. Once the neces-
sity of stratification by respondent status
is accepted, there is no theoretical reason
not to select controls for whom proxy re-
spondents will be required, provided that a
suitable sampling frame is available, such
as a list of recently deceased persons from
the population at large. Gordis (23) has
pointed out that since death may have re-
sulted from diseases related to the expo-
sures under study, the selection of dead
controls may distort estimates of the prev-
alence of these exposures in the source
population and therefore bias estimates of
effect. Proceeding on an assumption that
proxy responses were equivalent to those
that would have been obtained from index
subjects, -McLaughlin et al. (24) have re-
cently provided evidence for the anticipated
distortion of exposure distributions in the
cases of smoking, drinking, drug use, and
some adulthood diseases. Bias arising from
association between exposures under study
and diseases of the reference population
can be handled by selection of causes of
death not related to the exposure, as has
been shown to be effective in hospital-
based case-control studies (25), and
strongly suggested to be effective in studies
employing dead controls to ascertain the
prevalence of a variety of exposures (26).

We have not addressed matched designs
in this review, but it should be noted that
the procedures suggested for logistic regres-
sion can be translated immediately into
conditional logistic regression as well. If
respondent status has been a matching cri-
terion, conditional procedures necessarily
involve conditioning on respondent status;
heterogeneity of exposure effect over cate-
gories of respondent status may nonethe:

less be examined in much the same ways
suggested above.

An association between exposure and
proxy status need not be directly causal to
lead to distorted estimates of prevalence:
McLaughlin et al. (24) have shown that the
prevalence of reported alcohol use in dead
controls overestimates alcohol use in the
general population, even after exclusion of
alcohol-induced diseases from the causes of
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death admitted into the decedent series.
The overestimate disappears after control
for smoking, indicating that the residual
association may stem from overrepresen-
tation of drinkers among persons who die
of tobacco-related causes, presumably the
result of an association between smoking
and drinking in the general population.

Proxy interviews have been in use in
epidemiologic studies for a long time, yet
there is relatively little published data on
their usefulness. In part, this may be be-
cause the differences between proxy and
index responses can present an annoying,
even embarrassing, sidelight to studies
whose purpose is more substantive. Since
the use of proxy respondents is pervasive,
however, we should all benefit from seeing
some disaggregation of proxy and index
data whenever proxy respondents are used.
The circumstances under which proxy and
index responses are similar and those under
which they are dissimilar deserve to be well
documented, so that the epidemiologic re-
search community as a whole can begin to
accumulate experience of the utility of this
common data-gathering tool.
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