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Abstract
Study objectives - To evaluate the re-
liability of data supplied in a case-control
study by proxy respondents for cases who
were too ill to do so themselves.
Design -A hospital based, case-control
study of the current use of oral con-
traceptives (OC) and cardiovascular dis-
eases. Data from "true" controls matched
to a subset of cases were compared with
those supplied by proxy respondents about
the true controls.
Setting - Hospitals in 21 centres from Af-
rica, Asia, Europe, and Latin America.
Patients and participants - For a subset
of cases, 403 pairs ofcontrols - one "true"
and one proxy - were interviewed. "True"
controls were matched by age, place, and
time ofadmission and were admitted with
1 of 27 permissible diagnoses not as-
sociated with OC use. Proxy controls were
either relatives or friends of true controls.
Main results - Levels of concordance be-
tween data from proxy and true controls
were high for most variables regarding
recent events, including current OC use,
but were greatly diminished when detailed
information, particularly from the past,
was required. Husbands were usually the
best proxy, although this was question-
specific. The sensitivity and specificity of
proxy responses were 93% (95% confidence
intervals: 77%, 99%) and 100% (98%, 100%)
respectively, for current use of OC. As-
suming the misclassification of current
OC use by proxy cases is similar to that
produced by proxy controls, the estimated
impact of using proxy data on risk es-
timates associated with current OC use
was to bias the overall estimate of risk of
stroke by less than 3% and the risks ofboth
acute myocardial infarction and venous
thromboembolism by less than 1%.
Conclusions - Friends or relatives, and
particularly husbands, provided reliable
information when used as proxy re-
spondents for young women. The es-
timated impact of misclassification by
proxy respondents on overall risk es-
timates in the WHO collaborative study
was less than that which would have arisen
ifinformation from proxy respondents had
not been used.

(_J Epidemiol Community Health 1996;50:674-680)

In epidemiological research based on interview
data, it is sometimes necessary to use proxy
respondents to provide information on subjects
who, either through death, inability to com-
municate, reduced cooperation, or impaired
cognition are unable to provide information
themselves. It has been reported that almost
1 in 10 aetiological studies of non-infectious
diseases published in the American Journal of
Epidemiology between 1980 and 1985 reported
using proxy respondents to some extent.' In-
ability to use proxy respondents when genuine
subjects are unable or unavailable to provide
information impedes the use of certain types
of study design. Exclusion of subjects because
they require a proxy respondent results in a
reduced sample size and the evaluation of data
based on a subsample which may not be rep-
resentative. However, data from proxy re-
spondents are likely to be less reliable than
those provided by true subjects.
A large, multi-centre, international case-

control study (WHO collaborative study)2 de-
signed to evaluate the association between
current use of oral contraceptives (OC) and
three cardiovascular diseases includes patients,
a significant proportion of whom were unable,
for various reasons, to provide responses. In
the interests of statistical power and gen-
eralisibility of results it was decided, a priori,
to include these subjects, and hence data from
proxy respondents had to be used.
To our knowledge, only two previously re-

ported studies34 have evaluated the reliability
of data obtained from proxy respondents on
current use of OC, although several studies
have evaluated data on many of the other vari-
ables incorporated in the WHO study. The
reliability of data from proxy respondents may
well be specific with regard to time, exposure,
population, and instrument,' and hence there
is a need to evaluate the data acquired from
proxy respondents in the WHO study. This
study was designed to allow an evaluation of
the reliability of the proxy-derived data, as
recommended in a recent review of the use of
proxy respondents.'

Methods
The WHO collaborative study is a hospital
based, case-control study undertaken in 17
countries. It was designed to evaluate the risk
of developing either a venous thromboembolic
event, a myocardial infarction, or a stroke in
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Reliability of data from proxy subjects

Table la Distributions of reported oral contraceptive (OC) use by truelproxy
respondents. Figures in parentheses are the quadratic disagreement weights used to
calculate weighted Kappa statistics

Proxy respondent True controls

Never users Past OC users Current OC users Don't know

Never users 212 (0) 30 (1) 2 (4) 0 (0.5)
Past OC users 3 (1) 97 (0) 0 (1) 0 (0.5)
Current OC users 0 (4) 1 (1) 26 (0) 0 (0.5)
Don't know 20 (0.5) 6 (0.5) 6 (0.5) 0 (0)

Table lb Data reported in table la collapsed into a 2 x 2
table - ie current oral contraceptive (OC) use and non-
current OC use (neverlpast). Dont know responses are
omitted

Proxy respondent True controls

Current Non-current

Current 26 1
Non-current 2 342
Total 28 343

Sensitivity=26/28=0.929 (95% CI: 0.765, 0.991). Speci-
ficity=342/343=0.997 (95% CI: 0.984, 1.000).

association with the current use ofOC. Women
aged 20-44 years admitted to hospital with a
first time diagnosis of any of the three study
diseases not associated with pregnancy or sur-
gical operations and who did not die within 24
hours of admission were study cases. Controls
were women matched according to hospital
and time of admission and five year age band,
admitted with one of a series of specified diag-
noses believed to be not associated with OC
use.
The study questionnaire included questions

on age, parity, smoking habit, alcohol con-
sumption, marital status, educational at-
tainment, family history of cardiovascular
disease, and medical and contraceptive history.
The latter section included types of con-
traceptives used, brands and periods of OC
use, and, when applicable, reasons for stopping.
Further details of the WHO study are provided
elsewhere.2
Proxy cases were used if the true case was

too ill to complete the questionnaire, or if the
patient died 24 hours or more after hospital
admission but before the questionnaire had
been administered, or if speech or cognitive
function were insufficient to allow an interview.
While in most circumstances the ideal proxy

respondent would be the husband or partner,
occasionally such a person did not exist or was
unavailable. In this situation, the most suitable
available relative or friend was interviewed.
During the pilot phase and the main WHO
study, which lasted four years, data on 10%
(506) of cases were collected from proxy re-
spondents in this way.
To evaluate the reliability of the proxy data

for cases, proxy data were collected for the
controls recruited for those cases who required
a proxy respondent. Data were also collected
in the usual way from controls (true controls)
for these cases. Data from these two sets of
controls ("proxy" and "true") were then com-
pared. Where possible, the relationship (ie hus-
band, friend, sister, etc) between the proxy and
true control was the same as that between the
proxy and true case with whom the control was
matched.

These procedures were maintained through-
out the pilot phase of the study and during the
first two years of the main study. During that
time, 403 pairs of proxy and true controls
were interviewed and were available for this
evaluation.
The same questionnaire was administered to

proxy cases and controls as to true cases and
controls except for an additional explanatory
paragraph which was read to the proxy re-
spondents.
The concordance between the information

acquired from true controls and their proxy
respondents was evaluated using the Kappa
statistic5 for dichotomous and nominal data.
Weighted Kappa statistics using quadratic dis-
agreement weights were used for ordinal data
(see example in table 1 a). These give maximum
score for full agreement, minimum score for
classifying a current user as a never user (or
vice versa) with an intermediate score for partial
disagreement or a "don't know" response. The
Kappa statistics describe the percentage agree-
ment above that expected by chance alone
and are very sensitive to the prevalence of the
variable being investigated and the selection of
the weights used. They range from 1 (perfect
agreement) through 0 (level of agreement ex-
pected by chance alone) to negative values (less
agreement than expected by chance). Although
high levels of exact agreement may exist, the
Kappa value may be low if the agreement
expected by chance is high.
The sensitivity and specificity of the data

obtained from proxy respondents regarding OC
exposure (current user, non-user, don't know)
were calculated from the pairs of proxy and
true controls and applied for each disease to
the proportion of cases that required proxy
respondents to estimate the impact of the ex-
posure misclassification on the reported odds
ratio and sample size (see Appendix).
The intra-class correlation coefficient was

used to evaluate agreement on continuous vari-
ables.6 This measure adjusts correlation for
systematic bias, being large when "differences
among subjects account for a large proportion
of the variance relative to the error variance".'

Results
During this evaluation, 403 pairs of "true" and
"proxy" controls were interviewed, of whom
385 (95.5%) were matched with stroke cases,
nine with pulmonary embolus cases, and nine
with acute myocardial infarction cases. Hus-
bands or partners (242) were the most common
category of proxy respondent interviewed, with
mothers (61) and sisters (60) being the next
most common.

Tables la and lb compare responses of true
and proxy respondents regarding the key ex-
posure variable in the main study (current,
past, and never use ofOC). Comparing current/
non-current OC user status as reported by
true and proxy controls, the sensitivity and
specificity of the proxy derived responses were
92.9% (95% CI: 76.5, 99.1) and 99.7% (95%
CI: 98.4, 100.0) respectively.
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Table 2a Agreement between true controls and their proxy respondents in relation to contraceptive usage - discrete variables
Variables Husband* (n = 242) Mother (n =61) Sister (n = 60) All proxy categories (n = 403)

% Exact Kappa (95% CI) % Exact Kappa (95% CI) % Exact Kappa (95% CI)% Exact Kappa (95% CI)
agreement agreement agreement agreement

Oral contraceptive uset 90.9 0.90 (0.87, 0.94) 78.7 0.64 (0.39, 0.89) 81.7 0.79 (0.67, 0.91) 83.1 0.82 (0.77, 0.87)
Injectable contraceptive

uset 94.2 0.90 (0.85, 0.95) 90.2 0.49 (-0.08, 1.00) 78.3 0.19 (-0.22, 0.60) 87.6 0.75 (0.67, 0.83)
Intrauterine device uset 92.1 0.92 (0.87, 0.97) 93.4 0.88 (0.71, 1.00) 91.7 0.85 (0.67, 1.00) 89.8 0.88 (0.85, 0.93).
Oral contraceptive
brand (current use)4 75.0 0.72 (0.50, 0.93) 0 - 25.0 0.14 (-0.34, 0.63) 47.1 0.41 (0.23, 0.60)

Oral contraceptive brand
(most recent used by
past users)t 44.2 0.39 (0.28, 0.50) 14.3 0.11 (-0.16, 0.35) 36.8 0.30 (0.06, 0.54) 38.8 0.34 (0.25, 0.43)

* Husband =husband/partner. t Possible responses: current/past/never/don't know: weighted Kappa values.7 t 17 possible brands recorded: unweighted Kappa values.

Table 2b Agreement between true controls and their proxy respondents in relation to contraceptive usage - continuous variables

Variables Husband* Mother Sister AU proxy categories

n,/n2 Mean"* SE ICC n,/n2 Mean SE ICC n1/n2 Mean SE ICC n,/n2 Mean SE ICC
difference difference difference difference

Duration of current oral
contraceptive use
(current users) [months] 18/20 -0.4 2.2 0.98t 2/6 -25.0 17.0 0.52 2/4 -43.0 9.0 0.03 22/34 -6.5 3.7 0.94*

Duration of last oral
contraceptive used
(past-users) [months] 66/94 -3.6 2.7 0.79t 2/7 42.0 42.0 0.35 7/19 4.3 1.6 0.89t 77/133 -1.4 2.2 0.77t

ICC = intra-class correlation.
* Husband = husband/partner. t p<0.001. t p<0.000 1. n, = number of true/proxy pairs in analyses. n2 = possible number of true/proxy pairs. ** True control minus
proxy respondent.

Table 2a includes the concordance of data
relating to method of contraception and, where
applicable, brand of OC used, obtained from
all control pairs and also for the three major
categories of proxy pairs recruited (husbands,
mothers, and sisters). In general, husbands
provided more reliable information than other
proxy categories. The higher Kappa values for
husbands partly reflects the lower rates of
"don't know" responses for some ofthese ques-
tions compared with the rates among all other
categories of proxy controls. While levels of
agreement, especially with husbands, regarding
method ofcontraception were good, agreement
as to the brand of current and past OC used
was less impressive. These latter comparisons
could only be made between true controls who
were current or past OC users and their proxy
respondents, and hence the numbers eligible

for comparison are reduced. The data suggest
that sisters and mothers, but not husbands,
were better informed about the brands of OC
used in the past than those currently in use.

Of the 34 true controls who were current OC
users, 20, 6, and 4 had husband, mother, and
sister proxy respondents, of whom 20, 4, and
2 respectively accurately reported this. Only 14
husbands and 1 sister reported the brand of
OC in current use. Of the 134 true controls
who were past OC users 95, 7, and 19 had
husband, mother and sister proxy controls of
whom 80, 2, and 13 respectively, accurately
reported this. Forty three husbands, 1 mother,
and 7 sisters reported the brand of OC last
used by these controls.
The calculation of the validity of responses

regarding continuous variables using the intra-
class correlation coefficient (tables 2b and 3b)

Table 3a Agreement between true controls and their proxy respondentsin relation to discrete lifestyle variables

Variables Husband* (n = 242) Mother (n =61) Sister (n = 60) All proxy categories (n = 403)

% Exact Kappa (95% CI) % Exact Kappa (95% CI) % Exact Kappa (95% CI) % Exact Kappa (95% CI)
agreement agreement agreement agreement

Current alcohol drinker
(yes/no) 94.2 0.88 (0.82, 0.94) 88.5 0.72 (0.52, 0.93) 95.0 0.90 (0.79, 1.00) 92.6 0.85 (0.80, 0.90)

Smoking (never/ex/current) 94.6 0.92 (0.88, 0.97) 95.1 0.84 (0.63, 1.00) 100.0 1.00 (1.00, 1.00) 94.8 0.90 (0.85, 0.95)
Marital status (married or

stable union/separated or
divorced/single)t 98.8 0.94 (0.86, 1.00) 98.4 0.97 (0.91, 1.00) 90.0 0.85 (0.74, 0.96) 96.8 0.94 (0.90, 0.97)

Educational attainment
(nil/primary/secondary/
technical/university) 91.7 0.95 (0.92, 0.97) 85.2 0.90 (0.82, 0.98) 93.3 0.93 (0.87, 1.00) 90.6 0.93 (0.91, 0.96)

* Husband = husband/partner. t Unweighted Kappa values.

Table 3b Agreement between true controls and their proxy respondentsin relation to age and anthropometry
Variables Husband* Mother Sister All proxy categories

n,/n2 Mean SE ICC n,/n2 Mean SE ICC n,/n2 Mean SE ICC n,/n2 Mean SE ICC
difference difference difference difference

Age (years) 242/242 0.03 0.01 l.OOt 60/61 -0.92 0.92 1.00t 60/60 0.07 0.08 1.00t 398/403 0.03 0.02 1.00t
Weight (kg) 149/226 0.04 0.39 0.91t 29/50 0.31 0.58 0.99t 21/43 0.43 0.79 0.87t 212/348 -0.09 0.31 0.93t
Height (cm) 146/194 -0.85 0.34 0.80t 28/46 0.29 0.50 0.90t 21/31 -0.33 0.88 0.96t 208/292 -0.61 0.27 0.83t

ICC = intra-class correlation.
* Husband = husband/partner. n, =number of true/proxy pairs in analyses. n2=possible number of true/proxy pairs. t p<0.001; t p<0.0001.
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Table 4 Agreement between true controls and their proxy respondents in relation to medical history

Husband* (n= 242) Mother (n= 61) Sister (n = 60) AU proxy categories (n = 403)

% Exact Kappa (95% CI) % Exact Kappa (95% CI) % Exact Kappa (95% CI) % Exact Kappa (95% CI)
agreement agreement agreement agreement

High blood pressure 97.5 0.64 (0.35, 0.94) 98.4 Ot 93.3 0.68 (0.35, 1.00) 96.3 0.67 (0.50, 0.84)
Diabetes 99.2 0.76 (0.37, 1.00) 100.0 ND 98.3 Ot 99.3 0.87 (0.68, 1.00)
Cancer 99.2 0.50 (-0.20, 1.00) 100.0 ND 100.0 ND 99.5 0.50 (-0.20, 1.00)
Other cardiac disease 99.2 0.66 (0.20, 1.00) 100.0 ND 100.0 ND 99.3 0.57 (0.01, 1.00)
Gall bladder disease 97.5 0.64 (0.35, 0.94) 98.4 0.66 (0.00, 1.00) 98.3 Ot 98.0 0.68 (0.45, 0.91)
Psychiatric illness 99.2 0.85 (0.65, 1.00) 100.0 ND 96.7 -0.01 (-1.00, 1.00) 99.0 0.78 (0.55, 1.00)
Other chronic joint

disease 97.9 0.85 (0.73, 0.98) 100.0 ND 98.3 0.66 (0.00, 1.00) 98.3 0.82 (0.69, 0.95)
Surgical operation 96.3 0.90 (0.83, 0.96) 95.1 0.83 (0.64, 1.00) 93.3 0.81 (0.64, 0.99) 96.0 0.89 (0.83, 0.94)
Gynaecological 94.2 0.34 (0.01, 0.68) 98.4 ot 98.3 0.66 (0.00, 1.00) 94.8 0.32 (0.03, 0.61)
Varicose veins 97.5 0.69 (0.44, 0.93) 100.0 ND 98.3 ot 97.8 0.60 (0.34, 0.86)

* Husband = husband/partner.
ND = not defined. t Kappa and SE =0 therefore CI not defined.

cannot incorporate "don't know" responses,
and hence numbers of pairs compared are both
fewer than those in tables 2a and 3a and vary
between questions. Therefore, in addition to
the intra-class correlation coefficient (ICC)
which evaluates concordance among those who
respond to any given question, it is also im-
portant to know the frequency of "don't know"
responses among the proxy categories. Hence
in tables 2b and 3b, the numbers of those who
were included in the analyses (excluding "don't
know" responses) and the numbers who could
have responded to each question are shown. It
is clear from tables 2b and 3b that a larger
proportion of husbands attempted to answer

these questions, and produced more accurate
responses when they did so, for the variables
shown in table 2b, although not in table 3b

Tables 3a and 3b demonstrate that all cat-
egories of proxy controls provided reliable data
on reported alcohol intake, smoking habit, mar-
ital status, educational attainment, age, height,
and weight, although for the last two variables
only two thirds of the proxy respondents at-
tempted an estimate. Table 4 demonstrates, by
category ofproxy, the agreement between proxy
and true controls on medical history. Zero
values of Kappa were observed despite high
levels of exact agreement due to the low pre-

valence of the conditions. All categories of
proxy controls were reliable regarding this type
ofdata, with mothers sometimes providing even
more accurate information than husbands and
sisters. For certain conditions, Kappa could
not be calculated because all true and proxy

controls gave the same response.

Table S Rates (%) of "don't know" responses to selected questions among proxy cases
and proxy controls

Proxy cases Proxy controls p
(n = 506) (n = 403)

Oral contraceptive usage 5.3 7.9 NS
Injectable 5.5 7.2 NS
Intra-uterine device 3.7 4.7 NS
Diaphragm 6.3 8.4 NS
History of hypertension 1.4 0.7 NS
History of diabetes 0.8 0.5 NS
History of rheumatic heart disease 1.2 0.0 <0.05
Smoking 0.6 1.2 NS
Alcohol consumption 0.2 0.2 NS
Educational attainment 0.8 1.2 NS
Family history of acute myocardial infarction 5.3 6.7 NS
Family history of stroke 5.3 6.5 NS
Oral contraceptive type (current) (no)* 15.2 (79) 41.2 (34) <0.01
Oral contraceptive type (past use) (no)* 27.5 (120) 33.6 (134) NS
Oral contraceptive duration (current) (no)* 12.7 (79) 14.7 (34) NS
* Numbers of true cases and controls who were current or past oral contraceptive users.

Table 5 compares the rates of "don't know"
responses to several key study variables re-

ported by the 403 proxy controls included in
this evaluation study with those reported by
the 506 proxies for cases who could not be
interviewed in the pilot and four year main
study. Proxy cases provided "don't know" re-

sponses less frequently than proxy controls on

11 of the 15 variables, significantly so for the
brand of OC used by current users. Table 6
compares the distributions of different cat-
egories ofproxy respondents used for cases and
controls and shows that although they appear
similar, the overall distribution was statistically
significantly different for cases compared with
controls (W2=27.1: p<0.0001) in that more

husband and mother and fewer sibling and
children proxy controls were used compared
with cases.

The levels of agreement between proxy and
true controls for the key exposure investigated
in the main WHO study (current/past/never
OC use) are shown by region in table 7. Sample
size limits the ability to detect significant
differences among the regions but the table
suggests that the optimal category of proxy
control may differ from region to region. For
example, husbands in Africa and mothers in
Latin America may be less suitable as proxy
controls than their counterparts in the other
regions.
When the same levels of sensitivity and speci-

ficity of OC exposure achieved by proxy con-
trols (table lb) are applied to the numbers
of cases for whom proxy respondents were

required (see Appendix), the odds ratio for
stroke was estimated to have changed by 2.9%
(table 10). This limited impact was due, in
particular, to the high specificity of the proxy

responses and is achieved despite a relatively
large proportion of proxy cases (16.2%). The

Table 6 Distribution of categories ofproxy respondents
used for cases and controls (So ofpairs)

Cases (n = 506) Controls (n = 403)
No (%) No (%)

Husband/partner 273 (54.0) 242 (60.0)
Father 3 (0.6) 1 (0.2)
Mother 59 (11.7) 61 (15.1)
Brother 13 (2.6) 1 (0.2)
Sister 84 (16.6) 60 (14.9)
Son/daughter 35 (6.9) 6 (1.5)
Other 39 (7.7) 32 (7.9)
Total 506 (100.0) 403 (100.0)

677



Poulter, Chang, Farley, Marmot

Table 7 Rates of exact agreement on oral contraceptive use status* among proxy and true controls

Husbandt Mother Sister All

Africa
Agreement % 66.7 81.8 87.0 80.0
No 3 11 23 45
Weighted Kappa 0.73 (0.29, 1.00) 0 (-1.00, 1.00) 0.56 (0.05, 1.00) 0.46 (0.06, 0.86)

Asia
Agreement % 93.8 90.3 77.8 88.6
No 162 31 18 228
Weighted Kappa 0.93 (0.88, 0.98) 0.82 (0.57, 1.00) 0.52 (0.01, 1.00) 0.87 (0.81, 0.93)

Europe
Agreement % 91.2 100 - 87.2
No 34 2 0 39
Weighted Kappa 0.87 (0.72, 1.00) 1.00 (1.00, 1.00) - 0.74 (0.49, 0.99)

Latin America
Agreement % 81.4 52.9 78.9 69.2
No 43 17 19 91
Weighted Kappa 0.75 (0.59, 0.91) 0.17 (-0.47, 0.81) 0.64 (0.25, 1.00) 0.57 (0.40, 0.75)

* Current/past/never/don't know.
t Husband = husband/partner.

estimated impact of not using any proxy data
(and hence treating these cases as missing) was
greater (3.9%), though still small. However,
not using any proxy data would have required
an increase of almost 20% in the sample size
to achieve the same power, compared with only
a 1% increase in sample size required to offset
the rates of "don't know" answers from the
proxy cases. For the two other main study
end points (acute myocardial infarction and
pulmonary embolism/deep vein thrombosis),
only 3.3% and 0.9% of cases, respectively,
required proxy respondents, so the potential
impact on sample size is much smaller. The
estimated impact on the odds ratio for acute
myocardial infection (5% increase) is greatest
since 32.0% of the true cases reported OC use,
while none of the nine surrogates reported that
the cases were current OC users. Nevertheless,
in view of the small numbers involved and the
precision of the estimated odds ratios, the use
of proxy data has a negligible impact on the
results of the study.

Discussion
Overall, the levels ofconcordance between data
from proxy and true controls were high for
most recent issues, and husbands appeared to
be the best proxy for several critical variables,
in keeping with the results of previous studies.7
However, for variables such as smoking habit
and body weight, other proxy controls (sisters
and mothers respectively) were more reliable,
highlighting the fact that the optimal proxy
tends to be question-specific and hence it may
be inappropriate to expect similar levels of
agreement from proxy data in different studies.
As might be expected, responses requiring
more detail, such as the duration or brand of
OC use, were less accurately reported.
Evidence for the reliability of data derived

from proxy respondents is limited, and par-
ticularly regarding OC use' because only two
studies,34 involving 138 and 99 pairs ofsubjects
respectively, have evaluated such information.
In the first of these studies only current OC
use was evaluated, and in the second only
husbands were involved. This report is the first
to include data from proxy respondents on

several aspects of OC use from a number of
different types of proxy respondents from a
wide range of countries.
The purpose of evaluating the data produced

by proxy controls is to extrapolate the findings
to the proxy data which had to be collected on
10% of the cases recruited in the main WHO
study.2 This design, however, cannot measure
or account for differential recall of episodes of
OC use between proxy cases and controls,
because cases had more serious illnesses than
controls. Ideally, therefore, this evaluation of
proxy data would also have compared data
from true and proxy cases. However, because
the questions relating to OC use were only a
small part of the total questionnaire, important
recall bias on this key exposure was less likely.
Data in table 5 suggest that important differ-
ences in recall bias between proxy cases and
controls were not apparent, at least with regard
to the method of contraception used. However,
the large and highly significant differences be-
tween "don't know" response rates among case
control proxy respondents regarding the brand
of OC used is difficult to explain. It may be
that proxy cases, as a result of the death or the
seriousness of the true case's illness, are more
likely to take over the possessions of true cases
and hence have direct access to the information
necessary to identify the OC in current use.
A second possible explanation for obtaining
different responses from proxy cases and con-
trols is that the relationship between true and
proxy cases are different from those between
true and proxy controls. Although table 6 shows
significant differences in the relationship of the
proxy repondents to their respective case or
control, these are unlikely to affect the accuracy
of the responses since all categories of proxy
controls had high levels of agreement.
Assuming the misclassification of OC ex-

posure among proxy controls was the same as
for proxy cases, the estimated impact on risk
estimates of developing any of the three cardio-
vascular events studied in association with OC
use was small, due to the high sensitivity and,
more importantly, specificity of the proxy re-
sponses. The impact of misclassification is less
than would result if those cases who could
not supply information were omitted. While a
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certain number ofproxy cases must be expected
not to know certain information about the cases
on whom they are providing information, the
loss of power due to these "don't know" re-
sponses is small compared with the estimated
loss due to not using proxy cases.
While reservations concerning the misuse

and misinterpretation of the Kappa statistic
have been expressed,8 this method was pre-
ferred for dichotomous or ordinal data because
of its ability to allow for concordance expected
by chance.5910 Unfortunately, the Kappa value
is greatly affected by the prevalence of the
variable under investigation,'0 which in part
explains the different Kappa values shown in
the tables for the same degree of exact agree-
ment. This property ofthe Kappa statistic limits
comparability of results from one study to an-
other. Although the X' test and Pearson cor-

relation coefficients relate associations in the
context of chance, neither test differentiates
between increased disagreement or increased
agreement. Correlation analyses were only used
for continuous variables and then only as intra-
class coefficients6 since this method is unable
to detect important systematic bias as a result
of using one category of respondent which may
be present, even when the correlation is strong.
Although reliability is a prerequisite for va-

lidity, at least at the individual level, the data
presented above do not necessarily imply va-

lidity. The data should also be viewed in the
light of how "reliable" data might be if true
cases and controls were interviewed twice and
comparisons made between the two interviews.

In conclusion, this study demonstrates that
information on many variables, including cur-
rent OC use, obtained from proxy controls
was reliable. It seems reasonable to assume
therefore, that for this variable, the use of data
from proxy cases is sufficiently reliable. For
OC use and several other variables, husbands
were the most reliable category of proxy. How-
ever, the optimal category of proxy appears
question-specific and the reliability of proxy
data from any source was greatly diminished
when detailed information, particularly from
the past, was required.
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Appendix
IMPACT OF PROXY DATA ON ESTIMATED ODDS
RATIOS AND POWER
The impact of the use of proxy respondents of
estimated odds ratios depends on the sensitivity
and specificity of these responses, the pre-
valence of OC use as well as on the proportion
ofproxy cases required. Suppose the prevalence
of OC use reported by true cases is Pc, that r
is the proportion of proxy cases and that a
proportion pp of these report that the true case
was a current OC user. Then the estimated true
prevalence of OC use among cases requiring a
proxy respondent, tp, is given by:

ip = [pp-(1 -Specificity) ]/
[Sensitivity- (1 - Specificity)]

[see Copeland et al'2]. Reported exposure
among all cases including proxy cases, PR, is
given by:

> -PR =(1-r)pc + r pp and estimated exposure
ispE=(l-r) pc+r;p

The estimated impact on the odds ratio of
using proxy responses in place oftrue responses
is PRI( 1-p0)[PpE/(1 -PE) ] -

The argument above can be extended to
incorporate "don't know" responses from
proxy respondents to estimate the true pre-
valence of OC use among cases. Suppose that
proportions y, and yo ofOC users were reported
by their proxies as users or non-users, re-
spectively, and for a proportion yu the proxy
reported that they did not know the OC ex-
posure status (see table 8). Similarly, let 6,, 60
and 6u be the corresponding proportions of
those who were non-OC users. Estimates of
these misclassification rates are available from
the comparison ofresponses between proxy and
true controls (table lb). The EM algorithm" is
used to estimate the proportion of those re-

ported as unknown who are actually exposed,
and the misclassification rates are used to es-

timate how many of these would be reported
as exposed or not exposed, respectively. Then
Copeland's argument,12 conditional on a re-
ported exposure status, is applied to compute
the actual exposure rate among all subjects.
The new estimate of exposure is used to update
the reported exposure among the unknowns,

Table 8 Actual and reported exposure among subjects

Reported True status Observed
status exposure

Exposed Not exposed

Exposed y6, n
Not exposed f0 6, no
Don't know Yu Bu nu
Total 1 1
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Table 9 Cases and proxy respondents by diagnosis

Cases requiring proxies

True cases Reported Estimated

Stroke
Exposed 327 63 76.9
Not exposed 1577 283 294.1
Don't know 0 25 0.0
Total 1904 371 371.0

Myocardial infarction
Exposed 85 0 0.0
Not exposed 181 9 9.0
Don't know 0 0 0.0
Total 266 9 9.0

Pulmonary embolus or deep vein thrombosis
Exposed 518 2 2.1
Not exposed 688 9 8.9
Don't know 0 0 0.0
Total 1206 11 11.0

Table 10 Impact ofproxy responses on odds ratio and
sample size

No of Exposure Odds ratio
cases (%) (% change)

Stroke
All cases 2275 17.8 -

True cases only 1904 17.2 -3.93
True cases and proxies 2250 17.3 -2.85

Myocardial infarction
All cases 275 30.9 -

True cases only 266 32.0 5.02
True cases and proxies 275 30.9 0.05

Pulmonary embolus or deep vein thrombosis
All cases 1217 42.7 -

True cases only 1206 43.0 0.88
True cases and proxies 1217 42.7 -0.04

and the procedure is repeated until con-
vergence.

Suppose that a proportion x of the subjects
are in fact exposed, then the proportion whose
proxy would respond that they do not know
the exposure status, Pu, is given by:

Pu=lt Yu+(1- r) 6u

The proportions of these women who are, and
are not, in fact exposed are tYt/[ltyu+ (1 - n)6u]
and (1-)6d[tyu+ (1-iQ6u], respectively.
Hence ifthe exposure for nuwomen is reported
as "don't know", then n1'=nunyd[iryu+
(l-it)6u] women are and no'=nu(1-it)6d
[ltyu+ (1-r)6u] are not actually exposed. In

view of the misclassification rates between the
actual and reported exposure, the number who
are reported as exposed is n,'y + no'6, where
y = 7y/(Iyl + yo) and 6 = 61/(81 + 68) are the prob-
abilities of being reported as exposed or not,
respectively, conditional on the proxy re-

spondent providing an exposure status. Sim-
ilarly the number who are reported as not
exposed is n,'(1 -y) +no'(1 -6). Thus a total
of nI" = nI + n1'y + no'6 women are reported as

exposed and no" = no+ nl'(1 -'y) + no'(1 -6) as

not exposed. The estimated proportion of
women reported as exposed is:

=p'= n1"/(n1" + no").

Copeland's argument" is applied to the re-
ported proportion of exposed, p', using thecon-
ditional misclassification rates 'y and 6, to
estimate the actual proportion exposed:

i'= (P'- 6)/(y- )
where y and (1-6) correspond to the sensitivity
and specificity, respectively. This value t' is
used as the revised estimate and the procedure
repeated until convergence.

Table 9 gives the numbers of true and proxy
cases for each of the three main diseases in the
WHO study and uses the information provided
by the proxy and true controls to estimate the
distribution of exposure among proxy cases.
Table 10 shows, for each disease, the number
of cases and the rates of exposure based on the
computations in table 9. Exposure among all
cases corresponds to that which could the-
oretically have been observed if all cases had
provided information. The impact on estimated
odds ratios is shown as the percentage change
from the theoretical value by using only data
from true cases and by using true cases' data
supplemented by proxy responses. The increase
in sample size shows the number of additional
cases that would have to be recruited to the
study to have the same power as a study where
all cases were able to provide information.
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