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Illustration of Analysis Taking into Account Complex Survey Considerations:
The Association between Wine Consumption and Dementia in the
PAQUID Study

Stanley Lemeshow,1 Luc Letenneur,2 Jean-Francois Dartigues,2 Sylviane Lafont,2 Jean-Marc Orgogozo,2'3

and Daniel Commenges2

Epidemiologists are increasingly looking to large-scale sample surveys to provide data for studies of the
associations between known or suspected risk factors and disease. More often than not, widely available
statistical software packages have been used to analyze such data, particularly when multivariable modeling
is involved. Such packages assume that the data have resulted from simple random samples. However, when
the survey design incorporates such features as clustering and stratification, the results of statistical analyses
based on this assumption can be incorrect. The authors utilized data from the PAQUID (Personnes Agees
Quid) study, collected periodically from 1988 to 1996, to illustrate the ease of performing a "design-based" (vs.
a "model-based") analysis of complex survey data, and they compared the results obtained using both
approaches. The PAQUID study is a stratified cluster sample of elderly community residents in the south-
western departments of Gironde and Dordogne, France. In the illustration presented—in which 3,777 com-
munity residents aged 65 years or older were selected to permit identification of baseline and lifetime factors
that might be related to cognitive loss, dementia, and Alzheimer's disease—measures of association (such as
odds ratios and their associated standard errors) were comparable for both analytical strategies. However, this
may not be the case for other examples. Descriptive measures (such as estimates of means and proportions)
may be more seriously compromised by the decision to ignore the sampling design. The availability of modern
statistical packages with survey analysis capabilities should encourage data analysts to perform design-based
analyses whenever possible. Am J Epidemiol 1998; 148:298-306.

complex sample survey; data Interpretation, statistical; design-based analysis; design effect; logistic
models; longitudinal studies; sampling studies; stratified cluster sample

Numerous epidemiologic studies have supported a
putative protective effect of moderate alcohol con-
sumption on cardiovascular morbidity and mortality
(1-6). These reports, based on ecologic, cohort, or
case-control studies in different parts of the world,
seem to be sufficiently convincing to justify preven-
tive recommendations (7). A recent paper reported a
relation between wine consumption and reduced risk
of dementia or Alzheimer's disease based on a cohort
sample from the PAQUID (Personnes Agees Quid)
study (8). These results confirmed a similar trend
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reported previously in an Italian case-control study (9)
and in an American cohort study (10).

The protective effect (odds ratio = <0.25) demon-
strated in the PAQUID study (8) conflicts with previ-
ous findings that alcohol and wine are neurotoxic and
a cause of alcoholic encephalopathies (11, 12). How-
ever, in the original PAQUID study, data were ana-
lyzed ignoring the complexity of the sampling as well
as certain key potentially confounding variables.
These shortcomings may have impaired the validity of
the results reported.

This paper focuses on the fundamental question of
how data resulting from studies with complex sam-
pling designs, such as PAQUID, should be analyzed.
To date, all publications on the PAQUID database
have treated the data as if they resulted from a simple
random sample from a target population. However,
this was not the case.

In this study, we reanalyzed the data from the
PAQUID study using readily available data analytical
strategies that accounted for the complexity of the
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sampling design. We also evaluated a greater number
of potential confounders than were considered in the
original report (8).

MATERIALS AND METHODS

PAQUID is a longitudinal, prospective study that
involves noninstdtutionalized French community resi-
dents aged 65 years or older on December 31, 1987,
living in two administrative areas, or "departments," in
southwestern France: Gironde (10,000 km2, 1,127,546
inhabitants) and Dordogne (9,060 km2, 377,356 inhab-
itants) (13). A total of 3,111 community residents were
selected to permit identification of baseline and life-
time factors that might be related to cognitive loss,
dementia, and Alzheimer's disease. Baseline data were
collected in 1988-1989, and subjects have since been
studied periodically. The current analysis includes
data collected through 1996. This study has provided
invaluable epidemiologic information on the health of
these elderly residents of France as well as strong
evidence for the association between selected risk
factors and disease (14-16).

Design of the PAQUID study

Gironde and Dordogne are comprised of 543 and
555 parishes, respectively. To select the study sub-
jects, we divided the parishes in each department on
the basis of population size into one of the following
four strata:

1. Stratum 1: Parishes with more than 50,000 in-
habitants

2. Stratum 2: Parishes with 10,000-49,999 inhab-
itants

3. Stratum 3: Parishes with 2,000-9,999 inhabi-
tants

4. Stratum 4: Parishes with fewer than 2,000 in-
habitants

Within each stratum, parishes were selected with a
probability proportional to their size. There were no
parishes with more than 50,000 inhabitants in Dor-
dogne. A total of 37 parishes were selected from
Gironde and 38 from Dordogne.

Within each parish selected, subjects were chosen at
random from electoral lists, stratified by age and sex.
In France, electoral lists for this age group are believed
to be extremely complete as a result of the relative
stability of the population (the average length of res-
idence in the parish for these elderly individuals was
40 years). The sampling fraction was approximately
1:56 in Gironde and 1:38 in Dordogne. Selected sub-
jects were contacted by mail and asked to agree in
writing to participate in the study. A total study pop-

ulation of 3,777 subjects resulted—2,792 from Gi-
ronde and 985 from Dordogne.

Subjects selected for inclusion in the study were
contacted by telephone (when possible) or by mail and
asked to participate. Those who agreed (68.5 percent)
were interviewed in their homes by a trained psychol-
ogist for collection of baseline data. A structured ques-
tionnaire was administered requesting information on
average daily water intake (to reduce any stigma that
might be associated with alcohol consumption) and
then on wine, beer, and liquor consumption. Partici-
pating subjects were then revisited at regular intervals
to screen for incident cases of cognitive dysfunction
and dementia. Assessment of cognitive functioning
using a battery of psychometric tests has been de-
scribed previously (8). When dementia was suspected,
a neurologist participating in the study examined the
subject to validate the diagnosis.

The important point is that this was not a simple
random sample. Study subjects did not have equal
probabilities of being included.

In this paper, we employ the following notation:

• i = one of seven strata (defined by department
and population size)

• M, = number of clusters (or parishes) in the ith
stratum, i = 1 , . . . ,7

• m, = number of clusters selected from the ith
stratum, i = 1 , . . . ,7

• j = parish number within the stratum
• Njj = number of individuals aged 65 years or

older living in the ;th sampled parish within stra-
tum i (based on census data)

• Nj = number of individuals aged 65 years or older
living in stratum i (based on census data)

• ntj = number of individuals actually studied in
parish j within stratum /

Table 1 presents a summary of the selection process.

TABLE 1. Selection of a sample of 3,777 community
residents aged £65 year* from the departments of Gironde
and Dordogne, France: PAQUID* study, 1988-1996

Department

Gironde
Gironde
Dordogne
Gironde
Dordogne
Gironde
Dordogne
Total

Stratum

1
2
2
3
3
4
4

M,

3
14
2

73
26

453
527

1,098

m,

3
4
2

10
13
20
23
75

L,
49,786
35,253
11,764
37,024
17,687
44,980
46,250

242,744

L,
1,231

473
71

361
311
727
603

3,777

* FWQUID, Personnel Agees Quid.
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Analysis of the PAQUID study

We had seven strata, and samples were selected
from each stratum. In Gironde, only three parishes had
populations of more than 50,000, and each was se-
lected. In Dordogne, only two parishes had popula-
tions of more than 10,000; both were selected. For
these two strata, the probability of selecting a partic-
ular individual was (jiy/Ny), so the statistical weight
was (IMy/Ny) = (Ny/tiy). This statistical weight indi-
cates the number of people in the population repre-
sented by each subject in the sample. For the other five
strata, the probability of selection was equal to the
product of the probability of selecting 1) the parish
with a probability proportional to size (wz, X (Ny/N,))
and 2) the individual in the selected parish (riy/Ny).
That is, the probability of selecting an individual in these
five strata was (mt X (Ny/Nj)) X {ny/N^ = (m^/V,).
Thus, it follows that the statistical weight in these strata
was (W/n,ny).

A poststratification adjustment can be applied to
each of these weights to arrive at the final statistical
weight for each study subject. This adjustment is used
to weight the age-sex subgroups in each parish within
each stratum so they will be identical to those in the
population. The six subgroups were as follows: males
aged 65-74, 75-84, and ^85 years and females aged
65-74, 75-84, and ^85 years.

For example, the voting lists for Gironde stratum 1
contained the names of 10,105 males aged 65-74
years. This number represented 20.3 percent of all
subjects on the voting lists from that stratum. How-
ever, the sample contained 284 males aged 65-74
years, representing 23.07 percent of the sample from
that stratum. Therefore, each weight in that subgroup
can be adjusted by multiplying by the ratio 0.203/
0.2307 = 0.88. If these adjustment factors are called
cijkl, then the final statistical weights, wijkl, can be
expressed as

\

where i indexes stratum, j indexes parish, k indexes
sex group, and / indexes age group.

This discussion demonstrates that the PAQUID
study has a stratified multistage design in which, dur-
ing the first stage of sampling, parishes (or primary
sampling units) are selected from the strata and, during
the second stage, subjects are selected at random from
parish electoral lists. Until recently, it was relatively
difficult to analyze survey data that have this type of
stratified multistage design by using statistical soft-
ware packages, because the programs in most of these

packages assume that the data have been selected by
simple random sampling. They incorporate "model-
based" statistical theory (17), which assumes that the
data are independent and identically distributed. This
assumption can result in estimation and inference er-
rors when complex sample survey data are analyzed.
Using such programs may produce biased point esti-
mates and may result in grossly underestimated stan-
dard errors of these estimates.

In recent years, programs such as SUDAAN (18),
PC CARP (19), CSAMPLE (20), WesVarPC (21),
and, most recently, STATA (22) have made it possible
to estimate population parameters and their associated
standard errors using "design-based" inference (23).
This approach assumes simply that the population is
fixed. The randomness of the observations results
from the random numbers that are selected during the
sampling process rather than from a presumed under-
lying model. When sample designs use stratification,
clustering, poststratification to known totals, or other
procedures, the estimates of means, totals, proportions,
ratios, and regression coefficients may not be linear, or
even known, functions of the population parameters
(24). To estimate the variance in these estimates, sta-
tistical packages, including SUDAAN and STATA,
use linearization, also known as the delta method. This
technique, based on a Taylor series expansion, can be
used to construct an approximation of the functional
form of the original observations that is subsequently
amenable to construction of a variance estimator. The
technical appendix in the SUDAAN manual provides
an excellent review of linearization methodology (25).

We used the sample survey capabilities of STATA
to analyze these data, specifying that there were seven
strata and that the primary sampling units in these
strata were parishes. We also provided the statistical
weights, WyU, which were computed following the
process described above. Details of this process are
presented in the Appendix.

For this analysis, we considered only those subjects
free of dementia at the time of initial observation {n =
2,273). The outcome of interest was whether a subject
exhibited dementia at the 3-year follow-up. The
primary risk factor under consideration was wine
consumption, which was divided into the following
categories:

0 no wine consumption
wine = 1 up to lA liter/day

2 more than XA liter/day

Many other variables were considered potential con-
founders or risk modifiers of the crude association
shown between wine consumption and incident de-
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mentia. Control for confounding was investigated by
building a logistic regression model containing both
the risk factor of interest (i.e., wine consumption) and
the potential confounder. When the confounder was
measured on a continuum (e.g., age), we used a lowess
smoothing function with locally weighted least
squares (26) to determine whether the effect of that
variable was linear in the logit. Fractional polynomials
(27) and quartile design variables (28) were also used
to determine whether the linear term required a trans-
formation to adequately reflect its association with
outcome.

Both the calibration and the discrimination of result-
ing models were assessed. The Hosmer-Lemeshow
(28) goodness-of-fit test was used to assess model
calibration, and the area under the receiver operating
characteristic curve (29) was used to assess model
discrimination.

RESULTS

Table 2 presents the cross-tabulation of data on
dementia status at 3 years of follow-up by level of
wine consumption at baseline. The numbers were gen-
erated without considering survey design.

The information in table 3 illustrates that the same
odds ratios and confidence intervals as those presented
in table 2 can be obtained by using a logistic regres-
sion model under the assumption of simple random
sampling. The last three columns of table 3 present the
same analysis, run using STATA 5.0 (22), incorporat-
ing the sampling design of this study.

The odds ratios are similar for the two analyses, but
the protective effect of wine appears to be 18 percent
greater using the analysis that correctly accounted for
the sampling design. It is interesting to note that mod-
erate or heavy wine consumption, not mild consump-
tion, seems to have a protective effect for dementia.

To control for the potentially confounding effect of
age, it was necessary to include age along with wine
consumption as independent variables in the logistic

regression analysis. We used three procedures to de-
termine whether age was linear in the logit: smoothed
scatter plots, fractional polynomials, and quartile de-
sign variables. Only the third procedure could be ap-
plied in the context of a complex survey. None sug-
gested that age was nonlinear in the logit. However,
since the fractional polynomial procedure did suggest
possible (although not statistically significant) trans-
formations of age, we evaluated the impact of these
transformations in our analyses. That is, we used
1/age2 instead of age in one model and both 1/age2 and
[l/age2]ln(age) instead of age in another. We found
that when we used the transformed versions of age, the
models performed no better than the model using age,
and the adjusted odds ratios were essentially the same
whether we controlled for age or a transformed version
of age. In all cases, the adjusted odds ratios were about
15 percent higher than the crude odds ratios. Since
transforming age had little impact on this analysis, we
used a nontransformed value for age in subsequent
analyses.

We explored the role of age as an effect modifier by
building a model containing the two dummy variables
for wine as well as the interactions between each of
these dummy variables and age. Neither of the inter-
action terms was significant, suggesting that age was a
confounder but not an effect modifier. Therefore, we
will control for age when studying the association of
wine consumption with dementia.

Controlling for results of psychometric tests

Three psychometric tests were administered to each
subject in the PAQUID study: the Mini-Mental State
Examination (MMSE) (30), the Benton Visual Reten-
tion Test (31), and the Isaacs set-test of verbal fluency
(32). Table 4 presents the means and standard errors of
the means for each test under two analytical strategies:
model-based and design-based.

Whereas the means are comparable, the standard
errors of the means are considerably larger in the

TABLE 2. Incident dementia at 3 years of follow-up, by level of wine consumption at baseline, among
3,777 oommunity resident* aged 265 years from the departments of Gironde and Dordogne, Franoe:
PAQUID* study, 1988-1996

Wine
consurrjjUon

None
£1/4 liter/day
>1/4 liter/day
Total

n

48
47

4
99

Yea

tnddent dementia

%

4.9
5.1
1.1

n

923
875
376

2,174

No

%

95.1
94.9
98.9

OR'.t

1.033
0.205

95% Cl*

0.684-1.561
0.073-0.571

* PAQUID, Personnes Agees Quid; OR, odds ratio; Cl, confidence interval,
t Compared with none as the referent group.
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TABLE 3. Odds ratios and confidence intervals (from logistic regression analysis) for incident
dementia, by level of wine consumption, among 3,777 community residents aged 265 years from the
department* of Gironde and Dordogne, France: PAQUID* study, 1988-1996

Wine
consumption

Nona
£1/4 liter/day
>i/4 liter/day

Assuming simple random sarrpte

OR*

1.000
1.033
0.205

SE* (OR)

0.217
0.107

96% Cl*

0.684-1.561
0.073-0.571

OR

1.000
1.040
0.169

Design-baaed analysis

SE (OR) 95% Cl

0.281 0.607-1.782
0.089 0.060-0.481

• FWQUID, Peraonnes Agees Quid; OR, odds ratio; SE, standard error Cl, confidence interval.

TABLE 4. Eatimated mean ccores on three psychometric tests under two different anaiytica] strategies
for 3,777 community resident* aged iBS years from the departments of Gironde and Dordogne, France:
PAQUID* study, 1988-1996

Test

MMSE* (30)
Benton (31)
Isaacs (32)

No. of
observations

2,242
2,051
2,176

Mode)-based analysis

Mean

26.268
10.423
27.329

SE*(mean)

0.066
0.056
0.146

Design-based analysis

Mean

26.223
10.335
27.264

SE(mean)

0.110
0.095
0.200

Design ettect

2.78
2.87
1.88

1 R4QUID, Peraonnes Agees Quid; SE, standard error MMSE, Mini-Mental State Examination.

design-based analysis. This is to be expected for esti-
mates of the sample mean. The design effect, defined
as the ratio of the variance under design-based analysis
to the variance of the mean under simple random
sampling, is a measure of the inflation in variance that
occurs due to homogeneity within clusters. The design
effect can be expressed as 1 + (n — \)py, where py is
the intracluster correlation coefficient and n is the
average number of units in the sampled cluster. The
intracluster correlation coefficient can range from
small negative values (when the data within clusters
are highly heterogeneous) to unity (when the data
within clusters are highly correlated). Only when the
data are highly heterogeneous within clusters will the
design effect be less than 1.

The role of each of these psychometric tests as a
confounder was explored after determining that the
test scores were linear in the logit. As is shown in table
4, it was not possible to obtain results for each psy-
chological test on each of the 2,273 subjects in the
study. We replaced missing values for a given test
with the mean value for that test. (It is well known that
mean imputation results in reduced estimates of stan-
dard errors, since the missing values are imputed at the
center of the distribution (33).) We then created a new
variable taking on the value 0 (if no imputation was
required) or 1 (if a missing value was replaced by the
mean of the group) (34). The importance of imputation
here was not to include values for the missing test
scores or to maximize sample size and therefore
power. Rather, it was to represent the fact that the
person was not willing (or perhaps able) to participate
in the psychometric testing, suggesting that some men-

tal impairment may have been present at baseline.
Thus, this baseline mental impairment was adjusted
for in the analysis. This method for evaluating the
impact of missing data may be called "additional cat-
egory." In general, this method is not to be recom-
mended if the aim is to estimate the odds ratio and the
standard error of this estimator in a conventional miss-
ing data problem. However, in this particular analysis,
it was justified because the fact that the data were
missing was information in itself (35). Results are
presented in table 5.

Note from table 5 that subjects who did not take one
of the psychological tests were more likely to be found
to suffer from dementia than those who took the test.
Again, the results of the sample-based estimates are
not very different from those of the analysis assuming
simple random sampling, but differences do exist. Of
importance is the finding that even after controlling for
age and psychological testing, moderate to heavy wine
drinking showed a significant protective effect for
dementia.

In general, the design effects for the regression
coefficients were not as dramatic as they were for the
means. In some cases, the design effects were actually
less than 1. As described by Neuhaus and Segal (36),
design effects for regression coefficients can be ex-
pressed as 1 + (n - l)PjPr Because this expression
depends on the product of the intracluster correlation
coefficients for both the independent and the depen-
dent variables, both of which are by definition smaller
than 1, the magnitude of the effect is smaller than that
seen for means, totals, or proportions. Furthermore, it
is important to note that px and py do not necessarily
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TABLE 5. Odd* ratioa for wina drinking and dementia, controlling for aga and paychological atatu* i
maasurad by three psychometric teat*, among 3,777 community residents aged £65 yaara from the
departments of Gtronde and Dordogne, Franca: PAQUID* atudy, 1988-1996

variable

£1/4 fiter/day
>1/4 liter/day
Agef
MMSE*4 (30)
Bentont(31)
Isaacs* (32)
mmse01§
bentO1§
isaacs01§

OR*

0.875
0.267
1.054
0.866
0.888
0.934
1.865
2.871
1.648

Model-based analysts

SE'(OR)

0.202
0.145
0.018
0.031
0.050
0.017
1.063
0.984
0.702

95%CI»

0.556-1.375
0.093-0.772
1.018-1.091
0.808-0.928
0.796-0.992
0.901-0.968
0.610-5.697
1.467-5.619
0.715-3.800

OR

0.874
0.235
1.050
0.870
0.872
0.946
1.511
3.943
1.165

Design-baaed analysis

SE(Ofl)

0.237
0.122
0.013
0.032
0.040
0.019
1.010
1.582
0.712

95% Cl

0.509-1.503
0.083-0.660
1.024-1.077
0.808-0.936
0.796-0.956
0.910-0.984
0.398-5.734
1.771-8.782
0.344-3.946

* PAQUID, Pereonnes Agees Quid; OR, odds ratio; SE, standard error; Cl, confidence interval; MMSE, Mini-
Mental State Examination.

t Odds ratio reflects a 1-year change in age.
i Odds ratio reflects a one-unit change in test score.
§ Indicator variable taking on the value 1 if the test score was imputed.

point in the same direction. It is possible for data
within clusters to be heterogeneous for one variable
and homogeneous for the other. In this case, the prod-
uct of the intracluster correlation coefficients would be
negative, and the resulting design effect would be
smaller than 1.

The goodness-of-fit test of the model presented in
table 5 resulted in a test statistic of 5.6, which, with 8
degrees of freedom, reflects the close correspondence
between the observed and expected frequencies in
each cell of the 2 X 10 table (p = 0.69). The area
under the receiver operating characteristic curve for
this model was 0.854, suggesting excellent discrimi-
nation. These measures of calibration and discrimina-
tion characterize the performance of the model pre-
sented in table 5 as impressive.

Controlling for other variables

We explored many other variables as potential con-
founders, including educational level, receipt of di-
ploma, occupation, odd jobs, sex, depression, current
health, living alone, sports participation, club mem-
bership, traveling, visiting family or friends, caring for
children, and reading. None of these variables changed
our impression of the association between wine con-
sumption and dementia.

DISCUSSION

Large-scale sample surveys often provide fertile
ground for analyses by epidemiologists. Recently, sur-
vey organizations such as the National Center for
Health Statistics and the US Bureau of the Census
have distributed data from the Third National Health
and Nutrition Examination Survey (NHANES IH) and

the National Health Interview Survey (NHIS) to inter-
ested investigators via CD-ROM. Confronted by the
richness of such databases and the historic relative
lack of availability of suitable software to appropri-
ately account for the survey design, researchers have
often simply ignored the complexities of a survey and
analyzed the data as if they resulted from a simple
random sample. The availability of modern programs
such as SUDAAN and STATA provides data analysts
with new tools for performing design-based analyses
whenever appropriate.

We analyzed data from the PAQUID study under
both model-based and design-based scenarios. It was
interesting to find that, as expected, variances in linear
estimates (such as means) were underestimated using
the model-based approach. However, logistic regres-
sion coefficients and their associated standard errors
did not differ that much between the two analytical
strategies. Korn and Graubard (37) described situa-
tions in which incorporation of weights may cause
estimates of association, such as regression coeffi-
cients, to differ greatly from those calculated under the
assumption of a simple random sample. These situa-
tions include 1) misspecification of the model,
2) omission from the model of a variable that has a
strong interaction with the independent variables and
is highly correlated with the weights, and 3) cases in
which the sampling rate is very different within the
levels of the outcome variable. However, these authors
point out that even if the sampling rates within the
levels of the outcome variable differ only moderately,
the weighted and unweighted means could be quite
different.

It might be expected that the design-based analysis
would differ from the model-based analysis if the
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