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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.
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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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