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The authors examine the cross-sectional and longitudinal relation of smoking habits and current alcohol
intake to cognitive status and decline over a 3-year period as well as the extent to which these relations are
modified by the presence of clinical conditions indicating atherosclerosis (cardiovascular disease{(CVD)/
diabetes). Data are from the cohort of men followed in the longitudinal Zutphen Elderly Study in 1990 (n = 489)
and 1993 (n = 333). Cognitive function was measured in 1990 and 1993 with the 30-point Mini-Mental State
Examination (MMSE). After adjustment for age, education, and alcohol intake, current smokers made 20%
more errors on the MMSE than never smokers in the cross-sectional analyses. Cognitive decline was greatest
in those with CVD/diabetes who currently smoked and never smoked (—1.9 and —1.3 points, respectively).
After adjustment for age, education, and smoking status, men with CVD/diabetes and low-to-moderate
alcohol intake had a significantly lower risk for poor cognitive function (MMSE =< 25) than abstainers (odds
ratios of 0.3 for less than one drink and 0.2 for one to two drinks per day). Alcohol intake was not associated
with cognitive decline. These findings do not support the hypothesis of a protective effect of smoking on
cognitive function; they suggest that smoking may be harmful among those with CvVD/diabetes. Alcohol may
result in an acute beneficial effect on cognitive function among those with CVD/diabetes. However, selection
bias and unmeasured confounding should be of concern when evaluating these results. Am J Epidemiol 1996;

143:219-27.
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Adequate cognitive functioning is essential to inde-
pendent living. As the population grows proportion-
ately older, the prevalence of cognitive impairment is
expected to increase. This will necessitate studies to
identify risk factors that predict its occurrence. Studies
point to long-term and acute processes through which
both cigarette smoking and alcohol may potentiate
changes in the cerebrovascular system that could ulti-
mately affect cognitive function. As both drinking and
smoking are potentially modifiable behaviors, it is of
interest to examine their relation to cognitive function.

Cigarette smoking may have a negative or positive
effect on cognitive function. Long-term negative ef-
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fects can be mediated via smoking-related events such
as thrombosis, atherogenesis, and stroke (1-4). The
negative effect of smoking habits could also be short
term as smoking cessation reduces the risk for stroke
and improves cerebral perfusion (5, 6). In contrast,
cigarette smoking has been inversely correlated with
the risk for Alzheimer’s disease (7, 8). This beneficial
effect of smoking may be mediated via nonvascular
pathways involving nicotine receptors and neurotrans-
mitter function (9). Indeed, nicotine delivery may im-
prove performance on selected cognitive tests (10).

The effect of alcohol on cognitive function may
depend on the amount consumed and the underlying
cerebral pathology leading to cognitive impairment.
Moderate alcohol intake has been associated with an
increased risk for hemorrhagic stroke but a decreased
risk for the more prevalent thromboembolic stroke
(11). This protective effect may be mediated via acute
responses in blood lipids, vasomodulators, and hemo-
static factors (12-15). Chronic and heavy use of alco-
hol has been associated with neurotoxicity leading to
the Wernicke-Korsakoff syndrome, which is charac-
terized by severe memory impairment, or possibly to a
distinct type of dementia (16, 17).
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Although smoking and drinking have been exam-
ined in relation to clinical endpoints such as
Alzheimer’s disease and cardiovascular events (1-3,
6-8, 17-19), few studies have systematically investi-
gated these habits in relation to cognitive function in
community samples (20-22). In this study, we exam-
ine the cross-sectional and longitudinal relation of
smoking and alcohol intake to cognitive status and
change as well as the extent to which clinical condi-
tions indicating atherosclerosis modify these relations.
Data are from the cohort of men followed in the
longitudinal Zutphen Elderly Study.

METHODS

The Zutphen Elderly Study is an extension of the
original cohort that formed the Dutch contribution to
the Seven Country Study (23, 24). In 1985, 1,266 men
were asked to participate, 555 from the original cohort
and 711 from a randomly selected sample from all
other men living in Zutphen in the same age range
(65—84 years). A total of 939 men agreed to partici-
pate. In 1990, 560 men (78 percent of the 718 survi-
vors) participated; and in 1993, 390 men (71 percent
of the 553 survivors) participated. Follow-up between
surveys was complete. The average years of age for
the participating cohort members were 71.6 = 5.4 in
1985, 75.1 £ 4.7 in 1990, and 78.7 * 4.3 in 1993.

In 1985 and 1990, the interviews, dietary assess-
ments, and medical examinations were conducted at
homes and at a study center. In 1993, the interviews
took place at home. Factors were measured repeatedly
with the same questions or methodology, although
cognitive function was tested in 1990 and 1993 only.
Data from all three surveys were used to assess pos-
sible bias from nonparticipation (due to death and
refusal) and behavior change that followed and did not
precede cognitive impairment or cardiovascular dis-
ease (CVD)/diabetes. Data from 1990 were used to
examine the cross-sectional relation of cognitive func-
tion to smoking and drinking. Cognitive function mea-
sures from 1990 and 1993 were used to examine the
relation between 1990 habits and cognitive decline.

Definition of variables

Cognitive function was assessed with the 30-point
Mini-Mental State Examination (MMSE) of Folstein
et al. (25). This test of orientation, attention, memory,
language, and constructional abilities is used exten-
sively in clinical and epidemiologic studies as a gen-
eral measure of cognitive function (26). From the test
of 20 questions, four or fewer missing answers were
coded as wrong (27); and for more than four missing
answers, the total score was coded as missing.

To assess smoking behavior, respondents were
asked about the amount smoked and the ages when
they started and stopped smoking. Smoking behavior
was categorized as follows: current smokers, never
smokers, and former smokers, divided further by the
time since they stopped smoking (<10 years or >10
years ago). As only 12 percent of the men smoked
more than 10 cigarettes per day, we did not further
categorize the current smokers according to the
amount smoked. These categories, rather than pack-
years, were used to better study the effects of current
compared with former and never smokers. Additional
analyses did not suggest a consistent dose-response
relation between pack-years and the risk for cognitive
impairment (cross-sectional analyses) and decline
(longitudinal analyses).

Usual alcohol intake in the month preceding the
interview was calculated from a validated cross-check
dietary history adapted to the Dutch setting (28). The
number and type of drink were converted into grams
of alcohol and categorized as follows: none, less than
one drink (<13.2 g), one to two drinks, and more than
three drinks per day.

The following covariate and confounding variables
were considered in these analyses: age, education
(0-6, 7-12, and =13 years), and clinical conditions
indicating atherosclerosis. Clinical conditions indicat-
ing atherosclerosis included cerebrovascular accident
(CVA), transient ischemic attack, myocardial infarc-
tion, intermittent claudication, and angina pectoris.
These conditions were assessed by a standard medical
interview that included questions from the Rose Ques-
tionnaire (29). We also included diabetes mellitus be-
cause it is strongly related to atherosclerosis (30) and
to cognitive function in this cohort (31). Diabetes was
ascertained by questionnaire or detected on the basis
of a baseline fasting glucose level of >7.8 mmol/liter
or a 2-hour postload glucose level of >11.1 mmol/
liter. Diagnosis of each reported condition was veri-
fied with hospital discharge data and written informa-
tion from the general practitioners, which was
reviewed and uniformly coded by one physician.
Records from individuals not reporting medical con-
ditions in the interview were not examined.

Because of their relation to stroke and possibly to
cognitive function, we considered the following con-
ditions as potential moderators and mediators: hyper-
tension, high density lipoprotein cholesterol, and fi-
brinogen. Hypertension was defined as the use of
antihypertensive medication, as a systolic blood pres-
sure of >160 mmHg, or as a diastolic blood pressure
of >95 mmHg, determined on the basis of the mean of
two blood pressure measurements taken with a random
mercury sphygmomanometer. Nonfasting blood sam-
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ples were used for the determinations of high density
lipoprotein cholesterol (32) and fibrinogen (33).

Statistical analyses

The final sample for the cross-sectional analyses
included 489 respondents with complete data on all
risk factors; the longitudinal analyses included 333
respondents. Univariate relations were tested with chi-
square for categorical variables and analysis of vari-
ance for continuous outcomes.

To assess bias from nonparticipation, we examined
the association of drinking and smoking habits in 1985
to participation in 1990. In this context, we examined
the association between 1985 behavior and death due
to cardiovascular disease and also the association of
participation in 1993 to behavior and cognitive func-
tion in 1990.

The cross-sectional relation of the MMSE to smok-
ing behavior was examined in several ways. First, we
compared the performance on the MMSE of smokers
(current smokers, former smokers who quit <10 years
ago, and those who quit >10 years ago) to never
smokers. Performance was expressed as the number of
errors (30 points-achieved score), which followed a
Poisson distribution. Poisson regression was used to
calculate the rate ratio of the mean number of errone-
ous answers in the index versus the reference group.
Robust measures of the standard error were estimated
to account for extra Poisson variation (34). Univariate
analyses and analyses adjusted for age, education, and
alcohol intake are shown. We also examined the risk
for cognitive impairment in smoking groups compared
with never smokers. This was done by dichotomizing
the MMSE at <25 points and estimating risk as an
odds ratio (95 percent confidence interval) with logis-
tic regression. This cutoff has been used to screen for
dementia (35) and is related to the probability of
cognitive impairment (36). Both univariate and ad-
justed analyses are shown, as described above. Finally,
we examined whether smoking category was related to
change in the MMSE between 1990 and 1993 and
whether smokers experienced more decline in the
MMSE score than never smokers. Multiple linear re-
gression was used for these analyses; in addition to the
variables entered into the cross-sectional models, we
also controlled for the 1990 MMSE score.

Analyses on alcohol intake were conducted in a
similar manner wherein no reported alcohol intake was
used as the reference. All models were adjusted for
smoking status (never, former, current), age, and ed-
ucation; the analyses of cognitive decline also in-
cluded the 1990 MMSE score. These analyses ex-
cluded 12 subjects who decreased their intake two or
more categories between 1985 and 1990.

Am J Epidemiol Vol. 143, No. 3, 1996

To evaluate the role of clinical disease in the rela-
tions of interest, two strategies were undertaken. First,
factors possibly mediating the relation between the
behavior and cognitive function were entered into the
multivariate models. Second, we conducted stratified
analyses by the presence or absence of CVD/diabetes.
We expected that the risk associated with predomi-
nately nonvascular mechanisms would be more clearly
seen on the one hand in the group without evidence of
cardiovascular disease and diabetes, mimicking the
situation in which risk is studied in Alzheimer’s dis-
ease patients (7, 8, 19). On the other hand, the acute
effect of smoking and alcohol in those at risk for
cerebrovascular damage may be more evident in those
with disease. Effect modification of the presence of
CVD/diabetes was tested by entering into the adjusted
model a term for the presence of disease and an
interaction term between disease and smoking cate-
gory. Similar analyses were conducted by hyperten-
sion status, inasmuch as hypertension has been shown
to modify the relation of cigarette smoking to stroke
(3) and to Alzheimer’s disease (19). Analyses were
conducted using the SAS statistical package (version
6.09) (37).

RESULTS
Participation and change in reported behavior

There was no selective participation in 1990 by
1985 drinking or smoking habits. However, total mor-
tality was slightly greater among 1985 never smokers
compared with former and current smokers and
slightly greater among those who abstained from al-
cohol compared with those who did not (data not
shown).

The samples for the cross-sectional and longitudinal
samples did not differ in percent from low education
(14.7 percent in the cross-sectional and 12.0 percent in
the longitudinal sample), with hypertension (39.7 vs.
38.5 percent), with CVD/diabetes (39.7 vs. 35.8 per-
cent), and with CVA (4.1 vs. 3.6 percent). Overall,
nonparticipants in 1993 had a lower median 1990
MMSE score (26 vs. 27 for participants) and propor-
tionately included more current smokers (p < 0.05)
and abstainers from alcohol (p < 0.07). Those ab-
stainers who participated in 1993 had a median 1990
MMSE score of 27 compared with 25 for nonpartici-
pants. Otherwise, there was no difference between
participants and nonparticipants by category of drink-
ing or smoking status.

Smoking and drinking habits

In 1990, 22.5 percent of the men currently smoked;
43 percent had stopped smoking more than 10 years
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ago. The respective durations of smoking (and stan-
dard deviations) were as follows: 57.1 (6.3) years
among current smokers; 57.7 (7.0) years among those
quitting within 10 years; and 31.5 (12.8) years among
those quitting over 10 years ago. The average expo-
sures in pack-years (and standard deviations) were
857.3 (454.6), 1,056.9 (753.4), and 486.9 (486.3) for
current smokers, those quitting within 10 years, and
those quitting more than 10 years ago, respectively.
Alcohol intake was low to moderate: 45 percent re-
ported an intake of less than one drink per day, and
only 4 percent reported drinking three or more drinks
per day.

Disagreement between 1985 and 1990 reports on
smoking (i.e., in 1985 the respondent reported cur-
rently smoking and in 1990 reported not smoking) or
alcohol intake may indicate reporting error or behavior
change. Neither poor cognitive function, cognitive
change between 1990 and 1993, hypertension, nor
CVD/diabetes was associated with disagreement be-
tween 1985 and 1990 reports on smoking (data not
shown). Disagreement in alcohol intake categories
was not associated with any of these factors either.
These factors also did not differ among those reporting
abstention in 1990 and 1985 (n = 71) and those who
reported abstention only in 1990 (n = 54).

Current smokers were relatively younger and re-
ported drinking more alcohol than the other men. A
greater percent of never smokers had CVD, and spe-
cifically CVA, compared with former and current
smokers (table 1). Similarly, abstainers from alcohol
had significantly more CVD/diabetes. In addition, ed-

ucation was associated with an increased intake of
alcohol.

Smoking, drinking, and cognitive function

Older age and less education were associated with
cognitive impairment and decline. After controlling
for these variables, the presence of CVD/diabetes was
not related to the rate of making errors or to poor
cognitive function (MMSE < 25); however, those
with CVD experienced a significantly larger decline in
MMSE than those without CVD (—0.90, 95 percent
confidence interval —1.41 to —0.39).

Compared with never smokers, current smokers
made 20 percent more errors on the MMSE; other-
wise, the risk for cognitive impairment did not differ
by category of smoking status (table 2). There was no
evidence of effect modification in the presence of
CVD/diabetes, although those quitting within 10 years
and current smokers with CVD/diabetes had slightly
lower risks and those without CVD/diabetes, a slightly
higher risk for poor cognitive function compared with
never smokers. Results were similar when expressed
as an error rate ratio (data not shown).

The effect of alcohol intake on cognitive function
was modified by the presence of CVD/diabetes (table
3). Those individuals with CVD/diabetes who were
moderate drinkers of two or fewer glasses per day had
a significantly lower risk for poor cognitive function
compared with the abstainers. Moderate drinkers with-
out CVD/diabetes tended to have a higher but nonsig-
nificant risk for poor function compared with abstain-

TABLE 1. Correlates of smoking and drinking habits, the Zutphen Elderly Study of Men
Clgarstte smoking status, 1980 Dally alcoho! intake, 1990
Never Former Current None <1 drink 1-2 drinks 23 drinks
No. (n=91) (n = 288) (n=110) {(n=125) (n=221) (n=122) (n=21)
Mean (SOt) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Smoking status (%
Nevr;gr ) 91 23.2 19.0 14.7 9.5
Former 288 53.6 58.4 64.8 61.9
Current 110 23.2 228 20.5 28.8
Age (years) 489 757 (5.1) 752 (46) 741 (40)* 755 (47) 750 (45 748 (46) 738 (4.0)
Education (years) (%)
<8 72 154 15.6 11.8 21.6 13.5 11.5 4.6%*
7-12 303 571 80.7 69.1 616 68.0 56.6 52.3
213 114 275 238 1841 16.8 20.4 32.0 42.9
Hypertension (%) 194 38.0 40.8 38.1 37.6 40.7 39.3 428
41.8
CVDt/dlabetest (%) 194 39.8 38.1 50.4 34.8 40.1 23.8%%*
55
CVAT (%) 20 42 2.7 7.2 49 0.8 Onses

* p < 0.05 by analysls of varlance for the relation of age (mean (SD)) to smoking status; ** p < 0.005 by chl-square for the relation of education to alcohol
intake; *** p < 0.02 by chi-square for the relation of CVD to alcohol intaks; **** p < 0.06 by chi-square for the relation of CVA to alcoho! intaks.

1+ 8D, standard deviation; CVD, cardlovascular dlsease; CVA, cerebral vascular accident.

$ CVD includes CVA, translent ischemic attack, myocardial Infarction, intermittent claudication, and angina pectorls.

Am J Epidemiol Vol. 143, No. 3, 1996
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ers. However, the difference in effect between strata is
primarily due to the difference between the abstainers;
56.1 percent of those with CVD/diabetes scored <25
on the MMSE compared with 26.7 percent in the
group without disease. Control for hypertension, high
density lipoprotein cholesterol, or fibrinogen did not
materially change the estimates.

The effect of smoking on cognitive decline was
modified by the presence of CVD/diabetes (table 4). In
each category of smoking, those with CVD/diabetes
had a larger decline in the MMSE than those without
CVD; those without CVD/diabetes experienced little
change in cognitive function (—0.04-point decline to
0.24-point improvement). Among those with CVD,
never smokers experienced a significantly greater de-
cline (p < 0.05) in function than former smokers and
a similar magnitude of decline as current smokers.

There was no difference in the amount of change in
the MMSE score by number of alcohol drinks per day
and no evidence that the presence of CVD/diabetes
modified this relation (table 4). Only those with CVD/
diabetes who reported less than one drink per day
experienced a significant decline in the MMSE score.

DISCUSSION

We studied the relation of smoking and drinking
habits to cognitive function in a sample of very old
men (mean age 75 * 5 years) participating in the
longitudinal Zutphen Elderly Study. The median
MMSE score of 27 is similar to that reported for other
randomly selected population-based samples of the
same age (38, 39). Data on cognitive decline in a
population-based sample are scarce. The 3-year de-
cline of —0.30 (2.5 standard deviation) is less than the
—1.3 points reported for an older community-based
sample (40) and less than the 1-point annual rate of
decline reported for clinic populations of Alzheimer’s
disease patients with an initial score of 25 on the
MMSE (41). The magnitude of decline in this study
may be somewhat underestimated because the first
MMSE was administered in the research center and
the second, at home where participants may have felt
more at ease.

The relation of smoking and drinking to perform-
ance on various cognitive tests has been examined
with cohorts living in Framingham (20), East Boston
(21, 42), and rural France (22). None of these studies
reported consistent relations of cognitive function to
smoking or alcohol intake in cross-sectional or longi-
tudinal analyses. These studies did not examine how
the relation of alcohol and smoking to cognitive
change may be moderated or mediated by the presence
of cardiovascular disease and risk factors.

Using data from three visits, we found no selective
participation in the 1990 survey according to reported
behavior in 1985. However, compared with the 1990
participants, 1993 participants scored better on the
1990 MMSE and included proportionately fewer cur-
rent smokers and abstainers.

In the cross-sectional analyses, low-to-moderate al-
cohol intake was moderately protective against poor
cognitive function, particularly among those with
CVD/diabetes. Cognitive decline was not associated
with alcohol intake. The difference between these two
analyses could arise for the following reasons. First,
alcohol may provide short-term protection against ce-
rebral lesions and consequently cognitive impairment,
particularly in those with CVD/diabetes (43). A reduc-
tion in intake over the 3 years could reduce this acute
alcohol effect. Second, the cross-sectional findings
could reflect the effects of relatively poor health status
among the abstainers. Between 1985 and 1990, ab-
stainers had a higher rate of mortality; and in 1990,
they had more prevalent CVD/diabetes. Furthermore,
the effect modification of CVD/diabetes resulted
mainly from differences between the abstainers; per-
haps the abstainers had more severe disease than those
taking alcohol. In addition, abstainers with relatively
poor cognitive function did not participate in 1993,
which minimizes the differences from those taking
alcohol. These findings should be examined in another
setting, particularly in light of other issues discussed
below, which should be taken into account when in-
terpreting these results.

Similar to the findings with alcohol intake, there
was a difference in the results of the cross-sectional
and longitudinal analyses of the relation of smoking to
cognitive function. There was no significant cross-
sectional association between smoking and cognitive
function; in the longitudinal analysis, both never
smokers and current smokers with CVD/diabetes ex-
perienced significant cognitive decline. As with the
alcohol abstainers, there was some evidence that never
smokers were more ill than those who continued to
smoke. The hypothesis that smoking is harmful could
explain why there was no difference in cognitive func-
tion in the cross-sectional analysis. More illness could
also explain why never smokers declined significantly
in cognitive function. This finding probably does not
represent a protective effect of smoking since the
decline was significant only in those with CVD/dia-
betes and current smokers with CVD/diabetes also
experienced significant decline. The finding in current
smokers is consistent with the hypothesis that individ-
uvals who are susceptible to vascular damage are
acutely affected by smoking (5, 6). However, other
explanations for these findings should be considered

Am J Epidemiol Vol. 143, No. 3, 1996
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before drawing conclusions regarding the long- and
short-term effects of smoking on cognitive function.

Eighteen percent of the men with complete data
reported never smoking; most men reported quitting
smoking over 10 years ago, and those who continued
smoked relatively little. Smoking is related to coro-
nary events and death (24). If the men lost to smoking-
related illness were also at risk for cognitive impair-
ment, this would diminish any relation between the
two that may have existed (44). Furthermore, never
smokers might represent a special group, inasmuch as
smoking was probably a norm for this cohort. Char-
acteristics related to survival as well as to the adop-
tion, continuation, and eventual cessation of smoking
may represent unmeasured confounders. If these char-
acteristics are associated with atherosclerosis and re-
sulting cognitive impairment, or if they are related to
cognitive impairment in some other way, then our
estimates would be biased (44). Such unmeasured
confounders could also affect the association of alco-
hol intake to cognitive function. Specific examples of
unmeasured putative confounding could include ge-
netic susceptibility (8, 45), disease severity, previous
life style, depression (38), and possibly use of some
types of medications (46, 47).

Because of the difficulties in measuring smoking
behavior, alcohol intake, and cognitive function (12),
misclassification may also bias these findings. How-
ever, it is unlikely that the measurement error in the
exposure differed systematically with the outcome.
We showed that a change in reported behavior was not
associated with categories of cognitive function. In
addition, the factors leading to error in the measure-
ment of cognitive function, such as the time of testing
and the interviewer, are not likely to be related to
whether the respondent smoked or consumed alcohol.
Regression toward the mean may be a problem in the
analysis of cognitive decline given that those who
participated in 1993 had a higher median MMSE in
1990 than those who did not participate (48). This
selection would have led to an overestimate of decline.
However, it is not likely that the regression to the
mean differentially affected the results across catego-
ries of smoking or drinking, as the baseline values
were similar. Finally, insensitivity of the MMSE to
change in cognitive function at the upper end of per-
formance also may have affected our ability to detect
differences in this cohort. However, because only 4.1
percent of the sample scored the maximum 30 points
in 1990, this is not likely to have greatly affected our
results.

In addition to bias, other factors should be taken into
account when interpreting the results. Separating out
the various effects of smoking and alcohol on cogni-

tive function is difficult in practice. Both protective
and harmful vascular and nonvascular factors that may
acutely or chronically affect cognitive function can be
postulated. Even if the effect of these behaviors is
studied within groups that are more homogeneous
regarding risk, such as we attempted in our stratifica-
tion analysis, comorbidity exists. For instance,
Alzheimer’s disease patients also have evidence of
vascular lesions (49). In addition, cigarette smoke and
alcohol may differentially affect various components
of the vascular system; damage to each system has a
potentially different effect on cognitive function. In
the absence of more detailed information on the un-
derlying pathology, studies of cognitive function can
provide an estimate of the mean effect of these factors
on cognitive function. These effects may differ from
sample to sample, depending on the type of morbidity
and comorbidity. The age of the sample may also be
an important factor moderating the effect of smoking
and drinking on cognitive function, inasmuch as the
composition of the sample and their habits may change
over time.

In conclusion, moderate alcohol intake appears to be
inversely associated with poor cognitive function in a
cross-sectional analysis. Current and never smokers
experienced a larger decline in cognitive function
compared with former smokers. The association of
these behaviors with cognitive function and decline
was strongest in those with CVD/diabetes. These ef-
fects may represent the net effect of both putative
protective and harmful effects that alcohol and ciga-
rette smoking could have on cognitive function. How-
ever, selection bias and unmeasured confounding
should be of concern when evaluating these results.
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