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Abstract
Objectives—Recent longitudinal studies
have reported that smoking increases risk
for cognitive impairment and that moder-
ate alcohol intake could be preventive.The
association between both cigarette smok-
ing and alcohol drinking and incident cog-
nitive impairment was studied in a
representative population.
Methods—This is a 1 year prospective
population based cohort sudy of all resi-
dents aged 65 or over in the electoral ward
of Gospel Oak in London, UK (n=889).
Cognitive impairment was assessed at
baseline and 1 year later using the organic
brain syndrome (OBS) cognitive impair-
ment scale from the short CARE struc-
tured assessment. Subjects who were
cognitively impaired at baseline were
excluded from this analysis.
Results—The prevalence of OBS cognitive
impairment was 10.4% at index assess-
ment and the 1 year cumulative incidence
of cognitive impairment was 5.7%. Cogni-
tive impairment was not associated with
use of alcohol, although there was a
non-significant association in the direc-
tion of a protective eVect against onset of
cognitive impairment for moderate drink-
ers compared with non-drinkers and
heavy drinkers. Current smoking status
predicted cognitive impairment (risk
ratio (RR) 3.7; (95% confidence interval
(95% CI)=1.1–12.3) independently from
sex, age, alcohol, occupational class, edu-
cation, handicap, depression, and baseline
cognitive function.
Conclusions—Smoking seems to be a pro-
spective risk factor for incident cognitive
impairment; thus encouragement of older
people to stop smoking could be consid-
ered as part of a strategy to reduce the
incidence of cognitive impairment.
(J Neurol Neurosurg Psychiatry 2000;68:622–626)
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Cognitive impairment is the core clinical
feature contributing to the diagnosis of demen-
tia. There are strong associations between cog-
nitive impairment and dependency in activities
of daily living,1 morbidity,2 and mortality3 in
late life. The international classification of dis-
eases, 10th edition (ICD-10) recently recog-
nised mild cognitive impairment as a clinical
entity on its own right.4 The earlier recognition

of the onset of dementia through ascertain-
ment of mild cognitive decline may also oVer
possibilities for early treatment and delay of
disability.5

The relation between smoking and cognitive
impairment still needs clarification. Several
case-control studies initially reported inverse
associations between cigarette smoking and the
prevalence of Alzheimer’s disease.6–8 Some of
these studies were included in a meta-analysis
by the EURODEM group,9 which reached the
same conclusion (odds ratio (OR) 0.8; 95%
confidence interval (95%CI)=0.6–1.0). A pro-
tective eVect of smoking was biologically plau-
sible as it had been suggested that enhance-
ment of nicotine neurotransmission might
improve performance on selected cognitive
tests.10 However, selection bias was likely to
have aVected the findings of these studies. Cer-
ebrovascular symptomatology excluded the
diagnosis of probable Alzheimer’s disease, but
similar exclusion criteria were generally not
applied to the control groups.11 12 Also, there
have been failures to confirm the protective
eVect of smoking in other case-control studies
assessing the association with Alzheimer’s
disease13 14 and in cross sectional studies
estimating associations with cognitive
impairment.15–17 Longitudinal studies, includ-
ing recent findings from the cohort studies
completed by the EURODEM consortium, in
fact suggest that smoking is a risk factor for
Alzheimer’s disease18–20 and cognitive
decline.21–24

Similarly, the nature of the relation between
alcohol use and cognitive decline is yet to be
clarified. Some prospective epidemiological
studies have reported that moderate alcohol
intake may protect against cognitive
decline,21 25 24 others that it has no eVect on
cognitive decline9 17 26 or dementia,27 or even
may be a risk factor for cognitive dysfunction.28

In this longitudinal community based study
we explored the relation between smoking,
alcohol intake, and incident cognitive impair-
ment using a representative sample of elderly
subjects for whom prospective data on smoking
behaviour and alcohol consumption were gath-
ered before the onset of cognitive impairment.
These two risk exposures tend to be associated
with each other and are, therefore, assessed as
potential confounding factors along with other
factors known or suspected to be associated
with both exposure and outcome, such as age,
sex, education, occupational class, depression,
and general physical health status.
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Method
DESIGN

The study design has been reported in detail
elsewhere.29 In brief, this is a longitudinal pro-
spective study of the entire population aged 65
years or older living in a defined geographic
area: the Gospel Oak electoral district of North
London, UK. A population register of 889 eld-
erly residents was established by knocking on
the doors of all eligible households in 1993.
Interviews were conducted over 8 months in
1994, and follow up interviews over a similar
period 1 year later.

EXPOSURES

Smoking and drinking
Subjects were asked whether they had ever
smoked and one of three answers was recorded:
never smoked, smoked in the past, or current
smoker. Among those who smoked, currently
or in the past, information was obtained on the
average number of cigarettes smoked a day and
on the number of years they had smoked for.
Participants were also asked what was the most
alcohol they would drink in an average week
before the age of 65, after the age of 65, and
during the week before the first interview. The
amount of alcohol use was recorded in units (1
unit is equivalent to a glass of wine or a single
measure of spirits).

POTENTIAL CONFOUNDERS

At baseline (1994) subjects were interviewed
using the short CARE package, which contains
several clinical indicator scales including the
organic brain syndrome scale (OBS) assessing
cognitive impairment (see later), the activity
limitation scale, and the depression diagnostic

scale (DPDS).30 As described elsewhere,31 17%
of subjects scoring 7 or more points in the
DPDS were considered to have pervasive
depression. The level of handicap was assessed
using the London handicap scale.32 Infor-
mation on sex, age, years of formal education
(less than 9 years v 9 to 11 years v more than 11
years) and occupational class (managerial/
professional, skilled not manual, skilled
manual, unskilled) was also gathered at base-
line.

INCIDENT COGNITIVE IMPAIRMENT (OUTCOME

VARIABLE)
Cognitive impairment was measured, both at
time 1 (1994) and at time 2 (1995), using the
OBS.30 The OBS has been reported to be a
valid and reliable scale in the assessment of
cognitive impairment in elderly community
samples.30 33 34 Table 1 shows all OBS items. In
determining cognitive impairment we used the
suggested cut oV of 4 or more points on the
OBS that has shown satisfactory criterion
validity against a clinical assessment, via an
informant interview, of the presence of clini-
cally significant cognitive impairment. This cut
oV point produces a negative predictive value
of 87%, a positive predictive value of 30%, a
specificity of 90%, and a sensitivity of 25%.33

Construct and concurrent validity has also
been reported with high correlations between
the OBS and global rating of cognitive impair-
ment by clinicians (coeYcient=0.71) and
between the OBS and a diagnosis established
by a trained gerontologist after interviewing an
informant (0.69).33 The OBS has also been
reported as a reliable measure for cognitive
impairment demonstrating high internal con-
sistency (á=0.84) and good interrater reliabil-
ity (ê=0.78).30 33 34 Participants who scored 4 or
more points on the OBS at baseline were con-
sidered to be cognitively impaired and ex-
cluded from this analysis. We then compared
the characteristics of those who developed cog-
nitive impairment 1 year later, with those who
remained cognitively unimpaired throughout.

STATISTICAL ANALYSIS

We first explored the univariate associations
between the OBS cognitive impairment and all

Table 1 Items included in the organic brain syndrome
scale (OBS)

(1) Doesn’t know his age
(2) Doesn’t know the year of his birth
(3) Doesn’t know the number of years in neighbourhood
(4) Doesn’t know his address
(5) Doesn’t know the rater’s name, first try
(6) Can’t recall the President’s/Prime Minister’s name, current

or previous
(7) Doesn’t know the month
(8) Doesn’t know the year
(9) Doesn’t know the rater’s name, second try
(10) Failed knee-hand-ear test

Table 2 Multivariate associations between smoking/drinking and incident cognitive impairment*

Crude Adjusted model 1 Adjusted model 2

RR 95% CI p Value RR 95% CI p Value RR 95% CI p Value

Smoking 0.055 0.047 0.035
Never smoked Base Base Base
Ex-smoker 0.74 0.3–2.1 0.6 0.98 0.3–3.3 0.96 0.86 2–2.9 0.81
Current smoker 2.3 0.8–6.3 0.07 3.6 0.99–13.5 0.048 4.07 1.01–16.3 0.047

Alcohol before the age of 65 0.54 0.58
0 units Base Base
1–10 units 0.75 0.3–1.9 0.55 0.74 0.2–2.1 0.58
11–30 units 0.25 0.3–2.0 0.19 0.21 0.1–1.9 0.17
30+ units 1.16 0.3–4.3 0.82 0.81 0.2–4.2 0.80

Alcohol after the age of 65 0.55 0.51
0 units Base Base
1–10 units 0.52 0.2–1.4 0.18 0.43 0.1–1.4 0.16
11–30 units 0.54 0.1–2.5 0.43 0.51 0.1–3.1 0.46
30+ units 0.01 0.0–6.2 0.76 0.01 0.0–2.5 0.68

*Both models (1 and 2) are adjusted for age, sex, baseline OBS score, baseline depression, occupational class, education, and handi-
cap.
Model 1includes smoking and alcohol before age of 65; model 2 includes smoking and alcohol after age of 65.
RR=risk ratio; significant p values are in bold.
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exposures and potential confounders using the
Student’s t test or the ÷2 test as appropriate.
Relative risk (RR) values and Cornfield 95%
CIs were then calculated using the traditional
method of 2 by K tables analysis. We decided a
priori to control for potential confounders
using logistic regression, building two models,
one including smoking and alcohol before the
age of 65 and the other including smoking and
alcohol after the age of 65. Both models were
adjusted for age, sex, time 1 OBS score, time 1
depression, occupational class, education, and
handicap. We finally tested whether sex modi-
fied the eVect of drinking or smoking over inci-
dent cognitive impairment.

Results
RESPONSE AND REPRESENTATIVENESS

At baseline, 654 subjects were interviewed,
representing 74% of all 889 persons who
qualified for the study sample; 127 subjects
(14%) refused an interview, 54 (6%) proved
elusive without directly refusing, and 51 (6%)
had died after the census date but before inter-
view could be carried out. One year after base-
line assessment, 451 (69% of the 654 baseline
participants) were reinterviewed, representing
75% of those that had survived (598). Out of
those that had not been followed up 56 had

died (9%), 78 (12%) had refused reinterview,
30 (5%) had moved out of the study area, 16
(2%) could not be found, and 22 (3%) could
not be reinterviewed. Low income was associ-
ated with refusal (OR 3.0; 95% CI 1.8–5.5),
whereas living alone was inversely associated
with refusal. Those that were not included in
the follow up study did not vary from the follow
up group by sex, age, smoking, or drinking sta-
tus. Low scores on the OBS cognitive impair-
ment scale at baseline predicted death within
the year of the study, but not refusal to partici-
pate at follow up.

OUTCOME MEASURE: INCIDENT COGNITIVE

IMPAIRMENT

The prevalence of OBS cognitive impairment
at onset in this sample was 10.4% (68/654).
Out of the 451 subjects that were followed up,
34 (7.5%) were cognitively impaired at onset
and were excluded from the analysis. The 1
year cumulative incidence of cognitive impaire-
ment at time 2 was 5.7% (24/417).

UNIVARIATE ASSOCIATIONS WITH INCIDENT

COGNITIVE IMPAIRMENT

There was a nearly significant trend for an
association between cigarette smoking and
incident cognitive impairment (p=0.055).
Thus, current smokers were more likely to be
cognitively impaired than never smokers (RR
2.3; 95% CI=0.85–6.3; p=0.07), whereas
ex-smokers showed no additional risk for inci-
dent cognitive impairment when compared
with never smokers (RR 0.74; 95% CI=0.3–
2.1; p=0.6, table 2). There was a non-
significant trend for a lower frequency of
incident cognitive impairment in those subjects
who drank alcohol moderately (1 to 30 units a
week) compared with those who never drank or
who drank excessively (more than 30 units a
week), both before and after the age of 65
(table 2).

Incident cognitive impairment was signifi-
cantly associated with older age and with func-
tional limitations (activity limitation scale) and
handicap (table 3). We also found a linear
association between increasingly low social
(occupational) class and cognitive impairment
(÷2 for trend= 4.13; OR for each decreasing
step in social class=1.54; 95% CI=1.01–2.35;
p=0.04). We found no associations between
cognitive impairment and either depression at
onset, sex, or educational level (table 3).

CONTROLLING FOR CONFOUNDERS

Table 2 shows the crude and adjusted associa-
tions between smoking or drinking and inci-
dent cognitive impairment. After adjusting for
age, sex, time 1 OBS score, time 1 depression,
occupational class, education, handicap, and
either alcohol before the age of 65 (model 1) or
after the age of 65 (model 2), those subjects
who were current smokers were at a signifi-
cantly higher risk of being cognitively impaired
than never smokers or ex-smokers. We did not
find significant diVerences in the dose of
smoking between current smokers who had
incident cognitive impairment and those cur-
rent smokers who were not cognitively im-

Table 3 Univariate associations with incident cognitive impairment (CI)*

Independent variable
Mean or n (% with
CI)

Student’s t or
÷2 p Value

Age −4.33 (SE 1.4)† −3.03 0.003
Non-CI group 74.8 (SD 6.7)
CI group 78.7 (SD 8.1)

Age (decades) 13.15‡ 0.0001
65 to 75 y 7/249 (2.8%)
76 to 85 y 12/141 (8.5%)
86 to 95 or more y 5/28 (17.9%)

Sex 0.017 0.9
Male 9/162 (5.6%)
Female 15/256 (5.9%)

Activity limitation scale 5.7‡ 0.017
Lower quarter 4/149 (2.7%)
2nd quarter 4/83 (4.8%)
3rd quarter 9/114 (7.9%)
Higher quarter 7/72 (9.7%)

London handicap scale 13.6‡ 0.0001
Lower quarter (least handicapped) 3/116 (2.6%)
2nd quarter 3/121 (2.5%)
3rd quarter 6/113 (5.3%)
Higher quarter (most handicapped) 11/65 (17%)

Alcohol use (<65 y) 0.02 0.89
0 units 11/164 (6.7%)
1–10 units 8/156 (5%)
11–30 units 1/57 (4.3%)
31+ units 3/39 (7.7%)

Alcohol use (>65 y) 2.77 0.42
0 units 16/213 (7.5%)
1–10 units 6/147 (4%)
11–30 units 2/47 (4.3%)
31+ units 0/10 (0%)

Smoking 5.80 0.055
Never 7/134 (5.2%)
Ex-smoker 8/204 (3.9%)
Current smoker 9/80 (11.25%)

DPDS depression at time 1 0.2 0.65
Non-depressed 20/361 (5.6%)
Depressed 4/57 (7%)

Education (y) 0.77 0.68
<9 y 3/35 (12.5%)
9–11 y 17/293 (5.8%)
>11 y (CI) 4/89 (4.5%)

Social (occupational) class 4.13‡ 0.042
Professional/managerial 3/89 (3.4%)
Skilled non-manual 4/114 (3.5%)
Skilled manual 7/122 (5.7%)
Semiskilled/unskilled 9/92 (9.8%)

*t Tests or ÷2 as appropriate.
†Mean diVerence (SE); ‡÷2 statistic for linear trend; DPDS=depression scale (short CARE).
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paired. Within the same multivariate models,
alcohol drinking (before or after the age of 65)
was not a risk factor for incident cognitive
impairment, although there was a non-
significant trend for a protective eVect. We did
not find an interaction by sex in the risk
conferred by smoking for cognitive impairment
(÷2 interaction=0.05; p=0.97). Social class and
education did not confound or modify the
eVects of either smoking or alcohol consump-
tion on onset of cognitive impairment.

Discussion
STUDY DESIGN AND RESPONSE

Given the prospective cohort study design,
unlike cross sectional or case-control studies
our study is less likely to generate information
bias and allows assessment of direction of cau-
sality. However, some limitations should be
acknowledged.29 Given that Gospel Oak is a
typical inner city area with high levels of socio-
economic deprivation, the generalisability of
our results might be limited. The response rate
at follow up was only 75% of all survivors,
which might have introduced bias. Refusal was
associated with low income. Refusal and
mortality rates were each higher among
subjects who were depressed at index
assessment,29 possibly explaining the lack of
association between baseline depression and
incident cognitive impairment. However, for
the index assessment the age, sex, marital
status, and living circumstances of participants
was representative of the target population.31

The prevalence rate of cognitive impairment
(10.4%) is similar to that previously found
among subjects older than 65 in the Gospel
Oak area by Livingston et al34 (8%) using the
same cut oV point in the OBS. Similarly, we
found a 1 year cumulative incidence of OBS
cognitive impairment of 5.7% which compares
with that of 6.2% found by a previous study35

also using the OBS 4 point cut oV, although
their follow up period was much longer (mean
interval (SD) 28.8 (4.5) months). We must
acknowledge that some possiblitiy of partial
random error in the assessment of cognitive
impairment remains, as the follow up period
was only 1 year and cognitive impairment was
only measured twice.

ALCOHOL CONSUMPTION

Although the univariate analysis indicated that
subjects who drank alcohol moderately (be-
tween 1 to 30 units a week) before the age of 65
seemed less likely to have incident cognitive
impairment at follow up than those who never
drank, or who used to drink more heavily
(31+units per week), diVerences were not
statistically significant and became less appar-
ent after controlling for potential confounders
(table 2, model 1). Therefore, we could not
replicate previous reports of a protective eVect
of alcohol against failing cognition.21 25 36

Among subjects who drank after the age of 65
the onset of cognitive impairment was less than
among those who did not drink but diVerences
were, again, not significant. No onsets of
cognitive impairment occurred among those
who drank more than 31 units of alcohol a

week, perhaps accounted for by a selective
mortality eVect among heavy drinkers with
respect to propensity for cognitive impairment.
Our findings broadly support the view that
alcohol consumption is neither a protective
factor nor a risk factor for cognitive
impairment,9 17 26 but could also be consistent
with a small protective eVect not detected
because of limited statistical power in this
study.

SMOKING AND COGNITIVE IMPAIRMENT

Current smokers were between 3.6 times
(model 1) and four times (model 2) more likely
to be cognitively impaired than never smokers
after adjusting for baseline cognitive function,
depression, occupational class, education,
handicap, and either alcohol before the age of
65 (model 1) or after the age of 65 (model 2).
This is consistent with the view that smoking,
which contributes to vascular disease and
atherosclerosis,37 could increase the risk for
dementia and cognitive impairment.38 39 Previ-
ous cross sectional reports suggesting a protec-
tive eVect6–8 have been criticised for their
susceptibility to survival bias, selection bias,
and reverse causality.11 12 19 Our findings sup-
port the notion, suggested by other longitudi-
nal studies,19 21 23 that cigarette smoking seems
to be a risk factor for cognitive impairment.
However, this eVect may not be sustained as we
have recently found that smoking neither
increases nor decreases the risk for long term
cognitive decline.36 In addition, residual con-
founding and recall bias cannot be entirely
ruled out, although the second should be mini-
mal given that we have adjusted for baseline
OBS score.

Conclusion
We did not find an association between alcohol
consumption and onset of cognitive impair-
ment. However, our results indicate that
persistent cigarette smoking into late life
increases the risk for cognitive impairment.
Smoking prevention can be a target for preven-
tive interventions against cognitive impair-
ment.
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