Alcohol Consumption and Stroke Incidence in Male Smokers
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Background—Studies on alcohol consumption and incidences of stroke subtypes have suggested distinct dose-response
relationships. Blood pressure and HDL cholesterol mediate the effect of alcohol on coronary heart disease, but similar
evidence on cerebrovascular diseases is not available.

Methods and Results-We studied the risk of stroke in 26 556 male cigarette smokers 50 to 69 years of age without history
of stroke. The men were categorized as nondrinkers, ligi#4(g/d), moderate (25 to 60 g/d), or heavy60 g/d)
drinkers. A total of 960 men suffered from incident stroke: 83 with subarachnoid and 95 with intracerebral hemorrhage,
733 with cerebral infarction, and 49 with unspecified stroke. The adjusted relative risk of subarachnoid hemorrhage was
1.0 in light drinkers, 1.3 in moderate drinkers, and 1.6 in heavy drinkers compared with nondrinkers. The respective
relative risks of intracerebral hemorrhage were 0.8, 0.6, and 1.8; of cerebral infarction, 0.9, 1.2, and 1.5. Systolic blood
pressure attenuated the effect of alcohol consumption in all subtypes of stroke, whereas HDL cholesterol strengthenec
the effect of alcohol in subarachnoid hemorrhage and cerebral infarction but attenuated the effect in intracerebral
hemorrhage.

Conclusions—Alcohol consumption may have a distinct dose-response relationship within each stroke subtype—linear in
subarachnoid hemorrhage, U-shaped in intracerebral hemorrhage, and J-shaped in cerebral infarction—but further
studies are warranted. Systolic blood pressure and HDL cholesterol seem to mediate the effect of alcohol on stroke
incidence, but evidently additional mechanisms are involy€ttculation. 1999;100:1209-1214.)
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he epidemiological evidence on the relation between Alcohol causes many changes in physiological functions

alcohol consumption and risk of stroke has not been that may modify the risk of stroke. Alcohol increases blood
consistent. At least part of the inconsistency is due to pressur& and serum HDL cholesterol (HDL-C) lev&tie
differences in the assessment of the amount and pattern ofModerate alcohol consumption increaSdsut ethanol intox-
alcohol consumption and selection of the reference group. ication decreasés fibrinolytic activity. Immediate heavy
The cutoff points for alcohol consumption categories have alcohol intake decreases platelet aggregatidmyt in binge
varied considerably. Sometimes ex-drinkers have been sepa-drinkers and alcoholics, platelet aggregation is increased after
rated from lifelong abstainers; sometimes they have beenalcohol withdrawal®20 Cerebral blood flow is increased
pooled with the group of current nondrinkers. In addition, immediately after alcohol intak®,and alcohol dilates cuta-
subtyping of stroke has varied; most often it has been entirely neous capillaries but constricts arteries when given intra-ar-

neglected. terially.22 On the other hand, alcohol may cause spasm of
Heavy drinking 60 g/d) is related to increased risk of cerebral arterie®® and it increased peripheral but decreased

both hemorrhagk” and ischemic strok&#8-10]t is some- coronary vascular resistance in animal stuéfes.

what unclear whether light<(24 g/d for men) and moderate The association between alcohol consumption and risk of

(25 to 60 g/d for men) drinking decreases the risk of stroke stroke has been suggested to be mediated, at least partly, by
compared with nondrinking: The risk of hemorrhagic strokes changes in blood pressure and serum HDELEligh blood

has increased, remained unchanged, or decreased, and the righressure is a strong risk factor for all types of strékesbut

of ischemic stroke has either diminished or remained un- the relation between HDL-C and stroke is less well known.
changed. In summary, the risk of hemorrhagic stroke seems HDL-C has been inversely related to intracerebral hemor-
to increase steeply with increasing alcohol consumption, but rhage (ICH)? ischemic stroké/-2° and cerebrovascular
the risk of ischemic stroke seems to be J-shaped with atherosclerosi¥

nondrinkers, and heavy drinkers have a higher risk than light We examined the association of different levels of alcohol
drinkerst? consumption with the incidence of stroke and the roles of
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systolic blood pressure (SBP) and HDL-C as possible medi- median value of HDL-C €1.15 or =1.15 mmol/L). Body mass
ators of the effect. The study comprised male cigarette indexwas calculated. Leisure-time physical activity was categorized

smokers who participated in the Alpha-Tocopherol, Beta- as sedentary or active (strenuous exercise at least once a week).

. Education level was categorized as primary school (years),
Carotene Cancer Prevention (ATBC) Stuely? secondary school (7 to 12 years), and university or other higher

education $12 years). The trial supplementation was coded as

Methods recipient or nonrecipient af-tocopherol and as recipient or nonre-
Seti cipient of B-carotene.

etting . . The calculation of person-years of the follow-up ended at stroke,
The ATBC Study was a randomized, double-blind, placebo- geath or April 30, 1993, the end of the trial. The crude incidence
controlled, 2<2-factorial-design, primary prevention trial testing the  4tes were calculated per 10 000 person-years. Unspecified stroke
_hypothesis that-tocopherol ancB-carotene_suppIements reduce the \yas not included in subtype analyses. Relative risks, holding
incidence of lung and other cancers. During 1985 through 1988, a \qngrinkers or the lowest alcohol consumption level (half a drink per
total of 29 133 male cigarette smokersg cigarettes per day) 5010 45y or less) as the reference category, were adjusted for age, body
69 years of age from southwestern Finland were randomized to 1 of \aq5 index, serum total cholesterol, number of cigarettes smoked
4 treatment regimensi-tocopherol 50 mg/dg-carotene 20 mg/d,  yaiiy equcation, leisure-time physical activity, diabetes, heart dis-
a-_toc_opherol pIusB-carote_ne, or placepo. Amqng the exclusion ease, and trial supplementation by use of the Cox proportional-
criteria were severe angina on exertion, anticoagulant therapy, ,.2rds method. Baseline SBP and HDL-C were excluded from the

chronic renal insufficiency, cirrhosis of the liver, and chronic : :
: ' ' . models because of their suspected roles as mediators for the effects
alcoholism. Of the 29 133 men, 26 556 (91%) were included in the of alcohol. The multivariate-adjusted Cox models having alcohol as

present study, and 2557 (9%) were excluded; 614 men reported gither a continuous variable or a set of categorical dummy variables

previous .StrOIf’ ac?éj. .oth?r§8 provided no |Infgrrg?tlon ﬁn alcr:)hol were evaluated by comparing the log-likelihood test results. To test
g?lglsirigpttlyzrééugea of't:r?issinmegé’;’:ergreﬁ%{_g ngTet ECE;?C}WY\[Jay log-linear trend, alcohol was set in the multivariate-adjusted Cox
Iaste)éi for a median of 6.1 yeagr]s with 153 356 person-)./ears TheF;e models as a single catt_agorical variable with evg_n-spaced values for
were no losses to follow-.up ’ each alcohol consumption level. The effect modification by SBP and

' HDL-C was evaluated by both stratified multivariate-adjusted Cox
. models and comparison of multivariate-adjusted Cox models with
End F_)Olnts ) o ) n and without an interaction term formed by alcohol and SBP or by
The primary end point was incident stroke. Strokes were identified gconol and HDL-C. In pathway analysis, SBP and HDL-C were

by recor_d linkage to the National Hospital DisChé}fge Register and aqgded to the regression model each at time after adjustment for
the National Register of Causes of Death, which both use the potential confounding factors mentioned above.

International Classification of Diseases (ICB#4 The included

diagnoses were ICD-8 codes 430 through 434 and 436 and ICD-9

codes 430, 431, 433, 434, and 436. The ICD-8 codes 431.01 and Results

431.91 denoting subdural hemorrhage and ICD-9 codes 4330X, The baseline characteristics by alcohol consumption are
4331X, 4339X, and 4349X denoting cerebral or precerebral artery given in Table 1. Most men (61%) were light drinkers, 11%

stenosis or occlusion without cerebral infarction (CI) were excluded. . . N .
On the basis of the validation study that used specified diagnostic did not drink alcohol, and only 5% were heavy drinkers. Of

criteriazs discharge diagnoses of subarachnoid hemorrhage (SAH), the 23 625 men who reported any alcohol consumption, 25%
ICH, and ClI were reliable in 79%, 82%, and 90%, respectively. consumed at most 5 g/d; the median consumption was 13 g/d,
) o and the overall range was 0.04 to 278 g/d. Alcohol consump-
Baseline Characteristics tion correlated inversely with age and previous heart disease
At baseline, the participants completed questionnaires on generaland directly with SBP, diastolic blood pressure, previous

background characteristics and medical and smoking histories;,h . HDL-C b f ci ked d
including a question about physician-diagnosed stroke, hypertension, YPertension, -C, number of cigarettes smoked per day,

diabetes, and heart disease (coronary heart disease, myocardiafnd higher education.
infarction, valvular disease, arrhythmia, cardiac enlargement, or A total of 960 incident strokes occurred during the follow-
congestive heart failure). At the first visit, a trained study nurse up: 83 SAHSs, 95 ICHSs, 733 Cls, and 49 unspecified strokes

reviewed the questionnaire with the participant and measured blood . . . .
pressure, height, and weight. The men were given a detailed dietary(TabIe 2). The adjusted relative risk of SAH increased

history questionnaifé to be completed at home that included ~lin€arly with increasing alcohol consumption, whereas the
questions about amounts of beer, long drinks, wine, and strong association between alcohol consumption and the risk of ICH
alcoholic drinks consumed daily/weekly/monthly during the previ- was U-shaped, with the lowest risk among light to moderate
ous 12 months. Mean daily alcohol intake (in grams of pure ethanol) yrinkers and heavy consumers showing the highest risk. The

Iculated basis of the dietary hist ti ire. . - .
We}: bcggg ga?np(l)en W;: I§rgwn gt tLee%Zselﬁn%?/igiltjiigzn E?st of association between alcohol consumption and the risk of ClI

fasting, and serum was stored-af0°C. Serum total cholesterol and ~ Was J-shaped, with the lowest risk among light drinkers. The
HDL-C were determined enzymatically (CHOD-PAP method, Boeh- log-linear trend test was significant in GP£0.002), yet the

ringer Mannheim). HDL-C was measured after precipitation of gn|y statistically significant difference in the adjusted relative
VLDL and LDL with dextran sulfate and magnesium chloride. risks of stroke subtypes was in CI between nondrinkers and
Statistical Analyses heavy drinkers. Re_peating the analyses in quartiles of al_cohol
The men were classified as nondrinkers, ligh©.0 g/d), moderate use had no material effect on the results, except the risk of
(24.1 to 60.0 g/d), or heavy>60.0 g/d) drinkers. For specific ~ ICH became less steep.

dose-response analyses, alcohol consumption was categorized by Dose-response relationships between alcohol consumption
standard drinks (1 standard drink is equivalent to 12 g pure ethanol) 5nd stroke risk were also examined in drinkers, with men with

consumed daily €1/2, 1, 2, 3, 4, 5,>5 drinks per day). For . .
effect-modification analyses, moderate and heavy drinkers were an alcohol intake of at most half a drink per day as the

combined into 1 group, and men were divided into nonhypertensive reference category (Table 3). The relationship was almost
and hypertensive (SBR160 or=160 mm Hg) and into 2 groups by  linear in SAH and ClI, but there was no consistent relationship



TABLE 1. Baseline Characteristics by Alcohol Gonsumption
Alcohol Consumption

Characteristic None Light Moderate Heavy
n 2931 16258 6116 1251
Age, y 58.8 57.9 56.6 56.3
Blood pressure, mm Hg

Systolic 139.6 1411 144.2 146.6

Diastolic 85.3 86.9 89.7 91.5
Body mass index, kg/m? 26.0 26.2 26.5 26.5
Serum cholesterol, mmol/L

Total 6.27 6.25 6.22 6.17

HDL 1.08 117 1.28 1.36
Smoking, cigarettes/d 19.6 19.5 224 25.6
Previous diseases, %

Hypertension 14.9 17.7 21.9 24.0

Heart disease 28.1 24.6 23.4 23.0

Diabetes 5.6 3.8 4.1 4.8
Education, %

Primary school 83.5 79.8 74.0 67.1

Secondary school 1.9 12.8 16.7 20.6

University level 4.6 7.4 9.3 12.3
Leisure-time physical activity, %

Sedentary 444 38.2 45.3 55.0

Active 55.6 61.8 54.7 45.0

Values given are mean and proportions.

in ICH. The log-linear trend test was significant in ClI

(P<0.001).
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assumed that the reference group, the nondrinkers, probably
included both lifelong abstainers and ex-drinkers. Neither did
we have information on the pattern of consumption, eg, binge
drinking versus regular drinking, or on the possible changes
on alcohol habits during the follow-up. However, in a random
sample of about 3700 men who recompleted the dietary
questionnaire at some point during the follow-up, alcohol
consumption remained unchanged.

The reliability of stroke diagnosis varied from 79% to 90%,
depending on stroke subtype, in the ATBC StdelBias
caused by possible differential reliability of stroke subtype
diagnoses cannot be totally excluded. However, in the sample
of diagnoses reviewed for the validation study, the reliability
of stroke diagnosis did not depend on the level of alcohol
consumption; thus, this kind of bias was not evident.

The nondrinkers more often reported diabetes and heart
disease than the drinkers, which may indicate that some of the
nondrinkers had stopped drinking because of the diseases.
They may, however, have a higher stroke risk than the true
lifelong abstainers. This bias might erroneously lead to a
conclusion of a J-shaped dose-response relationship, suggest-
ing that light drinking protects from stroke. On the other
hand, the risks caused by alcohol consumption were not
different among those with compared with those without
previous heart disease. Chronic alcoholics with the highest
consumption level of alcohol were excluded from the ATBC
Study, which probably attenuated the risk of stroke in heavy
drinkers.

Other studies concerning alcohol consumption have met
similar unavoidable methodological proble#s’ Men tend
to underestimate their alcohol consumption, and the underre-
porting may weaken the true effects of alcohol on stroke risk.

In effect-modification analyses, there were no significant Unless the underreporting was not grossly differential, the
or consistent findings that the risk of stroke caused by alcohol dose-response patterns by alcohol consumption would reflect

consumption would be different for men with SBPs
=160 mm Hg compared with men with lower SBPs or for
men with HDL-C =1.15 mmol/L compared with men with

lower HDL-C levels.

In pathway analyses, inclusion of SBP in the regression
model diminished the effect of alcohol in all stroke subtypes:
in SAH by 7% to 37%, in ICH by 5% to 35%, and in Cl by
3% to 19% (the Figure). When HDL-C was added, the effect
of alcohol was strengthened in SAH by 6% to 31% and in ClI
by 3% to 16% but attenuated in ICH by 5% to 31%. When
both SBP and HDL-C were included in the model, the net
effect of alcohol was practically the same as the effect in the
model without them in SAH and ClI. The effect of alcohol in

ICH was instead diminished by 9% to 55%.

Discussion

reality. However, underreporting is most likely differengal,
especially in that heavy drinkers do not report as nondrinkers
but as light or moderate drinkers, which consequently may
make the slope of the risk of hemorrhagic stroke more gentle
and level off the bottom of the J-shaped curve of the ClI risk.
It is unlikely that differential reporting of drinking habits
differs by stroke subtype. Thus, the specific response curves
for each subtype would still differ even if biased by differ-
ential reporting. Despite equal average weekly consumption,
irregular drinking, including binge drinking, may be more
harmful than daily drinking.

The association between alcohol consumption and the risk
of SAH was nearly linear; in ICH, U-shaped; and in ClI,
J-shaped. There was a significant log-linear trend in CI; the
trend in SAH was similar but nonsignificant, probably be-
cause of lack of power, whereas there was no trend in ICH.

The analyses in the present study were based on the hypothHeavy drinking clearly increased the risk of all stroke
esis that each stroke subtype has a distinct dose-responsegubtypes, as has been confirmed in many previous steidies.
relationship with alcohol consumption, as suggested by Light drinking, on the other hand, had no effect on the risk of

Camargo in his review.Furthermore, this study elucidates

SAH and decreased the risks of ICH and CI compared with

the mediator role of blood pressure and HDL-C in the effects nondrinking. In the literature, light drinking has decreasad
of alcohol on stroke incidence, as described in coronary heartincrease@® 6 the risk of SAH; decreaséar increased’” the

disease3.14

risk of ICH; and decreaset increased,or had no effeéo

Alcohol consumption was self-reported at study baseline. on the risk of Cl. The true effects of light to moderate
Because we had no information on past drinking habits, we drinking still seem to be unsettled, but the beneficial effects,



1212

if any, are most likely weak. In addition to the methodolog-

In only 3 of 31 studies reviewed by Camatgbas the total
number of stroke cases beerB00; the highest number of
patients with SAH has been 19and that for patients with

Circulation

ICH has been 1586.

SBP and HDL-C did not seem to modify the effect of

September 14, 1999

TABLE 2. Crude Incidence Rates and Adjusted Relative Incidences of Stroke
Subtypes by Alcohol Consumption

Crude Incidence

Alcohol per 10 000 Adjusted* Relative  Test for Trend
Stroke Subtype  Consumption n Person-Years Risk (95% Cl) (P)
SAH None 8 4.8 1.00
Light 45 4.8 1.00 (0.47-2.13) 0.20
Moderate 24 6.8 1.33 (0.59-2.99)
Heavy 6 8.4 1.58 (0.54-4.63)
ICH None 14 8.4 1.00
Light 58 6.2 0.83 (0.46-1.50) 0.84
Moderate 15 4.2 0.64 (0.31-1.35)
Heavy 8 11.2 1.77 (0.73-4.31)
cl None 92 55.3 1.00
Light 410 43.6 0.91(0.72-1.14) 0.002
Moderate 183 51.6 1.17 (0.91-1.51)
Heavy 48 67.2 1.54 (1.08-2.19)
All strokest None 121 72.7 1.00
Light 541 57.5 0.90 (0.74-1.10) 0.002
Moderate 234 66.0 1.12 (0.89-1.39)
Heavy 64 89.6 1.52 (1.12-2.08)

*Adjusted for age, body mass index, serum total cholesterol, number of cigarettes smoked daily,
history of diabetes, history of heart disease, education, leisure-time physical activity, and supple-
mentation with «-tocopherol or B-carotene.

tincludes unspecified strokes.

alcohol was strengthened in SAH and ClI, indicating that
ical problems related to studies on alcohol and stroke sub- HDL-C may mediate the beneficial effects of alcohol as in
types, another problem has been the low power of the studies.coronary heart disease14-3°The effect of alcohol, however,
was attenuated in ICH, suggesting that the HDL-C changes
caused by alcohol are harmful in ICH, especially as the
finding was consistent between the levels of alcohol con-
sumption. One very speculative explanation could be weak-
ening of the endothelium of smaller intracerebral arteries
alcohol on stroke risk. Instead, in pathway analysis, inclusion because of low serum total cholesterol levels further aggra-
of SBP in the regression model consistently decreased thevated by hypertension, as suggested by Bronner ¥t Ehe
effect of alcohol in all subtypes of stroke, indicating that fact that SBP and HDL-C affect SAH and CI in opposite
alcohol increases the risk of stroke by raising SBP. When directions indicates that there are still other mediators for the

HDL-C was added to the regression model, the effect of effect of alcohol on the risk of stroke.

TABLE 3. Adjusted Relative Incidences of Stroke Subtypes by Alcohol Consumption in Men Reporting Any
Alcohol Consumption (Nondrinkers Excluded)

SAH ICH Cl
Alcohol
Consumption, Adjusted* Relative Adjusted* Relative Adjusted* Relative
drinks/d Participants  Cases Risk (95% Cl) Cases Risk (95% Cl) Cases Risk (95% Cl)
=% 6784 20 1.00 30 1.00 165 1.00
—1 4198 8 0.64 (0.28—-1.46) 9 0.53(0.25-1.11) 112 1.17 (0.92-1.49)
-2 5276 17 1.06 (0.55-2.03) 19 0.91(0.51-1.63) 133 1.15(0.91-1.45)
-3 3494 14 1.26 (0.63-2.52) 8 0.61(0.28-1.33) 100 1.35 (1.05-1.73)
—4 1677 6 1.13(0.45-2.84) 6 1.01 (0.41-2.46) 54 1.53 (1.12-2.09)
-5 945 4 1.35(0.45-3.99) 1 0.29 (0.04-2.12) 29 1.44 (0.97-2.15)
>5 1251 6 1.46 (0.57-3.75) 8 1.82(0.81-4.08) 48 1.86 (1.34-2.59)
Test for trend (P) 0.21 0.67 <0.001

*Adjusted for age, body mass index, serum total cholesterol, number of cigarettes smoked daily, history of diabetes, history of heart

disease, education, leisure-time physical activity, and supplementation with «-tocopherol or 3-carotene.
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——  Adjusted
——-- Adjustment includes SBP

~~~~ Adjustment includes HDLC
05 - 1

2.0- Intracerebral hemorrhage

05-

Relative risk
~

2.0y Cerebral infarction

0.5 -

13.

Non-drinker Light drinker ~ Moderate drinker ~ Heavy drinker

Alcohol consumption and risk of stroke. Relative risks were
adjusted for age, body mass index, serum total cholesterol,
number of cigarettes smoked daily, history of diabetes, history
of heart disease, education, leisure-time activity, and supple-
mentation with a-tocopherol or B-carotene. SBP and HDL-C
were added separately to multivariate-adjusted Cox
proportional-hazards model to examine effect of alcohol on
stroke through these factors (logarithmic scale).

This study was done among male smokers only. It is 1.

known that smokers have a slightly lower blood pressure
and that their serum total cholesterol is increased and HDL-C
is reduceé? compared with nonsmokers. It is also known that
smoking and alcohol consumption are associated with each

other, which was seen in this study. Our findings apply only 18.

to male smokers; the shapes of the stroke risk curves may be
different in women and in nonsmokers. Nevertheless, it is
unlikely that the hypothesized mediator roles of SBP and

HDL-C were different by sex or smoking status. 20.

In conclusion, light drinking had no effect on the risk of
SAH but decreased slightly the risk of ICH and CI. Heavy
drinking increased the risk of all subtypes of stroke. Blood

pressure and HDL-C seemed to be involved in the develop- 22.

10.

11.

12.

14.

15.

20 | Subarachnoid hemorrhage ' ment of stroke. They did not, however, thoroughly explain the

association between alcohol consumption and the risk of
stroke; thus, the mechanisms of alcohol in stroke are basically
still unexplained.
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