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ischaemic heart disease risk factor study, a prospective

population based study

Jussi Kauhanen, George A Kaplan, Debbie E Goldberg, Jukka T Salonen

Abstract

Objective: To examine the association between beer
binging (regular sessions of heavy beer drinking) and
mortality. ’

Design: Prospective population based study with the
baseline assessment of level of alcohol intake (dose),
by type of drink and drinking pattern, previous and
existing diseases, socioeconomic background,
occupational status, involvement in organisations
during leisure dme, physical actvity in leisure time,
body mass index, blood pressure, serum lipids and
plasma fibrinogen concentradon, during an average
of 7.7 years’ follow up of mortality.

Setting: Finland. .
Subjects: A population sample of 1641 men who
consumed beer who were aged 42, 48, 54, or 60 years
at baseline.

Main outcome measures: All cause mortality,
cardiovascular mortaiity, death due to external causes,
fatal myocardial infarcrions.

Results: The risk of death was substandally increased
in men whose usual dose of beer was 6 or more
bottles per session compared with men who usually
consumed less than 3 botes, after adjusunent for age
and total alcohol consumpdon (relative risk 3.01 (95%
confidence interval 1.54 to 5.90) for all deaths; 7.10
(2.01 to 25.12) for external deaths; and 6.50 (2.05 to
20.61) for fatal myocardial infarcton). The associadon
changed only slightly when smoking, occupatdonal
status, previous diseases, svstolic blood pressure, low
density lipoprotein and high density lipoprotein
cholesterol concentration, plasma fibrinogen
concentraton, body mass index, marital status, leisure
time physical activity, and involvement in
organisatons were conrolled for.

Conclusion: The pattern of beer binging is associated
with increased risk of death. independendy of the
total average consumnpton of alcoholic drinks. Tie
relation is not explained by known behaviourai.
psychosocial, or biological risk factors. Death due 0
injuries and other external causes is overrepresented
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among beer bingers, but a strong association with
faral myocardial infarction suggests that the pathway
may also involve other acute wiggers of severe health
events.

Introduction

Heavy consumption of alcohol is known to increase
mortality from all causes and especially from
cardiovascular causes.™™ Little evidence exists, however,
about the health effects of drinking pattern beyond the
effects of overall consumption. We examined prospec-
tively the reladon between binge drinking (regular ses-
sions and heavy beer drinking) of beer and all cause
morality, cardiovascular mortality, deaths from exter-
nal causes (injuries, poisonings, suicides, violence), and
incidence of fatal and non-fatal myocardial infarcdon,
with adjustment for total consumption of beer and
other alcoholic drinks. We compared middle aged
Finnish men who usually consume six or more bottles
of beer per session with men who usually have less
than three bottes, and we made adjustments for
several potentally confounding variables.

Subjects and methods

Subjects

The study population comprised a random, age strat-
fied sample of middie aged men living in the dty of
Kuopio, Finland, or surrounding rural communites.
The men were aged 42, 48, 54, or 60 years at the base-
line examination that was carried out between March
1984 and December 1989. Of 3235 eligible men, 2682
partcipated,’ ¢ of whom 1849 reported drinking beer.
Information on one or more covariables was missing
in 208 men, so the analyses were based on a sample of
1641 men who drank beer.

Baseline examination

The extensive examination protocol and measure-
ments have been described in detail>" The subjects
completed a self administered questionnaire and
participated in a clinical examinadon. They were
instructed that before the baseline examinatons they
should abstain from drinking alcohol for 3 days, smok-
ing for 12 hours, and eating for 12 hours. The
collection of blood specimens and the measurement of
serum lipids and plasma fibrinogen concentratons
were carried out as described previously.” *"

Alcohol consumption—We assessed alcohol consump-
tion with a structured quantity and frequency method
using the Nordic alcohol consumption inventory.”*
Usual frequency of intake and usual dose (in glasses or
bottles) were recorded for each type of drink (beer,
wine, strong wine, spirits) with a structured response
form. We calculated the measure for average weekly
intake of various drinks on the basis of known alcohol
content. A third of a lire botde of ordinary beer (class
10 in Finland) contains 12 g of ethanol, and swong
beer (class IV) 14 g. The usual dose of beer was deter-
mined according to the following scale: <1 bottle, 1
bottle, <2 bottes, 2 bortles, 3 boudes, 4 or 5 bottles, 6-9
bottles, > 9 bottles. We used the total mean consump-
tion all alcoholic drinks (grams of ethanol/week) as the
covariate in adjusted models.
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Health—We evaluated baseline health on the basis
of the questonnaire, which was checked in an
interview, and on the basis of an examination by a phy-
sician. Current coronary heart disease was defined as
(a) a history of acute myocardial infarcdon, () angina
pectoris, (¢} positive angina pectoris on effort in the
Rose interview™ (part of the questionnaire), or (d) the
use of nitroglycerin tablets at least once a week The
diagnosis of other cardiovascular diseases (stroke,
cardiac insufficiency, claudicadon) was based on the
questionnaire and the physician’s examination. The
criteria for diabetes were diagnosed non-insulin
dependent or insulin dependent diabetes, or fasting
blood glucose concentration >11mmol/l1 (WHO
criteria), or both.

Psychosocial foctors—We classified the occupational
status of the participants as white collar, blue collar, or
farmer on the basis of self reported main lifedme
occupation.” Information on marital status and unem-
ployment was obuined from the questdonnaire.
Involvement in organisadons during leisure dme,
which we have earlier reported to be assodated with
mortality,” was used as the indicator of social contacts.
For the assessment of depression, we included the
Minnesota multiphasic personality inventory depres-
sion subscale with T score conversion."

Behavioural and biological risk factors—We estimated
the lifelong exposure to smoking ("cigarette years") as
the product of years smoked and the number of
cigarettes (or other tobacco equivalents) smoked daily
at the time of examnination. We assessed physical actv-
ity in leisure time from a 12 month history, modified
from the Minnesota leisure ime physical actvity ques-
tonnaire; the intensity of physical acdvity was
expressed in metabolic equivalents of oxygen con-
sumption.’ " We calculated body mass index as the
rado of weight (kg) to height (m)®. The measurement
protocol of resting blood pressure has been described
in detail.”*

Human Population
Laboratory,
Berkelcy, CA 94704,
USA

" Debbie E Goldberg,

research associate

Correspondence to:
Dr jussi Kauhanen,
Department of
Public Health and
General Practice,
University of
Kuopio, Box 1627,
FIN-70211 Kuopio,
Finland
jussikauhanen
@ukufi

Table 1 Background characteristics and risk factors by pattern of beer drinking in 1641

middle aged Finnish men

Usual No of bottles of beer/sassion

Less than 3
Characteristic 6 or mors 3-5 {raference group)
No of men 70 420 1151
Age (SD) (years) 50.4 (6.0) 51.2 (5.6) 52.4 (5.0)
No (%) of married men 54 (77.1) 340 (81.9) 1034 (89.8)
Mean weekly alcohol intake 2789 161.3 62.0
(pure ethanol, g/week)
Mean (SD) No of cigarette-pack years 559 (386) 585 (377) 710 (432)
No (%} invoived in organisations 12 (17.1) 71 (16.9) 107 (9.3)
No (%) other than white collar occupation 42 (60.0) 249 (59.3) 613 (53.3)
No (%]} with previous or existing 17 (24.3) 120 (28.5) 289 (25.1)
cardiovascular disease
No (%) with diabetes or glucose intol e 5 (7.14) 14 (3.33) 57 (4.95)
Leisure time physical activity 106 (118) 120 (158) 105 (130)
(mean (SD) No hours/year)
Mean (SO) body mass index (kg/m?) 26.6 (3.4) 27.3 (3.8) 27.4 (4.0)
Mean (SD) systolic biood pressure (mm Hg) 134.1 (19.7) 132.3 (16.7) 129.5 (17.4)
‘Mean (SD) cholesteral (mmolA):
Low density lipoprotein 4,05 (1.02) 4.04 (0.97) 4.07 (1.04)
High density lipoprotein 1.33 (0.33) 1.32 {0.35) 1.30 {0.29)
Mean fibrinogen (/1) 3.15 (0.57) 3.09 (0.54) 3.00 (0.54)
Mean (SD) depression score” 67.6 (12.7) 67.5 (14.2} 66.8 (12.4)

-According to Minnesota multiphasic personality inventory depression subscale (the higher the score the

worse the depression).
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Table 2 Number of deaths and acute myocardial infarctions, and
corresponding mortality and incidence, by pattern of beer
consumption in 1641 middle aged Finnish men

Usual No of boltles of beer/session

Less than 3
(reterence
6 or mare 35 group) -
{n=70) (n=420) (n=1151)
All deaths: 15 44 7
Mortality/100 000 person years 2985 1402 853
Cardiovascular deaths: 7 20 kH3
Mortality/100 00C person years 1393 537 355
Deaths from external causes: 4 [ 15
“Vortaiity/ 100 000 person years 796 T 166
Myocardial infarctions: 7 1 89
_iArA\EicI-e‘riéé.ratel 100.000 persen years. 1807 1822 _' " 1348 )
Fatsl myocardial nfarctions  6(86) 10124 12(19)

(% of all infarctions)

Follow up

The follow up of all cause mortality and deaths due to
cardiovascular and external causes was achieved
through linkage to the national death registry, which is
maintained for all Finnish citizens. We classified
cardiovascular deaths and deaths due to external
causes according to codes 390-+59 and 800 and above,
respectively, of the ICD-9 (international classificadon
of diseases, 9th revision). We ascertained the incidence
of acute myocardial infarctions, both fawml and
non-fatal, by linkage to the regisoy of acute myocardial
infarctions, established for the MONICA project (an
international study conducted under the auspices of
the World Health Organisation to monitor trends in
and determinants of mortality from cardiovascular dis-
ease).” The coverage of this regisry was virtuaily 100%
of the coverage of the national death regisay.” The
mean follow up time for all cause mortality was 7.7
(maximum 10.8) years and for acute myocardial infarc-
tion 5.6 years (maximum 8.8 years). The end date for
the whole cohort was set as the end of the last year
from which registry informaton was available.

Stadistical analysis

We analysed the associations between dose of beer and
all cause mormlity, cardiovascular mortality, deaths
from external causes, and fatal and non-fatal acute
myocardial infarction using the Cox proportional haz-

Tahie 3 Adjusted relative risks {95% confidence interval) refating to beer drinking
pattern and all cause mortality in 1641 Finnish men

Adjustments

Usual No of bottles of beer/session

3-8 6 or more

Age

1.80 (1.24 to 2.61)" 4,01 {2.30 to 6.98)"

Age, total alconot c¢

1.64 (11210 2.41)° 3.01 (1.54 t0 5.90)"

Age, total alcohol, accupational status. marital status, 1.32 (0.&8—10 1.96) 2.00 (1.00 to 3.98)°
invoivement in orgamisations, smoking, leisure time
physical activity, depression

Age, totat aicohoi, previous diseases

167 (11310 246)° 349 (1.76 10 6.93)"_

Age, total alconal, systolic biood pressure

1.61 (1.09 to 2.36)° 2.88 (1.47 t0 5.67)7

Age, total aicohal, low and high density lipaprotein

cholesterol

1,62 (1.10 to 2.38)° 2.94 (1.50 to 5.75)°

Age, totat aicanol, fibrinagen

158 (1.07 10 231)°  245(12510 a8

Age, total alcanol, body mass index

160 (1.0 10 2.36)° 2.9 (1.52 to 5.86)°

Age, lotai alcahal, all covariates

1.31 (0.88 to 1.96) 2.05 (1.01 t0 4.14)"

Reference group=less than 3 botles.
Previous diseases: coronary heart disease. stroke. other cardiovascular disease, diabetes.

*P<0.0S.
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ards model.” To control for the possible non-linearity
of the relation, we grouped the beer variable into <3
botdles (reference group), 3-5 botdes, 6 botdes or more.
The first analyses included only age as a covariate. To
check the changes in the risk estimates when total
amount of alcohol was adjusted for, we added the
weekly intake of beer, spirits, and wine (total alcohol
intake) to the model. We then adjusted for a number of
potental confounders. We conmolled for smoking, lei-
sure time physical activity, occupational status, marital
status, social contacts, and depression in one model,
and for previous diseases (diagnosed coronary heart
disease, stroke, other cardiovascular disease. diabetes)
in the second. We then added. in wrn, systolic blood
pressure., serum low density and high density lipopro-
tein cholesterol concenuations, plasma fbrinogen
concengaton, and body mass index in a series of sepa-
rate models to show possible sources of confounding.
Finally, we fitted a full model! including all covariates.

Results

Benween March 1984 and December 1994, 136 deaths
were registered in the study population. Of these, 59
deaths were due to cardiovascular disease and 25 to
external causes. Of the 137 new acute myocardial
infarctions, 28 were fatal. Table 1 shows the disaibution
of beer drinkers by the usual dose per session and the
background characteristics of these groups. The
number of outcome events and the corresponding
mortality and incidence in each category are presented
in table 2.

All cause mortality

The age adjusted Cox survival model showed a positive
dose-response relagon between the beer dose per ses-
sion and all cause mortality (table 3). Even after adjust-
ment for the total alcohol intake the reladve risk of
death was three times higher in the high dose group
than in the low dose (reference) group and was also
raised in the moderate dose group (table 3, figure). The
difference in reladve risk between the high and the low
dose groups remained significant in the Cox models
that further adjusted for behavioural, social, and
psychosocial factors. disease history, and current
diseases, depression, systolic blood pressure, serum low
density and high density lipoprotein cholesterol
concentrations, plasma fibrinogen concenation, and
body mass index (table 3). After sirmultaneous
adjustment for all covariates. the relation between six
or more beers per session and all cause mortality was
still significant (2.05 (1.01 to 4.14)).

Cardiovascular mortality

The relative risk of cardiovascular death was higher in
the high dose group than in the low dose group, but
the difference was not significant when adjusted for age
and total alcohol intake (2.42 (0.87 to 6.72)) (fgure). In
a model with additional adjustment for previous
diseases the esumated reladve risk was signiﬁca.ndy
increased (3.64 (1.28 to 10.33)), but in the full model
the relatve risk decreased to 2.08 (0.69 to 6.27). The
estimated relative risks in the moderate dose group
varied between 1.60 (0.88 to 2.89) in the first model to
1.27 (0.70 to 2.39) in the full model.
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%+ No of bottles of beer
5 [ 3 (reference)
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Relalive risk

Relative risks of all cause mortality, cardiovascular mortality, death
from external causes, acute myocardial infarction, and death from
acute myocardial infarction associated with usual beer dose, with

adjustment for age and total consumption of aicohol

External deaths

In the age adjusted model the risk of death due to
external causes (violence, suicides, injuries, poisonings)
was seven dmes as high as that of the low dose group,
and further adjustment for total alcohol intake did not
notably change the relative risk estimate (wable 4,
figure). The association remained significant in every
model, and, with all covariates included, the relative
risk was still 5.78 (1.40 1o 23.91) (table 4). The risk was
not significantly increased in the moderate dose group.

Myocardial infarctions

We found no significant relation benveen the usual
beer dose and myocardial infarctions (table 5). In fatal
myocardial infarcdon. however, there was a clear
gradient In the high dose group the risk of fatal myo-
cardial infarction was more than six times that of the
low dose group when age and total alcohol consump-
tion were controlled for (Ggure). Adjustments for other

Table 4 Relative risk (35% confidence interval) for external causes of death (injuries,
paisonings, violence, and suicides) by pattern of beer consumption in 1641 middle

aged Finnish men

Adjusiments

Usual No of bottles of beer/session

3-5

§ or mors

Age

1.19 (0.46 to 3.07)

5.04 (1.66 10 15.29)°

Age. total alcoho! consumption

1.32 (050 to 3.50)

7.10 (2,01 to 25.12)°

Age, total alcohol, accupational status, marital
status. involvement in organisations, smoking,
ieisure time physical activity, depression

1,08 (0.40 10 2.96)

5.95 (1.52 t0 23.23)"

Age. total alcohol, previous diseases

1.34 (0.51 to 3.55)

6.68 (1.82 to 24.49)°

Age. total alcohol, systolic blood pressure

1.36 (0.51 to 3.59)

7.37 (2.08 10 26.17)"

Age, total alcohol, low and high density lipoprotein
cholesterol

1.34 (0.51 to 3.55)

7.48 (2.1 10 26.56)

Age. total aicohol, fibrinogen

1.25 (0.47 to 3.30)

6.27 (1.77 10 22.18)"

Age, total alcohol, body mass index

1.34 (0.51 0 3.55)

7.19 (2.03 to0 25.40)°

Age, total alcohol, all covariates

1.08 {0.40 to 3.00)

5.78 (1.40 to 23.91)°

Reference group=less than 3 bottles.
*P<0.05.

covariates had no appreciable effect on the relatve risk,
except in the fibrinogen model. The raised risk of fatal
myocardial infarction remained significant when all
covariates were included in the same model (table 5).In
the moderate dose group the raised risk relative to the
low dose group was marginally significant

Discussion

Many population based studies have shown a J shaped
or U shaped association between use of alcohol and all
cause mortality. It is unclear, however, whether drink-
ing pattern may have specific health consequences
beyond total alcohol consumption. In this study the
pattern of heavy acute intake of beer was associated
with all cause mortality, deaths from external causes,
and fatal myocardial infarctions in middle aged men,
regardless of their total average consumption of beer,
wine, and spirits. The risks were significandy higher
among men who usually drank six or more beers at 2
time than among men who usually had less than three
beers at a time. Our findings suggest that drinking pat-
tern may have independent effects on health that are
not explained by total consumption.

Pattern of alcohol intake is often considered to
be more important than frequency of drinking as a

Table 5 Relative risks (95% confidence intervals) of acute myocardial infarction and fatal myocardial infarction, by pattern of beer

consumption in 1641 middie aged Finnish men

Usual No of bottles of beer/session

3-5 6 or more

Acute
Adjustments

myocardial infarction

Fatal acute Acute Fatal acute myocardial
myocardial infarction myocardiai infarction infarction

Age . . 145 (1.00 10 2.10)
Age. total ;Icohol consumotion‘

S Tsr 10 10 2.27)

2.82° 4(].14 10 6.14) 1.47JD.68 10 3.17) 8.29° (3.48 to 24.82)

2.43" (100 10 5.88) 149 (0583 10 351)  6.50° (205 10 20.61)

Age, 1otal alcohol, occupational status. marual status,
i 1t in organisation: K lessure time
physical activity, depression

7133 (0.89 10 2.00)

2.18 (0.90 to 5.29) 107 (042 10 2.42) 496 (1.44 10 17.08)

Age, total alcohol, previous diseases

1.45 (0.97 10 2.17)

2.34 (0.96 t0 5.71)

1.59 (0.67 to 3.78)

11.18" (3.27 1o 37.03)

Age, total alcohol, systofic blood pressure

1.48 (0.99 ta 2.21)

2.37 (0.98 to 5.75)

1.43 (0.60 to 3.38)

6.37° (2.00 to 20.26)

Age, total alconol, low and high density ipoproten
choiesteroi

1.46 (0.98 t0 2.18)

2.38" {0.99 10 5.76)

1.32 {0.55 0 3.16)

6.07° (1.92 to 19.24)

Age, total alcohol. fibrinogen

1.47 (0.98 10 2.20)

2.397 {0.99 to 5.75)

1.22 {0.52 t0 2.85)

4.89° (1.53 to 15.63)

Age, Total alcohol. body mass index

1.48 (0.99 t0 2.22)

2.38" (0.98 10 5.76)

1.47 (0.62 t0 3.47)

6.47° (2.04 t0 20.52)

Age, total alcohol, all covariaies

1.28 (0.85 10 1.93)

2.40 (0.95 to 6.06)

0.96 {0.39 to 2.35)

7.05° (1.93 10 25.67)

Relerence group=less than 3 borttles.
*P<0.05.
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determinant of actual alcohol misuse.” Few studies,
however, have mried to examine this in a general popu-
lation, in which most individuals be classified not as
misusers but as moderate drinkers. Even the most
recent recommendations on alcohol use that are
based on large population based studies™ *' emphasise
the limits of average weekly consumption and not the
way people reach, exceed, or keep themselves within
the limits.

Congruence with other studies

Our finding that average consumption and drinking
pattern may have separate effects is supported by a
recent case-conirol study, in which drinking pattern
seemed to modify the risk of stroke in light to moder-
ate drinkers, and sporadic or occasional pattern was
associated with higher risk than regular and evenly dis-
tributed consumption.™ Cross sectional analyses in the
lung health study® showed that alcohol consumption
was itself inversely related to body mass index, whereas
greater modal intake (number of alcoholic drinks on a
day that alcohol is consumed) was positively associated
with greater body mass index.

We were especially interested in beer drinking as
over haif of all alcohol in Finland is consumed as beer.
Wine, for example, still holds a fairly narrow share of
the market* Alcohol consumption per head of popu-
lation in Finland is similar to many other Western
counaies and in 1993 was 6.8 litres pure ethanol, the
same as in the United States and slighdy less than in
the United Kingdom.* Populaton surveys in Finland
indicate that the tradidonal way of drinking infre-
quenty but heavily has remained quite common.”
Thus, beer binging was well represented in our study
population.

Prospective findings from the Copenhagen city
heart study showed that the frequency of drinking beer
was not associated with all cause mortality, but three to
five beers a day implied a reduction in cardiovascular
mortality compared with those who never drank beer™
Drinking three to five glasses of spirits a day was asso-
ciated with an increased risk of both all cause and
cardiovascular deaths, whereas daily intake of wine was
related to significandy lower mortality. That study,
however, focused on frequency of intake and type of
drink. and not on drinking pattern. To enhance the
validity of the measurement we used a detiled
quandty and frequency scale that included separate
quesdons on each type of drink. As in other populadon
studies self reported use of alcohol is sdll likely to
underestimate the real consumption level

Possible mechanisms

The reason that the men who indulged in heavy
drinking sessions had an increased risk of death in our
follow up study might come from beer itself, from the
pattern of heavy acute intake, or from other characteris-
tics that are assodiated with men who prefer to drink six
or more beers at a dme. After adjusunent for tocal beer
consumpdon, the pattern of heavy acute intake
remained a significant predictor of mortality. Thus, the
total average amount of beer drinking, or intake of other
types of aicohol, did not explain the associaton. Regard-
ing potendal confounding, the Kuopio ischaemic heart
disease risk factor study™® allowed us to adjust for several
known risk factors and background variables. In general

¢ The effects of drinking pattern on mortality and
morbidity are less well known than the effects of
total alcohol consumption

¢ The binging style of drinking beer was
associated with the risk of death from any cause
and from cardiovascular and external causes
and with fatal myocardial infarctions in middle
aged men in Finland

® The association was not explained by the total
amount of alcohol consumption, and it
remained after adjustments for several potental
confounders

® Swong association of beer binging with deaths
from external causes and fatal myocardial
infarction suggests that this type of drinking
pattern may involve triggers of severe acute
events

the observed assodatdons did not change afte
adjustment for smoking, physical acdvity, occupation:
status, marital status, social contacts, depression, ¢
previous and existing diseases. Systolic blood pressur-
obesity, and serum lipids and plasma fibrinogen concer
trations did not, however, explain the effect. After simw:
taneous adjustment for all the covariates, the risk of ar
death, death from external causes, and fatal myocardiz
infarction remained significantly raised.

Assodiation with sudden events

The magnitude of the reladon was strongest witt
deaths from external causes and fatal myocardic
infarctions. Risks of injuries, poisoning, violence, anc
suicide apparenty increase with acute intoxicator
Thus, six or more bottles of beer may well imply greate:
likelihood of these events. Qur results on fatal myocar
dial events suggest that heavy acute intake of beer ma:
involve acute wiggers of severe pathophysiologica.
events in the myocardium or the coronary arteries, ¢’
both. These events might include arrhythmia. ischae
mia, and possibly thrombotic processes.

Although relative risks in the group of men drink-
ing six or more beers seem to be high, the atriburable
risk in the population becomes important only if this
drinking pattern becomes sufficiently common. In our
study only 4% of men drank six or more beers .

The literature on possible differental effects of vari-
ous types of alcoholic drink is growing.™* Our findings
show that it is equally important to examine carefully the
relafion between drinking paterns—espedally occa-
sional heavy intake—and health outcomes.
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