
will be detected, that the new test has a similar
probability of success. The distribution ofmedians and
individual risk estimates in our study suggests that
there is a high probability that women older than 35
with affected pregnancies would be offered screening.
This was also found in a recent study by Mancini et al. "
Furthermore, as the median calculated risk for women
over 40 is higher than 1:350 more than half of those
women would be offered screening. As only 0-6% of
births are in women over 40 offering amniocentesis and
karyotyping to all women in this age group would
increase the number ofpregnancies requiring screening
by only about 0 3%. This would also address the
problem that allocating access to karyotype determin-
ation on the basis of risk of Down's syndrome alone
ignores the possibility of other chromosomal abnor-
malities in older pregnant women. Other chromosomal
disorders are rarer than trisomy 21 and because the risk
is less strongly age dependent are less effectively
screened by age alone.
The number of younger women requesting amnio-

centesis because of anxiety might be expected to fall
when counselling can include the discussion of a
method of individual risk assessment with a high
expectation of success in detecting Down's syndrome.
This should compensate the increase in screening
generated by offering karyotype screening to women
aged over 40 without biochemical evidence of their
pregnancy being at high risk of Down's syndrome.
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uChange in alcohol consumption and risk of death from all causes and
from ischaemic heart disease

Nancy BjLazarus, George A1 Kaplan, Richard D(Cohen, Diing-Je7Leu

Abstract
Objective-To examine the association between

alcohol consumption and mortality from all causes
and from ischaemic heart disease with a focus on
differentiating between long term abstainers and
more recent non-drinkers.
Design-Cohort study of changes in alcohol con-

sumption from 1965 to 1974 and mortality from all
causes and ischaemic heart disease during 1974-84.
Setting-Population based study of adult resi-

dents of Alameda County, California.
Subjects-2225 women and 1845 men aged 35 and

over in 1965.
Main outcome measures-Alcohol consumption in

1964 and 1974 and mortality from all causes and from
ischaemic heart disease during 1974-84.
Results-There was a significantly higher risk of

death from all causes and from ischaemic heart
disease in women who gave up drinking between
1965 and 1974 than in women who continued to drink
(relative risk 1*72, 95% confidence interval 1-11 to
2-66, and 2-75, 1-44 to 5*23, for all causes and
ischaemic heart disease respectively). A significant
increase in risk was not seen in men who gave up
drinking (1.32, 0-87 to 2-01, and 095, 0-41 to 2-20,
respectively). Among men, long term abstainers
compared with drinkers were at increased risk of
death from all causes and from ischaemic heart
disease, though the associations were not significant
(1-40, 0-98 to 2.00, and 1-40, 0-76 to 2-58, for all
causes and ischaemic heart disease respectively).
Conclusion-Some of the increased risk of death

from all causes and from ischaemic heart disease
associated with not drinking in women seems to be
accounted for by higher risks among those who gave
up drinking. Men who are long term abstainers
may also be at an increased risk of death. The
heterogeneity of the non-drinking group should
be considered when comparisons are made with
drinkers.

Introduction
Several studies have described a J-shaped associa-

tion between intake of alcohol and risk of cardio-
vascular disease, with the lowest risk among light
drinkers and higher risks among non-drinkers and
heavy drinkers.'8 The observation that non-drinkers
have a higher incidence of cardiovascular disease
than light drinkers has led to light drinking being
characterised as "protective." This characterisation
is not without biological plausibility given the
observations ofincreased concentrations ofhigh density
lipoprotein cholesterol with increased alcohol con-
sumption.39-" Also, Meade et al have suggested that
alcohol's antithrombotic effects may be responsible for
this protective effect.'2
There is, however, another possible explanation for

the effect. Most analyses treat non-drinkers as a
homogeneous group, but it is likely that non-drinkers
constitute an extremely heterogeneous group consist-
ing of life long abstainers and also former drinkers,
who may have a higher risk of death.' I'4 If these
subgroups differ with respect to risk of cardiovascular
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disease then conclusions based on a comparison of non-
drinkers with light drinkers might be misleading.
There is suggestive evidence from four other studies

supporting the heterogeneity of the group of non-
drinkers with respect to risk of coronary heart disease.
In the Western Electric study former drinkers had a
2-4 times greater incidence of death from cardio-
vascular causes than lifetime non-drinkers.4 '8 In the
Honolulu heart study, in which the study group was
characterised by a low level of alcohol consumption,
former drinkers had a 28% higher incidence of
coronary heart disease compared with lifetime non-
drinkers.'2 Even greater differences were found in the
Tecumseh study.6 In the British regional heart study
former drinkers when compared with teetotallers and
current drinkers had higher prevalences of high blood
pressure, angina, and electrocardiographic evidence of
definite or possible myocardial infarction. "

In our study we used data from the Alameda
County study to evaluate the risk of death in the
subgroups within non-drinkers. We examined the
relation between changes in alcohol consumption over
nine years (1965-74) and subsequent risk of death after
11 years (1974-84) in people aged 35 or more who
participated in the Alameda County study in 1965 and
in a follow up study in 1974.

Subjects and methods
The data used in these analyses came from our

laboratory's study of adult residents of Alameda
County, California. The details of the study design and
sampling method have been reported elsewhere.'8
In 1965 a representative sample of 8023 non-institu-
tionalised adults aged 20 or more (16 if ever married)
were selected through a stratified random sample of
Alameda County housing units. Of these, 6928 (86%)
completed an extensive questionnaire about their
behavioural, social, and psychological characteristics
as well as their health and disease status and functional
disabilities.

In 1974 an attempt was made to recontact those who
responded in 1965. Between 1965 and 1974, 693
(10 0%) of the subjects died. Only 273 (3 9%) were lost
to follow up at nine years. Completed questionnaires
were received from 4864 (81 6%) of the 5962 surviving
subjects who were located. Alcohol scores were
missing for 794 subjects who were aged 35 and over in
1974, so the analyses reported here are based on 2225
women and 1845 men.

Between 1974 and 1984, 591 of the 4070 respondents
died (291 women and 300 men). Mortality was ascer-
tained for the 20 years from 1965 to 1984 by a
computerised record linkage with the California Death
Registry'8 2' to obtain the death certificates of those
people who had died in California or outside the state
with notification to California. Those not known to be
dead were considered to be alive.

The underlying cause of death from death certifi-
cates was coded according to the eighth revision of the
International Classification of Diseases.
The alcohol consumption scores for 1965 and 1974

were each derived by combining answers to questions
which assessed the usual frequency of drinking and
amount consumed each week of wine, beer, and
spirits, and then converting the information into the
total number of drinks per month. The scores were
grouped into abstainers (zero drinks/month), light
drinkers (1-30 drinks/month for women and 1-45
drinks/month for men), and moderate drinkers (),is31
drinks/month for women and -46 drinks/month for
men).2 About 18% of the respondents were moderate
drinkers.

For each sex nine categories of change in alcohol
consumption were defined by using the 1965 and 1974
alcohol scores (see table I). Cox's proportional hazard
model2' was used to examine the associations between
these categories of change in alcohol consumption and
subsequent mortality at 11 years from all causes and
from ischaemic heart disease. Preliminary analyses
were done using all nine categories. Because there were
no deaths and very small numbers of people at risk in
two of the categories we condensed the nine categories
into seven, as shown in table II.

In the initial analyses the categories of change in
alcohol consumption were represented by indicator
variables with the light/light category serving as the
reference. Age in 1965 was included in all models
as a continuous variable. The antilogarithms of the
regression coefficients of the indicator variables esti-
mate the relative hazards or approximate instantaneous
relative risks, which compare each category of change
with those who were light drinkers in 1965 and 1974.

Based on the results of the initial models we further
condensed the seven categories of change into three
new categories: those who gave up drinking, those who
continued to drink, and those who were long term
abstainers. People who gave up drinking were defined
as those who reported consumption of alcohol in any
amount in 1965 and no alcohol consumption in 1974.
Continuing drinkers were those who reported any
amount of consumption in 1974; this category includes
the small number of people who either resumed or
started drinking after 1965. Long term abstainers were
defined as those reporting no alcohol consumption in
both 1965 and 1974. Indicator variables were created
for those who gave up drinking and abstainers with
continuing drinkers serving as the reference category.
We analysed the age adjusted relative hazards of

mortality from all causes and from ischaemic heart
disease in those who gave up drinking and abstainers
compared with continuing drinkers, with and without
adjustment for a series of psychosocial and health
behavioural covariables and chronic conditions and
symptoms reported in 1965 and 1974 that might con-
found the relation. Health conditions and symptoms

TABLE i-Distribution ofrespondents according to alcohol consumption in 1974 and number ofdeaths from all causes and ischaemic heart disease, all by alcohol consumption in 1965

None Light NModerate Total

Alcohol consumption in 1965 No of Ischaemic No of Ischaemic No of Ischaemic No of Ischaemic
(drinks/month) respondents All causes heart disease respondents All causes heart disease respondents All causes heart disease respondents All causes heart disease

Women (n=2225)
None 436 86 27 129 18 7 7 1 572 105 34
Light(1-30) 157 28 13 1001 114 34 175 13 3 1333 155 50
Moderate ( 31) 10 4 2 108 13 3 202 14 3 320 31 8

Total 603 118 42 1238 145 44 384 28 6 2225 291 92

Men (n= 1845)
None 175 47 15 73 9 6 10 1 258 57 21
Light(1-45) 104 33 7 876 129 49 206 24 5 1186 186 61
Moderate (¢46) 21 4 0 136 23 6 244 30 7 401 57 13

Total 300 84 22 1085 161 61 460 55 12 1845 300 95

BMJ VOLUME 303 7 SEPTEMBER 1991554

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.303.6802.553 on 7 S
eptem

ber 1991. D
ow

nloaded from
 

http://www.bmj.com/


TABLE ili-Age adjusted association between chatnge in alcohol
consumption and mortality from all causes and ischaemic heart disease.
Figures are relative risks (95% confidence itntervals)

Changes in alcohol Women Men
consumption (1965-74) (n=2225) (n- 1845)

All causes
None/none 1-00 (0-75 to 1-33) 1-28 (0-90 to 1 81)
None/light and moderate 1-15 (0 71 to 1-87) 0-72 (0-38 to 1 38)
Light/moderate 0-85 (0-48 to 1-51) 1-00 (0-66 to 1 51)
Light/light (reference) 1-00 1 00
Moderate/moderate 0-88 (0-51 to 1-55) 1-01 (0-72 to 1*44)
Moderate/light 1- 15 (0-65 to 2-05) 1-31 (0-86to2-00)
Light and moderate/none 1-47 (0-99 to 2-17) 1-46 (1 00 to 2-13)

Ischaemic heart disease
None/none 0-92 (0-55 to 1-55) 1 16 (0-63 to 2 14)
None/light and moderate 1-33 (0-59 to 3-01) 1-25 (0-53 to 2-97)
Light/moderate 0-66 (0-20 to 2-14) 0-76 (0-35 to 1-65)
Light/light (reference) 1-00 1-00
Moderate/moderate 0-71 (0-22 to 2-34) 0-72 (0-37 to 1-40)
Moderate/light 0-94 (0-29 to 3-07) 1-62 (0-84 to 3-1 1)
Light and moderate/none 2-29 (1-25 to 4-20) 0-78 (0-35 to 1-77)

reported in 1965 and 1974 were categorised as present
in 1965, not present in 1965 but present in 1974, and
not present in either 1965 or 1974. Each variable was
represented in a model by two indicator variables
representing the first two categories referenced in the
third category.

Results
Table I presents the distribution of the change

in alcohol consumption. The largest percentages of
respondents (45 0% ofwomen and 47 5% of men) were
light drinkers both in 1965 and 1974. The percentage
of women reporting no alcohol consumption in both
1965 and 1974 (long term abstainers) was twice as high
as that for men (19-6% compared with 9-5%). In all,
7 5% of women and 6 8% of men gave up drinking.
Of the 603 women who were non-drinkers in 1974, 436
(72 3%) reported long term abstention as compared
with 175 out of 300 (58 3%) men.

In the preliminary analyses using the nine categories
of change in consumption of alcohol mortality from all
causes in women was substantially raised in moderate
drinkers who gave up drinking between 1965 and 1974
(relative risk 6 56, 95% confidence interval 0 41 to
17 84). Women who were light drinkers and who gave
up drinking had a relative risk of 1 32 but the 95%
confidence interval was broad (0 87 to 2-00). Women

TABLE III-Association between non-drinking subgroup and death from all causes and ischaemic heart
disease (1974-84) adjusted for age and other covartables. Figures are relative risks (95% confidence
intervals)

Women Men
n= 1802) (n= 1582)

Former Former
Covariable drinkers Abstainers drinkers Abstainers

All causes*
Age alone 1-72 (I 11 to 2-66) 1-07 (0-77 to 1-47) 1-32 (0-87 to 2-01) 1-40 (0-98 to 2-00)
C hronic conditionst 1-61 (1-02 to 2-53) 0-92 (0-66 to 1-30) 0-99 (0-62 to 1-57) 1-39 (0-96 to 2-01)
Race 1-70 ( - 10 to 2-63) 1-03 (0-74 to 1-43) 1-30 (0-85 to 2-00) 1-38 (0-96 to 2-0b)
Education level 1-75 (1-13 tO 2-72) 1-08 (0-78 to 1-50) 1-1 (0-78 to 1-82) 1-35 (0-94 to 1-93)
Income 1-70 (1-09 to 2-64) 1-05 (0-76 to 1-46) 1-21 (0-79 to 1-86) 1-36 (0-95 to 1-94)
Physical activity 1-70 (-10 to 2-63) 1-06 (0-76 to 1-46) 1-26 (0-82 to 1-92) 1-38 (0-97 to 1-98)
Smoking status 1-80 (1-16 to 2-79) 1 14 (0-82 to 1-58) 1-34 (0-88 to 2-03) 1-48 (1-03 to 2-12)
Social network index 1-69 (1-09 to2 -61) 1-06 (0-77 to 1-47) 1-27 (0-84 to 1-94) 1-44(1 01 to2 -06)
Depression 1-63 (1-05 to 2-52) 1-04 (0-75 to 1-44) 1-27 (0-83 to 1-94) 1-39 (0-97 to 1-98)
Perceived health 1-51 (0-98 to 2-34) 0-97 (0-70 to 1-34) 1- 14 (0-74 to 1-75) 1-32 (0-92 to 1-89)

Ischaemic heart diseaset
Age alone 2-75 (1-44 to 5-23) 0-78 (0-42 to 1-45) 0-95 (0-41 to 2-20) 1-40 (0-76 to 2-58)
Chronic conditionst 2-27 (1-14 to 4-54) 0-66 (0-34 to 1-26) 0-71 (0-28 to 1-75) 1-51 (0-80 to 2-85)
Race 2-70(1-42 to 5-14) 0-72(0-38 to 1-34) 1-01 (0-43 to 2-37) 1-49(0-80 to 2-80)
Education level 2-79 (1-46 to 5-35) 0-79 (0-42 to 1-47) 0-81 (0-35 to 1-90) 1-30 (0-70 to 2-41)
Income 2-76 (1-43 to 5-31) 0-76 (0-41 to 1-43) 0-93 (0-40 to 2-18) 1-35 (0-73 to 2-50)
Physical activity 2-74 (1-44 to 5-23) 0-78 (0-42 to 1-45) 0-91 (0-39 to 2-13) 1-39 (0-75 to 2-56)
Smoking status 3-03 (1-59 to 5-79) 0-88 (0-47 to 1-66) 0-96 (0-41 to 2-23) 1-48 (0-80 to 2-74)
Social network index 2-66 (1-40 to 5-06) 0-77 (0-41 to 1-43) 0-93 (0-40 to 2-15) 1-42 (0-77 to 2-63)
Depression 2-60 (1-36 to 4-97) 0-76 (0-41 to 1-42) 0-97 (0-42 to 2-26) 1-41 (0-77 to 2-60)
Perceived health 2-35 (1-23 to 4-50) 0-70 (0-38 to 1-30) 0-86 (0-36 to 2-01) 1-33 (0-72 to 2-47)

*No of deaths=212 women, 237 men.
tNo of deaths=67 women, 76 men.
:High blood pressure, heart trouble, stroke, chest pain, trouble breathing, bronchitis, diabetes, cancer, ulcer, and
liver trouble. Categorised as (1) present in 1965 and (2) not present in 1964 but present in 1974 referenced againist
(3) not present in 1965 or 1974.

who were light or moderate drinkers who gave up
also had increased risks of death from ischaemic
heart disease (relative risk 2 04, 1-08 to 3-87 for
light drinkers and 10-45, 2 49 to 43-83 for moderate
drinkers). Consistent abstainers were not different
from the reference group, with relative hazards near
1-0 for mortality from all causes and from ischaemic
heart disease (0 99, 0 74 to 1 33 for all causes and 0 92,
0 54 to 1 55 for ischaemic heart disease). Among men
mortality from all causes was raised in light drinkers
who gave up drinking (1-47, 0-98 to 2 20). Moderate
drinkers who gave up had a similar rise in risk but the
confidence interval was unacceptably wide (1 41, 0-62
to 3 21). Male abstainers had a relative risk of 128
(0 90 to 1-81). For mortality from ischaemic heart
disease in men, none of the categories showed signifi-
cantly higher or lower risk compared with light/light
drinkers.

Table II shows the results of combining the two
categories of light and moderate drinkers who gave up
drinking and the two categories of people who started
drinking. For both men and women mortality from all
causes was raised in those who gave up drinking
compared with the light/light reference category (rela-
tive risk 1-47, 95% confidence interval 0 99 to 2 17 for
women and 1 46, 1 00 to 2 13 for men). Women who
gave up drinking also had a substantially raised risk of
ischaemic heart disease (2-29, 1-25 to 4 20). For men
none of the groups had a reliably estimated increased
risk of ischaemic heart disease.

Table III shows the association between the non-
drinking subgroup (former drinkers and lifetime
abstainers), and mortality from all causes and from
ischaemic heart disease adjusted for several covariates.
The reference category for those who gave up drinking
and abstainers was those who reported any drinking in
1974. The numbers of women and men analysed were
smaller because some respondents had missing values
for one or more of the adjustment variables. Women
who had given up drinking had a relative risk of
mortality from all causes of 1-72 (1 11 to 2 66)
compared with drinkers. Because a decline in health
status might lead to a decline in or abstention
from alcohol consumption, we studied a model which
included a set of health conditions and symptoms
recorded in 1965 and 1974 that are associated with
mortality from either all causes or ischaemic heart
disease. Adjusting for 10 chronic conditions and
symptoms had little effect on the raised risk of death
from all causes in women who had given up drinking.
With the possible exception of perceived health (1 51,
0-98 to 2 34), none of the psychosocial and health
behavioural covariables including race, education,
income, physical activity, smoking, social network
index, and depression substantially altered the associa-
tion for death from all causes. On the other hand, the
positive association between giving up drinking and
mortality from ischaemic heart disease declined a little
when adjusted for chronic conditions (from 2 75, 1-44
to 5 23, to 2 27, 1-14 to 4 54). Of the remaining
covariables, only perceived health substantially altered
the association for mortality from ischaemic heart
disease. The relative risk was reduced from 2 75 (1 44
to 5-23) to 2 35 (1 23 to 4 50). No association was
found between abstaining from drink and mortality
from all causes or ischaemic heart disease for women.
Among men, when those who gave up drinking were

compared with drinkers the relative risk of mortality
from all causes was 1-32 (0-87 to 2 01). Adjusting for
chronic conditions reduced the relative risk to 0-99
(0 62 to 1-57). Adjustment for perceived health also
resulted in a decrease in the relative risk to near 1-0.
There was no association between giving up drinking
and mortality from ischaemic heart disease for men.
The risks of death from all causes and from ischaemic
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heart disease were raised for abstainers compared with
drinkers (1 40, 0 98 to 2-00, and 1 40, 0-76 to 2 58,
respectively), although neither estimate was significant.
Neither adjusting for health status nor adjusting
for psychosocial covariables substantially altered the
relative risk.

Discussion
Our results provide further evidence that non-

drinkers are a heterogeneous group of people who may
have different risks ofdeath depending on the length of
their abstention from drinking alcohol. The risk in
women who had given up drinking in the previous nine
years was higher than the risk in women who had
continued to drink. A similar increase in risk was not
seen in men who had given up drinking. On the other
hand, long term male abstainers were at a marginally
increased risk of death compared with drinkers.
The same increase in risk was not found in female
abstainers.
There are several features of the measurement of

alcohol consumption which need comment. Although
our measure takes into account amount and frequency
of consumption of alcoholic beverages in a usual week,
it does not allow for the amount ofethanol consumed to
be measured nor does it take into account the type of
beverage consumed (beer, wine, or liquor) or the style
of timing the consumption. We also do not know when
in the nine year period the pattern of alcohol consump-
tion changed.
While studying change in alcohol consumption over

time has many features to recommend it over studies
which look at consumption only at one point in time, it
has unique problems. Because of the long period over
which we assessed changes in consumption some of the
features of the relation between consumption patterns
and risk of death may be obscured. For example, the
relatively small impact of health conditions may be due
to the fact that only people who survived for nine years
are included in the analyses.

Despite this, and the small numbers of deaths in
several of the categories, several conclusions can be
drawn from these analyses. The increased risk in non-
drinkers relative to drinkers depends on the subgroup of
non-drinkers being considered and on sex. For men the
apparent increased risk of death from all causes in
those who gave up drinking compared with those who
continued to drink seems to be related to the presence
of chronic conditions and symptoms associated with
giving up. Male abstainers were at slightly increased
risk of death from all causes and from ischaemic heart
disease compared with drinkers, and this increase
was not related to the presence of chronic illness.
Compared with continuing drinkers, women who gave
up drinking were at substantially increased risk. This
increased risk is not completely explained by health
status or other confounders. The reasons for this sex
difference in the impact of giving up drinking are not
apparent and suggest that sex specific analyses are to
be preferred.
The problem of heterogeneity of alcohol consump-

tion categories also applies to the group of light to
moderate drinkers. Occasional drinkers (less than one

drink a day) are sometimes classified with non-drinkers
and at other times included in the light to moderate
drinking group, which is the group sometimes found to
have a lower risk of death. Future studies of the
association of alcohol consumption and mortality
should look separately at very light and light to
moderate drinkers.
Many studies have concluded that light to moderate

drinking provides a "protective" effect,4 but the
heterogeneity of the non-drinking group suggests
caution when making public health recommendations.
Increased attention to the natural course of alcohol
consumption may clarify whether light to moderate
drinking is protective.

The study was supported in part by a grant from the
National Institute on Aging.
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