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Abstract—The association between level of alcohol consumption and 15-year mortality, focusing
particularly on the possible protective effect of light drinking compared to abstention, was studied
in a representative population sample of 6928 residents of Alameda County, California. Because
abstainers differ from light, moderate and heavy drinkers on a number of demographic, physical,
and psychosocial characteristics, the role of these as confounders of the alcohol/mortality
association was examined. Using multiple logistic models, the mortality experience of abstainers,
moderate drinkers, heavy drinkers and very heavy drinkers was compared with that of light
drinkers. Among men only, very heavy drinkers were at significantly greater risk of death from
all causes than were light drinkers (OR = 2.5, p <0.01). Neither abstainers nor other drinkers were
at significantly higher risk of death from ischemic heart disease than were light drinkers. This
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pattern of results persisted with adjustment for 1
to age. .

Alcohol  Mortality  Ischemic heart disease

INTRODUCTION

Considerable evidence has recently accumulated
to challenge the traditional view of the re-
lationship between alcohol consumption and
health. Evidence from a number of studies now
suggests that moderate consumption of alcohol
may be associated with lower morbidity and
mortality than either abstention or heavy drink-
ing. Discovery of this U-shaped or J-shaped
association in which moderate drinkers are at
lowest risk of death, especially from coronary
heart disease, has led some investigators to
propose that alcohol in moderate amounts may
actually exert a protective effect on health
[1-11].

A careful examination of the literature re-
veals, however, a marked lack of consistency of
results among studies. At times, especially in
studies dealing with mortality from ischemic
heart disease, the J-shaped curve gives way to
a more nearly inverse linear association between
alcohol consumption and health outcomes
[9, 12-14]. Of particular interest is the fact that
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1 covariates of alcohol consumption in addition

the alcohol/health association in a given sample
often varies considerably among various sub-
groups defined by age, sex, smoking habits,
socioeconomic status, and even type of alco-
holic beverage consumed. Some examples of
such variations are given in Table 1.

In the present study, we examine the associ-
ation between alcohol consumption and 15-year
mortality from all causes and from ischemic
heart disease using data collected by the Human
Population Laboratory (HPL) in its prospective
study of Alameda County, California, residents.
We pay particular attention to the differences
between abstainers and light or moderate drink-
ers, hoping to shed some light on the question
of whether alcohol in small amounts is actually
protective of health for all causes of death and,
specifically, for ischemic heart disease mortality.
We hope to help clarify the currently confusing
picture of the relationship between alcoho! con-
sumption and mortality in two particular ways:
(1) A number of studies in this area have been
limited to men only or have excluded the un-
employed, poor or minority respondents. Re-
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Table 1. Variation in conditions of the alcohol consumption/health associations in selected studies

Association Conditions of
with alcohol significant
Investigator Sample Outcome consumption association
Case-control studies
Rosenberg et al., 513 female myocardial MI Nondrinkers at  For wine and total
1981[11] infarction (MI) increased risk alcohol, not for beer or
patients aged 30-49 over drinkers liquor
and 918 hospital
controls
Salonen et al., 4063 Finnish males, 7-year MI Inverse For spirits, but not
1983[14] aged 30-59 incidence, beer (MI); for age
coronary heart > 50, but not age <50
disease (CHD) (CHD mortality)
mortality
Prospective studies ] ) )
Klatsky et al., 8060 Kaiser health 10-year all- U-shaped For age <50, not age
1981 [7] plan members cause and CHD >50 (all-cause); for
. mortality ever-smokers only (CHD)
Cullen e al., 2209 males and 13-year Nondrinkers at ~ For nonsmokers only
1982 [4} females aged 40+ mortality increased risk

over drinkers

Kozarevic et al., 11,121 men aged MI, non-sudden Inverse For urban residents,
1982[9] 404 _ CHD mortality not rural .
Gordon and Kannel, Framingham adults 24-year CHD Inverse For male_ nonsmokers, all
1983 (12} aged 29-62 incidence females, not for male

smokers
Kittner et-al., 9150 Puerto Rican Nosz-sudden Inverse For age <60, not age

1983 {13] nales aged 35-79

CHD mortality

> 60; for above-median
income, not for below-
median income

strictions of this sort limit the generalizability of
any findings to more broadly defined popu-
lations. The Alameda County cohort is a large
representative sample of the adult population of
a metropolitan area and includes persons of
many backgrounds and life circumstances. (2) It
is likely that abstainers, moderate drinkers and
heavy drinkers are characterized by substantial
differences along demographic, health and psy-
chosocial dimensions, and these may contribute
to the variance in study findings; the HPL data
set includes ample health, behavioral, social and
demographic data collected at two points in
time and thus provides an opportunity to in-
vestigate the role of these potential confounders
of the alcohol/mortality relationship.

DATA AND METHODS

The sample

The HPL panel was drawn in 1965 from the
noninstitutionalized adult population of Ala-
meda County, California, using area probability
sampling methods. (See Hochstim [15] for a

more detailed description of sampling methods.) -

Of the more than 8000 designated respondents,

completed questionnaires were received from .

6928, or 86%. The data collection utilized a

self-administered questionnaire asking for de-
tailed information regarding current health
problems and functional disabilities; daily living
habits; social activities and relationships; atti-
tudes and feelings about self, others and the
world; and demographic information. This
analysis is restricted to those respondents who
were 35 years of age and older in 1965
(N =4590). Of these, 3128 were successfully
reinterviewed in 1974, providing us with infor-
mation at two times for a substantial proportion
of the original sample.

M or'iality Jollow-up

Mortality data were obtained by way of
computerized - death clearance procedures in
which HPL files were matched with California
State death records. (This procedure is de-
scribed in greater detail in Belloc and Arellano
[16] and Arellano et al. [17].) The computer
search was supplemented with out-of-state
death tracing as:part of the 1974 and 1983
follow-ups of this cohort. To date, we have
identified 1145 deaths between 1965 and 1980 in
our original cohort of 6928, or about 16% over
15 years; in the older sample used here, there are
1093 deaths, or'24%.

Persons not known to be dead were consid-
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ered alive for purposes of the analyses presented
here. This convention is based on the fact that
at the 1974 follow-up, all but 4% of those not
identified as dead were located alive; at the 1983
follow-up, the equivalent figure was 6%. Ascer-
tainment of vital status is even higher for the
older portion of the sample, and in fact, only
114 persons (2.4%) of the present study sample
were not positively identified as dead or located
alive in 1974. Nevertheless, to check for bias due
to the assumption of vital status for this small
group, the major analyses of this report were
replicated using only those whose vital status in
1974 was certain; the results did not differ
substantially from those presented here.

Cause of death was obtained from death
certificates, using codes determined by the Vital
Statistics Branch of the California Department
of Health Services, using the 7th, 8th and 9th
revisions of the International Classification of
Diseases [18] for the periods 1965-67, 1963-78
and 1979-80, respectively. Code equivalencies
were established for the broad cause categories
used here and, as cited in this report, refer to the
8th revision.

Measuring alcohol consumption

HPL respondents were asked how many times
a week they drink each of three types of alco-
holic beverage (beer, wine and “spirits™) and,
for each kind that they ever drink, how many
drinks they usually take at a sitting. The alcohol
measure used in this analysis is computed by
multiplying frequency by number of drinks for
each type of alcohol and summing the three
scores to arrive at a total monthly consumption.
Possible scores ranged from 0 to 270+ drinks
per month. '

We note here that there are some deficiencies
in this measure. First, it is somewhat imprecise
in terms of amount of ethanol consumed since
subjects were asked only “how many drinks” of
each type they consumed rather than how many
ounces of alcohol. Second, questions regarding
amount and frequency of drinking had pre-
coded response categories, which imposed an
artificial upper limit of reported consumption
for each type of beverage (five or more drinks
per sitting, two or more sittings per week).
These limitations impose restraints on our abil-
ity to make fine distinctions among alcohol
consumption levels and to assess the impact of
extremely heavy drinking; however, they do not
interfere with our primary interest, the in-
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vestigation of the differences between abstainers
and light or moderate drinkers. A more serious
limitation, from our point of view, is the fact
that the alcohol consumption measure used here
describes the individual’s current practice with-
out reference to any changes this may represent
from earlier habits. This problem, which is
found in most alcohol studies, does have impli-
cations for the assessment of the postulated
“abstainer effect”; we cannot distinguish life-
long abstainers from persons who previously
drank. To the extent that the nondrinking group
includes former drinkers, it is difficult to assess
the long-term risks or benefits of abstention. We
will attempt to assess the extent of this kind of
misclassification problem in our data set using
our follow-up data. However, results of the
analyses presented here must be interpreted with
this particular limitation in mind.

In part to accommodate the limitations as
outlined above, as well as to make our findings
comparable to other published results, we will
use grouped alcohol scores in this analysis as
follows: abstainers, light drinkers (1-30 drinks
per month), moderate drinkers (31-60 drinks
per month), heavy drinkers (61-90 drinks per
month), and very heavy drinkers (91+ drinks
per month). For women, the top two groups are
combined since there are too few women re-
spondents in the top category to analyze them
separately.

Covariates of alcohol consumption

Previous research has identified a number of
health-relevant physical, demographic, behav-
ioral, and psychosocial variables in the HPL
data set which, if associated also with alcohol
consumption, could confound the association
between alcohol and mortality [19-24]. The first
step in our analysis, therefore, was to examine
the univariate cross-sectional relationships be-
tween alcohol consumption and these potential
confounders. Twelve items were found to be
significantly (p < 0.05) associated with our mea-
sure of alcohol consumption, as follows: age,
sex, race, an index of overall physical health,
perceived subjective health, income, education,
smoking habits, exercise, an index of social
contacts, depression, and personal uncertainty.
Table 2 shows the proportion of each alcohol
consumption group scoring in the high-risk
category of each of these variables, as well as the
crude all-cause and ischemic heart disease mor-
tality rates for each alcohol consumption group.
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Table 2. Covariates of alcoho} consumption

Drinks per month

1-30 . 31-60 6190 91+

(N = 1170) (N =2467) (N = 585) (N =212) (N = 144)

None

Covariates
Percentage 65 years .

and older 32
Percentage male 32
Percentage black 20
Percentage disabled” 27
Percentage rale own

health “fair” or poor™ 30
Percentage less than

adequate income level® 43
Percentage less than

12 years schooling 60
Percentage never smoked 63
Percentage relatjvely

inactive® 57
Percentage not married 35

Percentage with no
organization

memberships 46
Percentage depressed? 19
Percentage :‘uncertain™ 28

Percentage died (all
. causes) 1965-74 . 32
Percentage died

(ischemic heart

disease only) 1965-74 13

17 11 10 7
44 62 71 79
11 8. 11 10
19 16 10 17
21 17 13 21
24 19 14 17
41 33 39 39
38 23 19 16
40 33 30 35
23 17 18 23
32 27 28 29
15 - ‘14 11 12
28 25 33 44
21 19 21 28
8 8 7 7

2Based on Physical Health Spectrum Score, Berkman and Breslow. [20].
Total household income adjusted for family size.
“Physical Activity Score based on frequency of participation in various activities. See

Berkman and Breslow [20].
918-item index, Roberts and O’Keefe [28].

*‘Personal Uncertainty” Score, Berkman and Breslow [20].

Multivariate analysis

As the first step in analyzing the alcohol
consumption/mortality relationship, we employ
a multiple logistic model (BMDP PLR), with
adjustment first for age alone and then for the
covariates identified above. For this portion of
the analysis, the five alcohol categories are
represented by four “dummy” variables, with
light drinking (1-30 drinks per month) as the
reference category so that we can compare both
nondrinkers and heavy drinkers to the more
moderate group and thus test for the postulated
curvilinear relationship between alcohol con-
sumption and mortality.

The results of these first analyses are
presented in Tables 3 and 4. The upper half of
Table 3 shows the analyses for all-cause mor-
tality separately for men and women, with
alcohol consumption and age in the model. The
only significant association is that for very
heavy compared to light drinking for men
(OR =2.5, p <0.01). Although all other odds
ratios are greater than one (suggesting a J-
shaped curve), the confidence intervals in all
cases include 1.00.

The lower half of ‘Table 3 presents the same
analyses for mortality from ischemic heart dis-
ease. No significant patterns of increased risk

are found for men or women either for heavy

drinking or abstention.

- ‘Table 3. Logistic analyses of alcohol consumnption and two

mortality outcomes with adjustment for age, for men and

women
Men ‘Women
95% 95%

Odds Confidence Odds Confidence
ratio, interval ratio interval

All-cause mortality

Abstain 1.3 (0.9-18) 12 (0.9-1.5)
31-60 drinks 1.1 (0.7-1.5) 12 (0.8-1.9)
61-90 drinks 1.5  (09-24) 1.5* (0.8-2.9)
91+ drinks 2.5%  (1.5-4.1)
Ischemic heart disease mortality
Abstain 1.3 (0.8-20) 1.1 (0.8-1.6)
31-60 drinks 1.3 (0.8-21) 1.0 (0.5-2.2)
61-90 drinks 1.5 (0.8-29) 1.0* (0.24.5)
91+ drinks 1.5 (0.6-24)

#Because of the small number of women reporting heavy
alcohol consumption, the two highest categories (61-90
drinks, 914 drinks) are combined here.

bp <0.01.
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Table 4. Logistic analyses of alcohol consumption and two
mortality outcomes with adjustment for 13 alcohol covar-
iates, for men and women

Men Women
95% 95%
Odds Confidence Odds Confidence
ratio  interval ratio  interval.
All-cause mortality
Abstain 12 (0.9-18) 11 (09-1.5
31-60 drinks 1.0 (0.7-1.5) 12 (0.7-1.8)
61-90 drinks L5 (0.9-25) 1.5 (0.8-2.5)
91+ drinks 23 (1.4-3.9p
Ischemic heart disease mortality
Abstain 12 (0.7-20) 11 (0.7-1.7)
31-60 drinks 12 (0.7-26) 09 (0.3-2.0)
61-90 drinks 1.6 (0.8-32) 0.9* (0.2-4.0)
91+ drinks 1.5 (0.6-3.5)

*Because of the small number of women reporting heavy
alcohol consumption, the two highest categories (61-90
drinks, 91+ drinks) are combined here.

%p < 0.01.

Thus, with adjustment for age alone, we do
not find a statistically significant association of
alcohol consumption and either all-cause or
ischemic heart disease mortality that could be
described by a J- or U-shaped curve. The only
significant finding is that of a positive associ-
ation between all-cause mortality and very
heavy vs light drinking for men only. We find no
significant association between level of alcohol
consumption and all-cause mortality for women
and no association between alcohol con-
sumption and ischemic heart disease mortality
for either sex, although in most cases, the
pattern of association between alcohol and mor-
tality appears to suggest a curvilinear pattern.

Table 4 shows the results of logistic analyses
which include adjustment for the covariates
identified above as potential confounders of the
relationship between alcohol consumption and
mortality. Although the figures are not shown
here, it is important to note that each of these
covariates increases the ability of the model to
predict mortality; they are associated with the
outcomes of interest and with alcohol con-
sumption. However, adjustment for them does
not change the overall pattern of the
alcohol/mortality relationship observed in
Table 3. As before, the only significant associ-
ation is that between very heavy vs light
drinking and all-cause mortality among men
(OR =23, p<0.01). The odds ratios and
confidence intervals associated with the various
levels of alcohol consumption in this model are
nearly identical to those in the previous model
(Table 3) in which the only adjustment variable
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is age. The postulated confounding of the re-
lationship between alcohol consumption and
mortality by related physical, psychological,
and social variables was not observed.

In Table 5, we present the results of an
alternative and more direct testing of the sug-
gested but nonsignificant curvilinear re-
lationship of alcohol consumption and mor-
tality observed in Tables 3 and 4. We use a
logistic model containing the covariates de-
scribed above but enter alcohol as a single linear
term rather than ¥ —1 dummy variables as
above (Appendix 1). The presence of a curvi-
linear association is tested for directly by inclu-
sion of a quadratic alcohol term in the model.
If the alcohol consumption/mortality re-
lationship is defined by a U- or J-shaped curve,
the coefficient (f) for the linear alcohol term in
the model should be significantly less than zero,
and the quadratic term should be significantly
greater than zero (Appendix 2).

Preliminary logistic analysis using only the
linear term with adjustment for the covariates
yielded results identical to those described in
previous analyses. When the quadratic term is
added (Table 5), there is no change in these
results. A significant alcohol/mortality associ-
ation is found only for male all-cause mortality.
In this case, the quadratic term is positive and
significant, suggesting that risk increases non-
linearly with alcohol consumption. However,
since the linear term is not significantly different
from zero, we cannot say whether the minimum
risk occurs for abstainers or for light drinkers.
In the other gender-outcome groups, the values
of the coefficients are consistent with a J- or
U-shaped relationship, but none of the
coefficients is significantly different from zero.
Consequently, we cannot conclude that a J- or

Table 5. Logistic regression analyses with linear and
quadratic alcohol consumption terms and adjust-
ment for 13 alcohol covariates

Alcohol consumption

Linear term Quadratic term
Bl B/
Standard Standard
B error B error
All-cause mortality
Men —0.010 -141 0.00020 2.33¢
Women -0.007 —094 0.00010 1.61
Ischemic heart disease mortality
Men —0.001 -—0.06 0.00004 0.44
Women —-0.020 —1.55 0.00020 142
2p < 0.01.
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Table 6. Logistic analysis of all-cause and ischemic heart disease

mortality for ex-drinkers compared to stable abstainers, adjusting for

13 alcohol covariates (odds ratios and confidence intervals for varjable
“quitter”)

Men Women

95% 95%

0Odds Confidence Odds Confidence

ratio  interval ratio  interval

All-cause mortality 07 (03-14) 1.2 (0.6-2.3)
Mortality from ischemic )

“heart disease 04 (0.1-14) 18 (0.74.3)

U-shaped relationship is a better description of
the data than a linear dssociation.

Confusion of exdrinkers with lifelong drink-
ers is a possible source of error. Because many
of the people who stop drinking may do so as
a result of declining health, their presence in the

- “abstainer” category might account for any
suggestion, although nonsignificant, of excess
risk for abstainers compared to light drinkers.
Using our 1965-74 panel sample and mortality
follow-up from 1974 through 1982, we are able
to address this issue by limiting our analysis to
those respondents who reported no drinking at
the time of the 1974 follow-up study and com-
paring the subsequent mortality experience of
those for whom this status represented a change
from 1965 (the “quitters) with that of re-
spondents who reported abstention at both
points in time. Table 6 shows the results of
logistic analyses of the 1974 abstainers, adjust-
ing for age and the other alcohol covariates,
plus a term “quitter,” which distinguishes those
for- whom abstention in 1974 represented a
change from drinking habits reported 9 years
earlier (coded 1) from those who reported ab-
stention at both points in time (coded 0). The
relative risk associated with this term represents’
the risk of exdrinkers relative to the more stable
abstainers.

There are no statistically significant
differences between quitters and stable “ab-
stainers as measured here for either sex for
either of the two outcomes. The patterns of
excess risk are different for men and women,
however. Among men, those whose abstention
represents a change since baseline are at lower
risk of death, especially from ischemic heart
disease, than those who report nondrinking at
both times; for women, the opposite is true—the
“quitters™ show a higher risk than the'stable
abstainers. The same patterns obtain if we com-
pare stable abstainers with quitters who re-
ported drinking at least 31 drinks a month in

1965. Examination of the previously heavy
drinking (61+ drinks per month) quitters in
comparison with stable abstainers is not pos-
sible in this data set because the number of
heavy drinkers who report abstention at follow-
up is extremely small.

These results are only partiaily supportive of
our hypothesis regarding former drinkers and
are in some contradiction to the findings of
others who have shown exdrinkers to be at very
high risk of mortality [12, 25-27]. However, we
must be extremely cautious in the interpretation
of our results here since the assessment of stable
or unstable drinking habits is based only on
data from two points in time (some of the
“stable” abstainers in our sample may have
been drinkers prior to 1965 and may be more
like our “quitters” in many ways) and because
the number of deaths represented in this anal-
ytic group is not large.

DISCUSSION

Using a number of methodological ap-
proaches, we have attempted to test the hypo-
thesis that the relationship between alcohol
consumption and mortality is represented by a
U- or J-shaped curve in which both very heavy
drinking and abstention carry greater risks than
light or moderate drinking. The only portion of

‘this hypothesis which is confirmed by the anal-

yses is the positive association of heavy drinking
with all-cause mortality for men. No such
significant relationship is shown for women or
for either gender when the outcome variable is
ischemic heart disease mortality. No significant
increase in risk is found for abstainers of either
sex for either of the mortality outcomes. We
have identified a number of covariates of alco-
hol consumption, items which are related to
mortality in this data set and which might,
therefore, be expected to confound the
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alcohol/mortality relationship. Surprisingly, we
find that adjustment for this set of 12 variables
has very little impact on the results beyond
adjustment for age alone. Attempts to fit a
quadratic model to our data also fail to support
the exislence of a U- or J-shaped curve. Finally,
abstainers known to be exdrinkers do not differ
significantly from stable abstainers. In sum,
neither the general hypothesis regarding the
U-shaped curve nor the more specific hypothesis
regarding the protective effects of small
amounts of alcohol for all-cause or ischemic
heart disease mortality are supported; the hy-
pothesis relating heavy drinking to excess mor-
tality is supported only in one instance.

While we thus find no significant overall
relationship of alcohol to risk of death, we are
nevertheless left with the persistent suggestion
of a curvilinear relationship. Results for all-
cause mortality for men and women and is-
chemic heart disease mortality for men present
this pattern, and the lower Ilimits of the
confidence intervals are often rather close to
1.00.

The results presented here also suggest a
possible interaction of sex with the
alcohol/mortality relationship. Odds ratios tend
to be somewhat stronger for men than for
women, especially in terms of the effects of
moderate or heavy drinking (perhaps because
fewer women are in these categories). And, in
some cases, the associations observed for men
and women are in opposite directions.

If this subject is to be investigated further,
there is a need for more careful measurement of
alcohol consumption and drinking history. In
addition, analysis of interactions of alcohol
consumption with age, sex, other health habits,
socioeconomic status and living environment
may prove fruitful in addressing some of the
conflicting results. In the meanwhile, it is
important that the ambiguity of findings to date
be recognized in order that we may avoid
making premature and unwarranted conclu-
sions regarding the potential effects of moderate

intake of alcohol. It is also worth noting that,
even in those studies where significant

abstention/mortality associations have been
demonstrated, the size of the increased risk is
rather small compared to other known risk
factors and the other known risks associated
with alcoho! intake. Therefore, it would appear
prudent, from a public health perspective, to
reserve judgment concerning the protective
effects of moderate alcohol consumption.

15.

20.
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APPENDIX 1

Given the range and dispersion of scores in the original
linear alcohol consumption measure (especially at the upper
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end of that score), we chose 1o use a grouped version of the
score here, assigning all members of a given group the
median score for that category as follows:

Category Median
1-15 drinks per month 9
16-30 drinks per month 23
3]1-60 drinks per month 45
61-90 drinks per month 72
91+ drinks per month 109

APPENDIX 2

It is possible 1o fit a logistic mode] in which both the linear
and quadratic terms are significant but which represents a
differeni * curve than ‘the one  postulated for the
alcohol/mortality risk. relationship. Thus a risk curve in
which the linear term is equal 1o zero attains its lowest point
when alcohol equals zero, and risk increases as alcohol
consumption increases. Similarly, if the linear term is greater
than zero, the lowest point on the risk curve is moved to the
left of the vertical axis, and no part of the relevant segment
of the curve exhibits a downward slope. If the quadratic
term is less than zero, the risk curve described has an
inverted U-shape. Thus, in addition to attaining statistical
significance, the linear and quadratic coefficients must have
appropriale values to'support the hypothesis that moderate
drinking is beneficial,



