
Aging and Generational Effects on Drinking Behaviors in Men:
Results from the Normative Aging Study

ROBERT J. GLYNN, PHD, GLEN R. BOUCHARD, SM, JOSEPH S. LOCASTRO, PHD, AND NAN M. LAIRD, PHD

Abstract: The effects of aging on alcohol consumption behaviors
are unclear because of confounding with period and cohort effects.
In 1973, 1,859 male participants in the Normative Aging Study, born
between 1892 and 1945, described their drinking behaviors by
responding to a mailed questionnaire. In 1982, 1,713 of the partici-
pants in this study responded to a similar questionnaire. We used
multivariate techniques, adjusting regression coefficients for the
correlations between repeated responses of the same individuals, to
assess the effects of birth cohort and aging on mean alcohol
consumption level, on the prevalence of problems with drinking, and
on the prevalence of averaging three or more drinks per day. Older
men drank significantly less than younger men at both times yet there

Introduction
The extent to which alcohol consumption behaviors are

modified as people age is unclear. National surveys of
community-dwelling individuals have consistently found
more non-drinkers and fewer heavier and problem drinkers
among the elderly than among the young.' Prevalences of
problem drinking in national surveys" 2 are highest among
men aged 21-34 with rates about 2.5-3.0 times those of men
over age 65. From a clinical perspective, age-specific preval-
ences ofpatients in treatment facilities because of alcoholism
are highest in the age-group 40-49 with a rate 3 to 4 times
greater than those aged 61-70.3

Suggestions drawn from cross-sectional surveys that
aging modifies drinking behaviors are limited because of
potential cohort differences, differential mortality and differ-
ential subject selection.4'5 Cohort differences, which in cross-
sectional studies are inseparable from age differences, occur
when one generation consistently drinks less (or more) than
a preceding generation. Having lived through Prohibition is
one potential source of a generational effect on drinking
behaviors. Differential mortality clouds the interpretation of
age differences found in cross-sectional studies because
alcoholics are more likely to die at younger ages. Addition-
ally, older problem drinkers are more likely to be cognitively
impaired or institutionalized; hence they are less likely to be
selected or to be able to participate in a community survey.
Differential mortality and selection would also tend to bias an
analysis of several cross-sectional surveys of different pop-
ulations at different times. Although all study designs are
limited because the main effects of age, period, and cohort are
not distinguishable,5'6 a longitudinal study allows for a clearer
description of the effects of aging on alcohol consumption
behaviors.

The goal of this report is to examine whether average
alcohol consumption and rates of problems with drinking
decline with age or whether differences between generations
are more likely attributable to historical effects on socializa-
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was no tendency for men to decrease their consumption levels over
time. Each successively older birth cohort had a prevalence of
problems with drinking estimated to be 0.037 lower than the
prevalence of the next youngest cohort (95 per cent confidence
interval: 0.029-0.045), yet there was no decrease in drinking prob-
lems over nine years. Interpretation of these findings requires
consideration of the changes in attitudes as well as the increases in
per capita consumption occurring in the United States throughout the
1970s. Results suggest that aging is not as important a factor in
changes in drinking behaviors as generational or attitudinal changes.
(Am J Public Health 1985; 75:1413-1419.)

tion. The report describes the drinking behaviors of a
population ofmen who responded to mailed questionnaires in
1973 and again in 1982. Multivariate techniques are used to
assess the effects of birth cohort and time on average alcohol
consumption and the prevalence of drinking problems.

Methods

Population
The Normative Aging Study is a longitudinal study of

aging initiated in 1963 and located at the Veterans Adminis-
tration Outpatient Clinic in Boston.7 Participants were re-
cruited through radio and newspaper advertisements and by
appeals to companies whose employees were likely to remain
in the Boston area (e.g., insurance companies and local police
and fire departments). Volunteers were screened according
to health criteria at entry in order to provide a population
initially free ofany serious medical conditions.8 In particular,
volunteers were excluded from participation if they had a
history or a finding upon examination of such conditions as
heart disease, diabetes, cancer, cirrhosis, pancreatitis, peptic
ulcer, gout, or recurrent asthma, bronchitis or sinusitis.
Those with either systolic blood pressure greater than 140
mm Hg or diastolic blood pressure greater than 90 mm Hg
were also disqualified. Alcohol consumption and alcohol-
related problems were not among the screening criteria, but
several of the disqualifying conditions mentioned above are
related to heavy alcohol use. Many alcoholics have no
medical complications and thus would not have been exclud-
ed. With these criteria, the study enrolled 2,280 community-
dwelling men born between 1884 and 1945. Participants are
occupationally heterogeneous and evenly divided between
blue- and white-collar jobs. They tend to be of slightly higher
social class levels than the general population from which
they were drawn. Ethnically, the population accorded fairly
closely with the distribution found in the Boston area at the
time of subject selection. However, only 2 per cent of the
participants are Black, which is lower than the 3.7 per cent
Black adult male population in the Boston metropolitan
area.9 A detailed description of the Normative Aging Study
population and the study protocol is available elsewhere.'"

The population for the current study was the 2,100
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Normative Aging Study participants who were active in the
study in June 1973 and who were born after 1891. In 1973,
these men ranged in age from 28 to 82 years. Of the 180
original Normative Aging Study participants who were ex-
cluded, 123 dropped out of the study, 52 died before June
1973, and five others were born before 1892. These five oldest
participants were excluded so that the population could be
partitioned into six birth cohorts of equal length, each
containing a substantial number of men.

Drinking Questionnaire
In June 1973, the Normative Aging Study mailed a

15-page drinking questionnaire to its active participants. Of
the 2,100 active Normative Aging Study participants born
after 1891, 1,892 returned the questionnaire. For each of 16
distinct alcoholic beverages, respondents were asked to
record the average number of drinks of each they were
currently consuming per day, per week, per month, or per
year. Average alcohol consumption, measured in drinks per
year, was estimated for each respondent to be the total
number of drinks of all types. All beverages were considered
together because, according to the US Department of Agri-
culture," 12 ounces of beer, 5 ounces of table wine, and 1.5
ounces of distilled spirits all contain approximately 0.60
ounces of absolute alcohol. Previous analysis of this measure
found Normative Aging Study participants to have a distri-
bution of mean consumption level quite similar to the
distribution found among men in other Boston area samples
as well as national samples.12 This was the measure of alcohol
consumption used for the current study. The questionnaire
also assessed current alcohol consumption on two different
scales: the regularity of alcohol consumption on specific days
of the week; and the number of drinks of beer, wine, and
distilled spirits consumed the day before completing the
questionnaire together with an indication of whether this
day's consumption was less, more, or about the same as
usual. Thirty-three men gave clearly contradictory responses
across the three assessments of average alcohol consumption
level and were excluded from analysis. Thus, internally
consistent questionnaires were returned by 1,859 men (89 per
cent of the population for the current study).

The 1973 questionnaire contained 13 items asking about
current effects of drinking. We classified respondents as
drinkers with problems if they reported that alcohol was
regularly affecting their physical health or psychosocial
functioning. Specifically, respondents were identified as
drinkers with problems if they reported any of the following
effects of drinking during the past year: once or more a
month-"I got drunk too often, I felt sick upon awakening,
I had memory lapses or blackouts, I had the shakes, I became
hostile, it made me more depressed, I hurt myself physically
when drunk, it affected my health, it affected my family
relationships"; or once or more a week-"I had difficulty
sleeping, I was skipping meals." In addition, respondents
were classified as drinkers with problems if they had been
arrested for drunken driving, or for drunkenness and disturb-
ing the peace at least once during the preceding year.
Although it contains some components of a DSM-III diag-
nosis of alcoholism, this classification is not equivalent to a
DSM-III diagnosis such as could be obtained from the
recently developed National Institute of Mental Health
Diagnostic Interview Schedule. 13 However, a recent review14
has concluded that self-reports of drinking problems are a
valid source of information and that drinking problems
occurring in persons not undergoing treatment are of public

health importance. Other studies of the validity of self-
reports of drinking behaviors'5"16 have generally concluded
that self-reports are basically valid although the validity of
some symptoms of alcohol dependence cannot realistically
be tested.

In September 1982, a revised drinking questionnaire was
mailed to all active Normative Aging Study participants.'7
Questions assessing alcohol consumption levels and prob-
lems with drinking were identical to those on the earier
questionnaire. Of the 2,100 men in the population of the
current study, 88 had died before September 1982. Internally
consistent questionnaires were returned by 1,713 (85 per
cent) of the remaining 2,012 men. There were 1,566 men who
responded to both surveys; 83 respondents in 1973 died
before 1982; another 210 respondents in 1973 did not respond
in 1982; and 147 nonrespondents in 1973 responded in 1982.
Thus, 2,006 of the 2,100 men in the population (96 per cent)
responded to one of the two surveys. Analyses of changes in
drinking behaviors described below will compare the char-
acteristics of respondents to only one survey with those of
respondents at both times.

Stastical Anaysis
Respondents were classified into six birth cohorts, each

spanning nine years. The average difference in years between
successive birth cohorts was thus equal to the nine-year time
difference between the two surveys. The effects of birth
cohort and time on mean alcohol consumption level were
evaluated using multivariate linear regression with parame-
ters estimated using a three-step procedure suggested by
Ware18 to adjust regression coefficients for repeated mea-
sures of the same individuals. Regression coefficients were
first estimated by ordinary least squares ignoring the corre-
lation between the two observations on each participant. The
two-by-two variance-covariance matrix of the residuals was
then calculated using the residuals from the first step. Finally,
the linear regression coefficients were reestimated using
Aitken's generalized least-squares estimator.'9 For this anal-
ysis, average daily alcohol consumption was transformed by
log (1+ drinks per day) to normalize its distribution. We
termed the transformed variable "alcoholic drinks per day
(log)." This multivariate regression used all values from the
1,859 respondents in 1973 as well as the 1,713 respondents in
1982 and included indicator variables to assess the special
characteristics of respondents at only one time. The possi-
bility that specific birth cohorts had unusual longitudinal
changes in their alcohol consumption over time was exam-
ined using cohort by time interaction variables.

We examined cohort and time effects on the prevalence
oftwo dichotomous variables: 1) problems with drinking; and
2) average daily consumption of three or more drinks per day.
Analyses were performed using the weighted least-squares
approach described by Grizzle, Starmer and Koch20 and
extended to longitudinal data by Koch, et al.2' Because some
subgroups of the population contained no men reporting
problems or average consumption of three or more drinks per
day, 0.05 was added to all cells to allow for estimates of the
variance-covariance matrix. All analyses used the Matrix
Procedure in the SAS statistical package.22 The goodness of
fit of these models was assessed by the chi square test
recommended by Grizzle, Starmer and Koch.20 Models were
fit to account for differences in rates across 28 subgroups.
These 28 rates within subgroups were: six rates in 1973
specific to birth cohorts among respondents to both surveys;
six rates in 1982 specific to birth cohorts among respondents
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TABLE 1-Mean Number of Alcohoiic Drinks per Year within Birth
Cohorts (1,859 respondents in 1973; 1,713 respondents in
1982)

1973 Survey 1982 Survey

Mean (s.d.) Mean (s.d.)
Year of Birth N Drinks in 1973 N Drinks in 1982

1892-1900 33 287.8 (456.8) 17 169.2 (345.4)
1901-1909 95 351.6 (464.6) 76 293.8 (389.4)
1910-1918 357 388.0 (496.7) 337 427.3 (621.2)
1919-1927 706 420.4 (559.1) 683 414.5 (569.6)
1928-1936 562 512.6 (569.0) 503 477.8 (526.0)
1937-1945 106 475.8 (517.2) 97 456.5 (539.7)

to both surveys; five rates in 1973 among respondents in 1973
who were deceased in 1982 (no respondents in 1973 from the
youngest birth cohort were deceased in 1982); six rates in
1973 among respondents in 1973 who were alive in 1982 but
did not respond; and five rates in 1982 among the five birth
cohorts that had men responding in 1982 only (no
nonrespondent in 1973 from the oldest cohort responded in
1982). Weighted least squares analyses took account of the
intercorrelations between responses of the same individuals
over time.

Results
Mean numbers of alcoholic drinks consumed per year in

1973 and 1982 within six birth cohorts are shown in Table 1.
Data from men responding to only one of the surveys were
included in this Table. Reading down either column reveals
a trend for younger men to report heavier drinking at each
time. An exception to this trend at both times was the
youngest cohort who drank less than the group born nine
years earlier. Reading across each row, five of the six cohorts
had lower mean alcohol consumption levels in 1982 compared
to 1973. A notable exception was the group born between
1910 and 1918 whose mean consumption was 39.3 drinks per
year higher in 1982. Aging effects cannot be assessed accu-
rately from this Table because individuals responding to only
one survey are not identified.

Mean alcohol consumption levels by birth cohort and
time for respondents to both surveys are shown in Table 2.
Among these 1,566 men, there were clear trends at both times
for the younger cohorts to be drinking more. However, only
the two oldest cohorts markedly decreased their consump-
tion over time. Men born between 1910 and 1918 increased
their consumption by an average of 52.5 drinks per year. The
overall mean number of drinks for the 1,566 men rose slightly
from 428.5 drinks per year in 1973 to 433.8 drinks per year in
1982.

Comparing the amount consumed in 1982 by each cohort
born after 1900 to the amount consumed by the next oldest
cohort in 1973 when that cohort was the same age, the 1982
amounts are in each case larger. For example, men born
between 1901 and 1909 were drinking on average 303.7 drinks
per year in 1982 compared to the 191.1 drinks per year
consumed by men born between 1892 and 1900 when they
were the same age. Cross-sectional trends for older men to be
drinking less were contradicted by an overall longitudinal
stability in drinking levels. Although it provides data at two
times on the same population, this Table is limited because it
does not include data from men responding to only one
survey.

TABLE 2-Mean Number of Alcoholic Drinks per Year within Birth
Cohorts (1,566 respondents In both 1973 and 1982)

1973 Survey 1982 Survey

Mean (s.d.) Mean (s.d.)
Year of Bith N Drinks in 1973 Drinks in 1982

1892-1900 17 191.9 (346.3) 169.2 (345.4)
1901-1909 69 391.6 (501.5) 303.7 (402.2)
1910-1918 310 386.1 (482.5) 438.6 (637.9)
1919-1927 627 423.1 (564.4) 415.5 (575.0)
1928-1936 455 470.2 (515.8) 477.0 (526.5)
1937-1945 88 475.1 (528.6) 476.5 (552.8)

Results of a multivariate regression, with drinks per day
(log) regressed on birth year and time and coefficients
adjusted for the repeated measures of the same individuals,
are summarized in Table 3. In this model, birth cohort was
entered as a six-level interval scale variable with scores
ranging from 1, for those born between 1937 and 1945, to 6,
for those born between 1892 and 1900. Other predictors
entered in this model were an indicator of the time of
measurement (0 = 1973, 1 = 1982) and indicator variables for
respondents in 1973 who were deceased in 1982, for others
responding only in 1973, and for those responding only in
1982. The ratio of a parameter estimate to its standard error
gives a measure of the significance of each variable. A ratio
of 1.96 or greater is required for significance at the 0.05 level.
The interpretation of the birth cohort effect is that for two
men born nine years apart the man born nine years earlier is
estimated to drink 0.068 less drinks per day on the log scale
than the younger man. By contrast, the estimated effect ofthe
passage of nine years is for a man to decrease his drinking by
only 0.008 drinks per day (log).

The estimated coefficient of birth cohort in the model
summarized in Table 3 supports the frequently observed
finding from cross-sectional studies that older men drink less
than younger men. A 95 per cent confidence interval (CI) for
the estimated difference in mean daily alchohol consumption
(log) between two men from contiguous birth cohorts was
(-0.0481, -0.0873). This interval is far removed from the null
value and gives bounds on the cross-sectional age difference
in alcohol consumption level. A 95 per cent CI for the
estimated decline in mean daily consumption over nine years
was (-0.0187, 0.0027). This interval tightly encloses the null
value indicating that over the nine years between surveys
there was little change in mean consumption level. The
contrast between these two intervals illustrates the extent to
which longitudinal changes fell short of the cross-sectional
differences. Although there were clear differences between
cohorts in mean consumption, birth cohort did not account
TABLE 3-Multivariate Linear Regression of Drinks per Day (assesed as

log(l +drinks/day)) on Time and Interval Scaled Birth Cohort
(1,859 respondents In 1973; 1,713 rspondents in 1982)

Regression Standard
Variable Coefficient Error

Intercept 0.816 0.032
Birth cohort -0.068 0.010
Time 2 -0.008 0.011
Deceased at time 2 0.049 0.045
Living time 2 nonrespondent 0.059 0.030
Time 1 nonrespondent -0.048 0.036

R square = 0.0126
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TABLE 4-Percentages of Men Reporting Drinking Problems and Avere
Daily Consumption of Three or More Alcoholic Drinks (1,859
respondents in 1973; 1,713 respondents in 1982)

Per Cent Reporting in 1973 Per Cent Reporting in 1982

Average 3 Average 3
Drinking or More Drinking or More

Birth Year N Problems Drinks/Day N Problems Drinks/Day

1892-1900 33 3.0 12.1 17 0.0 5.9
1901-1909 95 4.2 11.6 76 2.6 5.2
1910-1918 357 5.9 11.5 337 7.4 13.1
1919-1927 706 9.8 12.0 683 9.7 12.6
1928-1936 562 16.2 17.4 503 17.5 16.7
1937-1945 106 19.8 17.9 97 18.6 15.5

for a large percentage of the variance in consumption. The
model accounted for only 1.3 per cent of the variance in
drinks per day (log).

Consideration of the effects of response at only one time
allows for some control ofthe influence of selective response.
Controlling for birth cohort, respondents in 1973 who were
dead in 1982 were estimated to be drinking 0.049 more drinks
per day on the log scale in 1973, compared to those who
responded in 1982. Other respondents in 1973 who did not
respond in 1982 were estimated to be drinking an average of
0.059 more drinks per day (log) in 1973, compared to the 1973
levels of respondents to both surveys. Nonrespondents in
1973 who responded in 1982 were estimated to be drinking
less in 1982 than respondents in 1982 who also responded in
1973. It is unclear whether these respondents in 1982 only had
decreased their drinking over time or had consistently con-
sumed less alcohol. Only the coefficient for those nonrespon-
dents in 1982 who were still alive was relatively large
compared to its estimated standard error.

Additional multivariate regression models fit to the data
summarized in Table 1 used indicator variables for birth
cohorts to assess possible non-linear effects of birth cohort on
consumption and included cohort by time interaction vari-
ables to evaluate cohort-specific changes in consumption
over time (estimated coefficients not shown). Results indi-
cated that differences between cohorts in mean drinks per
day (log) were approximately linear. Five of the six cohorts
were estimated to decrease their mean consumption over
time but the magnitude of these changes were small. None of
these estimated cohort-specific time effects were large com-
pared to their estimated standard errors. Compared to the
model summarized in Table 3, use of indicator variables for
birth cohort and consideration of cohort by time interactions
only improved the R square by .0021. There was no strong
evidence against the hypothesis that men in different cohorts
change about the same over time and that this change is very
slight.

Average daily consumption is one parameter of the
drinking behaviors of a population but it is not a good
indicator of problematic drinking. Table 4 shows the per-
centages of men reporting problems with drinking and the
percentages reporting average daily consumption of three or
more alcoholic drinks. The prevalence of drinking problems
was markedly related to birth cohort with 3 per cent of men
in the oldest cohort reporting drinking problems in 1973
compared to almost 20 per cent of men in the youngest
cohort. There was a similar strong monotonic increase across
birth cohorts in drinking problems reported in 1982. Com-
paring the prevalences of drinking problems reported in 1982

TABLE 5-Weighted Least Squares Multivarat R4gression of Drinking
Probiems on Time and Inteval Saled Birth Cohort (1,859
respondents In 1973; 1,713 respondents In 1982)

Regression Standard
Variable Coefficient Error

Intercept 0.217 0.015
Birth cohort -0.037 0.0039
Time 2 0.0030 0.0077
Deceased at time 2 -0.022 0.017
ULving time 2 nonrespondent 0.0064 0.019
Time 1 nonrespondent -0.014 0.021

Goodness of fit Chi square = 28.9, degrees of freedom = 22.

to the prevalences in 1973, three birth cohorts had lower rates
in 1982, one cohort had essentially identical rates at the two
times, and two of the most populous cohorts had higher rates
in 1982. The percentages of men averaging three or more
alcoholic drinks per day was highest in the two youngest
cohorts at both times. Comparing 1982 rates to those in 1973,
four of the six cohorts had lower prevalences in 1982 of
average daily consumption of three or more drinks but two of
the most populous cohorts had higher prevalences.

The percentages presented in Table 4 are based on all
respondents to either of the two surveys without distinguish-
ing those responding at only one time. Percentages of both'
drinking problems and average daily consumption of three or
more drinks among respondents at both times were quite
similar to these percentages.

The interrelationship of birth cohort and drinking prob-
lems in 1973 and 1982 was evaluated using multivariate linear
regression with coefficients adjusted for the repeated mea-
sures of the same individuals. Results are summarized in
Table 5. Parameters in this model may be interpreted in a
manner analogous to the interpretation of the parameters in
the model described in Table 3. Assuming a linear effect of
birth cohort on drinking problems, it was estimated that each
successively older cohort had a prevalence of problems with
drinking which was 0.037 lower than the next younger cohort.
This large cross-sectional difference between birth cohorts is
in striking contrast to the estimated slight positive increase in
drinking problems over time. A 95 per cent CI for the
cross-sectional difference between contiguous birth cohorts
is (-0.045, -0.029); for the effect of time is (-0.005, 0.011).

Controlling for birth cohort, respondents in 1973 who
were dead in 1982 reported a prevalence of drinking problems
that was 0.022 lower than the prevalence in 1973 of men who
also responded in 1982. Possibly men in poor health relative
to others in their cohort stop drinking in a problematic fashion
and this contributes to the lower problem drinking rate in
1973 among the men who died by 1982. Nonrespondents in
1982 who were still alive had slightly higher rates of drinking
problems in 1973, compared to respondents in 1982. Respon-
dents in 1982 who did not respond in 1973 reported slightly
lower rates of drinking problems in 1982, compared to the
rates in 1982 ofthe men who responded in 1973. None ofthese
estimated differences in rates of drinking problems between
respondents at only one time and respondents at both times
were large compared to their estimated standard errors.
Control of these selection effects does allow for a clearer
description of the effects of cohort and time on problem
drinking rates.

Other multivariate regression models, with the possibil-
ity of reporting drinking problems as the outcome, were fit
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TABLE 6-WeIghted Least Squares Muftivariate Regresion of Averaging
Three or More Drinks per Dayon Timeand Interval Scaled Birth
Cohort (1,859 repondent In 1973; 1,713 responde In 1982)

Regression Standard
Variable Coefficient error

Intercept 0.178 0.018
Birth cohort -0.018 0.0054
Time 2 0.0064 0.0077
Deceased at time 2 -0.065 0.021
Living time 2 nonrespondent 0.048 0.027
Time 1 nonrespondent -0.092 0.018

Goodness of fit Chi square = 49.3, degrees of freedom = 22.

using indicator variables for birth cohorts and considering
cohort by time interactions. Results supported the finding of
a strong monotonic decrease in rates of drinking problems
across cohorts but no longitudinal decrease in problems.
None of the estimated birth cohort by time interaction effects
were large, implying that no cohort had a large longitudinal
change in rates of drinking problems relative to the rate
change in another cohort. Further evidence for the insignif-
icance of the cohort by time interaction effects was provided
by the small difference in goodness of fit statistics between a
model with interactions and one without interactions (Chi
square = 1.3 with 5 degrees of freedom).

Results of a weighted least squares multivariate regres-
sion of the prevalence of averaging three or more drinks per
day on birth cohort and time are summarized in Table 6. A 95
per cent CI for the effect of time was (-0.009, 0.022); and for
the effect of being in one older birth cohort was (-0.029,
-0.007). As with the other drinking characteristics consid-
ered, changes over time in rates of averaging three or more
drinks per day were small compared to the cross sectional
cohort differences. In this model, the coefficients of variables
describing rate differences in men responding to only one
survey were large compared to their estimated standard
errors. This suggests that respondents to only one survey
may have different drinking behaviors than respondents to
both surveys. Interpretation of all coefficients in this model
is limited by the poor fit of the model.

Multivariate regression models considering categorical
birth cohort effects and cohort-specific time effects on the
prevalence of averaging three or more drinks per day were
also fit to these data. These models gave some evidence for
a lack of monotonicity in the relationship of successive birth
cohorts to the prevalence of averaging three or more drinks
per day. Interaction effects of birth cohort by time were
generally small, so that it could not be concluded that any one
cohort markedly changed over time its prevalence of averag-
ings three or more drinks per day. The interaction terms did
not substantially improve the goodness of fit of the model.
None of the models fit very well, perhaps because of great
variability across cohorts in rates of averaging three or more
drinks per day among men in the groups responding to only
one survey. These groups of respondents to only one survey
were too small to allow for meaningful estimation of birth
cohort by response group effects on averaging three or more
drinks per day.

Another perspective on longitudinal categorical data is
the consideration of intra-individual changes in status over
time. Table 7 shows rates of transition into and out of problem
drinking status, based on the 1,566 respondents to both
surveys. Reading down the first column reveals that men in

TABLE 7-Rates of Change In Problems with Drinking among the 1,566
Respondents in both 1973 and 1982

Per Cent Reporting

Birth Cohort N New Onset* Recovery" Chronicityt

1892-1900 17 0.0 -tt 0.0
1901-1909 69 1.5 66.7 1.5
1910-1918 310 5.1 66.7 1.9
1919-1927 627 6.2 56.9 4.5
1928-1936 348 10.8 52.3 6.8
1937-1945 88 12.5 50.0 9.1

'New onset" drinking problems: the percentage of men reporting problems in 1982
among those reporting no problems in 1973.

-"'Recovery" from drinking problems: the percentage of men reporting no problems in
1982 among those reporting problems in 1973.

t"Chronicity" of drinking problems: the percentage of men reporting problems in both
1973 and 1982.

ttiRecovery' rate could not be estimated in the oldest cohort because there were no
drinkers with problems in this cohort in 1973.

younger cohorts reporting no problems in 1973 were much
more likely to report problems in 1982, compared to men
from older cohorts. Reading down the second column reveals
that men from older cohorts reporting problems in 1973 were
much less likely to report problems in 1982, compared to men
in younger cohorts. Rates in the third column show that
reported problem drinking was much more likely to persist
among men in younger cohorts. These differences between
birth cohorts in changes in problem drinking status underlie
the cohort differences in rates already described. A proper
analysis of birth cohort and time effects on transitions
between states ofproblem drinking would require at least one
more assessment of drinking behaviors.
Discussion

Among volunteers in the Normative Aging Study, older
men had lower mean consumption levels, reported far fewer
problems related to drinking and were less likely to report
averaging three or more drinks per day, compared to younger
men. These cross-sectional age differences in men initially
28-82 years old were seen in both 1973 and 1982. However,
over these nine years there was no tendency for age-related
declines in consumption, problems with drinking or averag-
ing three or more drinks per day. Particularly notable were
the longitudinal data on rates of drinking problems in which
there was a slight estimated increase in the prevalence of
drin4ing problems of 0.003 over time even though each
successively older cohort was estimated to have a prevalence
0.037 lower than the next youngest cohort.

As with most studies in psychiatric epidemiology, this
study depends on self-reported information and thus may be
influenced by age or time effects on reporting. It may be that
men in older generations are more likely to underreport their
alcohol consumption levels because they feel that drinking is
less acceptable than do younger men. It is also possible that
it is more acceptable to report heavier alcohol consumption
in the 1980s than it was in the 1970s. We have no evidence that
such effects on reporting exist. Such evidence would be
difficult to obtain.

The population for this study consisted of health-
screened, male volunteers in a longitudinal study of aging
located in Boston. These men are not a random sample of
Boston area adult males. Use of this population allows for a
much higher response rate than is found in longitudinal
drinking surveys of other populations. Taken together with
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the uniformity of survey questions over time and the adjust-
ment for response to only one survey, this allows for a more
internally valid measurement of changes in drinking behav-
iors in this population. With respect to the generalizability of
results, the issue is whether changes in drinking behaviors in
this population at this time were different from changes in
other populations. There are no clear reasons why the
experience of this population would have differed from that
of other similar populations. Longitudinal data from other
populations are needed to address this question.

This report used multivariate statistical approaches to
assess the relative impact of birth cohort and time on specific
drinking behaviors. These approaches have been criticized
because of difficulties with the identifiability of parameters
arising from the essential relationships between the concepts
of age, period, and cohort.5'6 We believe that such models are
valuable so long as care is taken in the interpretation of
coefficients and information available from other sources is
considered. Four advantages of the use of such models are:
1) they provide estimates of effect sizes; 2) they allow for
estimation of the variability in estimates of effect size; 3) they
allow for control of confounding variables; and 4) the good-
ness of fit of these models can be assessed.

There are two interpretations of the finding of stability
within cohorts of drinking behaviors over time. One inter-
pretation declares that male drinking behaviors are defined in
youth and change little after age 30. Observed cross-sectional
differences between cohorts are the result of differing avail-
ability and attitudes towards alcohol consumption during
youth and young adulthood. For example, the two oldest
cohorts in the present study were between 11 and 28 years old
at the onset of Prohibition. The next two oldest cohorts were
in their teens and early 20s during the Depression and World
War II, respectively. Meyers, et al,23 have described how
growing up during these times could have a life-long influence
on drinking behaviors. This interpretation also draws
strength from the selection effects which clearly influence
cross-sectional studies of several birth cohorts. In addition to
the higher mortality rates among long-term heavier and
problem drinkers, these individuals are less likely to be
included in a community survey because they are more likely
to be mentally or physically impaired, homeless, or in jail.
This interpretation does not imply that no individuals change
their drinking behaviors after age 30; rather, it states that
within any cohort about as many people change in one
direction as in the other.

The second interpretation is that strong maturational
changes in drinking behaviors exist throughout the life span but
these are not observed in this study because of events specific
to the observation period (1973-82). For example, the natural
tendency for a moderation ofdrinking behaviors accompanying
aging may have been counterbalanced by a liberalization of
attitudes towards drinking in the 1970s. There is some evidence
to support this interpretation. Per capita alcohol consumption in
the United States, which rose markedly through the 1960s,
continued to rise in the 1970s.24, 25 Mulford and Fitzgerald,26
based on two cross-sectional surveys of adults in Iowa in 1961
and 1979, found greater tolerance for drinking in 1979 as well as
a decline in the acceptance oftwo negative definitions ofalcohol
over time. Regardless of which of these interpretations holds, it
appears that current and past availability and attitudes towards
alcohol dominate maturational effects, at least for the specific
drinking behaviors considered here.

The current report presents estimates of the effects of
cohort and time on drinking behaviors based on longitudinal

data including several cohorts of older men. Three studies
based on repeated cross-sectional samples have described
generational and maturational effects on drinking behaviors.
Clark and Midanik' examined the drinking patterns reported
on eight different national surveys taken between 1971 and
1979. These authors noted the relevant limitation of consid-
ering data at only two time points. They found no trends over
time in either the percentage of male drinkers or the percent-
age of male heavier drinkers in each age group. They
interpreted these findings cautiously because the different
studies considered had different sampling techniques and
worded questions differently. Fitzgerald and Mulford27 in-
terviewed comparable cros-section samples of Iowans in
1961 and 1979. They found increases over time in the mean
number of drinking days per year and decreases over time in
the prevalence of drinking problems and of heavier drinking.
Younger cohorts had a higher prevalence of drinkers and
more drinking days per year. Limitations of this study were
its non-longitudinal design, the grouping of men and women
together, and the consideration of all individuals over age 38
in the same cohort. Cartwright, Shaw, and Spratley28 exam-
ined drinking data from interviews conducted in the same
London suburb in 1965 and again in 1974. They found a 47 per
cent increase in per capita consumption over the nine years.
Considering three age groups (18-34, 35-54 and 55 or more
years old), they found the oldest age group to have the lowest
total alcohol consumption in 1965. Over the nine-year inter-
val, all groups displayed large increases in total consumption,
and those 55 or older in 1974 were drinking far more than
those in any of the three age groups nine years earlier. This
gives further evidence for the dominance of period and cohort
effects over aging effects on drinking behaviors.

Gordon and Kannel29 described changes in average
alcohol consumption among volunteers in the Framingham
Study over 20 years between the early 1950s and the early
1970s. Average alcohol consumption increased markedly
over time in each of six birth cohorts initially over 30 years
old and in both men and women. The largest increases
occurred in the younger men and women but cohort by time
interactions were not formally tested. Average consumption
increased by 49 per cent among men and by 93 per cent among
women. The larger increase among women supports the
hypothesis that drinking styles are converging between the
sexes.30 During the 20 years from 1952 to 1972, per capita
alcohol consumption in the United States rose by 29 per cent.
Results from the Framingham Study imply that this increase
was due as much to increased drinking among older drinkers
as to higher consumption levels among new cohorts entering
the drinking population. During the 1970s, per capita con-
sumption in the United States rose more slowly. The large
increases in consumption in the Framingham population
observed in the 1950s and 1960s are not inconsistent with the
stability in consumption of the Normative Aging Study
population during the 1970s if these national trends are kept
in mind.

An important aspect of the analyses of the current study
is the consideration of data from men responding to only one
survey. Bergstrand, et al,3I have previously described the
lower participation rate of problem drinkers in sample sur-
veys. In the Normative Aging Study data, men responding
only in 1973 who were alive in 1982 had higher mean drinking
levels, were more likely to average three or more drinks per
day, and reported slightly more drinking problems in 1973,
compared to the 1973 levels of respondents to both surveys.
Men responding only in 1982 had lower mean drinking levels,
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were less likely to average three or more drinks per day, and
reported fewer drinking problems, compared to the 1982
levels of respondents to both surveys.

Participants in the Normative Aging Study had a great
deal of variability in their reports of problems with drinking
over time. Many individuals reporting problems in 1973
reported no problems in 1982 and vice versa. Clark and
Cahalan32 previously reported high transition probabilities
into and out of problem drinking status among a population
of men in San Francisco followed over a four-year interval.
They concluded that there is no irreversible progression from
mild drinking problems to alcoholism; rather, many individ-
uals spontaneously recover from their drinking problems.
Particularly high recovery rates among older drinkers with
problems are supported by Zimberg33 who reported that
drinking problems are generally milder in the elderly and that
the elderly are more responsive to treatment. Our study did
not consider men in their early 20s; however, Fillmore and
Midanik3 have reported that these men have higher recovery
rates from drinking problems compared to men in their 40s.

Our finding of little aging influence on drinking behav-
iors, compared to the effects of generation and period, has
potential public health significance. Older men in the United
States have for generations had the advantage of lower rates
of drinking problems and alcoholism. If current trends
continue, oncoming cohorts of older men will have sharply
increased rates of drinking problems. Increased alcohol
consumption, or even maintenance of life-long drinking
patterns, is particularly dangerous to the elderly because of
their greater susceptibility to the effects of alcohol. The
elderly have decreased lean tissue and are thus less able to
metabolize alcohol and they are more likely to be taking
medications and are thus susceptible to drug-alcohol inter-
actions.35 In a controlled experiment in which blood alcohol
level was adjusted for, the amount of alcohol induced
impairment in task performance increased greatly with age.36
As younger generations with more liberal drinking habits
mature into later life, the longstanding lower rates ofdrinking
problems among the elderly may be in jeopardy.
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