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ollowing a discussion of general 
· methodological issues ip. re

~-:-·-~·,,e._:arch on the use of alcohol by 
der individuals, this chapter pre

ents new data from a sample of 
· age 50 and older from the 

;,:::·::-::: .. ·.,-... : 
ustralian Twin Registry, from 

, ...... . ... ,. 

, cross-sectional and longitudi
· spectives. The longitudinal 

gf{fd~ .. ~1 ·· on alcohol consu·mption are 
··. analyzed in a biometrical ge~ 

~~iaStf.~ framework, modeling drink
~·:behaviors over time as a .,.-.... :1):.;:-,,<i ": •• -....... . . 

function of genetic and environmen
tal effects. 

GENERAL ISSUES 

The drinking patterns of older indi
viduals and how they change with age 
are topics stimulating recent research 
interest, for several reasons. Alcohol 
use, not just heavy or dependent use, 
may be viewed as a health risk in older 
individuals, whose use of prescription 
medication may interact adversely 
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with alcohol. Medication use among 
the elderly is the norm. One study 
found that 90 percent of elderly persons 
were using some medication, either 
prescription or over~ the-counter 

(Dufour et al. 1992). A report from 
four population~based cohorts of 
community-dwelling elderly indicated 
that 60 to 68 percent of men and 68 
to 78 percent of women used pre~ 
scription medications, while slightly 
lower percentages of each gend~r (52 
to 68 percent of men and 64 to 7 6 
percent of women) used nonprescrip" 
tion medications ( Chrischilles et al. 
1992). Furthermore, older individuals 
often take several different medications 
at the same time. Estimates of the 
number of medications used concur
rently have ranged from 1.5 to 6.1 
for prescription and from 1.3 to 4.6 
for over-the~counter medications 
(Po~low et al. 1994) . Medications 
with a high potential for adverse reac
tions with alcohol that are commonly 
taken by the elderly include anal
gesics, antihypertensives, anticoagu
lants, diuretics, antiarthritics, and 
psychoactive medications (Forster et 
al. 1993). 

Adverse consequences of alcohol 
use by the elderly are not limited to 
interactions with medications. Exacer
bation of sleep difficulties, elevation 
of systolic and diastolic blood pressure) 
and detrimental effects on bone min
eral metabolism are other negative ef" 
fects (Dufour et al. 1992; Tell et al. 
1994). Moreover, because of the de
crease in percentage of body water 
content with age, alcohol may have a 
more potent effect in the elderly, with 
high serum ethanol levels being 
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achieved with small amounts of alco
hol (Atkinson 1990). 

Complicating the interpretation of 
the potential for adverse conse
quences of alcohol use in the elderly 
is evidence of the potential beneficial 
effects of alcohol use. In contrast to 
most recreational drugs, abstention 
from alcohol may not always be bene
ficial for the elderly. Low to moderate 
alcohol consumption among people 
age 60 years and over offers some 
protection against cardiovascular dis
ease and reduces all-cause mortality, 
especially for individuals with multi
ple risk factors for heart disease (Doll 
et al. 1994; Fuchs et al. 1995; 
Serdula et al. 1995). This effect is J
shaped, with low to moderate 
drinkers having a small survival 
advantage over nond.ri.nkers, but with 
consumptiop. above one or two drinks 
per day posing significant risks to 
health, especially for women. These 
risks primarily include various cancers, 
liver cirrhosis, brain damage, and ac" 
cidents (Friedman and Klatsky 1993; 
Rehm and Sempos 1995). 

Although the findings regarding 
heart disease have been embraced 
enthusiastically by some, particularly 
the alcoholic beverage industry, others 
have urged caution in promulgating 
the message that consistent moderate 
drinking is beneficial for elders 
(Anderson et al. 1996). Much of the 
available data are derived from mortality 
studies; less is known about the impact 
of drinking by the elderly upon their 
general morbidity, including those 
adverse interactions with medications 
already described. Both positive and 
negative effects of drinking by the 
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elderly upon social and psychological 
functioning ought to be considered, 
since alcohol use at low to moderate 
levels may have beneficial effects upon 
mood and socialization, but moderate 
levels of drinking may increase the 
risk that individuals will develop alcohol 
dependence (Midanik 1995). 

The magnirode of late-onset alco
holism and problem drinking, defined 
as onset after the age of 40 (Atkinson 
et al. 1990), provides another motiva
tion for studying alcohol use in the 
elderly. 1 The management of these 
cases, and in particular, their clinical 
course and how they respond to 
treatment, is of clinical and societal 
interest. A little-appreciated benefit 
to be derived from studying elderly 
alcoholics and problem drinkers is 
that such research can assist health 
planners and po4cymakers in anticipat
ing the demands on society's resources 
placed by younger alcoholics as they age. 
These aging alcoholics are, by several 
accounts, a burgeoning group (Reich 
et al. 1988; Kessler et al. 1994). 

METHODOLOGICAL 
ISSUES 

From a research perspective, drinking 
in the elderly introduces a number 
of challenging methodological issues. 
First is the issue of drinking itself. 
The definitions of drinking and the 
timeframes over which the drinking 
has occurred have varied from study 
to study. Even the definition of 
"abstainer" has not been uniform. In 
some surveys, "abstention" has 
reflected current drinking practices, 
with those who have not had any 

alcohol in the last 12 months being 
classified as abstainers along with 
those who have never had alcohol 
(Hilton 1986). In addition, the 
definition of "abstainer'' sometimes 
includes people who drink a little 
(up to 11 drinks per year) (Malin et 
al. 1983; Hilton 1991). These varia
tions in definitions are evident when 
one views results of surveys of 
drinking practices side by side, in 
which substantial shifts in propor
tions of drinkers from year to year 
may be observed (figure l ) (Bucholz 
et al. 1995 ). 

Heavy drinking is another construct 
that is unsystematically defined and 
assessed in an older sample. Estimates 
of heavy drinking in older persons, 
defined variously by daily amount, 
weekly consumption, or maximum 
thresholds, have ranged from 3 to 13 
percent in males and from 1 to 8 per
cent in females. These estimates are 
typically lower than those obtained 
for younger groups, consistent with 
the estimates of drinking at any level 
as seen in figure 1, in which results 
from seven surveys of drinking practices 
conducted from 1964 to 1984 have 
been compiled (Hilton 1991). The 
lowest proportions of both drinkers 
and heavy drinkers were found in the 
65 and older group, for both men 
and women, despite the inconsistency 
of definitions. 

Comparison of findings across 
studies yields quite variable estimates 
of current drinking, ranging from a low 
of 35 percent (in a largely female 
sample) to a high of 71 percent (for 
any drinking) (Cahalan et al. 1969; 
Guttmann 1978; Barnes 1979; 
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Figure l. Proportion of drinkers by age group (data for women in top half, data for 
men in bottom half) from seven cross-sectional surveys conducted from 1964 to 1984. 
Adapted from Hilton, M.E. Trends in U.S. drinking patterns. FW'ther evidence from 
the past twenty years. In: Clark, W.B., and Hilton, M.E., eds . Alcohol in America. 
Albany, NY: State University ofNewYork Press, 1991. pp. 121-138. 
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Meyers et al. 1982; Goodwin et al. 
1987; Busby et al. 1988; Douglass et 
al. 1988; Smart and Adlaf 1988; 
Sulsky et al. 1990; Iliffe et al. 1991; 
Welte and Mirand 1994). Some of 
the variability in these estimates reflects 
the narure of the study populations. 
There are, in fact, relatively rew studies 
of representative samples of older indi
viduals. Rather than being sampled as 
a tenable study population, older indi
viduals often have been studied inciden
tally as part of a cornmnnity sample in 
which they appear. Those studies that 
specifically have targeted older indi
viduals have limited generalizability 
due to sampling from a single geo
graphic region or from specialized 
samples, such as attenders at a partic
ular medical practice or other samples 
of convenience. 

The issue of how drinking changes 
over time is also by no means settled. 
Some studies suggest that drinking 
declines with age (Hilton 1991 ), 
while others suggest that drinking 
patterns are stable (Glynn et al. 1986; 
Adams et aL 1990) or that there are 
increases in drinking among older indi
viduals over time (Gordon and Kannel 
1983; Gordon and Doyle 1986; Ekerdt 
et al. 1989). Those studies evincing a 
decline in drinking with age tend to 
be cross-sectional in design, while 
those suggesting that drinking patterns 
are stable across the lifespan or increase 
with age are of longitudinal design. 
In fact, in only one cross-sectional 
study was drinking observed to increase 
among a sample of men age 65 or 
older (Malin et al. 1983), although 
increases in drinking with age have 
been observed in some followup studies. 

For example, the 20-year followup 
data of Temple and Leino (1989) 
suggested that drinking patterns 
increased over time among older co~ 
horts of low-volume drinkers. However, 
the predominant pattern across all age 
cohorts of lighter drinkers was that 
drinking remained stable. Decreases 
in drinking were prominent only 
among heavier drinkers. 

Although longitudinal data are most 
promising for untangling the effects 
of aging from those of historical period 
on drinking behavior, these studies 
have had some shortcomings. Some 
of the evidence on long~term drinking 
patterns derives from studies not 
designed specifically to study alcohol 
use over the long term, and thus the 
measures of alcohol use are relatively 
weak. Followup success rates for 
some of these studies have been low, 
with 60 percent or less of the target 
population represented in the followup 
(Gordon and Kannel 1983; Gordon 
and Doyle 1986; Adams et al . 1990). 
The bias due to loss of followup on 
estimates of drinking is unknown. 
Finally, women have not been included 
in many samples, so results from lon
gitudinal data may not be generaliz
able to females. 

AUSTRALIAN TWIN 
REGISTRY DATA 

In this part of the chapter) we will 
attempt to address some of the short
comings in the literature described 
thus fur by presenting alcohol consump
tion data from both cross-sectional 
and longitudinal perspectives, using 
data from members of the Australian 
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Twin Registry, an ongoing volunteer 
registry of twins. Our goals are to 
present descriptive dat a from the 
cross-sectional data on drinking pat
terns in these older twins; to examine 
these patterns across time, using reports 
from twins who were respondents in 
three of the questionnaire studies; 
and to conduct a biometrical genetic 
analysis of the twin data to determine 
the extent to which genetic, shared, 
and nonshared environment influences 
explain drinking beh~viors over time. 

The twins have participated in several 
alcohol-related surveys since 1979, 
when an alcohol challenge study of 
younger twins (Martin et al. 19 8 5) 
was undertaken. Since that time, 
twins from the Australian Twin 
Registry have been solicited for several 
alcohol-related surveys, including a 
mailed questionnaire study (1980-
82 ), a second mailed questionnaire 
study (1988-89), a telephone inter
view survey ( 1992- 93), and, most re
cently, another mailed questionnaire 
study ( 199 3-9 5). In this report, we 
will include data from the three 
mailed questionnaire surveys, since 
the identical 7 -day drinking diary was 
used in each. 

THE QUESTIONNAIRES 

Time 1 Questionnaire 

Between 1980 and 1982, a question
naire was mailed to twins who were 
members of the Australian Twin 
Registry and who were 18 years of 
age or older (Heath et al. 1989). This 
assessment will be referred to as 
"Time 1." Included in this question
naire were items on alcohol consump-
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tion reported for the last week in the 
form of a 7 -day diary, with beverage
specific amounts obtained for each day, 
lifetime smoking behavior, chronic 
health problems, sleeping patterns, 
women's health, personality scales, 
and social and political attitudes. The 
pairwise response rate, that is, the 
proportion of twin pairs where both 
responded, was 63 .8 percent 
(3,808/5,967 pairs); the individual 
response rate (proportion of respon
dents among all individuals solicited 
for study) was 68.5 percent 
(8,183/11,934). 

Time 2 Questionnaire 

In 1988, a questionnaire was mailed 
to all twinships where both twins had 
completed the 1981 questionnaire 
("Time 2") (Heath and Martin 
1994). Coverage of this instrument 
included, in addition to the same 7-
day drinking diary that was used in the 
Time 1 questionnaire, a list of alcohol 
problems (from which a Feighner diag
nosis of alcoholism may be obtained 
[Feighner et al. 1972 ]), demographics, 
family history, cigarette consumption, 
sleeping patterns, leisure activities, a 
section on female health problems, and 
measurement of personality through an 
abridged 56-item scale. Over 80 percent 
of the target sample were interviewed 
successfully; the pairwise response rate 
was 78.6 percent (2,995/3,808), and 
the individual response rate was 83 
percent (6,327 /7,616). 

Time 3 Questionnaire 

Beginning in 1993 and continuing 
through 1995, twins age 50 or older 
who were members of the Australian 
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Twin Registry and who had not been 
studied previously in other surveys 
received a mailed questionnaire, in which 
the same 7 -day drinking diary used in 
the two previous mailed question
naires was included (uTime 3"). 
Drinking frequency and amount in 
the last 12 months and over different 
decades in their lifetime also were 
queried. Additional twins were recruited 
for this study in 1994-9 5 , all of 
whom were age 50 or older and had 
participated in the other previously 
described surveys. In all, 4,562 twins 
(2,281 pairs) were recruited for this 
study, of whom 3,401 individuals 
( l ,443 complete pairs and 515 single
tons) responded. The pairwise response 
rate was 63.3 percent (1,443/2,281); 
the individual response rate was 74.6 
percent (3,401/4,562). A fourth survey, 
this one a telephone interview rather 
than mailed questionnaire, was con
ducted in 1992-93, but it will not be 
discussed further since the data from this 
survey were not compatible with those 
from the mailed questionnaires.2 

Of the 3,401 respondents at Time 
3, 2,022 had not been included in the 
earlier surveys because they were not 
members of the Australian Twin 
Registry in 1981 when the first solici
tation occurred. Of the remaining twins, 
61 had participated in one other survey 
and 1,318 had participated in all three. 

MEASURES OF ALcOHOL 
CONSUMPTION 

From the data elicited in the 7 -day 
drinking diaries that were included in all 
three mailed surveys, four measures of 
quantity and frequency of alcohol 
consumption were derived. The mea-

sures described here reflect all types 
of alcohoL Although beverage-specific 
data were available, we elected to 
combine all types of alcohol in this 
report. The four measures are as follows: 
total alcohol consumption in the last 
7 days, maximum number of drinks 
on any one day in the last 7 days, aver
age number of drinks consumed per 
day over the last 7 days, and number 
of days on which alcohol was con
surned in the last 7 days. 

CROSS-SECTIONAL DATA 

Table 1 displays the demographic infor
mation from the Time 3 survey. A 
majority of the sample was female, 
the average age was 61.1, and most 
were currently married. The sample is 
relatively young, especially in compar
ison with other studies of elderly 
drinkers, with 50.5 percent ages 
50-59, another 31.6 percent ages 
60- 69, 14.4 percent ages 70-79, and 
3.5 percent age 80 or older. In terms 
of religious affiliation, about one
third were members of the Anglican 
Church, another third were members 
of other Protestant sects, and one-fifth 
were Roman Catholic; less than one
tenth reported no religious affiliation. 
Approximately one-third attended 
church frequently, but the majority of 
the sample reported rare attendance. 
Thirty-three percent were current 
smokers, and the majority of the sam
ple ( 81 .7 percent) reported that their 
current health was either good or 
very good. 

Table 2 contains descriptive data 
on the drinking patterns of the sample 
derived from the 7 ~day drinking diary 
and other alcohol use questions. Data 
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Table 1. Demographic Data From the Australian Twin Registry. 

Variable Time 3 Survey All Three Surveys 

Gender 
Male 
Female 

Mean age 

Marital status 
Currently married 
Living as married 
Widowed 
Separated/Divorced 
Single 

• Education> 
Mean years 

Religion 
Anglican 
Other Protestant 
Roman Catholic 
Other 
None 

Church attendance 
Often 
Some 
Rarely 

Current health 
Very good 
Good 
Fair 
Poor 
Ver:y Poor 

are reported by gender. The percentages 
of women and men who reported being 
lifelong abstainers are low in comparison 
to reported findings from the United 
States, where 23.8 percent ofwomen 
and 12.4 percent of men reported 
lifelong abstention (Welte and 
Mirand 1994), although the U.S. 
sample was somewhat older. However, 
even when stratified on age, lifelong 
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N= 3,401 N ::o 1,379 
30.5% 26.6% 
69.5% 73.4% 

N= 3,385 N= 1,371 
61.1 yr 61.6 yr 

N .. 3,356 N = 1,356 
73.9% 74.3% 

1.3% 1.6% 
12.3% 12.2% 
7.4% 6.6% 
5.1% 5.2% 

N"' 3,232 N= 1,324 
10.0 10.2 

N= 3,290 N"" 1,326 
32.9% 34.3% 
31.4% 32.4% 
19.6% 15.4% 
·7.8% 9.1% 
8.1% 8.8% 

N= 2,935 N= 1,297 
34.3% 35.6% . 
21.6% 22.0% 
44.1% 42.4% 

N= 2,878 N: 1,273 
36.2% 36.1% 
45.5% 47.4% 
15.4% 13.8% 
2.2% 2.3% 
0.7% 0.6% 

abstention was relatively rare in the 
Australian Twin Registry sample; for 
example, 15 percent of women and 
9 .2 percent of men ages 60-69 and 
19 percent and 7.7 percent, respec
tively, of women and men ages 70-79 
reported being lifelong abstainers. 
Well over 80 percent of both women 
and men reported having had 
something to drink in the last 12 



Table 2. Drinking Patterns of the Australian Twin Registry Sample. 

Time 3 Survey All Three Surveys 

Abstainers 
Total alcohol consumed 

7 -day diary mean 
Maximum drunk last week 
Average number of drinks 
Number of days drank 
Heavy drinking 

Women 
% (n) 

14.3 (2,119) 

4.9 (1,740) 
1.7 (1,438) 
l.l (1,740) 
2.4 (1,817) 

Men 
% (n) 

9.4 (895) 

11.0 (761) 
3.4 (677) 
2.1 (761) 
3.4 (811) 

Women 
% (n) 

13.2 (995) 

4.9 (821) 
1.7 (692) 
1.1 (821) 
2.4 (846) 

Men 
% (n) 

9.0 (354) 

9 .6 (301) 
3.1 (269) 
1.9 (301) 
3.4 (322) 

(more than 2 per day) 
Frequency of drinking 

11.9 (2 ,119) 32.0 (895) 12.2(975) 30.5 (354) 

in last 12 months1 

Daily 21.3 ---. 
13.9 
18.0 

30.2-
21.9 
16.1 

20.3-
15.0 
18.6 

26.5-
23.6 
16.4 

3-4 times/week 
Once a /week 
Once a month 
Less often 
Never in last 12 months 

11.4 (1,404) 
27.2 _j 

8.2 

9 .6 (684) 

14.6 J 
7.2 

10.3 (661) 
28.6 J 

7.3 

11.6 (275) 

14.2 J 
6.9 

CAGE items endorsed 
0 84.6 1 
1-2 13.1 (1,653) 

2.3 I 

61.3 1 
27.2 (776) 
11.5 _J 

85.7 --, 
12.3 (792) 
2 .0 _J 

65 .7 -, 
26.5 (309) 

7 .8 _J 3-4 

1 Nonabstalners excluded. 

months, and most reported having 
had something to dririk at least once 
a week. 

Taking the definition of heavy 
drinking proposed by Welte and 
Mirand ( 1994 )-drinking more than 
two drinks daily-nearly 12 percent 
of women and 32 percent of men 
were classified as heavy drinkers. 
These rates were high in relation to 
a sample from Buffalo, NY (Mirand 
and Welte 1996), where only 6 
percent of the entire sample qualified 
as heavy drinkers. The high percent
ages did not appear to be an artifact 
of the relatively younger sample here, 
because when stratified on age, the 
percentages remained high compared 

with the U.S. sample (i.e., 13.2 per
cent of women and 33 percent of 
men ages 50-59, 9. 5 percent of 
women and 23.6 percent of men ages 
60-69, and 7 percent ofwomen and 
21 percent of men ages 70-79 would 
be considered heavy drinkers) (figure 
2). Even among those 80 or older, 
2.3 percent of women and nearly 12 
percent of men qualified as heavy 
drinkers. 

On average, women drank nearly 
five drinks per week, while men drank 
over twice that amount. Nearly 20 
percent of women> compared with 27 
percent of men, reported being daily 
drinkers, and 7 6 percent of women 
and 93 percent of men reported 
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Figure 2 . Proportion of heavy drinkers by age and gender in the Time 3 survey. 
Heavy drinking is defined as drinking more than 2 drinks per day on average. 

drinking at least once in the last 12 
months (our definition of current 
drinker). When stratified on age (fig
ure 3 ), well over half of each age 
group, including those age 80 or 
older, qualified as current drinkers . 
The four-item CAGE was included in 
the interview, and 15.4 percent of 
women and 38.7 percent of men en
dorsed at least one CAGE item in 
their lifetime, with 23 percent overall 
so doing. Comparable figures for an
other general population sample of 
elderly individuals were unavailable, 
but in comparison with attenders at a 
medical clinic, where 43 percent re
ported one or more CAGE items 
(Buchsbaum et al. 1992 ), the propor
tion among the Australian twins was 
lower; this is not surprising, given the 
fact that prevalence of alcohol depen
dence is higher in a treated compared 
with an untreated sample. 
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LoNGITUDINAL DATA 
In addition to a cross-sectional snap
shot, this sample also was examined 
from a longitudinal perspective. In 
particular, the Time 3 characteristics 
of the cross-sectional sample were 
evaluated using those who had partic
ipated in at least one other survey 
from 1981 to 1995; this sample, 
which consisted of 1,379 individuals, 
will be referred to as "the longitudinal 
sample." The columns entitled "All 
Three Surveys" in tables I and 2 display 
the data from the longitudinal sample. 

While the distributions of marital 
status, age, education, and current 
health appeared to be similar in both 
cross-sectional and longitudinal 
samples, the distribution by gender, 
education) and religion differed 
between the two. In the longitudinal 
sample, fewer men, fewer Roman 
Catholics, and fewer uneducated per-
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Figure 3. Proportion of current drinkers by age and gender in the Time 3 survey. 
Current drinking is defined as drinking at least once in the last 12 months . 

. 
-. -. 

. . . . .- :.-· . 1...------ ----------------- ------....1 
: > . . 
" 

.=::·_.- sons were retained across time. These . . . . 

:= findings suggested that heavier 
> drinkers might be underrepresented 
> in the longitudinal sample, because 
::: ·heavy drinking, Roman Catholic 
-•-•• ··. background, and lower educational 
· • attainment all had been linked to a 
: • history of alcohol dependence in 

=· · other analyses on the Australian twin 
/ sample (Heath et al. 1997, and 
( - :unpublished data). The impression 
::_:/_:was borne out for men when actual 
y.-:_: :drinking characteristics were exam
.): _'ined (see table 2). 
::_: · ~ However, the evidence was differ
_=_· __ · .·ent for women. Unlike their male 

. . 

·_.·:- counterparts, women in the cross-
-• sectional sample were quite similar in 
' •. • sociodemographic characteristics to 
· those in the longitudinal sample, with 
:·. no differences in the four drinking 
•.. · ·measures observed. The proportion 
· classified as heavy drinkers was 

slightly higher in the longitudinal 
·(12.2 percent) compared with the 
crossMsect:ional (11.9 percent) sample. 
The distribution of the frequency of 
drinking was similar in women, 
whether viewed cross-sectionally or 
longitudinally. 

The data showed that heavier 
drinking men were less likely than 
their non-heavy-drinking counter
parts to be followed across time. This 
phenomenon was evident in several 
areas; there were downward shifts in 
average number of drinks consumed 
in a week (from 11.0 to 9.6), in maxi
mum number of drinks consumed 
(from 3.4 to 3 .l ), and in average 
number of drinks per day (from 2.1 
to 1.9) among men in the longitudinal 
compared with the cross-sectional 
sample. Further, decreases in the propor
tion of men who qualified as heavy 
drinkers and who were daily drinkers 
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were observed in the longitudinal com
pared with the cross-sectional group. 
Finally, a lower proportion of men in 
the longitudinal sample reported 
three or more CAGE items, compared 
with their cross-sectional counterparts 
(7.8 percent compared with 11.5 per
cent). The results of these comparisons 
indicate that inferences about the 
male sample from a longitudinal per
spective must be tempered by the evi
dence that heavier-drinking men were 
less likely to be followed over time. 

CoRRELATIONS AMoNG DRINKING 
MEAsURES ACROSS TIME 
Table 3 presents the correlations 
between the four drinking measures 
across rime, for women and men. The 
correlations suggest that drinking prac-

rices as measured by the 7 -day diary in 
this age group were stable, with corre
lations of 0. 5 or better for most of the 
measures. These data also indicate that 
male drinking patterns, as reflected in 
total drinking amounts, maximum 
amount drunk on any day in the last 
week, and average amount conswned 
per day, were more stable than those of 
women, because the correlations for 
males for each of these measures 
exceeded those for women in most 
instances, with the exception of the 
Time 2-Time 3 correlations. As would 
be expected, the correlations over the 
longer timespan (i.e., Time l-Time 3) 
were lower than those for the shorter 
and more recent timeframe (i.e., Time 
• 
2-Time 3). Similar inferences were 
drawn when data were stratified into 

Table 3. Correlations Among Drinking Measures Across Time, Based on Data From the 7-
Day Drinking Diaries of the Australian Twin Registry Sample. 
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Tl total drinking 
T2 total drinking 
T3 total drinking 

Tl drinking max 
T2 drinking max 
T3 drinking max 

Tl average consumed 
T2 average consumed 
T3 average consumed 

Tl days drank 
T2 days drank 
T3 days drank 

Tl total drinking T2 total drinking 
0.62 

0.59 
0.58 0.70 

Tl drinking max T2 drinking max 
0.52 

0.45 
0.38 0.58 

Tl avg. consumed T2 avg. consumed 
0.52 

0.46 
0.43 0.51 

Tl days d.rank T2 days drank 
0.59 

0.61 
0.53 0.73 

Note: Correlations for men are in boldface type; correlations for women are In roman type. 

T3 total drinking 
0.62 
0.69 

T3 drinking max 
0.49 
0.51 

T3 avg. consumed 
0.56 
0.49 

T3 days drank 
0.55 
0.70 

. 
.. 
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Figure 4. Univariate genetic model describing variance decomposition. Phenotypic 
variance ... e2 + h2 + c2; where e2= nonshared environmental variance, h2 "' genetic 
varjance (additive or nonadditive), and c2 "" shared environmental variance; and where E 
(nonshared environment), G (genetic effects-additive or nonadditive), and C (shared fam
ily environment) are standardized to unit variance. MZ "' monozygotic; DZ = dizygotic . 

. . . . . 
. . . . . . . 

. . ·~---------------------------------------------------------~ .. ·. ~ 

~. . . .10-year age groups, with the exception . . 

~ --~ . of the "oldest-old," where small sam-.. . 

·:<·. · · ple sizes compromised the estimates 
::.:.::. · .(data not shown). 
. . . . 
.. - . . . • . . . 

. ::· · FITTING MODELS OF GENETIC 
. . . 

• · .· . AND ENVIRONMENTAL EFFECTS 
TO LoNGITUDINAL DATA 

.· . 

· · · The longitudinal data were examined 
.: . .from a biometrical genetic approach) 

=_ ·_ that is, studying drinking measures 
over time as a function of additive 
shared, and unshared environmental 
influences. Analyses were carried out 
for each of the four measures of alcohol 
consumption (total weekly consump
tion, maximum number of drinks con
sumed on one day in that week, average 
number of drinks consumed per day 
over the last 7 days, and number of 
days on which alcohol was consumed 
in the last 7 days). Male and female 
twins were analyzed separately. The 
statistical modeling package used was 

Mx, a structural equation modeling 
package (Neale 1994). 

The underlying analytical tenets of 
this strategy are depicted in a schematic 
in figure 4. The variance of a particular 
phenotype (in this case, a particular 
alcohol consumption measure) is 
equal to the sum of the variances due 
to ( l) genetics (additive and nonaddi
tive) (denoted as "G"); ( 2) shared 
environmental effects (denoted as 
"C"), which are those influences that 
the twins have in common, such as be
ing reared by the same parents, attend
ing the same school, having the same 
friends, and eating the same diet; and 
( 3) nonshared, unique or special effects 
(denoted as "E"), which include 
those influences that the twins would 
not have in common, such as being 
married to a particular individual, atM 
tending a certain university, and living 
in a region of the country different 
from that of the cotwin. This last 
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term also includes measurement error. 
In the diagram, it can be seen that 
the genetic components are perfectly 
correlated (r = 1.0) for monozygotic 
twins, who share all of their genes, 
but they are correlated only 50 per
cent for dizygotic twins, who are no 
more alike than ordinary siblings. 
Further, there is no correlation between 
twins for nonshared environment, but 
the shared environment influence is 
correlated perfectly for both monozy
gotic and dizygotic twins. 

We present the longitudinal version 
of this model in figure 5 (drawn for 
one twin for the sake of simplicity, 
but a straightfoiWard matter to extend 
it conceptually for the co twin). 
Models were fitted to raw data from 
the three survey time points, allowing 

for additive genetic, shared environ
ment, and nonshared environment 
(plus error) to explain the variance 
observed in the particular alcohol 
consumption measure ("phenotype") 
under investigation . As in earlier 
descriptive analyses, four phenotypes 
were modeled: total weekly consump
tion, maximum consumed on any one 
day during the last week, average 
number of drinks per day consumed 
in the last week, and average number 
of days alcohol was consumed during 
the last week. The model depicted 
in figure 5 incorporates both esti
mates of genetic and environmental 
effects at each time point (hh h2, h3, 

etc.), and longitudinal correlations 
of these effects (genetic and environ
mental correlations). Ph P2, and P3 

r---~----~~r ~------------------------~ 
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ru 
r 

El Al Cl E2 A2 C2 E3 C3 

Figure 5. Longitudinal model for biometrical genetic analyses. Only one twin is drawn in 
this diagram. E = nonshared environment plus error; A = additive genetic effects; 
C "" shared environment. Occasion-specific genetic and environmental effects are indicated by 
e l> hll Cti e2, h2, c2; and e3, h3, c3. P17 P2, and P3 refer to the phenotype at three time points. 
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. . 
;, 
... 



------- Drinking in an Older Population: Australian Twin Registry Data 

.denote the phenotype at each of 
. the three time points. Two questions 

··. · may be posed for the longitudinal 
· :analyses: (1) how does magnitude of 
.: · the genetic and environmental 
· •. · (shared and unshared) effects change 
_· bver time, and (2) are the same 
: .. :genetic and environmental (shared 
. and unshared) effects operating over 

time? We shall focus exclusively on 
the first question. 

For the analyses presented here, 
· data from the 7 -day drinking diary 

. . were used to define the four alcohol 
.. consumption phenotypes. Data were 

standardized to a mean of 0 and a 
. · variance of 1 to facilitate parameter 

·_. · estimation. Extreme values were 
:_ .· truncated to avoid the problem of 
:·-_._- .the model failing to converge because 
:: .· · .bf the undue influence of an extreme 
. . 

_: • outlier (for example, extremes in 
•.. . the order of more than 120 drinks 
.. 

: __ . per week). Twin pairs were included 
.· -· where there was at least one data 

. . 
·. ·. point; available for analysis were 
. 744 monozygotic and 478 dizygotic 
:-·_ · female pairs and 311 mono~ygotic 
·· and 166 dizygotic male pairs. 
· · :· A series of hierarchical models 
. · yvere fitted to the raw data by the 

method of maximum likelihood 
(Neale 1994). The goodness of fit of 
a full model (the so -called ACE 
model, where all three contributors 
to the phenotypic variance were 
included) was compared with the 
fit of a more parsimonious model 
(e.g., AE, CE), in which one term 
was omitted, by likelihood-ratio 
(chi-square difference) test. An 
insignificant chi-square difference in
dicated that the term that was omit-

ted from the model did not detract 
from the overall fit of the model, and 
thus the parsimonious model had an 
adequate fit. Pending scientific plausi
bility, the most parsimonious model 
with adequate fit was to be preferred 
over others. 

REsULTS OF MODEL FITTING 
FOR WOMEN 

Among women, for each phenotype, 
the model including additive genetic 
and nonshared environment effects fit 
the data well (p ~ 0.2 in all cases). 
(Specifics of the model-fitting statis
tics may be o brained from Dr . 
Bucholz upon request. ) The inter
pretation was that, over time, each 
drinking phenotype may be modeled 
as a function of additive genetic and 
nonshared environmental effects. In 
these data, shared environmental 
effects did not contribute significantly 
to the variation in alcohol consumption 
phenotypes over time. 

The proportion of total variance in 
the phenotype explained by each 
component was derived for each of 
the three time points (table 4). AB can 
be seen in the table, for each measure 
the proportion of variance due to 
additive genetic influences appeared 
to be decreasing in women over time. 
For example, in 1981, the proportion 
of variance in total alcohol consump
tion that was explained by additive 
genetic influences was 65 percent in 
1981; 50 percent in 1989, and 
46 percent in 1994. Similar decre
ments were observed for the other 
three phenotypes. 

A formal test was carried out to 
determine whether the decrement in 
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Table 4. Proportion of Total Variance in Drinking Phenotypes for Women and Men in 
the Australian Twin Registry Sample. 

Variance due to: 
Additive genetics 

Total drinking 
Maximum in 7 days 
Average number of drinks 
Number of days drank 

Shared environmentl 
Nonshared environment 

Total drinking 
Maximum in 7 days 
Average number of drinks 
Number of days drank 

Variance due to: 
Additive genetics 

Total drinking 
Maximum in 7 days 
Average number of drinks 

Shared environment 
Number of days drank 

Nonshared environment 
Total drinking 
Maximum in 7 days 
Average number of drinks 
Number of days drank 

1981 
(%) 

65 
53 
52 
57 

35 
47 
48 
43 

51 
53 
50 

48 

49 
47 
50 
52 

1989 
(%) 

50 
45 
46 
47 

50 
55 
54 
53 

49 
56 
46 

43 

51 
44 
54 
57 

1994 Test of 
(%) Heterogeneity 

Women 

• 

Men 

46 
44 
44 
50 

54 
56 
56 
50 

65 
73 
61 

32 

35 
27 
33 
68 

p = 0.003 
p = 0.265 
p"" 0.230 
p .. 0.052 

p = 0.000 
p"" 0.001 
P= 0.003 
p = 0.178 

p = 0.339 
p .. 0.038 
p = 0.262 

p = 0.495 

p = 0.001 
p = 0.003 
p"" 0.004 
p = 0.032 

1 This component was eliminated from all model fitting for women because models without this component (that is, 
more parsimonious) fit equally well. 

the influence of additive genetics was 
statistically significant, by constraining 
the total additive genetic variance to 
be equal across the three time points 
(a test of heterogeneity). When these 
constraints were included, the model 
was rejected for two measures-total 
alcohol consumption and frequency 
of drinking, as assessed by the number 
of days on which alcohol was consumed 

56 

in the last 7 days. The conclusion 
drawn from these analyses was that 
there was evidence that a significant 
decrement in the influence of additive 
genetics over time existed for women 
for total alcohol consumption and 
frequency of consumption, with a 
nonsignificant trend in the same 
direction for the other measures. 
Tests of heterogeneity of the increase 

. 

. . 

.. 
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. · · . ... 

_:: . . in the influence of nonshared envi-. . . . 

-:::< ronmental effects revealed that for 
:/ :::-: ·: ·three of the four drinking phenotypes, 
·.: ... · · the increase over time was significant . 
. . : . . 
... 
. . . 

· · .. ·: RESULTS OF MoDEL FITTING . . 

: ·-:: . · . FOR MEN 
. . . . . 
~:~_:·.. . · Similar model-fitting strategies were 

_::_. · applied to the data from men. Shared 
:· ·.· . environmental influences did not ap
. · .. · .· · pear to contribute to the variation for 
: :. three of the four alcohol consump
::: ·: · 'tion phenotypes. Only for number of 
:_:0.: days on which alcohol was conswned 
_. ·; .· . in the last 7 days were shared envi
: .. · ronmental influences an important 
>:·:. . contributor to the variation over 
?~-~- · · 'time. Also of note was the fact that 
. . . . :. . . . . 
: ...... . 
:· ·:: : .. . ... 
·.. . . . . . . .. . . 
. · .. ·. 

: ; .. -..... . . . . . : . . . : .. : . . . 
. . . . . . 
.'·.. . . . . . . . . . . . 
:. . . . ... . . 
.. ·.· .. . .. 
.... . 
. . 

additive genetic influences did not 
contribute to the variation over time 
in number of days on which alcohol 
was consumed. For the other three 
phenotypes, additive genetic and 
nonshared environmental influences 
explained the variation over time. 
· As was done for the data for 

. . · . 

· .-: . · women, the proportion of total variance 
;:>.... in the phenotype explained by each 
. . . . . 
: . . . 
.·· . : 
:. . . . .. . . . . . . 
' . :. . . 
. : . . 
... 

... 
. . 

. . . 

.·. . 

component was calculated for each of 
the three time points. The lower half 
of table 4 displays these estimates. A 
formal test (test of heterogeneity) was 
conducted to determine whether the 
additive genetic influences on alcohol 
consumption increased over time, by 
incorporating two constraints in the 
full model (that the additive genetic 
variances were equal across the three 
time points). Evidence for a significant 
(p = 0.038) increase in the proportion 
of the variance due to additive genetic 
influences was observed for only one 
phenotype, maximum number of 

drinks consumed on any one day in 
the last 7 days. For number of days 
drank, additive genetic influences had 
been eliminated previously from the 
model. As can be seen, the proportion 
of variance due to nonshared environ
mental influences (plus error) 
appeared to decrease for three out of 
four phenotypes of alcohol consump
tion from Time 1 to Time 3, and a 
formal test was conducted to confirm 
this impression. Our findings showed 
that the proportion of variance due to 
nonshared environmental influences 
decreased for men for three out of 
four phenotypes from 1981 to 1994. 
An increase in the proportion of 
variance due to nonshared environ
ment was observed for "number of 
days drank." 

CONCLUSIONS 

With respect to cross-sectional com
pared with longitudinal evidence, we 
observed that women in the cross
sectional samples were similar in 
terms of both sociodemographic 
characteristics and alcohol consump
tion characteristics to those who had 
completed at least one other previous 
assessment. The similarity of the two 
samples establishes confidence in the 
inferences drawn from the longitudinal 
data on women . The data for men, 
on the other hand, were suggestive of 
an underrepresentation of heavy 
drinkers in the longitudinal sample 
and thus warranted caution in drawing 
inferences based on the longitudinal 
sample of men. 

Substantial proportions of older indi
viduals in the Australian sample were 
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current drinkers and, in particular, 
current heavy drinkers, in marked 
contrast to community samples of 
older individuals from the United 
States. This observation held even 
when the data were age adjusted, 
since the Australian sample was 
younger than many of the U.S. samples. 
For all measures of drinking behavior 
for women, the predominant patterns 
were of stability or decrease from 
1981 to 1994. There was no evidence 
for an increase in drinking in women. 
Stability or decreases in drinking 
characterized male drinking patterns 
over time. 

The results of the biometrical 
genetic model fitting indicated that 
for both men and women, additive 
genetic and nonshared environment 
(plus error) explained the variance in 
most drinking behaviors at each time 
point. Shared environment was not 
an important contributor to the variance 
in drinking phenotypes over time, 
with the exception of frequency of 
drinking for men. Further, evidence 
was mustered to support the conten
tion that the proportion of variance in 
drinking behaviors due to additive 
genetic effects was decreasing over 
time for women. In contrast, the evi
dence from the longitudinal data from 
men indicated that for at least one 
drinking measure-maximum number 
of dri.nks consumed on any one day in 
the last week-the proportion of vari
ance due to additive genetic influences 
was increasing. For men, the data 
indicated a significant decrease over 
time in the proportion of variance in 
three out of four drinking behaviors 
due to nonshared environment 
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effects, while the opposite conclu
sion-that of a significant increase in 
the influence of nonshared environ
mental effects over time-was drawn 
for women. 

These results \vere unexpected and 
suggest the following future analyses. 
The effect of retirement on drinking 
should be examined more closely. 
It is possible that spousal drinking 
patterns--an environmental influence 
not shared by twin and cotwin-may 
be more influential for females. This 
possibility would explain our observa
tion of a decrease in additive genetic 
effects over time in women, and a 
significant increase in the influence of 
nonshared environmental effects. This 
hypothesis will be tested directly 
with some new data from spouses 
of about 3,700 twins, which has been 
collected recently. Furthermore, 
living arrangements of elderly twins 
must be explored, to investigate 
the possibility that shared accom
modations for men late in life might 
account for the decreasing proportion 
of variance explained by nonshared 
environmental influences. The data 
for men must be interpreted with 
caution, however, in light of the 
evidence that men who were heavy 
drinkers were less likely to be repre
sented in the longitudinal data. 

NOTES 

1. With respect to alcoholism, some 
researchers have objected to the appro
priateness of the diagnostic criteria 
for alcohol dependence for older indi
viduals (Graham 1986). Older individ
uals tend to have diminished social . . . 
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<::and familial responsibilities and thus 
>:>would not be expected to endorse 
::~ .. :;: ... items in the diagnostic criteria (e.g., 
:::>.-))SM~III~R (American Psychiatric 
~.:~:<Association 19 8 7]) that include alco
: hal's interference with these areas of 
< . responsibility. These criticisms are not 

····: as relevant to the DSM-IV (American 
. . · . 

·.•· · .. · Psychiatric Association 1994) criteria, 
· · in which adverse social consequences 
•· ··. of drinking are not included in the 
•. · .. ·· construct of alcohol dependence. A 
·• · • second criticism is that the thresholds 
•·.·· •.. of heavy drinking, often set between 
.:·.·. five and seven per drinking occasion, 
. ·are not appropriate for older individ

<.: uals, who, as noted earlier, have a di
~.:.:· minished capacity for alcohol. Also, 
_·: ·. older individuals may have a more 
::·::difficult time than their younger 
:::· . ·counterparts in distinguishing the ef
: fects of alcohol from those of normal 
. 

:> ·. aging. The lower lifetime prevalence 
· · for alcohol dependence among older 
. · individuals should be evaluated with 
. • .. ·· these points in mind. 

2. The telephone interview survey 
. ·.· conducted in 1992-93 assessed psychi
. ·. atric disorder via a structured inter
·. view abridged from an interview used 
. · in a multicenter family study of alco-

holism in the United States (Bucholz 
et al. 1994). A markedly different 
measurement of drinking behavior in 
the last 12 months was obtained, more 
appropriate for telephone interview 
administration than a 7 -day drinking 
diaty. Because of the difference in assess
ing drinking behaviors, the interview 
study was not included in the analyses 
reported here. Readers interested in 
more information about the telephone 
interview survey may consult several 

published references (Heath et al. 1994; 
Slutske et al. 1995; Heath et al. 1997). 
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