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Table 5. Lifetime Prevalences of DSM-III-R3! Alcohol Dependence Symptoms in Australian Men and Women Who “Never,” “Sometimes,” and “Always”
Experience Any Adverse Alcohol Reaction after Drinking

Men Women

Any adverse alcohol reaction Any adverse alcohol reaction

DSM-lII-R alcohol dependence symptom Never Sometimes Always Never Sometimes Always
1. Substance taken in larger amounts/over longer period than intended 435 56.5 48.7 18.2 28.3 15.2
2. Persistent desire or 1+ unsuccessful efforts to cut down 18.7 31.1 37.8 7.3 142 11.8
3. Great deal of time spent using or recovering from effects of alcohol 4.6 11.9 9.9 0.9 3.0 23
4. Frequent intoxication/withdrawal symptoms when expected to fulfill 35.3 441 40.0 7.5 14.0 9.0
major responsibilities or when hazardous _— —_—
5. Important social/occupational activities given up 2.8 6.8 6.3 0.6 1.5 1.5
6. Continued use despite recurrent social/psychological/physical problems 10.5 19.3 25.2 21 5.8 441
7. Tolerance 19.1 25.5 16.5 5.7 8.4 6.3
8. Withdrawal 13 3.6 6.3 0.3 0.9 1.5
9. Drinking for withdrawal relief 1.9 4.1 7.3 0.7 1.0 1.0

Note: Where prevalences are underlined, the x? test with 2 degrees of freedom was statistically significant at the level of p < 0.05, using a conservative correction
for the nonindependence of observations from twin pairs (dividing the sample size by two). For ease of interpretation (when the groups differed by the x? test), the lowest

rate is single underlined, and the highest rate is double underlined.

and specific adverse alcohol reactions and quantity of al-
cohol consumption using discordant twin pairs. The results
of matched pair ¢ tests for any adverse alcohol reaction are
presented in Fig. 2b. Although we consistently found that
the twin who always experienced adverse alcohol reactions
drank slightly less than their unaffected co-twin, few of
these differences were statistically significant among the
men, perhaps because of the relatively small sample sizes
for these analyses (57 male pairs discordant for any adverse
alcohol reaction, 19 male pairs discordant for “flush or
blush,” and 35 male pairs discordant for “feels very
sleepy”). In women (297 female pairs discordant for any
adverse alcohol reaction, 176 female pairs discordant for
“flush or blush,” and 172 female pairs discordant for “feels
very sleepy”), there were statistically significant differences
between groups for both “past year” indices of quantity of
alcohol consumption (typical and maximum) for any alco-
hol reaction and “feels very sleepy.” The differences be-
tween the “flush or blush” groups were not statistically
significant (for any of the alcohol quantity indices), nor
were any of the group comparisons for the maximum quan-
tity of alcohol ever consumed (grouping by any alcohol
reaction, “flush or blush,” or “feels very sleepy”).

Relation Between Alcohol-Related Flushing Reactions,
Symptoms of Alcoholism, and Family History of (Parental)
Alcohol Problems

In Table 5, we present the lifetime rates of DSM-III-R

alcohol dependence symptoms in men and women who
“never,” “sometimes,” and “always” experienced any alco-
hol reaction after drinking. Even after using a conservative
statistical correction for the nonindependence of observa-
tions from twin pairs, we found that the groups differed for
8 of the 9 alcohol dependence symptoms in men, and for 5
of the 9 symptoms in women. In every case where there was
a statistically significant group difference in the rates of
alcohol dependence symptoms among men, the group that
“never” experienced an alcohol reaction had the lowest
lifetime prevalence of the symptom, and those who “some-
times” or “always” experienced a reaction had the highest
lifetime prevalences. Among women, this was true for 4 of
the 5 symptoms for which there were statistically significant
group differences. In no instance did those who “never”
experienced any adverse reaction to alcohol have a higher
rate of an alcohol dependence symptom than the other two
reaction groups. Similar results were found when we exam-
ined the specific reactions of “flush or blush” and “feels
very sleepy.”

When we looked at the association between self-reported
adverse reactions to alcohol and lifetime alcohol problems
assessed by a mailed questionnaire survey of these subjects
3 years before the interview, we found either no group dif-
ferences, or in most cases where there were differences,
lower rates of alcohol problems in those who reported (in
1993) that they “never” experienced adverse alcohol reac-
tions.
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Fig. 3. Rates of perceived paternal and maternal alcohol problems in Australian men and women who “never,” “sometimes,” and “always” experience “flushing or
blushing,” “feeling very sleepy,” or any adverse alcohol reaction after drinking. Results of x? tests are presented. ns, not statistically significant at the level of p < 0.05.

To examine the role of alcohol-related flushing further as
a protective factor for the development of alcoholism in
Caucasians, we compared the rates of perceived paternal
and maternal alcohol problems in individuals who reported
that they “never,” “sometimes,” and “always” experienced
adverse reactions to alcohol (Fig. 3). After using a conser-
vative statistical correction, only three of the group differ-
ences in parental alcohol problems remained: the rate of
maternal alcohol problems in men classified by whether
they “felt very sleepy” after drinking [}’ = 9.22, p <
0.01], the rate of paternal alcohol problems in the women
grouped according to the any alcohol reaction variable
[f(z) = 12.58, p < 0.002], and the specific reaction of “feels
very sleepy” [’y = 15.72, p < 0.001]. In all instances
where there were statistically significant group differences,
individuals who “never” experienced an alcohol reaction
had a lower rate of perceived family history of alcohol
problems than the other two groups.

DISCUSSION

In a large, community sample of mainly Caucasian indi-
viduals, we examined the role of alcohol-related flushing

reactions as a protective factor for the development of
alcoholism. Many of our findings were consistent with this
proposition. Individuals who experienced symptoms, such
as flushing, blushing, sleepiness, headaches, or nausea after
drinking small amounts of alcohol, drank less frequently in
the past year. They tended to drink slightly less alcohol per
drinking occasion than those who did not suffer from these
effects. Association of adverse reactions to alcohol with
frequency of alcohol consumption was quite robust,
whether frequency of alcohol consumption was reported at
the interview, or it was reported back in 1980-1981, some
12 years earlier. Association of adverse reactions with
quantity of alcohol consumption was much weaker and
probably only detectable because of the large sample sizes
in the present study. Thus, our results confirm earlier find-
ings that have demonstrated an association between expe-
riencing alcohol-related flushing reactions and reduced al-
cohol consumption in Caucasians,” and suggest that
previous failures to find such an association, especially
when using indicators of quantity of alcohol consumption,
may have been due to low statistical power.

Although those who experienced adverse reactions to
alcohol drank less than those who did not, they were more



590

likely to have lifetime symptoms of DSM-III-R alcohol
dependence. When we examined reported rates of alcohol
problems in the parents, we found no group differences, or
differences that would suggest that alcohol-related flushing
reactions are a risk factor for alcoholism, rather than a
protective factor, in that those who experienced adverse
reactions were more likely than those who did not to report
that their fathers or mothers had alcohol problems. This
replicates earlier work by Schuckit and Duby,? who found
that sons of alcoholics had more intense flushing responses
than sons of nonalcoholics. Associations between adverse
alcohol reactions and higher rates of alcohol problems and
parental alcohol problems were not as robust as those
between alcohol reactions and lower alcohol use, and thus
must be interpreted with caution. Nevertheless, taken to-
gether, the findings of reduced alcohol consumption but
increased rates of alcohol problems in “flushers” compared
with “nonflushers” are perplexing. We consider several
explanations.

To reconcile decreased rates of alcohol use with in-
creased rates of alcohol problems in those who experienced
adverse reactions to alcohol, the pattern of alcohol use may
need to be considered. In other words, even though those
who experience adverse reactions drink less alcohol overall
than those who do not experience adverse reactions, they
may be more likely to engage in patterns of alcohol con-
sumption that are associated with problems. There was
some evidence in our data to suggest that, especially among
men, subjects who experienced adverse reactions to alcohol
were more likely to have had drinking binges (episodes
where they drank for a couple of days or more without
sobering up), compared with subjects who did not experi-
ence adverse reactions to alcohol.

We must also consider whether some of the individuals
who reported adverse alcohol reactions may have been
problem drinkers earlier in their lifetime, but more recently
tempered their levels of drinking in response to the un-
pleasant symptoms that they experienced with alcohol. Per-
haps “flushing” does not protect one against alcohol prob-
lems, but rather protects one against persistent and chronic
drinking problems. The availability of questionnaire data
on these subjects back in 1980-1981 allowed us to confirm
that the frequency of alcohol use was lower in “flushers”
than “nonflushers” some 12 years ago, but does not rule out
the possibility that there may have been a period of exces-
sive alcohol use before this. With more careful inspection
of the timing of specific lifetime alcohol dependence symp-
toms retrospectively reported at the 1992-1993 interview,
we should be able to examine this issue.

Another possible explanation is that alcohol dependence
symptoms may be endorsed with the adverse reactions in
mind. For example, because of experiencing adverse reac-
tions to alcohol, “flushers” may be more likely to endorse
symptoms such as having a persistent desire to cut down on
drinking or to perceive themselves as suffering from alco-
hol problems. Alternatively, individuals who drink despite
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presumably aversive reactions to alcohol may actually be
more vulnerable to the long-term adverse consequences of
drinking, perhaps because they are more sensitive to the
positive effects of alcohol, or are more prone to develop
alcohol tolerance and craving. For example, Whitfield and
Martin** found that individuals who experienced adverse
alcohol reactions were more sensitive to the intoxicating
effects of alcohol than those who did not experience ad-
verse reactions. Thus, even though “flushers” may not drink
as much or as often as “nonflushers,” when they do drink,
they may become more intoxicated.

There is continuing debate over whether increased or
decreased sensitivity to the effects of alcohol are predictive
of future alcohol problems*®*! Pomerleau et al.*’ have
theorized that individuals who are especially vulnerable to
the development of nicotine dependence are those who
initially show a greater sensitivity to both the aversive, as
well as the positive effects of nicotine. Dependence devel-
ops in those who continue to use nicotine at levels to
become sufficiently tolerant to the aversive affects, espe-
cially in relation to the magnitude of the pleasurable effects
of nicotine. Similarly, individuals who continue to drink
alcohol regularly despite aversive effects, such as flushing,
may eventually reach a point where the enhanced pleasur-
able effects outweigh the aversive effects. In Caucasians,
especially, the flushing response may not be sufficiently
aversive to outweigh the positive effects that are received
from drinking alcohol. Even in Asian subjects, flushers who
had the ALDH2*2 allele had a more positive subjective
response to an alcohol challenge than nonflushers.*® Flush-
ers may be at a greater risk for developing alcoholism
because, in addition to deriving more negative effects from
drinking alcohol, they may also derive more positive alco-
hol effects than nonflushers; these enhanced positive ef-
fects might be mediated by increased levels of acetalde-
hyde. Wall et al.* speculate that very small increases in
acetaldehyde after drinking (such as that found in Cauca-
sian “flushers” compared with Caucasian “nonflushers”)
may be associated with an increased risk of developing
alcoholism, whereas large increases in acetaldehyde after
drinking (such as that found in Asian flushers compared
with Asian nonflushers) is associated with a decreased risk
of developing alcoholism.

It is very likely that Caucasians who report experiencing
adverse reactions after drinking alcohol are a heteroge-
neous group. Most are deterred from heavy drinking,
whereas others apparently are not. It remains for further
research to characterize the heterogeneity among self-re-
ported “flushers” and to identify those variables that dis-
tinguish “flushers” who are deterred from heavy drinking
from those who are not. An intriguing possibility, suggested
by Reich and Li,* is that traits such as impulsivity may
moderate the association between flushing and alcohol use
and abuse. Although aversive alcohol reactions may deter
most from drinking alcohol, this may not be true for those
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high on impulsivity. These individuals may be at especially
high risk of developing alcoholism.

Interestingly, self-reported adverse reactions to alcohol
in our Australian sample were only of moderate reliability
and were not associated with objectively measured skin
temperature change after alcohol. Although this lack of
association might be attributed to the long time span be-
tween our assessment of self-reported adverse reactions
and skin temperature change, the findings are consistent
with other reports, suggesting low reliabilities and validities
for similar measures over much shorter time spans.?’>%>
Twin correlations for self-reported adverse alcohol reac-
tions were modest, suggesting a minimal contribution of
genetic factors (accounting for 20-30% of the total vari-
ance), but when corrected for reliability of measurement,
were consistent with moderate heritabilities (accounting for
40-50% of the reliable variance). Although a single gene
has not been associated with adverse alcohol reactions
among Caucasians, it seems that genetic influences are
important; however, the additive effect of many genes may
influence the characteristic response to small amounts of
alcohol in Caucasians. The environmental influences that
account for the remaining 50-60% of the reliable variance
in the liability to experience adverse alcohol reactions are
yet to be determined.

Whether or not alcohol-related flushing proves to be a
genetically influenced risk factor for alcoholism in Cauca-
sians, the results of this study are very clear on one issue.
We found no evidence to suggest that flushing protects
against the development of alcoholism in non-Asian indi-
viduals.
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