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Introdudion
Despite the well documented rela-

tionship between average alcohol intake
and elevated blood pressure,1,2 we know
relatively little about the effects of drink-
ing patterns on blood pressure, where pat-
terns are defined in terms of specific com-
binations of quantity drunk per drinking
day and frequency of drinking days. Prior
research has typically combined quantity
and frequency measures of alcohol intake
and expressed this information in terms of
average consumption (average drinks per
day, per week, or per month). However,
such averaging may obscure potentially
important differences in blood pressure
associated with different drinking pat-
terns. For example, although a person
who drinks only two drinks every day of
the week and one who has 14 drinks on
Saturday night both average two drinks a
day, blood pressures associated with
these two patterns may not be the same.

To investigate the role of drinking
pattern in the relationship of alcohol con-
sumption and blood pressure, we exam-
ined the relationship between discrete
combinations ofquantity and frequency of
drinking and average drinks per day; de-
termined the effect of average drinks per
day on blood pressure; determined the ef-
fect of drinkig pattern on blood pressure
by analyzing the independent and interac-
tive effects of alcohol quantity and fre-
quency; and contrasted the effects of
drinking pattern and average drinks per
day on blood pressure.

vey of stress, alcohol use, and hyperten-
sion conducted in Erie County, NewYork
(N = 1,933). Respondents were identified
using a stratified, three-stage probability
sampling procedure designed to yield ap-
proximately equal numbers of Blacks and
all others at three levels of education (less
than high school, high school, at least
some college). The first stage of sampling
was the selection of US census blocks,
stratified by race and education, and se-
lected with probabilities proportional to
size. In the second stage, housing units
were selected with probabilities inversely
proportional to the first stage selection
probabilities. Finally, one adult (at least 19
years of age) was randomly selected from
each household.

The overall sample completion rate
was 78.3 percent, with the majority (84.5
percent) of noncompletions due to refus-
als. To provide population estimates in the
present study, the sample was: poststrat-
ified by race, education, and sex (females
were unintentionally oversampled) to
match proportions reported in the 1980
census for Erie County; and weighted by
the individual probability of selection.

Present analyses were conducted on
a subset of 1,725 (weighted N = 1,630)
respondents. Respondents over age 74
were eliminated (N = 75) because few
drank alcohol, blood pressure measure-
ments were missing for many, and doing
so made our data more comparable to
other studies of alcohol and hypertension.
An additional 133 respondents who were
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Data for the present analyses came
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missing one or more of the study variables
were deleted in order to ensure compara-
bility across analyses. After exclusions,
the weighted sample was 91 percent
White, 54 percent female, and 63 percent
married; 70 percent had completed at least
a high school education. Mean age was 45
years (SD = 16.5). Forty-eight percent of
the sample was working; of these, 51 per-
cent held white collar jobs.

Procedures
Data were collected by a corps of 27

interviewers in the summer and fall of
1986. Interviewers received five days of
intensive training on general and survey-
specific interviewing techniques and three
days of training on physical measure-
ments, including blood pressure measure-
ment. Interviews were conducted in re-
spondents' homes using a highly
structured interview schedule that in-
cluded diet, smoking, and physical activ-
ity as well as medical history. The entire
procedure took about 90 minutes; respon-
dents were paid $25.

Measures
Blood Pressure: Standardized proce-

dures using the American Heart Associa-
tion protocol were used to measure sys-
tolic and diastolic blood pressures (SBP
and DBP, respectively).3 Blood pressure
was assessed using mercury sphygmoma-
nometers (Baumanometer, Model 300)
calibrated for accuracy on a weekly basis.
Respondents were asked not to drink al-
cohol during the interview. Properly fitted
cuffs were placed on the right arm approx-
imately 15 minutes before the end of the
interview; respondents were asked to re-
frain from smoking, drinking coffee, or
moving around the room until after their
blood pressures were taken. Readings
were made to the nearest 2 mmHg, and
DBP was taken at the fifth Korotkoff
phase (i.e., cessation of pulse sounds).
Mean measures ofSBP andDBP based on
the last two ofthree readings were utilized
in all analyses.

Alcohol Measures: Alcohol mea-
sures were adapted from the National
Health and Leisure Time Survey.4 Stan-
dard quantity and frequency questions
(seeAppendix)were asked on usual drink-
ing during the past year. Average drinks
per daywas calculated by multiplying fre-
quency of drinking by the number of
drinks consumed on a typical day and di-
viding by 365. Quantity (number of drinks
consumed on a typical drinking day-
drinks per drinking day) was categorized
as one or two drinks, three or four drinks,

or five or more. Frequency (drinking days
during the past year) was also categorized
to yield groups of respondents who drank
daily or almost daily, one to four times
weekly, or less-than-weekly.

Nine drinking patterns were con-
structed by cross-tabulating the above
quantity and frequency categories. They
ranged from less-than-weekly drinkers
who usually had one or two drinks per
dfinking day to those who drank daily or
almost daily and usually had five or more
drinks.

Covariates: The following potentially
confounding factors were statistically
controlled in all analyses: age (in years);
race (1 = other than Black, 2 = Black);
sex (1 = male, 2 = female); body mass
index (weight in kg/height in meters,
squared); marital status (O = not married,
1 = married/iving as married); education
(in years); sodium intake (frequency of us-
ing salt at the table, in cooking, and eating
salty snacks); calcium intake (milligrams
per day based on the frequency of con-
suming calcium-rich foods, calcium sup-
plements, and calcium-containing antac-
ids); current cigarette use (number of
cigarettes smoked per day); and two indi-
ces of frequency of physical activity.5

Also included as covariates were
measures of family history of hyperten-
sion, self-reported hypertensive status,
and whether or not antihypertensive med-
ication was taken in the 24 hours prior to
blood pressure measurement. Because a
number of respondents were missing in-
formation on family history, two dummy
variables were constructed, one to repre-
sent information concerning a positive
family history of hypertension (family his-
tory: positive, coded as 0 = no, 1 = yes),
and the other to represent missing infor-
mation (family history: missing, coded as
0 = no, 1 = yes). Similarly, two dummy
variables were used to represent informa-
tion concerning respondents' self-report
of their hypertensive status and current
use of antihypertensive medication. The
first (hypertension: no medication, coded
as 0 = no, 1 = yes) represents individuals
who reported that they had been told by a
doctor or other health professional that
theywere hypertensive, but had not taken
antihypertensive medication during the
past 24 hours. The second dummy vari-
able (hypertension: medication, coded as
0 = no, 1 = yes) represents individuals
who reported that theywere hypertensive
and that they had taken antihypertensive
medication during the past 24 hours.

StatisticalAnalysis
Three sets of statistical analyseswere

conducted. First, multiple regression was
used to examine the relationship of aver-
age drinks per day to SBP and DBP, while
controlling for covariates.6

Second, hierarchical multiple regres-
sion analysis was used to examine the in-
dependent and interactive effects of fre-
quency and quantity on blood pressure.6,7
More specifically, the hierarchical regres-
sion analysis proceeded in the following
manner for both SBP and DBP: a block of
covariates was first added to the regres-
sion equation in Step 1, followed by con-
tinuous measures of frequency and quan-
tity in Step 2, which was followed by the
interaction between frequency and quan-
tity in Step 3. These hierarchical regres-
sion analyses did not contain abstainers
because their inclusion would have led to
an unbalanced design (i.e., a design with
empty cells);8 abstainers' scores on the
quantity and frequency measures were
bothfixed atzero. Thus, respondents (i.e.,
abstainers) who had a zero on frequency
could only have a zero on quantity, and
vice versa. When a two-factor design is
unbalanced, it is inappropriate to test for
an interaction among its factors.8 How-
ever, a two-way interaction can be tested
if the design can be balanced by removing
one or more levels ofone or more factors.8
In the present case, a balanced designwas
achieved by removing abstainers (i.e., the
levels that represented zero frequency and
zero quantity). Thus,we tested for a quan-
tity-by-frequency interaction among
drinkers only.

Third, to compare adjusted blood
pressures in the nine drinking pattern
groups with those of abstainers, we con-
ducted two dummy variable regression
analyses.6 In each analysis, we examined
the relationship of nine dummy variables
to either SBP or DBP, while controlling
for the covariates. Each dummy variable
represented one of the nine drinking pat-
terns with abstainers serving as the refer-
ence category. Therefore, in each regres-
sion equation, the unstandardized
regression coefficient for a given dummy
variable represented the mean difference
in adjusted blood pressure for a specific
drinking pattern compared to abstainers,
and the constant represented the average
adjusted blood pressure for abstainers.

As noted earlier, data were weighted
to adjust means and regression coeffi-
cients for the complex survey design.
However, standard errors have not been
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adjusted for design effects because the
requisite statistical programs to do sowere
not available to us.

Results
Drinking Pattem

Mean values for average drinks per
day associated with each pattern are pre-
sented in Table 1. As expected, marginal
values for average drinks per day in-
creased both as the frequency of dfinldng
increased (r = .64) and as the usual quan-
tity consumed on a typical drinking day
increased (r = .56). Heavy drinking was
more prevalent among daily drinkers than
among those who drank less frequently.

However, the magnitude of the relation-
ship among drinkers is relatively modest (r
= .23), which provides further justifica-
tion for analyzing the independent and in-
teractive effects of quantity and frequency
on blood pressure.

Although quantity definitely influ-
ences average drinks per day, given the
distribution of dfinking in this household
sample, frequency seems to play a more
important role than quantity in determin-
ingwhich drinking pattems are associated
with lower mean values of average drinks
per day and which are associated with
higher values. For example, mean aver-
ages of one drink or more per day were
associated with moderate and heavy

weekly drinking, and with daily drinking,
irrespective of quantity; averages of less
than one drink per day were associated
with light, weekly drinking and less-than-
weekly drinking, irrespective of quantity.

The most prevalent drinking pat-
terns, accounting for 43 percent of the
population, were characterized by light
dfinking less-than-weekly orweekly, both
of which were associated with low aver-
age drinks per day. In contrast, only 8
percent ofthe population drank as often as
daily or nearly every day.

Blood Pressure
Results of the multiple regression

equations predicting SBP and DBP from
average drinks per day are summarized in
Table 2. Blood pressure had the expected
relation to all covariates except race and
sodium intake. Failure to observe higher
average blood pressures among Blacks
than Whites reflects their relatively small
weighted numbers in these population-
based analyses. Unweighted analyses are
planned to investigate racial differences in
the relation of blood pressure to dfinking
patterns. The negative relation of blood
pressure to sodium intake reflects the
lower discretionary salt intakes among in-
dividuals who had been told they were
hypertensive, presumably in response to
medical advice.

After covariates were taken into con-
sideration, average drinks per day made a
statistically significant contribution to the
prediction of both SBP and DBP. The b
values indicate that SBP was elevated an
average of 1.21 mmHg, and DBP was el-
evated an average of 0.55 mmHg, for ev-
ery increment of one drink in average
drinks per day.

DrinIdng Pattem and Blood
Pressure

Systolic Blood Pressure: The hierar-
chical regression analysis examining the
independent and interactive effect of
quantity and frequency on SBP revealed a
significant positive relationship between
frequency and SBP, but no significant ef-
fect for quantity and no significant quan-
tity-by-frequency interaction (Table 3).
The bvalue for frequency ofdrinking days
during the past year indicated that SBP
increased .021 mmHg with every addi-
tional day of drinking. Thus, SBP would
be an average of 6.6mmHg higher among
those who drank daily than among those
who drank only once a week (365 - 52 =
313 x .021 mmHg per drinking day per
year = 6.6 mmHg).
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The dummy variable regression anal-
ysis comparing SBP among abstainers and
drinkers found that compared to abstain-
ers, mean SBP was significantly higher
among light daily, moderate weekly, mod-
erate daily, or heavyweekly drinkers (Ta-
ble 4). These results paralleled the hierar-
chical regression results, indicating that
relative to abstention, more frequent
drinking was associated with increased
SBP within each quantity category,
whereas a tendency for SBP to increase
with quantity was observed only among
weekly drinkers.

Diastolic Blood Pressure: Overall,
the main effects of the hierarchical regres-
sion analysis examining the independent
and interactive effect of quantity and fre-
quency on DBP were similar to those ob-
served for SBP (Table 3). The b value for
frequency indicated that DBP increased
.015 mmHg with every additional day of
drinking. Thus, DBP would be approxi-
mately 4.7 mmHg higher among daily
drinkers compared to the individual who
drank once a week.

In addition, there was a quantity-by-
frequency interaction (Table 3). We ex-
plored the nature of the interaction by an-
alyzing the effect of frequency among
light, moderate, and heavy drinkers, and

the effect of quantity among less-than-
weekly, weekly, and daily drinkers. This
set of follow-up analyses, however, failed
to uncover a strong, readily interpretable,
functional form for the quantity-by-fre-
quency interaction. The fact that this in-
teraction was weak and failed to replicate
with systolic blood pressure indicates that
it may be a chance finding.

The dummyvariable regression anal-
ysis comparing DBP among abstainers
and drinkers found that, compared to ab-
stainers, mean DBP was significantly
higher among light weekly, light daily, or
moderate daily drinkers (Table 4). Again,
these results supported the hierarchical re-
gression results by indicating that relative
to abstention, more frequent drinking in-
creased DBP at every level of quantity,
but that higher quantity did not increase
DBP within the frequency categories.

Discussion
To summarize, our analyses revealed

a significant increase in blood pressure,
particularly SBP, with increasing average
drinks per day. However, consideration
of drinking patterns indicated that, among
drinkers, this increase was influenced
more by the frequency of drinking than by

the quantity of alcohol consumed. Al-
though a quantity-by-frequency interac-
tion was observed for DBP, it was not
observed for SBP, and its pattern had no
ready explanation. Finally, relative to ab-
stainers, respondents who drank less of-
ten than weekly tended to have lower
blood pressures, and those who drank
weekly or more often tended to have
higher blood pressures.

As reviewedby Gleiberman and Har-
burg,9 a number of epidemiological stud-
ies have reported that individuals having
relatively low average alcohol intakes
tend to have lower mean blood pressures
than abstainers, exhibiting a U- or
J-shaped alcohol-blood pressure relation.
Although not statistically significant, this
tendencywas also observed in the present
study, as indicated by the fact that blood
pressure among abstainers tended to be
higher than that among less-than-weekly
drinkers, who had low average drinks per
day. Studies are needed to determine
whether very light or occasional alcohol
use exerts a physiological protective effect
or if it is associated with psychological or
behavioral correlates related to lower
blood pressure.9

Methods employed to measure and
analyze alcohol-blood pressure relation-
ships may influence its interpretation.
Studies in alcoholic men10 and pregnant
women1" found that self-reported fre-
quency was more reliable than self-re-
ported quantity. Thus, lower reliability
may have contributed to our failure to ob-
serve a significant effect of quantity on
blood pressure in the present study. Also,
it is important to note that the prepotency
of frequency in the relationship between
alcohol use and blood pressure is ob-
scured by employing measures of average
alcohol intake. Analyses of drfinking pat-
tern, in which the independent and inter-
active effects of quantity and frequency
are taken into consideration, clearly indi-
cate that drinking patterns characterized
by infrequent drinking are associated both
with low blood pressures and relatively
low average drinks per day. Conversely,
daily drinking is associated both with high
blood pressures and relatively high aver-
age drinks per day.

Data from the 1979 National Survey
of US drinking practices indicate that
light, daily drinking was reported by only
2 percent of the US population,12 suggest-
ing that relatively few people who report
low average drinks per day are light, daily
drinkers. Therefore, it may be misleading
to attribute purported health benefits as-
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sociated with low average drinks per day
to light, daily drinking.

We believe that recognition ofthe im-
portance of drinking frequency in deter-
mining the effects associated with average
drinks per day is important for public
health policy. The relatively low correla-
tion between quantity and frequency
among drinkers and the fact that few peo-
ple in the US drink daily,12 suggests that
average drinks per day does not ade-
quately represent actual drinking prac-
tices in the US. Accordingly, findings of
health risks or benefits based on analyses
employing average drinks per day cannot
be translated directly into public health
policy. The present data suggest that pre-
viously reported health benefits associ-
atedwith low average drinks per day2'9 are
likely to be related to light, weekly drink-
ing and infrequent drinking, rather than to
light, daily drinking.

This is the first time that elevations in
blood pressure have been attributed to
drinking frequency, even in light drinkers,
and it is important that these analyses be
replicated. Assuming for the moment that

they prove tobe reliable, it is interesting to
speculate about how frequent drinking
might influence blood pressure. It has
been hypothesized that individuals who
recently drank alcohol may have elevated
blood pressure because they are experi-
encing mild withdrawal symptoms or di-
rect pressor effects of alcohol.2 If this is
so, itmaybe that individuals in our sample
who reported drinking daily or nearly ev-
ery daywere more likely to be undergoing
these effects. Criqui, et al,13 have noted
that repeated acute elevations in blood
pressure related to frequent alcohol use
are functionally equivalent to a chronic
condition. Thus, elevations in blood pres-
sure related to daily dfinking could have
significant implications for cardiovascular
health and should not be dismissed as a
short-term phenomenon.

Mean SBPwas 6.6mmHg higher and
DBP was 4.7 mmHg higher among daily
drinkers than among individuals who
drank only once a week. Blood pressure
elevations of this magnitude have both
clinical and population significance. The
association of DBP with stroke and with

coronary heart disease (CHD) was re-
cently investigated in nine major prospec-
tive observational studies, correcting for
risk underestimates in previous reports re-
lated to "regression dilution" bias.14 It
was found that a long-term difference of
5-6 mmHg in usual DBP was associated
with about 35-40 percent less stroke and
20-25 percent less CHD.14 Data from the
Multiple Risk Factor Intervention Trial15
indicate that SBP is more strongly asso-
ciated with CHD death than DBP, sug-
gesting that the effect of frequent drinking
on SBP may represent a greaterCHD risk
than is indicated by its effect on DBP.

The potential effect on health of rel-
atively small reductions in mean blood
pressure is illustrated by an overview of
unconfounded randomized trials of anti-
hypertensive drugs.16 In 14 such trials, the
mean treatment duration was five years,
lowering mean DBP 5-6 mmHg; stroke
was reduced by 46 percent, andCHDwas
reduced by 14 percent.

Within the DBP range covered by
prospective observational studies (about
70-100 mmHg), there was no evidence of
any "threshold" belowwhich lower levels
of DBP were not associated with lower
risks of stroke and of CHD. Although in-
creased risk may be small at lower DBP
levels, the net effect is substantial when
aggregated over the large numbers ofpeo-
ple affected. Also, there are large numbers
of individuals with moderately elevated
blood pressures among whom relatively
small increases might result in levels as-
sociated with diagnosed hypertension.

In sum, the effect of alcohol con-
sumption on blood pressure has public
health as well as clinical relevance. The
present study illustrates how the standard
practice of averaging alcohol consump-
tion may obscure important effects of
drinking pattern on health, and it is im-
portant that the study be replicated to de-
termine the reliabilityofits findings. These
results suggest that it may be useful to
examine the independent and interactive
effects of drinking quantity and frequency
on other conditions thought to be influ-
enced by alcohol intake, as well as in fu-
ture epidemiologic studies of the alcohol-
blood pressure relationship. O
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