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Alcohol Consumption and Changes in Blood Pressure among African
Americans

The Pitt County Study

Amy B. Curtis,1 Sherman A. James,1-2 David S. Strogatz,3 T. E. Raghunathan,2'4 and Sioban Harlow1

The Pitt County Study is a longitudinal investigation of anthropometric, psychosocial, and behavioral
predictors of hypertension in African Americans who were aged 25-50 years at baseline in 1988. At baseline,
a strong dose-response gradient was observed for alcohol consumption and blood pressure for both sexes.
The current study investigated whether baseline alcohol consumption or, alternatively, changes in drinking
status predicted 5-year changes in blood pressure among the 652 women and 318 men who satisfied all
inclusion criteria for the longitudinal analyses. In multivariate regression analyses, baseline alcohol consump-
tion was not significantly associated with changes in blood pressure or hypertension incidence (systolic/
diastolic blood pressure >160/95 mmHg) by 1993. Change in drinking status, however, was significantly
associated with changes in systolic pressure. The systolic pressure increase among individuals who initiated
alcohol consumption was 6.2 mmHg (95% confidence interval (Cl) 1.1-6.4) greater than abstainers, while that
for individuals who reported drinking at both time points was 3.8 mmHg (95% Cl 1.3-11.1) greater. Blood
pressure increases for persons who discontinued drinking were comparable to those of abstainers. Results
were independent of baseline age, body mass index, blood pressure, and sex. Social and economic disad-
vantage in 1988 was significantly associated with continuation and initiation of alcohol consumption by 1993.
Am J Epidemiol 1997;146:727-33.
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In an earlier paper (1), we reported a strong positive
cross-sectional association between alcohol consump-
tion and blood pressure among 25-50 year-old African
American residents of Pitt County, North Carolina.
The covariate-adjusted values for systolic and dias-
tolic blood pressure for persons in the highest alcohol
consumption category (>7 drinks/week) were 6-8
mmHg higher than those observed for abstainers. For
both men and women, higher levels of alcohol con-
sumption were associated with lower scores on se-
lected indicators of social and economic well-being
(e.g., low socioeconomic status, low social support,
high perceived global stress scores, etc.). However,
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these soc"ial and economic correlates of alcohol con-
sumption did not account for the observed association
between alcohol consumption and blood pressure in
this population (1).

In 1993, participants in the Pitt County Study who
had untreated baseline diastolic pressure <95 mmHg
were selected for follow-up, providing an opportunity
to examine prospectively the association between al-
cohol consumption and changes in blood pressure over
5 years. Published longitudinal studies (2-10) on the
association between alcohol consumption and blood
pressure changes in US populations have generally
found some evidence for a positive association, al-
though such evidence is more consistent for white
males than for other race-sex groups (11). In the three
studies (2, 3, 12) which employed a longitudinal de-
sign and which provided race-specific results, only
one (3), a follow-up study of 18-30 year-olds over 7
years, reported positive associations for African
Americans.

The current study has three objectives: 1) to deter-
mine if baseline alcohol consumption predicts 5-year
changes in blood pressure or hypertension incidence in
the Pitt County cohort; 2) to determine if changes in
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drinking status (e.g., initiation or discontinuance) pre-
dict these outcomes; and 3) to describe the association
between baseline indicators of social and economic
well-being and changes in drinking status.

MATERIALS AND METHODS

Study participants

The 1988 study population was selected through a
stratified random sample of occupied black house-
holds in Pitt County, North Carolina. All 25-50 year-
old African American residents were eligible to par-
ticipate. Neighborhoods containing middle-class black
households were oversampled in order to achieve an
economically heterogeneous study population. A total
of 668 men and 1,116 women (80 percent response
rate) were examined. Further details on the sampling
methodology were published in our earlier paper (1).

All persons with untreated baseline diastolic pres-
sure <95 mmHg were eligible for follow-up in 1993.
Of the 900 women who met this criterion, 780 (87
percent) were reexamined, and of the 507 men who
met this criterion, 415 (82 percent) were reexamined.
To reduce the likelihood of including prevalent cases
of hypertension in the current study, 106 women and
88 men with baseline blood pressure & 140/90 mmHg
were excluded from these analyses. An additional
eight women and nine men were excluded because of
missing data on key study variables. Fourteen women
who reported that they were currently pregnant were
also excluded. After all exclusions, the analysis sam-
ple consisted of 652 women (84 percent of eligibles)
and 318 men (77 percent of eligibles).

Measures

Data for both the baseline and follow-up surveys
were obtained during in-home interviews (1, 13, 14).
Physical measurements, taken by trained interviewers,
included height, weight, and blood pressure. The pro-
tocol for obtaining these measurements was the same
for 1988 and 1993. From weight and height measure-
ments, body mass index (BMI) was calculated as
weight (kg)Aveight (m)2. Change in BMI was deter-
mined by subtracting 1988 values from 1993 values.
Approximately 15 minutes into the interview, three
sitting blood pressures were taken on the right arm
using a standard mercury sphygmomanometer. Sys-
tolic and diastolic blood pressure were indicated by the
first and fifth Korotkoff sounds, respectively. The
averages of the second and third readings were used to
determine individual blood pressure values. Changes
in systolic and diastolic pressure were created by sub-
tracting the corresponding 1988 blood pressure values
from the 1993 values. Hypertension incidence was

defined as systolic pressure s i 6 0 mmHg or diastolic
pressure £95 mmHg, or-taking antihypertensive med-
ication in 1993.

At baseline, alcohol consumption was measured
separately for beer, wine, and liquor as part of a food
frequency questionnaire. The respondent was asked
how many times per week or month he/she consumed
alcohol. Respondents were also asked to report the
usual number of drinks consumed and portion size
(small, medium, or large) of each type of alcohol.
Using visual aids, a medium-sized drink was defined
as either 12 oz (355 ml) of beer, 4 oz (118 ml) of wine,
or a shot glass (1.5 oz or 44 ml) of liquor. This
information was then used to create a measure of the
number of medium-sized drinks the respondent typi-
cally consumed per week. Alcohol consumption was
subsequently represented by four exposure categories:
none, <1 drink/week, >1 drink/week to <7 drinks/
week, and >7 drinks/week.

The 1993 assessment of alcohol consumption fol-
lowed the above measurement protocol, but the alco-
hol consumption questions stood alone rather than
being part of a larger food frequency questionnaire.
Because this difference in format could conceivably
affect the comparability of reported consumption lev-
els in 1988 and 1993 (15), the analyses focusing on
changes in drinking behavior used categories indicat-
ing change or no change in drinking status rather than
interval level data. Four drinking status categories
were defined: never drink (did not report drinking in
1988 and 1993); discontinued drinking (reported
drinking in 1988 but not in 1993); continued drinking
(reported drinking in 1988 and 1993); and initiated
drinking (reported drinking in 1993 only).

Data were also collected on demographic and be-
havioral characteristics, including age (years), smok-
ing status (yes/no), strenuous exercise (exercise >3/
week enough to breathe hard and perspire vs. other),
and female hormone use (yes/no). Data on social well-
being included scores on global perceived stress,
anger, instrumental social support, emotional social
support, marital status (yes/no), and active church
membership (yes/no). Economic well-being was eval-
uated by data on socioeconomic status, a composite
measure of respondent education and occupation (see
reference 13), employment status (yes/no), home own-
ership (yes/no), and ability to pay for basic needs (very
hard/other) such as housing, food, and medical care.

Baseline values of the above anthropometric, social,
and economic variables were treated as potential con-
founders of the relation between alcohol consumption
and changes in blood pressure or hypertension inci-
dence. However, some variables (e.g., church mem-
bership and female hormone use) were only available
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for 1993. In addition, a sex by age (years) product term
was employed as a predictor in models pooling data
for men and women. Finally, age (median split: >32
years vs. other) and BMI were considered as potential
effect modifiers of any alcohol consumption-blood
pressure relation.

Statistical analysis

Analyses of the association between change in
blood pressure and the four categories of baseline
alcohol consumption (abstainer, <1 drink/week, ^ 1
drink/week to <7 drinks/week, and >7 drinks/week),
as well as the change in alcohol consumption status
(never, discontinued, continued, initiated), were con-
ducted using linear regression models. Logistic regres-
sion models were used when hypertension incidence
was the outcome.

The final model for baseline alcohol consumption
and blood pressure change/hypertension incidence in-
cluded sex, an age by sex product term, and baseline
values of age, BMI, and blood pressure. All analyses
were weighted for oversampling and nonresponse.
SAS (16) and Gauss (17) statistical software programs
were utilized; the latter was used to obtain covariance
estimates for the weighted analyses (18).

RESULTS

Table 1 presents selected sex-specific baseline and
follow-up characteristics for the analysis sample. At
baseline, the average age of the respondents was just
under 35 years, and average formal education around
13 years. Over 5 years, the BMI for women increased
from 28.1 to 30.3, and that for men increased from
25.6 to 26.7. At baseline, nearly one in two men
smoked (46 percent), compared with one in three
women (34 percent). Smoking prevalence changed

little over 5 years. Relatively few women consumed
alcohol at either time point and, among drinkers, the
number of drinks consumed per week declined over
time for both sexes.

Table 2 summarizes the relation between baseline
alcohol consumption and blood pressure change/
hypertension incidence. There was little difference
between drinkers and abstainers in the incidence of
hypertension or change in blood pressure. Among
drinkers, the more detailed analyses by the number of
drinks per week (<1, >1 to <7, and S7 drinks/week)
at baseline did not reveal any significant effects on
blood pressure.

Tables 3 and 4 present selected baseline character-
istics of the sample stratified by changes in drinking
status. Among men, discontinued drinkers were less
likely than never drinkers to be overweight. Never
drinkers were the least likely of any other group to
smoke cigarettes. Discontinued drinkers reported more
economic difficulties at baseline than never drinkers,
while baseline psychological distress scores were most
elevated among continued drinkers. Finally, men who
continued drinking were also less likely than never
drinkers to have certain common social ties, including
marriage and church membership.

Women who continued drinking were the least
likely to be overweight at baseline, and, as with the
men, never drinkers were much less likely to smoke
than the other three groups. Persons who continued
drinking or who initiated drinking were more likely
than never drinkers to be of low socioeconomic status,
to report high economic strain (i.e., to say that it was
hard for them to pay for "basics"), and to be unem-
ployed. Compared with never drinkers, social ties,
such as marriage and church membership, were lower
for women who continued to drink. Subjects who

TABLE 1. Selected characteristics of African American men and women, aged 25-50 years at baseline:
the Pitt County Study

Characteristic

Age (years), mean ± SE*
Education (years), mean ± SE
BMIt (kg/m*), mean ± SE
Drinks/week}:, mean ± SE
SBPf, mean ± SE
DBPt, mean ± SE
Married (%)
Smokers (%)
Drinkers (%)

Men
(0=318)

34.8 ± 0.40
13.1 ±0.21
25.6 ± 0.22
6.2 ± 0.59

120.8 ±0.55
76.8 ± 0.50
59.3
45.7
57.2

1988
Women
(n = 652)

34.4 ± 0.26
12.9 ±0 .14
28.1 ± 0.24

3.4 ± 0.39
116.2 ±0.41
74.6 ± 0.33
41.0
33.6
38.3

Men
(n = 318)

26.7 ± 0.24
4.7 ± 0.41

124.3 ±0.77
81.2 ±0.70
62.3
42.1
46.2

1993

Women
(n = 652)

30.3 ± 0.26
2.4 ± 0.23

121.8 ±0.64
78.7 ± 0.46
39.7
30.6
25.9

* SE, standard error.
t BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.
$ Among drinkers.
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TABLE 2. Changes in
Americans by baseline

Drinking
status

systolic blood pressure (SBP) and diastoiic
alcohol consumption: the Pitt County Study

No.

Abstainers§ 538
Drinkers (drinks/week) 432

<1 142
21, <7 195
27 95

Change in
SBPt

(mmHg)

0.0§
1.9
1.4
2.3
2.3

95% C\t

-0.3 to 4.2
-1.7 to 4.5
-0.6 to 5.1
-1.7 to 6.9

blood pressure

Change in
DBPt

(mmHg)

0.0§
0.5
0.4
0.8

-0.3

(DBP), and

95% Cl

-1.3 to 2.3
-2.1 to 2.9
-1.4 to 3.1
-3.5 to 2.9

risk of hypertension* in African

Hypertension

RRt.t

0.00§
1.02
1.04
1.01
0.99

95% Cl

0.6 to 1.7
0.5 to 2.1
0.5 to 1.9
0.4 to 2.5

* Defined as SBP 2160 mmHg, or DBP 295 mmHg, or currently taking antihypertensive medication,
t Adjusted for baseline age, body mass index (kg/rtf), blood pressure, sex, and age by sex interaction.
X Cl, confidence interval; RR, relative risk.
§ Referent category.

TABLE 3. Baseline (1988) characteristics by 1993 change in drinking status for African American men:
the Pitt County Study

Characteristic

Demographic
Age (240 years)
Overweight (BMIt >27.8)
Smoker

Socioeconomic status (SES)
Low SES
Economic strain:):
Education (years)

Stressors
Unemployed
High general stress
High anger

Social ties
Not married
Church members§
Low emotional support
Low instrumental support

Never
(/?=116)

21.9
34.3
23.8

33.3
4.8

13.0

1.6
42.6
43.5

26.7
76.6
41.2
37.5

Drinking status in
Discontinued

(n = 55)

32.0
14.9**
53.1**

26.6
13.6*
12.7

10.8**
53.9
53.7

47.3**
55.9**
45.8
48.6

1988 VS. 1993 (%)

Continued
(/i =127)

18.5
23.0
56.2**

29.6
4.4

13.6

4.3
59.5*
60.3*

49.1**
35.3**
59.7**
49.7*

Initiated
(n = 20)

23.3
34.6
49.3**

49.8
7.6

11.5

6.3
32.5
34.6

44.8
26.7**
38.5
70.7**

* p < 0.10 for contrast with never drinkers (adjusted for age).
** p < 0.05 for contrast with never drinkers (adjusted for age),
t BMI, body mass index (kg/m2).
i Stated it was hard to pay for basics such as food and rent.
§ Measured in 1993 only.

initiated drinking had higher baseline anger scores
than abstainers.

Covariate-adjusted values for change in systolic and
diastoiic blood pressure, and hypertension incidence,
as a function of changes in drinking status, are sum-
marized in table 5. These analyses were adjusted for
baseline age, BMI, blood pressure, sex, and an age by
sex product term. Although baseline socioeconomic
status, stress, and social ties were associated with
change in selected categories of status (see tables 4
and 5), their addition to the model did not change the
results and thus they were not included in the final
models. Changes in drinking status were significantly
associated with 5-year increases in systolic pressure.
Compared with never drinkers, continued drinkers ex-
perienced a nearly 4 mmHg greater increase in systolic

pressure, while subjects who initiated drinking expe-
rienced a 6 mmHg greater increase. Weaker trends in
the same direction were observed for changes in dia-
stoiic pressure and hypertension incidence.

DISCUSSION

While frequency of alcohol consumption had a
strong, positive association with mean blood pressure
at baseline (1), in this follow-up study of the Pitt
County cohort, baseline alcohol consumption did not
predict 5-year hypertension incidence or changes in
blood pressure. However, change in drinking status
was more strongly associated with changes in blood
pressure, especially systolic pressure. Relative to
never drinkers, persons who initiated alcohol con-
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TABLE 4. Baseline (1988) characteristics by
women: the Pitt County Study

Characteristic

Demographic
Age (>40 years)
Overweight (BMIt >27.8)
Smoker

Socioeconomic status (SES)
Low SES
Economic strain^:
Education (years)

Stressors
Unemployed
High general stress
High anger

Social ties
Not married
Church members§
Low emotional support
Low instrumental support

Never
(n = 372)

23.8
48.7
14.4

31.5
11.2
13.2

10.0
47.4
45.3

49.0
80.5
42.5
40.3

1993 change in drinking status for African American

Drinking status in 1988 vs. 1993 (%)

Discontinued
(0=111)

18.8
42.1
39.3**

27.9
13.6
14.0

15.5
60.0*
50.8

57.4
72.0
48.1
51.0*

Continued
(0=139)

17.0
31.7**
69.0**

41.8**
22.3**
13.6

20.0**
51.6
52.5

69.0**
52.0**
49.5
52.2**

Initiated
(o = 30)

33.0
47.4
51.1**

58.7**
18.4
10.6**

23.9**
54.6
80.5**

66.1
50.8**
62.0*
57.9

* p < 0.10 for contrast with never drinkers (adjusted for age).
** p < 0.05 for contrast with never drinkers (adjusted for age),
t BMI body mass index (kg/ntf).
t Stated it was hard to pay for basics such as food and rent.
§ Measured in 1993 only.

TABLE 5. Changes in systolic blood pressure (SBP) and diastolic blood pressure (DBP), and risk of hypertension* in African
Americans by drinking status (1988/1993): the Pitt County Study

Drinking
status

Abstainers
Drinkers

Discontinued
Continued
Initiated

Nn

488

166
266

50

Change in
SBPf

(mmHg)

0.0§

0.7
3.8
6.2

95% CI*

-2.2 to 3.7
1.1 to 6.4
1.3 to 11.1

Change In
DBPt

(mmHg)

0.0§

-0.4
1.6
3.3

-2.8 to 2.0
-0.6 to 3.7
-0.6 to 7.3

No.

69

23
36

9

Hypertension

RRtt

0.0§

0.9
1.2
1.6

95% Cl

0.4 to 1.8
0.7 to 2.2
0.6 to 4.5

* Defined as SBP £160 mmHg, or DBP £95 mmHg, or currently taking antihypertensive medication,
t Adjusted for baseline age, body mass index (kg/m*), blood pressure, sex, and age by sex interaction.
t Cl, confidence interval; RR, relative risk.
§ Referent category.

sumption had the greatest increase in blood pressure as
well as the greatest risk for becoming hypertensive,
while blood pressure changes for persons who discon-
tinued drinking were similar to never drinkers. A
stronger association for change in alcohol consump-
tion than for baseline level of drinking has also been
reported by other investigators (3, 12). These results
are consistent with the observation of others that blood
pressure elevations are an effect of one's recent pattern
of alcohol consumption, and that this effect is revers-
ible (19, 20).

Continued and initiated drinking were associated
with excess increases of 2-3 mmHg of diastolic pres-
sure, and 4 - 6 mmHg of systolic pressure, despite
generally low levels of alcohol consumption in both
groups. Blood pressure increases of this magnitude

within populations have important health implications,
even when the increases occur within the normoten-
sive range. As other investigators (21-23) have noted,
the risks for stroke, coronary heart disease, and all-
cause mortality increase monotonically with rising
blood pressure at levels well below clinically defined
hypertension. For example, it has been estimated that
a reduction of 5.6 percent in coronary disease inci-
dence in the US population as a whole could be
achieved by a net reduction of 2 mmHg in diastolic
pressure (22). Half of this effect would be observed
among persons with diastolic pressure in the range
70-89 mmHg (22).

Because alcohol consumption is associated with
many other factors which in turn are associated with
blood pressure, deriving causal statements, even in
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prospective studies, is not a straightforward matter.
Alcohol intake may affect blood pressure through mul-
tiple mechanisms with potential explanations ranging
from direct adrenergic effects (24, 25) to more indirect
effects involving a relation between psychosocial
stress and alcohol use (26-29). Several investigators
(8, 26, 27) have suggested an underlying role for
psychosocial stress, i.e., the initiation or continuation
of alcohol use in an otherwise low consumption pop-
ulation (30, 31) could be a response to stressful life
conditions that tax the individual's ability to cope. In
these circumstances, alcohol may be used to try to
alleviate psychosocial stress. This perspective con-
forms with findings in the current study which indicate
a positive association between low socioeconomic sta-
tus, unemployment, fewer social ties, and initiation
and continuation of alcohol consumption. And, while
these "social context" variables did not account for the
observed association between change in drinking sta-
tus and change in blood pressure, this does not exclude
the possibility that the effects of alcohol consumption
on blood pressure may partially mediate how back-
ground social and economic distress are related to
blood pressure.

Other alternative explanations of the study findings
are also possible. First, there may be potential bias due
to loss to follow-up. For example, the reported find-
ings could have been produced if subjects who con-
tinued to drink or who initiated drinking and who were
lost to follow-up had smaller increases in blood pres-
sure than their counterparts who participated in the
1993 reexamination. While it is not possible to directly
assess this form of bias, differential participation
among subjects who continued drinking or who initi-
ated drinking on the basis of blood pressure change
seems unlikely. Moreover, the relatively high level of
participation at follow-up (85 percent) makes loss to
follow-up bias an unlikely alternative explanation for
the findings.

Second, the reported association could have been
affected by misclassification of study participants on
the change in drinking status variable. However, the
decision to classify respondents as abstainers versus
drinkers at both time points, rather than by change in
the absolute number of drinks consumed, potentially
minimized any misclassification due to the changes in
questionnaire format and the inherent difficulty of
quantifying "usual" consumption. Some underreport-
ing of alcohol consumption in the Pitt County cohort
might be expected, however, due to religious or other
cultural proscriptions against alcohol use in many
rural, southern communities (32, 33). Given the low
levels of reported alcohol use by persons who contin-
ued or who initiated drinking, it is possible that the

association with changes in blood pressure could be
attributable to higher levels of alcohol consumption
than respondents chose to report.

Third, because 4 percent of men (n = 14) and 7
percent of women (n = 46) were taking antihyperten-
sive medication at follow-up, use of such medication
could lead to misclassification on changes in blood
pressure. To assess this possibility, the change in
blood pressure analyses were repeated with the 60
treated hypertensives excluded. The results were un-
changed, which is probably due to the relatively small
number of individuals on medication.

Uncontrolled confounding is another possible expla-
nation of the study findings. Age (years) and baseline
BMI were positively associated with both abstention
and blood pressure change in this study; however,
because age and BMI were controlled in the analyses,
the observed association is not attributable to their
influence. While change in BMI was associated with
blood pressure change, it was not associated with
change in alcohol use, and hence did not alter results
when it was included in the models. Additional adjust-
ment for female hormone use and baseline smoking
and exercise status also did not alter the reported
associations. Finally, there was no evidence of con-
founding by sodium intake because several indicators
of exposure to dietary sodium were unrelated to
changes in drinking status.

To our knowledge, this is the only published longi-
tudinal study that has investigated the association be-
tween change in drinking status (drinker vs. abstainer
at two time points) and changes in blood pressure.
These results indicate that in this low alcohol con-
sumption population, those who continue to drink or
who initiate drinking are at increased risk of elevated
blood pressure compared with abstainers. Similar re-
search in other populations, especially African Amer-
ican populations, is needed to determine the general-
izability of the reported findings to US communities
outside the rural South. One major objective of future
research could be to clarify more fully whether a low
level of alcohol consumption, in and of itself, influ-
ences blood pressure or if its apparent risk factor status
is secondary to its association with social and eco-
nomic distress. Additional research on this topic in
African American populations may be especially im-
portant given the heightened exposure of those popu-
lations to stressful socioeconomic conditions and their
well-documented elevated risk for hypertension.

REFERENCES

1. Strogatz DS, James SA, Haines PS, et al. Alcohol consump-
tion and blood pressure in black adults: the Pitt County Study.

Am J Epidemiol Vol. 146, No. 9, 1997

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/146/9/727/57405 by guest on 23 April 2024



Alcohol Consumption and Blood Pressure in African Americans 733

Am J Epidemiol 1991;133:442-50.
2. Ford ES, Cooper RS. Risk factors for hypertension in a na-

tional cohort study. Hypertension 1991;18:598-606.
3. Liu K, Ruth KJ, Flack JM, et al. Blood pressure in young

blacks and whites: relevance of obesity and lifestyle factors in
determining differences: the CARDIA Study. Circulation
1996;93:60-6.

4. Witteman JCM, Willett WC, Stampfer MJ, et al. Relation of
moderate alcohol consumption and risk of systemic hyperten-
sion in women. Am J Cardiol 1990;65:633-7.

5. Dyer AR, Stamler J, Paul O, et al. Alcohol consumption,
cardiovascular risk factors and mortality in two Chicago epi-
demiologic studies. Circulation 1977;56:1067-74.

6. Gordon R, Doyle JT. Alcohol consumption and its relationship
to smoking, weight, blood pressure, and blood lipids. Arch
Intern Med 1986; 146:262-5.

7. Gordon T, Kannel WB. Drinking and its relations to smoking,
BP, blood lipids, and uric acid. Arch Intern Med 1983;143:
1366-74.

8. DeFrank RS, Jenkins CD, Rose RM. A longitudinal investi-
gation of the relationships among alcohol consumption, psy-
chosocial factors, and blood pressure. Psychosom Med 1987;
49:236-49.

9. Dyer AR, Stamler J, Paul O, et al. Alcohol, cardiovascular risk
factors and mortality: the Chicago experience. Circulation
1981;64(suppl 3):20-7.

10. Reed D, McGee D, Katsuhiko Y. Biological and social cor-
relates of blood pressure among Japanese men in Hawaii.
Hypertension 1982;4:406-14.

11. Klatsky AL, Friedman GD, Armstrong MA. The relationships
between alcohol beverage use and other traits to blood
pressure: a new Kaiser Permanente study. Circulation 1986;
73:628-36.

12. Friedman GD, Selby JV, Quesenberry CP, et al. Precursors of
essential hypertension: body weight, alcohol and salt use, and
parental history of hypertension. Prev Med 1988;17:387-402.

13. James SA, Keenan NL, Strogatz DS, et al. Socioeconomic
status, John Henryism, and blood pressure in black adults: the
Pitt County Study. Am J Epidemiol 1992;135:59-67.

14. Croft JB, Strogatz DS, Keenan NL, et al. The independent
effects of obesity and body fat distribution on blood pressure
in black adults: the Pitt County Study. Int J Obes Relat Disord
1993;17:391-7.

15. King AC. Enhancing the self-report of alcohol consumption in
the community: two questionnaire formats. Am J Public
Health 1994;84:294-6.

16. SAS Institute, Inc. SAS/STAT user's guide, version 6.07. 4th
ed. Cary, NC: SAS Institute, Inc, 1989.

17. The Gauss System version 3.1. Maple Valley, WA: Aptech
Systems, Inc, 1992.

18. Kish L, Frankel MR. Inference from complex samples. J R

StatSoc 1974;36:l-37.
19. Criqui MH. Alcohol and hypertension: new insights from

population studies. Eur Heart J 1987; 8(suppl B):19-26.
20. Klatsky AL. Blood pressure and alcohol consumption. In:

Bulpitt CJ, ed. Handbook of hypertension. Vol 6. Epidemiol-
ogy of hypertension. New York: Elsevier Science Publishers,
1985:159-74.

21. Tyroler HA. Hypertension. In: Last JM, ed. Public health
and preventive medicine. 12th ed. Norwalk, CT: Appleton-
Century-Crofts, 1986:1195-1214.

22. Cook NR, Cohen J, Hebert PR, et al. Implications of small
reductions in diastolic blood pressure for primary prevention.
Arch Intern Med 1995;155:701-9.

23. Kaufman JS, Rotimi CN, Oladokun MA, et al. The mortality
risk associated with hypertension: preliminary results of a
prospective study in rural Nigeria. J Hum Hypertens 1996;10:
461-4.

24. MacMahon S. Alcohol consumption and hypertension. Hyper-
tension 1987;9:111-21.

25. Moushmoush B, Abi-Mansour P. Alcohol and the heart. The
long-term effects of alcohol on the cardiovascular system.
Arch Intern Med 1991;151:36-42.

26. McQueen DV, Celentano DD. Social factors in the etiology of
multiple outcomes: the case of blood pressure and alcohol
consumption patterns. Soc Sci Med 1982;16:397-418.

27. Pohorecky LA. Interaction of alcohol and stress at the cardio-
vascular level. Alcohol 1990;7:537-46.

28. Clark LT. Alcohol use and hypertension: clinical consider-
ations and implications. Postgrad Med 1984;75:273-6.

29. DeFrank RS, Jenkins CD, Rose RM. A longitudinal investi-
gation of the relationships among alcohol consumption, psy-
chosocial factors, and blood pressure. Psychosom Med 1987;
49:236-49.

30. Smith PF, Remington PL, Williamson DF, et al. A comparison
of alcohol sales data with survey data on self-reported alcohol
use in 21 states. Am J Public Health 1990;80:309-ll.

31. Data from the US Substance Abuse and Mental Health Ser-
vices Administration, National Household Surveys on Drug
Abuse. In: US Department of Commerce. Statistical abstract
of the United States, the national data book, 1995. 115th ed.
Washington, DC: US Department of Commerce, 1995, tables
217-18.

32. Herd D. A review of drinking patterns and alcohol problems
among US blacks. In: Report of the Secretary's Task Force on
Black and Minority Health. Vol VII. Chemical dependency
and diabetes. Washington, DC: US Department of Health and
Human Services, 1986:77-186.

33. Midanik LT, Clark WB. The demographic distribution of US
drinking patterns in 1990: description and trends from 1984.
Am J Public Health 1994;84:1218-22.

Am J Epidemiol Vol. 146, No. 9, 1997

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/146/9/727/57405 by guest on 23 April 2024


