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Abstract

Purpose. Investigate the relationship between alcohol consumption and physical activity
because understanding whether there are common determinants of health behaviors is critical in
designing programs to change risky activities.

Design. Cross-sectional analysis.
Setting. United States.
Subjects. A sample of adults representative of the U.S. population (N 5 230,856) from the

2005 Behavioral Risk Factor Surveillance System.
Measures. Several measures of drinking and exercise were analyzed. Specifications included

numerous health, health behavior, socioeconomic, and demographic control variables.
Results. For women, current drinkers exercise 7.2 more minutes per week than abstainers.

Ten extra drinks per month are associated with 2.2 extra minutes per week of physical activity.
When compared with current abstainers, light, moderate, and heavy drinkers exercise 5.7,
10.1, and 19.9 more minutes per week. Drinking is associated with a 10.1 percentage point
increase in the probability of exercising vigorously. Ten extra drinks per month are associated
with a 2.0 percentage point increase in the probability of engaging in vigorous physical activity.
Light, moderate, and heavy drinking are associated with 9.0, 14.3, and 13.7 percentage point
increases in the probability of exercising vigorously. The estimation results for men are similar to
those for women.

Conclusions. Our results strongly suggest that alcohol consumption and physical activity are
positively correlated. The association persists at heavy drinking levels. (Am J Health Promot
2009;24[1]:2–10.)

Key Words: Health Behavior, Lifestyle, Alcohol, Exercise, Health
Consciousness, Sensation Seeking, Prevention Research. Manuscript format:
research, Research purpose: modeling/relationship testing, Study design:
nonexperimental, Outcome measure: physical activity, behavioral, Setting: state/
national, Health focus: fitness/physical activity, Strategy: skill building/behavior
change, Target population age: adult, Target population circumstances:
education/income level and race/ethnicity

PURPOSE

The epidemiologic literature has
firmly established that certain lifestyle

health-related choices are associated
with an elevated risk of morbidity and
mortality.1–3 Excessive alcohol con-
sumption, physical inactivity, smoking,

and unhealthy dietary practices ac-
count for a large proportion of pre-
ventable chronic diseases and deaths in
the United States. However, the precise
association between these behaviors is
still the subject of longstanding debate.
There are reasons to believe that
health behaviors may not be indepen-
dent of each other. One view purports
that individuals’ motivation to prevent
disease or improve health could cause
the clustering of health behaviors.4 In
other words, health consciousness
could lead an individual with a healthy
lifestyle orientation (or an unhealthy
tendency) to act similarly toward an-
other health-related behavior. Demo-
graphic and socioeconomic character-
istics might also lead to different
health-related practices.5 Biologic fac-
tors may be yet another influence on
the clustering of health behaviors. For
example, the co-occurrence of smok-
ing and physical inactivity could be
explained by the decline of lung
function due to smoking.

Although research has found strong
evidence for the association of smok-
ing with a sedentary lifestyle,6 un-
healthy diet,7 and excessive alcohol
use,8,9 there is considerable disagree-
ment about the links among other
health behaviors. Evidence of an asso-
ciation between physical activity and
alcohol intake is inconclusive. Studies
have found no association,10–13 a posi-
tive relationship,14–16 or a negative
correlation.17 Others have found very
weak correlations18 or evidence that
seems to suggest that moderate drink-
ers are more likely to adopt physically
active lifestyles.19

Lack of research consensus on the
relationships between alcohol use and
exercise could be due to a number of
factors, including sample heterogene-
ity, inconsistent measures for alcohol
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use, analysis methods used, and differ-
ential statistical powers. For example,
although the majority of the published
literature used dichotomous measures
for alcohol consumption, there is great
inconsistency in the categories used, as
well as the cut-off points used to
construct these. Drinking categories
included heavy drinkers,20–22 risky
drinkers,23,24 binge drinkers,14 and
most frequently light, moderate, and
heavy drinkers.19,25–27

To provide new and more general-
izable information on this important
topic, the present study examined the
association between drinking and
physical activity in a nationally repre-
sentative sample of the U.S. adult
population. Both bivariate and multi-
variate statistical methods that control
for several potentially confounding
variables were applied. Moreover, the
present analysis considers several dif-
ferent measures for alcohol consump-
tion and physical activity.

METHODS

Design
The main objective of the present

analysis was to determine whether the
typical number of minutes of physical
activity (moderate and vigorous*) in a
usual week is significantly related to (1)
any alcohol consumption, (2) total
quantity/frequency of drinking, (3)
drinking types (i.e., abstainer, light,
moderate, and heavy), and (4) binge
drinking. A secondary objective was to
investigate whether alcohol consump-
tion is significantly related to meeting
the U.S. Surgeon General’s recom-
mendations for physical activity (i.e.,
§30 minutes of moderate exercise per
day on §5 days per week or
§20 minutes of vigorous exercise per
day on §3 days per week).28

Sample
To investigate the association be-

tween alcohol consumption and phys-
ical activity, we employed individual-
level data from the 2005 cross-section
of the Behavioral Risk Factor Surveil-
lance System (BRFSS). The BRFSS is a
large, annual, state-administered,
cross-sectional telephone survey of the
noninstitutionalized adult population.
It is an ongoing data collection pro-
gram designed to measure behavioral
risk factors in the U.S. population, ages

18 years and older, living in house-
holds. The Centers for Disease Control
and Prevention act in collaboration
with the states to maintain the BRFSS.
The main objective of the survey is to
collect uniform, state-level data on
preventive health practices and risk
behaviors that are linked to chronic
diseases, injuries, and preventable in-
fectious diseases in the adult popula-
tion. Respondents are identified
through telephone-based methods.
Overall, coverage ranges from 87% to
98% across states and varies for sub-
groups as well. For instance, individu-
als in lower socioeconomic groups or
minorities have lower telephone cov-
erage. The BRFSS employs poststratifi-
cation weights to adjust for differences
in the probability of selection
and nonresponse, as well as
noncoverage.

The 2005 cross-section of the BRFSS
included 356,112 respondents. A large
percentage (approximately 14%) of
the respondents failed to report an-
nual household income. We used
gender-specific average values to im-
pute the missing income values. We
then deleted all observations with
incomplete information (e.g., missing
values for any of the other variables
[except for income] used in our
analysis). The analysis sample for the
present study included 230,856 indi-
viduals between 21 and 65 years (in-
clusive). Elderly persons were exclud-
ed because there are significant
changes in alcohol consumption and
the level of physical activity once
individuals enter typical retirement
age. Respondents under age 21 years
were excluded because possession of
alcohol among persons under this age
is illegal.

Measures

As mentioned above, the primary
aim of the present study was to
examine the association between
physical activity (moderate and
vigorous) and alcohol consumption.

Physical Activity Measures. To address
this aim, the following core measures
of physical activity were used: typical
number of minutes of total (moderate
and vigorous) exercise in a usual week,
typical number of minutes of vigorous
exercise in a usual week, and a
dichotomous variable equal to one

when respondents report engaging in
any vigorous physical activities in a
typical week. The typical numbers of
minutes of exercise in a usual week are
provided in the BRFSS data set. Their
calculation is based on items in the
questionnaire that ask respondents
about the number of days per week
and the total time per day spent
exercising for at least 10 minutes at a
time.

About half of the respondents in the
sample reported that they typically did
not engage in any vigorous physical
activity. Thus, to account for the high
prevalence of zero values in the de-
pendent variable, we chose a two-part
statistical model (described in the
Analysis section) that warranted the
construction of an additional measure
of vigorous physical activity: a dichoto-
mous variable equal to one if the
respondent reported engaging
in any vigorous exercise and zero
otherwise.

The majority of studies examining
the association between drinking and
exercise used an alternative dichoto-
mous variable: meeting the U.S. Sur-
geon General’s recommendations for
physical activity.21–24,27,29 Nevertheless,
we chose the continuous measures
described above for our core analysis
because we thought the results would
provide a more detailed and informa-
tive picture of the association between
drinking and physical activity.

However, we also followed the liter-
ature21–24,27,29 and used a dichotomous
variable equal to one if the respon-
dent’s reported level of exercise met
the U.S. Surgeon General’s recom-
mendations for physical activity (i.e.,
§30 minutes of moderate exercise per
day on §5 days per week or
§20 minutes of vigorous exercise per
day on §3 days per week) and zero
otherwise. This measure was con-
structed in the BRFSS data set based on
previously reported total time per day
and number of days per week spent
exercising.

Alcohol Use Measures. The explanatory
variables of interest are measures of
alcohol consumption. These
correspond to the 30 days prior to
interview date. We constructed
three drinking variables for the core
analysis.

Health Promotion hepr-23-04-05.3d 4/8/09 14:33:28 3 Cust # 0801104R1

September/October 2009, Vol. 24, No. 1 3



First, because previous studies found
that current drinkers and abstainers
have distinct physical activity behav-
iors,26,27 a measure for current drink-
ing was set equal to one when the
respondent indicated having at least
one drink in the 30 days prior to the
interview and zero otherwise.

Second, to assess the presence of a
linear association between drinking
and exercise, a continuous variable
denoting the total number of alcoholic
drinks consumed in the previous
month was used next. The BRFSS
calculated this measure according to
respondents’ answers to questions
about the number of days per week
when they had at least one drink and
the average number of drinks they had
on such days.

Third, previous studies have sug-
gested that moderate drinkers exercise
more than abstainers or other drinking
categories.19 To account for different
relationships across the drinking con-
tinuum, we used the constructed mea-
sure of number of drinks and catego-
rized the alcohol use data into four
drinking categories: current abstainers
(did not consume alcohol within the
30 days prior to interview date), cur-
rent light drinkers (consumed 1–14
alcoholic drinks if female and 1–29
alcoholic drinks if male within the
30 days prior to interview date),
current moderate drinkers (consumed
15–45 alcoholic drinks if female and
30–75 alcoholic drinks if male within
the 30 days prior to interview date),
and current heavy drinkers (consumed
§46 alcoholic drinks if female and
§76 alcoholic drinks if male within the
30 days prior to interview date).
Several published studies that analyzed
the clustering of different health risk
behaviors19,26,27 used similarly
constructed drinking categories.

Finally, occasional binge drinking
may affect exercise choices in a differ-
ent way than regular moderate drink-
ing, even though total consumption
might be similar.22 Thus, we included
two alternative binge drinking mea-
sures to be used in sensitivity analyses.
First, we used a continuous measure of
the number of binge drinking episodes
reported by the respondent (provided
by the BRFSS). Second, based on this
measure, we constructed a dichoto-
mous variable indicating whether the

respondent had at least one binge
drinking episode per week in the
30 days before interview date.
A binge drinking episode was
defined as having five or more drinks
on one occasion.

Control Variables. The BRFSS provides
detailed socioeconomic and demo-
graphic information on respondents.
Most studies examining the level of
physical activity are adjusted for
age.10,16,30 Race and ethnicity have also
been identified as important correlates
in previous studies.16,31 The present
analysis included dichotomous indica-
tors for race. Because adjustment for
urbanization is conventional in the
literature,19 a binary measure of ur-
banization was included in the analysis.
Education is a standard control vari-
able within the literature,19,30–37 and so
educational attainment was character-
ized with three binary measures. Di-
chotomous measures of current em-
ployment and marital status were also
entered as control variables.19,23,31 Two
measures of socioeconomic status
(number of people in the household
and total equivalent household income
in the past year) were included. Cur-
rent and past smoking status measures
were entered into the models as
indicators of risky behavior that could
also impact physical activity.20,38 Health
indicators were included in all
specifications because health limita-
tions may influence an individual’s
ability to engage in physical activity.19

Two binary variables captured health
status as perceived by the respondents.
In addition, we included a dichoto-
mous variable equal to one when
respondents reported that they are
limited in any way in their activities
because of physical, mental, or emo-
tional problems and six dummy
variables to capture the lifetime
prevalence of various chronic health
conditions that are often correlated
with the level of physical activity:
heart attack, angina, stroke,
asthma, diabetes, and high blood
pressure.

Analysis

We began with a bivariate analysis of
the association between drinking and
exercise. Given the non-normal distri-
butions, we conducted nonparametric
Kruskal-Wallis39 rank-sum tests to

identify statistically significant differ-
ences (p , .05) in physical activity
measures across four alcohol use
groups: current abstainers and light,
moderate, and heavy drinkers. As with
any bivariate analysis, finding statisti-
cally significant differences among
groups could be the result of con-
founding factors. For example, certain
chronic diseases could discourage re-
spondents from drinking, as well as
keep them from being physically ac-
tive. To incorporate these potential
confounders, we used multivariate re-
gression analysis. Our empirical model
took the following form.

Exercise~f (a0za1AlcoholzXa2) ð1Þ

in which Exercise was a measure of
moderate or vigorous physical activ-
ity, Alcohol denoted one of the
alcohol consumption measures, X
was a vector of exogenous control
variables, and a1 and a2 were coeffi-
cient estimates. The function f was
either linear or a probit,
depending on whether the depen-
dent variable, Exercise, was continu-
ous or dichotomous. We ran all of
the models separately for men and
women because of gender differenc-
es in alcohol consumption and
exercise.

We considered employing a two-part
model to estimate the association
between drinking and exercise. Two-
part models are generally used to
analyze continuous non-negative
outcome measures with a large
number of zero values. If many
respondents reported no exercise in a
usual week, we could first model the
effect of drinking on the choice to
engage in any exercise. The second
part of the model would estimate the
association between alcohol consump-
tion and the typical number of minutes
engaged in exercise during a week for
those with a positive number of phys-
ical activity. Because only about 12% of
the sample reported no moderate or
vigorous exercise during a typical
week, we decided against a two-part
model for the aggregate measure of
exercise.

Using the full sample, ordinary least
squares (OLS) was employed to esti-
mate models with the number of
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minutes of total physical activity in a
usual week as the dependent variable.
Three specifications were estimated
with the following alcohol consump-
tion measures as the independent
variables: (1) current drinker, (2) total
number of alcoholic drinks consumed
in the previous month, and (3) binary
measures of light, moderate, and heavy
drinking (with current abstainers as
the comparison group).

Unlike the high prevalence rate for
any physical activity, a large percentage
of the respondents in the sample (56%
for women and 42% for men) reported
that they typically did not engage in
vigorous physical activity. Therefore, as
the zero values for this variable are too
common to be ignored statistically, we
estimated the effect of drinking on
vigorous physical activity with a two-
part model. First, we estimated probit
regressions to determine the effect of
alcohol consumption on the probabil-
ity of engaging in any vigorous physical
activity. In the second part of the
model, we used OLS to estimate the
effect of drinking on the number of
minutes of vigorous physical activity in
a usual week but only for respondents
who reported exercising vigorously. We
estimated three two-part models cor-
responding to each of the drinking
measures/groups specified above.

The final statistical issue concerned
the possible endogeneity of alcohol use.
It is possible, for example, that variables
correlated with both drinking and
exercise are unintentionally omitted
from the outcome equations or that
alcohol use is directly influenced by
physical activity (i.e., reverse causality).
If one or both of these situations exist,
then estimates generated from such
models will be biased. One way to
overcome this endogeneity problem is
to employ an instrumental variables
technique. We discuss our attempt to
address this issue in the Results section.

RESULTS

Bivariate Analysis

Tables 1A (women) and 1B (men)
present summary statistics for all vari-
ables used in the analysis. The means
and standard deviations were comput-
ed using the BRFSS sampling weights
so that the data are representative of
the U.S. adult population. Because

several authors have established gen-
der differences in alcohol consump-
tion40,41 and levels of physical activity,42

we conducted separate analyses for
each gender.

Table 1A reports weighted variable
means for 140,925 women by drinking
category. All control variables revealed
statistically significant differences (p ,

.01) in median values (Kruskal-Wallis39

rank-sum tests) across the drinking
groups. Of particular interest were the
statistically significant differences in
median values for physical activity
measures across groups. The mean
number of minutes of total physical
activity in a usual week was 70.29 min-
utes for current abstainers, 78.30 min-
utes for light drinkers, 84.56 minutes
for moderate drinkers, and 95.99 min-
utes for heavy drinkers. The same
linear relationship was observed for the
number of minutes of vigorous physi-
cal activity in a usual week.

Table 1B reports weighted variable
means and standard deviations for
89,931 men by drinking category.
Nonparametric Kruskal-Wallis39 rank-
sum tests showed statistically significant
differences (p , .01) between drinking
groups for all variables. The typical
weekly number of minutes of total
(vigorous) physical activity was 95.75
(38.11) minutes for current abstainers,
101.4 (43.44) minutes for light drink-
ers, 110.8 (46.47) minutes for moder-
ate drinkers, and 128.4 (53.38) min-
utes for heavy drinkers.

Multivariate Analysis

Although we found significant dif-
ferences in the typical weekly minutes
of exercise between the drinking cate-
gories, these differences could be at-
tenuated by confounding factors. Ta-
bles 2A (women) and 2B (men) present
the results of the multivariate analyses.
The estimates revealed that alcohol
consumption was positively associated
with total minutes of any physical
activity in all specifications (p , .01).
Reviewing Table 2A first, current fe-
male drinkers exercised about 7.2 more
minutes per week on average compared
with abstainers (approximately 10% of
the mean weekly number of minutes of
total physical activity for women).
Viewed from a different angle, 10 extra
drinks per month were associated with
an average of 2.2 more minutes per

week of total physical activity. When
compared with current abstainers,
light, moderate, and heavy drinkers
exercised approximately 5.7, 10.1, and
19.9 minutes more per week (approx-
imately 8%, 14%, and 27% of the mean
weekly number of minutes of total
physical activity for women), respec-
tively. The results for vigorous physical
activity for women indicated that
drinking was associated with a 10.1
percentage point increase in the prob-
ability of exercising vigorously (about
23% of the mean probability of en-
gaging in any vigorous exercise for
women). Ten extra drinks per month
was associated with a 2.0 percentage
point increase in the probability of
engaging in any vigorous physical
activity. Light, moderate, and heavy
drinking were associated with 9.0, 14.3,
and 13.7 percentage point increases,
respectively, in the probability of exer-
cising vigorously (approximately 21%,
33%, and 31% of the mean probability
of engaging in any vigorous exercise
for women). However, when only
women who exercised vigorously were
taken into account (i.e., conditional on
any vigorous exercise), the OLS coeffi-
cient estimates were not always statisti-
cally significant and some of the signs
changed. These results suggest that
although drinking was significantly
related to the decision to exercise
vigorously, conditional physical activity
intensity was not correlated with alco-
hol consumption.

With a few exceptions, the estima-
tion results for men were qualitatively
identical to those for women. Turning
to Table 2B, current drinking men
exercised about 5.5 more minutes per
week on average when compared with
current abstainers (approximately 6%
of the mean weekly number of minutes
of total physical activity for men). Ten
extra drinks per month was associated
with an average of 1.1 more minutes
per week of total physical activity.
When compared with current abstain-
ers, light, moderate, and heavy drink-
ers exercised approximately 2.2, 9.5,
and 22.9 minutes more per week (ap-
proximately 2%, 10%, and 23% of the
mean weekly number of minutes of
total physical activity for men). The
results for vigorous physical activity for
men indicated that drinking was asso-
ciated with a 5.9 percentage point
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increase in the probability of exercis-
ing vigorously (about 10% of the mean
probability of engaging in any vigorous
exercise for men). Ten extra drinks
per month was associated with a 0.2
percentage point increase in the

probability of engaging in any vigorous
physical activity. Light, moderate, and
heavy drinking were associated with
6.1, 6.7, and 4.7 percentage point
increases in the probability of exercis-
ing vigorously (about 11%, 12%, and

8% of the mean probability of engag-
ing in any vigorous exercise for men).
When only men who exercised vigor-
ously were taken into account (i.e.,
conditional minutes of vigorous exer-
cise), the coefficient estimates de-
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Table 1A

Mean Values for All Analysis Variables, Female Respondents, 21–64 Years

Variables
Current Abstainers�

(n = 71,856)
Current Light Drinkers�

(n = 50,431)
Current Moderate Drinkers�

(n = 15,029)
Current Heavy Drinkers�

(n = 3609)

Physical activity, past 30 d

Weekly min of total physical activity`* 70.29 (92.29) 78.30 (85.26) 84.56 (87.29) 95.99 (113.3)

Weekly min of vigorous physical activity* 21.71 (46.40) 27.74 (44.13) 32.57 (47.17) 34.77 (57.59)

Any vigorous physical activity, %* 37.40 52.49 59.01 55.28

Alcohol use, past 30 d

Total number of alcoholic drinks

consumed

— 4.65 (3.54) 24.67 (8.26) 84.08 (63.36)

Other explanatory variables

Age, y* 42.45 (12.44) 40.91 (11.91) 41.26 (12.40) 41.70 (13.03)

Hispanic, %* 17.32 10.66 7.11 8.12

White, %* 74.17 83.19 88.71 85.12

African-American, %* 14.11 8.92 5.67 7.73

Asian, %* 3.09 2.24 1.61 1.57

Other nonwhite race, %* 8.63 5.65 4.01 5.58

Not in MSA, %* 21.37 15.01 13.04 17.80

Less than high school education, %* 14.31 4.65 3.63 6.73

High school education, %* 31.36 22.50 19.74 25.11

Some postsecondary education, %* 27.59 29.66 28.70 29.64

University education, %* 26.74 43.19 47.92 38.52

Currently employed, %* 58.26 72.41 73.21 70.06

Currently unemployed, %* 6.04 4.51 4.98 5.19

Currently out of the labor force, %* 35.70 23.08 21.81 24.75

Married or living as married, %* 68.38 69.43 65.43 56.20

Divorced/separated/widowed, %* 18.60 15.28 15.14 18.96

Never married, %* 13.02 15.29 19.43 24.83

Household size* 3.37 (1.66) 3.18 (1.46) 2.97 (1.43) 2.90 (1.70)

Equivalent household income (dollars)§* 9677 (15,179) 13,957 (20,171) 17,261 (23,101) 16,528 (22,625)

Excellent/very good self-reported health,

%*

48.62 66.02 71.60 64.94

Good self-reported health, %* 31.20 25.33 22.44 24.52

Fair/poor self-reported health, %* 20.18 8.65 5.96 10.55

Activity limitation due to health problem,

%*

20.93 13.72 11.85 15.29

Smoker, %* 18.98 19.11 27.52 43.34

Former smoker, %* 17.41 21.06 26.92 26.17

Heart attack, %* 2.40 1.08 0.59 1.69

Angina, %* 3.23 1.43 1.02 1.58

Stroke, %* 2.19 1.16 0.64 1.06

Asthma, %* 10.90 9.87 8.15 9.20

Diabetes, %* 8.68 3.28 1.80 2.14

High blood pressure, %* 23.69 15.73 14.20 18.22

MSA indicates metropolitan statistical area. Standard deviation are reported in parentheses for continuous variables.
� Current abstainer, woman who did not consume alcohol during the 30 days prior to the interview date; current light drinker, woman who consumed 1–

14 alcoholic drinks during the 30 days prior to the interview date; current moderate drinker, woman who consumed 15–45 alcoholic drinks during the
30 days prior to the interview date; current heavy drinker, woman who consumed §46 alcoholic drinks during the 30 days prior to the interview date.
` Measure includes minutes of moderate and vigorous physical activity.
§ Household equivalent income was calculated using the Luxembourg income study measure of equivalent income: household income/(household

size)2.
* Statistically significant difference in variable medians across the alcohol use categories; p , 0.01, Kruskal-Wallis39 equality of populations rank test.
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clined in magnitude, sometimes
turned negative, and were not always
statistically significant. Like with wom-
en, the association between drinking

and vigorous physical activity worked
primarily through participation in vig-
orous exercise rather than conditional
intensity.

Sensitivity Tests
All of the models in Tables 2A and

2B were re-estimated with different
subsets of control variables to examine
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Table 1B

Mean Values for All Analysis Variables, Male Respondents, 21–64 Years

Variables
Current Abstainers�

(n = 33,438)
Current Light Drinkers�

(n = 39,922)
Current Moderate Drinkers�

(n = 12,057)
Current Heavy Drinkers�

(n = 4514)

Physical activity, past 30 d

Weekly min of total physical

activity`*

95.75 (114.1) 101.4 (106.5) 110.8 (117.2) 128.4 (150.7)

Weekly min of vigorous physical

activity*

38.11 (62.79) 43.44 (59.91) 46.47 (66.27) 53.38 (85.04)

Any vigorous physical activity, %* 52.10 64.80 65.04 59.23

Alcohol use, past 30 d

Total number of alcoholic drinks

consumed

— 9.64 (7.58) 44.71 (12.35) 147.3 (90.26)

Other explanatory variables

Age, y* 42.96 (12.22) 40.91 (11.80) 40.86 (12.37) 39.46 (12.74)

Hispanic, %* 15.43 13.52 12.21 17.65

White, %* 74.01 80.79 85.18 78.55

African-American, %* 12.19 8.53 6.77 8.77

Asian, %* 4.45 3.43 1.64 1.36

Other nonwhite race, %* 9.35 7.24 6.41 11.33

Not in MSA, %* 21.47 15.10 16.18 18.62

Less than high school education, %* 12.95 7.49 7.09 14.49

High school education, %* 32.23 23.45 26.24 35.03

Some postsecondary education, %* 25.10 25.95 25.86 26.94

University education, %* 29.72 43.10 40.82 23.54

Currently employed, %* 75.69 85.31 84.83 79.35

Currently unemployed, %* 6.18 4.57 4.22 8.14

Currently out of the labor force, %* 18.14 10.12 10.94 12.52

Married or living as married, %* 70.68 72.55 67.44 56.16

Divorced/separated/widowed, %* 11.40 9.33 11.00 16.01

Never married, %* 17.92 18.12 21.56 27.82

Household size* 3.29 (1.71) 3.22 (1.52) 3.06 (1.46) 3.12 (1.60)

Equivalent household income

(dollars)§*

11,763 (18,910) 15,348 (22,899) 17,392 (24,871) 14,478 (23,519)

Excellent/very good self-reported

health, %*

49.61 63.68 62.01 51.52

Good self-reported health, %* 31.28 27.64 28.06 32.79

Fair/poor self-reported health, %* 19.11 8.68 9.93 15.69

Activity limitation due to health

problem, %*

20.73 12.39 11.85 15.60

Smoker, %* 22.08 21.21 29.67 49.60

Former smoker, %* 23.99 23.65 29.28 22.87

Heart attack, %* 4.77 2.41 2.15 2.61

Angina, %* 4.63 2.89 2.46 3.08

Stroke, %* 2.17 1.00 1.19 1.25

Asthma, %* 5.73 5.23 5.13 5.82

Diabetes, %* 10.12 4.88 2.70 3.45

High blood pressure, %* 26.49 20.72 21.67 24.53

MSA indicates metropolitan statistical area. Standard deviation are reported in parentheses for continuous variables.
� Current abstainer, man who did not consume alcohol during the 30 days prior to the interview date; current light drinker, man who consumed 1–29

alcoholic drinks during the 30 days prior to the interview date; current moderate drinker, man who consumed 30–75 alcoholic drinks during the 30 days
prior to the interview date; current heavy drinker, man who consumed §76 alcoholic drinks during the 30 days prior to the interview date.
` Measure includes minutes of moderate and vigorous physical activity.
§ Household equivalent income was calculated using the Luxembourg income study measure of equivalent income: household income/(household

size)2.
* Statistically significant difference in variable medians across the alcohol use categories; p , 0.01, Kruskal-Wallis39 equality of populations rank test.
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the robustness of our findings. The key
coefficient estimates were similar in
magnitudes, signs, and statistical sig-
nificance under different specifica-
tions. Moreover, the results were ro-
bust even when controlling for body
mass (i.e., dichotomous variables for
overweight and underweight were in-
cluded as controls, with normal weight
as the reference group). We also re-
estimated the models separately for
two age subgroups, below and above
45 years. Again, results were consistent
with the aggregate sample results.
Because studies indicated that the
probability of a physically active life-
style increases from abstinence to

moderate drinking but decreases with
heavy drinking,19 we estimated a qua-
dratic model with the total number of
alcoholic drinks and its square. Al-
though the negative coefficient on the
quadratic term indicated that the
relationship between physical activity
and alcohol consumption becomes
negative at some point (the linear and
quadratic terms are jointly significant
[p , .01]), the turning point occurs at
a very high value and sometimes
outside the range of actual data. This
result suggests a linear relationship
between drinking and exercise over
a plausible range of alcohol
consumption.

We then re-estimated all models with
the binge drinking measures described in
Methods. The results indicated that
women (men) who had at least one
episode of binge drinking per week
engaged in 17.0 (13.4) more minutes of
total exercise (23% [14%] of the mean
weekly number of minutes of total phys-
ical activity) and 10.0 (5.6) more minutes
of vigorous exercise in a typical week (41%
[14%] of the mean weekly number of
minutes of vigorous physical activity).
Also, an extra episode of binge drinking
increased the number of minutes of total
and vigorous physical activity per week for
both women and men. All the results were
statistically significant at p , .01.
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Table 2A

Selected Estimation Results for Average Weekly Minutes of Physical Activity, Women�

Explanatory Variables
Average Weekly Minutes of Total

Physical Activity`
Any Vigorous

Physical Activity§
Conditional Average Weekly Minutes

of Vigorous Physical Activity`

N 140,925 140,925 61,638

Baseline mean 73.24 0.44 55.71

Current drinker 7.215* (1.171) 0.101* (0.006) 21.251 (1.057)

Total number of alcoholic drinks 0.226* (0.050) 0.002* (0.0002) 0.054** (0.020)

Current light drinker 5.749* (0.954) 0.090* (0.005) 22.074** (0.931)

Current moderate drinker 10.088* (0.954) 0.143* (0.009) 20.062 (1.608)

Current heavy drinker 19.866* (5.323) 0.137* (0.025) 3.944 (2.433)

� Analyses used the sampling weights provided within the Behavioral Risk Factor Surveillance System. Standard errors corrected for clustering at the
state level and are reported in parentheses. All specifications control for age, age2, ethnicity, race, urbanicity, educational attainment, employment, marital
status, health status, activity limitation due to health problems, smoking status, household size, household equivalent income, and six chronic conditions.
` Estimated with ordinary least squares.
§ Estimated with probit. Marginal effects are reported.
* Statistically significant at p # 0.01.
** Statistically significant at p # 0.05.

Table 2B

Selected Estimation Results for Average Weekly Minutes of Physical Activity, Men�

Explanatory Variables
Average Weekly Minutes of Total

Physical Activity`
Any Vigorous

Physical Activity§
Conditional Average Weekly Minutes of

Vigorous Physical Activity`

N 89,931 89,931 51,883

Baseline mean 99.70 0.58 70.31

Current drinker 5.537* (1.602) 0.059* (0.009) 20.706 (1.195)

Total number of alcoholic drinks 0.111* (0.023) 0.0002 (0.0001) 0.072* (0.024)

Current light drinker 2.191 (2.052) 0.061* (0.007) 22.299 (1.187)

Current moderate drinker 9.450* (1.602) 0.067* (0.015) 0.536 (1.553)

Current heavy drinker 22.925* (3.501) 0.047* (0.015) 11.774* (2.604)

� Analyses used the sampling weights provided within the Behavioral Risk Factor Surveillance System. Standard errors corrected for clustering at the
state level and are reported in parentheses. All specifications control for age, age2, ethnicity, race, urbanicity, educational attainment, employment, marital
status, health status, activity limitation due to health problems, smoking status, household size, household equivalent income, and six chronic conditions.
` Estimated with ordinary least squares.
§ Estimated with probit. Marginal effects are reported.
* Statistically significant at p # 0.01.
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Finally, we re-estimated our models
with an alternative measure of our
dependent variable (i.e., meeting the
U.S. Surgeon General’s recommenda-
tions for physical activity). Again, these
results were consistent with our core
models in that any amount of drinking,
and particularly moderate or heavy
drinking, was positively associated with
meeting the Surgeon General’s rec-
ommendations for exercise.

DISCUSSION

Although the exact relationship be-
tween exercise and drinking is ambig-
uous in the published literature,18

there are reasons why physical inactiv-
ity and alcohol consumption might be
positively correlated. Numerous stud-
ies in the literature have explored the
clustering of health risk behaviors such
as smoking, physical inactivity, un-
healthy dietary practices, and heavy
alcohol consumption, and have con-
cluded that behavioral risk factors tend
to concentrate within individuals.
Health consciousness might encourage
a person who is physically active to
avoid heavy drinking as well.

Conversely, for some individuals,
heavy drinking is part of a sensation-
seeking lifestyle. Heavy drinkers scored
high on sensation-seeking measures
such as the Minnesota Multiphasic
Personality Inventory32 or Zuckerman
Sensation-Seeking Scale.33 Also, certain
physical activities such as skiing,
mountaineering, kayaking, or deep-sea
diving are considered high-risk activi-
ties. It is possible to observe the co-
occurrence of heavy drinking and high
levels of physical exercise in risk-loving
individuals who are predisposed to
choose such sensation-seeking behav-
iors as part of a risk-taking lifestyle. A
positive correlation between physical
activity and alcohol consumption
could also be the result of people
socializing and drinking after partici-
pating in organized group sports.
Moreover, individuals who drink
heavily may engage in frequent physi-
cal exercise to compensate for the
extra calories gained through drinking
or to counterbalance the negative
health effects of drinking. This would
explain a surprising finding of several
epidemiologic studies.34–36 These stud-
ies recognized that calories from alco-

hol are added to the energy intake
from other foods rather than substi-
tuted, but they found no evidence of a
positive correlation between alcohol
intake and body weight. It is plausible
that the additional energy intake
through alcohol is offset by the extra
energy consumed through physical
activity.

Although it is not possible to directly
test any of the mechanisms noted
above, our results provide evidence
that, in a nationally representative
sample of U.S. adults, alcohol con-
sumption and physical activity are pos-
itively correlated for both women and
men. Moreover, this association persists
at moderate as well as heavy drinking
levels. Finding that exercise and alcohol
consumption are positively related
contradicts the view that risk behaviors
are clustered within individuals. On
average, current heavy drinkers exercise
about 10 more minutes per week than
current moderate drinkers and about
20 more minutes per week than current
abstainers. Given the extremely large
analysis samples from the BRFSS, even
relatively small coefficient estimates can
sometimes be statistically different than
zero. Indeed, some of the statistically
significant estimates for the drinking
variables in this study corresponded to
small absolute differences in minutes of
exercise, raising questions about prac-
tical significance. As presented in Re-
sults, however, what appeared to be
relatively small absolute differences
actually corresponded to fairly large
percentage increases when they were
compared with baseline mean values for
weekly minutes of exercise.

In conclusion, these results point to
a complex set of relationships between
health behaviors that do not always
follow expected patterns. Similar to an
unhealthy diet and cigarette smoking,
heavy drinking and physical inactivity
are two behavioral practices that are
strongly discouraged by health profes-
sionals because they significantly con-
tribute to preventable chronic disease
morbidity and mortality.1–3 For the
reasons discussed earlier, individuals
may be making behavioral decisions
based on aggregate risk rather than
incremental risk. If this is the case,
then perhaps health professionals and
policy makers should consider aggre-
gate risks as well as individual risks

when they advise patients and formu-
late health promotion, disease preven-
tion, and alcohol abuse programs.

Limitations

One potential limitation of the
present study is the unknown reliability
of self-reported data in the BRFSS,
especially for measures such as alcohol
consumption or physical activity. It is
sometimes hypothesized that individu-
als tend to over-report exercise and
under-report drinking.43 Such mea-
surement error, if present and system-
atic, could bias our estimates. Never-
theless, the standard measures of
physical activity and alcohol consump-
tion used in the BRFSS are thought to
have high reliability.25,44 A second
limitation directly pertains to the ex-
ercise and drinking measures reported
in the BRFSS data set. Namely, these
health behaviors are reported only for
the past 30 days instead of the past year
or longer. If the past 30 days is atypical
of drinking and/or exercise for some
respondents and the measurement
error is systematic, then our results
could be biased. Although it is not
possible to rigorously explore this
possibility, we have no reasons to
believe that any misreporting or atyp-
ical behavior is systematic across the
drinking groups.

Another limitation is related to the
interpretation of our findings. If alco-
hol use is strictly exogenous, our
estimates represent unbiased and
causal effects of alcohol consumption
on physical activity. However, it is
possible that alcohol use is endoge-
nous in some specifications whereby
key unobserved or unavailable explan-
atory variables in the exercise equa-
tions (e.g., motivation, discipline) are
significantly correlated with the alco-
hol use measures. Moreover, alcohol
use could be directly influenced by
physical activity (i.e., reverse causality).
In the absence of panel data (the
BRFSS draws a new sample every year),
we attempted to address this endo-
geneity issue by employing instrumen-
tal variables techniques.45 The exhaus-
tive list of possible instruments
included state-specific alcohol taxes,46

alcohol prices,47 and alcohol policies.48

Unfortunately, we were unable to find
a common set of valid and reliable
instrumental variables for all specifica-
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tions. Thus, we cautiously view the
reported findings as evidence of asso-
ciations between alcohol use and ex-
ercise rather than causal effects.

Footnote

*Moderate exercise denotes activities that
cause small increases in breathing and heart
rate (e.g., brisk walking, vacuuming, or gar-
dening). Vigorous exercise denotes activities

that cause large increases in breathing and
heart rate (e.g., running, aerobics, or heavy
yard work).
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SO WHAT? Implications for Health

Promotion Practitioners

and Researchers

The results of this study strongly
suggest that alcohol consumption
and exercise are positively associat-
ed and that this correlation persists
even at heavy drinking levels, a
finding that contradicts the view
advanced by numerous previous
studies that health risk behaviors
tend to cluster within individuals.
According to these studies, the
correlation between different health
behaviors point toward the devel-
opment of complementary pro-
grams that can address overall life-
style improvements. Moreover, they
suggest that individuals with multi-
ple risk behaviors could be identi-
fied by primary care clinicians by
simply examining one behavioral
risk factor.49 In addition, health
researchers are encouraged by the
authors of these studies to conduct
evaluations of interventions target-
ing clustered risk behaviors. In
contrast, the findings of our study
signal the need for independent
strategies addressing specific behav-
iors. Clinicians and health promo-
tion professionals should be cau-
tious and consider this new
knowledge when screening for
health risk behaviors. For example,
taking into account only the pa-
tients’ levels of physical activity and
perhaps diet would overlook poten-
tial alcohol use problems that could
be detected and treated. Physically
active individuals who engage in
problematic drinking are often
‘‘healthy looking,’’ because alcohol
use consequences are sometimes
delayed. This could lead to unde-
tected alcohol-related problems
with critical consequences for the
individual, as well as negative exter-
nalities for society as a whole.
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