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ABSTRACT

SHUVAL, K., D. LEONARD, K. G. CHARTIER, C. E. BARLOW, B. M. FENNIS, D. L. KATZ, K. ABEL, S. W. FARRELL, A.

PAVLOVIC, and L. F. DEFINA. Fit and Tipsy? The Interrelationship between Cardiorespiratory Fitness and Alcohol Consumption and De-

pendence.Med. Sci. Sports Exerc., Vol. 54, No. 1, pp. 113-119, 2022. Purpose:To examine whether higher levels of cardiorespiratory fitness

are related to increased alcohol consumption and dependence among a large sample of adults attending a preventive medicine clinic.Methods:

A cross-sectional study of 38,653 apparently healthy patients who visited the Cooper Clinic (Dallas, TX) for preventive medical examinations

(1988–2019) and enrolled in the Cooper Center Longitudinal Study. The primary independent variable was cardiorespiratory fitness, based on

a maximal treadmill test, and the dependent variables were alcohol consumption and dependence (self-reported). The relations between fitness

category (low, moderate, high) and alcohol consumption (low, moderate, heavy) and suggested alcohol dependence (Cut down, Annoyed,

Guilty, Eye opener score ≥2) among women and men were estimated via multivariable regression while adjusting for covariates (e.g., age,

birth year cohort, marital status, and body mass index). Results:Women within the moderate and high fitness categories had 1.58 (95% con-

fidence interval [CI], 1.32–1.91) and 2.14 (95% CI, 1.77–2.58) greater odds of moderate/heavy alcohol consumption, respectively, in com-

parison to their low fitness counterparts. Similarly, moderate and high fit men had 1.42 (95% CI, 1.30–1.55) and 1.63 (95% CI, 1.49–1.80)

times greater odds of moderate-to-heavy alcohol consumption, respectively, in comparison to the low fitness group. In addition, among

menwhowere heavy drinkers (but not women), higher fitness levels were related to lower rates of suggested alcohol dependence. Specifically,

these men had 45.7%, 41.7%, and 34.9% proportions of clinically relevant alcohol problems across low, moderate, and high fitness categories

(adjustedP for trend <0.001).Conclusions:Higher fitness levels are significantly related to greater alcohol consumption among a large cohort

of adult patients. Interventions focusing on increasing fitness (via physical activity promotion) might consider concurrently aiming to reduce

alcohol consumption. Key Words: CARDIORESPIRATORY FITNESS, ALCOHOL CONSUMPTION, ALCOHOL DEPENDENCE,

PREVENTIVE MEDICINE

The benefits of engaging in health promoting physical
activity have been well established (1). Numerous
health benefits are gained by meeting physical activity

guidelines, which necessitate participating in at least 150 min
of moderate-intensity physical activity or 75 min of
vigorous-intensity physical activity weekly or an equivalent
combination (1). These benefits include reduced risk for nu-
merous chronic diseases (e.g., type 2 diabetes, cardiovascular

disease, some cancers) and lower risk for mortality from all-
cause, cardiovascular disease and cancer (1–4). Habitually
partaking in physical activity also leads to higher levels of car-
diorespiratory fitness (henceforth “fitness”), which is a distinct
component of cardiovascular health (5–7). In comparison, the
relationship between alcohol consumption and morbidity, as
well as mortality, is not as straightforward. Light (three or less
drinks per week for women and men) and moderate levels of
alcohol consumption (i.e., >3–7 and >3–14 weekly drinks
for women and men, respectively, age 18–64 yr) are related
to lower risk of coronary heart disease and cardiovascular dis-
ease mortality (8,9). In contrast, heavy alcohol consumption
(>7 and >14 drinks a week for women and men, respectively,
age 18–64 yr) is associated with increased risk for cardiovas-
cular disease morbidity and mortality (8). In addition, there
is established scientific evidence that any level of alcohol con-
sumption (even light) can cause several cancers (10).

The United States Preventive Service Task Force recom-
mends screening for unhealthy alcohol consumption and en-
courages providing brief counseling to those engaged in
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hazardous drinking (11,12). Similarly, the United States Pre-
ventive Service Task Force recommends physical activity
counseling particularly to patients with cardiovascular disease
risk factors, and to a lesser degree to those without (13,14).
Other organizations, such as the American College of Sports
Medicine in conjunction with the American Medical Associa-
tion, call for physical activity to be regarded as a “vital sign,”
thereby assessing it routinely in primary care (15–17). This
will enable identifying patients who are inactive and in need
for effective counseling. Correspondingly, it is important to
determine hazardous drinking patterns to promptlymodify this
maladaptive behavior, with the goal of improving health out-
comes. Indeed, screening and surveillance of physical inactiv-
ity, fitness, and excessive drinking are important at clinical and
population levels because it assists in planning, designing, and
implementing pertinent intervention programs (18,19).

Interventions in primary care often emphasize promoting a
positive health behavior (e.g., physical activity) (20) or de-
creasing a negative behavior (e.g., drinking) (21), without con-
sideration of the possible interrelationship between the two.
Positive health behaviors tend to cluster together, such as
exercising and eating a healthful diet (when trying to lose
weight), whereas light drinking (or abstaining from alcohol)
is often not regarded as a health promoting behavior (22,23).
Interestingly, studies examining the nexus of physical activity
and alcohol consumption have found that participation in
sports and other physical activities are related to increased
drinking in college athletes and nonathletes alike (24). These
studies, however, used self-reported measures of physical ac-
tivity, which are subject to overreporting because of social de-
sirability (25), and few studies have focused on community
dwelling adults who could benefit from screening and behav-
ior modification counseling by primary care providers in the
clinical setting. This is of particular importance because over
80% of Americans visit a health care provider for a checkup
annually, which is a key opportunity for preventive medicine
lifestyle interventions (15,26,27). Thus, in the current study,
we examine whether higher levels of objectively measured fit-
ness are related to increased alcohol consumption and depen-
dence, among a large sample of apparently healthy adults,
attending a preventive medicine clinic. Study findings could
illuminate existing interrelationships and provide insight into
designing future interventions in primary care.

METHODS

The cross-sectional relationship of fitness (primary inde-
pendent variable) with alcohol consumption and dependence
(primary dependent variables) was examined among adults
enrolled in the Cooper Center Longitudinal Study (CCLS).
The CCLS aims to explore lifestyle behaviors (e.g., physical
activity, fitness, diet) as they relate to chronic disease preven-
tion (28). Cooper Center Longitudinal Study participants con-
sist of patients who come to the Cooper Clinic (Dallas, TX) for
preventive medicine examinations, which include fitness and
laboratory testing, as well as an extensive medical questionnaire

with items including alcohol consumption and physical activity.
Patients interested in the CCLS opt into the study and provide
written informed consent. Participants are primarily non-
Hispanic White and well educated (28,29). The CCLS is re-
viewed and approved annually by The Cooper Institute Institu-
tional Review Board, and this research received approval from
the University of Haifa Institutional Review Board.

The present study sample began with 55,082 participants
20 yr or older who came to the Cooper Clinic (1988–2019), re-
sponded positively to a question on the medical history sur-
vey: “Do you drink alcoholic beverages (yes/no)” (i.e.,
current drinkers) and had complete information on all study
variables. Of these, participants were excluded if they were
pregnant (n = 50) or excluded if not apparently healthy; that is,
had abnormal electrocardiogram (n = 4419); reported a personal
history of myocardial infarction, stroke, or diabetes (n = 8450);
were underweight (body mass index [BMI] < 18.5 kg·m�2)
(n = 2751); or did not reach 85% of maximal heart rate during
the treadmill examination (n = 759). These exclusion criteria
resulted in 38,653 apparently healthy participants in the ana-
lytic sample.

Independent and dependent variables. The primary
independent variable, fitness, was based on a maximal tread-
mill test during a clinical examination while adhering to the
modified Balke protocol (28), as previously described (30).
Based on the final treadmill speed and grade, which is cor-
related highly with maximal oxygen uptake (30–32), we
computed maximal metabolic equivalent (METs), where
1 MET = 3.5 mL O2 uptake/kg body weight/minute (29,33).
In accordance with a standardized CCLS approach (30,34),
participants’ were categorized into age- and sex-specific quin-
tiles and then grouped into the following three categories: 1)
quintile 1, low fitness; 2) quintiles 2 and 3, moderate fitness;
and 3) quintiles 4 and 5, high fitness. For analyses, the low fit-
ness group was regarded the reference group. In addition,
physical activity was based on questions pertaining to the fre-
quency (sessions per week) and duration (on average) of activ-
ities in the three previous months (35). These included aerobic
activities, such as walking, jogging, or running (36). The re-
ported frequency and duration of activity were converted to
minutes of activity per week and multiplied by an estimated
MET value based on the Compendium of Physical Activities
(37). This resulted in metabolic equivalent of task (MET)
minutes per week (MET·min·wk−1) for each participant.
Based on the Health and Human Services Physical Activity
Guidelines for Americans (1), three categories were constructed:
1) not meeting guidelines (<500 MET·min·wk−1); 2) meeting
guidelines (500–1000 MET·min·wk−1); and 3) exceeding
guidelines (>1000 MET·min·wk−1).

The dependent variables consisted of current alcohol con-
sumption and dependence (i.e., clinically relevant alcohol
problems). In the medical history questionnaire, participants
indicating that they consumed alcoholic beverages (i.e.,
current drinkers), were asked to specify the number of
drinks per week of beer (12 oz), wine (5 oz), and hard liquor
(1.5 oz) they consumed (28). Consistent with previous
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research (9,28), current drinking was grouped into three cate-
gories for participants age 18 to 64 yr: 1) light drinking, three
or less drinks per week; 2) moderate drinking, more than three
to seven drinks per week (women) and more than three to 14
drinks per week (men); and 3) heavy drinking, more than
seven drinks per week (women) and more than 14 drinks per
week (men). Among study participants 65 yr or older, to ad-
here to American Geriatric Society and the National Institute
for Alcohol Abuse and Alcoholism recommendations (38),
moderate drinking was regarded as more than three to seven
weekly drinks for both women andmen, whereas heavy drink-
ing was considered more than seven drinks a week for both
sexes. Those participants at the heavy drinking level exceeded
recommended weekly drinking guidelines (39).

In addition, alcohol dependence was assessed via partici-
pants’ responses to the Cut down, Annoyed, Guilty, Eye
opener (CAGE) questionnaire (40–42). This questionnaire,
aimed at screening for clinically relevant alcohol problems,
is designed for a clinical setting because of its brevity and fo-
cus on behavioral aspects of drinking to facilitate clinician–
patient discussions (40). The CAGE questionnaire consists
of four questions inquiring whether patients ever: 1) felt they
needed to cut down on drinking; 2) felt annoyed by criticism
pertaining to their drinking; 3) felt guilty about drinking; and
4) drank first thing in the morning (eye opener) (40,41). Total
scores on the questionnaire range from 0 to 4, with a threshold
of 2, indicative of suggested alcohol dependence (41). Subse-
quently, in the analyses, the total CAGE score was dichoto-
mized into suggested dependence (score, ≥2) or no suggested
dependence (score, <2) (43).

Covariates. The covariates, based on the literature (44–
46), adjusted for in multivariable analyses, included the fol-
lowing: age, sex, marital status (married: yes/no), and BMI.
In addition, based on reported age and date of examination,
participants were placed into four birth year cohorts, because
a cohort effect independent of age has been observed in the lit-
erature pertaining to drinking habits (47). Specifically, partic-
ipants were placed into the following birth cohorts: Silent
(born ≤1942), Baby Boomers (born 1943–1960), Generation
X (born 1961–1981), and Millennials (born ≥1982) (48,49).

Statistical analysis. Characteristics of participants were
summarized in total and by sex. The prevalence of light, mod-
erate, and heavy drinking across low, moderate, and high fit-
ness categories was summarized by sex and the unadjusted
trends between the two ordinal variables was tested using
Jonckheere–Terpstra statistics. Adjusted drinking level odds
ratios (OR) for moderate and high versus low fitness were es-
timated using ordinal logistic regression. Specifically, partial
proportional odds models were fit to higher versus lower
levels of drinking. Consequently, there were separate logits
for 1) light versus moderate and heavy drinking and 2) light
and moderate versus heavy drinking, with the latter comparing
those participants who adhered to versus exceeded weekly
drinking recommendations. Odds ratios were adjusted for
age, birth year cohort, marital status, and BMI. Adjusting for
the decade of examination year (instead of birth year cohort)

had little bearing on the primary estimates and was therefore
not included in the models presented. Moreover, in a parallel
analysis, self-reported physical activity replaced fitness as
the exposure of interest (see Table, Supplemental Digital Con-
tent, Physical Activity and Alcohol Consumption among
Women and Men, http://links.lww.com/MSS/C421). In addi-
tion, the prevalence of total CAGE score ≥2 across low, mod-
erate, and high fitness categories was summarized by sex, and
adjusted trends were tested using multiple logistic regression
of the binary outcome. All analyses were programmed in
SAS/STAT®, version 9.4 (SAS Institute, Inc., Cary, NC).

RESULTS

Participants’mean age was 45.9 yr (SD = 9.5) with their age
ranging from 20 to 86 yr. In addition, more than two thirds
(71.7%) were men, 85.5% were married, and 82.4% were ei-
ther Baby Boomers or Generation X. In addition, 43.1% of
participants were in the low or moderate fitness category,
whereas 47.8% were moderate and 10.5% were heavy alcohol
drinkers. A total of 13.1% of participants received a CAGE
score of 2 or higher, indicating suggested alcohol dependence.
Furthermore, although, on average, participants were over-
weight (BMI: mean = 26.4 kg�m�2, SD = 4.3), BMI differed
by sex. That is, women on average were of normal weight
(BMI: mean, 24.1 kg�m�2; SD, 4.3), whereas men on average
were overweight (BMI: mean, 27.3 kg�m�2; SD, 4.0). Finally,
descriptive characteristics of participants stratified by sex ap-
pear in Table 1.

TABLE 1. Characteristics of study sample: CCLS 1988–2019.

Characteristics Women (n = 10,922) Men (n = 27,731) All (38,653)

Age
Mean (SD) 45.5 (10.0) 46.1 (9.3) 45.9 (9.5)

Birth cohorta

Silent 12.5% 16.6% 15.5%
Baby Boomers 47.4% 50.5% 49.6%
Generation X 36.8% 31.1% 32.8%
Millennials 3.3% 1.7% 2.2%

Married 81.4% 87.1% 85.5%
BMI (kg·m�2), mean (SD) 24.1 (4.3) 27.3 (4.0) 26.4 (4.3)
Cardiorespiratory fitnessb

Low 6.6% 10.5% 9.4%
Moderate 26.9% 36.4% 33.7%
High 66.5% 53.1% 56.9%

Alcohol consumptionc

Light drinker 51.4% 37.8% 41.6%
Moderate drinker 44.0% 49.3% 47.8%
Heavy drinker 4.5% 12.9% 10.5%

CAGE scored

0–1 89.1% 86.1% 86.9%
2–4 10.9% 13.9% 13.1%

aSilent generation were born in ≤1942, Baby Boomers: 1943–1960, Generation X (1961–
1981), Millennials ≥1982.
bTreadmill times were categorized into age- and sex-specific quintiles and then grouped into
low fitness; moderate fitness; high fitness. In women, the mean MET (SD) for low fitness
was 6.6 (0.9), moderate fitness: 8.4 (0.9), high fitness: 10.9 (1.6). In men, the mean MET
(SD) for low fitness was 8.5 (1.1), moderate fitness: 10.6 (1.1), and high fitness: 13.4 (1.8).
cCurrent drinking was grouped into three categories for participants age 18–64 yr: (1) light
drinking: ≤3 drinks per week; (2) moderate drinking: >3–7 drinks per week (women) and
>3–14 drinks per week (men); and (3) heavy drinking: >7 drinks per week (women) and
>14 drinks per week (men). Among participants age ≥65 yr, moderate drinking was
regarded as >3–7 weekly drinks for both women andmen, whereas heavy drinkingwas con-
sidered >7 drinks a week for both sexes; light drinking remained the same as above.
dCAGE scores range from 0 to 4, with a threshold of 2 indicative of suggested alcohol
dependence.
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The prevalence of alcohol consumption by fitness category
among women and men is depicted in Figure 1. In women,
light drinking decreased whereas moderate drinking increased
according to increasing fitness categories. Specifically, 69.8%,
56.4%, and 47.6% of women were light drinkers within the
low, moderate, and high fitness categories, respectively. Con-
versely, 26.1%, 39.2%, and 47.8% of women were moderate
drinkers within the low, moderate, and high fitness categories,
respectively. In comparison, the prevalence of heavy drinking
in women appeared similar across fitness categories, that is,
4.2%, 4.4%, 4.6% were heavy drinkers within the low, moder-
ate, and high fitness categories, respectively. In men, similar
trends were observed; that is, light drinking decreased (45.4%,
37.9%, 36.2%), moderate drinking increased (41.8%, 48.4%,
51.5%), and heavy drinking was similar across ordered fitness
categories (12.8%, 13.8%, 12.2%), respectively. Trends for light

and moderate drinking were statistically significant across fitness
categories for both sexes (unadjusted P for trend <0.001).

The relationship between fitness (moderate and high vs low
category) and alcohol consumption while adjusting for covar-
iates, appears in Table 2. Ordinal logistic regression was used
to distinguish higher from lower levels of alcohol consump-
tion at the two possible breakpoints: 1) light versus
moderate/heavy drinking, and 2) light/moderate versus heavy
drinking. In women, participants within the moderate and high
fitness categories had 1.58 (95% confidence interval [CI],
1.32–1.91) and 2.14 (95% CI, 1.77–2.58) times greater odds
of moderate/heavy versus light drinking, respectively, in com-
parison to their low fitness counterparts. No significant rela-
tionships between fitness and alcohol consumption were
observed when comparing heavy to light/moderate drinking
levels in women. In men, individuals within the moderate
and high fitness category had 1.42 (95% CI, 1.30–1.55) and
1.63 (95% CI, 1.49–1.80) times greater odds of moderate/
heavy versus light alcohol consumption, respectively, in com-
parison to their low fitness counterparts. In addition, men
within the moderate (but not high) fitness category had signif-
icantly greater odds of heavy (in comparison to light/
moderate) drinking (OR, 1.15; 95% CI, 1.01–1.31). When ex-
amining the physical activity-alcohol relationship, as with fit-
ness, meeting or exceeding activity guidelines was related to
higher odds of moderate/heavy versus light drinking; how-
ever, findings differed somewhat when comparing heavy to
light/moderate drinking (see Table, Supplemental Digital
Content, Physical Activity and Alcohol Consumption among
Women and Men, http://links.lww.com/MSS/C421).

In addition, the prevalence of a CAGE score of ≥2, by fit-
ness and drinking categories among men and women, appear
in Figure 2. In women, the prevalence of suggested alcohol de-
pendence in heavy drinkers did not differ significantly across
fitness levels. Specifically, the prevalence of suggested alco-
hol dependence in women who were heavy drinkers was
46.7%, 49.2%, and 47.6% across low, moderate, and high fit-
ness categories, respectively (adjusted P for trend = 0.532). In
comparison, in men who were heavy drinkers, there was sig-
nificantly less suggested alcohol dependence across fitness
categories. Specifically, the prevalence of suggested alcohol

FIGURE 1—Prevalence of alcohol consumption by cardiorespiratory fit-
ness among women and men: Cooper Center Longitudinal Study 1988–
2019. Current drinking was grouped into three categories for participants
age 18–64 yr: 1) light drinking: ≤3 drinks per week; 2) moderate drinking:
>3–7 drinks per week (women) and >3–14 drinks per week (men); and 3)
heavy drinking: >7 drinks per week (women) and >14 drinks per week
(men). Among participants age ≥65 yr, moderate drinking was regarded
as >3–7 weekly drinks for both women and men, whereas heavy drinking
was considered >7 drinks a week for both sexes; light drinking remained
the same as above. Treadmill times were categorized into age- and sex-
specific quintiles and then grouped into low, moderate, and high fitness. To-
tal participants, N = 38,653; women, n = 10,922; men, n = 27,731.

TABLE 2. Cardiorespiratory fitness and alcohol consumption among women and mena: adjusted odds of higher vs lower levels of drinkingb.

Alcohol Consumptionc

Women (Heavy vs Light/
Moderate Drinking)

Women (Moderate/
Heavy vs Light Drinking)

Men (Heavy vs Light/
Moderate Drinking)

Men (Moderate/Heavy vs
Light Drinking)

Cardiorespiratory Fitnessd OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Moderate fitness (vs low) 0.99 (0.66–1.53) 1.58* (1.32–1.91) 1.15** (1.01–1.31) 1.42** (1.30–1.55)
High fitness (vs low) 0.99 (0.66–1.54) 2.14* (1.77–2.58) 1.04 (0.90–1.19) 1.63** (1.49–1.80)

*P < 0.01.
**P < 0.05.
aCCLS—1988–2020; total: n = 38,653; women: n = 10,922; men: n = 27,731.
bMultiple regression models were computed to examine the relationship between fitness (low, moderate, high) and alcohol consumption (heavy vs light/moderate, and moderate/heavy vs light)
adjusting for age, birth cohort (Generation X and Millennials vs Boomers), marital status: married (yes/no), and BMI. Separate models were estimated for women and men.
cCurrent drinking was grouped into three categories for participants age 18–64 yr: (1) light drinking: ≤3 drinks per week; (2) moderate drinking: >3–7 drinks per week (women) and >3–14 drinks
per week (men); and (3) heavy drinking: >7 drinks per week (women) and >14 drinks per week (men). Among participants age ≥65 yr, moderate drinking was regarded as >3–7 weekly drinks for
both women and men, whereas heavy drinking was considered >7 drinks a week for both sexes; light drinking remained the same as above.
dTreadmill times were categorized into age- and sex-specific quintiles and then grouped into low fitness, moderate fitness, high fitness.
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dependencewas 45.7%, 41.7%, and 34.9% for low,moderate, and
high fitness categories, respectively (adjusted p for trend <0.001).

DISCUSSION

In the present study, we assessed the interrelationships be-
tween fitness and alcohol consumption and dependence among
patients presenting at a preventive medical clinic. Study find-
ings indicate that current drinkers with higher fitness levels ex-
hibited an increased tendency for alcohol consumption. For
example, highly fit women and men were ~2.1 and ~1.6 times,
respectively, more likely to be moderate/heavy versus light
drinkers in comparison to low fit women and men. When ex-
amining self-reported physical activity (rather than fitness) as
the exposure, analysis showed similar patterns when comparing
moderate/heavy versus light drinking across physical activity levels.
These trends appear to reflect tradeoffs primarily between light
and moderate drinking; heavy drinking was largely unchanged.

Previous research in the field has observed similar findings
with regard to physical activity and alcohol consumption. For
example, Werneck et al. (50) observed that Brazilian adults
with higher levels of physical activity were more likely to con-
sume alcohol on a weekly basis. In fact, a systematic review by
Dodge et al. (51) concluded that three fourths of studies among
nonstudent adults found that higher levels of physical activity
were related to increased alcohol consumption. Although
many of the reviewed studies were cross-sectional, limiting
the ability to determine a temporal relationship, Conroy et al.
(52) examined physical activity and drinking patterns over a

21-d period, finding that individuals consumed more alcohol
on the same days when they were more physically active.
Thus, present results, alongside prior evidence (51), indicate
that those engaging in physical activity are also more likely
to consume alcohol, although not necessarily at a level that
exceeds drinking guidelines. This relationship could be
explained by a psychological mechanism referred to as the “li-
censing effect,” where achieving goals (e.g., running a 10-km
race) could provide a “license” to indulge in an unhealthy
behavior (e.g., drinking) as a rewarding mechanism (53,54).
This psychological explanation, however, should be regarded
as supposition, which warrants additional empirical examina-
tion in subsequent research, particularly because psychologi-
cal variables were not available in the current data set. In
addition, a study by Rockafellow and Saules (55) observed a
significant relationship between participation in team sports
and increased alcohol consumption among physically active
college students. The present study, among primarily mid-
age participants, was unable to determine whether participa-
tion in team sports is as an effect modifier in this relationship
because this information was not available in the data set.

Together with observational research examining the inter-
section of physical activity and alcohol consumption, inter-
ventions aiming to reduce excessive alcohol consumption via
physical activity promotion have been attempted with mixed
success. For example, Kendzor et al. (56) found that encourag-
ing physical activity (e.g., walking, cycling) during a treatment
intervention for heavy drinkers, did not result in reduced alco-
hol consumption. Moreover, a recent systematic review by
Thompson et al. (57) indicates that although some studies ob-
served that physical activity markedly reduced alcohol initia-
tion, others did not find that physical activity significantly
affected alcohol consumption. The current study’s results,
reflecting behaviors of adults, indicate that higher levels of fit-
ness are related to increased drinking, particularly moderate al-
cohol consumption. Thus, when designing interventions for
this population, interventions focusing on increasing fitness
(through physical activity promotion) might want to concur-
rently attempt to reduce alcohol consumption.

As expected, the present study finds that heavy alcohol con-
sumption corresponds with a higher prevalence of suggested
alcohol dependence (as measured by CAGE). Of interest,
however, is an inverse relation between fitness categories
and suggested alcohol dependence among men who are heavy
drinkers, but not women who are heavy drinkers. That is, in
men who are heavy drinkers, as fitness increased, the percent-
age of those with suggested alcohol dependence decreased.
For example, men who drank heavily within the low fitness
category had an approximately 1.3 times higher percentage
of suggested alcohol dependence than their high fit counter-
parts (45.7% vs 34.9%, respectively). This finding warrants
further investigation, including to determine the potential
protective aspects of this relationship for men and why they
did not generalize to high fit women. Previous research by
Lisha et al. (58), in a large sample of US adults, found that phys-
ical activity was positively related to alcohol consumption but

FIGURE 2—Prevalence of Suggested Alcohol Dependence by Cardiore-
spiratory Fitness and alcohol consumption amongWomen andMen:Cooper
Center Longitudinal Study 1988–2019. ACAGE score ≥2was regarded as
suggested alcohol dependence. Among heavy drinkers, the CAGE score
trends across fitness are significant for men (P < 0.001) but not women
(P = 0.358). Current drinking was grouped into three categories for partic-
ipants age 18–64 yr: 1) light drinking: ≤3 drinks per week; 2) moderate
drinking: >3–7 drinks per week (women) and >3–14 drinks per week
(men); and 3) heavy drinking: >7 drinks per week (women) and >14 drinks
per week (men). Among participants age ≥65 yr, moderate drinking was
regarded as >3–7 weekly drinks for both women and men, whereas heavy
drinking was considered >7 drinks a week for both sexes; light drinking re-
mained the same as above. Treadmill times were categorized into age- and
sex-specific quintiles and then grouped into Low, Moderate and High Fit-
ness. Total participants: n = 38,653; women: n = 10,922; men: n = 27,731.
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not to severe forms of alcohol use disorders with no differences
by sex.

The present study has strengths and limitations that should
be considered when interpreting findings. Strengths of the
study include the large sample size, the focus on adults attend-
ing a preventive medicine clinic with a valid alcohol depen-
dence measure (CAGE), and the use of objective measurements
of fitness instead of self-reported physical activity. Although
fitness is a quantitative and direct consequence of habitual
physical activity, it is also influenced by nonmodifiable factors
(e.g., sex, age, genetics) (28,59). In the current study, we pres-
ent findings for both the behavior (physical activity) and the
physiological consequence of this behavior (fitness), which
is a strength in the present study. The study’s outcome (alco-
hol consumption), however, as with other epidemiological
studies, is based on self-report, which could be subject to
underreporting because of social desirability. In addition, in-
clusion of an explicit reference period (e.g., 12 months or
30 d) for alcohol consumption would improve its measure-
ment (60). The study is also limited by its focus on a cohort
consisting of predominantly White, highly educated partici-
pants with access to preventive medical care. As a result, these
conclusions might not be applicable to a multi-ethnic and
more economically diverse population. Moreover, the present
study’s focus on apparently healthy adults whose behaviors
might not represent individuals with morbid conditions is an

additional limitation. Finally, only an association, rather than
a temporal and causal relationship, can be established between
fitness and alcohol consumption because of the cross-sectional
nature of the study (51).

CONCLUSIONS

In conclusion, the present study finds that objectively deter-
mined fitness is significantly related to higher alcohol con-
sumption among a large sample of adults attending a
preventive medicine clinic. This finding supports previous re-
search examining the relationship between self-reported phys-
ical activity and alcohol consumption. Thus, preventive
interventions among adults might need to focus not only on
promoting physical activity but also on concurrently reducing
alcohol consumption levels. These two behaviors appear to go
hand in hand, and insights from behavioral science should be
considered when employing interventions.
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