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Alcohol use and strenuous physical activity in college students:
A longitudinal test of 2 explanatory models of health behavior

Heather A. Davis, MS#?, Elizabeth N. Riley, MS%, Gregory T. Smith, PhD?, Richard Milich,
PhD?, and Jessica L. Burris, PhDab

aDepartment of Psychology, University of Kentucky, Lexington, Kentucky, USA

bMarkey Cancer Center, University of Kentucky, Lexington, Kentucky, USA

Abstract

Objective—To help clarify the effect of gender on the bidirectional relationship between alcohol
use and strenuous physical activity in college students.

Participants—Five hundred twenty-four (52% female) college students recruited in August 2008
and 2009 and followed up in April 2009 and April 2011, respectively.

Methods—~Participants reported their alcohol use and strenuous physical activity on 2 occasions
(baseline and follow-up) spaced approximately 1 or 2 years apart.

Results—For females, alcohol use quantity at baseline was associated with increased strenuous
physical activity at 1- and 2-year follow-ups, and alcohol use frequency at baseline was associated
with decreased strenuous physical activity at 2-year follow-up. For males, alcohol use frequency at
baseline predicted decreased strenuous physical activity at 1-year follow-up.

Conclusions—Gender differences may be explained from an eating disorders perspective such
that women use physical activity as a compensatory strategy to combat potential weight gain from
calories consumed during alcohol use.

Keywords
Alcohol; college; students; drinking; gender; physical; activity

Physical activity (PA) is well known to protect against chronic disease and improve quality
of life.1.2 Consequently, the US Department of Health and Human Services recommends
adults engage in at least 150 minutes of moderate, or 75 minutes of vigorous/strenuous, PA
each week.2 Population-based estimates of PA indicate only half of US adults met these
guidelines in 2012,3 far below the Healthy People 2020 benchmarks.2 PA levels differ across
groups, however, with younger adults being more active than older adults.
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In contrast to PA, alcohol poses a risk to public health, particularly when consumed
frequently or in large amounts by young adults.> Alcohol use (AU) increases risk for violent
crimes and injuries,® and in some cases, it increases risk for health problems.” The full
nature of risks associated with AU is not the same across all groups. Among young adults in
college, for example, AU is normative,8 despite over half being under the legal drinking
age.8 Thus, for these young adults, AU carries the threat of legal problems in addition to risk
for other problematic behaviors (eg, unprotected sex?).

Health-promoting behaviors tend to co-occur, and empirical research shows that PA
generally co-occurs alongside other health protective behaviors (eg, fruit/vegetable
consumption, seatbelt use1911). Nonetheless, PA’s protective effects may not extend to
AU.22 In college students, some studies and that PA is positively associated with AU,13-16
whereas other studies show that PA is inversely associated with binge drinking”:18 and a
substance use disorder diagnosis.1® Inconsistency among findings creates confusion about
the true nature of the relationship between PA and AU, particularly in young adult and
college samples.

Most studies do not explore whether and how PA functions differently for females versus
males. Exceptions include 2 recent studies with US college students. First, Buscemi and
colleagues?® found a positive relationship between strenuous and moderate PA (treated
separately) and AU quantity in males, but not females. Second, Barry and colleagues?!
found a positive relationship between PA and AU in males, and a negative relationship in
females. Although these studies help clarify a PA-AU link, the findings are again
inconsistent, and because both studies are cross-sectional, they do not allow inferences about
causal effects. Thus, it remains unclear whether greater PA leads to greater/lesser AU, or
greater AU leads to greater/lesser PA, or if the relationship is indeed bidirectional. Further, if
longitudinal processes are present, it is still unclear as to if and/or how they operate
differently for males and females.

An additional consideration is the reason or motive for PA. Frequent or prolonged strenuous
PA (ie, “excessive exercise™) for the purpose of altering or maintaining weight or shape is a
risk factor for eating disorders.22 Excessive exercise is common within the eating disorders
of anorexia nervosa and bulimia nervosa,22-24 and it is associated with harm and distress
even in the absence of a formal eating disorder diagnosis and other disordered eating
behaviors.22:25-28 |mportantly, PA within eating disorders is often used as a compensatory
strategy for the consumption of calories,2” whether the consumption was objectively?? or
subjectively3 large. From this standpoint, college students may engage in high levels of PA
to compensate for calories consumed when drinking alcohol. Therefore, gender differences
in the relationship between PA and AU may be particularly relevant due to the emphasis of
the thin ideal in females versus males.3!

Current study

This longitudinal study explores gender differences in the bidirectional relationship between
PA and AU among college students. We used 2 samples, and assessment of study variables
occurred on 2 occasions (ie, baseline and follow-up) spaced approximately 1 or 2 years apart

JAm Coll Health. Author manuscript; available in PMC 2018 February 01.
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(Cohorts 1 and 2, respectively). This longitudinal design allowed our exploratory
examination of the bidirectional relationships between PA and AU, and for the ability to
control for one behavior when predicting the other. The use of 2 cohorts allowed us to assess
whether any longitudinal relationships evident in the short term (ie, Cohort 1, 1-year follow-
up) would also hold in the long term (ie, Cohort 2, with 2-year follow-up).

Two explanatory models for the longitudinal relationship between PA and AU are explored.
The first research question concerns how AU impacts future engagement in PA. Based on
the eating disorder literature, and consistent with PA as a compensatory strategy, we
hypothesized that more AU at baseline would be associated with increased PA at follow-up,
and that this relationship will be stronger for females than males. The second research
question concerns how engagement in PA impacts future AU. Based on literature that shows
the clustering of health-promoting behaviors, we predicted that more PA at baseline would
be associated with less alcohol consumption at follow-up.

Methods

Participants

This study is part of a larger project in which 526 college students answered questions about
their personality, substance use, and other health behaviors. The sample size for all analyses
herein is 524 (51.91% female), however, because 2 participants were excluded due to
missing data on gender. As mentioned above, data were collected in 2 cohorts (7=228 and n
= 296, respectively). The mean age of participants at baseline (an assessment that occurred
in their freshman year) was 18.95 years, and most were under 21 years of age (98.07%). In
Cohort 1, most participants identified as Caucasian (86.08%), African American (9.13%), or
other (4.78%). In Cohort 2, the majority of participants identified as Caucasian (77.36%),
African American (14.86%), or other (7.77%). The gender, age, and racial composition of
the sample at baseline closely reflects that of the larger student body from which participants
were recruited (data not shown), with the caveat that participants are younger due to their
freshman status. In terms of their demographics, Cohorts 1 and 2 only significantly differed
on race (p = .02), a difference not deemed clinically meaningful because neither measures of
PA nor AU differed across racial groups in this study. Furthermore, since race was not
associated with our variables of interest (o> .05), we did not include it in our models.

Measures

Alcohol use—The Alcohol Use Disorder Identification Test (AUDIT)32 consists of 10
questions that tap frequency, quantity, and psychosocial consequences of AU (eg, harm to
self or others). Internal consistency in the current sample was high (a = .81). This question
assesses frequency: “How often do you have a drink containing alcohol?” Response options
include: 0 = Never, 1 = Monthly or less, 2 = 2—4 times per month, 3 = 2-3 times per week,
and 4 = 4+ times per week. The question “How many units of alcohol do you drink on a
typical day when you are drinking?” assesses quantity. Response options include 0 = 1-2, 1
=3-4,2=5-6,3=7-9, and 4 = 10+. AU frequency and quantity were considered
separately.

JAm Coll Health. Author manuscript; available in PMC 2018 February 01.
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Physical activity—Consistent with PA assessment in population-based surveys3 and other
recent studies,33 participants’ PA was measured with a modified Leisure Time Exercise
Questionnaire.3* The measure included 3 questions that assess the frequency and average
duration (minutes) of strenuous, moderate, and mild PA in the past week. Participants were
instructed to only consider PA performed during their free time (ie, not in the context of
household chores or work). To aid accurate self-reports, verbal descriptors and examples
were provided for each intensity level (eg, strenuous—heart beats rapidly, sweating;
examples: running, swimming). Research on the reliability and validity of self-report PA
measures supports use of the Leisure Time Exercise Questionnaire and similar approaches.3®
Strenuous PA (and total PA) was calculated by multiplying participants’ frequency and
duration of exercise over the past week.

Participants were recruited from introductory psychology courses at a large, public
university in the southeastern United States; of note, such courses are not limited to
psychology majors or minors. Informed consent was obtained from participants prior to each
assessment. Each assessment involved individual, in-person, structured interviews with a
research assistant and completion of questionnaires on a computer in a private laboratory
setting. Participants received course credit and $30 for completion of the baseline. They
received $50 for completion of the follow-up. This study was approved by the university’s
institutional review board (IRB), and a federal Certificate of Confidentiality was obtained.

Data analysis

Data were collected for 524 participants at baseline. The retention rate at follow-up for
Cohorts 1 (1-year follow-up) and 2 (2-year follow-up) was 86.25% (/7= 452) and 79.58% (n
= 417), respectively. Analyses comparing retained and nonretained participants on
demographic (gender, age, race) and other study variables (PA and AU) indicated no
significant differences (all ps > .05). We therefore assumed data were missing at random and
used the expectation maximization procedure to impute values for any missing data. This
procedure is known to produce relatively unbiased population parameter estimates and is
superior to traditional methods.36

Descriptive statistics and bivariate correlations were used in advance of hypothesis tests. To
test our conceptual models, we used structural equation modeling (SEM). The variables
included in SEM were gender, AU frequency, AU quantity, and strenuous PA. We proceeded
through a series of model tests. In each model, we allowed cross-sectional associations
between all variables or disturbance terms. We conducted these tests separately by cohort
due to time-lag differences between baseline and follow-up.

The first SEM (Model 1) specified autoregressive predictions within all key variables (ie,
AU frequency, AU quantity, and strenuous PA). Thus, the “baseline” model involved AU at
baseline predicting AU at follow-up and PA at baseline predicting PA at follow-up. In Model
2, prospective prediction pathways between AU frequency and AU quantity at each time
point were added. Because AU frequency and quantity are typically highly related,37 it was
important to model these predictive effects. Fit indices were then examined to test whether

JAm Coll Health. Author manuscript; available in PMC 2018 February 01.
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this model fit the data significantly better than did the first model.38 In Model 3, we included
prediction from PA at baseline to AU at follow-up. By testing whether this model fit the data
better than did the second model, we examined if it is appropriate to treat PA as a predictor
of subsequent AU. In Model 4, we added predictive pathways from AU frequency/quantity
(measured separately) to PA at follow-up in order to test fully the hypothesized bidirectional
pathways. Finally, Model 5 included tests of the invariance of the predictive pathways by
gender. We first tested whether the same structural model fit for both genders, and in the
next step we added the additional constraint that the pathways from AU to subsequent PA
were the same for both genders. As the key research question is whether those paths differ
for males and females, we tested whether imposing this constraint would result in
significantly reduced model it.

We measured model fit using 4 common indices: comparative fit index (CFI), Tucker-Lewis
index (TLI), root mean square error of approximation (RMSEA), and standardized root
mean square residual (SRMR). Guidelines for these indices vary: CFl and TLI values of .90
or .95 represent good fit3%; RMSEA values of .06 indicate a close fit, .08 a fair fit, and .10 a
marginal fit324%; and SRMR values of ~.09 indicate good fit.3® Overall model fit is
evaluated by considering the values of all fit indices. To compare models, we (a) conducted a
chi-square ( ;(2) difference test, which determines whether the more constrained model its the
data significantly worse than the less constrained model; and (b) compared fit index values
to judge if the drop in fit with more constraints was meaningful. We used Mp/us 6.238 to run
the analyses.

Descriptive information for PA and AU variables

Tables 1 and 2 provide descriptive information for PA and AU, respectively. There was
considerable variability in the degree of strenuous PA, with some individuals reporting very
extensive engagement in the behavior. Thus, strenuous PA was not normally distributed
(Cohort 1: baseline skewness = 9.54, kurtosis = 108.67; follow-up skewness = 6.16, kurtosis
= 42.18; Cohort 2: baseline skewness = 2.86, kurtosis = 10.73; follow-up skewness = 2.09,
kurtosis = 4.68). In advance of any further data analysis, we next conducted an inverse
transformation on the variable in order to achieve normality*! (Cohort 1: baseline skewness
= 0.44, kurtosis = —1.54; follow-up skewness = 0.90, kurtosis = —0.48; Cohort 2: baseline
skewness = 0.78, kurtosis = —1.28; follow-up skewness = 0.54, kurtosis = —1.38).

Correlations between PA and AU variables, by gender

Tables 3 and 4 show correlations among the key study variables, separately for Cohorts 1
and 2, respectively. As shown, AU quantity and frequency were consistently, positively
correlated with one another. For Cohort 1, AU quantity at baseline was positively associated
with strenuous PA at follow-up for females. Also for Cohort 1, strenuous PA was negatively
correlated with AU frequency and quantity at baseline and follow-up for males. For Cohort
2, AU frequency at baseline was negatively associated with strenuous PA at follow-up for
females.

JAm Coll Health. Author manuscript; available in PMC 2018 February 01.
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Hypothesis tests: SEMs

Cohort 1—Model 1 tested the autoregressive pathways across the 1-year observation
period. This model did not fit the data well: )(2(6) =49.22, p<.001; CFI =.90; TLI =.81;
RMSEA =.18; SRMR = .07. Each autoregressive pathway was significant: baseline
strenuous PA predicted follow-up strenuous PA (b= .28, p < .001), baseline AU frequency
predicted follow-up AU frequency (b= .79, p< .001), and baseline AU quantity predicted
follow-up AU quantity (6= .79, p<.001).

Model 2, which involved AU frequency predicting quantity (and vice versa), fit the data
better: y%(4) = 6.15, p= .18, y? change from Model 1 = y?(2) = 43.07, p< .001; CFI = .99;
TLI =.98; RMSEA = .05; SRMR =.03. The 2 new predictive pathways were significant at p
<.001.

The new pathways in Model 3 (from strenuous PA at baseline to AU frequency and quantity
at follow-up) did not improve model fit: /1/2(2) =4.04, p=.13; CFI D .99; TLI = .97,
RMSEA = .07; SRMR = .03. Accordingly, Model 2 is preferred over Model 3, because it fits
the data equally well and is more parsimonious.

Model 4 thus incorporated Model 2 with the addition of key predictive pathways from
baseline AU frequency and quantity to strenuous PA at follow-up. This model fit the data
well: y%(2) = 2.07, p=.36; CFl = 1.0; TLI = 1.0; RMSEA = .01; SRMR = .01. In this
model, AU frequency predicted lower levels of subsequent strenuous PA (6= .16, p < .05),
but AU quantity was not a significant predictor of subsequent strenuous PA (6= .08, p=.
33).

Model 5 involved invariance testing by gender on Model 4. We first specified the same
structural model for both genders, which resulted in good model fit: ;(2(4) =6.16, p=.19;
CFI =.99; TLI =.97; RMSEA = .07 (90% confidence interval [CI] =.00-.17); SRMR =.02.
Next, we constrained 2 pathways to be equal across gender: baseline AU quantity to follow-
up strenuous PA and baseline AU frequency to follow-up strenuous PA. These constraints
resulted in a significant drop in model fit: overall ;(2(6) =16.96, p<.01; )(2 change from
Model 2 = y?(4) = 10.76, p< .05; CFI = .98; TLI =.90; RMSEA = .13 (90% CI = .06-.20);
SRMR =.07. Thus, the constraint was not justified. As Figure 1 shows, when the paths are
not constrained to be equal across gender, AU frequency was negatively related to
subsequent PA (this path was significant for males only, 6= -.33, p < .05; for females b= -.
13, p=.14). AU quantity, although unrelated to subsequent PA for males (6= .03, p=.78),
predicted greater levels of subsequent strenuous PA for females (6= .25, p<.01).

Cohort 2—We conducted the same series of model tests on Cohort 2, which involved a 2-
year observation period. We briefly summarize the results below.

Model 1 did not fit the data well: ;(2(6) =32.04, p<.001; CFI =.91; TLI =.82; RMSEA =.
12; SRMR = .06. Model 2 fit the data better: y2(4) = 10.81, p< .05; y? change from Model
1: /1/2(2) =21.23, p<.001; CFI =.98; TLI =.93; RMSEA =.08; SRMR = .04. Model 3 did
not improve model fit: y2(2) = 10.15, p< .01; y? change from Model 2: ¥?(2) = 0.66, p 715,
CFl =.97; TLI = .83; RMSEA = .12; SRMR = .04. As was true for Cohort 1, Model 2 is
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preferred over Model 3. Model 4 ft the data well: ;(2(2) =0.12, p=.94; CFl =1.0; TLI =
1.0; RMSEA = .00; SRMR = .00. As was true of this model in Cohort 1, AU frequency
predicted lower levels of subsequent strenuous PA, 6= .22, p<.01.

Model 5 again involved invariance testing by gender on Model 4. We first specified the same
structural model for both genders, and doing so resulted in good model fit: ;(2(4) =3.84,p
=.43; CFl = 1.0; TLI = 1.0; RMSEA = .00 (90% CI = .00-.02); SRMR = .02. Constraints
across gender resulted in a significant drop in model fit: overall ;(2(6) =13.92, p<.01; ;(2
change from Model 4 = y?(2) = 10.08, p<.05; CFl =.97; TLI = .90; RMSEA = .09 (90%
Cl =.03-.16); SRMR =.03. Thus, the constraint was not justified. As Figure 2 shows, AU
frequency negatively predicted subsequent strenuous PA for females only (b=-14, p<.
001). AU quantity predicted greater levels of subsequent strenuous PA for females (6= .12,
p<.001).

Comment

The current study, we believe, is the first to longitudinally examine gender differences in the
relationship between engagement in strenuous PA and AU during the college years. We
found that AU quantity predicted an /ncrease in strenuous PA 1 and 2 years later for female,
but not male, students. AU frequency, on the other hand, predicted a decrease in strenuous
PA 1 year later for male students and 2 years later for female students. Thus, the 2 facets of
AU studied herein were observed to be robust and unique predictors of PA at a later date.
The findings for AU quantity are consistent with a compensatory strategy as seen in eating
disorder research and may be indicative of a habit of engaging in “damage control” to
compensate for the unhealthy behavior of consuming a large amount of alcohol. The
findings for AU frequency are consistent with the large body of cross-sectional research that
shows that some health protective behaviors cluster together (ie, less AU and more PA are a
part of a broad approach to healthy living1%.11). It is plausible that college students who
engage in frequent AU simply may not feel well enough to engage in strenuous PA and
eventually give up on a healthy lifestyle due to all-or-nothing thinking about health
behaviors. Given the divergent effects observed for AU frequency and quantity, it is
imperative that future studies in this area separate these variables so as to avoid inconsistent
or null findings when examining PA as an outcome. Finally, and in contrast to the above,
strenuous PA did notevidence a predictive effect on AU for male or female students.

This study’s major finding is that for females (but not males), the quantity of AU in their
freshman year of college was associated with increased strenuous PA in their sophomore and
junior years of college. Gender differences in these results may be explained by gender
differences in expectations for body shape and weight. These results could reflect a tendency
for females to combat any potential weight gain secondary to AU by engaging in strenuous
PA. Consistent with an extensive body of evidence from the eating disorders literature,?? the
desire to combat calories and maintain shape and weight via strenuous PA may well extend
to the calories consumed when drinking. Because men do not appear to have the same desire
for a thin physique,*2 they may not experience the same drive to exercise strenuously in
response to heavy calorie intake. In support of this line of thinking, Bryant et al*3 found that
although some college students endorse weight control behaviors (eg, strenuous PA) in
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anticipation of calories consumed during AU, more students endorse strenuous PA o make
up forthe calories already consumed. This same study found that twice as many women
endorsed PA as a means of compensating for calories consumed via AU than men. A
compensatory model of PA seems plausible if one considers acute episodes of AU and PA
(eg, binge drinking on Friday night and exercising on Saturday morning), but what is
particularly remarkable about the findings herein is the evidence of a long-term relationship.

In eating disorder studies with college females, one third to one half report using excessive
exercise to combat caloric consumption or maintain weight and shape.2644 Among females
in this sample, 63% reported strenuous PA at baseline and/or follow-up. Further,
recommended strenuous activity guidelines are 75 minutes per week of high-intensity cardio
or muscle strengthening,2 and 37% of female participants exceeded this guideline at 1 or
more time points. Previous studies have found that excessive exercise is associated with
eating disorder symptoms and diagnoses.23-24 It may be that some females in this study were
engaging in other disordered eating behavior, including self-induced vomiting, binge eating,
or severe caloric restriction, and thus were suffering from an eating disorder. The opposite
may also be true. Because this study did not assess disordered eating behaviors or height and
weight, we cannot know how many participants met criteria for an eating disorder. However,
excessive exercise in the absence of other eating disorder behaviors is associated with
distress.2%:28 Thus, regardless of the presence or absence of a clinical diagnosis, excessive
exercise is a significant problem in itself, warranting attention from both a research and
clinical standpoint. The important message is that, for women, strenuous PA may increase
significantly in response to increased quantities of AU and may well be a compensatory
strategy for caloric consumption.

In contrast to our finding of AU as a predictor of future PA, the utility of PA to explain
future AU was not observed. This differs from other work that supports strenuous PA as a
predictor of AU,13:21:45.46 particularly in males.20-21 As it pertains to females, it is possible
our null findings are due to strenuous PA being used as a compensatory rather than a
preventative strategy. In other words, strenuous PA largely functions as an outcome and not a
predictor. As it pertains to males, however, it is possible the inconsistency between our
findings and those of earlier studies is due to methodological differences. Prior work that
demonstrates an association between strenuous PA and AU is cross-sectional in design,
whereas this study explored the predictive effects of strenuous PA within the context of a
longitudinal design, and it did not find such a relationship.

The results and implications of this study should be considered in light of its methodological
limitations. First, PA data were self-reported via a questionnaire. Although this is normative
for observational studies,33 interviews provide opportunities for clarification and objective
measures (eg, pedometers) provide greater reliability and validity. Second, as stated above,
we did not measure disordered eating cognitions or behavior (other than excessive exercise)
nor did we measure PA motives. These measures could have clarified whether participants’
self-evaluation was unduly influenced by their shape and weight (a symptom of eating
disorders), and whether or not participants use PA with the express purpose of compensating
for alcohol-related caloric consumption and/or altering shape and weight. Future studies
should therefore seek to clarify the motives behind excessive exercise and strenuous PA

JAm Coll Health. Author manuscript; available in PMC 2018 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Davis et al.

Page 9

among college women. Students training for athletic events (eg, team sporting event or
marathon) may report levels of strenuous PA akin to those engaging in repeated episodes of
excessive exercise in order to compensate for heavy AU, and of course, one behavioral
pattern may be considered “healthy” or “adaptive” whereas the other is not. Third, these
results may not generalize beyond the current sample. A college student sample was
appropriate for this study because young adulthood and college is often a time of heavy
AU.4" However, we cannot know whether these results would replicate in a sample of young
adults not enrolled in college, and particularly so for samples with greater heterogeneity in
race and ethnicity. We also cannot be fully confident that these results will hold for students
at other colleges and universities, as the culture surrounding attitudes toward AU and PA
may vary from campus to campus and across geographic regions. However, it should be
noted that the overall AU and PA reported by participants in this study are comparable to
those reported by participants in a 2015 survey of college students (V= 16,760) from 40
different US schools,8 with slightly higher levels of AU in this sample. Finally, we cannot
know from these data when participants first began the observed pattern of AU and PA, as it
very well may have emerged prior to college.

In conclusion, this study is one of the first to shed light on gender differences in the
relationship between PA and AU. It appears that for female college students, the amount and
frequency of AU are important for predicting future strenuous PA, whereas for males, only
the frequency of AU demonstrates predictive power. Of note, the quantity and frequency of
AU demonstrated very different predictive associations with PA, with one showing a positive
effect and the other a negative effect. As a whole, the results of this study should not be used
to condemn strenuous PA in female college students. Rather, these findings are meant to
increase understanding of the complex longitudinal relationship between AU and strenuous
PA in college student and possibly other young adult samples. Based on study findings,
future studies should consider the roles of gender and motives when developing theories to
explain the arguably counterintuitive relationship between some aspects of AU and PA.
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