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Abstract

Background: The transition to college is a developmentally sensitive time in which freshmen are 

at high-risk for engaging in heavy drinking and experiencing changes in weight and body 

composition. The study tested prospective associations among drinking patterns (weekly drinks, 

heavy drinking occasions/month) and alcohol calorie intake on weight and waist circumference 

change over the first year of college.

Methods: College freshmen (N=103) were randomly selected from a pool of eligible students to 

participate at the beginning of the academic year. The sample was comprised of 52% males, 46% 

of individuals identifying as racial or ethnic minority, and 45% students with at-risk drinking as 

defined by the Alcohol Use Disorders Identification Test- Consumption questions. Students 

engaging in daily risky drinking (n=2) were excluded. Participants attended three visits during the 

academic year during which they provided weight and waist circumference measurements and 

completed assessments about drinking, dietary intake, and physical activity.

Results: Weight gain (>2.3 kg) occurred in 28% of participants. In linear mixed models, drinking 

patterns and alcohol calorie intake were not associated with weight or waist circumference 

changes within individuals, when controlling for demographic and energy balance variables. 

Drinking patterns and alcohol calorie intake did not account for differences in anthropometric 

measurements between participants, when controlling for covariates.

Conclusions: Alcohol use did not explain the anthropometric changes observed in a sample well 

represented by freshmen engaging in risky drinking (and excluding those with daily risky 

drinking) during the academic year. Drinking may not contribute to short-term weight gain among 

freshmen.
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Introduction

The transition from high school to college is a developmentally sensitive period that is high-

risk for behaviors that can negatively impact health, such as heavy drinking (Brown et al., 

2008). According to the developmental risk model of alcohol use presented by Brown et al 

(2008), early adulthood is a high-risk period for substance use due to active 

neurodevelopment in brain regions responsible for self-regulatory behaviors, which are not 

fully mature, combined with expanding access to addictive substances in the environment. 

The combination of neurodevelopmental and environmental risk factors results in heavy 

drinking as a prevalent problem on college campuses. Among college freshmen not residing 

with their parents, 34% endorsed drinking 5+ drinks on one occasion in the last two weeks 

and 14% endorsed high-intensity consumption of 10+ drinks on one occasion (Patrick and 

Terry‐McElrath, 2016).

The transition from high school to college is also considered a high-risk period for weight 

gain and changes in body composition for some students. Approximately 30% of freshmen 

gain weight during the first year of college, defined as >5 lbs or 2.3kg (Cluskey and Grobe, 

2009; Morrow et al., 2006; Wengreen and Moncur, 2009; Zagorsky and Smith, 2011). 

Weight gain results from an imbalance between energy intake and expenditure. Most studies 

that examined factors contributing to freshman weight gain and/or increased body fat 

focused on changes in dietary intake, such as increased caloric intake from snack foods, and 

decreased energy expenditure from physical activity (Butler et al., 2004; Jung et al., 2008; 

Levitsky et al., 2004; Vella-Zarb and Elgar, 2009; Wengreen and Moncur, 2009). Studies of 

diet and physical activity changes have generally reported small to moderate effect sizes on 

weight and body composition changes.

One factor that has received less attention, but has the potential to create an energy surplus, 

is heavy episodic drinking. Given that one beer contains approximately 150 calories, college 

freshmen may consume 750+ calories from beer in a single drinking occasion. In qualitative 

interviews, freshmen themselves have identified alcohol use as a key factor influencing their 

weight gain (Nikolaou et al., 2014). Initial evidence from longitudinal studies suggested that 

risky drinking and increased drinking during freshman year may contribute to weight gain, 

however most studies had methodological limitations that complicated their study 

interpretations. For example, in a study of almost 300 freshmen, moderate-risk drinking as 

defined by the Alcohol Use Disorders Identification Test (AUDIT) was associated with a 

significant increase in body mass index (BMI) by approximately one point, compared to 

low-risk drinking students who gained 0.5 BMI points during the academic year (Lloyd-

Richardson et al., 2008). However, the AUDIT was administered at the second study 

assessment point, but not the first, which resulted in post-hoc classifications of students’ 

drinking patterns. Moreover, energy expenditure was not accounted for in the analytic 

models. Several additional studies conducted in samples of primarily healthy weight and 
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overweight students found that increased alcohol consumption during the first year of 

college was associated with weight and BMI increases, particularly among males, with small 

to moderate effect sizes (Adams and Rini, 2007; Bodenlos et al., 2015; de Vos et al., 2015; 

Deforche et al., 2015; Economos et al., 2008). However, most studies did not use standard 

alcohol assessments (Adams and Rini, 2007; Bodenlos et al., 2015; de Vos et al., 2015; 

Deforche et al., 2015; Economos et al., 2008) and had samples comprised primarily of 

White females, limiting generalizability (Adams and Rini, 2007; Bodenlos et al., 2015; 

Economos et al., 2008). Furthermore, the majority of past studies used either self-reported 

weight (Economos et al., 2008), which is prone to biases in underestimation, or did not 

account for within-day weight fluctuations in their study designs by taking weight 

measurements at the same time of day (Adams and Rini, 2007; Bodenlos et al., 2015; de Vos 

et al., 2015).

In contrast to the aforementioned positive findings, other studies found that alcohol use was 

not associated with college weight gain (Deliens et al., 2013; Kasparek et al., 2008; Pliner 

and Saunders, 2008; Pope et al., 2017; Zagorsky and Smith, 2011). For example, in the only 

study to measure alcohol calorie intake in students, Pope et al (2017) estimated college 

students’ daily alcohol calorie intake using a food frequency questionnaire and did not find a 

significant impact on 4-year weight change (Pope et al., 2017). However, 96% of the sample 

engaged in low-risk drinking, as determined by the AUDIT.

With the current state of the literature, it is unclear whether alcohol use impacts weight gain 

among college students. Over the past twenty years, discrepant findings have also been 

reported in the broader literature focused on the general population, with some researchers 

reporting a positive association between alcohol use and weight gain or obesity (Breslow 

and Smothers, 2005; Lukasiewicz et al., 2005; Wannamethee et al., 2005), some reporting a 

negative association alcohol use and weight gain or obesity (Thomson et al., 2012; Tolstrup 

et al., 2008, 2005), and some reporting null findings (Bobak et al., 2003; Wannamethee et 

al., 2004). These conflicting findings led to a debate about whether and under what 

circumstances alcohol use may lead to weight gain or obesity (Bendsen et al., 2013; Sayon-

Orea et al., 2011; Suter, 2005; Traversy and Chaput, 2015; Yeomans, 2010a). However, over 

time some trends have emerged in the broader literature that may inform the college 

literature. First, the majority of studies in the broader literature have focused on the general 

population, where alcohol consumption is generally low (Dawson et al., 2015) and detecting 

effects of heavier drinking patterns may be difficult. Furthermore, many studies assessed low 

to moderate daily alcohol intake, which may not substantially disrupt energy balance (Bobak 

et al., 2003; Thomson et al., 2012; Tolstrup et al., 2008; Wang et al., 2010). More recently, 

researchers have examined the association between heavy episodic drinking (≥4 drinks for 

females or ≥5 drinks for males; National Institute on Alcohol Abuse and Alcoholism, 2005) 

and weight gain and/or obesity, with the hypothesis that heavy episodic drinking may lead to 

excess caloric intake and disrupt energy balance. Researchers have reported consistent 

findings that heavy episodic drinking may be associated with weight gain and obesity in the 

general population and among young adults (Chakraborty, 2014; Arif and Rohrer, 2005; 

Fazzino et al., 2017; Breslow and Smothers, 2005). Finally, research has emerged suggesting 

there may be differences in the effects of alcohol use on body weight and obesity among 

those with alcohol use disorder. Daily heavy episodic drinking for a period of years has been 

Fazzino et al. Page 3

Alcohol Clin Exp Res. Author manuscript; available in PMC 2020 June 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



found to alter the way in which alcohol is metabolized, which can result in higher energy 

expenditure and lower body weight despite excess calorie intake from alcohol (Addolorato 

et al., 2000; de Timary et al., 2012). Overall the pattern regarding alcohol use and obesity-

related outcomes in the broader literature is nuanced, but does suggest that non-daily heavy 

episodic drinking may be associated with excess weight gain and obesity. The same positive 

association between alcohol use and weight gain may be observed among college students 

with the use of improved assessment methodology, specifically valid measures of alcohol 

consumption and measured height and weight.

The purpose of the present study was to prospectively test associations among alcohol use 

patterns and alcohol calorie intake with weight and waist circumference change during the 

first year of college in a sample of freshmen stratified by sex, race/ethnicity, and at-risk 

drinking status, and excluding students with a pattern of daily heavy drinking. We 

hypothesized that greater alcohol involvement, operationalized as mean drinks per week, 

number of heavy drinking occasions per month, and mean calorie intake from alcoholic 

beverages, would be 1) associated with greater weight and waist circumference change 

within individuals and 2) would be associated with higher weight and waist circumference 

across individuals.

Materials and Methods

The study enrolled a sample of college freshmen who attended three assessment visits at the 

beginning (September), middle (November), and end (April) of the academic year. A 

description of recruitment and enrollment is presented first, followed by a description of the 

measurements.

Recruitment and Screening

At the beginning of the Fall semester, all incoming freshmen at a large Midwestern 

university were sent a recruitment email inviting them to complete a brief, two-minute 

screen for study eligibility. The email included a link to a study information page and 

screening consent form. Students were required to consent to screening and then filled out a 

contact information form, demographic information, and the Alcohol Use Disorder 

Identification Test-Consumption (AUDIT-C) questions (Bradley et al., 2003; Bush et al., 

1998; Saunders et al., 1993). Screening was open for five days.

Eligibility criteria consisted of 1) age ≥18 and 2) first time incoming freshmen (not 

transferring from another university). Students were ineligible if they endorsed “daily or 

almost daily” heavy episodic drinking on the AUDIT-C. Daily heavy episodic drinking alters 

the way alcohol is metabolized, leading to higher energy expenditure and lower body weight 

(Addolorato et al., 2000; de Timary et al., 2012) and this would have presented a study 

confound.
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Sampling and Enrollment

A priori power analyses indicated that N=103 participants would be sufficient with 80% 

power to detect moderate-sized effects on the outcomes when accounting for a 20% attrition 

rate.

To ensure adequate representation across demographic characteristics, the sample was 

stratified by sex (male/female) and race/ethnicity (White, non-Hispanic/Racial or Ethnic 

Minority). The sample was also stratified by AUDIT-C defined at-risk drinking status using 

cut points normed for college students (5+ for females, 7+ for males) (DeMartini and Carey, 

2012) to provide enough variation in drinking behavior to facilitate the assessment of the 

primary outcomes. The stratification resulted in six categories of participants to fill target 

(N=103) enrollment slots. Randomly sampled students were invited to participate on a 

rolling basis over four weeks until all enrollment slots were filled.

The study was approved by the Institution Review Board and all students provided full 

written informed consent before participating.

Assessment visits

Participants completed a series of three laboratory visits during the academic year during 

which they provided height, weight, and waist circumference measurements, and completed 

computer-based assessments of alcohol use, medical and health information, diet and weight 

control behaviors, and physical activity. Following each visit, participants were asked to 

complete a series of three, photo-assisted online dietary recalls.

An escalating incentive structure was used for the study visits; participants were 

compensated $25 for completing the baseline visit, $35 for completing the second visit, and 

$45 for completing the final visit. Participants were also compensated $15 for each dietary 

recall they completed.

Measures

Alcohol use:

The computerized Time Line Follow Back (TLFB-C) was used to assess daily alcohol use in 

standard drinks (Sobell et al., 1996; Sobell and Sobell, 1992) (copyrighted to Sobell & 

Sobell, 2008). The TLFB-C has good test-retest reliability and evidence of convergent 

validity with the TLFB administered in-person among college student samples (Miller et al., 

2002; Pedersen et al., 2012). TLFB-C data were used to compute mean total weekly drinks 

and mean heavy drinking episodes per month at each time point. Heavy drinking occasions 

were defined as 4+ drinks for females, or 5+ for males in one episode, in excess of the low-

risk drinking guidelines from the National Institute on Alcohol Use and Alcoholism 

(National Institute on Alcohol Abuse and Alcoholism, 2005). The heavy drinking occasions 

variable did not account for consuption within a specific period of time (eg, 2 hours). Our 

hypothesis was that excess caloric intake from alcoholic beverages would lead to weight 

gain; given that the caloric contents of alcoholic beverages are stable across rate of 
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consumption, we did not expect that rate of drinking would change the number of excess 

calories consumed from the same quantity of drinks.

Weight, height, and waist circumference:

Participants were weighed in light clothing using a calibrated digital scale accurate to 0.1 kg 

(Befour PS5700). Participants were weighed at the same time of day at each assessment 

point to control for within-day weight fluctuations. Height was measured with a stadiometer. 

To estimate central adiposity, waist circumference was obtained with two measurements per 

site within 2 cm using standardized procedures (Lohman and Roche, 1988). All 

measurements were taken twice and averaged to obtain a final value.

Medical questions:

Participants answered questions about chronic medical conditions, prescription medication 

taken to treat an illness or injury, prescription medication taken for a chronic medical 

condition, and current use of tobacco products. Participants were also asked whether they 

were participating in an organized weight loss program (or had since their last study visit) 

and how much weight they lost weight as a result of their participation in a program(s).

Physical activity:

The International Physical Activity Questionnaire (IPAQ) Short Form, Self-Administered 

version was used to assess physical activity from transportation, employment, and 

recreation, including college sports participation. It has evidence for reliability and validity 

(Craig et al., 2003), including in college student samples (Dinger et al., 2006; Dishman and 

Steinhardt, 1988).

Diet:

Dietary intake was assessed using the Automated Self-Administered 24 Hour Diet Recall 

(ASA24) (Subar et al., 2012), the web-based version of the USDA Multiple Pass Diet 

Recall, developed and hosted by the National Cancer Institute (Conway et al., 2003; Subar et 

al., 2012). The diet recall method involves an iterative process through which individuals are 

asked to report detailed information about all food and beverages consumed in the past 24 

hours, including food or drink type, the portion size, all contents of the food/beverage, and 

the amount they consumed. Web-based 24-hour recalls have shown evidence for reliability 

and convergent validity when compared to interviewer-administered diet recalls with young 

adults and objective measurement using doubly-labelled water (Arab et al., 2011; Blanton et 

al., 2006; Kirkpatrick et al., 2014; Moshfegh et al., 2008; Vereecken et al., 2008).

Diet recalls were used to collect data on overall dietary intake, as well as calorie intake from 

alcoholic beverages, and alcohol-related eating episodes. Thus, participants were asked to 

include their alcoholic beverage intake in the diet recall reports and the ASA24 program 

included a reminder at the end of the program to report any alcohol intake. Diet recalls have 

evidence for convergent validity in measuring alcohol intake when compared with standard 

retrospective alcohol intake assessments (Agarwal et al., 2016; Serra-Majem et al., 2002).
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To aid participants’ recall of their dietary intake, we used a photo-assisted method that has 

been demonstrated to improve the quality of 24-hour diet recalls with adolescents and adults 

(Ptomey et al., 2015, 2013). Participants were instructed to use their cell phones to 

photograph all food and non-alcoholic beverage intake during a 24-hour period. The 

following day, students completed the ASA24 recall using their photos as a memory aid.

Participants were asked to complete three recalls per assessment period, one on a weekday 

and two on weekend days to capture differences in eating and drinking habits across the 

week (Buzzard et al., 1996). Recalls were completed within one week of each in-person 

study visit. The three recall days were randomly assigned to participants at each time point. 

Participants received notification via email the night before indicating when to initiate photo 

days and complete recalls. Participants who provided valid recall data in the form of 2+ 

recalls, one on a weekday and one on a weekend day (Buzzard et al., 1996) were considered 

to be compliant with recalls for a given assessment point. Diet recall data were used to 

compute mean total calorie intake and mean calorie intake from alcoholic beverages.

Disordered eating behavior:

The Eating Pathology Symptoms Inventory (EPSI) was used to measure disordered eating 

behavior (Forbush et al., 2013). The EPSI conceptualizes eating behavior on a dimensional 

scale and is appropriate for use in samples with and without eating disorders. The EPSI has 

shown evidence for excellent discriminant and convergent validity in both female and male 

college samples (Forbush et al., 2014, 2013). The Binge Eating scale score was considered 

as a potential covariate in the analytic models.

Data Analysis

Analyses were conducting using Mplus Version 8 (Muthén and Muthén, 1998) A series of 

linear mixed models were constructed to test the associations among drinking patterns and 

weight and waist circumference change over time, while accounting for correlations from 

repeated assessments within participants (Long, 2011). Four linear mixed models were 

constructed to test whether two drinking behavior variables — mean drinks per week or 

mean heavy drinking occasions per month — were associated with weight change or waist 

circumference change as dependent variables. We also tested the relationship between mean 

alcohol calorie intake derived from the diet recalls and weight and waist circumference 

change. Full Information Maximum Likelihood estimation (FIML) was used to account for 

missing data and facilitated the inclusion of all (N=103) participants in all analyses. To 

disaggregate the between and within subjects effects in our longitudinal models, procedures 

were followed per the recommendations of Curran and Bauer (2011). Specifically, to test 

between-subjects differences in drinking, the means of the three drinking variables (weekly 

drinks, heavy drinking occasions per month, alcohol calorie intake) were computed per 

individual across study time points, which allowed us to test whether average drinking level 

was associated with differences in weight and waist circumference across participants over 

time. To test the effects of within-individual variation in drinking, individuals’ drinking 

variables at each time point were centered around their drinking variable mean (e.g., an 

individual’s weekly drinks at each time point were centered around their overall mean 
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weekly drinks across study). By individual-mean centering the drinking variables, we tested 

whether variation in drinking around an individual’s average drinking level was associated 

with variation in their weight and waist circumference during the academic year. All linear 

mixed models included visit number as a measure of time. In parallel with our hypothesis, 

we included only fixed effects in the models for between subjects effects. For within-

subjects effects, a random intercept was included in all models.

Covariates

Dietary intake and physical activity variables were included as covariates in all analytic 

models due to their direct relationships with energy balance. Mean total calorie intake as 

determined using the diet recalls was used to account for total energy intake in all models 

except the alcohol calories model because alcohol calories were included in the calculation 

of the total calorie intake variable. In the alcohol calorie model, total non-alcohol calorie 

intake was included instead to account for the effects of non-alcohol related calories on 

weight and waist circumference outcomes. Weekly average metabolic energy expenditure 

from walking as determined by the IPAQ was used as a measure of physical activity. We 

were unable to use the moderate and vigorous physical activity data on the IPAQ because 

many physical activity estimates were outside a plausible range. Upon examination of the 

data, many participants appeared to double-report the amount of time they spent in physical 

activity during the week by reporting equivalent amounts of time spent in both moderate and 

vigorous activity categories (e.g., 150 minutes of vigorous activity and 150 minutes of 

moderate activity, both for 4 days per week). This possible double-counting of physical 

activity resulted in many weekly physical activity estimates that appeared inflated and 

outside of a valid range. However, the IPAQ daily walking estimates did fall within a 

plausible range and given that the walking question was separate from the moderate and 

vigorous physical activity questions in the IPAQ, it seemed reasonable that this question was 

answered more accurately. Therefore, we used estimated energy expenditure from weekly 

walking as the best available measure of physical activity.

We examined the following additional variables as potential covariates: sex, race/ethnicity, 

AUDIT-C defined at-risk drinking at baseline (yes/no), weight class at baseline (underweight 

or healthy weight/overweight/obese), place of residence (university dorms/fraternity or 

sorority/off campus), participation in weight loss programs, tobacco use, taking prescription 

medication for chronic medical conditions, and binge eating. Of the covariates mentioned 

above, the following had significant relationships with the outcomes and were included in all 

analytic models: sex and weight class at baseline.

Models using Transformed Variables

The alcohol intake variables that were used as predictor variables in all models were zero-

inflated and positively skewed, as is often the case with alcohol data in college samples. 

However, the use of square-root transformed alcohol variables in the models resulted in the 

same outcomes (not detailed here) as the models using the original, non-transformed 

variables. Thus, models with the original variables are reported herein.
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Results

Figure 1 presents the results of screening and enrollment. The recruitment email was sent to 

all incoming freshmen (N= 4116) and yielded 638 completed screens (16% screening 

completion rate). An additional 440 responses were incomplete, of which the majority 

occurred during a technical problem with the host server on the first day. Most students who 

completed the screen (N=590; 93%) were eligible and the primary reason for ineligibility 

was transfer student status (non-incoming freshman) (N=46/48; 96%). Of those who 

completed the screen, 65% were female and 81% were White, non-Hispanic. Of the 178 

students invited to participate across six enrollment groups, enrollment rates for most 

sampling strata were between 60–75% of those contacted, with the exception of the at-risk 

drinking white female group (enrollment rate = 52%) and the non-at-risk drinking white 

male group (enrollment rate= 41%). The majority (92%) of individuals who were invited to 

participate but did not enroll did not respond to our invitation to schedule a study visit. Mean 

time from screening to enrollment was 19.7 days (SD = 8.3; Range= 5–30).

Figure 2 depicts attendance rates at each study visit. Retention at Visit 3 was 78%. Five 

participants withdrew from the study and two were unable to continue their participation 

because they moved to a different university. Compliance with diet recalls was 76% at 

baseline (78 provided valid data/103 who completed the baseline visit), 66% at Visit 2 (61 

provided valid data/92 who completed the Visit 2) and 70% at Visit 3 (56 provided valid 

data/80).

Sample Characteristics

Participant characteristics at baseline are presented in Table 1. Stratified sampling resulted in 

a sample comprised of 52% males, 46% of individuals identifying as Racial or Ethnic 

Minority, and 45% AUDIT-C defined at-risk drinking.

Participants who did not complete Visit 3 did not significantly differ from those who 

completed Visit 3 with regard to baseline at-risk drinking status (χ2(1) =0.34, p = 0.56), sex 

(χ2(1) =0.04, p = 0.83), Minority race or ethnicity (χ2(1) =1.02, p = 0.31), or baseline BMI 

(t(39) = −0.03, p= .97).

At Visit 3, 28% of participants who attended the visit (22/80) gained >2.3 kg. Among those 

who gained weight, mean gain was 4.6 kg (SD= 1.8; Range= 2.3 – 8.3). Mean waist 

circumference change among those who gained weight was 6.0 cm (SD = 2.6; Range= 1.9 – 

12.8). Weight gain occurred across those of healthy weight (N=11/51; 22%), overweight 

(N=7/19; 37%), and obese weight classes (N=4/10; 40%).

Across participants, mean weekly drinks during the study was 6.5 (SD= 8.5; Range= 0–41.6) 

and mean heavy drinking occasions per month was 3.2 (SD= 3.7; Range 0–17). Mean daily 

calorie intake from alcoholic beverages was 57.1 (SD= 142.7; Range = 0– 779.9). Alcohol 

intake was reported in 16% of completed diet recalls across 22 participants, 17 of whom 

were in the AUDIT-C at-risk drinking group at baseline and five who were not in the at-risk 

drinking group. Zero participants reported alcohol-related eating episodes in the diet recalls.
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Descriptive statistics for the variables used in analyses are presented in Table 2 and a 

correlation matrix is presented in Table 3.

Linear mixed models

Within-subjects effects without covariates:

In the linear mixed models, weekly drinks, heavy drinking occasions per month, and caloric 

intake from alcoholic beverages as measured within-individuals were not significantly 

associated with individuals’ weight or waist circumference changes during the academic 

year (all alcohol variables for weight outcome: beta values = −0.001 to 0.000, p values 

= .116 to .996; all alcohol variables for waist circumference outcome: beta values = −0.002 

to 0.005, p values = 0.835 to 0.996).

Within-subjects effects with covariates:

Weekly drinks and heavy drinking occasions per month as measured within-individuals were 

not significantly associated with individuals’ weight or waist circumference changes during 

the academic year when accounting for total caloric intake, energy expenditure from 

walking, sex, and baseline weight class (all p values = .495 to .870; Table 4). Beta values 

indicated that students’ alcohol use did not significantly vary from their typical drinking 

patterns during the year (all beta values = −0.07 to 0.01; Table 4). Mean alcohol calorie 

intake as measured within-individuals was significantly associated with individuals’ weight 

change when accounting for total non-alcohol caloric intake, energy expenditure from 

walking, sex, and baseline weight class; however the magnitude of the effect size indicated 

the effects were not meaningful (b = −0.002, p= .035; Table 4). Mean alcohol calorie intake 

was not significantly associated with individuals’ waist circumference change during the 

year (Table 4).

Between-subjects effects without covariates:

Results indicated that weekly drinks and heavy drinking occasions per month were 

significantly associated with weight across participants; greater drinks per week and heavy 

drinking occasions per month were associated with higher weight (weekly drinks: b= 0.32, 

p= .007, CI= 0.09, 0.51; heavy drinking occasions: b= 0.07, p= .006, CI= 0.02, 0.13). 

Alcohol calorie intake was not significantly associated with weight (b= 0.01, p= .568, CI= 

−0.01, 0.03). None of the alcohol variables were significantly associated with waist 

circumference (all beta values = 0.006 to 0.109, all p values = 0.179 to 0.573).

Between-subjects effects with covariates:

Results for between-subjects effects indicated that mean weekly drinks, heavy drinking 

occasions, and mean alcohol calorie intake over the study were not significantly associated 

with differences in weight or waist circumference across participants, when accounting for 

total caloric intake, energy expenditure from walking, sex, and baseline weight class (all p 

values = .193 to .835; Table 4). In all models, sex and weight class at baseline were 

significantly associated with the outcomes (all p values ≤ .01).
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Discussion

The study prospectively examined the relationship between alcohol use patterns and short-

term weight and waist circumference change in a sample of college freshmen well-

represented across sex, race/ethnicity, and at-risk drinking status, and excluding students 

with a pattern of daily heavy drinking. Our results suggest that students’ weekly drinks and 

heavy drinking occasions were not associated with their weight and waist circumference 

changes during the academic year. Alcohol use on average did not change from the 

beginning to the end of the academic year, while weight increased in 28% of the sample. 

Thus, alcohol consumption did not explain the weight and waist circumference changes 

observed in the study. Also, while we had substantial variability in average weekly drinks 

and heavy drinking occasions across participants, drinking patterns were not significantly 

associated with differences in weight and waist circumference across participants. 

Importantly, we accounted for both demographic and energy balance variables in our models 

and in the case of between-subjects effects, sex and baseline weight class were more 

meaningful predictors of differences in anthropometric outcomes than alcohol use.

Overall, our findings are in contrast to prior studies that reported a significant impact of 

drinking on weight gain in college freshmen. For example, Lloyd-Richardson et al (2008) 

observed a significant difference in weight gain trajectories across AUDIT scores among 

freshmen, with moderate-risk drinkers gaining more weight than low-risk drinkers. In our 

study, AUDIT-C-defined at-risk drinking pattern at baseline was not significantly associated 

with anthropometric outcomes and heavier drinking as reported in the TLFB-C was not 

associated with changes in anthropometric measurements during the academic year. Lloyd-

Richardson et al (2008) did have a substantially larger sample of >300 students and may 

have had more statistical power to detect between-subjects effects. However, our study did 

account for energy expenditure in analytic models, and we identified AUDIT-C drinking 

patterns a priori instead of post-hoc, which may have also contributed to differences in our 

findings. Our results also differ from the other studies that reported increases in alcohol use 

were associated with changes in weight during the first year of college (Adams and Rini, 

2007; Bodenlos et al., 2015; de Vos et al., 2015; Deforche et al., 2015; Economos et al., 

2008). These studies used alcohol measures that were not standardized and some used a 

dichotomous variable representing any non-zero increase in alcohol use over the year. In 

contrast, we used a gold-standard alcohol measure, the TLFB and more comprehensively 

evaluated change in alcohol use over the academic year using longitudinal modeling, and 

these factors may have contributed to differences in findings.

One commonality among most prior studies in literature is the assumption that calories 

consumed from alcoholic beverages are most directly related to energy balance. However, 

most studies used drinking behavior variables (e.g., drinks per week) as proxy variables of 

alcohol calorie intake, which has limitations (Kasparek et al., 2008). To our knowledge, our 

study was the first to also measure caloric intake from alcoholic beverages using 24-hour 

diet recalls with a college sample that was well-represented by at-risk drinking students 

(45%). While the findings with the alcohol calorie variable were consistent with the null 

findings observed using the other drinking variables, alcohol intake was only reported in 

16% of the diet recalls, which is in contrast to TLFB-C data that indicated the majority 
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drank alcohol. Our inability to fully capture data on alcohol calorie intake may have 

prevented us from more precisely testing the relationship between energy intake from 

alcoholic beverages and anthropometric outcomes. In addition, we received zero alcohol-

related eating reports in the diet recalls, which also precluded us from testing potential 

indirect effects of alcohol use on weight change via alcohol-related eating. It appeared that 

the web-based diet recall method was not well-suited to measuring alcohol calorie intake 

and alcohol-related eating episodes among college students and methods are needed to 

measure intake behaviors in real-time (Fazzino et al., 2018).

Beyond considerations of measurement limitations, the main factor likely contributing to the 

null findings was that students were able to maintain energy balance, despite excess caloric 

intake from alcohol. Research suggests that some college students, particularly females, may 

restrict food calorie intake before drinking in order to compensate for alcohol calorie intake 

and avoid weight gain (Barry and Piazza-Gardner, 2012; Burke et al., 2010), and some 

students may have employed this strategy during the current study. Students may have also 

compensated in healthy ways, either by consuming lower calorie foods the day before or 

after drinking, and/or through physical activity. It is noteworthy that 28% of the sample did 

gain weight, but our findings indicate weight gain was likely due to other factors. It may be 

that compensating for nights of drinking was feasible because for most students drinking 

was periodic. Other factors present on a daily basis may have been more difficult for some 

students to compensate for, such as dining at the all-you-can-eat dormitory cafeterias 

(Leischner et al., 2018; Levitsky and Youn, 2004).

The study had several limitations. First, self-report assessments were used to measure 

drinking, dietary intake, and physical activity. Although each measure has evidence 

supporting its validity, self-report measures are prone to biases. While objective measures 

are available for diet and physical activity, self-reported alcohol use via the TLFB is 

considered a gold standard and a best available measure of alcohol intake; alcohol 

biosensors are limited in their detection of non-binge drinking occasions (<4 drinks) 

(Roache et al., 2015). In addition, we were only able to use the data from the IPAQ regarding 

walking, which limited our ability to fully characterize and account for physical activity. 

Finally, we had missing data due to 22% participant attrition by Visit 3, and ~70% 

compliance with the diet recalls across the study (range 66% - 76% by time point). However, 

there were no significant differences in demographic characteristic or at-risk drinking status 

between those who completed Visit 3 and those who did not. In addition, we used full 

information maximum likelihood estimation, a robust missing data estimation technique to 

address missing data. Using FIML allowed us to conduct analyses on all participants who 

enrolled in the study and to make full use of all available data.

The study had several strengths, including the use of a random sampling procedure to select 

study-eligible students to participate, adequate representation across demographic 

characteristics and at-risk drinking, and prospective assessment of alcohol use and 

anthropometric outcomes.
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Implications and Future Directions

Given the substantial health, social, and economic costs of obesity, it remains important to 

elucidate the factors that may contribute to early weight gain in college in order to inform 

prevention efforts (Cawley and Meyerhoefer, 2012; Trogdon et al., 2008; Withrow and Alter, 

2011). In particular, it is important to identify characteristics of the ~30% of college 

freshmen who gain weight to facilitate prevention efforts. Given that all freshmen who 

reside on campus enter the same campus environment and only one-third gain weight, it may 

be that individual-level risk factors predispose certain individuals to gain weight. For 

example, some individuals may be particularly vulnerable to the rewarding effects of highly 

palatable foods (high in sugar, fat, and/or salt), which may yield overeating and weight gain 

when dining primarily at all-you-can-eat cafeterias on campus. However, to our knowledge, 

individual-level factors that contribute to freshman weight gain have not been identified, and 

more work in this area is needed. Second, some individuals, particularly those highly 

sensitive to reward, may seek to extend the rewarding experience from a night of drinking by 

consuming highly palatable foods directly following drinking. More research is needed to 

determine whether individual-level factors may identify students who regularly engage in 

drinking and alcohol-related eating. Given that alcohol may temporarily increase eating 

behavior (Schrieks et al., 2015; Yeomans and Bertenshaw, 2008; Yeomans, 2010b), future 

research is also needed to determine whether alcohol use may play an indirect role in weight 

gain via its effects on alcohol-related eating. In addition, an investigation of fat, sugar, and 

salt intake patterns during alcohol-related eating episodes may further elucidate mechanisms 

related to weight stability or gain. Finally, future work is needed to test whether there may 

be longer-term associations between alcohol use and obesity-related outcomes throughout 

the college years. It is possible that heavy drinking patterns do not impact short-term weight 

outcomes early in college; however, the effects of drinking on body weight may accumulate 

over longer time periods. There is evidence to suggest that a pattern of regular heavy 

episodic drinking in early adulthood may lead to excess weight gain and transition to obesity 

in 5–6 years later (Fazzino et al., 2017). Future methodologically rigorous research that 

replicates our approach and extends the assessment of weight-related outcomes beyond the 

first year of college is needed to determine if there may be a delayed-time course to the 

effects of alcohol use on weight gain and obesity risk.

The current findings may also be used to inform alcohol prevention efforts. Web-based brief 

interventions are typically used to address alcohol use among college students and many 

programs reference the caloric density of alcohol and/or potential effects on weight gain. 

The current study findings do not support the premise that alcohol use contributes to short-

term weight gain among freshmen. However, is true that alcohol has a high caloric density, 

second only to fat (Yeomans, 2010a), and that alcohol consumption may lead to alcohol-

related eating (Nelson et al., 2009). Thus, it is reasonable for interventions to address the 

possibility that alcohol use may lead to excess calorie intake. Finally, researchers designing 

web-based interventions may consider referencing the potential longer-term effects of 

regular, heavy episodic drinking on obesity-related outcomes (Fazzino et al., 2017).
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Figure 1. 
Screening and Recruitment
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Figure 2. 
Retention by Study Time Point
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Table 1.

Participant Characteristics (N=103)

M(SD) or N(%)

Age 18.2(0.6)

Sex (% male) 54(52)

Race/ethnicity

  White, non-Hispanic 58(56)

  African American 6(6)

  Asian/Asian American 14(14)

  Native American 2(1)

  Hispanic American 15(15)

  Multiracial 8(8)

BMI baseline 24.9 (4.4)

Weight class at baseline

     Underweight 1(1)

     Healthy weight 64(62)

     Overweight 25(24)

     Obese 13(13)

AUDIT-C score baseline 4.0(3.2)

Note. M=mean; SD=standard deviation; BMI= body mass index; AUDIT-C = Alcohol Use Disorder Identification Test- Consumption questions
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Table 2.

Descriptive Statistics of Measured Variables used in Analyses

Variable Mean Standard Deviation

Weekly drinks 6.55 8.53

Heavy drinking episodes per month 3.16 3.66

Alcohol calorie intake 57.08 142.45

Total caloric intake 2100.93 641.21

Total non-alcohol caloric intake 2043.86 609.33

Weekly energy expenditure from walking 892.44 929.60

Weight (kg) 72.16 15.35

Waist circumference (cm) 78.35 11.34
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Table 3.

Correlation Matrix of Measured Variables

Weekly
drinks

Alcohol
calories

Monthly
heavy
drinking

Energy
expenditure
from
walking

Non-
alcohol
total
calorie
intake

Waist
circ.

Weight Sex Overwt. Obese

Weekly drinks 1.00

Alcohol calories 0.109 1.00

Monthly heavy drinking 0.941 0.161 1.00

Energy expenditure 
from walking

0.011 0.045 0.069 1.00

Non-alcohol total calorie 
intake

−0.197 0.114 −0.231 0.090 1.00

Waist circ. 0.101 0.049 0.033 −0.048 0.084 1.00

Weight 0.185 0.076 0.118 −0.069 0.125 0.936 1.00

Sex −0.240 −0.050 −0.104 0.097 −0.409 −0.350 −0.486 1.00

Overweight 0.149 −0.151 0.143 0.041 −0.031 0.180 0.139 −0.041 1.00

Obese −0.006 0.066 −0.025 0.003 −0.001 0.765 0.703 −0.069 −0.215 1.00
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Table 4.

Linear mixed models for alcohol use and anthropometric outcomes during the first year of college (N=103)

Beta value Standard
Error

95% CI P value

Model
a
 DV: weight (kg)

Within: heavy drinking 0.01 0.80 −0.14, 0.14 .870

Between: heavy drinking 0.17 0.27 −0.36, 0.61 .536

Model
a
 DV: weight (kg)

Within: weekly drinks −0.01 0.05 −0.10, 0.08 .799

Between: weekly drinks 0.08 0.12 −0.16, 0.28 .521

Model
b
 DV: weight (kg)

Within: alcohol calories −0.002 0.001 −0.003, 0.000 .035

Between: alcohol calories 0.01 0.01 −0.01, 0.02 .349

Model
a
 DV: waist circumference (cm)

Within: heavy drinking −0.07 0.11 −0.27, 0.10 .495

Between: heavy drinking −0.09 0.17 −0.43, 0.19 .584

Model
a
 DV: waist circumference (cm)

Within: weekly drinks −0.01 0.05 −0.07, 1.40 .769

Between: weekly drinks −0.02 0.08 −0.17, 0.11 .835

Model
b
 DV: waist circumference (cm)

Within: alcohol calories −0.09 0.19 −0.46, 0.29 .640

Between: alcohol calories 0.004 0.003 −0.002, 0.011 .209

Note: Within refers to within-subjects effects in the models, interpreted as variation around individual’s typical drinking pattern; between refers to 
between-subjects effects in the models, interpreted as mean drinking pattern across participants during the study

a
Covariates included in models: total calorie intake, average metabolic energy expenditure from walking, sex, weight class at baseline

b
Covariates included in models: total non-alcohol calorie intake, average metabolic energy expenditure from walking, sex, weight class at baseline
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