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Background: Research has shown that university students engage in behaviors that are associated with poor sleep quality, such as
higher caffeine and alcohol intake. Yet studies exploring eating habits and weight loss mechanisms related to sleep quality have
generally been inconclusive. This study explored total daily caffeine consumption (along with different sources of caffeine) as well as
dieting and exercising to lose weight in the last 30 days as risk factors for poor sleep quality among an undergraduate university
population.

Methods: Full-time undergraduate students (n = 400) participated in an anonymous online survey about various health behaviors at
a large, mid-Atlantic university. Multivariable linear regressions were run to consider subjective sleep quality in relation to caffeine
consumption and dieting behavior along with other covariates. A sensitivity analysis was run to explore how different types of
caffeinated beverages were associated with sleep quality as well. All analyses were conducted using SAS JMP Version 16.

Results: A stepwise multivariable linear regression controlling for alcohol use, grade point average, biological sex, and stress showed
significant increases in sleep quality scores (indicating worsening sleep quality). Total caffeine consumption remained significant
through the models until psychosocial factors were added (B = 0.003, p = 0.0035). The sensitivity analysis indicated that total caffeine
consumption from soda remained significant across all models, significantly increasing sleep quality scores (B = 0.01; p = 0.0054).
Discussion: Higher amounts of caffeine from sodas were associated with more significant decreases in sleep quality than other types
of caffeine, including energy drinks, coffee, and tea. Dieting or exercising to lose weight was not significantly associated with sleep
quality. The results of this study can help to refine intervention efforts designed to improve sleep quality among undergraduate
university students. Behavioral interventions specific to reducing caffeine intake, specifically from caffeinated sodas, may prove to be

beneficial with this population.

Plain Language Summary: In college, students face risks for worse sleep quality, like consuming more caffeine and feeling more
stressed. When scientists studied how eating habits affect sleep, the results were mixed. This study was conducted to see how much
caffeine and weight-loss methods affect sleep quality for college students.

Researchers used a survey to ask college students about their sleep, caffeine, weight-loss methods, and other behaviors. This study
found that drinking more soda was associated with worse sleep quality when compared to drinking coffee, tea, or energy drinks.
Drinking alcohol and being stressed also was connected with poorer sleep quality worse. However, researchers did not find a link
between weight-loss methods and sleep quality.

For college students to have better sleep, interventions should try to lower caffeine intake (especially from soda), alcohol intake, and
stress levels.
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Introduction

Sleep is a basic human necessity, vital for overall health and wellbeing. Sleep quality is a complex concept with no
consensus definition but can be generally understood as sleep satisfaction, based on both objective and subjective
components of sleep.' The Pittsburgh Sleep Quality Index (PSQI) comprises seven sleep components: subjective sleep
quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and
daytime dysfunction over a 1-month interval.? Poor sleep quality is indicated by higher PSQI scores and has been linked
to many chronic conditions, including type 2 diabetes, heart disease, obesity and depression, as well as injury and
disability associated with vehicle accidents and occupational errors.® As a result of these associations, poor sleep quality
contributes significantly to the global burden of disease, indicating an opportunity for public health intervention. Sleep
duration is a frequently studied component of sleep quality, with a recommended minimum threshold of seven hours
a night to support optimal health in adults between the ages of 18 and 60.* However, current estimates show that one-
third of US adults typically sleep on average less than the recommended seven hours.’

University-attending students traditionally experience poor sleep quality, given their heightened stress, caffeine
intake, and irregular sleep-wake patterns.” These students with poor sleep quality are also at risk of experiencing
detrimental consequences such as reduced academic performance and mental health problems.®®

Many college students leaving their home for the first time must learn to balance the challenges of early adulthood
with academics. This transition can result in higher levels of stress, which can affect sleep quality outcomes.’ In a 2021
American College Health Association report,” the majority of undergraduates surveyed reported experiencing moderate
or high levels of stress in the past 30 days. This same report found that stress and sleep difficulties, among other
variables, were negatively associated with students’ academic performance. Recent studies suggest that both sleep quality
and quantity are associated with academic performance indicators, such as grade point average (GPA) and that higher
sleep quality and quantity for a consistent time period is associated with better grades.®'® Assessing causes of stress, as
well as the coping mechanisms utilized to combat stress, can help define more targeted risk factors for sleep quality.
Addressing the university population will help nurture better sleep quality for more favorable health outcomes in future
generations.

Caffeine intake, in general, is a known determinant of poor sleep quality.” However, the variations in caffeine
consumption among different studies, age groups, and locations are drastic. Caffeine is a staple in the daily routines of
many individuals, with 85% of the US population consuming at least one caffeinated beverage per day with mean
caffeine intake from all beverages approximately 165 = 1 mg per day, with coffee as the primary contributor overall."'
Among college students, a recent study found a mean caffeine intake of 159 mg per day among both reported consumers
of caffeine and non-consumers of caffeine, with coffee also reported as the primary source.'?

Another contemporary study among American undergraduate students found poor sleep consistency between week-
days and weekends (which they refer to as social jet lag) and problems with sleep quality to be associated with lower
intuitive eating, greater emotional eating, and greater loss of control over eating.'® Intuitive eating refers to the practice of
prioritizing one’s physical hunger to create a healthy relationship with food and body image and is associated with
positive health outcomes.'* However, emotional eating is theorized to occur independently of one’s physical hunger and
is rather influenced by emotional state.'> Loss of control over eating is the subjective inability to stop eating, or to limit
the amount of food consumed, and it is also a primary component of a binge eating episode.'® Further exploration is
needed to understand the potential relationship between disordered eating behaviors and lower sleep quality among the
undergraduate population.

The young adult population is also especially vulnerable to disordered eating behaviors, with a 2019 nationwide (US)
study revealing that 95% of diagnosed first-time cases of an eating disorder occurred by the age of 25.'” Eating habits
during college years have also been previously studied in association with sleep quality, but according to a 2021 literature
review, the studies are limited, and results have been generally inconclusive.” For example, one study assessed three
sleep variables in association with certain dietary patterns and found that increased energy drink and sports drink
consumption, as well as skipping breakfast, were associated with lower sleep quality.'® However, sleep quality was only
reported through a single self-reported survey question. Thus, there remains a gap for deeper consideration of all the
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aspects that make up sleep quality. Moreover, there is a dearth of literature exploring the potential differentiation between
various forms of caffeine consumption and sleep quality.

Weight loss due to diet and exercise may also be associated with improved sleep quality. Inversely, poor sleep has
been studied as a potential hindrance on one’s attempts to lose weight.'” Exercise types (including both high-intensity
interval training and following World Health Organization physical activity levels) have been associated with improved
sleep quality.”® Nutrition factors, including the diet quality, are also associated with sleep quality. A systematic review
indicated healthier foods are associated with improved sleep quality, whereas highly processed and sugary foods are
associated with poorer sleep quality.?' Additionally, eating disorders specifically (which often comprise dieting and/or
exercising to lose weight) have been significantly associated with insomnia, daytime dysfunction, sleep quality, and sleep
apnea.”> Most of these studies, however, have investigated adults rather than college students specifically.

Current literature suggests the importance of examining sleep quality using several sleep indicators (duration,
consistency, perceived quality) along with associations with other variables such as dietary behaviors, caffeine intake,
and stress or other mental health indicators.” Additionally, available studies examining this topic may not control for
lifestyle factors, such as alcohol use, which may be more prevalent in the university student population when compared
to other persons in the same age group.”

This study’s purpose is to investigate the association between total caffeine consumption among university students,
diet, and exercise to lose weight, and subjective sleep quality (measured by the PSQI), while also controlling for select
covariates deemed to be important from the literature. Our first hypothesis was that higher caffeine consumption would
be associated with poorer sleep quality (or higher PSQI scores). Our second hypothesis was that reporting dieting or
exercising to lose weight in the last month would also be inversely associated with sleep quality scores. A second,
exploratory aim was to understand varying contributions of different types of caffeinated beverages (including caffei-
nated soda, coffee, tea, and energy drinks) to the models. We hypothesized that beverages with higher caffeine content
would be more strongly associated with poor sleep quality. Covariates considered for all aims included total alcohol use,
biological sex, grade point average (GPA), and perceived stress. Knowledge gained from this study could inform
interventions and campaigns designed to better inform students and improve sleep quality in college campuses.

Methods

Participants and Procedure

Full-time undergraduate university students between 18 and 24 were eligible for survey participation in the main study,
which considered theoretical models and has been previously published.?* This study utilized variables not used in that
previous publication, specifically caffeine and other psychosocial risk factors. Enrollment occurred in 2016 at a Mid-
Atlantic university with 22,563 undergraduate students. Stratified random sampling was used to select representative
students (n = 2200) from the total undergraduate population (comprised of freshmen 36.1%, sophomores 26.6%, juniors
20.5%, and seniors 16.8%). These identified students were then invited by email to participate. The survey was sent five
days after the initial email and participants were entered into a drawing for one of 50 $10 gift cards. The survey was
distributed and managed through Qualtrics (Provo, UT) and upon consent, students completed the survey. Those who had
not responded were sent three email reminders, with the survey active for a total of 30 days. A total of 494 surveys were
completed, satisfying power estimates. The 22.5% response rate was consistent with other higher education online
surveys.”> Additional methods for this study have been published previously.?* Institutional Review Board approval was
obtained from West Virginia University (Protocol #1603066826).

Measures

Pittsburgh Sleep Quality Index (PSQI)

The PSQI was used to measure sleep quality, assessing sleep and disturbances over 30 days. The scale includes 19 self-
report Likert items across seven components: subjective sleep quality, sleep latency, sleep duration, habitual sleep
efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction. A global score is created from the
subscales and ranges from 0 to 21, with higher scores indicating worse sleep quality.”
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The PSQI has displayed adequate internal consistency with coefficient alphas of 0.83 and demonstrated stability over
time.>*® Global PSQI scores greater than 5 have sensitivity of 89% and specificity of 85% for indicating poor sleep
quality (Kappa = 0.75, p < 0.001).% In this sample, the PSQI demonstrated an overall internal consistency estimate
of 0.78.

Total Caffeine Consumption

Caffeine consumption was measured in total milligrams of caffeine consumed on an average per day across reported
average daily consumption of caffeinated coffee, soda, tea, and energy drinks. Questions to assess caffeine consumption
in this way have been validated in several publications with large, nationally representative samples.?” To determine the
total mg of caffeine consumed, weights based on average amount of caffeine in an 8 oz drink were applied to the number
of caffeinated drinks per day. Coffee was given a weight of 96, energy drinks 71.9, and caffeinated soda were given 22
based on estimates by the Mayo Clinic.?® Since tea was not defined as caffeinated or decaffeinated in the question asked
to participants, caffeinated and decaffeinated tea milligrams were averaged to get a weight of 13.25 which was applied to
daily average tea drinks in the last 7 days.”®

Dieting & Exercising to Lose Weight

Diet and exercise were assessed by two questions: “Within the last 30 days, did you do any of the following”: “exercise
to lose weight” or “diet to lose weight”. Answers were dichotomous (yes/no). These questions were adapted from the
national Youth Risk Behavior Survey and showed moderate reliability (exercising to lose weight kappa = 53.2; dieting to
lose weight kappa = 57.6).2%*° These two variables were combined to create one categorical variable for analysis with
four levels: 1: none; 2: diet, but not exercise; 3: exercise, but not diet; 4: and exercise and diet.

Total Alcohol Drinks

Alcohol consumption was created by multiplying participant response of the number of days per week of alcohol use by
the number of drinks per day. The original questions for number of drinks per day were adapted from the National
College Health Assessment.” The resulting continuous response provided the number of total alcohol drinks per week
participants self-reported.

GPA
For GPA, students were asked “What is your current overall Grade Point Average”?. Participants were directed to write
their response using a 4.0 scale, providing a continuous variable for analysis.

Stress

Stress was measured by a single question from the National College Health Assessment:” “Within the last 12 months,
how would you rate the overall level of stress you have experienced”? Participants could respond with a 5-point Likert
scale ranging from “No stress” to “Tremendous stress”. This question has demonstrated very good reliability (kappa =
0.801).%"

Demographic Variables
Several demographic variables were included as covariates in the model. Biological sex was measured as a dichotomous
variable (male/female) and race was assessed with the question: “How do you usually describe yourself”? Responses
included White, Black or African American, American Indian or Alaska Native, Asian, Native Hawaiian or Pacific
Islander, or Other. These were then created into separate dichotomous variables for ease of analysis (eg: white: yes/no).
Biological sex was included in the model given evidence indicating that although females sleep longer than males,
they experience poorer sleep quality.*> > Research also suggests that women might have heightened daytime sleepiness,
which could indicate a greater impact of chronic sleep loss on females.>*>” Additionally, sleep problems are prevalent
among college students with similar findings of females reporting longer sleep periods, but more awakenings and poorer
sleep quality than male college students.*>*® Race was also included in the model owing to evidence suggesting poor

sleep is more common in the Black population compared with White Americans.***°
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Data Analyses

Descriptive statistics were conducted and reported with both means and standard deviations for continuous variables as
well as frequencies and valid percentages for categorical variables. Bivariate Pearson correlations were run between risk
factors (total caffeine consumption and dieting/exercising to lose weight in the last 30 days), controlling factors
(biological sex, alcohol consumption, GPA, perceived stress, and race), and PSQI scores. Regression model assumptions
were checked prior to running models. After examining bivariate associations between covariates and the outcome
variable (dieting/exercising to lose weight in the last 30 days), race was removed due to lack of bivariate statistical
significance. All other model assumptions were satisfied. Standard selection multivariable linear regression models were
run with risk factors of sleep quality (PSQI scores) in a set of three models. The initial model (Model 1) was run with the
risk factors of interest: total caffeine consumption (in mg) and dieting/exercising to lose weight in the last 30 days.
The second model (Model 2) included the primary risk factors as well as demographic and behavioral factors, including
biological sex, GPA, and total alcohol drinks per day. The final model (Model 3) included all previous variables, as well
as an additional psychosocial factor: stress. A sensitivity analysis was also conducted with one full model containing
caffeine mg from different types of caffeine sources: coffee, energy drinks, caffeinated soda, and tea. This was run to
understand if the source of caffeine might be differentially associated with sleep quality. Model results reported included
model fit, model R square, unstandardized beta weights and accompanying standard error, and accompanying p-values.

Alpha was set to 0.05 for all analyses, and all analyses were conducted with JMP 16.0®.

Results

Demographic Characteristics

The total sample (N = 494) was reduced to n = 400 based upon completion of the outcome variable. Over the last month,
students reported an average of 6.7 hours (SD=1.33) of sleep per night. The mean sleep quality score was 7.5 (SD=3.5),
with the global cut-off (>5) indicating that 69% of the population experienced poor sleep quality. A majority of the
sample was female (61.9%) and White (87.3%) with a mean age of 20.2 + 5.7. Average caffeine consumption per day
was 192 + 188.60 mg, with an interquartile range of 57.25-263.98 and a median of 131.25. For full demographics see
Table 1. Additionally, bivariate correlations between the variables can be found in Table 2.

Table 1 Demographics and Descriptive Statistics for Participants (N = 400)

Variable M or n (SD or %) Min, Max
Age (yrs)® 20.14 (5.74)
Grade Point Average (GPA)® 3.33 (0.50)
Global Sleep Quality Score 7.5 (3.50)
Global Sleep Quality Score Cut Off (>5) 277 (69.25)
Actual Sleep Hours 6.7 (1.33)
College Year®
Freshman 144 (42.48)
Sophomore 77 (22.71)
Junior 70 (20.65)
Senior 48 (14.16)
Race®
White 295 (87.28)
Black 12 (3.55)
Asian 10 (2.96)
American Indian/Alaskan Native 2 (0.59)
Other 19 (5.62)
(Continued)
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Table | (Continued).

Variable M or n (SD or %) Min, Max
Job?

Fulltime 19 (5.57)

Parttime 119 (34.90)

Unemployed 203 (59.53)
Biological Sex®

Female 210 (61.95)

Male 129 (38.05)
Coffee (mg per day)® 118.22 (158.50) 0, 576
Tea (mg per day)® 14.20 (20.89) 0, 79.5
Caffeinated Soda (mg per day)® 32.28 (40.00) 0, 132
Energy Drink (mg per day)’ 23.90 (61.12) 0,431.4
Per Day Avg. Caffeine Consumption (mg) 192 (188.60) 0, 815.4
Total Alcoholic Drinks 6.42 (9.89)
Exercise to Lose Weight (last 30 days)®

Yes 150 (44.38)

No 188 (55.62)
Diet to Lose Weight (last 30 days)®

Yes 93 (27.43)

No 246 (72.57)

Notes: *Missing 61 participants; ®Missing 110 participants; “Missing 62 participants; “Missing 59 partici-
pants; °Missing 64 participants, fMissing 63 participants.

Table 2 Correlations

1 2 3 4 5 6 7
|. Total Caffeine Consumption | 0.03 0.23** 0.17% 0.1 0.09 0.03
2. Male 0.03 | 0 -0.21%* —0.24%* —0.1 —-0.03
3. Total Alcohol Drinks 0.23** 0 [ 0.19% —0.05 0.14* —0.06
4. Sleep Quality 0.17* -0.21* 0.19% | 0.49** 0.03 —0.13*
5. Stress? 0.1 —0.19%* —-0.09 0.48** | 0.03 —0.05
6. Exercising & Dieting to Lose Weight”" 0.12 —-0.09 0.13* 0.04 0.03 | —-0.05
7. Grade Point Average (GPA) 0.03 —-0.03 —-0.06 —0.13** —-0.07 —0.04 |

Notes: *p<0.05. **p<0.0001. » Spearman’s p for nonparametric data used.

Stepwise Multivariable Linear Regression

Model 1 explained 2.9% of the variance in PSQI scores [F (4, 400) =2.44), p=0.047, R* = 0.029]. Total caffeine consumption
was associated with significantly increased PSQI scores (B = 0.003+0.001, p = 0.0035), but not dieting to lose weight (p =
0.3765), exercising to lose weight (p = 0.6435), or dieting or exercising to lose weight (p = 0.7520). Model 2 added
demographic and behavioral factors into the model, namely biological sex, and total alcohol drinks. Model 2 explained
11% of the variance in PSQI scores [F (7, 400) = 4.96), p < 0.0001, R? = 0.11]. Total caffeine consumption was still
significantly associated with increased PSQI scores (B =0.003, SE=0.001, p=0.0110), as did total alcohol drinks (B =0.05 +
0.02, p = 0.0106). However, identifying as male and a higher reported GPA was associated with decreased PSQI scores.
Dieting to lose weight (p = 0.2459), exercising to lose weight (p = 0.5200), and dieting or exercising to lose weight (p =
0.4093) remained statistically non-significant. Model 3 explained the most variability of the three models, with 29% of the
variability in PSQI scores [F (11, 400) = 9.90), p < 0.0001, R? = 0.29]. However, total caffeine consumption was no longer
significant (p = 0.151). Total alcohol drinks were still significantly associated with increased PSQI scores, as was tremendous
stress, and more than average stress. Identifying as male was associated with significantly decreased PSQI scores, as was less
than average reported stress. Dieting and exercising to lose weight were not significant, nor was average stress (See Table 3).
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Table 3 Stepwise Multivariable Linear Regression Models Examining Total Caffeine Consumption as Predictor of Sleep Quality (N = 400)

Overall Model Model I: Main Effects Model 2: Main Plus Demographic & Behavioral Factors Model 3: Full with Psychosocial Factors
F df p R? F df p R? F df p R?
2.44 4 | 0.0470%* 0.029 4.96 7 <0.000 | ** 0.11 9.90 Il | <0.0001%* 0.29
B * SE (95% CI) p B * SE (95% CI) p B = SE (95% CI) p

Intercept 7.060.33 (6.41,7.71) <0.0001** 10.20+1.39 (7.47,12.93) <0.000 I ** 8.24+1.28 (5.72, 10.77) <0.000 I **
Total Caffeine Consumption® 0.003+0.001 | (0.001, 0.005) 0.0035% 0.003+0.001 (0.001, 0.005) 0.0110* 0.001+0.001 (-0.001, 0.003) 0.1514
Ways to Lose Weight® (ref = none)
Diet to Lose Weight 0.58+0.65 (-0.71, 1.87) 0.3765 0.83+0.71 (-0.57, 2.23) 0.2459 0.69+0.64 (—0.58, 1.95) 0.2845
Exercise to Lose Weight —0.18%0.39 (-0.94, 0.58) 0.6435 —0.27+0.42 (-1.09, 0.55) 0.5200 —0.45%-0.38 (-1.19, 0.30) 0.2372
Diet & Exercise to Lose Weight —0.13+0.38 (-0.88, 0.61) 0.7250 —0.33+0.41 (—1.13, 0.46) 0.4093 —0.21+0.37 (—0.93, 0.51) 0.5696
Male (ref = female) —1.21+0.42 (—2.34, —0.70) 0.0003* —0.86+0.39 (—1.63, —0.10) 0.0273*
GPA —0.84+0.40 (—1.63, —0.06) 0.0353* —0.57+0.37 (-1.29, 0.15) 0.1199
Total Alcohol Drinks® 0.05+0.02 (0.01, 0.10) 0.0106* 0.07+0.02 (0.04, 0.11) 0.0002*
Stress (ref= none)*
Tremendous 3.11+0.48 (2.16, 4.07) <0.000 I **
More than Average 1.64+0.37 (0.90, 2.37) <0.000 I **
Average —0.35+0.40 (-1.13, 0.43) 0.3791
Less than Average —1.69+0.57 (—2.81, —0.57) 0.0032*

Notes: *per day in the last 7 days; ° in the last 30 days; © in the last 7 days; ¢ overall in the last 12 months; *p < 0.05. *p<0.0001.
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Sensitivity Analysis
In addition to the total caffeine consumption model, the full model was run with PSQI and individual risk factors of total
caffeine milligrams for coffee, caffeinated soda, energy drinks, and tea, respectively, to assess whether certain forms of
caffeine consumption were more highly associated with increasing PSQI scores.

The full model including all sources of caffeine was significant, explaining 28% of the variance in PSQI scores.
Within that model, the only statistically significant caffeine source was caffeinated sodas (p = 0.0141). See
Supplementary Table 1. Additionally, based on the standard beta weight, the strongest independent variable in the

model was caffeine from soda (8=0.13), after controlling for the other variables.

In summary, this sensitivity analysis generally replicated total caffeine consumption but with some additional
information: caffeinated soda retained its significance with PSQI score in the full model, whereas the other types of
caffeinated beverages did not.

Discussion

To summarize, the findings of this study indicate relatively poor sleep quality among university-attending young adults.
This poor sleep quality is associated with total caffeine consumption, but not with dieting or exercising to lose weight in
the past 30 days. Additionally, the strongest association for caffeine type and reduced sleep quality was caffeinated sodas.

First, students reported less than the recommended 7—8 hours of sleep per night (6.7 hours) over the past month.**!
Based on the global cut-off score, 69% (n = 277) of students in our sample were classified as poor-quality sleepers,
consistent with previous reports indicating more than 60% of college students had poor quality sleep.®>** We also found
that females in our sample reported poorer sleep quality, consistent with prior research.>>*?

Our finding that soda caffeine consumption is most significantly associated with poor sleep quality has some support
in other literature. Although studies focused exclusively on soda consumption are relatively rare, available evidence
suggests a relationship in elementary and middle school students who sleep less than 10 hours per night and consume
more soda.** Franckle et al** specifically examined the number of times soda was consumed up to 3 times per day, which
may not have captured all the caffeinated soda consumed. Our study provides details about how much soda was
consumed with estimates of caffeine from that soda. This association between soda consumption and poor sleep quality
in our sample may be due to university students drinking more soda (which is highly available) at night to stay awake.
Alternatively, it may be due to having less awareness about soda serving sizes and caffeine amount, therefore, students
may be more likely to consume it later in the day. Whatever the case, our findings support research demonstrating an
association between increased intake of sugar-sweetened beverages (SSBs) and short sleep duration among adolescents

and adults.*>*’ Sugar-sweetened beverages, including soda, are also associated with weight gain*®*°

and overall poorer
diet.*® This study teases out caffeinated sodas as distinctive from other types of SSBs, including coffee, and provides
a strong association of poor sleep quality with caffeinated sweetened soda. However, future studies should also consider
the time of day of caffeine consumption to understand whether timing of caffeine intake changes the relationship with
poor sleep quality.

Our other primary variable of interest, dieting and exercising to lose weight, was not significantly associated with
sleep quality, although this could be due to a lack of greater specificity with the questions. Dieting and exercising to lose
weight could involve individuals approaching these mechanisms in either healthy (moderation) or unhealthy (disordered
eating and excessive exercise) ways. Positive associations with improved sleep quality have primarily been shown with
increased exercise’® and improved nutrition.>' However, poor sleep quality has been associated with eating disorders.*
Therefore, having specific distinctions with additional questions to assess exercise, diet quality, and disordered eating
symptoms/diagnoses would be helpful to better tease out this relationship among university students.

In relation to caffeine, the average reported consumption of caffeine per day in milligrams was 192 mg (SD =
188.60), which is higher than previous studies.''"'? Similar to Mahoney et al,'> we found that the majority of caffeine
consumption in milligrams was due to coffee consumption in our sample (119 mg). Increased caffeine intake had poorer
sleep quality in models 1 and 2. With the beta coefficient for total caffeine consumption of 0.003 in model 1 and 2 (See
Table 2), a 1-point increase in caffeine mg would correspond to a 0.003 increase in PSQI score (or worsening sleep
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quality). Although this effect size is small, when measured by the amount of caffeine someone is drinking, considering
the mean of 192 mg/day of caffeine, this would correspond to a half point increase (0.576) in PSQI scores, or one-

sixteenth of a standard deviation in PSQI scores.

Strengths and Limitations

There are several limitations to note for this study. First, the data are cross-sectional, which limits our ability to draw
conclusions about the causality between sleep quality and caffeine. Second, the survey was self-reported, which may
present both recall and social desirability biases. Third, this sample was only from one Mid-Atlantic university, which
reduces the ability to generalize findings to other undergraduate students. A large majority of the sample identified as
White, limiting applicability to other universities with more racially diverse populations. Also, the survey did not
distinguish between gender and biological sex, providing only “female” and “male” as options for the variable of
gender, perpetuating the sex/gender binary and limiting applicability to trans or gender-diverse people. Additionally,
questions assessing diet and exercise might have resulted in responses that conflated healthy diet changes and increased
exercise with restrictive dieting and/or eating disorder symptoms. Finally, the PSQI is a more subjective measure of sleep
quality, rather than an objective one such as polysomnography or wearable technology, which can provide a more
detailed picture of sleep.

Despite these limitations, our study has multiple strengths. For example, this study comprehensively examines
multiple demographic, behavioral, and psychosocial factors with sleep quality among a large sample of college students
in the Appalachian region. The sample was diverse in levels of undergraduate students, with freshman, sophomore,
junior, and senior representation. Additionally, we have specificity in the understanding of the distinct association of
different types of caffeine with sleep quality among this population, as well as their total caffeine intake from each
source. The PSQI has been validated and used in many other sleep studies, adding to the ability to generalize these
findings.

Conclusions

The study’s findings indicate that poor sleep quality is associated with increased caffeine intake, but not with dieting or
exercising to lose weight. However, when stress was considered, it outweighed the influence of caffeine. Of the different
sources of caffeine that were assessed, soda had the most significant association with poor sleep quality, when controlling
for psychosocial and behavioral factors that affect sleep in college students. Specifically, tremendous and more than
average stress are significantly related to poor sleep quality, whereas less than average stress was significantly associated
with improved sleep quality. This indicates the need for considering different sources of caffeine, particularly soda when
creating interventions or messaging for improving sleep quality. Additionally, since both increased alcohol and stress
were strongly associated with poor sleep quality, we need to account for and mitigate other areas of a college student’s
life that may affect sleep. Further research is also needed in this population to determine the difference between positive
lifestyle changes in diet and exercise compared with disordered eating patterns.
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