Pathan et al. Discover Public Health (2026) 23:940 Discover Public Health
https://doi.org/10.1186/512982-026-02336-9

RESEARCH Open Access

Check for
updates

A mixed methods study of sugar sweetened
beverage consumption and sleep quality
among university students in West Virginia

Maryam Pathan'", Saba Dangpiaei' and Alfgeir Kristjansson?

*Correspondence:

Maryam Pathan Abstract

map00044@mix.wvu.edu Objective University students are at a higher risk of poor sleep quality due to
'Department of Pharmaceutical d . d behavi | st This stud ined th iati bet
Systems and Policy, School of academic and behavioral stressors. This study examined the association between
Pharmacy, West Virginia University, sugar-sweetened beverage (SSB) intake and sleep quality among university students in
Morgantown, WV, USA West Virginia, United States using a mixed-methods approach.

’Department of Social and ) o

Behavioral Sciences and Prevention Methods A cross-sectional web-based survey was administered among students
Research Center, School of Public aged > 18 years enrolled at a university from April to December 2024. The survey
Health, West Virginia University, llected inf fi d hics. dailv SSB (> 1/day) dsl lit
Morgantown, WY, USA collected information on demographics, daily use (> 1/day), and sleep quality

assessed using the Pittsburgh Sleep Quality Index. Students' perceptions of the impact
of SSBs on sleep were captured through an open-ended question. Quantitative data
were analyzed using logistic regression, and qualitative responses were analyzed
thematically.

Results Among 426 participants, 33.1% reported daily SSB use. After adjusting

for demographic, socioeconomic, and behavioral covariates, daily SSB intake was
associated with lower odds of good sleep quality (OR=0.55, 95% Cl: 0.32-0.93, p=0.03).
Of the total sample, 304 participants responded to the open-ended question. Seven
themes emerged from the qualitative analysis of which the most frequently reported
themes were perceived effects of SSBs on sleep (36.2%), timing of consumption
(17.1%), and avoidance strategies (15.1%).

Conclusions Daily SSB intake was associated with poor sleep quality among university
students. Qualitative findings suggest that this relationship is complex and influenced
by multiple behavioral and contextual factors. These results highlight the need for
multifaceted health promotion strategies targeting multiple health behaviors to
improve sleep quality among university students.

Keywords Sugar-sweetened beverages, Sleep quality, Young adults, University, Mixed-
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1 Introduction

Sugar-sweetened beverages (SSBs) are beverages sweetened with various forms of added
sugars, such as sucrose, high-fructose corn syrup, brown sugar, and fruit juice concen-
trates [1]. These sugars increase the caloric content of the beverages without providing
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essential nutrients [2]. Common SSBs include sodas/soft drinks (excluding sugar-free
soda), fruit drinks, energy drinks, sweetened water, sweetened tea, sports drinks, fla-
vored coffees, and sweetened dairy (i.e., strawberry and chocolate milk) or plant-based
milk [1, 2]. The Dietary Guidelines for Americans (DGA) recommends limiting foods
and beverages with added sugars to less than 10% of daily calories (12 teaspoons (tsp)
per day for a 2000-calorie diet) starting at age two and advises against added sugars for
children under two [2]. However, United States (U.S.) based evidence indicates that the
added sugar intake exceeds these recommendations among both children and adults.

A nationally representative study published in 2023 by the Centers for Disease Con-
trol and Prevention (CDC), utilizing the National Health Interview Survey (NHIS) data
found that U.S. adults consumed an average of 17.0 teaspoons per day of added sugars
in 2010 and 2015 [3]. Higher consumption was observed among younger adults (18-24
years old), males, non-Hispanic Black individuals, unmarried persons, those with lower
educational attainment, residents of non-metropolitan areas, people with annual house-
hold incomes below $35,000, and those living in the southern regions of the US [3].
Similarly, a National Health and Nutrition Examination Survey (NHANES) data study
from 2015 to 2018 reported that the prevalence of high-added sugar consumers, defined
as > 15% of total daily caloric intake from added sugar, was greater among adults aged
20-70 years (29-33%) compared to those > 70 years (22%) [4]. Higher consumption was
also observed in non-Hispanic Black (39%) and non-Hispanic White (31%) individuals
compared to Hispanic individuals (26%), as well as among those with low educational
attainment and lower household income. Among high consumers of added sugar, sweet-
ened beverages (42%) and tea (12%) were reported as the primary sources of the daily
added sugar intake [4]. Consistent with these findings, another NHANES-based study
found that among adults aged 19-50 years, sweetened beverages (37.4%) and coffee or
tea (10.4%) were the major sources of added sugars contributing to approximately half of
the total daily added sugar intake [5].

Frequent consumption of sweetened beverages can lead to increased risk of obesity,
type 2 diabetes mellitus (T2DM), cardiovascular disease (CVD), tooth decay and cavi-
ties, cardiometabolic effects, non-alcoholic fatty liver disease, gout, cancer, depression,
cellular aging, and mortality [2, 6]. Research also indicates that SSB consumption is
linked to poor sleep quality, shorter sleep duration, and increased frequency of sleep dis-
turbances [7-10]. Such sleep challenges can lead to a vicious cycle of increased energy
intake as people seek to offset energy deficits and diminished alertness [11-13]. A meta-
analysis of cross-sectional studies found that adults with shorter sleep durations were
1.2 times more likely to consume sodas than those who slept adequately [7].

Sleep quality among college (or university) students is influenced by various behav-
ioral, psychological, and sociodemographic factors, including stress, sleep patterns,
self-control, substance use, screen use, and mental health conditions such as depres-
sion and anxiety [14, 15]. Due to academic and social pressures, students may engage
in unhealthy lifestyle behaviors, such as frequent intake of caffeine and SSBs, making
them more susceptible to sleep challenges. The relationship between SSB and sleep
can be explained through multiple pathways. Biologically, high sugar content in bever-
ages can alter neuroendocrine and circadian regulation, affecting sleep-wake rhythms
and emotional stability [16]. Behaviorally and psychologically, the co-occurrence of SSB
consumption with factors such as late-night eating habits, screen use, irregular sleep
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routine, academic stress, and fatigue can increase sleep disturbances [14, 17]. These rela-
tionships have been further explained by the Health Belief Model (HBM) and the Theory
of Planned Behavior (TPB), which highlight that perceived behavioral control, behav-
ioral intentions, and perceived risks can influence health-related behaviors and sleep
quality [18-20]. For example, a study applying the HBM and TPB frameworks among
college students reported that HBM constructs and TPB behavioral intentions were sig-
nificantly associated with poor sleep quality [18].

Several international and U.S.-based studies have assessed the relationship between
SSB or similar product intake and sleep quality among university students [21]. A Nor-
wegian study conducted among adolescents (13—19 years) found high SSB intake and
poor diet associated with insomnia and psychological distress [22]. Similarly, a study
conducted in China among 800 undergraduate students reported the indirect effect of
sugary beverage consumption on BMI and sleep duration [23]. In the U.S., few studies
have examined the relationship between SSB intake and sleep quality in college samples.
Most studies have focused on assessing the association between specific beverage types
(e.g., caffeine or energy drinks), and broader dietary patterns with sleep quality. For
example, a study conducted among 272 undergraduate nursing students from universi-
ties in the Southwestern and Western regions of the U.S. found that students who con-
sumed energy drinks reported poorer sleep quality, shorter sleep duration, and higher
perceived stress than caffeine-only consumers and non-consumers [24]. Another survey
study conducted at a Mid-Atlantic University assessed caffeinated beverages only and
identified caffeinated soda as significantly associated with poor subjective sleep quality
in young adults (18-24 years) [25]. Beyond college samples, studies of young adults in
the U.S. have reported associations between poor sleep and higher SSB intake. Addi-
tionally, although quantitative studies have suggested an association between high SSB
intake and poor sleep, there is a lack of qualitative research exploring how students per-
ceive this relationship.

West Virginia (WV), a U.S. state is a relevant setting to examine the relationship
between SSB intake and sleep due to its high prevalence of SSB consumption, lack of
sleep, and related chronic conditions [1, 26]. The state reports high rates of obesity
(41%), CVD (14.6%), diabetes (17.4%), SSB intake (59.4%), and insufficient sleep (41.3%),
indicating a substantial burden of behavioral and health risk factors [1, 26]. WV is the
only U.S. state entirely located within the Appalachian region. Evidence from another
Appalachian state, Kentucky suggests that SSB consumption is higher among young
adults than among other age groups [27]. In spite of this situation, research examining
the relationship between SSB intake and sleep quality among university-attending young
adults in the Appalachian region remains limited. Furthermore, to our knowledge, no
studies have integrated both quantitative assessment of SSB consumption and qualita-
tive exploration of students’ perceptions in college populations.

Hence, using a mixed-methods approach, this study aimed to:

1. Examine the association between SSB intake and sleep quality in university students
aged > 18 years in West Virginia, United States.
2. Explore students’ perceptions of how SSB intake impacts their sleep quality.
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2 Methods

2.1 Study design

A cross-sectional design was used for this study. Full-time university students aged >18
or older who could read, write, and understand English were eligible to participate. A
non-probability convenience sampling strategy was applied at a major state university in
WV.

2.2 Procedure

Approval for the study was acquired from the West Virginia University Institutional
Review Board (#2403941544) to conduct this study. The survey was conducted in two
phases and was managed and distributed through Qualtrics (Provo, UT), a web-based
survey tool.

Once an initial draft of the survey questionnaire was developed, a pilot test of the sur-
vey was conducted with 8 participants from the target population via online or in-per-
son interviews, depending on participant’s preference. Feedback from the interviews was
used to refine the survey questionnaire. Additionally, to improve user interface and min-
imize survey non-response, participants were asked to review the survey across differ-
ent device formats (i.e., big screen and mobile device) and provide feedback on question
clarity, layout, and user experience. The research team also conducted internal testing to
evaluate skip logic and overall survey flow. Participants involved in pilot testing were not
included in the final analysis.

The finalized survey was rolled out in phase two from April 3, 2024, to December 31,
2024, and distributed as a URL via advertisements through university listservs and the
routine university survey program. The survey’s purpose, confidentiality, and anonymity
were outlined at the start of the survey, after which the participants provided electronic
informed consent confirming their willingness to participate. Survey participation was
completely voluntary, and participants were permitted to skip any questions and to exit
the survey at any time. No direct incentives were provided for participation in this study.
Settings in Qualtrics were adjusted to ensure that only a single response per IP address
was recorded.

Study recruitment was conducted using open distribution channels (i.e., a survey
URL). Hence, the total number of students who received or viewed the survey invitation
could not be determined and therefore a response rate could not be calculated.

2.3 Instruments and measures

2.3.1 Demographic characteristics

Participants’ reported age (in years), sex (Male and Female), race (White, Black/Afri-
can American, Asian, American Indian/Alaska Native, and Native Hawaiian or Pacific
Islander), ethnicity (Hispanic and Non-Hispanic), education level (Associate degree,
Bachelor’s degree, Master’s degree or higher, and Professional degree), smoking sta-
tus (Yes/No), and international student status (Yes/No). Additional variables included
overall grade point average (GPA; categorized as below 2.0, 2.0-2.5, 2.6-3.0, 3.1-3.5, and
>3.6), self-rated overall health (assessed using a 5-point scale: excellent, very good, good,
fair, and poor), and physical illness (Yes/No).
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2.3.2 Sugar-sweetened beverage (SSB) intake

The frequency of SSB intake was assessed by asking the participants, “During the past
month, how many times did you drink sodas, fruit drinks, sports or energy drinks, and
other sugar-sweetened drinks?” Response options included 1 to 6 times per week, one
time per day, two times per day, three times per day, and > 4 times per day. Responses
were subsequently classified into daily SSB use (= 1 time per day) versus non-daily use
because small sample sizes within certain categories resulted in sparse cell counts and
unstable estimates. This dichotomization was also informed by prior studies on SSB
intake that have used daily SSB consumption as an exposure variable [28—-30].

2.3.3 Physical activity

Physical activity was assessed using the International Physical Activity Questionnaire-
Short Form (IPAQ-SF). Studies in the literature have shown that IPAQ-SF demonstrates
moderate to high reliability [31-34]. The frequency (days per week) and duration (time
per day) of walking, vigorous intensity, and moderate intensity physical activity were
assessed. Time per day was converted from hours to minutes. Following the scoring pro-
tocol for IPAQ-SE, separate scores were obtained for walking, moderate-intensity, and
vigorous-intensity activities, which were then used to calculate the total physical activity
score [35]. These scores were then utilized to classify the participants into low-, moder-
ate-, and high-intensity physical activity groups.

2.3.4 Stress level

Perceived stress was measured using a ten-item Perceived Stress Scale (PSS-10) ques-
tionnaire. The literature has reported high reliability and validity of the PSS-10 for
assessing perceived stress among college students [36—38]. The respondents answered
each questionnaire item using a Five-point Likert-type scale, ranging from 0 (never) to
4 (very often). The raw scores are obtained for each item, which are then summed up
to get one PSS score. This total score ranges from 0 to 40, with higher scores indicat-
ing higher perceived stress. Following the scoring protocol for PSS-10, the total score
obtained was used to create a categorical variable for stress levels with low (0-13), mod-
erate (14-26), and high (27-40) perceived stress as the categories [38].

2.3.5 Sleep quality

Sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI) question-
naire, a validated tool developed by Buysse et al. 1989 [39]. The PSQI has demonstrated
strong diagnostic properties in the literature, with a global PSQI score > 5 yielding a
sensitivity of 89.6% and specificity of 86.5% (kappa = 0.75, p < 0.001) in distinguishing
between good and poor sleepers [39]. The questionnaire consists of 19 self-rated ques-
tions that assess factors related to sleep quality, such as sleep duration, sleep distur-
bances, daytime dysfunction, sleep latency, habitual sleep efficiency, and use of sleeping
medication. Question scores produce seven component scores, weighed on a scale of
0 to 3. The seven scores are then summed to form a global PSQI score ranging from 0
to 21. Following the scoring guidelines for PSQI, the global score was used to create a
binary dependent variable, with a score < 5 reflecting good sleep quality and a score > 5
indicating poor sleep quality.
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2.3.6 Participant’s views on SSB intake and sleep quality

Participants’ perceptions on the impact of SSB intake on sleep quality were assessed
using an open-ended question: “Do you think daily intake of sugar-sweetened beverages
impacts sleep quality? Provide a reason for your response” Responses were collected as
free-text entries.

2.4 Data preparation

Data was exported from Qualtrics to Microsoft Excel for cleaning and preparation.
No duplicate responses were identified. Since sleep quality is the dependent variable,
we removed participants with missing values for the variables required in PSQI score
(sleep quality scale) calculation. Due to a small number of participants in certain cat-
egories, race was dichotomized as White and non-White, GPA was categorized as <3.0,
3.1-3.5, and 3.6—4.0, and physical activity was categorized as low/moderate versus high.
We examined <5% missing values for race, ethnicity, education level, GPA, and stress
level. Since the missing data for these variables was less than 10%, we did not impute or
remove them from the analytical dataset.

2.5 Analysis

2.5.1 Quantitative analysis

Descriptive statistics were used to summarize participant characteristics. Mean and
standard deviation (SD) were reported for the continuous variables. While frequency
(n) and percentage (%) were reported for categorical variables. Logistic regression was
used to examine the association between sleep quality and daily SSB use. Two models
were specified. First, an unadjusted logistic regression model assessed the association
between SSB intake and sleep quality. Second, an adjusted logistic regression model was
used to evaluate this relationship while controlling for demographic, socioeconomic,
and behavioral covariates to account for potential confounding and isolate the true asso-
ciation between SSB intake and sleep quality. Model diagnostics for the adjusted model
indicated no multicollinearity among covariates (variance inflation factor<5). Odds
ratios (ORs) and p-values were reported for both models, with statistical significance set
at p<0.05. All analyses were conducted in SAS version 9.4.

2.5.2 Qualitative analysis

Responses to the open-ended question were analyzed using thematic analysis informed
by Braun and Clarke’s approach, which included the following steps: data familiariza-
tion, generation of initial codes, theme identification, and theme refinement [40]. Two
independent reviewers first familiarized themselves with the data. An initial subset of
responses (1 = 40) was used to inductively develop a preliminary codebook that cap-
tured recurring patterns in the data. These responses were later re-coded using the final-
ized codebook. The codebook was then pilot tested on an additional 60 responses, coded
by both reviewers. Discrepancies were discussed and resolved through consensus among
the reviewers, leading to the refinement of the codebook. Inter-rater reliability was
assessed on these double-coded responses using Cohen’s Kappa (K = 0.83). The remain-
ing responses were divided equally between the two reviewers who independently coded
them (102 responses per reviewer).



Pathan et al. Discover Public Health (2026) 23:940 Page 7 of 17

3 Results

3.1 Participant’s characteristics

A total of 426 participants were included for quantitative analysis (Fig. 1). Table 1 pres-
ents the baseline characteristics of the study participants. The mean age was 21.38
(+4.76) years old and 33.10% reported daily SSB use. The majority were female (68.78%),
White (88.03%), and non-Hispanic (95.31%). Only 4.46% were international students.
Most participants were pursuing a bachelor’s degree (71.36%) and 33.33% reported
smoking.

3.2 Quantitative analysis

Table 2 presents the results of the logistic regression analysis. In the unadjusted model,
daily SSB use was significantly associated with lower odds of reporting good sleep qual-
ity (OR=0.53, 95% CI: 0.35-0.82, p=0.004). After controlling for demographics, socio-
economic, and behavioral covariates in the adjusted model, this association remained
statistically significant (OR =0.55, 95% CI: 0.32-0.93, p=0.03).

In the adjusted model, covariates such as self-rated health and stress level were also
significantly associated with sleep quality. Specifically, poorer self-rated health (very
good: OR =0.40, 95% CI: 0.20-0.81, p=0.01; good: OR =0.36, 95% CI: 0.17-0.78, p=0.01;
fair/poor: OR=0.03, 95% CI: 0.003—0.27, p=0.002) and higher stress levels (moderate:
OR=0.22, 95% CI: 0.13-0.39, p <0.0001; high: OR =0.09, 95% CI: 0.03-0.27, p <0.0001)
were associated with lower odds of good sleep quality compared with those reporting
excellent self-rated health and low stress.

3.3 Qualitative analysis

Of the 426 participants, 304 (71.3%) responded to the open-ended question. Thematic
analysis identified seven major themes: (i) lack of knowledge or uncertainty regarding
whether SSB intake affects sleep quality, (ii) disbelief that SSB intake negatively impacts
sleep, (iii) perceived effects of SSBs on sleep, (iv) timing of beverage consumption, (v)

Participants who responded to the
survey

(N=541)

Excluded from quantitative analysis
________ > due to missing sleep quality data
(n=115)

Participants included in quantitative

analysis
(N=426)
Excluded from qualitative analysis
————————— due to non-response to the open-
ended question (n=122)
v
Participants included in qualitative
analysis
(N=304)

Fig. 1 Flow diagram of participant inclusion in the quantitative and qualitative components of the study
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Table 1 Baseline characteristics of the survey participants’

Characteristic N=426
Age, years Mean (£ SD) 2138 (+4.76)
Daily SSB use, > 1/day

Yes 141 (33.10%)
No 285 (66.90%)
Sex

Male 133 (31.22%)
Female 293 (68.78%)
Race®

White 375 (88.03%)
Non-white 40 (9.39%)
Ethnicity®

Hispanic 19 (4.46%)
Non-Hispanic 406 (95.31%)
International student

Yes 19 (4.46%)
No 407 (95.54%)
Education level®

Associate degree 17 (3.99%)
Bachelor's degree 304 (71.36%)
Master's degree 78 (18.31%)
Professional degree 26 (6.10%)
Overall GPA®

<30 46 (10.80%)
3.1to35 108 (25.35%)
361040 269 (63.15%)
Smoking status

Yes 142 (33.33%)
No 284 (66.67%)
Physical activity

Low/moderate 141 (33.10%)
High 285 (66.90%)
Self-rated overall health

Excellent 68 (15.96%)
Very good 184 (43.19%)
Good 143 (33.57%)
Fair/poor 31 (7.28%)
Physical illness

Yes 112 (26.29%)
No 314 (73.71%)
Stress level®

Low 116 (27.23%)
Moderate 248 (58.22%)
High 42 (9.86%)

Numbers may not add up to 100% due to missing entries

non-SSB related behavioral factors affecting sleep such as excessive mobile phone use,
alcohol use, etc., (vi) avoidance strategies employed by students to improve sleep, and
(vil) general health beliefs about SSBs being unhealthy without specifically linking it to
sleep. Table 3 presents the frequency of theme mentions and examples of participants’
quotes for each theme. The most frequently reported themes were the perceived effects
of SSBs on sleep (36.18%), the timing of beverage consumption (17.11%), and avoidance
strategies to improve sleep (15.12%).
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Table 2 Unadjusted and adjusted odds ratio (OR) and 95% confidence intervals (Cl) from logistic
regression determining the association between daily sugar-sweetened beverage use and sleep

quality

Variable OR (95% ClI) p-value
Model 1: Unadjusted

Daily SSB use, > 1/day [ref: No]

Yes 0.53 (0.35-0.82) 0.004
Model 2: Adjusted

Daily SSB use, > 1/ day [ref: No]

Yes 0.55(0.32-0.93) 0.03
Age, years 0.97 (0.90-1.04) 032
Sex [ref: Male]

Female 0.93 (0.54-1.60) 0.80
Race [ref: White]

Non-white 0.56 (0.20-1.58) 0.27
Ethnicity [ref: Hispanic]

Non-Hispanic 0.50 (0.15-1.69) 0.26
International student [ref: Yes]

No 0.71 (0.15-3.27) 0.66
Education level [ref: Associate degree]

Bachelor's degree 0.47 (0.15-1.44) 0.19
Master's degree 0.91(0.23-3.51) 0.89
Professional degree 0.59 (0.13-2.64) 0.49
Overall GPA [ref: <3.0]

311035 0.60 (0.23-1.53) 0.28
3.6t040 0.78 (0.32-1.90) 0.58
Smoking status [ref: Yes]

No 1.68 (0.99-2.85) 0.06
Physical activity [ref: Low/moderate]

High 0.69 (0.40-1.19) 0.19
Self-rated overall health [ref: Excellent]

Very good 0.40 (0.20-0.81) 0.01
Good 0.36 (0.17-0.78) 0.01
Fair/poor 0.03 (0.003-0.27) 0.002
Physical illness [ref: Yes]

No 1.004 (0.56-1.81) 0.99
Stress level [ref: Low]

Moderate 0.22(0.13-0.39) <0.0001
High 0.09 (0.03-0.27) <0.0001

Theme I: Lack of knowledge or uncertainty

About 13.45% of responses indicated a lack of knowledge or uncertainty about the

impact of SSB intake on sleep. Students were unsure whether SSB intake affects sleep

or whether there is a correlation between SSB intake and sleep. Some noted that they do

not drink many beverages to notice a relationship between SSBs and sleep (For example:

“I don’t think it has much of an effect on me but I can’t say for sure’).
Theme 2: Disbelief that SSB intake negatively impacts sleep

A small proportion of responses (6.11%) reported that there is no connection between

SSB intake and sleep quality based on their personal experience. Students reported that

they can fall asleep regardless of their beverage intake. (For example, “I don’t believe that

beverages are impacting my sleep because when I want to get to sleep I can”).
Theme 3: Perceived effects of SSBs on sleep

Page 9 of 17
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Table 3 Thematic analysis of participants’responses on the impact of sugar-sweetened beverage

use on sleep quality

Theme

Example participant quote

Theme
mentions,
n (%)
(N=409)

Lack of knowledge/uncertainty

Disbelief that SSB intake negatively
impacts sleep

Perceived effects of SSBs on sleep

Timing of beverage consumption

Non-SSB related behavioral factors
affecting sleep (i.e., alcohol, stress,
mobile phone use)

Avoidance strategies to improve
sleep

General health beliefs about SSBs
being unhealthy

“Idon’t know of any scientific evidence related to the relation-
ship between sugar-sweetened beverages and sleep quality.”
‘I don't think it has much of an effect on me but | can't say for
sure”

‘I don't believe that beverages are impacting my sleep because
when [ want to get to sleep | can.”

“While | do have a sugary beverage a few times a week, | feel
that my sleep quality is excellent. | have no issues sleeping.”

‘I think fortified/processed sugars affect the brain causing high
stimulation followed by crashes. | also think there may be an
association with the mind and gut and sugar can affect this
leading to altered metabolism which can affect sleep.”

“I'think intaking sugar-sweetened beverage disrupts the normal
function of sleep habits by introducing excess sugar that our
body does not need. Since January 2024, | have cut down on
coffee to only consuming on the weekends and | felt like | have
noticed a good change in sleep quality including sleeping
longer, feeling more rested, falling asleep faster (still not great
but better), and less anxiety or stress. Due to seeing these results,
| believe SSB negatively impact sleep quality.”

“For the most part, | mostly consume sugar-sweetened bever-
ages in the morning if| plan to have any, but on the days that |
have a later cup of (decaf) coffee with sugar or a glass of wine,
| do notice that | don't sleep as well, so | would guess that daily
intake would have an impact as well"

“Just from personal experience in highschool, when | drank a
sugared beverage right before bed, it noticeably affected how
long it took to fall asleep”

“I'think that alcohol might sometimes impact my sleep”

“lam not a “sugar-y” type of person and don't frequently drink
sodas or extraordinarily sweetened beverages. My sleep qual-
ity has been a direct result of the stress I've experienced from
courses and graduate school honestly.”

‘I have attempted to reduce sugary beverages and, more specifi-
cally, caffeine, and noticed that I felt like | slept better and it was
easier to get out of bed and start moving.”

“I'have cut out almost all sugar and | get 10x better sleep”
“Artificial sugar in general is not good for the average person to
consume"

“Sugar is bad for you all around.”

55
(13.45%)

25 (6.11%)

148
(36.18%)

70
(17.11%)

27 (6.60%)

62
(15.12%)

22 (5.38%)

?A total of 304 participants contributed to the qualitative analysis. Frequencies represent coded theme mentions, and
individual responses could contribute to more than one theme. Therefore, the total number of theme mentions (N = 409)
exceeded the number of participants

The majority of responses attributed poor sleep quality to the stimulant effects of
SSBs. Students reported that caffeinated beverages can increase alertness and make it
difficult to fall asleep (For example: “Sugar can stimulate your brain to keep you awake at
night and make it so that you have a harder time falling asleep”).

Theme 4: Timing of beverage consumption

Students indicated that the timing of beverage consumption could be a factor impact-
ing sleep (17.11%). They reported that consuming beverages in the evening, just before
bed, or late at night could lead to poor sleep quality, whereas consuming beverages ear-
lier in the day could be less disruptive to sleep (For example: “However it depends on the
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time that the beverages were consumed. If consumed later at night then I believe they have
more of a negative impact on sleep”).

Theme 5: Non-SSB related behavioral factors affecting sleep

About 6.6% of the responses mentioned that sleep quality is not only impacted by SSB
intake but also by health behaviors such as alcohol use, academic stress, or phone use.
For example, “I always drink sugary drinks up until I go to bed. I think my phone causes
me not to go to sleep “.

Theme 6: Avoidance strategies to improve sleep

Several students described strategies they have employed to reduce SSB consumption,
such as substituting SSBs with water or reducing SSB intake to improve sleep (For exam-
ple: ‘I have attempted to reduce sugary beverages and, more specifically, caffeine, and
noticed that I felt like I slept better and it was easier to get out of bed and start moving”).

Theme 7: General health beliefs about SSBs

A few respondents (5.38%) expressed a broader negative impact of SSBs on overall
health and not specifically linking it to sleep. For example: I stopped drinking soda and
most other sugary & caffeinated beverages a few years ago because I realized the negative
effects they were having on my health”

4 Discussion

This mixed-methods study examined the association between sleep quality and SSB
intake among university students aged >18 years. Quantitative results showed a statis-
tically significant association between daily SSB use and sleep quality in the regression
model after adjusting for demographics, socioeconomic, and behavioral factors. Self-
rated overall health and stress level also emerged as significant predictors of sleep qual-
ity in the model. Qualitative analysis of open-ended responses identified seven themes,
including lack of knowledge or uncertainty, disbelief that SSB intake negatively impacts
sleep, perceived effects of SSBs, timing of beverage consumption, non-SSB related
behavioral factors affecting sleep (i.e., alcohol use, stress), avoidance strategies, and gen-
eral beliefs about SSBs.

The association between SSB consumption and sleep quality observed in this study
aligns with prior US-based research linking high SSB consumption to poor sleep. For
instance, a study conducted using the National Health and Nutrition Examination Sur-
vey (NHANES) data (2005-2012) found that US adults (age > 18 years) who reported
short sleep duration (< 5 h), which is a component of sleep quality, had high consump-
tion of SSBs [9]. Similarly, another study reported that consumers of energy drinks (7.08
+ 0.51 vs. 6.24 + 0.39; p = 0.04) or high calorie coffee drinks (7.14 + 0.51 vs. 6.14 + 0.42;
p = 0.02) had higher mean PSQI scores (poor sleep quality) compared to those who did
not consume these beverages [41].

Our findings regarding self-rated health and stress as correlates of sleep quality can
be supported by existing literature. For example, a study conducted among adults (> 18
years) reported that both short (< 5-6 h) and longer (8 or > 9 h) sleep duration was
associated with poor or fair self-rated health compared to those who slept for 7 h [42].
This can be corroborated by an international systematic review and meta-analysis which
reported that poor sleep quality is associated with poor self-rated health (OR = 2.10,
95% CI = 1.62—2.74, p = 0.007; I = 71.4%) [43]. Stress has also been linked to poor sleep
quality in literature. For example, a study reported that academic and emotional stress
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negatively impact sleep among students and stress accounted for 24% variance in the
PSQI score in regression model [17]. Similarly, a study by Dietch et al. 2016 assessing
psychometric properties of PSQI among college students reported that PSQI scores
demonstrated overlap with stress suggesting that stress is linked to poor sleep quality
[44].

Qualitative findings provided important context on how students perceive the impact
of SSBs on sleep quality and meaningfully complemented the quantitative results. Lim-
ited studies have qualitatively examined the potential impact of SSBs on sleep. In our
study, some students expressed uncertainty about whether SSB intake is associated with
their sleep, suggesting knowledge gaps and opportunities for health education. While a
few denied or expressed disbelief that SSB affects sleep. These perceptions may reflect
limited consideration of health when making beverage choices. For example, a qual-
itative study conducted by Block et al. 2012 reported that many college students had
limited awareness of beverage caloric content and did not prioritize health when mak-
ing beverage choices, which they attributed to their youth [45]. Additionally, students’
views may be explained by broader behavioral processes, in which individuals are less
likely to recognize subtle, delayed, or not immediately perceptible outcomes for specific
behaviors. As the literature suggests, individuals tend to discount delayed consequences,
which may further reduce the likelihood of linking dietary behaviors to outcomes such
as sleep quality [46, 47]. Furthermore, students with lower or infrequent SSB consump-
tion may be less likely to associate beverage intake with sleep based on their personal
experiences.

Students also emphasized that the timing of beverage consumption impacts sleep,
which can be supported by the literature [9, 48]. For example, Drake et al. 2013 reported
that beverages taken at bedtime, and 3—4 h prior to bedtime have significant effects
on sleep disturbance [49]. These qualitative findings have important implications for
the quantitative measurement of beverage consumption. Themes related to disbelief
or uncertainty about SSB-related effects on sleep suggest that some students may not
closely monitor or accurately report their beverage consumption in relation to sleep
which may suggest inconsistent reporting of exposure. Moreover, the timing of beverage
consumption represents a temporal dimension which was not captured in the quantita-
tive analysis and may influence the association between daily SSB use and sleep.

Although caffeinated and non-caffeinated SSBs were not distinguished in the quanti-
tative analysis, qualitative findings indicated that students perceived caffeine and high
sugar content as contributors to poor sleep. This is supported by prior evidence showing
that sugar or caffeine in beverages may delay sleep onset and reduce sleep duration [7,
9, 50].In addition, students identified non-SSB related behavioral factors such as pro-
longed phone use, academic stress, and alcohol use as contributors to poor sleep and
can be corroborated by prior research [17, 44, 51, 52]. For example, a study reported
higher odds of sleep latency among young adults using cell phone before bedtime (Exp
(B) = 1.091, p < 0.001) [51]. Another study reported that longer average screen-time,
especially during bedtime, was associated with poor sleep quality and longer sleep onset
latency [52].

Some students described strategies they employed to limit SSBs intake or substitute
beverages with water to improve sleep reflecting self-regulation strategies reported in the
literature [53—55]. These behaviors suggest students’ awareness of a link between dietary
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patterns and sleep hygiene and underscore the importance of promoting behavioral self-
regulation interventions to reduce SSB consumption among university students. Lastly,
few students expressed general negative perceptions of SSBs being unhealthy for overall
well-being without specifically linking them to sleep outcomes [56]. This suggests broad
health awareness about the adverse effects of SSB consumption. It does not necessarily
mean that students believe SSBs have no impact on sleep rather they may view SSBs as
unhealthy in general, irrespective of its effect on sleep quality.

The findings of this study have important educational and public health implications.
The association between daily SSB consumption and poor sleep quality highlights the
need for student wellness programs aimed at reducing the effects of SSBs on sleep qual-
ity. Incorporating health education on the effects of sugar and caffeine on sleep may help
address observed gaps in awareness and skepticism among some students. The identi-
fication of co-occurring behaviors such as stress, phone use, and alcohol consumption
highlights the multifactorial nature of sleep problems in this population and supports
the need for integrated, behaviorally informed interventions. Students reported use of
self-regulation strategies also suggests opportunities to promote self-efficacy and goal-
setting approaches to reduce SSB consumption and improve sleep.

This study has several strengths and limitations. First, we utilized a mixed-method
approach which allowed for both a quantitative and a qualitative analysis providing a
comprehensive understanding of the relationship between SSB consumption and sleep
quality. Second, we utilized validated survey instruments (i.e., PSQI) which enhanced
the reliability of our findings. Third, pilot interviews were conducted to get feedback on
the survey questions for improvement before the final survey was released. However,
several limitations should also be considered. The cross-sectional study design limits
the ability to infer any causal relationships between daily SSB use and sleep quality. The
survey was self-administered by the students, which can lead to both recall and social-
desirability biases [57]. Importantly, the study did not differentiate between types of
SSBs such as, caffeinated vs. non-caffeinated which may have influenced the observed
association between SSB and sleep. Caffeine, a stimulant with well-documented effects
on sleep quality is commonly found in energy drinks and sodas, may partly account for
this relationship [58—61]. Without accounting for caffeine content, it is difficult to deter-
mine whether the observed association reflects sugar intake, stimulant effects, or related
behaviors. Therefore, the quantitative findings should be interpreted with caution. Addi-
tionally, the dichotomization of SSB consumption may have limited the ability to assess
the potential dose-response relationships between varying levels of SSB consumption
and sleep quality. Furthermore, although the quantitative analysis adjust for selected
demographic and behavioral factors in the regression model, the relationship between
SSB intake and sleep quality may be influenced by factors such as mental health condi-
tions (i.e., anxiety and depression), financial pressure, and higher body mass index (BMI)
which were not controlled for in our study [10, 62]. Finally, the data were collected from
students at a single university which could limit the generalizability of the study findings
to other populations. Since the participation in the study was voluntary, students who
chose to participate in the survey could systematically differ from those who did not par-
ticipate which could introduce selection bias.

Future research should employ longitudinal study designs and consider more detailed
assessments of SSB consumption such as beverage type, beverage quantity, timing of
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consumption, and caffeine content to better determine the relationship between SSB
intake and sleep outcomes. Incorporating additional factors such as screen time and
alcohol use into quantitative analysis may improve understanding of the multifactorial
determinants of sleep quality among university students. Lastly, studies involving more
diverse student populations across multiple institutions are needed to enhance general-
izability and inform evidence-based interventions.

5 Conclusions

Daily SSB use was associated with poor sleep quality among university students. Qual-
itative findings indicated that while many students recognized the impact of SSBs on
sleep, some expressed uncertainty or disbelief. Students additionally identified factors
such as timing of beverage consumption, academic stress, phone use, and alcohol use as
contributors to poor sleep quality. Together, these findings suggest that the relationship
between SSB intake and sleep quality is complex and influenced by various behavioral
and contextual factors. Improving sleep quality among university students may therefore
benefit from health promotion interventions addressing multiple health behaviors.
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