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ABSTRACT

Background: Hydration status impacts thermoregulation, osmoregulation, and autonomic function, which are
foundational for sleep initiation and continuity. However, epidemiological evidence linking habitual fluid intake to sleep
quality in young adult females remains limited. Objective: This study aimed to examine the associations between
habitual daily plain-water intake, evening caffeine consumption, and specific sleep domains (duration, latency, nightly
awakenings, and global sleep quality) among female nursing students. Methods: A cross-sectional questionnaire
study was conducted among 322 female dormitory residents. Self-reported data were collected on daily water
intake, evening caffeine use, and sleep parameters. Non-parametric statistical analyses (Chi-square, Kruskal-Wallis
H, and Mann-Whitney U tests) were performed using Statistical Package for Social Sciences v27. Results: Most
participants consumed 1.0-1.5 L/day of water (41.0%), and evening caffeine intake was highly prevalent (72.0%
consuming it sometimes or often). Lower fluid intake (< 1.0 L/day) was significantly associated with worse sleep
latency (P = 0.042) and more frequent nightly wakeups (P = 0.049). Frequent evening caffeine consumption was
significantly associated with poorer global sleep quality, shorter sleep duration, and increased awakenings (P < 0.05).
No significant correlation was observed between body mass index and sleep duration. Conclusion: Suboptimal hydration
and evening caffeine consumption are significantly associated with impaired sleep initiation and continuity. Low-
burden lifestyle interventions focusing on adequate daytime fluid intake and reduced evening caffeine may improve

sleep quality in student populations.
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1. INTRODUCTION

Adequate hydration is fundamental to human physiology:
Water maintains cellular homeostasis, supports
thermoregulation, and participates in cardiovascular,
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metabolic, and neuroendocrine processes that are deeply
associated with daytime function and nocturnal physiology [1].
Sleep is a multi-domain construct encompassing duration,
latency, continuity, efficiency, and daytime functioning [2]. It
has well-documented effects on metabolic health, cognition,
and overall academic performance in young adults [3]. Recent
research demonstrates that even mild dehydration can disrupt
physiological homeostasis, increasing fatigue and subjective
difficulty in falling asleep [4].

Biological mechanisms connecting hydration to sleep include
thermoregulatory changes driven by altered body water
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content, shifts in plasma osmolality, and vasopressin signaling
that affects nocturnal urine production and arousals [5].
Furthermore, caffeine and other evening stimulants are highly
common in student populations and act as primary behavioral
confounders in the hydration—sleep relationship [6]. Late-
day caffeine intake produces dose- and timing-dependent
impairments in sleep latency, total sleep time, and sleep
continuity. Caffeine not only alters sleep architecture but can
also modify drinking patterns by replacing plain water with
caffeinated beverages, subsequently increasing nocturia and
sleep fragmentation [7].

This study, therefore, examined habitual daily fluid intake,
evening caffeine consumption, and multiple sleep domains
in a well-defined sample of female university students. Our
primary aims were: (1) To test whether lower habitual fluid
intake is associated with worse sleep initiation and continuity;
(2) To evaluate associations between evening caffeine and
sleep outcomes; and (3) To place these findings within a
regional context to inform low-burden, culturally appropriate
interventions for student sleep health.

2. RELATED WORKS

Habitual fluid intake varies widely by age, sex, activity,
climate, and culture. Young adults — especially university
students — often display suboptimal and irregular drinking
patterns due to demanding academic schedules, social habits,
and the widespread use of stimulants [8]. Observational and
experimental studies link fluid balance to mood, cognition,
and physiological arousal, which can plausibly alter the
ability to initiate and maintain sleep [9]. For instance, a 2024
study indicated that higher plain water intake is significantly
associated with better subjective sleep quality and shorter
sleep latency [10]. Similarly, experimental fluid-restriction
crossover trials report that mild dehydration increases
perceived difficulty in falling asleep, emphasizing that
maintaining euhydration assists with sleep initiation [11].
Furthermore, adequate fluid intake has been positively
correlated with increased sleep efficiency and rapid eye
movement sleep length [12].

Despite these physiological links, epidemiological evidence
regarding habitual hydration and sleep remains somewhat
mixed. Heterogeneity in previous methodologies — such as
the use of self-reported fluid intake versus objective urinary
biomarkers — likely explains the divergent results in the
current literature [13].
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Regional evidence from Middle Eastern university samples
highlights these ongoing challenges. A high prevalence of
sleep disturbances has been widely documented among
students in the region, often exacerbated by academic
workloads, psychological distress, and heavy evening
stimulant use. Recent cross-sectional data from Egyptian
and Saudi Arabian student cohorts indicate that poor sleep
hygiene, particulatly the consumption of caffeinated energy
drinks late in the day, is a major determinant of poor sleep
outcomes, including shorter sleep duration and increased
nocturnal awakenings [14]. Given the established risks
associated with these lifestyle factors, there is a clear local
relevance to studying hydration behaviors and caffeine
consumption simultaneously.

3. MATERIALS AND METHODS

3.1. Study Design and Setting

This cross-sectional study examined associations between
habitual fluid intake, evening caffeine use, and multiple
sleep domains among female undergraduate residents of
the University of Sulaymaniyah City Campus dormitories.
Data were collected between November 23, 2024, and
February 01, 2025.

3.2. Participants, Eligibility, and Sampling

Eligible participants were female students aged 18—24 years
residing in the city campus dormitories who provided written
informed consent. Convenience sampling of volunteers was
used until the target sample size was reached. Responses with
missing data preventing classification of primary exposure
or outcome variables were excluded from relevant analyses
using pairwise deletion.

3.3. Sample Size Calculation

Sample size was estimated for a cross-sectional prevalence
study with a finite population correction. The standard
formula used (shown below) combines the binomial sample
size term with finite population adjustment:

_[Z (=) N
E? N+Z* p(1=p)

E* !

where n = required sample size; N = population size
(=2000 dormitory students); Z = Z statistic for chosen
confidence level (1.96 for 95%); P = expected prevalence/
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proportion (0.5 when unknown to maximize sample size);
and E = margin of error (0.05). Using Z = 1.96, P = 0.5,
E =0.05,and N = 2000 produced a recommended sample of
322 participants, which corresponds to the analytic sample.

3.4. Variables and Measurements

The questionnaire captured demographic and lifestyle

characteristics and the following primary measures:

e Hydration (exposure): Self-reported daily plain water
intake categorized as <1.0 L, 1.0-1.5 L, 1.5-2.0 L,
2.0-25L,>25L

e Evening caffeine (covariate): Frequency of catfeinated
beverage consumption after 18:00 (Never/Rarely,
Sometimes, Often/Always)

e Sleep outcomes (dependent variables): Sleep duration
(ordinal bands and binary =7 h vs. <7 h), sleep latency
(ordinal), nightly wakeups (ordinal), and global sleep
quality (Very good — Very poor)

e  Other variables: Age, body mass index (BMI) (calculated
from self-reported height and weight), physical activity,
and perceptions regarding hydration and sleep.

3.5. Questionnaire and Data Collection Procedures

A semi-structured questionnaire was developed, combining
researcher-designed items with standard, validated concepts
for assessing sleep and hydration. The questionnaire was
divided into three main sections: (1) Demographic and
lifestyle characteristics, which captured age, height, weight
(to calculate BMI), and physical activity levels; (2) Hydration
habits, assessing daily plain-water intake volumes and
participant perceptions regarding hydration; and (3) Sleep
parameters and evening stimulants, which evaluated evening
caffeine consumption alongside specific sleep domains
including duration, latency, nightly awakenings, and global
sleep quality. A complete copy of the English-language
questionnaire utilized in this study is provided in Appendix
A. Paper questionnaires were self-completed after informed
consent was obtained and were subsequently entered into an
electronic database for cleaning and analysis.

3.6. Data Cleaning and Coding

Records were screened for implausible values and
typographical errors. Corrections included standardizing
text entries (e.g., “6_77 — “6—7 h”) and recoding free-text
responses into uniform analytic categories. Missing values
were handled using pairwise deletion.

3.7. Statistical Analysis
Analyses were conducted using IBM Statistical Package for the
Social Sciences Statistics v27. Continuous variables (age, BMI)
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are presented as mean t standard deviation, and categorical
variables as frequencies and percentages. Associations between
categorical exposures (hydration groups, caffeine categories)
and categorical sleep outcomes were tested using Chi-square
or Fisher’s exact test. Ordinal or non-normally distributed
sleep variables (sleep latency, nightly wakeups, sleep quality
scores) were compared across hydration categories using
the Kruskal-Wallis H test. Two-group ordinal comparisons
(e.g, sleep quality between 6—7 h and 7-8 h sleepers) were
assessed using the Mann—Whitney U test. The association
between BMI and sleep duration (hours) was evaluated using
Spearman’s rank correlation. All tests were two-sided with
o = 0.05, and exact P-values are reported.

3.8. Ethics and Approvals

The protocol was approved by the University of Sulaimani
Scientific and Ethical Committee. Participation was voluntary,
written informed consent was obtained, and data were
anonymized.

3.9. Reporting and Reproducibility

Tables present Ns, percentages, mean ranks, and exact test
statistics to allow reproducibility. The Methods section
documents cleaning rules and analytic choices (non-
parametric tests for ordinal/non-normal data and pairwise
deletion for missing values) to ensure transparency.

4. RESULTS

4.1. Demographic Characteristics

The sample consisted of 322 female students aged 18-24 years
(mean age 20.5 & 2.1 years), predominantly falling within a normal
BMI range (mean 23.4 + 3.2 kg/m?). Physical activity levels
were widely distributed, with a notable portion leaning toward
sedentary (33.3%) or lightly active (26.7%) lifestyles, typical of
dormitory-based student populations. Regarding hydration, the
data revealed a concerning trend: A significant proportion of
the cohort demonstrated suboptimal fluid intake, with the vast
majortity (59.6%) consuming <1.5 L/day. Concuttently, evening
caffeine consumption was highly prevalent, with 72.0% reporting
they consume caffeinated beverages “sometimes” or “often/
always,” suggesting a heavy reliance on late-day stimulants among
this demographic (Table 1).

4.2. Association between Evening Caffeine and Sleep
Parameters

Chi-square analysis indicated a clear, inverse relationship
between evening caffeine consumption and sleep health. As
the frequency of evening caffeine use increased, the likelihood
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of reporting good sleep quality dropped precipitously (from
52% in rare users to 31% in frequent users). Furthermore,
frequent caffeine consumers were significantly less likely to
achieve adequate sleep duration (=7 h) and experienced a
notably higher incidence of sleep fragmentation, evidenced
by multiple nightly wakeups (P = 0.009). These statistically
significant trends underscore the disruptive role of late-day
stimulants on both sleep initiation and maintenance (Table 2).

4.3. Hydration Level and Specific Sleep Metrics

Kruskal-Wallis tests revealed a distinct dose-response trend
between hydration levels and specific sleep disruptions.
Lower daily water intake (<1.0 L) was significantly associated
with extended sleep latency (H(4) = 8.21, P = 0.042) and more
frequent nocturnal awakenings (H(4) = 7.84, P = 0.049). The
data suggests that inadequate hydration disproportionately
affects the early stages of sleep onset and the ability to
maintain uninterrupted sleep, even if global sleep quality
metrics mask these domain-specific vulnerabilities (Table 3).

4.4, Differences in Sleep Quality Across Sleep Duration
Bands

To further elucidate the clinical relevance of sleep duration, a
pairwise comparison using the Mann-Whitney U test evaluated

TABLE 1: Demographic and lifestyle
characteristics of participants (n=322)

Variable Category n (%)/MeantSD
Age (years) 20.5+2.1
BMI (kg/m?) 23.4%3.2
BMI category Underweight (<18.5) 5.3
Normal (18.5-24.9) 62.7
Overweight (25-29.9) 23.6
Obese (=30) 8.4
Physical activity Sedentary 33.3
Lightly active 26.7
Moderately active 23.3
Very/Super active 16.7
Daily water intake <1L 18.6
1-15L 41.0
15-2L 22.4
2-25L 14.4
>25L 3.6
Evening caffeine Never/Rarely 28.0
Sometimes 42.0
Often/Always 30.0

BMI: Body mass index, SD: Standard deviation

participants reporting 6—7 h of sleep versus those reporting
7-8 h. The analysis revealed a statistically significant difference
in global sleep quality scores between these adjacent bands (U
=2387.0, P=0.024). This indicates that even modest increases
in sleep duration within this critical window are associated
with measurable improvements in subjective sleep quality.

4.5. Correlation between BMI and Sleep Duration

To examine the relationship between sleep duration and BMI,
a Spearman rank correlation analysis was conducted. Visual
inspection of the scatterplot (Fig. 1) demonstrated no clear
linear or non-linear pattern. Consistent with this observation,
the correlation showed no significant association between
sleep duration and BMI (p = 0.09, P = 0.101) within this
specific cohort.

4.6. Perceptions on Hydration and Sleep

Despite the nuanced objective findings, self-reported perceptions
indicated a strong awareness of hydration’s role in sleep hygiene.
A majority of participants (62%) agreed that hydration levels
affect sleep quality, and 58% believed that drinking water before
bed actively aids sleep (Table 4). This highlights an opportunity
for targeted health interventions, as students are already
conceptually receptive to the benefits of hydration.

5. DISCUSSION

The present study investigated the associations between
habitual fluid intake, evening caffeine use, and multiple
sleep metrics in a cohort of female university students. Our
primary findings demonstrate that while global, aggregated
sleep quality scores may not explicitly capture the nuances
of hydration, domain-specific metrics — namely, sleep
latency and nightly awakenings—are significantly associated
with daily fluid intake levels. Furthermore, evening caffeine
consumption emerged as a pervasive habit strongly linked
to degraded sleep outcomes across all measured parameters.

The observed association between lower fluid intake (<1.0 L/
day) and prolonged sleep latency, as well as increased nightly
awakenings, aligns with established physiological mechanisms.
Hydration status is intricately linked to thermoregulation,
plasma osmolality, and autonomic regulation, all of

TABLE 2: Association between evening caffeine consumption and sleep parameters

Sleep parameter Never/rarely (n=90) (%)

Sometimes (n=135) (%)

Often/always (n=97) (%) P-value (Chi-square)

Sleep quality (Good/Very good) 52 44 31 0.021
Sleep duration (=7 h) 61 55 42 0.038
Nightly wakeups (22 times) 19 28 36 0.009
154 UHD Journal of Science and Technology | Jan 2026 | Vol 10 | Issue 1
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which are critical for the physiological transition into and
maintenance of sleep [1]. Recent cross-sectional data
similarly demonstrated that inadequate plain water intake
is a significant predictor of subjective sleep difficulties,
particularly in initiating sleep [15]. Furthermore, our findings
are supported by experimental crossover trials, which found
that mild dehydration via 24-h fluid restriction directly
increased perceived difficulty in falling asleep, reinforcing
the concept that maintaining euhydration actively assists the
neuroendocrine signaling required for timely sleep onset [16].

The divergence in our statistical findings — where specific sleep
domains showed significant associations with hydration while
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Fig. 1. Relationship between sleep duration and body mass index.

TABLE 3: Association between hydration level
and specific sleep metrics (Kruskal-Wallis test)

Sleep metric Hydration n Mean rank Test
level statistics
Sleep latency <1L 60 176.42 H (4)=8.21,
1-15L 132 159.37 P=0.042
1.5-2L 72 152.18
2-25L 46 148.65
>25L 12 140.75
Nightly wake <1L 60 178.33 H (4)=7.84,
ups 1-15L 125 160.12 P=0.049
1.5-2L 83 153.44
2-25L 46 149.27
>25L 12 139.88

the omnibus global scores did not — highlights the necessity
of granular sleep assessments in epidemiological research.
Aggregated instruments can inadvertently mask subtle,
mechanism-specific disruptions caused by mild dehydration
[17]. Interestingly, we identified a perception—reality gap:
while 62% of participants believed hydration globally affects
sleep quality, our objective analyses revealed these effects are
highly localized to latency and continuity. Similar discrepancies
between subjective beliefs and measured outcomes have been
reported in other regional student populations [9].

Evening caffeine consumption presented a consistent,
statistically significant association with poorer sleep architecture
in our sample. The data indicate a dose-dependent relationship
where more frequent evening caffeine use corresponds to
reduced sleep duration (27 h) and increased awakenings.
This is concordant with recent clinical literature detailing
caffeine’s antagonistic effects on adenosine receptors, which
subsequently delay circadian timing and suppress deep sleep
[18]. In practice, late-day caffeine acts as a dual disruptor in
student populations: It directly impairs sleep mechanisms while
indirectly functioning as a behavioral confounder by replacing
plain water intake and promoting nocturnal diuresis [19].

Finally, our analysis revealed no significant correlation
between BMI and sleep duration (Spearman p = 0.09,
P=10.101). This finding contrasts with broader, international
epidemiological studies that frequently link short sleep to
elevated BMI, but it closely aligns with recent regional data
regarding university students in the Middle Hast [20], [21].
This discrepancy may reflect the relatively narrow BMI range
and homogeneous living conditions among our youthful,
dormitory-based female sample. Shared lifestyle factors,
centralized dining, and similar daily routines likely buffer the
metabolic consequences of sleep variation that are typically
observed in more heterogeneous populations [21], [22].

5.1. Strengths and Limitations

Strengths of this study include a well-defined cohort, the
evaluation of multiple granular sleep domains, and the use
of robust non-parametric statistical methods appropriate for
the data distribution. However, the cross-sectional design
precludes establishing causality. A primary limitation is the
reliance on self-reported plain-water intake, which does not

TABLE 4: Participant perceptions on hydration and sleep (n=322)

Perception statement

Strongly agree/agree (%)

Neutral (%) Disagree/strongly disagree (%)

“Does hydration level affect sleep quality?”
“Does drinking water before bed help you sleep better?”

62 24 14
58 27 15
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account for total fluid hydration from dietary sources (e.g,,
high-water foods, soups) or other beverages. Furthermore,
the absence of objective urinary biomarkers (such as specific
gravity or osmolality) and the lack of environmental controls
(such as dormitory temperature variations) may have
introduced exposure misclassification, potentially attenuating
the strength of the observed associations.

6. CONCLUSION

This cross-sectional study demonstrates that both suboptimal
hydration and frequent evening caffeine consumption
are significantly associated with specific sleep disruptions
among female nursing students. Specifically, low daily water
intake (<1.0 L) correlates with prolonged sleep latency
and increased nightly awakenings, suggesting that adequate
hydration plays a supportive role in eatly sleep onset and
continuity. Concurrently, evening caffeine use is a strong,
independent predictor of poorer global sleep quality, reduced
sleep duration, and frequent arousals. Notably, no significant
association was found between BMI and sleep duration
within this specific cohort. While these associative findings
necessitate confirmation through objective, longitudinal
methodologies, they suggest that targeted, low-burden
behavioral interventions — emphasizing adequate daytime
hydration and the restriction of evening stimulants — could
be practical, highly effective strategies to improve sleep health
and academic readiness in university populations.
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APPENDIX A: STUDY QUESTIONNAIRE
Questionnaire: Assessment of hydration on sleep quality among females aged 1824 at the University of Sulaimani
Section A: Participant information

Age:

Height (cm):

Weight (kg):

BMI: (Calculated by researcher)
Physical activity level

0 | ] Sedentary (little to no activity)

o [] Lightly active (light exercise or sports 1-3 days a weck)

o [ ] Moderately active (moderate exercise or sports 3—5 days a week)
o [] Very active (intense exercise or sports 6—7 days a week)

o [] Super active (hard physical job, intense exercise daily).

Section B: Hydration habits

¢ Daily water intake

o []<1L

o []1-15L

o []15-2L

o []2-25L

o []More than 2.5 L.

e Frequency of other fluid consumption (tea, coffee, juice, soft drinks)
[ ] Rarely or never

o []1-2 times a week

o [] Daily

o |] Multiple times a day

@)

e Evening caffeinated beverage consumption (after 6 PM)

o []Never

o |[] Rarely

o [] Sometimes
o []Often

o |[] Always

e Thirst at night or before bed

o []Never

o [] Rarely

o [] Sometimes
o [] Often

o |] Always

e  General hydration level
o | ] Underhydrated (often thirsty, dry skin, etc.)
o |] Adequately hydrated (usually hydrated, rarely thirsty)
o |] Overhydrated (drink a lot, rarely thirsty)
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Section C: Sleep quality

e Average nightly sleep duration

o []<5h
o []56h
o []6-7h
o []7-8h
o [] More than 8 h

e Opverall sleep quality
o [] Very poor
o []Poor
o [] Average
o |[]Good
o [] Very good
e Nightly wake-ups
o [] Never
o []Once
o []2-3 times
o [] More than 3 times

e Feeling rested in the morning

o |] Always

o [] Often

o [] Sometimes
o [] Rarely

o [] Never

e Time to fall asleep after going to bed
o [] <10 min

] 10-20 min

] 20-30 min

] 30-60 min

] More than 60 min

o o O ©

e Does hydration level affect sleep quality?

o |[] Strongly agree

o |]Agtee

o [] Neutral

o |[] Disagree

o [] Strongly disagree

e Does drinking water before bed help you sleep better?

o [] Strongly agree

o []Agtree

o [] Neutral

o [] Disagree

o | ] Strongly disagree
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