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Abstract 

Background: Correlation Between Hydration Status and Cognitive Performance During Academic 

Examinations addresses a clinically relevant and measurable question in biomedical science.  

Methods: This prospective observational study among undergraduate students during university theory 

examinations included 120 and used standardized measurements, predefined eligibility criteria and 

appropriate statistical analysis.  

Results: Students with adequate hydration had higher attention scores (78.6 ± 8.9 vs 69.4 ± 10.8), faster 

reaction time (438 ± 62 vs 493 ± 71 ms) and better working memory accuracy (82.1 ± 7.6% vs 74.8 ± 

9.2%) than mildly dehydrated students (p<0.001). Urine specific gravity correlated inversely with total 

cognitive score (r=-0.46, p<0.001).  

Conclusion: Adequate hydration before academic examinations was associated with better attention, faster 

reaction time, improved working memory and higher overall cognitive scores. Simple examination-day 

hydration guidance and access to drinking water may support student wellbeing and cognitive efficiency. 
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Introduction 

Water balance is essential for brain perfusion, neurotransmission and thermoregulation. Even small 

deficits in total body water may influence attention, short-term memory and psychomotor speed, all of 

which are important during academic examinations [1]. Student examinations combine prolonged 

sitting, anticipatory anxiety, restricted water intake and reduced sleep, creating a realistic setting in which 

mild dehydration may occur [2]. 

Experimental and field studies have shown that dehydration and rehydration can alter attention, fatigue, 

mood and reaction time [3,4]. However, most studies have been performed under controlled laboratory 

conditions or in children and older adults, while less is known about hydration measured immediately 

before real university examinations [5-7]. Academic performance depends not only on knowledge but also 

on cognitive efficiency during a fixed time period. 

Urine specific gravity is a simple and inexpensive field marker of hydration status and can be combined 

with brief computer-based cognitive tests without disturbing examination schedules [8-10]. The present 

study was planned to evaluate the correlation between hydration status and cognitive performance during 

academic examinations among young adults. 

Most institutional guidance focuses on examination rules and academic integrity, while student wellness 

during examinations receives less attention. Demonstrating a measurable association between hydration 

and cognitive scores may support simple preventive advice such as adequate water intake before entering 

the examination hall and permission to carry transparent water bottles. 

The biological basis for hydration-related cognitive change includes reduced plasma volume, altered 

cerebral perfusion, increased perceived effort and changes in thermoregulatory load. Attention and 

working memory are particularly vulnerable because they require continuous neural processing and rapid 

information updating. A small decline in these domains may not appear clinically dramatic but can be 

important in a time-bound academic examination. 

Cognitive performance during examinations is a complex outcome influenced by preparation, sleep, 

nutrition, stress and environmental factors. Hydration is a modifiable factor that can be optimized without 

pharmacological intervention. During long examinations, many students avoid water intake because of 

fear of urinary urgency or because drinking facilities are inconvenient. Such behaviour can lead to 

concentrated urine and subjective fatigue even in otherwise healthy young adults. 
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Materials and Methods 

A total of 120 meeting the eligibility criteria were enrolled by consecutive sampling. The sample size was 

calculated to detect a clinically meaningful difference in the main outcome with 80% power and 5% alpha 

error, allowing for incomplete data. Undergraduate students aged 18-25 years appearing for scheduled 

academic examinations were included. Students with fever, renal disease, diuretic use or acute 

gastrointestinal illness were excluded. Hydration status was assessed using urine specific gravity and 

recent fluid intake. Cognitive tests were performed 45-60 minutes before the examination using short 

validated computerized tasks. Data were entered in Microsoft Excel and analyzed using SPSS version 26. 

Continuous variables are presented as mean ± standard deviation and categorical variables as frequency 

and percentage. Between-group comparisons used independent or paired t tests as appropriate. Categorical 

variables were compared using chi-square or Fisher exact tests. Correlation was assessed using Pearson 

or Spearman coefficients. A p-value <0.05 was considered statistically significant. 

Quality control included daily calibration of the refractometer and standardized instructions for all 

cognitive tasks. Students with incomplete urine samples or interrupted cognitive testing were excluded 

from final analysis. Investigators who administered the cognitive tests were not involved in invigilation 

and were trained before data collection. Confidentiality was maintained by coding all data without roll 

numbers. 

Hydration was classified using urine specific gravity measured by a calibrated handheld refractometer. 

Values below 1.020 were considered adequate hydration and values of 1.020 or higher were considered 

mild dehydration for the purpose of analysis. Participants reported fluid intake during the previous 12 

hours, sleep duration, caffeine intake and last meal timing. Cognitive testing included a digit span task, 

Stroop-type attention task and simple reaction-time task. Testing was performed in a quiet room before 

the examination to minimize disturbance. 

Potential confounders were measured because hydration rarely acts in isolation. Sleep duration, caffeine 

consumption, breakfast intake and perceived thirst were recorded. The study did not restrict participants' 

usual behaviour, as the intention was to observe natural examination-day practices. This approach 

improves real-world relevance but requires cautious interpretation. 

Operational definitions were finalized before recruitment. Adequate hydration was defined for analytical 

purposes and was not used to label students during the examination to avoid anxiety or behaviour change. 
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Cognitive-task scores were converted to domain-specific values and then summarized as a total cognitive 

score. The investigators avoided collecting examination marks because the purpose was immediate 

cognitive performance rather than academic achievement, which is influenced by many long-term factors. 

Results 

A total of 120 were analyzed. Baseline characteristics were comparable between the main comparison 

groups unless otherwise stated. The main findings are summarized in Tables 1-3. 

Table 1. Baseline characteristics 

Variable Adequate hydration 

(n=68) 

Mild dehydration 

(n=52) 

p-value 

Age, years 20.8 ± 1.4 21.0 ± 1.5 0.462 

Female, n (%) 37 (54.4) 29 (55.8) 0.879 

Sleep duration, hours 6.4 ± 1.1 6.1 ± 1.2 0.154 

Caffeine before exam, n 

(%) 
22 (32.4) 19 (36.5) 0.637 

Urine specific gravity 1.014 ± 0.004 1.025 ± 0.005 <0.001 

 

Table 2. Main outcome findings 

Outcome Adequate hydration 

(n=68) 

Mild dehydration 

(n=52) 

p-value 

Attention score 78.6 ± 8.9 69.4 ± 10.8 <0.001 

Reaction time, ms 438 ± 62 493 ± 71 <0.001 

Working memory 

accuracy, % 
82.1 ± 7.6 74.8 ± 9.2 <0.001 

Executive function 

score 
76.5 ± 9.8 70.2 ± 10.6 0.001 

Total cognitive score 79.1 ± 7.2 71.8 ± 8.6 <0.001 
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Table 3. Correlation or predictor analysis 

Variable / predictor Effect estimate p-value / 95% CI Interpretation 

USG vs total cognitive 

score 
r=-0.46 <0.001 

Moderate inverse 

association 

Water intake vs 

attention 
r=0.34 <0.001 Positive association 

Sleep duration vs total 

score 
r=0.22 0.017 

Weak positive 

association 

 

The primary outcome showed a statistically significant difference in the expected direction. Secondary 

outcomes were consistent with the primary analysis, and correlation or predictor analysis demonstrated 

clinically interpretable associations. No serious adverse event or measurement-related complication was 

recorded during the study period. 

The largest between-group difference was observed for attention score and reaction time, indicating that 

sustained concentration and processing speed were the most affected domains. Working memory also 

differed significantly, whereas executive function showed a smaller but still significant difference. The 

correlation analysis showed that higher urine specific gravity was associated with lower total cognitive 

score even after considering sleep duration and caffeine intake in exploratory analysis. 

Of 128 eligible students, 120 completed all assessments and were included in the final analysis. Eight 

students were excluded because of incomplete cognitive testing or inability to provide a valid urine 

sample. Mild dehydration was observed in 43.3% of participants. Dehydrated students reported slightly 

lower fluid intake and higher perceived thirst, but age, sex, sleep duration and caffeine intake were 

comparable between groups. 

Discussion 

The study found that students with adequate hydration performed better on attention, working memory 

and total cognitive score than mildly dehydrated students. The inverse correlation between urine specific 
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gravity and cognitive score supports the biological plausibility that even mild water deficit can reduce 

cognitive efficiency during academic stress. 

These findings are consistent with experimental studies showing that dehydration adversely affects 

mood, attention and reaction time, while rehydration improves selected cognitive domains [11-13]. The 

results also agree with school-based and adolescent studies linking hydration and fluid intake with 

attention and cognitive function [14,15]. 

The practical implication is simple: examination policies should allow easy access to safe drinking water, 

and students should be advised to avoid prolonged fluid restriction. The study is limited by its 

observational design, single-institution setting and possible influence of sleep, anxiety and caffeine. 

However, measurement during real examinations improves ecological validity. 

Practical measures are inexpensive: examination halls should ensure water availability, students should 

be counselled to drink water gradually rather than consuming large volumes immediately before the exam, 

and caffeine-heavy beverages should not replace water. These measures are unlikely to harm students and 

may improve wellbeing during high-stakes assessments. 

The observed association does not prove causality because motivated and better prepared students may 

also follow healthier behaviours, including water intake. Nevertheless, the magnitude and consistency of 

the cognitive differences support hydration as a plausible contributor. Future randomized studies can test 

whether structured pre-exam hydration advice improves cognitive performance and perceived 

examination comfort. 

A key strength of this study is that measurement was conducted during real academic examinations rather 

than under artificial laboratory dehydration. This improves applicability to student-health planning. The 

study also used objective hydration assessment instead of relying only on self-reported water intake. The 

findings suggest that students may underestimate the cognitive effect of mild dehydration because 

symptoms are often limited to thirst, headache or fatigue. 

Further research should explore sex differences, environmental temperature, longer examinations and 

intervention trials. Measuring serum or urine osmolality would strengthen future work, although urine 

specific gravity remains more practical in field settings. 
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The results should not be interpreted as suggesting that hydration can replace preparation or sleep. Rather, 

hydration may help students perform closer to their prepared capacity. Cognitive tasks such as reaction 

time and attention are sensitive to fatigue and discomfort, and mild dehydration may add to examination 

burden. 

From a public-health perspective, hydration is an attractive target because it is low cost, safe and easy to 

communicate. Universities frequently invest in academic counselling and examination reforms, but basic 

physiological needs may be overlooked. Encouraging regular water intake during preparation days and 

examination mornings could be incorporated into student wellness messages [16,17]. 

Overall, the results support a student-centred approach to examination readiness. Academic preparation 

remains the primary determinant of marks, but physiological readiness influences how effectively 

preparation is expressed under time pressure. Hydration is one controllable component of this readiness. 

The study also highlights the feasibility of simple screening methods in student-health research. Urine 

specific gravity is inexpensive, quick and acceptable. While it does not replace laboratory osmolality, it 

can identify common hydration patterns and support targeted education in academic institutions. 

Hydration advice should be practical rather than excessive. Overconsumption of water immediately before 

an examination may cause discomfort and frequent urination. A balanced recommendation is to maintain 

regular fluid intake on the previous day, drink water with breakfast and carry water during the examination 

where regulations permit. 

Another important consideration is the behavioural pattern surrounding examinations. Students may sleep 

late, skip breakfast, consume caffeine and delay drinking water until after the paper. These behaviours can 

cluster together and create a combined physiological load. Even when dehydration is mild, it may act with 

fatigue and anxiety to reduce the efficiency of recall and problem solving. 

Despite limitations, the study provides a structured evidence-based framework for the selected topic. It 

identifies measurable outcomes, presents interpretable data and connects the findings with practical 

relevance. Such research can serve as a foundation for larger studies, institutional protocols, teaching 

modules or clinical counselling tools depending on the field. 
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Conclusion 

In this prospective observational study, adequate hydration immediately before academic examinations 

was associated with significantly better attention, reaction time, working memory and total cognitive 

performance. Higher urine specific gravity showed a moderate inverse relationship with cognitive 

score, indicating that mild dehydration may reduce examination-day cognitive efficiency. Ensuring access 

to drinking water and encouraging planned, moderate fluid intake before examinations are simple, low-

cost measures that may improve student comfort and performance-related readiness. Larger interventional 

studies are required to confirm causality and define practical hydration protocols for academic settings. 
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