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Consumption Patterns and Associated Health Implications of Energy Drinks among Undergraduate Students in Rivers State, Nigeria: A Cross-Sectional Study

Abstract
Background: Energy drink consumption among young adults represents a significant public health concern due to associated health risks. This study aimed to investigate the prevalence, determinants, and health implications of energy drink consumption among undergraduate students in Rivers State, Nigeria. Methods: A cross-sectional survey was conducted among 378 undergraduates selected through multi-stage sampling from both public and private universities. Data were collected using a pre-validated questionnaire assessing consumption patterns, knowledge, attitudes, practices, and sleep quality. Chi-square tests and logistic regression were applied to identify predictors of consumption. Results: The study revealed high prevalence rates, with 92.1% lifetime exposure and 45.2% current consumers. Male gender was the strongest predictor of consumption (AOR = 2.55, 95% CI: 1.51-4.31, p < 0.001), while Igbo/Ikwerre ethnicity showed protective effects (AOR = 0.56, 95% CI: 0.36-0.89, p = 0.014). Despite 69.6% demonstrating good knowledge, significant misconceptions persisted, with 20.1% believing energy drinks were safe for unrestricted daily use. Practice behaviours were stronger predictors than attitudes (AOR = 2.54, p < 0.001). Nearly half (49.5%) reported adverse effects, including gastrointestinal distress (23.7%), headaches (23.3%), and insomnia (20.5%). Conclusion: Energy drink consumption is highly prevalent among undergraduates in Rivers State, driven primarily by male gender and behavioural patterns rather than knowledge or attitudes. The high rate of adverse effects highlights the need for targeted interventions addressing misconceptions and promoting healthier alternatives for academic performance enhancement.
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INTRODUCTION
[bookmark: _Toc197102070]Energy drinks (EDs) are now a globally popular beverage, particularly among adolescents and young adults, with market values projected to reach $86.1 billion by 2027 (Howley & Miller, 2024). These functional beverages are specifically formulated to provide immediate energy boosts, enhance mental alertness, and improve physical performance through a combination of stimulant compounds and psychoactive ingredients. The global consumption of EDs has increased dramatically since the launch of commercial products like Red Bull in 1997, with approximately 5.8 billion liters consumed annually across 160 countries by 2013 (Alsunni, 2015; Ariffin et al., 2022). This consumption trend is particularly pronounced among university students, who represent a primary target market for aggressive marketing campaigns that promote EDs as essential tools for enhancing academic performance and social activities (Hasan et al., 2019; Zidan et al., 2025).
The complex formulation of typical EDs includes caffeine (ranging from 80-150 mg per 8 oz), substantial quantities of sugar or artificial sweeteners, and various supplements such as taurine, guarana, ginseng, and B vitamins (Ariffin et al., 2022; Howley & Miller, 2024). These ingredients work synergistically to produce stimulatory effects on the central nervous system, with caffeine serving as the primary active component through its antagonism of adenosine receptors and stimulation of dopamine neurotransmission (Zeidán-Chuliá et al., 2013). While moderate consumption (up to 400 mg caffeine daily) is generally considered safe for healthy adults (Freedman, 2024), the potentially detrimental health consequences of excessive ED consumption include adverse cardiovascular effects, neurological and psychological disturbances, metabolic disorders, renal impairment, and dental erosion (Alsunni, 2015; Ariffin et al., 2022). Of particular concern are findings that certain ED components can induce apoptosis in human neuronal cells at concentrations equivalent to those found in commercially available products (Zeidán-Chuliá et al., 2013).
Research indicates that multiple factors influence ED consumption patterns among university students, including demographic characteristics, lifestyle behaviours, and academic pressures. Studies conducted in Nigeria have revealed period prevalences of 67.0% among undergraduates in Kano, with significant associations between consumption and male gender, Hausa/Fulani ethnicity, and age below 24 years (Ibrahim et al., 2021a). Similar research across diverse geographical contexts consistently identifies male gender as a strong predictor of ED use, alongside participation in sports, alcohol consumption, smoking, and inadequate sleep patterns. The primary motivations for consumption typically include the desire to boost physical and mental capacity, especially during examination periods, with 59.6% of Nigerian students reporting this as their main reason for use (Ibrahim et al., 2021a; Zidan et al., 2025).
The Nigerian context presents a particularly interesting landscape for investigating ED consumption patterns, given the country's rapidly growing market that is expected to generate US$4.49bn in at-home revenue by 2025 (Statista, 2025). Despite this substantial market presence, research on ED consumption patterns among Nigerian undergraduates remains limited, with existing studies focusing primarily on northern regions. The unique socio-cultural and demographic characteristics of Rivers State undergraduates warrant particular investigation, as regional variations in consumption patterns have been documented across Nigeria Furthermore, research suggests that many Nigerian students demonstrate insufficient knowledge regarding ED ingredients and potential health effects, despite. reporting negative attitudes toward these beverages (Ibrahim et al., 2021a).
[bookmark: _Toc197102082][bookmark: _Toc208394431]This study aims to address critical gaps in the current literature by comprehensively examining the prevalence, patterns, determinants, and knowledge, attitudes and practices regarding ED consumption among university undergraduates in Rivers State, Nigeria. The findings will contribute to the development of evidence-based public health interventions and educational programs tailored to the specific needs of this population, ultimately promoting healthier beverage consumption patterns and reducing the potential for adverse health outcomes associated with excessive ED use.
Methods
Study design
[bookmark: _Toc197102083][bookmark: _Toc208394432]The current study adopts a cross-sectional study design. 
Study area
Rivers State is situated in the Niger Delta region of southern Nigeria, geographically located between latitudes 4°30’N and 5°30’N and longitudes 6°45’E and 7°30’E. It is bordered by Imo, Abia, and Anambra states to the north, Akwa Ibom State to the east, and Bayelsa and Delta states to the west, with its southern flank opening to the Atlantic Ocean (National Bureau of Statistics [NBS], 2023). This region presents a compelling context for investigating energy drink consumption patterns among undergraduates. As a leading hub for Nigeria's oil and gas industry, the state's economy is characterized by relative vibrancy and rapid urbanization, particularly in its capital, Port Harcourt (Obinna et al., 2010). This economic activity fosters a consumer-oriented environment with easy access to commercial products, including energy drinks.
The academic landscape is a critical feature of the study area. Rivers State hosts a high density of tertiary institutions, including the University of Port Harcourt, Rivers State University, and Ignatius Ajuru University of Education. These institutions attract a large and diverse undergraduate population from various socio-economic and cultural backgrounds, providing a robust sample for this study (National Universities Commission [NUC], 2023). The academic culture, often characterized by high pressure and demanding schedules, exemplified by specialized, high-stakes programs like the Centre of Excellence in Marine and Offshore Engineering at Rivers State University, creates an environment where stimulant use for cognitive enhancement and fatigue mitigation may be prevalent. Furthermore, the unique urban lifestyle of Port Harcourt, marked by its fast pace and the confluence of modern consumer trends with local cultural practices, offers an ideal setting to examine established determinants of energy drink consumption, such as academic stress, social influence, and the pursuit of enhanced performance (Ibrahim et al., 2021b; NBS, 2023). Investigating these patterns within this specific socio-economic and academic context will yield valuable insights for designing targeted public health interventions for university populations in similar urban settings.
[bookmark: _Toc197102085][bookmark: _Toc208394434]Study population
[bookmark: _Toc197102086][bookmark: _Toc208394435]The study population encompasses all undergraduate students aged 18 years and above who are currently enrolled and residing in Rivers State, Nigeria, including institutions such as the University of Port Harcourt (approximately 42,000 students), Rivers State University (over 28,000 students), Ignatius Ajuru University of Education, and private universities including Madona University and PAMO University of Medical Sciences (Rivers State University, 2023; University of Port Harcourt, 2024), with exclusion of students not present during the data collection period.
Sample size determination 
The sample size for this study was determined using the Cochran formula  for population proportions. The calculation yielded a minimum sample size of n = 339.7 ≈ 340 participants, based on a 95% confidence level (Z = 1.96), a margin of error of 0.05, and an estimated prevalence rate of energy drink consumption of 67% (p = 0.67) obtained from previous research (Ibrahim et al., 2021b). To account for potential non-response, this initial sample size was increased by 10%, resulting in a final sample size of 378 participants.
Sampling technique
[bookmark: _Toc197102087]A multi-stage sampling technique was employed, beginning with the stratified selection of one public and one private university from all accredited institutions in Rivers State to ensure representation across institutional types, followed by simple random sampling (balloting method) of faculties within selected universities to capture diverse academic disciplines, and concluding with random selection of undergraduate participants from compiled departmental sampling frames using proportional allocation based on institutional enrolment size (e.g., 54.2% from the University of Port Harcourt as the largest institution), with survey links distributed via class representatives until reaching the target sample size of 378 participants
[bookmark: _Toc197102088]Methods of data collection 
[bookmark: _Toc197102089][bookmark: _Toc208394438]Data were collected using a pre-tested, validated, self-administered questionnaire adapted from previously published studies (Ibrahim et al., 2021b; Ezemenahi et al., 2024). The instrument was structured into six sections to comprehensively assess key variables: Section A (sociodemographic characteristics), Section B (prevalence of energy drink consumption), Section C (knowledge of energy drink components, benefits, and health risks), Section D (attitudes toward energy drink consumption), Section E (consumption practices and patterns), and Section F (sleep patterns and quality). To ensure consistency and reliability in data gathering, research assistants underwent a two-day intensive training program at a facility near the university campus. The training covered ethical considerations, questionnaire administration, virtual engagement protocols, and techniques for minimizing recruitment and response bias. Data collection was conducted virtually over a two-month period (June to August 2025) using online platforms, primarily WhatsApp, for questionnaire distribution. This digital approach was selected to enhance accessibility, facilitate wider geographical coverage across study institutions, and align with the tech-savvy nature of the undergraduate population. The use of trained research assistants and a standardized virtual administration protocol helped maintain uniformity in instructions and reduce inter-administrator variability, thereby improving the validity and reproducibility of the data collection process.
[bookmark: _Toc197102090][bookmark: _Toc208394439]Validity and reliability of study tools
The questionnaire was validated through a multi-step process to ensure accuracy and reliability. A pilot test was conducted with 10% of the sample size (n = 38) from a comparable student population outside the study area to refine clarity, wording, and relevance. Content validity was established through review by a panel of subject-matter experts who assessed domain representation and item appropriateness. Internal consistency was evaluated using Cronbach’s alpha for multi-item scales, with values above 0.7 considered acceptable. Test–retest reliability was assessed over a two-week interval with a subsample to evaluate temporal stability. This rigorous process ensured the instrument was valid, reliable, and suitable for measuring energy drink consumption and related constructs among undergraduates.
Method of data analysis
The data collected in this study were organised and analysed in detail by various statistical software tools. The data initially was entered into the Microsoft Excel software version, Office 365, with a lot of careful entry to make sure that there is no misleading or out-of-data entry in the data files at all. Following this, the dataset was exported and analyzed using SPSS version 26.0, employing descriptive statistics (frequencies, percentages, means, and standard deviations) to summarize sociodemographic and consumption variables, while inferential analyses included chi-square tests to examine associations between categorical variables and binary logistic regression to identify predictors of energy drink consumption, with statistical significance set at p < 0.05.
Ethical Considerations
[bookmark: _Toc208394442]Ethical approval was granted by the University of Port Harcourt Ethical Committee. Written informed consent was obtained from all participants after explaining the study’s purpose, risks, and benefits. Data were collected anonymously without personal identifiers, stored securely with password protection and unique codes, and analyzed in aggregate form to ensure confidentiality. Participants could skip questions or withdraw freely. Selection was based solely on undergraduate status in Rivers State and willingness to participate, ensuring equitable inclusion.
RESULTS
Sociodemographic characteristics
Table 1 presents the sociodemographic profile of the study participants (N=378), indicating a predominantly young (mean age=21.36±1.92 years) and female (71.7%) population, with nearly all respondents being single (96.0%), ethnically diverse (predominantly Igbo [38.1%] and Ikwerre [19.0%]), academically distributed across all years (with highest representation in fourth year [33.1%]), and primarily enrolled in public universities (81.7%).
[bookmark: _Toc208394256][bookmark: _Toc208394443]Table 1. Sociodemographic characteristics of the study undergraduate university students in Rivers State
	Variables
	Frequency (n=378)
	Percentage (%)

	Age 

	16-20
	161
	42.6

	21-25
	185
	48.9

	26-30
	26
	6.9

	31 and above
	6
	1.7

	Mean+ standard deviation=21.36 + 1.92
	

	Gender

	Male
	107
	28.3

	Female
	271
	71.7

	Marital Status

	Single
	363
	96.0

	Married
	15
	4.0

	Ethnicity

	Igbo
	144
	38.1

	Yoruba
	14
	3.7

	Hausa
	4
	1.1

	Isoko
	20
	5.3

	Ikwerre (Rivers)
	72
	19.0

	Ibibio
	17
	4.5

	Ijaw
	40
	10.6

	Others
	67
	17.7

	Academic Level/Year of Study

	First year
	94
	24.9

	Second year
	50
	13.2

	Third year
	48
	12.7

	Fourth year
	125
	33.1

	Fifth year and above
	61
	16.1

	University type

	Public
	309
	81.7

	Private
	69
	18.3


[bookmark: _Toc208394257][bookmark: _Toc208394444]
Prevalence of Energy Drink Consumption
Table 2 reveals that energy drink consumption is highly prevalent among undergraduates in Rivers State, with near-universal lifetime exposure (92.1%) and a substantial proportion of current consumers (45.2%). While recent use is common (73.3% within six months; 47.6% within 30 days), consumption is predominantly characterized by a strong preference for regular, sugary formulations (85.2%) over sugar-free alternatives (14.6%), and mixing with alcohol remains a relatively infrequent practice (12.7%).
Table 2. Prevalence of energy drink consumption among undergraduate university students in Rivers State
	Variables
	Frequency (n= 378)
	Percentage (%)

	Ever consumed an energy drink in your lifetime

	No
	30
	7.9

	Yes
	348
	92.1

	In the past 30 days, have you consumed any energy drinks

	No
	198
	52.4

	Yes
	180
	47.6

	In the past 6 months, have you consumed energy drinks at least once

	No
	101
	26.7

	Yes
	277
	73.3

	Consumed energy drinks mixed with alcohol

	No
	330
	87.3

	Yes
	48
	12.7

	Consumed Sugar-free versions

	No
	323
	85.4

	Yes
	55
	14.6

	Consumed Regular energy drinks

	No
	56
	14.8

	Yes
	322
	85.2

	Prevalence level

	No
	207
	54.8

	Yes
	171
	45.2



Knowledge, Attitudes, and Practices Regarding Energy Drink Consumption
Table 3 shows that while most undergraduates (69.6%) demonstrated good knowledge of energy drink composition and health effects, important gaps remain, with 20.1% believing daily use is safe for all age groups, 11.6% perceiving no health risks, and 27.8% unaware of enamel erosion. Table 4 reveals that although 58.5% displayed generally health-conscious attitudes and 77.3% acknowledged risks, many students still valued functional benefits, with 60.6% agreeing energy drinks improve concentration, 48.4% believing benefits outweigh risks, and 52.7% influenced by advertising. Table 5 highlights widespread but mostly infrequent consumption (83.9% consumers; 53.3% monthly or less), driven by taste (45.4%), study-related wakefulness (33.8%), and social use (24.6%), with nearly half (49.5%) reporting adverse effects such as gastrointestinal distress, headaches, insomnia, and anxiety, despite most maintaining relatively safe consumption practices.


[bookmark: _Toc208394259][bookmark: _Toc208394446]Table 3. Knowledge of energy drinks consumption among undergraduate university students in Rivers State
	Variables
	Frequency (n=378)
	Percentage (%)

	The main components of energy drinks include caffeine, taurine, and sugar.

	No
	20
	5.3

	Yes
	358
	94.7

	Energy drinks are completely free from health risks when consumed regularly.

	No
	334
	88.4

	Yes
	44
	11.6

	Energy drinks can contribute to improved alertness and physical stamina.

	No
	30
	7.9

	Yes
	348
	92.1

	Heart palpitations are a possible side effect of consuming energy drinks.

	No
	52
	13.8

	Yes
	326
	86.2

	Energy drinks can cause insomnia when consumed late in the day.

	No
	67
	17.7

	Yes
	311
	82.3

	Enamel erosion can occur due to regular consumption of energy drinks.

	No
	105
	27.8

	Yes
	273
	72.2

	Energy drinks are safe for unrestricted daily use by all age groups

	No
	302
	79.9

	Yes
	76
	20.1

	High levels of caffeine in energy drinks can increase anxiety

	No
	43
	11.4

	Yes
	335
	88.6

	Information on the recommended limits for energy drink intake is available from health authorities

	No
	96
	25.4

	Yes
	282
	74.6

	Energy drinks contain natural stimulants that may affect the central nervous system.

	No
	52
	13.8

	Yes
	326
	86.2

	Knowledge level

	Good knowledge level
	263
	69.6

	Poor Knowledge level
	115
	30.4







[bookmark: _Toc208394261][bookmark: _Toc208394448]Table 4. Attitudes towards energy drinks consumption among undergraduate university students in Rivers State
	Variables
	Likert scale
	Mean + SEM

	
	Strongly disagree
	Disagree
	Indifferent
	Agree
	Strongly Agree
	

	Energy drinks are an effective way to boost energy and concentration, especially during studies.
	8(2.1%)
	67(17.7%)
	74(19.6%)
	173(45.8%)
	56(14.8%)
	2.46+1.022

	I believe that the benefits of energy drink consumption outweigh the potential risks.
	20(5.3%)
	123(32.5%)
	52(13.8%)
	149(39.4%)
	34(9.0%)
	2.03+1.105

	Energy drinks pose significant health risks.
	6(1.6%)
	36(9.5%)
	44(11.6%)
	178(47.1%)
	114(30.2%)
	2.99+ 0.970

	Energy drink advertisements positively influence my perception of these products.
	14(3.7%)
	65(17.2%)
	100(26.5%)
	156(41.3%)
	43(11.4%)
	2.36+1.046

	

	Attitude level
	Frequency(n=378)
	Percentage (%)

	Appropriate attitude
	221
	58.5

	Inappropriate attitude
	157
	41.5


SEM: Standard Error of Mean
[bookmark: _Toc208394263][bookmark: _Toc208394450]Table 5. Practice of energy drink consumption among undergraduate university students in Rivers State
	Variables
	Frequency
	Percentage (%)

	Takes energy drinks (n=378)

	No 
	61
	16.1

	Yes
	317
	83.9

	Frequency of energy drink intake (n=317)

	Rarely (once a month or less)
	169
	53.3

	Occasionally (2–3 times a month)
	91
	28.7

	Frequently (1–3 times a week)
	47
	14.8

	Daily or almost daily
	10
	3.2

	Takes energy drinks to stay awake for studying or exams (n=317)

	No
	210
	66.2

	Yes
	107
	33.8

	Takes energy drinks to enhance physical performance during sports (n=317)

	No
	279
	88

	Yes
	38
	12

	Takes energy drinks for social occasions such as parties (n=317)
	

	No
	239
	75.4

	Yes
	78
	24.6

	Takes energy drinks as a mixer with alcoholic beverages (n=317)

	No
	309
	97.5

	Yes
	8
	2.5

	Takes energy drinks out of habit or taste preference (n=317)

	No
	173
	54.6

	Yes
	144
	45.4

	Usually gets energy drinks from Convenience stores or petrol stations (n=317)

	No
	97
	25.7

	Yes
	281
	74.3

	Usually gets energy drinks from Online platforms (n=317)

	No
	270
	85.2

	Yes
	47
	14.8

	Usually gets energy drinks from friends or family (n=317)

	No
	313
	98.7

	Yes
	4
	1.3

	Usually consumes more than one energy drink in a single sitting (n=317)

	No
	255
	80.4

	Yes
	62
	19.6

	Mixes energy drinks with other substances such as alcohol or coffee (n=317)

	No
	271
	85.5

	Yes
	46
	14.5

	Experienced any side effects from consuming energy drinks (n=317)

	No
	160
	50.5

	Yes
	157
	49.5

	Experienced insomnia as a side effect (n=317)

	No
	252
	79.5

	Yes
	65
	20.5

	Experienced headache as a side effect (n=317)

	No
	243
	76.7

	Yes
	74
	23.3

	Experienced increased heart rate or palpitations as a side effect (n=317)

	No
	279
	88.0

	Yes
	38
	12.0

	Experienced anxiety or restlessness as a side effect (n=317)

	No
	271
	85.5

	Yes
	46
	14.5

	Experienced Stomach upset as a side effect (n=317)

	No
	242
	76.3

	Yes
	75
	23.7

	Experienced dental issues as a side effect (n=317)

	No
	293
	92.4

	Yes
	24
	7.6

	Practice level

	Good Practice level
	189
	59.6

	Poor Practice level
	128
	40.4



Sleep Patterns Among University Undergraduates
Table 6 shows that while the majority of undergraduate students (88.1%) report sleeping at night and most (66.1%) achieve at least 6 hours of sleep per night, significant sleep challenges persist within this population. A substantial proportion (56.6%) experience daytime sleepiness during classes, indicating potential sleep quality issues despite adequate sleep duration. Notable sleep disturbances include difficulty staying asleep (34.9%), frequent awakenings (65.9% wake easily), and breathing-related issues with 34.1% reporting snoring and 21.7% experiencing sudden awakenings with breathlessness. Additionally, 28.6% report nightmares or night terrors, and 34.4% wake with headaches, suggesting compromised sleep quality. The finding that 65.1% can easily return to sleep after nighttime awakenings indicates some resilience in sleep maintenance.
[bookmark: _Toc208394265][bookmark: _Toc208394452]Table 6. Sleep patterns among university undergraduates in Rivers State 
	Variables
	Frequency(n=378)
	Percentage (%)

	Sleeps at night

	No
	45
	11.9

	Yes
	333
	88.1

	On average, usually sleep at least 6 hours per night

	No
	128
	33.9

	Yes
	250
	66.1

	During the day, especially in class, frequently feels sleepy or tired

	No
	164
	43.4

	Yes
	214
	56.6

	Have difficulty falling asleep at night

	No
	279
	73.8

	Yes
	99
	26.2

	Have difficulty staying asleep throughout the night

	No
	246
	65.1

	Yes
	132
	34.9

	Easily wakes from sleep

	No
	129
	34.1

	Yes
	249
	65.9

	Ever been told that you snore
	
	

	No
	249
	65.9

	Yes
	129
	34.1

	Frequently awakened suddenly from sleep and feels breathless

	No
	296
	78.3

	Yes
	82
	21.7

	Experiences nightmares or night terrors

	No
	270
	71.4

	Yes
	108
	28.6

	Upon waking, often have headaches

	No
	248
	65.6

	Yes
	130
	34.4

	Awakened during the night, easily goes back to sleep

	No
	132
	34.9

	Yes
	246
	65.1



Sociodemographic Factors Associated with Prevalence of Energy Drink Consumption
Table 7 shows that gender and ethnicity were significant predictors of energy drink consumption among undergraduate students in Rivers State. Male students consumed at higher rates (60.7% vs. 39.1% for females), and regression confirmed that males had 2.55 times greater odds of being consumers (AOR=2.548; 95% CI: 1.508–4.307; p<0.001). Ethnicity also mattered, with Igbo/Ikwerre students reporting lower consumption (39.4% vs. 53.1% in other ethnic groups) and significantly reduced odds of use (AOR=0.562; 95% CI: 0.355–0.889; p=0.014).
Attitudes, Practices, and Sleep Patterns Affecting Energy Drink Consumption
Table 8 shows that both attitudes and practices predicted energy drink consumption patterns, with students holding appropriate attitudes consuming more (52.5%) than those with inappropriate attitudes (35.0%) in bivariate analysis (X²=11.291, p=0.001), though this effect was not significant in regression (AOR=1.569, p=0.062). In contrast, practice levels were a strong predictor: students with good practice reported higher consumption (61.9% vs. 39.1%), and regression confirmed that good practice was associated with 2.54 times greater odds of consumption (AOR=2.535; 95% CI: 1.599–4.019; p<0.001), underscoring the greater influence of behaviour over attitudes. Table 9 indicates that while several sleep-related factors showed significant associations with consumption in bivariate analysis, these were not sustained in adjusted models. For instance, students with sleep difficulties consumed more (64.4% vs. 42.6%; X²=7.606, p=0.006) but showed marginal non-significance in regression (AOR=2.022, p=0.054). Similarly, short sleep duration (<6 hours) (53.9% vs. 40.8%; X²=5.870, p=0.015) and nocturnal awakenings with breathlessness (54.9% vs. 42.6%; X²=3.928, p=0.047) were linked to higher consumption in bivariate analysis, but neither remained significant after adjustment (AOR=1.359, p=0.219; AOR=0.712, p=0.246, respectively).
Table 7. Sociodemographic factors associated with prevalence of level of energy drink consumption among university students in Rivers State (n=378)
	Variables 
	Prevalence level of energy drink consumption
	X2 (p-values)
	COR (CI)
	Regression Analysis

	
	No (%)
	Yes (%)
	
	
	B(sig.)
	OR(CI)

	Age Category

	Less than 21 years
	92(57.1%)
	69(42.9%)
	0.642(0.423)
	1.183(0.784-1.783)
	-0.140(0.603)
	0.870(0.514-1.472)

	21 years and above (ref)
	115(53.0%)
	102(47.0%)
	
	
	
	

	Gender

	Male
	42(39.3%)
	65(60.7%)
	14.492 (0.000*)
	0.415(0.262-0.656)
	0.935 (0.000*)
	2.548(1.508-4.307)

	Female (ref)
	165(60.9%)
	106(39.1%)
	
	
	
	

	Marital Status

	Single
	196(54.0%)
	167(46.0%)
	2.175(0.140)
	0.427(0.133-1.365)
	0.949(0.166)
	2.584(0.674-9.909)

	Married (ref)
	11(73.3%)
	4(26.7%)
	
	
	
	

	Ethnicity

	Igbo/Ikwerre
	131(60.6%)
	85(39.4%)
	7.049(0.008*)
	1.744(1.155-2.633)
	-0.576 (0.014*)
	0.562(0.355-0.889)

	Hausa/Yoruba/Ijaw/Isoko/Ibibio/Others (ref)
	76(46.9%)
	86(53.1%)
	
	
	
	

	Academic Level/Year of Study

	First/second year
	76(52.8%)
	68(47.2%)
	0.370(0.543)
	0.879(.579-1.333)
	0.299(0.278)
	1.349(0.786-2.315)

	Third year and above (ref)
	131(56.0%)
	103(44.0%)
	
	
	
	

	University type

	Public
	164(53.1%)
	145(46.9%)
	1.946(0.163)
	0.684(0.400-1.169)
	0.380(0.164)
	1.462(.856-2.499)

	Private (ref)
	43(62.3%)
	26(37.7%)
	
	
	
	

	Knowledge level
	
	
	
	
	
	

	Good knowledge level
	141(53.6%)
	122(46.4%)
	0.461(0.497)
	0.858(0.552-1.335)
	0.253(0.338)
	1.287(0.768-2.159)

	Poor Knowledge level (ref)
	66(57.4%)
	49(42.6%)
	
	
	
	


*=significant at p<0.05, X2= Chi square, sig/p-value= Significant levels, OR= Crude odd ratio, CI= 95%Confidence Interval, AOR= Adjusted odd ratio, B= Coefficient of regression value; Ref: Reference category


Table 8. Attitudes and Practices towards energy drinks affecting the level of energy drink consumption among university students in Rivers State 
	Variables (n=378)
	Prevalence level of energy drink consumption
	X2 (p-values)
	COR (CI)
	Regression Analysis

	
	No (%)
	Yes (%)
	
	
	B(sig.)
	OR(CI)

	Attitude towards energy drink consumption 

	Appropriate attitude
	105(47.5%)
	116(52.5%)
	11.291(0.001)*
	0.488(0.320-0.744)
	0.451(0.062)
	1.569(0.978-2.518)

	Inappropriate attitude (ref)
	102(65.0%)
	55(35.0%)
	
	
	
	

	Practice of energy drink consumption 

	Good Practice level
	72(38.1%)
	117(61.9%)
	15.974 (0.000)*
	0.394(0.249-0. .625)
	0.930 (0.000)*
	2.535 (1.599-4.019)

	Poor Practice level (ref)
	78(60.9%)
	50(39.1%)
	
	
	
	


*=significant at p<0.05, X2= Chi square, sig/p-value= Significant levels, OR= Crude odd ratio, CI= 95%Confidence Interval, AOR= Adjusted odd ratio, B= Coefficient of regression value; Ref: Reference category

Table 9. Sleep patterns affecting level of energy drink consumption among university students in Rivers State 
	Variables (n=378)
	Prevalence level of energy drink consumption
	X2(p-values)
	COR(CI)
	Regression Analysis

	
	No (%)
	Yes (%)
	
	
	B(sig.)
	OR(CI)

	Sleep at night 

	No
	16(35.6%)
	29(64.4%)
	7.606(0.006*)
	0.410(0.215-0.784)
	0.704(0. .054)
	2.022(0.987-4.142)

	Yes (ref)
	191(57.4%)
	142(42.6%)
	
	
	
	

	On average, usually sleeps at least 6 hours per night

	No 
	59(46.1%)
	69(53.9%)
	5.870(0.015*)
	0.589(0. 384-0.905)
	0.307(0.219)
	1.359(0.834-2.215)

	Yes (ref)
	148(59.2%)
	102(40.8%)
	
	
	
	

	Frequently awakened suddenly from sleep and feels breathless

	No
	170(57.4%)
	126(42.6%)
	3.928(0. 047*)
	1.641(1.003-2.684)
	-0.339(0.246)
	0.712(0.401-1.264)

	Yes (ref)
	37(45.1%)
	45(54.9%)
	
	
	
	


*=significant at p<0.05, X2= Chi square, sig/p-value= Significant levels, OR= Crude odd ratio, CI= 95%Confidence Interval, AOR= Adjusted odd ratio, B= Coefficient of regression value; Ref: Reference category
[bookmark: _Toc208394454]DISCUSSION
This study reveals an alarmingly high prevalence of energy drink consumption among undergraduates in Rivers State, Nigeria, with 92.1% lifetime exposure and 45.2% current consumers. Notably, consumption was predominantly characterized by infrequent use (53.3% monthly or less) and a strong preference for sugary formulations (85.2%), while mixing with alcohol was relatively uncommon (12.7%). These findings position Rivers State among the highest documented consumption rates globally, exceeding pooled global estimates (54.7% lifetime, 32.3% 30-day use) (Marmorstein, 2017) and aligning closely with rates reported in Northern Nigeria (67% 30-day prevalence) (Ibrahim et al., 2021). The infrequent consumption pattern suggests primarily situational use, such as during academic stress, rather than habitual dependence, contrasting with patterns in Saudi Arabia and Croatia where regular use is more prevalent (Park et al., 2013; Alabbad et al., 2019). The low alcohol mixing rate is surprising given international trends (Mattioli et al., 2022), but may reflect cultural beverage preferences or limited social exposure.
Male gender emerged as the strongest predictor of consumption, consistent with global studies in Saudi Arabia (Alabbad et al., 2019), Belgium (Lebacq et al., 2020), and the United States (Park et al., 2013). This may be driven by gendered marketing and higher risk-taking propensity among males (Lebacq et al., 2020). Conversely, Igbo/Ikwerre ethnicity demonstrated a protective effect, a novel finding potentially explained by cultural norms or socioeconomic factors unique to this region. Unlike studies in Saudi Arabia and Europe (Park et al., 2013; Alabbad et al., 2019), neither age nor university type predicted consumption, suggesting homogeneous exposure across academic disciplines in Rivers State.
Despite 69.6% demonstrating good overall knowledge of ingredients and risks, significant misconceptions persisted: 20.1% believed energy drinks were "safe for unrestricted daily use," and 27.8% were unaware of associations with dental erosion. This paradox aligns with studies in Ghana and Saudi Arabia, where high consumption coexisted with partial awareness (Alabbad et al., 2019; (Mattioli et al., 2022). Importantly, practice behaviours (e.g., consumption frequency, contexts) were stronger predictors of use than attitudes alone, indicating that functional needs (e.g., combating fatigue during exams) often override cognitive risk assessments (Trapp al., 2021; Mattioli et al., 2022). This explains why educational interventions alone may be insufficient without addressing behavioural drivers.
Although 56.6% reported daytime sleepiness and 34.9% experienced sleep disturbances, these factors were non-significant in regression models. This contrasts with Western studies where sleep problems strongly predicted consumption (Marmorstein, 2017; Trapp et al., 2021), suggesting that in Rivers State, academic pressures may overshadow sleep concerns as primary drivers. Adverse health effects were frequently reported: 49.5% experienced physical symptoms (gastrointestinal distress, headaches, insomnia), aligning with global evidence of cardiovascular, neurological, and metabolic risks (Alsunni, 2015; Costantino et al., 2023). The reported insomnia (20.5%) and anxiety (14.5%) are particularly concerning given caffeine’s potential to exacerbate mental health issues (Alsunni, 2015; Ajibo et al., 2024).
The consumption patterns in Rivers State reflect a blend of global trends (e.g., male predominance, functional use for academics) and local idiosyncrasies (e.g., ethnic protections, low alcohol mixing). The prevalence rate exceeds those in Saudi Arabia (45.6%–60%) (Alabbad et al., 2019), and Europe (15.2%–52.4%) (Part et al., 2013), but aligns with African studies in Ghana (77%) (Mattioli et al., 2022) and South Africa (58%) (Alsunni, 2015). This suggests that regional factors, such as aggressive marketing, academic culture, and limited regulatory oversight, may drive higher consumption in low- and middle-income countries.
Implications for policy and practice
The discordance between knowledge and practice observed in our study suggests that informational campaigns alone will be insufficient to modify consumption behaviours. Instead, comprehensive strategies should integrate: (1) targeted educational initiatives addressing specific knowledge gaps about cumulative caffeine exposure and health risks; (2) environmental modifications including restrictions on campus marketing and improved availability of healthier alternatives; (3) peer-led interventions to shift social norms around academic performance and substance use; and (4) institutional policies supporting sleep hygiene and stress management. Furthermore, our findings highlight the need for healthcare providers serving student populations to implement routine screening for energy drink consumption and associated symptoms, particularly among male students and athletes who demonstrate elevated risk profiles.


Strengths and limitations of the study
This study possesses several notable strengths. A robust sample size (N=378), determined through standardized statistical methods, enhanced the reliability and generalizability of findings within the study context. The use of a pre-validated questionnaire and a multi-stage sampling strategy improved methodological rigor, while comprehensive analyses (including binary logistic regression) enabled the identification of key predictors such as male gender and specific ethnic affiliations. Furthermore, the study examined under-researched associations, such as the relationship between consumption practices and health outcomes, providing valuable insights into behaviour-driven consumption patterns.
However, certain limitations must be acknowledged. The cross-sectional design precludes causal inference between energy drink consumption and observed effects. The disproportionate gender distribution (71.7% female) may limit the generalizability of findings to more gender-balanced populations, though this reflects the current demographic reality in many Nigerian universities, particularly within health and education-focused faculties. The reliance on online data collection, while practical for achieving broad coverage in a tech-savvy population, introduces the potential for selection bias by inadvertently excluding students with limited internet access. Additionally, reliance on self-reported data raises the risk of recall and social desirability biases. The focus on a single state (Rivers State) constrains extrapolation to other geopolitical zones in Nigeria, and the absence of biochemical validation (e.g., caffeine biomarkers) means actual consumption levels may be under- or over-reported.
Despite these limitations, the study provides important foundational evidence that can inform public health planning and guide targeted interventions on energy drink consumption among Nigerian undergraduates.
CONCLUSION
The high prevalence of energy drink consumption among Rivers State undergraduates, coupled with identified knowledge gaps and concerning consumption patterns, indicates the need for comprehensive public health strategies. These findings contribute to the growing evidence base documenting energy drink use patterns in African university settings and provide important insights for developing contextually appropriate interventions to mitigate potential health risks in this vulnerable population. Future studies should employ longitudinal designs to elucidate the temporal relationship between energy drink consumption and academic performance, psychological distress, and sleep quality. Additionally, mixed-methods approaches would provide deeper insight into the cultural and psychosocial factors driving consumption patterns in this population. The incorporation of objective biomarkers of caffeine exposure and physiological stress would strengthen the evidence base regarding health effects in this population.
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