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Abstract
Background: Energy drinks (EDs) are widely consumed by young adults to enhance mental and physical performance, yet 
their potential health risks remain a global concern. This study investigates the association between ED consumption and 
markers of liver and kidney function. Design and Methods: A comparative cross-sectional study was conducted among 
Palestinian university students in 2024. Data were collected from 600 participants (392 ED users and 208 non-users) via 
questionnaires and venous blood sampling. The questionnaire assessed demographics, ED consumption patterns, and 
lifestyle habits. Blood samples were analyzed for creatinine, urea, aspartate aminotransferase (AST), alanine amino
transferase (ALT), and albumin. Statistical analyses were performed to identify correlations. Results: The study included 
600 students (mean age: 20.3 ± 1.79 years; 59.7% female). Participants were stratified into frequent users (34%), infrequent 
users (31.3%), and non-users (34.7%). Univariate analysis revealed statistically significant differences in creatinine, ALT, and 
albumin levels across the groups (p = 0.007, 0.014, and 0.041, respectively), with the highest biomarker levels observed in 
frequent users. However, multivariable linear regression, adjusting for potential confounders, showed no significant 
independent association between ED consumption frequency and markers of hepatic or renal function. Conclusion: Early 
signs of renal and hepatic stress are observed among frequent ED users. These findings underscore the importance of public 
health awareness regarding ED consumption patterns in young adult populations.
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Significance for public health
Energy drinks are widely consumed by university students and are often considered harmless. However, substantial recent 
data suggest potential adverse effects on the human body, particularly on liver and kidney function. This study demonstrates 
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potential alterations in liver and kidney functions associated with frequent ED consumption, highlighting the need for public 
awareness. These findings may exert an important impact on public health by assisting policymakers in regulating ED 
marketing, especially among young adults. Furthermore, healthcare professionals may benefit from this study when 
developing preventive approaches by recognizing early signs of organ dysfunction associated with ED consumption.

Introduction
Energy drinks (EDs) are nonalcoholic beverages with high concentrations of caffeine and other psychoactive chemicals.1
First appearing in Europe and Asia in the 1960s, they are marketed as boosting mental and physical performance.1–3

Adolescence is marked by significant physical, psychological, and societal changes; throughout this time, several health- 
related behaviors arise, most of which continue into adulthood.4 Concurrently, adolescents aged 13 to 19 years exhibit the 
highest prevalence of ED consumption.5 In Palestine, according to a recent study, 59.6% of male university students reported 
using an ED, and almost one-third of them reported doing so daily.6

Both the Food and Drug Administration (FDA) and poison control centers reported more than 700 adverse events 
associated with EDs.7 Although the FDA’s reporting system captures only 1% of the actual adverse effects of EDs, it received 
166 reports of adverse events related to EDs, including 18 deaths, between 2004 and 2012.7 These adverse events affect 
multiple body systems, such as the central nervous, cardiovascular, gastrointestinal, renal, and hepatobiliary systems.8,9

The potential harmful effects of EDs consumption on the kidney and liver can largely be attributed to their key ingredients, 
including high caffeine (80–160 mg/250 mL), taurine (1000–2000 mg/can), and sugar (27–35 g/serving), all of which may 
induce metabolic, hepatic, or renal stress.2,10 Caffeine, a central stimulant, disrupts hepatic metabolism by altering 
catecholamine release and impairs renal function by reducing the glomerular filtration rate (GFR) and increasing blood 
pressure.10,11 Excessive sugar intake promotes hepatic lipogenesis and inflammation, elevating liver enzymes even in healthy 
individuals and contribute to weight gain and obesity.11 Though taurine has antioxidant properties, overconsumption, 
particularly when combined with caffeine or niacin, may cause mitochondrial toxicity and hepatocellular injury.9 Clinical 
cases highlight these risks: a 17-year-old developed acute kidney injury (AKI) after combining EDs with alcohol, while a 62- 
year-old habitual consumer suffered AKI and acute hepatitis, with taurine and niacin implicated as key culprits.12,13

Experimental animal studies have also documented the effects of ED consumption. In rats, chronic ED consumption has been 
shown to induce significant hepatopathological and pancreatic changes. Furthermore, chronic consumption of EDs was 
associated with several metabolic and endocrine alterations, including impaired glycemic control and thyroid dysfunction. 
These adverse effects may be attributable to the high content of taurine and caffeine in EDs; however, the exact mechanism 
remains incompletely understood.14,15

Previous clinical and experimental studies have shown that moderate to high consumption of EDs can elevate liver 
biomarkers, including alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP), 
and can lead to fatty degeneration.8

Similar effects have been observed regarding serum creatinine, blood urea nitrogen (BUN), and uric acid levels.16,17

While these findings suggest a potential link between ED consumption and hepatic and renal dysfunction, the available 
evidence is largely limited to case reports and animal studies.18–20 Therefore, this study aims to investigate the effect of 
frequent ED consumption on liver and kidney function among Palestinian university students. The study findings are 
expected to shed light on this issue and may offer important public health implications by raising awareness, informing 
regulatory policies, guiding healthcare practices, and ultimately helping to prevent the potential adverse effects of ED 
consumption.

Design and Methods
Study design and participants

This comparative cross-sectional study was conducted at An-Najah National University (ANNU) in Nablus, West Bank, 
Palestine, between August and October 2024. ANNU is one of the largest academic institutions in the region, hosting a 
diverse student population drawn from various areas across the West Bank and from Palestinian communities abroad. The 
initial sampling frame encompassed the university’s total institutional enrollment of approximately 25,000 officially 
registered students (9,250 males and 15,750 females) during the 2024–2025 academic year.

From this source population, a convenience sample of 720 students was invited to participate; of these, 613 students 
responded to active recruitment invitations, and 13 participants were subsequently excluded. Eligibility and exclusion 
criteria were verified through targeted screening fields in a digital questionnaire, which participants completed on-site under 
the direct supervision of the research team prior to blood sample collection. This supervised data-collection environment 
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ensured high response accuracy and immediate tracking. Exclusions were applied to those with: personal/family history of 
renal or hepatic disease; systemic disorders (diabetes mellitus, hypertension, hepatitis B/C, cardiovascular disease, or 
autoimmune conditions); current pregnancy; or use of nephrotoxic/hepatotoxic medications.

Based on the estimated population of 25,000, a minimum sample size of 379 was calculated using Raosoft software with a 
95% confidence level and a 5% margin of error. Ultimately, 13 respondents were excluded due to reported pre-existing health 
conditions or medication use during the on-site digital screening, yielding a final sample of 600 healthy, eligible participants 
(242 males and 358 females). A pilot study was conducted with 20 students to assess the feasibility of the research design and 
data collection methods and refine the instruments. This preliminary phase involved a small, representative sample of the 
target population to identify potential challenges in recruitment, data collection, and participant engagement.

Data collection

We recruited participants from the ANNU student population using a convenience sampling approach. Study participants 
were informed and recruited through online posts in university groups and in-person announcements on campus and during 
lectures. All eligible students completed self-administered questionnaires and provided blood samples for biochemical 
analysis.

The questionnaire included fourth sections: The first section provided a brief description of the study objectives and ethical 
assurances. The second section collected demographic and background information, including age, gender, faculty, 
academic year, marital status, weekday living arrangements, place of residence (urban, rural, or camp), and monthly family 
income. Academic years were grouped into lower-level (first to third year) and upper-level (fourth year and above) 
classifications.

The third section focused on EDs’ consumption behaviors. Participants were asked about their frequency and pattern of 
EDs use. EDs users were defined as those consuming EDs either regularly (weekly or daily) or occasionally (e.g., during 
exams or social events). Based on previous literature from China,21 participants were categorized into three groups: frequent 
users (consuming EDs at least once a week or daily), infrequent users (consuming EDs less than once a week), and non-users 
(those who do not consume EDs at all).

The fourth section gathered information on lifestyle and dietary habits, including smoking, water intake, healthy food 
consumption, physical activity, caffeine intake, use of protein or nutritional supplements, and sleep patterns. Recommended 
water intake was defined by gender: 2.5–3.7 liters per day for males and 1.8–2.7 liters per day for females.22 Healthy eating 
was defined as a balanced diet that includes fruits, vegetables, whole grains, and lean proteins while minimizing intake of 
unhealthy fats, added sugars, and sodium.23 Physical activity was defined in line with WHO guidelines for young adults, 
requiring either 150 minutes of moderate-intensity exercise or 75 minutes of vigorous-intensity activity per week.24 Sleep 
was considered adequate when adults reported sleeping at least seven uninterrupted hours per night without difficulty falling 
or staying asleep, and without residual fatigue or daytime sleepiness.18

For the biochemical analysis, several markers were used to assess liver and kidney function. Liver enzymes AST and ALT, 
which are primarily found in hepatocytes, serve as markers for hepatocellular injury. Serum albumin, an indicator of hepatic 
synthetic function, was measured to evaluate liver performance, with low levels suggesting impaired protein synthesis. Renal 
function was assessed using serum creatinine and BUN, which are metabolic waste products indicative of glomerular 
filtration efficiency.25 Blood samples (5 ml) were collected in red-top serum tubes and allowed to clot at room temperature 
(approximately 25°C) for 15–20 minutes. Samples were then centrifuged at 3500–4000 RPM for seven minutes. Biochemical 
analyses of creatinine, urea, AST, ALT, and albumin were performed using the Cobas c111 analyzer (Roche Diagnostics) 
with corresponding reagent kits from the same manufacturer.

Data analysis

All data entry and analysis were performed using the Statistical Package for the Social Sciences (SPSS) for Windows, version 
22. Descriptive statistics summarize the study sample by presenting means and standard deviations for continuous variables 
and counts and percentages for categorical variables. To assess the effect of ED consumption on liver and kidney function 
while adjusting for potential confounding factors, the analysis was conducted in two stages. Initially, we employed bivariate 
analysis to compare baseline characteristics, including demographic data, lifestyle behaviors (e.g., smoking, physical 
activity), and dietary habits, across three groups: non-users, infrequent users, and frequent users of ED. Independent t-tests or 
one-way ANOVA were used for continuous variables, while Pearson’s chi-square test was applied to categorical variables. In 
the second stage, we conducted multivariable analysis using a linear regression model to examine the independent association 
between ED consumption and liver and kidney function parameters. This model controlled for variables that showed 
significant differences across the three groups in the bivariate analysis, including sex, smoking status, weekday living 
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arrangements, and caffeine intake.26 These confounders were added to the multivariate linear regression model as covariates 
and entered simultaneously with ED consumption, enabling estimation of the association between ED consumption and liver 
and kidney function parameters after controlling for potential confounding by these variables. Statistical significance was set 
at p < 0.05 (two-tailed) for all analyses.

Ethical considerations

Ethical approval for this study was granted by the Institutional Review Board (IRB) of An-Najah National University 
(Reference No: Med. Dec. 2023/20). Before being invited to participate, participants were introduced to the study objectives 
and their potential benefits and risks. It was emphasized that participation was entirely voluntary. All participants provided 
signed informed consent, and their samples were sent to the laboratory with coded identifiers to ensure confidentiality. Test 
results were later provided to participants, and those with abnormal findings were advised to consult their family doctor.

This study was reported in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) statement (supplementary file 2).27

Results
In-person invitations were extended to university students during their non-lecture hours and breaks. A total of 720 students 
were invited; 613 agreed to participate and completed the questionnaire, yielding an 83.4% response rate. Subsequently, 
13 students were found ineligible, resulting in a final cohort of 600 participants, all of whom provided blood samples and 
underwent biochemical testing, with no variation in the number of samples analyzed per biomarker. Among them, 392 were 
ED users (188 infrequent users, 204 frequent users) and 208 were nonusers, with a mean age of 20.3±1.7 years. Table 1
summarizes the background and demographic characteristics of ED users (infrequent and frequent) and nonusers. A 
significant sex difference was observed, with males comprising a greater proportion of frequent ED users (52.0%) than 

Table 1. Background and demographic characteristics of ED users and nonusers (n = 600).

Total (n=600) Infrequent ED 
users (n=188)

Frequent ED 
users(n=204)

ED nonusers 
(n=208)

P value

Frequency (%) Frequency (%) Frequency (%) Frequency (%)

Age
<21 years 370 (61.7%) 113 (60.1%) 127 (62.3%) 130 (62.5%) 0.867
≥21 years 230 (38.3%) 75 (39.9%) 77 (37.7%) 78 (37.5%)

Gender
Male 242 (40.3%) 73 (38.8%) 106 (52.0%) 63 (30.3%) <0.001
Female 358 (59.7%) 115 (61.2%) 98 (48.0%) 145 (69.7%)

Marital Status
Unmarried 590 (98.3%) 186 (98.9%) 200 (98%) 204 (98.1%) 0.738
Married 10 (1.7%) 2 (1.1%) 4 (2.0%) 4 (1.9%)

Residency
City 354 (59.0%) 114 (60.6%) 110 (53.9%) 130 (62.5%) 0.208
Village 229 (38.2%) 66 (35.1%) 89 (43.6%) 74 (35.6%)
Camp 17 (2.8%) 8 (4.3%) 5 (2.5) 4 (1.9%)

Weekday living arrangements
With The Family 472 (78.7%) 152 (80.9%) 146 (71.6%) 174 (83.7%) 0.008
Independently 128 (21.3%) 36 (19.1%) 58 (28.4%) 34 (16.3%)

Faculty
Medicine & Health Sciences 471 (78.5%) 150 (79.8%) 155 (76.0%) 166 (79.8%) 0.559
Other sciences 129 (21.5%) 38 (20.2%) 49 (24.0%) 42 (20.2%)

Family income (USD per month)
Less than 600 USD 63 (10.5%) 19 (10.1%) 21 (10.3%) 23 (11.1%)
600 to 1200 USD 250 (41.7%) 87 (46.3%) 80 (39.2%) 83 (39.9%) 0.632
> 1200 USD 287 (47.8%) 82 (43.6%) 103 (50.5%) 102 (49.0%)

Academic year
Lower Primary 408 (68.0%) 124 (66.0%) 147 (72.1%) 137 (65.9%) 0.310
Upper Primary 192 (32.0%) 64 (34.0%) 57 (27.9%) 71 (34.1%)
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infrequent users (38.8%) and nonusers (30.3%) (p < 0.001). However, age distribution, marital status, and residency patterns 
did not differ significantly between the groups (p > 0.05). Frequent ED users were more likely to live independently (28.4%) 
than infrequent ED users (19.1%) and nonusers (16.3%) (p = 0.008). Faculty of study (Medicine and Health Sciences vs. 
other sciences), family income, and academic year distribution did not differ significantly between the groups (p > 0.05).

Table 2 presents a comparison of health-related behaviors between ED users (frequent and infrequent users) and nonusers. 
The prevalence of smoking was significantly greater among frequent ED users (89, 43.6%) compared to infrequent ED users 
(54, 28.7%) and nonusers (16, 7.7%) (p < 0.001). Additionally, frequent caffeine consumption was more common among ED 
users (infrequent ED users, 89.4%; frequent ED users, 89.2%) than among nonusers (78.4%) (p = 0.001). Moreover, no 
significant differences were observed among frequent, infrequent, and non-users regarding water consumption, sleep quality, 
physical inactivity, healthy food consumption, protein supplement use, or nutritional supplement use (all p > 0.05). Normal 
water consumption was reported by 120 (58.8%) frequent users, 68 (36.2%) infrequent users, and 125 (60.1%) non-users. 
Poor sleep quality was reported by 75 (36.8%), 62 (33.0%), and 71 (34.1%), respectively. Physical inactivity was reported by 
120 (63.8%), 120 (63.8%), and 138 (66.3%), respectively. Frequent consumption of healthy food was reported by 136 
(66.7%), 128 (68.1%), and 152 (73.1%), respectively. Protein supplement use was reported by 18 (8.8%), 7 (3.7%), and 12 
(5.8%), respectively, while nutritional supplement use was reported by 41 (20.1%), 43 (22.9%), and 52 (25.0%), respectively.

Table 3 presents participants’ kidney and liver profiles categorized by ED consumption patterns (nonusers, infrequent 
users, and frequent users). In the bivariate analysis, significant differences were observed in creatinine (p = 0.007), ALT (p = 
0.014), and albumin (p = 0.041) levels among the groups. Specifically, frequent ED users had slightly higher mean creatinine 
and albumin levels than nonusers and infrequent users did. In contrast, ALT levels were elevated among infrequent and 
frequent users compared with nonusers. However, after adjusting for confounders such as sex, smoking status, weekday 
living arrangements, and caffeine consumption, these differences were no longer significant (adjusted p > 0.05).

Discussion
This study examined the effects of ED consumption on key biochemical markers, creatinine, urea, AST, ALT, and albumin, 
among university students, comparing frequent users, infrequent users, and non-users. The majority of participants were 
female (59.7%), aligning with the gender distribution in Palestinian universities, where 60–65% of enrolled students are 
female.28 Our study found that ED consumption was more common among male students, which is consistent with previous 
studies in the literature.29,30 Additionally, students living independently reported higher EDs intake than those living with 
family, possibly due to greater personal freedom, social influences, and less structured daily habits.31 Similar findings were 
observed in a Jordanian study.32 Frequent EDs users were also more likely to smoke and drink coffee, indicating a pattern of 
interrelated unhealthy behaviors that could collectively worsen liver and kidney function. These results support prior studies 
associating EDs use with smoking and high caffeine consumption.6,32–34

In terms of kidney function, our study revealed significant associations between EDs use and kidney function markers, 
particularly creatinine levels, via univariate analysis. Although this association did not remain significant in the multivariable 
model, the observed trends remain concerning. Creatinine level, a key indicator of GFR and kidney health, was significantly 

Table 2. Health-related behaviors of ED users and nonusers (n = 600).

Total (n=600) Infrequent ED 
users (n=188)

Frequent ED 
users(n=204)

ED nonusers 
(n=208)

P value

Frequency (%) Frequency (%) Frequency (%) Frequency (%)

Smokers 159 (26.5%) 54 (28.7%) 89 (43.6%) 16 (7.7%) <0.001
Water consumption

Within normal range 235 (39.2%) 68 (36.2%) 120 (58.8%) 125 (60.1%) 0. 576
Less than normal range 365 (60.8%) 120 (63.8%) 84 (41.2%) 83 (39.9%)

Sleep pattern
Poor sleep quality 208 (34.7%) 62 (33.0%) 75 (36.8%) 71 (34.1%) 0.719
Good sleep quality 392 (65.3%) 126 (67.0%) 129 (63.2%) 137 (65.9%)

Physically inactive 378 (63.0%) 120 (63.3%) 120 (63.8%) 138 (66.3%) 0.216
Frequent Caffeine Consumption 513 (85.5%) 168 (89.4%) 182 (89.2%) 163 (78.4%) 0.001
Frequent healthy food consumption 416 (69.3%) 128 (68.1%) 136 (66.7%) 152 (73.1%) 0.334
Protein supplements use 37 (6.2%) 7 (3.7%) 18 (8.8%) 12 (5.8%) 0. 106
Nutritional supplements use 136 (22.7%) 43 (22.9%) 41 (20.1%) 52 (25.0%) 0.320
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higher among frequent EDs users in our study. This aligns with previous case reports linking ED consumption to kidney 
injury and elevated creatinine levels in patients across different ages and health backgrounds, including those with no prior 
medical condition.13,35–37 Similarly, experimental studies in animals found higher creatinine levels in the EDs group 
compared to controls.20,38 However, contrasting findings were reported in a cross-sectional study of Saudi university 
students, which found no significant difference in creatinine levels between EDs users and non-users.2 While both studies 
focused on student populations and shared a similar design, the Saudi study had a notably smaller sample size.

Regarding urea, another marker of renal function and a byproduct of protein metabolism, no statistically significant 
association was observed between urea levels and EDs consumption. Its elevation can result from non-renal factors such as 
dehydration, high-protein intake, gastrointestinal bleeding, and certain medications.25 Some human and animal trials have 
linked ED intake to elevated urea or BUN levels.17,39 These discrepancies may stem from variations in sample populations, 
inclusion criteria, or the intensity of ED exposure. For instance, a study in Saudi Arabia observed significant urea increases, 
which may be attributed to stricter selection criteria focusing on individuals with higher consumption thresholds.2

To evaluate hepatic function, ALT and AST were analyzed as key liver enzymes released during hepatocellular injury.25

Our results showed significantly higher mean ALT and albumin levels among frequent ED users in univariate analysis, while 
AST did not differ significantly between groups. Although ALT values remained within the normal range, the elevated levels 
may reflect subclinical hepatic stress. This finding aligns with data from an Iraqi cross-sectional study26 and several animal 
studies, which have documented similar ALT elevations following ED consumption.19,38,40 The absence of significant AST 
elevation in our sample, despite reports to the contrary in prior research, may be attributed to differences in EDs consumption 
patterns, sample size, or population characteristics. Notably, many animal studies utilize high-dose, short-term EDs 
exposure, which may exaggerate effects not typically seen in real-world human behavior.

The observed elevation in serum albumin among frequent EDs consumers, though unexpected, since liver dysfunction 
typically lowers albumin, may be attributed to other physiological or behavioral factors. A previous short-term study also 
noted increased albumin levels after ED consumption.38 Possible explanations include subclinical dehydration that may 
result from the high caffeine content of EDs, which can lead to caffeine-induced diuresis in frequent ED users; consequently, 
this can lead to hemoconcentration and a relatively high serum albumin level.41 Higher albumin levels in frequent ED users 
may also be attributed to high protein dietary intake, although dietary protein alone is unlikely to shift serum albumin in 
healthy individuals due to tight homeostatic regulation42; thus, hemoconcentration remains the more plausible drive. 
Furthermore, albumin elevation may reflect normal biological variation, and the cross-sectional study design limits our 
ability to determine whether the higher albumin levels are a direct effect of ED consumption, emphasizing the importance of 
interpreting biochemical data within the broader context of lifestyle and dietary patterns.

Although the multivariable analysis did not yield statistically significant associations, the trends identified in this study 
remain concerning. EDs are widely available in Palestine with minimal regulatory oversight, and public awareness of their 
potential health risks remains low. Moreover, the interplay between EDs consumption, dietary habits, stimulant use, and 

Table 3. Kidney function and liver profiles of participants by ED consumption status (n = 600).

Test Patterns of 
ED use

Mean ± SD P-value* Adjusted P 
value*

B (95%CI)

Creatinine (umol/L) ED nonusers 63.4 ± 17.7 0.007 0.645 -0.003 (-0.017- 0.010)>
Infrequent ED users 63.5 ± 15.0
Frequent ED users 67.9 ± 15.0

Urea (umol/L) ED nonusers 7.64 ± 2.25 0.432 0.534 -0.193 (-0.800- 0.415)
Infrequent ED users 7.79 ± 2.25
Frequent ED users 7.93 ± 2.21

AST (U/L) ED nonusers 18.9±6.0 0.082 0.638 0.548 (-1.511- 2.465)
Infrequent ED users 18.4±5.5
Frequent ED users 22.4±3.7

ALT (U/L) ED nonusers 14.29±8.62 0.014 0.244 0.708 (-0.485- 1.900)
Infrequent ED users 15.25±12.26
Frequent ED users 17.74±15.26

Albumin (g/dL) ED nonusers .498±0.42 0.041 0.597 0.0094 (-0.0257-0.0045)
Infrequent ED users 4.98±0.34
Frequent ED users 5.06±0.29

*One-Way ANOVA.
**The adjusted P value was computed using multivariable linear regression, with adjustments for sex, smoking status, weekday 
living arrangements, and caffeine consumption.
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other risk factors, such as dehydration or smoking, can create complex physiological effects that may not be fully captured in a 
single cross-sectional study.

Strengths and limitations

This study possesses several key strengths, notably its large sample size and the integration of objective biochemical markers 
to evaluate liver and renal function. However, several limitations of the study should be acknowledged. First, the cross- 
sectional design precludes determining causal relationships between EDs consumption and hepatic or renal outcomes, nor 
does it allow evaluation of long-term exposure effects. Second, data collection via self-reported questionnaires is inherently 
susceptible to recall and social desirability biases, which may introduce information bias. Third, relying solely on serum 
biomarkers without corresponding histopathological evaluation may overlook subtle, subclinical organ damage. Fourth, 
although data regarding specific ED types were collected via the questionnaire, a type-by-type stratified analysis was not 
performed. The Palestinian market features a highly diverse array of commercial energy drink products; given our sample 
size, subdividing the cohort into numerous small, brand-specific subgroups would drastically reduce statistical power and 
limit the reliability of the conclusions. Consequently, our analysis focused on overall consumption frequency and patterns, 
though we acknowledge that variations in caffeine content and proprietary ingredient blends across different brands could 
affect individual exposure profiles. Future multi-center or longitudinal studies with larger cohorts should encompass specific 
brand stratifications to isolate the distinct physiological risks of various formulations. Finally, the single-center nature of this 
study, while ensuring internal consistency, may limit the external validity and generalizability of our findings to populations 
with distinct demographic characteristics or varying consumption habits.

Conclusion
This study highlights potential health concerns associated with EDs consumption, particularly its impact on kidney and liver 
health. While significant associations were found between EDs consumption and creatinine, ALT, and albumin levels in the 
univariate analysis, these associations didn’t remain in the multivariable linear regression. Nonetheless, the observed trends 
of elevated liver and kidney profiles among frequent EDs users suggest early signs of kidney and liver stress.

In light of these findings, clinicians should routinely assess EDs consumption, particularly among young adults, and 
monitor for early signs of renal and hepatic stress. Given the tendency of EDs to cluster with other unhealthy behaviors, a 
comprehensive lifestyle evaluation is essential. Healthcare providers should document and report any suspected adverse 
effects to support public health surveillance. Additionally, awareness campaigns in clinical and academic settings can help 
reduce consumption and promote healthier alternatives. Given the limitations of this study, future research should employ 
longitudinal designs and a more diverse population to provide a more comprehensive understanding of the health risks 
associated with EDs consumption.
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