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ABSTRACT
Aim: Bodybuilding has become a growing profession among young men of recent, influencing kidney functioning, acid-base balance and the overall health of an individual hence the assessment of serum urea, creatinine, electrolytes and the anion gap in male bodybuilders engaged in intensive exercise in Port Harcourt Metropolis.
Study Design: It is a cross sectional study that lasted for 6months between the periods of May 2025 to November 2025 
Method: Forty-one (41) participants were recruited; comprising of twenty one male bodybuilders and twenty male controls who gave their informed consent. serum urea, creatinine and electrolytes were determined from blood samples collected using enzymatic and colorimetric techniques respectively. The anion gap was computed from measured electrolytes. Statistical analysis was done using t-test and Pearson’s correlation in conjunction with relevant information from the structured questionnaires. 
Results: There was a significant increase in serum urea (6.599 ± 2.128 mmol/L) and creatinine (133.5  ± 73.67 µmol/L) levels in the bodybuilders compared to controls (2.445 ± 0.993 mmol/L and 77.17  ± 12.89 µmol/L respectively (p < 0.05), suggesting enhanced protein metabolism, hence signifying a burden on the kidney. Potassium levels were significantly increased in bodybuilders (4.206 ± 0.576 mmol/L) compared to the controls (3.480 ± 0.346 mmol/L (p <0.0001). The  electrolytes and  anion gap were not significantly different, indicating a normal muscle functioning and acid-base balance. However, urea levels correlated positively with years of bodybuilding (r = 0.67, p = 0.001). 
Conclusion: The increased serum urea and creatinine levels observed with no acid-base imbalances suggests that the kidney  does not have a dysfunction rather it might be an expression of  normal adaptive responses to kidney stress resulting from the intensive training exercises and dietary practices among bodybuilders. This underscores the importance of awareness and monitoring of these biochemical markers to help mitigate risk for metabolic and chronic renal diseases. 
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1.0 INTRODUCTION
Bodybuilding involves high-intensity physical exercises, training and incorporation of dietary regimens in developing muscle mass, strength, physique and physical fitness (ASFA, 2022). It can be in the form of competitive sport showcasing,  muscular development and symmetry on stage, a life style choice or as a profession for some simply to enhance  physical fitness.This exercise has some health implications; alteration of muscle metabolism, electrolyte shifts, affecting hydration and   acid  base balance (Popkin et al., 2010; Hew-Butler et al., 2019), stress on the organs (World Economic Forum (2024). Bodybuilding is a form of resistance training aimed at increasing skeletal muscle mass and definition through structured exercise programs, often combined with high-protein diets and supplementation (Townsend, 2022, Verboeket-van de Venne et al ., 1993, Kreider et al., 2017). It promotes musculoskeletal development and also places considerable metabolic and physiological demands on the body, particularly the kidneys and the body’s acid-base balance. In Africa, the rise of fitness studios, boutique gyms, and influenced-led fitness culture has become very visible in urban centers (Adeyemi, 2021). Nigeria in particular has seen growth in gym memberships, personal training services, nutrition coaching, and performance supplement markets, especially in Lagos, Abuja, and Port Harcourt (Nwankwo & Okeke, 2022). Social media and aspirational aesthetics have driven young Nigerians to adopt bodybuilding and physique development as both hobby and status symbol.There has been a clear increase in commercial gyms and bodybuilding communities, with many male fitness enthusiasts engaging in intense resistance programs, supplement regimes, and even performance-enhancement practices while technology continues to reshape the fitness landscape with the integration of artificial intelligence, digital transformation and a forecast for future trends  been proposed  (Pandey, 2023, ACSM ,2024, HFA ,2024).


The kidney plays a pivotal role in maintaining homeostasis by regulating fluid balance, electrolyte composition, and acid-base status. Metabolic changes induced by intense exercise can influence renal perfusion, glomerular filtration rate (GFR), and the excretion of nitrogenous waste products such as urea and creatinine (Poortmans & Vanderstraeten, 1994). Additionally, heavy exercise induces changes in electrolyte levels (Na⁺, K⁺, Cl⁻, Ca²⁺) and blood pH due to increased lactate production, potentially affecting the calculated anion gap (Lindinger, 2021).
Anion Gap is a calculated value that helps assess acid-base balance in the body, particularly in identifying metabolic acidosis. It is derived from the concentrations of major electrolytes in the blood. However, intense exercise, such as bodybuilding, can lead to lactic acid production, especially if workouts are vigorous and prolonged (Brooks, 2018). Many bodybuilders engage in extreme training schedules without adequate medical monitoring, potentially predisposing them to metabolic derangement and early onset of renal dysfunction hence,monitoring the anion gap can help assess acid-base balance and identify acid accumulation and potential metabolic issues likewise determining urea and creatinine which will give an insight to the kidney functioning.Some defects in the anion gap may manifest if unmeasured anions (e.g. lactate, keto acids) accumulate during high-intensity exercise, especially in low-hydration or fatigued states. Also, chronic or repeated episodes of sub clinical renal stress could predispose the individual to glomerular hyperfiltration injury or tubular dysfunction. In extreme cases, muscle breakdown can cause myoglobinuria, which is nephrotoxic (Havet et al., 2017). Use of supplements (especially in excessive doses) or anabolic steroids can further stress kidneys, leading to focal segmental glomerulosclerosis (FSGS), nephrocalcinosis, or interstitial injury (Ali et al., 2020). 
Bodybuilders often consume protein intakes well above standard recommendations often ≥ 1.6-2.2 g/kg or higher, aiming to support muscle repair and hypertrophy (Morton et al., 2018). However, this increases amino acid catabolism and urea synthesis.On the other hand,  Creatine is among the most studied ergogenic supplements. Creatine supplementation increases intramuscular creatine stores and enhances performance because increased energy is produced during high intensity exercises which may aid in muscle recovery and counter issues from age related muscle loss however, it might have residual effect on renal health (LeWine, 2024) Some studies show that recommended doses ~3-5 g/day do not significantly impair renal markers in healthy individuals (Kreider et al., 2017).Some unexpected inverse pattern may reflect differences in training intensity, recovery time, or dietary protein intake rather than direct exercise effects.It has been noted that moderate training hours could coincide with sub optimal recovery and transient protein catabolism (Chapman et al. (2020). 
Despite the benefits of bodybuilding, intensive bodybuilding carries risks. One major risk is electrolyte imbalance: heavy sweating, water loss, and changes in Na⁺, K⁺, Cl⁻, HCO₃⁻ can lead to transient hypo- or hyper- states, altering acid-base balance and potentially affecting the anion gap. Over training, chronic dehydration, and metabolic stress may lead to cumulative strain on renal and systemic systems (Meeusen et al., 2013).Sudden cardiac death can occur among body builders, this might be as a result of steriod usage or the rate and level of competition (Vecchiato et al.,  2025, Kindler, 2023, Wenbo & Yan, 2023; Smith & Jones, 2018). However, there is a relative paucity of published empirical studies on biochemical or renal health among Nigerian bodybuilders. Most local studies in the fitness domain focus on injuries, anthropometry or surveys of gym habits rather than internal biochemistry.



2.0 MATERIALS AND METHODS
2.1 Area of Study : The study area is Port Harcourt, the capital city of Rivers state with 23 local government areas. This city lies along the Bonny River, in the Niger Delta region of Nigeria. Port Harcourt is a metropolis considered to be the commercial / industrial centre of the Nigeria oil Industry having  large number of multinational firms.The socioeconomic development have paved way for up shoots of many fitness centers and bodybuilding gyms especially in urban regions.

2.2 Study Design / Sample Size: This is a cross sectional study adopting a  convenience Sampling technique  with 41 bodybuilders ( Male bodybuilders aged 20-40 years, active in intensive body building training greater than or equal to 24 hours/week for at least 6 months) as test subjects and 40 non body builders as control Subjects.

2.3 Gym Centres :The study covered three gyms in Port Harcourt which include: The Forge, Beautifiers Fitness Center and Image Plus Fitness. 
2.4 Inclusion Criteria: Males engaged in regular bodybuilding, No history of chronic kidney disease, diabetes or metabolic disorders, Not on any medications affecting kidney function or electrolyte balance.

2.5 Exclusion Criteria: Males on intensive exercises but with history of chronic kidney disease, liver disease, or metabolic disorders. Those on recent acute illness , infection and on nephro toxic drugs or performance-enhancing substances in the past three months.Those not willing to give their consent were excluded.

2.6 Ethical Clearance: Ethical approval was given by the Health Research Ethics Committee, Ministry of Health,  with reference no RSHMB/RSHREC/2025/083.

2.7 Collection of Samples:Fasting blood samples (3 ml) was collected by venopuncture from the antecubital vein, into sterile plain bottles, under aseptic conditions. This was allowed to clot and centrifuged at 3000 rpm for 5 min. Serum was collected for determination of Sodium (Na+), Chloride (Cl-), Bicarbonate (HCO3-), urea and Creatinine using standard methods using   colorimetric and enzymatic  techniques respectively. Anion Gap was  Calculated using the formula ; [Na+] - ([Cl-] + [HCO3-])

2.8 Statistical Analysis:The statistical software used for the analysis is the using Graphpad Prism software version 9.0.0.21 Data are presented as Means ± SD, Statistical analysis was done using t-test and Pearson’s correlation in conjunction with relevant information from the structured questionnaires. Variation in means of parameters was considered statistically significant at p < 0.05.

 







 
 

 
 
 
 







3.0 RESULTS

Table 1: Mean ± SD of Serum Urea , Creatinine Levels and Ages of Bodybuilders and Controls

	Subjects
	Urea (mmol/L)
	Creatinine (μmol/L)
	Age (years)      

	Bodybuilders (41)
Control (40)
t-value
p-value
Remark
	6.599 ± 2.128
2.445 ± 0.993
8.070
<0.0001
S
	133.5  ± 73.67
77.17  ± 12.89
3.449
0.0024
S
	28.00 ± 5.099
22.95 ± 2.685
3.994
0.0004
S


Key: S - Significant (p<0.05) 



Table 2: Mean ± SD of serum Electrolyte Levels and Ages of Bodybuilders and Controls
	Subjects
	Age
 (years)
	Sodium 
(mmol/L)
	Potassium 
(mmol/L)
	Chloride 
(mmol/L)
	Bicarbonate
 (mmol/L)

	Bodybuilders  (41)
	28.00 ± 5.099
	137.4 ± 8.552
	4.206 ± 0.576
	106.0 ± 18.63
	24.81 ± 3.600

	Control (40)
	22.95 ± 2.685
	138.8 ± 2.302
	3.480 ± 0.346
	106.0 ± 2.61
	24.82 ± 1.754

	t-value
	3.994
	0.734
	4.924
	0.016
	0.016

	p-value
	0.0004
	0.4707
	<0.0001
	0.9871
	0.9872

	Remark
	S
	NS
	S
	NS
	NS


Key: S - Significant (p<0.05), NS - Non-Significant (P>0.05)



Table 3: Mean ± SD of serum Anion Gap Levels and Ages of Bodybuilders and Controls
	Subjects
	Anion gap (mmol/L)
	Age (years)

	Bodybuilders (41)
	10.80 ± 22.56
	28.00 ± 5.099

	Control (40)
	11.55 ± 2.69
	22.95 ± 2.685

	t-value
	0.151
	3.994

	p-value
	0.8818
	0.0004

	Remark
	NS
	S


Key: S - Significant (p<0.05), NS - Non-Significant (P>0.05)



Table 4: Mean ± SD of serum Urea and Creatinine Levels Based on Duration of Bodybuilding
	Duration
	Urea (mmol/L)
	Creatinine (μmol/L)

	≤ 2 years (24)
	5.661 ± 0.636
	120.0 ± 34.42

	> 2 years (17)
	7.850 ± 2.773
	151.5 ± 106.3

	t-value
	2.323
	0.855

	p-value
	0.046
	0.414

	Remark
	S
	NS


Key: S - Significant (p<0.05), NS - Non-Significant (P>0.05)

Table 5: Mean ± SD of Serum Electrolyte Levels Based on Duration of Bodybuilding

	Duration
	Sodium 
(mmol/L)
	Potassium
 (mmol/L)
	Chloride 
(mmol/L)
	Bicarbonate 
(mmol/L)

	≤ 2 years (24)
	135.4 ± 9.49
	4.143 ± 0.474
	106.9 ± 20.90
	25.02 ± 3.51

	> 2 years (17)
	140.1 ± 6.68
	4.290 ± 0.711
	104.8 ± 16.27
	24.52 ± 3.92

	t-value
	1.328
	0.537
	0.262
	0.301

	p-value
	0.200
	0.600
	0.797
	0.767

	Remark
	NS
	NS
	NS
	NS


Key: NS - Non-Significant (P>0.05)



Table 6: Mean ± SD of Serum Anion Gap Levels Based on Duration of Bodybuilding
	Duration
	Anion gap (mmol/L)

	≤ 2 years (24)
	7.607 ± 23.36

	> 2 years (17)
	15.06 ± 22.05

	t-value
	0.7474

	p-value
	0.4645

	Remark
	NS


Key: NS - Non-Significant (P>0.05)

Table 7: Correlation Between Age of Bodybuilders and Kidney Function Parameters
	Independent Variable
	Dependent Variable
	Correlation Coefficient (r)
	p-value
	Remark

	Age (Years)
	Urea (mmol/L)
	0.1633
	0.4795
	NS, W

	Age (Years)
	Creatinine (μmol/l)
	0.1477
	0.5228
	NS, W

	Age (Years)
	Sodium (mmol/L)
	-0.2259
	0.3249
	NS, SNC

	Age (Years)
	Potassium (mmol/L)
	-0.1750
	0.4479
	NS, SNC

	Age (Years)
	Chloride (mmol/L)
	-0.1571
	0.4964
	NS, SNC

	Age (Years)
	Bicarbonate (mmol/L)
	-0.1042
	0.6529
	NS, SNC

	Age (Years)
	Anion Gap (mmol/L)
	0.0563
	0.8084
	NS, W


Key: NS - Non-Significant (p>0.05), W - Weak (r~0), SNC - Strong Negative Correlation (r<0)


Table 8: Correlation Between Duration of Bodybuilding and Kidney Function Parameters
	Independent Variable
	Dependent Variable
	Correlation Coefficient (r)
	p-value
	Remark

	Duration (Years)
	Urea (mmol/L)
	0.6668
	0.0010
	S, SPC

	Duration (Years)
	Creatinine (μmol/l)
	-0.03513
	0.8798
	NS, SNC

	Duration (Years)
	Sodium (mmol/L)
	0.2459
	0.2826
	NS, W

	Duration (Years)
	Potassium (mmol/L)
	0.1306
	0.5726
	NS, W

	Duration (Years)
	Chloride (mmol/L)
	0.02055
	0.9296
	NS, W

	Duration (Years)
	Bicarbonate (mmol/L)
	0.1505
	0.5150
	NS, W

	Duration (Years)
	Anion Gap (mmol/L)
	0.02187
	0.9250
	NS, W


Key: S - Significant (P<0.05), NS - Non-Significant (p>0.05), W - Weak (r~0), SPC - Strong Positive Correlation (r~1), SNC - Strong Negative Correlation (r<0)

4.0 DISCUSSION
There was a significant increase in  serum urea (6.599 ± 2.128 mmol/L) and creatinine (133.5  ± 73.67µmol/L) levels in the bodybuilders compared to controls (2.445 ± 0.993 mmol/L and 77.17  ± 12.89 µmol/L respectively (p < 0.05), suggesting enhanced protein metabolism, hence a burden on the kidney. This indicates increased protein catabolism associated with intensive resistance training,the elevations in urea follows the strenuous exercise that has enhanced amino acid metabolism and nitrogen excretion.therefore, this is just an increased protein metabolism and muscle mass( Poortmans & Dellalieux, (2000) ; Banfi et al., 2012), not literally a renal damage as seen in the increased levels of urea and creatinine which is in consistence with the study of Poortmans & Vanderstraeten, (1994). Also, the elevated creatinine levels among bodybuilders likely reflects greater muscle mass rather than renal impairment, as creatinine is a byproduct of muscle metabolism (Banfi et al., 2012). Studies have consistently shown that resistance-trained individuals present with higher baseline creatinine due to increased muscle turnover rather than decreased glomerular filtration (Kreider et al., 2017). 
Serum electrolyte assessment revealed no significant difference in sodium, chloride, or bicarbonate levels between bodybuilders and controls (p > 0.05), implying that intensive exercise did not significantly disturb electrolyte homeostasis in the study population. This finding aligns with the report by Hew-Butler et al. (2019), stating that trained athletes typically maintain stable electrolyte levels through adaptive mechanisms. However, Potassium levels were significantly increased in bodybuilders (4.206 ± 0.576 mmol/L) compared to the controls (3.480 ± 0.346 mmol/L (p <0.0001). The elevated potassium level may result from repeated muscle contraction and intracellular potassium efflux during resistance training, as previously described by Gennari,(1998) and Jones et al. (2019). This transient hyperkalemia is a known physiological adaptation in strength athletes, reflecting increased muscle activity and efficient renal clearance post-exercise. On the other hand, other electrolytes and the anion gap were not significantly different, indicating a normal muscle functioning and acid-base balance. .This Maintained acid-base balance and electrolytes remaining within normal limits despite the exercise stress  indicates an  adequate renal adaptation (Hew-Butler et al., 2015; Abramowitz et al., 2012). This suggests that despite elevated metabolic activity, intensive exercise did not significantly alter the acid-base balance of the bodybuilders. The finding supports the concept that well-trained individuals possess adequate renal and buffering capacity to compensate for exercise-induced acid production (Kraut & Madias, 2010; Abramowitz et al., 2012). From this observation, there was no evidence of metabolic acidosis because the anion gap was unchanged. In bodybuilders, monitoring AG will offer an insight to cumulative acid stress, buffering capacity, and renal handling. A constantly elevated AG in bodybuilders may signal insufficient recovery, inadequate hydration, or renal compensation limits. Accumulation of unmeasured acids may be more pronounced in bodybuilders due to augmented protein loads and supplement use, because it has accumulated in plasma thereby lowering bicarbonate and increasing the anion gap predisposing one to chronic kidney diseases (Ali et al., 2023).But this was not the case in this study.
Prolonged bodybuilding duration (> 2 years) was also associated with significantly higher urea levels (7.850 ± 2.773 mmol/L), demonstrating a cumulative effect of sustained protein turnover over time. A positive correlation between bodybuilding duration and urea concentration (r = 0.6668; p = 0.0010) further reinforces this relationship, aligning with Morton et al. (2018), who found that long-term high-protein intake elevates urea levels even in individuals with normal renal function.
Correlation analyses revealed no significant relationship between age and biochemical indices, implying that within the studied age range (20-40 years), age did not substantially influence kidney function or electrolyte balance. This aligns with findings from Banfi et al. (2012) that in healthy adults, age-related renal changes are minimal below midlife. It also confirms that  duration  of  training did not compromise renal or metabolic stability among the participants.

5.0 CONCLUSION
Intensive bodybuilding causes physiological elevation in urea and creatinine The increased urea and creatinine levels observed without acid-base imbalances  suggest it was not a kidney dysfunction rather it might be a normal adaptive responses to kidney stress due to the intensive training exercises and dietary practices among bodybuilders. This underscores the importance of awareness and monitoring of these biochemical markers to differentiate adaptation from dysfunction in metabolic pathways which will help  mitigate the risk for metabolic and chronic renal diseases. 
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