


EVALUATION OF SERUM CREATININE KINASE AND LACTATE DEHYDROGENASE IN APPARENTLY HEALTHY GERIATRIC SUBJECTS IN EKPOMA, EDO STATE (NIGERIA)


ABSTRACT
With the global increase in life expectancy, the ageing population has become a growing demographic with unique healthcare needs. Among the major concerns in geriatric health is the often-silent progression of muscular and metabolic disorders, which can significantly affect quality of life and functional independence. This study aims to evaluate the activities of creatinine kinase (CK) and lactate dehydrogenase (LDH) in apparently healthy geriatrics in Ekpoma, Edo State. The specific location for the study was Ambrose Alli University, Ekpoma. A total of two hundred (200) apparently healthy geriatric individuals aged 65 years and above from various communities in Ekpoma, including those affiliated with Ambrose Alli University, were recruited for this study. The results show the comparison of CK and LDH levels of healthy Geriatric study participants with apparently healthy young control participants. As expected, the mean age of the control (24.56±5.08) was significantly lower than that of the Geriatric study participants (61.32±65.45) (p<0.001). The mean creatine kinase level of Geriatrics (61.32±65.45) was higher than that of the young control participants (51.59±16.12).  There was a significant age-related decline in LDH levels among geriatric participants (165.53 ± 92.99 U/L) compared to the younger group (299.92 ± 96.34 U/L, p < 0.001), with a strong negative correlation between LDH and age (r = -0.594, p < 0.001). In contrast, CK levels remained stable across age groups, showing no significant difference between geriatric (61.32 ± 65.45 U/L) and younger controls (51.59 ± 16.12 U/L, p = 0.150). Gender-based analysis indicated no significant difference in CK between groups, while LDH was consistently lower in older adults regardless of sex. The study concludes that the significant and progressive decline in LDH levels with advancing age highlights its potential as a biomarker of physiological ageing and calls for the adoption of age-adjusted reference intervals in clinical practice. Future research should focus on the longitudinal relationship between these enzyme profiles and functional health outcomes in older adults.

INTRODUCTION
Ageing is a complex, multifactorial biological process characterised by the progressive decline of physiological functions and increased vulnerability to diseases (Harman, 2001). It is marked by a gradual loss of cellular and organ function, reduced regenerative capacity, and accumulation of molecular damage over time (López-Otín et al., 2013). The process of ageing affects every system in the human body, leading to changes in metabolism, immune response, and musculoskeletal structure (Kirkwood, 2005). Ageing occurs more quickly in less developed countries than in more developed ones (Ghodkhande et al., 2023). 
The term “geriatric population” generally refers to individuals aged 65 years and above, although this age threshold may vary across different regions and studies (World Health Organisation [WHO], 2015). This demographic group is particularly susceptible to chronic illnesses, functional decline, and dependency, necessitating specialised healthcare approaches (Fried et al., 2001). Geriatrics as a medical discipline focuses on promoting health, preventing disease, and managing complex health conditions in older adults (Rechel et al., 2013).
Globally, the proportion of older adults is rising due to increased life expectancy and declining fertility rates (United Nations, 2020). By 2050, the global population of individuals aged 60 years and above is expected to double, reaching approximately 2.1 billion (United Nations, 2020). This demographic shift presents both social and healthcare challenges, including a greater burden on healthcare systems, increased need for long-term care, and changes in disease epidemiology (Beard et al., 2016).
In Nigeria, the elderly population is also growing, with projections indicating a rise in individuals aged 60 years and above from 9 million in 2020 to over 28 million by 2050 (National Population Commission [NPC], 2020). However, ageing in Nigeria is often associated with inadequate access to healthcare, poor social support systems, and economic hardship (Aboderin, 2004). Despite these challenges, the health of older adults in Nigeria remains under-researched, particularly regarding baseline biochemical parameters and age-related physiological changes (Ogunniyi et al., 2001).
Creatinine kinase (CK), also known as creatine phosphokinase (CPK), is a key intracellular enzyme involved in energy metabolism, especially in tissues that have high and fluctuating energy demands (Wyss & Kaddurah-Daouk, 2000). It catalyses the reversible conversion of creatine and adenosine triphosphate (ATP) into phosphocreatine and adenosine diphosphate (ADP), a process essential for the storage and transmission of energy in cells (Wallimann, Tokarska-Schlattner & Schlattner, 2011).
Lactate dehydrogenase (LDH or LD) is an enzyme found in nearly all living cells. LDH catalyses the conversion of pyruvate to lactate and back, as it converts NAD+ to NADH and back (Farhana & Lappin, 2023). A dehydrogenase is an enzyme that transfers a hydride from one molecule to another. LDH exists in four distinct enzyme classes (Khan et al.,2020; Manea et al., 2017). LDH is expressed extensively in body tissues, such as blood cells and heart muscle. Because it is released during tissue damage, it is a marker of common injuries and diseases such as heart failure (Brancaccio et al., 2010).
Understanding the baseline activities of CK and LDH in apparently healthy elderly individuals offers a valuable benchmark for interpreting deviations in clinical scenarios. It also has broader implications for preventive health strategies aimed at enhancing musculoskeletal health and quality of life in older adults.
LITERATURE REVIEW
Routine biochemical assessments are essential in geriatric care as they provide objective data for early detection of subclinical conditions and monitoring of chronic diseases (Ferrucci et al., 2005). Biomarkers such as CK, LDH, glucose, cholesterol, urea, and electrolytes can reveal metabolic, renal, hepatic, and muscular abnormalities before clinical symptoms manifest (López-Otín et al., 2013). For instance, elevated CK and LDH levels may indicate muscle degeneration or hidden cardiac pathology, both of which are relevant in elderly individuals (Khosla et al., 2011).
In myocardial infarction (MI), especially ST-elevation MI (STEMI), CK and its MB isoenzyme (CK-MB) were historically used for diagnosis before cardiac troponins became the gold standard (Mair et al., 2001). However, CK-MB still serves as a useful adjunct biomarker for diagnosing reinfarction or infarction extension due to its shorter half-life compared to troponins (Apple et al., 2003).
Lactate dehydrogenase (LDH) plays a central role in anaerobic glycolysis by catalysing the reversible conversion of pyruvate to lactate, with simultaneous oxidation of NADH to NAD⁺ (Farhana & Lappin, 2023). During high-energy demand or oxygen-deprived states, such as intense muscular activity or ischemia, glycolysis becomes the primary ATP source, and LDH facilitates continued glucose catabolism by preventing NADH accumulation (Semenza et al., 1996).
In ageing individuals, biochemical parameters may deviate from adult reference ranges due to age-related physiological changes, hence the need for periodic evaluations tailored to geriatric norms (Weinstein & Anderson, 2010). In Nigeria, where geriatric health services are still developing, regular biochemical assessments can enhance early diagnosis, reduce disease burden, and improve quality of life for older adults (Ajayi & Akpan, 2021). Furthermore, local population-based data are vital to establishing age-specific reference values that reflect genetic, environmental, and dietary factors unique to the Nigerian elderly (Ogunniyi et al., 2001).
This study, therefore, aims to evaluate the activities of creatinine kinase (CK) and lactate dehydrogenase (LDH) in apparently healthy geriatrics in Ekpoma, Edo State.

MATERIALS AND METHODS
Study Area
The study was carried out in Ekpoma, the administrative centre of Esan West Local Government Area in Edo State, Nigeria, with Ambrose Alli University serving as the specific study location. Ekpoma is geographically located between latitudes 6°43′–6°45′N and longitudes 6°5′–6°8′E, within the rainforest–savanna transitional zone of South-South Nigeria. The town has experienced population growth, increasing from 89,628 in 1991 to 127,718 in 2006, and is inhabited by a diverse population including academics, students, civil servants, farmers, artisans, and traders. Ekpoma comprises several notable quarters and is recognised for its academic importance due to the presence of Ambrose Alli University.
Study Population
A total of two hundred (200) apparently healthy geriatric individuals aged 65 years and above were recruited for this study. Participants were randomly selected from various communities in Ekpoma, including those affiliated with Ambrose Alli University. These individuals were not currently diagnosed with chronic diseases, nor were they under treatment for any metabolic or muscular disorder.
Ethical Approval
Ethical approval was obtained from the Health Research Ethics Committee of Ambrose Alli University, Ekpoma. Participants were provided with informed consent forms that explained the study's purpose, procedures, benefits, and risks. Only individuals who provided written consent were enrolled in the study. All data were kept confidential and used strictly for academic and research purposes.
Research Design
The study adopted a cross-sectional design, enabling the evaluation of serum CK and LDH enzyme activities among apparently healthy geriatrics at a specific point in time. This design is suitable for identifying variations related to age and gender without follow-up or interventions.
Sample Size Determination
The sample size was determined using the formula for estimating a proportion in a cross-sectional study:
Sample size = (Z²Pq) / d²
Where:
· Z = 1.96 (confidence level at 95%)
· P = prevalence of geriatrics = 20% = 0.20
· q = 1 – P = 0.80
· d = margin of error = 0.08
Sample size = (1.96² × 0.20 × 0.80) / 0.08²
Sample size ≈ 200
To account for potential attrition or unusable samples, the sample size will be rounded to 200 participants with 100 adult controls ranging from 20 to 40 years and healthy geriatric individuals aged 65 and above.
Inclusion Criteria
· Individuals aged 65 years and above.
· Apparently healthy geriatrics without known chronic illness.
· Participants who provide informed consent.
· Adult individuals aged 20 to 40 were used as controls
Exclusion Criteria
· Individuals younger than 65 years.
· Those with diagnosed muscular, cardiac, or hepatic diseases.
· Individuals on medications known to affect CK or LDH activity.
· Those who decline to give informed consent.
Sample Collection
Five millilitres (5 mL) of venous blood were drawn aseptically from each participant using sterile syringes. The blood was collected into plain and Lithium heparin bottles. The samples in the heparin bottles were used for enzymatic assays, while those in plain bottles were centrifuged to obtain serum for further analysis. All samples were kept at 4°C and analysed within 6 hours of collection.
Sample Analysis
Blood samples were analysed to determine the serum levels of CK and LDH.
Laboratory Analysis for Creatinine Kinase (CK)
Principle: The CK assay was based on the enzyme’s ability to catalyse the reversible phosphorylation of creatine using ATP. The rate of NADPH formation in a coupled reaction system was proportional to CK activity and was measured spectrophotometrically at 340 nm.
Procedure:
1. Centrifuged collected blood at 3000 rpm for 10 minutes to obtain plasma.
2. Prepared the CK reagent according to the kit manufacturer’s instructions.
3. Pipetted plasma and reagents into the cuvette as specified.
4. Incubated at 37°C for 1-5 minutes.
5. Measured absorbance at 340 nm.
6. Calculated enzyme activity using the change in absorbance per minute.
Laboratory Analysis for Lactate Dehydrogenase (LDH)
Principle: LDH catalysesd the interconversion of pyruvate and lactate with concurrent interconversion of NADH and NAD⁺. The decrease in NADH absorbance at 340 nm reflects LDH activity.
Procedure:
1. Centrifuged blood samples and separated plasma.
2. Prepared LDH reagent containing NADH and pyruvate.
3. Mixed plasma and reagents in a cuvette.
4. Incubated at 37°C and record absorbance at 340 nm.
5. Calculated enzyme activity from the decrease in absorbance.
Statistical Analysis
All data were processed using SPSS version 21. Results presented as mean ± standard deviation (SD). Descriptive statistics were used to summarise demographic data. Comparisons of enzyme activities between age groups and genders were done using one-way ANOVA and Student’s t-test. A p-value of ≤0.05 was considered statistically significant.
RESULTS
Figure 1 shows the demographic characteristics of the geriatric study population. From the total of 100(100%) study participants, 46% were males, while 52% were females. Males between the age group of 61 – 70 years made up 24%, while the females made up 36% of the Geriatric population, which was the highest representation. In the age group of 71 – 80 years, 18% were males, while 10% were females. Males within the age group of 81 – 90 years made up 4% of the population, while females within the age group of 81 – 90 years were 4% of the population. Females >90 years made up 4% of the population, while no male was recorded in this age group. 

Figure 1: Demographic characteristics of the geriatric study population
Table 1: Distribution of Creatine kinase and Lactate dehydrogenase levels among the study participants according to the normal range
	
	
	CK (u/L)
	
	
	
	LD (u/L)
	
	
	

	61 - 70 years
	
	Male
	Female
	

χ2 
	

p-value
	Male
	Female
	

χ2 
	

p-value

	
	Low
	10(10%)
	6(6%)
	
7.234
	
0.012*
	4(4%)
	10(10%)
	
5.546
	
0.033*

	
	Normal
	14(14%)
	30(30%)
	
	
	14(14%)
	18(18%)
	
	

	
	High
	0 (0%)
	0 (0%)
	
	
	6(6%)
	8(8%)
	
	

	71 - 80 years
	
	
	
	
	
	
	
	
	

	
	Low
	6(6%)
	4(4%)
	
4.829
	
0.041*
	6(6%)
	6(6%)
	
2.101
	
0.059

	
	Normal
	12(12%)
	6(6%)
	
	
	12(12%)
	4(4%)
	
	

	
	High
	0 (0%)
	0 (0%)
	
	
	0 (0%)
	0 (0%)
	
	

	81 - 90 years
	
	
	
	
	
	
	
	
	

	
	Low
	2 (2%)
	2 (2%)
	
1.435
	
0.112
	4 (4%)
	2 (2%)
	
1.934
	
0.087

	
	Normal
	2 (2%)
	2 (2%)
	
	
	0 (0%)
	2 (2%)
	
	

	
	High
	0 (0%)
	0 (0%)
	
	
	0 (0%)
	0 (0%)
	
	

	> 90 years
	
	
	
	
	
	
	
	
	

	
	Low
	0 (0%)
	0 (0%)
	

	

	0 (0%)
	4 (4%)
	

	

	
	Normal
	0 (0%)
	4 (4%)
	
	
	0 (0%)
	0 (0%)
	
	

	
	High
	0 (0%)
	0 (0%)
	
	
	0 (0%)
	0 (0%)
	
	



Key: *Chi-square is significant at p < 0.05
Normal Ranges:  Lactate dehydrogenase (LDH) -120 – 250 u/L
	Creatine Kinase (CK) male: 40 – 320 u/L, female: 30 – 200 u/L.
	

Table 2 shows the comparison of CK and LDH levels of healthy Geriatric study participants with apparently healthy young control participants. As expected, the mean age of the control (24.56±5.08) was significantly lower than that of the Geriatric study participants (61.32±65.45) (p<0.001). The mean creatine kinase level of Geriatrics (61.32±65.45) was higher than that of the young control participants (51.59±16.12), but the difference was not statistically significant (p=0.150). The mean LDH level of Geriatrics (165.53±92.99) was significantly lower than that of the young healthy control (299.92±96.34) (p<0.001).

Table 2: Comparison of Creatine Kinase and Lactate Dehydrogenase levels of healthy Geriatric study participants with apparently healthy young control participants using an independent sample t-test

	Parameters
	Control
(n=100)
	Geriatrics (Test)
(n=100)
	t-value
	p-value

	Age (years)
	24.56±5.08
	71.92±8.48
	2292.052
	0.000*

	Creatine Kinase (u/L)
	51.59±16.12
	61.32±65.45
	2.084
	0.150

	Lactate Dehydrogenase (u/L)
	299.92±96.34
	165.53±92.99
	100.731
	0.000*



Key: 
* Values are significant at p< 0.05. 

Table 3 shows the gender comparison of CK and LDH of healthy Geriatric study participants and apparently healthy young control participants. There was no significant difference between the mean age of the male geriatrics (72.30±7.16) when compared with that of the female Geriatrics (71.59±9.52) (p=0.603). There was no significant difference between the mean CK levels of young male control (49.87±17.79), female control (53.06±14.55), male Geriatrics (53.45±25.62) and female Geriatrics (47.52±19.24) (p=0.365). 
From the table also, the LDH level of the male control (291.53±75.43) was not significantly lower than that of the female control (307.07±111.32) (p=0.413), but male Geriatrics (181.20±99.46) had markedly higher values than the female Geriatrics (152.19±85.79), although the difference was not statistically significant (p=0.127). Male geriatrics had significantly lower LDH level than male controls (p= 0.000). Also, female geriatrics had significantly lower lactate dehydrogenase level than the female control (p=0.000).

Table 3a: Gender comparison of Creatine Kinase and Lactate Dehydrogenase levels of healthy Geriatric study participants and apparently healthy young control participants using Analysis of Variance Statistics
	Parameters
	Male 
Control
n=46
	Female Control
n=54
	Male Geriatrics
n=46
	Female Geriatrics
n=54
	f-value
	p-value

	Age
	27.17±5.65a
	22.33±3.22b
	72.30±7.16c
	71.59±9.52c
	810.026
	0.000

	Creatine kinase (u/L)
	49.87±17.79a
	53.06±14.55a
	53.45±25.62a
	47.52±19.24a
	1.065
	0.365

	Lactate dehydrogenase
(u/L)
	291.53±75.43a
	307.07±111.32a
	181.20±99.46b
	152.19±85.79b
	34.755
	0.000



Key:
Values with different superscripts a,b,c are significantly different at p<0.05.
Table 3b: Post hoc for gender comparison of Creatine Kinase and Lactate Dehydrogenase levels of healthy Geriatric study participants and apparently healthy young control participants 
	Groups
	Age (years)
	Lactate dehydrogenase

	Male Control vs Female Control
	0.000
	0.413

	Male Control vs Male Geriatrics
	0.000
	0.000

	Male Control vs Female Geriatrics
	0.000
	0.000

	Female Control vs Male Geriatrics
	0.000
	0.000

	Female Control vs Female Geriatrics
	0.000
	0.000

	Male Geriatrics vs Female Geriatrics 
	0.603
	0.127



Table 4 shows the comparison of CK and LDH  levels of healthy Geriatric study participants < 70 years of age and healthy Geriatrics ≥ 70 years of age. Geriatrics less than 70 years of age had a lower mean CK level (46.04±21.85) when compared with Geriatrics of 70 years and older (54.82±22.52), although the difference was not statistically significant (p = 0.051).
The LDHlevel of Geriatrics younger than 70 years (193.16±116.00) was significantly higher than that of Geriatrics ≥ 70 years (135.61±43.07) (p=0.000).

Table 4: Comparison of Creatine Kinase and Lactate Dehydrogenase levels of healthy Geriatric study participants < 70 years of age and healthy Geriatrics ≥ 70 years of age using an independent sample t-test

	
Parameters
	
Geriatrics < 70 years
(n=52)
	
Geriatrics ≥ 70 years
(n=48)
	
t-value
	
p-value

	
Creatine kinase (u/L)

	
46.04±21.85
	
54.82±22.52
	
1.979
	
0.051

	Lactate dehydrogenase
(u/L)
	193.16±116.00
	135.61±43.07
	3.337
	0.001*



Key: 
* Values are significant at p< 0.05. 

Figure 2 shows the prediction of Geriatric status using CK or LDH values of study participants. With an area under the curve (AUC) of 0.447(0.366 – 0.527), Creatine kinase was not a significant predictor of Geriatric status (p=0.192). An area under the curve (AUC) of 0.660 (0.602 – 0.719), LDH was a significant predictor of Geriatric status (p < 0.001).





[image: ]
Figure 2: Prediction of Geriatric age using Creatine kinase or Lactate dehydrogenase values of study participants 
Table 5: Prediction of Geriatric age using Creatine kinase or Lactate dehydrogenase values of study participants as shown in Figure 2
	
	Area Under Curve (AUC)
	95% Confidence interval
	p-value

	Creatine kinase (u/L)
	
0.447
	
0.366 – 0.527
	
0.192

	Lactate dehydrogenase (u/L)
	0.660
	0.602 – 0.719
	0.000

	Sex
	0.041
	0.420 – 0.580
	0.989




From Figure 3, which is a scatter plot showing the correlation between LDH and age, there was a significant negative Pearson’s correlation (Pearson’s r = -0.594; Sig=0.000) between LDH and age of study participants, as LDH decreased with increasing age.

Figure 3: A scatter plot shows the correlation between lactate dehydrogenase and age 

DISCUSSION 
This study evaluated the serum activities of CK and LDH in a cohort of apparently healthy geriatric individuals in Ekpoma, Edo State. Our findings reveal clinically significant age-related alterations in these enzymes, which have profound implications for the interpretation of routine biochemistry in older adults. The most striking observation is the marked decline in LDH activity with advancing age, alongside the relative stability of CK levels in the absence of acute pathology.
The significant reduction in mean LDH levels observed in the geriatric cohort compared to younger controls aligns with emerging evidence that LDH decreases as part of normal physiological ageing. This decline likely reflects a systemic downregulation of metabolic activity, reduced cellular turnover, and diminished tissue repair capacity in older adults, a concept supported by the work of Monda et al. (2021), who similarly documented lower LDH activity in healthy elderly populations. The strong negative correlation between LDH and age further reinforces this physiological shift. Clinically, this challenges the universal application of standard adult reference ranges for LDH. As noted by Ozarda (2016), the use of age-stratified reference intervals is critical in geriatric medicine to avoid misinterpretation. A value within the conventional “normal” range for a young adult may, in fact, represent a significant elevation for a healthy older person, potentially masking underlying conditions such as occult hemolysis, malignancy, or ischemic injury.
In contrast, the stability of serum CK levels across age groups in this healthy cohort is a reassuring and clinically vital finding. It indicates that in the absence of disease, muscle membrane integrity and myocyte health are largely preserved in ageing. This supports the conclusions of  (D’Ascoli et al. 2017), who found no significant age-related increase in CK over time in community-dwelling elders. This stability underscores that an elevated CK in an older adult remains a highly specific marker for acute pathology such as myocardial infarction, statin-induced myopathy, or trauma and should prompt the same clinical urgency as in younger patients, as emphasised by Khan et al. (2022).
The gender-based analyses revealed that while LDH levels were lower in all older adults, the trend toward higher LDH in male geriatrics compared to females may reflect baseline differences in lean body mass and metabolic rate, as suggested by He et al. (2022). However, the overwhelming effect of age superseded gender differences, consistent with the broader understanding that chronological age is a stronger determinant of metabolic change than sex in later life. Furthermore, the significant drop in LDH in individuals aged 70 and above compared to those under 70 suggests a progressive, rather than linear, decline in enzyme activity with advancing decades. This may correlate with the concept of declining physiological reserve and increased vulnerability in the “oldest-old,” a population often characterised by heightened risk of frailty and functional decline (Clegg et al., 2013).
The predictive analysis confirmed the clinical relevance of LDH as a potential biomarker of biological ageing. Its moderate ability to distinguish between young and older adults aligns with the geroscience framework proposed by Jylhävä 2017), which seeks biochemical markers that reflect biological rather than chronological age. In contrast, CK’s poor predictive performance reaffirms its role as an indicator of acute tissue injury rather than a marker of ageing per se.
Our study provides compelling evidence for the need to reinterpret common biochemical parameters in geriatric care. The age-dependent decline in LDH calls for the adoption of age-adjusted reference ranges to improve diagnostic accuracy. Meanwhile, the stability of CK reaffirms its enduring value as a specific marker of acute cellular damage. Together, these findings advocate for a more nuanced, age-informed approach to laboratory medicine that better serves the health needs of the growing global elderly population.
CONCLUSION
This study demonstrates that the serum activities of CK and LDH exhibit distinct and clinically relevant patterns in healthy ageing. The significant and progressive decline in LDH levels with advancing age highlights its potential as a biomarker of physiological ageing and calls for the adoption of age-adjusted reference intervals in clinical practice. In contrast, the stability of CK levels reinforces its continued utility as a specific indicator of acute tissue injury, even in older adults.
These findings show the necessity of an age-informed approach to laboratory interpretation in geriatric medicine. By recognising the normal biochemical changes that accompany healthy ageing, clinicians can enhance diagnostic accuracy, avoid misinterpretation of laboratory values, and provide more tailored and effective care for the growing elderly population. Future research should focus on validating age-stratified reference ranges and exploring the longitudinal relationship between these enzyme profiles and functional health outcomes in older adults. 
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