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EVALUATION OF SERUM ELECTROLYTES AMONG
GERIATRIC AND NON-GERIATRIC MEN IN
OSISOMA, ABA.

ABSTRACT

Background: Ageing is a progressive development associated with a decline in the
physiological functions, which increases susceptibility to organ dysfunction (especially the
kidney) in geriatrics. This facilitates the risk of electrolyte imbalance, as the kidneys play a
crucial role in maintaining these electrolyte concentration. Aim: This was a cross-sectional
study designed to evaluate serum sodium (Na™), potassium (K*), chloride (Cl7), and
bicarbonate (HCO3) levels, and understand their prevalence among apparently healthy geriatric
and non-geriatric men residing in Osisoma, Aba.

Methodology: A total of 100 apparently healthy participants were enrolled for this study,
comprising of 50 geriatric men aged 65 years and above, and 50 non-geriatric men aged 20-30
years. From both groups, serum samples were used for the analyses of sodium (Na™),
potassium (K*), chloride (Cl~), and bicarbonate (HC03) using Spectrophotometer. The data
obtained was analyzed statistically using Statistical Package for Social Science (SPSS version
25), student’s t-test, one way analysis of variance (ANOVA), pearson correlation coefficient and
P values less than 0.05 were considered statistically significant.

Results: The mean values of sodium (136.6+3.9mmol/L), potassium (3.9+0.5mmol/L), chloride
(100.2+3.9mmol/L) and bicarbonate (24.4+4.3 mmol/L) levels in geriatric subjects showed no
statistical significant difference (P > 0.05) when compared to the mean values of sodium
(136.9+2.3 mmol/L), potassium (3.9+0.4 mmol/L), chloride (100.8+2.8 mmol/L) and bicarbonate
(24.9+3.9 mmol/L) in non-geriatric subjects. The study also revealed a significant difference (P =
0.001) in the mean value of bicarbonate (24.8+4.3 mmol/L; 25.8+1.9mmol/L, and 18.1 +3.3
mmol/L) among geriatric subjects, when compared based on age range using ANOVA. There
was a significant negative correlation between the ages and bicarbonate levels (r = -0.4, P =
0.008), a non-significant positive correlation between ages and sodium levels (r=0.1, P =
0.498), and chloride levels (r = 0.2, P = 0.125), and a non-significant negative correlation
between the ages and potassium levels (r = -0.1, P = 0.691) in geriatric subjects.

Conclusion: The result from this study showed no significant alteration of serum electrolytes
between geriatric and non-geriatric subjects, and a significant alteration of bicarbonate levels
among the geriatric subjects. This present study has shown that ageing without any
comorbidities has lesser effect on serum electrolytes.
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1. INTRODUCTION

Serum electrolytes play an important role in maintaining the body’s physiological functions, such as heart and muscle
activity, acid-base balance, water balance and nerve conduction. Sodium is the major cation of the extracellular fluid
which plays a central role in maintaining the normal distribution of water and the osmotic pressure in the extracellular fluid
compartment [1]. Electrolyte imbalance of sodium is seen as hypernatraemia (above 148mmmol/L), and hyponatraemia
(below 136mmol/L). Potassium is the principal intracellular cation, present in relatively low concentration in the
extracellular fluid. It is primarily responsible for the regulation of membrane potential and neuromuscular excitability, as
well as maintaining the acid-base balance [2]. An elevated potassium concentration (hyperkalaemia) is seen above 5.0
mmol/L, and decreased concentration (hypokalaemia) is seen below 3.6 mmol/L. Chloride is the major extracellular anion
in the body. It plays a vital role in the body’s acid-base balance via its inverse relationship with bicarbonate, and is also
involved in the regulation of osmotic pressure by acting as the counterpart to sodium ions [3]. Hyperchloraemia is seen
above 106 mmol/L, while hypochloraemia is seen below 96 mmol/L. Bicarbonate is the second most abundant anion in
the extracellular fluid and is the major component of the buffering system in the blood. Total CO2 comprises the
bicarbonate ion (HCO3"), carbonic acid (H2COs3), and dissolved CO2, with HCOszaccounting for more than 90% of the total
CO: at physiologic pH. Because HCO3s composes the largest fraction of total COz2, total CO2 measurement is indicative of
HCOs measurement [4]. Low level bicarbonate (acidosis) is seen below 23 mmol/L, and high level of bicarbonate
(alkalosis) is seen above 29 mmol/L.

Any derangement from the normal range of electrolyte levels is described as electrolyte imbalance [5]. The kidneys play a
crucial role in maintaining these electrolyte concentration and any dysfunction in the kidneys would lead to electrolyte
imbalance. Electrolyte imbalance occur as a result of an increase or decrease in electrolyte levels. This affects the normal
body functions and can lead to severe health conditions [1].

Ageing is a complex process that is not well understood. There is no universally accepted definition of ageing. However,
the WHO refers healthy ageing as a process of maintaining functional ability to enable wellbeing in older age [6]. The
geriatric population are referred to individuals aged 65years and above [7]. They represent the fastest growing segment of
populations throughout the world [8]. Ageing is a progressive development associated with a decline in the physiological
functions with an increased risk of disease. Deterioration in the physiological functions of the body increases susceptibility
to organ dysfunction (especially the kidney) in geriatrics. Electrolyte imbalance can occur without any obvious kidney
disease. But as one ages, there is a decline in the normal body functions. This facilitates the risk of electrolyte imbalance,
especially that of sodium and potassium in geriatrics [9].

Ageing affects the ability of the kidney to withstand and recover from injury and may predispose individuals to structural
and functional abnormalities of the kidney. As individuals age, there are several physiological changes that occur in the
renal system that can impact electrolyte balance. The process of ageing in kidney is marked by structural and functional
changes, of which the main feature is a reduction in size, a reduced number of functioning glomeruli, and vascular
changes [10]. One of the primary changes that occur is a decline in renal function. Renal function begins to decline after
the age of 30 years and, by age 60, is further reduced to one half [11]. This is as a result of gradual decrease in the
number of functioning nephrons, as the kidneys cannot generate new nephrons due to ageing, disease or injury.
Nephrons play a crucial role in filtering blood, reabsorbing substances, and excreting waste products. The progressive
loss of nephrons with age leads to a reduction in overall kidney function. This decline in renal function can manifest as a
decrease in glomerular filtration rate (GFR) [12].

Ageing also affects the tubular function of the kidneys, sodium reabsorption, potassium excretion and urine concentrating
capacity [13]. The decreased reabsorption and secretion of electrolytes in the renal tubules may lead to changes in
electrolyte levels in the body. Hormones such as antidiuretic hormone (ADH) and aldosterone, which is synthesized in the
kidney, play a crucial role in regulating electrolytes. With ageing, there may be alterations in the hormonal regulation of
these electrolytes. Additionally, the secretion of erythropoietin, the glycoprotein hormone that controls red blood cell
production, which is synthesized in the kidney, increases with age [14] and the level of renin, decreases.

Age-related conditions such as dehydration can exacerbate electrolyte imbalances in older adults. Dehydration is
common among elderly individuals due to decreased thirst sensation and decreased capacity to conserve water through
the kidneys [15]. Inadequate fluid intake can lead to concentration of electrolytes in the body, thereby, increasing the risk
of imbalance.



2. MATERIAL AND METHODS
2.1 Study Area and Duration of Study

The study was carried out in Osisoma Local Government Area of Aba, Abia State. Osisoma is a semi-urban
area with a land mass of 198km? and a population of 219,632 according to the 2006 census data of Nigeria
[16]. The study period lasted for twelve weeks, running from March to May 2024.

2.2 Study Design and Population

The study is a case-control study involving apparently healthy young men (control) aged 20-30 years and
apparently healthy older men (case) aged 65 years and above. A total of one hundred (100) male subjects,
which comprised of fifty (50) healthy young men and fifty (50) healthy older men were recruited for the study.

2.3 Demographic Composition

The demographic composition of the study included variables such as age, educational status and occupation.
These factors provided insight into the study population.

2.4 Inclusion and Exclusion Criteria

Apparently healthy young male (20-30 years) and older male subjects (60 years and above) residing in

Osisoma, Aba, with informed and willing consent were included in this study. However, female subjects,
subjects with denial of consent, diabetic subjects, critically ill subjects and subjects receiving electrolyte
replacement therapy were excluded from the study.

Also, a questionnaire guide that includes information related to the demographic characteristics (age,
occupation and educational attainment). In addition to the questionnaire information on general health and
history of past diseases were obtained. Preliminary tests were conducted on the subjects, using commercial
test strips, to ascertain their present health status. These tests included:

e Retroviral screening test
e Venereal disease research laboratory test
e Hepatitis A, B & C screening test

2.5 Sample Collection

Five milliliter (5ml) of blood was collected from each subject through venipuncture, following the standard
procedure, and dispensed into plain sterile tubes. Serum was extracted via centrifugation and assayed for
electrolytes.

2.6 Sample Analysis

Sodium was estimated based on the modifications of those first described by Maruna and Trinder [17, 18],
potassium was estimated using the turbidometric method of sodium tetraphenylboron [19], chloride was
measured colorimetrically using the modified thiocyanate method [20], and bicarbonate was estimated using
the enzymatic method [21].

2.7 Statistical Analysis

The data was expressed in mean and standard deviation. Student’s t-test and one way analysis of variance
(ANOVA) was used for comparison of differences between the two age grades. All statistical analysis was



performed using Statistical Package for Social Sciences (SPSS) version 25, at P <0.05 considered as
statistically significant.

3. RESULTS AND DISCUSSION

TABLE 1: DEMOGRAPHIC CHARACTERISTICS OF GERIATRIC AND NON-GERIATRIC SUBJECT

VARIABLE GERIATRIC NON-GERIATRIC
AGE FQ % FQ %
20-25 0 0 14 28
26-30 0 0 36 72
65-74 32 64 0 0

75-84 13 26 0 0

> 85 5 10 0 0

EDUCATIONAL STATUS

Masters degree 8 16 20 40
Bachelors degree 29 58 15 30
Undergraduate 0 0 15 30
WAEC degree 10 20 0 0
Primary Education 3 6 0 0
OCCUPATION

Student 0 0 21 42
Entrepreneur/ Business owners 27 54 19 38
Civil Servants/ White collar workers | 8 16 10 20
Retired workers 15 30 0 0

TABLE 2: COMPARISON OF MEAN + STANDARD DEVIATION OF ELECTROLYTES LEVELS IN
GERIATRIC SUBJECTS (TEST) VS NON-GERIATRIC SUBJECTS (CONTROL)



Parameters Geriatric Non-Geriatric t-value P -value
(n =50) (n =50) (P<0.05)
Sodium (mmol/L) 136.6+3.9 136.9+2.3 0.6 0.524%
Potassium(mmol/L) 3.9+0.5 3.9+0.4 0.9 0.160*
Chloride (mmol/L) 100.2+3.9 100.8+2.5 0.9 0.328*
Bicarbonate (mmol/L) 24.4+4.3 24.9+3.9 0.7 0.438*

* P value < 0.05 was considered statistically significant.
# P value > 0.05 was considered statistically insignificant

RESULT ANALYSIS: There was no significant difference (P > 0.05) in the mean values of sodium, potassium,
chloride and bicarbonate levels of the geriatric subjects when compared with the mean values of the

electrolytes in the non-geriatric subjects.

TABLE 3: COMPARISON OF MEAN + STANDARD DEVIATION OF ELECTROLYTES LEVELS IN
GERIATRIC SUBJECTS (TEST) BASED ON AGE

Parameters Youngest-old Middle-old Oldest-old f-value P -value Sig.
(65-74) yrs. (75- 84) yrs.  (285) yrs. (p=0.05)
(n=32) (n=13) (n=5)

Sodium (mmol/L) 136.2+3.9 137.2+3.0 137.345.9 0.4 0.675 NS

Potassium(mmol/L) 4.0+0.6 3.7£0.4 4.0+0.3 0.7 0.492 NS

Chloride (mmol/L) 99.7+4.3 100.1+2.9 103.4+1.6 1.9 0.152 NS

Bicarbonate (mmol/L) 24.8+4.3 25.8+1.9 18.1+3.3 8.2 0.001 Sig

NS: Not significant (P > 0.05)

Sig.: Significant (P < 0.05)

RESULT ANALYSIS: non-significant difference (P > 0.05) in the mean values of sodium (P = 0.675),
potassium (P = 0.492), and chloride (P = 0.152) in geriatric subjects when compared based on age using
ANOVA. The table also reveals a significant difference (P < 0.05) in the mean value of bicarbonate (P = 0.001)
in geriatric subjects when compared based on age using ANOVA.

TABLE 4: CORRELATION BETWEEN AGES AND SERUM ELECTROLYTES LEVELS IN GERIATRIC

SUBJECTS



Variable n =50 R P-value

(P <0.05)
Sodium (mmol/L) 0.1 0.498
Potassium (mmol/L) -0.1 0.691
Chloride (mmol/L) 0.2 0.125
Bicarbonate (mmol/L) -0.4 0.008*

* Correlation is significant at the 0.05 level (2-tailed).

Result analysis: There was a non-significant positive correlation between ages and sodium levels (r=0.1, P =
0.498), and chloride levels (r = 0.2, P = 0.125) in geriatric subjects.

There was a significant negative correlation between the ages and bicarbonate levels (r = -0.4, P = 0.008) in
the geriatric subjects. The table also shows a non-significant negative correlation between the ages and
potassium levels (r = -0.1, P = 0.691) in geriatric subjects.

TABLE 5: ELECTROLYTE STATUS OF GERIATRICS AND NON-GERIATRIC SUBJECTS

Frequency (%)
Electrolytes Category
Geriatrics Non-geriatrics

Hyponatremia 18 10
Sodium

Normal 32 40

Hypernatremia 0 0

Hypokalemia 11 10

Potassium

Normal 36 40

Hyperkalemia 3 0

Hypochloremia 7 1
Chloride




Normal 38 49

Hyperchloremia 5 0

Acidosis 17 15
Bicarbonate

Normal 28 30

Alkalosis 5 5

4. DISCUSSION

In TABLE 1, majority of the non-geriatric subjects fell under the age range of 26 — 30 years (72%) and the
other age group was 20 — 25 years (28%), while the majority of the geriatric subjects fell under the age range
of 65 — 74 years (64%), and other age range were 75 — 84 years (26%) and = 85 years (10%). The non-
geriatric subjects were all university graduates and undergraduates, with a majority number (40%), having
attained a Master of Science degree. In the geriatric population, about 6% completed their primary education,
10% completed their secondary education, 58% attained a Bachelor of Science degree, and 16% attained a
Master of Science degree. This indicates that a higher number of the geriatric subjects are educated/ literate. A
higher percentage (54%) of the geriatric subjects were business owners, while 16% were civil servants, and
30% were retired workers. Among the non-geriatrics, 42% were students, 38% were entrepreneurs, and 20%
were white collar workers.

The study showed no significant difference in the mean values (£SE) of electrolyte levels in geriatric and non-
geriatric subjects, as shown in TABLE 2. There was a no significant difference (P > 0.05) in the mean values
of sodium, potassium, chloride and bicarbonate levels of the geriatric subjects, when compared to the non-
geriatric subjects. Findings in this study is consistent with report by Eidangbe [22], whose study showed a non-
statistical significant difference. This may be attributable to healthy ageing, as well- preserved electrolyte
homeostasis is common among older adults with no underlying disease. Under normal circumstances, the
elderly are generally able to maintain water and electrolyte balance. However, this balance can be disrupted by
a variety of factors such as illness, cognitive decline, and certain medications [23].

In TABLE 3, a significant difference was observed (P < 0.05) in the mean value of bicarbonate (P = 0.001) in
geriatric subjects, when compared based on age. Those in the oldest-old age range (= 85 yrs.) had a lower
mean value of bicarbonate level (18.1 + 3.3s) compared to the youngest and middle-old age range (65-74 and
75-84 years respectively). This finding is in disagreement with previous study whose serum bicarbonate was
linearly associated with age, such that the oldest participants had the highest serum bicarbonate levels [24].
The oldest-old range are considered the frail older population. Frailty is a vulnerable state in which the body is
less able to maintain homeostasis. While ageing is associated with a general decline in physiological functions,
frailty is characterized by a more rapid decline, to the point where the body’s homeostatic mechanisms begin to
fail, resulting in a vulnerability of stressors [25].

TABLE 4 showed a significant negative correlation between ages and bicarbonate levels in geriatric subjects
indicating that as age increases, bicarbonate level decreases. While there have been studies that reported



age-related changes in serum bicarbonate levels, there is no clear agreement on whether the correlation
between age and bicarbonate levels is positive [24] or negative [26].

The study revealed that the common electrolyte imbalance frequently encountered among the geriatrics was
hyponatraemia, (mostly being mild; 130 < Na < 136 mmol/L), as seen in TABLE 5. Its frequency was seen to
be 18% however, was not statistically significant when compared to the mean value of the non-geriatric
subjects, which is evident in TABLE 2. Findings in this study is in contrast with report by Dash [27], whose
study revealed a significant hyponatraemia of 46.3%. This could be due to the health status of the geriatrics, as
the study was limited to apparently healthy participants. However, irrespective of health status, hyponatraemia
has been documented to be the most common electrolyte imbalance in the elderly [28].

5. CONCLUSION

The findings in this study demonstrated a non-significant mean values of electrolyte levels in geriatric men
when compared to non-geriatric men in Osisoma, Aba. However, age-related changes in bicarbonate levels
were observed in geriatric subjects, with the oldest-old group having lower levels. Based on these findings, this
study showed that ageing can influence electrolyte balance, but to varying degrees, as there are many factors
that can influence how ageing affects electrolyte imbalance, including a person’s overall health.
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