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Abstract

HTN is a known leading cause of kidney disease with over 20% of the population aged 20 years or older with
HTN developing CKD. Complications from HTN and kidney disease contribute significantly to global mortality.
In Kenya, data from WHO shows that about 4 million individuals suffer from CKD, with many progressing to
kidney failure. The aim was to assess serum electrolyte abnormalities and kidney function among hypertensive
patients at KNH. The study utilized cross-sectional retrospective data from KNH patient records. The CKD-EPI
equation was used to calculate eGFR. Fisher et al.’s equation determined sample size. Data were stratified by
variables such as DBP, age, sex, SBP, proteinuria, serum creatinine, urea levels, serum electrolytes, and eGFR.
Data collection involved 189 patients: 82 males (43.4%) and 107 females (56.6%), with a median age of 54.00 years.
93 patients (49.20%) were <54 years and 96 (50.80%) were 254 years. 78.84% of HTN patients had abnormal serum
creatinine levels, and 54.5% had abnormal serum urea levels. 58.7% showed proteinuria. Elevated sodium levels
(>145 mmol/1) affected 39.68% of patients, while reduced potassium levels (<3.5 mmol/l) were found in 15.34%.
41.27% had elevated chloride levels above 106 mmol/l. CKD stages varied: 3.2% had G1, 17.5% had G2, 14.8%
had G3a, 29.1% had G3b, 16.4% had G4, and 19.0% had G5. Reduced renal function, estimated using GFR, was
prevalent among hypertensive patients (79.4%) (95% Cl:72.9-82.9), notably those 254 years. In conclusion, the risk
of progressive kidney disease was high amongst hypertensive patients and this was evident from the proportion
of patients who have abnormal kidney function including proteinuria. Early screening and implementation of
therapeutic strategies can improve patient’s quality of life.

Key words: Systolic, diastolic, hypertensive, serum electrolytes, urea, creatinine, proteinuria.

Introduction Hypertension is often asymptomatic and can cause
kidney complications !. CKD is defined by KDOQI
and KDIGO as “abnormalities of kidney function or

AHA guidelines defined hypertension as  structure, for a duration more than 3 months, with
“a systolic pressure of 130 mmHg and above,  health implications and characterized by either GFR
and diastolic pressure of 80 mmHg and above”. lower than 60 ml/min/1.73 m2 or markers of damage
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to the kidney, including persistent proteinuria and
albuminuria” 2. AKI is a sudden depreciation in
function of kidneys and accompanied by impairment
and injury >.

The kidneys have a crucial responsibility in
controlling blood pressure through production of
renin, maintaining fluid and electrolyte balance,
removal of waste products, removal of acids produced
by our cells and production of erythropoietin. 4°

Slightly decreased GFR and albuminuria are
evident during early stages of kidney disease.
Advanced stages can lead to ESRD ¢, requiring
transplantation or dialysis, posing a major burden to
patients. In Africa, the prevalence of CKD is 10.1%,
24.7% amongst patients with diabetes mellitus and
34.5% in hypertensive patients ”.

Increased patient awareness and lifestyle
changes are important in preventing kidney disease
and hypertension 8. Early detection can significantly
reduce complications associated with hypertension
such as cardiovascular disease, CKD and improve

patient outcomes. °

PROBLEM STATEMENT

Abnormal serum electrolyte levels and
abnormal renal function tests have significant health
implications 0. Hypertension is tied to factors like
age, anemia, diabetes, and chronic kidney disease
and can lead to renal failure and also being a major
cause of CKD-related mortality . The global increase
in CKD and hypertension cases raises concerns
due to their high mortality and morbidity rates %
Current studies done in certain regions show that in
Kenya the prevalence of CKD in western Kenya was
3.7% 13. The prevalence of hypertension according to
a study done in 2018 was 24.5% 4. This necessitates
action for hypertension related CKD. In developing
countries like Kenya, there is lack of effective target
screening program for non-communicable diseases
like hypertension and kidney disease. A surveillance
program should be put in place for hypertension
and it should be merged together with surveillance

programs for kidney disease.!?
JUSTIFICATION.

Hypertension and kidney conditions are often
undetected until advanced stages due to limited

awareness and financial constraints hindering
regular check-ups®. Electrolyte imbalances increase
hypertension and cardiovascular risks, notably
hyperkalemia in renal disease and heart failure 1617
The research identified frequencies of abnormalities,
aiding in risk assessment for HTN patients.
Awareness amongst Kenyans is crucial regarding the
interrelationship between unmonitored hypertension

14

and kidney disease Data on electrolyte

abnormalities and kidney function in hypertensive
Kenyan patients is scarce. Study findings were
essential in defining the problem, enhance patient
awareness, guide screening programs, and inform
management and preventative strategies at KNH. 14

OBJECTIVES
General objectives.

Evaluate serum electrolyte abnormalities and
kidney function in hypertensive patients at KNH.
Specific objectives.

* Determine the proportion of hypertensive
patients with abnormal kidney function.

*  Correlate hypertension and kidney function.

e Determine prevalence of proteinuria among
hypertensive patients.

* Identify the most affected age and gender.
RESEARCH QUESTIONS.
* Proportion of hypertensive patients with

abnormal kidney function at KNH?

* Association between hypertension and
kidney function at KNH?

e Prevalence of proteinuria
hypertensive patients at KNH?

among

* Most affected age and gender?
CHAPTER TWO: LITERATURE REVIEW.

INTRODUCTION.

Hypertension is an increase in systemic arterial
blood pressure 2130/80 mmHg 8. HTN and CKD are
interrelated. CKD etiology, genetic factors, albuminuria
contribute to HTN severity. Hypertension affects
a large number of patients than CKD in the general
population . Uncontrolled hypertension gradually
causes decreased kidney function, ultimately leading
to worsening of blood pressure®.
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THEORETICAL REVIEW.
Mechanism of renal dysfunction in hypertension.

Hypertension and chronic kidney disease are
interconnected pathophysiologically. Studies say that
CKD is the commonest form of secondary HTN 2.
Factors like increased retention of sodium, reduction
in nephron mass, extracellular volume expansion,
endothelial
including the renin-angiotensin system contribute to

dysfunction, hormonal activation
this complexity 22. Uncontrolled high blood pressure
(HBP) leads to increased force on the blood vessels
supplying the nephrons, causing arterial damage
2. The link between glomerular hypertension and
renal dysfunction is often complex 2. Increased
blood pressure stresses the glomerulus, enlarging its
diameter, allowing increased water and solute influx.
This stress damages arteries, reducing blood delivery
to kidney tissues, resulting in kidney damage,
decreased blood filtration, and compromised blood

pressure regulation?>2

Prevalence of HTN and CKD.

Globally, CKD prevalence is 13.4%. Estimated
global chronic kidney disease prevalence is between
11.7% to 15.1% %. Hypertension has an increasing
prevalence especially in low- and middle-income
countries. In 2010, 31.1% of adults were hypertensive.
Higher in countries with middle and lower income,
31.4%, than countries with high income, 28.4% 8. In
the United States, 30% of adults have HTN and 15%
of adults have CKD. %.

In Africa, hypertension prevalence is around
48%, with varying CKD prevalence from 10.7% to
13.9%. 231

In Kenya, the prevalence of HTN is 28.7% 32 The
precise prevalence of CKD in HTN patients is not
well known. In 2018, Mwenda et al. study showed
estimated prevalence of 38.6% in general population,
attributed to factors such as lifestyle and demographic
WHO indicates that 20% of the total
population were at high risk of hypertension, 21%

factors®?.

males and 19% females. Percentage of hypertension
in countries with low income and higher income
was 28% and 18% respectively . Data insufficiency
exists in describing CKD prevalence in hypertensive
patients in Nairobi and Kenya at large.

CRITIQUES AND GAPS

Many researchers in Kenya have focused on
kidney disease prevalence and risk factors in the
general population and in select populations such
as brain injury and cholera patients %-%. This study
focused on evaluating serum electrolyte abnormalities
and kidney function in hypertensive patients notably
at Kenyatta National Hospital. Assessment of these
factors helped determine the magnitude of the
problem.

SUMMARY

Effective targeted
non-communicable

screening programs for
diseases like hypertension
are essential 2. While limited, existing research
indicates alarming CKD and HTN rates, especially
in Nairobi *. Hypertension plays a major role in
CKD progression, emphasizing the importance of
monitoring hypertensive patients to prevent renal

failure 7 .

Materials and Methods
Study design

Retrospective study involving assessment of
medical records of hypertensive patients at KNH to
describe the relationship between various clinical
parameters.
Study area

Kenyatta

National Hospital, largest public

referral and teaching hospital, situated in the Upper
Hill district of Nairobi County Kenya.

Study population

Hypertensive patients attending KNH from
January 2021 to August 2021.

Sampling technique

Convenience sampling from KNH medical
records from January 2021 to August 2021.

Criteria
Inclusion criteria

Patients of age 18 years and older with
hypertension history.
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Exclusion criteria

Patients with known history of renal disease,
pregnant women, diabetes, or cardiac heart failure.

Techniques.

Data on blood pressure tests, dipstick urinalysis,
and biochemical blood tests were obtained for
analysis.

Sample size determination.

Fisher et al. 1998 formulae and an adjustment
produced a sample size of 181 hypertensive patients. 3

Data Collection and analysis.

Data on age, blood pressure, serum creatinine,
electrolytes, urea, and proteinuria were obtained
from medical records and analyzed by SPSS. GFR
was calculated using CKD-EPI equation.

Statistical analysis

SPSS version 26 was utilized for statistical data
analysis and presentation.

Ethical consideration.

The study adhered to the Declaration of Helsinki
principles, maintaining patient confidentiality
and securing approval from TUM Ethical Review
Committee and KNH in November 2021. Data was
analyzed and strictly used for study purposes.

Results
Demographic characteristics.

Study involved 189 patients; 82 (43.4%) males
and 107 (56.6%) females, all aged 18 years and older.
Median age was 54.0 years (IQR 24.0). Hypertensive

patients below 54 years were 93 (49.20%) whereas
patients 54 years and older were 96 (50.80%).

Table 1: characteristics of the hypertensive patients
at KNH, 2021.

Variable | Description | Frequency | Percent
(%) (%0)

AGE 18 -29 19 10.1%

(Years) 30 - 41 32 16.9%
42 - 53 42 22.2%
54 and 9% 50.8%
above

GENDER | Males 82 43.4%
Females 107 56.6%

Prevalence of proteinuria and serum biochemical
abnormalities.

Prevalence of proteinuria amongst hypertensive
patients was 58.7% (95% CI: 51.4-65.8) while 78.84%
had high abnormal creatinine levels. High serum urea
levels were found in 54.5% patients. Elevated sodium
levels above 145mmol/1 appeared in 39.68 % whereas
patients with reduced potassium levels below 3.5
mmol/I represented 15.34% and those with elevated
potassium level above 5.5 mmol/1 were 28.04%.
Patients with elevated chloride levels above 106
mmol/1 were 41.27%. CKD stages were distributed
as follows: G1 (3.6%), G2 (17.5%), G3a (14.8%), G3b
(29.1%), G4 (16.4%) and G5 (19.0%). Decreased renal
function estimated using GFR was high amongst
hypertensive patients with a prevalence of 79.4%
(95% CI: 72.9-82.9), especially among patients aged >
54 years.

Table 2: Prevalence of proteinuria and serum biochemical abnormalities
among hypertensive patients at KNH, 2021.

Parameters

Frequency

Population (n=189)

Male (n=82)

Female (n=107)

Serum creatinine > 130 mmol/1 149 (78.84%) 62 (41.61%) 87 (58.39%
Serum urea > 8.2 mmol/1 103 (54.5%) 39 (37.86%) 64 (62.14%
Proteinuria (Positive) 111 (58.7%) 46 (41.44%) 65 (58.56%
Serum sodium > 145 mmol/1 75 (39.68%) 32 (42.67%)

Serum potassium < 3.5 mmol/1

15.34%)

11 (37.93%)

18 (62.07%

Serum potassium > 5.5 mmol/1

14 (26.42%)

39 (73.58%

Serum chloride > 106 mmol/1

29 (
53 (28.04%)
78 (41.27%)

31 (39.74%)

)
)
)
43 (57.33%)
)
)
)

47 (60.26%
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Table 3: CKD staging by eGFR ¥

CKD Stage eGFR (ml/
min/1.73m?2)

I =90

I 60 - 89

[Ia 45-59

1Ib 30 -44

v 15-29

\% <15

Table 4: CKD stage by 2021 CKD-EPI Creatinine

Proteinuria

E Positive
B Negative

Figure 1: Proportion of hypertensive patients who

had proteinuria.

Frequency Percent Valid Percent Cumulative Percent

Valid G1 6 3.2 3.2 3.2
G2 33 17.5 17.5 20.6
G3a 28 14.8 14.8 35.4
G3b 55 29.1 29.1 64.6
G4 31 16.4 16.4 81.0
G5 36 19.0 19.0 100.0
Total 189 100.0 100.0

Percent

G1

CKD stage by 2021 CKD-EPI Creatinine

G2

G3a

G3b G4

CEKD stage by 2021 CKD-EPI Creatinine

G5

Figure 2: Bar graph showing CKD stage of hypertensive patients at KNH, 2021.
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Table 5: Overall, age and gender-specific CKD prevalence at KNH, 2021.

Variable CKD-EP], 2021 % (95%CI)
Overall prevalence 79.4% (72.9 - 84.9)
Age (years) 18-29 2.65%
30-41 10.05%
42 - 53 16.93%
54 + 49.74%
Gender Male 32.80%
Female 46.56%

Association between hypertension and kidney
function at KNH, 2021.

Correlations between hypertension and kidney
function indicators (serum creatinine, serum urea
and eGFR) were statistically significant. Systolic
blood pressure correlated strongly with serum
creatinine (r = .640, p <0.001, n = 189) for a two tailed

test. Notably, SBP correlated at .677 with serum urea
and at -.764 with estimated GFR (both p < 0.001, n =
189). Diastolic blood pressure correlated with serum
creatinine, serum urea, and GFR at .374, .372, and
-405 respectively and all were statistically significant
(p <0.001, n=189).

Table 6: Correlations between various biochemical parameters amongst hypertensive patients at KNH,2021.

Correlations
Age Gender SBP DBP | Creatinine | Urea conc. | eGFR in ml/
mmHg | mmHg conc.in | in mmol/l | min/1.73m2
umol/l
Age (years) Pearson 1 .057 581" 239" 437" 522" -.658"
Correlation
Sig. 438 .000 .001 .000 .000 .000
(2-tailed)
N 189 189 189 189 189 189 189
Gender Pearson .057 1 180" .056 173" 131 -.354"
Correlation
Sig. 438 013 442 .017 072 .000
(2-tailed)
N 189 189 189 189 189 189 189
SBP in Pearson 581" .180" 1 587" 640" 677" -764"
mmHg Correlation
Sig. .000 .013 .000 .000 .000 .000
(2-tailed)
N 189 189 189 189 189 189 189
DBP mmHg Pearson 239" .056 587" 1 374" 3727 -.405™
Correlation
Sig. .001 442 .000 .000 .000 .000
(2-tailed)
N 189 189 189 189 189 189 189
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Continue.......
Creatinine Pearson 437" 173" .640™ 374" 1 685" -.703™
conc. in Correlation
umol/1 Sig. .000 017 .000 .000 .000 .000
(2-tailed)
N 189 189 189 189 189 189 189
Urea conc. Pearson 522" 131 6777 3727 685" 1 -.729™
inmmol/1 | Correlation
Sig. .000 072 .000 .000 .000 .000
(2-tailed)
N 189 189 189 189 189 189 189
eGFRinml/ | Pearson -.658™ -.354" -.764™ -405" -.703" -.729" 1
min/1.73m2 | Correlation
Sig. .000 .000 .000 .000 .000 .000
(2-tailed)
N 189 189 189 189 189 189 189
**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Discussion

This  retrospective study involved 107
women (56.6%) and 82 men (43.4%), showing a
higher hypertension prevalence among women,
aligning with previous research by Beth L %°. Most
hypertensive patients (50.80%) were aged 54 years
and above, similar with a study in Kenya with HTN
prevalence of 52.8% among patients aged 250 years 41
Hypertension prevalence rises with age, with adults
aged 60 to 69 years at higher risk 4.

Proteinuria was common among hypertensive
patients (58.7%), exceeding rates in Uganda (13%) and
Ghana (28.9%) 4>*3 due to differences in study design.
Uncontrolled hypertension can harm kidneys thereby
reducing GFR, impacting protein reabsorption and
causing proteinuria 4445,

Reduced renal function prevalence among
hypertensives was 79.4% (95% CL 729 to 84.9),
increasing with age, notably among women and this
was in line with research in the United States where
CKD risk was slightly greater in women at 14% than
in men, 12% “°. This prevalence was high compared
to that in Ghana (46.9%) and among osteoarthritis
patients in Kenya (61.9%) due to differences in study

approaches and participants 4748

Electrolyte abnormalities were evident: 39.68%
had hypernatremia, 28.04 % hyperkalemia, and 41.27 %

slightly elevated chloride levels, similar to another
study in Kenya where electrolyte abnormalities
were noted in CKD 3. Electrolyte imbalances have
been known to contribute to high blood pressure
49, Hyperkalemia occurred in hypertensives with
reduced eGFR, primarily due to decreased kidney
function leading to impaired potassium excretion.
This condition was linked to risk factors such as
CKD 2. Hypertensives in stage G3b had high risk of
progressive renal disease (29.1%), G3a had moderate
risk (14.8%) and G1 exhibited the lowest risk (3.2%).

Studies have shown that renal function declines
with age 512,

There was a significant, strong, positive and linear
relationship between blood pressure, creatinine and
urea levels which indicated that an increased blood
pressure resulted into higher levels of these markers
because hypertension gradually damages kidneys
impacting filtration of these waste products .

There was a significant, strong, negative
relationship between blood pressure and estimated
GFR, indicating that high blood pressure resulted
into decreased GFR. Contrary to findings by Eriksen,
where the impact of hypertension on GFR was
unclear, this study suggests a negative effect >*.

Limitations of the study.

The study was retrospective and calculated GFR
based on a single serum creatinine level, possibly
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causing slightly higher CKD prevalence than other
studies. Also based on the single creatinine levels
obtained, it didn’t distinguish AKI and CKD due
to data limitations, leading to a potential high CKD
prevalence amongst hypertensives at KNH.

CONCLUSION, RECOMMENDATIONS,
CONEFLICT OF INTEREST AND SOURCE OF
FUNDING STATEMENT.

Conclusion

The prevalence of reduced kidney function was
high in hypertensives at Kenyatta National Hospital,
eGFR. Electrolyte
imbalances were common. CKD rates were high

shown by proteinuria and

with hypertension. Significant links existed between
hypertension and abnormal serum parameters,
particularly affecting females more and adults aged
250 years. It's paramount that early screening and
treatment strategies can improve the quality of life
for hypertensive patients.

RECOMMENDATIONS.

1. Implementation of early target screening
programs for hypertension and kidney
disease at Kenyatta National Hospital.

2. Implement a nation-wide surveillance
program for hypertension and kidney
disease including high risk groups such as
CVD, obesity and diabetic patients to enable
early detection.

SOURCE OF FUNDING. This retrospective
study was funded by support from my parents and
relatives who selflessly and greatly contributed to the
success of the research.

CONFLICT OF INTEREST. There was no
conflict of interest during the study.

APPENDIX

ABBREVIATIONS AND ACRONYMS

TUM: Technical University of Mombasa.
HTN: Hypertension.

NKEF: National Kidney Disease.

CKD: Chronic Kidney Disease.

KNH: Kenyatta National Hospital.

BP: Blood Pressure.

eGFR: estimated Glomerular filtration rate.

RBP: Resting Blood Pressure.

AHA: American Heart Society.

mmHg: millimeters of mercury.

ESRD: End stage renal disease.

RRT: Renal replacement therapy.

KDIGO: Kidney Disease Improving Global
Outcomes.

KDOQI: Kidney Disease Outcomes Quality
Initiative.

HBP: High Blood Pressure.

CVD: Cardiovascular disease.

CKD-EPI: ChronicKidneyDiseaseEpidemiology

Collaboration.

OPERATIONAL DEFINITIONS

Hypertension: A condition characterized by
persistent high blood pressure levels. AHA defines
it as above 130/80 mmHg and 180/120 mmHg is
considered severe.

Systolic pressure: The amount of pressure in the
arteries as the heart muscle contracts.

Normal: £ 120mmHg, Elevated: 120-129mmHg,
Stage 1 HTN: 130-139mmHg, Stage 2 HTN: =
140mmHg, HTN crisis: 2180 mmHg.

Diastolic pressure: The pressure within the
arteries that occurs between heartbeats.

Normal: < 80mmHg, Stage 1 HTN: 80-89mmHg,
Stage 2 HTN: = 90mmHg, Hypertensive crisis:
>120mmHg,.

Biochemical alterations: shift in biochemistry

parameters from the normal range.

Serum electrolytes: minerals found in the serum
that carry an electric charge and keep the internal
environment balanced, nervous system, and muscles
functioning.
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Serum creatinine: Waste product of breakdown
of creatine phosphate from muscle tissue.

Proteinuria: Presence of abnormal protein

quantity in the urine.

GFR: Rate at which extra fluids and waste are
filtered from the blood by kidneys.

End stage renal disease: An advanced stage loss
of kidney function.

Spectrophotometry:
used to measure how much an analyte absorbs light

An analytical method

intensity at different wavelengths.

Pathophysiology: Physiological process

associated with disease or injury

Renin-angiotensin system: A collection of
hormones that regulate blood pressure and water
content in the body.
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