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Background: Human immunodeficiency virus (HIV) affects every organ system in the body 
through impairment or by rendering the patient vulnerable to opportunistic infections. The 
kidney is the vital organ in the excretion of waste products and toxins (urea, creatinine and 
uric acid), and regulation of extracellular fluid volume, serum osmolality and electrolyte con-
centrations. The risk of kidney disease is greater in HIV-infected individuals than in the general 
population. This study aimed to assess the magnitude of renal function impairment and its 
associated factors among adult HIV-positive patients attending an ART clinic in Mettu Karl 
Referral Hospital, Mettu town, south-west Ethiopia.
Methods: The institution-based, cross-sectional quantitative study was conducted from 
March 8 to May 30, 2020. A total of 352 clients participated and a systematic sampling 
technique was used to allocate study participants. Data were entered into Epi data and 
exported to SPSS version 22 for analysis. Bivariate analysis was conducted to identify 
candidate variables for multivariate analysis at P <0.25. Multivariable logistic regression 
analysis was conducted to determine the predictors of renal function impairment with ART. 
P value < 0.05 was considered to indicate statistical significance.
Results: A total of 352 HIV-infected patients participated in this study with a response rate 
of 98.1%. Out of 352 HIV patients on ART, 73 (20.7%) were found to have renal function 
impairment. Cigarette smoking [AOR = 9.60, 95% CI: 4.73–19.48], diabetes mellitus [AOR 
= 6.16, 95% CI: 2.79–13.59], hypertension [AOR = 4.71, 95% CI: 1.98–11.17] and low CD4 
count [AOR = 6.47, 95% CI: 3.31–12.64] were found to be independent predictors of renal 
function impairment among adult HIV positive patients.
Conclusion: The prevalence of renal function impairment among HIV patients on ART is 
high. Hypertension, diabetes, cigarette smoking and low CD4 count were associated factors 
of renal function impairment. HIV patients on ART should be regularly screened for early 
diagnosis and management of renal function impairment.
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Background
Human immunodeficiency virus (HIV) affects every organ system in the body through 
impairment or by rendering the patient vulnerable to opportunistic infections.1 The 
kidney is the vital organ in the excretion of waste products and toxins (urea, creatinine 
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and uric acid), and regulation of extracellular fluid volume, 
serum osmolality and electrolyte concentrations.2

Kidney is among the commonest sites of infection in 
HIV-positive patients.1 Renal disease in people with 
HIVmanifests in multiple ways, including acute kidney 
injury (AKI), HIV-associated kidney disease, comorbid 
chronic kidney disease (CKD), and treatment-related kid-
ney toxicity.3 Screening for renal disease is recommended 
for all HIV-infected ptients at diagnosis of the infection 
and at the beginning of antiretroviral therapy (ART).4

Globally, renal function impairment among adults living 
with HIV estimated using the MDRD was 6.4%, using the 
CKD-EPI equation was 4.8% and using the Cockcroft-Gault 
(CG) formula was 12.3% and renal function impairment is 
different in various part of the world; its magnitude in North 
America was found to be 6.5%, in South America 6.2%, in 
Europe 2.7%.5

In sub-Saharan Africa (SSA) the prevalence of renal 
function impairment in people living with HIV (PLWHIV) 
has been shown to be high, ranging from 25–77%.6–8 In 
Ethiopia, two studies conducted in Bahir Dar town and 
Jimma showed that 30.1% and 18.2% of HIV patients, 
respectively had renal function impairment.9,10

The risk of kidney disease is greater in HIV-infected 
individuals than in the general population. It is associated 
with poor outcomes, including increased morbidity and 
risk of death.11 Early diagnosis and regular monitoring 
for renal impairment in HIV-positive patients is necessary 
for prognosis, medication dosing, and treatment. The 
World Health Organization recommends assessing creati-
nine clearance for patients at initiation of tenofovir and 
every 6 months “if feasible”, although inability to test does 
not preclude tenofovir use.12

Renal function impairment that might progress to end- 
stage renal disease requiring dialysis and renal transplant 
can be diagnosed in its earlier stage through routine 
screening and careful attention to changes in renal 
functions.13 In developing countries like Ethiopia where 
renal transplant and dialysis are rarely accessible, early 
detection of renal disease has clinical and financial impli-
cations for people living with HIV/AIDS.14

Among others, HIV RNA levels >4000 copies/mL, low 
CD4 counts, personal history of kidney disease, female 
gender, longer period on ART, dehydration, opportunistic 
infections, aging, hypertension and diabetes are factors that 
increase the risk for renal function impairment in PLWHIV. 
Recognition of common risk factors for kidney disease in 
PLWHIV is important to guide efforts aimed at prevention 

and early diagnosis. Despite this, data regarding renal 
impairment in HIV disease among Ethiopians are rare.

Although guidelines and studies recommend the use of 
the chronic kidney disease epidemiological collaboration 
(CKD EPI) equation to calculate eGFR in HIV-infected 
patients compared with other equations,15,16 no study has 
considered the use of CKD EPI in Ethiopia. Therefore, the 
aim of this study is to assess the prevalence of renal 
function impairment and associated factors among adult 
HIV-positive patients attending ART clinic in Mettu Karl 
referral hospital.

Methods
Study Design and Setting
A hospital-based, cross-sectional study was conducted 
from March 8–May 30, 2020 at Mettu Karl Referral 
Hospital, south-west Ethiopia. The hospital is located in 
Mettu, which is 600 km away from Addis Ababa, the 
capital city of Ethiopia. It delivers diversified health ser-
vices and clinics such as antenatal care (ANC) clinics, 
tuberculosis (TB) clinics, anti-retroviral therapy (ART) 
clinics, and ophthalmology clinics. The hospital has 1378 
dult patients living with HIV/AIDS registered for follow- 
up care.

Study Population
All adult patients living with HIV/AIDS who were attend-
ing follow up in Mettu Karl referral hospital from 
March 8–May 30, 2020 were included in the study. 
However, those who were critically ill and unable to 
participate in the interview, pregnant women, 
patients with known renal disease before start of ART 
and also those who had an ART period of fewer than 6 
months were excluded.

Sample Size Determination and 
Procedure
The sample size was determined by using a single popula-
tion proportion formula. Expecting an overall renal func-
tion impairment rate of 25.4%17 at a 95% confidence 
interval (CI), and after adding 5% of the calculated sample 
size for possible non-response, 352 patients were inter-
viewed. The representative sample was selected using 
a systematic random sampling technique. The individual 
patients were approached through calculating sampling 
interval Kth, [N/n]. Accordingly, of the total number of 
adults living with HIV/AIDS (N= 1378), n = 359 patients 
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was the calculated final sample size, yielding a sampling 
interval of three. The first patient to be interviewed was 
selected using the lottery method from the first three 
individuals. Finally, study participants were picked by 
selecting every third patient that came to the ART clinic 
during the study period to make the exit interview.

Data Collection Method and Survey 
Instrument
Data were collected using a pre-tested structured ques-
tionnaire in order to capture information on socio-demo-
graphic characteristics, behavioral factors and bio-clinical 
(HIV-related) factors. A checklist was used to collect data 
from medical records for the outcome variables; creati-
nine was calculated as an estimate of renal function 
(eGFR) using the CKD-EPI equation. Renal impairment 
was classified according to National Kidney Foundation 
clinical practice guidelines based on the GFR as deter-
mined by the CKD-EPI equation, as recommended.15,16 

Accordingly, estimated GFR values ≥ 90 mL/min/1.73 m2 

normal, 60–89 mL/min/1.73m2 mild, 30–59 mL/min/ 
1.73 m2 moderate, 15–29 mL/min/1.73 m2 severe and < 
15 mL/min/1.73 m2 kidney failure. Renal function 
impairment was defined as eGFR < 60 mL/min/ 
1.73 m2.18

Anthropometric Measurement
Anthropometric measurements consist of each client’s 
weight and height. Participants’ weight was measured 
by portable Seca digital floor scale. The scale was cali-
brated regularly to ensure accurate measurements. 
Participants were informed to wear minimum clothing 
and to stand upright and unsupported in the middle of 
the scale’s platform. Reading of weight was taken to the 
nearest 0.1 kg. Participants’ height was measured using 
a Seca measuring rod. Participants were informed to be 
barefoot, legs straight, shoulders relaxed and to look 
straight ahead at the horizontal plane. With each partici-
pant looking straight ahead, the headpiece was lowered to 
touch the crown of their head gently but firmly. Reading 
of height measurement was taken to the nearest 0.1 cm. 
Then, BMI of the participants was calculated as weight 
in kg divided by height in meters squared and subjects 
were considered as either underweight (BMI < 18.5 kg/ 
m2), normal (BMI = 18.5–24.9 kg/m2) or overweight 
(BMI ≥ 25 kg/m2).9

Blood Sample Collection and Handling
Blood specimens were collected from each study parti-
cipant for laboratory investigations. Five mL of venous 
blood was drawn from each participant into a syringe for 
renal function test. The blood sample was dispensed into 
a gel-coated serum separator test tube and centrifuged at 
3500 rpm for 10 minutes for the separation of the serum. 
Serum was frozen at −18°C when analyses are not car-
ried out immediately. Serum creatinine was estimated 
using a Roche/Hitachi 902 Analyzer, Germany. For bet-
ter quality of laboratory results, blood specimens were 
collected, processed and analyzed following standard 
operating procedures (SOP).Quality control samples 
were used for all laboratory tests. The results of all 
laboratory tests were recorded in a standardized report 
format carefully and attached to the questionnaire 
according to the subject’s unique identification number.

Data Collection Personnel and Technique
Data were collected by two trained Bachelor degree holder 
nurses, a Bachelor degree holder laboratory technologist 
drew the blood samples and one medical doctor supervisor 
regulated and managed the data collection procedure. Data 
were collected using a face-to-face structured questionnaire. 
Medical records of adults living with HIV/AIDS were 
reviewed to extract data on baseline CD4, WHO stage, drug 
regimen, opportunistic infection, comorbidity, and regular 
follow-up.

Data Quality Control
Data quality was ensured by giving training for data col-
lectors and strict supervision during data collection. A pre- 
test was conducted on 5% of the sample size in the Bedele 
general hospital before the actual data collection.

Data Processing and Analysis
The responses from each study participant were analyzed 
using Statistical Package for the Social Sciences (SPSS) 
software version 22.0 for Windows (SPSS Inc., Chicago, 
IL) and were double-checked for accuracy. Descriptive 
aspects of analyses were done through calculating mean, 
standard deviation, frequencies, and percentages. 
Multivariable analysis was carried out to identify indepen-
dent predictors of renal function impairment and to control 
confounders. The 95% CI and P-value < 0.05 were used to 
assess the significance of the association.
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Operational Definitions
Renal impairment: defined as eGFR < 60 mL/min/1.73 m2 

calculated by the Cockcroft-Gault formula.
Current smoking: at least one cigarette per day in the 

past 30 days.
Opportunistic infection: an infection caused by pathogens 

that take advantage of an opportunity not normally available.
Comorbidity: patients who had other chronic non-com-

municable disease/s that was previously diagnosed (e.g. 
hypertension, diabetes mellitus).

Ethics Approval
Ethical clearance and approval letter was obtained from 
the institutional review board of Jimma University, 
Institute of Health. An official letter of support was 
secured from Mettu Karl referral Hospital. Informed writ-
ten consent was obtained from each participant after 
describing the benefits and risks of the study. Any infor-
mation concerning the participants was kept confidential 
and the specimens collected from the participants were 
analyzed only for the intended purposes. Results where 
eGFR < 60 mL/min/1.73 m2 were communicated to the 
internal medicine unit in the hospital for appropriate man-
agement. This study was conducted in accordance with the 
Declaration of Helsinki.

Results
Socio-Demographic Characteristics
A total of 352 HIV infected patients participated in this 
study with response rate of 98.1%. Out of total partici-
pants, 198 (56.2%) were females. The mean (±SD) age of 
the study participants was 43.42 (± 13.95) years. 
The majority, 172 (48.9%), of the participants were 
Muslim, followed by Orthodox 112 (31.8%), and 207 
(58.8%) of them were married. Out of the total, 161 
(45.7%) had completed Diploma and above, 185 (52.6%) 
were government employees, 274 (77.8%) were urban 
residents and 177 (50.3%) had family monthly income of 
greater than 3500 birr (ETB) (Table 1).

Behavioral Factors of Participants
Among the 352 participants 60 (17%) have history of 
smoking cigarettes. Sixty (17%) are current smokers, 
among these 55 (91.7%) smoke every day and the rest 5 
(8.3%) smoke on some days.

Bio-Clinical Factors of the Study 
Participants
About 69 (19.6%) participants had opportunistic infec-
tions and the rest 283 (80.4%) had no opportunistic 
infections. Ninety-six (27.3%) participants had co-mor-
bidity. Fifty (14.2%) of the participants were confirmed 
diabetics and were on medication and 42 (11.9%) of 
respondents were confirmed hypertensive and on medica-
tion. Twenty-nine (8.2%) of participants had a family 

Table 1 Socio-Demographic Characteristics of HIV Patients on 
Treatment Attending ART Clinics in Mettu Karl Referral 
Hospital, Mettu Town, South-west Ethiopia, 2020

Characteristics Categories Frequency Percentage 
(%)

Sex Male 154 43.8

Female 198 56.2

Age <40 179 50.9

≥40 173 49.1

Marital status Single 70 19.9

Married 207 58.8

Divorced 75 21.3

Residence Urban 274 77.8

Rural 78 22.2

Religion Orthodox 112 31.8

Muslim 172 48.9

Protestant 57 16.2

Other 11 3.1

Educational No formal 
educational

59 16.8

Primary 
education

46 13.1

Secondary 
education

86 24.4

Diploma and 
above

161 45.7

Income < 3500 175 49.7

≥ 3500 177 50.3

Family history of 

renal impairment

No 323 91.8

Yes 29 8.2
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history of renal disease. About 333 (89.4%) of the parti-
cipants on ART were receiving first-line regimens and 
252 (71.6%) a combination of tenofovir (TDF). Most 
(237; 67.3%) of the study participants were in advanced 
WHO clinical stage (Stages III & IV). The majority (225; 
63.9%) of the participants had a normal body mass index 
(BMI). The mean CD4 count was 251 ±107.9 cells/mm3 

and 134 (38.1%) of the participants on ART had CD4 
count < 200 cells/mm3. The mean (±SD) creatinine level 
was 0.99 (± 0.74) mg/dl. The mean (±SD) serum creati-
nine was 104.2 (±40.04) mL/min/1.73 m2 (Table 2). 
Serum creatinine estimated by CKD-EPI indicated that 
73 (20.7%) of the study participants had estimated GFR 
below 60 mL/min/1.73 m2. Therefore the prevalence of 
renal function impairment was 20.7%.

Factors Associated with Renal Function 
Impairment Among Adult HIV Positive 
Individuals
Bivariate and Multivariable Analysis
Bivariate analysis was done to see associations between 
each independent variable and renal function impairment. 
According to bivariate analysis, sex, cigarette smoking, 
presence of comorbidity, having diabetes mellitus, hyper-
tension, tenofovir based regimen, abnormal body mass 
index, advanced WHO clinical stage and low CD4 count 
showed association with renal function impairment at P < 
0.25 (Table 2). After controlling for possible confounders, 
cigarette smoking, diabetes mellitus, hypertension and low 
CD4 count were statistically significantly associated with 
renal function impairment at P < 0.05.

Accordingly, renal function impairment was statisti-
cally significantly associated with cigarette smoking 
(AOR = 9.60, 95% CI: 4.73–19.48), having diabetes mel-
litus (AOR = 6.16, 95% CI: 2.79–13.59), having hyperten-
sion (AOR = 4.71, 95% CI: 1.98–11.17) and having low 
CD4 count (AOR = 6.47, 95% CI: 3.31–12.64) (Table 3).

Discussion
Renal impairment is a common result of HIV infection and 
it can be due to antiretroviral drugs or drugs used to treat 
certain opportunistic infections. Renal impairment, based 
on single creatinine clearance measurement, was very 
common among HIV-infected adults with clinically non- 
advanced HIV disease in most parts of Africa.19

The prevalence of renal function impairment in this 
study based on glomerular filtration rate using the CKD 
EPI equation was 20.7%. This finding is consistent with 
similar studies done in south-west Nigeria (23.7%), in 
south Nigeria (24.3%), and in Gondar (16.3%).20–22 It is 
higher than in studies which reported 14.5% in Ghana, 
12.9% in Felege Hiwot referral hospital, north-west 
Ethiopia and 7.6% in Jimma University Specialized hos-
pital, south-west Ethiopia.9,10,23 This variation may be 
due to differences in participants among studies; the 
study in Ghana did not include hypertensive and diabetic 
individuals and cigarette smokers were not included in 
the studies from north-west and south-west Ethiopia. In 
addition, the method used to estimate GFR was also 
different; modified diet of renal disease formula was 
used to estimate GFR in Ghana, Cockcroft-Gault method 
in north-west- and south-west Ethiopia, which might also 
contribute to the variation in the prevalence.

Table 2 Bio-Clinical Factors of HIV Patients on Treatment 
Attending ART Clinics in Mettu Karl Referral Hospital, Mettu 
Town, South-west Ethiopia, 2020

Characteristics Categories Frequency Percentage 
(%)

Comorbidity No 256 72.7

Yes 96 27.3

Opportunistic 

infections

No 283 80.4

Yes 69 19.6

Diabetes mellitus No 302 85.8

Yes 50 14.2

Hypertension No 310 88.1

Yes 42 11.9

Body mass index <18.5 66 18.8

18.5–24.9 225 63.9

≥25 61 17.3

WHO clinical stage Non- 

advanced

115 32.7

Advanced 237 67.3

CD4 count < 200 134 38.1

≥ 200 218 61.9

Tenofovir-based 
regimen

No 100 28.4

Yes 252 71.6
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Table 3 Bivariable Analysis of Factors Associated with Renal Function Impairment Among HIV Patients Attending ART Clinics in 
Mettu Karl Referral Hospital, Mettu Town, South-west Ethiopia, 2020

Characteristics Categories Renal Function Impairment Crude OR (95% CI) P-value

No (n = 279) Yes (n = 
73)

Sex Male 117 37 Ref.

Female 162 36 0.70[0.42–1.18] 0.181*

Age < 40 139 40 Ref.

≥ 40 140 33 0.82[0.49–1.37] 0.050*

Marital status Single 58 12 Ref.

Married 163 44 1.31[0.65–2.64] 0.460

Divorced 58 17 1.42[0.62–3.23] 0.410

Residence Urban 220 54 0.76[0.76–1.38] 0.372

Rural 59 19 Ref.

Educational status No formal education 46 13 1.14[0.55–2.36] 0.725

Primary education 31 15 1.95[0.94–4.04] 0.375

Secondary education 73 13 0.72[0.35–1.45] 0.357

Diploma and above 129 32 Ref.

Family history of renal 

impairment

No 255 68 Ref.

Yes 24 5 0.78[0.29–2.12] 0.628

Occupation Unemployed 59 27 3.07[0.64–5.74] 0.462

Government 
employee

161 24 Ref.

Self-employed 33 10 2.03[0.89–4.65] 0.934

Student 15 8 1.01[0.28–3.65] 0.992

Other 6 9 10.06[0.45–30.79] 0.845

Income < 3500 127 48 0.65[0.35–3.47] 0.681

≥ 3500 152 25 Ref.

Cigarette smoking No 253 39 Ref.

Yes 26 34 8.48[4.60-15.64] 0.000*

Comorbidity No 221 35 Ref.

Yes 58 38 4.14[2.40–7.12] 0.000*

Opportunistic infections No 224 59 Ref.

Yes 55 14 0.97[0.50–1.86] 0.918

Diabetes mellitus No 252 50 Ref.

Yes 27 23 4.29[2.28-8.09] 0.000*

(Continued)
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However, the prevalence of renal function impairment 
in this study is lower than studies from Cote d’Ivoire 
(26%), Burundi (45.7%), Tanzania (25%) and Addis 
Ababa (25.4%).24,26,36,37 This difference could be in part 
due to differences in ART regimen, study design, popula-
tions studied, stage of HIV infection and the sample size.

This study found that having hypertension heightened 
the risk of renal function impairment. This finding is 
concordant with studies conducted in Brazil,11 

Washington,24 London,25 and Turkey.26 This might be 
due to the incidence of serum creatinine increases among 
hypertensive patients compared with patients with normal 
blood pressure.27 In addition, it may be because kidney is 
one of the principal target organs of hypertension and most 
disease of kidney is associated with blood pressure 
elevation.

The current study also found that having diabetes 
increased the risk of renal function impairment. This find-
ing is in agreement with previous similar studies done in 
middle income countries,28 San Diego29 and southern 
Ethiopia.30 This could be because diabetic nephropathy, 
a common complication of diabetes, decreases the glomer-
ular filtration rate.

This study shows that those patients with low CD4 
count were found to be more likely to develop renal 

function impairment. This is consistent with previous stu-
dies done in north-west Ethiopia9 and south-west 
Ethiopia.10 Immunological AIDS (CD4 count <200 cell/ 
μL) is known to be associated with development of oppor-
tunistic infections, malignancies and other organ diseases 
that affect kidney functions.

In this study, cigarette smoking was positively asso-
ciated with renal function impairment. This finding is in 
agreement with previous studies done in Japan31 and 
France.32 The possible explanation as to how smoking 
leads to renal function impairment could be that vasodila-
tor compounds such as nitric oxide and atrial natriuretic 
peptide repeatedly released after each cigarette smoked 
eventually cause chronic glomerular hyperfiltration.33 

GFR is therefore decreased during smoking, and this was 
accompanied by a significant decrease of filtration fraction 
and an increase in renovascular resistance.34

Various studies found that old age is an independent 
predictor for renal function impairment.16, 66, 73–75 The 
current study however could not show a consistent result. 
This variation may be due to the population variation and 
different age classification methods used.

This study found that gender was not statistically sig-
nificantly associated with renal impairment. This finding is 
not in line with the studies conducted in Gondar35 and 

Table 3 (Continued). 

Characteristics Categories Renal Function Impairment Crude OR (95% CI) P-value

No (n = 279) Yes (n = 
73)

Hypertension No 251 59 Ref.

Yes 28 14 2.13[1.06-4.29] 0.035*

Body mass index <18.5 46 20 1.84[0.99–3.43] 0.054*

18.5–24.9 182 43 Ref.

≥ 25 51 10 0.83[0.39–1.77] 0.630

WHO clinical stage Non-advanced 101 14 Ref.

Advanced 178 59 2.39[1.27–4.49] 0.007*

CD4 count < 200 86 48 4.31[2.49-7.44] 0.000*

≥ 200 193 25 Ref.

Tenofovir-based regimen No 73 27 Ref.

Yes 206 46 0.60[0.35–1.04] 0.070*

Note: *Statistically significant at P < 0.25, Other_ daily labor. 
Abbreviation: OR, odds ratio.
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Jimma10 that revealed being female is the main predictor 
of renal function impairment. The discrepancy could be 
explained by sociocultural differences, difference in sam-
ple size, and population variation.

Limitations and Strength of the 
Study
The present study assessed the magnitude of renal function 
impairment and its associated factors among adult HIV- 
positive patients attending an ART clinic in Mettu, where 
studies are limited. Therefore, the results of this study 
could be used as baseline data for further studies. Th 
study has some limitations. First of all, creatinine was 
measured at a single point in time; therefore, it may have 
included short-term, reversible causes of renal impairment 
which may overestimate renal impairment. Secondly, there 
was no assessment for proteinuria. Thirdly, this study was 
limited by its cross-sectional design, not longitudinal, and 
the underlying causes of renal impairment were unknown.

Conclusion and Recommendations
The prevalence of renal function impairment was high 
among adult HIV-positive patients attending an antiretro-
viral therapy clinic in Mettu Karl referral hospital. 
Hypertension, diabetes mellitus, low CD4 count and cigar-
ette smoking was associated with renal function impair-
ments in the study participants. What is clear from this 
study is that renal function impairment is common in HIV 
patients. Hence, HIV patients on ART should be regularly 
screened for early diagnosis and management of renal 
function impairment. Those patients with low CD4 count 
and cigarette smokers should be closely followed.
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