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A B S T R A C T   

Background: The burden and risk of developing chronic kidney disease (CKD) among patients with 
Human Immunodeficiency Virus/Acquired Immunodeficiency Syndrome (HIV/AIDS) is higher 
than in the general population. This study aimed to determine prevalence of and associated 
factors with CKD among adults infected with human immunodeficiency virus at tertiary hospitals 
in Dodoma, Tanzania. 
Method: ology: A cross-sectional study was carried out between November 2022 to April 2023. 
Patients’ demographic data, and clinical measurements were obtained on the day of the visit. 
Laboratory investigations were performed as standard of care. Descriptive and inferential ana
lyses were performed, and variables associated with CKD were identified by multivariable logistic 
regression. 
Results: A total of 223 patients were enrolled, with a median age of 47 (IQR 38–56) years, and 
72.2 % were female. The CKD prevalence was 23.3 % whereby 18.4 % had CKD stage 3a, 4.5 % 
had CKD stage 3 b, and 0.4 % had CKD stage 4. CKD was observed largely among patients with 
obesity (34.15 %), anemia (29.41 %), hypertension (45.00 %), and diabetes mellitus (50.00 %). 
Variables with higher odds for CKD after adjusted analysis were hypertension (OR 3.03, 95 %% CI 
1.29–7.11, P = 0.0109), diabetes mellitus (OR 4.50, 95 % CI 1.35–15.03, P = 0.0144), obesity 
(OR 3.07, 95 % CI 1.11–8.47, P = 0.0301), anaemia (OR 2.42, 95 % CI 1.12–5.26, P = 0.0252) 
and for each one-unit increase in age (years), there was statistically significant increase in the 
odds of having CKD by 1.084 folds (OR = 1.084, 95 % CI 1.039–1.131, p = 0.0002). 
Conclusion: The prevalence of CKD among patients with HIV/AIDS is high. Age, obesity, anaemia, 
hypertension, and diabetes mellitus were strongly associated with CKD suggesting a need for 
integrating initiatives for non-communicable disease control in this population.   
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1. Introduction 

Chronic kidney disease (CKD), is defined as decreased kidney function identified by glomerular filtration rate (GFR) of less than 60 
ml/min per 1⋅73 m2, or markers of kidney damage, or both, of at least 3 months duration, regardless of the underlying cause [1]. CKD is 
a global public health issue that has risen from the 27th to 12th most common cause of mortality in the previous two decades [2]. 
Globally the prevalence of CKD in the general population ranges between 8 and 16 %, while the prevalence of CKD among patients 
with HIV/AIDS varies geographically between 2.3 and 53.3 % [3]. The burden of HIV infection is highest in Sub-Saharan Africa with 
75 % of new infections occurring in this region [4]. According to Samar et al. (2017) meta-analysis, the pooled prevalence of CKD 
among patients with HIV/AIDS in Africa was 24.7 % [5]. 

The prevalence of CKD among persons with HIV/AIDS varies across Sub-Saharan Africa, South Africa reported a prevalence of 28.5 
%, Ethiopia 16.1 %, rural Tanzania 15.7 %, Nigeria 24.8 % and Cameroon had higher prevalence with 44.4 % affected [6–10]. The 
delay in diagnosing CKD among patients with HIV/AIDS carries a high mortality, in the study done in Cameroon, mortality due to CKD 
among patients with HIV/AIDS was 49 % within one year of diagnosis, one of the contributing factors is delayed detection of CKD and 
late referral to nephrologists [11]. Recent evidence suggests that the prevalence of CKD among patients with HIV/AIDS is rising, 
including end-stage kidney disease (ESKD), and patients with HIV are more likely than those without HIV to acquire ESKD, with a 2- to 
20-fold increased risk compared to the general population [10]. The widespread use of ART has resulted in the decline of the hallmark 
kidney disease of HIV infection, HIV-associated nephropathy (HIVAN), however, the frequency of CKD among patients with HIV has 
increased at the same time [12]. Patients with HIV who are receiving ART have increased survival and are subjected to lifetime ART, 
which has the potential to cause or worsen kidney damage, also with increased survival the patients with HIV are subjected to 
age-related comorbidities like hypertension and diabetes which are also important risk factors for CKD [13]. 

Both HIV-related factors and traditional factors are among the risk factors for the development and progression of CKD in patients 
with HIV [14]. These factors include host genetic susceptibilities such as APOL1 gene, sickle cell trait, obesity, older age, black race, 
illicit drug use, herbal medication, hyperlipidemia, HIV-viremia, long HIV-infection duration, and low CD4 T lymphocyte count [15]. 
Moreover, it is worth mentioning that anemia and proteinuria are associated with the development and progression of CKD, and also 
are poor prognostic markers for CKD [16]. Understanding the prevalence and factors associated with CKD among patients with 
HIV/AIDS in our settings is vital for better treatment interventions and improved outcomes. Thus, this study aimed to assess the 
prevalence of and factors associated with CKD among patients with HIV/AIDS attending tertiary hospitals in Dodoma, Tanzania. 

2. Material and methods 

2.1. Study design, population, and settings 

This was a cross-sectional study designed at Care and Treatment Centers [CTCs] in Dodoma Referral Regional Hospital [DRRH] and 
Benjamin Mkapa Hospital [BMH] in Dodoma, Tanzania conducted from November 2022 to April 2023. The Benjamin Mkapa Hospital 
and DRRH are tertiary hospitals in Dodoma with a bed capacity of 400 and 420 respectively. Both hospitals are teaching hospitals for 
the University of Dodoma (UDOM) and provide both specialized and super specialized healthcare to central and nearby zones of 
Tanzania. The DRRH and BMH have CTCs that serve about 3000 patients with HIV/AIDS per month who have free access to Anti- 
Retroviral Therapy [ART]. Study participants were adult patients with HIV/AIDS over the age of 18 years who attended CTCs at 
BMH and DRRH with at least 6 months of ART use, good adherence to ART, and after giving their consent. Adherence was defined as 
good if it is ≥ 95 % (<2 doses of 30 doses or <3 doses of 60 doses is missed) as documented by ART Healthcare [17]. The participants 
with a history of CKD before the diagnosis of HIV/AIDS and pregnant women were excluded from the study. 

2.2. Data collection and laboratory procedures 

The sample size was obtained using Kish and Leslie’s sample size calculation, the minimum required sample size of this study was 
203 patients who had HIV/AIDS. Consecutive sampling technique was used whereby every patient who met the inclusion criteria 
during the study period was enrolled into the study until the last participant. Participants who consented were interviewed utilizing a 
structured questionnaire, The information on social demographics such as gender, age, level of education, duration since diagnosis of 
HIV/AIDS, and medical history about co-morbidities such as hypertension and diabetes and presence of other risk factors for CKD such 
as illicit drugs, herbal medication, nephrotoxic drugs were collected and filed into a questionnaire. The automated digital blood 
pressure machine of HEM-7360 E of Omron brand was used to measure blood pressure (BP) in each participant. All BP measurements 
were taken following American Heart Association guideline, Measurement of Blood Pressure in Humans, A Scientific Statement From 
the American Heart Association, 2019 [18]. Hypertension was defined as an average of two BP measurements (2 min apart) of 
≥140/90 or a patient who is using antihypertensive medications [19]. The Body weight and height were measured, and the Body Mass 
Index (BMI) was calculated and classified according to the Report of a WHO Consultation Obesity: Preventing and Managing The 
Global Epidemic [20], whereby BMI was classified as follows, underweight <18.5, normal 18.5–24.9, overweight 25.0–29.9, obesity 
>30. The laboratory tests done included HIV-RNA viral load, CD 4 T lymphocyte count, Full Blood Picture, viral hepatitis B infection, 
viral hepatitis C infection which were performed and analyzed by Cobas 6000 analyzer (Roche Diagnostics, USA). Blood sugar levels 
(FBG/RBG) were done according to standard operating procedures and urinary protein creatinine ratio (uPCR) was calculated by 
dividing the amount of protein (g/dl) by the creatinine level (g/dl) in a spot urine test. The serum creatinine was measured by using a 
well-calibrated Erba XL 200 Automatic Biochemistry Analyzer made by Erba Mannheim company in Germany. The results were 
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measured in μmol/L and then eGFR was calculated by using CKD-EPI formula 2021 and measured in ml/min/1.73 m2 [21]. All the 
laboratory procedures in this study were operated following the standard operating procedures from the Benjamin Mkapa and Dodoma 
Regional Referral Hospitals accredited laboratories. Based on eGFR the CKD was classified under the KDIGO guideline of 2012 as Stage 
3a eGFR from 45 to 59, Stage 3 b eGFR 30–44, Stage 4 eGFR 15–29, Stage 5 EGFR <15 ml/min/1.73 m2 [22]. HIVAN is defined as a 
combination of eGFR of < 60 ml/min/1.73 m2 [13], nephrotic range proteinuria by uPCR ≥3.5 g/g [23], CD4-count of <200 cells/mL 
[24], detectable HIV-RNA viral load and with the pathologic findings of collapsing focal segmental glomerulosclerosis [25]. 

2.3. Data management and analysis 

A statistical software IBM SPSS Statistics version 27, was used for data analysis, and data cleaning was performed before analysis. 
Descriptive analysis was used to summarize variables whereby, categorical variables were presented as proportions and frequency 
tables, and continuous variables were reported as medians with interquartile range. Differences between groups of patients with CKD 
and those without CKD were compared by using the Chi-square test, and the Fishers-exact test was used when more than 20 % of our 
cell counts had an expected frequency of less than 5. Logistic regression was used to examine the association between variables, and 
Odds ratios with the 95 % confidence interval (CI) were used to quantify the degree of association between variables and CKD. 
Variables with a p-value of less than 0.2 on univariate logistic regression models were then fitted into the multivariate logistic 
regression models, variables with a p-value of less than 0.05 were considered to have significant strength of association. 

2.4. Ethical issues 

Before the conduction of this study ethical approval was obtained from the University of Dodoma Ethical Committee (Institutional 

Fig. 1. Patients’ enrolment and categorization flow chart.  
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Research Review Ethical Committee-IRREC), Reference number MA.84/261/63/103 prior conduction of this study. Written informed 
consent was obtained from each of the participants before embarking on data collection. 

3. Results 

In this study 236 participants were assessed for eligibility according to inclusion and exclusion criteria, 13 participants were 
excluded, of which 11 declined to participate and 2 were pregnant. Therefore 223 patients were enrolled in this study, The overall 
prevalence of CKD (eGFR <60 ml/min/1.72 m2) by CKD-EPI (2021) was 52 (23.3.%), while one subject 1 (0.45 %) had HIVAN (Fig. 1). 

3.1. Socio-demographic and clinical characteristics of the study participants 

Of the 223 study participants, (72.2 %) were female, and the mean age of the participants was 47 (38–56) years. The majority of the 
participants (59.6 %) had a primary level of education and a few (9.4 %) had tertiary level education. Almost half (49.3 %) of the 
participants were married, 20.2 % were single, and 15.2 % were divorced or were widows/widowers. The median Body Mass Index 
was 24.78(IQR 22.43–28.60) kg/m2, median systolic blood pressure 126(IQR 115–136) mmHg, median diastolic blood pressure 70 
(IQR 65–85) mmHg, median duration of HIV infection was 7 (3–11) years. The median CD 4 T lymphocyte count was 588(IQR 
358–761) cells/mL, median serum creatinine level 91(IQR 72–105) μmol/L, median eGFR was 74(IQR 61–95) ml/min/1.73 m2, 
median uPCR was 0.13(IQR 0.12–0.14) g/g and median hemoglobin level 12.2 (IQR 11–13.2) g/dL. Furthermore, 60 (26.91 %) were 
hypertensive, 20 (8.97 %) had diabetes mellitus, 9 (4.04 %) had Chronic hepatitis B and 3 (1.35 %) had hepatitis C. Almost half (42.2 

Table 1 
Socio-demographic and clinical characteristics of 223 patients.  

Characteristics N (%) or Median (IQR) 

Age 47 (38–56) 
Sex 

Male 62 (27.80) 
Female 161 (72.20) 

Education Level 
No formal education 17 (7.62) 
Primary Education 133 (59.64) 
Secondary Education 52 (23.32) 
Tertiary Education 21 (9.42) 

Marital Status 
Single 45 (20.18) 
Married 110 (49.33) 
Divorced 34 (15.25 
Widow/Widower 34 (15.25) 

ART regimen 
TLD 223 (100) 
Other 0 (0.00) 

BMI (kg/m2) 24.78 (22.43–28.60) 
Systolic blood pressure (mmHg) 126 (115–136) 
Diastolic blood pressure (mmHg) 70 (65–85) 
Duration of HIV infection (years) 7 (3–11) 
CD4-lymphocyte count (cells/mL) 588 (358–761) 
Serum creatinine (μmol/L) 91 (72–105) 
eGFR (ml/min/1.73m2) 74 (61–95) 
uPCR (g/g) 0.13 (0.12–0.14) 
Hb level (g/dL) 12.1 (11–13.2) 
Diagnosis of hypertension 60 (26.91 %) 
Duration of hypertension (years) 1 (0–3) 
Diagnosis of diabetes 20 (8.97 %) 
Duration of diabetes mellitus (years) 3.5 (2–5) 
Hepatitis B infection 9 (4.04 %) 
Hepatitis C infection 3 (1.35 %) 
HIV-RNA viral load 
< 50 (copies/mL) 213 (95.5 %) 

50 + (copies/mL) 10 (4.5 %) 
WHO HIV Clinical stage 

I 32 (14.35) 
II 59 (26.46) 
III 94 (42.15) 
IV 38 (17.04) 

Abbreviations, IQR, interquartile range, BMI, body mass index; uPCR, urine protein 
creatinine ratio; eGFR, estimated glomerular filtration rate; CD4, cluster of differenti
ation 4; Hb, Hemoglobin; HIV, human immunodeficiency virus; WHO, World Health 
Organization; HIV, human immunodeficiency virus; RNA, Ribonucleic acid. 
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%) of the patients with HIV/AIDS were in WHO stage III, 26.5 % of the patients were in WHO stage II, 17.0 % of the patients were in 
WHO stage IV and 14.4 % were in WHO HIV/AIDS clinical stage I. The majority (95.5 %) of the patients had HIV-RNA viral load of <50 
copies/mL with very few 10 (4.5 %) having≥ 50 copies/mL (Table 1). 

3.2. Clinical pattern of CKD among patients with HIV/AIDS 

Of 223 participants 41 (18.39 %) had CKD stage 3a, 10 (4.48 %) had CKD stage 3 b, and 1 (0.45 %) subject had CKD stage 4 (eGFR 
of 28 ml/min/1.73 m2) with nephrotic range proteinuria by uPCR (6.2 g/g), CD4 T-lymphocyte count of 105 cells/mL and viral load of 
1003 copies/mL. Of all 223 participants, 36 (16 %) had Moderate to severe (A2 and A3) proteinuria by uPCR as per KDIGO classi
fication, while participants with CKD stage 3 consist majority 24 (66.7 %) of the population with proteinuria (Table 2). 

Concerning age, a large proportion of CKD was observed among patients aged 40 years and above 51 (32.68 %%), With respect to 
BMI, a significant proportion of CKD was observed among patients with obesity 14 (34.15 %), Regarding co-morbidities, a large 
proportion of those with CKD was observed among patients with hypertension 27 (45.00 %), diabetes mellitus 10 (50.00 %) and 
anemia 35 (29.41 %). Furthermore, a large proportion of those with CKD was observed among patients with more than 10 years of HIV- 
infection diagnosis (39.66 %) (Table 3). 

3.3. Factors associated with CKD among patients with HIV/AIDS 

We divided the patients into two subgroups according to CKD status [ CKD (eGFR <60 ml/min/1.73 m2) vs. No CKD (eGFR ≥60 ml/ 
min/1.73 m2)], seven potential variables were identified after performing univariate logistic regression analyses. Backward elimi
nation reduced this to 5 parameters; Variables with higher odds for CKD after multivariable logistic regression analysis hypertension 
(OR 3.03, 95 %% CI 1.29–7.11, P = 0.0109), diabetes mellitus (OR 4.50, 95 % CI 1.35–15.03, P = 0.0144), Obesity (OR 3.07, 95 % CI 
1.11–8.47, P = 0.0301), anemia (OR 2.42, 95 % CI 1.12–5.26, P = 0.0252) and for each one-unit increase in age (years), there was 
statistically significant increase in the odds of having CKD by 1.084 folds (OR = 1.084, 95 % CI 1.039–1.131, p = 0.0002) (Table 4). 

4. Discussion 

This study assessed the prevalence, clinical pattern, and risk factors for CKD among patients with HIV/AIDS attending CTCs in 
tertiary hospitals in Dodoma, Tanzania. The overall prevalence of CKD among patients with HIV/AIDS is 23.3 %, a large proportion of 
patients with CKD were older than 40 years of age, had obesity, anemia, hypertension, diabetes mellitus, and had a duration of HIV 
infection since diagnosis of more than 10 years. Furthermore, in multivariable analysis age, obesity, anemia, hypertension, and dia
betes mellitus were significantly associated with the likelihood of having CKD, while duration of HIV infection did not show significant 
association with the development of CKD. 

The prevalence of CKD in patients with HIV/AIDS in our study is higher (23.3 %) than in a study that was done in Morogoro 
Tanzania 15.7 %, a study done in Ethiopia 16.1 %, in Mexico 15.8 % and Spain 4.9 % [26–29]. Our findings are also comparable to a 
report of a systematic review on CKD in persons living with HIV, which showed a prevalence of CKD range of 2.3 %–53.3 % [3]. Some 
studies done in Nigeria and Cameroon showed a higher prevalence of CKD in patients with HIV/AIDS, 26 % and 44.4 % respectively 
[30,31]. These observed differences could be due to differences in the characteristics of study participants, such as age, race, and 
geographical location. Furthermore, variations in risk factors such as the prevalence of diabetes and hypertension in the sample 
population could affect the results. Some studies excluded patients with diabetes mellitus and hypertension, other studies recruited 
participants as young as 15 years old. 

Our findings indicate that 51 (22.9 %) out of 52 (23.3 %) had CKD stage 3 and 1 (0.45 %) had an eGFR of 28 ml/min/1.73 m2, with 
very severely increased proteinuria, low CD4 T-lymphocyte count and detectable viral load. This is similar to findings from other 
studies where the majority of patients with HIV/AIDS had CKD stage 3 [32,33]. It was observed in other studies that with the use of 
effective combination ART, the prevalence of severe forms of HIV/AIDS has largely declined, the patients’ survival has been prolonged 
and the spectrum of renal diseases has shifted, whereby, traditional risk factors such as co-morbidities like hypertension and diabetes 

Table 2 
Pattern of proteinuria by uPCR across eGFR categories by CKD-EPI (2021).   

eGFR categories (expressed as mL/min/1.73m2) 
Proteinuria categories (expressed as g protein/g creatinine in urine) 

A1 (<0.150 g/g) 
N (%) 

A2 (0.150–0.499 g/g) 
N (%) 

A3 (≥0.5 g/g) 
N (%) 

Total 

Stage 1 (≥90) 60 (32.09) 4 (17.39) 0 (0.00) 64 (28.70) 
Stage 2 (60–89) 100 (53.46) 5 (21.74) 2 (15.38) 107 (47.98) 
Stage 3a (45–59) 22 (11.76)) 11 (47.82) 8 (61.54) 41 (18.39) 
Stage 3 b [30–44] 5 (2.67) 3 (13.04) 2 (15.38) 10 (4.5) 
Stage 4 [15–29] 0 (0.00) 0 (0.00) 1 (7.69) 1 (0.45) 
Stage 5 (<15) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 
Total 187 23 13 223 

The table demonstrates the number of individuals (%) that belong to each stage of CKD according to both proteinuria level and estimated glomerular 
filtration rate by CKD -EP1(2021). 
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play a greater role in the development of CKD among patients with HIV/AIDS [13,34]. Our study suggested a similar observation, 
whereby a large proportion of CKD was observed among patients who had hypertension and those patients who had diabetes mellitus. 
It is unquestionably established that persistently elevated blood pressure leads chronic kidney damage by hypertensive arteriolar 
nephrosclerosis, while diabetes mellitus leads to diabetic nephropathy which progresses from glomerulobasement membrane thick
ening, to mesangial expansion, nodular glomerulosclerosis, and global glomerulosclerosis [35,36]. In this study, both hypertension 
and diabetes mellitus were significantly associated with the likelihood of having CKD whereby, in adjusted analysis those with hy
pertension had 3.03-fold increased risk and people with diabetes mellitus had a 4.5-fold higher likelihood of developing CKD. 

Studies have shown that age is an important risk factor for the development of CKD among patients with HIV/AIDS [13,37]. It is 
established that, due to physiological changes in each decade after the age of 40 years, there is a progressive decline of eGFR by 8 
ml/min/1.73 m2 [38]. In our study a large proportion of CKD patients was observed among patients with age >40 years. In multi
variable analysis, age was significantly associated with the development of CKD, for each unit increase in age (years), there was 
statistically significant increase in the odds of having CKD by 1.084-fold. However other studies did suggest that age was not 
significantly associated with the development of CKD [39,40]. A possible explanation could be the fact that the majority of the study 
participants in these studies were younger. 

A significant proportion of CKD was observed in patients with obesity in this study, obesity has been mentioned as a risk factor for 
the development of CKD in several studies [41,42]. A compensatory hyperfiltration takes place in obese people to meet the higher 
metabolic needs of their increased body weight, chronically increased intraglomerular pressure can harm the kidneys and increase the 

Table 3 
Clinical pattern of CKD among patients with HIV/AIDS.  

Characteristic All 
N (%) 

No CKD 
N (%) 

CKD 
N (%) 

Chi-Square P-Value 

223 171 (76.68) 52 (23.32)   

Age (years)    22.6266 < 0.0001 
18-39 62 (27.80) 61 (98.39) 1 (0.02)   
40+ 161 (72.20) 110 (68.32) 51 (31.68)   

Sex    0.0261 0.8716 
Male 62 (27.80) 48 (77.42) 14 (22.58)   
Female 161 (72.20) 123 (76.40) 38 (23.60)   

BMI    10.1474 0.0174 
Underweight 7 (3.14) 5 (71.43) 2 (28.57)   
Normal 107 (47.98) 92 (85.98) 15 (14.02)   
Overweight 68 (30.49) 47 (69.12) 21 (30.88)   
Obesity 41 (18.39) 27 (65.85) 14 (34.15)   

Hepatitis B infection     0.2185* 
Negative 214 (95.96) 166 (77.57) 48 (22.43)   
Positive 9 (4.04) 5 (55.56) 4 (44.44)   

Hepatitis C infection     1.000* 
Negative 220 (98.65) 168 (76.36) 52 (23.64)   
Positive 3 (1.35) 3 (100) 0 (0.00)   

Anaemia**    5.2984 0.0213 
No 167 (74.89) 87 (83.65) 17 (16.35)   
Yes 56 (25.11) 84 (70.59) 35 (29.41)   

Hypertension    21.5805 < 0.0001 
No 163 (73.09) 138 (84.66) 25 (15.34)   
Yes 60 (26.91) 33 (55.00) 27 (45.00)   

Diabetes mellitus     0.0096* 
No 203 (91.03) 161 (79.31) 42 (20.69)   
Yes 20 (8.97) 10 (50.00) 10 (50.00)   

HIV-RNA viral load     1.000* 
<50 (copies/mL) 213 (95.52) 163 (76.53) 50 (23.47)   
50+(copies/mL) 10 (4.48) 8 (80.00) 2 (20.00)   

CD4 T-lymphocyte count    1.4531 0.2280 
<500 cells/mL 87 (39.01) 63 (72.41) 24 (27.59)   
500+ cells/mL 136 (60.99) 108 (79.41) 28 (20.59)   

WHO HIV clinical stage    1.5184 0.6780 
I 32 (14.35) 24 (75.00) 8 (25.00)   
II 59 (26.46) 45 (76.27) 14 (22.73)   
III 94 (42.15) 70 (74.47) 24 (25.53)   
IV 38 (17.04) 32 (84.21) 6 (15.79)   

Duration of HIV infection(years)    14.0890 0.0009 
0-5 92 (41.26) 80 (86.96) 12 (13.04)   
6-10 73 (32.74) 56 (76.71) 17 (23.29)   
11-24 58 (26.01) 35 (60.34) 23 (39.66)   

The clinical pattern was based on the Chi-square test, *Fisher exact was used; **Anemia defined as female Hemoglobin level <11.9, Male <13.6. 
Abbreviations; BMI, Body mass index; HIV-RNA, human immunodeficiency virus ribonucleic acid; WHO, World Health Organization; CD-cluster of 
differentiation. 
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likelihood of CKD development [43]. In this study patients with obesity were 3.07-fold more likely to have CKD than those with normal 
body weight. One study done in rural Tanzania demonstrated that obesity was not associated with the development of CKD among 
people with HIV/AIDS [28]. This is possible because the prevalence of obesity is higher in urban areas than in rural areas [44]. 
Anaemia is associated with the development of CKD and End-Stage Renal Disease [45]. Among patients with CKD anemia was observed 
in few patients and when compared to those patients with normal hemoglobin, those with anemia had a 2.42-fold more likely to have 
CKD. 

Studies have reported that HIV-related risk factors for the development of CKD are high HIV-RNA viral load, low CD4 T-lymphocyte 
count, longer HIV infection duration, and advanced WHO HIV clinical stage [46]. It is established that HIV- viremia causes kidney 
damage in different ways, including replication within renal epithelia causing cellular apoptosis and dedifferentiation, furthermore 
low CD4-T lymphocyte count is associated with increased susceptibility to infections, immune response dysregulation, and heightened 
chronic inflammatory state which may lead to the development of the CKD [47]. Our study has shown there was no significant dif
ference in the proportion of patients with CKD and those with no CKD regarding these factors. However, few patients among those with 
CKD had HIV-infection duration of more than 10 years. It was observed that as the duration of illness since diagnosis increased, the 
likelihood of having CKD also increased, although these findings were not statistically significant. A study done in Mexico suggested 
that low CD4 count of <200 cells/mL, HIV-RNA viral load ≥100,000 copies/mL, and advanced clinical stage of HIV were significantly 
associated with the development of CKD, another study from Nigeria demonstrated that a viral load ≥10,000 copies/mL and 
CD4-count of <200 cells/mL were strongly associated with CKD among HIV-infected persons, furthermore, in Zambian study a CD 4 T 
lymphocyte count of <350 cells/mL was significantly associated with CKD in Patients with HIV [29,40,48]. These differences could be 
accounted by the fact that in this study participants were on ART ≥6 months, the majority had undetectable HIV-RNA viral load and 
higher median CD 4 T lymphocyte counts contrary to the participants of mentioned studies which included naïve Patients with HIV, 
majority had lower CD4-count and higher HIV-RNA viral load with advanced WHO HIV/AIDS clinical stage. 

The limitations of this study include: being a cross sectional study rather than interventional or prospective. Also, this study was 
conducted in two tertiary hospitals in Dodoma thus restricting its generalizability to the entire Tanzania. Despite these limitations, this 
study reports a high prevalence of CKD among people living with HIV/AIDS from a treatment and health care resource perspective. 

5. Conclusion 

The prevalence of CKD among people living with HIV/AIDS is high. Age, obesity, anaemia, hypertension, and diabetes mellitus are 
strongly associated with the development of CKD. The study recommends the importance of surveillance and prompt management of 
modifiable risk factors such as hypertension, diabetes mellitus, obesity, and anaemia among HIV-infected patients to delay the 
development and progression of CKD. There is need for more emphasis on integrating non-communicable diseases control initiatives in 
our HIV programs. 

6. Data availability statement 

Data will be made available on request. 

Table 4 
Factors associated with CKD among patients with HIV/AIDS.  

Characteristic unadjusted adjusted 

OR [95 % CI] P-value AOR [95 % CI] P-value 

Age 1.098 [1.061,1.137] <0.0001 1.084 [1.039,1.131] 0.0002 
BMI     

Normal Ref  Ref  
Underweight 2.453 [0.436,13.814] 0.3088 3.961 [0.479,32.742] 0.2015 
Overweight 2.740 [1.294,5.801] 0.0084 1.744 [0.712,4.268] 0.2235 
Obesity 3.180 [1.386,7.406] 0.0073 3.073 [1.114,8.472] 0.0301 

Anaemia     
No Ref  Ref  
Yes 2.132 [1.111,4.094] 0.0229 2.424 [1.116,5.263] 0.0252 

Hypertension     
No Ref  Ref  
Yes 4.516 [2.326,8.769] <0.0001 3.029 [1.291,7.105] 0.0109 

Duration of hypertension (years) 1.336 [0.974,1.832] 0.0725   
Diabetes mellitus     

No Ref  Ref  
Yes 3.833 [1.497,9.813] 0.0051 4.502 [1.349,15.025] 0.0144 

Duration of diabetes mellitus (years) 1.022 [0.654,1.599] 0.9234   
Duration of HIV infection (years)     

0-5 Ref  Ref  
6-10 2.024 [0.897,4.568] 0.0896 0.834 [0.313,2.219] 0.7156 
11-24 4.381 [1.962,9.780] 0.0003 1.019 [0.374,2.777] 0.9710  
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