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Ab s t r ac t
Background: HIV infection, primarily caused by human immunodeficiency virus type-1 (HIV-1), 
has become a chronic condition with the advent of multidrug antiretroviral therapy (ART). ART 
can lead to adverse effects, including renal dysfunction, especially in patients receiving tenofovir-
based regimens.
Objectives: To find out the associations between renal function and serum parameters, and 
analyze the relationship between renal function and CD4 count in patients on tenofovir-based ART.
Materials and methods: A cross-sectional observational study was conducted at the ART clinic 
of SMS Medical College, Jaipur, from March 2023 to January 2024. The study included 300 HIV 
patients on tenofovir-based ART for at least 6 months. Demographic, clinical, and biochemical data, 
including renal function, serum parameters, and CD4 counts, were collected using a prevalidated 
and pretested structured questionnaire through convenience sampling. Data analysis by SPSS v. 25.
Results: Among 300 HIV patients on tenofovir-based ART for ≥6 months, 45% had mildly decreased 
renal function, while 0.3% experienced kidney failure. Mean age was 37.97 years (SD 11.15), 
with age showing a significant association with renal function (p < 0.001); younger participants 
predominantly had normal renal function, whereas older age groups had higher impairment rates. 
Serum potassium (mean 4.5 mmol/L) and albumin (mean 3.8 gm/dL) levels were also significantly 
associated with renal dysfunction (p < 0.001). Additionally, 87% of patients had undetectable viral 
loads, primarily among those with normal or mildly decreased renal function.
Conclusion: Age, body weight, serum potassium, and albumin levels are significant predictors 
of renal function in HIV patients on Tenofovir-based ART. These findings highlight the need for 
targeted monitoring to preserve renal health in this population.
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Clinical Trial Screening Committee (CTSC), 
Institutional Ethical Committee (IEC), 
Rajasthan University of Health Sciences 
(RUHS), and relevant authorities at SMS 
Medical College, Jaipur. Participant identities 
were anonymized, and participation was 
voluntary.

This observational cross-sectional study 
was conducted from March 2023 to January 
2024 at the ART center, focusing on HIV 
patients on tenofovir-based ART. A sample 
of 300 patients was determined, accounting 
for a 5% at trition rate, based on the 
prevalence of proteinuria in HIV patients on 
ART for 6 months or more. Inclusion criteria 
were HIV patients on tenofovir-based 
therapy for at least 6 months, aged 18–65 
years, with normal renal function before 
treatment. Patients with preexisting kidney 
disease or chronic illnesses were excluded. 
Eligible patients were sampled until the 
target was reached.

Renal function was def ined using 
the estimated glomerular filtration rate 
(eGFR),  calculated through common 
formulas, with six stages of kidney function 
identified based on eGFR values. Key serum 
parameters monitored included serum 
sodium, chloride, potassium, albumin, 
urea, creatinine, random blood sugar, 
CD4 count, and HIV viral load, forming a 
comprehensive methodology to assess 
renal function and related parameters in 
HIV patients receiving tenofovir-based ART.

Statistical Analysis
The collected data were analyzed using 
appropriate statistical software. Descriptive 

In t r o d u c t i o n

Human immunodeficiency virus (HIV) 
infection remains a major global health 

challenge, with over 39 million people living 
with HIV (PLHIV) worldwide.1 The advent of 
antiretroviral therapy (ART) has significantly 
improved survival and quality of life among 
PLHIV, transforming HIV from a fatal disease 
into a manageable chronic condition.2 
Among the various ART regimens, tenofovir 
disoproxil fumarate (TDF)-based therapy 
is widely used due to its potent antiviral 
efficacy, high genetic barrier to resistance, 
and favorable safety profile.3 However, 
concerns regarding its long-term renal 
toxicity have been raised, as TDF is known to 
cause proximal tubular dysfunction, leading 
to renal impairment and altered serum 
biochemical parameters.4

R e n a l  d y s f u n c t i o n  i n  P L H I V  i s 
multifactorial, influenced by HIV-associated 
nephropathy (HIVAN),  oppor tunist ic 
infections, comorbidities such as diabetes 
and hypertension, and the nephrotoxic 
effects of ART.5 CD4+ T-cell count serves as 
a critical marker of immune function in HIV-
infected individuals, and its relationship with 

renal function remains a subject of ongoing 
investigation. Some studies suggest that 
lower CD4 counts may be associated with an 
increased risk of renal impairment, possibly 
due to heightened systemic inflammation 
and immune activation.6 However, the 
specif ic impact of CD4 count on renal 
function in patients receiving TDF-based 
ART has not been fully elucidated, warranting 
further research.

T his  s tu d y a ims to  e x amin e th e 
associations bet ween renal func tion 
and key serum biochemical parameters 
in HIV-positive patients on TDF-based 
ART. Additionally, we seek to analyze 
the relationship between renal function 
and CD4 count to better understand the 
interplay between immune status and renal 
health in this population. The findings of this 
study could have important implications for 
optimizing ART regimens and monitoring 
strategies to mitigate renal complications 
in PLHIV.

Mat e r ia  l s a n d Me t h o d s

Before commencing the study, ethical 
approvals were obtained from the Institutional 
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to provide a measure of precision for the 
estimated prevalence rates.

Re s u lts

The study population consists mainly of 
younger individuals, with 51% in the 18–37 
age group and 42% in the 38–57 age group, 
while only 7% are aged 58–77 years. Males 
make up a significant majority (71%), whereas 
females account for 29%. Regarding body 
weight, most participants fall within the 
45.13–65.13 kg range, with 42%. A smaller 
proportion (22%) falls within the 65.13–75.13 
kg range (Table 1).

The association between viral load 
(copies/mL) and CD4 count among the study 
population. There is an observed increase 
in the number of individuals with viral loads 
>1000 copies/mL as CD4 counts decrease, 
suggesting a correlation between lower CD4 
counts and higher viral loads (Fig. 1).

Table  2 shows that nearly half of the 
participants (45%) have mildly decreased renal 
function, while only 0.3% have kidney failure.

Distribution of renal function by viral 
load level among the study population. The 
data suggest that the majority of individuals 
with undetectable or low viral loads maintain 
normal or mildly decreased renal function, 
whereas severe renal impairment and kidney 
failure are rare across all viral load categories 
(Table 3).

Renal function in relation to the duration 
of tenofovir-based ART. The data do not show 
a clear trend over time, indicating varied 
renal function statuses across different ART 
durations. The mean study duration, based 
on the given data, is approximately 21.02 
months (Fig. 2).

Serum potassium and albumin levels 
showed a significant association with renal 
function (p < 0.001), where lower serum 
albumin and higher serum potassium levels 
correlated with poorer renal function. 
However, serum sodium and chloride levels did 
not show significant associations. Regarding 
CD4 counts, patients with preserved renal 
function had higher counts, whereas those 
with impaired renal function had lower counts 
(Tables 4 and 5).

associations between categorical variables, 
and independent t-tests or Mann–Whitney 
U tests were used to compare continuous 
variables as appropriate. A p-value of less than 
0.05 was considered statistically significant, 
and confidence intervals were calculated 

statistics were calculated for demographic 
and clinical characteristics,  including 
means, medians, and standard deviations 
for continuous variables, and frequencies 
and percentages for categorical variables. 
The Chi-square test was used to examine 

Table 1:  Distribution of variables among the study population

Variables Number (n = 300) Percentage (%)

Age groups 18–37 153 51
38–57 127 42
58–77 20 7

Gender Male 213 71
Female 87 29

Body weight 45.13–55.13 126 42
55.13–65.13 105 35
65.13–75.13 65 22

75.13–85.13 4

Fig. 1: Distribution of viral load with CD4 count among the study population

Table 2:  Distribution of renal functions among study population

Renal functions eGFR (mL/min/1.73 m²) n = 300 Percentage (%)

Normal renal function ≥90 131 43.7
Mildly decreased renal function 60–89 135 45.0
Mildly to moderately decreased renal function 45–59 21 7.0
Moderately to severely decreased renal function 30–44 12 4.0
Severely decreased renal function 15–29 0 0
Kidney failure <15 1 0.3

Total 300 100.0

Table 3:  Distribution of renal functions with viral load among study population

Viral load Total
n (%)

Normal renal 
function

Mildly decreased renal 
function

Mildly to moderately 
decreased renal 

function

Moderately to severely 
decreased renal 

function

Kidney failure

TND 260 (87%) 113 121 16 9 1
50–1000 35 (11%) 14 13 5 3 0

> 1000 5 (2%) 4 1 0 0 0
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function category. The one-way ANOVA 
test shows that these differences are not 
statistically significant (F = 1.46, p = 0.225) 
(Table 6).

Multiple logistic regression analysis 
reveals that S. K+ and S. albumin have a 
significant impact on the odds of the outcome 
occurring. However, S. Na+ and S. Cl− do not 
have a significant effect on the outcome 
(Table 7).

Di s c u s s i o n

Renal Function and Serum 
Parameters
Our study found that 45% of participants 
had mildly decreased renal function, with 
only 0.3% experiencing kidney failure. This 
aligns with Mwemezi et  al.,7 who reported 
a significant association between age and 
renal function. Serum albumin levels were 
significantly correlated with renal function, 
highlighting the role of nutrition.8 Unlike 
Brennan et  al.,9 who reported higher renal 
dysfunction rates, our findings suggest a 
lower prevalence of severe impairment.10,11

Body Weight and Renal Function
Higher body weight correlated with better 
renal function. This contrasts with Nyende 
et  al.,12 who found no such association, but 
aligns with studies linking malnutrition to 
impaired renal function.

Duration of Tenofovir-based ART and 
Renal Function
No significant trend was found between renal 
function and prolonged tenofovir-based 
ART use, consistent with Msango et al.13 This 
contradicts studies suggesting a progressive 
renal decline with extended ART use.

CD4 Count and Renal Function
No significant correlation was observed 
between renal function and CD4 count. This 
differs from Kumarasamy et al.,14 who linked 
renal dysfunction to age and baseline eGFR. 
Other factors, such as body weight and 
serum albumin levels, may have a greater 
influence.

Comparison with Other Studies
Compared with Debeb et al.,15 our study found 
a higher prevalence of renal dysfunction, 
possibly due to population differences. Our 
body weight findings (p < 0.001) contrast 
with Nyende et al.16 The link between renal 
function and serum albumin aligns with 
Gayatri et al.,17 emphasizing the importance 
of nutritional assessment.

CD4 counts vary across the groups, with 
the highest mean count in the normal renal 

The post-ART CD4 counts across different 
renal function stages. The mean post-ART 

Fig. 2: Distribution of renal dysfunctions with duration of tenofovir-based ART among the study 
population

Table 4:  Distribution of renal functions with S. potassium among study population

Renal function Grand total (n) K+ (mean ± SD) p-value

Normal renal function 131 4.04 ± 0.28 ANOVA test
F =70.17;

p < 0.001*
Mildly decreased renal function 135 4.03 ± 0.27
Mildly to moderately decreased renal function 21 4.05 ± 0.27
Moderately to severely decreased renal function 12 4.42 ± 0.43
Kidney failure 1 5.3 ± 0

Grand total 300 4.06 ± 0.30

*signifies the p-value is statistically significant

Table 5:  Association of renal functions with serum albumin among study population

Renal functions Grand total 
(n = 300)

S. albumin One-way analysis of 
variance (ANOVA)

Normal renal function 131 4.48 ± 0.05 F = 61.56;
p < 0.001*Mildly decreased renal function 135 4.14 ± 0.27

Mildly to moderately decreased renal function 21 4.03 ± 0.49
Moderately to severely decreased renal function 12 3.78 ± 0.64

Kidney failure 1 3 ± 0

*Statistically significant values, p-value < 0.05

Table 6:  Association of Renal Functions with Post-ART CD4 count among study population

Renal functions Grand total 
(n = 300)

Post-ART CD4 count One-way analysis of 
variance (ANOVA)

Kidney failure 1 24 ± 0 F = 10.46;
p-value = 0.225Mildly decreased renal function 135 518 ± 48

Mildly to moderately decreased renal 
function

21 541.95 ± 380.55

Moderately to severely decreased renal 
function

12 383.83 ± 193.53

Normal renal function 131 626.02 ± 766.26
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Co n c lu s t i o n

The study concludes that older age is associated 
with poorer kidney function, while higher body 
weight may protect against it. Serum potassium 
and albumin levels are key indicators of kidney 
health. No major gender differences were found, 
and better kidney function was associated with 
improved HIV treatment outcomes.
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Table 7:  Multiple logistic regression among serum electrolytes and albumin

Multiple logistic 
regression

S. E OR p-value 95% CI

Lower Upper

S. K+ 0.625 3.402 0.050 0.999 11.583

S. albumin 2.302 0.001 0.001 0.001 0.001
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