
Introduction

Kidney issues are an important complication of human 
immunodeficiency virus (HIV) infection, with prevalence 
varying between 5% to 48.5% worldwide [1-3]. Deaths 
due to kidney diseases account for 12.2% of all HIV pa-
tient deaths [4]. In Sub-Saharan Africa, a 67% increase 
in mortality due to nephritis and nephrosis has been 
reported from 1999 to 2006 [5]. Not only are patients with 
HIV infection at greater risk of kidney disease, but they 
are also more likely to experience faster kidney dysfunc-
tion progression compared to individuals without HIV 
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infection [6,7]. Kooij et al [7] in 2017 reported higher 
mortality in end-stage renal disease (ESRD) patients with 
compared to those without HIV infection (94% and 63%) 
[8]. If not treated promptly, HIV patients with renal disor-
der will experience rapid progression to ESRD [9].

Kidney disorders are asymptomatic at early stages; 
hence, early detection is important for appropriate treat-
ment to inhibit progression of kidney disease before it 
becomes irreversible [5]. Guidelines from the HIV Medi-
cine Association of the Infectious Diseases Society of 
America in 2014 recommend screening for early detec-
tion of kidney abnormalities in asymptomatic HIV pa-
tients at diagnosis and at least twice a year thereafter [10]. 
However, these are no routinely implemented screens in 
many countries with a high prevalence of HIV including 
Indonesia. Such examinations are performed only if there 
are indications based on clinical symptoms and selected 
antiretroviral therapy (ART) [11].

CD4 T lymphocytes play an important role in regulat-
ing immune functions and are the main target of HIV. 
Continuous destruction of CD4 by HIV results in loss 
of a specific immune response to HIV and, ultimately, 
loss of non-specific immune responses to opportunistic 
pathogens that are characteristic of acquired immunode-
ficiency syndrome (AIDS). CD4 count is used as a basis 
for ART and as a tool to monitor disease progression and 
ART effectiveness. Change in CD4 cell count is an impor-
tant indicator of patient response to ART. CD4 cell count 
varies according to age in children younger than 5 years. 
Therefore, tests that can be used in this age group involve 
CD4%. Meanwhile, in children aged ≥ 5 years, both CD4% 
and absolute CD4 tests can be used, although absolute 
CD4 tests are preferred [12].

Studies on kidney complications in HIV-infected chil-
dren are lacking, particularly in Asia. Most studies that 
have been performed are from Africa, as the region with 
the highest global HIV prevalence whose citizens are 
known to have a specific genetic predisposition [13]. This 
study aims to determine the correlation between CD4 
and estimated glomerular filtration rate (eGFR) or urine 
protein:creatinine ratio (uPCR) as a marker of kidney 
disorder. Patients older than 5 years were chosen to allow 
uniform use of the CD4 examination.

Methods

A cross-sectional study was conducted on pediatric HIV 
patients at Teratai HIV Clinic Dr. Hasan Sadikin General 
Hospital Bandung in June 2019. The inclusion criteria 
were: 1) children aged 5 to 18 years and 2) known diag-
nosis of HIV infection according to the World Health Or-
ganization (WHO) criteria [14]. Exclusion criteria were: 1) 
history of previous kidney abnormality or 2) urinary tract 
infection, characterized by fever and urinary complaints.

Informed consent was obtained from parents of the 
subjects who met the study criteria. Identified subject 
characteristics consisted of age, sex, age at diagnosis, 
time since diagnosis, duration of ART, type of ART, route 
of transmission, clinical stage at diagnosis, and nadir 
CD4 count. Weight was measured in kilograms (kg) us-
ing a weight scale, while height was measured in centi-
meters (cm) using a stadiometer. Nutritional status was 
determined by the WHO body mass index (BMI) for age 
chart. Two blood samples, each 3 milliliters (mL), were 
collected for CD4 and serum creatinine examination. Se-
rum creatinine was then used to calculate eGFR using the 
Schwartz formula [15]. Five mL of morning urine samples 
were collected from each subject for examination of urine 
protein and urine creatinine and calculation of uPCR.

Normal eGFR values ​​by age were determined based on 
the guidelines from the National Kidney Foundation Kid-
ney Disease Outcomes Quality Initiative (NKF KDOQI). 
Impaired renal function was defined as eGFR < 90 mL/min, 
while proteinuria was defined as uPCR ≥ 0.2, and nephrotic 
proteinuria was uPCR ≥ 1.0 [15,16]. Correlation analysis 
between CD4 and eGFR was carried out with the Pearson 
correlation test, while correlation analysis between CD4 
and uPCR was performed by the Spearman correlation test. 
Data analysis was performed using the IBM SPSS Statistics 
for Windows version 20.0 (IBM Corp., Armonk, NY, USA). 
This study was approved by the Research Ethics Committee 
of Dr. Hasan Sadikin General Hospital, Bandung (approval 
number: LB.02.01/X.6.5/163/2019).

Results

During the study period in June 2019, 45 subjects who 
met the inclusion criteria were enrolled. Three subjects 
younger than 5 years of age were excluded. Table 1 shows 
the demographic and clinical characteristics of the study 
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population. Male and female proportions were almost 
the same (54.8% vs. 45.2%). The youngest age of the sub-
jects was 5 years 7 months, while the oldest was 16 years 
11 months. The median age at diagnosis was 3 years, with 
an average time since diagnosis of 8 years. All patients 
received ART, one of which consisted of lamivudine. Six 
subjects who used tenofovir previously experienced first 
line regimen treatment failure or started treatment dur-
ing adolescence. Most subjects (79%) had normal nu-
tritional status. Only 40 of the 42 subjects had available 
clinical stage at diagnosis. Two patients were initially 
diagnosed with HIV infection in a district hospital and 
private clinic, and we were not able to trace their initial 
history. Twenty-six (65.0%) of the 40 subjects were in ad-
vanced stage (clinical stage III or IV) at the time of diag-
nosis.

The results of CD4, eGFR, and uPCR examinations are 
shown in Table 2 and are classified according to clinical 
stage in Table 3. No statistically significant difference was 

observed among clinical stages. Thirty-three subjects 
(78.6%) were immunocompetent based on CD4 count, 
6 (14.3%) experienced mild immunodeficiency, and 3 
(7.1%) experienced severe immunodeficiency [14]. Dis-
tributions of eGFR and uPCR were abnormal, with ex-
treme values in several subjects. One subject with uPCR 
results far exceeding other subjects (0.65 mg/mg) was 
severely stunted in growth (WHO height for age z score, 
-3.46 standard deviation, SD), with a CD4 count of 60 
cell/mm3 (%CD4+, 5.15%). Another subject with eGFR 
far below that of the other subjects (118 mL/min/m2) was 
the oldest subject (aged 16 years 11 months) and was se-
verely undernourished (WHO BMI for age z score, -4.4 
SD) with proteinuria (uPCR 0.39 mg/mg).

All subjects had eGFR > 90 mL/min/m2. Twenty-one 
subjects (50.0%) had eGFR above the normal value ac-
cording to age. Twelve subjects (28.6%) had proteinuria, 
while none experienced nephrotic proteinuria. Five of 
the 6 subjects (83.3%) who received tenofovir experi-
enced proteinuria (P = 0.005), while only 8 (21.1%) of the 
38 subjects who received zidovudine experienced pro-
teinuria (P = 0.004). Five of the six subjects who used te-
nofovir and experienced proteinuria had been diagnosed 
with HIV stage IV at diagnosis (2 subjects), had mild 
immunodeficiency at examination (2 subjects), or were 
severely stunted in growth (2 subjects).

Correlations between CD4 and eGFR or uPCR are 

Table 1. Subject characteristics (n = 42)
Characteristic Value

Sex
   Male 23 (54.8)
   Female 19 (45.2)
Current age (yr) 11 ± 3
Age at diagnosis (yr) 3 (0.5-8)
Time since diagnosis (yr) 8 ± 3
ART duration (yr) 8 (3-14)
Type of ART
   Lamivudine 42 (100.0)
   Zidovudine 38 (90.5)
   Tenofovir 6 (14.3)
   Nevirapine 21 (50.0)
   Efavirenz 19 (45.2)
   Lopinavir/Ritonavir 2 (4.8)
Nutritional status
   Normal 33 (78.6)
   Moderate malnutrition 6 (14.3)
   Severe malnutrition 3 (7.1)
Clinical stage at diagnosis (n = 40)
   I 5 (12.5)
   II 9 (22.5)
   III 13 (32.5)
   IV 13 (32.5)

Data are presented as number (%), mean ± standard deviation, or median 
(minimum-maximum). 
ART, antiretroviral therapy.

Table 2. Laboratory results
Examination Value

CD4 count (cell/mm3) 796 ± 383
Percentage CD4+ (%) 27.8 (0.7-37.5)
eGFR (mL/min/1.73 m2) 158 (118-215)
uPCR (mg/mg) 0.15 (0.01-0.65)

Data are presented as mean ± standard deviation or median (minimum-maximum). 
eGFR, estimated glomerular filtration rate; uPCR, urine protein:creatinine ratio.

Table 3. Clinical characteristics according to clinical stage
Clinical stage n CD4 count eGFR uPCR

I 5 724 ± 156 165 ± 12 0.138 ± 0.095
II 9 929 ± 417 165 ± 22 0.100 ± 0.099
III 13 754 ± 359 153 ± 14 0.151 ± 0.106
IV 13 785 ± 454 168 ± 29 0.236 ± 0.160
P value 0.716 0.344 0.087

Data are presented as mean ± standard deviation. Analysis was performed 
using one-way ANOVA. 
eGFR, estimated glomerular filtration rate; uPCR, urine protein:creatinine ratio.
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shown in Table 4 and Fig. 1. CD4 count was positively 
correlated with eGFR (r = 0.473, P = 0.001) and negatively 
correlated with uPCR (r = -0.284, P = 0.034).

We performed multivariate analysis to determine the 
correlations of CD4 and tenofovir use with eGFR and 
uPCR, as shown in Tables 5 and 6. We observed that the 
correlation between CD4 and eGFR was 0.415 after being 
controlled by tenofovir. Every 1 cell/mm3 increase of CD4 
increased eGFR by 0.023 mL/min/1.73 m2. Meanwhile, 
the correlation between CD4 and uPCR was -0.390 after 
being controlled by tenofovir. Every 1 cell/mm3 increase of 
CD4 decreased uPCR by 0.00013 mg/mg.

Discussion

This study found that 29% of subjects had proteinuria 
by means of uPCR examination. This result is greater 
than that in a study conducted by Gupta et al [17] (11.5%) 
in 2017. Differences in results between these studies may 
be due to differences in clinical stage and time from diag-
nosis among the subjects. In addition, the previous study 
involved a greater number of subjects (139 subjects) and 

a longer study period (1 year 4 months). The results of 
this study are similar to those of studies conducted by 
Chaparro et al [18] in the United States (33%) in 2008 
and Ikpeme et al [19] in Nigeria (31.6%) in 2012. All these 
studies used uPCR ≥ 0.2 to determine proteinuria. This 
high prevalence indicates that impaired renal function is 
indeed an important complication in HIV patients [20].

This study found that CD4 positively correlated with 
eGFR and negatively correlated with uPCR. Previous stud-
ies have reported mixed results related to CD4 correlation 
with kidney disorders. Gupta et al [17] found no correla-

Figure 1. Correlation between CD4 and estimated glomerular filtration rate (eGFR) or urine protein:creatinine ratio (uPCR).
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Table 4. Correlation between CD4 and eGFR or uPCR

Variable
CD4 count

Correlation 
coefficient (r)

P value 95% CI

eGFR (mL/min/1.73 m2) 0.473 0.001a 0.198 to 0.679
uPCR (mg/mg) -0.284 0.034b -0.075 to -0.469

Analysis was performed using the aPearson, brank Spearman correlation test, 
significant if P < 0.05. 
CI, confidence interval; eGFR, estimated glomerular filtration rate; uPCR, urine 
protein:creatinine ratio.

Table 5. Multivariate analysis of correlation between tenofovir-
controlled CD4 and eGFR

Variable
Unstandardized 

coefficients
Standardized 
coefficients P value

B SE Beta
(Constant) 144.779 7.271 < 0.001
CD4 0.023 0.008 0.415 0.005
Tenofovir -13.28 8.566 -0.218 0.129

Dependent variable: eGFR. 
eGFR, estimated glomerular filtration rate; SE, standard error.

Table 6. Multivariate analysis of correlation between tenofovir-
controlled CD4 and uPCR

Variable
Unstandardized  

coefficients
Standardized 
coefficients P value

B SE Beta
(Constant) 0.25901 0.04319 < 0.001
CD4 -0.00013 0.00005 -0.390 0.008
Tenofovir 0.10016 0.05088 0.275 0.056

Dependent variable: uPCR. 
SE, standard error; uPCR, urine protein:creatinine ratio.
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tion between CD4 and proteinuria, while Chaparro et 
al [18] found a correlation between CD4 and nephrotic 
proteinuria but no correlation with intermediate protein-
uria (uPCR ≥ 0.2, < 1.0). These findings might be due to 
differences in subject characteristics between studies. The 
majority (86%) of subjects in India were in the early clini-
cal and immunological stages, and proteinuria was found 
in only 11.5% [17]. Meanwhile, Chaparro et al. involved a 
greater number of subjects (286 subjects) and a wider age 
range (the youngest being 0.2 years, the oldest being 22 
years). Chaparro et al. used the same proteinuria examina-
tion method and found an incidence of proteinuria of 33%, 
of which 11.2% were nephrotic (uPCR > 1.0). In that study, 
there were no subjects with nephrotic proteinuria [18].

Ikpeme et al [19] found similar results to the pres-
ent study: a correlation between CD4 and proteinuria, 
with a coefficient of -0.2. That study involved a greater 
number of subjects (98 subjects) and a longer study pe-
riod (6 months). Proteinuria was determined by urine 
albumin:creatinine ratio (uACR) test to detect microalbu-
minuria that reflects damage to the glomerular vascular 
endothelium in early stages and decreased tubular ability 
to reabsorb urine albumin. Meanwhile, uPCR examina-
tion includes all non-albumin proteins of both glomeru-
lar and tubular origins. Fisher et al [21] in 2013 compared 
uACR and uPCR tests in chronic kidney disease popula-
tions (with no HIV infection) and found a very good cor-
relation between the two examinations (r = 0.92). uPCR 
was chosen in this study because prior research by An-
tonello et al [16] reports a very good correlation between 
uPCR and 24-hour quantitative protein test as the gold 
standard examination for proteinuria (r = 0.957) in HIV 
children.

This study found a correlation between CD4 cell count 
with eGFR (r = 0.473, P = 0.001) and serum creatinine (r = 
-0.334, P = 0.024). To our knowledge, this is the first study 
investigating the correlation between CD4 and eGFR in HIV 
children. Previous studies were conducted on adult HIV 
patients. Among them are studies by Verma and Singh [22] 
in India (r = -0.26, P = 0.02) and Adedeji et al [23] in Nigeria 
(r = -0.228, P = 0.025). The difference in results may be due 
to differences in subject age, the greater number of subjects 
in the previous studies, and the various mechanisms pos-
sibly underlying kidney complications. Kidney complica-
tions in HIV can occur due to hemodynamic disorders such 
as severe dehydration or hypovolemic shock, nephrotoxic 

ART, direct HIV infection in epithelial cells and renal me-
sangium, or deposition of immune complexes into kidney 
tissue. Nephropathy due to direct infection of kidney cells 
(HIV-associated nephropathy) is the most common cause 
of kidney disease in children and adolescents infected with 
HIV in the world. These complications can be either medi-
ated or not mediated by CD4 [24,25]. This is reflected in the 
results of our study showing that, even though the degree 
of immunodeficiency represented by CD4 can affect the 
degree of renal complications, the low correlation coeffi-
cient indicates the presence of other factors that influence 
kidney complications.

In this study, most of our subjects were in clinical stage 
III or IV at the time of diagnosis. Due to good adherence 
to medications, most of the subjects exhibited normal 
nutritional status and CD4 count. Nonetheless, clinical 
stage reflects prognosis and increased susceptibility to 
HIV-related complications, including kidney complica-
tions [26]. This may explain the considerably high num-
bers of subjects with proteinuria in this study despite 
normal CD4 count in most.

Proteinuria was found in all clinical stages, irrespective 
of sex, time since diagnosis, duration of therapy, and nu-
tritional status. Tenofovir use increased the incidence of 
proteinuria, but proteinuria also appeared to occur with 
use of other drugs, though without any statistical signifi-
cance. This underlines the importance of monitoring kid-
ney function from diagnosis and periodically thereafter 
as a method of early detection of impaired kidney func-
tion in all HIV patients. Urine protein testing is an choice 
for monitoring patients with HIV infection.

Though CD4 cell count is the main parameter deter-
mining ART initiation, ART is administered to children 
at clinical stages III and IV regardless of CD4 count. The 
presence of nephropathy in HIV is one of the criteria for 
diagnosing stage 4 HIV, which requires renal biopsy to es-
tablish a definitive diagnosis. However, this procedure is 
not performed routinely in children. Definitions that are 
widely used in many epidemiological studies consist of 
persistent proteinuria (> 1+ protein on dipstick or uPCR ≥ 
0.2 for more than three months) with enlarged echogenic 
kidneys on ultrasonography and abnormal microscopic 
examination of urine [6,25].

In Indonesia, examination of kidney function is not rou-
tinely performed until there are clinical symptoms [11]. 
If persistent proteinuria is detected and confirmed by 
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ultrasonography or kidney biopsy, ART initiation can be 
performed earlier without waiting for CD4 count decline 
[25]. This is particularly important in children, because 
HIV in children has unique properties compared to HIV 
in adults. Although early manifestations are often mild 
and nonspecific, due to their immature immune systems 
with higher CD4 count, children are more susceptible 
to common childhood and opportunistic infections and 
may experience rapid progression of HIV infection if 
treatment is delayed [27]. In children, ART is said to be 
the most important management tool to inhibit progres-
sion to ESRD [28].

One of the limitations of this study is the cross-sectional 
design, which prevented us from evaluating the per-
sistence of proteinuria. However, of the 27 adolescents 
involved in this study, only 2 were severely undernour-
ished. Furthermore, urine samples were collected in the 
morning, and the subjects rested for at least half an hour 
before collecting urine specimens.

In addition, the results of serum creatinine, eGFR, and 
uPCR had an abnormal distribution. This may be due 
to the nonhomogeneous characteristics of the subjects, 
resulting in extreme values in several subjects. There 
may be confounding factors that influenced the results 
because of the non-strict exclusion criteria. We observed 
that eGFRs in this study were very high. Theoretically, 
this may possibly have been caused by low muscle mass 
of the subjects. However, we were certain that our sub-
jects did not experience muscle hypertrophy. Most of our 
subjects had normal nutritional status, with only three 
being severely undernourished and showing eGFR values 
that were not very high. Therefore, we have reason to be-
lieve that serum creatinine remains a reliable measure-
ment to reflect renal function. Nonetheless, it can still be 
considered a limitation that we did not measure other 
indicators of eGFR, which are not always available in our 
country.

Moreover, as mentioned above, kidney complications 
in HIV can occur due to various factors, and kidney biop-
sy is the gold standard to establish the underlying cause. 
However, it is not always feasible to perform biopsy in all 
settings. Urine protein testing can be an easy alternative 
for screening and to determine the need for further ex-
amination in children with HIV.

Further research is needed with a larger sample size, 
a longer study period, and a cohort method to evaluate 

whether proteinuria is persistent in children with HIV.
In conclusion, degree of immunodeficiency correlates 

with degree of kidney complications. Screening at diag-
nosis and periodic monitoring of kidney functions are 
crucial in all HIV patients.
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