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Abstract

Introduction: Chronic kidney disease in one of the significant chronic conditions in human immuno-
deficiency virus (HIV)-infected population. The nephrotoxicity of antiretroviral therapy, particularly 
tenofovir disoproxil fumarate, is the important cause of kidney function impairment. There is a need 
to find reliable markers of early kidney damage. The aim of the study was to evaluate utility of urinary 
cystatin C levels as a marker of early kidney tubular damage in HIV-1-infected patients. 
Material and methods: A total of 119 HIV-1-infected patients (88 males, 74.0%) both on antiretroviral 
therapy (98 individuals, 82.4%) and treatment-naïve, without known kidney disease, and 31 healthy 
volunteers were enrolled. Cystatin C levels in urine were measured and urine cystatin C/creatinine ratio 
(UCCR) was calculated. 
Results: Significantly higher levels of  urinary cystatin C were observed in HIV-1-infected group 
and subgroup on antiretroviral therapy with current CD4+ count below 500 cells/μl (p = 0.008 and 
p = 0.005, respectively). In patients with albuminuria, both urinary cystatin C and UCCR were sig-
nificantly higher (p = 0.0035 and p < 0.001, respectively). HIV-1 infection, detectable HIV RNA, low 
CD4+ nadir, antiretroviral treatment or its length, use of tenofovir, or protease inhibitors had no influ-
ence on urinary cystatin C and UCCR. 
Conclusions: Low current CD4+ cell count was the only HIV-1-related factor influencing urinary cys-
tatin C level. Use of  tenofovir or other potentially nephrotoxic antiretroviral drugs did not have any 
impact on urinary cystatin C levels. Albuminuria was related to higher levels of urinary cystatin C but 
the background and relevance of this finding is unclear. Utility of urinary cystatin C assessment requires 
further research in large populations. 
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induced kidney injury [23]. UCCR is considered as a marker 
of early acute kidney injury [24] but also in a few research 
papers as a potential marker of chronic kidney disease [25]. 
For HIV-1 infection one of  the  current significant clinical 
problems is long-term nephrotoxicity of  the  antiretroviral 
drugs, with tenofovir disoproxil fumarate (TDF), basic nu-
cleoside reverse transcriptase inhibitor used in cART reg-
imens for over 15 years, which is well known as the cause 
of tubular kidney damage [26]. 

We investigated the  utility of  U-cysC for detection 
of  early kidney damage in HIV-1-infected patients, both 
treated with antiretroviral drugs and treatment-naïve, with 
preserved kidney function. 

Material and methods 
The study was conducted according to the Declaration 

of  Helsinki. All study participants gave written informed 
consent for the participation in the study.

Presented analysis is a part of  larger single-center study 
assessing kidney function in HIV-1-infected individuals, 
whereas other results of this study were published previous-
ly [27]. The study was conducted on 119 HIV-1-infected sub-
jects, both on antiretroviral treatment and treatment-naïve, 
with negative history of  kidney disease. The  control group 
consisted of 31 HIV-1-negative volunteers, from the Lower 
Silesia region, Poland, matched for age and gender. All par-
ticipants were Caucasians, older than 18 years. 

The study group consisted of 88 males (74%) and 31 fe-
males (26%), aged 23-68 years (mean age, 40.1 ± 8.9 years). 
Clinical data on HIV infection (route of  infection, current 
and nadir CD4+ cell count, HIV RNA level, period of an-
tiretroviral therapy, and regimens used), smoking status, 
concomitant diseases (hepatitis C virus  [HCV] infection, 
hypertension, hyperlipidemia, hyperuricemia, nephrolithi-
asis) were collected. The exclusion criteria included current 
diseases of clinical category B or C of the Center for Disease 
Control and Prevention criteria from 1993, diabetes, uncon-
trolled arterial hypertension, thyroid diseases, rheumatoid 
arthritis or other systemic autoimmune diseases treated 
with corticosteroids, malignancies, fever, acute bacterial, vi-
ral or fungal infections, hepatitis B virus (HBV) infection 
(detectable serum HBsAg), any other known inflammatory 
states potentially influencing kidney function, a past episode 
of acute renal failure, and current use of any illicit drugs. 

Values of eGFR were calculated based on the values of se-
rum creatinine, using the CKD-EPI formula. Cystatin C levels 
in serum and urine were measured using an enzyme-linked 
immunosorbent assay (Quantikine ELISA Human Cysta-
tin C, R&D Systems Inc., Minneapolis, Minnesota, United 
States). The sensitivity of the method was 0.03 ng/ml. Urinary 
albumin levels were measured by an enzyme-linked immu-
nosorbent assay (Albumin ELISA Kit, Immundiagnostik, 
Bensheim, Germany). Albuminuria was defined as a  urine 
albumin-creatinine ratio greater than 30 mg/g  [28]. Creati-
nine in urine was measured using colorimetric (Jaffe) reac-
tion (Biolabo, Maizy, France). Urinary cystatin C/creatinine 

Introduction

Successful combined antiretroviral therapy (cART) has 
substantially prolonged the  survival of  people living with 
human immunodeficiency virus (HIV); however, aging 
HIV-infected population remains at risk of  development 
of  long-term consequences of HIV infection, among them 
chronic kidney disease (CKD) [1, 2]. Kidney function can be 
impaired in people living with HIV (PLWH) through mul-
tiple causes and distinct pathomechanisms, among them 
direct action of HIV, concomitant opportunistic infections 
and non-infectious diseases, adverse effects of antiretroviral 
drugs or other medicines used in connection with HIV in-
fection, or its complications as well as chronic metabolic dis-
turbances and atherosclerosis [3, 4]. CKD is one of the im-
portant factors affecting survival of HIV-infected persons, to 
a large extent due to the increased risk of cardiovascular dis-
ease development [5]. Thus, early detection of kidney func-
tion impairment, its close monitoring, and management 
should be conducted in the  standard medical care of  all 
PLWH. The  commonly used measure of  kidney function  
is an  estimated glomerular filtration rate (eGFR), with 
the use of different equations, among them the most popular:  
Cockroft-Gault formula, MDRD (modification of  diet in 
renal disease) formula, or recently considered as the  most 
accurate method of  eGFR assessment for HIV-infected 
population CKD-EPI (CKD epidemiology collaboration) 
formula  [6]. All these measures have some limitations de-
scribed in detail elsewhere [7, 8], and there is still a need for 
research on more accurate and sensitive parameters of mild 
kidney function impairment. 

Cystatin C (cysC) is polypeptide inhibitor of  cysteine 
proteases. It is synthetized in all nucleated cells and released 
to the extracellular fluid and blood in stable amounts. CysC 
is freely filtered in the renal glomerulus, and then reabsorbed 
and metabolized in the cells of proximal tubules. Eventually, 
it is excreted in tiny amounts with the urine [9]. Therefore, 
serum level of cysC (S-cysC) may serve as a marker of glo-
merular filtration and urinary level (U-cysC) – as a marker 
of  proximal tubular damage  [10]. The  accuracy of  S-cysC 
levels in diagnosis of CKD has been demonstrated in many 
publications as better than creatinine serum levels, particu-
larly in special groups of patients, like children, the elderly, 
or with extremes of body weight, as cysC values are less af-
fected by muscle mass than serum creatinine [11-13]. In re-
cent years, it has been used as the early marker of CKD [14]. 
S-cysC may be useful as predictor of  mortality in elderly 
population  [15]. Utility of  S-cysC measures has been also 
considered in assessment of CKD in HIV-infected individ-
uals [16, 17]. It has been confirmed as the valuable marker 
of higher risk of CKD and cardiovascular disease [18], and 
for predicting all-cause mortality in this group [19]. 

Urine excretion of cysC has been assessed in less numer-
ous studies. Because of almost total reabsorption in proxi-
mal tubules, increased level of cystatin C in urine (presented 
also as calculated urine cystatin C/creatinine ratio – UCCR) 
is marker of  tubular damage  [20-22], among them drug- 
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ratio (UCCR) was calculated. HIV-1 viral load was deter-
mined by real-time PCR assay (COBAS TaqMan HIV-1 test 
v. 2.0, Roche Diagnostics, Basel, Switzerland). The isolation 
of  HIV-RNA was performed using a  system viral nucleic 
acid kit (Roche Diagnostics). The CD4+ T cell count was de-
termined by flow cytometry using FacsCount Becton Dick-
inson system (BD Biosciences, San Jose, California, United 
States). Other biochemical tests were measured with the use 
of standard commercially available methods as a part of rou-
tine medical care. 

Statistical analysis 

The groups were tested for normal distribution. Mean 
values were compared by the analysis of variance with the   
t test and post-hoc Newman-Keuls test. For non-normal dis-
tribution, non-parametric Kruskal-Wallis test, Mann-Whit-
ney test, and χ2 test were used. The p values of less than 0.05 
were considered statistically significant. Calculations were 
performed using Statistica 12.0 software for Windows (Stat-
Soft Inc., Tulsa, Oklahoma, United States). 

Results 
The characteristics of  the  HIV-1-infected patients and 

controls are presented in Table 1. 
Among HIV-1-infected patients, in 118 individuals, 

eGFR level was  >  60 ml/min/1.73 m2 and only one sub-
ject had mildly decreased eGFR (56 ml/min/1.73 m2). It 
was 68-year-old woman, with obesity, hyperlipidemia and 
treated arterial hypertension, with cART for 7 years and 
boosted protease inhibitor. All control subjects had nor-
mal renal function with eGFR above 60 ml/min/1.73 m2. 
The median values of eGFR in the study subgroups are pre-
sented in Table 1.

The majority of  the study group was treated with cART 
(n = 98, 82.4%). Mean period of cART was 4.9 years (range, 
<  1-13 years). Current use of  potentially nephroto xic drugs 
in antiretroviral regimen was as follows: tenofovir disoprox-
il fumarate (TDF) was used in the cART regimen in 53 sub-
jects (54.1% of treated patients), protease inhibitors (PI) were 
used in 70 individuals (71.4% of treated persons). Mean peri-
od of treatment with TDF was 3 years (range, 0.2-7.7 years). 
Additionally, 22 patients were treated with TDF in the past, 
with mean period of 1.9 years. Total mean exposure on TDF 
was 2.7 years (range, 0.2-9.1 years). A total of 21 individuals 
(17.6%) were not treated with cART, according to internation-
al recommendations at the time of conducting the study, or 
because of newly diagnosed HIV-1 infection and qualification 
to cART. 

A total of 41 HIV-1-infected patients had low CD4+ na-
dir (< 200 cells/μl), among them only one subject was not 
treated with cART. 

Table 2 presents levels of cystatin C in serum and urine, 
UCCR values in the  study group according to cART, and 
the  use of  potentially nephrotoxic drugs. Serum cystatin 

C levels in HIV-1-infected patients were statistically lower 
than in the  control group (p  <  0.001). Significantly lower 
levels were noted also in patients on cART compared to con-
trols (p = 0.002) and treatment-naïve compared to controls 
(p = 0.008). There were no statistically significant differences 
in serum cystatin C levels in patients treated with certain 
antiretroviral drugs (TDF or PI/r) versus control subjects. 

The differences in urinary cystatin C levels between 
HIV-1-infected group, treatment-naïve, and treated with 
cART compared to control group were not statistically sig-
nificant (p = 0.94, p = 0.40, p = 0.88, accordingly). Further-
more, levels of urinary cystatin C between treated and not 
treated subjects did not differ significantly (p  =  0.28), al-
though in treatment-naïve group, the median level of U-cysC  
was the  highest. The  length of  antiretroviral therapy did 
not correlate with U-cysC levels. Potentially nephrotoxic 
antiretroviral drugs used in cART regimen did not affect 
the  levels of  U-cysC. There were no significant correla-
tions between eGFR values and urinary cysC levels in pa-
tients treated with different potentially nephrotoxic drugs: 
TDF (r  =  –0.214, p  =  0.12), PI/r (r  =  –0.097, p  =  0.42),  
TDF+PI/r (r = –0.186, p = 0.27). 

UCCR values did not differ significantly between 
HIV-1-infected subjects and control group (p = 0.17), treat-
ment-naïve patients and controls (p  =  0.27), patients on 
cART and controls (p = 0.19), and treatment-naïve vs. treat-
ed subjects (p = 0.80). There was no significant effect of cer-
tain drugs used in cART regimen on UCCR values. 

Investigated parameters of  HIV-1 infection status in-
cluded current CD4+ cell count, CD4+ nadir, and HIV-1  
RNA levels in patients with detectable viral load (VL). 
Table 3 summarizes results for total group of  HIV-1- 
infected subjects and those treated with cART according to 
current CD4+ cell count. In both groups, levels of U-cysC 
were significantly higher in subjects with CD4+ cell count  
< 500 cells/μl. Treatment-naïve patients were not analyzed 
because of  small group size. Serum and urinary cysC and 
UCCR did not differ significantly according to CD4+ nadir 
in analyzed groups ≥ 200 vs.  <  200 cells/μl (Table 4). De-
tectable HIV-1 VL either had any significant influence on  
S-cysC and U-cysC, or UCCR, although this group was small. 
Untreated group consisted of 21 subjects and among treated 
patients, detectable VL was low (median, 182 copies/ml) and 
in majority of patients, only transient, related to blips. 

Albuminuria (defined as ACR – albumin/creatinine ratio 
>  30 mg/g) was detected in 16 HIV-1-infected subjects 
(13.4%), including 14 individuals on cART and 2 treat-
ment-naïve persons. This group included 7 females, 9 males, 
with median age 41 years (range, 26-63 years). Mean cART 
length was 5.4 years (range, 1-13 years). Among patients 
on cART, 11 persons were treated with TDF currently or 
in the past, and 8 individuals were treated with PI/r. There 
were no cases of albuminuria in control group. U-cysC and 
UCCR were analyzed in 2 subgroups according to ACR val-
ue (below 30 mg/g and above 30 mg/g). Table 5 presents 
the levels of these parameters. Both U-cysC and UCCR were 
significantly higher in the subgroup with albuminuria. 
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U-cysC levels did not differ according to gender. U-cysC and 
UCCR were either not correlated with age, body mass index 
(BMI), smoking, concomitant HCV infection, arterial hyper- 
tension, or history of intravenous drug use. 

In total of  56 HIV-1-infected subjects, ultrasound ex-
amination of  kidneys was performed. Features of  nephro-
lithiasis were found in 10 persons, without any relation to 
cART; 4 subjects were treatment-naïve and only one per-
son was treated with atazanavir, drug potentially inducing 
nephrolithiasis. Levels of  U-cysC were significantly higher 
(p = 0.023) in subjects with nephrolithiasis compared to in-
dividuals with normal ultrasound examination. 

Proteinuria in general urinalysis was detected in 8 individ-
uals of HIV-1-infected group (6.7%), all of them were treated 
with cART (mean period, 5.6 years; range, 1-10 years), using 
different regimens (in 7 persons with TDF in current or past 
regimen), whereas it was absent in all subjects from the con-
trol group. U-cysC levels, but not UCCR, were significantly 
higher in patients with detected proteinuria. Table 5 presents 
levels of U-cysC and UCCR according to presence of protein-
uria in HIV-1-infected subjects. 

UCCR was significantly higher in HIV-1-infected fe-
males compared to males (p = 0.006), whereas in controls 
this difference was close to statistical significance (p = 0.056). 

Table 1. Characteristics of the study group ([27], modified) 

Factor

HIV-1-infected individuals Controls  
(n = 31)

p value 

Total  
(n = 119)

Untreated with 
cART  

(n = 21),  
17.6% of HIV-1-

infected)

Treated  
with cART  
(n = 98), 

82.4% of HIV-
1-infected)

HIV-1-
infected 
group vs. 
controls 

Untreated 
group  

vs. treated 
group 

Caucasian race, n (%) 119 (100) 21 (100) 98 (100) 31 (100)

Males, n (%) 88 (74.0) 18 (85.7) 70 (71.4) 21 (68.0) NS NS

Age (years), mean ± SD 
(range)

40.0 ± 9.5 
(23-68)

35.5 ± 8.0 
(26-56)

41.0 ± 9.6 
(24-68)

40.1 ± 8.9 
(23-68)

NS 0.037

CD4+ count, cells/μl,  
mean ± SD

545 ± 243 476 ± 206 560 ± 249 N/A NS

CD4+ nadir, cells/μl,  
median (IQR)

272 
(119.0-334.0)

412 
(309.0-491.0)

213.5 
(91.5-300.5)

N/A < 0.0001

CDC category of HIV infection, n (%)

1 64 (54.7) 26 (50.0) 10 (47.6)

N/A NS2 49 (41.9) 23 (44.2) 10 (47.6)

3 4 (3.4) 3 (5.8) 1 (4.8)

HIV-1 viral load, n (%)

Undetectable  
(< 34 copies/ml)

85 (71.4) 0 85 (86.7)
N/A < 0.0001

Detectable 34 (28.6) 21 (100.0) 13 (13.3)

IVDU 47 (40.9) 3 (14.3) 44 (46.8) 0 0.009

BMI, kg/m2, mean ± SD 23.76 ± 0.32 23.52 ± 0.78 23.81 ± 0.36 25.92 ± 0.64 0.003 NS

Smoking status, n (%)

Never smoking 19 (16.80) 5 (25.00) 14 (15.10) 31 (100)

< 0.0001Past smokers 25 (22.10) 1 (0.05) 24 (25.80) 0

Current smokers 69 (61.10) 14 (70.00) 55 (59.10) 0

EGFR, median (IQR)
108.99  

(95.26-117.15)
117.36  

(128.58-107.20)
108.40  

(93.07-116.10)
104.72  

(87.19-111.57)
0.06 0.001

Concurrent diseases, n (%)

Hypertension 13 (11.0) 1 (4.8) 12 (12.2) 1 (3.2) NS NS

Dyslipidemia 89 (74.8) 16 (90.4) 73 (74.5) 24 (77.4) NS NS

Hyperuricemia 11 (9.2) 3 (14.3) 9 (9.2) 6 (19.4) NS NS

HCV infection 47 (39.5) 2 (9.5) 45 (45.9) 0 (0) 0.002
cART – combined antiretroviral therapy, BMI – body mass index, CDC – Centers for Disease Control and Prevention; EGFR – estimated glomerular filtration rate,  
HIV-1 – human immunodeficiency virus 1, HCV – hepatitis C virus, IVDU – intravenous drug user, N/A – not applicable, NS – not significant, SD – standard deviation 
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Discussion 
HIV-1-infected patients included in the presented study 

had normal kidney function, and eGFR level in the  study 
group was even better than in the controls. Moreover, lev-
els of serum cystatin C in the HIV-1-infected persons were 
significantly lower than in seronegative volunteers, which 
confirms well preserved renal function [29]. It was despite 
long-lasting antiretroviral treatment, along with exposure 
on potentially nephrotoxic drugs. 

Significantly higher levels of  U-cysC (but not UCCR) 
were demonstrated in individuals with current CD4+ cell 
count below normal values (< 500 cells/μl) suggesting an im-
pact of persistent, although relatively mild immune deficit on 
kidney damage. On the other hand, low CD4+ nadir was not 
associated with the  risk of  kidney injury development. As 
all, except one, patients with low CD4+ nadir (< 200 cells/μl)  
were treated with cART, it seems that due to successful an-
tiretroviral therapy, kidney injury reflected by high urinary 
excretion of cysC may be reversible. 

Except current CD4+ cell count, we did not find any im-
pact of factors related to HIV-1 infection on U-cysC level or 
UCCR. Slightly higher levels of  U-cysC in HIV-1-infected 
group compared to controls were not significant. Moreover, 

detectable VL did not significantly influenced levels of U-cysC, 
and the use of cART did not change U-cysC. Treatment with 
potentially nephrotoxic antiretroviral drugs, as TDF or PI, was 
not associated with tubular damage assessed with U-cysC or 
UCCR. No differences found in U-cysC levels in HIV-1-infect-
ed group, treated or not treated with TDF or PI, also compared 
to healthy controls, suggest that TDF-associated tubulopathy is 
an uncommon adverse effect. Jaafar et al. demonstrated utility 
of UCCR in confirming or excluding Fanconi syndrome (FS) 
in HIV-1-infected patients treated with TDF, with suspected 
FS [30]. However, our results cannot be directly compared to 
Jaafar’s analysis because of  different inclusion criteria in our 
study; Jaafar et al. included only the patients with known kid-
ney injury. It may show that UCCR is not useful as a screening 
test in patients with normal kidney function. 

One of the findings in our study was the increased excre-
tion of cysC in patients with detected albuminuria. Albumin-
uria is well known marker of glomerular pathologies but may 
be also an indicator of injury of proximal renal tubules, par-
ticularly in early diabetic nephropathy, drug-related kidney 
injury, or AKI [31]. However, this phenomenon may be not 
an indicator of kidney injury but rather a result of the compe-
tition for common transport mechanism in tubular absorp-

Table 2. Serum and urinary cystatin C levels and urine cystatin C/creatinine ratio values in the study group 

Factor

HIV-1-infected individuals (n = 119)

Controls 
(n = 31)Total

Untreated 
with cART 
(n = 21)

Treated with cART

Total 
(n = 98)1

TDF 
(n = 53)

PI/r 
(n = 70)

TDF+PI/r 
(n = 37)

Serum cystatin C (mg/l), 
median (IQR)

0.585 
(0.300-0.810)

0.525 
(0.333-0.781)

0.598 
(0.295-0.810)

0.660 
(0.300-0.845)

0.628 
(0.330-0.845)

0.720 
(0.360-0.920)

0.775 
(0.710-0.840)

Urine cystatin C (ng/ml), 
median (IQR)

48 (22-96) 57 (38-95) 45 (22-96) 54 (22-98) 45 (22-72) 52 (22-98) 48 (27-98)

UCCR, median (IQR)
0.436 

(0.289-0.621)
0.450 

(0.309-0.599)
0.435 

(0.286-0.622)
0.443 

(0.296-0.661)
0.446 

(0.295-0.626)
0.480 

(0.340-0.661)
0.331 

(0.258-0.538)
1Sum of the patients treated with listed drugs is larger than total group, as separated subgroups partially overlap.  
cART – combined antiretroviral therapy, HIV-1 – human immunodeficiency virus 1, IQR – interquartile range, PI/r – protease inhibitor boosted with ritonavir,  
TDF – tenofovir disoproxil fumarate, UCCR – urine cystatin C/creatinine ratio 

Table 3. Serum and urinary cystatin C levels and urine cystatin C/creatinine ratio according to current CD4+ cell count 

Factor

Total HIV-1-infected group (n = 117)a Group treated with cART (n = 96)a

CD4+  
≥ 500 cells/μl

CD4+  
< 500 cells/μl

p value
CD4+  

≥ 500 cells/μl
CD4+  

< 500 cells/μl
p value

Serum cystatin C (mg/ml), 
median (IQR)

605 
(295-730)

600 
(315-845)

0.6
585 

(295-730)
625 

(270-920)
0.66

Urinary cystatin C (ng/ml), 
median (IQR)

40 
(19-69)

57 
(37-110)

0.008
35 

(19-65)
58.5 

(37-110)
0.005

UCCR, median (IQR)
0.421 

(0.283-0.591)
0.449 

(0.324-0.688)
0.11

0.397 
(0.281-0.589)

0.443 
(0.340-0.692)

0.11

n 64 53 54 42
aIn 2 patients current CD4+ count was unavailable.  
cART – combined antiretroviral therapy, HIV-1 – human immunodeficiency virus 1, IQR – interquartile range, UCCR – urine cystatin C/creatinine ratio 
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tion of low-molecular weight (LMW) proteins [32]. Research 
of  Nejat et al. demonstrated on animal model that urinary 
excretion of markers of acute kidney injury such as cysC and 
neutrophil gelatinase-associated lipocalin (NGAL), which 
are LMW proteins, increases with induced albuminuria and 
proteinuria [33]. Therefore, our observation cannot serve as 
a proof for utility of U-cysC measurement in detecting of kid-
ney injury. The results of urinary biomarkers measurements 
should be interpreted with caution in presence of albumin-
uria. Further research on this phenomenon including large 
human populations of patients is needed to determine if in-
creased urinary excretion of cysC is related to proximal tu-
bular injury or rather receptor competition of LMW proteins. 
Modification of threshold of U-cysC detection for preexisting 
albuminuria may be also required. 

Significantly higher values of UCCR, but not U-cysC lev-
els, in females compared to males probably may be explained  
by gender-related differences in muscle mass and creatinine 
excretion rates. Lower levels of urinary creatinine in females 
may affect results of  calculated urinary cystatin C/urinary 
creatinine ratio [34]. 

Detected nephrolithiasis was correlated with higher levels 
of U-cysC, which may be the result of nephrolithiasis-related 
tubulopathy [35]. However, the small number of individuals 
with nephrolithiasis does not allow on any more detailed anal-

ysis of these cases in terms of any HIV-associated risk factors 
(e.g., treatment with atazanavir) for nephrolithiasis. 

Data concerning U-cysC in assessment of  chronic tu-
bular damage due to different reasons are very scarce. Our 
initial observations in HIV-1-infected patients indicate 
the  need for further research of  U-cysC utility for assess-
ment of  chronic kidney injury in HIV-1-infected patients. 
We did not find any relation between the use of TDF and this 
biomarker of  tubular damage. Increased excretion of  cysC 
with urine in patients with decreased CD4+ cell count sug-
gests the influence of current, even mild immune deficit on 
kidney function. 

Limitations of  the  presented study include relatively 
small group of patients, particularly cART-naïve subgroup, 
probably too small to demonstrate an impact of TDF use on 
very subtle markers of early kidney damage and development  
of tubulopathy. Moreover, the investigated group was heter-
ogenic for length of cART and used regimens of antiretro-
viral drugs. 

Conclusions 
Low current CD4+ cell count was the only HIV-1-related 

factor influencing urinary cystatin C level found in our study. 
Tubular damage due to TDF or other potentially nephrotoxic 

Table 4. Serum and urinary cystatin C levels and urine cystatin C/creatinine ratio according to CD4+ cell count nadir 

Factor

Total HIV-1-infected group (n = 108)a Group treated with cART (n = 87)a

CD4+ nadir  
≥ 200 cells/μl

CD4+ nadir  
< 200 cells/μl

p value
CD4+ nadir  

≥ 200 cells/μl
CD4+ nadir  

< 200 cells/μl
p value

Serum cystatin C (mg/ml), 
median (IQR)

540 
(297.0-782.0)

630 
(300.0-920.0)

0.48
540 

(290.0-805.0)
655 

(312.5-922.5)
0.41

Urinary cystatin C (ng/ml), 
median (IQR)

44 
(21.0-95.0)

50 
(23.0-100.0)

0.52
42 

(20.5-70.0)
49 

(22.5-104.5)
0.31

UCCR, median (IQR)
0.433 

(0.286-0.594)
0.48 

(0.320-0.688)
0.26

0.414 
(0.281-0.559)

0.467 
(0.308-0.690)

0.23

n 67 41 47 40
aData of CD4+ nadir was available for 108 HIV-1-infected patients only.  
cART – combined antiretroviral therapy, HIV-1 – human immunodeficiency virus 1, IQR – interquartile range, UCCR – urine cystatin C/creatinine ratio 

Table 5. Serum and urinary cystatin C levels and urine cystatin C/creatinine ratio according to albumin-creatinine ratio and 
proteinuria in HIV-1 infected subjects 

Factor
ACR Proteinuria

≤ 30 mg/g > 30 mg/g p value Absent Present p value

Serum cystatin C (mg/ml), 
median (IQR)

555 
(297.0-782.0)

722 
(420.0-1065.0)

0.133
540 

(297.0-810.0)
722.5 

(512.5-992.5)
0.210

Urinary cystatin C (ng/ml), 
median (IQR)

42 
(21.0-69.0)

103.5 
(51.0-175.5)

0.004
44.0 

(22.0-72.0)
150.0 

(53.5-200.0)
0.006

UCCR, median (IQR)
0.41 

(0.280-0.570)
0.72 

(0.520-1.110)
< 0.001

0.436 
(0.289-0.594)

0.7 
(0.284-1.376)

0.176

n 103 16 111 8
ACR – albumin-creatinine ratio, IQR – interquartile range, UCCR – urine cystatin C/creatinine ratio 
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antiretroviral drugs, assessed by urinary cystatin C measure-
ment, seems to be uncommon in patients without clinically 
evident chronic kidney disease. Albuminuria was related to 
higher levels of  urinary cystatin C in HIV-1-infected sub-
jects; however, the finding needs further research to assess 
its origin and clinical relevance. Utility of U-cysC in assess-
ment of  early kidney function impairment needs research 
on larger groups of patients and long-term observations, for 
both types of results: as U-cysC level itself and UCCR. 
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