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Objectives
People living with HIV (PLWH) have a high risk of kidney injury. Measurement of serum
creatinine, along with proteinuria, is not sensitive to detect early kidney injury. Here, we
investigated novel urinary biomarkers of early renal injury in PLWH.

Methods
We performed a cross-sectional study of 166 antiretroviral-na€ıve PLWH and 99 HIV-negative
persons who all had an estimated glomerular filtration rate > 90 mL/min/1.73 m2. We compared
the levels of seven urinary biomarkers between the two groups using the propensity score
matching (PSM) approach and explored the risk factors associated with elevated urinary
biomarkers in PLWH.

Results
Eighty-three pairs were successfully matched based on PSM. Compared with the HIV-negative
group, the HIV-positive group had higher ratios of N-acetyl-b-D-glucosaminidase (NAG) to urine
creatinine (UCr), alpha1-microglobulin (a1-M) to UCr, kidney injury marker-1 (KIM-1) to UCr,
neutrophil gelatinase-associated lipocalin to UCr, and epidermal growth factor to UCr, whereas the
Tamm–Horsfall protein to UCr ratio and the abnormal albumin to UCr ratio were not significantly
different. Positive correlations were observed between HIV RNA level and NAG: UCr (rs = 0.32;
P < 0.001) and a1-M:UCr (rs = 0.24; P = 0.002) ratios, and negative correlations were observed
between CD4 cell count and NAG:UCr (rs = –0.34; P < 0.001), KIM-1:UCr (rs = –0.16; P = 0.042)
and a1-M:UCr (rs = –0.36; P < 0.001) ratios. In multivariate linear regression analyses, older age,
lower total cholesterol and higher HIV RNA were independently associated with higher NAG:UCr;
older age, lower total cholesterol and lower CD4 cell count were independently associated with
higher a1-M:UCr.

Conclusions
In comparioson with HIV-negative participants, PLWH were more likely to have tubular injury.
Early antiretroviral treatment might mitigate the development of kidney injury.
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Introduction

With the advent of combination antiretroviral therapy

(ART), the prognosis of individuals with HIV infection

has substantially improved. As life expectancy has

improved, non-AIDS-related comorbidities have become

increasingly important causes of morbidity and mortality

in people living with HIV (PLWH) [1]. Kidney disease has

emerged as a common comorbidity in PLWH, and HIV-

infected persons have a higher incidence of end-stage

renal disease than those without HIV infection [2–4].
Therefore, it is critical to identify early kidney damage in

order to reduce the risks of overt renal injury. Unfortu-

nately, traditional markers of kidney disease, such as esti-

mated glomerular filtration rate (eGFR) and proteinuria,

have low sensitivity and specificity for the early diagno-

sis of impaired kidney function [5].

The development of proteomics has resulted in the dis-

covery of novel urinary biomarkers for detecting early

kidney damage [6]. In the Women’s Interagency HIV

Study (WIHS), HIV-infected women had more extensive

tubulointerstitial and glomerular injury than uninfected

women [7], and urinary interleukin-18 (IL-18), kidney

injury molecule-1 (KIM-1) and albuminuria showed inde-

pendent and complementary associations with longitudi-

nal kidney function decline [8]. However, most studies

were conducted in HIV-infected patients without compar-

isons with the general population, or in unselected HIV-

infected patients regardless of ART [5,7]. The subject

selection bias and the multiple potential confounders that

existed make it hard to draw conclusions regarding

causality between HIV infection and early kidney injury

[7]. The propensity score matching (PSM) approach is

widely used to reduce bias in the estimation of treatment

effects, exposures and interventions in observational

studies, which can address covariate imbalance and

enhance research efficiency. Herein, we undertook a

cross-sectional study of seven novel urinary markers in

antiretroviral-na€ıve HIV-infected individuals and HIV-

uninfected individuals who all had eGFR > 90 mL/min/

1.73 m2, to investigate the impact of HIV infection on

early renal injury through PSM analysis and to identify

clinical factors associated with higher biomarker levels

among HIV-infected participants.

Methods

Study population and design

HIV-positive patients were enrolled in the study between

August 2018 and June 2019 from the out-patient service

of the Infection and Immunity Department, Shanghai

Public Health Clinical Center, and HIV-negative partici-

pants were enrolled from the Physical Examination Cen-

ter, Shanghai Public Health Clinical Center during the

same period. The inclusion criteria were as follows: (1)

for the HIV-infected group, a confirmed diagnosis of

HIV-1 infection using the western blot method by the

Centers for Disease Control and Prevention and no initia-

tion of ART; (2) for the HIV-negative group, a negative

HIV-1 antibody test; (3) eGFR ≥ 90 mL/min/1.73 m2; (4)

Chinese citizens > 18 years old. The exclusion criteria for

both groups were: (1) hypertension (blood pressure

≥ 140/90 mmHg, self-reported hypertension or self-

reported medication), diabetes mellitus (fasting glucose

≥ 7.0 mmol/L, self-reported diabetes, or self-reported

medication), chronic hepatitis B [defined as hepatitis B

virus (HBV) surface antigen (HBsAg) positive or detect-

able HBV DNA] or hepatitis C [defined as detectable hep-

atitis C virus (HCV) RNA or HCV antibody positive], or a

history of autoimmune diseases (including systemic lupus

erythematosus, vasculitis and Sjogren syndrome), gout or

hyperuricaemia; (2) current opportunistic infections,

including tuberculosis, cryptococcosis and Pneumocys-

tis pneumonia; (3) a definite history of malignant

tumour; (4) a history of nephritis; (5) any protein-positive

or microsopic haematuria (three or more red blood cells

per high-power microscopic field visible) in routine urine

analysis; (6) for female subjects, pregnancy or being in

the lactation period; (7) participation in other clinical

studies. After inclusions and exclusions, a total of 166

HIV-positive patients and 99 HIV-negative controls were

included in the analysis. Using PSM analysis with con-

founding variables, 83 subjects with HIV infection were

matched with 83 subjects without HIV infection.

This study was approved by the independent ethics

committees of Shanghai Public Health Clinical Center,

Fudan University. Informed consent was obtained from

all study participants, and all clinical investigations were

conducted according to the principles expressed in the

1995 Declaration of Helsinki.

Measurement of urinary biomarkers

All participants underwent a routine urine test and ran-

dom urine specimens were collected. Random urine speci-

mens were immediately refrigerated at 4°C and

centrifuged at 1000 g for 10 min to remove cellular deb-

ris. The supernatant was aliquoted into 1.5-cc vials and

stored at –80°C. Previous studies have shown that the

novel urinary biomarkers can be used to determine the

specific site of injury within the nephron as follows: (1)

glomerular/endothelial injury: albumin-to-creatinine ratio

(ACR); (2) proximal tubular dysfunction: alpha 1-
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microglobulin (a1-M), N-acetyl-b-D-glucosaminidase

(NAG) and KIM-1; (3) loop of Henle protection: Tamm–
Horsfall Protein (THP) [9]; (4) distal tubular injury: neu-

trophil gelatinase-associated lipocalin (NGAL) [10]; (5)

tubulointerstitial injury and fibrosis: epidermal growth

factor (EGF). Except two protection markers (THP and

EGF), urinary levels of the other five markers (a1-M,

NAG, KIM-1, NGAL and ACR) are considered to correlate

positively with kidney damage [6,11]. Urinary NAG,

NGAL, a1-M, KIM-1 and THP were measured using com-

mercially available enzyme-linked immunosorbent assay

(ELISA) kits (Cusabio Biotech Co., Wuhan, China). Urinary

EGF was measured using a commercially available ELISA

(Raybiotech, Norcross, GA, USA). Urinary albumin was

measured using a commercial assay (BN ProSpec System;

Siemens, Marburg, Germany) and urine Cr (UCr) was

measured using the Abbott enzymatic Cr assay (Architect

C1600; Abbott, Milan, Italy). Coefficients of variation

were < 6% for NAG, < 8% for NGAL, a1-M, KIM-1 and

THP, and < 10% for EGF. The levels of urinary markers

were normalized to the urine Cr concentration, and the

cut-off value for ACR was 30 mg/g [12].

Clinical and laboratory evaluations

The other variables examined were as follows: age, sex,

body mass index (BMI), serum creatinine (SCr), eGFR (es-

timated using the simplified modification of diet in renal

disease equation for SCr), uric acid (UA), serum albumin,

total cholesterol (TC) and triglycerides (TG). On the same

day as collection of the urine sample, a physical exami-

nation, computed tomography of the chest and a sputum

acid-fast bacilli smear were performed, and serum crypto-

coccal antigen, current CD4 cell count, plasma HIV RNA,

HBsAg, HBV DNA, HCV antibody and HCV RNA were

measured.

Statistical analysis

Continuous variables are presented as median with

interquartile range (IQR), and categorical variables are

presented as counts and percentages. The significance

of differences in clinical characteristics and urinary

biomarkers between the HIV-infected group and the

HIV-uninfected group was determined using the Mann–
Whitney U test for continuous variables and the v2 test

or Fisher’s exact test for categorical variables. Given

the differences in the characteristics between eligible

participants in the two groups, PSM was used to match

subjects with similar clinical characteristics. The vari-

ables used in the propensity score included sex, age,

BMI, UA concentration and eGFR. Matching was

performed with the use of a 1:1 matching protocol

using the nearest-neighbour matching algorithm without

replacement, with a caliper width equal to 0.2 of the

standard deviation of the logit of the propensity score.

The Spearman correlation test was performed to assess

the correlation between clinical parameters and urinary

biomarkers. Linear regression analyses were performed

to determine factors associated with levels of urinary

biomarkers, and when a significance level of P < 0.20

was reached in univariate analysis, the factor was

assessed in multivariate analysis. Statistical analyses

were performed and graphs created using SPSS version

23.0 (SPSS Inc., Chicago, IL) and R (V.3.6.0). A two-

sided P value of < 0.05 was considered statistically sig-

nificant.

Results

Urinary biomarkers to UCr ratios of participants
before and after matching

A total of 166 HIV-positive patients with a median age of

30 [interquartile range (IQR) 25–36] years and 99 HIV-

negative controls with a median age of 29 (IQR 25–33.75)
years were included in the study (Table 1). HIV-positive

patients had comparable age and BMI but not male-to-

female ratio to the HIV-negative controls. Compared with

the HIV-negative group, the HIV-positive group showed

higher median levels of SCr (71.69 vs. 68.32 lmol/L,

respectively; P = 0.001) and UA (390.57 vs. 343.01 lmol/

L, respectively; P < 0.001) and a lower median level of

eGFR (116.57 vs. 120.79 mL/min/1.73 m2, respectively;

P = 0.005). NAG:UCr, NGAL:UCr, a1-M:UCr, KIM-1:UCr

and EGF:UCr and frequencies of abnormality in ACR dif-

fered significantly between the two groups (all P < 0.05),

whereas THP:UCr did not differ significantly between the

two groups (Fig. 1).

For the significance of differences in eGFR, SCr, sex

and UA between the two groups, we used PSM analysis

to achieve a balance. The variables used in the propensity

score included sex, age, BMI, UA and eGFR. In the

propensity-matched participants, the final covariates,

namely, age, sex, BMI, eGFR, SCr and UA, showed no

significant difference between the two groups (all

P > 0.05). Urinary marker ratios of NAG:UCr, NGAL:UCr,

a1-M:UCr, KIM-1:UCr and EGF:UCr were higher in the

HIV-infected group than in the HIV-negative group (all

P < 0.05). However, the urine ratio of THP:UCr was not

significantly different between the two groups

(P = 0.721), and the frequency of abnormality in ACR

was also not significantly different between the two

groups (P = 0.120).
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Table 1 Characteristics of the HIV-positive and HIV-negative groups before and after propensity score matching analysis

Variable

Before matching

P

After matching

PHIV-positive (n = 166) HIV-negative (n = 99) HIV-positive (n = 83) HIV-negative (n = 83)

Age (years) 30 (25–36) 29 (25–33.75) 0.287 28 (25–33.75) 29 (25–35.75) 0.441
Male gender 156 (93.98) 78 (78.79) <0.001 76 (91.57) 73 (87.95) 0.442
BMI (kg/m2) 21.97 (20.28–24.61) 21.97 (20.19–23.76) 0.538 21.72 (19.88–24.03) 21.93 (20.19–23.86) 0.748
SCr (lmol/L) 71.69 (65.01–79.20) 68.32 (58.31–75.93) 0.001 70.10 (63.89–79.43) 70.08 (62.21–76.69) 0.424
eGFR (mL/min/1.73 m2) 116.57 (103.89–129.30) 120.79 (114.43–137.37) 0.005 122.11 (107.63–133.39) 117.55 (109.55–133.14) 0.988
Serum albumin (g/L) 46.50 (44.33–48.46) 46.03 (44.56–48.01) 0.480 46.61 (44.53–48.69) 46.14 (44.61–48.22) 0.537
Uric acid (lmol/L) 390.57 (337.24–449.72) 343.01 (284.23–393.97) <0.001 369.10 (304.51–417.43) 354.38 (306.65–401.07) 0.258
TC (mmol/L) 4.18 (3.67–4.61) 4.12 (3.67–4.72) 0.967 4.1900 (3.6150–4.6250) 4.13 (3.65–4.72) 0.954
TG (mmol/L) 1.31 (0.94–1.97) 0.89 (0.67–1.13) <0.001 1.29 (1.00 – 1.97) 0.89 (0.69–1.17) <0.001
Current CD4 count (cells/lL) 277 (180–393) – – 292 (202.50–401.50) – –
HIV RNA (log10 copies/mL) 4.38 (3.88–4.83) – – 4.34 (3.73–4.77) – –
NAG:UCr (log10 U/g) 1.45 (1.20–1.78) 1.07 (0.80–1.29) <0.001 1.39 (1.17–1.63) 1.07 (0.80–1.29) <0.001
NGAL:UCr (log10 ng/g) 3.93 (3.56–4.23) 3.33 (2.90–3.75) <0.001 3.92 (3.55–4.29) 3.30 (2.90–3.80) <0.001
a1-M:UCr (log10 ng/g) 3.62 (3.41–3.83) 3.17 (2.79–3.40) <0.001 3.57 (3.36–3.79) 3.19 (2.79–3.42) <0.001
KIM-1:UCr (log10 ng/g) 2.66 (2.40–2.87) 2.45 (2.13–2.86) 0.008 2.64 (2.44–2.92) 2.42 (2.12–2.87) 0.011
EGF:UCr (log10 lg/g) 3.89 (3.73–4.04) 3.81 (3.60–3.97) 0.005 3.94 (3.81–4.08) 3.80 (3.59–3.98) <0.001
THP:UCr (log10 lg/g) 3.05 (2.82–3.26) 3.07 (2.73–3.24) 0.542 3.05 (2.79–3.27) 3.07 (2.70–3.25) 0.721
Abnormal ACR 8 (4.82) 0 (0) 0.027 4 (4.82) 0 (0) 0.120

Continuous data are presented as median (interquartile range), and categorical variables are presented as n (%). P-values are from v2 tests for categor-
ical variables and Mann–Whitney U tests for continuous variables.
ACR, albumin-to-creatinine ratio; BMI, body mass index; UCr, Urine creatinine; eGFR, estimate glomerular filtration rate; SCr, serum creatinine; TC,
total cholesterol; TG, triglycerides; UA, uric acid; NAG, N-acetyl-b-D-glucosaminidase; NGAL, neutrophil gelatinase-associated lipocalin; a1-M, alpha 1-
microglobulin; KIM-1, kidney injury molecule-1; THP, Tamm–Horsfall protein; EGF, epidermal growth factor.

Fig. 1 The distribution of urinary biomarkers after normalizing by urine creatinine (UCr) concentration between people living with HIV (PLWH)
and HIV-negative controls before propensity score matching. (a) N-acetyl-b-D-glucosaminidase (NAG):UCr; (b) N-acetyl-b-D-glucosaminidase
(NGAL):UCr; (c) alpha 1-microglobulin (a1-M):UCr; (d) kidney injury molecule-1 (KIM-1):UCr; (e) Tamm–Horsfall protein (THP):UCr; (f) epidermal
growth factor (EGF):UCr. (ns, not significant; *0.01 < P ≤ 0.05; **0.001 < P ≤ 0.01; *** P < 0.001)
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Correlations of urinary biomarkers with clinical
parameters

To investigate factors associated with urinary biomarker

levels, we generated a correlation matrix (Fig. 2). In HIV-

positive patients, NAG:UCr showed significant correla-

tions with NGAL:UCr (rs = 0.18; P = 0.023), a1-M:UCr

(rs = 0.67; P < 0.001), KIM-1:UCr (rs = 0.27; P < 0.001)

and THP:UCr (rs = 0.23; P = 0.003). Positive correlations

were observed between HIV RNA level and NAG:UCr

(rs = 0.32; P < 0.001) and a1-M:UCr (rs = 0.238;

P = 0.002), and negative correlations were observed

between CD4 count and NAG:UCr (rs = –0.34; P < 0.001),

a1-M:UCr (rs = –0.36; P < 0.001), KIM-1:UCr (rs = –0.16;
P = 0.042), age (rs = –0.25; P = 0.001) and HIV RNA

(rs = –0.28; P < 0.001). Age showed positive correlations

with NAG:UCr (rs = 0.328; P < 0.001), a1-M:UCr

(rs = 0.364; P < 0.001), KIM-1:UCr (rs = 0.330;

P < 0.001) and ACR abnormality (rs = 0.163; P = 0.035)

and a negative correlation with EGF:UCr (rs = –0.383;
P < 0.001). In addition, NAG:UCr, NGAL:UCr, a1-M:UCr,

KIM-1:UCr, EGF:UCr and THP:UCr were positively corre-

lated with each other in the HIV-negative group (all

P < 0.001; Fig. 2b).

Factors associated with ratios of urinary biomarkers to
UCr

We then explored factors associated with kidney injury

biomarkers in 166 HIV-positive patients. In the univari-

able linear regression model, age, BMI, TC, TG, albu-

min, SCr, UA, CD4 count and HIV RNA were included

as independent variables. Figure 3 shows factors associ-

ated with log-transformed ratios of urinary biomarkers

to UCr in the univariate linear regression analysis. In

the multiple linear regression, older age (b = 0.288 per

decade; P < 0.001), lower TC level (b = �0.211;

P = 0.006) and higher HIV RNA level (b = 0.176;

P = 0.023) were all independently associated with

higher NAG:UCr (Fig. 4). Multiple linear regression

showed that older age (b = 0.253 per decade;

P = 0.002), lower TC level (b = �0.169; P = 0.023) and

lower CD4 count (b = �0.175; P = 0.031) were inde-

pendently associated with higher a1-M:UCr (Fig. 4).

Lower SCr remained as an independent factor associated

with higher NGAL:UCr. No factors were significantly

associated with urinary KIM-1:UCr and THP : UCr. Of

note, older age (b = �0.384 per decade; P < 0.001) was

associated with lower EGF:UCr. However, no factors

were independently associated with KIM-1:UCr and

THP:UCr.

Discussion

In this study, we used PSM to reduce the influence of

data bias and confounding variables and to enable more

robust comparisons to be made between the HIV-infected

individuals and the general population, and found that

HIV-positive participants had significantly higher urinary

NAG:UCr, NGAL:UCr, a1-M:UCr, KIM-1:UCr and EGF:UCr

compared with the HIV-negative participants. We also

identified factors associated with the levels of urinary

biomarkers.

To our knowledge, this is the first study to compare

the levels of urinary biomarkers of early kidney injury in

antiretroviral-na€ıve HIV-infected patients and HIV-

uninfected participants in China. None of the participants

in either of the groups enrolled in our study had a history

of renal disease, tumours, autoimmune disease, gout, cur-

rent hypertension, diabetes or hepatitis B/C, which elimi-

nated the effects of other diseases that cause kidney

injuries. Moreover, most previous research has focused on

PLWH using certain antiretroviral medications that have

been demonstrated to have nephrotoxic effects [11,13]. In

a sense, our results show the relationship between early

kidney injury and HIV infection using a critical study

design based on PSM approach. Although all participants

enrolled in our study had normal kidney function, vari-

ous types of subclinical kidney damage indicated by

novel markers might occur in PLWH. These urinary

biomarkers could be used in clinical practice to assess

kidney function in order to intervene, if possible, to pre-

vent loss of renal function.

After PSM, the proximal tubular markers NAG:UCr,

KIM-1:UCr and a1-M:UCr and the distal tubular marker

NAGL:UCr were significantly higher in the HIV-positive

group. However, no significant differences in urinary

THP:UCr and the proportions of abnormal ACR were

found. These results suggest that HIV infection was

mainly associated with injury of the proximal and distal

tubules, rather than the glomerulus. The frequencies of

abnormality in ACR, a glomerular injury marker, differed

significantly between the two groups before PSM. How-

ever, the abnormality of ACR showed no significant dif-

ference between the two groups after PSM, which may

have been a consequence of the PSM analysis eliminating

the differences in eGFR, UA and male:female ratio

between the PLWH and the HIV-negative controls. These

findings are consistent with previous studies, in which

the urinary excretion of tubular proteins increased even

before diagnosis of proteinuria and/or a decrease in

glomerular function, indicating that renal tubular injury

is an early event in patients with HIV infection [14,15].
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Fig. 2 Spearman correlation between urinary biomarkers and clinical parameters in the HIV-positive group (a) and the HIV-negative group (b)
before propensity score matching. The circle colour indicates the value of Spearman correlation coefficients. Blue indicates a positive correla-
tion and red indicates a negative correlation. White grid without blue or red circle indicates no significant correlation (P > 0.05). Cr indicates
urine creatinine; NAG, N-acetyl-b-D-glucosaminidase; NGAL, neutrophil gelatinase-associated lipocalin; a1-M, alpha 1-microglobulin; KIM-1,
kidney injury molecule-1; THP, Tamm–Horsfall protein; EGF, epidermal growth factor; BMI, body mass index. [Colour figure can be viewed at
wileyonlinelibrary.com]
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The Multiple AIDS Cohort Study (MACS) found that HIV

infection was associated with higher urinary interleukin

(IL)-18 and KIM-1, indicating that HIV infection may pro-

mote proximal tubular injury [2]. In the WIHS, it was also

found that HIV-infected women had more extensive kidney

injury, with higher urinary concentrations of IL-18, KIM-1,

NGAL and ACR, compared with HIV-uninfected partici-

pants [7]. Unlike the WIHS and MACS, our study was con-

ducted in treatment-na€ıve patients with preserved

glomerular filtration rate, excluded comorbidities such as

hypertension, diabetes and tumours, and used PSM to re-

duce potential confounding.

Fig. 3 Factors associated with a higher ratio of urinary biomarker to creatinine (UCr) ratios in univariate linear regression analysis. (a) N-
acetyl-b-D-glucosaminidase (NAG):UCr; (b) neutrophil gelatinase-associated lipocalin (NGAL):UCr; (c) alpha 1-microglobulin (a1-M):UCr; (d) kid-
ney injury molecule-1 (KIM-1):UCr; (e) Tamm–Horsfall protein (THP):UCr; (f) epidermal growth factor (EGF):UCr. BMI, body mass index; TC, total
cholesterol; TG, triglycerides; SCr, serum creatinine; UA, uric acid; CI, confidence interval.

Fig. 4 Factors associated with a higher ratio of urinary biomarker to creatinine (UCr) in multivariate linear regression analysis. (a) N-acetyl-b-
D-glucosaminidase (NAG):UCr; (b) neutrophil gelatinase-associated lipocalin (NGAL):UCr; (c) alpha 1-microglobulin (a1-M):UCr; (d) kidney injury
molecule-1 (KIM-1):UCr; (e) epidermal growth factor (EGF):UCr. BMI, body mass index; TC, total cholesterol; TG, triglycerides; SCr, serum crea-
tinine; UA, uric acid; CI, confidence interval.
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It was interesting that the protective marker EGF:UCr

was elevated with HIV infection. EGF, which is a tubule-

specific protein derived from the ascending portion of

Henle’s loop and the distal convoluted tubule and is con-

sidered critical for cell differentiation and regenerative

tubular reserve, may slow progression of chron ic kidney

disease (CKD) through alleviating renal interstitial fibrosis

and tubular atrophy [16,17]. Urinary EGF has been shown

to be inversely correlated with interstitial fibrosis, dia-

betic nephropathy, immunoglobulin A (IgA) nephropathy,

adult polycystic kidney disease and paediatric CKD [18].

However, in the presence of proinflammatory stimuli,

EGF further exacerbated injury [19]. In our study, the eli-

gible participants had preserved glomerular filtration

rates and no renal disease history. We hypothesized that

the elevations of EGF:UCr in PLWH were a negative feed-

back to modulate the tubular response to injury, in which

the role of urinary EGF in HIV-associated early kidney

injury has not yet been clearly elucidated. In contrast, we

also observed a negative correlation between age and uri-

nary EGF:UCr, which suggests that an aging kidney

tubule in PLWH might have limited potential for regener-

ation and recovery from damage.

In our study, risk factors associated with each type of

tubular injury were also assessed. We found that proximal

tubular injury markers, particularly NAG:UCr and a1-M:

UCr, had strong associations with HIV-related factors such

as CD4 count and HIV RNA level. Shlipak et al. also found

that, although HIV infection was not significantly associ-

ated with urinary KIM-1 and NGAL levels, HIV-related

characteristics including lower CD4 count and higher HIV

viral load were independently associated with higher uri-

nary IL-18 concentrations as a biomarker of tubulointersti-

tial injury [7]. These results are similar to those of previous

studies, which suggested that urinary biomarkers of sub-

clinical tubular damage were strongly associated with HIV

infection and uncontrolled viraemia after adjustment for

demographic and conventional risk factors [20]. Direct HIV

infection of renal epithelial cells has been verified through

both in situ hybridization and in situ polymerase chain

reaction (PCR) [21,22]. Hence, renal tubular cells are con-

sidered a critical reservoir of HIV-1. In 2009, Mikulak et al.

demonstrated that HIV-1 could infect epithelial cells and

that this was mediated by the DEC-205 receptor, a member

of the C-type lectin-like receptor family expressed on

human renal proximal tubular epithelial cells [23]. This

finding might indicate a mechanism of early tubular injury

associated with HIV infection.

The study has several limitations. Firstly, this was a

single-centre study and had a relatively small sample size,

which certainly weakens the generality of our conclusions.

Secondly, this was a cross-sectional study, and so it is hard

to draw conclusions regarding the causative relationship

between urinary biomarker levels and HIV infection,

although we used the PSM approach. In addition, although

we observed elevated levels of urinary biomarkers in HIV-

infected patients, there was no direct evidence of early kid-

ney injury obtained by renal biopsies. Longitudinal studies

should be conducted to confirm whether these biomarkers

influence the prognosis of PLWH.

In summary, PLWH with normal kidney function had

significant elevations in urinary biomarkers for proximal

tubular injury and distal tubular injury, but not glomeru-

lar injury, compared with HIV-negative persons. HIV

infection was associated with higher NAG:UCr and a1-M:

UCr, which are markers for proximal tubule injury. Initia-

tion of effective antiretroviral therapy and reductions in

the usage of nephrotoxic drugs may reduce the kidney

disease burden in this population.
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