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Abstract: Background: HIV positive patients are at high risk of kidney disease, end-stage renal disease and renal
death. We aimed to evaluate the prevalence and risk factors of renal impairment among HIV positive patients
hospitalized in The First Hospital of China Medical University. Methods: We did a retrospective study of in-patient
samples of Chinese HIV positive patients. Estimated glomerular filtration rate (eGFR) was calculated by creatinine
and cystatin C based Chronic Kidney Disease Epidemiology Collaboration (CKD-EPIscr-cys) equation. Urine protein
was measured by spot urine dipstick examination, and urine protein ≥1+ was defined as proteinuria. Risk factors for
renal impairment were assessed by multivariate logistic regression. Results: In total, 306 patients were included in
this study. There were 15 female and 291 male patients. The mean age was 39.91±11.63 years. The weight was
59.69±10.67 kg. The mean CD4 T cell count was 101.47±163.76/μl (median: 37/μl and range: 1-1428/μl). The
mean eGFR CKD-EPIscr-cys was 97.58±19.68 ml/min/1.73 m2. Ten (3.26%) patients had eGFR <60 ml/min/1.73
m2, nine (2.94%) patients had proteinuria ≥1+ and 2 patients had both eGFR <60 ml/min/1.73 m2 and proteinuria
≥1+. Using multivariate regression analysis, renal impairment was significantly correlated with age (OR 2.294,
95% CI 1.490-3.533, P=0.000) and highly active antiretroviral therapy (HAART) (OR 0.173, 95% CI 0.036-0.838,
P=0.029). Conclusions: The prevalence of renal impairment among Chinese hospitalized HIV positive patients was
5.56% (17/306). Older age was a risk factor for renal impairment and HAART showed a beneficial effect on renal
function.
Keywords: Renal impairment, HIV, cystatin C and creatinine based Chronic Kidney Disease Epidemiology
Collaboration equation, highly active antiretroviral therapy

Introduction
Until October 2015, an estimated 575000
people were living with HIV infection in China.
Nowadays, the introduction of highly active
antiretroviral therapy (HAART) dramatically
changes the HIV infection from a fatal disease
to a chronic controlled condition, improving the
survival of HIV positive patients [1]. As their life
span prolonged, chronic morbidities needs
more concern.
In recent 10 years, chronic kidney disease
becomes one of the leading public health problems. Chronic kidney disease is highly prevalent in developing countries [2, 3]. A cross-sectional survey of a nationally representative sample of Chinese adults showed the overall preva-

lence of chronic kidney disease was 10.8% [4].
Compared with the general population, HIV positive patients are at high risk of chronic kidney
disease [5], end-stage renal disease and renal
death [6, 7]. As for the prevalence of renal impairment in Chinese HIV positive patients, there
are several cohort studies [8-10]. To evaluate
the renal function, they used Modification of
Diet in Renal Disease (MDRD) equation to calculate the estimated glomerular filtration rate
(eGFR). However, recent studies demonstrated
that compared with MDRD, creatinine and cystatin C based Chronic Kidney Disease Epidemiology Collaboration (CKD-EPIscr-cys) equation
appeared to be more accurate especially in HIV
positive individuals [11]. Moreover, CKD-EPIscrcys equation also showed a better capability to
evaluate eGFR in Chinese ethnic [12]. Thus we
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Patients and methods

Table 1. Baseline demographic and clinical variables of HIV
positive patients hospitalized in The First Hospital of China
Medical University
Clinical variable

eGFR <60 ml/
eGFR ≥60 ml/
min/1.73
m2 or
min/1.73 m2
proteinuria ≥1+
n=289
n=17

Pvalue

Sex
0.85
Male
275 (95.2)
16 (94.1)
Female
14 (4.8)
1 (5.9)
Age (years)
39.33±11.11
49.71±15.76 0.016*
Weight (kg)
59.81±10.45
57.76±10.93 0.463
Hypertension
0.012*
Yes
12 (4.2)
3 (17.6)
No
277 (95.8)
14 (82.4)
Diabetes Mellitus
0.114
Yes
11 (3.8)
2 (11.8)
No
278 (96.2)
15 (88.2)
Hepatitis B
0.576
Yes
29 (10.0)
1 (5.9)
No
260 (90.0)
16 (94.1)
Hepatitis C
0.308
Yes
6 (2.1)
1 (5.9)
No
283 (97.9)
16 (94.1)
Opportunistic infection
0.911
Yes
241 (83.4)
14 (82.4)
No
48 (16.6)
3 (17.6)
CD4 T cell count (cells/ul) 98.75±163.99 118.47±135.01 0.627
CD4 T cell count
0.732
≥100
210 (72.7)
4 (23.5)
<100
79 (27.3)
13 (76.5)
WHO Clinical Stage
0.849
1-2
46 (15.92)
3 (17.65)
3-4
243 (84.08)
14 (82.35)
Use of HAART
0.059
Yes
98 (33.9)
2 (11.8)
No
191 (66.1)
5 (88.2)
Use of tenofovir
0.165
Yes
56 (19.4)
1 (5.9)
No
233 (80.6)
16 (94.1)

This was a retrospective study.
The study population comprised of
HIV seropositive patients aged 16
years and above hospitalized in
The First Hospital of China Medical
University from 1st November 2010
to 30th August 2016. The clinical
and demographic data were extracted from the patients’ electronic medical records. Patients with
acute renal failure, urinary tract
infection or obstruction, past history of kidney disease, pregnant
patients or patients without baseline creatinine and cystatin C measurements were excluded. 306 HIV
seropositive patients who met the
study criteria and presented within
the study period were included in
the study. The Human Research
Ethics Committee of The First Hospital of China Medical University
approved the study (Certificate
number: 2016-211-2).

The following baseline demographic and clinical variables were
assessed at the time of initial evaluation for all patients: age, sex,
weight, blood pressure, presumed
duration of HIV seropositive based
on known dates of first HIV test,
World Health Organization (WHO)
HIV/AIDS clinical stage, presence
of diabetes mellitus, hypertension,
chronic infection with either hepatitis B or C virus, opportunistic
infection, initiation of HAART and
the regimen, serum creatinine and
cystatin C, urine protein and total
blood CD4 T cell count. HAART and
Values are expressed as mean ± SD or number (percentage). *represent
TDF therapy were identified respecsignificant difference between two groups.
tively for at least 1 month. Serum
creatinine was measured in μmol/l.
employed CKD-EPIscr-cys equation to assess
The eGFR was calculated by the CKD-EPIscrthe eGFR of Chinese HIV positive patients.
cys equation [13].
This study aimed to evaluate the renal function
in the hospitalized HIV positive patients in The
First Hospital of China Medical University by
CKD-EPIscr-cys equation and to determine the
possible risk factors associated with the renal
impairment.
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To determine the possible risk factors associated with renal impairment, patients were divided into two groups as eGFR ≥60 ml/min/1.73
m2 and eGFR <60 ml/min/1.73 m2 or urine
protein ≥1+. The demographic and clinical variables were compared between these two groInt J Clin Exp Med 2018;11(8):8622-8627
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Table 2. Multivariate logistic regression analysis
of risk factors for renal impairment in HIV positive
patients hospitalized in The First Hospital of China
Medical University
Characteristics of patients
OR (95%)
P-value
Age (per 10 year increase) 2.294 (1.490-3.533) 0.000*
Initiation of HAART
0.173 (0.036-0.838) 0.029*
*

represent significant difference between two groups.

ups. Categorical variables were analyzed using
χ2 test, and continuous variables were analyzed
by student’s t test (for normally distributed variables). Correlations between the clinical variables and renal impairment were analyzed by
both univariate and multivariate logistic regression. The multivariate model incorporated a
backward and stepwise elimination method
using variables with a P-value of <0.25 from the
univariate analysis. Odd ratios (OR) and 95%
confidence intervals (95% CI) were also obtained. All analyses were performed using SPSS
18.0 (Chicago, IL, USA). A P-value <0.05 was
considered statistically significant.

tively. The prevalence of hypertension and
diabetes mellitus was 4.90% (15/306) and
4.25% (13/306) respectively. The prevalence
of HBV and HCV infection was 9.80%
(30/306) and 2.61% (8/306). The mean
eGFR was 97.58±19.68 ml/min/1.73 m2. Ten
(3.26%) patients had eGFR <60 ml/min/1.73
m2, nine (2.94%) patients had proteinuria
≥1+ and 2 patients had both eGFR <60 ml/
min/1.73 m2 and proteinuria ≥1+. The prevalence of renal impairment as eGFR <60 ml/
min/1.73 m2 and/or proteinuria ≥1+ was 5.56%
(17/306).
Rask factors
Age and presence of hypertension were found
significantly different between two groups in
the univariate analysis (P=0.016 and P=0.012
respectively). Using multivariate regression
analysis, renal impairment was significantly
correlated with age (OR 2.294, 95% CI 1.4903.533, P=0.000) and HARRT (OR 0.173, 95% CI
0.036-0.838, P=0.029) (Table 2).

Results

Discussion

Demographics and clinical features

Here we report the prevalence of renal impairment in Chinese HIV positive patients hospitalized in The First Hospital of China Medical
University by evaluating eGFR with CKD-EPIscrcys equation. The prevalence of renal impairment with eGFR less than 60 ml/min/1.73 m2
was 3.27%, and the prevalence of proteinuria
was 2.94%. The renal impairment was correlated with age, and HAART showed beneficial
effect on renal function.

In total, 306 patients were included in this
study. The patients were diagnosed with HIV
infection between October 2002 and August
2016. The baseline demographic data and clinical variables are shown in Table 1. There were
15 female and 291 male patients. The mean
age was 39.91±11.63 years. The weight was
59.69±10.67 kg. The mean CD4 T cell count
was 101.47±163.76/μl (median: 37/μl and range: 1-1428/μl). The mean creatinine was 62.93
±23.67 μmol/l and mean cystatin C was 1.08
±0.32 mg/l. 103 patients received HAART, and
the HAART drugs used in this study were lamivudine (3TC), zidovudine (AZT), stavudine (D4T),
nevirapine (NVP), efavirenz (EFV), disoproxil
fumarate (TDF) and lopinavir/ritonavir (LPV/r).
56 patients received TDF-based treatment. The
mean duration of HAART and TDF therapy was
10.88±17.38 months (range: 1-96 months) and
7.40±10.32 months (range: 1-48 months) respectively. The overall prevalence of opportunistic infection was 83.33% and prevalence of
pneumocystis jiroveci pneumonia, tuberculosis, candidiasis and cryptococcal meningitis
was 42.14% (132/306), 37.58% (115/306),
23.53% (72/306) and 5.56% (17/306) respec8624

In this study, the patient population was hospital in-patient, most of whom were in malnutrition and with muscle wasting diseases as pneumocystis jiroveci pneumonia, tuberculosis, candidiasis and cryptococcal meningitis. Less
muscle mass and lower dietary could lead to
less creatinine generation. For patients with
lower body mass, creatinine based equation is
less accurate which may overestimate eGFR.
Cystatin C production is independent of muscle
mass and dietary influences, and the cystatin C
based prediction equation are therefore potentially not subjected to the limitations of creatinine based equations [14]. Hence the cystatin
C based formula seems more suitable for the
patients enrolled in this study. However, the
cystatin C-only based equations do not perform
Int J Clin Exp Med 2018;11(8):8622-8627
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better than creatinine-only based equations
[13]. So in this study, to calculate eGFR, CKDEPIscr-cys equation was employed which further demonstrated more accurate than either
MDRD or Cockcroft-Gault equation in HIV positive patients and in Chinese patients with
chronic kidney diseases [11, 12].
Compared with the former studies, the prevalence of renal impairment in our study was
lower. This discrepancy might come from: First,
the equation chosen in the former studies to
calculate eGFR was MDRD. Moving from MDRD
to CKD-EPIscr-cys would decrease the prevalence of CKD [15]. Second, our study is regional. The First Hospital of China Medical University
is a tertiary hospital localized in northeast
China, of which over 90% patients come from
north area of China. As for the different geographical regions, the prevalence of low eGFR
and albuminuria differs [4]. Third, in our study
the lower prevalence of renal impairment was
partly due to the lower prevalence of proteinuria (2.94%) as compared with Cao’s (12.2%)
[9] and Cheung’s (13.7%) studies [8]. In the
present study, the initial routine urine check
showed 31 of 306 (10.13%) patients had proteinuria as evidenced by urine protein ≥1+.
However, 15 of them were febrile when proteinuria was evaluated. In our clinical practice, all
urine samples from patients with proteinuria
were tested at least twice at different time
points and at last only nine samples with persistent pathological proteinuria evidenced by
repeated measurements were considered positive.
By multivariable analysis, we found that the
renal impairment was associated with older
age which was consistent with other studies.
Moreover, initiation of HAART showed beneficial effect on renal function. This could be
explained by its effective inhibition of viral load.
Viral load has been identified as risk factor for
renal impairment [9, 16], and sustained suppression of viral replication can have direct
beneficial effect on renal function [17]. Nowadays, TDF is a first-line treatment of HIV infection and was used in 54.37% HAART regimens
in the present study likewise the conditions in
other countries [18, 19]. Even though cases of
acute kidney injury (AKI), proximal tubular dysfunction and CKD induced by TDF have been
frequently reported [20], no significant correla-
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tion was found between TDF treatment and
renal impairment in present study, which could
demonstrate the renal safety of TDF treatment
in HIV positive patients. However, lack of association between TDF treatment and renal impairment might also relate to the short term
usage. In our study, the mean time of TDF treatment was 7.4 months with the longest treatment of 48 months. Renal safety of long-term
TDF treatment needs further investigation in
our patient population.
There are several limitations in this study. First,
this is a retrospective study which does not
allow us to collect kidney markers over a period
of three months as normally required for the
final CKD diagnosis [21]. However, there are
also some studies investigating renal impairment use one-time-only evaluation of eGFR
[22]. Second, evaluation of proteinuria might
be not accurate just defined as protein urine
≥1+ by spot urine dipstick examination. Spot
urine protein-to-creatinine and spot urine albumin-to-creatinine should be monitored among
patients with proteinuria. Third, it is better to
confirm the beneficial effect of HAART initiation
on renal function by measuring HIV viral load.
However, due to the high expense, viral load
measurement was not performed in all patients.
Fourth, inflammation is one of the factors that
might affect serum cystatin C level other than
GFR [23]. Most patients in this study were with
inflammatory diseases as pneumocystis jiroveci pneumonia, tuberculosis and other opportunistic infections. The association between
inflammation and serum cystatin C level would
lead to systemic bias of eGFR CKD-EPIscr-cys
in this patient population, which needs further
investigation.
Conclusion
This study revealed that 5.56% hospitalized
Chinese HIV positive patients were with impaired renal function evaluated by eGFR CKDEPIscr-cys equation. The renal impairment was
found to be correlated with older age and
HAART showed a beneficial effect on renal
function. Thus the study highlighted the importance of monitoring renal function especially
for elderly patients and emphasized the early
initiation of HAART for patients with low CD4 T
cell count and high risk of renal impairment.

Int J Clin Exp Med 2018;11(8):8622-8627

Renal impairment of hospitalized HIV positive patients
Acknowledgements
This study was funded by grants from the
Shenyang Sciences and Technology Program
(F13-220-9-23), and Liaoning Province Natural
Science Foundation (2014021063).

[9]

[10]

Disclosure of conflict of interest
None.
Address correspondence to: Pei Liu, Department of
Infectious Disease, The First Hospital of China
Medical University, Shenyang, Liaoning Province,
China. E-mail: syliupei2013@163.com

References
[1]

[2]

[3]

[4]

[5]

[6]

[7]
[8]

Selik RM, Byers RH Jr, Dworkin MS. Trends in
diseases reported on U.S. death certificates
that mentioned HIV infection, 1987-1999. J
Acquir Immune Defic Syndr 2002; 29: 378387.
Nugent RA, Fathima SF, Feigl AB, Chyung D.
The burden of chronic kidney disease on developing nations: a 21st century challenge in
global health. Nephron Clin Pract 2011; 118:
c269-c277.
Eknoyan G, Lameire N, Barsoum R, Eckardt K
U, Levin A, Levin N, Locatelli F, MacLeod A,
Vanholder R, Walker R, Wang H. The burden of
kidney disease: improving global outcomes.
Kidney Int 2004; 66: 1310-1314.
Zhang L, Wang F, Wang L, Wang W, Liu B, Liu J,
Chen M, He Q, Liao Y, Yu X, Chen N, Zhang JE,
Hu Z, Liu F, Hong D, Ma L, Liu H, Zhou X, Chen
J, Pan L, Chen W, Wang W, Li X, Wang H. Prevalence of chronic kidney disease in China: a
cross-sectional survey. Lancet 2012; 379:
815-822.
Ibrahim F, Hamzah L, Jones R, Nitsch D, Sabin
C, Post FA. Baseline kidney function as predictor of mortality and kidney disease progression in HIV-positive patients. Am J Kidney Dis
2012; 60: 539-547.
Ryom L, Mocroft A, Kirk O, Worm SW, Kamara
DA, Reiss P, Ross M, Fux CA, Morlat P, Moranne
O, Smith C, Lundgren JD. Association between
antiretroviral exposure and renal impairment
among HIV-positive persons with normal baseline renal function: the D:A:D study. J Infect Dis
2013; 207: 1359-1369.
Izzedine H, Baumelou A, Deray G. Acute renal
failure in HIV patients. Nephrol Dial Transplant
2007; 22: 2757-2762.
Cheung CY, Wong KM, Lee MP, Liu YL, Kwok H,
Chung R, Chau KF, Li CK, Li CS. Prevalence of
chronic kidney disease in Chinese HIV-infected
patients. Nephrol Dial Transplant 2007; 22:
3186-3190.

8626

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]
[20]

Cao Y, Gong M, Han Y, Xie J, Li X, Zhang L, Li Y,
Song X, Zhu T, Li T. Prevalence and risk factors
for chronic kidney disease among HIV-infected
antiretroviral therapy-naive patients in mainland China: a multicenter cross-sectional study. Nephrology (Carlton) 2013; 18: 307-312.
Zhao Y, Zhang M, Shi CX, Zhang Y, Cai W, Zhao
Q, Li Y, Li H, Liu X, Chen L, Ma Y, Zhang F, Liu Z,
Wu Z. Renal function in Chinese HIV-positive
individuals following initiation of antiretroviral
therapy. PLoS One 2015; 10: e0135462.
Seape T, Gounden V, van Deventer HE, Candy
GP, George JA. Cystatin C- and creatininebased equations in the assessment of renal
function in HIV-positive patients prior to commencing highly active antiretroviral therapy.
Ann Clin Biochem 2016; 53: 58-66.
Yang M, Xu G, Ling L, Niu J, Lu T, Du X, Gu Y.
Performance of the creatinine and cystatin Cbased equations for estimation of GFR in Chinese patients with chronic kidney disease. Clin
Exp Nephrol 2017; 21: 236-246.
Inker LA, Schmid CH, Tighiouart H, Eckfeldt JH,
Feldman HI, Greene T, Kusek JW, Manzi J, Van
Lente F, Zhang YL, Coresh J, Levey AS. Estimating glomerular filtration rate from serum creatinine and cystatin C. N Engl J Med 2012;
367: 20-29.
Filler G, Bokenkamp A, Hofmann W, Le Bricon
T, Martinez-Bru C, Grubb A. Cystatin C as a
marker of GFR--history, indications, and future
research. Clin Biochem 2005; 38: 1-8.
Delanaye P, Cavalier E, Mariat C, Maillard N,
Krzesinski JM. MDRD or CKD-EPI study equations for estimating prevalence of stage 3 CKD
in epidemiological studies: which difference?
Is this difference relevant? BMC Nephrol 2010;
11: 8.
Di Biagio A, Rosso R, Vitale F, Cardinale F, Sormani MP, Secondo G, Di Stefano L, Viscoli C.
Risk factors for chronic kidney disease among
human immunodeficiency virus-infected patients: a European case control study. Clin
Nephrol 2011; 75: 518-523.
El-Sadr WM, Lundgren J, Neaton JD, Gordin F,
Abrams D, Arduino RC, Babiker A, Burman W,
Clumeck N, Cohen CJ, Cohn D, Cooper D, Darbyshire J, Emery S, Fatkenheuer G, Gazzard B,
Grund B, Hoy J, Klingman K, Losso M, Markowitz N, Neuhaus J, Phillips A, Rappoport C. CD4+
count-guided interruption of antiretroviral
treatment. N Engl J Med 2006; 355: 22832296.
Kalyesubula R, Perazella MA. Nephrotoxicity of
HAART. AIDS Res Treat 2011; 2011: 562790.
Jao J, Wyatt CM. Antiretroviral medications: adverse effects on the kidney. Adv Chronic Kidney Dis 2010; 17: 72-82.
Cooper RD, Wiebe N, Smith N, Keiser P, Naicker S, Tonelli M. Systematic review and meta-

Int J Clin Exp Med 2018;11(8):8622-8627

Renal impairment of hospitalized HIV positive patients
analysis: renal safety of tenofovir disoproxil fumarate in HIV-infected patients. Clin Infect Dis
2010; 51: 496-505.
[21] K/DOQI clinical practice guidelines for chronic
kidney disease: evaluation, classification, and
stratification. Am J Kidney Dis 2002; 39: S1266.
[22] Collins AJ, Foley RN, Chavers B, Gilbertson D,
Herzog C, Johansen K, Kasiske B, Kutner N, Liu
J, St Peter W, Guo H, Gustafson S, Heubner B,
Lamb K, Li S, Li S, Peng Y, Qiu Y, Roberts T,
Skeans M, Snyder J, Solid C, Thompson B,
Wang C, Weinhandl E, Zaun D, Arko C, Chen
SC, Daniels F, Ebben J, Frazier E, Hanzlik C,
Johnson R, Sheets D, Wang X, Forrest B, Constantini E, Everson S, Eggers P, Agodoa L. ‘nited states renal data system 2011 annual data
report: atlas of chronic kidney disease & endstage renal disease in the United States. Am J
Kidney Dis 2012; 59: A7, e1-420.

8627

[23] Stevens LA, Schmid CH, Greene T, Li L, Beck G
J, Joffe MM, Froissart M, Kusek JW, Zhang YL,
Coresh J, Levey AS. Factors other than glomerular filtration rate affect serum cystatin C levels. Kidney Int 2009; 75: 652-660.

Int J Clin Exp Med 2018;11(8):8622-8627

