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Abstract
Prevalence of kidney disease (KD) is increasing among human immunodeficiency virus (HIV)-infected population. Different factors
have been related, varying on different published series.
The objectives were to study prevalence of KD in those patients, its evolution, and associated risk factors.
An observational cohort study of 1596 HIV-positive patients with cross-sectional data collection in 2008 and 2010 was conducted.

We obtained clinical and laboratory markers, and registered previous or current treatment with tenofovir (TDF) and indinavir (IDV). The
sample was divided according to estimated glomerular filtration rate (eGFR) by modification of diet in renal disease (MDRD) equation.
Group 1: eGFR �60mL/min/1.73m2; group 2: eGFR >60mL/min/1.73m2.
Among the patients, 76.4% were men, mean age (SD) 45±9 years, time since diagnose of HIV 14±7 years, and 47.2% of the

patients received previous treatment with TDF and 39.1% with IDV. In 2008, eGFR �60: 4.9% (91.4% of them in chronic kidney
disease [CKD] stage 3, eGFR 59–30mL/min); this group was older, presented higher fibrinogen levels, and more patients were
treated previously with TDF and IDV. In 2010, eGFR�60: 3.9% (87.1% stage 3 CKD). The 2.4% of cohort showed renal improvement
and 1.3% decline of renal function over time. The absence of hypertension and treatment with TDF were associated with
improvement in eGFR. Increased age, elevated fibrinogen, decreased albumin, diabetes mellitus, hyperTG, and worse virological
control were risk factors for renal impairment.
The HIV-positive patients in our area have a CKD prevalence of 4% to 5% (90% stage 3 CKD) associated with ageing,

inflammation, worse immune control of HIV, TDF treatment, and metabolic syndrome.

Abbreviations: BMI = body mass index, CKD = chronic kidney disease, DLP = dyslipidemia, DM = diabetes mellitus, eGFR =
estimated glomerular filtration rate, HAART = highly active antiretroviral therapy, HBP = high blood pressure, hypertension,
HBV = hepatitis B virus, HCV = hepatitis C virus, HIV = human immunodeficiency virus, hyperTG, HTG = hypertriglyceridemia,
IDV = indinavir, IFG = impaired fasting glucose, KD = kidney disease, TDF = tenofovir, TG = triglyceride, VL = viral load.

Keywords: chronic kidney disease, epidemiology, HIV, human immunodeficiency virus, tenofovir
Editor: Akhilanand Chaurasia.

Authors’contributions: J.J-M., A.B., N.P., and B.B. participated in the design of
the study and performed the statistical analysis, conceived the study, and
participated in its design and coordination. E.N., J.B., B.C., and R.R. conceived
the study, and participated in its design and coordination. All authors read and
approved the final manuscript.

Conflicts of interest: J.J-M. has received fees from Novartis; A.B. has received
fees from VIIV, Jansen Cilag, Abbott, and Roche; E.N. and B.C. have received
personal fees from VIIV, Merck, Jansen Cilag, Abbott, Roche, and Boehringer
Ingelheim. The remaining authors report no conflicts of interest.
a Servicio de Nefrología, Hospital Germans Trias i Pujol, Badalona, b Universitat
Autónoma de Barcelona, c Unitat VIH, Fundació Lluita contra la SIDA, Servicio de
Medicina Interna, Hospital Germans Trias i Pujol, Badalona, dUniversitat de Vic-
Universitat Central de Catalunya, Barcelona, e IrsiCaixa Foundation, Badalona,
Spain.
∗
Correspondence: Javier Juega-Mariño, Servicio de Nefrología, Hospital

Germans Trias i Pujol, Carretera de Canyet, S/N, 08916 Badalona, Barcelona,
Spain
(e-mail: juega.javier@gmail.com).

Copyright © 2017 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Medicine (2017) 96:37(e7421)

Received: 12 January 2017 / Received in final form: 18 April 2017 / Accepted:
12 June 2017

http://dx.doi.org/10.1097/MD.0000000000007421

1

1. Introduction

The course and prognosis of human immunodeficiency virus
(HIV)-positive patients has radically changed since the
development of the highly active antiretroviral therapy
(HAART), leading to increased patient survival and lower
morbidity.[1] Recent data showed an increasing prevalence
of kidney disease (KD) in these patients compared with
the general population, being related to increased mortality
and morbidity.[2–4] The involved factors were as follows: a
direct effect of the virus itself, closely related to the immune
status; prolonged use of antiretroviral therapy (ART)
(tenofovir [TDF], indinavir [IDV], and others); frequent use
of concomitant therapy with nephrotoxic drugs; increase
of comorbidities such as diabetes mellitus (DM), dyslipidemia
(DLP), and hypertension; high prevalence of coinfection
by hepatitis B and C compared with general population. All
these factors now turn KD an entity of importance in our
population that impacts on their short and long-term
prognosis.[5–11]

Previous studies have examined the prevalence of KD among
the population infected with HIV-1, showing large variations due
to differences in racial distribution, clinical characteristics, and
immunological control.[12,13,11]
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1.1. Objectives

To determine the prevalence of KD in the population infected by
HIV-1 in our environment and stratify it according to the criteria
of the kidney disease outcomes quality initiative (K/DOQI) 2002
classification,[14] and to establish its evolution over time and
potential risk factors for KD development in such patients.
2. Materials and methods

Cross-sectional and retrospective unicentric study of 1596
patients with HIV-1 controlled in our center was conducted.
Information about HIV-infected patients followed by the HIV
unit of our center, Germans Trias i Pujol hospital at Badalona
(Barcelona), Spain, was obtained. More than 3500 HIV-infected
patients are currently controlled by our HIV unit, with large
experience in research, clinical studies, and international
publications.
Review and consent from a local ethics committee was not

required as the study was designed as a noninterventional,
descriptive, and retrospective study, containing information
obtained from global blood test results database and available
regular clinical notes. The study was reviewed and approved by
the head of HIV unit and head of Nephrology Service at Germans
Trias i Pujol Hospital.
Two cross-sectional data were collected from those patients

among the general HIV cohort controlled in our center who were
consecutively visited and had a blood test performed in the
outpatient clinic. Baseline data were gathered from those visited
between October and December of 2008, and final data were
obtained from the same patients visited again between August
and October of 2010 to explore the evolution of this cohort and
compare baseline versus final data.
There were 16 patients who were lost to follow-up among the

group that showed eGFR>60mL/min at baseline. We detected 7
deaths among those with KD (eGFR�60mL/min) at baseline and
1 death among those who presented decline in renal function over
time during the observation period. In those 8 cases, last available
data within the observation period were collected as final cut.
In each section multiple data were obtained regarding the

following:
1.
 Clinical characteristics: age, sex, duration of HIV infection,
coinfection hepatitis B virus (HBV), hepatitis C virus (HCV),
and syphilis serology; cardiovascular risk variables and
metabolic disorder were defined according to the criteria of
metabolic syndromeNCEP ATP-III 2001[15] and review by the
American Heart Association in 2005.[16,17] Impaired fasting
glucose (IFG) was defined as blood glucose ≥5.6mmol/L and
DM if blood glucose was ≥7mmol/L.[18]

Analytical data: hemoglobin, fibrinogen, albumin, total
2.
Figure 1. Distribution groups and temporal evolution of the population.
cholesterol, high-density lipoprotein (HDL), low-density
lipoprotein (LDL), triglycerides (TGs), calcium and phosphate
levels, HIV viral load (VL), total lymphocytes, and CD4 and
CD8 (absolute and percentage). Kidney function was
measured by values of plasma creatinine, urea, eGFR
MDRD-4 IDMS (eGFR=175� [Cr/88.4]�1154 [age]�
0203 [�0.742 if female]; [�1.210 if black]).[14,19–21] It was
encoded as a categorical covariable CD4 count � or >200
cells/mL, undetectable VL was considered as VL �50copies/
mL, and cut-off VL> or�400copies/mL and VL> or�4000
copies/mL were stablished. The latter cut-offs have shown
relationship with impaired renal function in previous
studies.[5,6,9,11]
2

3.
 Treatment with TDF and/or IDV. These variables were
encoded by comparing those who had received indistinctly
prior or contemporaneous treatment with those who had
never received those drugs.

Kidney disease was defined as one eGFR estimated byMDRD-
4 IDMS �60mL/min/1.73m2 in the baseline survey. The
sample was divided into 2 groups: group 1 (KD): GFR �60
mL/min/1.73m2; and group 2 (normal renal function): GFR>60
mL/min/1.73m2.
Group 1 was stratified by different stages of KD. Groups 1 and

2 were compared based on the variables obtained on each of the
cross-sectional analysis made.
Additional data about group 1 in the baseline (2008) regarding

clinical diagnosis of high blood pressure, hypertension (HBP),
DLP, and DM, and also body mass index (BMI), smoking habit,
dialysis requirement, and mortality rate were obtained.
This group was subdivided according to the evolution of renal

function during the observation period. Group A—patients who
persisted showing KD in baseline and final analysis; group B—
those who showed improvement of renal function (GFR�60mL/
min/1.73m2 at baseline and eGFR >60mL/min/1.73m2 at final
cut), comparing them.
On the contrary, group 2 (preserved baseline renal function)

was subdivided into group Cnormal baseline eGFR with
progressive impairment of renal function; and group DeGFR
always preserved, comparing both groups (Fig. 1).
Group C clinical data were obtained regarding the diagnosis of

hypertension, DLP, DM, and smoking, and withdrawal of
previous treatment with TDF and/or IDV during observation
period was encoded as a new variable. Requirement of renal
replacement therapy techniques and death during the observation
period were recorded.
2.1. Statistical analysis

The association analysis between qualitative variables was
performed using the Pearson chi-square test. Student t test,
Mann–Whitney U test and Wilcoxon test were used to compare
continuous variables. A multivariate logistic regression model
including statistically significant variables was developed. A
significance level of 5% (P� .05) in hypothesis testing was
adopted. SPSS (version 15.0) statistical package was used. (SPSS,
Inc., Chicago, IL).



Table 1

General characteristics of the cohort.

Variable 2008 2010

N 1596
Sex (male) 76.4%
Mean age±SD 45±9 y
Men time of HIV infection 14±7 y
HCV coinfection 38.7%
HBV coinfection 22.6%
Positive luetic serology 6.9%
Treatment with tenofovir (TDF) 47.2%
Treatment with indinavir (IDV) 39.1%
Undetectable viral load (CV <50copies/mL) 76.5% 73.5%
Impaired fasting glucose (IFG)
(gluc ≥5.6mmol/L) 17.6% 17.29%
Hyper LDL (LDL ≥3.3mmol/L) 24.8% 35.02%
Hypo HDL (HDL <1mmol/L) 37.15% 31.82%
Hypertriglyceridemia (TG >1.7mmol/L) 41.97% 39.4%
Diabetes mellitus (gluc ≥7mmol/L) 3.7% 3.8%

HBV=hepatitis B virus, HCV=hepatitis C virus, HDL=high-density lipoprotein, LDL= low-density
lipoprotein, TG= triglyceride.
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3. Results

In all, 1596 Caucasian patients were included in the study, among
which 76.4% were men, with a mean age of 45±9 years, the
average time of infection was 14±7 years, and undetectable VL
76.5% in 2008. Also, 47% had received previous or current
treatment with TDF (Table 1).
In 2008, group 1 (KD) was 4.9% of the total, having an

average eGFR of 49.09±12.08mL/min/1.73m2. The KD
stageswere as follows: stage 3 (eGFR �60–30mL/min)
91.1%; stage 4 (GFR <30–15mL/min) 5.1%; stage 5 (GFR
>15mL/min) 3.8%.
The 79 patients in group 1 (KD) had important prevalence of

DLP (62.8%), hypertension (26.9%), DM (15.4%), and smoking
(44.9%). They received in large proportion previous or current
treatment with TDF (73.4%) and IDV (59.5%). The 3.8% of
these patients required starting hemodialysis. A mortality rate of
8.9% was observed during the observation period.
When comparing in baseline cut (2008) group 1 versus group

2, patients with KD showed statistically significant higher age,
fibrinogen, and percentage of VL >400copies/mL, and had
received previous or current treatment with TDF and IDV in
greater proportion. No significant differences between lipid
levels, immune status, time of HIV infection, or prevalence of
coinfection with HCV and HBV were observed. Higher
prevalence of IFG and DM was observed in patients with worse
renal function, without reaching statistical significance.
In 2010, the prevalence of KD was 3.9% of the total, with

average 45.4±14.2 eGFR mL/min/1.73m2. KD distribution
stages were as follows: stage 3—87.1%; stage 4—6.5%; stage 5
—6.5%.
In 2010, group 1 showed statistically significant higher age,

higher TG levels, and fibrinogen; and lower levels of albumin and
hemoglobin; higher percentage of CD4 <200 cells/mL; lower
CD4 absolute and percentage, and total lymphocyte when
compared with group 2. There were no significant differences
between the percentage of patients who had received prior or
current treatment with TDF or with IDV, or in prevalence of
coinfection with HCV or HBV.
In addition, in the final cut, significant differences between

groups in prevalence of DM, IFG, and hypertriglyceridemia
3

(HTG) were obtained. In all cases, higher proportion of
metabolic disorders was observed in the group of impaired
renal function (Table 2).
3.1. Evolution of cohort’s renal function

Regarding the evolution of renal function during the study
period, we observed the following: patients showing persistent
KD, remaining in group 1 (maintained eGFR �60mL/min/1.73
m2) 2.6%; those with stable preserved renal function, remaining
in group 2 (maintained eGFR >60mL/min/1.73m2) 92.7%,
improvement of renal function observed in 2.4% of patients, and
1.3% showed decline of renal function during observation
period.
Up to 47.2% of group 1 patients showed improvement in renal

function, reaching GFR >60mL/min, whereas 52.8% continued
showing eGFR �60mL/min (Fig. 1).
The evolution of renal function within group 1 was studied by

comparing those who persisted showing renal disease (group A),
and those who showed improvement of renal function to levels of
GFR >60mL/min/1.72m2 (group B).
Regarding clinical variables, patients with improvement in

renal function showed lower prevalence of hypertension (13 vs
40%) and higher percentage of previous or current treatment
with TDF (86.6% vs 61%) statistically significant. Higher
prevalence of factors of metabolic syndrome and cardiovascular
risk (diagnosis of DM, DLP, and HTG) in those patients without
improvement in renal function and without reaching statistical
significance was observed. There were no significant differences
between age, smoking habit, time of HIV infection, or coinfection
with HBV or HCV.
As for the analytical variables, in 2008, the group B

(improvement of renal function) showed lower levels of TG
and lower prevalence of CD4<200cells/mL, which is statistically
significant.
In 2010, group B had higher levels of hemoglobin, which is

statistically significant, without other relevant differences
between the 2 groups (Table 3).
Subsequently, the group of patients with normal renal function

in the baseline (group 2) was divided according to progression of
renal function in group C: declining renal function, from normal
GFR in the baseline to KD in the final cut; and group D: patients
with maintained normal renal function over time.
We reviewed clinical records of patients in group C (n=21)

obtaining additional data. These patients were mostly male
(85.7%), mean age 53±11 years, and had a higher prevalence of
cardiovascular risk factors (hypertension 40%, DM 70%, DLP
25%) and 55% of HCV coinfection. Among them, 52.4% had
received prior or current treatment with TDF, which was
withdrawn after deterioration of renal function in 30% of them.
Hemodialysis requirement was observed in 10% (2 patients),
with a mortality of 5% (1 patient) during the observation period.
In 2008, patients in group C showed statistically significantly

higher age and worse infective/immune values with a higher
prevalence of VL >4000copies/mL, and lower levels of CD4
percentage, CD4 absolute, and higher prevalence of CD4 �200
cells/mL.
GroupC had also higher levels of fibrinogen and lower levels of

albumin and hemoglobin, and a higher proportion of IFG, DM,
and HTG, all statistically significant.
In 2010, the significant differences obtained largely coincided

with those observed in the baseline cut mentioned above
(Table 4).
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Table 3

Comparison baseline group 1 (subgroup B [renal function improvement] vs subgroup A [remaining KD]).
Baseline (2008) Final (2010)

Variable
Group A no improvement

2008–2010 (n=41)
Group B improvement

eGFR 2008–2010 (n=38) P
Group A no improvement

2008–2010 (n=41)
Group B improvement eGFR

2008–2010 (n=38) P

Urea, mmol/L 10.2±7.1 7.4±2.6 <.025 10.6±6.7 6.5±1.5 <.001
Creatinine, mmol/L 172±116 137±29 <.014 180±171 92±16 <.002
Viral load, copies/mL 12,253±75,863 3174±17824 NS 12,301±77,467 911±5008 NS
Undetectable VL (<50copies/mL) 82% 78% NS 67.5% 76.3% NS
VL >400copies/mL 5% 10,5% NS 2.5% 5.3% NS
VL >4000copies/mL 5% 5,3% NS 2.5% 2.6% NS
Absolute CD4, cells/mL 529±314 519±270 NS 541±335 572±304 NS
Absolute CD4 �200cells/mL 20.5% 2.7% <.029 10.5% 7.9% NS
CD4 percentage, % 27±10 25±11 NS 28±10 26±11 NS
Absolute CD8, cells/mL 920±444 1045±586 NS 841±419 1041±541 <.079 (NS)
CD8 percentage, % 47±10 46±13 NS 44±10 45±14 NS
Total lymphocytes, �109/L 1.9±1.3 2.2±1 NS 1.8±0.9 2.3±1 <.065 (NS)
Hemoglobin, g/dL 13.7±2.3 14.6±1.8 <.058 13.8±2.3 14.7±1.7 <.043
Fibrinogen, mg/dL 390±138 361±103 NS 389±134 382±114 NS
Glucose, mmol/L 5.4±1.3 5.1±0.9 NS 5.3±1 5.2±1.2 NS
HDL, mmol/L 1.3±0.6 1.3±0.4 NS 1>3±0.6 1.3±0.4 NS
LDL, mmol/L 2.3±1 2.6±1 NS 2.7±0.9 2.6±1 NS
Triglycerides, mmol/L 2.3±1.5 1.7±0.9 <.044 2.2±1.5 2.6±3.9 NS
Albumin, g/L 42±4 43±4 NS 42.2±5.2 43±2.4 NS
Calcium, mmol/L 2.3±0.1 2.3±0.1 NS 2.3±0.9 2.4±0,1 NS
Phosphate, mmol/L 1.1±0.5 1±0.2 NS 1.1±0.3 0.9±0>1 <.058 (NS)
TDF treatment 61% 86.8% <.011 61% 86.8% <.011
IDV treatment 56% 63% NS 56% 63% NS
Age, y 54±12 51±9 NS 54±12 51±9 NS
Sex (male) 70.7% 65.8% NS 70.7% 65.8% NS
BMI 23.9±5 22.5±1.8 NS 23.9±5 22.5±1.8 NS
Smoking habit 45% 44.7% NS 45% 44.7% NS
HTN 40% 13% <.01 40% 13% <.01
Dyslipidemia (clinical diagnosis) 62.5% 63.2% NS 62.5% 63.2% NS
DM (clinical diagnosis) 22.5% 7.9% NS 22.5% 7.9% NS

Differences between variables at initial cut (2008) and final cut (2010). Values expressed as mean± standard deviation (SD) unless otherwise detailed.
BMI=body mass index, DM=diabetes mellitus, eGFR=estimated glomerular filtration rate, HBV=hepatitis B virus, HCV=hepatitis C virus, HDL=high-density lipoprotein, IDV= indinavir, IFG= impaired fasting
glucose, KD= kidney disease, LDL= low-density lipoprotein, TDF= tenofovir, VL= viral load.
Bold figures represents those variables with statistically significant.

Table 2

Differences group 1 versus group 2 in basal (2008) and final (2010).
Baseline section (2008) Final section (2010)

Variable

Group 1
(eGFR �60mL/min)

(n=79)

Group 2
(eGFR >60mL/min)

(n=1517) P

Group 1
(eGFR �60mL/min)

(n=62)

Group 2
(eGFR >60mL/min)

(n=1518) P

Age, y 52±10 45±8 <.0001 53±11 45±9 <.0001
Male sex, % 68.4% 75.8% NS 75.8% 75.4% NS
Urea, mmol/L 8.9±5.9 5.8±1.5 <.0001 9.9±5.7 5.6±1.5 <.0001
Creatinine, mmol/L 145±104 78±14 <.0001 168±146 74±14 <.0001
Time of HIV infection, y 15±6 14±7 NS 14.5±6.5 14±7 NS
Viral load, copies/mL 7830±55,574 11,389±71,196 NS 8154±62,723 10,189±80,736 NS
Undetectable viral load (<50copies/mL) 80.8% 76.3% NS 67.2% 73.8% NS
Viral load >400copies/mL 7.7% 17.6% <.02 6.6% 10.6% NS
Viral load >4000copies/mL 5.1% 12.4% <.071 (NS) 1.6% 6.9% NS
Absolute CD4, cells/mL 524±292 625±2056 NS 504±319 615±297 <.002
Absolute CD4 �200cells/mL 11.8% 7.2% NS 15.5% 6.1% <.011
CD4 percentage, % 25.7±10.4 27.2±10.3 NS 25±11 28.9±9.9 <.012
Absolute CD8, cells/mL 981±519 1058±2085 NS 906±527 969±466 NS
CD8 percentage, % 46.6±11.5 47.3±12.5 NS 45±12.8 45±11.7 NS
Total lymphocytes, �109/L 2.1±1.2 6±88.1 NS 1.9±0.9 2.1±0.7 <.029 ̈
Hemoglobin, g/dL 14.1±2.1 14.5±1.5 <.05 13.5±2.3 14.6±1.5 <.0001
Fibrinogen, mg/dL 375±122 342±84 <.001 391±125 348±100 <.002
Glucose, mmol/L 5.3±1.2 5.2±2.6 NS 5.6±1.9 5.2±1 <.03
HDL, mmol/L 1.3±0.5 1.2±0.4 <.026 1.2±0.5 1.2±0.4 NS
LDL, mmol/L 2.4±1 2.5±0.8 NS 2.7±0.9 2.7±0.9 NS
Triglycerides, mmol/L 1.9±1.3 1.8±1.4 NS 2.4±1.4 1.7±1.4 <.001
Albumin, g/L 42.6±3.9 43.1±3.8 NS 41.7±6 43.4±3.4 <.001
Calcium, mmol/L 2.3±0.05 2.3±0.1 NS 2.3±0.1 2.3±0.09 NS
Phosphate, mmol/L 1.06±0.3 1.04±0.2 NS 1.07±0.2 1.05±0.2 NS
DM (fasting glucose ≥7mmol/L) 6.5% 3.5% NS 13.1% 3.5% <.02
IFG (fasting glucose ≥5.6mmol/L) 24.7% 17.3% <.07 36.1% 17% <.0001
Low HDL (HDL <1.03mmol/L) 41.2% 37>5% NS 38.6% 33.4% NS
Hyper LDL (LDL ≥3mmol/L) 27.8% 27.1% NS 42% 38.5% NS
Hypertriglyceridemia (TG ≥1.7mmol/L) 46.8% 43% NS 61.7% 39.4% <.0001
HBV coinfection, % 13.4% 23.1% NS 14.8% 22.9% NS
HCV coinfection, % 38.4% 38.8% NS 40.4% 38.7% NS
Positive luetic serology, % 2.1% 7.1% NS 2.6% 7.1% NS
Treatment TDF, % 73.4% 45.9% <.0001 58.1% 46.8% <.082 (NS)
Treatment IDV, % 59.5% 38.1% <.0001 50% 38.7% <.073 (NS)

eGFR= estimated glomerular filtration rate, HBV=hepatitis B virus, HCV=hepatitis C virus, HDL=high-density lipoprotein, IDV= indinavir, IFG= impaired fasting glucose, LDL= low-density lipoprotein, TDF=
tenofovir, TG= triglyceride.
Bold figures represents those variables with statistically significant.
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Table 4

Comparison basal group 2 (subgroup C [initial normal eGFR, decline to FG �60mL/min] vs subgroup D [stable eGFR >60mL/min]).

Baseline section (2008) Final section (2010)

Variable

Group C impairment
eGFR 2008–2010

(n=21)

Group D stable
eGFR >60mL/min

2008–2010 (n=1496) P

Group C impairment
eGFR 2008–2010

(n=21)

Group D stable
eGFR >60mL/min

2008–2010 (n=1480) P

Age, y 53±11 45±8 <.006 53±11 45±8 <.006
Male sex, % 85.7% 75.7% NS 85.7% 75.7% NS
Urea, mmol/L 6.8±1.8 5.8±1.5 <.021 8.6±2 5.6±1.5 <.0001
Creatinine, mmol/L 98±14 77±13 <.0001 143±66 73±14 <.0001
Time of HIV infection, y 14±7 15±6 NS 14±7 15±6 NS
Viral load, copies/mL 19,054±42,790 11,284±71,776 NS 255±590 10,433±82,100 <.0001
Undetectable viral load (<50copies/mL) 66.7% 76.6% NS 66>7% 74.4% NS
Viral load >400copies/mL 28.6% 17.5% NS 14.3% 10.8% NS
Viral load >4000copies/mL 28.6% 12.2% <.037 0% 7.1% NS
Absolute CD4, cells/mL 426±340 630±2081 <.036 432±280 617±298 <.009
Absolute CD4 �200cells/mL 30% 6.9% <.002 25% 6.2% <.007
CD4 percentage, % 18.4±12.6 27±10 <.006 19.7±11.6 29±10 <.002
Absolute CD8, cells/mL 1213±737 1057±2105 NS 1036±690 969±464 NS
CD8 percentage, % 53±19 47±12 NS 47±17 45±12 NS
Total lymphocytes, �109/L 2.2±1.1 6,1±88 NS 2.2±1 2.1±0.7 NS
Hemoglobin, g/dL 13.7±1.1 14.5±1.5 <.014 13.1±2.1 14.6±1.5 <0.005
Fibrinogen, mg/dL 416±109 340±83 <.0001 396±108 347±100 <.067 (NS)
Glucose, mmol/L 5,8±2,4 5,2±2,6 NS 6,2±2,9 5,2±1 <.0001
HDL, mmol/L 1,1±0,3 1,1±0,4 NS 1,1±0,4 1,2±0,4 NS
LDL, mmol/L 2.8±0.9 2.5±0.8 NS 2.7±0.8 2.8±0.9 NS
Triglycerides, mmol/L 2.6±1.6 1.8±1.4 <.033 2.7±1.2 1.7±1.3 <.003
Albumin, g/L 40±5 43±3.8 <.002 41±7 43±3.4 <.001
Calcium, mmol/L 2.3±0.05 2.3±0.1 NS 2.3±0.2 2.3±0.1 NS
Phosphate, mmol/L 1.03±0.1 1.04±0.2 NS 1.06±0.2 1.05±0.2 NS
DM (fasting glucose ≥7mmol/L) 38.1% 17% <.019 50% 17% <.001
IFG (fasting glucose ≥5.6mmol/L) 14.3% 3.4% <.035 20% 3.4% <.005
Low HDL (HDL <1.03mmol/L) 40% 41.3% NS 45% 33.3% NS
Hyper LDL (LDL ≥3mmol/L) 41.2% 27.7% NS 44.4% 38.4% NS
Hypertriglyceridemia (TG ≥1.7mmol/L) 71.4% 42.4% <.013 75% 39.1% <.002
HBV coinfection, % 21.1% 22.9% NS 21.1% 22.9% NS
HCV coinfection, % 55% 38.6% NS 55% 38.6% NS
Positive luetic serology, % 7.7% 7.1% NS 7.7% 7.1% NS
Treatment TDF, % 52.4% 46% NS 52.4% 46% NS
Treatment IDV, % 38.1% 38.3% NS 38.1% 38.3% NS

DM=diabetes mellitus, eGFR= estimated glomerular filtration rate, HBV=hepatitis B virus, HCV=hepatitis C virus, HDL=high-density lipoprotein, IDV= indinavir, IFG= impaired fasting glucose, LDL= low-
density lipoprotein, TDF= tenofovir.
Bold figures represents those variables with statistically significant.
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3.2. Multivariate analysis

Multivariate analysis was performed, obtaining as independent
markers of KD in 2008: older age (odds ratio [OR] 1.079, 95%
confidence interval [CI] 1.050; 1.109, P< .001), elevated levels of
fibrinogen (OR 1.004, 95% CI 1.002; 1.006, P< .004), and
previous or current treatment with TDF (OR 2.732, 95% CI
1.575; 4.739, P< .001).
Independent markers of KD in final cut 2010 were as follows:

older age (OR 1.099, 95% CI 1.067; 1.131, P< .001), lower
albumin (OR 0.931, 95% CI 0.869; 0.997, P< .04), and HTG
(OR 2.721, 95% CI 1.497; 4.947 P< .001). DM approaches
statistical significance (P< .053).
Older age (OR 1.093, 95% CI 1.061; 1.126, P< .001) and

elevated levels of fibrinogen (OR 1.004, 95% CI 1.002; 1.006,
P< .001) were the only independent risk factors for the
development of KD present in both baseline and final cuts.
The absence of hypertension (OR 0.212, 95%CI 0.061; 0.733,

P< .014), lower TG levels (OR 0.592, 95% CI 0.366; 0.956,
P< .032), and current or previous treatment with TDF (OR
6.271, 95%CI 1.710; 23, P< .006) were independent markers of
5

renal function improvement over observation period both in
baseline and final sections.
Independent markers of declining renal function over time

according to baseline 2008 data were older age (OR 1.102, 95%
CI 1.045; 1.162, P< .001), elevated fibrinogen (OR 1.005, 95%
CI 1.001; 1.009, P< .014), and presence of VL>4000copies/mL
(OR 3.397, 95% CI 1.058; 10.905, P< .04) were established as
markers of declining renal function during observation period.
CD4 percentage levels had a protective effect (OR 0.941, 95%CI
0.892; 0.992, P< .025).
According to final data in 2010, independent markers of

declining renal function over time were older age (OR 1.084,
95% CI 1.024; 1.148, P< .005), HTG (OR 5.894, 95% CI
1.844; 18.846, P< .003), and DM (OR 3.618, 95% CI 1.301;
10.066, P< .014). Higher levels of CD4 percentage had again
protective effect (OR 0.920, 95% CI 0.873; 0.970, P< .002).
In summary, both in 2008 and in 2010, we found higher age,

elevated markers of inflammation, worse infective and immune
status, and presence of cardiovascular risk factors to be
independent markers of impaired renal function in HIV-positive
patients in our environment.
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4. Discussion

In our study of a large cohort of HIV-infected patients, the
prevalence of KD was between 3.9% and 4.9% over the period
2008 to 2010. There was a predominance of moderate stage of
KD, as 91% to 87% of patients showed stage 3 chronic kidney
disease (CKD).
The spectrum of renal disease in HIV-positive patients seems to

have changed in recent years, with increased relevance of toxic
effect of antiretrovirals (ARVs), the inflammatory status of these
patients, or the increasing emergence of cardiovascular risk
factors common to the general population as important factors
leading to kidney function impairment.[8]

Our results are consistent with some of the recent work in
Europe regarding the prevalence of KD in patients with HIV
infection.[13,11] Other studies show highly variable prevalence
according to the social or sanitary level, clinical features,
treatment, and racial distribution.[12]

The EPIRCE (Epidemiología de la Insuficiencia Renal Crónica
en España) 2010 study conducted on general population in Spain
showed a percentage of stage 3 to 5 CKD of 6.8%, although in
the age segment similar to our sample, aged 40 to 64 years, the
prevalence of KD 3 to 5 was of 3.3%.[22] These data suggest that
among HIV-infected patients of our environment, the prevalence
of CKD grade 3 to 5 is slightly higher than that in the general
population.
As for the associated factors, advanced age is a well-known risk

factor for development of KD, and also other traditional factors
of cardiovascular risk (DM, HTN, and DLP).[14–18]

We must also consider what some authors named the
“premature aging” among this population, from a cardiovascular
perspective, conditioned by various factors related to the increase
in life expectancy since the beginning of the HAART era.[23]

The ARV treatment plays an important role in those complex
processes. Interrupting HAART studies have shown increased
cardiovascular mortality after discontinuation of treatment, but
other studies related some ART drugs such as IDV with increased
cardiovascular risk.[24,25]

Several publications have studied various inflammatory
markers in HIV-positive individuals like fibrinogen, C-reactive
protein (CRP), interleukin (IL)-6, D-dimer, and others.[26–34] HIV
infection can activate different inflammatory pathways of the
vascular wall with cytokine release and endothelial adhesion
molecule expression. It has been established that HIV-positive
patients have higher levels of fibrinogen than healthy controls.
High levels of other inflammatory markers such as CRP have
been related with mortality in this population, even with CD4
counts >500cells/mL. It has been suggested that such pro-
inflammatory environment might favor the development of
cardiovascular disease.[26,35–38]

In our study, we observed raised fibrinogen levels and lowered
albumin levels asmarkers of inflammation independently associated
with the prevalence of KD. Fibrinogen was also related to decline of
renal function, what would correlate higher inflammatory status of
these patients with renal function impairment.
Most population studies include hypertension and/or DM as

independent risk factors for the development of KD in HIV-
infected patients, similar to the general population.[5,6,9–11,39,40,41]

We observed an increasing prevalence of cardiovascular risk
factors common to the general population in our cohort of HIV-
positive individuals,with subsequent renal involvement.We found
that hypertension is an independent marker of no improvement in
renal function in patients with GFR <60mL/min at baseline, and
6

also the presence of DM and HTG were independent markers of
renal function impairment among patients with normal eGFR at
baseline. This highlights the emergence of HTG as a marker of
renal function deterioration in the final cut, but not at baseline,
suggesting a higher prevalence of metabolic syndrome and a
possible cumulative role of this metabolic disorder over time.
We also explored the current or previous treatment with TDF,

as many studies established potential nephrotoxic effect of TDF,
IDV, and other ARVs.[5–42,43,44] TDF can cause renal impairment
in various forms: tubular disorder, acute, or chronic renal failure,
and maintained renal dysfunction after drug withdrawal in some
cases.[7,42,12]

In the subgroup of patients who showed decline in renal
function despite normal eGFR at baseline, more than half had
received TDF. This drug was withdrawn in 30% of them.
However, the evolution of renal function was unfavorable.
In 2008, treatment with TDF was independent marker of

impaired renal function, but in patients who at baseline had
eGFR�60mL/min receiving prior or current treatment with TDF
was an independent marker of improvement in renal function in
the final cut. Based on the pattern observed in group C, and
clinical practice, a possible explanation for the double jarring
significance of TDF in our study would be the change in
medication.
Probably by detecting renal impairment and therefore conduct-

ing a closer monitoring, physicians in charge have adjusted or
withdrawn the drug to a portion of these patients. For those who
responded favorably and recovered renal function, it would thus
become a false marker of “improvement” of renal function. The
cumulative treatment with TDF could also influence the results.
Other independent markers of renal function impairment

obtained were CD4 percentage decline and the presence of VL
>4000copies/mL, regarding the immune status of patients. Some
markers of different immune status, such as CD4 absolute,
undetectable HIV viral load or CD4 <200cells/mL, did not
obtain statistical significance in our multivariate analysis.
Multiple previous studies related deterioration of renal function
in HIV-positive patients with impaired immune parameters of
disease control.[5,6,9–11]

Possible other risk factors for deterioration of renal function as
coinfection with HCV, HBV, HIV evolution time, or sex, present
in other studies[5,6,9–11] showed no statistically significant
difference in our cohort.
4.1. Limitations of the study

The study shows the limitations of its design as the transverse
observational studies may lack data on some variables.
Therefore, we only have an analytical determination on each of

the cross-sections, which might affect the definition of DM and
IGT, established from basal glucose levels, requiring confirma-
tion. Detailed information on ART cumulative dose or changes
on medication was not available, except in a small group of
patients. This is a particularly important aspect, and would
confirm our hypothesis about the significance of the treatment
with TDF and its withdrawal on this population.
We did not obtain data on proteinuria or impaired urine of

patients due to lack of sample.
At the time of obtaining the analytical determinations, the

CKD-EPI (chronic kidney disease epidemiology collaboration)
formula was not available, as it was developed and implemented
in our area from the year 2011, so the stratification of renal
function has been made based on the MDRD-4 formula.



[2] Szczech LA, Gupta SK, Habash R, et al. The clinical epidemiology and
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No data were available on clinical diagnosis of cardiovascular
risk factors about the entire sample, such as the prevalence of
hypertension, diabetes, or DLP, although we were able to register
these variables in those patients showing KD.
Therefore, further studies are needed with proper prospective,

long-term design, to continue development of the study of KD in
HIV-positive patients.
5. Conclusions

Among the HIV-positive patient population of our country, the
prevalence of renal disease, defined as eGFR �60mL/min/1.73
m2, was between 3.9% (baseline) and 4.9% (final); 89% of them
were in stage III of K/DOQI: eGFR 60 to 30mL/min/1.73m2.
This represents a KD prevalence higher than in the Spanish
general population of the same age.
Independent markers of renal impairment were higher age and

elevated fibrinogen in both baseline and final cuts, elevated
fibrinogen and previous or current treatment with TDF in the
baseline 2008, andHTG and decreased albumin in the final cut of
2010.
Independent markers of improvement in renal function in

patients with altered initial eGFR: previous or current treatment
with TDF and absence of hypertension. On the contrary,
independent markers of renal function impairment among
patients with preserved initial eGFR were as follows: age,
elevated fibrinogen, presence of HTG and DM, CD4 (%), and
presence of VL >4000copies/mL.
No significant associations between KD and prevalence of viral

coinfections, time of HIV infection, and sex of patients were
found.
These results highlight the potential multifactorial etiology of

KD among HIV-infected population. A global perspective and
therefore preventive and treatment strategy should focus on all
the involved factors.
A majority of the observed renal impairment would present in

a subclinical manner, so it is of vital importance that a regular
screening and intervention on cardiovascular risk factors, early
detection, and adjustment of treatment be done.
Urinary albumin and protein excretion should be regularly

performed, and also other urinary tests, looking for tubular
injury such as phosphate excretion, calcium excretion, and
glucose in urine, all of them possible markers of ART toxicity.
Close cooperative work among nephrology and infectious

disease specialists is required, and early referral to renal clinic is
recommended to further explore the etiology and possible
treatment of the underlying process.
In summary, fromour results, the deterioration of renal function

in HIV-positive population of our country is related with age,
inflammatory state, poor immunological control, antiretroviral
therapy (TDF), andmarkers of cardiovascular risk associatedwith
metabolic syndrome (HBP, DM). All are objectified factors that
can be monitored, and potentially most of them are treatable,
which is key for detection and early treatment of impaired renal
function in this population, resulting in a decrease in cardiovascu-
lar morbidity and mortality in these patients.
References

[1] Palella FJJr, Delaney KM, Moorman AC, et al. HIV Outpatient Study
InvestigatorsDeclining morbidity and mortality among patients ith
advanced human immunodeficiency virus infection. N Engl J Med
1998;338:853–60.
7

course of the spectrum of renal diseases asociated with HIV infection.
Kidney Int 2004;66:1145–52.

[3] Wyatt CM, Arons RR, Klotman PE, et al. Acute renal failure in
hospitalized patients with HIV: risk factors and impact on in-hospital
mortality. AIDS 2006;20:561–5.

[4] Roling J, Schmid H, Fischereder M, et al. HIV-associated renal diseases
and highly active antiretroviral therapy-induced nephropathy. Clin Infect
Dis 2006;42:1488–95.

[5] Gupta SK, Eustace JA, Winston JA, et al. Guidelines for the management
of chronic kidney disease in HIV-infected patients: recommendations of
the HIV Medicine Association of the Infectious Diseases Society of
America. Clin Infect Dis 2005; 40:1559–85.

[6] Panel de expertos del Grupo de estudio de Sida (GESIDA) y del plan
Nacional sobre el Sida (PNS)Diagnóstico, tratamiento y prevención de
las alteraciones renales en pacientes con infección por el virus de la
inmunodeficiencia humana. Recomendaciones del grupo de estudio del
Sida/Plan nacional sobre el sida. EIMC 2010;28:520.

[7] Fernando Lozano, Eugena Negredo y Carlos Quereda. Nefrotoxicidad
del tratamiento antirretroviral. AIDS 2008;22 (Nim. ESP 1):S22-S32.

[8] Thushan I, de Silva , Frank A, et al. HIV-1 infection and the kidney:
an evolving challenge in HIV medicine. Mayo Clin Proc 2007;82:
1103–16.

[9] Fulop T, Oliver J, Meador RS, et al. Screening for chronic kidney disease
in the ambulatory HIV population. Clin Nephrol 2010;73:190–6.

[10] Di Bagio A, Rosso R, Vitale F, et al. Risk factors for chronic kidney
disease among human immunodeficiency virus-infected patients: a
European case control study. Clin Nephrol 2011;75:518–23.

[11] Philippe F, Pascal P, Lise C, et al. Risk factors of chronic kidney disease in
HIV-infected patients. Clin J Am Soc Nephrol 2011;6:1700–7.

[12] Naicker S, Fabian J. Risk factors for the development of chronic kidney
disease with HIV/AIDS. Clin Nephrol 2010;74(suppl 1):S51–6.

[13] Amanda M, Ole K, Peter R, et al. Estimated glomerular filtration rate,
chronic kidney disease and antiretroviral drug use in HIV-positive
patients. AIDS 2010;24:1667–78.

[14] K/DOQI clinical practice guidelines for chronic kidney disease: evaluation,
classification and stratification 2002. Am J Kidney Dis 2002;39:S1–266.

[15] Grundy SM. National Cholesterol Education Program (NCEP)-The
National Cholesterol Guidelines in 2001, Adult Treatment Panel (ATP)
III. Approach to lipoprotein management in 2001 National Cholesterol
Guidelines. Am J Cardiol 2002;90:11i–21i.

[16] The Expert PanelThird report of the national cholesterol education
program NCEP expert panel on detection, evaluation and treatment of
high blood cholesterol in adults (ATP III). Final Rep Circulation
2002;106:3143–421.

[17] AHA/NHLBIDiagnosis and management of the metabolic syndrome. An
American Heart Association/National Heart, lung, and blood institute
Scientific Satatement. Circulation 2005;112:2735–52.

[18] American Diabetes Association. Diagnosis and classification of diabetes
mellitus. Diabetes Care 2011;34:S62–9.

[19] Fontseré N, Salinas I, Bonal J, et al. Are prediction equations for
glomerular filtration rate useful for the long-term monitoring of type 2
diabetic patients? Nephrol Dial Transplant 2006;21:2152–8.

[20] Fontseré N, Bonal J, Navarro M, et al. A comparison of prediction
equations for estimating glomerular filtration rate in adult patients with
chronic kidney disease stages 4-5. Effect of nutritional status and age.
Nephron Clin Pract 2006;104:c160–8.

[21] Fontseré N, Bonal J, Salinas I, et al. Is the new Mayo Clinic Quadratic
equation useful for the estimation of glomerular filtration rate in type 2
diabetic patients? Diabetes Care 2008;31:2265–7.

[22] Otero A, de Francisco ALM, Gayoso P, et al. EPIRCE Study
groupPrevalence of chronic renal disease in Spain: results of the EPIRCE
study. Nefrología 2010;30:78–86.

[23] Steven G, Deeks , Andrew N, et al. HIV infection, antiretroviral treatment
ageing, and non AIDS relates morbidity. BMJ 2009;338:a3172.

[24] Sebastián H,Magdalena V, Enric P. Evaluación del riesgo cardiovascular
e intervención en los pacientes con VIH. Enfermedades Infecciosas y
Microbiología Clínica 2009;27(suppl 1):40–7.

[25] Mar M, Félix G. Factores de riesgo cardiovascular dependientes de la
infección por VIH. Enfermedades Infecciosas y Microbiología Clínica
2009;27(suppl 1):17–23.

[26] Erin M, Grace L, Donal P, et al. Association of antiretroviral therapy
with fibrinogen levels in HIV infection. AIDS 2008;22:707–15.

[27] Hoffmann CJ, Katherine FL, Victoria J, et al. Changing predictors of
mortality over time from cART start: implications for care. J Acquir
Immune Defic Syndr 2011.

http://www.md-journal.com


[28] Guzmán-Fulgencio M, Medrano J, Rallón N, et al. Soluble markers of [36] Phair J, Palella F. Renal disease in HIV-infected individuals. Curr Opin

Juega-Mariño et al. Medicine (2017) 96:37 Medicine
inflammation are associated with Framingham scores in HIV-infected
patients on suppressive antiretroviral therapy. J Infect 2011.

[29] Neuhaus J, Jacobs DRJr, Baker JV, et al. Markers of inflammation,
coagulation, and renal function are elevated in adults with HIV infection.
J Infect Dis 2010;201:1788–95.

[30] Jong E, Meijers JC, van Gorp EC, et al. Markers of inflammation and
coagulation indicate a prothrombotic state in HIV-infected patients with
long-term use of antiretroviral therapy with or without abacavir. AIDS
Res Ther 2010;7:9.

[31] Baker JV, Neuhaus J, Duprez D, et al. INSIGHT SMART Study
GroupChanges in inflammatory and coagulation biomarkers: a random-
ized comparison of immediate versus deferred antiretroviral therapy in
patientswithHIV infection. JAcquir ImmuneDefic Syndr 2011;56:36–43.

[32] Boulware DR, Hullsiek KH, Puronen CE, et al. INSIGHT Study Group.
Higher levels of CRP, D-dimer, IL-6, and hyaluronic acid before
initiation of antiretroviral therapy (ART) are associated with increased
risk of AIDS or death. J Infect Dis 2011;203:1637–46.

[33] Kuller LH, Tracy R, Belloso W, et al. INSIGHT SMART Study
GroupInflammatory and coagulation biomarkers and mortality in
patients with HIV infection. PLoS Med 2008;5:e203.

[34] Madden E, Lee G, Kotler DP, et al. Association of antiretroviral therapy
with fibrinogen levels in HIV-infection. AIDS 2008;22:707.

[35] Tien PC, Choi AI, Zolopa AR, et al. Inflammation and mortality in HIV-
infected adults: analysis of the FRAM study cohort. J Acquir Immune
Defic Syndr 2010;55:316–22.
8

HIV AIDS 2011;6:285–9.
[37] Bernardino de la Serna JI, Zamora FX, Montes ML, et al. Hypertension,

HIV infection, and highly active antiretroviral therapy. Enferm Infecc
Microbiol Clin 2010;28:32–7.

[38] Pérez-Camacho I, Camacho A, Torre-Cisneros J, et al. Cardiovascular
risk factors associated with antiretroviral therapy. Enferm Infecc
Microbiol Clin 2009;27(suppl 1):24–32.

[39] Naicker S, Fabian J. Risk factors for the development of chronic kidney
disease with HIV/AIDS. Clin Nephrol 2010;74(suppl 1):S51–6.

[40] Crowley ST, Cantwell B, Abu-Alfa A, et al. Prevalence of persistent
asymptomatic proteinuria in HIV-infected outpatients and lack of
correlation with viral load. Clin Nephrol 2001;55:1–6.

[41] Choi AI, Shlipak MG, Hunt PW, et al. HIV-infected persons continue to
lose kidney function despite successful antiretroviral therapy. AIDS
2009;23:2143–9.

[42] Dr Szczech, Duke University Medical CenterRenal dysfunction and
tenofovir toxicity in HIV-infected patients. Topic HIV Med 2008;16:
122–6.

[43] Fux CA, Simcock M, Wolbers M, et al. Swiss HIV Cohort Study-
Tenofovir use is associated with a reduction in calculated glomerular
filtration rates in the Swiss HIV Cohort Study. Antivir Ther 2007;12:
1165–73.

[44] Horberg M, Tang B, Towner W, et al. Impact of tenofovir on renal
function in HIV-infected, antiretroviral-naive patients. J Acquir Immune
Defic Syndr 2010;53:62–9.


	Prevalence, evolution, and related risk factors of kidney disease among Spanish HIV-infected individuals
	1 Introduction
	1.1 Objectives

	2 Materials and methods
	2.1 Statistical analysis

	3 Results
	3.1 Evolution of cohort's renal function
	3.2 Multivariate analysis

	4 Discussion
	4.1 Limitations of the study

	5 Conclusions
	References


