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Introduction: This study investigated the association of urinary transforming growth factor-b1 (uTGF-b1)
with prevalent chronic kidney disease (CKD) in the HIV-infected population.

Methods: HIV-positive patients without CKD (HIVþCKD�, n ¼ 194) and 114 with CKD (HIVþCKDþ) who did

not have hypertension, diabetes mellitus, or hepatitis B or C, had their urinary protein-creatinine ratio

(uPCR), serum transforming growth factor (TGF)–b1, and uTGF-b1 measured. uTGF-b1-creatinine ratios

(uTGF-b1Cr) were calculated. Spearman correlation was used to determine the association between

uTGF-b1Cr and various attributes, and the Cuzick trend test was used to assess the presence of a linear

trend in median uTGF-b1Cr levels across the stages of CKD. Multivariable robust linear regression models

were used to assess independent association with variability in uTGF-b1Cr and estimated glomerular

filtration rate (eGFR) levels.

Results: The age of the participants was 38.3 � 10.3 years with 73.4% women. The median uTGF-b1Cr was

higher among HIVþCKDþ (4.85 ng/mmol [25th–75th percentile 1.96–12.35] vs. 2.95 [1.02–5.84]; P ¼ 0.001]).

There was significant correlation between uTGF-b1Cr and age (P ¼ 0.02), eGFR (P ¼ 0.001), and uPCR (P <
0.001) in the HIVþCKDþ group. Among the HIVþCKDþ patients, there was gradual reduction in the median

level of uTGF-b1Cr with CKD severity (P ¼ 0.04). HIVþCKDþ patients had significantly higher levels of

uTGF-b1Cr after controlling for potential confounders. Using eGFR as dependent variable, proteinuria

explained the changes associated with uTGF-b1Cr levels.

Conclusion: HIVþCKDþ patients express higher levels of uTGF-b1 especially in the early stages of CKD

apparently related to proteinuria levels.
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T
he early diagnosis and treatment of CKD presents a
definite opportunity for reducing the incidence of

end-stage renal disease. This is especially important in
regions of high HIV prevalence, which, unfortunately,
tend to have dysfunctional health care systems. TGF-b1
is a 112-amino acid, 25-KDa ubiquitous protein
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believed to play a central role in renal fibrosis,1 both
as a proliferative, and in some conditions, anti-
proliferative factor.2

In diabetic nephropathy, overexpression of TGF-b1
has been found to occur in the kidneys, and in vivo
studies have documented increased expression of TGF-
b1 in proximal tubular cells and mesangial cells cultured
in high glucose concentrations.3 Also, in glomerulo-
sclerosis, TGF-b1 has been observed to be centrally
involved in extracellular matrix expansion.4 Indeed,
renal disease associated with expansion of extracellular
matrix (diabetic nephropathy, lupus nephritis, focal and
segmental glomerulonephritis, and IgA nephropathy)
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have all been associated with increased expression of
TGF-b1, whereas renal conditions that do not have
extracellular matrix accumulation (thin basement mem-
brane disease, minimal change disease) seem not to have
increased expression of TGF-b1.5 The former may be the
case with HIV-related nephropathy in which expansion
of the extracellular matrix occurs. Studies have shown
that the administration of anti-TGF-b1 substances
attenuate extracellular matrix production6,7 and may
lead to retardation of CKD progression in renal diseases
associated with increased extracellular matrix
production.

Some studies in patients with CKD who are HIV-
positive have demonstrated elevated levels of TGF-b1
in renal tissue,8 serum,9 and in the urine10 of patients
with HIV-associated nephropathy. Our study aim was
to investigate the association of uTGF-b1 with preva-
lent CKD in HIV-positive patients in Nigeria.
METHODS

Study Participants

This was a cross-sectional study involving 194 HIV-
positive patients without CKD (HIVþCKD�) and 114
HIV-positive patients with CKD (HIVþCKDþ) seen at the
HIV clinic and the renal unit of the University of Uyo
Teaching Hospital, Nigeria (Ethical review number:
UUTH/AD/S/96/VOL.XIX/15). The facility’s HIV clinic
offers care to approximately 50 ambulant HIV-positive
patients daily with approximately 3500 patients on
active enrollment. Screening for renal disease is not
routinely done because patients pay out-of-pocket.
Ambulant HIV-positive patients on antiretroviral (ARV)
treatment at the HIV clinic who gave informed consent
were recruited into the study. CKD was defined as eGFR
of <60 ml/min per 1.73 m2 persisting in 2 measurements
at least 3 months apart and/or urine protein-creatinine
ratio (uPCR) of $ 0.05 g/mmol creatinine.11 The pa-
tients’ sociodemographic (age, sex, ethnicity) and clinical
characteristics (e.g., body mass index and blood pres-
sures) were collected using standard techniques. Data
regarding the patients’ CD4 count at initiation of care
and current CD4 count levels, viral load at initiation of
care, and current levels and ARV regimen also were
collected. All patients were on ARVs. The ARV regimen
used in this program included zidovudine-based regi-
mens (AZT-3TC-EFV or AZT/3TC/NVP), tenofovir-based
regimen (TDF-3TC-EFV or TDF-FTC-EFV), abacavir-
based regimen (ABC-3TC-EFV), and less frequently,
protease-inhibitor regimen. Patients with hypertension,
diabetes mellitus, or hepatitis B or C coinfection were
excluded from the study.

Spot urine samples for uTGF-b1 assay were collected,
processed, and stored using the manufacturer’s
Kidney International Reports (2019) 4, 1698–1704
instructions. All samples were centrifuged with the su-
pernatant stored in 2 aliquots at�20 �C within 2 hours of
collection. Blood samples (4 ml) were collected, serum
separated, and stored in 2 aliquots (for serum creatinine
and TGF-b1 assay). Serum and urine creatinine were
measured with RANDOX creatinine kits (RANDOX,
Crumlin, UK) using the modified Jaffe reaction. Serum
and urinary TGF-b1 were measured using Biovision (San
Francisco, CA) TGF-b1 (human) enzyme-linked immuno-
sorbent assay kit (catalog #K4342–100) in duplicates. The
intra-assay and inter-assay coefficient of variation was
8.6% and 7.0%, respectively. The sensitivity of the assay
was <1 pg/ml. To ameliorate the effect of varying urine
concentrations, uTGF-b1Cr ratio (pg/mmol) was derived
by dividing urinary TGF-b1 (in pg/l) by urinary creati-
nine (in mmol/l) and later converted to ng/mmol. We
estimated the glomerular filtration rate using the 4-
variable Modification of Diet in Renal Disease12 and the
CKD-Epidemiology Collaboration13 equations. Partici-
pants’ kidney function was staged using the Kidney
Disease Outcome Quality Initiative classification.11

All data analysis was performed with Stata 15.1
(StataCorp, College Station, TX). Numerical variables
were reported as means (�SD) or median (25th–75th
percentile). Categorical variables are reported as fre-
quencies (percentages). Comparison of quantitative
variables was performed using the Student t test (or its
nonparametric equivalent, the Mann-Whitney U test).
Comparison of categorical variables was performed
using the c2 test. The Spearman rank correlation test
was used to investigate the continuous association be-
tween uTGF-b1Cr and certain demographic and clinical
variables (age, serum creatinine, serum TGF-b1, uPCR,
and CD4 count) and a formal comparison of the corre-
lation coefficients undertaken using the Stata module
for comparison of correlation coefficients based on the
Steiger test.14 The Cuzick trend test was used to assess
the presence of a linear trend in median uTGF-b1Cr
levels across the stages (1–5) of CKD. Univariable and
multivariable robust linear regression models were
built to determine factors independently associated
with variability in uTGF-b1Cr and eGFR levels. The
Akaike information criteria was used to determine the
best multivariable model that explains the variability
in uTGF-b1Cr levels. P value less than 0.05 was deemed
statistically significant.
RESULTS

Demographic and Clinical Characteristics

A total of 194 HIVþCKD� and 114 HIVþCKDþ were
recruited into the study. The mean age of the partici-
pants was 38.3 � 10.3 years with statistically signifi-
cant difference between the groups (P ¼ 0.02). The sex
1699
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distribution showed a female preponderance (73% vs.
27%). Table 1 summarizes the demographic and clinical
characteristics of the study participants by CKD status.
The level of serum TGF-b1 and urinary TGF-b1 was
higher among the HIVþCKDþ patients than in
HIVþCKD� patients, although this difference did not
achieve statistical significance. However, when urinary
TGF-b1 level was standardized by using the uTGF-
b1Cr ratio, those with HIVþCKDþ had significantly
higher levels (Table 1).
Factors Associated With uTGF-b1Cr
Age and uPCR had significant correlation with uTGF-
b1Cr, whereas no significant correlation was found
with mean arterial blood pressure, body mass index,
CD4 count, and serum TGF-b1 for the total study
population (Table 2). However, in the HIVþCKDþ

group there was significant correlation with age, serum
creatinine, uPCR, and eGFR. There was significant
positive correlation between uPCR and uTGF-b1Cr
(rho ¼ 0.32; P < 0.001). A significantly higher
Table 1. Demographic and clinical characteristics
Variables Total (N [ 308) HIV

Age (yr) 38.3 � 10.3

Female sex, n (%) 226 (73.4)

Duration on ARV (25th–75th percentile) 5 (2–8)

Systolic blood pressure (mm Hg) 129.0 � 26.3

Diastolic blood pressure (mm Hg) 77.7 � 14.5

Mean arterial pressure (mm Hg) 91.2 � 13.9

Weight (kg) 61.4 � 11.9

Height (m) 1.63 � 0.09

Body mass index (kg/m2) 23.2 � 4.4

Waist circumference (cm) 80.1 � 9.5

Serum creatinine (mmol/l) 85.3 (67.6–108.8)

eGFRCKD-EPI (ml/min per 1.73 m2) 80.3 (58.6–105.1)

eGFRMDRD (ml/min per 1.73 m2) 74.7 (55.8–97.9)

uPCR (g/mmol creatinine) 0.04 (0.02–0.09)

CD4 count at enrollment (cells/ml) 207 (80–380)

Current CD4 count (cells/ml) 499 (308–693)

Current Log viral load (copies/ml) 2.9 � 1.5

CKD stage, n (%)

1

2

3

4

5

Serum TGF-b1 (ng/l) 13.7 (3.7–42.5)

uTGF-b1 (ng/l) 32.5 (19.2–46.6)

uTGF-b1Cr (ng/mmol) 3.7 (1.7–7.5)

Antiretroviral regimens, n (%)

� Zidovudine-based 205 (66.5)

� Tenofovir-based 88 (28.6)

� Abacavir-based 11 (3.6)

� Protease-inhibitor-based 4 (1.3)

CKD, chronic kidney disease; eGFRCKD-EPI, estimated glomerular filtration rate using CKD-EPI equ
Diet in Renal Disease formula; HIVþCKDþ, HIV-positive patients with CKD; HIVþCKD�, HIV-positi
factor-beta1; uPCR, urine protein-creatinine ratio; uTGF-b1, urinary transforming growth factor
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correlation was found between uTGF-b1Cr and eGFR in
the HIVþCKDþ group than the HIVþCKD� group. For
the HIVþCKDþ group, median uTGF-b1Cr significantly
decreased with severity of CKD (Figure 1). There was
no correlation between serum TGF-b1 and eGFR
(rho ¼ �0.04; P ¼ 0.52) or between serum TGF-b1 and
serum creatinine (rho ¼ 0.09; P ¼ 0.19).
Univariable and Multivariable Linear Regression

Models

After adjusting for the effect of age at the time of data
collection, sex differences, mean arterial blood pres-
sure, waist circumference, eGFR, ARV regimen, and
CD4 count at enrollment, patients with HIVþCKDþ

persistently had higher levels of uTGF-b1Cr compared
with HIVþCKD� (Table 3). The magnitude of the effect
of uPCR on uTGF-b1Cr levels was noted to be much
higher than that of eGFR. The type of ARV regimen
administered, differences in sex, body mass index, CD4
count, and serum TGF-b1 were not significantly asso-
ciated with uTGF-b1Cr at the multivariable level
DCKDD (n [ 114) HIVDCKDL (n [ 194) P

39.9 � 10.4 37.1 � 10.1 0.02

85 (74.6) 141 (72.7) 0.72

5 (2–8) 5 (2–8) 0.27

137.0 � 26.9 124.5 � 24.8 <0.001

80.8 � 14.5 75.2 � 14.1 0.001

93.0 � 13.5 90.1 � 14.1 0.07

59.1 � 11.5 62.7 � 12.0 0.01

1.63 � 0.08 1.63 � 1.0 0.38

22.5 � 4.4 23.6 � 4.4 0.03

79.3 � 9.2 81.3 � 9.6 0.07

110.8 (90–144) 74 (61–88) <0.001

56.1 (41.9–75.1) 97.6 (78.3–113.3) <0.001

53.9 (39.9–69.5) 90.2 (72.5–111.2) <0.001

0.11 (0.03–0.20) 0.03 (0.02–0.04) <0.001

226 (69–384.5) 197 (89–372) 0.84

472.5 (274–675) 500 (329–714) 0.32

2.8 � 1.4 3.0 � 1.6 0.49

18 (15.8)

30 (26.3)

48 (42.1)

8 (7.0)

10 (8.8)

20.1 (3.7–47.8) 13.0 (3.7–37.1) 0.22

33.2 (21.4–45.5) 32.5 (18.2–47.9) 0.64

4.8 (2.0–11.5) 2.9 (1.2–5.7) <0.001

83 (72.8) 122 (62.9)

26 (22.8) 62 (31.9) 0.09

4 (3.5) 7 (3.6)

1 (0.9) 3 (1.6)

ation; eGFRMDRD, estimated glomerular filtration rate using the 4-variable Modification of
ve patients without CKD; TDF, tenofovir disoproxil fumarate; TGF- b1, transforming growth
-beta 1; uTGF-b1Cr, urinary transforming growth factor-beta-1–Creatinine ratio.

Kidney International Reports (2019) 4, 1698–1704



Table 2. Correlations of uTGF-b1Cr with demographic and biochemical parameters
HIVDCKDD group

(n [ 114)
HIVDCKDL group

(n [ 194)

P-for difference

Total (N [ 308)

Rho P Rho P Rho P

Age (yr) 0.20 0.02 0.09 0.22 0.35 0.19 0.001

Serum creatinine (mmol/l) �0.35 <0.001 �0.01 0.85 0.003 0.01 0.98

Serum TGF-b1 (pg/ml) �0.17 0.11 0.03 0.75 0.09 �0.03 0.66

mABP (mm Hg) 0.04 0.62 0.04 0.64 0.99 0.07 0.22

BMI (kg/m2) 0.02 0.85 �0.14 0.07 0.18 �0.11 0.06

Waist circumference (cm) �0.03 0.73 �0.07 0.32 0.74 �0.06 0.26

eGFRMDRD (ml/min per 1.73 m2) 0.35 <0.001 0.03 0.70 0.01 0.003 0.95

eGFRCKD-EPI (ml/min per 1.73 m2) 0.35 <0.001 �0.005 0.99 0.003 �0.02 0.81

CD4 count (cells/ml) �0.05 0.68 �0.15 0.13 0.40 �0.09 0.20

uPCR (g/mmol) 0.31 <0.001 0.14 0.05 0.13 0.32 <0.001

BMI, body mass index; eGFR, estimated glomerular filtration rate; HIVþCKDþ, HIV-positive patients with CKD; HIVþCKD�, HIV-positive patients without CKD; mABP, mean arterial blood
pressure; TGF-b1, transforming growth factor-beta-1; uPCR, urine protein-creatinine ratio.
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(Table 3). Older age was significantly associated with
higher uTGF-b1Cr levels. A little more than a quarter
(88 [28.6%]) of the sample population were on tenofo-
vir disoproxil fumarate. Sensitivity analysis done
(without patients using tenofovir disoproxil fumarate)
did not show any significant qualitative difference. All
independent associations seen in the initial model were
maintained.

Table 4 shows univariable and multivariable robust
linear regression models with eGFRCKD-EPI as dependent
variable. The relationship between uTGF-b1Cr and
renal function seen in previous analysis appears to be
dependent on proteinuria levels. In both multivariable
models, serum TGF-b was not independently associated
with uTGF-b1Cr or eGFRCKD-EPI (Tables 3 and 4).
DISCUSSION

This study found significantly higher levels of uTGF-
b1Cr in HIVþCKDþ patients compared with HIVþCKD�

patients even after controlling for other potential
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Figure 1. Median urinary transforming growth factor (TGF) levels
across chronic kidney disease stages.
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confounders. This difference also occurred despite both
groups having similar levels of serum TGF-b1. There
was significant positive correlation between uTGF-b1Cr
and uPCR. Older age and eGFR were also indepen-
dently associated with differences in uTGF-b1Cr levels.
Among the HIVþCKDþ individuals, the levels of uTGF-
b1Cr progressively decreased across CKD stages 1 to 5.
Ultimately, uTGF-b1Cr levels were fully dependent on
uPCR levels.

TGF-b1 is known to induce renal fibrosis through
multiple pathways, including direct action on fibro-
blasts and other cells that cause extracellular matrix
synthesis; inhibition of antifibrotic pathways, and in-
duction of cell loss through apoptosis.15 In the “ca-
nonical” pathway of TGF-b1–induced renal fibrosis,
the binding of TGF-b1 to its twin transmembrane re-
ceptors leads to the activation (phosphorylation) of
smad2 and smad3, which is then translocated to the
nucleus with the help of smad4 protein. The activation
of smad2 and smad3 is usually associated with the in-
hibition of smad7, which is known to have antifibrotic
activity. The binding of smad3 to gene promoters leads
to transcription of profibrotic molecules. This leads to
increased laying down of extracellular matrix in the
kidneys and subsequent fibrosis.15 In the kidneys,
TGF-b1 is expressed on the renal tubular epithelial cells
and glomerular basement membrane16 and also in the
myofibroblasts occurring in the interstitium during
chronic kidney injury.5 The increased expression of
TGF-b1 in persistent renal injury17 manifests as
increased urinary excretion of TGF-b1.18 This has been
documented in renal diseases associated with increase
in extracellular matrix production,6,7 including HIV-
related nephropathy.10 The finding of increased uri-
nary excretion of TGF-b1 in patients with HIV and
CKD was corroborated by our study. Others also have
found a positive correlation between urinary albumin
excretion and uTGF-b1,19 which was also corroborated
by our study. Indeed, we observed a stronger effect of
1701



Table 3. Linear regression models for uTGF-b1Cr prediction
Univariable b (95% CI) P value Multivariable b (95% CI) P value

Study groups

HIVþCKD� 1 1

HIVþCKDþ 2.66 (1.85–3.47) <0.001 3.97 (2.49–5.45) <0.001

Age (yr) 0.04 (0.004–0.08) 0.03 0.07 (0.02–0.12) 0.01

Sex

Female 1 1

Male �0.98 (�1.13 to 0.94) 0.85 �0.51 (�1.78 to 0.76) 0.43

mABP (mm Hg) 0.04 (0.01–0.06) 0.01 0.01 (�0.02 to 0.05) 0.44

BMI (kg/m2) �0.13 (�0.23 to �0.03) 0.02 0.03 (�0.19 to 0.25) 0.83

Waist circumference (cm) �0.03 (�0.74 to 0.02) 0.32 �0.05 (�0.15 to 0.06) 0.39

ARV regimen

Non–TDF-based 1 1

TDF-based �0.76 (�1.81 to 0.29) 0.15 �2.57 (�6.07 to 0.93) 0.15

CD4 count (cells/ml) �0.01 (�0.01 to 0.006) 0.81 �0.0006 (�0.007 to 0.006) 0.91

eGFR (CKD-EPI), ml/min per 1.73 m2 �0.10 (�0.02 to 0.01) 0.24 0.03 (0.01–0.05) 0.01

uPCR (g/mmol) 12.10 (10.58–13.62) <0.001 6.62 (2.04–11.20) 0.01

Serum TGF-b1 (pg/ml) 0.002 (�0.001 to 0.002) 0.99 0.0001 (�0.001 to 0.003) 0.93

ARV, antiretrovirals; BMI, body mass index; CI, confidence interval; CKD, chronic kidney disease; eGFR (CKD-EPI), estimated glomerular filtration rate using the chronic kidney disease
epidemiology collaboration equation; HIVþCKDþ, HIV-positive patients with CKD; HIVþCKD�, HIV-positive patients without CKD; mABP, mean arterial blood pressure; TDF, tenofovir
disoproxil fumarate; TGF-b1, transforming growth factor-beta-1; uPCR, urine protein-creatinine ratio.
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uPCR (compared with eGFR) on uTGF-b1Cr levels in
this study. This is probably due to the activation of
proximal tubular cells by persistent proteinuria leading
to increased production of TGF-b1.20 In the multivar-
iable model with eGFR as the dependent variable, uPCR
was shown to clearly explain the changes associated
with uTGF-b1Cr.

We also noted a stepwise reduction in urinary TGF-
b1 levels in individuals with more severe CKD (stages 4
and 5). In advanced CKD, where tubular atrophy and
severe tubulointerstitial fibrosis has set in, there are
reduced numbers of myofibroblasts and functional
proximal tubular epithelial cells (and thus TGF-b
expression) in the tubulointerstitium, which may lead
to reduced excretion of urinary TGF-b1. This expla-
nation suggests a type of “burn-out” of TGF-b1 ac-
tivity as CKD progresses. Some investigators have
reported lower interstitial density measurements for
Table 4. Linear regression models for eGFR prediction
Univariate b (95% CI) P v

Age (yr) �0.87 (�1.16 to �0.57) <

Sex

Female 1

Male �0.58 (�8.28 to 7.13) 0

uPCR (g/mmol creatinine) �24.27 (�36.18 to �12.36)

uTGF-b1Cr (ng/mmol) �0.12 (�0.36 to 0.11) 0

Serum TGF-b1 (pg/ml) �0.001 (�0.01 to 0.01)

BMI (kg/m2) 0.24 (�0.54 to 1.02) 0

CD4 count (cells/ml) �0.01 (�0.03 to 0.01) 0

ARV regimen

Non-TDF regimen 1

TDF regimen 8.88 (1.57–16.19) 0.0

ARV, antiretrovirals; BMI, body mass index; CI, confidence interval; eGFR, estimated glomerula
beta1; uPCR, urine protein-creatinine ratio; uTGF-b1Cr, transforming growth factor-beta-1–crea
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TGF-b1 in advanced CKD from patients with HIV-
associated nephropathy and diabetic nephropathy
compared with HIV-positive and HIV-negative con-
trols.21 Similarly, some studies have shown a reduction
in circulating TGF-b1 and TGF-b1 mRNA in patients
with end-stage kidney disease.22–24 A 12-month follow-
up study25 among patients with CKD with a wide range
of etiology (not including HIV), found significantly
higher levels of tubulointerstitial TGF-b1 mRNA in
patients with renal disease who did not have progres-
sive CKD compared with those who had progressive
CKD. This suggested a protective effect of TGF-b1, but
a 12-month follow-up period may not be adequate to
assess long-term renal outcomes, and serial TGF-b
mRNA measures were not available in this study.
Studies with contrary findings26,27 (higher TGF-b1
immunohistochemical and mRNA expression in the
renal tubulo-interstitium with increased fibrosis) were
alue Multivariate b (95% CI) P value

0.001 �0.86 (�1.15 to �0.56) <0.001

1

.88 4.00 (�3.41 to 11.41) 0.29

<0.001 �29.57 (�42.68 to �16.46) <0.001

.31 0.18 (�0.09 to 0.44) 0.19

0.89 �0.001 (�0.01 to 0.01) 0.91

.55 0.09 (�0.64 to 0.82) 0.81

.24 �0.01 (�0.03 to 0.01) 0.28

1

2 6.10 (�1.22 to 13.42) 0.10

r filtration rate; TDF, tenofovir disoproxil fumarate; TGF-b1, transforming growth factor-
tinine.

Kidney International Reports (2019) 4, 1698–1704
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noted to have been done in patients with stages 1 to 3
CKD and not very advanced disease. Indeed, one
study26 used only patients with serum creatinine less
than 2.0 mg/dl (approximately 177 mmol/l), under-
standably because of the risk involved in the biopsy of
fibrotic kidneys. It appears that serial measurements of
urinary TGF-b1 in progressive HIVþCKDþ patients,
being a noninvasive procedure, may more succinctly
document the temporal profile of uTGF-b1 in progres-
sive CKD.

The markedly elevated uTGF-b1Cr found in patients
in stages 1 and 2 CKD present a window of opportunity
to reverse or slow down progression if early diagnosis
is made and available intervention, like angiotensin-
converting enzyme inhibitors or angiotensin receptor
blockers, are used. Studies have shown reduction in
uTGFb1 levels attributable to administration of
angiotensin-converting enzyme inhibitors28 or pred-
nisolone29 in IgA nephropathy. The actions of these
medications may not be unconnected with the fact that
persistent proteinuria is known to activate comple-
ments in the renal tubular epithelial cells leading to a
cascade of events that eventuate in renal fibrosis.30,31

Reducing proteinuria using angiotensin receptor
blockers or angiotensin-converting enzyme inhibitors
may indirectly reduce TGF-b1 profibrotic activity in
the kidneys and slow down CKD progression; however,
it is yet to be shown, in a properly conducted clinical
trial, that this will be the case among patients with HIV
with early CKD. The type of ARV regimen used did not
appear to have any effect on variability in uTGF-b1Cr
levels in this study. This includes tenofovir use, which
has been known to be associated with proximal tubular
dysfunction. We are not aware of any direct link be-
tween tenofovir-related renal fibrosis and TGF-b1
levels. It may also have been more informative to
compare uTGF-b1Cr levels between ARV-naïve and
ARV-exposed patients. Unfortunately, all patients in
this study had been commenced on ARV.

A major limitation of this study is the lack of renal
histopathology among the patients with CKD. This
could have determined if the degree of fibrosis
(glomerular, tubular, and interstitial) correlated with
uTGFB1 in the CKD population. Another limitation of
our study is the cross-sectional design as this design
does not allow for serial assessment of this marker as a
measure of progressive deterioration of kidney func-
tion. Therefore, it is difficult to ascertain from this
work if uTGF-b1Cr increase predates the occurrence of
persistent proteinuria. Again, because the levels of
uTGF-b1Cr appear to wane with advanced CKD, it is
possible to miss cases of advanced CKD if this test is
used as a stand-alone. Also, the lack of HIV-negative
controls limited comparison of uTGF-b1Cr levels in
Kidney International Reports (2019) 4, 1698–1704
the patients with HIV and the general population.
Despite the limitations, the result of our study is an
important addition to the current body of literature
and suggests that uTGF-b1Cr is an important marker of
CKD in patients who are HIV-positive. Whether this
biomarker can be useful for monitoring kidney
response to treatment still needs to be studied.

CONCLUSION

Patients with HIV and CKD express higher levels of
TGF-b1 activity in urine, especially in the early stages
of CKD, explained by proteinuria levels. Persistent
proteinuria remains a veritable tool for early CKD
detection in the HIV population.
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