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Abstract

Introduction: Renal disease is common amongst people living with HIV. However, there is 

limited information on the incidence and risk factors associated with renal dysfunction among this 

population in Asia.

Methods: We used data from the TREAT Asia HIV Observational Database. Patients were 

included if they started antiretroviral therapy (ART) during or after 2003, had a serum creatinine 

measurement at ART initiation (baseline) and had at least two follow-up creatinine measurements 

taken ≥3 months apart. Patients with a baseline estimated glomerular filtration rate (eGFR) 

≤60ml/min/1.73m2 were excluded. Chronic kidney disease was defined as two consecutive eGFR 
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values ≤60ml/min/1.73m2 taken ≥3 months apart. Generalized estimating equations were used to 

identify factors associated with eGFR change. Competing risk regression adjusted for study site, 

age and sex, and cumulative_incidence plots were used to evaluate factors associated with CKD.

Results: Of 2,547 patients eligible for this analysis, tenofovir was being used by 703 (27.6%) at 

baseline. Tenofovir use, high baseline eGFR, advanced HIV disease stage and low nadir CD4 were 

associated with a decrease in eGFR during follow up. CKD occurred at a rate of 3.4 per 1000 

patient/years. Factors associated with CKD were tenofovir use, old age, low baseline eGFR, low 

nadir CD4, and protease inhibitor use.

Conclusions: There is an urgent need to enhance renal monitoring and management capacity 

among at-risk groups in Asia and improve access to less nephrotoxic antiretrovirals.
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Introduction

Antiretroviral therapy (ART) has been responsible for achieving near normal life expectancy 

amongst people living with HIV (PLHIV) []. However, as PLHIV age, the morbidity 

contributed by non-communicable diseases has increased. Renal disease is common amongst 

PLHIV with etiologies varying from HIV infection, immune complex disease, chronic 

kidney disease (CKD) associated with comorbidities like diabetes and hypertension, and 

exposure to nephrotoxic medications, including antiretroviral drugs like tenofovir (TDF) and 

atazanavir (ATV)[].

Tenofovir is widely used as one component of a nucleoside backbone in ART and has been 

recommended by the World Health Organization (WHO). TDF has been associated with 

renal toxicity ranging from Fanconi’s syndrome, acute kidney injury (AKI), and reduction in 

estimated glomerular filtration rate (eGFR), sometimes progressing to CKD[–]. There is 

limited information on the incidence and risk factors associated with renal dysfunction 

amongst PLHIV in Asia. We previously reported an incidence of TDF-associated renal 

dysfunction of 1.75 per 100 years in the TREAT Asia HIV Observational Database 

(TAHOD) cohort[]. However, we did not compare renal dysfunction amongst PLHIV using 

TDF and other non-TDF based regimens. In this analysis, we describe the long-term changes 

in eGFR amongst patients using TDF and non-TDF based ART, and report the incidence and 

risk factors associated with CKD amongst patients on ART in our regional cohort.

Methods

Patient selection and baseline data

The study population consisted of HIV-infected patients enrolled in TAHOD before 

September 30, 2016. This cohort contributes to the International Epidemiology Databases to 

Evaluate AIDS (IeDEA) global consortium and has been previously described.[] 

Recruitment started in 2003. In September 2016, TAHOD included data from 8,984 adults 

(≥18 years of age) that had ever received care from one of 20 clinics in Cambodia (n=1), 
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China (n=1), Hong Kong (n=1), India (n=2), Indonesia (n=2), Japan (n=1), Malaysia (n=2), 

Philippines (n=1), Singapore (n=1), South Korea (n=1), Taiwan (n=1), Thailand (n=4) or 

Vietnam (n=2). These sites are predominantly public or university-based HIV referral 

clinics. Ethics approval was obtained at the sites, TREAT Asia/amfAR (coordinating centre), 

and the Kirby Institute (data management and statistical analysis centre). Patient consent is 

deferred to the individual participating sites and their institutional review boards.

Individuals were included in this analysis if they started ART during or after 2003, had a 

serum creatinine measurement at ART initiation (baseline) and had at least two follow-up 

creatinine measurements that were taken ≥3 months apart. The window period for baseline 

creatinine was between three months before ART initiation to 1.5 months after ART 

initiation. Values observed closest to ART initiation were used. ART was defined as a 

regimen containing ≥3 antiretroviral drugs. eGFR was calculated using the Chronic Kidney 

Disease Epidemiology Collaboration (CKD-EPI) equation.[] Patients with a baseline eGFR 

≤60 ml/min/1.73m2 were excluded.

CKD was defined as two consecutive eGFR measurements ≤ 60 ml/min/1.73m2 taken ≥3 

months apart.[] Hypertension was defined as two consecutive systolic blood pressure 

measurements >140 mmHg or two consecutive diastolic blood pressure measurements >90 

mmHg. Diabetes was defined as documentation of two consecutive fasting blood glucose 

measurements ≥7 mmol/L. Patients were considered hepatitis B co-infected if they had any 

record of a positive hepatitis B surface antigen test, and hepatitis C co-infected if they had 

any record of a positive hepatitis C antibody test. Nephrotoxic opportunistic infection 

prophylaxis included amphotericin, cotrimoxazole, acyclovir, foscarnet and pentamidine.

Statistical analysis—Follow up was censored at: 1) the time of TDF cessation for 

individuals using TDF at ART initiation; 2) the time of TDF initiation for those not using 

TDF at ART initiation; or 3) the last recorded clinic visit whilst still eligible for inclusion 

“(including the date 12 months after the final clinic visit for those lost to follow up, the date 

of death, or the date of CKD diagnosis [for the change in eGFR analysis only]).

The Kruskal-Wallis test was used to compare time on ART and rates of creatinine 

monitoring among TDF and non-TDF users.

eGFR analysis—Generalized estimating equations adjusted for study site were used to 

identify factors associated with change in eGFR. Follow up in this analysis was additionally 

censored at the time of CKD onset. Creatinine measurements taken after baseline were 

evaluated at three (±1.5) month intervals up to five years of follow-up. If, for any given time 

interval, multiple eGFR values were available for a patient, the value taken closest to the 3-

monthly time point was used. The adjusted effect of TDF on changes in eGFR was 

calculated by modelling TDF exposure and time on ART as an interaction term.

CKD analysis—Competing risk regression adjusted for study site, age and sex, and 

cumulative incidence plots were used to evaluate factors associated with CKD. Age and sex 

were included in our final model of CKD regardless of statistical significance, as they have 

previously been shown to be important factors in the development of chronic renal disease[] 
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[]. Loss to follow-up and death were considered competing risks. Loss to follow-up was 

defined as not having been seen in clinic for >12 months without documentation of transfer. 

Rates of loss to follow-up and death were compared among TDF and non-TDF users using 

univariate competing risk regression whereby CKD and loss to follow-up or death 

(whichever was not the outcome of interest) were considered competing risks.

In all analyses, age, sex, HIV exposure category (mode of acquisition of HIV: heterosexual, 

homeosexual, IDU), baseline hypertension, hepatitis B surface antigen/hepatitis C antibody 

positivity (at any point during TAHOD follow-up), baseline eGFR, nadir CD4 count and 

study site were considered as fixed covariates. Protease inhibitor use, nephrotoxic 

opportunistic infection prophylaxis, CD4 cell count, HIV viral load and Centers for Disease 

Control (CDC) status were evaluated as time-updated covariates.

Covariates were considered for inclusion in our final models if one or more categories 

exhibited a univariate p-value <0.2 and retained if one or more categories exhibited an 

adjusted p-value <0.05. Patients with missing data were included in all analyses, but 

coefficients and hazard ratios for missing categories are not reported. Stata (StataCorp, 

College Station, TX) version 14.1 was used for all statistical analysis.

Results

Patient characteristics

Of 7,103 adults who initiated ART after 2002, 3,873 (54.5%) had a baseline creatinine 

measurement available and 3,757 (52.9%) had a baseline eGFR >60 ml/min/1.73m2. Of 

those with adequate baseline renal function, 2,547 (66.0%) had at least two follow-up 

creatinine measurements taken ≥3 months apart and were therefore eligible for this analysis. 

TDF was being used by 703 (27.6%) eligible patients. The median (interquartile range 

[IQR]) duration of follow-up was 3.9 (2.0-6.1) years (TDF 3.2 [IQR 1.6-4.8] years vs non-

TDF 4.3 [IQR 2.2-6.6] years, p<0.01). Creatinine monitoring occurred at a median rate of 

2.6 (IQR 1.7-4.3) measurements/patient/year and did not differ significantly between TDF 

and non-TDF users (TDF 2.5 [IQR 1.8-5.4] vs non-TDF 2.6 [IQR 1.7-4.1], p=0.15). 

Baseline characteristics of the study population are shown in Table 1.

Changes in eGFR over time

Supplementary Table 1 shows factors associated with eGFR change over time. In our 

multivariate model, lower baseline eGFR (61-89 ml/min/1.73m2) was associated with 

increased eGFR of 16.6 ml/min/1.73m2 (95% CI 15.3-17.9 ml/min/1.73m2, p<0.01) as 

compared to baseline eGFR of >89 ml/min/1.73m2. More advanced CDC stage (stage 3 vs 

Stage 1) was associated with decline in eGFR of 1.6 ml/min/1.73m2 (95% CI −3.0 to −0.2 

ml/min/1.73m2, p=0.02) and lower nadir CD4 cell count (<100 cells/mm3 versus >200 

cells/mm3) was associated with a decline of 3.6 ml/min/1.73m2 (95%CI −5.1 to −2.2 

ml/min/1.73m2, p<0.01) in eGFR during follow up. The adjusted coefficients for the 

interaction between TDF and time on ART are shown in graphical form in Figure 1.
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Chronic kidney disease

Overall, 37 cases of CKD occurred over 10,900.5 years of follow up at a rate of 3.4 [95%CI 

2.5 – 4.7) events per 1000 patient/years (see Figure 2). Factors associated with CKD are 

shown in Table 2. Loss to follow up occurred in 128 patients at a rate of 11.7 (95%CI 

9.9-14.0) events per 1000 patient/years (15.4 [95%CI 11.1-21.2] among tenofovir users vs. 

10.7 [95%CI 8.7-13.2] among non-tenofovir users, p<0.01). Death occurred in 17 patients at 

a rate of 1.6 (95%CI 1.0-2.5) events per 1000 patient/years (0.4 [95%CI 0.1-3.0] among 

tenofovir users vs. 1.9 [95%CI 1.2-3.1] among non-tenofovir users, p=0.12).

Discussion

Our study documents a significant risk of decline in eGFR and development of CKD on a 

TDF-based regimen across PLHIV in Asia. Several cohort studies have shown the 

association between exposure to some ARVs and development of CKD. For instance, the 

D:A:D cohort has documented a higher incidence rate of CKD with each year of exposure to 

TDF, Atazanavir/ritonavir (ATV/r) and Lopinavir/ritonavir (LPV/r) but not with other 

boosted Protease Inhibitors (PIs). Amongst PLHIV with a baseline eGFR >90 ml/min/

1.73m2, rates of progression to a eGFR <70 ml/min/1.73m2 were high with TDF, ATV/r and 

LPV/r, and this risk increased with each year of exposure to these ARVs[]. The overall 

incidence of CKD in the above cohort was 1.76 per 1000 person-years of follow-up. The 

incidence of CKD in our cohort (3.4 per 1000 person years) is substantially higher than that 

reported in the DAD cohort although we also included patients with baseline eGFR of 

60-90/ml/min/1.73m2 in our analysis. However, another DAD study with comparable 

inclusion criteria demonstrated a higher rate of CKD viz 10.5 per 1000 person-years[] . Few 

other studies have also documented higher incidence of CKD amongst PLHIV[, ] .

Numerous reports have documented higher incidence of CKD in Asian PLHIV compared to 

European and US cohorts. In a study from India, PLHIV on a TDF-based regimen had 

higher and faster decline in the eGFR compared to PLHIV in the United Kingdom[]. In a 12-

year observational cohort in Tokyo, incidence of CKD was 20.6 per 1000 years of follow up 

and was strongly associated with use of TDF[]. CKD has been reported amongst 7.3% of 

Vietnamese PLHIV on ART[]. Apart from TDF use, other risk factors including low body 

weight, age, male sex, duration of ART and concomitant comorbidities such as hypertension, 

were strongly associated with CKD in these studies. Interestingly in our study we found 

lower baseline eGFR, nadir CD4 counts, uncontrolled viremia and current PI/r use 

associated with incident CKD. Although we did not have adequate power to determine 

which PI/r was associated with CKD, previous analyses have indicated that atazanavir 

causes nephrolithiasis and is associated with development of interstitial nephritis [, ], 

switching from ATV/r or LPV/r to DRV/r is associated with improvement in kidney 

function[], and use of a concomitant PI/r with TDF amplifies the renal toxicity of the later 

due to inhibition of Multi-resistant Protein 4 (MRP-4) efflux channels in the proximal 

tubular cells by ritonavir leading to TDF accumulation in the cells[].

Nadir CD4 counts were significantly associated with CKD, suggesting that initiating ART 

early may help in reducing this risk. For example, early initiation of ART in the Strategic 

Timing for Antiretroviral Therapy (START) study was associated with a modestly higher 
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eGFR and lower risk of proteinuria []. In addition, TDF use may be best avoided amongst 

patients with lower baseline eGFR as is recommended by some guidelines[].

Estimated GFR can be affected by ethnicity and body composition. We used the CKD-EPI 

equation to estimate eGFR in our cohort. In a Thai cohort, re-expressed MDRD formula 

with Thai racial correction factor was most accurate in estimating GFR[]. However, in the 

absence of any gold standard, CKD-EPI has been used to estimate GFR reasonably precisely 

in most studies across diverse ethnicities [, ].

Currently TDF is a recommended component of the nucleoside backbone in the 2016 WHO 

Consolidated ARV guidelines. As TDF use is scaled up in Asia, significant numbers of 

PLHIV may develop renal toxicity, decline in eGFR or progress to CKD. Recovery from the 

decline in eGFR after TDF discontinuation is slow and irreversible amongst a third of 

PLHIV[]. As such, it is especially important that monitoring for renal toxicity is urgently 

strengthened. Monitoring with dipstick for proteinuria underestimates urinary protein 

excretion on TDF since TDF causes tubular proteinuria and the dipsticks measure 

albuminuria[]. In addition, capacities to manage renal toxicity, including access to dialysis, 

needs to be further strengthened. Risk scores have been developed for predicting PLHIV at 

risk for renal disease using the D:A:D data[]. Simpler scoring systems/calculators need to be 

developed for Asian populations that can be used at the primary health care level. Finally 

access to antiretrovirals like abacavir (ABC), often used as a substitute for TDF in cases of 

renal toxicity, and Tenofovir Alafenamide (TAF), are needed. Compared to TDF, TAF is 

associated with lower risk of renal and bone toxicity[, ].

Our study has several limitations. We did not use other markers for defining CKD, including 

proteinuria and radiologic evidence, as this data was not uniformly collected across sites. 

Including these would however, have been likely to increase the documented incidence of 

CKD in the study population. We also do not have access to determine true GFR in routine 

clinic settings across Asia as there may be substantial difference between measured 

calculated eGFR. Due to the small number of patients with documented diabetes, we did not 

include diabetes as a covariate. Key strengths of this analysis include a large heterogeneous 

PLHIV study population (largest study of CKD amongst PLHIV from Asia to date), and 

robust statistical methods.

Conclusion

Compared with other studies we observed a low prevalence of CKD in this cohort of Asian 

individuals, however progression to CKD was substantially associated with exposure to 

TDF. There is an urgent need to build up renal monitoring and management capacities across 

Asia and improve access to less nephrotoxic ARVs like TAF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1 –. Adjusted mean change in eGFR by tenofovir use
Estimates are adjusted for baseline eGFR, current CDC stage, nadir CD4 cell count and 

study site. Error bars represent 95% confidence interval around the mean. eGFR, estimated 

glomerular filtration rate (ml/min/1.73m2)
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Figure 2 –. Cumulative incidence curve showing the unadjusted risk of chronic kidney disease 
during antiretroviral therapy by tenofovir use
CKD, chronic kidney disease

Joshi et al. Page 12

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2019 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Joshi et al. Page 13

Ta
b

le
 1

 –

B
as

el
in

e 
C

ha
ra

ct
er

is
tic

s

B
as

el
in

e 
C

ha
ra

ct
er

is
ti

cs
A

ll 
(n

=2
,5

47
)

N
on

-t
en

of
ov

ir
 u

se
rs

 (
n=

1,
84

4)
Te

no
fo

vi
r 

us
er

s 
(n

=7
03

)

A
ge

 (
ye

ar
s)

M
ed

ia
n 

(I
Q

R
)

35
.6

(3
0.

5,
 4

2.
3)

35
.7

(3
0.

6,
 4

2.
3)

35
.4

(3
0.

4,
 4

2.
0)

Se
x

M
al

e
1,

79
6

70
.5

%
1,

30
2

70
.6

%
49

4
70

.3
%

H
ei

gh
t 

(c
m

)
M

ed
ia

n 
(I

Q
R

)
16

5
(1

58
, 1

71
)

16
5

(1
58

, 1
70

)
16

6
(1

59
, 1

71
)

n
2,

34
8

91
.2

%
1,

69
6

92
.0

%
65

2
92

.7
%

W
ei

gh
t 

(k
g)

M
ed

ia
n 

(I
Q

R
)

56
.0

(4
9.

0,
 6

4.
7)

56
.0

(4
8.

5,
 6

3.
7)

57
.5

(5
0.

2,
 6

6.
5)

n
2,

22
4

86
.4

%
1,

60
3

86
.9

%
62

1
88

.3
%

eG
F

R
 (

m
l/m

in
/1

.7
3m

2 )
M

ed
ia

n 
(I

Q
R

)
10

4.
1

(8
9.

0,
 1

15
.4

)
10

3.
3

(8
8.

2,
 1

15
.2

)
10

6.
6

(9
1.

9,
 1

16
.0

)

H
IV

 e
xp

os
ur

e
H

et
er

os
ex

ua
l

1,
53

3
60

.2
%

1,
12

8
61

.2
%

40
5

57
.6

%

H
om

os
ex

ua
l

63
5

24
.9

%
41

9
22

.7
%

21
6

30
.7

%

ID
U

14
8

5.
8%

10
9

5.
9%

39
5.

6%

O
th

er
23

1
9.

1%
18

8
10

.2
%

43
6.

1%

H
yp

er
te

ns
io

n
Y

es
11

3
4.

4%
76

4.
1%

37
5.

3%

D
ia

be
te

s
Y

es
51

2.
0%

43
2.

3%
8

1.
1%

H
ep

at
it

is
 B

 s
ur

fa
ce

 a
nt

ig
en

 s
ta

tu
s

N
eg

at
iv

e,
 %

 te
st

ed
2,

09
8

90
.3

%
1,

57
1

92
.0

%
52

7
85

.6
%

Po
si

tiv
e,

 %
 te

st
ed

22
5

9.
7%

13
6

8.
0%

89
14

.4
%

U
nk

no
w

n
22

4
8.

8%
13

7
7.

4%
87

12
.4

%

H
ep

at
it

is
 C

 a
nt

ib
od

y 
st

at
us

N
eg

at
iv

e,
 %

 te
st

ed
1,

86
5

86
.8

%
1,

40
4

86
.1

%
46

1
89

.0
%

Po
si

tiv
e,

 %
 te

st
ed

28
4

13
.2

%
22

7
13

.9
%

57
11

.0
%

U
nk

no
w

n
39

8
15

.6
%

21
3

11
.6

%
18

5
26

.3
%

C
D

C
 c

at
eg

or
y

1
1,

28
3

50
.4

%
86

0
46

.6
%

42
3

60
.2

%

2
41

5
16

.3
%

31
0

16
.8

%
10

5
14

.9
%

3
84

9
33

.3
%

67
4

36
.6

%
17

5
24

.9
%

N
ad

ir
 C

D
4 

ce
ll 

co
un

t 
(c

el
ls

/m
m

3 )
M

ed
ia

n 
(I

Q
R

)
13

9
(4

6,
 2

28
)

12
2

(3
8,

 2
10

)
18

3
(7

9,
 2

76
)

n
2,

51
5

97
.7

%
1,

81
8

98
.6

%
69

7
99

.1
%

H
IV

 v
ir

al
 lo

ad
 (

lo
g 1

0 
co

pi
es

/m
L

)
M

ed
ia

n 
(I

Q
R

)
4.

9
(4

.3
, 5

.4
)

4.
9

(4
.3

, 5
.4

)
4.

9
(4

.3
, 5

.3
)

n
1,

60
9

62
.5

%
1,

04
3

56
.6

%
56

6
80

.5
%

P
ro

te
as

e 
in

hi
bi

to
r 

us
e

Y
es

47
5

18
.7

%
26

9
14

.6
%

20
6

29
.3

%

V
al

ue
s 

ar
e 

n 
(%

to
ta

l)
 u

nl
es

s 
ot

he
rw

is
e 

in
di

ca
te

d.
 e

G
FR

, e
st

im
at

ed
 g

lo
m

er
ul

ar
 f

ilt
ra

tio
n 

ra
te

; C
D

C
, C

en
te

rs
 f

or
 D

is
ea

se
 C

on
tr

ol
 a

nd
 P

re
ve

nt
io

n;
 I

Q
R

, i
nt

er
qu

ar
til

e 
ra

ng
e;

 I
D

U
, i

nt
ra

ve
no

us
 d

ru
g 

us
e

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2019 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Joshi et al. Page 14

Ta
b

le
 2

 –

Fa
ct

or
s 

as
so

ci
at

ed
 w

ith
 c

hr
on

ic
 k

id
ne

y 
di

se
as

e 
on

 a
nt

ir
et

ro
vi

ra
l t

he
ra

py

C
ov

ar
ia

te
C

K
D

P
at

ie
nt

 y
ea

rs
 fo

llo
w

 
up

R
at

e 
pe

r 
10

00
pt

/y
rs

 (
95

%
C

I)
U

ni
va

ri
at

e 
H

R
 (

95
%

C
I)

p
M

ul
ti

va
ri

at
e 

H
R

 (
95

%
C

I)
p

O
ve

ra
ll

37
10

90
0.

5
3.

39
 (

2.
46

 -
 4

.6
8)

C
ur

re
nt

 t
en

of
ov

ir
 u

se
^

N
o

24
84

94
.6

2.
83

 (
1.

89
 -

 4
.2

2)
1.

00
1.

00

Y
es

13
24

05
.9

5.
40

 (
3.

14
 -

 9
.3

1)
2.

38
 (

1.
10

 -
 5

.1
2)

0.
03

2.
59

 (
1.

06
 -

 6
.3

3)
0.

04

B
as

el
in

e 
ag

e^

Pe
r 

5 
ye

ar
s 

ol
de

r
37

10
90

0.
5

3.
39

 (
2.

46
 -

 4
.6

8)
1.

40
 (

1.
19

 -
 1

.6
4)

<
0.

01
1.

34
 (

1.
12

 -
 1

.6
1)

<
0.

01

Se
x^

M
al

e
24

76
04

.9
3.

16
 (

2.
12

 -
 4

.7
1)

1.
00

1.
00

Fe
m

al
e

13
32

95
.5

3.
94

 (
2.

29
 -

 6
.7

9)
1.

46
 (

0.
69

 -
 3

.0
9)

0.
33

1.
68

 (
0.

80
 -

 3
.5

5)
0.

17

B
as

el
in

e 
w

ei
gh

t 
(k

g)

<
55

13
41

52
.2

3.
13

 (
1.

82
 -

 5
.3

9)
1.

00

55
 -

 6
5

12
33

23
.7

3.
61

 (
2.

05
 -

 6
.3

6)
1.

17
 (

0.
53

 -
 2

.6
1)

0.
69

>
65

4
21

46
.2

1.
86

 (
0.

70
 -

 4
.9

7)
0.

53
 (

0.
17

 -
 1

.6
8)

0.
28

U
nk

no
w

n
8

12
78

.4
6.

26
 (

3.
13

 -
 1

2.
51

)
-

B
as

el
in

e 
eG

F
R

^

61
-8

9 
m

l/m
in

/1
.7

3m
2

22
29

86
.2

7.
37

 (
4.

85
 -

 1
1.

19
)

4.
25

 (
2.

09
 -

 8
.6

3)
<

0.
01

2.
69

 (
1.

29
 -

 5
.6

2)
0.

01

>
89

 m
l/m

in
/1

.7
3m

2
15

79
14

.3
1.

90
 (

1.
14

 -
 3

.1
4)

1.
00

1.
00

H
IV

 e
xp

os
ur

e

H
et

er
os

ex
ua

l
26

66
23

.5
3.

93
 (

2.
67

 -
 5

.7
7)

1.
00

H
om

os
ex

ua
l

5
26

34
.6

1.
90

 (
0.

79
 -

 4
.5

6)
0.

22
 (

0.
07

 -
 0

.6
7)

0.
01

ID
U

/O
th

er
6

16
42

.4
3.

65
 (

1.
64

 -
 8

.1
3)

0.
72

 (
0.

27
 -

 1
.9

2)
0.

52

H
yp

er
te

ns
io

n

N
o

34
10

45
1.

8
3.

25
 (

2.
32

 -
 4

.5
5)

1.
00

Y
es

3
44

8.
7

6.
69

 (
2.

16
 -

 2
0.

73
)

2.
82

 (
0.

69
 -

 1
1.

56
)

0.
15

H
ep

at
it

is
 B

 s
ur

fa
ce

 a
nt

ig
en

 s
ta

tu
s

N
eg

at
iv

e
27

88
12

.2
3.

06
 (

2.
10

 -
 4

.4
7)

1.
00

Po
si

tiv
e

1
95

0.
1

1.
05

 (
0.

15
 -

 7
.4

7)
0.

35
 (

0.
05

 -
 2

.5
7)

0.
30

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2019 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Joshi et al. Page 15

C
ov

ar
ia

te
C

K
D

P
at

ie
nt

 y
ea

rs
 fo

llo
w

 
up

R
at

e 
pe

r 
10

00
pt

/y
rs

 (
95

%
C

I)
U

ni
va

ri
at

e 
H

R
 (

95
%

C
I)

p
M

ul
ti

va
ri

at
e 

H
R

 (
95

%
C

I)
p

U
nk

no
w

n
9

11
38

.2
7.

91
 (

4.
11

 -
 1

5.
20

)
-

H
ep

at
it

is
 C

 a
nt

ib
od

y 
st

at
us

N
eg

at
iv

e
25

77
71

.5
3.

22
 (

2.
17

 -
 4

.7
6)

1.
00

Po
si

tiv
e

3
11

55
.4

2.
60

 (
0.

84
 -

 8
.0

5)
1.

03
 (

0.
24

 -
 4

.4
4)

0.
97

U
nk

no
w

n
9

19
73

.6
4.

56
 (

2.
37

 -
 8

.7
6)

-

C
ur

re
nt

 C
D

C
 c

at
eg

or
y

St
ag

e 
1

13
49

08
.2

2.
65

 (
1.

54
 -

 4
.5

6)
1.

00

St
ag

e 
2

7
20

90
.0

3.
35

 (
1.

60
 -

 7
.0

3)
1.

07
 (

0.
30

 -
 3

.7
5)

0.
92

St
ag

e 
3

17
39

02
.3

4.
36

 (
2.

71
 -

 7
.0

1)
1.

68
 (

0.
83

 -
 3

.4
1)

0.
15

N
ad

ir
 C

D
4 

ce
ll 

co
un

t 
(c

el
ls

/m
m

3 )
^

>
20

0
8

32
70

.4
2.

45
 (

1.
22

 -
 4

.8
9)

1.
00

1.
00

10
0 

- 
20

0
8

32
84

.7
2.

44
 (

1.
22

 -
 4

.8
7)

1.
21

 (
0.

43
 -

 3
.4

2)
0.

72
1.

35
 (

0.
46

 -
 3

.9
4)

0.
58

<
10

0
21

41
79

.2
5.

02
 (

3.
28

 -
 7

.7
1)

2.
53

 (
1.

08
 -

 5
.9

3)
0.

03
3.

07
 (

1.
33

 -
 7

.0
6)

0.
01

U
nk

no
w

n
0

16
6.

2
0.

00
 (

0.
00

 -
 0

.0
0)

-
-

C
ur

re
nt

 C
D

4 
ce

ll 
co

un
t 

(c
el

ls
/m

m
3 )

>
50

0
7

32
11

.3
2.

18
 (

1.
04

 -
 4

.5
7)

1.
00

35
0 

- 
50

0
5

27
76

.8
1.

80
 (

0.
75

 -
 4

.3
3)

0.
75

 (
0.

25
 -

 2
.2

3)
0.

60

<
35

0
24

48
09

.5
4.

99
 (

3.
34

 -
 7

.4
4)

1.
63

 (
0.

68
 -

 3
.9

1)
0.

27

U
nk

no
w

n
1

10
2.

9
9.

72
 (

1.
37

 -
 6

9.
00

)
-

C
ur

re
nt

 H
IV

 v
ir

al
 lo

ad
^

U
nd

et
ec

ta
bl

e
20

77
49

.8
2.

58
 (

1.
66

 -
 4

.0
0)

1.
00

D
et

ec
ta

bl
e

11
12

44
.4

8.
84

 (
4.

90
 -

 1
5.

96
)

2.
24

 (
0.

89
 -

 5
.6

0)
0.

09

U
nk

no
w

n
6

19
06

.3
3.

15
 (

1.
41

 -
 7

.0
1)

-

C
ur

re
nt

 p
ro

te
as

e 
in

hi
bi

to
r 

us
e^

N
o

20
88

18
.8

2.
27

 (
1.

46
 -

 3
.5

2)
1.

00
1.

00

Y
es

17
20

81
.7

8.
17

 (
5.

08
 -

 1
3.

14
)

5.
59

 (
2.

53
 -

 1
2.

34
)

<
0.

01
5.

22
 (

2.
36

 -
 1

1.
56

)
<

0.
01

C
ur

re
nt

 n
ep

hr
ot

ox
ic

 o
pp

or
tu

ni
st

ic
 in

fe
ct

io
n 

pr
op

hy
la

xi
s 

us
e

N
o

20
82

82
.9

2.
41

 (
1.

56
 -

 3
.7

4)
1.

00

Y
es

17
26

17
.5

6.
49

 (
4.

04
 -

 1
0.

45
)

2.
41

 (
1.

08
 -

 5
.3

8)
0.

03

A
ll 

m
od

el
s 

w
er

e 
ad

ju
st

ed
 f

or
 s

tu
dy

 s
ite

 b
ut

 H
R

s 
fo

r 
si

te
s 

ar
e 

no
t s

ho
w

n.

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2019 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Joshi et al. Page 16
^ In

cl
ud

ed
 in

 f
in

al
 m

od
el

.

* ID
U

 a
nd

 o
th

er
 c

at
eg

or
ie

s 
co

m
bi

ne
d 

as
 n

o 
ou

tc
om

es
 in

 I
D

U
 g

ro
up

. e
G

FR
, e

st
im

at
ed

 g
lo

m
er

ul
ar

 f
ilt

ra
tio

n 
ra

te
; I

D
U

, i
nt

ra
ve

no
us

 d
ru

g 
us

e;
 C

D
C

, C
en

tr
es

 f
or

 D
is

ea
se

 C
on

tr
ol

 a
nd

 P
re

ve
nt

io
n;

 C
K

D
, c

hr
on

ic
 

ki
dn

ey
 d

is
ea

se
; C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; H

R
, h

az
ar

d 
ra

tio

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2019 November 01.


	Abstract
	Introduction
	Methods
	Patient selection and baseline data
	Statistical analysis
	eGFR analysis
	CKD analysis


	Results
	Patient characteristics
	Changes in eGFR over time
	Chronic kidney disease

	Discussion
	Conclusion
	The TREAT Asia HIV Observational Database
	References
	Figure 1 –
	Figure 2 –
	Table 1 –
	Table 2 –

