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Abstract

Background This study investigated kidney dysfunction among people with HIV (PWH), comparing those with and
without hepatitis B virus (HBV) co-infection. We further identified predictors of kidney dysfunction in PWH with HBV.

Methods Adult PWH in the TREAT Asia Observational Database—Low Intensity TransfEr cohort, who were on
antiretroviral therapy, with follow-up after 2010 were included. HBV co-infection was defined by positive hepatitis
B surface antigen. Kidney dysfunction was determined as a single estimated glomerular filtration rate < 60mL/
min/1.73m? Kaplan-Meier curves were used to evaluate cumulative incidence of kidney dysfunction, and we used
Cox proportional hazards model to analyze factors associated with kidney dysfunction in PWH with HBV.

Results Among 23,415 participants (median age =37 years; interquartile range [IQR]: 31-43), most were male (62.2%),
from lower-middle income countries (67.1%), and reported heterosexual HIV transmission (79.3%). The median
follow-up time was 5.41 years (IQR: 2.05-8.67). The majority were prescribed NRTI+NNRTI (83.6%), and 4.9% had

HBV co-infection. Overall, 8.0% had kidney dysfunction, with a higher proportion among PWH with HBV than those
without HBV (14.8% vs. 7.6%, p < 0.001). Most cases of kidney dysfunction were stage Il (84.2%). Factors associated
with kidney dysfunction in PWH with HBV included older age (> 50 years: Hazard ratio [HR]=6.45, 95%Cl: 2.31, 18.04)
compared to 18-29 years, higher income country (upper-middle income: HR=1.78, 95%Cl: 1.16, 2.74) compared to
lower-middle income, low platelet counts (< 150x 10%/L: HR=2.82, 95%Cl: 1.85, 4.31) compared to normal platelets,
and ART regimens (NRTI+NNRTI: HR=0.43, 95%Cl: 0.27, 0.70; NRTI+ PIl: HR=0.60, 95%Cl: 0.36, 1.01) compared to
NRTI+INSTI. Higher CD4 counts (200-349 cells/uL: HR=0.53, 95%Cl: 0.31, 0.93; 350-499 cells/uL: HR=0.45, 95%Cl:
0.26,0.79; =500 cells/uL: HR=0.33, 95%Cl: 0.20, 0.56) compared to < 200 cells/uL were associated with lower risk of
renal dysfunction. There was no significant difference in kidney dysfunction between those on TDF and TAF (HR=0.55,
95%Cl: 0.25, 1.23).
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Conclusions A high prevalence of kidney dysfunction was observed among PWH with HBV co-infection in the Asia-
Pacific. Renal screening and monitoring should prioritize PWH with HBV with older age, low platelets and CD4 counts

in low-resource settings.
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Background

In the Asia-Pacific, approximately 9.8% of people with
HIV (PWH) have hepatitis B virus (HBV) co-infection
[1], which is associated with higher morbidity and mor-
tality than HIV alone [2]. Kidney dysfunction is an impor-
tant comorbidity among PWH and may be influenced by
both HIV/HBV co-infection and antiretroviral therapy,
particularly Tenofovir Disoproxil Fumarate (TDF). TDF
is used across diverse socioeconomic settings [3]; how-
ever, its use is known to be associated with reduced
kidney dysfunction, as reflected by decreased estimated
glomerular filtration rate (eGFR), and may potentially
lead to renal failure [4, 5]. Studies have shown that kidney
dysfunction associated with TDF use occurs in a variable
proportion of PWH, with those on TDF-based regimens
having a 1.7-fold higher risk of renal dysfunction com-
pared to those on other regimens [6]. If TDF is discon-
tinued, about 13% of PWH recovered full kidney function
[7]. While the global trend favors Tenofovir Alafenamide
Fumarate (TAF) for its renal benefits, TDF remains rec-
ommended in the World Health Organization (WHO)
guidelines and continues to be widely used in the Asia-
Pacific due to limited availability, cost and accessibility
of TAF [8]. Many countries in the region use TDF-based
combinations such as tenofovir/lamivudine/dolutegra-
vir (TLD) or tenofovir/lamivudine/efavirenz (TLE) [9].
Given these concerns, it is crucial to assess the impact of
TDF use in the region, particularly in relation to kidney
dysfunction among PWH.

TDF is also commonly used as first-line therapy for
HBV due to its high virological efficacy and low drug
resistance rates [11, 12]. In PWH with HBV co-infection,
treatment guidelines include HBV-active agents [10],
typically tenofovir combined with lamivudine (3TC)
or emtricitabine (FTC) [13]. TDF has been shown to
achieve HBV suppression in PWH with HBV co-infec-
tion, ranging from 57.4% to 85.6% [12]. Because TDF is
the preferred treatment for both HBV and HIV/HBV co-
infection [10, 14], understanding the risk of developing
kidney dysfunction among PWH with HBV co-infection
is pivotal for optimizing treatment outcomes.

Numerous studies have assessed factors associated
with kidney dysfunction among PWH [15-17], however
many have involved small sample sizes or limited follow-
up [7]. Importantly, there is a scarcity of national and
regional data on the association between TDF usage and
kidney dysfunction in Asian population [18, 19]. There-
fore, this study aimed to examine the occurrence of renal

dysfunction in PWH with or without HBV co-infection
from 2010 to 2021 in the Asia-Pacific region. Risk factors
associated with renal dysfunction were further assessed
in the subgroup with HBV co-infection.

Methodology

Study population

We included PWH enrolled in the TREAT Asia HIV
Observational ~ Database-Low  Intensity =~ TransfEr
(TAHOD-LITE) cohort. TAHOD-LITE included over
50,000 PWH who were at least 18 years old from 11 clini-
cal sites in seven Asia-Pacific countries and territories:
Cambodia, Hong Kong SAR, India, Indonesia, South
Korea, Thailand, and Vietnam. PWH who had initiated
ART and were in follow-up after 2010 were included,
as routine HBV testing data became available from this
date. Eligible PWH were required to have at least one
serum creatinine measurements during follow-up. Those
with a history of hepatitis C virus (HCV), pre-existing
renal impairment, or diagnosed kidney dysfunction at
baseline (either at ART initiation or on January 1, 2010
if ART was initiated before 2010) or prior were excluded,
to ensure a consistent and reliable baseline assessment of
kidney function. Since HCV is a known cause of kidney
dysfunction [20], including such individuals would have
complicated the assessment of HBV impact on kidney
function.

Statistical analysis

Kidney dysfunction was defined as the first instance of
an eGFR of <60mL/min/1.73m? [18, 19, 21-23]. Kid-
ney dysfunction was classified into five stages based on
eGFR: Stage 1 (=90), Stage 2 (60-89), Stage 3 (30-59),
Stage 4 (15-29), and Stage 5 (<15) [24]. eGFR was cal-
culated based on serum creatinine, age, and sex using
the 2009 CKD-EPI single equation, which was the stan-
dard method during the study period. In this equation,
S denotes serum creatinine (mg/dL), k is 0.7 for females
and 0.9 for males, and a is —0.329 for females and -0.411
for males, as shown below:
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Demographic covariates included in the analysis were
age, sex, World Bank country income levels, and modes
of HIV infection. Clinical and laboratory measures
encompassed CD4 cell counts (<200 cells/pL, 200-349
cells/pL, 350-499 cells/uL, =500 cells/uL, not reported),
viral load levels (<1000 copies/mL, >1000 copies/mL,
not reported), fasting glucose (mg/dL; elevated > 126 mg/
dL), platelets (x10°/L), serum creatinine (mg/dL), HBV
infection defined by positive surface antigen (yes vs. no),
elevated HBV DNA (IU/mL; elevated>2,000 IU/mL),
anti-HBV medication (TAF, TDF, and not on medication/
other), and ARV class (not on treatment, NRTI+ NNRTI,
NRTI+ PI, NRTI+INSTI, and other).

The Kaplan-Meier plot was used to illustrate kidney
dysfunction by HBV co-infection status, and log-rank
tests were used to evaluate the differences between the
two groups. Factors associated with kidney dysfunc-
tion among PWH with HBV co-infection were analyzed
using Cox proportional hazards model. Risk time was
left truncated at ART initiation or January 1, 2010, which
ever occurred last, and ended on date of first kidney
dysfunction. Those who did not have kidney dysfunc-
tion or deceased were censored on the date of their last
visit, transfer, death, or loss to follow-up. Missing data for
covariates were handled using a last observation carried
forward approach [25], where the most recent available
value prior to baseline or follow-up was carried forward.

Since emtricitabine/lamivudine (FTC/3TC) is often
added to TDF/TAF for PWH with HBV due to its activity
against both HIV and HBV [13], a sensitivity analysis was
conducted to evaluate the impact of this combination,
in addition to the primary effect of TDF. Furthermore,
several covariates with an extremely high proportion of
missing data, such as platelet count, were excluded in
sensitivity analyses (not shown), which showed consis-
tent results with the main model.

All covariates with p<0.10 from univariate analyses
were included in the multivariable model, using stepwise
backward selection method. In the multivariable model,
only statistically significant variables (p<0.05) were
maintained.

SAS 9.4 (SAS Institute, Cary NC) and STATA version
18 (STATA Corp., College station, TX) were used to
manage the data and perform the statistical analyses.

Results

Characteristics of adults living with HIV at baseline

We analyzed 23,415 adult PWH, with a median follow-up
of 4.51 years (Interquartile range [IQR]: 2.05-8.67). Most
participants were male (62.2%), with a median age of 37
years (IQR 31-43), and two-thirds were from lower-mid-
dle-income countries (67.1%). Heterosexual contact was
the predominant mode of HIV acquisition (79.3%). At
baseline, PWH had a median CD4 count of 201 cells/uL

Page 3 of 11

(IQR 67-331) and a median viral load of 77,348 copies/
mL (IQR 14,811-305,072). Median platelets and glucose
were 227 x 10°/L and 86.5 mg/dL, respectively. HBV co-
infection was observed in 4.9% of PWH. Most received
NRTI+NNRTI regimens (83.6%), while fewer received
NNRTI+PI (8.1%) or NRTI+INSTI (5.7%). TDF-based
regimens were prescribed in 42%, and TAF in 1.1%
(Table 1).

Kidney dysfunction status

During follow-up, approximately 8.0% of the total study
population had kidney dysfunction, primarily stage III
(84.2%), followed by stage IV (8.1%) and stage V (7.7%).
The proportions of kidney dysfunction among PWH
with and without HBV co-infection were 14.8% and 7.6%,
respectively (p <0.001; Supplemental Table 1). Given the
higher proportion of kidney dysfunction among PWH
with HBV co-infection, we assessed the time to kid-
ney dysfunction by HBV co-infection status and identi-
fied factors associated with kidney dysfunction in PWH
with HBV co-infection. This is also supported by a logis-
tic regression model adjusting for demographics (age,
sex, country income level, and HIV transmission route),
which showed that PWH with HBV co-infection had 1.66
times higher odds of kidney dysfunction compared with
PWH without HBV co-infection (aOR=1.66, 95%CI:
1.39, 1.99) (Supplemental Table 2).

Kidney dysfunction by HBV infection status among PWH
Kaplan-Meier analysis showed that the cumulative inci-
dence of kidney dysfunction at five years was higher
among PWH with HBV co-infection (5.69%) than those
without HBV (3.91%; Fig. 1). By 10 years, cumulative
incidence was 16.68% versus 15.91%, respectively. The
difference in cumulative incidence over the entire follow-
up period was statistically significant, with a Log-rank
test p-value of <0.001.

Predictors of kidney dysfunction among PWH with HBV
co-infection

The incidence rate of kidney dysfunction among PWH
with HBV-co-infection was 2.32 per 100 person-years
(Table 2). In adjusted analyses, older age, lower CD4
counts, low platelet counts, and residing in upper-mid-
dle-income countries were associated with increased
risk of kidney dysfunction. Specifically, participants
aged >50 years had greater risk compared to those aged
18-29 years (HR=6.45, 95%CIL: 2.31, 18.04). Partici-
pants from upper-middle-income countries had higher
risks than those from lower-middle-income coun-
tries (HR=1.78, 95%CI: 1.16, 2.74). Those with platelet
counts < 150 x 10°/L were at higher risk compared to par-
ticipants with normal platelet counts (HR =2.82, 95%Cl:
1.85, 4.31). Higher CD4 counts were protective compared
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Table 1 Demographic and clinical characteristics at baseline among PWH in the Asia-Pacific region, stratified by kidney dysfunction

status
Total Without kidney dysfunction ~ With kidney dysfunction*  p-value**
N=23,415 n=21,541 n=1,874

Age (vears)

Median (IQR) 37.0(31.0-43.0.0.0) 36.0 (30.0-42.0.0.0) 45.5(39.0-53.0.0.0) <0.001

18-29 4,702 (20.1) 4,610 (21.4) 92 (4.9) <0.001

30-39 9,649 (41.2) 9,272 (43.0) 377 (20.1)

40-49 6,286 (26.8) 5,564 (25.8) 722 (38.5)

>50 2,778 (11.9) 2,095 (9.7) 683 (36.4)

Sex <0.001

Male 14,560 (62.2) 13,323 (61.8) 1,237 (66.0)

Female 8,855 (37.8) 8,218 (38.2) 637 (34.0)

Country income level <0.001

Lower middle 15,718 (67.1) 14,709 (68.3) 1,009 (53.8)

Upper middle 5,840 (24.9) 5,179 (24.0) 661 (35.3)

High 1,857 (7.9) 1,653 (7.7) 204 (10.9)

Mode of HIV infection <0.001

Heterosexual contact 18,568 (79.3) 17,165 (79.7) 1,403 (74.9)

Male-to-male contact 1,840 (7.9) 1,711 (7.9) 129 (6.9)

Injection drug use 378 (1.6) 350(1.6) 28 (1.5)

Other 2,629 (11.2) 2,315(10.7) 314 (16.8)

CD4 at baseline (cells/ul)

Median (IQR) (67 0-331.0.0.0) 205.0 (70.0-333.0.0.0) 130.0 (41.0-288.0.0.0) <0.001

<200 5122 (219 4,710 (21.9) 412 (22.0) <0.001

200-349 2,946 (12. 6) 2,794 (13.0) 152 (8.1)

350-499 1,233(5.3) 76 (5.5) 57(3.0)

>500 998 (4.3) 955 (4.4) 43(23)

Not reported 13,116 (56.0) 11,906 (55.3) 1,210 (64.6)

Viral load at baseline (copies/mL)

Median (IQR) 77,3480 73730.5 134,686.0 0.003
(14,811.0-305.0,072.0) (14,200.0-296,000.0) (25,695.0-394.0,145.0)

<1000 369 (1.6) 337(1.6) 32(1.7) 0.867

>1000 2,548 (10.9) 2,345 (10.9) 203 (10.8)

Not reported 20,498 (87.5) 18,859 (87.5) 1,639 (87.5)

Platelet count (x 10A\9/L)

Median (IQR) 227.0(180.0-281.0.0.0)  227.5(185.0-282.0.0.0) 207.0 (155.9-265.0.9.0) 0210

<150 (Low) 64 (0.3) 55(0.3) 9(0.5) 0334

150-450 (Normal) 407 (1.7) 375(1.7) 32(1.7)

>450 (High) 8(0.0) 8(0.0) 0(0.0)

Not reported 22,936 (98.0) 21,103 (98.0) 1,833 (97.8)

High fasting glucose (mg/dL)

Median (IQR) 86.5 (81.0-96.9.0.9) 86.0 (81.0-95.0.0.0) 99.1 (84.0-122.5.0.5) <0.001

No (<126) 535(2.3) 508 (2.4) 27(14) <0.001

Yes (=126) 36(0.2) 28 (0.1) 8(0.4)

Not reported 22,844 (97.6) 21,005 (97.5) 1,839 (98.1)

HBV infection defined by positive surface antigen <0.001

No 22,178 (94.7) 20,487 (95.1) 1,691 990.2)

Yes 1,237 (5.3) 1,054 (4.9) 183 (9.8)

ART class <0.001

Not on treatment 419(1.8) 380 (1.8) 39(2.1)

NRTI+NNRTI 19,574 (83.6) 18,164 (84.3) 1,410 (75.2)

NRTI4-PI 1,902 (8.1) 1,608 (7.5) 294 (15.7)

NRTI-+INSTI 1,341 (5.7) 1,248 (5.8) 93 (5.0)

Others 179(0.8) 141 (0.7) 38(2.0)

TDF/TAF use <0.001
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Table 1 (continued)
Total Without kidney dysfunction ~ With kidney dysfunction*  p-value**
N=23,415 n=21,541 n=1,874
TDF 9,845 (42.0) 9,124 (42.4) 721 (38.5)
TAF 263 (1.1) 249 (1.2) 14(0.7)
Not on medication/Other 13,307 (56.8) 12,168 (56.5) 1,139 (60.8)

*Among the 1,874 PWH with kidney dysfunction, 1,577 (84.2%) were in stage lll, 152 (8.1%) in stage IV, and 145 (7.7%) in stage V.**Chi-squared test for differences in

distributions and Wilcoxon rank-sum test for differences in medians.

Log-rank test: p<0.001
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Fig. 1 Cumulative incidence of kidney dysfunction by HBV infection status among PWH in the Asia-Pacific region

to CD4<200 cells/pL (200-349 cells/uL: HR=0.53,
95%CI: 0.31, 0.93; 350-499 cells/uL: HR=0.45, 95%CI:
0.26, 0.79; =500 cells/pL: HR=0.33, 95%CI: 0.20, 0.56).
Use of NRTI+NNRTI (HR=0.43, 95%CIL: 0.27, 0.70) or
NRTI+PI (HR=0.60, 95%CI: 0.36, 1.01) was associated
with lower risk compared to NRTT + INSTI. Results of our
sensitivity analysis found that the use of TDF/TAF with
FTC/3TC was associated with lower risk kidney dysfunc-
tion compared to those not on treatment (Table 3).

ART management after kidney dysfunction

Among 107 PWH who had kidney dysfunction and
received TDF at the time of the event, 77 (72.0%) contin-
ued TDF, 3 (2.8%) switched to TAF, 24 (22.4%) switched

to other ART, and 3 (2.8%) had ART stopped after devel-
oping kidney dysfunction (Table 2).

Discussion

Our findings revealed a higher proportion of kidney dys-
function among PWH with HBV co-infection compared
to PWH alone. Factors associated with an increased
risk of kidney dysfunction in this group included older
age, higher World Bank country income level, and lower
platelet count. In contrast, higher CD4 count and the
use of NRTI+NNRTI or NRTI+PI were associated
with a lower risk of kidney dysfunction compared to
NRTI+INSTL
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Table 2 Factors associated with kidney dysfunction among PWH with HBV co-infection in the Asia-Pacific region

No. of Fol- No.of Incidence Univariate model Multivariable model
patients lowup  event rate HR 95% ClI p-value HR 95% ClI p-value
(years) (/100pys)

Total 1,237 7873.94 183 232
Age (years)* <0.001 <0.001
18-29 ~ 773.34 4 0.52 1.00 1.00
30-39 ~ 2320.11 14 0.60 1.04 0.34,3.16 0.951 1.07 0.35,3.29 0.901
40-49 ~ 3091.07 55 1.78 250 0.90,7.00 0.080 239 085,672 0.099
>50 ~ 1689.42 110 6.51 715 2.58,19.82 <0.001 6.45 2.31,18.04 <0.001
Sex 0.057
Male 847 (68.5) 502347 125 249 1.00
Female 390 (31.5) 285047 58 2.03 0.74 0.54,1.01 0.057
Country income level 0.022 0.010
Lower middle 396 (32.0) 2294.18 33 144 1 1.00
Upper middle 728 (58.9) 5048.73 136 2.69 1.66 1.13,245 0.010 1.78 1.16,2.74 0.008
High 113(9.1) 531.03 14 264 2.01 1.07,3.78 0.030 094 047,187 0.850
Modes of HIV infection 0.526
Heterosexual contact 899 (72.7) 5855.68 143 244 1.00
Male-to-male contact 177 (14.3) 979.81 19 1.94 089 055,144 0.643
Injection drug use 39(3.2) 28442 5 1.76 0.58 0.23,142 0.231
Other 122 (9.9) 754.03 16 212 079 047,132 0.361
CD4 (cells/uL)* 0.004 <0.001
<200 ~ 761.71 25 3.28 1.00 1.00
200-349 ~ 1171.66 32 273 058 034,101 0.053 053 031,093 0.026
350-499 ~ 1461.29 39 267 0.49 0.29,0.84 0.010 045 0.26,0.79 0.005
>500 ~ 312136 76 243 040 025,066 <0.001 033 020,056 <0.001
Not reported ~ 1357.92 11 0.81 - - - - - -
Viral load (copies/mL)* 0.528
<1000 ~ 5367.00 149 278 1.00
>1000 ~ 268.85 8 298 1.27 0.60, 2.69 0.528
Not reported ~ 2238.09 26 1.16 - - -
Glucose (mg/dL)* 0.002
Not high (<126) ~ 4520.85 124 274 1.00
High (=126) ~ 387.06 26 6.72 196  1.28,3.00 0.002
Not reported ~ 2966.03 33 1.11 - - -
Elevated HBV DNA (1U/mL)* 0416
No (<2000) ~ 1072.77 45 4.19 1.00
Yes (=2000) ~ 131.72 2 152 0.55 0.13,2.30 0416
Not reported ~ 6669.45 136 2.04 - - -
Platelets (x 10%/1)* <0.001 <0.001
Normal (150-450) ~ 5331.39 131 246 1.00 1.00
Low (<150) ~ 371.23 28 7.54 317 2.11,4.79 <0.001 282 1.85,4.31 <0.001
High (>450) ~ 95.04 3 3.16 1.68 0.53,5.29 0.375 2.08 0.66,6.61 0213
Not reported ~ 2076.27 21 1.01 - - - - - -
HBV medication* 0.002 0.203
TAF ~ 73.14 8 10.94 1.00 1.00
TDF” ~ 5097.04 107 2.10 029 014,060  0.001 055 025123 0146
Not on medication/Other ~ 2703.76 68 252 038 0.18,0.80 0.011 068 031,152 0.343
ART class* <0.001 0.002
NRTI+INSTI ~ 420.64 29 6.89 1.00 1.00

NRTI+NNRTI ~ 535091 92 1.72 042  0.28,0.65 <0.001 043  0.27,0.70 0.001
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Table 2 (continued)
No. of Fol- No.of Incidence Univariate model Multivariable model
patients lowup  event rate HR 95% Cl p-value HR 95% Cl p-value
(years) (/100pys)
NRTI+PI ~ 1796.48 48 267 0.65 041,1.05 0.077 0.60 0.36,1.01 0.053
Not on treatment/Other ~ 30591 14 4.58 1.22 0.64,2.34 0.544 093 047,184 0.945

*Covariates are time-updated

**Among 107 participants on TDF at the time of event, 77 took TDF, 3 took TAF, 24 took other, and 3 not on medication after the event

Global p-values are test for heterogeneity excluding “not reported” values

P-values in bold represent significant covariates

In this study, 8% of PWH experienced kidney dys-
function, which is higher than the global average among
PWH from 60 countries at 4.8% [26]. The relatively low
prevalence of end-stage renal disease or eGFR stage V
(0.62%; 145/23,425) among PWH in our study is similar
to Japan (0.5%) [27], but lower than the USA (1.5%) [28],
suggesting that different regions may reflect variations
in genetic susceptibility, racial or ethnic composition,
ART regimen, healthcare access, and screening prac-
tices. Furthermore, Kaplan-Meier analysis showed that
PWH with HBV co-infection had a significantly higher
cumulative incidence of kidney dysfunction compared
to PWH alone, with the separation between the two sur-
vival curves occurring very close to time zero. This early
divergence may reflect underlying differences not cap-
tured in our analysis. While HIV can cause HIV-related
nephropathy, resulting in a decline in kidney function
[29], HBV has been known to lead to glomerulonephri-
tis [30], and these mechanisms, individually or combined,
may contribute to the rapid separation of the two groups.
Previous studies also demonstrated that HBV infection
was associated with a higher risk of kidney dysfunction
[31-33]. Particularly, HBV infection was linked to a 20%
increased risk of chronic kidney dysfunction in the gen-
eral population [32] and a 96% increased risk among
PWH [31].

We found that high HBV viral load was not significantly
associated with kidney dysfunction. HBV DNA test-
ing was performed inconsistently in this cohort, and the
large amount of missing data limits our ability to draw
firm conclusions about the potential role of HBV replica-
tion in renal dysfunction. Prospective studies with more
detailed clinical and treatment data, including cumulative
TDF exposure, ART regimen variations, and timing of
ART initiation are needed to better elucidate the under-
lying mechanisms. Older PWH with HBV had a higher
hazard for kidney dysfunction, as supported by existing
literature [21, 23, 34]. Using data from the same region,
PWH aged>50 who have ever received TDF had been
shown to have 5.39 times greater risk of developing kid-
ney dysfunction compared to those aged 30 or younger
in the Asia-Pacific between 1996 and 2013 [23]. Similarly,
compared to Australian PWH aged 30-39, individuals

aged 40-49 had at least a 222% increased risk of kid-
ney dysfunction [21]. Older PWH are at a significantly
higher risk of developing kidney dysfunction compared
to younger PWH, as aging naturally leads to a decline in
kidney function and increases the likelihood of develop-
ing related health complications, such as hypertension,
which are associated with kidney dysfunction [15].

We found that PWH from upper-middle income coun-
tries were more likely to have kidney dysfunction com-
pared to those from lower-middle income countries.
Insufficient healthcare infrastructure and limited access
to care in lower-middle-income regions might contribute
to the significant differences in the prevalence of chronic
kidney disease [35, 36]. Notably, early diagnosis of kid-
ney dysfunction is rare in resource-limited areas [36],
with nine out of 10 individuals with kidney dysfunction
unaware of their condition [35].

The association with lower platelet counts, observed
in our study is consistent with previous findings [37,
38]. Platelets may accelerate kidney disease by mediat-
ing inflammatory processes and influencing the immune
system [38]. In PWH with HBV co-infection, particularly
older individuals, HBV-induced cirrhosis can signifi-
cantly impair both liver and kidney function, leading to
thrombocytopenia [39], which suggests a bidirectional
relationship between platelet counts and kidney dysfunc-
tion. Furthermore, low CD4 cell counts was associated
with higher risks of kidney dysfunction, likely due to sus-
ceptibility to infections, leading to increased inflamma-
tion, which can damage the kidneys [40]. Our findings
were consistent with a prior investigation in Ethiopia,
which found that PWH with low CD4 counts (<200 cells/
puL) were 2.5 times more likely to develop kidney dys-
function compared to those with CD4>200 cells/pL [41].

This study also found that PWH with HBV receiving
NRTI+NNRTI or NRTT+PI regimens were less likely to
experience kidney dysfunction in comparison to those
who received NRTI+INSTI. INSTIs, which commonly
include dolutegravir and raltegravir, can cause mild ele-
vations in serum creatinine, potentially leading to slight
increases in kidney dysfunction [42]. Alternative meth-
ods to estimate GFR, such as cystatin C, were not avail-
able in this cohort, limiting our ability to distinguish
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Table 3 Sensitivity analysis for factors associated with kidney dysfunction among PWH HBV co-infection in the Asia-Pacific region

No. of Followup No.of Incidence Univariate model Multivariable model
patients (years) event rate HR  95%Cl p-value HR  95%Cl p-

(/100pys) value

Total 1,237 7873.94 183 2.32

Age (years)" <0.001 <0.001

18-29 ~ 773.34 4 052 1.00 1.00

30-39 ~ 2320.11 14 0.60 1.04 0.34,3.16 0.951 1.10 0.36,3.36 0.872

40-49 ~ 3091.07 55 1.78 250  0.90,7.00 0.080 258  0.92,7.26 0.072

>50 ~ 1689.42 110 6.51 715 2.58,19.82 <0.001 0.94 2.48,19.40 <0.001

Sex 0.057

Male 847 (68.5) 502347 125 249 1.00

Female 390 (31.5) 285047 58 2.03 0.74 0.54,1.01 0.057

Country income level 0.022 0.033

Lower middle 396 (32.0) 2294.18 33 144 1.00 1.00

Upper middle 728 (58.9) 5048.73 136 2.69 1.66 1.13,245 0.010 1.76 1.12,2.75 0.013

High 113(9.1) 531.03 14 264 2.01 1.07,3.78 0.030 124 060,253 0.564

Modes of HIV infection 0.526

Heterosexual contact 899 (72.7) 5855.68 143 244 1.00

Male-to-male contact 177 (14.3) 979.81 19 1.94 089 055,144 0.643

Injection drug use 39(3.2) 284.42 5 1.76 0.58 023,142 0.231

Other 122 (9.9) 754.03 16 212 079 047,132 0.361

CD4 (cells/ul)” 0.004 <0.001

<200 ~ 761.71 25 3.28 1.00 1.00

200-349 ~ 1171.66 32 273 058  0.34,1.01 0.053 054 031,094 0.030

350-499 ~ 1461.29 39 267 0.49 0.29,0.84 0.010 043 0.25,0.75 0.003

>500 ~ 3121.36 76 243 040  0.25,066 <0.001 032 019,055 <0.001

Not reported ~ 1357.92 11 0.81 - - - - - -

Viral load (copies/mL)" 0.528

<1000 ~ 5367.00 149 278 1.00

>1000 ~ 268.85 8 298 127 0.60, 2.69 0.528

Not reported ~ 2238.09 26 1.16 - - -

Glucose (mg/dL)" 0.002

Not high (<126) ~ 4520.85 124 274 1.00

High (=126) ~ 387.06 26 6.72 196 1.28,3.00 0.002

Not reported ~ 2966.03 33 1.11 - - -

Elevated HBV DNA (IU/mL)" 0416

No (<2000) ~ 1072.77 45 4.19 1.00

Yes (=2000) ~ 131.72 2 152 0.55 0.13,2.30 0416

Not reported ~ 6669.45 136 2.04 - - -

Platelets (x 10°/L)" <0.001 <0.001

Normal (150-450) ~ 5331.39 131 246 1.00 1.00

Low (<150) ~ 371.23 28 7.54 3.17 2.11,4.79 <0.001 2.70 1.78,4.11 <0.001

High (>450) ~ 95.04 3 3.16 1.68 0.53,5.29 0.375 213 0.67,6.77 0.200

Not reported ~ 2076.27 21 1.01 - - - - - -

HBV medication” <0.001 0.006

Not on medication 571.55 29 5.07 1.00 1.00

TDF+FTC ~ 1123.65 23 2.05 052 030,091 0.022 0.51 0.29,0.91 0.022

TDF+3TC ~ 254865 58 2.28 049 031,076 0.002 052 033,081 0.004

TAF+FTC ~ 67.12 7 1043 1.55 0.67,3.57 0.301 1.45 0.62,3.58 0617

TAF+3TC ~ 6.03 1 16.59 423 0.57,31.37 0.158 342 045, 2593 0450

Other ~ 3556.94 65 1.83 047 0.30,0.73 0.001 0.66 0.41,1.06 0.406

“Covariates are time-updated. P-values in bold represent significant covariates.
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true kidney impairment from INSTI-related creatinine
changes. Our sensitivity analyses showed that TDF + FTC
or TDF +3TC were associated with a lower risk of kidney
dysfunction, consistent with findings that the doravirine,
3TC, and TDF combination may improve estimated kid-
ney function [43]. However, a systematic review of 26
clinical studies found TAF to be safer for the kidneys than
TDF [44]. Additionally, TDF has been associated with a
63% increased risk of kidney dysfunction compared to
other ARV medications [45]. We did not observe a sig-
nificant difference in our analysis, likely due to limited
number of participants on TAF who experienced kid-
ney dysfunction events, which reduced statistical power.
TDEF/TAF use in the cohort was recorded separately
when prescribed for HBV treatment; however, given their
role in ART backbones, their use may also reflect co-
treatment decisions driven by HBV status, even when not
explicitly recorded as HBV therapy.

While we were able to assess kidney dysfunction
among PWH with HBV co-infection using large regional
cohort data in the Asia-Pacific, there were some limita-
tions. Variations in creatinine measurement practices
and available resources across study settings may affect
the accuracy of detecting renal dysfunction, potentially
leading to underreporting of events [21, 23]. eGFR was
estimated using the CKD-EPI formula, previously used
in studies evaluating kidney dysfunction [18, 19, 21-23],
which is clinically reliable but not the most accurate; Cys-
tatin C—based measures, though more precise, are rarely
used in routine care. Assessment at a single time point
may also miss transient or falsely elevated creatinine
levels, potentially leading to misclassification of kidney
dysfunction. Repeated measurements would better cap-
ture kidney dysfunction but were not consistently avail-
able in this cohort. Additionally, we did not collect data
on comorbidities (e.g., hypertension, and cardiovascular
disease) [21] or HIV-related factors (e.g., WHO clinical
stages) [15] which are associated with an increased risk
of renal dysfunction. Given the nature of the database, we
were also unable to account for all potential confound-
ers, including clinical decision-making processes, such
as contraindications or comorbidities, that may have
influenced ART or HBV treatment choices. As treat-
ment allocation (e.g., TDF vs. TAF) was not randomized,
indication bias cannot be excluded. We also acknowl-
edge that there are additional ART-related factors that
could impact the development of kidney dysfunction that
were not assessed in this cohort. Specifically, cumulative
exposure to different ART regimens and regimen switch-
ing are key factors that may influence renal outcomes
among PWH with HBV co-infection. Further analyses
are needed to evaluate these variables and their potential
impact on kidney dysfunction in this population. We plan
to investigate these factors in future research to gain a
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more comprehensive understanding of ART’s role in kid-
ney health. Finally, our subgroup analysis among PWH
with HBV co-infection has 183 events. Future research
with longer follow-up time is necessary to improve sta-
tistical power and accuracy of the findings. In addition,
acquisition of HBV infection and other information
such as HBV vaccination status was not collected in the
cohort. This limits our ability to assess prevention efforts
and timing of infection.

Conclusion

This study reveals a higher prevalence of kidney dysfunc-
tion among PWH with HBV compared to PWH alone.
With kidney dysfunction rates in the Asia-Pacific region
higher than global average, there is a need for regular
renal screening and monitoring, particularly for PWH
with HBV co-infection with older age, low platelets and
CD4 counts in low-resource settings. Future research
should address comorbidities and refine measurement
practices (e.g., duration of TDF exposure and specific
ARV medications) to enhance our understanding of renal
health impacts within this population.
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