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Abstract

Background—We validated the Data collection on Adverse events of anti-HIV Drugs (D:A:D)
full- and short-risk score models for CKD in the Asian HIV cohorts.

Settings—A validation study among people living with HIV(PLHIV) aged =18 years among the
cohorts in the Asia-Pacific region.
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Methods—PLHIV with baseline eGFR>60 mL/min/1.73m?2 were included for validation of the
D:A:D CKD full version and the short version without cardiovascular risk factors. Those with <3

eGFR measurements from baseline or previous exposure to potentially nephrotoxic antiretrovirals
were excluded. Kaplan-Meier methods were used to estimate the probability of CKD

development. Area Under the Receiver Operating Characteristics (AUROC) was also used to

validate the risk score.
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Results—We included 5,701 participants in full model(median 8.1 [IQR 4.8-10.9] years follow-
up) and 9,791 in short model validation(median 4.9 [IQR 2.5-7.3] years follow-up). The crude
incidence rate of CKD was 8.1 (95%CI 7.3-8.9) per 1,000 person-years(PYS) in the full model
cohort and 10.5 (95%CI 9.6-11.4) per 1,000 PYS in the short model cohort. The progression rates
for CKD at 10 years in the full model cohort were 2.7%, 8.9% and 26.1% for low-, medium- and
high-risk groups, and 3.5%, 11.7% and 32.4% in the short model cohort. The AUROC for the full
and short risk score was 0.81 (95%CI 0.79-0.83) and 0.83 (95%CI 0.81-0.85), respectively.

Conclusion—The D:A:D CKD full- and short-risk score performed well in predicting CKD
events among Asian PLHIV. These risk prediction models may be useful to assist clinicians in
identifying individuals at high risk of developing CKD.

Background

Chronic non-communicable diseases such as cardiovascular and renal diseases are the major
challenges in HIV care as longevity of people living with HIVV (PLHIV) continues to
increase with advances in antiretroviral therapy (ART). Several studies have shown that
chronic kidney disease (CKD) is more common in PLHIV than the general population and is
also related to other comorbidities such as cardiovascular diseases and mortalityl. There is
also an increasing number of reports on CKD development among PLHIV globally and the
prevalence varies across different regions, ranging from 6-15% among Asian PLHIV 58,

CKD poses an important challenge to HIV care services and health systems, especially
within settings where treatments of end-stage kidney disease, such as renal replacement
therapy, are less widely accessible °. Risk score prediction models have been developed to
predict the development of CKD in the general population 1011 as well as in PLHIV 1213,
However, the application of these risk scores in clinical practice is still limited. A systematic
review suggested that most of the renal prediction models being developed were generally
poorly reported or lacked validation across different ethnicities 14.

Mocroft and colleagues developed a risk score model for CKD in PLHIV based on the Data
Collection on Adverse Events of Anti-HIV Drugs (D:A:D) study 2. This CKD risk
prediction score has integrated several HIV- and non-HIV-related factors including age, sex,
HIV exposure, nadir CD4 cell count, hepatitis C co-infection, and cardiovascular risk
factors. Moreover, the short version of the risk score model incorporates a limited number of
variables, which can be particularly useful in settings with limited diagnostic tools or
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resources to routinely monitor cardiovascular risks among PLHIV. The model was externally
validated in two different HIV cohorts (the Royal Free Hospital Clinic Cohort and the
pooled samples from INSIGHT network trials) and the validation results showed similar
predictive abilities of score models for CKD progression as the derivation cohort 1°. More
recently, the risk score was further validated in cohorts from Australia and U.S. and the
findings suggested the D:A:D CKD risk model to be a useful tool in clinical settings 1617,

Since the D:A:D CKD risk score model was developed within mainly European populations
with the previous few validations done in other populations, the validity of these risk scores
in Asian PLHIV population is uncertain. In this study, we aimed to validate both full and
short versions of the D:A:D CKD risk prediction score models among two HIV cohorts from
the Asia-Pacific.

Study population and design

The D:A:D CKD full- and short-risk score models were validated in two related Asian HIV
cohorts. The TREAT Asia HIV Observational Database (TAHOD) is a collaborative
observational cohort study established in 2003 that involves 21 sites in Cambodia, China and
Hong Kong SAR, India, Indonesia, Japan, Malaysia, the Philippines, Singapore, South
Korea, Taiwan, Thailand and Vietnam. Data transfers occur biannually and include data on
demographics, weight, height, hepatitis infections, HIV characteristics such as CD4 counts,
HIV-1 RNA levels and safety parameters such as creatinine, liver function tests, lipid
profiles and fasting blood glucose levels, etc. The TAHOD Low Intensity Transfer (TAHOD-
LITE) study is a sub-study of TAHOD which included retrospective data from 10 TAHOD
sites in 8 countries. Contrary to TAHOD, TAHOD-LITE includes the entire adult clinical
population at the participating sites, but collects a more limited data set (demographics,
hepatitis serology, ART history, and HIV-related laboratory results). Not all TAHOD sites
participated in TAHOD-LITE cohort. TAHOD selects patients who were most likely to
remain in care. For the sites that participate in both TAHOD and TAHOD-LITE, all TAHOD
patients should exist in TAHOD-LITE 18, Characteristics of TAHOD and TAHOD-LITE
have been previously described 1921, For the current study, we used the March 2019
TAHOD data transfer to validate of the CKD full risk score model and the 2017 TAHOD-
LITE data transfer to validate the short risk score model. As TAHOD and TAHOD-LITE are
entirely observational in nature, participation in the cohorts does not direct any clinic visits
or follow-up schedules of the participants. Furthermore, all laboratory/imaging tests and
clinical interventions including the choice of ART regimen are performed according to the
site’s local practices. Participants in TAHOD were followed up from January 2003 to March
2019 and participants in TAHOD-LITE were followed-up from January 2003 to September
2017.

The eligible criteria used was adapted from the D:A:D CKD development study for the
validation purposes. Adults participants (age =18 years at enrolment) were included in the
analyses if they had =3 serum creatinine assessments which include the baseline creatinine
assessment and more than 3 months of follow-up between the first and last creatinine
assessment. Participants were excluded if they had previous exposure to potentially
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nephrotoxic antiretrovirals (ARVS): tenofovir disoproxil fumarate (TDF), atazanavir (ATV),
ritonavir-boosted atazanavir (ATV/r), ritonavir-boosted lopinavir (LPV/r), or other boosted
protease inhibitors before the baseline timepoint.

Data and definitions

The Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula was used to
calculate the estimated glomerular filtration rate (eGFR) using serum creatinine levels 22,
Baseline was defined as the first normal test result of eGFR (> 60 ml/min/1.73m?2) occurred
within the observed time period of each cohort. CKD was defined as having at least two
consecutive eGFR measurements <60 ml/min/1.73 m? taken at least 3 months apart.

Risk factors incorporated in the evaluation of full risk score model include age, sex, history
of injecting drug use, nadir CD4 count, hepatitis C co-infection (defined as positive HCV
antibody plus a detectable or unknown presence of HCV RNA level), baseline eGFR, and
cardiovascular risk factors (hypertension, diabetes mellitus and prior cardiovascular
diseases, CVD). Hypertension was defined as a blood pressure of >150/100 mmHg.
Diabetes mellitus was defined as two fasting plasma glucose assessments =126 mg/dL and a
prior CVD event was defined as an occurrence of myocardial infarction, invasive
cardiovascular procedure, or stroke. Risk factors used in the short risk score model were the
same as full model without including the CVD risk factors.

Validation of D:A:D full and short risk score models

Risk factors represented measurements taken simultaneously or prior to the baseline eGFR
measurement. Individual risk scores were calculated by assigning the points provided in the
D:A:D CKD risk score model 23 to the presence of each risk factor at baseline. Participants
with missing cardiovascular risks were categorized as not having the risks. Each
participant’s total risk score was calculated by counting the assigned risk points. Participants
were categorized into low- (risk score < 0), medium- (risk score 0-4), and high-risk (risk
score = 5) groups based on their total risk score. The same categories were applicated for the
D:A:D short version without having cardiovascular risk factors in the TAHOD-LITE cohort.
For example, individuals who had a baseline eGFR of > 60 to < 70 ml/min/1.73m? scored
were assigned 6 risk points and those who had nadir CD4 count >200 scored -1, to be used
in the risk score calculations.

The crude incidence rates for CKD were calculated per 1,000 person-years of follow-up
(PYFU). Crude CKD incidence rates and CKD progression rates as estimated by Kaplan-
Meier methods were presented by risk group for the full and the short risk score model.
Adjusted incidence risk ratios (alRRs) per one-point increase in risk score (Poisson
regression methods) were provided for both risk score models. Furthermore, Area Under the
Receiver Operating Characteristics (AUROC) of CKD risk scores were estimated with
logistic regression models to evaluate the performance of both full and short risk score
models in the TAHOD and TAHOD-LITE cohorts. SAS version 9.4 and Stata version 14
(StataCorp LP, College Station, Texas, USA) were used for all data management and
statistical analysis of the validation process.
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Ethical considerations

Institutional Review Board approvals were obtained at all participating sites, the data
management and analysis center (The Kirby Institute, University of New South Wales
Sydney, Sydney, Australia) and the coordinating center (TREAT Asia/amfAR, Bangkok,
Thailand).

Results

Participant characteristics

Of the 9,792 adults in TAHOD with at least one eGFR >60 mL/min/1.73 m?2 after 2003 or
the date of the cohort enrollment, 3,700 (37.8%) were excluded: 2,490 had <3 eGFR
measurements (25.4%), 1,115 had been previously exposed to potentially nephrotoxic ARVs
(11.4%), 94 had less than 3 months of follow-up between the first and last eGFR
measurements (1%), and 1 had missing nadir CD4 measurement (<1%). Among the 47,253
enrolled in TAHOD-LITE with at least one eGFR >60 mL/min/1.73 m2, 37,536 (79.4%)
were excluded: 34,646 had <3 eGFR measurements (73.3%), 2,547 had previous exposure to
potentially nephrotoxic ARVs (4.6%), 330 had less than 3 months between first eGFR after
baseline and last eGFR (5.4%), and 13 (<0.1%) had no nadir CD4 count measured. After
excluding participants who did not meet the eligibility criteria, 6,092 TAHOD participants
were included in the study to validate the D:A:D CKD full risk model and 9,717 TAHOD-
LITE participants were included to validate the short version.

Baseline characteristics of participants are described in Table 1. Most of the participants
were male from both TAHOD (68%) and TAHOD-LITE (74%). Sixty percent of TAHOD
participants and 47% of TAHOD-LITE participants had nadir CD4 count < 200 cells/mm3.
Most participants had baseline eGFR >90 ml/min/1.73m? in TAHOD (70%) and TAHOD-
LITE (75%). There was low prevalence of hypertension (0.3%), diabetes mellitus (1.1%)
and prior CVD events (0.8%) among TAHOD participants. Among the different potentially
nephrotoxic ARVs evaluated, TDF was the most commonly used ARV after baseline, with
60% in TAHOD and 70% in TAHOD-LITE. Initiation of ATV/r after baseline was 9.6% in
TAHOD and 1.5% in TAHOD-LITE (Table 1). The differences in the characteristics such as
age, sex, nadir CD4 count, prevalence of hepatitis C co-infection and intravenous drugs use
were not statistically significant between the participants excluded from both of the cohorts
and the individuals included in the validation analyses.

Validation of the D:A:D CKD Full Risk Score in TAHOD

Table 2 summarizes the incidence rates, Kaplan-Meir percentage and incidence rate ratio
different risk groups for TAHOD and TAHOD-LITE. In TAHOD, 391 (6.4%) developed
CKD over a median of 8.1 years (IQR 4.8, 10.9) of follow-up time (crude incidence rate 8.1
per 1,000 PYFU, 95% confidence interval [CI] 7.3, 8.9). The median CKD risk score at
baseline was -2 (interquartile range, IQR -6, 1) overall, whereas it was 5 (IQR, 0, 10) for
those who developed CKD. Incidence rates of CKD among low-, medium- and high-risk
groups were 2.8 (95% CI 2.2, 3.4), 10.2 (95% ClI 8.4, 12.4) and 33.2 (95% CI 28.9, 38.1) per
1,000 PYFU, respectively. At 5 years after baseline, 1.31% (95 % CI1 0.99, 1.73), 5.53%
(95% C1 4.33, 7.04) and 19.24% (95% CI 16.65, 22.17) from low-, medium- and high-risk
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groups were estimated to develop CKD. In addition, Kaplan-Meier estimates show that the
probability of developing CKD at 10 years after baseline was 2.7% (95% Cl 2.15, 3.4),
8.92% (95% Cl 7.18, 11.05) and 26.1% (95% CI 22.99, 29.54) from low-, medium- and
high-risk groups (Figure 1). The alRR associated with one-point increase in the risk score
for the development CKD was 1.21 (95% CI 1.19, 1.23) in TAHOD. The AUROC for the
full risk score was 0.81 (95% C1 0.79, 0.83) for TAHOD (Figure 2).

Validation of the D:A:D CKD Short Risk Score in TAHOD-LITE

In a median of 4.9 years (IQR 2.5-7.3) of follow-up time, 520 (5.35%) participants
developed CKD in TAHOD-LITE. The crude incidence rate of CKD was 10.5 per 1,000
PYFU (95% CI 9.6, 11.4). The overall median baseline CKD score and score for those who
developed CKD in TAHOD-LITE were similar as those in TAHOD (Table 2). The incidence
rates of CKD were 3.1 per 1,000 PYFU (95% CI 2.5, 3.7) for low-risk, 14.3 per 1,000 PYFU
(95% CI 12.2, 16.8) for medium-risk and 54.6 per 1,000 PYFU (95% CI 48.4, 61.6) for
high-risk groups, respectively. The incidence rate ratio of developing CKD in TAHOD-LITE
was 0.21 (95% CI1 0.17, 0.27) for low-risk group and 3.81 (95% CI 3.12, 4.66) for high-risk
group, when compared to the medium-risk group. The Kaplan-Meier progression rates for
all three risk groups among TAHOD-LITE participants were higher than those rates in
TAHOD at 5 and 10 years after baseline (Figure 1). The alRR associated with one-point
increase in the risk score for CKD development in TAHOD-LITE was 1.24 (95% Cl 1.22,
1.25). The AUROC for the short version of the D:A:D CKD risk score was 0.83 (95% ClI
0.81, 0.85) for TAHOD-LITE (Figure 2).

Discussions

The D:A:D CKD risk prediction score was developed from a population where the majority
of participants were European. We extended the work and validated the D:A:D CKD risk
prediction scores in Asian populations using CKD-EPI equation for eGFR measurements.
The prevalence of CKD was approximately 6% in both TAHOD and TAHOD-LITE used in
the validation analyses. The overall crude CKD incidence was 8.1 per 1,000 PYFU in
TAHOD and 10.5 per 1,000 PYFU in TAHOD-LITE. The full and short scores were highly
predictive of the risks for CKD progression in our cohorts. The performance of the risk
scores measured by AUROC showed acceptable discrimination, with similar AUROC values
between the two risk score models.

Incidence rates of CKD for low- and medium-risk groups were similar between the cohorts
using both full and short versions of the D:A:D CKD risk score models. The short model
without having cardiovascular risk factors in the scores predicted higher probability of CKD
progression for high-risk group than the full model. The incidence of CKD in high-risk
group was 33.2 per 1,000 PYFU for the full risk score and 54.6 per 1,000 PYFU for the
short risk score. The short risk score also predicted higher probability of CKD development
at 5 and 10 years after baseline than the full risk score without the CVD risk factors. One
possible explanation for these discrepancies is that our full risk score grouped those with
missing CVD risks factors as not having the risks. Therefore, those with a risk factor like
diabetes who were not assessed (or had only one fasting plasma glucose test and thus not
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considered to have DM) may have been classified as having low risk, despite having this
important risk factor. It is also noted that the prevalence of CVD risk factors in TAHOD was
lower than D:A:D derivation cohort which was a large data collection from the European
populations 15, However, the short risk score which included only basic HIV information
and without CVD risk factors appeared to perform similarly well as the full risk score in our
Asian cohorts. This could be particularly useful in the settings where the assessments of
CVD risk factors are not feasible or less regularly monitored.

Moreover, despite the low prevalence of CVD risk factors in our cohorts compared to D:A:D
cohort, the incidence rates of CKD among PLHIV of these Asian cohorts were moderately
higher than the derivation D:A:D cohort (6.2 per 1,000 PYFU) 23 but similar to a recent
study which validated the D:A:D CKD prediction scores using CKD-EPI equation (10.8 per
1,000 PYFU) from a U.S. cohort 7. Despite having similar age as the derivative study
(median 43 years in TAHOD and 40 years in TAHOD-LITE vs. 40 years in D:A:D cohort),
the participants in our cohorts had lower median nadir CD4 count (216 cells/mm3 in
TAHOD and 140 cells/mm3 in TAHOD-LITE vs. 290 cellssmm3 in D:A:D cohort) and lower
prevalence of intravenous drug users than the D:A:D study. Other characteristics such as
baseline eGFR levels, and HCV co-infection prevalence were comparable between the
cohorts.

The difference in CKD incidence is also likely due to the eGFR calculation method that was
used in the validation process. Although the risk score from the original D:A:D cohort was
developed from eGFR of Cockcroft-Gault equation (CGE), there were good discrimination
with the validation cohorts (Royal Free Hospital cohort and participants from SMART/
ESPRIT trials) that used eGFR calculated from CKD-EPI equation 23. Mills and colleagues
also showed in their recent validation study that the CKD-EPI estimated higher CKD events
than CGE (10.8 vs. 7.3 per 1,000 PYFU) 7. However, although there are different
perspectives on the utility of different eGFR equations, some HIV treatment guidelines
recommend the use of CKD-EPI equation to evaluate the renal function estimation among
PLHIV 2425,

It is noted that alRR values with one-point increase in the score in both TAHOD using full
risk score (1.21, 95% CI 1.19, 1.23) and TAHOD-LITE using short risk score (1.24, 95% CI
1.22, 1.25) were lower than the D:A:D original cohort (1.32 for full score and 1.33 for short
score). However, the alRR in TAHOD-LITE was similar to a study from the U.S. using
CKD-EPI (1.25, 95% Cl 1.24, 1.27) 17.

A recent meta-analysis, which estimated the global burden of CKD among PLHIV of
different WHO regions, also suggested that the prevalence was higher in Asian than
European PLHIV using different formulas for eGFR calculations &. Another possible
explanation of the higher CKD incidence in Asian PLHIV included in the study might be
that our participants from both cohorts presented late and hence, late initiation of cART.
Compared to the derivative cohort in which the D:A:D CKD risk score was developed 15,
PLHIV from both of our Asian cohorts had lower nadir CD4 cell counts with nearly half of
them had CD4 count <200 cells/mm3. Guidelines recommending HIV treatment regardless
of CD4 counts in most of the Asia-Pacific region were introduced later than the early
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treatment initiation practices from the European countries. However, the effect of ethnicity
on the CKD progression rates among PLHIV seemed to be diminished in the modern era
when cART is initiated earlier with higher nadir CD4 counts 26,

Mocroft and colleagues reported in the D:A:D CKD risk score development study that the
addition of different potentially nephrotoxic ARVs in the existing model increased the risk
of CKD progression equivalent to higher scores compared to those who did not start these
drugs in the calculation of CKD risk prediction in the model 1°. For example, the study
showed that starting of TDF or ATV/r or other boosted protease inhibitors except (LPV/r)
increased CKD incidence for 74%. A previous TAHOD analysis also showed that PI use was
associated with higher risks of renal dysfunction and those having an eGFR before starting
TDF =60 mL/min/1.73m?2 had lower risk to develop renal impairment 27. Despite the short-
term effects of nephrotoxic ARVs that have been previously documented 2829, the reports
from several clinical trials also showed that switching to a different CART regimen could
reverse the renal side effects, such as switching to tenofovir alafenamide, TAF, from TDF 30
or to a dual CART regimen sparing a nephrotoxic ARV 3132, However, it is unclear whether
an intervention like this could prevent the long-term development of CKD, especially among
the individuals who have started nephrotoxic ARVs with low baseline eGFR.

Nearly 25% of TAHOD and 75% of TAHOD-LITE participants were excluded in our study
analysis due to the lack of at least 3 eGFR measurements, which highlight the need of more
frequent eGFR monitoring in the cohorts. There were 54 in TAHOD and 124 in TAHOD-
LITE who had their first available eGFR <60 mL/min/1.73m2. Among those, 48 (89%)
patients in TAHOD and 105 (85%) patients in TAHOD-LITE rebounded to eGFR > 60
mL/min/1.73 m2 at least once during follow-up and were included in the validation process.

With the increasing number of different non-communicable diseases and risks for kidney
diseases reported in both PLHIV and the general population in the Asia-Pacific 3334,
monitoring of renal functions become more relevant, not only to monitor the side effects of
ARVs but also to prevent the development of chronic renal insufficiency in the population.
While a prediction score could be useful to evaluate the probability of CKD development,
the numbers of eGFR measurements need to be adequate to identify the risk and include in
the assessments. It was also suggested that CKD and CVD risk factors should be addressed
together since both of the events share the complex relationships and common modifiable
traditional risk factors 3. Therefore, routine evaluation of kidney functions along with the
screening of other comorbidities should be implemented in HIV care.

To our knowledge, this is the first study to validate the D:A:D CKD risk score in the diverse
PLHIV population among the Asia-Pacific region. However, several limitations of our study
should be acknowledged. Although the previous study suggested that addition of urine
analysis data such as proteinuria could increase the predictability of the risk score for CKD
development 36, we were not able to include such data due to the limitations of data
availability. Secondly, we did not calculate eGFR according to the modified equation for
each specific ethnic group included in the cohorts 37:38, and hence, there may be differences
in the estimation of actual GFR or the prevalence of CKD across our cohorts’ participants of
different ethnicities. We also did not include the use of anti-hypertensive agents or anti-
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diabetes drugs in our case definition of DM and hypertension due to limited data availability
from the cohorts. Lastly, since both cohorts used in the validation process are observational,
the treatment decisions (e.g., initiation of TDF) were solely dependent on the practices and
decisions of clinicians from the different participating cohort study sites. Nonetheless, our
study confirmed the validity of D:A:D CKD prediction scores in Asian PLHIV population
and these tools can be useful in the clinical settings where routine eGFR measurements are
collected.

In conclusion, our analysis showed that the D:A:D risk scores were acceptable to identify
those at high risks of CKD among Asian PLHIV. In addition, the short risk score performed
similar in the validation process as the full risk score and it could be beneficial to the
settings where CVD risk factors were not routinely collected. The D:A:D CKD risk score
can be used to provide the guidance for the timely interventions of switching to renal
friendly ARVs, and to implement targeted evaluation or frequent screening for those with
high risk scores among HIV care services.
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1A) Kaplan Meier progression to CKD (TAHOD - Full model)
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1B) Kaplan Meier progression to CKD (TAHOD-LITE - Short model)
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Figure 1.

Kaplan-Meier progression to CKD among TAHOD (full risk score) and TAHOD-LITE

(short risk score)
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ROC curve for short risk score model
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Figure2.
Calibration of full and short D:A:D CKD risk score models among TAHOD (full risk score)

and TAHOD-LITE (short- risk score)
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