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Abstract

Objective: We sought to validate the D:A:D risk score for chicdkidney disease (CKD) in
people living with HIV (PLWH) in a cohort from Haig, Zimbabwe. Additionally, we aimed
to evaluate proteinuria as a predictive variablthanrisk score model, being the first study to
do so.

Design: Data from PLWH attending a clinic in Harare wasleated. Those with a baseline
estimated glomerular filtration rate >60ml/min/1n¥3and at least two subsequent eGFR
measurements were included. A modified versiomef:A:D risk score model was applied
to categorise participants as ‘low’, ‘medium’ ammigh-risk’ of progression to CKD.

Potential predictors of renal impairment were assg$y logistic regression in univariate
and multivariate models. Proteinuria was evaluatednested model using D:A:D risk
categories.

Results: 2793 participants were included. 40 participantd¥d.of the cohort) progressed to
CKD during the median follow-up time of 4.2 yedPsogression rates were 1%, 3% and 12%
in the low, medium, and high-risk groups respedtyiveroteinuria data was available for
2251 participants. Presence of proteinuria wasigtyoassociated with progression to CKD
[OR 7.8, 95% CI 3.9-15.7], and its inclusion in tiek score improved the discrimination of
the model with the c-statistic increasing from @& 0.853).

Conclusion: A modified version of the D:A:D CKD risk score pernmed well in predicting
CKD events among this Sub-Saharan African cohopeaiple living with HIV. Inclusion of

proteinuria into the risk score model significantiyproved predictability.
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Background

The global burden of HIV is disproportionately centrated in Sub-Saharan Africa, which is
home to more than two-thirds of the world’s popiglatof people living with HIV (PLWH)

@ The widespread implementation of anti-retroviterapy -has seen the major challenge of
HIV shift from AIDS-related mortalit{?’ to the management of chronic hon-communicable

disease®, including chronic kidney disea§e® ® CKD can arise as a direct consequence

of the HIV virus (as in HIV-associated nephropatiag a complication of anti-retroviral

therapy, or secondary to other associated comadsdncluding hypertension and diabetes

®) (7)

The prevalence of CKD in Sub-Saharan Africa isneated at 10-15% and is risiid®. The
consequences of this trajectory.include increasardiovascular morbidity and mortality and
greater demand for expensive renal-replacememndplye6Sub-Saharan Africa is ill-equipped
to deal with this demand, being one of the mosiugse-poor regions of the world, with the
lowest health-care spending per-capita glob&llylt is thus imperative to identify the
subgroup of PLWH at highest risk of developing CkD,that resource allocation and

prevention strategies can be efficiently targeted.

Mocroft et al ** used data from the D:A:D study group to develsgare to predict the risk
of developing CKD in PLWH. The score has primaligen validated in cohorts from high-

income countrid&?** with only one study to date evaluating it in amiédn populatiof®.



Despite being a known risk factor for CKD, nonédlw# validation studies have been able to

assess the predictivity of proteinuria in their ralsd

In this paper, we sought to contribute to the boldgvidence validating the D:A:D risk score
in the Sub-Saharan African population. We also ditoebe the first to evaluate the

predictivity of proteinuria when incorporated iritee risk score.

Methods

Source of Data

A retrospective analysis was conducted using piatiata from the Newlands Clinic in
Harare, Zimbabwe. The clinic is an NGO run by thee® Lithy Foundation which provides
primary care to financially disadvantaged individua the suburbs of Harare. Data was
extracted from the electronic medical records (eftiReligible adults who attended the

clinic between 1 January 2010 and 31 January 2019.

Eligibility

The study population included adult participantsqyears) with a known diagnosis of HIV
who were anti-retroviral (ARV) naive and had a tiaseeGFR >60ml/min/1.73fm
Participants with fewer than three eGFR measuresri@ntluding baseline) or with follow up

shorter than 3 months were excluded.

Outcome
Progression to CKD was defined as a decrease iaG#R to <60ml/min/1.73fion at least

two consecutive eGFR measurements, sustained averthhan 3 months.



Predictors

The short version of the original D:A:D risk sc8téncluded age, sex, nadir CD4 count,
baseline eGFR, hepatitis C co-infection and intneus drug use. The long version also
included hypertension, diabetes, and cardiovasemiants. We developed a ‘modified’
D:A:D risk score more applicable to Sub-Saharancafr populations, similar to Poégal

9 This removed hepatitis C and IVDU as risk varabhnd included hypertension and
diabetes (identified as documented diagnoses ieMf) given their independent association
with CKD in PLWH!®1")

Proteinuria was not included in Mocroft's D:A:Dkiscore due to lack of data in the original
study cohort; however, given its established as$ioci with progression of CKD in HIV-
infected patient®!®we included it as an additional variable in a egshodel to evaluate if
it improved ability to predict CKD. Presence of f@iouria was defined as an albumin-
creatinine ratio of >30mg/g, or >1+ on reagenpstminalysi&®.

Individual risk scores were calculated by assigmuamts to the presence of each risk factor
identified at or prior to the baseline eGFR mease®. The value assigned to each risk
factor was based on the original D:A:D model (fgdy). Missing data were allocated a
coefficient of zero. Risk score was categoriselbas medium or high based on the D:A:D

cut-offs (<0, 0-4, >5).

Satistical Analysis

Values were reported as median (IQR) or mean (93%@ka which were not normally
distributed were transformed (square root for Cbdnts and log for creatinine and eGFR)
to allow for parametric statistical comparison, &adk-transformed for the calculation of
means and confidence intervals. Comparisons wetmpgired t-test or Chi-squared test as

appropriate. Potential predictors of renal impamiegere assessed by logistic regression.



Predictors with a p < 0.1 in univariate analysisev@acluded in a multivariate model. In
nested models, log-likelihoods were used with thegguared distribution to determine the
significance of including other variables with theA:D score categories used as dummy
variables. For all analyses, p < 0.05 was consitistaistically significant. Discrimination,

calibration and reclassification were used to astes performance of the modéts

Results

Participant Characteristics

Based on the eligibility criteria, a total of 27P8rticipants were included in the study. They
were followed for a median of 4.2 years [range 0235]. Baseline characteristics of the
participants are summarised in Table 1. Particppa@re predominantly female (63%) with a
median age of 36 years [30, 43] and median eGFEbiml/min [115,142]. 15% had known
hypertension, 2% had known diabetes. Most had a €iDat >200cells/uL (89%).
Proteinuria data was available for 81% of partinipawith 8% found to have proteinuria.

The incidence of eGFR< 60 was 3.2 per thousanémagears.

All patients were ARV naive at enrolment, with m{&2%) commenced on therapy with
tenfovir disoproxil fumurate, lamivudine and Epi¢ifDF/3TC) over the follow up period.
Using the modified D:A:D CKD risk score, 2439 (87p@rticipants were categorised as ‘low
risk’ of progression at baseline, while 280 (10%y&‘'medium risk’, and 74 (3%) were

‘high risk’.

Development of Chronic Kidney Disease



Forty participants developed CKD over the mediaur fgears of follow-up, including 12% of
the *high-risk’ group, 3% of the ‘medium-risk’ grpul% of the ‘low-risk’ group. Factors
confirmed to be associated with development of GKDnivariate analysis included older
age, CD4 <200cell/uL, hypertension, baseline eGE&w/min and proteinuria. Female sex

was not associated with increased risk of CKD (pZD.

In multivariate analysis without proteinuria, baseleGFR <90ml/min was strongly
associated with development of CKD, increasingathes almost five-fold [OR 4.9, CI
2.3,10.5, p=0.001]. Hypertension doubled the ris€KiKD development [OR 2.4, CI 0.8,1.2],
and risk increased by approximately 4% for each géancrease in age. Higher modified
D:A:D risk category was strongly associated withhelepment of CKD. Those in the
medium risk group were more than twice as likelgdéwelop CKD compared to those in the
low-risk group [OR 2.6, CI 1.2,5.9], while thosetire in the high-risk category had twelve-

fold higher odds [OR12.4, CI 5.6,27.5]. (Figure 2)

When proteinuria was evaluated in a nested modetence of proteinuria was found to
increase the odds of developing CKD almost 8-f@&[7.8, Cl 3.9,15.7]. In this model, the
odds of developing CKD for those in the medium gskup was like the model without
proteinuria [OR 2.53, CI 1.04,6.16], while the oadsleveloping CKD for those in the high-
risk group increased to fifteen-fold [OR 15.1, C3,84.9]. Including proteinuria in the risk
score model improved discrimination of the modeé ¢-statistic was 0.658 for the model

without proteinuria and 0.853 when proteinuria wersuded.

The Net Reclassification Improvement (NRI) was QtB2 proportion correctly classified

increased from 0.43 to 0.70 with the addition aftpmuria to the model. Calibration showed



a rate of 0.6% with the simpler model; that incezb® 1.0% when proteinuria was added,

comparable to the observed rate of 1.4%.

Discussion

In this analysis we used data from a small cohbRLWH in Harare to evaluate the
performance of a modified version of the D:A:D rstore. We included the variables that
are most relevant to HIV populations in Sub-Sah&faica, and which are routinely
available in most resource-limited settings. Thalel@erformed well in our cohort despite
our small sample size and low rate of progresa0@KD. Only 1% and 3% of those
classified as ‘low’ and ‘medium-risk’ at baselinemt on to develop CKD, compared to 12%

of those classified as ‘high-risk.’

Strengths

Due to a paucity of data, proteinuria was not idellias a risk-score variable in the original
D:A:D cohort or subsequent validation studies frtva US, Asia-Pacific or West Afri€d

1315 despite it being a well-established predictor KDOn PLWH®®'9) The Australian
validation stud$® attempted to evaluate proteinuria as a risk véiabt did not find a
significant association with progression to CKRely due to the low proportion of patients
with proteinuria data available (7%). In our stugsoteinuria data was available for 2251
participants (81% of the total cohort). We ideetfithat it was a strong risk factor for
development of CKD- more so than any of the otheluded variables. Including proteinuria
significantly improved the predictivity of the mdddemonstrated by the increased c-
statistic. Our study thus represents the firstdedion study to confirm the role of proteinuria

as part of the D:A:D risk score model. Our findiradso emphasise the importance of



screening for proteinuria in PLWH so that risk odgression to CKD can be accurately

stratified.

The HIV epidemic in Sub-Saharan Africa has unigoid@miologic characteristics compared
to that in Western populatiof$® it therefore cannot be assumed that risk scaested for
Western cohorts will be valid. A key example istttiee original D:A:D cohort and
subsequent validation studies from Asia, Austrahd the US predominantly included males
(73% of the cohort), and all identified female sexa risk factor for progression to CKD. In
contrast, most participants in our study were feniagB%), a similar proportion to Poda’s
West African validation study (73%), parallelingthopulation prevalence of HIV across
Southern and Western Afriéd. In our cohort sex was not identified to be a Bigant
predictor of CKD in multivariate analysis (p=0.1This suggests that socio-cultural factors
may confound risk estimation for CKD progressiorieémales with HIV rather than an

inherent biologic risk difference risk existing.

Limitations

Several limitations of our study should be acknagkd. Though the Newland’s clinic is
freely accessible for all PLWH in Harare, beingragke-centre study introduces potential for
selection bias. Due to the retrospective natuteéeftiata collection from the medical record,
we relied on documentation of an established disignaf hypertension and diabetes rather
than a uniform screening process, potentially legdid under-recognition of these
conditions. The national prevalence of hypertengiaimbabwe is estimated at 30%, while
the prevalence in our study was only 15%. The pitaoin our cohort with diabetes was
2.3%, while reported prevalence in Zimbabwe rarigea 1.5% to 5.7%, with 66.1% of

cases estimated to be undiagnd&&®. The only other validation study from Sub-Saharan



Africa™® did not evaluate diabetes or hypertension asvasiables. Despite the well-
established association of APOL1 risk alleles aK@D@n Black African&’”, our resource-
limited setting meant we did not have access t@typmg for our cohort and were thus
unable to determine the influence of these risii@dl. Owing to drug availability at the
Newland’s Clinic, most patients who commenced egttieviral therapy in our cohort were
started on a regimen with TDF, and this homogerigityed our ability to assess the specific
influence of the potentially nephrotoxic anti-retiral. Lastly, the short median follow-up of
4.2 years is likely to be insufficient to determthe true rate of progression to CKD in this

cohort.

Conclusion

Our modified version of the D:A:D risk score perfaed well in predicting CKD in the
unique population of people living with HIV.in Si8aharan Africa. Incorporating
proteinuria improved the predictivity of the sconeghlighting the importance of its
utilisation in risk stratification for PLWH. Use tiie D:A:D risk score in resource-limited
settings such as Sub-Saharan Africa can ensureageddentification of individuals at
highest risk of developing renal dysfunction, aftdvafor targeted interventions including
more frequent screening, intensive risk factor riicakion and timely switch to less

nephrotoxic anti-retrovirals.
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Table 1. Baseline Char acteristics

Developed CKD, Did Not Develop All
N or median CKD N or median
(% or IQR)) N or median (% or IQR) p value
(% or IQR)
Total 40 (100) 2753 (100) 2793 (100)
Sex
Male 19 (48) 1014 (37) 1033 (37) 0.166
Female 21 (52) 1739 (63) 1760 (63)
Age (years) 44 (38, 49) 36 (30, 43) 36 (30, 43) <0.001
Nadir CD4 Count
(cellg/ul)
<200 9 (23) 289 (10) 298 (11) <0.001
>200 31 (77) 2464 (90) 2495 (89)
Hypertension

No 22 (55) 2330 (84) 2352 (85)

Yes 18 (45) 433 (16) 451 (15) <0.001
Diabetes M dlitus

No 39 (97) 2690 (98) 2729 (98)

Yes 1(3) 63 (2) 64 (2) 0.929
eGFR (ml/min) 110 (89, 127) 130 (116, 142) 131 (115, 142) <0.001
Proteinuria

No 16 (40) 2016 (73) 2032 (73)

Yes 16 (40) 203 (8) 219 (8)

Unknown 8 (20) 534 (19) 542 (19)

Risk Category <0.001

Low 23 2416 2439 (87)

Medium 8 272 280 (10)

High 9 65 74 (3)

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.




Figure 1: Maodified D:A:D Risk Score

Risk Factor Value
Age <35 0
>35 to <50 4
>50 to <60 7
>60 10
Baseline eGFR >60 to <70 6
(ml/min.1.73n")
>70 to <90 0
>90 -6
Sex Male 0
Female 1
Nadir CD4 count <200 0
(cellgmm®)
>200 -1
Hypertension No 0
Yes 1
Diabetes No 0
Yes 2
Risk Score Categories

Low Risk: <0
Medium Risk: 0-4
High Risk: >5




Figure 2: Modified D:A:D Risk Score M odels

2.1: Without Proteinuria: c-statistic 0.658

variable oddsratio  std.error 95% ClI z-score p-value
Medium vs Low 2.64 1.08 1.18 5.89 2.37 0.018
High vsLow 12.44 5.03 5.63 27.50 6.23 0.000
constant 0.01 0.002 -0.015 0.007 -22.51 0.000
2.2: With Proteinuria: c-statistic 0.853
variable oddsratio std. error 95% ClI z-score p-value
Medium vs Low 2.53 1.48 1.04 6.16 2.05 0.040
High vsLow 15.08 6.48 6.50 34.99 6.32 0.000
Proteinuria

No 1 0

Yes 7.79 2.79 3.86 15.73 5.72 0.000
constant 0.006 0.002 0.003 0.01 -18.40 0.000




