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Abstract

Background: In the era of combination antiretroviral therapy (ART), the incidence, manifestations and severity of
kidney diseases have dramatically changed in people living with HIV (PLWH). Little is known about the incidence of
impaired kidney function (IKF) measured by serum creatine-based estimated glomerular filtration rate (eGFR) in PLWH.

Methods: In this systematic review and meta-analysis, we searched PubMed, Ovid, Medline, Embase and Web of Sci-
ence for studies published before May 7th, 2021, with estimates of incidence of IKF among PLWH. We independently

(Cls) were calculated using random-effects model.

was identified across most estimates.

reviewed each study for quality by using the Newcastle-Ottawa scale. The incidence and 95% confidence intervals

Results: Sixty out of 3797 identifiable studies were eligible for the meta-analysis. A total of 19 definitions of IKF were
described and categorized into three types: the threshold of eGFR, an absolute or percent decrease in eGFR, and
certain eGFR threshold combined with decrement in eGFR. The eGFR< 60 ml/min/1.73m? was the most widely used
definition or criterion for IKF, by which the pooled incidence rate of IKF was 12.50 (95%Cl: 9.00-17.36) per 1000 person
years (PYs). The second most-studied outcome was a > 25% decrease in eGFR, followed by eGFR< 90 ml/min/1.73m?,
eGFR<30ml/min/1.73m? and a combination of eGFR threshold plus decreased eGFR. The reported incidence rates

of IKF differ widely by different definitions of IKF. The highest pooled incidence was observed for those with >25%
decrease in eGFR, while the lowest was observed in those with eGFR < 30 ml/min/1.73m?. Substantial heterogeneity

Conclusion: Our study provides a comprehensive summary of eGFR-based definitions and incidence rates of IKF
in PLWH, not only promoting our understanding of IKF, but also underscoring needs for a concerted action to unify
definitions and outcomes of IKF and their applications in AIDS care.
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Introduction

There are approximately 37.7 million people living with
HIV (PLWH) worldwide, with 1.5 million newly reported
in 2020 [1]. At the end of December 2020, 27.5 mil-
lion PLWH were accessing antiretroviral therapy (ART)
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globally [1]. ART has led to considerable improvement
in the life expectancy of PLWH [1-3]. Accordingly,
impaired kidney function (IKF) arises as a consequence
of aging, therapy of HIV infection and its complications,
which is not only associated with significant morbid-
ity and mortality in PLWH, but also their quality of life
[4-6].

IKF is a generic term of various kidney dysfunctions or
diseases ranging from asymptomatic changes in kidney
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function to severe end-stage kidney diseases (ESKD).
The most typical type of the kidney disease by HIV infec-
tion before the availability of ART is HIV-associated
nephropathy (HIVAN), which includes collapsing glo-
merulopathy, HIV-immune-complex kidney disease and
thrombotic microangiopathy proved by kidney biopsy
[7-9]. However, the wide use of ART over the past two
decades has converted HIV infection to a chronic illness,
with associated changes in the incidence, type and sever-
ity of kidney diseases in PLWH [10, 11].

IKF is characterized by a low estimated glomeru-
lar filtration rate (eGFR) or elevated urinary albumin-
to-creatinine ratio (ACR) without treatment of renal
replacement therapy [12, 13]. In both research and clini-
cal practice, eGFR is largely used as an alternative for
GER that is widely accepted as the best overall indicator
of kidney function [14]. Serum creatinine concentration
and/or serum cystatin C are routinely used to estimate
the GER for assessment of kidney function in PLWH ([7].
Although cystatin C has been proposed to be a better
indicator than creatinine for IKF, previous studies sup-
port the use of the creatinine using Chronic Kidney Dis-
ease Epidemiology Collaboration (CKD-EPI) equation
for routine clinical care among PLWH [15].

There is an increasing number of studies reporting
the incidence of IKF measured by serum creatine-based
eGFR (eGFRcreat) in PWLH across the world. However,
the data have not been appropriately synthesized to pro-
vide an overview of IKF burden based on eGFRcreat in
PLWH. Only one review summarized prevalence of
chronic kidney disease (CKD) among PLWH [16]. To fill
this gap, we synthesized available data to investigate the
eGFRcreat-based incidence of IKF by different working
definitions in PLWH.

Methods

Search strategy

In this study, a systematic literature search was per-
formed in PubMed, Ovid Medline, EMBASE, and the
Web of Science up to May 7th, 2021 to identify obser-
vational studies that reported the incidence of IKF in
PLWH. A combination of the keywords and of HIV
infection, IKF and incidence and their synonyms were
used (Supplementary 1). We also performed a manual
search for cited reference lists in the original articles and
reviews.

Study selection

Two investigators independently reviewed the identified
studies for further review and meta-analysis according to
preset inclusion and exclusion criteria. Duplicate records
were removed before title and abstract screening. The
title and abstract were first screened to confirm whether
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an article was potentially relevant. Then, full-texts of the
articles were assessed to determine if they met the eligi-
bility criteria. Any disagreements were addressed by the
third investigator discussing with these two reviewers.

Studies were included if they fulfilled all of the follow-
ing criteria: 1) reporting a certain eGFR threshold and/or
eGFR decline determined by serum creatinine; 2) with a
prospective or retrospective cohort study design; 3) avail-
able data for calculation; 4) with a sample size of more
than 200; 5) published in English. Studies using Cock-
croft-Gault formula would also be excluded given that
calculation would depend on a participant’s body weight
and BMI, which is different from CKD-EPI and Modifica-
tion of Diet in Renal Disease (MDRD) equations.

Quality assessment and data extraction

Two investigators independently performed qual-
ity assessment and data extraction, with discrepancy
resolved by a third reviewer. Study quality was evalu-
ated using the Newcastle-Ottawa Scale (NOS), which
included three sections that covered different methodo-
logical perspectives. Scores on the NOS ranged from
zero to nine points, where the higher scores indicated the
better quality (Table S2). A study with a score of >7 was
considered have high quality, with a score of 5 to 6 was
considered to have moderate quality.

The following data for each study were extracted from
full-text articles: first author, publication year, country
or region of study, study period, male proportion, age,
race composition, ART status at baseline, definition of
outcome, eGFR calculation equation, frequency of eGFR
measurement, sample size, duration of follow-up and
numbers of incident cases.

Statistical analysis

All definitions of IKF were summarized. The incidence
of IKF was calculated by data extracted from included
studies. The cumulative incidence was calculated for
all studies per available incident cases and sample size.
The incidence rate was only calculated for studies with
available person-time. A random-effect model employ-
ing Hartung-Knapp method to adjust test statistics
and confidence intervals (CIs) with Sidik-Jonkman
estimator used for the between-study variance (HKS]
method) was performed to pool incidence rates, as
it was proved that the HKSJ] method performs better
than Der Simonian-Laird (DL) method, especially when
heterogeneity was present [17]. The overall incidence
rates were only pooled for five most-studied defini-
tions of IKF, including eGFR< 90 ml/min/1.73m? (n =3
studies), eGFR<60ml/min/1.73m?> or CKD (n =28
studies), eGFR<30ml/min/1.73m?> (n =6 studies),
>25% decrease in eGFR (n =4 studies) and combined
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eGFR (short for the combination of a confirmed eGFR
<60mL/min/1.73m? with >25% decrease in eGFR)
(n =4 studies), respectively. Forest plots were used to
describe pooled incidence rates. We also pooled inci-
dence rates of different stages of CKD by including all
studies that defined IKF based on the cut-off values
of eGFR<60, <50, <45, <30 and<15ml/min/1.73m?
respectively, in sensitive analysis.

X2 -based Cochran’s Q test and I* statistic were
applied to evaluate the statistical heterogeneity across
eligible studies. Cut-off values of I* statistic of 25, 50,
and 75% were used to define low, moderate, and high
heterogeneity, respectively. When substantial hetero-
geneity was detected, subgroup and univariate meta-
regression analysis were performed to examine sources
of heterogeneity stratified by variables including WHO
regions, income level, race composition, median or
average age, male proportion, ART status, sample size
and calculation equation. Bonferroni-adjusted P values
were applied to univariate meta-regression for com-
parison of effect estimates between subgroup. Sub-
group analysis, meta-regression analysis, summary of
risk factors, assessment of publication bias and sensi-
tive analysis were only conducted for pooling studies in
which eGFR< 60 ml/min/1.73m? was used to define IKF,
as we required a minimum of ten independent studies
to justify the analysis. The nonparametric “trim-and-
fill” method was undertaken to assess publication bias.
Publication bias was also evaluated by Begg’s (nonpara-
metric rank correlation test) and Egger’s tests (regres-
sion-based test). P<0.05 and asymmetric funnel plot
indicated that there existed significant publication bias.
Moreover, sensitivity analysis was performed to evalu-
ate the influence of a single study on the overall pooled
estimate by deleting one study at each step. P<0.05 was
considered as statistical significance. All the statistical
analysis were performed using Stata 17.0 (Stata Corpo-
ration, College Station, TX, USA).

Results
Study selection and quality assessment
A total of 3769 articles were identified through system-
atically searching four databases, and 28 were obtained
from other sources. Of 3797 articles, 1272 articles were
removed after screening for duplication. After remov-
ing 2157 unrelated articles, the 383 full-text articles were
assessed for eligibility. Eventually, a total of 60 studies
were processed for final review and meta-analysis. The
flow chart of study selection was described in Fig. 1.

In this work, the NOS scores of most included studies
ranged from six to nine points, suggesting that the qual-
ity of included studies was moderate to high (Table S2).
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Characteristics of included studies

The main characteristics of included studies are summa-
rized in Table 1. There were 60 studies with 358,221 par-
ticipants. The 60 studies were conducted in World health
organization (WHO) regions as the following: Afri-
can region (m=7), American region (n=17), European
region (n=15), South-east Asia region (n=2), Western
pacific region (n =14) and multi-region studies (n=5).

Thirty-nine (65.0%) studies had a sample size >1000.
Fifty-eight articles reported male proportion, with a
median of 81.3% (range: 4.6—-76.5%). Fifty-eight (96.7%)
articles reported the median or mean age, among which
23 studies had a median or mean age of >40year-old.
Regarding ART status at baseline, 44 articles had more
than 80% of ART-experienced patients. Forty-seven arti-
cles reported the proportion of tenofovir (TDF) use, with
a median of 61.0% (IQR: 48.3-100.0). Thirty-nine articles
reported the proportion of protease inhibitors (PlIs) use,
with a median of 35.9% (IQR: 17.0-52.6).

Methods for estimates of GFR included the CKD-EPI
equation (n=30 studies) and the MDRD (n=30 stud-
ies). More than half of included studies had two or more
eGFRs to confirm the occurrence of the outcome. More
information about these studies such as TDF use, PIs
use at baseline or during the follow-up was presented in
Table S1.

Different definitions and incidence of IKF

Of included studies, a total of 19 definitions of IKF were
described and reported (Table 1, Table S1 and Table S3),
which were categorized into three types: a certain thresh-
old of eGFR, an absolute decrease in eGFR or percent
decline of eGFR and the combination of certain eGFR
threshold with decrement in eGFR. The reported inci-
dence rate of IKF differs widely by different definitions.
The lowest incidence rate was observed in “eGFR< 30 ml/
min/1.73m?, a 0.14 per 1000 person-years (PYs) reported
by Suzuki S [62]. While the highest was observed in
“>25% decrease in eGFR’, with incidence rate of 190.1 per
1000 PYs [64, 78]. Specifically, 16 studies reported two or
more definitions of IKF at same time.

eGFR< 60 ml/min/1.73m? and combined eGFR

Forty studies reported the cumulative incidence of
eGFR<60ml/min/1.73m?, which was the most-stud-
ied IKF in included studies. The cumulative incidence
of eGFR<60ml/min/1.73m?*c among PLWH ranged
from 0.3 to 19.5%; the pooled incidence rate was 12.50
(95%CI: 9.00-17.36) per 1000 PYs, with an I*> of 99.7%
(Fig. 2). Since eGFR<60ml/min/1.73m* was the most-
studied and most-represented IKF in included studies,
we summarized risk factors of it among PLWH. The
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Fig. 1 Flow diagram of study selection

risk factors reported in included studies varying from
demographics (sex, age, race, height, weight, body mass
index (BMI), waist-to-hip ratio (WHR), family history,
and so forth), comorbidity status (viral hepatitis infec-
tion, tuberculosis (TB), hypertension (HTN), diabetes
mellitus (DM), chronic obstructive pulmonary disease
(COPD), dyslipidemia, lipodystrophy, and so forth) to
HIV-related factors (HIV infection route, CD4 count,
HIV RNA viral load, HIV diagnosis, ART regimen, and
so forth) (Table S4, S5).

Four studies reported the result of combined eGFR
with a study period of more than five years. The cumu-
lative incidence of combined eGFR ranged from 2.4 to
15.3%. The overall incidence rate of it was 16.55 per 1000
PYs (95% CI: 2.99-91.57, I> =99.79%, p <0.001), which
was higher than that of eGFR<60ml/min/1.73m? but
without statistical significance (Fig. 3).

Decrease in eGFR >25%

>25% decrease in eGFR was the second most-studied IKF
in included studies (# = 7). Seven studies reported a range
of cumulative incidence from 3.1 to 34.0% (Table 1). All
studies were conducted in countries in Western pacific

region, four were in Japan. All studies had relatively small
sample size of less than 1000 and short study period.
Compared to all other definitions of pooled incidence
rates, eGFR >25% showed highest result, with 119.63 per
1000 PYs (95% CI: 83.23—-171.94, 1> =90.67%, p <0.001).

eGFR< 30ml/min/1.73m?

The eGFR< 30 ml/min/1.73m? was the third most-studied
IKF in included studies (n =6). The cumulative incidence
ranged from 0.1 to 2.0%, while the incidence rate ranged
from 0.14 to 16.95 per 1000 PYs. Six studies were pooled
for incidence rate, yielding a result of 2.18 per 1000 PYs
(95%CI: 0.31-15.29, I*=99.03%, p <0.001) (Fig. 3).

eGFR< 90 ml/min/1.73m?

Six studies from African region (n=2), American
region (n=2) and Western pacific region (n=2) defined
eGFR<90ml/min/1.73m? as IKF. The cumulative inci-
dence ranged from 7.0 to 43.0%. Of note, three studies
had high male proportion of more than 90%, yielding
three high cumulative incidence (Table 1). The inci-
dence rate ranged from 32.5-110.2 per 1000 PYs, and the
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Table 1 Characteristics of the 60 studies included in the systematic review and meta-analysis by definition of outcome

Author Year Country Study period Baseline eGFR, Male (%) Samplesize  Cumulative No. of eGFR equation®
ml/min/1.73m? incidence (%) incident
cases

eGFR<90mL/min/1.73m?%(n =6)

Lucas G.M[18]. 2010  Uganda 1994-2003 no statement 354 1202 7 84 MDRD

Monteagudo-Chu 2012 USA Dec.1998- eGFR>90 99.6 230 43 99 MDRD

M. O [19]. Dec.2008

Laprise C [20]. 2013 Canada Jan.2002- eGFR>90 96.2 1043 26 271 CKD-EPI
Mar.2012

Mapesi H [21]. 2018 Tanzania Jan.2013-Jun.2016 eGFR>90 333 921 12.7 117 CKD-EPI

Ding Y [22]. 2019  China Jan.2004/ eGFR>90 58.8 5357 163 872 MDRD
Dec.2014-
Dec.2016

Liu F [23]. 2020 China Jan.2010/ eGFR>90 954 823 216 178 CKD-EPI
Dec.2015-
Jan.2017

Decrease in eGFR >3 mL/min/1.73m?(n =2)

Scherzer R [24]. 2012 USA 1997-2007 All range 97.7 10,841 284 3078 MDRD

Zachor H [25]. 2016 South Africa Sep.2010- eGFR>60 65.5 650 555 361 CKD-EPI
May.2013

CKD or eGFR <60 mL/min/1.73m?(n = 40)

Lucas G. M [26]. 2008  USA 1990-Feb.2003 eGFR >60 68 4259 49 210 MDRD

Campbell L.J[27]. 2009 UK Jan.1998-Dec2006 eGFR>60 - 1048 34 36 MDRD

Lucas G.M [18]. 2010  Uganda 1994-2003 eGFR>60 354 1202 1 12 MDRD

Flandre P [28]. 2011 France 1993-2006 no statement 703 7378 4.7 349 MDRD

Rasch M. G [29]. 2012 Denmark Jan.1995-Jan.2009 eGFR>60 85.2 2044 8 164 MDRD

Rockwood N [30]. 2012 UK Jun.2006- eGFR>60 87 2115 183 386 MDRD
Feb.2010

Kalayjian R.C[31]. 2012  USA Apr.1996-Jul.2009  eGFR>60 813 3329 32 106 MDRD

Scherzer R [24]. 2012 USA 1997-2007 eGFR>60 97.7 10,161 52 533 MDRD

Ganesan A [32] 2013 USA HIV diagno- eGFR>60 924 3360 35 116 CKD-EPI
sis-2010

Morlat P [33]. 2013 France Jan.2004- eGFR>60 744 4350 4.8 209 MDRD
Dec.2012

Lucas G. M [34]. 2013 USAand Canada 1996- eGFR >60 85.6 59,236 11.6 6878 CKD-EPI

Scherzer R [35]. 2014 USA 1997-Jan.2011 eGFR>60 100 21,590 9.5 2059 CKD-EPI

Pujari S. N [36]. 2014 UK Jan.2007- eGFR>90 76.5 574 14 8 MDRD
Dec.2009

Pujari S. N [36]. 2014 India Jan.2007- eGFR>90 758 708 16 1 MDRD
Dec.2009

Nishijima T [37]. 2014 Japan Jan.2004/ eGFR>60 97 792 5.1 40 MDRD
Dec.2011-
Dec.2013

QuesadaPR[38]. 2015 Spain Jan.2010- eGFR>60 70.1 451 144 65 MDRD
Dec.2012

Estrella M. M [39]. 2015  USA Mar.2003- eGFR>60 100 333 9.9 33 CKD-EPI
Mar.2012

Lapadula G [40]. 2016 Italy 2002-Nov.2014 eGFR>90 69 6984 2.7 191 CKD-EPI

Nishijima T [41]. 2016 Japan Jan.2004/ eGFR>60 96 655 03 2 CKD-EPI
Apr.2013-Apr.2014

Zachor H [25]. 2016 South Africa Sep.2010- eGFR>60 65.5 650 23 15 CKD-EPI
May.2013

Hara M [42]. 2017 Japan 2008-2014 eGFR>60 90.5 544 132 72 MDRD

De Waal R [43]. 2017  South Africa Jul.2002-Jul.2013  no statement 375 15,156 72 1085 MDRD

Rossi C [44]. 2017 Canada Jan.2000- eGFR>60 85 2595 58 150 CKD-EPI
Dec.2012

Suzuki S [45]. 2017 Japan Jan.2004- eGFR>60 94 1383 10.8 150 MDRD
Dec.2013

Wong C [46]. 2017 USAand Canada  Jan.2000- eGFR>90 833 52411 34 1785 CKD-EPI

Dec.2013
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Author Year Country Study period Baseline eGFR, Male (%) Samplesize  Cumulative No. of eGFR equation®
ml/min/1.73m? incidence (%) incident
cases

Bouatou Y [47]. 2018  Switzerland Jan.2002- eGFR>60 73.7 5384 4.7 252 CKD-EPI
Aug.2016

Cheung J [48]. 2018  Australiaand New  Apr.2008- eGFR>60 90.7 1924 42 81 CKD-EPI

Zealand Mar.2016

Jones R [49]. 2018 UK Jan.1996- eGFR>60 399 7764 3 231 CKD-EPI
Dec.2014

Joshi K [50]. 2018  Asian countriest 2003-Sep.2016 eGFR>60 70.5 2547 15 37 CKD-EPI

Woolnough E.L. 2018  D:AD study Dec.2009- eGFR>60 91 748 50 37 CKD-EPI

[51] Nov.2016

Pongpirul W [52]. 2018  Thailand Dec.2007- eGFR>60 585 5430 4.2 229 CKD-EPI
Jun.2015

Ojeh B.V [53]. 2018  Nigeria Jan.2008- eGFR>60 329 5273 37 195 MDRD
Dec.2011

Mapesi H [21]. 2018 Tanzania Jan.2013-Jun.2016  eGFR>90 333 921 43 40 CKD-EPI

Mattosz B [54]. 2019  Poland 1994-2015 All range 68.9 267 19.5 52 MDRD

Bock P [55]. 2019  South Africaand  Jan.2014-Oct.2016 eGFR>60 321 1634 1.7 27 MDRD

Zambia

Kabore N. F [56]. 2019 Burkina Faso Jan.2007- eGFR>60 28 3124 09 27 MDRD
Dec.2016

Domingo P [57]. 2019  Spain 2010-2014 eGFR>60 737 8512 2.1 183 CKD-EPI

Eaton E.F [58]. 2019 USA Jan.2007-Dec. eGFR>60 84.0 4387 3.1 135 CKD-EPI
2014

Mills AM. [59] 2020  USA Jan. 2002-Dec. eGFR >60 84.1 22,748 52 1183 MDRD
2016 84.1 22,727 52 1182 CKD-EPI

Han W.M [60]. 2020  Asian countries Jan 2003-Mar. eGFR>60 68.3 6092 64 391 CKD-EPI
2019 and
Jan.2003-
Sep.2017

eGFR<45mL/min/1.73m?(n =3)

KalayjianR.C[31]. 2012  USA Apr.1996-Jul.2009  eGFR>60 813 3329 1 34 MDRD

MedapalliR.K[61]. 2012  USA No statement eGFR>45 97.1 12,422 9.1 1136 CKD-EPI

Suzuki S [45]. 2017 Japan Jan.2004- eGFR>60 94 1383 0.8 1M MDRD
Dec.2013

eGFR<30mL/min/1.73m?(n =6)

lbrahim F [13]. 2012 UK Jan.1996- eGFR>30 786 20,045 03 56 CKD-EPI
Dec.2008

Kalayjian R.C[31]. 2012  USA Apr.1996-Jul.2009  eGFR>60 813 3329 0.5 16 MDRD

Quesada P R[38]. 2015 Spain Jan.2010- eGFR>60 70.1 451 1.1 5 MDRD
Dec.2012

De Waal R [43]. 2017  South Africa Jul.2002-Jul.2013  no statement 375 15,156 19 292 MDRD

Suzuki S [62]. 2017 Japan Jan.2004- eGFR>60 94 1383 0.1 1 MDRD
Dec.2013

Mapesi H [21]. 2018 Tanzania Jan.2013-Jun.2016 eGFR>90 333 921 2 18 CKD-EPI

>25% decrease in eGFR (n =7)

Chaisiri K[63]. 2010  Thailand Jan.2007-0Oct.2009  eGFR> 50 56.8 405 19.3 78 MDRD

Nishijima T [64]. 2011 Japan Jan.2002- eGFR>60 95.2 495 196 97 MDRD
Mar2009

Nishijima T [65]. 2012 Japan Jan.2004- eGFR> 60 97.8 503 16.9 85 MDRD
Mar.2009

Nishijima T [37]. 2014 Japan Jan.2004/ eGFR>60 97 792 34 269 MDRD
Dec.2011-
Dec.2013

Koh H.M [66]. 2016 Malaysia Mar. 2011-Jun. allrange 75.5 440 15.2 67 MDRD
20M

Nishijima T [41]. 2016 Japan Jan.2004/ eGFR>60 96 655 3.1 20 CKD-EPI

Apr.2013-Apr.2014
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Table 1 (continued)

Author Year Country Study period Baseline eGFR, Male (%) Samplesize  Cumulative No. of eGFR equation®

ml/min/1.73m? incidence (%) incident
cases

Lee JE[67]. 2019  South Korea Oct.2006- eGFR>60 88 210 129 27 CKD-EPI
Dec.2014

Confirmed eGFR <60 among persons with baseline eGFR > 60 or 25% decline in eGFR for persons with baseline eGFR<60 (n =4)

Low J. Z [68]. 2018  Malaysia Jan.2009-Jul.2014  eGFR>60 89.5 314 9.6 30 MDRD

Ding Y [22]. 2019 China Jan.2004/ Allrange 588 5357 24 130 MDRD
Dec.2014-
Dec.2016

Mocroft A [69]. 2020  EuroSIDA Study Jan.2004- Allrange 74 14,754 77 1130 CKD-EPI
2018(median)

Sutton S. S [70]. 2020  USA Jan.2006- All range 97 5811 153 889 CKD-EPI
Dec.2018

Decrease in eGFR>10 mL/min/1.73m?(n =3)

Nishijima T [37]. 2014 Japan Jan.2004/ eGFR>60 97 792 774 613 MDRD
Dec.2011-
Dec.2013

Nishijima T [41]. 2016 Japan Jan.2004/ eGFR>60 96 655 80.6 528 CKD-EPI
Apr.2013-Apr.2014

Tan Q[71]. 2019  China Jul2014-Apr2015  eGFR>60 97 258 248 64 CKD-EPI

eGFR< 15mL/min/1.73m?(n =2)

Lucas G. M [34]. 2013 USA and Canada 1996- eGFR>15 85.6 61,646 18 1098 CKD-EPI

Jones R [49]. 2018 UK Jan.1996- no statement 399 7764 08 65 CKD-EPI
Dec.2014

Decrease in eGFR>50% (n =2)

AlvesT.P [72]. 2010 USA Jan.1998- All range 788 2468 26 63 CKD-EPI
Dec.2005

Horberg M [73]. 2010 USA Jan.2002- No statement 853 1674 39 66 MDRD
Dec.2005

Decrease in eGFR >25% to <60 mL/min/1.73m?(n =2)

Ando M [74]. 2011 Japan Jan.2008/ eGFR>60 90.5 623 29 18 MDRD
Mar.2008-
Jan.2009/
Mar.2009

Lucas G. M [34]. 2013  USAand Canada  1996- eGFR> 30 85.6 61,367 64 3945 CKD-EPI

Other definitions of impaired kidney function*

Tordato F [75]. 2011 ltaly Jan.2000-2009 All range 70 644 149 9% MDRD

Nishijima T [41]. 2016 Japan Jan.2004/ eGFR>60 96 655 6.7 44 CKD-EPI
Apr.2013-Apr.2014

Hara M [42]. 2017 Japan 2008-2014 All range 90.5 661 77 509 MDRD

Tan Q[71]. 2019  China Jul2014-Apr2015  eGFR>60 97 258 1.2 3 CKD-EPI

Dietrich L.G[76]. 2020  Switzerland Two periods with  eGFR>80 813 3603 6.2 225 CKD-EPI
only median time

Liu F [23] 2020 China Jan.2010/ eGFR>90 4.6 823 548 451 CKD-EPI
Dec.2015-
Jan.2017

Kalemeera F [77]. 2021  Namibia Aug.2010- eGFR>60 396 6744 59 400 CKD-EPI
Dec.2016

Note: sixteen studies reported two or more definitions of IKF at same time

MDRD, modification of diet in renal disease; CKD-EPI, Chronic kidney disease Epidemiology collaboration; NR: not report; D:A:D study, The Data Collection on Adverse
Events of Anti-HIV Drugs (D:A:D) study, which is conducted in Europe, USA and Australia; EuroSIDA Study, a pan-European observational study that is conducted in

Europe, Israel and Argentina.

T Asian countries included Cambodia, China, India, Indonesia, Japan, Malaysia, Philippines, Singapore, South Korea, Thailand and Vietnam

¥ MDRD included original equations published by Modification of Diet in Renal Disease Study group and adapted equation in some countries

*Other definitions of kidney function in sequence above included: (1) advanced KDOQI category, (2) decrease in eGFR>20%, (3) eGFR < 70 mL/min/1.73m?, (4) eGFR
<50mL/min/1.73m? or absolute decrease in eGFR > 10 mL/min/1.73 m?, (5) absolute decrease in eGFR > 10 mL/min/1.73 m?, (6) decrease in eGFR>30%, (7) eGFR

<90mL/min/1.73m? or decrease in eGFR >25%, (8) eGFR < 50 mL/min/1.73 m?
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exp(ES) Weight
Study with 95% CI (%)
Bock P.(2019) - 15.68[ 10.75, 22.86] 3.34
Bouatou Y.(2018) [ ] 9.96[ 8.80, 11.27] 3.49
De Waal R.(2017) [ ] 58.90 [ 55.50, 62.51] 3.50
Flandre P.(2011) [ | 10.80[ 9.72, 11.99] 3.49
Ganesan A.(2013) ] 5.02[ 4.19, 6.03] 3.47
Han M.(2020) [ ] 8.00[ 7.25, 8.83] 3.49
Jones R.(2018) [ ] 466[ 4.09, 5.30] 3.49
Joshi K.(2018) . 3.39[ 246, 4.68 3.38
Kabore N. F.(2019) - 1.89[ 129, 275 3.34
Kalayjian R. C.(2012) ] 9.65[ 7.97, 11.67] 3.46
Lapadula G.(2016) [ ] 23.86[ 20.70, 27.49] 3.48
Lucas G. M.(2010) —— 465[ 264, 818 3.15
Lucas G. M.(2013) [ ] 20.69[ 20.21, 21.18] 3.51
Lucas G. M.(2008) [ ] 11.18[ 9.77, 12.80] 3.48
Mapesi H.(2018) -l 19.77 [ 12.89, 30.33] 3.29
Mattosz B.(2019) : 3 20.05[ 15.28, 26.32] 3.42
Mills A.M. (2020) [ ] 11.00[ 10.39, 11.65] 3.50
Morlat P.(2013) [ ] 9.51[ 8.30, 10.89] 3.48
Nishijima T.(2014) . B 14.67[ 10.76, 20.00] 3.39
Ojeh B. V.(2018) [ ] 37.07[ 3221, 42.65] 3.48
Pongpirul W.(2018) [ ] 10.39[ 9.3, 11.83] 3.49
Quesada P. R.(2015) : 3 29.20[ 22.90, 37.24] 3.43
Rasch M. G.(2012) [ ] 1112 9.54, 12.96] 3.48
Rockwood N.(2012) M 144.03 [ 130.35, 159.14] 3.49
Rossi C.(2017) [ ] 13.76 [ 11.72, 16.15] 3.48
Scherzer R.(2012) [ ] 9.45[ 8.68, 10.28] 3.50
Scherzer R.(2014) [ ] 10.63[ 10.18, 11.09] 3.50
Suzuki S.(2017) [ ] 20.60[ 17.55, 24.17] 3.48
Wong C.(2017) [ ] 598 571, 6.27] 3.50
Overall <o 12.50[ 9.00, 17.36]
Heterogeneity: 1° = 0.73, I = 99.72%, H’ = 359.58
Test of 8 = 6;: Q(28) = 7956.36, p = 0.00
Test of 6 = 0: t(28) = 15.76, p = 0.00
Random-effects Sidik-Jonkman model
Knapp-Hartung standard errors
Fig. 2 Forest plot of random-effects meta-analysis showing the pooled incidence rate of eGFR< 60 ml/min/1.73 m? in PLWH

overall incidence rate was 61.00 per 1000 PYs (95% CI:
13.46-277.33, I*=97.99%, p <0.001) (Fig. 3).

Other definitions of IKF

There were many other definitions of IKF in included
studies, each of which contained less than three studies.
However, different baseline eGFRs were applied even in
studies using same definition of IKF.

Threshold of eGFR included 15, 45, 50 and 70ml/
min/1.73m? More than half of these studies had sam-
ple size of more than 1000. The cumulative incidence
was relatively low regardless of the study period, most
of which were more than five years (Table 1). Less than

half of studies reported the incidence rate but only
cumulative incidence. Absolute value decreased in eGFR
included 3, 10 and 20 ml/min/1.73m?, and most studies
had sample size of less than 1000 and had high propor-
tion of male. Two studies from Japan showed high cumu-
lative incidence of decrease in eGFR >10ml/min/1.73m?
(77.4 and 80.6%).

Other definitions of IKF included percent decrease
in eGFR and threshold of eGFR combined with percent
decrease or absolute decrease in eGFR (Table 1). Most
studies were from high income countries. The highest
incidence rate was observed in confirmed decrease in
eGFR >20%, yielding an incidence rate of 68.0 per 1000
PYs [75].
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exp(ES) Weight exp(ES) Weight
Study with 95% CI (%) Study with 95% CI (%)
Ding Y.(2019) E 3 491[ 414, 584] 25.06 Laprise C.(2013) - 6324[56.15, 71.24] 3373
LowJ. 2(2018) —H—5400(37.75, 7729 2452 Lucas G. M.(2010) —— 3252(26.26, 40.27] 32.98
Mocroft A.(2020) [ ] 9.80( 9.24, 10.39) 2521 Mapesi H.(2018) —l— 110.17[91.91, 132.06] 33.29
Sutton S. §.(2020) | | 29.60( 27.72, 31.61] 2521
Overall e #4346, 277.33]
T m——— 5 2 2
Overan i i AGSOL 1209,:9%.01) Heterogeneity: 1* = 0.36, I” = 97.99%, H’ = 49.82
Het ity: 7° = 1.14, 1" = 99.79%, H’ = 465.53
OGN Testof @ =6, Q(2) = 73.03, p=0.00
Testof § = 8; Q(3) = 826.86, p = 0.00
Testof 8=0:1(2) =11.70,p=0.01
Testof 8 = 0: t(3) = 5.22,p = 0.01
Random-effects Sidik-Jonkman model
Random-effects Sidik-Jonkman model Knapp-Hartung standard errors
Knapp-Hartung standard errors
(a) €GFR< 60 ml/min/1.73m? or decrease in eGFR> 25% (d) eGFR< 90 mi/min/1.73m?
exp(ES) Weight exp(ES) Weight
Study with 95% CI (%) Study with 95% CI (%)
De Waal R.(2017) W 1530( 1364, 17.16] 17.64 Chaisiri K.(2010) —l— 161.99( 129.75, 202.25] 16.87
Ibrahim F(2012) [ ] 045( 0.35, 0.58] 17.56 Koh H.M. (2016) —— 120.01[ 94.45, 152.47) 16.58
Kalayjian R. C.(2012) | 160[ 098, 261 17.32 Lee J. E.(2019) [ ] 71.13[ 48.78, 103.72] 14.00
Mapesi H.(2018) - 16.95( 10.68, 26.90] 17.36 Nishijma T.(2012) —l— 190.07 [ 153.67, 235.09] 17.03
Quesada P. R.(2015) —— 220[ 092, 529] 1663 Nishijma T.(2014) E | 9865[ 87.54, 111.17] 18.28
Suzuki 8.(2017) —a— 0.14[ 002, 099 13.49 Nishijima T.(2011) —— 105.00( 86.05, 128.12) 17.24
Overall —em—— 218( 031, 15.29] Overall T 119.63[ 83.23, 171.94]
Heterogeneity: 1 = 3.23, 1” = 99.03%, H’ = 103.50 Heterogeneity: 17 = 0.1, I’ = 90.67%, H’ = 10.72
Testof @ = 8;: Q(5) = 663.55, p = 0.00 Testof 8= 6; Q(5) = 43.96, p = 0.00
Testof 8= 0:(5)=1.03,p =035 Test of = 0: 1(5) = 33.90, p = 0.00
Random-effects Sidik-Jonkman model
Random-effects Sidik-Jonkman model
Knapp-Hartung standard errors Knapp-Hartung standard errors
(c) eGFR< 30 mI/min/1.73m? (b) Decrease in eGFR> 25%
Fig. 3 Forest plot of random-effects meta-analysis showing the pooled incidence rate of combined eGFR in PLWH

Subgroup analysis and meta-regression analysis

The subgroup analysis and the meta-regression analysis
showed similar results, both of which identified income
levels as source of heterogeneity (Table 2 and Table S6).
In subgroup analysis stratified by income level, the
pooled incidence rate of eGFR<60ml/min/1.73m? in
low-income countries (2.88, 95% CI: 1.24—6.71, per 1000
PYs) was lower than that in lower middle (28.08, 95% CI:
15.61-50.53, per 1000 PYs), upper middle (24.77, 95%CI:
4.53-135.37) and higher income-level groups (13.35, 95%
CI: 9.63-18.50, per 1000 PYs). The incidence rate of stud-
ies using MDRD was higher than that using CKD-EPI
(8.86, 95% CI: 6.20-12.64 vs. 15.41, 95% CI: 9.97-23.82,
per 1000 PYs), but without statistical significance. No sig-
nificant difference was detected in analysis stratified by
other variables. Notably, high heterogeneity was found in
nearly all subgroup analysis for eGFR< 60 ml/min/1.73m>
(Table 2).

Assessment of publication bias

Funnel plots and result of “trim and fill” suggested no
publication bias for reporting data on the incidence
rate of eGFR<60ml/min/1.73m? (Fig. S1). Although
the reporting data might underestimate the incidence
rate compared with imputed result (12.50, 95%CI:
9.13-17.11 vs. 17.77, 95% CI: 12.68-24.91, per 1000
PYs), no significant difference was detected. The results
were confirmed by the formal Egger test(p =0.139) and
Begg’s tests (p =0.195).

Sensitivity analysis

Sensitivity analysis for eGFR<60ml/min/1.73m? by
omitted one study at a time showed the stability of
effect estimates (Fig. S2). Additionally, we pooled the
incidence rates of all stages of CKD, including all stud-
ies with outcome defined as eGFR< 15, <30, <45, <50,
or<60ml/min/1.73m? yielding an overall incidence
rate of 8.43 (95% CI: 5.68-12.51), per 1000 PYs. This
result was lower than the pooled result of eGFR< 60 ml/
min/1.73m? but without any statistical significance.

Discussion
To our knowledge, this is the first attempt to summarize
incidence estimates for IKF determined by eGFRcreat
in PLWH across the world. Findings from this study
revealed that various definitions of IKF based on eGFR
were applied in PLWH. IKF included threshold of eGFR,
absolute or percent decrease in eGFR, and certain eGFR
threshold combined with decrement in eGFR. Among
these outcomes, eGFR< 60 ml/min/1.73m? was the most-
studied and most-represented, followed by decrease in
eGFR >25%. The overall incidence rate of eGFR<60ml/
min/1.73m? was 12.50 (95%CI: 9.00-17.36) per 1000 PYs.
The highest pooled incidence rate was observed in the
definition of decrease in eGFR >25%, while the lowest
was observed in the eGFR <30ml/min/1.73m?, despite
with substantial heterogeneity.

The eGFR<60ml/min/1.73m? was treated as thresh-
old of diagnosis criteria of CKD. Findings from our study
suggested that most researchers still concerned about the
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Table 2 Subgroup analysis for incidence rate of eGFR <60 mL/min/1.73m? among PLWH

Variables No. of study Person-year Case Pooled IR (95%Cl) Test for p for
heterogeneity subgroup
- difference
(%) p-value

Total 29 1,346,996.15 17,133 12.50(9.13-17.11) 99.72 <0.001

WHO region

African 5 41,645 1340 13.21(3.73-46.84) 99.55 <0.001 0.025

American 9 1,052,357.45 13,020 10.05(7.65-13.2) 99.46 <0.001

European 9 159,452.8 1899 16.79(8.84-31.88) 99.49 <0.001

South-East Asia 1 61,497.5 229 10.39(9.13-11.83) . -

Western Pacific 2 22,035 190 17.9(13.07-24.51) 70.15 0.056

Mixed 3 10,008.4 455 7.5(3.2-17.57) 96.89 <0.001

Income level

Low 2 16,901 39 2.88(1.24-6.71) 839 0.009 <0.001

Lower middle 2 63229 216 28.08(15.61-50.53) 85.52 0.006

Upper middle 2 40,456.1 1314 24.77(4.53-135.37) 99.82 <0.001

High 20 1,221,818.65 15,109 13.35(9.63-18.5) 99.69 <0.001

Mixed 3 61,497.5 455 7.5(3.2-17.57) 96.89 <0.001

Race'

Mainly white 5 52,957.9 1058 25.67(10.03-65.72) 99.56 <0.001 0.397

Mainly black 8 111,744 1808 11.62(5.22-25.88) 99.51 <0.001

Mainly Asian 5 91,8189 847 9.74(5.38-17.65) 98.47 <0.001

Mixed 8 1,033,579.45 12,810 9.91(7.28-13.48) 99.57 <0.001

Unknow 3 56,895.9 610 12.54(8.09-19.41) 95.93 <0.001

Median or average age (yrs)

<40 17 231,407.8 2954 10.86(7.17-16.43) 99.12 <0.001 0.019

>40 550,014 9729 25.92(12.43-54.05) 99.86 <0.001

Unknow 565,574.35 4450 8.92(7.42-10.72) 97.08 <0.001

Male (%)

<60 7 92,966 1598 11.67(4.63-29.43) 99.51 <0.001 0.861

>60 22 1,254,030.15 15,535 12.74(9.35-17.35) 99.67 <0.001

ART status

ART-experienced< 70% at baseline 7 834,670.35 10,551 8.71(5.82-13.03) 99.63 <0.001 <0.001

ART-experienced>70% at baseline 1M 176,674.8 1792 11.69(8.37-16.32) 97.94 <0.001

ART/TDF initiation 10 312,560 4674 19.09(9.3-39.22) 99.8 <0.001

Unknow 1 23,091 116 5.02(4.19-6.03)

Sample size

<1000 4 8607.8 178 20.56(15.45-27.37) 71.79 0.006 0.013

>1000 25 1,338,388.35 16,955 11.58(8.13-16.48) 99.78 <0.001

eGFR calculation equation

CKD-EPI 11 691,9794 5462 8.86(6.2-12.64) 99.3 <0.001 0.054

MDRD 18 655,016.75 11,671 1541(9.97-23.82) 99.74 <0.001

Note: IR, incidence rate; ART, antiretroviral therapy; MDRD, modification of diet in renal disease; CKD-EPI, Chronic kidney disease Epidemiology collaboration

T the proportion of any race>60% was recognized as predominant race in one study.

accepted IKF---CKD. It has been suggested that the dis-
ease burden measured by eGFR< 60 ml/min/1.73m? could
be underestimated by only using the eGFR in compari-
son with studies defining the outcome as eGFR <60ml/
min/1.73m? combined with other indicators, such as
proteinuria [79]. However, our results highlighted that

PLWH borne the heavy burden of IKF even if using the
eGFR <60ml/min/1.73m2 And such burden was more
considerable in the late-HAART era, suggested by Jes-
persen, N. A, et al. [80]. The cumulative incidence and
pooled incidence rate of most-reported eGFR<60ml/
min/1.73m? were approximate to the corresponding
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results of combined eGFR, suggested the similar dis-
ease burden. The combined eGFR was close to the defi-
nition of CKD progression in KDIGO guideline, mainly
explored in EuroSIDA Study. In consideration of substan-
tial heterogeneity in pooled results, more studies from
other large cohorts are necessary to confirmed the result.

The second most-studied definition of IKF was decrease
in eGFR >25%. The highest incidence rate was observed
in decrease in eGFR >25%, which suggested that the
occurrence of decrease in eGFR >25% was most frequent
in PLWH. The decrease in eGFR >25% is more an indica-
tor of acute kidney injury (AKI) than that of CKD [81],
which is usually applied to measure the TDF-associated
IKE. AKI and CKD are usually inter-connected: AKI is
attributable to the development and progression of CKD;
CKD is known to predispose patients to AKI [82]. How-
ever, previous study found that a large proportion of
PLWH used TDF developed AKI, but only a minority of
TDF users progressed to CKD [83]. In this study, we did
not distinguish the CKD from AKI deliberately. Our find-
ing suggested that the application of different definition
of IKF by eGER could reflect the predisposition of IKF in
some circumstances.

The eGFR <30ml/min/1.73m? was had lowest pooled
incidence rate in this study, similar to ESRD directly diag-
nosed by medical record, with an incidence rate of 2.56
(95% CI, 2.33-2.81) per 1000 PYs in PLWH [55]. Previous
study showed that PLWH with eGFR< 60 mL/min/1.73 m?
had higher risk of eGFR <30 mL/min/1.73m? in compari-
son with those who with higher baseline eGFR [13]. These
results stressed the importance of IKF defined by eGFR
<30ml/min/1.73m? For the eGFR<90ml/min/1.73m>?
it met the criteria of mildly decreased kidney function
according to the Kidney disease: Improving global out-
comes (KDIGO) guidelines [14]. Mildly decreased kidney
function is common in ART-experienced PLWH. How-
ever, PLWH could have improved kidney function if they
switch nephrotoxic ART regimen to other regimens [84].
Moreover, they also had the possibility to transit from a
mild renal impairment to a normal eGFR even they were
receiving TDF [85]. However, since mild impairment can
also progress to advanced stages, early detection and
management of mildly IKF is essential to address the ris-
ing epidemic of kidney disease.

Of note, many other definitions of IKF were employed
in studies in this review. Limited by the quantity of study,
we were unable to pool the incidence rate of them, but
just make a summary. Some definitions of IKF were sig-
nificant indicators for certain clinical kidney disease,
such as decline in eGFR >30%. It has been reported that
the decline in eGFR>30% was strongly associated with
CKD progression to end-stage renal disease (ESRD)
[86]. Therefore, it was worth paying attention to absolute
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or percent decrement in eGFR. However, the quantity
of such studies aiming to certain definitions of IKF was
small, and many of them contained only one study. More
studies that investigated the present definitions of IKF
were needed to confirmed their clinical significance.

Notably, in this study, there was a total of 32 selected
studies from the American and European region, 14 stud-
ies from Western Pacific region, and only seven studies
from Africa region where the burden of HIV infection
is heavier than other regions [1]. More attention should
be paid to the need for more information and validated
measures of IKF in countries with heavy burden of HIV
infection, especially in the context of non-communicable
diseases.

The major strength of our study was the comprehen-
sive inclusion of studies for the incidence of IKE. We
searched four databases to find as many articles as pos-
sible that met our included criteria. Second, to make sure
the homogeneity of study population as much as pos-
sible, we only included longitudinal studies. Any study
with all participants being of coinfection or comorbidity
was excluded. However, we did not limit this review to
any time period (pre-highly active antiretroviral therapy
(HAART) era vs. post-HAART era). Third, the quality of
most of selected studies was rated as high, so our meta-
analysis provided good evidence for the incidence of
eGFR-based IKF. Forth, we performed the random-effect
meta-analysis and the sensitivity analysis, the results of
which revealed the stability of pooled incidence of IKF in
PLWH.

There are limitations worth noting. First, we observed
significant heterogeneity of our pooled estimates, which
may be inherent to the heterogeneity between studies in
terms of sample size, inclusion criteria, data collection
methods, race composition and measurement of eGFR
and could not be completely explained by investigated
study-level characteristics. Second, as some of included
studies did not provide follow-up duration, incidence rate
was calculated only for those with person time. Third,
limited by the number of included studies, we did not
pool the incidence rate for all definitions of IKF, but just
made a summary of basic characteristics and cumulative
incidences. Fourth, the creatinine-based eGFR could be
affected by muscle mass and diet, which might result in
an overestimation of eGFR.

Conclusion

This study revealed the substantial definitions of
IKF applied in PLWH, among which eGFR<60ml/
min/1.73m? was most-studied and most-represented,
followed by decrease in eGFR >25%. These definitions
would promote our understanding of IKF. Our findings
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also highlight the need for a concerted action to provide
more evidence on certain kind of kidney impairment and
a more uniform diagnostic criterion that this condition
entails. Our review also points out the critical need of
data from every part of the world, especially from these
areas with heavy burden of HIV infection, that would
help to further characterize the magnitude of CKD bur-
den in PLWH.
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