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Abstract

Chronic kidney disease (CKD) is a major public health problem in low- and middle-income
countries (LMICs). Although CKD prevalence has been rapidly increasing in LMICs, particu-
larly in Asia, quantitative studies on the current epidemiology of CKD in this region are lim-
ited. This study aimed to identify the prevalence of CKD stages 3-5 in LMICs in Asia, by
subregion, country economy classification, identification of CKD, traditional and non-tradi-
tional risk factors. A systematic review and meta-analysis of observational studies was con-
ducted through a literature search of seven electronic databases and grey literature search
published until November 2021. The Newcastle-Ottawa quality assessment scale (NOS)
was used to assess the risk of bias of each study. A random-effects model was used to esti-
mate pooled prevalence. The protocol is registered in the International Prospective Register
of Systematic Reviews (PROSPERO CRD42019120519). Of 4,548 potentially relevant rec-
ords, 110 studies with moderate and high quality were included with 4,760,147 subjects.
The average prevalence (95% CI) of CKD stages 3-5 in 14 LMICs in Asia was 11.2%
(9.3-13.2%). The prevalence of CKD stages 3—-5 was varied among subregions and country
economic classification. CKD prevalence was 8.6% (7.2-10.2%) in east Asia, 12.0% (7.7—
17.0%) in south-east Asia, 13.1% (8.7—-18.2%) in western Asia, and 13.5% (9.5-18.0%) in
south Asia. CKD prevalence was 9.8% (8.3—11.5%) in upper-middle-income countries and
13.8% (9.9—18.3%) in lower-middle-income countries. Prevalence of CKD stage 3-5in
LMICs in Asia is comparable to global prevalence. High level of heterogeneity was observed.
Study of factors and interventions that lead to the delay of CKD progression is needed.

Introduction

The global prevalence of chronic kidney disease (CKD) was estimated to be 13.4% in all five
stages and 10.6% in stages 3-5 in a recent systematic review and meta-analysis [1]. CKD cases
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have been continuously increasing, with a 7% increase in end-stage renal disease (ESRD)
observed worldwide [2]. The mean prevalence of CKD in high-income countries is approxi-
mately 8.6% in men and 9.6% in women [3]. In 2010, about 500 million people worldwide
were afflicted with CKD, with 80% of those people living in low- and middle-income countries
(LMICs) [3, 4]. A lower income has been identified to be a significant factor associated with
CKD prevalence [5]. LMICs have undergone rapid urbanisation that has coincided with a
growing number of people with chronic diseases such as diabetes and hypertension, which
may lead to CKD. In Asia, 41 countries have been classified as LMICs by the World Bank [6,
7]. The prevalence of CKD in Asia varies widely [8]. Although several studies have assessed
CKD prevalence in different countries in Asia, there are very few quantitative studies on the
current epidemiology of CKD and its risk factors in this region. Therefore, the objectives of
this study aimed to examine the prevalence of CKD stages 3—-5 in LMICs in Asia.

Methods
Data sources and search strategy

The protocol was published in the PROSPERO (CRD42019120519). Observational studies
published up to 30 November 2021 were searched from the following seven databases:
PubMed/Medline, ScienceDirect, Embase, Scopus, Cochrane Library, Thai Library Integrated
System and Thai Thesis Database. A search of ‘grey literature’ was also conducted through
OpenSIGLE, conference proceedings and a manual search. Articles published in English or
Thai were considered, using the following keywords: ‘prevalence’, ‘chronic kidney disease” and
‘Asia’.

Selection criteria

Published studies that specified the prevalence of CKD stages 3-5 as an outcome were
included. CKD stages 3-5 was defined as an estimated glomerular filtration rate (eGFR) <60
mL/min/1.73m”. Two investigators independently selected relevant studies based on the fol-
lowing inclusion criteria: (1) the observational studies, including cross-sectional study and
cohort study; (2) the study participants aged 15 years and above; (3) the study participants
included both males and females; (4) included at least 50 participants; (5) reported the preva-
lence of CKD stage 3-5 and ESRD; (6) the observed participants were non-dialysis-dependent
CKD; and (7) CKD estimated by serum creatinine (Scr) or eGFR using the CKD-EPI creati-
nine equation (CKD-EPI), four-variable Modification of Diet in Renal Disease (MDRD), body
surface area (BSA) or standardised Cockcroft-Gault (CG) equations. Studies were excluded
based on the following criteria: (1) review articles, (2) not available in full-text version, (3)
selected participants based on the absence or presence of kidney disease, (4) studied only in
pregnant women, (5) studied only in children and (6) duplicate publications.

Data extraction

The citations of all searched articles were imported into Endnote X9 citation management
software [9]. Two authors, PK and PS, screened the titles and abstracts of each study indepen-
dently. Duplicate publications were removed. Full review and quality assessment were con-
ducted for all full-text articles by two authors (PS and PK). Then, data were extracted from
each study and entered into the standard data collection form [10, 11]. Data extraction was
independently performed by the two authors (PS and PK) [10, 11]. Dissimilarities in data
extraction were discussed until a consensus was reached. The following data were extracted:
title of the article, first author’s surname, authors’ affiliations, publication year, study period,
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study design, country where the study was conducted, targeted population, sample size, inclu-
sion criteria, exclusion criteria, diagnosis methods for CKD, number of cases, number of con-
trols, percentage of males and females, number of observation CKD cases, and CKD risk
factors [10-12]. The prevalence of CKD stages 3-5, odds ratios (OR), relative risk (RR), or the
adjusted OR if available were extracted [10-12].

Quality assessment

Study quality and risk of bias were evaluated by the two authors (PS and PK). The Newcastle-
Ottawa quality assessment scale (NOS) was used to assess the bias of each study. If any assess-
ments were inconsistent, these were resolved through discussion to reach a consensus for each
study [13-15]. The study characteristics were rated using seven and eight multiple choice ques-
tions across three areas [15, 16] including: (1) the selection of study participants (maximum of
4 stars in cohort studies and 5 stars in cross-sectional studies); (2) the comparability of groups
by adjusting for first and second most appropriate factors (maximum of 2 stars); and (3)
assessment of interested outcome in cohort and cross-sectional studies (maximum of 3 stars)
[11, 13, 15, 16]. A total score of <3 was considered low quality, 4-6 was moderate and 7-10
was high quality.

Publication bias testing

The validity of systematic reviews and meta-analyses on publication bias was tested using an
objective judgment funnel plot and Egger’s test [10, 17, 18]. When publication bias was pres-
ent, the trim-and-fill method was performed to identify and correct it.

Statistical analysis

Meta-analyses were conducted using Stata version 14 statistical software [19]. Analyses of
pooled estimates of the prevalence of CKD stages 3-5 were performed using inverse of the
Freeman-Tukey double arcsine transformation for stabilising the variance prior to the estima-
tion [20, 21] and presented as percentages with a 95% confidence interval (95% CI), I?, and p-
value for heterogeneity. The prevalence of CKD stages 3-5 was presented using forest plots.
Heterogeneity was assessed for the statistical significance using Cochran’s Q, I?, Tau” and p-
value <0.05. If I* <50%, pooled prevalence was analysed using a fixed-effects model. If I*
>50%, pooled prevalence was analysed using a random-effects model [11, 22, 23].

Furthermore, sensitivity analysis was performed to repeat the random-effects of meta-anal-
ysis after the addition of a low-quality study on the pooled estimate of the prevalence of CKD
stages 3-5 [17]. Subgroup analysis was performed by geographical subregion in Asia, eco-
nomic group based on the World Bank, study design, measurement method of eGFR, quality
of study, gender, proportion of hypertensive population, and proportion of diabetic popula-
tion. Meta-regression identified the effect of study design on pooled OR of each risk factor on
prevalence of CKD stage 3-5 in LMICs in Asija.[17].

Results

The initial search retrieved all 4,511 records from the databases. After screening the titles and
abstracts, 2,725 records were excluded as nonrelevant based on the selection criteria. A full-
text review of 277 studies was conducted, yielding 76 that met the criteria. In addition, 34 stud-
ies from citation search were included. Of these, 110 studies (76 database and 34 citation
searching), 117 reports were included to estimate the pooled prevalence of CKD stages 3-5
(Fig 1).
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Fig 1. PRISMA flow chart for identifying relevant studies.
https://doi.org/10.1371/journal.pone.0264393.9001

Characteristics of the included studies

All 110 included studies were published in English and conducted between 2004 and 2021. A
total of 4,760,147subjects was included in the meta-analysis of pooled estimate prevalence of
CKD stages 3-5. The number of participants ranged from 100 in an Indian cross-sectional
study [24] to 3,091,379 in a Chinese cross-sectional study [25]. The study populations’ age ran-
ged from 15 to 95 years. There were 100 cross-sectional studies (61 high- and 39 moderate-
quality studies) and 10 cohort studies (three high- and seven moderate-quality studies). China
had the largest number of population samples in 47 studies. Most population lived in east Asia
and upper-middle income countries. They were classified as CKD patients by the CKD-EPI
method for the measurement of eGFR. Most observed studies had low proportions of hyper-
tensive patients and high proportions of diabetes patients in study populations [26, 27]

(Table 1). The other characteristics of the included studies are presented in S4 Appendix.

Quality assessment and publication bias testing

All 110 studies had a NOS score >4, as reported in S4 Appendix. Accordingly, 64 studies were
considered high quality and 46 studies were moderate quality. Assessment of publication bias
by funnel plot and Egger’s test of the logit prevalence of CKD stages 3-5 in LMICs in Asia
showed no small-study effect (p = 0.137).

Prevalence

The average prevalence of CKD stages 3-5 in 14 LMICs in Asia was 11.2% (95% CI; 9.3-
13.2%), Tau” = 0.12, I = 99.96%, and p <0.001 (Fig 2). The prevalence of CKD stages 3-5
divided by geographical subregion in Asia (Fig 3) was 8.6% (7.2-10.2%) in east Asia, 12.0%
(7.7-17.0%) in south-east Asia, 13.1% (8.7-18.2%) in western Asia, and 13.5% (9.5-18.0%) in
south Asia. The prevalence of CKD stages 3-5 was 9.8% in upper-middle income countries
(Fig 4); 13.8% in lower-middle income countries (Fig 5); and 6.4% in one low-income country.
In addition, the rising mean prevalence of CKD stages 3—-5 was observed in year 2011-2021
(12.4%) compared with 9.5% in the year before 2011(Table 2). In comparing with the global
mean CKD stages 3-5 prevalence in the year 2015 [1] (Table 2), mean CKD prevalence in
three countries; Thailand (12.4%), India (11.7%) and Malaysia (9.0%), was comparable to the
global mean CKD stages 3-5 prevalence. The mean CKD prevalence in six countries;

PLOS ONE | https://doi.org/10.1371/journal.pone.0264393  February 25, 2022 4/18


https://doi.org/10.1371/journal.pone.0264393.g001
https://doi.org/10.1371/journal.pone.0264393

PLOS ONE Prevalence of chronic kidney disease stages 3-5 in low- and middle-income countries in Asia

Table 1. Characteristic of studies included in the meta-analysis.

Study characteristics Number of participants Number of reports (N = 117) ‘ %
Geographical subregion in Asia

East Asia 4,272,462 48 41.0

South Asia 311,067 41 35.1

Southeast Asia 99,159 17 14.5

Western Asia 77,459 11 9.4
Economic group (classified by the World Bank)

Upper-middle income countries 4,415,867 69 59.0

Lower-middle income countries 321,682 45 38.5

Low income countries 22,598 3 2.5
Study design

Cross-sectional study 4,715,186 108 92.3

Cohort study 44,961 9 7.7
Methods for measurement of eGFR

CKD-EPI 4,119,935 46 39.3

MDRD g6 133,764 36 30.8

eMDRD 55 442,723 29 24.8

Cockeroft-Gault 457 2 1.7

Not reported 63,268 4 3.4
Quality of study

High-quality study 1,102,079 67 57.3

Moderate-quality study 3,658,068 50 42.7
Proportions of hypertension patients in study populations [26]

< 36.9% 3,732,160 58 49.6

> 36.9% 494,622 43 36.7

Not reported 533,365 16 13.7
Proportions of diabetes patients in study populations [27]

<8.1% 3,588,668 32 27.4

> 8.1% 611,899 63 53.8

Not reported 559,580 22 18.8

* estimated prevalence calculated using random-effect models; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; EPI, epidemiology
collaboration equation; MDRD g6, Modification of Diet in Renal Disease Study with constant factor of 186; eMDRD s, estimated Modification of Diet in Renal Disease
Study with constant factor of 175

https://doi.org/10.1371/journal.pone.0264393.t001

Philippines (35.9%), Bangladesh (19.8%), Sri Lanka (17.6%), Pakistan (14.3%), Iran (14.0%)
and Mongolia (13.0%), was higher than global mean CKD stage 3-5 prevalence [1]. Con-
versely, mean CKD prevalence in five countries; China (8.6%), Indonesia (7.5%), Vietnam
(7.1%), Nepal (6.4%) and Turkey (5.8%), was lower than global mean CKD stages 3-5 preva-
lence [1].

Effect of traditional risk factors and non-traditional risk factors on mean
prevalence of chronic kidney disease (CKD) stages 3-5 in low- and middle-
income countries (LMICs) in Asia

In 69 of 110 studies, the meta-analysis of CKD prevalence and covariates were analyzed. CKD

was significantly associated with 10 traditional risk factors: elderly population (OR = 3.79),
obese (OR = 1.33), hypertension (OR = 2.55), diabetes (OR = 2.25), hypertriglyceridemia
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%
Author Year  Populations ES (95% Cl) Weight
Aekplakom et al. 2021 17329 * T 8.17(7.76, 8.58) 0.86
Alam et al. 2014 350 | —— 16.57 (12.83, 20.89) 0.84
Anand et al. 2014 357 1 —— 26.33 (21.83, 31.22) 0.84
Anand et al. 2017 5294 -> 10.80 (9.98, 11.67) 0.86
Anupama et al. 2014 2091 L 4 i 6.26 (5.26, 7.39 0.86
Anupama et al. 2017 1331 > 1 2.63 (1.84, 3. 0.86
Bahadoran et al. 2016 3462 1 - 17.91 (16.64, 19.23) 0.86
Bragg-Gresham et al. 2020 2002 * 2.00 (1.43, 2.7 0.86
Caoetal. 2013 538 | e 16.17 (13.16, 19.56) 0.85
Chenetal. 2008 6101 ¢ 1 3.20(2.77, 3.67) 0.86
Chen et al. 2011 1289 > 1 2.09 (1.38, 3.03) 0.85
Das etal. 2019 218888 * 30.93 (30.74, 31.13) 0.86
Dhimal et al. 2019 13200 * I 6.00 (5.60, 6.42) 0.86
Ding et al. 2012 512 1 —_—— 35.74 (31.59, 40.06) 0.85
Domrongkitchaiporn et al. 2004 3499 R d 1.69 (1.29, 2.17) 0.86
Duetal 2017 3091379 * ! 0.85(0.84, 0.86) 0.86
Duan et al. 2019 23869 * 1 2.66 (2.46, 2.87) 0.86
Fanetal. 2013 4473 * 1 0.94 (0.68, 1.27) 0.86
Farag et al. 2020 1184 e 32.18 (29.52, 34.92) 0.85
Farhadnejad et al. 2019 1797 | = 14.08 (12.50, 15.77) 0.86
Fatema et al. 2013 634 - 5.99 (4.28, 8.13) 0.85
Fengetal. 2019 868 —— 11.75 (9.68, 14.08) 0.85
Feng etal. 2019 685 -> 4 2.92 (1.79, 4.47) 0.85
Feng etal. 2019 796 1 47.99 (44.47,5153) 085
Gallieni et al. 2013 1526 - 1 4.19 (3.24, 5.32) 0.86
Guo etal. 2017 21723 I’ 12.70 (12.26, 13.15) 0.86
Han et al. 2019 966 61.39 (58.23, 64.47) 0.85
Hasan et al. 2012 1240 | 13.87 (11 o 15.92] 0.85
Heetal. 2015 123629 * 1 1.23 (1.1 29) 0.86
Herath et al 2019 7768 * 10.57 (9 89 11 .27) 0.86
Hong et al. 2015 41131 * 2 2.56 5 72) 0.86
Hooi et al. 2013 876 ——i 9.02(7.. 20 11 11) 0.85
Hosseinpanah et al. 2009 10063 1 L 18.85 (18.09, 19.63) 0.86
Huda et al 2012 1000 —— 13.10(11.07, 15.35) 0.85
Hussain et al. 2019 323 I —_—— 34.37 (29.20, 39.82) 0.84
Imran et al. 2015 293 1 —_—— 25.60 (20.70, 31.00) 0.84
Ingsathit et al. 2009 3459 1 - 17.49 (16 24, 18 80) 0.86
Itoetal. 2008 8505 ¢ 3.06 (2.7 0.86
Jafar etal. 2005 262 1 —— 29.77 (24. 30 35 71) 0.83
Jessani et al. 2014 2873 - 12.50(11.31,13.76)  0.86
Jietal. 2017 1586 <> 1 2.14 (1.49, 2.95) 0.86
Jietal. 2019 34588 * 3.98 (3.78, 4.19) 0.86
Jiang et al. 2011 4944 1 - 20.89 (19.77, 22.05) 0.86
Kaewput et al. 2019 9776 L > 31.15 (30.23, 32.08) 0.86
Khajehdehi et al. 2014 9404 * 11.48 (10.85, 12.15) 0.86
Khanam et al. 2016 1317 . 13.90 (12.07, 15.88) 0.86
Kitiyakara et al. 2012 5526 ] 12.11(11.26, 13.00) 0.86
Kitiyakara et al. 2020 3334 1 - 27.47 (25.96, 29.02) 0.86
Leetal. 2020 467 —— 7.49 (5.28, 10. 0.85
Lietal. 2014 1724 I - 17.75 (15.97, 19.64) 0.86
Lietal. 2021 47204 1 & 13.37 (13.07, 13.68) 0.86
Liang et al. 2021 47086 * 10.56 (10.28, 10.84) 0.86
Lin etal. 2017 250752 * ~ 2.10 (2.04, 2.16, 0.86
Liuetal. 2013 1268 1 —— 18.14 (16.05, 20.37) 0.85
Liu et al. 2013 2232 1 - 19.49 (17.86, 21.19) 0.86
Liuetal. 2016 26655 * 6.90 (6.60, 7.21) 0.86
Liuetal. 2020 1434 - 8.79 (7.37, 10.37) 0.86
Luetal. 2016 239832 * ! 1.88 (1.83, 1.94) 0.86
Luk et al. 2015 692 -r‘— 12.28 (9.93, 14.96) 0.85
Luk et al. 2015 3364 - 35.94 (34.32, 37.59) 0.86
Luk et al. 2015 3714 I 39.85 (38.27, 41.44) 0.86
Luk et al. 2015 3415 * 1 2.93 (2.39, 3.55) 0.86
Lvetal. 2020 6267 * 1 5.82(5.26, 6.43) 0.86
Mahapatra et al. 2016 1104 -> 4.44 (3.30, 5.83) 0.85
Mahdavi-Mazdeh et al. 2010 31999 * 1 6.41 (6.14, 6.68) 0.86
Mohanty et al. 2020 2978 - 11.01 (9. 91 12.19) 0.86
Naghibi et al. 2015 1285 - 5.06 (3.93, 6.40) 0.85
Najafi et al. 2010 3591 Y ! 4.59 (3.93, 5.33 0.86
Nampoothiri et al. 2019 100 —— | 3.00 (0.62, 8.5 0.79
Nand et al. 2015 300 1 —_—— 32.33 (27.07, 37.95) 0.84
Naseem et al. 2017 772 —— 7.64 (5.87,9.75) 0.85
Ong-ajyooth et al. 2009 3117 - ! 8.89(7.91,9.94) 0.86
Pan etal. 2014 47204 1 2.50 (2.36, 2.64) 0.86
Pan etal. 2015 7588 * 1 9.49 (8.84, 10.17) 0.86
Perkovic et al. 2007 5146 -> 13.82 (12 88 14 79) 0.86
Pongpirul et al 2017 5552 * I 1.73 (1.40, 0.86
Prodjosudiadi et al. 2009 9412 * 750 (6.98, 5.05) 0.86
Qiuetal. 2019 33300 * 1 2.79 (2.62, 2.9 0.86
Rahim et al. 2017 400 54.50 (49.48, 59.46) 0.84
Raietal. 2019 103 —_—— 6.80 (2.78, 13.50) 0.79
Rai et al. 2019 198 | —— 17.17 (12.19, 23.16) 0.82
Rajput et al. 2017 3000 e 23.93 (22.42. 25.50) 0.86
Ruwanpathirana et al. 2019 4803 E3 I 4.21(3.66, 4.81) 0.86
Saber et al. 2017 988 1 —— 30.87 (28.00, 33.86) 0.85
Sahin et al. 2009 1079 - 1 5.75 (4.43, 7 31) 0.85
Satirapoj et al. 2013 15357 3 7. 0.86
Sepanlou et al. 2017 11409 ! 4 23.70 (22 92 24 49) 0.86
Shan et al. 2009 3981 > 10.50 (9.56, 11.49) ) 0.86
Sharma et al. 2013 1000 4= 1 6.30 (4.87, 7.99) 0.85
Sharma et al. 2010 1999 - 7.10 (6.02, 8.32) 0.86
Sharma et al. 2010 997 [ 13.04 (11.01, 15.29) 0.85
Sharma et al. 2010 8398 * 1, 7.00 (6.46, 7.57) 0.86
Shen et al. 2019 1627 - 12.42(10.85, 14.12) 0.86
Shietal. 2019 8429 * 11.96 (11.27, 12.67) 0.86
Shietal. 2020 11694 * I 2.11(1.86, 2.39) 0.86
Singh et al. 2009 5252 * 1 4.21(3.68, 4.79) 0.86
Singh et al. 2013 5588 -> 17.20(16.22,1821)  0.86
Song et al. 2019 3279 & I 4.88 (4.17, 5.67) 0.86
Sun etal. 2017 1401 - 8.57 (7.15, 10.15) 0.86
Tatapudi et al. 2019 2210 1 - 18.24 (16.65, 19.91) 0.86
Trivedi et al. 2016 2350 - 2094 (19.31,2264)  0.86
Varma et al. 2010 2595 ¢ 1 2.31(1.77,2.97) 0.86
Varma et al. 2010 1920 <> 1 0.68 (0.36, 1.16, 0.86
Wang et al. 2015 8659 * 11.50 (10.84, 12 19) 0.86
Wang et al. 2015 2379 * B 1.47 (1.03, 2.04) 0.86
Wang et al. 2018 46949 ¢ 1 2.70 (2.56, 2.85) 0.86
Wen et al. 2017 48054 * i 3.70(3.53, 3.87, 0.86
Xuetal. 2020 2004 - 7.29 (6.19, 8.51) 0.86
Yang etal. 2021 36077 ! * 15.39 (15.02, 15.77) 0.86
Yang et al. 2015 1115 1 — 23.14 (20.69, 25.73) 0.85
Yang et al 2019 4221 * 1 4.38 (3.79, 5.04) 0.86
Yang et al. 2019 4242 - 25.01(23.71,26.34)  0.86
Yuzbashian et al. 2015 2382 I = 16.41 (14.95, 17.96) 0.86
Zaman etal. 2018 3748 1 - 24.71(23.33, 26.12) 0.86
Zhang et al. 2019 1025 1 — 22.34 (19 83, 25.02) 0.85
Zhang et al 2020 11280 Y 2. 55( 2 0.86
Zhang 2020 361 1 —— 34.0 0.84
Overall (I"2 99.96%, p = 0.00) <> 11.15 (9.28. 13.19) 100.00
1
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Fig 2. Prevalence of chronic kidney disease (CKD) stages 3-5 in low- and middle- income countries (LMICs) in

Asia using a random-effects model.
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%
Author Year  Populations ES (95% CI) Weight
Southeast Asia f
Aekplakorn et al. 2021 17329 L3 817(7.76,858) 086
Domrongkitchaiporn et al. 2004 3499 k3 ! 169 (1.29, 2.17) 086
Hooi et al. 2013 876 - 9.02(7.20,11.11) 085
Ingsathit et al. 2009 3459 - 1 - ;70,;9( 2(1?0 2;, g 80) g,gg
tal. 2008 8505 , 3. X
Kaewput et al. 2019 9776 1 -> 3115 (30.23, 32.08) 086
Kitiyakara et al. 2012 5526 - 12.11(11.26, 13.00) 086
Kitiyakara et al. 2020 3334 - - 374;7( .’52258 9?02297 ?2) g gg
Leetal. 2020 467 X ¥
Luketal 2015 692 —_—— 12.28(9.93, 14.96) 085
Luketal. 2015 3364 - 35.94 (34.32, 37.59) 086
Ong-ajyooth et al 2009 3117 - 889(7.91,9.94) 086
Perkovic et al. 2007 5146 1 * 13.82 (12.88, 14.79) 086
Pongpirul et al 2017 5552 3 1 1.73(1.40,2.11) 086
Prodjosudjadi et al. 2009 9412 7.50 (6.98, 8.05) 086
Satirapoj et al 2013 15357 1 7.34 (693, 7.76) 086
man et al. 2018 3748 - 24.71(23.33, 26.12) 0.86
Sublotal (1"2 =99.80%, p = 0.00) ¢ 11.95(7.71, 16.95) 14.58
South Asia 1
Alam etal. 2014 350 | —— 16.57 (12.83, 20.89) 084
Anand etal. 2014 357 —— 26.33 (2183, 3122) 084
Anand et al. 2017 5294 > 10.80 (9.98, 11.67) 0.86
Anupama et al. 2014 2091 -> 1 6.26 (5.26, 7.39) 086
Anupama et al. 2017 1331 > . 263(1.84, 3.64) 0.86
Bragg-Gresham et al. 2020 2002 ¢ 200 (143, 271) 086
Dasetal 2019 218888 1 3 30.93(30.74, 31.13) 086
Dhimal et al 2019 13200 & 1 6.00 (5.60, 6.42) 0.86
Farag etal. 2020 1184 —— 32.18 (2952, 34.92) 085
Fatema etal. 2013 634 - 599 (4.28, 8.13) oz
Feng etal 2019 868 —— 11.75 (9.68, 14.08)
Feng etal. 2019 685 - 2 292(1.79, 4.47) 085
Feng etal. 2019 7% 1 47.99 (44.47, 5153) 085
Gallieni et al. 2013 1526 -> 1 4.19(3.24, 5.32) 086
Hasan etal. 2012 1240 | - 13.87 (11.99, 15.92) 085
Herath etal. 2019 7768 < 10.57(9.89, 11.27) 086
Huda et al 2012 1000 —— 13.10 (11.07, 15.35) 085
Hussain et al. 2019 323 1 —_—— 34.37 (29.20, 39.82) 084
Imran etal. 2015 293 —— 25,60 (20.70, 31.00) 084
Jafar et al. 2005 262 1 e — 29.77 (24.30, 35.71) 083
Jessani et al. 2014 2873 = 12.50 (1131, 13.76) 086
Khanam etal 2016 1317 e 13.90 (12.07, 15.88) 086
Luketal. 2015 3714 - 39.85(38.27, 41.44) 086
Mahapatra et al. 2016 1104 E | 4.4 (3.30, 5.83) 085
Mohanty et al. 2020 2978 - 11.01(9.91,12.19) 086
Nampoothiri et al 2019 100 —_— 3.00 (062, 852) 079
Nand et al. 2015 300 1 —— 32.33(27.07, 37.95) 084
Ranmotal o 4w ol oo sad 08
Rahim etal !
Raietal 2019 103 —_—— 6.80 (278, 13.50) 079
Raietal. 2019 198 | m—— 17.17 (12.19, 23.16) 082
Rajput etal 2017 3000 I - 23.93 (2242, 25.50) 086
Ruwanpathirana et al. 2019 4803 * 421(3.66, 4.81) 086
Sharma et al. 2013 1000 - | 6.30 (4.87,7.99) 085
Sranetal 200 G * 151685 4% 08
ingh et al , 4. ¥
Singh etal 2013 5588 1 - 17.20(16.22, 1821) 086
Tatapudi et al. 2019 2210 1 - 18.24 (16,65, 19.91) 086
Trivedi etal. 2016 2350 i - 20.94 (19.31, 2264) 086
Varma et al. 2010 2595 S 231(1.77,297) 086
Varma etal. 2010 1920 3 1 068 (0.36, 1.16) 086
Subtotal (1"2 =99.84%, p = 0.00) -_— 13.51(9.54, 18.05) 3482
Western Asia 1
Bahadoran et al. 2016 3462 1 - 17.91(16.64, 19.23) 0.86
Farhadnejad et al 2019 1797 - 14.08 (1250, 15.77) 086
Hosseinpanah et al. 2000 10063 ! <+ 18.85(18.09, 19.63) 086
Khajehdehi et al 2014 9404 03 11.48 (1085, 12.15) 086
Mahdavi-Mazdeh et al. 2010 31999 & 6.41(6.14,6.68) 086
Naghibi et al. 2015 1285 5 5.06 (3.93, 6.40) 085
Najafi etal 2010 3501 & 1 459(3.93, 5.33) 086
Shneia) 0 070 > ! Sl R ]
Sepaniou et al. 2017 11409 ! - 23.70 (22.92, 24.49) 086
Yuzbashian etal. 2015 2382 |- 16.41(14.95, 17.96) 086
Subtotal (12 =99.71%, p = 0.00) —_ 13.00 (8.68, 18.25) 943
East Asia 1
Caoetal 2013 538 | —— 16.17 (13.16, 19.56) 085
Chenetal. 2008 6101 d 320(2.77, 3.67) 0.86
Chenetal 2011 1289 > ! 2,09 (138, 3.03) 085
Ding et al. 2012 12 1 ——— 35.74 (31.59, 40.06) 085
Duetal 2017 3091379 @ ' 0.85(0.84, 0.86) 086
Duan et al. 2019 23869 * 266 (2.46, 2.87) 0.86
Fanetal. 2013 4473 £ 1 0.94 (068, 1.27) 086
Guoetal 2017 21723 . 12.70 (12.26, 13.15) 086
Han etal. 2019 966 61.39 (58.23, 64.47) 085
He et al. 2015 123629 K3 1 1.23(1.17,1.29) 086
Hong et al 2015 41131 ® 1 256 (241,2.72) 086
Jietal. 2017 1586 > 214(149,298) 086
Jietal 2019 34588 ¢ ! 3.98(3.78,4.19) 086
Jiang et al. 2011 4944 1 - 20.89 (19.77, 22.05) 086
Lietal 2014 1724 \ - 17.75(15.97, 19.64) 086
Lietal 2021 47204 3 13.37(13.07, 1368) 086
Liang et al. 2021 47086 * 10.56 (10.28, 10.84) 0.86
Linetal 2017 250752 * 210 (2.04, 2.16) 086
Liuetal. 2013 1268 - 18.14 (16.05, 20.37) 085
Livetal 2013 2232 - 19.49 (17.86, 21.19) 086
Liuetal 2016 26655 6.90(6.60, 7.21) 086
Liuetal. 2020 1434 8.79(7.37,10.37) 086
Luetal 2016 239832 3 1.88(1.83, 1.94) 086
Luketal. 2015 3415 £3 1 293(239,355) 086
Lvetal 2020 6267 3 | 5.82(5.26,6.43) 086
Pan etal 2014 47204 3 250 (236, 2.64) 086
Pan etal 2015 7588 . 949 (884, 10.17) 086
Qiuetal. 2019 33300 . | 279 (262,297) 086
Shan etal. 2009 3981 -> 10.50 (9.56, 11.49) 0.86
Sharma et al. 2010 1999 > 7.10(6.02, 8.32) 0.86
Sharma et al. 2010 997 —_— 13.04 (1101, 1529) 085
Shen etal. 2019 1627 - 12.42 (1085, 14.12) 086
Shietal 2019 8429 Y 11.96 (11.27, 1267) 086
Shietal 2020 11694 . 1 211(1.86, 2.39) 086
Song et al. 2019 3279 £ 1 4.88(4.17, 5.67) 086
Sun etal 2017 1401 - 857 (7.15, 10.15) 086
Wang etal. 2015 8659 £3 11.50 (10.84, 12.19) 086
Wang etal. 2015 2379 @ 1 1.47 (1.03, 2.04) 086
Wang etal. 2018 46949 3 1 270 (2.56, 2.85) 086
iy X0 2008 e 7300615, 851 088
Xuetal. , 8. ¥
Yang etal. 2021 36077 . 15.39 (15.02, 15.77) 086
Yang et al. 2015 1115 —— 2314 (2069, 25.73) 085
Yang etal. 2019 4221 * ! 4.38(3.79, 5.04) 086
Yang etal. 2019 4242 1 - 25.01(23.71, 26.34) 086
Zhang et al. 2019 1025 ' —— 22.34(19.83, 25.02) 085
Zhang etal. 2020 11280 3 255(227,2.86) 086
Zhang etal. 2020 361 1 —— 34.07 (29.19, 39.22) 084
Sublotal (1"2 =99.94%, p = 0.00) < 864 (7.17,10.24) 4117
Heterogeneity between groups: p = 0.039 |
Overall ("2 = 99.96%, p = 0.00); <> 11.16 (9.28, 13.19) 100.00
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Fig 3. Prevalence of chronic kidney disease (CKD) stages 3-5 in low- and middle- income countries (LMICs)
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according to subregion of Asia using a random-effects model.
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%

Author Year Populations ES (95% Cl) Weight
Aekplakorn et al. 2021 17329 k-3 : 8.17 (7.76, 8.58) 1.44
Bahadoran etal. 2016 3462 i e 17.91 (16.64, 19.23) 1.43
Cao etal. 2013 538 e 16.17 (13.16, 19.56) 1.39
Chen etal. 2008 6101 < 1 3.20 (2.77, 3.67) 1.43
Chen etal. 2011 1289 & 1 2.09 (1.38, 3.03) 1.42
Ding et al. 2012 512 | —— 35.74 (31.59, 40.06) 1.39
Domrongkitchaipomn et al. 2004 3499 <& 1 1.69 (1.29, 2.17) 1.43
Duetal. 2017 3091379 < 1 0.85 (0.84, 0.86) 1.44
Duan etal. 2019 23869 ’Q 1 2.66 (2.46, 2.87) 1.44
Fanetal. 2013 4473 0.94 (0.68, 1.27) 1.43
Farhadnejad et al. 2019 1797 : - 14.08 (12.50, 15.77) 1.42
Guoetal. 2017 21723 < 12.70 (12.26, 13.15) 1.44
Han etal. 2019 966 I —— 6139 (58.23, 64.47) 1.41
He etal. 2015 123629 <& 1 1.23 (117, 1.29) 1.44
Hong etal. 2015 41131 @ 1 2.56 (2.41, 2.72) 1.44
Hooi et al. 2013 876 —— 9.02 (7.20, 11.11) 1.41
Hosseinpanah et al. 2009 10063 1 . 18.85 (18.09, 19.63) 1.44
Ingsathit et al. 2009 3459 | %= 17.49 (16.24, 18.80) 1.43
Jietal. 2017 1586 & 2.14 (1.49, 2.98) 1.42
Jietal. 2019 34588 © ! 3.98(3.78,4.19) 1.44
Jiang et al. 2011 4944 1 - 20.89 (19.77, 22.05) 1.43
Kaewput et al. 2019 9776 1 - 31.15(30.23, 32.08) 1.44
Khajehdehi et al. 2014 9404 & 11.48 (10.85, 12.15) 1.44
Kitiyakara et al. 2012 5526 1 & 12.11 (11.26, 13.00) 1.43
Kitiyakara et al. 2020 3334 1 = 27.47 (25.96, 29.02) 1.43
Lietal. 2014 1724 —— 17.75 (15.97, 19.64) 1.42
Lietal. 2021 47204 : <* 13.37 (13.07, 13.68) 1.44
Liang et al. 2021 47086 k-3 10.56 (10.28, 10.84) 1.44
Lin etal. 2017 250752 L3 : 2.10 (2.04, 2.16) 1.44
Liu etal. 2013 1268 1 —— 18.14 (16.05, 20.37) 1.42
Liu etal. 2013 2232 | == 19.49 (17.86, 21.19) 1.43
Liu etal. 2016 26655 ¢ 1 6.90 (6.60, 7.21) 1.44
Liu etal. 2020 1434 e 8.79(7.37, 10.37) 1.42
Luetal. 2016 239832 <* 1 1.88 (1.83, 1.94) 1.44
Luk etal. 2015 3415 <* | 2.93 (2.39, 3.55) 1.43
Lvetal. 2020 6267 L3 | 5.82 (5.26, 6.43) 1.43
Mahdavi-Mazdeh et al. 2010 31999 ’ 6.41(6.14, 6.68) 1.44
Naghibi et al. 2015 1285 %= ! 5.06 (3.93, 6.40) 1.42
Najafi et al. 2010 3591 <& 1 4.59 (3.93, 5.33) 1.43
Ong-ajyooth et al. 2009 3117 < 8.89 (7.91, 9.94) 1.43
Pan etal. 2014 47204 k-3 1 2.50 (2.36, 2.64) 1.44
Pan etal. 2015 7588 $ 9.49 (8.84, 10.17) 1.44
Perkovic et al. 2007 5146 | * 13.82 (12.88, 14.79) 1.43
Pongpirul et al 2017 5552 <* I 1.73 (1.40, 2.11) 1.43
Qiu et al. 2019 33300 < I 2.79 (2,62, 2.97) 1.44
Saber et al. 2017 988 —— 30.87 (28.00, 33.86) 1.41
Sahin et al. 2009 1079 > ! 5.75(4.43,7.31) 1.41
Satirapoj et al. 2013 15357 ¢! 7.34 (6.93, 7.76) 1.44
Sepanlou et al. 2017 11409 1 £ 23.70 (22.92, 24.49) 1.44
Shan et al. 2009 3981 €= 10.50 (9.56, 11.49) 1.43
Sharma et al. 2010 1999 < 7.10 (6.02, 8.32) 1.43
Shenetal. 2019 1627 1 -:- 12.42 (10.85, 14.12) 1.42
Shietal. 2019 8429 11.96 (11.27, 12.67) 1.44
Shi et al. 2020 11694 $ g 2.11(1.86, 2.39) 1.44
Song et al. 2019 3279 € ! 4.88 (4.17, 5.67) 1.43
Sun etal. 2017 1401 %= 8.57 (7.15, 10.15) 1.42
Wang etal. 2015 8659 e 11.50 (10.84, 12.19) 1.44
Wang etal. 2015 2379 < 1 1.47 (1.03, 2.04) 1.43
Wang et al. 2018 46949 < 1 2.70 (2.56, 2.85) 1.44
Wen et al. 2017 48054 < - 1 3.70 (3.53, 3.87) 1.44
Xuetal. 2020 2004 7.29(6.19, 8.51) 1.43
Yang etal. 2021 36077 ! 3 15.39 (15.02, 15.77) 1.44
Yang et al. 2015 1115 ! —— 23.14 (20.69, 25.73) 1.41
Yang etal. 2019 4221 $ | 4.38(3.79, 5.04) 1.43
Yang et al. 2019 4242 I 2 25.01 (23.71, 26.34) 1.43
Yuzbashian et al. 2015 2382 | == 16.41 (14.95, 17.96) 1.43
Zamanetal. 2018 3748 1 -~ 2471 (23.33, 26.12) 143
Zhang et al. 2019 1025 1 —— 22.34 (19.83, 25.02) 1.41
Zhang et al. 2020 11280 ® 1 2.55(2.27, 2.86) 1.44
Zhang et al. 2020 361 —e— 34.07 (29.19, 39.22) 1.36
Overall (12 =99.94%, p = 0.00) ¢ 9.82 (8.30, 11.46) 100.00
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Fig 4. Prevalence of chronic kidney disease (CKD) stages 3-5 in upper-middle income countries using a random-effects model.
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%

Author Year Populations ES (95% CI) Weight
Alam et al. 2014 350 e 16.57 (12.83,20.89) 225
Anand et al. 2014 357 : —— 26.33 (21.83,31.22) 2.26
Anand et al. 2017 5294 b ] 10.80 (9.98, 11.67) 2.29
Anupama et al. 2014 2091 - " 6.26 (5.26, 7.39) 229
Anupama et al. 2017 1331 L d 1 2.63(1.84, 3.64) 228
Bragg-Gresham etal. 2020 2002 L4 1 2.00 (1.43,2.71) 229
Das et al. 2019 218888 1 * 30.93 (30.74, 31.13) 2.29
Farag et al. 2020 1184 ! —_— 32.18 (29.52, 34.92) 2.28
Fatema et al. 2013 634 —— : 5.99 (4.28, 8.13) 227
Feng et al. 2019 868 - 11.75(9.68, 14.08) 2.28
Feng et al. 2019 685 - 1 2.92(1.79, 4.47) 227
Feng et al. 2019 796 1 47.99 (44.47,51.53) 2.28
Gallieni et al. 2013 1526 - 1 4.19 (3.24,5.32) 228
Hasan et al. 2012 1240 —— 13.87 (11.99, 15.92) 228
Herath et al. 2019 7768 * : 10.57 (9.89, 11.27) 229
Huda et al 2012 1000 -Ql— 13.10 (11.07, 15.35) 2.28
Hussain et al. 2019 323 1 —_—— 34.37 (29.20,39.82) 2.25
Imran et al. 2015 293 1 —— 25.60 (20.70, 31.00) 2.25
Ito et al. 2008 8505 * 1 3.06 (2.70, 3.45) 229
Jafar et al. 2005 262 1 —— 29.77 (24.30,35.71) 2.24
Jessani et al. 2014 2873 -OJ 12.50 (11.31,13.76) 2.29
Khanam et al. 2016 1317 -I#— 13.90 (12.07, 15.88) 2.28
Leetal. 2020 467 — | 7.49 (5.28, 10.27) 2.26
Luk et al. 2015 692 —r 12.28 (9.93,14.96) 227
Luk et al. 2015 3364 1 35.94 (34.32,37.59) 2.29
Luk et al. 2015 3714 I 39.85(38.27,41.44) 229
Mahapatra et al. 2016 1104 - ! 4.44 (3.30, 5.83) 2.28
Mohanty et al. 2020 2978 - : 11.01 (9.91,12.19) 229
Nampoothiri et al. 2019 100 —_—— ] 3.00 (0.62, 8.52) 2.16
Nand et al. 2015 300 | —_—— 32.33 (27.07,37.95) 2.25
Naseem et al. 2017 772 —— 1 7.64 (5.87,9.75) 228
Prodjosudjadi et al. 2009 9412 | 7.50 (6.98, 8.05) 2.29
Rahim et al. 2017 400 1 54.50 (49.48,59.46) 2.26
Rai et al. 2019 103 R a— 6.80 (2.78, 13.50) 217
Rai et al. 2019 198 :—-0— 17.17 (12.19, 23.16) 2.23
Rajput et al. 2017 3000 | - 23.93 (22.42,25.50) 2.29
Ruwanpathirana etal. 2019 4803 1 4.21 (3.66, 4.81) 229
Sharma et al. 2010 997 — 13.04 (11.01,15.29) 228
Singh et al. 2009 5252 L 4 1 4.21(3.68,4.79) 229
Singh et al. 2013 5588 L ) 17.20 (16.22, 18.21) 229
Tatapudi et al. 2019 2210 : - 18.24 (16.65,19.91) 229
Trivedi et al. 2016 2350 | - 20.94 (19.31,22.64) 2.29
Varma et al. 2010 2595 * 1 2.31(1.77,2.97) 229
Varma et al. 2010 1920 * 1 0.68 (0.36, 1.16) 229
Overall (12 =99.83%, p =0.00) <l 13.83 (9.93, 18.26)  100.00
I
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Fig 5. Prevalence of chronic kidney disease (CKD) stages 3-5 in lower-middle income countries using a random-effects model.

https://doi.org/10.1371/journal.pone.0264393.9005

(OR = 1.45), hypercholesterolemia (OR = 1.33), low level of high-density lipoprotein choles-
terol (OR = 1.28), history of coronary heart disease (recalculated OR using trim-and-fill analy-
sis for publication bias = 1.99), history of stroke (OR = 4.88) and history of cardiovascular
disease (OR = 2.76). Furthermore, CKD was significantly associated with five non-traditional
risk factors, including education level (OR = 2.01), hyperuricemia (OR = 2.74), anemia
(OR = 2.80), family history of CKD (OR = 2.82) and nonsteroidal anti-inflammatory drugs
(NSAIDs) use (OR = 1.97). On the contrary, this meta-analysis found the insignificant associa-
tions between CKD stages 3-5 and gender, marital status, lower body weight, dyslipidemia,
high level of low-density lipoprotein cholesterol (LDLc), smoking status, alcohol consumption,
physical activity, family history of hypertension, and CD4 cell count in HIV patients (Table 3).
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Table 2. Pooled estimate prevalence of chronic kidney disease (CKD) stages 3-5 in low- and middle-income countries (LMICs) by individual countries and in com-
parison with global mean CKD stages 3-5 prevalence 2015 [1] and study period using a random-effects model.

Countries/ Study period Number of reports Total number of populations Pooled prevalence * (95% CI®) ? p-value
Lower than global CKD stage 3-5 prevalence (<9%)
Turkey 1 1,079 5.75 (4.43-7.31) NR NR
Nepal 3 22,598 6.44 (5.67-7.25) 76.51% <0.001
Vietnam 3 9,664 7.08 (2.08-14.69) 98.00% <0.001
Indonesia 1 9,412 7.50 (6.98-8.05) NR NR
China 47 4,271,465 8.56 (7.08-10.16) 99.94% <0.001
Comparable to global CKD stage 3-5 prevalence (9-12%)
Malaysia 1 876 9.02 (7.20-11.11) NR NR
India 21 45,163 11.73 (7.36-16.96) 99.60% <0.001
Thailand 11 75,843 12.42 (7.25-18.73) 99.83% <0.001
Higher than global CKD stage 3-5 prevalence (>12%)
Mongolia 1 997 13.04 (11.01-15.29) NR NR
Iran 10 76,380 13.96 (9.19-19.53) 99.73% <0.001
Pakistan 6 5,235 14.29 (8.14-21.82) 97.52% <0.001
Sri Lanka 3 13,367 17.63 (5.35-34.99) 99.77% <0.001
Bangladesh 8 224,704 19.77 (11.62-29.44) 99.42% <0.001
Philippines 1 3,364 35.94 (34.32-37.59) NR NR
Study period
Year before 2011 49 496,636 9.49 (7.53-11.66) 99.83% <0.001
Year 2011-2021 68 4,263,511 12.44 (9.70-15.46) 99.97% <0.001

# Pooled prevalence calculated using random-effect model;
959 confidence interval;

NR, not reported;

https://doi.org/10.1371/journal.pone.0264393.t002

Sensitivity analyses

Because the included studies were found to be the high or moderate quality, sensitivity analysis
was not performed as planned. The mean prevalence of CKD stages 3-5 was 11.0% in high-
quality studies and 11.4% in moderate-quality studies. The estimated prevalence of CKD stages
3-5 by study designs was 8.2% for a cohort study and 11.4% for a cross-sectional study. The
mean prevalence of CKD stages 3-5 by methods for measurement of eGFR was 19.7% for CG,
10.3% for eMDRD; s, 10.9% for CKD-EPI and 12.3% for MDRD g5. CKD stage 3-5 preva-
lence was higher in the studies with high proportions of hypertensive patients in the study pop-
ulations (14.1%) than those with low proportions (9.4%). Similarly, the prevalence of CKD
stage 3-5 in the studies with high proportions of diabetic patients in study populations

(14.1%) was higher than those with low proportions (6.4%) (P > 0.05; Table 4).

Discussion

CKD was rated as the 16™ highest cause for loss of life in the year 2017 [28], leading to poor
health quality and very high costs of medical care [29]. Most people with CKD in stages 3-5
were undiagnosed and presented to seek care in the last stage [30]. This is the first systematic
review and meta-analysis to assess the prevalence of CKD stages 3-5 and its associated risk fac-
tors in LMICs in Asia. The present study found that the current prevalence of CKD stages 3-5
in LMICs in Asia is 11.2% (95% CI; 9.3-13.2%), comprising 117 populations in LMICs across
Asia. High CKD prevalence could lead to high treatment costs and a great macroeconomic
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Table 3. Pooled estimate odd ratio and meta-regression: The effect of traditional risk factors and non-traditional risk factors on prevalence of chronic kidney dis-
ease (CKD) stage 3-5 in low- and middle-income countries (LMICs) in Asia.

Risk factors Number of Total number of Pooled OR® (95% | IZ, p-value Univariable meta- regression by study
reports populations cr®) design (p-value)

Traditional risk factors

Elderly (age >60 years or <60 years) 12 78,831 3.79 (2.02-7.13) 99.50%, 0.922
<0.001

Male 57 3,725,926 0.88 (0.71-1.09) 99.10%,0.234 0.751

Obese (BMI >25 or 18-25 kg/m?) 29 3,373,809 133 (1.15-1.53) 94.60%, 0.258
<0.001

Lower weight (BMI <18 or 18-25 kg/mz) 16 200,483 1.00 (0.77-1.28) | 85.90%, 0.975 0.523

Hypertension (yes or no) 49 3,816,788 2.55 (2.00-3.25) 99.20%, 0.881
<0.001

Diabetes (yes or no) 40 3,754,121 2.25(1.63-3.12) 99.20%, 0.833
<0.001

Dyslipidemia (yes or no) 10 111,060 1.91 (0.79-4.62) | 99.60%, 0.149 0.607

Hypertriglyceridemia (yes or no) 8 324,667 1.45 (1.24-1.71) | 89.0%, <0.001 NR

Hypercholesterolemia (yes or no) 6 315,127 1.33 (1.03-1.72) | 88.40%, 0.03 NR

High LDLc (yes or no) 6 346,250 2.06 (0.54-7.93) | 99.50%, 0.293 NR

Low HDLc (yes or no) 7 297,740 1.28 (1.06-1.55) 86.8%, 0.009 0.650

History of CHD (yes or no) 10 156,885 1.99 (1.18-3.35)¢ -,0.01¢ 0.955

History of stroke (yes or no) 4 78,983 4.88 (2.23-10.69) 88.60%, NR
<0.001

History of CVD (yes or no) 6 124,508 2.76 (2.25-3.38) 69.20%, 0.511
<0.001

Non-traditional risk factors

Education (< high school or > high 18 452,300 2.01 (1.33-3.02) | 99.20%, 0.001 0.342

school)

Marital status (being unmarried or 4 48,193 1.60 (0.87-2.97) | 96.10%, 0.134 0.875

married)

Hyperuricemia (yes or no) 14 250,620 2.74 (1.40-5.36) | 99.60%, 0.003 0.552

Anemia (yes or no) 3 43,714 2.80 (2.55-3.08) 0%, <0.001 0.486

Smoking status (current smoker or non- 32 583,337 0.83 (0.54-1.28) | 99.40%, 0.398 0.960

smoker)

Alcohol consumption (current drinker or 19 498,173 0.83 (0.56-1.24) | 98.60%, 0.365 0.207

non-drinker)

Family history of HT (yes or no) 3 6,842 2.23 (0.56-8.81) | 94.90%, 0.254 NR

Family history of CKD (yes or no) 2 6,128 2.82 (1.73-4.59) 0%, <0.001 NR

Physical activity (inactive or active) 8 160,248 1.57 (0.97-2.53) | 99.10%, 0.064 NR

NSAIDs use (yes or no) 4 70,661 1.97 (1.48-2.61) 56.60%, NR
<0.001

CD4 cell count® (>200 or <200 cells/ml) 2 6,090 1.08 (0.74-1.58) | 41.10%, 0.679 NR

* OR calculated using random-effect model;

959 confidence interval,

© CD4 cell count only in HIV patients;

4 the recalculated OR using trim-and-fill analysis with twelve adjusted studies;

CKD, chronic kidney disease; BMI, body mass index; CHD, coronary heart disease; CVD, cardiovascular disease; LDLc, low-density lipoprotein cholesterol; HDLc,

high-density lipoprotein cholesterol; HT, hypertension; NSAIDs, non-steroidal anti-inflammatory drugs; NR, not reported;

https://doi.org/10.1371/journal.pone.0264393.t003
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Table 4. Subgroup analysis of the pooled prevalence of CKD stage 3-5 in low- and middle-income countries in Asia.

Subgroup Pooled prevalence (95% CI) %, p-value p-value for difference
Geographical subregion in Asia
East Asia 8.64 (7.17-10.24) 99.94%, <0.001 0.039
Southeast Asia 11.95 (7.71-16.95) 99.80%, <0.001
Western Asia 13.09 (8.68-18.25) 99.71%, <0.001
South Asia 13.51 (9.54-18.05) 99.84%, <0.001
Economic group (classified by the World Bank)
Upper-middle income countries 9.82 (8.30-11.46) 99.94%, <0.001 <0.001
Lower-middle income countries 13.83 9.93-18.26) 99.83%, <0.001
Low income countries 6.44 (5.67-7.25) N/A, <0.001
Study design
Cross-sectional study 11.42 (9.45-13.55) 99.97%, <0.001 0.378
Cohort study 8.24 (3.06-15.61) 99.82%, <0.001
Methods for measurement of eGFR
CKD-EPI 10.87 (7.76-14.43) 99.98%, <0.001 <0.001
MDRD g6 12.27 (9.33-15.55) 99.66%, <0.001
eMDRD 55 10.33 (7.70-13.30) 99.88%, <0.001
Cockeroft-Gault 19.69 (16.14-23.49) N/A, <0.001
Not reported 10.20 (6.63-14.43) 99.31%, <0.001
Quality of study
High-quality study 10.98 (8.24-14.07) 99.96%, <0.001 0.836
Moderate-quality study 11.37 (9.24-13.70) 99.92%, <0.001
Gender of study populations
Male 9.09 (7.08-11.31) 99.87%, <0.001 0.563
Female 9.98 (7.94-12.23) 99.84%, <0.001
Proportions of hypertension patients in study populations
< 36.9% 9.37 (7.63-11.27) 99.92%, <0.001 0.055
> 36.9% 14.07 (10.72-17.79) 99.88%, <0.001
Not reported 10.48 (3.95-19.64) 99.98%, <0.001
Proportions of diabetes patients in study populations
<8.1% 6.41 (4.82-8.21) 99.91%, <0.001 <0.001

> 8.1%

14.11 (11.65-16.77)

99.86%, <0.001

Not reported

10.95 (5.11-18.64)

99.98%, <0.001

* estimated prevalence calculated using random-effect models; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; EPI, epidemiology

collaboration equation; MDRD g6, Modification of Diet in Renal Disease Study with constant factor of 186; eMDRD) s, estimated Modification of Diet in Renal Disease

Study with constant factor of 175

https://doi.org/10.1371/journal.pone.0264393.1004

burden [31]. Although, CKD commonly affects patients and families with insufficient

resources [32], there are limited studies on the burden of CKD, especially in LMICs in Asia.
The estimated prevalence of CKD stages 3-5 in LMICs in Asia was found in this study
resembles the global CKD stages 3-5 prevalence of 10.6% [1], and approximately 1 in every 10
people was affected by CKD (range from 0.7% to 61.4%). The prevalence of CKD stages 3-5
reported in this study was higher in south Asia (13.5%) and western Asia (13.1%) than those in
south-east Asia (12.0%) and east Asia (8.6%). There was no relevant study from central Asia
included in this meta-analysis. According to this study’s findings, the global prevalence of
CKD stages 3-5 [1] is comparable to that reported in Thailand, India and Malaysia. The preva-
lence of CKD stages 3-5 in six countries (Philippines, Sri Lanka, Pakistan, Iran, Bangladesh
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and Mongolia) is higher than the global prevalence [1]. Conversely, lower levels of prevalence
are observed in China, Indonesia, Vietnam, Nepal and Turkey, when compared with the global
prevalence of CKD stages 3-5 [1]. Furthermore, this study found a wide range of estimated
prevalence of CKD stages 3-5, which might be due to the different number of participants and
high heterogeneity of their characteristics, in which Tau® 0.12 and I” 99.96% indicate high het-
erogeneity. Variations in CKD prevalence estimates appear to depend on many factors, such
as target population, sample size and participation rate [3, 4, 33, 34]. The rising trend of global
burden of CKD was reported from 1990 to 2019 due to hypertension [35]. This study found
that the prevalence of CKD stages 3-5 in year 2011-2021 (12.4%) was higher than the years
before 2011 (9.5%) in LMICs in Asia. Although CKD stage 3-5 prevalence in the year 2011-
2021 was determined from larger populations (4.2 million in 68 reports) than the year before
2011 (0.5 million in 49 reports). The CKD stages 3-5 prevalence seemed to be higher using CG
than MDRD g, CKD-EPI and eMDRD; ;5. The differences in CKD stages 3-5 prevalence
across studies in LMIC groups might be influenced by inadequately characterised data for
CKD stage 3-5, disorganized data collection methods, inconsistent methods to identify kidney
dysfunction, and used of different creatinine-based eGFR equations [4, 36, 37]. When coun-
tries with different economic classifications were compared, the prevalence of CKD stages 3-5
in lower-middle income countries was higher than upper-middle income countries. However,
the comparison of the CKD stages 3-5 prevalence in low-income country and other groups
must be interpreted carefully because CKD prevalence was available from only three studies.
In LMICs, the country’s economy might affect the CKD stages 3-5 prevalence estimation due
to differences in accessibility and quality of the CKD screening program from different health
care systems when compared with high-income countries [3, 4, 33]. Previous studies have
shown that individuals with a lower income were more likely to present CKD progression,
which may be due to an inadequate diet, unhealthy lifestyle and poor access to health informa-
tion and quality healthcare services [5, 38-40].

In addition, this study found 15 risk factors (10 traditional and five non-traditional risk
factors) that are significantly associated with CKD stages 3-5 in LMICs in Asia. People had
an increased risk of CKD stages 3-5 if they were elderly, had less than high school education,
suffered from obesity, hypertension, diabetes, hypertriglyceridemia, hypercholesterolaemia,
low levels of HDLc, hyperuricaemia, anemia, history of CHD, history of stroke, history of
CVD, family history of CKD, and NSAIDs medication use. Previous studies that identified
major risk factors for CKD included only the factors of age, education, obesity, diabetes,
hypertension, stroke, hyperuricaemia and a family history of CKD (3, 5, 41-47]. Individuals
with obesity and unhealthy metabolic syndrome had a high risk of CKD [46, 48]. In particu-
lar, this study found an association between non-traditional risk factors unrelated to diabe-
tes, hypertension or the other traditional causes of CKD and uncertain etiology (CKDu). In
this meta-analysis study, five risk factors were found to be significantly associated with
CKDu, including education lower than high school, hyperuricemia, anemia, history of CKD
among family members and NSAIDs medication use. In addition, there were two individual
studies reported other CKDu risk factors, such as environmental factors (home location in
the Indonesia study) [49] and occupational factors (agriculture in the Sri Lanka study) [50].
Thus, CKD is associated with a plurality of risk factors in traditional risk factors and non-
traditional risk factors, in which a few studies were conducted. Similarly, previous systematic
reviews reported that CKD non-traditional etiology (CKDnT) or CKD of uncertain (CKDu)
was associated with the parent history of CKD and farmers exposed to agrochemicals, heavy
metals, hard water, dehydration and heat-stress [51, 52]. Besides, there was significant asso-
ciation between NSAIDs medication use and CKD pooled from four cross-sectional surveys
(three studies reported a significant association and one study reported an insignificant
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association), similarly to the previous meta-analysis reported that high-dose NSAID medica-
tion exposure would increase the risk of CKD [10]. Also, further research is required to
explain the association between NSAIDs exposure and CKD stage 3-5. On the other hand,
this meta-analysis reported no significant statistical association between CKD stages 3-5
and some risk factors, including gender, dyslipidemia, high LDLc level, smoking status, alco-
hol consumption and physical activity. Conversely, most studies found gender and smoking
to be independent risk factors for CKD stages 3-5 [3, 41, 46, 53]. Two previous meta-analy-
ses reported that gender and alcohol consumption were not associated with CKD [54, 55].
Besides, the insignificant association between CKD and dyslipidemia, low LDLc level and
physical activity were pooled amongst the diversely individual study results. The meta-
regression in this study showed no statistical effect of different study designs on associated
risk factors and CKD. Some risk factors were analyzed using a small number of studies (<10
studies), including marital status, hypertriglyceridemia, hypercholesterolaemia, high LDLc,
low HDLc, anemia, history of stroke, history of CVD, family history of CKD, family history
of HT, physical activity, NSAIDs use, and CD4 cell count in HIV patients. Most studies were
cross-sectional prevalence surveys in various targeted-populations and did not aim to deter-
mine the disease-related risk factors.

This meta-analysis consisted of individual studies with residual confounding and undeter-
mined sources of bias. Unfortunately, these publication biases were difficult to quantify [3].
However, this study attempted to minimise the risk of bias with various methods [56]. This
systematic review considered studies with a broad publication date and included articles that
were published in more than one language (English and Thai) [57]. We also included unpub-
lished literature identified from manual searches and conferences. All study selection processes
were independently investigated by two reviewers. Observational studies were included
through a homogeneous protocol regarding the identification of CKD stage 3-5 using Scr or
eGEFR for kidney function estimations [58]. Duplicate publications were excluded by reaching
a consensus between two reviewers according to the criteria for comparing reports. The pooled
prevalence identified in this study was estimated from studies with moderate to high quality.
No discovered publication bias distorted the result of the estimated prevalence of CKD by the
funnel plot and Egger’s test [59].

This study dealt with several limitations. First, the language of publications was restricted to
only English and Thai, although grey literature and studies from relevant conferences were
included. Second, there was high heterogeneity in the estimated prevalence across populations
of different sizes due to differences in individual study criteria, including variations in the
methods used to measure eGFR and the disparities of targeted-population, as well as the differ-
ence of national policies of each country, political commitment that drives Universal Health
Coverage where access to health care is high, healthcare and information systems with limited
resources to address the findings of chronic kidney disease prevalence. However, the author
did make an effort to robust the included study quality by using NOS quality assessments and
they were found to be moderate or high quality. In conclusion, this meta-analysis presented
the current epidemiology of CKD stages 3-5 in LMICs in Asia. The findings of this meta-anal-
ysis might be of use in CKD diagnostics and aetiology research. In addition, the results might
be used in future strategy planning to improve early detection, slow the progression and pre-
vent CKD stages 3-5 in LMICs in Asia.

Conclusion

This meta-analysis reported a prevalence of CKD stages 3-5 of 11.2% in LMICs in Asia, with
the highest prevalence of 13.5% observed in countries in south Asia and the lowest prevalence
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of 8.6% among countries in east Asia. The estimated prevalence of CKD stages 3-5 in LMICs
in Asia varied among individual countries and subregions.
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