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ABSTRACT

Background. Chronic kidney disease (CKD) is a significant contributor to global morbidity and mortality. This study investigated
disparities in age, sex and socio-economic status in CKD and updated global prevalence estimates through systematic review and
meta-analysis.

Methods. Five databases were searched from 2014 to 2022, with 14 871 articles screened, 119 papers included and data analysed on
29 159 948 participants. Random effects meta-analyses were conducted to determine overall prevalence, prevalence of stages 3-5 and
prevalence in males and females. Influences of age, sex and socio-economic status were assessed in subgroup analyses and risk of
bias assessment and meta-regressions were conducted to explore heterogeneity.

Results. The overall prevalence of CKD was 13.0% [95% confidence interval (CI) 11.3-14.8] and 6.6% (95% CI 5.6-7.8) for stages 3-5. The
prevalence was higher in studies of older populations (19.3% for stages 1-5, 15.0% for stages 3-5) and meta-regression demonstrated an
association of age, body mass index, diabetes and hypertension with prevalence of stages 3-5. The prevalence of CKD stages 1-5 was
similar in males and females (13.1% versus 13.2%), but the prevalence of stages 3-5 was higher in females (6.4% versus 7.5%). Overall
prevalence was 11.4%, 15.0% and 10.8% in low-, middle- and high-income countries, respectively; for stages 3-5, prevalence was 4.0%,
6.7% and 6.8%, respectively. Included studies were at moderate-high risk of bias in the majority of cases (92%) and heterogeneity was
high.

Conclusion. This study provides a comprehensive assessment of CKD prevalence, highlighting important disparities related to age,
sex and socio-economic status. Future research should focus on targeted screening and treatment approaches, improving access to
care and more effective data monitoring, particularly in low- and middle-income countries.
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NEFHROLOGY DIALYSIS

Focus of study was to investigate
disparities in age, sex and
socio-economic status in CKD
global prevalence estimates
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disparities by age, sex and socio-economic status.

KEY LEARNING POINTS

What was known:

e The burden of CKD is increasing.

This study adds:

e This is the largest systematic review of CKD prevalence.

Potential impact:

standing what is driving these differences.

instrumental in driving positive changes in global health.

e Concerns about disparities in age, sex and socio-economic status exist.
¢ A clearer understanding of these elements is crucial for targeted research and interventions.

e Females and older age groups had a higher prevalence, with disparities across countries of differing socio-economic status.
e Compared with a previous systematic review, this study has a greater number of participants, with most included studies using
the Chronic Kidney Disease Epidemiology Collaboration estimate.

e Demonstration of significant disparities in age, sex and socio-economic status should encourage further research into under-

e Research that considers these elements along with examining important outcomes such as mortality and quality of life will be

INTRODUCTION

Chronic kidney disease (CKD) is a significant contributor to the
healthcare burden globally. The Global Burden of Disease Study
(2017) demonstrated a CKD prevalence of 9.1%, accounting for
35.8 million disability-adjusted life years (DALYs), with all-age
mortality increasing by 41.5% from 1990 to 2017 and much of the
burden concentrated in areas of lower socio-economic status [1].
Research shows healthcare costs of cardio-renal events are higher
than those for atherosclerotic events and that CKD costs in excess

of $114 billion in the USA and £1.45 billion in the UK annually
[2,3].

Age, sex and socio-economic status are considered influential
in the development, progression and outcomes of CKD. Age is a
well-established risk factor for developing CKD, but understand-
ing the extent of the burden associated with an ageing population
is crucial for effective screening and management. The influence
of sex is less clear, with research indicating a higher prevalence
of CKD in females but a greater prevalence of end-stage kidney
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disease (ESKD) in males. Defining whether this is reflected glob-
ally is important to further understand gender gaps in CKD care.
Lower socio-economic countries are also thought to have a greater
burden of CKD, although there are challenges in assessing this due
to limited access to data sources. Obtaining a comprehensive un-
derstanding of prevalence in countries of varying economic status
would provide valuable insights into the level of work needed to
bridge any disparities that exist.

The aim of this study was to update systematic review data
[4] to determine current global prevalence estimates for CKD. A
primary focus was to examine disparities associated with CKD,
focusing on age, sex and socio-economic status. A better under-
standing of these factors will play a crucial role in guiding health-
care professionals, policymakers and the public in identifying pri-
orities for intervention and research. By focusing efforts in these
areas, the overall burden imposed by CKD can be reduced and the
quality of life of patients can be improved.

MATERIALS AND METHODS

This study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [5]. The protocol was registered on PROSPERO
(CRD42022311032) [6].

Searches were carried out using MEDLINE, PubMed, Embase,
Cochrane Controlled Register of Trials (CENTRAL), CINAHL and
Web of Science, with search strategy developed with the assis-
tance of a librarian. The search was carried out on 28 September
2022, limited to studies published since 2014 to avoid duplicat-
ing papers in a previous systematic review [4]. The search strat-
egy consisted of free-text words and Medical Subject Headings
terms (Supplementary Table S1). References of associated sys-
tematic reviews and included studies were searched, along with
grey literature. Contact was made with authors if there was diffi-
culty sourcing the full text or if details required clarification. Ref-
erences were screened using title and abstract by three review-
ers (R.D, O.A. and M.A.) using Rayyan (Rayyan, Boston, MA, USA)
[7]. Conflict was resolved by a fourth reviewer (S.B.). Following ini-
tial review, full-text assessment of all potentially suitable stud-
ies was carried out against pre-determined inclusion/exclusion
criteria (Supplementary Table S2).

Studies in English or French that reported the prevalence
of CKD or allowed prevalence to be calculated in participants
>18 years of age and carried out in the general population
were included. CKD was defined as the presence of albumin-
uria/proteinuria and/or an estimated glomerular filtration rate
(eGFR) <60 ml/min/1.73 m?. Definitions of CKD stages are pro-
vided in Supplementary Table S3. Studies were excluded if they
only described CKD stages 1 and 2, were performed in a special-
ist population, included participants <18 years of age or did not
describe CKD prevalence. Qualitative papers, case reports, case
series and opinion pieces were excluded.

Data analysis

Data were fully extracted by three reviewers (R.D., O.A. and M.A.).
Studies reported in French were translated and the data extracted
by E.L. Key elements of the PICO (patient/population/problem,
intervention, comparison and outcome) criteria are given in
Supplementary Table S4. Conflict was resolved by a fourth
reviewer (S.B.).

Risk of bias was assessed using criteria published by
Stanifer et al. [8]. This tool was designed for assessing risk of

bias in studies of CKD prevalence. It considers subject sampling,
sampling technique, response and exclusion rates and the de-
termination of kidney disease, enabling an overall assessment
(Supplementary Methods). Assessment was carried out by three
reviewers (R.D., O.A. and M.A.) and conflicts were resolved by a
fourth reviewer (S.B.). All studies were included irrespective of
their risk of bias.

Small-study effect was assessed using funnel plots. Logit-
transformed prevalence was used against the standard error.
Asymmetry was tested using Egger’s [9] linear regression and
Begg’s [10] rank correlation tests. If there was evidence of pub-
lication bias, the trim and fill method [11] was used to calculate a
corrected estimate.

Meta-analyses were conducted to determine overall CKD
prevalence, prevalence of CKD stages 3-5, overall CKD prevalence
in men/women and prevalence of CKD stages 3-5 in men/women.
Meta-regressions were carried out to determine the associa-
tion between the prevalence of CKD and population character-
istics [age, sex, year, body mass index (BMI), diabetes, hyperten-
sion, smoking and obesity]. All meta-regressions were planned a
priori.

For articles reporting multiple different prevalences of CKD
using different methods of GFR estimation, Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) estimates
were used if available. For articles reporting crude and ad-
justed prevalence, crude prevalence was used. If an article
reported CKD prevalence in multiple populations, the popula-
tions were considered as separate estimates. Between-study
heterogeneity was assessed by the Higgins and Thomp-
son [12] 2, with a value >75% representing a high level of
heterogeneity.

Sensitivity analyses looked at the impact of outliers, influ-
ential articles and studies with a high risk of bias. Subgroup
analyses were planned a priori, examining differences between
regions, studies that looked at a limited age group, the difference
in prevalence depending on a country’s income status according
to the World Bank [13] and studies of different quality. Subgroup
analyses that assessed differences between articles that tested
for chronicity, different methodologies, different definitions and
crude versus adjusted prevalence were data driven. A sensitiv-
ity analysis looking at the prevalence of kidney replacement ther-
apy (KRT) was planned but was not carried out due to insufficient
data.

Statistical analyses were carried out using R (version 4.2.2; R
Foundation for Statistical Computing, Vienna, Austria). Details of
the R packages used are provided in Supplementary Methods. A
random effects model was used for all meta-analyses. Models
were built using a generalised linear mixed model (GLMM) [14].
A maximum likelihood estimator was used and a Q profile es-
timated tau and its confidence interval (CI) [15]. The Hartung-
Knapp [16] method was used to adjust the CI of the overall es-
timate. Heterogeneity was explored with sensitivity analyses that
used a basic outlier removal defined by Viechtbauer and Cheung
[17], as well as the leave-one-out method sorted by effect size
and I°.

RESULTS

The search yielded 14 871 studies (Fig. 1) and 119 [2, 18-135] met
the inclusion criteria. Of these, 12 studies [18, 21, 27, 41, 45, 438,
50, 69, 94, 101, 107, 112] used the same sources of data (National
Health and Nutrition Examination Survey, Korea National Health
and Nutrition Examination Survey, German Health Interview and
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Figure 1: PRISMA flow chart.

Examination Survey for Adults 1 and Age, Gene/Environment Sus-
ceptibility Reykjavik Study) and subsequently one study covering
each source of data was included [27, 48, 69, 101]. These studies
were selected as they had already covered the data presented in
the other studies [27, 101], had a larger sample size [48] or had
presented the same data with a more comprehensive analysis
[69]. The study by Bragg-Gresham et al. [94] was included, but only
data from the Punjab survey was used within the meta-analysis.
Five studies [2, 24, 39, 109, 122] had divided their population, and
the separate populations were included as separate estimates, re-
sulting in 127 estimates, comprising 29 159 948 participants. A to-
tal of 54 different countries provided data, with China providing
the largest number of included studies (n = 14, number of par-
ticipants 916 825) and low- and middle-income countries (LMICs)
comprising a significant proportion of included studies but a small
number of participants overall (n = 77, number of participants
1141 602). The total number of studies and data obtained are de-

tailed in Supplementary Table S5. Risk of bias was high across the
included studies.

The prevalence of CKD stages 1-5 was 13.0% (95% CI 11.3-15.0)
(Fig. 2). Prevalence estimates ranged from 2.3 to 47.7%, and het-
erogeneity was high (I> = 100%). The prevalence of CKD stages 3-5
was 6.6% (95% CI 5.6-7.8) (Fig. 3). The prevalence of specific CKD
stages was also calculated where possible: stage 1, 3.0% (95% CI
2.1-4.3); stage 2, 2.9% (95% CI 2.2-3.8), stage 3A, 4.1% (95% CI 3.0
5.5); stage 3B, 1.3% (95% CI 1.0-1.8); stage 4, 0.4% (95% CI 0.3-0.5)
and stage 5, 0.1% (95% CI0.1-0.2).

The prevalence of CKD (stages 1-5) in males and females was
13.1% (95% CI11.2-15.3) and 13.2% (95% CI 11.4-15.2), respectively
(Fig. 4), whereas the prevalence of stages 3-5 was 6.4% (95% CI
4.9-8.3) and 7.5% (95% CI 5.8-9.8) in males and females, respec-
tively (Fig. 5). Within a multivariable analysis for CKD stages 1-5,
a higher proportion of females within the population was associ-
ated with an increased prevalence of CKD (Table 1).
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Figure 2: Pooled prevalence of CKD stages 1-5. GLMM.

There was a significant difference in studies that looked at
an older population versus studies within the general population
(Tables 2 and 3). For CKD stages 1-5, prevalence in studies car-
ried out in the general population was 12.4% (95% CI 10.7-14.4),
compared with 19.3% (95% CI 13.5-26.8) in studies carried out in
participants >60 years of age (Table 2). Similarly, for stages 3-5,
prevalence in studies carried out in the general population was
5.9% (95% CI 5.0-7.0), compared with 15.0% (95% CI 9.9-22.2) in
those >60 years of age (Table 3). The mean age was significant
in the multivariable analysis for stages 1-5 and the univariable
analysis for stages 3-5 (Table 1). Subgroup analyses were also car-
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Xu 37533 5.75 [5.52; 6.00]

Zdrojewski 918 21.35 [18.74; 24.15] -
Zdrojewski 2413 332 [264 41 HE

Random effects model 10054021 6.61 [561; 7.78] &
Prediction interval [1.11; 30.76]
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Figure 3: Pooled prevalence of CKD stages 3-5. GLMM.

ried out looking at differences in the prevalence of specific CKD
stages in general and older populations, with findings presented in
Table 4.

There was a variation in prevalence for both stages 1-5 and
stages 3-5 in countries of differing socio-economic status. For
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a b

) Events per 100 ) Events per 100
Author Sample Size Prevalence 95% ClI observations Author Sample Size Prevalence 95% ClI observations
Alkerwi 697 6.46 [4.75; 8.54] Alkerwi 662 665 [4.87; 882 M
Amaral 577 21.32 [18.04; 24.89] Amaral 406 23.65 [19.59; 28.09] ——
De Nicola 3704 6.53 [5.76; 7.38] Cabarkapa 3060 7.81 [6.88; 8.82]
Duan 2286 13.69 [12.31; 15.17] De Nicola 3848 7.54 [6.72; 8.42]
Duan 14272 8.40 [7.95; 8.87] Duan 2945 19.19 [17.78; 20.65] l 3
Gorostidi 5830 7.31 [6.65; 8.01] Duan 9597 8.10 [7.56; 8.66]
Gummidi 1222 17.10 [15.03; 19.33] Gorostidi 5675 23.10 [22.01;24.22] : ]
Huang 13670 16.16 [15.55; 16.79) Gummidi 1180 2517 [22.72; 27.75] : B
Ji 19611 12.00 [11.55; 12.46] Huang 11216 16.66 [15.98; 17.37] H
Jonsson 115943 12.28 [12.09; 12.47] Ji 14977 10.63 [10.14; 11.13] |
Kalyesubula 640 16.25 [13.47; 19.34] Jonsson 102494 11.47 [11.28;11.67] -}
Kaze 254 15.35 [11.15; 20.39] Kalyesubula 315 13.02 [9.50; 17.24] ——
Kaze 221 14.03 [9.73;19.32] Kaze 185 10.27 [6.30; 15.57] +
Kebede 195 9.23 [5.56; 14.20] Kaze 212 11.32 [7.39;16.37] ——
Koeda 15134 28.00 [27.29; 28.73] Kebede 131 458 [1.70; 9.70] —— |
Kumar 235 24.68 [19.31;30.71] Koeda 7841 29.00 [28.00; 30.02] :
Lioyd 109713 13.24 [13.04; 13.44] Kumar 187 23.53 [17.65; 30.27] o — i
Masimango 802 11.22 [9.12;13.61] Lloyd 102165 10.25 [10.07; 10.44] a:
Mohanty 1866 1045 [9.10; 11.93] Masimango 515 7.38 [5.27; 999 M
Nagai 442203 13.56 [13.46; 13.66] Mohanty 1112 20.77 [18.42; 23.28] L
Nalado 279 25.81 [20.77; 31.36] Nagai 320901 15.71 [15.58; 15.84] ‘a
Ndulue 249 13.65 [9.65; 18.56] Nalado 171 26.32 [19.89; 33.58] : —i—
Okwuonu 189 9.52 [5.74; 14.63] Ndulue 142 6.34 [2.94;11.69] —M— !
Orantes-Navarro 3111 8.71 [7.74; 9.76] Okwuonu 139 5.04 [2.05;10.10) —l—
Panday 700 471 [3.27; 6.56] I ; Orantes-Navarro 1706 18.00 [16.20; 19.90] .
Piccoll 3339 12.19 [11.10; 13.35] Panday 417 647 [4.31;9.28] M- |
Poudyal 7401 561 [5.09; 6.16] : Piccolli 1877 9.22 [7.95;10.62] |
Rai 74 32.43 [22.00; 44.32] H - Poudyal 4708 6.65 [5.95; 7.40] :
Ricardo 9032 13.60 [12.90; 14.32] Rai 124 27.42 [19.79; 36.15] : —a—
Saminathan 524 18.89 [15.63; 22.51] i Ricardo 6129 15.21 [14.32;16.13] -
Sarker 490 24.29 [20.55; 28.33] : . Saminathan 366 16.12 [12.50; 20.30] il
Shen 1025 11.02 [9.17; 13.10] B Sarker 381 19.16 [15.33; 23.48] i
Stanifer 358 1117 [8.10;14.90] —M— Shen 602 7.31 [536; 9.69] M |
Tatapudi 1230 17.56 [15.47; 19.80] 3 Stanifer 123 13.82 [8.26;21.20] ——
Tran 1108 13.27 [11.32; 15.41] RS Tatapudi 980 19.08 [16.67; 21.68] -
Tsai 64003 791 [7.71; 8.13] : Tran 929 12.16 [10.13; 14.44] -
Vinhas 2049 21.72 [19.95; 23.57] . Tsai 42091 10.81 [10.51; 11.11] a:
Wei 187427 16.95 [16.79; 17.13] : Vinhas 1086 19.98 [17.64; 22.49] : -
Xiao 1254 20.33 [18.14; 22.67] N Wei 163454 15.15 [14.98; 15.33] |
Xu 19361 17.81 [17.28; 18.36] : Xiao 715 21.26 [18.31; 24.44] .
Zdrojewski 1245 6.18 [4.91; 7.67] Ik Xu 18172 17.54 [16.99; 18.10] :

i Zdrojewski 1168 531 [4.09; 6.75] :
Random effects model 1053523 13.19 [11.41; 15.20] < :
Prediction interval [ 5.06; 30.21] —o— Random effects model 835104 13.13 [11.22; 15.32] o
Heterogeneity: /> = 100%, 12 = 0.2613, X%, = 8028.21 (p < 0.001) l T T 1 Predicti intgrval ) ) [4.60; 32.17] =————————————
10 20 30 40 Heterogeneity: /= 99%, T° = 0.3121, xj; = 6414.55 (p < 0.001)

Figure 4: Pooled prevalence of CKD stages 1-5 in (a) females and (b) males.

stages 1-5, the prevalence was 10.8% (95% CI 8.3-13.8) in high-
income countries, 15.0% (95% CI 12.6-17.9) in middle-income
countries and 11.4% (95% CI 7.3-17.5) in low-income countries.
For stages 3-5, the prevalence was 6.8% (95% CI 5.1-9.1) in high-
income countries, 6.7% (95% CI 5.6-8.1) in middle-income coun-
tries and 4.0% (95% CI 0.8-17.2) in low-income countries (Fig. 6).
The prevalence in different regions was also determined, as shown
in Fig. 7. The results of full subgroup and sensitivity analyses are
provided in Tables 2 and 3.

A total of 8% of studies had a low risk of bias, 48% had a high
risk and 44% had a moderate risk. The response rate was not re-
ported in 56% of the studies, 32% did not state their exclusion rate,
53% were not considered to be a representative sample, 36% were
not recruited at random (Supplementary Figs. S2 and S3) and 20%
tested for chronicity of kidney impairment. Subgroup and sensi-
tivity analysis looked at the risk of bias and chronicity assessment.
There was no difference between low, moderate and high risk of
bias for either stages 1-5 or 3-5 (P = .48 and P = .76), although
there was a difference between studies that tested for chronicity
when looking at stages 1-5 (P = .01) (Fig. 8). For CKD stages 1-5,
removing articles with a high risk of bias had little effect on the
overall pooled prevalence [13.1% (95% CI 10.8-15.8)]. Similar
results were also noted for CKD stages 3-5 when exclud-
ing studies with a high risk of bias [6.3% (95% CI 5.0-8.3)]
(Supplementary Table S7). Chronicity assessment did not change
the prevalence estimates for CKD stages 3-5 (Fig. 8).

Funnel plots assessing publication bias are shown in
Supplementary Figs. S8 and S9. There was asymmetry when
examining stages 1-5 using both the Egger’s test (P = .005) and

5 10 15 20 25 30 35

Begg’s test (P = .001). There was no evidence of publication bias
in the analysis for stages 3-5. Trim and fill results for stages 1-5
are detailed in Supplementary Table S8.

DISCUSSION

The burden of CKD is significant, with a prevalence of 13.0% for
stages 1-5 and 6.6% for stages 3-5. Females had a higher preva-
lence of later-stage CKD compared with males (7.5% versus 6.4%),
and studies that only investigated older participants (>60 years)
found a significantly higher prevalence of CKD. This was as high
as 19.3% for CKD stages 1-5 and 15.0% for CKD stages 3-5. The
highest prevalence of CKD stages 1-5 was in Asia (15.5%), whereas
the highest prevalence of CKD stages 3-5 was in Australia and
Oceania (8.1%). Europe has the lowest prevalence of CKD stages
1-5 (10.0%), while Africa had the lowest prevalence of CKD stages
3-5 (5.7%). High-income countries had the lowest prevalence of
CKD stages 1-5 (10.8%), whereas low-income countries had the
lowest prevalence of CKD stages 3-5 (4.0%). The risk of bias was
significant and heterogeneity was high and there was evidence of
publication bias. However, traditional methods to determine pub-
lication bias are not designed for observational studies of single
proportions [136, 137].

CKD prevalenceis similar between males and females, but later
stage CKD is more common in females. Pre-dialysis CKD is more
prevalent in females, but males make up a greater proportion
of dialysis patients [138, 139]. Although a lower eGFR was previ-
ously considered less of a risk factor for CKD progression in fe-
males than in males, a meta-analysis found the risk of ESKD to be
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a) Events per 100 b) Events per 100
Author Sample Size Prevalence 95% CI observations Author Sample Size Prevalence 95% CI observations
Alvand 19293 5.06 [4.76; 5.38] M| Alvand 10748 6.27 [5.82; 6.75]
Bakhshayeshkaram 479 18.79 [15.39; 22.58] i Bakhshayeshkaram 340 13.53 [10.08; 17.63]
Bikbov 3291 35.55 [33.91; 37.21] = Bikbov 2550 19.76 [18.23; 21.36]
Boyle 14289 10.12 [9.63; 10.63] Boyle 9403 10.79 [10.17; 11.44]
Chukwuonye 221 9.50 [5.98;14.16] —l— Cabarkapa 3060 1.37 [0.99; 1.85]@ !
Cook 2346 273 [2.11; 3.47] i Chukwuonye 179 5.03 [2.32; 9.33] -H—
Cook 8309 141 [117; 1690 Cook 1700 4.76 [3.80; 5.89] i
De Nicola 3704 3.02 [2.50; 3.63] ; Cook 9261 1.59 [1.34; 1.86] A
Dehghani 4860 30.84 [29.55; 32.16] ; | | De Nicola 3848 275 [2.26; 3.32]
Domislovic 510 10.39 [7.88;13.37] s = Dehghani 4921 24.10 [22.91; 25.32] : | |
Duan 2286 472 [3.89; 5.68] i Domislovic 271 9.59 [6.36; 13.74] il
Duan 14272 0.90 [0.75; 1.07]H Duan 2945 0.81 [0.52; 1.21]H
Eguiguren-Jimenez 497 6.64 [4.61; 9200 Duan 9597 130 [1.09; 1.55]0
Francis 201 23.38 [17.72; 29.85] ; —— Eguiguren-Jimenez 316 7.91 [5.19;11.46] M-
Gasparini 611160 685 [6.79; 6.92] W Francis 203 10.34 [6.52; 15.38] ——
Gergei 2457 39.56 [37.62; 41.53] i E 3 Gasparini 516989 524 [5.18; 5300 W
Gummidi 1222 8.35 [6.86; 10.04] | 3 Gergei 1623 27.97 [25.80; 30.23] : E 3
Harhay 1446 23.03 [20.88; 25.29] ; E 3 Gummidi 1180 12.20 [10.39; 14.21]
Herath 5522 8.40 [7.68; 9.17] Harhay 1211 17.01 [14.94; 19.25]
Ji 19611 452 [4.24; 4.82] Herath 2246 15.89 [14.41; 17.47]
Jin 3380 9.79 [8.81;10.84] Ji 14977 3.27 [2.99; 3.57]
Jonsson 115943 10.17 [10.00; 10.35] Jin 3326 8.99 [8.04;10.01]
Kaze 221 4,07 [1.88; 7.59] Jonsson 102494 9.19 [9.01; 9.36]
Kim 25170 2,98 [2.77; 3.19] Kaze 212 2.83 [1.05; 6.06]
Kumar 235 3.40 [1.48; 6.60] Kim 20038 2.77 [2.55; 3.01]
Kuo 12857 5.13 [4.76; 5.53] Kumar 187 5.35 [2.59; 9.61]
Lebov 1434 363 [2.72; 4.73] Kuo 19685 4.99 [4.69; 5.31]
Masimango 802 6.23 [4.66; 8.14] Lebov 1054 11.20 [9.35; 13.26]
Miller 527 323 [1.89; 5.11] Masimango 515 3.30 [1.93; 5.23]
Nagai 442203 9.18 [9.09; 9.27] Miller 280 3.21 [1.48; 6.01]
Naghibi 760 5.00 [3.56; 6.80] Nagai 320901 10.86 [10.75; 10.97]
Okparavero 1826 41.35 [39.08; 43.65] : 3 Naghibi 525 514 [3.42; 7.39]
Olanrewaju 758 20.58 [17.76; 23.64] 3 Okparavero 1347 37.27 [34.68; 39.91] g
Olie 1259 167 [1.04; 2.54] B Olanrewaju 595 13.45 [10.81; 16.45]
Oluyombo 722 17.45 [14.75; 20.42] - Olie 1163 129 [0.72; 2.12] @
Orantes-Navarro 3111 5.01 [4.27; 5.84] Oluyombo 362 7.73 [5.20;10.99]
Pan 4022 3.80 [3.23; 4.44] Orantes-Navarro 1706 13.19 [11.62; 14.89]
Peck 566 6.01 [4.20; 829] Pan 3566 311 [2.57; 3.74]
Peer 700 6.71 [4.97; 8.83] W Peck 477 7.34 [5.16; 10.06]
Pereira 346 8.96 [6.17;12.48] - Peer 392 4.34 [2.55; 6.85]
Radford 754115 450 [4.45; 455 W Pereira 165 15.15 [10.05; 21.55]
Ravi 1103 6.17 [4.82;775] W Radford 555396 4.89 [4.83; 4.95]
Sepanlou 5996 26.48 [25.37; 27.62] : Ravi 1693 3.07 [2.30; 4.01]
Tatapudi 1230 13.58 [11.71; 15.62] . Sepanlou 5413 20.54 [19.47; 21.64]
Trocchi 3637 2.80 [2.29; 3.39] ; Tatapudi 980 14.29 [12.15; 16.63]
Wang 4541 8.90 [8.08; 9.76] =] Trocchi 3364 169 [1.29; 2.19]
Wei 187427 13.56 [13.41; 13.72] . ] Wang 4118 10.25 [9.34; 11.21]
Xu 205283 228 [221; 2340 Wei 163454 11.34 [11.18; 11.49]
Zdrojewski 452 28.54 [24.42; 32.94] : —— Xu 190258 178 [1.72; 1.841 @
Zdrojewski 1245 217 [1.43; 3.14] : Zdrojewski 466 14.38 [11.32; 17.90]
: Zdrojewski 1168 1.63 [0.98; 2.53]
Random effects model 2497847 7.54 [5.76; 9.82] <> :
Prediction interval [1.04; 38.79] effects model 2002868 6.43 [4.94; 832] <&
Heterogeneity: /° = 100%, T° = 1.0188, X3 = 46473.74 (p < 0.001) f ! f ! Prediction interval [0.94; 33.31]
10 20 30 40 Heterogeneity: /% = 100%, T = 0.9553, x%, = 34541.02 (p < 0.001)
10 20 30
Figure 5: Pooled prevalence of CKD stages 3-5 in (a) females and (b) males.
Table 1: Meta-regression results.
Predictors Age Sex Study period Mean BMI Diabetes HTN Smoking Obesity
Stages 1-5
Univariable P=.12 P=.14 P=.24 P=.96 P= .49 P=.15 P=235 P=.78
Multivariable P=.02 P=.04 P=.34 =.69 P=.44 P=.64 P=091 P=.89
Stages 3-5
Univariable P <.0001 P=.86 P=.37 P=.02 P =.003 P =.004 P=.94 P=.63
Multivariable P =.0002 P =46 P=.07 P=.09 P=.387 P=.88 P=.99 P=.56

HTN: hypertension.
Multivariable analysis adjusted for age and sex.
Bubble plots for significant findings are shown in Supplementary Fig. S1.

equal [140]. There were insufficient data to define the prevalence
of males and females on KRT, but the fact that females have a
higher prevalence of CKD stages 3-5 demonstrates there may be
a disparity between a higher risk of CKD and treatment in females.
However, GFR estimating equations may overdiagnosis CKD in fe-
males, and the fact that they have a longer life expectancy may
also explain these findings [138]. CKD is thought to progress faster
in men, but women are less likely to be screened for CKD, have
less access to specialist care and are more likely to choose con-
servative management [139, 141]. Addressing differences in mor-
tality, overall comorbidities and discrepancies in access to KRT for

males and females would help quantify whether this represents
a greater burden of disease in females, and further research into
psychosocial and behavioural elements that may be driving dif-
ferences will guide what should be done to reduce this gap.

CKD prevalence was higher in older age groups. There was a
higher prevalence of stages 3A and 3B in older populations, with
no significant difference in stages 4 and 5. These findings are im-
portant given the greater risk of poorer outcomes in older patients
with CKD stage 3B in particular [142]. The fact that stages 4 and 5
are similar in both general and older populations may also suggest
a greater risk of poorer outcomes in older people at earlier stages
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a) Events per 100
Author Sample Size Prevalence 95% Cl observations
Agyemang 12888 621 [5.80; 6.64]
Alkerwi 1359 6.03 [4.83; 7.43]
Cole 1213679 7.05 [7.00; 7.09]
Cook 4046 650 [5.76; 7.30]
Cook 17561 460 [4.30; 4.92]
De Nicola 7552 7.04 [6.48; 7.65]
Gorostidi 11505 15.12 [14.47; 15.79]
Hallan 50586 11.11 [10.84; 11.39)
Hirst 3207 18.21 [16.89; 19.59)
Jonsson 218437 11.90 [11.77;12.04
Jose 193816 14.02 [13.87; 14.18]
Kibria 39569 18.10 [17.72; 18.48]
Koeda 22975 28.72 [28.14;29.31] -]
Konig 1628 16.40 [14.63; 18.29] [
Lloyd 211980 11.80 [11.66; 11.94] o
Nagai 763104 14.60 [14.52; 14.68] m
Okparavero 3173 4519 [43.45; 46.95)
Ricardo 14035 15.05 [14.46; 15.65] -]
Sundstrom 208921 562 [552; 572
Sundstrom 12553761 7.04 [7.02; 7.05]
Sundstrom 1298633 649 [6.44; 6.53]
Sundstrom 2187962 226 [2.24; 2.28)0
Sundstrom 106482 9.82 [964;10.00] W
Sundstrom 2570327 6.08 [6.05; 6.11
Tsai 106094 15.46 [15.24; 15.68] ]
Umebayashi 88420 28.75 [28.45; 29.05) ]
Vinhas 3135 20.89 [19.48; 22.36] [ ]
Yamada 71233 569 [552; 5.86]
Zdrojewski 2413 6.80 [5.82; 7.67
Amaral 983 22.28 [19.71;25.01 -
Anand 9797 834 [7.80; 890] H
Benghanem 10524 4.20 [3.82; 4.60] @
Bragg-Gresham 2002 47.70 [45.49; 49.92)
5231 18.07 [17.03; 19.14
Duan 23869 18.21 [17.72;18.71
Ene-lordache 7340 29.90 [28.86; 30.97]
Ene-lordache 832 18.03 [15.47; 20.81]
Ene-lordache 3196 16.80 [15.52; 18.14]
Ene-lordache 31615 6.30 [6.04; 6.57]
Ene-lordache 1912 23.01 [21.14; 24.97)
Ene-lordache 1403 25.52 [23.25; 27.88]
Ene-lordache 3410 551 [4.77; 6.33)
Faye 1411 36.50 [33.98; 39.07
Greffin 581 27.88 [24.27;31.72
Gummidi 2402 21.07 [19.45;22.75]
Huang 24886 16.39 [15.93; 16.85]
Ji 34588 1141 [11.07; 11.75] o
Kaze 439 27.56 (23.43; 32.00)
Kaze 433 1270 [9.71;16.21
Khadda 431 650 [4.36; 9.25]
Kumar 422 24.17 [20.16; 28.55)
Miller 807 6.94 [5.28; 8.92
Mohanty 2978 14.30 [13.07; 15.61
Mota 2717 9.09 [8.04;10.23]
Nalado 450 26.00 [22.01;30.31] .
Ndulue 391 10.74 [7.85;14.24]
Okafor 466 2318 [19.42; 27.28) -
Okwuonu 328 7.62 [4.99;11.05 M
Orantes-Navarro 4817 12.81 [11.88; 13.79)
Pan 7588 9.52 [8.86; 10.20]
Panday 117 537 [4.12; 6.86] W
Piccolli 5216 11.12 [10.28; 12.00]
Poudyal 12109 6.01 [5.60; 6.45]
Rai 198 29.29 [23.06; 36.16]
Saminathan 890 17.75 [15.30; 20.42
Sarker 872 22,02 [19.31;24.92
Shen 1627 12.42 [10.85; 14.12
Tatapudi 2210 18.24 [16.65; 19.91
Tran 2037 810 [6.95; 9.37
Wei 350881 16.11 [15.99; 16.24]
Wijewickrama 352 13.35 [9.98; 17.36]
Xiao 1969 20,67 [18.90; 22.53]
Xu 37533 17.68 [17.30; 18.07]
Ene-lordache 21066 2014 [19.60; 20.69]
Kalyesubula 955 984 [803;1191]
Kebede 326 7.36 [4.77:10.76]
Masimango 1317 972 [817;1145] W
Stanifer 481 1185 [9.10;15.08] M-

Random effects model 22617886 13.04 [11.3
Prediction interval [ 3.4
Heterogeneity: 17 = 100%, = = 0.5089, 72, = 313920.70 (p < 0.

Test for subgroup differences: 73 = 5.80, df = 2 (p = 0.06)

Figure 6: Pooled prevalence of CKD according to income status for (a) stages 1-5 and (b) stages 3-5.

b)

Author
Agyemang 12888
Alkerwi 1359
Aumann 3014
Aumann 3040
Bello 559745
Bikbov 5841
Boyle 23692
Cole 1213679
Cook 4046
Cook 17561
De Nicola 7552
Domislovic 781
Ebert 2069
Gasparini 1128058
Gergei 4080
Gorostidi 11505
Hallan 50586
Hirst 3207
Iwagami 2761755
Jonsson 218437
Jose 193816
Kim 45208
Kim 106021
Konig 1628
Kuo 32542
Lioyd 211980
MacLaughlin 3463
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Okparavero 3173
Olie 2422
Radford 1309511
Ricardo 14035
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Trocchi 7001
Tsai 106094
Umebayashi 88420
Vinhas 3135
Walbaum 4583
Walbaum 5084
Zdrojewski 918
Zdrojewski 2413
Abdulkader 1253
quiar 7457
Alvand 30041
Amaral 983
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Bakhshayeshkaram 819
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Bragg-Gresham 2002
Cheng 10407
Chukwuonye 400
Dehghani 9781
Duan 5231
Duan 23869
Dutra 822
Eguiguren-Jimenez 813
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Ene-lordache 832
Ene-lordache 3196
Ene-lordache 31615
Ene-lordache 1912
Ene-lordache 1403
Ene-lordache 3410
Faye 1411
Ferguson 1227
Francis 404
Gummidi 2402
Harhay 2657
Herath 7768
Ji 34588
Jin 6706
Kaze 439
Kaze 433
Khadda 431
Kumar 422
Lebov 2275
Miller 807
Mota 2717
Naghibi 1285
Nalado 450
Ndulue 391
Okafor 466
Okwuonu 328
Olanrewaju 1353
Oluyombo 1084
Orantes-Navarro 4817
Pan 7588
Panday 117
Peer 1092
Pereira 511
Piccolli 5216
Rai 198
Ravi 279
Saminathan 890
Sarker 872
Sepanlou 11373
Shen 1627
Tatapudi 2210
Tran 2037
Wang 8659
Wei 350881
Wijewickrama 352
Xu 395541
Xu 37533
Ene-lordache 21066
Gbaguidi 1360
Kalyesubula 955
Kebede 326
Masimango 1317
Peck 1043
Ranivoharisoa 210
Random effects model 10054021

Prediction interval
Heterogeneity: 12 = 100%, ©
Test for subgroup differences: 73 = 0.71, d

Sample Size Prevalence

95% CI

133 [1.14; 154
110 [062; 181
6.80 [5.93; 7.76
349 [2.86; 4.20
741 [7.35; 7.48
28,66 [27.50; 29.84]
10.39 [10.00; 10.78]
6.44 [6.40; 6.48]

3.58 [3.03;
150 [1.33;
289 [252;

10.12 [8.0¢
37.89 [35.80; 40.02]
6.11 [6.07; 6.16
34.95 [33.49; 36.44]
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Figure 7: Pooled prevalence of CKD according to region for (a) stages 1-5 and (b) stages 3-5.
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Table 2: CKD stages 1-5 subgroup analyses.

Analysis Subgroup Prevalence 95% CI 12 (%) Subgroup difference

Region Africa 13.4 9.1-19.1 99.2 Q=65 P=.26
Asia 15.5 12.8-18.7 100
Australia/Oceania 12.9 5.7-26.3 99.8
Central/South America 11.2 6.2-19.5 98.6
Europe 10.0 7.1-14.1 100
North America and Canada 12.6 4.4-31.2 100

Risk of bias High 13.0 10.5-16.0 100 Q=15 P=.48
Moderate 13.5 10.9-16.6 99.7
Low 10.5 6.3-17.1 99.6

Test for chronicity No 14.4 12.3-16.8 99.8 Q=61 P=.01
Yes 9.9 7.5-13.0 100

Population income status High 10.8 8.3-13.8 100 Q=58 P=.06
Middle 15.0 12.6-17.9 99.5
Low 11.4 7.3-17.5 97.8

Methodology used Random sampling 13.4 11.3-15.7 99.7 Q=363 P<.0001 Q=22 P=.33
Routine dataset 10.6 7.3-15.1 100
Health camp recruitment® 25.2 7.3-59.1 63.8
Other 14.6 9.1-22.8 99.5

Population age General 12.4 10.7-14.4 100 Q=67 P=.01
>60 years 193 13.5-26.8 99.7

Adjusted prevalence No 12.6 10.8-14.7 100 Q=07 P=.40
Yes 14.8 10.2-20.9 99.8

eGFR estimating equation MDRD 13.1 9.4-17.8 99.5 Q=36 P=.16
CKD-EPI 14.0 11.9-16.4 99.9
Other 8.8 5.0-14.8 100

aThis subgroup analysis was repeated by excluding health camp recruitment papers (n = 2) due to the significant difference in prevalence and subsequent influence

on subgroup analysis.

of CKD.Itis also possible that these findings could reflect overdiag-
nosis, and it is important to interpret these findings in the con-
text of concerns regarding the validity of eGFR thresholds in older
people [143]. A decreasing GFR occurs during the normal ageing
process, and consensus on whether eGFR thresholds and their in-
terpretation should be adapted for older people is important for
differentiating normal ageing from true kidney damage [143, 144].
Changing thresholds may result in different prevalence estimates
of CKD in older populations, which is important for optimising
management and helping identify those at greatest risk. Mortality
data are important, but increased screening in older populations
and exploration of age-specific interventions to delay and ideally
prevent the development and progression of CKD should also be
considered.

There were geographical variations and disparities between
low-, middle- and high-income countries. Low-income countries
had the lowest overall prevalence of CKD stages 3-5 (4%), whereas
high-income countries had the lowest prevalence of CKD over-
all (11%). Notably, the ages of these populations differed, with
a mean age of 56.4 years in high-income countries, 49.3 years
in middle-income countries and 38.3 years in low-income coun-
tries. The highest prevalence of CKD overall was in Asia, with Aus-
tralia/Oceania having the highest prevalence of later-stage CKD.
Australian data suggest that the high prevalence of CKD is likely
due to an ageing population and increased survival of patients
with ESKD receiving KRT [145]. Similarly, a lower prevalence of
elderly people, as well as lower rates of testing, in low-income
countries could explain the lower prevalence of CKD stages 3-5. It
may also reflect the fact that people with advanced CKD in LMICs

have a greater mortality, as they are unable to access KRT and
other forms of treatment. Future work assessing differences in
CKD mortality between high-income countries and LMICs would
help quantify this further. Certain environmental factors may also
contribute to CKD prevalence, but these are poorly understood
[146].

A limitation of this review is the risk of bias within in-
cluded studies. There was no difference in prevalence noted
between studies at low-, moderate- and high-risk of bias, but
the predominance of a moderate-high risk of bias within stud-
ies means that results must be interpreted with caution. The
studies included were designed to represent the general popu-
lation, but only half were considered truly representative, and
there were concerns regarding reporting of the sampling tech-
niques. CKD prevalence estimates at a population level are also
influenced by variations in screening methods, eGFR measure-
ment, CKD definitions and limitations of resources in some
areas, thus pooled estimates and reported differences accord-
ing to demographic factors should be interpreted with this in
mind.

Despite attempts to standardise defining CKD, there continues
to be variation. There were nine different GFR estimating equa-
tions used within the included studies (Supplementary Table S5),
and even in studies using the CKD-EPI estimate, there were
multiple variations of this, making comparability challenging.
Standardising GFR estimating equations and any modifications
used within published research is crucial for ensuring con-
sistency, and this would be an important element to include
within core outcomes expected to be reported in CKD prevalence
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Table 3: CKD stages 3-5 subgroup analyses.

Analysis Subgroup Prevalence 95% CI % (%) Subgroup difference

Region Africa 5.7 3.5-9.2 98.3 Q=20 P=.285
Asia 6.3 4.9-8.0 99.9
Australia/Oceania 8.1 3.0-20.4 100
Central/South America 7.3 5.0-10.6 99.1
Europe 7.2 4.8-10.6 99.9
North America and Canada 6.0 1.4-22.0 99.7

Risk of bias High 7.0 5.6-8.8 100 Q=06 P=.76
Moderate 6.4 5.0-8.2 99.8
Low 5.8 3.0-11.1 99.8

Test for chronicity No 6.6 5.2-8.0 99.9 Q=0 P=.99
Yes 6.6 5.2-8.3 99.9

Population income status High 6.8 5.1-9.1 99.9 Q=07 P=.70
Middle 6.7 5.6-8.1 99.8
Low 4.0 0.8-17.2 97.3

Methodology used Random sampling 6.1 5.1-7.4 99.7 Q=48 P=.19
Routine dataset 7.7 5.4-10.9 100
Health camp recruitment 10.5 0.01-94.4 94.2
Other 10.4 4.4-22.4 99.9

Population age General 5.9 5.0-7.0 99.8 Q=194 P <.0001
>60 years 15.0 9.9-22.2 99.9

Adjusted prevalence No 6.6 5.5-7.9 99.9 Q=06 P=.43
Yes 5.4 2.9-9.6 99.0

eGFR estimating equation MDRD 6.9 48-9.9 99.8 Q=01 P=.96
CKD-EPI 6.5 54-7.9 99.9
Other 6.7 2.9-14.4 99.9

Table 4: Subgroup analyses determining differences in
prevalence in all CKD stages in general versus older (>60 years)
populations.

Subgroup
CKD stage Population Prevalence (%) 95% CI 1? (%) difference

1 General 3.2 2.2-45 99.8 Q=06
Older 2.0 0.3-114 994 P=.44

2 General 2.8 2.0-3.8 99.8 Q=46
Older 4.1 3.0-55 971 P=.03

3A General 3.7 2.7-5.0 999 Q=38.0
Older 10.7 3.6-28.2 99.8 P =.0047

3B General 1.2 0.9-1.6 99.7 Q=71
Older 3.9 1.0-13.6 99.7 P =.0076

3 General 4.7 3.7-6.0 99.9 Q=289
Older 11.8 5.9-22.1 99.9 P =.0029

4 General 0.4 0.3-0.5 99.0 Q=04
Older 0.5 0.2-1.2 98.1 P=518

5 General 0.1 0.1-0.2 957 Q=42
Older 0.1 0.1-0.1 616 P =.0397

studies. Other important outcomes should include reporting of
key demographic data such as race and standardised report-
ing of prevalence by age. Race and ethnicity are associated with
differences in measured and estimated GFR, but only 22 stud-
ies provided data on the race of participants, and there was no
consistency in the reporting of CKD prevalence by age, which
meant that a more accurate assessment in this review was not
possible.

Only 20% of articles assessed chronicity, and there was a no-
table difference in prevalence when comparing CKD stages 1-
5 in studies that considered this versus those that did not. An
expectation that researchers include a chronicity assessment is
crucial. The vast majority of studies were cross-sectional, which
can limit understanding of the chronic nature of CKD. Routine
datasets such as primary care databases, laboratory databases
and renal registries provide valuable sources of data that are
capable of generating large sample sizes and should be utilised
to allow researchers to distinguish CKD from acute kidney in-
jury. Enhancing funding for national screening programs that are
designed to ensure chronicity is assessed would also be valu-
able. Improved collaboration on an international scale and con-
sideration of how these methods of data monitoring can be ex-
tended to areas with more limited resources is crucial. Greater in-
vestment in training of healthcare professionals, researchers and
community workers in LMICs to understand the risks of CKD and
the value of accurate monitoring in their population is needed,
along with improved public health campaigns, better integra-
tion with primary care and consideration of low-cost point-of-
care testing to enable monitoring in areas that are harder to en-
gage. This would improve the quality of global surveillance net-
works and enable a greater focus on longitudinal assessment of
CKD.

The prevalence of CKD overall was not different from that
in a previous systematic review [4], although the prevalence of
stages 3-5 was notably lower in the current study. This may be
due to the higher proportion of CKD-EPI eGFRs used. Sensitivity
analysis did not demonstrate a difference between studies using
Modification of Diet in renal Disease (MDRD) estimates of GFR
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a) b) Events per 100
Events per 100 Author Sample Size Prevalence 95% CI observations

Author Sample Size Prevalence 95% CI observations
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Kumar 422 24.17 [20.16; 28.55] Ene-lordache 1912 20.71 [18.91; 22.60] -
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Figure 8: Pooled prevalence of CKD according to chronicity assessment for (a) stages 1-5 and (b) stages 3-5.
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Figure 9: Heatmap of global CKD prevalence for (a) stages 1-5 and (b) stages 3-5. Grey: no data available.

and those using CKD-EPI. However, this analysis is limited by
only 29 of the 127 population estimates included having used
the MDRD definition. Of note, the previous review showed a
higher prevalence of CKD in females, and it is concerning that
in the almost 10 years between these reviews, this discrepancy
remains.

This review extends previous work in several ways. It pro-
vides the most up-to-date global prevalence estimate for CKD,
with most studies making use of the CKD-EPI estimate of GFR. It
demonstrated significant health inequalities affecting CKD preva-
lence, and addressing these concerns should be a priority for pol-
icymakers. A large number of studies were included, covering
prevalence across all worldwide regions. Compared with a previ-
ous systematic review [4], this review was able to demonstrate the
prevalence of all CKD stages, including separate estimates for 3A
and 3B, which are important to differentiate given the greater risk
associated with stage 3B [142]. The search strategy was compre-
hensive and articles published in both English and French were
included to reduce bias caused by including only studies reported
in English.

CONCLUSION

Global CKD prevalence remains high, with significant gaps across
age, sex and socio-economic status. Future research that focuses
on understanding the reasons for these disparities and considers
interventions that are needed to drive improvements will be
important in reducing the overall burden from this condition.
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