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Abstract

Chronic kidney disease (CKD) is a global health burden with a high economic cost to health
systems and is an independent risk factor for cardiovascular disease (CVD). All stages of
CKD are associated with increased risks of cardiovascular morbidity, premature mortality,
and/or decreased quality of life. CKD is usually asymptomatic until later stages and accu-
rate prevalence data are lacking. Thus we sought to determine the prevalence of CKD
globally, by stage, geographical location, gender and age. A systematic review and meta-
analysis of observational studies estimating CKD prevalence in general populations was
conducted through literature searches in 8 databases. We assessed pooled data using

a random effects model. Of 5,842 potential articles, 100 studies of diverse quality were
included, comprising 6,908,440 patients. Global mean(95%CI) CKD prevalence of 5 stages
13:4%(11-7-15-1%), and stages 3-5 was 10-6%(9-2—-12-2%). Weighting by study quality
did not affect prevalence estimates. CKD prevalence by stage was Stage-1 (e€GFR>90
+ACR>30): 3:5% (2-8—4-2%); Stage-2 (eGFR 60—-89+ACR>30): 3-9% (2-7-5-3%); Stage-3
(eGFR 30-59): 7-6% (6-4—8-9%); Stage-4 = (¢GFR 29-15): 0-4% (0-3—0-5%); and Stage-5
(eGFR<15): 0-1% (0-1-0-1%). CKD has a high global prevalence with a consistent esti-
mated global CKD prevalence of between 11 to 13% with the majority stage 3. Future
research should evaluate intervention strategies deliverable at scale to delay the progres-
sion of CKD and improve CVD outcomes.

Introduction

Chronic kidney disease (CKD) is associated with age-related renal function decline accelerated
in hypertension, diabetes, obesity and primary renal disorders. [1] Cardiovascular disease
(CVD) is the primary cause of morbidity and mortality where CKD is regarded as an accelera-
tor of CVD risk and an independent risk factor for CVD events. [2] There is a graded inverse
relationship between CVD risk and glomerular filtration rate (GFR) that is independent of age,
sex and other risk factors. [3-6] Decreased renal function is a predictor of hospitalisation [1,
2], cognitive dysfunction [7] and poor quality of life. [8, 9] The healthcare burden is highest

in early stages due to increased prevalence, affecting around 35% of those over 70 years. [10]
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CKD is defined by indicators of kidney damage—imaging or proteinuria (commonly using
albumin to creatinine ratio, ACR)—and decreased renal function (below thresholds of GFR
estimated from serum creatinine concentration). [11, 12] Current recommendations by Kidney
Outcomes Quality Initiative (KDOQI) and National Institute for Health Excellence (NICE)
[11, 12] are to use serum creatinine concentration to estimate GFR (eGFR) and transform it
using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation. [13]
CKD-EPI replaces the Modification of Diet in Renal Disease (MDRD) equation [14] as a more
accurate predictor of clinical risk [15] and both these equations correct for selected non-renal
influences (age, race, gender).

CKD can be classified into five stages using KDOQI [11] guidelines using thresholds of
eGFR within the CKD range and/or evidence of structural renal changes e.g. proteinuria. NICE
have suggested that stage 3 be subdivided into 3a and 3b reflecting increasing CVD risk. [12]
The largest stage of CKD, with over 90% of cases, has been estimated from a UK retrospective
lab audit study to be CKD stage 3 with 84% stage 3a (GFR of 45 to 59 ml/min/1-73m?) and
16% stage 3b GER of 30 to 44 ml/min/1-73m”. [16]

Changes over time in CKD prevalence are contentious. Data from the American National
Health and Nutrition Examination Survey demonstrate that in the period 1999 to 2004 the
prevalence of CKD stages 1 to 4 increased significantly when compared to the survey period
1988 to 1994 (13-1 versus 10-0%). [4, 17, 18] While this high (and rising 1) prevalence is in
part due to the ageing population, it is also associated with increases in hypertension and diabe-
tes mellitus[1]. However, conversely a UK manuscript published in 2014 examined nationally
representative cross-sectional studies within the UK and found that the prevalence estimates
reported declined over time. [19]

CKD is recognised as having changed from a subspecialty issue to a global health concern.
[20] The authors, therefore, sought to determine the global prevalence of CKD according to
KDOQI criteria in published observational studies in the adult general population, by a system-
atic review and meta-analysis.

Materials and Methods
Search strategy and selection criteria

The protocol has been published (PROSPERO: CRD42014009184) and conducted in accor-
dance with the Meta-analysis Of Observational Studies in Epidemiology guidelines [21]. Search
strategy was discussed with a librarian for optimum inclusion sensitivity. An early consensus
panel on the search results expanded the criteria to include additional general populations not
identified originally (e.g. laboratory based large population studies). The librarian performed
iterative searches using the following repositories for published observational studies: Medline/
PubMed, Embase, CINAHL, the Cochrane Register for Controlled Trials (CENTRAL),
LILACS, SciELO, clinicaltrials.gov, WHO ICTRP. They used the Cochrane Collaboration’s
Highly Sensitive Search Strategy to optimize results. [22] The search strategy for clinicaltrials.
gov was Condition = (“kidney disease” OR “kidney failure” OR “kidney insufficiency” OR “kid-
ney function” OR “kidney dysfunction” OR “renal disease” OR “renal failure” OR “renal insuf-
ficiency” OR “renal function” OR “renal dysfunction”) AND Outcome = prevalence. The
reference lists of other systematic reviews on prevalence of CKD were searched for potentially
relevant articles. All databases were searched from inception to the 1st September 2014.

Study selection and data extraction

Original peer-reviewed publications were selected by two authors (NH, SF) if they included: a
>500 people, conducted from year 2000+, used MDRD/CKD-EPI formula, reported CKD
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prevalence using KDOQI criteria and were in the general population (even if limited—e.g. aged
>65). Studies were excluded if they had no criteria for diagnosis of CKD, did not include prev-
alence, were in a specialist restricted population (e.g. acute hospital patient cohort, nursing
home), were an audit of existing results already included or if there was a more recent updated
study. Translations were sought for non-English articles.

Data extraction was with standardised forms by two independent reviewers (NH, SF) dis-
agreement was resolved by adjudicator (DL). Data included quality assessment, prevalence of
CKD, method used to calculate eGFR, study setting: year, country, the population, gender split,
age, and so on. Authors of relevant articles were contacted to provide additional information
whenever necessary and references of selected articles were hand searched for additional arti-
cles. The KDOQI definition of CKD stages was used [11] and the method, calibration and
traceability of the creatinine assessment extracted.

Statistical analysis and quality assessment

CKD prevalence was defined by the studies as being calculated for Stages 1 to 5 (eGFR & ACR)
or Stages 3 to 5 (eGFR alone). 95% confidence intervals (95%CI) were calculated for each prev-
alence value. Meta-analyses were performed in Stata version 14. A procedure for pooling pro-
portions in the meta-analysis of multiple studies study was used and the results displayed in a
forest plot. The 95%CI’s are based on score(Wilson) procedures [23]. Heterogeneity was quan-
tified using the I-squared measure, The I* heterogeneity was categorised as follows: <25% low,
25 to 50% moderate and >50% high [24]. A Freeman-Tukey Double Arcsine Transformation
[25] was used to stabilise the variance prior to calculation of the pooled estimates. Random
effects models were selected for the meta-analyses with the assumption that CKD prevalence
by country would be variable.

Subgroup analysis was undertaken by country, geographic region, age and gender. Geo-
graphic regions were defined based on the geographic proximity of the country the studies
occurred in and the possible similarity in the ethnicity of the populations. Meta-regression was
weighted by number of subjects unless otherwise specified [24]. Random effects meta-regres-
sions using aggregate level data for CKD prevalence, study year, participant characteristics and
co-morbidities were performed.

Methodological quality was assessed by one reviewer (NH) defined as adherence to
STROBE (Strengthening the Reporting of Observational Studies in Epidemiology Statement)
recommendations. [26] The STROBE 22-point checklist was used to score each manuscript,
items that had subdivision recommendations scored a point for each. Serum creatinine report-
ing quality was assessed by two reviews (NH & SF)—traceability of assay, number of measure-
ments per patient, assay method used, and calibration of assay. A combined quality score
was generated from methodological quality- as measured by STROBE adherence- and serum
creatinine reporting quality. The weighting was arbitrarily chosen to be two-thirds STROBE
adherence and one-third creatinine reporting. To assess bias, quality was used to weight CKD
prevalence values in a meta-analysis.

Sensitivity analyses were undertaken to investigate the individual study influence and of
limited populations (high altitude, single site of recruitment in rural area, single site of recruit-
ment in urban area, laboratory audit, age by decile, or age restricted), studies that used age
adjusted prevalence and using only high quality studies—quality score threshold of 56% (mean
quality). Further sensitivity analyses were undertaken using studies that examined IDMS trace-
able creatinine only, studies that used double measuring of creatinine, studies that achieved
two or more of the serum creatinine reporting quality items, and studies that used different
eGFR equations (CKD-EPI or MDRD).
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Results

The search yielded 5,842 articles after duplicates had been removed and 143 articles were
assessed relevant for the review by title and abstract. Forty-three were excluded on full manu-
script assessment. A detailed review and data extraction was conducted on 100 manuscripts
(covering 112 populations), Fig 1. No additional studies were identified by examining reference
lists. All studies that were included were published after the introduction of the KDOQI 2002
CKD definition guidelines [11].

China had the highest number of population samples with seventeen. [27-43] Numbers of
participants ranged from 778 in a USA cohort [44] to 1,120,295 in a USA laboratory audit [2].
The S1 Appendix Study Table details the relevant details of all studies and populations.

Prevalence

The mean(95%CI) global prevalence of CKD was 13-4%(11-7-15-1%), I = 99.9%, for the
forty-four populations that measured prevalence by all 5 stages (1 to 5) [4, 28, 29, 32, 33, 35—
38, 40-43, 45-73], and 10-6%(9-2-12-2%),I* = 100%, in the sixty-eight populations [2, 10, 27,
30, 31, 34, 39, 44, 74-123] measuring Stages 3 to 5, Fig 2.

5, 842 titles &
abstracts screened

5,699 excluded (title or abstract
not relevant)

143 full text assessed
for inclusion criteria

43 excluded (full text not relevant)

-Did not meet population inclusion criteria: 15
-Data reported in another paper: 10
-Duplicate: 3

-Paper not possible to obtain: 2

-Data from <2000: 9

-Not a research article: 4

100* included in
meta-analysis

Fig 1. Systematic review flow diagram of manuscripts screened, excluded and included in meta-analysis. *112
Populations from 100 manuscripts as some manuscripts reported on more than one population or split their populations
prior to analysis.

doi:10.1371/journal.pone.0158765.g001
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No. of
participants %
Author Year of Study with data ES (95% Cl) Weight
Stages 3t0 5

Kramor, H [Chinese] 08/2000 to 07/2002 778 —— 10.25 1.44
Sharma, S.K. [Mongolia] 2007 997 - 8.07 ( 1.44
Otero, A. NA 1059 —— 13.10 1.45
Sahin, I. 2005 1079 - 5.80 ( 1.45
Browne, G.M 2007 1098 —— 14.90 1.45
Matsha, T.E. 2008 to 2011 1202 - 7.60 (6. 1.45
Barahimi, H. 2009 1400 - 4.70 1.45
Kramer, H [Hispanic] 08/2000 to 07/2002 1486 - 8.25 (6. 1.46
Peralta, C. A. [White] 2005 to 2006 1651 > 1.90 ( 1.46
Kramer, H [Black] 08/2000 to 07/2002 1872 - 7.55 ( 1.46
Peralta, C. A [Black] 2005 to 2006 1898 L 3.70 (2. 1.46
Sharma, S.K. [China] 2007 1999 - 14.60 . 1.46
Anupama, Y.J. 2011 to 2012 2091 x 6.30 2 1.46
Crews, D.C. 2004 to 2008 2375 6.20 (5. 4 1.46
Hu(howskl B. 2004 to 2005 2476 - 18.40 19.97) 1.47
Gallie 10/2007 to 11/2008 2536 -> 4.20 (3.49, 5.05) 1.47
Kiamer, H [White] 08/2000 to 07/2002 2594 - 13.60 14.97) 1.47
Glynn, L.G 2008 2602 - 16.70 18.18)  1.47
Robles N.R. 2009 to 2010 2831 »> 4.00 (3.34, 4.79) 1.47
Jessani, S 2004 to 2005 2873 - 12.50 13.76) 1.47
Pena Porta, JJ.M. 2007 3286 - 21.20 22.63) 1.47
Nagata, M. 2002 3297 - 18.20 (16.92, 19.55)  1.47
Huang, W.H. 2014 3432 - 9.50 (8.56, 10.53) 1.47
Chudek, J 2007 to 2011 3793 29.70 (28.27,31.17)  1.47
Juutilainen, A [2007] 2007 4228 . 2.60 (2.16, 3.12) 1.47
Perkovic, V 2000 5146 - 16.30 (15.32,17.33)  1.47
Vinhas, J. 2008 to 2009 5167 *> 6.10 (5.48, 6.79) 1.47
Singh, N.P. 2005 to 2007 5252 > 4.20 (3.69, 4.78 1.47
Shin, 8-Y 2010 5286 . 3.00 (2.57, 3.50) 1.47
Hsu, C. 2001 to 2002 6001 - 6.90 (6.29, 7.57) 1.47
Nitsch, D. 2002 to 2003 6317 L 10.80 ,11.59)  1.47
Cea- Calvo L 07/2005 to 12/2005 6799 2590 (24.87, 26.95)  1.47
Tanaka, H 05/2003 to 03/2004 6980 L 13.70 (12 91 14.53)  1.47
Juutllalnen A[2002] 2002 7049 . 1.60 (1.33, 1.92) 1.47
de Francisco, A.L.M. 2004 7202 - 21.30 (20.37, 22.26)  1.47
u, D-F. 2007 to 2009 7801 - 1250 (11.78, 13.25)  1.47
Sharma, SK. [Nepal 2007] 2007 8398 L 14.40 (13.67,15.17)  1.48
Stengel, B 1999 to 2001 8705 > 1370 (12.99, 14.44)  1.48
Khajehdehi, P 2009 to 2012 9404 - 11.40 (10.77, 12.06) ~ 1.48
Prodjosundjadi, W NA 9412 . 7.50 (6.99, 8.05) 1.48
Hosseinpanah, F. 1997 to 2000 10063 L 18.90 ,19.68)  1.48
Hemmelgarn, BR 07/2001 10 07/2003 10184 @ 3540 , 36. 1.48
Liang, Y 06/2010 to 09/2012 10926 . 5.90 (5.47, 6.36) 1.48
Tanner, R.M. [Black] 06/2003 to 10/2007 11109 - 9.40 (8.87, 9.96) 1.48
Gao, S [Aboriginal] 07/2003 to 06/2004 14989 . 6.00 (5.63, 6.39) 1.48
Chen, J. 2000 to 2001 15540 . 2.50 (2.27, 2.76) 1.48
Tanner, R.M. [White] 06/2003 to 10/2007 16410 . 9.20 (8.77, 9.65) 1.48
Lou Arnal, L.M. 2006 18922 . 16.40 ( 16.93) 1.48
Covic, A 01/2004 to 12/2005 19509 . 11.70 ( 12.16)  1.48
Ryan, T.P 01/2003 to 05/2005 24492 25.305 . 23.57; 1.48
Carlos, .S 01/2009 to 06/2010 27894 * 1210 (11.72,12.49)  1.48
Van Pottelbergh 1994 to 200: 34642 23.90 (23.45, 24.35)  1.48
Stevens P. 1998 to o 38262 & 8.50 (8.22, 8.78) 1.48
Glavarrna D 05/2009 to 10/2009 39188 L 7.50 57.24, 7.76; 1.48
Cepoi, V. 2007 to 2008 60969 . 6.69 (6.49, 6.89 1.48
Hallan, S. | 1995 to 2004 65604 . 4.70 (4.54, 4.86) 1.48
Minutolo, 2003 77630 . 9.20 (9.00, 9.41) 1.48
Gifford, FJ [1st Pop] 2004 103322 * 5.40 (5.26, 5.54) 1.48
Gifford, F.J. [2nd Pop] 04/2009 to 04/2010 123121 * 5.71 (5.58, 5.84) 1.48
Fleet Jamie, L 2007 to 2010 123499 36.39 (36.12, 36.66)  1.48
Anesi, A 08/2009 to 08/2010 186757 * 5.20 (5.10, 5.30) 1.48
Jose, M.D. 1995 to 2007 223288 . 11.60 (11.47,11.73)  1.48
Denburg, M.R 01/2002 to 2008 230426 . 4.32 (4.24, 4.40) 1.48
seki, K 04/2005 to 03/2006 271013 . 16.30 (16.16, 16. 44; 1.48
Elorza-Ricard, J.M 07/2008 to 06/2010 447140 > 14.10 (14.00, 14.20)  1.48
Gao, S [Non Aboriginal] 07/2003 to 06/2004 658664 . 6.80 (6.74, 6.86) 1.48
o Callagh 10/2009 to 01/2011 660000 . 15.70 (15.61, 15.79)  1.48
1996 to 2000 1120295 . 17.54 (17.47,17.61)  1.48

Subtotal (12 = 99.96%, p = 0.00) L= 10.61(9.15,12.16)  100.00

Stages 110 5

Mag\e-Brown, LJ 09/2003 to 03/2005 860 — 16.50 (14.17,19.13) 221
Hooi, LS 04/2011 t0 07/2011 876 —_ 9.10 (7.37, 11.19) 221
Huda, M. N. 07/2003 to 06/2005 1000 —— 13.10 (11.15,15.33)  2.22
Tomonaga, Y. 2010 1000 — 23.00 20.50, 25.71) 222
Seck, SM. 2012 1037 - 90 (3.74, 6. 2.22
Liu, Q. 2006 to 2007 1186 —— 2.23
Chen, W. [Tibet 2011] 2007 1289 —— ; 2.24
Rothenbacher, D 03/2009 to 04/2010 1471 —— 3430 31 92,36.76) 2.25
Najafi, I. 2007 to 2009 1557 —— 23.40 (21.36, 25. 57; 2.25
Nomura 1 09/2006 to 10/2006 1978 - 18.20 (16.56, 19.96)  2.26
NA 2310 —— 12.90 (11.59, 14.33) 227
Zhan . L[2007] NA 2353 - 11.30 (10.08, 12.64) 227
2006 2356 —-— 13.70 512 .37,15.15)  2.27
Chen W.N [Shanghal 2009] 2006 2554 - 11.80 (10.61, 13.11) 227
06/2007 to 01/2009 2576 - 9.80 (8.71, 11.01) 2.27
Ong Ajyoof 2004 3117 - 8.90 (7.95, 9.95) 227
Sharma, SK [Nepal 2013] 2003 to 2005 3218 - 10.60 (9.58, 11.71)  2.28
Nongpru, M.E 08/2004 to 07/2006 3280 27.90 (26.39, 29.46)  2.28
Bruce M.A. 09/2000 to 03/2004 3430 - 20.00 (18.70, 21.37)  2.28
Gambaro, G 01/2006 3629 - 12.70 (11.66, 13.82)  2.28
Arora, P. 2007 to 2009 3689 - 13.40 (12.34, 14.54) 2.28
Shan, Y. 05/2007 to 03/2008 3981 - 1050 (9.59, 11.49) *  2.28
Sumaili, E.K. 2007 to 2009 4460 - 12.40 (11.46, 13.4( o% 2.28
Sabanayagam, C NA 4499 - 15.60 (14. 57 16 69) 2.28
ani, A 2010 4842 - 15.20 (14 24) 2.28
Kang, H.T. [KHANES2] 2007 to 2009 5066 -> 9.20 (&43, 10.03) 2.28
Jiang, L. 2006 to 2007 5105 - 15.20 (14.24, 16.21)  2.28
Kang H.T. [KHANES3] 2007 to 2009 5314 -> 9.80 (9.03, 10.63) 2.28
O1/2008&o 05/2011 5708 * 1.10 (0.8 ,1.4 2.29
Ponte, 5921 - 13.80 (12.94,14.70)  2.29
Chen, w [Esuangzhou 2009] 2006 m 2007 6101 - 1210 (11.31, 12.94; 2.29
Zhang, Q 07/2000 to 12/2002 9806 26.70 (25.83, 27.58)  2.29
Lin, B 2009 to 2012 10384 * 9.88 (9.32, 10.47) 2.29
Su\eymanalar G. 2006 to 2009 10748 L 15.70 (15.02, 16.40)  2.29
White, s 1999 to 2000 11247 <+ 13.40 (1278, 14.04)  2.29
Coresh, J. 1999 to 2004 13233 * 13.07 (12,51, 13.66)  2.29
Zhang, L [2008] 2006 13925 * 14.00 (13.43, 14.59) 229
Kang, H.T. [KHANES4] 2007 to 2009 15975 * 5.50 (5.16, 5.86) 2.30
Sahne]ad M.R. 2002 to 2005 16354 * 12,60 (12.10, 13. 12; 2.30
Ohn 04/2001 to 03/2002 39211 * 2050 (20.10, 20.90)  2.30
Zhang, L [2012] 2009 to 2010 47204 * 10.80 10 52 11 oag 2.30
1994 to 2006 462293 * 11.93 (11 2.30
Imal E 2000 to 2004 574024 * 12.9 2 2.30
Van Biliiderveen, J.C. 011996 t0 03/2011 784563 * 5.10 (5.0 2.30

Subtotal (12 = $9.90%, p = 0.00) 13.38 (11. 72 15 14)  100.00

I I
0 35

Prevalence %

Fig 2. Meta Analysis of CKD prevalence using random effects model, weighted by standard error of
the mean estimates. Studies are ordered by number of participants and split by whether the report 3 stages

of CKD (“Three”) or five stages of CKD (“Five”).
doi:10.1371/journal.pone.0158765.9002
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CKD prevalence breakdown was provided in seventy-four populations. [2, 4, 10, 27-29, 32,
35, 37-43, 46, 47, 50-56, 60, 63, 65-71, 73-84, 86-91, 98-102, 106-111, 113, 116, 118, 121,
122] The 1 to 5 stages mean CKD prevalence was higher (13-4% vs. 11-0%). The breakdown
by stage using all available data was Stage-1 (eGFR>90+ACR>30): 3-5%(2-8-4-2%); Stage-2
(eGFR 60-89+ACR>30): 3-9%(2-7-5-3%); Stage-3 (eGFR 30-59): 7-6%(6-4-8-9%); Stage-4 =
(eGFR 29-15): 0-4%(0-3-0-5%); and Stage-5 (eGFR<15): 0-1%(0-1-0-1%). Separate reporting
of Stage 3a/3b was not possible due to lack of reporting. Sensitivity analyses determined that no
individual study or group of studies (limited populations—i.e. laboratory audits, age restricted,
single site recruitment—, age adjusted prevalence, etc.) were suspected of excess influence on
the prevalence estimates. Further, there was no difference between studies that reported using
the higher quality IDMS traceable assay and those that did not.

Effect of Age, Hypertension, BMI, Obesity, Diabetes, Smoking. Univariate meta-regres-
sions of CKD prevalence and covariates were undertaken. Mean population age, given in 94 of
112 populations, was significantly associated (B = 0-4%, p<0-001, R* = 25-5), as was prevalence
of diabetes (n = 82, B = 0-16%, p = 0-006, R*=8.0), prevalence of hypertension (n =75, =
0-15%, p = 0-002, R* = 11-4) but not average BMI or prevalence of obesity. Smoking (n = 60)
was negatively associated with CKD prevalence (an increase of smoking status was associated
with a decreased prevalence of CKD (B = -0-14 p = 0-07, R* = 4-2).

Prevalence of CKD increased with age, Fig 3. To determine an estimated prevalence for each
age the sample population was divided by mean age into deciles. Studies measuring 5 stages of
CKD mean(95%CI) were—30s: 13-7%(10-8, 16-6%), 40s: 12:0%(9-9, 14-1%), 50s: 16-0%(13-5,
18-4%), 60s: 27-6%(26-7, 28:5%), 70s: 34-3%(31-9, 36-7%). Studies measuring stages 3 to 5-30s:
8:9%(4-7, 13-1%), 40s: 8:7%(6-9, 10-5%), 50s: 12-2%(9-8, 14-5%), 60s: 11-3%(8-1, 14-5%), 70s:
27-9%(16-40, 39-:3%).

There were no significant differences in prevalence between groups of studies that adjusted
for age compared to those that did not. Further, a sensitivity test found that older age restricted
populations did not significantly change the estimated pooled prevalence for CKD, Stages 3 to
5 mean (95%CI) 10-2%(8-4-12-0%) vs. 10-6%(9-2-12-2%) and stages 1 to 5 mean (95%CI)
11-5%(9-3-13-9%) vs. 11-4%(9-4-13-1%). A sensitivity analysis examining glomerular filtration
estimating equation was planned but only 12 studies used the CKD-EPI equation making the
analysis unfeasible.

Geography

CKD prevalence by geographical grouping was examined, Table 1. Geographical areas with
more than one study were pooled using random effects models.

Gender

Fifty-one studies reported sex-specific prevalence of CKD. [27-29, 32, 37-39, 44, 46, 48, 50,
52-55,57,58, 61, 64, 68-71,78,79, 82, 83, 85, 87, 92-94, 98, 100-103, 105, 106, 108, 110, 115,
119] Male mean (95%CI) CKD prevalence, for studies that defined 5 stages of CKD, was 12-8%
(10-8-11-9%) and for studies that used stages 3 to 5 it was 8-1%(6-3-10-2%). Female CKD prev-
alence for studies that defined CKD by stages 1 to 5 was 14-6%(12-7-16-7%) and for studies
that used stages 3 to 5 it was 12-1%(10-6-13-8%). Thirty-eight studies [27-29, 32, 37-39, 44,
46, 50, 55, 64, 69-71, 78, 79, 83, 85, 87, 92, 98, 100-103, 105, 106, 108, 110, 115, 119] reported
that CKD was more prevalent in women than in men with the pattern reversed in thirteen
studies. [39, 44, 48, 52-54, 57, 58, 61, 68, 82, 93, 94]
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Fig 3. Meta Regression of CKD Prevalence and mean sample population age (a) Studies reporting stages
1to 5 (b) Studies reporting stages 3 to 5. Each circle represents a study prevalence estimate with the size
denoting the precision of the estimate.

doi:10.1371/journal.pone.0158765.g003
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Table 1. Mean prevalence of CKD split by geographical region with 95% Confidence Intervals.

S Africa, Senegal, Congo
India, Bangladesh

Iran

Chile

China, Taiwan, Mongolia
Japan, S Korea, Oceania
Australia

USA, Canada

Europe

Stage1to5 Stages 3to 5

N* Prevalence (%) N* Prevalence (%)
5,497 8.66 (1.31, 16.01) 1,202 7.60(6.10, 9.10)
1,000 13.10(11.01,15.19) 12,752 6.76 (3.68, 9.85)
17,911 17.95 (7.37, 28.53) 20,867 11.68 (4.51, 18.84)
0 NONE 27,894 12.10(11.72, 12.48)
570,187 13.18 (12.07, 14.30) 62,062 10.06 (6.63, 13.49)
654,832 13.74 (10.75, 16.72) 298,000 11.73(5.36, 18.10)
12,107 14.71 (11.71,17.71) 896,941 8.14 (4.48,11.79)
20,352 15.45 (11.71, 19.20) 1,319,003 14.44 (8.52, 20.36)
821,902 18.38 (11.57, 25.20) 2,169,183 11.86 (9.93, 13.79)

*N is number of participants in the sample estimate.

doi:10.1371/journal.pone.0158765.t001

Quality

The methodological quality of studies ranged from 32-1% [31] to 92-9%. [4, 68] No study com-
plied completely with the STROBE guidelines and the mean(SD) quality was 69-6(12-5)%.

Quality of serum creatinine measurement was assessed. Two studies scored 100%- four
methods. [115, 122] Thirty-six studies scored 0% [30-32, 34, 39, 40, 48, 49, 52, 57-60, 62, 64,
71,72,74,76,81, 82, 85, 87, 89, 92, 95, 102, 103, 105, 106, 109, 113, 116, 117], thirty-five studies
scored 25%-one method-[2, 28, 29, 33, 35-38, 41, 43, 47, 51, 53, 61, 65, 67-70, 75, 77-79, 83,
84,97-100, 108, 110, 114, 121], twenty-seven scored 50%-two methods-[4, 27, 42, 44, 46, 50,
54-56, 66, 74, 80, 88,90, 101, 104, 107, 111, 112, 118, 119, 123] and ten scored 75%-three meth-
ods. [10, 45, 63, 73, 86, 91, 93, 94, 96, 120]

Sensitivity analyses determined no difference in the prevalence estimate of CKD when using
only high quality studies, studies that used double measures of creatinine only or studies that
had two or more factors for the measurement of creatinine.

Discussion

CKD prevalence Stages 1 to 5 was 13-4% and 10-6% in stages 3 to 5. This systematic review is
the first meta-analysis of CKD prevalence globally and provides a comprehensive overview of
the current literature. These estimates indicate that CKD may be more common than diabetes,
which has an estimated prevalence of 8-:2%. [124] However, the reported prevalence of CKD
varied widely amongst the studies and had high heterogeneity.

CKD was more prevalent in women than in men. Two-thirds of studies -that reported gen-
der-specific CKD prevalence- determined higher prevalence in women. Women, in general,
have less muscle mass than men and muscle mass is a major determinant of serum creatinine
concentration. However, the GFR estimation equations adjust for gender differences, using a
correction factor for women. These findings add to the existing literature that recognise a gen-
der-specific difference between CKD prevalence. [125-127]However, these data cannot answer
why this may occur. We can speculate that this finding may be partially explained by selection
bias inherent within the studies due to a different age demographic for the two sexes. Alterna-
tively it may be due to complex factors in the disease pathology that are not captured within
the studies. Or that there is in fact more renal disease in men but the eGFR equations preferen-
tially identify renal disease in women in the stage 3 zones.

Studies that were outliers in terms of reported results were of interest. Smoking was found
to be negatively associated with CKD prevalence but this finding was negated when a single
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outlier was removed. The outlier [120] was a study in which smoking was defined as >100 cig-
arettes ever and thus 69-1% were smokers. A Spanish study [106] (n: 7202, Quality: 52%, CKD:
21-3%) reported 66.7% hypertension prevalence within the population compared with a global
mean (from all other studies) of 31-1%. Hypertension was not defined any differently. Further,
31.5% of their sample population had diabetes and 31.1% were obese. The population was
reported as unrestricted older population but although it was older than other studies (mean
age 60-6yrs) these rates of co-morbidity are unexpected and were not explained. A number of
studies had very high prevalence of CKD (>30%) the highest of these was a Canadian study (n:
123,499, Quality: 52%, CKD: 36-4%), a laboratory audit of patients over 65 years. The preva-
lence observed may be due to selection bias as the mean age of this cohort was 74 years, with
23% diabetes in the sample population, two factors associated with renal decline.

The geographical stratification of results revealed that developed areas such as Europe,
USA, Canada and Australia had higher rates of CKD prevalence in comparison to areas where
economies are growing such as sub Saharan Africa, India etc. With the exception of Iran that
had similar high level of CKD prevalence possibly due dietary risks, high BMI, high systolic BP
and co-morbid conditions within the country [128]. Although percentage prevalence was
higher in more developed areas projected worldwide population changes will increase the abso-
lute numbers of people in developing countries where the populations of elderly are increasing.
This increase will exacerbate the double burden of dealing with communicable and non com-
municable disease in a developing economy[129].

Serum creatinine measurement bias was inherent in the majority of the studies. Serum cre-
atinine concentrations are highly variable within individuals, up to 21% within a 2-week
period. [130] NICE guidelines advise two measures of eGFR 3-months apart and within the
last 12-months to minimise intra-individual variation. Not all countries have such guidelines
only 5 manuscripts reported this in study design. Jaffe creatinine assay was the main method
used but it is known to systematically overestimate serum creatinine to varying degrees. [131]
Thirty-seven of the studied populations reported that they calibrated directly to the laboratory
to minimize assay bias effect and twenty-seven studies used a minimally biased traceably assay
(IDMS). A comparison of these studies to the remainder found no significant difference in
prevalence estimates. A third of the studies (n = 36) made no mention of measures, traceability,
or calibrations. It is further known that the MDRD equation systematically overestimates CKD
in the general population [13] and the prevalence rates calculated may be lower. Estimated
GFR is accepted as the most useful index of kidney function in health and disease, but an
uncorrected, untraceable single measure inherently introduces noise and outliers into the data-
set. This latter point has been very recently clarified as an epidemiological study in Morocco
found that up to 30% of patients initially classified as CKD 3a using the MDRD formula had
improved renal function over 12 months and therefore would not have a CKD diagnosis[132].

Estimation of GFR from serum creatinine is the clinical standard worldwide and the CKD
the KDOQI diagnostic criteria[11] guidelines emphasise the importance of estimation of GFR
rather than use of serum creatinine concentration. However, the 2002 KDOQI guidelines that
the included studies reference have stimulated controversies and questions. In particular, there
have been concerns that use of its definition of CKD has caused excessive false identification
of CKD and that its staging system was not sufficiently informative about prognosis. A new
KDIGO guideline was published in 2013 [133] that sought to address this with the splitting
of the stage 3 category to emphasise the risks of mortality and other outcomes vary greatly
between these groups and have further and further sub-stratified by the inclusion of urinary
albuminuria. There is a limitation in our study in that unfortunately the analysis of stages 3a
and 3b was not possible due to lack of reporting and studies using the previous KDOQI
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guidelines so no conclusions about whether the patients really have ‘disease’ rather than nor-
mal variation due to aging could be drawn.

Observational studies are individually subject to bias and residual confounding from
unspecified sources but it is difficult to quantify how much bias and/or confounding. One
study may report an effect size adjusted for several possible confounders; others may report the
crude prevalence. The authors have sought to address this limitation by using STROBE quality
weighting and creatinine quality factors and participant per study-weighted rates. Ideally future
research should report the crude and adjusted rates based on multiple measures over time.

This systematic review and meta-analysis significantly extends existing systematic reviews in
a number of ways. The search strategy allowed the detection of a large number of additional
studies that had not been considered in previous systematic reviews. It increased the number of
reference databases searched. The reviewers undertook to screen non-English publications
through the use of translations. The studies included used the same definitions of CKD and used
broadly comparable definitions for severity markers or related conditions (albuminuria, hyper-
tension, diabetes and obesity). However, there are limitations due to the heterogeneity that arises
from differences in age and sex distributions, use of creatinine assays, different sampling frames,
inclusion criteria of general population based studies, and time period of the study. A proportion
of the variation across studies may not be due to real differences in CKD prevalence. However,
the authors did seek to provide a robust assessment of the quality and use this to determine a
weighted global prevalence of CKD in the meta-analysis. The prevalence rates calculated high-
light the likely numbers of people with CKD that may be of relevance to health care providers
and national health programs with finite resources with which to address this epidemic.

CKD constitutes a major cost burden to healthcare systems worldwide. The high prevalence
and the extensive existing evidence that intervention is effective in reducing CVD events dem-
onstrates a need for national initiatives that will slow the progression to end stage renal disease
and reduce CVD-related events in CKD patients.

This comprehensive meta-analysis of observational studies confirms that CKD has a high
prevalence. Using CKD prevalence weighted by quality, using ‘High’ quality studies only and
using studies weighted by number of participants consistently estimated a global CKD preva-
lence of between 11 to 13%. Future research should evaluate intervention strategies deliverable
at scale to delay the progression of CKD and improve CVD outcomes. Evaluation of the roles
of these interventions and the associated costs needs to be undertaken. CKD prevalence studies
should report more detail on disease definitions and population demographics and state unad-
justed as well as adjusted findings.
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