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Global, regional, and national burden of chronic kidney 
disease, 1990–2017: a systematic analysis for the Global 
Burden of Disease Study 2017
GBD Chronic Kidney Disease Collaboration*

Summary
Background Health system planning requires careful assessment of chronic kidney disease (CKD) epidemiology, but 
data for morbidity and mortality of this disease are scarce or non-existent in many countries. We estimated the global, 
regional, and national burden of CKD, as well as the burden of cardiovascular disease and gout attributable to 
impaired kidney function, for the Global Burden of Diseases, Injuries, and Risk Factors Study 2017. We use the term 
CKD to refer to the morbidity and mortality that can be directly attributed to all stages of CKD, and we use the 
term impaired kidney function to refer to the additional risk of CKD from cardiovascular disease and gout.

Methods The main data sources we used were published literature, vital registration systems, end-stage kidney 
disease registries, and household surveys. Estimates of CKD burden were produced using a Cause of Death Ensemble 
model and a Bayesian meta-regression analytical tool, and included incidence, prevalence, years lived with disability, 
mortality, years of life lost, and disability-adjusted life-years (DALYs). A comparative risk assessment approach was 
used to estimate the proportion of cardiovascular diseases and gout burden attributable to impaired kidney function.

Findings Globally, in 2017, 1·2 million (95% uncertainty interval [UI] 1·2 to 1·3) people died from CKD. The global 
all-age mortality rate from CKD increased 41·5% (95% UI 35·2 to 46·5) between 1990 and 2017, although there was 
no significant change in the age-standardised mortality rate (2·8%, –1·5 to 6·3). In 2017, 697·5 million (95% UI 
649·2 to 752·0) cases of all-stage CKD were recorded, for a global prevalence of 9·1% (8·5 to 9·8). The global all-age 
prevalence of CKD increased 29·3% (95% UI 26·4 to 32·6) since 1990, whereas the age-standardised prevalence 
remained stable (1·2%, –1·1 to 3·5). CKD resulted in 35·8 million (95% UI 33·7 to 38·0) DALYs in 2017, with 
diabetic nephropathy accounting for almost a third of DALYs. Most of the burden of CKD was concentrated in the 
three lowest quintiles of Socio-demographic Index (SDI). In several regions, particularly Oceania, sub-Saharan Africa, 
and Latin America, the burden of CKD was much higher than expected for the level of development, whereas the 
disease burden in western, eastern, and central sub-Saharan Africa, east Asia, south Asia, central and eastern Europe, 
Australasia, and western Europe was lower than expected. 1·4 million (95% UI 1·2 to 1·6) cardiovascular disease-
related deaths and 25·3 million (22·2 to 28·9) cardiovascular disease DALYs were attributable to impaired kidney 
function.

Interpretation Kidney disease has a major effect on global health, both as a direct cause of global morbidity and 
mortality and as an important risk factor for cardiovascular disease. CKD is largely preventable and treatable and 
deserves greater attention in global health policy decision making, particularly in locations with low and middle SDI.

Funding Bill & Melinda Gates Foundation.

Copyright © 2020 The Author(s). Published by Elsevier Ltd. This is an Open Access Article under the CC BY 4.0 
license.

Introduction
Chronic kidney disease (CKD) is an important 
contributor to morbidity and mortality from non-
communicable diseases, and this disease should be 
actively addressed to meet the UN’s Sustainable 
Development Goal target to reduce premature mortality 
from non-communicable diseases by a third by 2030. 
Treatment costs for CKD rose after the 1960s, with 
availability of renal replacement techniques making 
possible the long-term application of life-saving but 
costly treatment for patients with end-stage kidney 
disease (ESKD).1 The number of people receiving renal 

replacement therapy exceeds 2·5 million and is projected 
to double to 5·4 million by 2030;2 however, in many 
countries, there is a shortage of renal replacement 
services, and an estimated 2·3–7·1 million adults have 
died prematurely from lack of access to this treatment.2 
The effect of CKD also expands well beyond the provision 
of renal replacement services. Large-scale, nationally 
representative screening programmes undertaken in the 
2000s in Australia,3 Norway,4 and the USA5 showed that 
more than 10% of the adult population have markers for 
kidney disease. Different research groups have reviewed 
the prevalence of and mortality from CKD in Africa,6 
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Asia,7–10 Australia,3 Europe,11 Latin America,12 North 
America,13 and several geographically dispersed devel
oping countries,14 and confirmed the high burden of this 
disease. The primary cause of CKD varies by setting, 
with hypertension and diabetes being the most common 
causes,15 whereas factors such as HIV16 and exposure to 
toxins or heavy metals17 have an additional role in 
developing countries. In some areas of the world with 
especially high burdens of CKD, the cause remains 
unknown.18

CKD has also been recognised as a risk factor for 
cardiovascular disease independent of other conventional 
risk factors for cardiovascular disease.19 CKD is associated 
with an increased risk for cardiovascular disease mortality 
and is a risk multiplier in patients with hypertension and 
diabetes.15,20,21 Importantly, early detection and treatment 
of diabetes, hypertension, and CKD is possible using 
readily available, often inexpensive, treatments. These 
interventions can improve renal and cardiovascular 
outcomes and slow or prevent progression to ESKD.22–24 
Despite the availability of such interventions, the burden 
of CKD and its related risk factors remains under
studied in many areas of the world. Even in countries 
with available data, disease awareness is low among 
both the general public and health-care authorities.25 As a 
result, many countries have underdeveloped nephrology 

workforces or mainly focus on the provision of treatment 
for ESKD but not for early stages of CKD.

The Global Burden of Disease, Injuries, and Risk 
Factors Study (GBD), with its broad collection of data 
sources and statistical modelling approaches, can deliver 
the most comprehensive estimates of CKD burden to 
date.26–29 We aimed to summarise GBD 2017 findings on 
CKD epidemiology in 195 countries, expressed in terms 
of incidence, prevalence, years lived with disability 
(YLDs), mortality, years of life lost (YLLs), and disability-
adjusted life-years (DALYs). GBD also quantifies the 
burden of health loss due to cardiovascular disease and 
gout that can be attributed to kidney dysfunction. In this 
Article, we use the term CKD to refer to elevated urinary 
albumin:creatinine ratio (ACR), decreased estimated 
glomerular filtration rate (eGFR), dialysis, or kidney 
transplantation as direct causes of morbidity and 
mortality, whereas we use the term impaired kidney 
function to refer to elevated ACR or decreased eGFR 
without dialysis or kidney transplantation as risk factors 
for cardiovascular disease and gout in addition to the 
direct estimates of mortality and morbidity from CKD. 
Most published work is based on one timepoint to define 
elevated ACR or decreased eGFR, excluding the ability 
to examine the full Kidney Disease: Improving Global 
Outcomes (KDIGO) definition of chronicity, which 

Research in context

Evidence before this study
The burden of chronic kidney disease (CKD) is studied 
predominantly in high-income countries, mainly in terms of 
prevalence, quality of life, mortality, and kidney and 
cardiovascular complications. Even where results of large-scale 
national CKD screening programmes are available, many data 
sources report CKD estimates only for selected populations 
(limited by age group, geography, occupation, etc), and for many 
countries there are no data for CKD epidemiology. The Global 
Burden of Diseases, Injuries, and Risk Factors Study (GBD) is a 
major effort to collect and incorporate into one system all 
available data for 354 diseases and 84 risk factors from the 
published literature, registries, vital registration systems, verbal 
autopsies, hospital records data, etc. GBD applies comprehensive 
statistical modelling to produce comparable estimates of the 
burden at the global, regional, and national levels.

Added value of this study
We compiled data for CKD epidemiology by doing several 
systematic literature reviews in PubMed and Embase, using 
search queries combining “chronic kidney disease” and 
“prevalence”, and we retrieved publications from 1980 onwards. 
Data related to dialysis and kidney transplantation were 
extracted from annual renal replacement therapy registry 
reports up to 2017 and including the most recent year of 
available data. The results are a variety of estimates of morbidity 
and mortality for CKD as a direct cause of burden, and impaired 
kidney function as a risk factor for cardiovascular disease and 

gout. The statistical modelling approach enabled us to produce 
estimates of kidney disease burden even for countries without 
primary data. We showed a substantial burden of both CKD and 
impaired kidney function at the global level. Prevalence of CKD, 
in particular, is high (9·1% of the global population). Overall, 
CKD and its effect on cardiovascular disease resulted in 
2·6 million (95% uncertainty interval 2·4 to 2·8) deaths and 
35·8 million (33·7 to 38·0) disability-adjusted life-years (DALYs), 
with most DALYs attributable to CKD occurring in middle and 
low-middle Socio-demographic Index (SDI) quintiles. 
Importantly, CKD has continued to rise in rank among leading 
causes of death over the 27-year period studied, because of 
ageing and an increasing burden of risk factors for CKD 
(including diabetes and hypertension) that, together, 
contributed to more than half the deaths from CKD in 2017.

Implications of all the available evidence
The results presented here can help stakeholders form a 
comprehensive action plan to prevent and treat kidney disease. 
These actions should include increasing the awareness of CKD 
among the general public and health-care authorities as well as 
educational programmes for health-care personnel, appropriate 
treatment of risk factors, management of earlier stages of CKD, 
and development of facilities for treating patients with 
end-stage kidney disease. This work could be especially relevant 
for countries in low and middle SDI quintiles, where there is a 
large gap between CKD burden and provision of adequate 
health care.
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includes persistence for at least 3 months. We estimated 
the burden from CKD and the additional burden from 
comorbid cardiovascular disease and gout that can be 
attributed to impaired kidney function. We followed 
the Guidelines for Accurate and Transparent Health 
Estimates Reporting (GATHER; appendix pp 32–33).30

Methods
In GBD, all appropriate data and statistical methods 
are used to borrow strength from predictive covariates 
and geographical proximity to countries with data, so 
estimates can be obtained for countries and years with 
few or no primary data sources. Data collected based on 
different case-definitions or study methods are adjusted 
to the level they would have been at if data were obtained 
using a reference method or case-definition set, for 
each disease or risk factor. Similarly, cause-of-death data 
from vital registrations or verbal autopsy studies are 
adjusted by reassigning deaths coded to less informative 
International Classification of Diseases and Injuries 
(ICD) codes. To account for uncertainty in primary data 
sources, data manipulations, measurement error, and 
the choice of model, all entities quantified in GBD are 
estimated 1000 times over in the ensemble and meta-
regression models, to produce final estimates with 
95% uncertainty intervals (UIs), which comprise the 
2·5th and 97·5th percentiles of the 1000 draws.

Mortality
General methods for processing, standardisation, and 
modelling of cause-of-death data in GBD 2017 are described 
in the appendix (pp 2–5), and are published elsewhere.27 
Briefly, we modelled mortality assigned to diagnostic (ICD) 
codes for CKD using vital registration, verbal autopsy, and 
surveillance system data for 1980–2017. Cause-of-death data 
were mapped to GBD categories based on ICD-9 and 
ICD-10 codes (appendix p 12). Aggregated data were age–
sex split, and intermediate or poorly defined ICD codes 
were redistributed to a more appropriate GBD cause using 
regression or proportional redistribution methods.27 Most 
codes redistributed to CKD belonged to hypertension, 
unspecified anaemia, and heart failure.

We used the GBD Cause of Death Ensemble model 
(CODEm) process to produce estimates of mortality due 

to CKD. CODEm fits mixed-effects and spatiotemporal 
Gaussian process regression models using predictive 
covariates to estimate either the fraction of total deaths 
due to CKD (cause fraction) or mortality rates by location, 
year, age, and sex from 1980 to 2017. The final model is 
a weighted average of submodels, with weights assigned 
based on out-of-sample predictive validity. Cause fractions 
from CODEm models were multiplied by GBD all-cause 
mortality estimates to approximate the number of deaths 
and mortality rate due to CKD. We scaled CODEm results 
for all causes to be consistent with all-cause mortality 
estimates by country, year, age, and sex.

Non-fatal estimation
We defined prevalent CKD as an abnormality of kidney 
function, indicated by low eGFR based on serum creati
nine measurement, elevated ACR, or both. We modelled 
six categories of prevalent CKD, defined by level of eGFR 
and ACR or renal replacement therapy. The categories 
defined in GBD are CKD stages 1–2, stage 3, stage 4, and 
stage 5, ESKD on maintenance dialysis, and kidney 
transplantation. The GBD definition of CKD differs from 
that presented in the KDIGO 2012 Clinical Practice 
Guidelines,22 because the GBD definition uses only one 
measurement of eGFR and ACR and, thus, does not 
formally fit the KDIGO duration requirement of abnor
malities for more than 3 months. The GBD definition also 
does not take into account markers of kidney damage 
other than ACR, since these are often not reported in 
epidemiological studies used to estimate disease occur
rence. The criteria used to define CKD categories in GBD, 
and how these entities correspond with KDIGO guidelines, 
are presented in table 1.

Building on past data collection efforts for GBD,31 we 
updated the systematic review of the literature for 
cross-sectional or cohort studies reporting population-
representative prevalence of each stage of CKD based on 
serum creatinine measurements or eGFR and ACR 
values. New data for dialysis and transplantation were 
largely obtained from national registries for ESKD. 
We included 216 unique data sources for the prevalence 
of CKD stages 1–2, stage 3, stage 4, and stage 5 and 
193 sources of data for incidence and prevalence of renal 
replacement therapy. A full list of sources used in the 

See Online for appendix

Definition KDIGO category

CKD stages 1 and 2 eGFR ≥60 mL/min per 1·73 m² and ACR ≥30 mg/g (not including kidney 
transplant recipients)

G1–G2, A2–A3 (not including kidney transplant recipients)

CKD stage 3 eGFR 30–59 mL/min per 1·73 m² (not including kidney transplant recipients) G3a–G3b, A1–A3 (not including kidney transplant recipients)

CKD stage 4 eGFR 15–29 mL/min per 1·73 m² (not including kidney transplant recipients) G4, A1–A3 (not including kidney transplant recipients)

CKD stage 5 eGFR <15 mL/min per 1·73 m² (not including kidney transplant recipients or 
patients treated by dialysis)

G5, A1–A3 (not including kidney transplant recipients or patients treated by dialysis)

ESKD Kidney transplant recipients and patients treated by dialysis Not applicable (classified according to G category, with use of a D or T modifier)

CKD=chronic kidney disease. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. KDIGO=Kidney Disease: Improving Global Outcomes. eGFR=estimated glomerular filtration rate. ACR=albumin:creatinine 
ratio. ESKD=end-stage kidney disease. G=glomerular filtration rate. A=albuminuria. D=dialysis. T=transplant.

Table 1: CKD staging definitions in the GBD study and correspondence with KDIGO categories
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CKD non-fatal estimation process is available through the 
Global Health Data Exchange.

We modelled each stage of CKD separately in 
DisMod-MR 2.1, which is a Bayesian mixed-effects meta-
regression tool developed specifically for GBD by the 
Institute for Health Metrics and Evaluation (Seattle, WA, 
USA). DisMod uses input data for several epidemiological 
parameters, including prevalence, incidence, remission 
rate, and excess mortality rate, to make consistent 
estimates of each parameter. We also ran a DisMod-MR 2.1 
model for the prevalence of CKD stages 3–5 combined 
and scaled estimates for the prevalence of CKD stage 3, 
stage 4, and stage 5 to sum to the prevalence of stages 3–5 
combined for each country–year–age–sex group.

The Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) equation was designated as the reference 
equation for estimating GFR in adults aged 18 years and 
older.32 We adjusted data reporting eGFR with the 
Modification of Diet in Renal Disease (MDRD) formula by 
a fixed ratio to the level of data reporting prevalence with 
the CKD-EPI equation.33 The CKD stages 1–2 model 
included fixed-effects to adjust input data using alternate 
ACR thresholds (17 mg/g, 20 mg/g, or 25 mg/g) to define 
elevated urinary ACR. Studies using dipstick tests to assess 
proteinuria were not used.

CKD is one of the causes of anaemia estimated in 
GBD. Anaemia prevalence was approximated for all 
causes combined and then attributed to underlying 
causes. Methods related to the cause-specific attribu
tion of anaemia prevalence have been described 
elsewhere.26,34

Estimates of CKD by cause
We estimated the burden of CKD for each of five causes: 
type 1 diabetes, type 2 diabetes, glomerulonephritis, 
hypertension, and a residual category of other and 
unspecified causes. For CKD stages 1–2, stage 3, stage 4, 
and stage 5, we estimated stage-specific distributions of 
causes. We used available laboratory and ICD-coded 
diagnosis data from Geisinger Health System,35 a health 
maintenance organisation in central and northern 
Pennsylvania, to identify patients with CKD stages 1–2, 
stage 3, stage 4, or stage 5 not on renal replacement 
therapy. For every individual with CKD, we used ICD 
codes for primary renal diseases to map individuals to 
GBD cause groupings (appendix p 12). Individuals with 
CKD but no ICD code for a primary renal disease were 
classified as having CKD of uncertain cause. We ran a 
multinomial logistic regression including sex and a 
non-linear term for age to predict the probability of each 
cause by age and sex for each stage of CKD.

We used data from ESKD registries to model the 
proportion of ESKD and CKD mortality attributable 
to each cause. Registry data were extracted to represent 
the proportion of cases of ESKD attributable to each 
modelled cause of CKD, excluding cases with unknown 
or missing cause. We ran a DisMod-MR 2.1 model for 

each cause. Results from the five cause proportion 
models were then scaled to sum to 1 for each country–
year–age–sex and applied to CKD cause-of-death data 
and ESKD prevalence and incidence estimates.

DALY estimation
We multiplied estimates of deaths due to CKD by 
estimates of standard life expectancy by age, to produce 
estimates of YLLs for CKD.27 Non-fatal CKD estimates 
were separated into 15 unique sequelae dependent on 
CKD stage and anaemia severity (appendix pp 6–13). 
We calculated YLDs for each CKD sequela, multiplying 
the prevalence of each sequela by its corresponding 
disability weight.26 We summed YLDs and YLLs for 
each CKD cause to estimate DALYs. We quantified 
uncertainty around all estimates by taking 1000 draws 
from the distributions of sampling error, residual error, 
and corrections for measurement error. Inherent to the 
CODEm methods is the additional uncertainty from 
model choice. Final 95% UIs were calculated.

Socio-demographic Index
Socio-demographic Index (SDI) is a summary measure of 
development, created as a composite of a country’s total 
fertility rate for women younger than 25 years, educational 
attainment, and lag-distributed income per capita. 
Methods of SDI development and computation are 
detailed elsewhere.36 The expected relation between SDI 
and DALY rates was determined by fitting a Gaussian 
process regression on estimates for all locations from 
1980 to 2017.

Risk estimation
We estimated the burden of CKD stages 1–2, stage 3, 
stage 4, and stage 5 not including renal replacement 
therapy, termed impaired kidney function (table 1), as 
a risk factor for ischaemic heart disease, stroke, 
peripheral vascular disease, and gout. For the estimation 
of risk factors in GBD we use a counterfactual approach 
rather than the categorical assignment to causes. 
One cannot categorically assign a case or death from 
ischaemic heart disease to impaired kidney function 
while there is evidence for an elevated risk of ischaemic 
heart disease in the presence of impaired kidney 
function. In the counterfactual approach we answer the 
question, what would the number of cases or deaths of 
ischaemic heart disease have been if no one in the 
population had impaired kidney function? The difference 
between the counterfactual and observed levels of 
ischaemic heart disease is what is being attributed to the 
risk factor. To capture the full range of health loss 
resulting from decreased eGFR and elevated ACR, we 
also attributed 100% of CKD prevalence to impaired 
kidney function, such that all CKD burden was also 
considered as burden attributable to impaired kidney 
function exposure. We set the theoretical minimum risk 
exposure level (TMREL) at an ACR of 30 mg/g or lower 

For the Global Health Data 
Exchange see http://ghdx.
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Prevalence (95% UI) Deaths (95% UI)

Count, 2017 Age-standardised 
rate per 100 000, 
2017

Percentage change in 
age-standardised rates 
between 1990 and 
2017

Count, 2017 Age-standardised 
rate per 100 000, 
2017

Percentage change in 
age-standardised rates 
between 1990 and 
2017

Global 697 509 472 
(649 209 403 to 752 050 655)

8724  
(8124 to 9403)

1·2%  
(–1·1 to 3·5)

1 230 168  
(1 195 114 to 1 258 829)

15·9  
(15·5 to 16·3)

2·8%  
(–1·5 to 6·3)

Low SDI 77 774 182  
(72 385 752 to 84 063 152)

9216  
(8586 to 9953)

3·5%  
(0·5 to 7·1)

129 592  
(122 760 to 148 511)

19·6  
(18·5 to 22·5)

–18·7%  
(–24·3 to –11·5)

Low-middle SDI 130 543 398 
(121 443 210 to 140 950 835)

9699  
(9026 to 10 459)

4·8%  
(2·2 to 7·6)

264 227  
(248 849 to 277 138)

23·6  
(22·2 to 24·7)

–4·7%  
(–11·4 to 1·9)

Middle SDI 200 995 222 
(186 451 768 to 216 402 786)

8921  
(8299 to 9622)

2·9%  
(0·7 to 4·9)

415 257  
(387 925 to 426 580)

20·3  
(19·0 to 20·8)

6·6%  
(–0·3 to 10·7)

High-middle SDI  158 186 168 
(147 025 105 to 170 499 238)

9093  
(8464 to 9784)

–4·6%  
(–6·7 to –2·4)

173 695  
(168 779 to 178 805)

10·4  
(10·1 to 10·7)

–7·9%  
(–12·9 to –4·4)

High SDI 127 352 466 
(118 614 944 to 137 500 134)

6804  
(6340 to 7331)

–4·4%  
(–7·3 to –1·8)

243 425  
(238 219 to 249 279)

9·5  
(9·3 to 9·7)

4·1%  
(2·0 to 6·4)

East Asia 139 556 765  
(128 479 977 to 151 557 920)

7201  
(6677 to 7766)

–5·9%  
(–7·9 to –4·1)

189 323  
(174 072 to 197 062)

10·2  
(9·4 to 10·6)

–17·9%  
(–28·7 to –12·6)

China 132 324 202  
(121 756 611 to 143 737 211)

7180  
(6658 to 7747)

–6·1%  
(–8·1 to –4·3)

175 891  
(160 601 to 183 366)

10·0  
(9·2 to 10·4)

–19·0%  
(–30·2 to –13·6)

North Korea 2 233 310  
(2 069 070 to 2 414 053)

7300  
(6796 to 7885)

2·5%  
(–0·2 to 5·4)

3639  
(3088 to 4240)

12·3  
(10·4 to 14·3)

10·3%  
(–9·6 to 36·8)

Taiwan (province of 
China)

2 751 072  
(2 552 629 to 2 961 715)

8145  
(7557 to 8770)

–4·9%  
(–8·0 to –1·7)

6743  
(6319 to 7164)

17·4  
(16·3 to 18·5)

–15·5%  
(–21·9 to –8·8)

Southeast Asia 69 598 036  
(64 285 483 to 75 118 675)

10 802  
(10 029 to 11 635)

6·0%  
(3·8 to 8·3)

134 459  
(127 712 to 142 283)

24·5  
(23·3 to 25·8)

–4·3%  
(–9·8 to 2·1)

Cambodia 1 262 506  
(1 165 067 to 1 366 871)

9580  
(8872 to 10 366)

1·7%  
(–2·0 to 5·7)

1838  
(1621 to 2097)

17·1  
(15·3 to 19·5)

–33·3%  
(–43·4 to –21·5)

Indonesia 27 232 922  
(25 084 990 to 29 398 099)

11 164  
(10 372 to 12 008)

7·6%  
(5·5 to 10·0)

35 446  
(33 322 to 38 551)

17·3  
(16·2 to 19·3)

–16·5%  
(–23·8 to –8·9)

Laos 573 411  
(529 796 to 620 592)

10 781  
(10 001 to 11 628)

1·9%  
(–1·3 to 5·2)

1046  
(881 to 1211)

24·8  
(21·3 to 28·6)

–38·8%  
(–49·9 to –26·0)

Malaysia 3 187 367  
(2 920 099 to 3 476 760)

11 079  
(10 178 to 12 020)

9·7%  
(5·9 to 13·8)

4731  
(4285 to 5249)

21·1  
(19·1 to 23·2)

–3·6%  
(–15·0 to 13·5)

Maldives 41 258  
(37 840 to 44 813)

10 021  
(9311 to 10 796)

–8·0%  
(–10·8 to –5·2)

68  
(62 to 75)

25·5  
(23·1 to 28·1)

–54·8%  
(–61·2 to –47·8)

Mauritius 218 092  
(201 865 to 235 917)

13 768  
(12 789 to 14 903)

19·1%  
(14·1 to 24·1)

1070  
(978 to 1158)

67·0  
(61·4 to 72·3)

54·4%  
(39·1 to 68·8)

Myanmar 5 258 275  
(4 859 659 to 5 677 295)

10 658  
(9909 to 11 506)

2·6%  
(–0·5 to 5·4)

12 026  
(10 523 to 13 747)

28·4  
(25·0 to 32·5)

–31·9%  
(–44·8 to –16·5)

Philippines 9 317 802  
(8 615 652 to 10 028 481)

11 049  
(10 263 to 11 879)

13·2%  
(10·2 to 16·1)

34 051  
(30 042 to 38 555)

50·3  
(44·5 to 56·4)

108·9%  
(83·0 to 137·8)

Sri Lanka 2 745 171  
(2 543 226 to 2 967 595)

11 428  
(10 612 to 12 348)

15·9%  
(12·3 to 19·4)

4512  
(3727 to 5288)

19·9  
(16·7 to 23·1)

–17·0%  
(–30·9 to –1·9)

Seychelles 12 354  
(11 436 to 13 289)

11 094  
(10 330 to 11 897)

3·5%  
(0·8 to 6·4)

41  
(38 to 45)

41·4  
(38·0 to 44·7)

24·4%  
(9·1 to 38·6)

Thailand 9 560 638  
(8 760 453 to 10 414 024)

10 292  
(9461 to 11 174)

–3·9%  
(–7·2 to –0·3)

21 922  
(19 297 to 24 420)

23·3  
(20·5 to 25·9)

–12·6%  
(–23·6 to –0·7)

Timor-Leste 93 556  
(86 875 to 101 038)

10 362  
(9623 to 11 208)

3·6%  
(0·4 to 7·1)

147  
(121 to 175)

19·4  
(16·3 to 22·8)

–26·1%  
(–39·9 to –9·8)

Vietnam 10 003 107  
(9 262 628 to 10 787 589)

10 107  
(9407 to 10 887)

5·4%  
(1·9 to 9·1)

17 384  
(15 393 to 19 609)

20·6  
(18·2 to 23·0)

–20·2%  
(–32·6 to –5·0)

Oceania 1 097 010  
(1 007 760 to 1 187 872)

12 329  
(11 465 to 13 266)

9·0%  
(6·5 to 11·4)

2900  
(2500 to 3318)

45·2  
(40·0 to 50·0)

22·3%  
(2·9 to 39·3)

American Samoa 6328  
(5837 to 6843)

13 217  
(12 268 to 14 234)

11·1%  
(8·0 to 14·4)

24  
(21 to 26)

64·6  
(57·2 to 71·3)

58·5%  
(27·2 to 83·5)

Federated States of 
Micronesia

10 839  
(10 011 to 11 776)

12 990  
(12 071 to 14 015)

13·5%  
(10·4 to 16·7)

39  
(31 to 46)

62·6  
(51·3 to 72·9)

42·6%  
(12·9 to 74·3)

Fiji 119 629  
(110 015 to 129 696)

14 399  
(13 355 to 15 577)

8·8%  
(6·0 to 12·0)

278  
(243 to 316)

44·7  
(39·2 to 50·3)

32·2%  
(4·9 to 60·0)

(Table 2 continues on next page)
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Guam 21 526  
(19 937 to 23 259)

12 252  
(11 374 to 13 220)

14·3%  
(11·2 to 17·4)

60  
(53 to 66)

35·5  
(31·2 to 38·9)

82·0%  
(45·3 to 108·7)

Kiribati 11 496  
(10 579 to 12 475)

13 285  
(12 293 to 14 311)

9·0%  
(6·0 to 12·1)

28  
(22 to 32)

42·5  
(34·5 to 48·9)

29·1%  
(–0·8 to 53·1)

Marshall Islands 5295  
(4861 to 5739)

12 311  
(11 398 to 13 279)

8·5%  
(5·6 to 11·2)

20  
(16 to 23)

65·4  
(54·8 to 75·6)

25·6%  
(5·6 to 46·3)

Northern Mariana 
Islands

6379  
(5849 to 6965)

12 283  
(11 407 to 13 247)

9·9%  
(7·2 to 12·8)

18  
(16 to 20)

43·3  
(38·6 to 48·3)

22·2%  
(2·0 to 45·8)

Papua New Guinea 745 077  
(682 404 to 809 149)

11 936  
(11 088 to 12 856)

10·0%  
(6·8 to 13·0)

1964  
(1605 to 2356)

42·5  
(35·7 to 49·6)

18·3%  
(–3·2 to 41·0)

Samoa 19 031  
(17 609 to 20 486)

12 455  
(11 562 to 13 418)

10·5%  
(7·8 to 13·2)

56  
(48 to 65)

46·6  
(39·5 to 53·2)

47·3%  
(20·0 to 78·4)

Solomon Islands 53 882  
(49 662 to 58 673)

12 402  
(11 496 to 13 391)

10·9%  
(8·0 to 13·5)

149  
(129 to 173)

43·0  
(38·0 to 48·8)

6·9%  
(–14·9 to 32·9)

Tonga 11 679  
(10 801 to 12 621)

13 491  
(12 508 to 14 570)

10·0%  
(7·1 to 13·0)

38  
(31 to 45)

50·9  
(41·8 to 59·6)

38·7%  
(11·8 to 63·6)

Vanuatu 25 397  
(23 508 to 27 562)

12 378  
(11 488 to 13 336)

12·6%  
(10·0 to 15·6)

67  
(51 to 85)

43·5  
(34·2 to 53·6)

37·4%  
(5·9 to 76·5)

Central Asia 8 648 124  
(8 016 509 to 9 331 529)

10 604  
(9867 to 11 401)

7·5%  
(5·5 to 9·4)

9506  
(9049 to 10 015)

13·1  
(12·5 to 13·8)

60·9%  
(53·3 to 68·9)

Armenia 434 331  
(403 778 to 468 881)

11 302  
(10 521 to 12 145)

10·7%  
(6·3 to 15·9)

430  
(407 to 452)

10·6  
(10·1 to 11·1)

67·8%  
(56·2 to 80·7)

Azerbaijan 1 101 700  
(1 015 266 to 1 187 536)

10 937  
(10 133 to 11 809)

8·9%  
(6·0 to 12·0)

1169  
(1024 to 1298)

14·2  
(12·2 to 15·7)

83·4%  
(50·9 to 108·2)

Georgia 559 200  
(519 403 to 604 881)

10 810  
(10 028 to 11 660)

12·1%  
(7·6 to 16·8)

785  
(732 to 834)

13·6  
(12·7 to 14·4)

128·5%  
(111·7 to 147·0)

Kazakhstan 1 774 266  
(1 642 487 to 1 917 077)

10 093  
(9350 to 10 878)

1·2%  
(–1·3 to 3·7)

1485  
(1394 to 1585)

9·3  
(8·7 to 9·9)

35·2%  
(26·8 to 44·3)

Kyrgyzstan 482 340  
(447 058 to 520 716)

9482  
(8822 to 10 237)

–0·5%  
(–3·9 to 2·9)

451  
(422 to 483)

9·1  
(8·6 to 9·8)

15·4%  
(6·6 to 24·6)

Mongolia 269 339  
(248 417 to 290 867)

10 050  
(9331 to 10 833)

–7·1%  
(–10·5 to –3·5)

328  
(294 to 391)

15·3  
(13·8 to 17·3)

–62·1%  
(–67·1 to –49·0)

Tajikistan 656 378  
(609 283 to 709 617)

10 093  
(9403 to 10 903)

1·8%  
(–1·7 to 5·7)

641  
(569 to 701)

11·2  
(9·8 to 12·3)

17·2%  
(2·3 to 29·6)

Turkmenistan 473 830  
(438 811 to 510 957)

10 949  
(10 200 to 11 786)

8·8%  
(5·7 to 11·7)

632  
(588 to 681)

16·0  
(14·9 to 17·2)

76·1%  
(62·2 to 91·5)

Uzbekistan 2 896 741  
(2 684 400 to 3 127 941)

10 993  
(10 244 to 11 818)

14·2%  
(10·7 to 17·5)

3584  
(3184 to 4020)

15·9  
(14·3 to 17·7)

104·5%  
(81·3 to 128·4)

Central Europe 13 951 402  
(12 930 450 to 15 136 020)

7659  
(7115 to 8282)

–2·7%  
(–6·2 to 1·4)

16 284  
(15 806 to 16 706)

7·5  
(7·3 to 7·7)

–21·2%  
(–23·6 to –18·9)

Albania 272 017  
(251 454 to 295 588)

7259  
(6756 to 7864)

–1·1%  
(–5·2 to 3·1)

363  
(302 to 447)

9·2  
(7·7 to 11·2)

–17·2%  
(–30·2 to –1·4)

Bosnia and Herzegovina 427 229  
(394 850 to 464 061)

8273  
(7655 to 8943)

5·9%  
(1·3 to 10·4)

604  
(550 to 662)

10·5  
(9·6 to 11·5)

–0·4%  
(–10·1 to 9·9)

Bulgaria 981 339 
(909 610 to 1 061 687)

8000  
(7420 to 8630)

2·6%  
(–0·7 to 5·9)

1447  
(1346 to 1557)

10·1  
(9·4 to 10·8)

45·7%  
(35·3 to 57·2)

Croatia 562 778  
(520 865 to 610 153)

7779  
(7206 to 8390)

1·2%  
(–3·1 to 6·2)

829  
(776 to 888)

8·8  
(8·2 to 9·4)

35·3%  
(25·6 to 46·0)

Czech Republic 1 378 623  
(1 278 611 to 1 497 741)

7998  
(7442 to 8628)

–2·5%  
(–7·0 to 2·8)

1257  
(1173 to 1348)

5·9  
(5·5 to 6·4)

–28·4%  
(–33·6 to –22·4)

Hungary 1 323 316  
(1 226 092 to 1 433 403)

8204  
(7596 to 8881)

1·0%  
(–2·4 to 4·5)

1553  
(1457 to 1646)

7·6  
(7·2 to 8·1)

34·4%  
(26·2 to 44·1)

Montenegro 71 678  
(66 286 to 77 704)

8118  
(7528 to 8773)

–1·5%  
(–5·0 to 2·4)

127  
(113 to 141)

13·1  
(11·7 to 14·5)

–1·2%  
(–12·3 to 11·0)

(Table 2 continues on next page)
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North Macedonia 253 249  
(235 058 to 274 801)

8308  
(7720 to 8982)

2·4%  
(–1·7 to 6·9)

309  
(280 to 341)

9·4  
(8·5 to 10·3)

–11·3%  
(–20·5 to –0·8)

Poland 4 335 349  
(3 981 687 to 4 770 568)

7271  
(6702 to 7943)

–6·0%  
(–12·9 to 0·9)

3442  
(3238 to 3669)

4·8  
(4·5 to 5·1)

–50·1%  
(–53·5 to –46·2)

Romania 2 313 736  
(2 124 485 to 2 516 663)

7292  
(6716 to 7930)

–4·9%  
(–7·9 to –1·9)

3043  
(2852 to 3223)

8·0  
(7·6 to 8·5)

–34·1%  
(–38·5 to –29·7)

Serbia 1 142 513  
(1 063 208 to 1 237 929)

8421  
(7846 to 9069)

–0·5%  
(–4·1 to 3·3)

2386  
(1982 to 2607)

14·8  
(12·4 to 16·1)

18·8%  
(7·3 to 32·0)

Slovakia 623 048  
(576 652 to 676 236)

7736  
(7188 to 8341)

–3·1%  
(–7·2 to 1·3)

713  
(653 to 775)

8·1  
(7·4 to 8·8)

–34·9%  
(–41·5 to –27·6)

Slovenia 266 527  
(247 205 to 289 578)

7581  
(7056 to 8179)

–1·1%  
(–5·7 to 3·2)

213  
(195 to 232)

4·4  
(4·0 to 4·8)

–30·2%  
(–36·7 to –23·1)

Eastern Europe 38 150 170  
(35 346 449 to 41 409 966)

12 408  
(11 509 to 13 389)

3·0%  
(0·1 to 6·5)

15 734  
(15 390 to 16 112)

4·8  
(4·7 to 4·9)

–11·2%  
(–13·3 to –9·0)

Belarus 1 558 671  
(1 440 559 to 1 695 898)

11 089  
(10 287 to 12 028)

–1·6%  
(–6·6 to 4·7)

485  
(451 to 525)

3·1  
(2·9 to 3·3)

–32·7%  
(–37·4 to –27·1)

Estonia 258 859  
(240 037 to 279 019)

12 058  
(11 180 to 13 022)

3·6%  
(0·7 to 6·5)

268  
(237 to 303)

8·9  
(7·9 to 10·1)

156·9%  
(124·7 to 194·1)

Latvia 386 621  
(358 442 to 419 031)

11 899  
(11 041 to 12 884)

5·3%  
(0·8 to 9·6)

259  
(232 to 291)

6·2  
(5·5 to 6·9)

41·5%  
(25·5 to 59·6)

Lithuania 533 970  
(494 198 to 578 929)

11 328  
(10 507 to 12 282)

1·1%  
(–2·9 to 5·7)

253  
(235 to 270)

4·3  
(4·0 to 4·6)

–6·1%  
(–13·5 to 1·8)

Moldova 587 124  
(542 018 to 635 358)

11 355  
(10 494 to 12 260)

1·2%  
(–2·1 to 5·4)

207  
(196 to 219)

3·8  
(3·6 to 4·0)

–3·7%  
(–9·7 to 3·2)

Russia 26 981 655  
(24 997 909 to 29 311 266)

12 832  
(11 918 to 13 878)

4·5%  
(1·4 to 8·1)

11 361  
(11 135 to 11 621)

5·1  
(5·0 to 5·2)

–14·7%  
(–16·8 to –12·7)

Ukraine 7 843 270  
(7 253 666 to 8 469 940)

11 571  
(10 707 to 12 495)

–1·6%  
(–4·8 to 2·1)

2900  
(2750 to 3066)

4·1  
(3·8 to 4·3)

–4·3%  
(–9·6 to 1·9)

High-income Asia-
Pacific

27 550 513  
(25 730 339 to 29 608 610)

8098  
(7569 to 8699)

–7·5%  
(–10·3 to –5·2)

42 468  
(40 550 to 45 192)

7·6  
(7·3 to 8·1)

–41·1%  
(–43·5 to –37·6)

Brunei 40 907  
(37 231 to 44 776)

10 323  
(9524 to 11 169)

–8·7%  
(–11·5 to –5·7)

70  
(64 to 77)

26·0  
(23·7 to 28·6)

–13·2%  
(–27·1 to 0·2)

Japan 21 411 356  
(19 946 798 to 23 210 020)

8404  
(7838 to 9068)

–5·9%  
(–8·6 to –3·3)

35 709  
(33 921 to 38 263)

7·5  
(7·1 to 8·0)

–40·3%  
(–43·0 to –36·3)

South Korea 5 451 810  
(5 023 911 to 5 877 265)

7103  
(6560 to 7659)

–9·2%  
(–14·5 to –5·6)

6095  
(5630 to 6562)

7·7  
(7·1 to 8·2)

–40·6%  
(–45·8 to –35·1)

Singapore 646 440  
(598 329 to 700 408)

9333  
(8659 to 10 090)

–8·8%  
(–10·9 to –6·6)

594  
(555 to 639)

9·0  
(8·4 to 9·7)

–36·7%  
(–41·5 to –31·4)

Australasia 2 919 853  
(2 708 028 to 3 164 634)

6964  
(6471 to 7518)

–0·7%  
(–4·5 to 3·3)

5228  
(4833 to 5656)

9·2  
(8·5 to 10·0)

8·8%  
(–0·7 to 18·8)

Australia 2 471 845  
(2 295 264 to 2 676 433)

6982  
(6497 to 7530)

–0·9%  
(–4·7 to 3·3)

4455  
(4068 to 4886)

9·2  
(8·3 to 10·1)

6·1%  
(–4·8 to 17·6)

New Zealand 448 008  
(415 420 to 484 747)

6859  
(6375 to 7436)

0·2%  
(–4·0 to 4·9)

773  
(732 to 819)

9·4  
(8·9 to 10·0)

21·6%  
(13·5 to 29·8)

Western Europe 41 976 625  
(38 902 049 to 45 587 058)

5446  
(5069 to 5894)

–5·0%  
(–7·4 to –2·6)

90 450  
(87 105 to 93 977)

7·8  
(7·5 to 8·1)

–0·7%  
(–4·4 to 3·6)

Andorra 6496  
(6040 to 7053)

5243  
(4883 to 5674)

0·8%  
(–3·7 to 5·5)

6  
(5 to 7)

3·6  
(3·1 to 4·2)

–17·9%  
(–30·8 to –3·0)

Austria 857 140  
(791 470 to 932 601)

5557  
(5173 to 6011)

5·3%  
(1·7 to 9·0)

2754  
(2583 to 2939)

12·4  
(11·6 to 13·2)

128·0%  
(111·7 to 145·4)

Belgium 1 101 945  
(1 017 463 to 1 201 817)

5642  
(5238 to 6088)

–1·4%  
(–4·9 to 1·9)

2097  
(1942 to 2265)

7·2  
(6·7 to 7·7)

–29·4%  
(–34·9 to –23·4)

Cyprus 107 744  
(100 226 to 116 301)

6108  
(5693 to 6585)

–6·4%  
(–9·6 to –3·0)

256  
(190 to 288)

13·2  
(9·9 to 14·9)

–23·5%  
(–34·1 to –12·6)

(Table 2 continues on next page)
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Denmark 552 944  
(509 440 to 602 169)

5816  
(5400 to 6285)

4·9%  
(1·8 to 8·1)

968  
(903 to 1039)

7·7  
(7·2 to 8·3)

117·1%  
(101·1 to 135·2)

Finland 563 542  
(521 219 to 612 719)

5761  
(5354 to 6220)

–4·5%  
(–8·6 to –0·2)

569  
(528 to 611)

4·0  
(3·7 to 4·3)

18·5%  
(8·9 to 28·5)

France 6 077 964  
(5 589 293 to 6 632 818)

5242  
(4858 to 5697)

–1·7%  
(–6·0 to 2·5)

9279  
(8650 to 10 025)

4·9  
(4·6 to 5·3)

–25·8%  
(–31·8 to –18·7)

Germany 9 046 875  
(8 323 728 to 9 881 743)

5687  
(5256 to 6173)

–4·7%  
(–7·7 to –1·4)

26 754  
(24 215 to 29 510)

11·3  
(10·2 to 12·4)

45·0%  
(30·3 to 61·3)

Greece 1 097 180  
(1 007 649 to 1 203 008)

5342  
(4962 to 5806)

–5·3%  
(–9·1 to –1·1)

3582  
(3333 to 3859)

12·0  
(11·2 to 12·9)

–30·0%  
(–35·3 to –24·1)

Iceland 25 097  
(23 178 to 27 266)

5235  
(4848 to 5703)

0·4%  
(–4·8 to 6·0)

27  
(25 to 29)

4·3  
(4·0 to 4·6)

–1·2%  
(–10·0 to 8·5)

Ireland 394 543  
(365 205 to 426 816)

5985  
(5552 to 6485)

–4·0%  
(–8·4 to 0·7)

579  
(533 to 629)

7·5  
(6·9 to 8·2)

–24·8%  
(–31·8 to –18·1)

Israel 654 367  
(606 819 to 708 940)

6246  
(5810 to 6757)

0·6%  
(–2·1 to 3·3)

2242  
(2088 to 2407)

17·7  
(16·5 to 19·0)

–20·9%  
(–26·6 to –14·2)

Italy 6 163 048  
(5 684 428 to 6 714 537)

5156  
(4792 to 5602)

–9·2%  
(–12·8 to –6·1)

14 292  
(13 318 to 15 333)

7·3  
(6·8 to 7·9)

–19·5%  
(–25·3 to –12·9)

Luxembourg 52 621  
(48 612 to 57 232)

6011  
(5558 to 6548)

–3·3%  
(–7·3 to 0·7)

85  
(76 to 94)

7·7  
(6·9 to 8·6)

–3·7%  
(–14·1 to 7·7)

Malta 45 196  
(41 803 to 49 170)

6053  
(5622 to 6550)

–5·3%  
(–8·6 to –1·7)

94  
(88 to 102)

10·2  
(9·5 to 11·0)

–20·7%  
(–27·6 to –13·6)

Netherlands 1 714 351  
(1 585 981 to 1 860 677)

6142  
(5688 to 6653)

1·3%  
(–3·1 to 6·1)

2683  
(2511 to 2873)

7·1  
(6·7 to 7·6)

6·9%  
(–0·5 to 15·8)

Norway 463 455  
(430 874 to 500 803)

5767  
(5363 to 6220)

10·1%  
(7·2 to 12·8)

590  
(571 to 615)

5·3  
(5·1 to 5·5)

34·5%  
(29·1 to 39·8)

Portugal 1 168 749  
(1 079 819 to 1 269 003)

5817  
(5416 to 6289)

–3·8%  
(–8·4 to 0·8)

3109  
(2876 to 3361)

10·6  
(9·8 to 11·4)

–7·6%  
(–14·7 to 0·3)

Spain 4 233 637  
(3 900 640 to 4 624 353)

5034  
(4647 to 5468)

–5·9%  
(–10·3 to –1·6)

10 605  
(9890 to 11 361)

8·0  
(7·5 to 8·6)

–32·3%  
(–37·5 to –26·5)

Sweden 1 128 448  
(1 048 880 to 1 224 415)

6839  
(6362 to 7400)

3·0%  
(0·3 to 5·7)

1461  
(1370 to 1557)

5·7  
(5·3 to 6·1)

57·5%  
(46·9 to 68·8)

Switzerland 841 113  
(777 449 to 912 670)

5734  
(5321 to 6199)

–1·2%  
(–5·7 to 3·5)

1558  
(1449 to 1676)

7·1  
(6·6 to 7·6)

103·9%  
(87·2 to 122·7)

UK 5 636 676  
(5 233 735 to 6 135 943)

5167  
(4819 to 5589)

–11·4%  
(–13·7 to –8·9)

6766  
(6628 to 6903)

4·5  
(4·4 to 4·6)

–14·5%  
(–16·3 to –12·6)

Southern Latin 
America

5 750 645  
(5 380 566 to 6 189 240)

7402  
(6928 to 7953)

3·9%  
(0·5 to 8·0)

15 847  
(14 763 to 17 075)

18·8  
(17·5 to 20·2)

–7·5%  
(–14·5 to 0·5)

Argentina 3 841 009  
(3 591 989 to 4 123 823)

7547  
(7052 to 8109)

4·1%  
(0·0 to 8·7)

10 834  
(9779 to 11 950)

19·7  
(17·8 to 21·8)

–14·4%  
(–23·0 to –4·7)

Chile 1 569 089  
(1 462 414 to 1 699 444)

7129  
(6657 to 7716)

3·6%  
(0·3 to 7·3)

4225  
(3829 to 4648)

18·1  
(16·4 to 20·0)

26·5%  
(13·7 to 39·6)

Uruguay 340 293  
(315 840 to 369 908)

7112  
(6630 to 7681)

4·5%  
(–0·6 to 10·2)

787  
(713 to 868)

12·9  
(11·6 to 14·2)

–4·2%  
(–14·1 to 6·6)

High-income North 
America

42 289 233  
(39 334 367 to 45 698 132)

7919  
(7403 to 8540)

0·2%  
(–3·5 to 3·9)

91 038  
(89 171 to 92 823)

13·8  
(13·5 to 14·1)

57·3%  
(53·4 to 61·1)

Canada 3 467 822  
(3 213 111 to 3 766 495)

6023  
(5615 to 6523)

5·9%  
(–0·2 to 12·5)

6087  
(5681 to 6544)

7·9  
(7·4 to 8·5)

4·6%  
(–3·5 to 13·6)

Greenland 3965  
(3669 to 4317)

6282  
(5836 to 6806)

–1·8%  
(–5·7 to 2·9)

4  
(3 to 5)

8·3  
(6·0 to 9·2)

12·2%  
(–10·9 to 28·7)

USA 38 816 706  
(36 156 443 to 41 956 816)

8144  
(7615 to 8783)

0·1%  
(–3·6 to 3·8)

84 944  
(83 154 to 86 756)

14·6  
(14·3 to 14·9)

63·0%  
(58·8 to 66·9)

(Table 2 continues on next page)
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Caribbean 4 304 951  
(4 005 320 to 4 639 975)

8591  
(8000 to 9263)

3·5%  
(0·1 to 7·6)

11 023  
(10 366 to 11 697)

21·8  
(20·5 to 23·1)

17·2%  
(9·1 to 25·1)

Antigua and Barbuda 9302  
(8632 to 10 029)

9201  
(8552 to 9907)

1·0%  
(–2·5 to 4·9)

26  
(24 to 28)

26·4  
(24·3 to 28·4)

8·3%  
(–2·9 to 18·8)

The Bahamas 35 741  
(33 248 to 38 503)

9207  
(8588 to 9927)

2·2%  
(–1·6 to 6·7)

93  
(85 to 101)

25·9  
(23·7 to 28·1)

14·0%  
(3·1 to 26·3)

Barbados 38 943  
(36 182 to 42 090)

9135  
(8514 to 9833)

3·2%  
(–0·9 to 7·5)

90  
(82 to 97)

18·9  
(17·3 to 20·4)

5·1%  
(–4·7 to 15·5)

Belize 28 612  
(26 651 to 30 832)

9372  
(8720 to 10 097)

8·8%  
(5·3 to 12·8)

84  
(80 to 89)

31·9  
(30·1 to 33·8)

41·5%  
(27·5 to 56·9)

Bermuda 8824  
(8193 to 9609)

8278  
(7730 to 8958)

0·8%  
(–3·4 to 4·9)

16  
(15 to 18)

12·9  
(11·9 to 14·0)

–20·7%  
(–28·3 to –12·0)

Cuba 1 315 812  
(1 215 120 to 1 429 705)

7887  
(7314 to 8545)

1·9%  
(–3·8 to 7·9)

2340  
(2115 to 2584)

12·6  
(11·4 to 14·0)

32·1%  
(19·6 to 47·0)

Dominica 8350  
(7753 to 8987)

9774  
(9081 to 10 542)

5·1%  
(–0·2 to 10·5)

33  
(31 to 36)

35·7  
(33·2 to 38·5)

26·3%  
(15·4 to 38·3)

Dominican Republic 814 154  
(756 845 to 880 779)

8394  
(7804 to 9101)

7·9%  
(3·2 to 13·3)

2308  
(1876 to 2665)

25·0  
(20·2 to 28·9)

74·4%  
(33·9 to 105·5)

Grenada 13 726  
(12 800 to 14 781)

9768  
(9100 to 10 526)

4·5%  
(0·2 to 8·4)

51  
(47 to 54)

32·6  
(30·4 to 34·8)

–0·5%  
(–8·3 to 9·1)

Guyana 63 209  
(58 819 to 68 364)

9689  
(9003 to 10 469)

8·7%  
(4·0 to 14·0)

181  
(159 to 204)

30·1  
(26·7 to 33·9)

39·6%  
(22·5 to 57·3)

Haiti 728 043  
(675 837 to 786 398)

8904  
(8281 to 9634)

–1·9%  
(–5·8 to 2·5)

2083  
(1735 to 2499)

31·5  
(26·4 to 37·5)

–6·3%  
(–22·0 to 11·1)

Jamaica 286 464  
(266 400 to 308 671)

9775  
(9094 to 10 543)

10·6%  
(7·0 to 14·7)

810  
(696 to 929)

27·4  
(23·5 to 31·5)

19·4%  
(0·4 to 39·1)

Puerto Rico 544 395  
(504 959 to 588 309)

9378  
(8726 to 10 113)

3·2%  
(0·2 to 6·5)

1691  
(1581 to 1810)

23·1  
(21·5 to 24·7)

–12·8%  
(–19·5 to –5·6)

Saint Lucia 19 023  
(17 676 to 20 445)

9292  
(8647 to 9980)

–0·7%  
(–4·9 to 3·5)

55  
(51 to 60)

26·8  
(24·5 to 29·0)

–5·6%  
(–14·9 to 3·9)

Saint Vincent and the 
Grenadines

12 863  
(11 964 to 13 872)

9775  
(9106 to 10 535)

6·6%  
(2·9 to 10·7)

37  
(34 to 39)

27·0  
(25·1 to 29·1)

17·4%  
(6·8 to 28·6)

Suriname 55 379  
(51 366 to 59 805)

9464  
(8784 to 10 199)

7·8%  
(3·7 to 11·6)

209  
(188 to 231)

37·7  
(34·0 to 41·5)

37·8%  
(21·8 to 53·9)

Trinidad and Tobago 152 776  
(141 560 to 165 562)

8937  
(8305 to 9664)

3·3%  
(–2·2 to 8·8)

473  
(398 to 559)

27·0  
(22·7 to 31·9)

19·9%  
(0·0 to 42·5)

Virgin Islands 14 527  
(13 404 to 15 773)

9250  
(8597 to 10 011)

5·1%  
(1·1 to 9·7)

48  
(41 to 54)

27·3  
(23·5 to 30·6)

30·1%  
(9·9 to 49·9)

Andean Latin America 4 202 601  
(3 920 607 to 4 538 911)

7473  
(6965 to 8086)

5·1%  
(1·4 to 9·7)

14 191  
(13 149 to 15 259)

26·5  
(24·5 to 28·4)

9·1%  
(–0·2 to 19·8)

Bolivia 713 975  
(665 086 to 772 378)

7663  
(7124 to 8287)

0·9%  
(–3·4 to 4·8)

3165  
(2631 to 3769)

39·7  
(33·1 to 47·1)

3·7%  
(–15·9 to 25·8)

Ecuador 1 207 828  
(1 123 429 to 1 301 635)

7875  
(7333 to 8491)

11·3%  
(6·7 to 16·4)

5739  
(5253 to 6242)

40·2  
(36·8 to 43·8)

95·5%  
(78·0 to 114·0)

Peru 2 280 798  
(2 123 558 to 2 472 702)

7221  
(6710 to 7840)

3·3%  
(–1·9 to 9·1)

5287  
(4609 to 6059)

16·9  
(14·7 to 19·4)

–24·0%  
(–34·2 to –11·4)

Central Latin America 26 908 399  
(25 096 568 to 28 953 310)

11 116  
(10 358 to 11 979)

7·2%  
(4·6 to 10·3)

96 362  
(93 273 to 99 062)

42·1  
(40·8 to 43·3)

60·9%  
(52·7 to 66·2)

Colombia 5 150 794  
(4 775 434 to 5 611 276)

9638  
(8935 to 10 505)

1·1%  
(–4·7 to 6·4)

8502  
(7723 to 9370)

15·7  
(14·2 to 17·3)

–34·1%  
(–40·5 to –26·9)

Costa Rica 505 459  
(468 301 to 546 223)

10 173  
(9441 to 10 974)

5·7%  
(0·7 to 11·5)

1265  
(1173 to 1378)

25·6  
(23·7 to 27·9)

37·5%  
(25·8 to 50·9)

El Salvador 618 749  
(575 374 to 669 028)

10 650  
(9882 to 11 530)

12·4%  
(9·4 to 15·6)

4107  
(2813 to 4846)

71·4  
(48·7 to 84·2)

199·0%  
(46·7 to 270·8)

(Table 2 continues on next page)
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Guatemala 1 346 702  
(1 253 013 to 1 449 862)

10 843  
(10 059 to 11 704)

11·9%  
(7·9 to 16·4)

5065  
(4616 to 5545)

47·8  
(43·6 to 52·4)

37·5%  
(24·3 to 52·4)

Honduras 683 978  
(635 326 to 738 666)

10 028  
(9320 to 10 852)

10·4%  
(4·4 to 16·3)

744  
(613 to 886)

13·0  
(10·6 to 15·5)

29·5%  
(4·2 to 57·8)

Mexico 14 556 534  
(13 572 422 to 15 614 239)

12 107  
(11 292 to 13 009)

10·2%  
(7·7 to 13·0)

65 033  
(63 122 to 66 615)

58·1  
(56·4 to 59·5)

102·3%  
(94·4 to 108·8)

Nicaragua 559 208  
(518 841 to 600 857)

10 989  
(10 170 to 11 804)

2·4%  
(–1·0 to 6·1)

2292  
(1959 to 2575)

49·4  
(42·9 to 55·4)

20·9%  
(–6·3 to 39·5)

Panama 396 230  
(367 921 to 428 061)

9979  
(9264 to 10 775)

7·0%  
(2·0 to 12·4)

951  
(889 to 1 019)

23·8  
(22·2 to 25·5)

35·6%  
(24·5 to 47·4)

Venezuela 3 090 745  
(2 860 732 to 3 350 686)

10 502  
(9733 to 11 384)

3·5%  
(–0·4 to 7·7)

8403  
(7418 to 9588)

31·3  
(27·6 to 35·5)

54·9%  
(35·8 to 77·9)

Tropical Latin America 17 263 386  
(16 035 424 to 18 629 836)

7365  
(6842 to 7949)

0·1%  
(–2·5 to 3·1)

36 952  
(36 137 to 37 742)

16·4  
(16·1 to 16·8)

–0·2%  
(–2·7 to 2·2)

Brazil 16 777 334  
(15 579 858 to 18 107 349)

7337  
(6817 to 7918)

–0·2%  
(–2·8 to 2·8)

35 350  
(34 607 to 36 148)

16·1  
(15·8 to 16·5)

–2·1%  
(–4·8 to 0·3)

Paraguay 486 053  
(451 016 to 524 486)

8445  
(7828 to 9144)

11·6%  
(6·7 to 17·0)

1602  
(1287 to 1881)

31·2  
(25·0 to 36·5)

87·3%  
(49·3 to 124·9)

North Africa and Middle 
East

48 796 617  
(45 311 656 to 52 988 276)

10 361  
(9616 to 11 247)

1·9%  
(–1·8 to 5·7)

74 269  
(69 407 to 77 475)

19·7  
(18·4 to 20·6)

–19·6%  
(–24·8 to –14·2)

Afghanistan 1 586 966  
(1 466 363 to 1 730 232)

10 913  
(10 087 to 11 878)

–0·9%  
(–5·3 to 3·3)

3895  
(3305 to 4605)

34·1  
(29·4 to 39·9)

–24·5%  
(–38·5 to 15·2)

Algeria 3 497 207  
(3 232 001 to 3 812 516)

9813  
(9075 to 10 698)

0·9%  
(–3·5 to 5·8)

4577  
(4074 to 5077)

15·6  
(13·8 to 17·2)

–10·6%  
(–20·5 to 0·4)

Bahrain 132 052  
(120 764 to 143 901)

10 427  
(9660 to 11 291)

–1·7%  
(–6·6 to 3·5)

133  
(118 to 148)

22·3  
(19·7 to 24·6)

–42·6%  
(–49·3 to –34·6)

Egypt 7 101 539  
(6 552 681 to 7 720 219)

10 572  
(9754 to 11 521)

5·3%  
(1·4 to 9·6)

13 115  
(11 314 to 14 968)

29·0  
(25·0 to 33·1)

9·4%  
(–5·7 to 25·1)

Iran 8 339 849  
(7 708 434 to 9 055 743)

10 924  
(10 112 to 11 895)

11·3%  
(8·2 to 15·0)

10 163  
(9381 to 10 549)

16·6  
(15·4 to 17·3)

9·8%  
(–0·6 to 17·2)

Iraq 3 044 399  
(2 826 656 to 3 295 432)

10 991  
(10 186 to 11 946)

–9·3%  
(–13·0 to –5·7)

4706  
(4245 to 5123)

21·9  
(19·7 to 23·9)

–60·0%  
(–65·2 to –53·7)

Jordan 745 402  
(691 588 to 808 791)

10 378  
(9635 to 11 277)

–5·0%  
(–8·5 to –1·1)

1281  
(1135 to 1451)

27·5  
(24·5 to 31·0)

–18·0%  
(–30·3 to –3·4)

Kuwait 339 577  
(313 180 to 369 112)

9716  
(8988 to 10 559)

–0·2%  
(–6·0 to 6·3)

177  
(160 to 201)

8·3  
(7·5 to 9·5)

–64·1%  
(–67·7 to –59·6)

Lebanon 668 003  
(618 911 to 726 949)

10 029  
(9284 to 10 928)

–0·3%  
(–5·9 to 5·6)

594  
(533 to 674)

11·2  
(10·0 to 12·6)

–26·6%  
(–37·0 to –13·5)

Libya 594 010  
(548 524 to 644 371)

10 963  
(10 142 to 11 905)

6·6%  
(2·0 to 11·5)

1181  
(1014 to 1363)

29·6  
(25·6 to 33·9)

10·0%  
(–8·4 to 31·5)

Morocco 3 289 444  
(3 046 873 to 3 568 865)

9924  
(9201 to 10 750)

1·5%  
(–3·0 to 6·6)

4544  
(3830 to 5334)

16·3  
(13·9 to 19·1)

6·3%  
(–11·7 to 29·1)

Palestine 307 284  
(283 987 to 333 626)

10 423  
(9590 to 11 333)

–2·2%  
(–5·8 to 1·7)

624  
(580 to 680)

28·5  
(26·3 to 31·2)

–21·5%  
(–33·7 to –6·6)

Oman 324 395  
(297 665 to 352 901)

10 611  
(9836 to 11 554)

9·2%  
(4·2 to 14·9)

253  
(198 to 298)

16·4  
(12·4 to 19·2)

–3·5%  
(–23·1 to 20·0)

Qatar 188 200  
(170 639 to 205 354)

9920  
(9199 to 10 757)

–8·9%  
(–13·3 to –3·6)

115  
(93 to 137)

26·5  
(19·9 to 31·1)

–47·4%  
(–57·7 to –36·0)

Saudi Arabia 2 387 872  
(2 201 128 to 2 595 630)

9892  
(9139 to 10 812)

0·1%  
(–4·0 to 4·4)

3818  
(3111 to 4411)

29·9  
(24·2 to 34·1)

–2·6%  
(–21·7 to 22·7)

Sudan 2 274 010  
(2 106 225 to 2 472 825)

10 107  
(9337 to 11 001)

1·9%  
(–3·2 to 7·3)

3175  
(2662 to 3765)

17·6  
(14·7 to 20·9)

–22·6%  
(–36·1 to –7·7)

Syria 1 384 897  
(1 271 191 to 1 505 808)

9881  
(9099 to 10 748)

–4·8%  
(–8·8 to –0·1)

2257  
(1951 to 2777)

19·7  
(17·1 to 24·9)

–35·0%  
(–44·9 to –21·9)

(Table 2 continues on next page)
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Prevalence (95% UI) Deaths (95% UI)

Count, 2017 Age-standardised 
rate per 100 000, 
2017

Percentage change in 
age-standardised rates 
between 1990 and 
2017

Count, 2017 Age-standardised 
rate per 100 000, 
2017

Percentage change in 
age-standardised rates 
between 1990 and 
2017

(Continued from previous page)

Tunisia 1 218 223  
(1 125 849 to 1 331 895)

9916  
(9164 to 10 827)

5·1%  
(–0·6 to 11·9)

1645  
(1358 to 1959)

15·3  
(12·7 to 18·2)

–12·6%  
(–28·3 to 5·7)

Turkey 9 042 506  
(8 350 852 to 9 874 836)

10 311  
(9532 to 11 248)

–2·5%  
(–7·4 to 2·6)

15 153  
(13 383 to 16 778)

17·8  
(15·8 to 19·7)

–32·0%  
(–40·4 to –21·7)

United Arab Emirates 724 351  
(655 751 to 795 089)

9951  
(9198 to 10 828)

–4·0%  
(–7·7 to –0·1)

829  
(648 to 1046)

30·8  
(25·3 to 36·7)

3·0%  
(–18·1 to 29·0)

Yemen 1 560 862  
(1 446 990 to 1 701 455)

9680  
(8964 to 10 522)

1·4%  
(–3·0 to 6·3)

1964  
(1541 to 2463)

16·4  
(13·1 to 20·2)

–19·4%  
(–38·8 to 10·4)

South Asia 143 173 973  
(132 967 984 to 154 589 580)

9470  
(8796 to 10 212)

6·3%  
(3·8 to 9·0)

282 464  
(265 893 to 296 220)

22·8  
(21·2 to 23·9)

–2·6%  
(–12·1 to 6·0)

Bangladesh 11 196 657  
(10 385 604 to 12 137 920)

8300  
(7706 to 9014)

4·0%  
(–0·8 to 8·9)

16 783  
(14 909 to 18 866)

15·4  
(13·7 to 17·3)

–21·8%  
(–38·5 to –6·7)

Bhutan 69 290  
(64 157 to 74 597)

9051  
(8420 to 9756)

2·0%  
(–1·7 to 5·5)

136  
(110 to 162)

23·3  
(18·9 to 27·8)

–24·4%  
(–41·0 to –4·7)

India 115 069 914  
(106 818 767 to 124 130 281)

9529  
(8852 to 10 280)

5·6%  
(3·3 to 8·2)

223 821  
(207 938 to 235 529)

22·3  
(20·6 to 23·5)

–5·5%  
(–14·5 to 2·7)

Nepal 2 174 115  
(2 019 410 to 2 351 912)

9136  
(8487 to 9881)

7·9%  
(3·9 to 12·0)

4879  
(3996 to 5789)

24·2  
(20·0 to 28·6)

–4·0%  
(–21·6 to 16·0)

Pakistan 14 663 997  
(13 591 223 to 15 834 072)

10 162  
(9430 to 10 966)

14·3%  
(10·2 to 18·7)

36 844  
(29 938 to 44 322)

33·9  
(27·8 to 40·6)

42·3%  
(14·2 to 72·9)

Central sub-Saharan 
Africa

6 969 028  
(6 467 179 to 7 541 973)

10 608  
(9846 to 11 488)

0·0%  
(–3·6 to 3·7)

12 587  
(11 086 to 14 024)

28·0  
(24·9 to 31·0)

–17·6%  
(–28·2 to –5·6)

Angola 1 499 658  
(1 389 646 to 1 622 666)

10 592  
(9813 to 11 468)

3·2%  
(–0·7 to 7·6)

2809  
(2395 to 3225)

29·7  
(25·7 to 34·1)

–19·2%  
(–33·0 to 0·1)

Central African Republic 285 293  
(263 420 to 309 434)

10 648  
(9868 to 11 533)

2·1%  
(–1·6 to 6·5)

655  
(535 to 789)

32·9  
(27·4 to 38·5)

–13·9%  
(–27·5 to 4·6)

Congo (Brazzaville) 347 706  
(322 213 to 376 356)

10 938  
(10 170 to 11 826)

–2·9%  
(–6·7 to 0·8)

671  
(552 to 795)

31·4  
(26·3 to 36·2)

–22·5%  
(–36·3 to –7·5)

Democratic Republic of 
the Congo

4 623 446  
(4 286 990 to 5 002 633)

10 558  
(9794 to 11 443)

–0·7%  
(–4·5 to 3·4)

8022  
(6772 to 9290)

26·6  
(22·6 to 30·5)

–17·3%  
(–31·6 to –0·3)

Equatorial Guinea 74 843  
(69 512 to 80 983)

11 174  
(10 350 to 12 064)

0·5%  
(–3·5 to 4·5)

134  
(94 to 185)

32·4  
(23·5 to 43·3)

–30·3%  
(–48·4 to –6·1)

Gabon 138 082  
(128 236 to 149 087)

11 236  
(10 438 to 12 148)

0·9%  
(–3·3 to 4·8)

296  
(252 to 340)

32·4  
(27·9 to 37·0)

–9·6%  
(–22·9 to 5·8)

Eastern sub-Saharan 
Africa

20 233 557  
(18 793 079 to 21 887 248)

9764  
(9054 to 10 549)

1·6%  
(–1·7 to 5·2)

37 332  
(34 896 to 40 455)

25·9  
(24·2 to 28·2)

–27·0%  
(–33·4 to –19·0)

Burundi 535 340  
(495 038 to 579 482)

9648  
(8942 to 10 432)

–5·4%  
(–9·6 to –0·9)

972  
(821 to 1147)

27·1  
(23·3 to 31·4)

–35·0%  
(–45·8 to –23·2)

Comoros 51 396  
(47 609 to 55 653)

9900  
(9159 to 10 708)

–0·9%  
(–5·0 to 3·2)

104  
(89 to 122)

26·3  
(22·6 to 30·6)

–26·9%  
(–39·1 to –12·1)

Djibouti 73 613  
(67 994 to 79 808)

9851  
(9131 to 10 670)

6·6%  
(2·6 to 10·9)

139  
(104 to 182)

30·8  
(23·7 to 38·9)

0·2%  
(–22·4 to 31·3)

Eritrea 304 308  
(282 168 to 329 461)

9868  
(9168 to 10 679)

1·1%  
(–2·8 to 5·5)

641  
(518 to 767)

30·4  
(25·1 to 35·7)

–27·5%  
(–40·9 to –10·6)

Ethiopia 4 968 232  
(4 617 353 to 5 364 731)

9376  
(8694 to 10 139)

–3·9%  
(–7·1 to –0·4)

9083  
(8190 to 10 165)

24·9  
(22·5 to 28·1)

–50·5%  
(–58·0 to –40·7)

Kenya 2 682 885  
(2 489 461 to 2 903 975)

9744  
(9047 to 10 548)

6·5%  
(3·5 to 9·7)

4687  
(4233 to 5204)

25·4  
(22·8 to 28·5)

–2·7%  
(–9·4 to 4·4)

Madagascar 1 333 772  
(1 230 299 to 1 444 892)

9632  
(8917 to 10 446)

3·8%  
(–1·0 to 9·0)

2078  
(1746 to 2424)

22·0  
(18·8 to 25·6)

–19·2%  
(–31·9 to –4·3)

Malawi 982 874  
(912 769 to 1 066 703)

10 371  
(9610 to 11 246)

3·8%  
(–0·2 to 8·8)

1937  
(1686 to 2188)

26·4  
(22·9 to 29·9)

–15·8%  
(–32·0 to 17·9)

Mozambique 1 549 649  
(1 434 294 to 1 673 132)

10 429  
(9689 to 11 261)

4·5%  
(0·6 to 8·8)

2582  
(2177 to 3312)

24·5  
(20·6 to 32·2)

–10·0%  
(–24·8 to 6·6)

(Table 2 continues on next page)
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Rwanda 707 847  
(654 743 to 769 522)

9771  
(9043 to 10 599)

–1·4%  
(–6·3 to 3·7)

1148  
(973 to 1345)

23·7  
(20·3 to 27·6)

–43·0%  
(–52·2 to –32·5)

Somalia 842 140  
(780 582 to 911 025)

10 019  
(9278 to 10 833)

2·2%  
(–1·5 to 5·9)

2023  
(1525 to 2640)

36·0  
(28·1 to 45·2)

–13·7%  
(–34·8 to 20·5)

South Sudan 490 592  
(454 696 to 530 633)

9731  
(9023 to 10 540)

3·9%  
(0·4 to 8·0)

1241  
(965 to 1604)

35·5  
(28·0 to 44·8)

–11·7%  
(–33·8 to 21·2)

Tanzania 2 954 846  
(2 740 477 to 3 216 811)

9737  
(9009 to 10 607)

6·1%  
(1·4 to 10·9)

5806  
(5091 to 6642)

25·3  
(22·2 to 29·0)

–9·9%  
(–23·7 to 10·0)

Uganda 1 854 300  
(1 717 949 to 2 010 440)

10 012  
(9278 to 10 849)

1·1%  
(–3·3 to 5·6)

3015  
(2581 to 3453)

24·4  
(21·1 to 27·7)

–12·7%  
(–28·2 to 3·7)

Zambia 889 069  
(824 745 to 959 071)

10 024  
(9282 to 10 847)

4·7%  
(0·8 to 9·3)

1853  
(1622 to 2099)

31·1  
(27·1 to 35·1)

–25·1%  
(–37·0 to –11·7)

Southern sub-Saharan 
Africa

7 255 813  
(6 732 619 to 7 830 539)

11 615  
(10 808 to 12 512)

10·7%  
(8·0 to 13·5)

12 033  
(11 337 to 12 625)

23·4  
(22·1 to 24·6)

28·7%  
(17·9 to 38·0)

Botswana 196 440  
(182 104 to 211 968)

11 502  
(10 689 to 12 412)

8·6%  
(4·9 to 12·6)

264  
(232 to 306)

22·4  
(19·7 to 25·8)

8·0%  
(–8·0 to 27·1)

eSwatini 88 896  
(82 455 to 95 944)

12 568  
(11 698 to 13 572)

8·8%  
(4·7 to 12·9)

213  
(161 to 258)

39·2  
(30·3 to 47·1)

16·9%  
(–7·1 to 43·9)

Lesotho 166 622  
(154 774 to 180 465)

11 985  
(11 143 to 12 979)

13·3%  
(9·2 to 17·5)

417  
(338 to 501)

36·9  
(30·2 to 43·7)

43·7%  
(15·7 to 75·1)

Namibia 177 623  
(164 822 to 192 771)

10 740  
(9961 to 11 654)

3·1%  
(–1·5 to 8·2)

250  
(215 to 298)

18·9  
(16·3 to 22·5)

–23·4%  
(–33·8 to –10·9)

South Africa 5 681 397  
(5 270 490 to 6 129 994)

11 718  
(10 895 to 12 637)

10·5%  
(7·8 to 13·2)

9149  
(8584 to 9601)

22·3  
(20·9 to 23·4)

28·8%  
(18·0 to 38·5)

Zimbabwe 944 836  
(877 212 to 1 022 937)

11 055  
(10 248 to 11 952)

12·3%  
(8·3 to 16·5)

1740  
(1490 to 2054)

27·9  
(24·1 to 32·6)

47·4%  
(23·9 to 78·6)

Western sub-Saharan 
Africa

26 912 770  
(24 899 147 to 29 243 336)

11 326  
(10 515 to 12 292)

4·3%  
(0·3 to 8·7)

39 718  
(35 515 to 45 758)

20·6  
(18·4 to 23·9)

–24·9%  
(–33·4 to –14·6)

Benin 689 440  
(640 678 to 745 414)

11 194  
(10 368 to 12 149)

1·1%  
(–2·9 to 5·4)

1292  
(1063 to 1553)

26·0  
(21·7 to 31·4)

–21·8%  
(–35·1 to –6·7)

Burkina Faso 1 281 101  
(1 185 130 to 1 383 412)

11 354  
(10 524 to 12 288)

1·8%  
(–2·5 to 6·2)

2769  
(2411 to 3147)

31·9  
(27·8 to 36·2)

–7·9%  
(–21·1 to 9·4)

Cameroon 1 741 850  
(1 622 811 to 1 889 103)

11 370  
(10 591 to 12 359)

2·0%  
(–2·9 to 6·7)

3249  
(2668 to 3 889)

27·9  
(23·0 to 33·5)

–29·7%  
(–42·2 to –16·2)

Cape Verde 55 839  
(51 817 to 60 741)

11 766  
(10 921 to 12 780)

8·6%  
(4·0 to 13·1)

65  
(59 to 72)

13·7  
(12·5 to 15·1)

34·1%  
(12·0 to 54·0)

Chad 779 014  
(723 905 to 844 703)

10 861  
(10 088 to 11 771)

0·1%  
(–4·1 to 4·4)

1568  
(1340 to 1852)

25·0  
(21·2 to 30·0)

–14·8%  
(–27·5 to 0·6)

Côte d’Ivoire 1 642 666  
(1 519 379 to 1 784 152)

11 613  
(10 775 to 12 601)

–0·4%  
(–4·4 to 4·4)

2834  
(2418 to 3404)

26·9  
(23·1 to 32·4)

–19·6%  
(–33·2 to –3·7)

The Gambia 135 988  
(126 031 to 147 163)

11 336  
(10 507 to 12 316)

3·3%  
(–0·7 to 7·2)

243  
(204 to 296)

25·1  
(21·4 to 29·7)

–18·7%  
(–32·3 to –3·5)

Ghana 2 252 649  
(2 090 611 to 2 441 403)

11 483  
(10 673 to 12 422)

7·1%  
(2·6 to 12·0)

3572  
(3055 to 4086)

21·9  
(19·0 to 24·9)

16·7%  
(–4·2 to 38·0)

Guinea 747 095  
(693 302 to 807 476)

11 218  
(10 384 to 12 173)

1·6%  
(–2·7 to 6·2)

1598  
(1392 to 1833)

28·1  
(24·4 to 32·5)

–16·0%  
(–28·0 to –1·5)

Guinea-Bissau 116 129  
(107 475 to 126 088)

11 989  
(11 122 to 12 993)

0·8%  
(–3·3 to 5·5)

260  
(216 to 315)

34·3  
(29·0 to 40·8)

–33·0%  
(–44·8 to –19·5)

Liberia 308 302  
(285 351 to 333 730)

11 511  
(10 683 to 12 463)

0·7%  
(–3·4 to 5·3)

517  
(429 to 627)

25·8  
(21·4 to 31·3)

–29·5%  
(–40·8 to –15·7)

Mali 1 127 953  
(1 044 615 to 1 219 025)

10 783  
(9978 to 11 711)

–2·5%  
(–6·6 to 1·6)

2144  
(1819 to 2546)

22·7  
(19·3 to 27·2)

–36·1%  
(–45·8 to –24·7)
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and eGFR of 60 mL/min per 1·73 m² or higher, given 
that this population is at the lowest risk for cardiovascular 
disease events.19,21,37–45

Relative risk values for cardiovascular disease outcomes 
were calculated by the Chronic Kidney Disease Prognosis 
Consortium, a research consortium composed of investi
gators representing several cohorts, including population-
level cohorts with prospective data.21,46–55 Relative risk was 
first calculated within each cohort, then a pooled analysis 
of cohort-level relative risks was done using a random-
effects meta-analysis. Gout relative risk was calculated 
by a random-effects meta-analysis of four studies,56–59 con
sidering only CKD stages 3–5 indicating increased risk of 
gout.

Exposure, relative risk, and TMREL were used to 
calculate the fraction of fatal and non-fatal burden 
attributable to exposure to impaired kidney function 
(appendix pp 14–15).

Role of the funding source
The funder had no role in study design, data collection, 
data analysis, data interpretation, or writing of the report. 
All authors had full access to all data in the study and had 
final responsibility for the decision to submit for 
publication.

Results
Global prevalence
Globally in 2017, there were 697·5 million (95% UI 
649·2 to 752·1) cases of CKD (table 2). Almost a third 
of patients with CKD lived in two countries, China 
(132·3 million [95% UI 121·8 to 143·7] cases) and 
India (115·1 million [106·8 to 124·1] cases). Bangladesh, 
Brazil, Indonesia, Japan, Mexico, Nigeria, Pakistan, 

Russia, the USA, and Vietnam had more than 10 million 
cases of CKD each. 79 of 195 countries included in 
GBD had more than 1 million prevalent cases of CKD in 
2017.

In 2017, the prevalence of CKD was estimated as 
9·1% (95% UI 8·5 to 9·8) in the world’s population, 
with CKD stages 1–2 accounting for 5·0% (4·5 to 5·5), 
stage 3 for 3·9% (3·5 to 4·3), stage 4 for 0·16% 
(0·13 to 0·19), stage 5 for 0·07% (0·06 to 0·08), dialysis for 
0·041% (0·037 to 0·044), and kidney transplantation for 
0·011% (0·010 to 0·012). The age-standardised prevalence 
of CKD was 1·29 (95% UI 1·28 to 1·30) times higher 
in females (9·5% [8·8 to 10·2]) than in males (7·3% 
[6·8 to 7·9]). The global age-standardised incidence of 
dialysis and transplantation was 1·47 (95% UI 1·46 to 1·48) 
times greater among males (13·7 [12·6 to 14·9] per 
100 000 population) than among females (8·6 [7·9 to 9·3] 
per 100 000 population). The global age-standardised CKD 
mortality rate was 1·39 (1·30 to 1·45) times greater among 
males (18·9 [17·9 to 19·5] per 100 000 population) than 
among females (13·6 [13·3 to 14·0] per 100 000 popu
lation). The country median prevalence of CKD was 8·9% 
(IQR 7·1 to 10·8).

The global age-standardised prevalence of CKD has 
remained stable between 1990 and 2017, with a 1·2% 
(95% UI –1·1 to 3·5) change, although the all-age preva
lence of CKD has increased by 29·3% (26·4 to 32·6) from 
1990 to 2017. The availability of renal replacement therapy 
from 1990 to 2017 has grown; global all-age incidence 
of dialysis and kidney transplantation increased by 
43·1% (95% UI 40·5 to 45·8) and 34·4% (29·7 to 38·9), 
respectively, while global age-standardised incidence 
rose by 10·7% (9·1 to 12·3) and 12·8% (10·2 to 15·3), 
respectively, with larger increases in all-age incidence of 

Prevalence (95% UI) Deaths (95% UI)

Count, 2017 Age-standardised 
rate per 100 000, 
2017

Percentage change in 
age-standardised rates 
between 1990 and 
2017

Count, 2017 Age-standardised 
rate per 100 000, 
2017

Percentage change in 
age-standardised rates 
between 1990 and 
2017
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Mauritania 271 447  
(251 721 to 294 100)

11 281  
(10 440 to 12 231)

–4·2%  
(–7·9 to 0·1)

460  
(385 to 549)

23·8  
(20·0 to 28·4)

–38·8%  
(–49·5 to –26·8)

Niger 1 047 090  
(970 398 to 1 130 392)

10 774  
(9978 to 11 713)

–1·7%  
(–5·8 to 2·9)

1777  
(1433 to 2203)

21·8  
(17·7 to 27·3)

–35·4%  
(–46·5 to –21·8)

Nigeria 12 681 837  
(11 675 878 to 13 853 971)

11 387  
(10 498 to 12 386)

7·8%  
(1·9 to 14·0)

13 740  
(10 420 to 18 751)

15·0  
(11·3 to 20·6)

–34·1%  
(–50·0 to –11·3)

São Tomé and Príncipe 15 734  
(14 575 to 17 056)

12 188  
(11 288 to 13 210)

0·8%  
(–3·3 to 5·2)

45  
(39 to 52)

44·1  
(38·1 to 50·5)

15·9%  
(–2·5 to 35·8)

Senegal 996 298  
(924 932 to 1 079 051)

11 236  
(10 433 to 12 176)

–0·6%  
(–4·6 to 4·0)

1930  
(1668 to 2282)

27·0  
(23·2 to 32·0)

–27·2%  
(–37·6 to –14·9)

Sierra Leone 510 314  
(472 593 to 552 280)

11 412  
(10 580 to 12 389)

2·0%  
(–1·7 to 6·4)

896  
(775 to 1050)

24·1  
(20·9 to 28·2)

–23·7%  
(–36·8 to –5·9)

Togo 511 758  
(472 213 to 554 594)

11 396  
(10 547 to 12 341)

2·3%  
(–2·0 to 7·2)

759  
(629 to 907)

22·4  
(18·9 to 26·2)

–24·5%  
(–37·6 to –10·2)

UI=uncertainty interval. SDI=Socio-demographic Index.

Table 2: Prevalence and deaths for chronic kidney disease in 2017, and percentage change of age-standardised rates by location, 1990–2017
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renal replacement therapy resulting from population 
ageing. Despite such increases, availability of renal replace
ment therapy is still limited in many world regions with a 
high burden of CKD.

Global mortality
CKD resulted in 1·2 million (95% UI 1·2 to 1·3) deaths 
in 2017 (table 2). An additional 1·4 million (1·2 to 1·6) 
deaths from cardiovascular disease were attributable to 
impaired kidney function, representing 7·6% (6·5 to 8·8) 
of deaths due to cardiovascular disease in 2017. Deaths due 
to CKD, and cardiovascular disease deaths attributable to 
impaired kidney function, represented 4·6% (95% UI 
4·3 to 5·0) of total mortality. Ranked as the 17th leading 
cause of death in 1990, CKD has increased in impor
tance, ranking as the 12th leading cause of death in 
2017. The rank of CKD among all causes of death was 
especially prominent in Central and Andean Latin 
America, ranking second and fifth, respectively. The 
global all-age CKD mortality rate increased by 41·5% 
(95% UI 35·2 to 46·5) from 1990 to 2017. The age-
standardised mortality rate remained stable, with a 2·8% 
change (–1·5 to 6·3) from 1990 to 2017. The age-
standardised CKD mortality rate, however, has increased 
by 60·9% (95% UI 52·7 to 66·2) in central Latin America, 
60·9% (53·3 to 68·9) in central Asia, and 57·3% 
(53·4 to 61·1) in high-income North America.

YLDs, YLLs, and DALYs
In 2017, CKD resulted in 7·3 million (95% UI 5·4 to 9·2) 
YLDs, 28·5 million (27·6–29·3) YLLs, and 35·8 million 

Figure 2: Age-standardised rate of DALYs by SDI quintiles for chronic kidney 
disease, 1990–2017
Shaded areas represent 95% uncertainty intervals. DALY=disability-adjusted 
life-year. SDI=Socio-demographic Index.
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(33·7 to 38·0) DALYs (appendix pp 16–26). Although 
most prevalent cases of CKD are stages 1–2 or stage 3, 
YLDs are largest for CKD stage 5 and dialysis, which 
accounted for 40% and 22% of YLDs for CKD, respectively, 
in 2017. Considerable global variation was noted in CKD 
burden, with age-standardised CKD DALY rates varying 
more than 15-fold between countries (figure 1). American 
Samoa, El Salvador, Federated States of Micronesia, 
Marshall Islands, and Mauritius had the highest esti
mated rates of age-standardised CKD DALYs in 2017, with 
more than 1500 DALYs per 100 000 population, whereas 
Andorra, Finland, Iceland, and Slovenia had the lowest 
burden, with age-standardised DALYs for CKD of less 
than 120 per 100 000 population. Despite the relatively 
high prevalence of non-fatal CKD, YLDs accounted 
for only 20·3% (95% UI 15·9 to 24·6) of total CKD 
DALYs in 2017, because most of the prevalence of CKD 
was contributed by disease stages 1–2 and stage 3, 
which confer little to no functional health loss. While 
slight increases were estimated in CKD prevalence and 
mortality from 1990 to 2017, global age-standardised rates 
of YLLs and YLDs due to CKD decreased over this period 
by 9·6% (95% UI 5·8 to 13·1) and 4·3% (0·4 to 9·0), 
respectively, thereby resulting in an 8·6% (5·4 to 11·8) 
decrease in the global age-standardised rate of DALYs due 
to CKD.

Burden by SDI
The age-standardised DALY rate due to CKD was highest 
in the low-middle SDI quintile, and was lower in the high 
and high-middle SDI quintiles than in the other quintiles 

in 2017 (appendix pp 26–31). The low SDI quintile saw the 
largest change in age-standardised DALY rates, changing 
by –23·6% (95% UI –29·2 to –16·2) between 1990 and 
2017. The high and middle SDI quintiles saw the smallest 
changes, with age-standardised DALY rates changing 
by –4·0% (–6·5 to –1·8) and –5·5% (–9·3 to –2·3), 
respectively, since 1990 (figure 2). Despite declining age-
standardised DALY rates, all SDI quintiles showed a net 
increase in the absolute number of DALYs attributable 
to CKD from 1990 to 2017, attributable to population 
growth and ageing.

The estimated relation between SDI and expected 
age-standardised rate of CKD DALYs is generally 
negative, with the slope steepening as SDI increases 
(figure 3). Oceania had much higher age-standardised 
DALY rates due to CKD than expected based on SDI for 
all years between 1990 and 2017. Despite gains in SDI over 
time, central Latin America, high-income North America, 
and the Caribbean also saw increasing rates of CKD 
DALYs, by contrast with other world regions. Western, 
eastern, and central sub-Saharan Africa, east Asia, south 
Asia, central and eastern Europe, Australasia, and 
western Europe all had a lower age-standardised CKD 
DALY rate than expected, based on their SDI values.

Causal attribution
CKD due to diabetes accounted for 30·7% (95% UI 
27·8 to 34·0) of CKD DALYs, the largest contribution in 
terms of absolute number of DALYs of any cause in 
2017, with CKD due to type 1 and type 2 diabetes 
resulting in 2·9 million (2·4 to 3·5) DALYs and 

Figure 3: Age-standardised rate of DALYs for chronic kidney disease for 21 world regions, 1990–2017
Solid black line shows expected values across the spectrum of the SDI. DALY=disability-adjusted life-year. SDI=Socio-demographic Index.
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8·1 million (7·1 to 9·2) DALYs, respectively (figure 4A). 
CKD due to other and unspecified causes resulted in 
a substantial number of DALYs across all age groups 
and was estimated to have the highest age-standardised 
rate of DALYs (138·8 [95% UI 123·7 to 155·9] per 
100 000 population) among all causes of CKD. Type 2 
diabetes was the only cause of CKD to show a significant 
increase in the age-standardised DALY rate, which 
changed by 9·5% (95% UI 4·3 to 13·7) from 1990 to 2017 
(figure 4B).

Risk factors for CKD
Impaired fasting plasma glucose, high blood pressure, 
high body-mass index, a diet high in sodium, and lead 
were risk factors for CKD quantified in GBD, accounting 
for 57·6% (95% UI 50·5 to 63·8), 43·2% (42·3 to 54·1), 
26·6% (17·0 to 37·7), 9·5% (3·7 to 18·0), and 3·6% 
(2·3 to 5·1), respectively, of the age-standardised rate of 
CKD DALYs in 2017. High blood pressure accounted for 
the largest proportion of CKD burden in east Asia, 
eastern Europe, tropical Latin America, and western 
sub-Saharan Africa, whereas high fasting plasma glucose 
was the leading risk factor for CKD in all other regions.

Impaired kidney function as a risk factor
In 2017, impaired kidney function resulted in 61·3 mil
lion (95% UI 56·9 to 66·1) DALYs, of which 58·4% 
(55·4 to 61·4) were directly contributed by CKD whereas 
41·6% (38·2 to 44·4) were cardiovascular disease DALYs 
and less than 1% (0·003% [95% UI 0·002 to 0·004]) were 
gout DALYs attributable to impaired kidney function, 
although the composition was different by world region 
(figure 5). Of 25·3 million (95% UI 22·2 to 28·9) 
DALYs resulting from cardiovascular disease attributable 
to impaired kidney function, 58·8% (54·0 to 63·7) 
came from ischaemic heart disease, 40·2% (35·4 to 45·0) 
from stroke, and the remaining 1·0% (0·6 to 1·5) from 
peripheral artery disease. The global age-standardised 
rate of cardiovascular disease DALYs attributable to 
impaired kidney function in 2017 was 318·3 (278·9 to 
363·2) DALYs per 100 000 population. With an age-
standardised rate of 1028·4 (866·0 to 1218·8) DALYs 
per 100 000 population, Oceania had the largest age-
standardised rate of cardiovascular disease DALYs 
attributable to impaired kidney function, followed by 
central Asia, eastern Europe, and north Africa and the 
Middle East, which all had age-standardised DALY rates 

Figure 4: Number (A) and rate (B) of global DALYs for CKD by underlying cause in 1990 and 2017
DALY=disability-adjusted life-year. CKD=chronic kidney disease.
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above 500 per 100 000 population. Since 1990, the age-
standardised rate of cardiovascular disease DALYs due to 
impaired kidney function has decreased globally by 
29·4% (95% UI 26·4 to 32·2), although central Asia saw 
a rise of 10·5% (4·9 to 16·3).

Information on input data sources for cause of death, 
non-fatal, and risk factor models can be downloaded 
from the Global Health Data Exchange.60 Complete GBD 
2017 results are available online for visualisation and can 
be downloaded from the Global Health Data Exchange.61

Discussion
The number of individuals with all-stage CKD reached 
almost 700 million in 2017, which is more people than 
those with diabetes, osteoarthritis, chronic obstructive 
pulmonary disease (COPD), asthma, or depressive disor
ders.26 CKD diagnoses resulted in 1·2 million deaths in 
2017, a number that has been projected to rise by 2040 to 
2·2 million in a best-case scenario and up to 4·0 million 
in a worst-case scenario.62 GBD ranks CKD as the 
12th leading cause of death out of 133 conditions.28 
Globally in 2017, CKD resulted in more deaths than did 
tuberculosis or HIV, and the number of CKD deaths was 
almost equal to the number of deaths due to road 
injuries.27 The decrease in the global age-standardised 
DALY rate for CKD from 1990 to 2017 was not accom
panied by corresponding decreases in age-standardised 
rates of CKD mortality or prevalence, indicating a shift 
to mortality due to CKD occurring at an older age and 

lower average severity of non-fatal CKD. However, these 
declines are slower than for cardiovascular disease and 
stroke. A handful of locations deviated from this global 
trend and had a greater than 50% increase in the age-
standardised CKD DALY rate from 1990 to 2017, including 
American Samoa, Ecuador, El Salvador, Georgia, Guam, 
Mexico, Paraguay, and Philippines. The increases in CKD 
burden in these locations have been largely driven by 
substantial increases in the CKD mortality rate. Although 
there is still uncertainty about the cause of CKD in some 
populations with high CKD mortality,63 studies from 
American Samoa,64,65 Guam,64 and Mexico66,67 suggest that 
limited access to renal replacement therapy combined 
with increases in the prevalence of diabetes and hyper
tension have contributed to rising CKD burden in these 
regions. We found a higher prevalence of CKD stages 1–3 
in females and higher mortality in males, which suggests 
that males progress to ESKD more rapidly. There is 
evidence of substantial gender disparities in access to 
CKD treatment, and actions are needed to provide equal 
access to kidney health care.68,69 These results highlight 
the importance of improved management of risk factors 
for CKD at primary care level and the need for expanded 
access to affordable renal replacement services for those 
with ESKD.

We have not seen the same degree of progress in 
prevention of CKD mortality as we have for many other 
important non-communicable diseases. From 1990 to 
2017, the global age-standardised mortality rate declined 

Figure 5: Age-standardised rate of DALYs for chronic kidney disease, cardiovascular diseases, and gout, attributable to impaired kidney function, for 21 world 
regions in 2017
DALY=disability-adjusted life-year.
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by 30·4% for cardiovascular disease, 14·9% for cancer, 
and 41·3% for COPD,27 but a similar decline was not seen 
for CKD (2·8% change [95% UI –1·5 to 6·3]). Disparities 
in CKD mortality by world region highlight the import
ance of access to renal replacement therapy, both to 
initiate treatment and to maintain access to dialysis. 
For instance, in sub-Saharan Africa, even if individuals 
requiring renal replacement initiate treatment, retention 
is low because of an inability to pay for ongoing dialysis, 
and up to 85% of incident patients are forced to withdraw 
from this life-saving treatment.70 Public health policy also 
has a role in slowing the incidence rate of ESKD through 
education of health personnel, early kidney disease 
detection programmes and implementation of nephro
protective treatment, and appropriate treatment of CKD 
risk factors such as high systolic blood pressure and 
elevated glucose levels.15 This action could be especially 
important in low SDI regions where primary care health 
systems are focused on child and maternal health and are 
less equipped to adequately prevent and treat chronic 
diseases.71 In view of the detrimental interplay between 
diabetes, hypertension, CKD, and development of cardio
vascular disease, one alternative could be to integrate 
screening of CKD in ongoing efforts to reduce the 
occurrence of cardiovascular disease. Studies suggest that 
screening for CKD in high-risk and elderly populations 
is a cost-effective approach to reduce progression to 
ESKD and CKD mortality.72–75 The effect of kidney disease 
on the burden of non-communicable diseases is not 
limited to ESKD or CKD itself but extends to cardio
vascular diseases for which impaired kidney function is 
an independent risk factor.19,22 According to our analysis, 
almost 7% of the total cardiovascular disease burden can 
be attributed to impaired kidney function. Of all the 
global risk factors in 2017, the DALY rate for impaired 
kidney function was higher than that for drug use, unsafe 
sanitation, low physical activity, second-hand smoke, and 
several dietary risk factors.29 However, kidney health is 
given far less attention than the aforementioned risk 
factors, both by public health authorities and the general 
population. Fewer than 10% of patients with CKD are 
aware of their disease, both in developing14 and developed76 
countries. According to the Global Kidney Health Atlas 
2017, CKD is recognised as a health-care priority in 36% 
of countries, a national strategy for combating all stages 
of CKD is available in 17% of countries, and awareness 
and adoption of CKD guidelines among primary and 
secondary care specialists is estimated to be below average 
in 49% of countries.

Kidney care is closely related to global health 
challenges. The gap between age-standardised CKD 
DALY rates in low, low-middle, and middle SDI quintiles 
compared with high and high-middle SDI quintiles 
reflects inequities in access to preventive care and renal 
replacement therapy across levels of development. The 
low SDI quintile saw the largest decrease in age-
standardised CKD DALY rates from 1990 to 2017, 

primarily as a result of substantial decreases in the age-
standardised mortality rate in many countries in the low 
SDI quintile, including Ethiopia, Niger, and Rwanda. 
Nevertheless, the fraction of all deaths in these countries 
attributable to CKD has steadily increased over the past 
20 years, indicating that differences in CKD burden 
observed between low-middle and low SDI quintiles 
might diminish when overall declines in all-cause 
mortality rate slow, particularly as exposures to risk 
factors for CKD, including diabetes, hypertension, and 
high body-mass index, continue to amplify in the low 
SDI quintile. For these countries at the lower end of the 
development spectrum, the situation has been aggravated 
by insufficient access to laboratory diagnostic services,77 a 
shortage of medical personnel,78 scarce medication, and 
the absence of universal health coverage.79 Disparities in 
access to CKD care also exist within countries for 
different populations, some of which are at higher risk of 
late referral to nephrology services,80 resulting in greater 
rates of complications and mortality.81

The prevalence of CKD reported in GBD 2017 
(9·1% [95% UI 8·5 to 9·8]) is lower than the global 
prevalence estimate from a meta-analysis published in 
2016 (13·4%).82 This difference is attributable to variations 
in methodological approach and data inclusion criteria. 
For the estimation of CKD prevalence, GBD excluded 
studies reporting on clinic-based or laboratory-based 
populations, because patients with creatinine samples 
for CKD in these instances tend to belong to high-
risk groups, leading to overestimation of CKD prevalence. 
Moreover, GBD also accounted for differences in age and 
sex distributions across input data sources, thus ensuring 
that data affected prevalence estimates only for the 
demographic subset from which they were gathered. 
Estimates of CKD prevalence in GBD 2017 are higher 
than those reported in previous iterations of GBD, 
primarily because of inclusion of CKD stages 1–2 as part 
of the GBD definition of CKD for GBD 2017.

Several limitations applicable to GBD have been 
discussed in detail elsewhere.26–29 Limitations specific to 
CKD apply to the current analysis.

First, many countries do not have high-quality 
population-based studies on the occurrence of CKD. 
Some regions with the highest burden of CKD (eg, 
Central America, Latin America, and Oceania) have little 
to no available data for CKD incidence or prevalence 
within the population (appendix p 7); as such, GBD must 
rely on statistical methods and predictive covariate values 
to estimate CKD burden in these regions. Additionally, 
despite the standardised definition of CKD presented 
by the KDIGO guidelines,22 sources of information on 
non-fatal CKD vary in terms of sampling, laboratory 
methods, and the equation used to calculate eGFR. 
Several studies have noted systematic differences in 
estimated CKD prevalence resulting from the use of 
different equations.46,83–88 To account for these differences 
and standardise data across studies, we adjusted data 

For the Global Kidney Health 
Atlas 2017 see https://www.

theisn.org/focus/ckd#health-atlas 
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sources to represent prevalence as calculated according 
to our reference definition of eGFR, estimated using 
the CKD-EPI equation.32 This correction increases the 
uncertainty of input data and was derived from a limited 
number of sources, which might not accurately charac
terise bias within different demographic subsets of the 
population. Future iterations of GBD should expand the 
number of sources used for this analysis to evaluate if 
these adjustment factors vary by sex, age, ethnicity, or 
geographical location.

Second, most data sources reporting the prevalence 
of non-fatal CKD are cross-sectional and do not repeat 
serum creatinine and urine ACR measurements over 
3 months, as suggested by KDIGO guidelines, to confirm 
the chronicity of abnormalities.22 Studies suggest that use 
of one measurement of decreased eGFR to characterise 
CKD might overestimate prevalence by 25–50%.89–92 
Therefore, it is possible that the results of our analysis 
represent an overestimate of CKD prevalence. Future 
analyses of the global burden of CKD should investigate 
developing a methodology to correct prevalence estimates 
based on one eGFR measurement, as done to correct for 
differences in prevalence estimates resulting from use of 
alternate estimating equations.

Third, ascertainment of the cause of CKD is difficult. 
Biopsy is the gold-standard method for assigning the 
underlying cause of CKD, but this procedure is only 
advised when confirmation of cause is necessary and the 
benefits of confirmation outweigh risks of the procedure. 
Additionally, CKD often arises from comorbid conditions, 
contributing to a large degree of uncertainty about the 
true underlying cause of CKD. To capture this uncertainty 
and better reflect clinical realities of causal attribution, 
we used data from the Geisinger Health System35 to 
identify patients with various stages of CKD, relying on 
ICD codes for primary renal diseases to map individuals 
to GBD cause groupings and assigning individuals with 
CKD but no ICD code for a primary renal disease as 
having CKD of unknown cause. This method marks an 
improvement over previous iterations of GBD in which 
the distribution of CKD by cause was generated using 
data solely from renal replacement therapy registries and 
was assumed to be the same across all stages. However, 
the generalisability of Geisinger data to CKD populations 
worldwide is limited, because there is considerable 
geographical variation in the distribution of primary 
renal diseases. Use of clinical data also probably 
represents a skewed causal distribution in early-stage 
CKD, because many cases of mild kidney function 
decline are asymptomatic, so there could be differential 
case-ascertainment based on primary renal disease.

Fourth, impaired kidney function as defined for GBD 
risk factor estimation does not explicitly quantify the risk 
of elevated ACR and decreased eGFR separately, despite 
evidence that elevated ACR leads to increased risk for 
cardiovascular outcomes independent of decreased 
eGFR.93 Estimation of attributable burden separately 

by ACR and eGFR would provide additional insights for 
treatment and prevention of cardiovascular disease 
outcomes among individuals with impaired kidney 
function. We also only quantified the burden of 
cardiovascular disease and gout attributable to impaired 
kidney function; however, impaired kidney function 
might also put individuals at risk for other outcomes that 
we have not yet accounted for. Additional outcomes for 
impaired kidney function could be added to future GBD 
iterations if evidence can establish a causal link.

Finally, the GBD estimation framework for CKD does 
not currently estimate anaemia impairment for cases of 
ESKD on dialysis or ESKD after transplant. Patients on 
dialysis have a high prevalence of anaemia, the severity 
of which could affect the level of disability they experi
ence. The disability weight associated with dialysis is 
relatively high; however, the lay description associated 
with this health state also includes symptoms associ
ated with anaemia. Nevertheless, this might have 
resulted in an underestimate of the disability associated 
with dialysis.

In conclusion, CKD is a highly prevalent condition that 
contributes a substantial proportion of disease burden 
globally, yet over the past 27 years the burden of CKD has 
not declined to the same extent as many other important 
non-communicable diseases. The age-standardised effect 
of CKD is more prominent in countries in low and 
middle SDI quintiles, where there is a large gap between 
CKD burden and provision of adequate health care. 
Importantly, slowing CKD progression at early stages 
provides economic benefits94 and prevents the develop
ment of ESKD and cardiovascular complications.22 
A comprehensive action plan should include effective 
management of risk factors for CKD at the primary care 
level, improved case-detection among at-risk populations, 
and development of facilities for treating patients with 
documented disease. By jointly implementing CKD 
prevention, assessment, and treatment, we could achieve 
better health for many populations with a high burden 
of CKD and related outcomes. The UN Sustainable 
Development Goals aim to reduce premature mortality 
from non-communicable diseases by a third by 2030. 
Our estimates suggest that targeting CKD could be an 
important step in reaching these goals.
GBD Chronic Kidney Disease Collaboration
Boris Bikbov, Carrie Purcell, Andrew S Levey, Mari Smith, Amir Abdoli, 
Molla Abebe, Oladimeji M Adebayo, Mohsen Afarideh, 
Sanjay Kumar Agarwal, Marcela Agudelo-Botero, Elham Ahmadian, 
Ziyad Al-Aly, Vahid Alipour, Amir Almasi-Hashiani, Rajaa M Al-Raddadi, 
Nelson Alvis-Guzman, Saeed Amini, Tudorel Andrei, 
Catalina Liliana Andrei, Zewudu Andualem, Mina Anjomshoa, 
Jalal Arabloo, Alebachew Fasil Ashagre, Daniel Asmelash, 
Zerihun Ataro, Maha Moh’d Wahbi Atout, Martin Amogre Ayanore, 
Alaa Badawi, Ahad Bakhtiari, Shoshana H Ballew, Abbas Balouchi, 
Maciej Banach, Simon Barquera, Sanjay Basu, Mulat Tirfie Bayih, 
Neeraj Bedi, Aminu K Bello, Isabela M Bensenor, Ali Bijani, 
Archith Boloor, Antonio M Borzì, Luis Alberto Cámera, Juan J Carrero, 
Félix Carvalho, Franz Castro, Ferrán Catalá-López, Alex R Chang, 
Ken Lee Chin, Sheng-Chia Chung, Massimo Cirillo, Ewerton Cousin, 
Lalit Dandona, Rakhi Dandona, Ahmad Daryani, Rajat Das Gupta, 



Articles

728	 www.thelancet.com   Vol 395   February 29, 2020

Feleke Mekonnen Demeke, Gebre Teklemariam Demoz, 
Desilu Mahari Desta, Huyen Phuc Do, Bruce B Duncan, Aziz Eftekhari, 
Alireza Esteghamati, Syeda Sadia Fatima, João C Fernandes, 
Eduarda Fernandes, Florian Fischer, Marisa Freitas, Mohamed M Gad, 
Gebreamlak Gebremedhn Gebremeskel, Begashaw Melaku Gebresillassie, 
Birhanu Geta, Mansour Ghafourifard, Alireza Ghajar, Nermin Ghith, 
Paramjit Singh Gill, Ibrahim Abdelmageed Ginawi, Rajeev Gupta, 
Nima Hafezi-Nejad, Arvin Haj-Mirzaian, Arya Haj-Mirzaian, 
Ninuk Hariyani, Mehedi Hasan, Milad Hasankhani, Amir Hasanzadeh, 
Hamid Yimam Hassen, Simon I Hay, Behnam Heidari, 
Claudiu Herteliu, Chi Linh Hoang, Mostafa Hosseini, Mihaela Hostiuc, 
Seyed Sina Naghibi Irvani, Sheikh Mohammed Shariful Islam, 
Nader Jafari Balalami, Spencer L James, Simerjot K Jassal, 
Vivekanand Jha, Jost B Jonas, Farahnaz Joukar, Jacek Jerzy Jozwiak, 
Ali Kabir, Amaha Kahsay, Amir Kasaeian, Tesfaye Dessale Kassa, 
Hagazi Gebremedhin Kassaye, Yousef Saleh Khader, Rovshan Khalilov, 
Ejaz Ahmad Khan, Mohammad Saud Khan, Young-Ho Khang, 
Adnan Kisa, Csaba P Kovesdy, Barthelemy Kuate Defo, G Anil Kumar, 
Anders O Larsson, Lee-Ling Lim, Alan D Lopez, Paulo A Lotufo, 
Azeem Majeed, Reza Malekzadeh, Winfried März, Anthony Masaka, 
Hailemariam Abiy Alemu Meheretu, Tomasz Miazgowski, 
Andreea Mirica, Erkin M Mirrakhimov, Prasanna Mithra, 
Babak Moazen, Dara K Mohammad, Reza Mohammadpourhodki, 
Shafiu Mohammed, Ali H Mokdad, Linda Morales, 
Ilais Moreno Velásquez, Seyyed Meysam Mousavi, 
Satinath Mukhopadhyay, Jean B Nachega, Girish N Nadkarni, 
Jobert Richie Nansseu, Gopalakrishnan Natarajan, Javad Nazari, 
Bruce Neal, Ruxandra Irina Negoi, Cuong Tat Nguyen, Rajan Nikbakhsh, 
Jean Jacques Noubiap, Christoph Nowak, Andrew T Olagunju, 
Alberto Ortiz, Mayowa Ojo Owolabi, Raffaele Palladino, Mona Pathak, 
Norberto Perico, Hossein Poustchi, Swayam Prakash, Narayan Prasad, 
Alireza Rafiei, Sree Bhushan Raju, Kiana Ramezanzadeh, Salman Rawaf, 
David Laith Rawaf, Lal Rawal, Robert C Reiner Jr, Aziz Rezapour, 
Daniel Cury Ribeiro, Leonardo Roever, Dietrich Rothenbacher, 
Godfrey M Rwegerera, Seyedmohammad Saadatagah, Saeed Safari, 
Berhe Weldearegawi Sahle, Hosni Salem, Juan Sanabria, 
Itamar S Santos, Arash Sarveazad, Monika Sawhney, Elke Schaeffner, 
Maria Inês Schmidt, Aletta Elisabeth Schutte, Sadaf G Sepanlou, 
Masood Ali Shaikh, Zeinab Sharafi, Mehdi Sharif, Amrollah Sharifi, 
Diego Augusto Santos Silva, Jasvinder A Singh, Narinder Pal Singh, 
Malede Mequanent M Sisay, Amin Soheili, Ipsita Sutradhar, 
Berhane Fseha Teklehaimanot, Berhe etsay Tesfay, 
Getnet Fetene Teshome, Jarnail Singh Thakur, Marcello Tonelli, 
Khanh Bao Tran, Bach Xuan Tran, Candide Tran Ngoc, Irfan Ullah, 
Pascual R Valdez, Santosh Varughese, Linh Gia Vu, Yasir Waheed, 
Andrea Werdecker, Haileab Fekadu Wolde, Adam Belay Wondmieneh, 
Sarah Wulf Hanson, Tomohide Yamada, Yigizie Yeshaw, 
Naohiro Yonemoto, Hasan Yusefzadeh, Zoubida Zaidi, Leila Zaki, 
Sojib Bin Zaman, Nelson Zamora, Afshin Zarghi, 
Kaleab Alemayehu Zewdie, Johan Ärnlöv, Josef Coresh, 
Giuseppe Remuzzi, Christopher J L Murray, Theo Vos.

Affiliations
Istituto di Ricerche Farmacologiche Mario Negri IRCCS, Ranica, Italy 
(B Bikbov MD, N Perico MD, Prof G Remuzzi MD); Department of 
Health Metrics Sciences, School of Medicine (Prof S I Hay FMedSci, 
Prof A H Mokdad PhD, R C Reiner Jr PhD, Prof C J L Murray DPhil, 
Prof T Vos PhD), and Institute for Health Metrics and Evaluation 
(C A Purcell MPH, M Smith MPA, Prof L Dandona MD, 
Prof R Dandona PhD, Prof S I Hay, S L James MD, Prof A D Lopez PhD, 
Prof A H Mokdad, R C Reiner Jr, S Wulf Hanson PhD, 
Prof C J L Murray, Prof T Vos), University of Washington, Seattle, WA, 
USA; Division of Nephrology, Tufts Medical Center, Boston, MA, USA 
(A S Levey MD); Tufts University School of Medicine, Tufts University, 
Boston, MA, USA (A S Levey); Department of Parasitology and 
Mycology, Jahrom University of Medical Sciences, Jahrom, Iran 
(A Abdoli PhD); Department of Clinical Chemistry (M Abebe MSc, 
A F Ashagre MSc, D Asmelash MSc, G F Teshome MSc), Department of 
Clinical Pharmacy (B M Gebresillassie MSc), Department of 
Epidemiology and Biostatistics (H F Wolde MPH, 
M M M Sisay MPH, Y Yeshaw MPH), and Environmental and 
Occupational Health and Safety Department (Z Andualem MSc), 

University of Gondar, Gondar, Ethiopia; Department of Medicine, 
University College Hospital, Ibadan, Ibadan, Nigeria 
(O M Adebayo MD); School of Health and Social Studies, Dalarna 
University, Falun, Sweden (Prof J Ärnlöv PhD); Department of 
Cardiology (S Saadatagah MD), Department of Epidemiology and 
Biostatistics (Prof M Hosseini PhD), Department of Health Management 
and Economics (S M Mousavi PhD), Department of Microbiology 
(A Hasanzadeh PhD), Department of Pharmacology 
(Arvin Haj-Mirzaian MD, Arya Haj-Mirzaian MD, R Nikbakhsh MD), 
Digestive Diseases Research Institute (Prof R Malekzadeh MD, 
H Poustchi PhD, S G Sepanlou MD), Endocrinology and Metabolism 
Research Center (M Afarideh MD, B Heidari MD, 
Prof A Esteghamati MD, A Ghajar MD), Health Policy/Economic and 
Management (A Bakhtiari PhD), Hematology-Oncology and Stem Cell 
Transplantation Research Center (A Kasaeian PhD), and School of 
Medicine (N Hafezi-Nejad MD), Tehran University of Medical Sciences, 
Tehran, Iran; Department of Nephrology, All India Institute of Medical 
Sciences, New Delhi, India (Prof S K Agarwal MD); School of Medicine, 
Center for Politics, Population and Health Research, National 
Autonomous University of Mexico, Mexico City, Mexico 
(Prof M Agudelo-Botero PhD); Department of Pharmacology and 
Toxicology (A Eftekhari PhD), Medical Surgical Department 
(M Ghafourifard PhD), Pharmacology and Toxicology 
(E Ahmadian PhD), and School of Nutrition and Food Sciences 
(M Hasankhani MSc), Tabriz University of Medical Sciences, Tabriz, 
Iran; Department of Physiology (R Khalilov PhD), and Institute of 
Radiation Problems of Azerbaijan (E Ahmadian), Baku State University, 
Baku, Azerbaijan; John T Milliken Department of Internal Medicine, 
Washington University in St Louis, St Louis, MO, USA (Z Al-Aly MD); 
Clinical Epidemiology Center, VA Saint Louis Health Care System 
(Z Al-Aly), and Department of Internal Medicine (S K Jassal MD), 
Department of Veterans Affairs, St Louis, MO, USA; Colorectal Research 
Center (A Sarveazad PhD), Health Management and Economics 
Research Center (J Arabloo PhD, V Alipour PhD, A Rezapour PhD), 
Health Economics Department (V Alipour), Minimally Invasive Surgery 
Research Center (A Kabir MD), Pars Advanced and Minimally Invasive 
Medical Manners Research Center (A Kasaeian), and School of Nursing 
and Midwifery (A Balouchi MSc), Iran University of Medical Sciences, 
Tehran, Iran; Department of Family and Community Medicine, King 
Abdulaziz University, Jeddah, Saudi Arabia (Prof R M Al-Raddadi PhD); 
Research Group in Health Economics, University of Cartagena, 
Cartagena, Colombia (Prof N Alvis-Guzman PhD); Research Group in 
Hospital Management and Health Policies, University of the Coast, 
Barranquilla, Colombia (Prof N Alvis-Guzman); Department of 
Epidemiology (A Almasi-Hashiani PhD), Department of Pediatrics 
(J Nazari PhD), and Health Services Management Department 
(S Amini PhD), Arak University of Medical Sciences, Arak, Iran; 
Department of Statistics and Econometrics, Bucharest University of 
Economic Studies, Bucharest, Romania (Prof C Herteliu PhD, 
A Mirica PhD, Prof T Andrei PhD); Anatomy and Embryology 
(R I Negoi PhD), and Department of General Surgery (M Hostiuc PhD), 
Carol Davila University of Medicine and Pharmacy, Bucharest, Romania 
(C L Andrei PhD); Social Determinants of Health Research Center, 
Rafsanjan University of Medical Sciences, Rafsanjan, Iran 
(M Anjomshoa PhD); Department of Medical Laboratory Science, 
Haramaya University, Harar, Ethiopia (Z Ataro MSc); School of Nursing, 
University of Nottingham, Amman, Jordan (M M W Atout PhD); 
Department of Health Policy Planning and Management, University of 
Health and Allied Sciences, Ho, Ghana (M A Ayanore PhD); Public 
Health Risk Sciences Division, Public Health Agency of Canada, 
Toronto, ON, Canada (A Badawi PhD); Department of Nutritional 
Sciences, University of Toronto, Toronto, ON, Canada (A Badawi); 
Bloomberg School of Public Health (J Coresh PhD), Department of 
Epidemiology (S H Ballew PhD, Prof J B Nachega PhD), Department of 
Radiology (Arya Haj-Mirzaian), and Department of Radiology and 
Radiological Sciences (N Hafezi-Nejad), Johns Hopkins University, 
Baltimore, MD, USA; Department of Hypertension, Medical University 
of Lodz, Lodz, Poland (Prof M Banach PhD); Polish Mothers’ Memorial 
Hospital Research Institute, Lodz, Poland (Prof M Banach); Center for 
Population Health Research (L Morales MS), National Institute of Public 
Health, Cuernavaca, Mexico (S Barquera PhD); Department of Primary 



Articles

www.thelancet.com   Vol 395   February 29, 2020	 729

Care and Public Health (Prof A Majeed MD, Prof S Rawaf MD, 
R Palladino MD), School of Public Health (S Basu PhD), and WHO 
Collaborating Centre for Public Health Education and Training 
(D L Rawaf MD), Imperial College London, London, UK; Department of 
Medical Laboratory Science (F M Demeke MSc), Human Nutrition 
Department (M T Bayih MSc), and School of Public Health 
(H A A Meheretu MPH), Bahir Dar University, Bahir Dar, Ethiopia; 
Department of Community Medicine, Gandhi Medical College Bhopal, 
Bhopal, India (Prof N Bedi MD); Jazan University, Jazan, Saudi Arabia 
(Prof N Bedi); Department of Medicine, University of Alberta, 
Edmonton, AB, Canada (A K Bello PhD); Department of Internal 
Medicine (I M Bensenor PhD, Prof I S Santos PhD), and Department of 
Medicine (Prof P A Lotufo DrPH), University of São Paulo, São Paulo, 
Brazil; Social Determinants of Health Research Center, Babol University 
of Medical Sciences, Babol, Iran (A Bijani PhD); Community Medicine 
(P Mithra MD), and Internal Medicine (A Boloor MD), Manipal 
Academy of Higher Education, Mangalore, India; Department of 
General Surgery and Medical-Surgical Specialties, University of Catania, 
Catania, Italy (A M Borzì MD); Medicina Interna, Hospital Italiano de 
Buenos Aires, Ciudad Autónoma de Buenos Aires, Argentina 
(Prof L A Cámera MD); Comisión Directiva (Prof L A Cámera), 
Argentine Society of Medicine, Ciudad Autonoma Buenos Aires, 
Argentina (Prof P R Valdez MEd); Department of Medical Epidemiology 
and Biostatistics (J J Carrero PhD), Department of Medicine Huddinge 
(D K Mohammad PhD), Department of Neurobiology (Prof J Ärnlöv), 
and Department of Neurobiology, Care Sciences and Society (NVS), H1, 
Division of Family Medicine and Primary Care (C Nowak PhD), 
Karolinska Institutet, Stockholm, Sweden; Department of Chemical 
Sciences, Faculty of Pharmacy (M Freitas PhD), REQUIMTE/LAQV 
(Prof E Fernandes PhD), and UCIBIO (Prof F Carvalho PhD), University 
of Porto, Porto, Portugal; Gorgas Memorial Institute for Health Studies, 
Panama City, Panama (F Castro MD, I Moreno Velásquez PhD); National 
School of Public Health, Carlos III Health Institute, Madrid, Spain 
(F Catalá-López PhD); Clinical Epidemiology Program, Ottawa Hospital 
Research Institute, Ottawa, ON, Canada (F Catalá-López); Kidney Health 
Research Institute, Geisinger Health System, Danville, PA, USA 
(A R Chang MD); Department of Epidemiology and Preventive Medicine 
(K L Chin PhD), and Department of Medicine (S B Zaman MPH), 
Monash University, Melbourne, VIC, Australia; Department of Health 
Informatics, University College London, London, UK (S Chung PhD); 
Health Data Research UK, London, UK (S Chung); Scuola Medica 
Salernitana, University of Salerno, Baronissi, Italy (M Cirillo MD); 
Postgraduate Program in Epidemiology, Federal University of Rio 
Grande do Sul, Porto Alegre, Brazil (E Cousin MS, B B Duncan MD, 
Prof M I Schmidt PhD); Public Health Foundation of India, 
Gurugram, India (Prof L Dandona, Prof R Dandona); Department of 
Immunology, and Molecular and Cell Biology Research Center 
(Prof A Rafiei PhD), and Toxoplasmosis Research Center 
(Prof A Daryani PhD), Mazandaran University of Medical Sciences, Sari, 
Iran; Department of Epidemiology and Biostatistics, Arnold School of 
Public Health, University of South Carolina, Columbia, SC, USA 
(R Das Gupta MPH); James P Grant School of Public Health, BRAC 
University, Dhaka, Bangladesh (R Das Gupta, M Hasan MPH, 
I Sutradhar MPH); Nursing Department College of Health Science 
(G G Gebremeskel MSc), and School of Pharmacy 
(G T Demoz MPharm), Aksum University, Aksum, Ethiopia; 
Addis Ababa University, Addis Ababa, Ethiopia (A B Wondmieneh MSc, 
G T Demoz); Clinical Pharmacy Unit (T D Kassa MSc), Department of 
Nutrition and Dietetics (A Kahsay MPH), Department of Pharmacy 
(D M Desta MSc, K A Zewdie MSc), and Nursing Department 
(G G Gebremeskel), Mekelle University, Mekelle, Ethiopia; Center of 
Excellence in Behavioral Medicine, Nguyen Tat Thanh University, 
Ho Chi Minh City, Vietnam (H P Do PhD, C L Hoang BMedSc, 
L G Vu BMedSc); Department of Microbiology (A Hasanzadeh), 
and Pharmacology and Toxicology Department (A Eftekhari), Maragheh 
University of Medical Sciences, Maragheh, Iran; Biological and 
Biomedical Sciences, Aga Khan University, Karachi, Pakistan 
(S S Fatima PhD); Center for Biotechnology and Fine Chemistry, 
Catholic University of Portugal, Porto, Portugal (J C Fernandes PhD); 
Department of Population Medicine and Health Services Research, 
Bielefeld University, Bielefeld, Germany (F Fischer PhD); Department of 

Cardiovascular Medicine, Cleveland Clinic, Cleveland, OH, USA 
(M M Gad MD); Gillings School of Global Public Health, University of 
North Carolina Chapel Hill, Chapel Hill, NC, USA (M M Gad); Nursing 
Department (A B Wondmieneh), and Pharmacy Department 
(B Geta MSc), Wollo University, Dessie, Ethiopia; Department of 
Medicine, Massachusetts General Hospital, Boston, MA, USA 
(A Ghajar); Group of Genomic Epidemiology, Technical University of 
Denmark, Kgs Lyngby, Denmark (N Ghith PhD); Social Epidemiology, 
Faculty of Medicine, Lund University, Malmö, Sweden (N Ghith); 
Unit of Academic Primary Care, University of Warwick, Coventry, UK 
(Prof P S Gill DM); Department of Family and Community Medicine, 
University of Hail, Hail, Saudi Arabia (Prof I A Ginawi MD); Academics 
and Research Department, Rajasthan University of Health Sciences, 
Jaipur, India (Prof R Gupta MD); Department of Medicine, Mahatma 
Gandhi University of Medical Sciences & Technology, Jaipur, India 
(Prof R Gupta); Department of Medicinal and Pharmaceutical Chemistry 
(Prof A Zarghi PhD), Department of Pharmacology 
(K Ramezanzadeh PharmD), Emergency Department (S Safari MD), and 
Obesity Research Center (Arvin Haj-Mirzaian), Research Institute for 
Endocrine Sciences (R Nikbakhsh MD, S S N Irvani MD), Shahid 
Beheshti University of Medical Sciences, Tehran, Iran; Department of 
Dental Public Health, Faculty of Dental Medicine, Universitas Airlangga 
Indonesia, Surabaya, Indonesia (N Hariyani PhD); Australian Research 
Centre for Population Oral Health, University of Adelaide, Adelaide, SA, 
Australia (N Hariyani); Department of Public Health, Mizan-Tepi 
University, Teppi, Ethiopia (H Y Hassen MPH); Unit of Epidemiology 
and Social Medicine, University Hospital Antwerp, Wilrijk, Belgium 
(H Y Hassen); Department of Internal Medicine, Bucharest Emergency 
Hospital, Bucharest, Romania (M Hostiuc); Institute for Physical Activity 
and Nutrition, Deakin University, Burwood, VIC, Australia 
(S M S Islam PhD); Sydney Medical School, University of Sydney, 
Sydney, NSW, Australia (S M S Islam); Department of Psychosis, Babol 
Noshirvani University of Technology, Babol, Iran 
(N Jafari Balalami PhD); Department of Internal Medicine, University 
of California at San Diego, San Diego, CA, USA (S K Jassal); 
Cardio-Metabolic Group (Prof B Neal PhD), The George Institute for 
Global Health, New Delhi, India (Prof V Jha MD); University of Oxford, 
Oxford, UK (Prof V Jha); Department of Ophthalmology 
(Prof J B Jonas MD), Heidelberg Institute of Global Health 
(B Moazen MSc, S Mohammed PhD), and Medical Clinic V 
(Prof W März MD), Heidelberg University, Mannheim, Germany; 
Beijing Ophthalmology & Visual Science Key Laboratory, Beijing 
Institute of Ophthalmology, Beijing Tongren Hospital, Beijing, China 
(Prof J B Jonas); Gastrointestinal and Liver Disease Research Center, 
Guilan University of Medical Sciences, Rasht, Iran (F Joukar PhD); 
Department of Family Medicine and Public Health, University of Opole, 
Opole, Poland (J J Jozwiak PhD); Department of Pharmacy 
(H G Kassaye MSc), and Department of Public Health 
(B F Teklehaimanot MPH, B e Tesfay MPH), Adigrat University, Adigrat, 
Ethiopia; Department of Public Health and Community Medicine, 
Jordan University of Science and Technology, Ramtha, Jordan 
(Prof Y S Khader PhD); Epidemiology and Biostatistics Department, 
Health Services Academy, Islamabad, Pakistan (E A Khan MPH); 
Department of Hospital Medicine, Miriam Hospital, Brown University, 
Providence, RI, USA (M S Khan MD); Division of Health Policy and 
Management, and Institute of Health Policy and Management, Seoul 
National University, Seoul, South Korea (Prof Y-H Khang MD); 
School of Health Sciences, Kristiania University College, Oslo, Norway 
(Prof A Kisa PhD); Department of Medicine, University of Tennessee, 
Memphis, TN, USA (Prof C P Kovesdy MD); Medicine Department, 
Memphis VA Medical Center, Memphis, TN, USA (Prof C P Kovesdy); 
Department of Demography, and Department of Social and Preventive 
Medicine, University of Montreal, Montreal, QC, Canada 
(Prof B Kuate Defo PhD); Public Health Foundation of India, Gurugram, 
India (G A Kumar PhD); Department of Medical Sciences, Uppsala 
University, Uppsala, Sweden (Prof A O Larsson PhD); Department of 
Clinical Chemistry and Pharmacology, Uppsala University Hospital, 
Uppsala, Sweden (Prof A O Larsson); Department of Medicine, 
University of Malaya, Kuala Lumpur, Malaysia (L Lim MRCP); 
Department of Medicine and Therapeutics, The Chinese University of 
Hong Kong, Shatin, Hong Kong Special Administrative Region, China 



Articles

730	 www.thelancet.com   Vol 395   February 29, 2020

(L Lim); University of Melbourne, Melbourne, QLD, Australia 
(Prof A D Lopez); Non-Communicable Diseases Research Center, Shiraz 
University of Medical Sciences, Shiraz, Iran (S G Sepanlou, 
Prof R Malekzadeh); Clinical Institute of Medical and Chemical 
Laboratory Diagnostics, Medical University of Graz, Graz, Austria 
(Prof W März); Public Health Department, Botho University-Botswana, 
Gaborone, Botswana (A Masaka MPH); Department of Nursing, Debre 
Markos University, Debre Markos, Ethiopia (H A A Meheretu); 
Department of Propedeutics of Internal Diseases & Arterial 
Hypertension, Pomeranian Medical University, Szczecin, Poland 
(Prof T Miazgowski MD); President’s Office, National Institute of 
Statistics, Bucharest, Romania (A Mirica); Faculty of Internal Medicine, 
Kyrgyz State Medical Academy, Bishkek, Kyrgyzstan 
(Prof E M Mirrakhimov MD); Department of Atherosclerosis and 
Coronary Heart Disease, National Center of Cardiology and Internal 
Disease, Bishkek, Kyrgyzstan (Prof E M Mirrakhimov); Institute of 
Addiction Research, Frankfurt University of Applied Sciences, Frankfurt, 
Germany (B Moazen); Department of Food Technology, College of 
Agriculture, Salahaddin University-Erbil, Erbil, Iraq (D K Mohammad); 
Department of Nursing, Shahroud University of Medical Sciences, 
Shahroud, Iran (R Mohammadpourhodki MSc); Health Systems and 
Policy Research Unit, Ahmadu Bello University, Zaria, Nigeria 
(S Mohammed); Health Management Research Center, Baqiyatallah 
University of Medical Sciences, Tehran, Iran (S M Mousavi); Department 
of Endocrinology & Metabolism, Institute of Post Graduate Medical 
Education & Research, Kolkata, India (Prof S Mukhopadhyay MD); 
Department of Epidemiology, University of Pittsburgh, Pittsburgh, PA, 
USA (Prof J B Nachega); Medicine, Icahn School of Medicine at Mount 
Sinai, New York, NY, USA (G N Nadkarni MPH); Department 
of Disease, Epidemics, and Pandemics Control, Ministry of Public 
Health, Yaoundé, Cameroon (J R Nansseu MD); Department of Public 
Heath, University of Yaoundé I, Yaoundé, Cameroon (J R Nansseu); 
Institute of Nephrology, Madras Medical College, Chennai, India 
(Prof G Natarajan DM); Iranian Ministry of Health and Medical 
Education, Tehran, Iran (J Nazari); School of Medicine, University of 
New South Wales, Randwick, NSW, Australia (Prof B Neal); Cardiology, 
Cardio-Aid, Bucharest, Romania (R I Negoi); Institute for Global Health 
Innovations, Duy Tan University, Hanoi, Vietnam (C T Nguyen MPH); 
Department of Medicine, University of Cape Town, Cape Town, 
South Africa (J J Noubiap MD); Department of Psychiatry and 
Behavioural Neurosciences, McMaster University, Hamilton, ON, 
Canada (A T Olagunju MD); Department of Psychiatry, University of 
Lagos, Lagos, Nigeria (A T Olagunju); School of Medicine, Autonomous 
University of Madrid, Madrid, Spain (Prof A Ortiz MD); Department 
of Nephrology and Hypertension, The Institute for Health Research 
Foundation Jiménez Díaz University Hospital, Madrid, Spain 
(Prof A Ortiz); Institute for Advanced Medical Research and Training, 
University of Ibadan, Ibadan, Nigeria (Prof M O Owolabi DrM); 
Department of Public Health, University of Naples Federico II, Naples, 
Italy (R Palladino); Research & Publication Cell, Kalinga Institute of 
Medical Sciences, Bhubaneswar, India (M Pathak PhD); Department of 
Nephrology, Sanjay Gandhi Postgraduate Institute of Medical Sciences, 
Lucknow, India (S Prakash PhD, Prof N Prasad); Department of 
Nephrology, Nizam’s Institute of Medical Sciences, Hyderabad, India 
(Prof S B Raju MD); Academic Public Health Department, Public Health 
England, London, UK (Prof S Rawaf); University College London 
Hospitals, London, UK (D L Rawaf); School of Health, Medical and 
Applied Sciences, CQ University, Sydney, NSW, Australia (L Rawal PhD); 
School of Physiotherapy, University of Otago, Dunedin, New Zealand 
(D C Ribeiro PhD); Department of Clinical Research, Federal University 
of Uberlândia, Uberlândia, Brazil (L Roever PhD); Institute of 
Epidemiology and Medical Biometry, Ulm University, Ulm, Germany 
(Prof D Rothenbacher MD); Internal Medicine, University of Botswana, 
Gaborone, Botswana (G M Rwegerera MD); School of Social Sciences 
and Psychology, Western Sydney University, Sydney, NSW, Australia 
(B W Sahle PhD); Urology Department, Cairo University, Cairo, Egypt 
(Prof H Salem MD); Department of Surgery, Marshall University, 
Huntington, WV, USA (Prof J Sanabria MD); Department of Nutrition 
and Preventive Medicine, Case Western Reserve University, Cleveland, 
OH, USA (Prof J Sanabria); Department of Public Health Sciences, 
University of North Carolina at Charlotte, Charlotte, NC, USA 

(M Sawhney PhD); Institute of Public Health, Charité University 
Medical Center Berlin, Berlin, Germany (Prof E Schaeffner MD); 
Hypertension in Africa Research Team, North-West University, 
Potchefstroom, South Africa (Prof A E Schutte PhD); Unit for 
Hypertension and Cardiovascular Disease, South African Medical 
Research Council, Cape Town, South Africa (Prof A E Schutte); 
Independent Consultant, Karachi, Pakistan (M A Shaikh MD); 
Razi Herbal Medicines Research Center, Lorestan University of Medical 
Sciences, Khorramabad, Iran (Z Sharafi PhD); Department of Basic 
Sciences, and Department of Laboratory Sciences, Islamic Azad 
University, Sari, Iran (Prof M Sharif PhD); Golestan Research Center of 
Gastroenterology and Hepatology, Golestan University of Medical 
Sciences, Gorran, Iran (A Sharifi PhD); School of Health Sciences, 
Federal University of Santa Catarina, Florianopolis, Brazil 
(Prof D A S Silva PhD); Department of Medicine, University of Alabama, 
Birmingham, AL, USA (Prof J A Singh MD); Medicine Service, 
US Department of Veterans Affairs, Birmingham, AL, USA 
(Prof J A Singh); Max Hospital, Ghaziabad, India (Prof N P Singh MD); 
Department of Physiotherapy and Occupational Therapy, Næstved-
Slagelse-Ringsted Hospitals, Slagelse, Denmark (M M M Sisay); 
Department of Health Economics and Management 
(H Yusefzadeh PhD), and Medical Surgical Nursing Department 
(A Soheili PhD), Urmia University of Medical Science, Urmia, Iran; 
Emergency Nursing Department, Semnan University of Medical 
Sciences, Semnan, Iran (A Soheili); School of Public Health, Post 
Graduate Institute of Medical Education and Research, Chandigarh, 
India (Prof J S Thakur MD); Department of Medicine, University of 
Calgary, Calgary, AB, Canada (Prof M Tonelli MD); Molecular Medicine 
and Pathology, University of Auckland, Auckland, New Zealand 
(K B Tran MD); Clinical Hematology and Toxicology, Military Medical 
University, Hanoi, Vietnam (K B Tran); Department of Health 
Economics, Hanoi Medical University, Hanoi, Vietnam (B X Tran PhD); 
Institute of Public Health, University of Manchester, Manchester, UK 
(C Tran Ngoc MD); Euclid University, Banjul, The Gambia 
(C Tran Ngoc); Gomal Center of Biochemistry and Biotechnology, Gomal 
University, Dera Ismail Khan, Pakistan (I Ullah PhD); TB Culture 
Laboratory, Mufti Mehmood Memorial Teaching Hospital, Dera Ismail 
Khan, Pakistan (I Ullah); Velez Sarsfield Hospital, Buenos Aires, 
Argentina (Prof P R Valdez); Christian Medical College and Hospital, 
Vellore, India (Prof S Varughese MD); Foundation University Medical 
College, Foundation University, Islamabad, Pakistan (Y Waheed PhD); 
Demographic Change and Ageing Research Area, Federal Institute for 
Population Research, Wiesbaden, Germany (A Werdecker PhD); Center 
of Population and Health, Wiesbaden, Germany (A Werdecker); 
Department of Diabetes and Metabolic Diseases, University of Tokyo, 
Tokyo, Japan (T Yamada MD); Department of Psychopharmacology, 
National Center of Neurology and Psychiatry, Tokyo, Japan 
(N Yonemoto MPH); Department of Epidemiology, University Hospital 
of Setif, Setif, Algeria (Prof Z Zaidi PhD); Department of Parasitology 
and Entomology, Tarbiat Modares University, Tehran, Iran (L Zaki PhD); 
Maternal and Child Health Division, International Centre for Diarrhoeal 
Disease Research, Bangladesh, Dhaka, Bangladesh (S B Zaman); and 
Medical College of La Paz, La Paz, Bolivia (N Zamora Nephrology).

Contributors
BB, CP, TV, JC, NP, GR, and JÄ prepared the first draft. MS managed 
the project. CP and TV analysed the data. BB, CP, TV, JC, NP, GR, JÄ, 
and ASL finalised the manuscript on the basis of comments from other 
authors and reviewer feedback. All other authors provided data, 
developed models, reviewed results, provided guidance on methods, 
or reviewed the manuscript.

Declaration of interests
BB reports grants from the European Union’s Horizon 2020 research 
and innovation programme, during the conduct of the study. 
ASL reports grants from the National Institutes of Health and the 
National Kidney Foundation, outside of the submitted work. 
SLJ reports grants from Sanofi Pasteur, outside of the submitted work. 
VJ reports personal fees from NephroPlus and Zydus Cadilla, and 
grants from Baxter Healthcare and GSK, outside of the submitted 
work. JJJ reports personal fees from Alab Laboratoria and Teva Polska, 
and non-financial support from Servier, Microlife, Superpharm, 



Articles

www.thelancet.com   Vol 395   February 29, 2020	 731

and Medicover, outside of the submitted work. CPK reports personal 
fees from Amgen, Sanofi-Aventis, Fresenius Medical Care, Keryx, 
Bayer, Abbott, AbbVie, Dr Schar, AstraZeneca, Takeda, Tricida, and 
Reata, and grants from Shire, outside of the submitted work. LL reports 
grants, personal fees, and non-financial support from AstraZeneca and 
Boehringer Ingelheim, personal fees and non-financial support from 
Merck Serono, Pfizer, Procter & Gamble Health, Servier, and Novo 
Nordisk, and personal fees from Merck Sharp & Dohme and Novartis, 
outside of the submitted work. WM reports grants from Siemens 
Healthineers, AstraZeneca, Bayer Vital, Bestbion, Boehringer 
Ingelheim Pharma, Immundiagnostik, Merck Chemicals, MSD, 
Novartis Pharma, and Olink Proteomics, grants and personal fees from 
Aegerion Pharmaceuticals, Amgen, Sanofi, Alexion Pharmaceuticals, 
BASF, Abbott Diagnostics, Numares, Berlin-Chemie, and Akzea 
Therapeutics, and employment from Synlab Holding Deutschland, 
outside of the submitted work. GR reports personal fees and 
non-financial support from Alnylam, Boehringer Ingelheim, Handok 
Ink, Inception Sciences Canada, and Achillion Pharmaceuticals, 
outside of the submitted work. ES reports grants from DDnÄ, 
ENDI Foundation, and KfH Foundation for Preventive Medicine, 
and has received an honorarium from Fresenius Kabi and Siemens 
Healthineers, outside of the submitted work. AES reports personal fees 
from Takeda Pharmaceuticals, Novartis, Omron Healthcare, Servier, 
and Abbott, outside of the submitted work. JAS reports personal fees 
from Crealta/Horizon, Medisys, Fidia, UBM LLC, Medscape, WebMD, 
Clinical Care Options, Clearview Healthcare Partners, Putnam 
Associates, Spherix, the National Institutes of Health, and the 
American College of Rheumatology, stock options in Amarin 
Pharmaceuticals and Viking Pharmaceuticals, participation in the 
speaker’s bureau of Simply Speaking, and participation on the steering 
committee of OMERACT, an international organisation that develops 
measures for clinical trials and receives arm’s length funding from 
12 pharmaceutical companies, outside of the submitted work. 
JC reports grants from the National Institute of Health and National 
Kidney Foundation, during the conduct of the study. All other authors 
declare no competing interests.

Acknowledgments
The Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 
was supported by The Bill & Melinda Gates Foundation. BB has received 
funding from the European Union’s Horizon 2020 research and 
innovation programme under a Marie Sklodowska-Curie grant 
(agreement no 703226). AlBa acknowledges support by the Public Health 
Agency of Canada. JJC acknowledges support from the Swedish Research 
Council (grant 2019-01059). FéCa and EF acknowledge support from 
UID/MULTI/04378/2019 and UID/QUI/50006/2019 with FCT/MCTES 
support through Portuguese national funds. ARC was supported by 
The National Institute of Diabetes and Digestive and Kidney Diseases 
(grants R01DK100446 and K23DK106515). JCF acknowledges support by 
Portuguese national funds from FCT (Fundação para a Ciência e a 
Tecnologia) through project UID/Multi/50016/2019. MF acknowledges 
support from European Union (FEDER funds through COMPETE 
POCI-01-0145-FEDER-029248) and Portuguese national funds (FCT) 
through project PTDC/NAN-MAT/29248/2017. SMSI acknowledges 
support from the National Heart Foundation of Australia and Institute 
for Physical Activity and Nutrition, Deakin University. IMV acknowledges 
support from the Sistema Nacional de Investigacion Panama. 
JBN acknowledges support from the Fogarty International Center of the 
National Institutes of Health (award no R25TW011217 and 
1D43TW010937-01A1). CN acknowledges support from a European 
Society for the Study of Diabetes/Lilly Young Investigator Research 
Award. AO acknowledges support from PI16/02057, PI19/00588, 
PI19/00815, DTS18/00032, ERA-PerMed-JTC2018, KIDNEY ATTACK 
AC18/00064 and PERSTIGAN AC18/00071, ISCIII-RETIC REDinREN 
RD016/0009 FEDER funds, Fundacion Renal Iñigo Álvarez de Toledo, 
and Comunidad de Madrid CIFRA2 B2017/BMD-3686. 
AES acknowledges support from the South African National Research 
Foundation (SARChI GUN 86895) and South African Medical Research 
Council. The content of this report is solely the responsibility of the 
authors and does not necessarily represent the official views of associated 
institutes. We thank Kerstin Mierke for editorial assistance preparing the 
report.

Editorial note: the Lancet Group takes a neutral position with respect to 
territorial claims in published maps and institutional affiliations.

References
1	 Himmelfarb J, Ikizler TA. Hemodialysis. N Engl J Med 2010; 

363: 1833–45.
2	 Liyanage T, Ninomiya T, Jha V, et al. Worldwide access to treatment 

for end-stage kidney disease: a systematic review. Lancet 2015; 
385: 1975–82.

3	 Chadban SJ, Briganti EM, Kerr PG, et al. Prevalence of kidney 
damage in Australian adults: the AusDiab kidney study. 
J Am Soc Nephrol 2003; 14 (7 suppl 2): 131–38.

4	 Hallan SI, Coresh J, Astor BC, et al. International comparison of 
the relationship of chronic kidney disease prevalence and ESRD 
risk. J Am Soc Nephrol 2006; 17: 2275–84.

5	 Coresh J, Astor BC, Greene T, Eknoyan G, Levey AS. Prevalence of 
chronic kidney disease and decreased kidney function in the adult 
US population: third National Health and Nutrition Examination 
Survey. Am J Kidney Dis 2003; 41: 1–12.

6	 Stanifer JW, Jing B, Tolan S, et al. The epidemiology of chronic 
kidney disease in sub-Saharan Africa: a systematic review and 
meta-analysis. Lancet Glob Health 2014; 2: e174–81.

7	 Wen CP, Cheng TY, Tsai MK, et al. All-cause mortality attributable 
to chronic kidney disease: a prospective cohort study based on 
462 293 adults in Taiwan. Lancet 2008; 371: 2173–82.

8	 Zhang L, Wang F, Wang L, et al. Prevalence of chronic kidney 
disease in China: a cross-sectional survey. Lancet 2012; 379: 815–22.

9	 Rajapurkar MM, John GT, Kirpalani AL, et al. What do we know 
about chronic kidney disease in India: first report of the Indian 
CKD registry. BMC Nephrol 2012; 13: 10.

10	 Imai E, Horio M, Watanabe T, et al. Prevalence of chronic kidney 
disease in the Japanese general population. Clin Exp Nephrol 2009; 
13: 621–30.

11	 Bruck K, Stel VS, Gambaro G, et al. CKD prevalence varies across the 
European general population. J Am Soc Nephrol 2016; 27: 2135–47.

12	 Barreto SM, Ladeira RM, Duncan BB, et al. Chronic kidney disease 
among adult participants of the ELSA-Brasil cohort: association with 
race and socioeconomic position. J Epidemiol Community Health 
2016; 70: 380–89.

13	 United States Renal Data System. 2016 USRDS annual data report: 
Epidemiology of kidney disease in the United States. Bethesda: 
National Institutes of Health, National Institute of Diabetes and 
Digestive and Kidney Diseases, 2016.

14	 Ene-Iordache B, Perico N, Bikbov B, et al. Chronic kidney disease 
and cardiovascular risk in six regions of the world (ISN-KDDC): 
a cross-sectional study. Lancet Glob Health 2016; 4: e307–19.

15	 Couser WG, Remuzzi G, Mendis S, Tonelli M. The contribution 
of chronic kidney disease to the global burden of major 
noncommunicable diseases. Kidney Int 2011; 80: 1258–70.

16	 Ekrikpo UE, Kengne AP, Bello AK, et al. Chronic kidney disease in 
the global adult HIV-infected population: a systematic review and 
meta-analysis. PLoS One 2018; 13: e0195443.

17	 Jha V, Garcia-Garcia G, Iseki K, et al. Chronic kidney disease: 
global dimension and perspectives. Lancet 2013; 382: 260–72.

18	 Correa-Rotter R, Wesseling C, Johnson RJ. CKD of unknown origin 
in Central America: the case for a Mesoamerican nephropathy. 
Am J Kidney Dis 2014; 63: 506–20.

19	 Sarnak MJ, Levey AS, Schoolwerth AC, et al. Kidney disease as a risk 
factor for development of cardiovascular disease: a statement from 
the American Heart Association councils on kidney in cardiovascular 
disease, high blood pressure research, clinical cardiology, and 
epidemiology and prevention. Circulation 2003; 108: 2154–69.

20	 Matsushita K, Coresh J, Sang Y, et al. Estimated glomerular 
filtration rate and albuminuria for prediction of cardiovascular 
outcomes: a collaborative meta-analysis of individual participant 
data. Lancet Diabetes Endocrinol 2015; 3: 514–25.

21	 Chronic Kidney Disease Prognosis Consortium. Association of 
estimated glomerular filtration rate and albuminuria with all-
cause and cardiovascular mortality in general population cohorts: 
a collaborative meta-analysis. Lancet 2010; 375: 2073–81.

22	 Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work 
Group. KDIGO 2012 Clinical Practice Guideline for the Evaluation 
and Management of Chronic Kidney Disease. Kid Int Suppl 
2013; 3: 1–150.



Articles

732	 www.thelancet.com   Vol 395   February 29, 2020

23	 Maione A, Navaneethan SD, Graziano G, et al. Angiotensin-converting 
enzyme inhibitors, angiotensin receptor blockers and combined 
therapy in patients with micro- and macroalbuminuria and other 
cardiovascular risk factors: a systematic review of randomized 
controlled trials. Nephrol Dial Transplant 2011; 26: 2827–47.

24	 Ruggenenti P, Cravedi P, Remuzzi G. Mechanisms and treatment 
of CKD. J Am Soc Nephrol 2012; 23: 1917–28.

25	 Tuot DS, Zhu Y, Velasquez A, et al. Variation in patients’ awareness 
of CKD according to how they are asked. Clin J Am Soc Nephrol 2016; 
11: 1566–73.

26	 GBD 2017 Disease and Injury Incidence and Prevalence 
Collaborators. Global, regional, and national incidence, prevalence, 
and years lived with disability for 354 diseases and injuries for 
195 countries and territories, 1990–2017: a systematic analysis for the 
Global Burden of Disease Study 2017. Lancet 2018; 392: 1789–858.

27	 GBD 2017 Causes of Death Collaborators. Global, regional, 
and national age-sex-specific mortality for 282 causes of death in 
195 countries and territories, 1980–2017: a systematic analysis for 
the Global Burden of Disease Study 2017. Lancet 2018; 392: 1736–88.

28	 GBD 2017 DALYs and HALE Collaborators. Global, regional, and 
national disability-adjusted life-years (DALYs) for 359 diseases and 
injuries and healthy life expectancy (HALE) for 195 countries and 
territories, 1990–2017: a systematic analysis for the Global Burden 
of Disease Study 2017. Lancet 2018; 392: 1859–922.

29	 GBD 2017 Risk Factor Collaborators. Global, regional, and national 
comparative risk assessment of 84 behavioural, environmental and 
occupational, and metabolic risks or clusters of risks for 
195 countries and territories, 1990–2017: a systematic analysis for 
the Global Burden of Disease Study. Lancet 2018; 392: 1923–94.

30	 Stevens GA, Alkema L, Black RE, et al. Guidelines for Accurate and 
Transparent Health Estimates Reporting: the GATHER statement. 
Lancet 2016; 388: e19–23.

31	 Bikbov B, Perico N, Remuzzi G. A comparison of metrics and 
performance characteristics of different search strategies for article 
retrieval for a systematic review of the global epidemiology of 
kidney and urinary diseases. BMC Med Res Methodol 2018; 18: 110.

32	 Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate 
glomerular filtration rate. Ann Intern Med 2009; 150: 604–12.

33	 Levey AS, Coresh J, Greene T, et al. Using standardized serum 
creatinine values in the modification of diet in renal disease study 
equation for estimating glomerular filtration rate. 
Ann Intern Med 2006; 145: 247–54.

34	 Kassebaum NJ, GBD 2013 Anemia Collaborators. The global 
burden of anemia. Hematol Oncol Clin North Am 2016; 30: 247–308.

35	 Chang AR, Kirchner HL, Sang Y, Grams ME, Coresh J. Pennsylvania 
Geisinger Health System Chronic Kidney Disease Etiology 
Proportions 1997–2017, Analyzed by CKD-PC. Aug 10, 2019. 
http://ghdx.healthdata.org/record/united-states-pennsylvania-
geisinger-health-system-chronic-kidney-disease-etiology (accessed 
Nov 8, 2019).

36	 GBD 2017 Population and Fertility Collaborators. Population and 
fertility by age and sex for 195 countries and territories, 1950–2017: 
a systematic analysis for the Global Burden of Disease Study 2017. 
Lancet 2018; 392: 1995–2051.

37	 Go AS, Chertow GM, Fan D, McCulloch CE, Hsu C. Chronic kidney 
disease and the risks of death, cardiovascular events, and 
hospitalization. N Engl J Med 2004; 351: 1296–305.

38	 Ninomiya T, Kiyohara Y, Kubo M, et al. Chronic kidney disease and 
cardiovascular disease in a general Japanese population: 
the Hisayama Study. Kidney Int 2005; 68: 228–36.

39	 Shara NM, Wang H, Mete M, et al. Estimated GFR and incident 
cardiovascular disease events in American Indians: the Strong 
Heart Study. Am J Kidney Dis 2012; 60: 795–803.

40	 Mann JF, Gerstein HC, Pogue J, Bosch J, Yusuf S. Renal insufficiency 
as a predictor of cardiovascular outcomes and the impact of ramipril: 
the HOPE randomized trial. Ann Intern Med 2001; 134: 629–36.

41	 De Graauw J, Chonchol M, Poppert H, Etgen T, Sander D. 
Relationship between kidney function and risk of asymptomatic 
peripheral arterial disease in elderly subjects. 
Nephrol Dial Transplant 2011; 26: 927–32.

42	 Wattanakit K, Folsom AR, Selvin E, Coresh J, Hirsch AT, 
Weatherley BD. Kidney function and risk of peripheral arterial 
disease: results from the Atherosclerosis Risk in Communities 
(ARIC) Study. J Am Soc Nephrol 2007; 18: 629–36.

43	 O’Hare AM, Vittinghoff E, Hsia J, Shlipak MG. Renal insufficiency 
and the risk of lower extremity peripheral arterial disease: results 
from the Heart and Estrogen/Progestin Replacement Study 
(HERS). J Am Soc Nephrol 2004; 15: 1046–51.

44	 Manjunath G, Tighiouart H, Coresh J, et al. Level of kidney 
function as a risk factor for cardiovascular outcomes in the elderly. 
Kidney Int 2003; 63: 1121–29.

45	 Manjunath G, Tighiouart H, Ibrahim H, et al. Level of kidney 
function as a risk factor for atherosclerotic cardiovascular outcomes 
in the community. J Am Coll Cardiol 2003; 41: 47–55.

46	 White SL, Polkinghorne KR, Atkins RC, Chadban SJ. Comparison 
of the prevalence and mortality risk of CKD in Australia using the 
CKD Epidemiology Collaboration (CKD-EPI) and Modification of 
Diet in Renal Disease (MDRD) Study GFR estimating equations: 
the AusDiab (Australian Diabetes, Obesity and Lifestyle) Study. 
Am J Kidney Dis 2010; 55: 660–70.

47	 Thomas B, Matsushita K, Abate KH, et al. Global cardiovascular 
and renal outcomes of reduced GFR. J Am Soc Nephrol 2017; 
28: 2167–79.

48	 Matsushita K, Selvin E, Bash LD, Astor BC, Coresh J. Risk 
implications of the new CKD Epidemiology Collaboration 
(CKD-EPI) equation compared with the MDRD Study equation for 
estimated GFR: the Atherosclerosis Risk in Communities (ARIC) 
Study. Am J Kidney Dis 2010; 55: 648–59.

49	 Parikh NI, Hwang S-J, Larson MG, Levy D, Fox CS. Chronic kidney 
disease as a predictor of cardiovascular disease (from the 
Framingham Heart Study). Am J Cardiol 2008; 102: 47–53.

50	 Hillege HL, Fidler V, Diercks GFH, et al. Urinary albumin excretion 
predicts cardiovascular and noncardiovascular mortality in general 
population. Circulation 2002; 106: 1777–82.

51	 Cirillo M, Lanti MP, Menotti A, et al. Definition of kidney dysfunction 
as a cardiovascular risk factor: use of urinary albumin excretion and 
estimated glomerular filtration rate. Arch Intern Med 2008; 168: 617–24.

52	 Bui AL, Katz R, Kestenbaum B, et al. Cystatin C and carotid 
intima-media thickness in asymptomatic adults: the Multi-Ethnic 
Study of Atherosclerosis (MESA). Am J Kidney Dis 2009; 53: 389–98.

53	 Jassal SK, Kritz-Silverstein D, Barrett-Connor E. A prospective study 
of albuminuria and cognitive function in older adults: the Rancho 
Bernardo study. Am J Epidemiol 2010; 171: 277–86.

54	 Ingelsson E, Sundström J, Lind L, et al. Low-grade albuminuria and 
the incidence of heart failure in a community-based cohort of 
elderly men. Eur Heart J 2007; 28: 1739–45.

55	 Chronic Kidney Disease Prognosis Consortium (CKD-PC). Chronic 
Kidney Disease Prognosis Consortium GBD 2016 Impaired Kidney 
Function Relative Risk Meta-Analysis. Oct 17, 2019. http://ghdx.
healthdata.org/record/chronic-kidney-disease-prognosis-
consortium-gbd-2016-impaired-kidney-function-relative-risk 
(accessed Nov 8, 2019).

56	 Cea Soriano L, Rothenbacher D, Choi HK, García Rodríguez LA. 
Contemporary epidemiology of gout in the UK general population. 
Arthritis Res Ther 2011; 13: R39.

57	 Krishnan E. Chronic kidney disease and the risk of incident gout 
among middle-aged men: a seven-year prospective observational 
study. Arthritis Rheum 2013; 65: 3271–78.

58	 McAdams-DeMarco MA, Maynard JW, Baer AN, Coresh J. 
Hypertension and the risk of incident gout in a population-based 
study: the Atherosclerosis Risk in Communities Cohort. 
J Clin Hypertens (Greenwich) 2012; 14: 675–79.

59	 Trifirò G, Morabito P, Cavagna L, et al. Epidemiology of gout and 
hyperuricaemia in Italy during the years 2005–2009: a nationwide 
population-based study. Ann Rheum Dis 2013; 72: 694–700.

60	 Institute for Health Metrics and Evaluation. Global Burden of Disease 
Study 2017 (GBD 2017) Data Input Sources Tool. http://ghdx. 
healthdata.org/gbd-2017/data-input-sources (accessed Nov 13, 2019).

61	 Institute for Health Metrics and Evaluation. GBD Results Tool. 
http://ghdx.healthdata.org/gbd-results-tool (accessed Nov 13, 2019).

62	 Foreman KJ, Marquez N, Dolgert A, et al. Forecasting life expectancy, 
years of life lost, and all-cause and cause-specific mortality for 
250 causes of death: reference and alternative scenarios for 2016–40 
for 195 countries and territories. Lancet 2018; 392: 2052–90.

63	 Weaver VM, Fadrowski JJ, Jaar BG. Global dimensions of chronic 
kidney disease of unknown etiology (CKDu): a modern era 
environmental and/or occupational nephropathy? BMC Nephrol 2015; 
16: 145.



Articles

www.thelancet.com   Vol 395   February 29, 2020	 733

64	 Weil EJ, Nelson RG. Kidney disease among the indigenous peoples 
of Oceania. Ethn Dis 2006; 16 (2 suppl 2): S2-24–30.

65	 Ichiho HM, Roby FT, Ponausuia ES, Aitaoto N. An assessment of 
non-communicable diseases, diabetes, and related risk factors in 
the territory of American Samoa: a systems perspective. 
Hawaii J Med Public Health 2013; 72: 10–18.

66	 Garcia-Garcia G, Briseño-Rentería G, Luquín-Arellan VH, Gao Z, 
Gill J, Tonelli M. Survival among patients with kidney failure in 
Jalisco, Mexico. J Am Soc Nephrol 2007; 18: 1922–27.

67	 Mercado-Martinez FJ, da Silva DGV, Correa-Mauricio ME. 
A comparative study of renal care in Brazil and Mexico: 
hemodialysis treatment from the perspective of ESRD sufferers. 
Nurs Inq 2017; 24: e12163.

68	 Carrero JJ, Hecking M, Chesnaye NC, Jager KJ. Sex and gender 
disparities in the epidemiology and outcomes of chronic kidney 
disease. Nat Rev Nephrol 2018; 14: 151–64.

69	 Bikbov B, Perico N, Remuzzi G. Disparities in chronic kidney disease 
prevalence among males and females in 195 countries: analysis of the 
Global Burden of Disease 2016 Study. Nephron 2018; 139: 313–18.

70	 Ashuntantang G, Osafo C, Olowu WA, et al. Outcomes in adults 
and children with end-stage kidney disease requiring dialysis in 
sub-Saharan Africa: a systematic review. Lancet Glob Health 2017; 
5: e408–17.

71	 Bello AK, Levin A, Tonelli M, et al. Assessment of global kidney 
health care status. JAMA 2017; 317: 1864–81.

72	 Komenda P, Ferguson TW, Macdonald K, et al. Cost-effectiveness 
of primary screening for CKD: a systematic review. Am J Kidney Dis 
2014; 63: 789–97.

73	 Howard K, White S, Salkeld G, et al. Cost-effectiveness of screening 
and optimal management for diabetes, hypertension, and chronic 
kidney disease: a modeled analysis. Value Health 2010; 13: 196–208.

74	 Kondo M, Yamagata K, Hoshi S, et al. Cost-effectiveness of chronic 
kidney disease mass screening test in Japan. Clin Exp Nephrol 
2012; 16: 279–91.

75	 Go DS, Kim SH, Park J, Ryu DR, Lee HJ, Jo MW. Cost-utility 
analysis of the National Health Screening Program for chronic 
kidney disease in Korea. Nephrology (Carlton) 2019; 24: 56–64.

76	 Whaley-Connell A, Shlipak MG, Inker LA, et al. Awareness of 
kidney disease and relationship to end-stage renal disease and 
mortality. Am J Med 2012; 125: 661–69.

77	 Wilson ML, Fleming KA, Kuti MA, Looi LM, Lago N, Ru K. 
Access to pathology and laboratory medicine services: a crucial gap. 
Lancet 2018; 391: 1927–38.

78	 Crisp N, Chen L. Global supply of health professionals. 
N Engl J Med 2014; 370: 950–57.

79	 WHO/World Bank. Tracking universal health coverage: 2017 global 
monitoring report. December, 2017. https://www.who.int/
healthinfo/universal_health_coverage/report/2017/en/ (accessed 
Nov 8, 2019).

80	 Navaneethan SD, Aloudat S, Singh S. A systematic review of patient 
and health system characteristics associated with late referral in 
chronic kidney disease. BMC Nephrol 2008; 9: 3.

81	 Smart NA, Dieberg G, Ladhani M, Titus T. Early referral to 
specialist nephrology services for preventing the progression to 
end-stage kidney disease. Cochrane Database Syst Rev 2014; 
6: CD007333.

82	 Hill NR, Fatoba ST, Oke JL, et al. Global prevalence of chronic 
kidney disease: a systematic review and meta-analysis. 
PLoS One 2016; 11: e0158765.

83	 Matsushita K, Mahmoodi BK, Woodward M, et al. Comparison of 
risk prediction using the CKD-EPI equation and the MDRD study 
equation for estimated glomerular filtration rate. JAMA 2012; 
307: 1941–51.

84	 Michels WM, Grootendorst DC, Verduijn M, Elliott EG, Dekker FW, 
Krediet RT. Performance of the Cockcroft-Gault, MDRD, and new 
CKD-EPI formulas in relation to GFR, age, and body size. 
Clin J Am Soc Nephrol CJASN 2010; 5: 1003–09.

85	 Stevens LA, Schmid CH, Greene T, et al. Comparative performance 
of the CKD Epidemiology Collaboration (CKD-EPI) and the 
Modification of Diet in Renal Disease (MDRD) Study equations for 
estimating GFR levels above 60 mL/min/1.73 m². 
Am J Kidney Dis 2010; 56: 486–95.

86	 Carter JL, Stevens PE, Irving JE, Lamb EJ. Estimating glomerular 
filtration rate: comparison of the CKD-EPI and MDRD equations 
in a large UK cohort with particular emphasis on the effect of age. 
Q JM Mon J Assoc Physicians 2011; 104: 839–47.

87	 Gifford FJ, Methven S, Boag DE, Spalding EM, Macgregor MS. 
Chronic kidney disease prevalence and secular trends in a UK 
population: the impact of MDRD and CKD-EPI formulae. 
Q JM Mon J Assoc Physicians 2011; 104: 1045–53.

88	 Matsushita K, Tonelli M, Lloyd A, et al. Clinical risk implications 
of the CKD Epidemiology Collaboration (CKD-EPI) equation 
compared with the Modification of Diet in Renal Disease (MDRD) 
Study equation for estimated GFR. 
Am J Kidney Dis Off J Natl Kidney Found 2012; 60: 241–49.

89	 Bottomley M, Bottomley MJ, Kalachik A, et al. Single estimated 
glomerular filtration rate and albuminuria measurement 
substantially overestimates prevalence of chronic kidney disease. 
Nephron Clin Pract 2011; 117: 348–52.

90	 Delanaye P, Glassock RJ, De Broe ME. Epidemiology of chronic 
kidney disease: think (at least) twice! Clin Kidney J 2017; 10: 370–74.

91	 Glassock RJ, Warnock DG, Delanaye P. The global burden of 
chronic kidney disease: estimates, variability and pitfalls. 
Nat Rev Nephrol 2017; 13: 104–14.

92	 Hirst JA, Montes MDV, Taylor CJ, et al. Impact of a single eGFR 
and eGFR-estimating equation on chronic kidney disease 
reclassification: a cohort study in primary care. Br J Gen Pract 2018; 
68: e524–30.

93	 Gerstein HC, Mann JF, Yi Q, et al. Albuminuria and risk of 
cardiovascular events, death, and heart failure in diabetic and 
nondiabetic individuals. JAMA 2001; 286: 421–26.

94	 Trivedi HS, Pang MMH, Campbell A, Saab P. Slowing the 
progression of chronic renal failure: economic benefits and 
patients’ perspectives. Am J Kidney Dis 2002; 39: 721–29.


	Global, regional, and national burden of chronic kidney
disease, 1990–2017: a systematic analysis for the Global
Burden of Disease Study 2017
	Introduction
	Methods
	Mortality
	Non-fatal estimation
	Estimates of CKD by cause
	DALY estimation
	Socio-demographic Index
	Risk estimation
	Role of the funding source

	Results
	Global prevalence
	Global mortality
	YLDs, YLLs, and DALYs
	Burden by SDI
	Causal attribution
	Risk factors for CKD
	Impaired kidney function as a risk factor

	Discussion
	Acknowledgments
	References


