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ABSTRACT 

Background. The study aimed to estimate the attributable burden to kidney dysfunction as a metabolic risk factor in the 
North Africa and Middle East ( NAME) region and its 21 countries in 1990–2019. 
Methods. The data used in this study were obtained from the Global Burden of Diseases ( GBD) 2019 study, which 

provided estimated measures of deaths, disability-adjusted life years ( DALYs) , and other epidemiological indicators of 
burden. To provide a better insight into the differences in the level of social, cultural, and economic factors, the 
Socio-Demographic Index ( SDI) was used. 
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Results. In the NAME region in 2019, the number of deaths attributed to kidney dysfunction was 296 632 ( 95% 

uncertainty interval: 249 965–343 962) , which was about 2.5 times higher than in the year 1990. Afghanistan, Egypt, and 
Saudi Arabia had the highest, and Kuwait, Turkey, and Iran ( Islamic Republic of) had the lowest age-standardized rate of 
DALYs attributed to kidney dysfunction in the region in 2019. Kidney dysfunction was accounted as a risk factor for 
ischemic heart disease, chronic kidney disease, stroke, and peripheral artery disease with 150 471, 111 812, 34 068, and 281 
attributable deaths, respectively, in 2019 in the region. In 2019, both low-SDI and high-SDI countries in the region 

experienced higher burdens associated with kidney dysfunction compared to other countries. 
Conclusions. Kidney dysfunction increases the risk of cardiovascular diseases burden and accounted for more deaths 
attributable to cardiovascular diseases than chronic kidney disease in the region in 2019. Hence, policymakers in the 
NAME region should prioritize kidney disease prevention and control, recognizing that neglecting its impact on other 
diseases is a key limitation in its management. 

Keywords: cardiovascular diseases, chronic kidney disease, global burden of disease, kidney dysfunction, mortality 

KEY LEARNING POINTS 

What was known : 

• Prior to this study, it was understood that kidney dysfunction contributes significantly to the global burden of non- 
communicable diseases, with cardiovascular diseases ( CVDs) and gout being notable associated conditions.

• Disparities in the burden of kidney dysfunction were known to exist between regions, necessitating region-specific burden 
assessments.

• The study was necessary to quantify the burden of kidney dysfunction as a risk factor, rather than just a direct cause of 
disease, and to understand its impact in the specific context of the North Africa and Middle East ( NAME) region.

This study adds : 

• The study revealed a 2.5-fold increase in deaths attributed to kidney dysfunction in the NAME region from 1990 to 2019, with 
a stable age-standardized rate, indicating a significant rise in absolute numbers but not in relative terms.

• It was found that kidney dysfunction is a more significant risk factor for CVDs than for chronic kidney disease itself in terms 
of attributable deaths in the NAME region.

• The analysis indicates that the burden of kidney dysfunction in the NAME region is not uniformly distributed, with countries 
like Afghanistan, Egypt, and Saudi Arabia experiencing the highest rates, and Kuwait, Turkey, and Iran the lowest.

Potential impact : 

• The findings may prompt healthcare policymakers in the NAME region to allocate more resources towards the prevention 
and control of kidney disease to mitigate its broader impact on health.

• This study could lead to enhanced surveillance and management strategies for kidney dysfunction, potentially improving 
outcomes for related conditions like CVDs.

• The evidence provided could support the development of targeted public health interventions and the optimization of 
healthcare delivery systems in the NAME region.

I

N
s
y
l
t
r
s
f
n
e
e  

I
o
a
N
y
o
d

p
d

e
b
n
p  

e
t
a  

T
i
p  

R
c
t
k

o

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article/17/1/sfad279/7425645 by U

niversity of D
ebrecen, Faculty of M

edicine, C
entral Library, user on 19 M

arch 2024
NTRODUCTION 

on-communicable diseases ( NCDs) had an emerging progres- 
ive contribution to the burden of diseases in the previous 30 
ears [1 ]. Therefore, prevention of diseases through control- 
ing and decreasing exposure to related risk factors can effec- 
ively and drastically reduce the burden of diseases. Metabolic 
isk factors play one of the most important roles in this up- 
urge [2 ]. Kidney dysfunction, as one of these metabolic risk 
actors, contributes to increase the global burden of NCDs. Kid- 
ey dysfunction, in addition to its direct burden of kidney dis- 
ases, increases the premature deaths and burden of other dis- 
ases, such as cardiovascular diseases ( CVDs) and gout [3 , 4 ].
n 2015, the United Nations developed the sustainable devel- 
pment goals ( SDGs) and target 3.4 calling on all countries to 
im to reduce the national burden of premature deaths from 

CDs by one-third through prevention and treatment by the 
ear 2030 [5 , 6 ]. To achieve target 3.4, prevention and control 
f kidney diseases had two-folded attainment because kidney 
iseases are the direct causes of death and on one hand, some 
remature deaths of other diseases are attributable to kidney 
ysfunction [3 ]. 
Kidney disease is well-demonstrated as a disease with a high 

conomic burden [7 ]. While most of the expenditures seem to 
e for end-stage kidney disease ( ESKD) patients that need re- 
al replacement therapies, such as dialysis and kidney trans- 
lantation, the evidence shows chronic kidney diseases ( CKDs) ,
specially in lower stages, have more economic burden due to 
heir much higher prevalence [7 ]. However, there are large vari- 
tions in CKD-related deaths between regions and countries [8 ].
herefore, as an economic sight, both ESKD and CKD should be 
mportant for policymakers, and medical authorities should im- 
lement policies for the prevention of the early stages of CKD [9 ].
eporting the burden of chronic kidney disease alone is insuffi- 
ient to highlight the importance of kidney diseases; it is crucial 
o also report the burden and premature deaths resulting from 

idney diseases through other associated conditions. 
North Africa and Middle East ( NAME) in the global burden 

f disease ( GBD) 2019 study counts as one of the seven GBD 
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uper-regions [1 ]. Despite religious and cultural similarities 
mong NAME countries, significant economic disparities exist 
etween them. The socioeconomic disparity and heterogeneity 
mong them have remained unchanged over the past 30 years
10 ]. Improvements in the availability and delivery of healthcare
ervices in the countries of this region over the past decade have
ed to increased life expectancy and a higher proportion of el-
erly individuals in the population [11 –13 ]. This is making aging
n alarming trend in the region, which is also projected to inten-
ify in the future [11 ]. The GBD 2017 study found that impaired
idney function had a high global burden, with 772.0 disability-
djusted life years ( DALYs) per 100000 population and ranked 
6th among 84 risk factors [14 ]. However, in the NAME region,
he burden was even higher with 1093.8 DALYs per 100000 and
anked 10th among 84 risk factors [14 ]. Therefore, accurate mon-
toring of the current situation and prioritization of preventive 
trategies for kidney diseases at the regional and national levels
s urgently needed in NAME. 

In a previous publication, a group of authors from this region
ried to evaluate the burden of CKD in the NAME region [15 ]. The
entioned publication focuses on chronic kidney disease as a 
ause of disease under the category of non-communicable dis- 
ases in the GBD hierarchy [15 ]. In contrast, our current study
xamines the burden attributable to kidney dysfunction as a 
isk factor for a variety of diseases, categorized under metabolic
isks in the same GBD framework. This differentiation primar- 
ly stems from the GBD’s methodological approach to burden 
stimation, which categorizes diseases and risk factors sepa- 
ately, based on a comprehensive literature review [1 , 2 ]. There-
ore, we believe that it is essential not only to study the burden
f chronic kidney disease but also to explore the disease burden
ttributable to kidney dysfunction as a risk factor. This nuanced
nderstanding can provide valuable insights for better disease 
anagement and can inform epidemiological measures. There- 

ore, this study aimed to estimate the burden attributable to kid-
ey dysfunction as a metabolic risk factor in NAME and its 21
ountries from 1990 to 2019. This study brings estimations from
ll available data about kidney dysfunction by the 2019 updates
f GBD study. 

ATERIALS AND METHODS 

ata source overview 

his study was a part of the GBD 2019 study, and it reports the
ttributable burden of kidney dysfunction as a risk factor. The
BD 2019 study is a systematic, scientific effort to estimate the
urden of diseases and risk factors by age and sex across 204
ountries and territories from 1990 to 2019 [1 , 2 ]. The GBD study
tilizes updated methods and data sources, including censuses,
urveys, registries, and other sources, to provide a comprehen- 
ive understanding of diseases and risk factors in each coun-
ry and territory [2 ]. The data were obtained through a system-
tic review of global sources, with further details provided in a
eparate discussion, elsewhere [2 ]. Exclusion criteria were non- 
epresentative population samples and studies not reporting 
KD by stages. This study uses the estimation of the attributable
urden of risk factors following the general framework that was
et up to use comparative risk assessment ( CRA) in GBD study 
ince the year 2002 [16 ]. 

The CRA framework assesses two types of risk: attributable 
urden, which reduces current disease burden if past ex- 
osure to a risk factor had changed; and avoidable bur-
en, which reduces potential future disease burden if cur- 
ent exposure to a risk factor changes [16 ]. The study ap-
lied standard epidemiological measures such as death rate
nd used calculated measures such as years of life lost
 YLLs) , years lived with disability ( YLDs) , and DALYs to demon-
trate the burden or attributable burden of diseases and risk
actors. 

Updates of the GBD study consist of considering new dis-
ases, new risk factors, new sources of data, and updates in
ethods of the study. In GBD 2019, kidney dysfunction was
ndertaken in a reassessment of the relationship of dose-
esponse assumption and the previous assumptions that their
isk curves were log-linear diminished. The GBD 2019 study
as accomplished according to the Guidelines for Accurate and
ransparent Health Estimates Reporting ( GATHER) for report- 
ng estimations [1 ]. More details about the study design, mod-
ls, and calculations used by the GBD 2019 study to estimate
he burden of diseases and attributable burden for risk fac-
ors were discussed comprehensively in previously published 
apers [1 , 2 ]. 
Access to the results of the study is available on an online

ortal named GBD results tool [17 ]. The GBD 2019 study classi-
ed the NAME region as both a super-region and a region, com-
rising 21 countries: Afghanistan, Algeria, Bahrain, Egypt, Iran
 Islamic Republic of) , Iraq, Jordan, Kuwait, Lebanon, Libya, Mo-
occo, Oman, Palestine, Qatar, Saudi Arabia, Sudan, Syrian Arab
epublic, Tunisia, Turkey, United Arab Emirates, and Yemen. The
BD 2019 study uses hierarchical leveling to categorize causes.
n the first level, causes are categorized into three categories:
 i) communicable, maternal, neonatal, and nutritional diseases; 
 ii) non-communicable diseases; and ( iii) injuries. Also, the GBD 

tudy uses a hierarchical leveling to categorize risk factors. In
he first level, risk factors are categorized into three categories of
ehavioral, environmental/occupational, and metabolic risk fac- 
ors. Kidney dysfunction is categorized in the second level and
ccounted as a subcategory of metabolic risk factors. The risk-
utcome pairs were defined based on related previous qualified
vidence. 

tudy outcomes and statistical analysis 

he burden attributed to kidney dysfunction was demonstrated
y deaths, YLLs, YLDs, and DALYs and the exposure to risk fac-
ors was calculated through summary exposure value ( SEV) [2 ].
o report attributable deaths, YLLs, YLDs, and DALYs the num-
er and rate per 100000 of these variables were used. The age-
tandardized rate was also reported to make a reliable compar-
son of the burden attributed to kidney dysfunction between
ifferent populations without the confounding effect of differ-
nces in the age structures of the populations. By applying the
019 updated version of the world population age standard of
he GBD study, age-standardized rates were estimated [1 ]. In the
BD 2019 study, the burden attributable to kidney dysfunction
as estimated from early neonatal to the elderly. In this study,
he age ranges of under 20, 20 to 54, 55 plus, and all ages were
sed for visualization because the previous study showed age
roups included in these mentioned age groups have similari-
ies and some common situations [3 ]. The SEV was reported on
 scale from 0% to 100% on which an increase in SEV of a risk
actor indicates the exposure to that risk factor increased and a
ecrease in SEV indicates the exposure was reduced [2 ]. To pro-
ide a better insight into the differences in the level of social, cul-
ural, and economic factors among countries of the region, the
DI was used in this study. To calculate SDI, a composite aver-
ge of the rankings of three indices of total fertility rate in those



4 M.-M. Rashidi et al.

u
o
f
d
6
t
a
p
(
i
k
e  

s
r
f
c
t
i
d
d
fi
s
q
m
d
m
w
S

R

T
l
r
t
p

R

D

I
t
w
b
2  

t
1
a
(
(
n
c
d
a
b

k
f
f
b
c
f

2  

s

s
o
1
(
a
5
(

Y

T
7  

T
1
s
1  

a
a
(
2

s  

T
1  

T
2
(
r
a  

Y
(

l
t  

5
m  

O
t
r  

w  

B
d
t
(

R
a

I
f
h
i
o
r
I
3
D
a  

E  

S  

A  

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article/17/1/sfad279/7425645 by U

niversity of D
ebrecen, Faculty of M

edicine, C
entral Library, user on 19 M

arch 2024
nder 25 years old, mean education for those aged 15 years or 
lder, and lag-distributed income per capita were used, more in- 
ormation was provided elsewhere [1 ]. Kidney dysfunction was 
efined as estimated glomerular filtration rate ( eGFR) less than 
0 ml/min/1.73m2 or albumin to creatinine ratio ( ACR) greater 
han or equal to 30 mg/g. In this study, kidney dysfunction was 
ccounted as a risk factor for CVDs, CKD, and gout. Based on the 
revious studies, the theoretical minimum-risk exposure level 
 TMREL) of kidney dysfunction was used as a threshold at which 
ncreased cardiovascular and gout events occur secondary to 
idney dysfunction [2 ]. The TMREL is ACR less than 30 mg/g and 
GFR greater than or equal to 60 ml/min/1.73m2 . From CVDs,
ubcategories of ischemic heart disease ( IHD) , stroke, and pe- 
ipheral artery disease had burdens attributable to kidney dys- 
unction. Ischemic stroke and intracerebral hemorrhage are sub- 
ategories of stroke in the GBD causes hierarchy and some of 
heir burdens were attributable to kidney dysfunction. Also, CKD 

s subcategorized into CKD due to diabetes mellitus type 1, CKD 

ue to diabetes mellitus type 2, CKD due to hypertension, CKD 

ue to glomerulonephritis, and CKD due to other and unspeci- 
ed causes. In the GBD study, to consider the uncertainty of data 
ources, measurement error, and modellings, all the items were 
uantified 1000 times in the models. To produce the final esti- 
ates with 95% UIs, the 25th and 975th ordered values of 1000 
raws of the posterior distribution were used [3 ]. Primary data 
anagement, statistical analysis, and visualization in this study 
ere performed by R for Windows version 4.0.5 ( The R Project for 
tatistical Computing, https://www.r-project.org/) . 

ole of the funding source 

he funders of the study had no role in study design, data col- 
ection, data analysis, data interpretation, or the writing of the 
eport. The corresponding author had full access to the data in 
he study and final responsibility for the decision to submit for 
ublication. 

ESULTS 

eaths, DALYs, and SEV 

n the year 2019 in NAME, the total number of deaths attributed 
o kidney dysfunction was 296632 ( 95% UI: 249 965–343 962) 
hich was about 2.5 times of the year 1990. Also, the total num- 
er of DALYs in 2019 was 7 184 796 ( 6 159 596–8 242 923) which was 
.2 times of the year 1990. In the year 2019 in the region, the at-
ributed age-standardized rate of deaths was 83.4 ( 69.8–97.3) per 
00000 compared to 84.3 ( 71.1–99.1) in the year 1990. Also, the 
ttributed age-standardized rate of DALYs in 2019 was 1691.0 
 1449.4–1946.0) per 100000, which in the year 1990 was 1767.1 
 1532.2–2015.1) ( Table 1 ) . In 2019 in the region, the SEV of kid- 
ey dysfunction was 26.9 ( 20.4–34.6) for both sexes with an in- 
rease of 32.3% ( 23.1–44.0) compared to 1990. The SEV of kidney 
ysfunction in the countries of the region was almost similar 
nd considering 95% UIs, no significant differences were seen 
etween them ( Table S1, see online supplementary material) . 

In 2019, the age-standardized rate of DALYs attributed to 
idney dysfunction for males was 1722.3 ( 1453.9–2006.2) and 
or females was 1658.0 ( 1426.3–1911.2) with no significant dif- 
erence ( Table 1 ) . Also, we did not find significant differences 
etween males and females in all countries of the region, ex- 
ept Qatar. In Qatar, the age-standardized DALY attributed to 
emales was significantly more with a rate of 2450.9 ( 2009.1–
962.5) than males with a rate of 1521.3 ( 1186.8–1922.3) ( Table S2,
ee online supplementary material) . 

Egypt, Afghanistan, and Iraq had the highest age- 
tandardized deaths attributed to kidney dysfunction with rates 
f 128.7 ( 96.7–163.5) , 118.9 ( 92.4–150.3) , and 114.1 ( 89.6–136.3) per 
00000, respectively in 2019. However, Kuwait, Turkey, and Iran 
 Islamic Republic of) had the lowest age-standardized deaths 
ttributed to kidney dysfunction with the rates of 42.1 ( 33.9–
2.2) , 54.3 ( 42.6–68) , and 58.2 ( 48.8–68.1) per 100 000, respectively 
 Figs 1 and 2 ; Table S2, see online supplementary material) . 

LLs and YLDs 

he attributed all ages’ number of YLLs was 6 213 627 ( 5 238 636–
 226 519) in NAME in 2019 and it was 2.1 times of the year 1990.
he attributed age-standardized rate of YLLs was 1487.7 ( 1259.8–
721.5) per 100000 in the region in 2019 but did not have a 
ignificant difference with the rate of the year 1990 that was 
628.6 ( 1413.0–1858.5) per 100000 ( Table 1 ) . Afghanistan, Egypt,
nd Saudi Arabia had the highest age-standardized rates of YLLs 
ttributed to kidney dysfunction and Kuwait, Turkey, and Iran 
 Islamic Republic of) had the lowest rates, respectively ( Figs 1 and 
 ; Table S2, see online supplementary material) . 

Both attributed all ages’ number and attributed age- 
tandardized rate of YLDs facing an increase in the region.
he attributed all ages’ number of YLDs was 971169 ( 707482–
 267 687) in NAME in 2019 and it was 3.3 times of the year 1990.
he attributed age-standardized rate of YLDs was 203.2 ( 149.5–
64.3) per 100000 in the region in 2019 which in 1990 was 138.4 
 102.4–179.7) per 100000 ( Table 1 ) . Saudi Arabia, United Arab Emi- 
ates, and Iraq had the highest age-standardized rates of YLDs 
ttributed to kidney dysfunction and Iran ( Islamic Republic of) ,
emen, and Turkey had the lowest rates, in decreasing order 
 Figs 1 and 2 ; Table S2, see online supplementary material) . 

Most of the burden attributed to kidney dysfunction was re- 
ated to YLLs rather than YLDs. But there were some excep- 
ions in some age groups. In Qatar, in the under 20 and 20 to
4 age groups, the YLD attributed to kidney dysfunction was 
ore than YLLs. Also, in the under-20 age group, in Kuwait,
man, and Saudi Arabia the YLDs attributed to kidney dysfunc- 
ion were more than YLLs. In the 55-plus age group, the burden 
elated to YLLs was more than YLDs in all countries of the region
ith no exception ( Fig. S1, see online supplementary material) .
ecause of the much higher share of YLLs than YLDs in bur- 
en attributed to kidney dysfunction, the ranking of coun- 
ries by DALYs is much similar to the ranking by YLLs 
 Fig. 1 ) . 

esponsible causes for kidney dysfunction’s 
ttributable burden 

n the GBD 2019 study, the burden attributable to kidney dys- 
unction was due to CKD, IHD, ischemic stroke, intracerebral 
emorrhage, peripheral artery disease, and gout. Because CKD 

s a chronic situation of impaired function of the kidney, all 
f the CKD burdens is attributable to kidney dysfunction as a 
isk factor. In NAME, 16.4% ( 12.8–20.1) of all ages DALYs due to 
HD was attributable to kidney dysfunction. Also, 26.0% ( 21.2–
1.0) , 18.8% ( 15.8–22.0) , and 10.5% ( 8.7–12.3) of total all ages 
ALYs due to peripheral artery disease, gout, and stroke was 
ttributable to kidney dysfunction in the region, respectively.
gypt, Syrian Arab Republic, and Oman due to IHD; Afghanistan,
audi Arabia, and United Arab Emirates due to CKD; Iraq,
fghanistan, and Saudi Arabia due to stroke; Bahrain, Turkey,
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Ranking
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Figure 1: Attributed age-standardized rate of YLLs, YLDs, deaths, and DALYs of kidney dysfunction in both sexes in 21 countries of the region by ranking of each country 

in 1990 and 2019. DALYs: disability-adjusted life years; YLLs: years of life lost; YLDs: years lived with disability. 
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Figure 2: Attributed age-standardized rate of YLLs, YLDs, deaths, and DALYs of kidney dysfunction in both sexes, countries were stratified by colors for quintiles in 

2019 ( left side) and percentage change of these indices from 1990 to 2019 ( right side) . DALYs: disability-adjusted life years; YLLs: years of life lost; YLDs: years lived 
with disability . 
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nd Qatar due to peripheral artery disease; and Qatar, Saudi 
rabia, and United Arab Emirates due to gout had the high- 
st age-standardized rate of DALYs attributed to kidney dys- 
unction in the region in 2019. By level 4 or the most detailed 
evel of causes hierarchy in every 21 countries of the region,
HD than other causes had the highest contribution in YLLs,
eaths, and DALYs attributed to kidney dysfunction while in 
LDs, CKD due to other and unspecified causes had the high- 
st contribution ( Fig. 3 ; Table S3, see online supplementary

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad279#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad279#supplementary-data
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Attributed age−standardized rate (per 100,000)

Deaths
1990          2019

North Africa and Middle East
Afghanistan

Algeria
Bahrain

Egypt
Iran (Islamic Republic of)

Iraq
Jordan
Kuwait

Lebanon
Libya

Morocco
Oman

Palestine
Qatar

Saudi Arabia
Sudan

Syrian Arab Republic
Tunisia
Turkey

United Arab Emirates
Yemen

2745 2058.8 1372.5 686.2 0 686.2 1372.5 2058.8 2745
Attributed age−standardized rate (per 100,000)

Chronic kidney disease due to diabetes mellitus type 1
Chronic kidney disease due to diabetes mellitus type 2
Chronic kidney disease due to glomerulonephritis
Chronic kidney disease due to hypertension
Chronic kidney disease due to other and unspecified causes

Gout
Intracerebral hemorrhage
Ischemic heart disease
Ischemic stroke
Peripheral artery disease

DALYs
1990          2019

Figure 3: Attributed age-standardized rate of YLLs, YLDs, deaths, and DALYs of kidney dysfunction in both sexes due to causes in years 1990 and 2019. DALYs: disability- 

adjusted life years; YLLs: years of life lost; YLDs: years lived with disability . 

Figure 4: Attributed age-standardized rate of YLLs, YLDs, deaths, and DALYs of kidney dysfunction in both sexes by SDI of each country of the region and mean of the 

region from 1990 to 2019. DALYs: disability-adjusted life years; YLLs: years of life lost; SDI: socio-demographic index; YLDs: years lived with disability . 
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DI 

he countries in NAME have a wide diversity in SDIs ranging
rom 0.34 to 0.88 in 2019. Also, most countries of the region had
ignificant growth in their SDI from 1990 to 2019. In the region
nd most countries of the region, despite the increase of SDIs,
he attributed age-standardized rate of YLLs, deaths, and DALYs 
id not change significantly. More importantly, in most countries 
f the region, the attributed age-standardized rate of YLDs in-
t

reased with the increase of SDI ( Fig. 4 ) . By grouping the coun-
ries of the region by SDI quintiles in 2019, four countries of the
egion with the highest age-standardized rate of DALYs, which
ere Afghanistan, Egypt, Saudi Arabia, and Iraq, were grouped as

ow SDI, low-middle SDI, high SDI, and middle SDI, respectively
 Fig. S2, see online supplementary material) . High SDI countries 
f the region, except for Kuwait, had higher age-standardized
ates of DALYs and deaths attributable to kidney dysfunction
han the mean of the region in 2019. 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad279#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad279#supplementary-data
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ISCUSSION 

n the year 2019, the number of deaths and DALYs attributable to 
idney dysfunction in NAME increased to 2.5 and 2.2 times from 

990, respectively. The age-standardized rate of DALYs, deaths,
nd YLLs did not change from 1990 to 2019 in the region, while 
he age-standardized rate of YLDs increased by 47%. This study 
ound that in NAME in 2019, IHD is the most responsible cause 
f deaths attributable to kidney dysfunction followed by CKD 

nd stroke. As IHD and stroke are subcategories of CVDs, the at- 
ributed burden of kidney dysfunction due to CVDs was higher 
han CKDs. Four countries of the region with the highest age- 
tandardized rate of DALYs attributable to kidney dysfunction in 
019 were Afghanistan, Egypt, Saudi Arabia, and Iraq. Overall, in 
ur study low SDI and high SDI countries of the region had more 
urdens attributable to kidney dysfunction than other countries 
f the region in 2019. 
Kidney dysfunction resulted in more attributable deaths than 

ow physical activity, child and maternal malnutrition, occupa- 
ional risks, or non-optimal temperature in 2019 [2 ]. Kidney dys- 
unction accounted for about 15% of total deaths attributable to 
ll 87 risk factors defined by the GBD 2019 study in NAME while 
t global level it accounted for only 9% of attributable deaths 
2 , 17 ]. In our study regarding disability, considering YLDs, the 
ighest attributable burden of kidney dysfunction was related 
o CKD. On the other hand, in terms of deaths, considering YLLs,
he highest attributable burden of kidney dysfunction was re- 
ated to CVDs. In addition to the fact that kidney dysfunction is 
 risk factor for the burden of CVDs, there is a bidirectional re- 
ationship, so that in cardiorenal syndrome types 1 and 2, acute 
nd chronic heart failure lead to renal dysfunction, respectively 
18 ]. The age-standardized rates of CVDs deaths including IHD 

nd stroke had a declining trend in the region from 1990 to 2019 
17 , 19 , 20 ]. Such declining trends also will help the attributable 
urden of kidney dysfunction. 

Although in our study the regional age-standardized DALY 

ate did not change through the previous 30 years, because of 
he reduction in total DALYs attributed to all risk factors, the 
hare of kidney dysfunction from the burden of all risk factors 
ncreased significantly from 1990 to 2019 in the region. From all 
1 GBD regions of the world that were defined in the GBD 2019 
tudy, NAME had the highest age-standardized death rate at- 
ributed to kidney dysfunction. For the age-standardized DALY 

ate, NAME had the second rank in these 21 regions [17 ]. Also,
e can see from the top 16 countries with the most attributed 
ge-standardized death rate in 204 countries and territories, half 
f them were from the NAME region in the year 2019. These 
ight countries are Egypt, Afghanistan, Iraq, Qatar, Saudi Arabia,
yrian Arab Republic, Oman, and Morocco [17 ]. Some of these 
ountries have been facing conflicts and wars while some others 
re high-income countries with stable economies [21 , 22 ]. As we 
an see, the situation of kidney dysfunction in the NAME region 
s critical and prevention interventions in this region should 
e considered [17 ]. All prevention strategies should be imple- 
ented in health services. Health sectors should make sure 

o deliver the strategies in rural areas, which may experience 
ubstantial inequities [23 , 24 ]; from general lifestyle modifica- 
ions to specific recommendations in patients with kidney dis- 
ases. Some preventions such as screening at-risk patients, early 
herapy initiation and disease progression monitoring, aggres- 
ive blood pressure control, hyperglycemia proper management,
moking cessation, and adequate nutrition should be empha- 
ized in the local health sectors [25 , 26 ]. Recommending a diet 
hat is gentle on the kidneys, such as a low-salt, low-fat, low- 
t
holesterol, and high fruits and vegetables in the diet is helpful 
27 ]. In the NAME region there are reports of widespread health- 
are service limitations, such as dialysis shortages in local fa- 
ilities [28 ]. In all these countries, even countries with low re- 
ources, using low-cost surveillance systems for kidney diseases 
ould help to find the gaps and bridge them. Surveillance sys- 
ems were used in other high- and also low-income countries 
nd had valuable outcomes [29 ]. 

The regional age-standardized DALYs, deaths, and YLLs rates 
ttributable to kidney dysfunction did not change significantly 
rom 1990 to 2019, but the YLDs rate is facing growth. The growth
f YLDs can be due to advances in the use of renal replacement
herapies, especially hemodialysis, which save lives but come 
long with high levels of disabilities [30 ]. Dialysis in compari- 
on with kidney transplantation imposes a much higher burden 
nd increases the risk of premature death [31 ]. Also, in a study in
weden, it was shown that kidney transplantation has consider- 
ble cost savings in comparison with dialysis for the healthcare 
ystem [32 ]. Therefore, prioritizing kidney transplantation and 
elated legislations for long-term management of patients with 
KD can reduce the growth in YLDs. 
The NAME region consists of low- to high-income countries.

ven now in some countries of the region, specialized medi- 
al services are not generally available while some others have 
etter situations that can address the current medical stan- 
ards [33 –37 ]. As conflicts and wars change the focus of policy
akers from chronic disease to acute ones and also bring de- 
truction to facilities, countries experiencing conflicts face wors- 
ning of the situation in the burden of chronic disease that con- 
inues in the upcoming years after conflicts and wars [38 ]. In 
ountries with the experience of conflict and war, international 
upport and donation can significantly make the situation bet- 
er and in countries with stable economies, considering more 
bout kidney diseases and their attributed burden by related 
ealth-policy priorities can improve the situation. Also, inequal- 
ties in health service delivery are a major concern in countries 
f the region [39 ]. Afghanistan had the most age-standardized 
ALYs rate attributed to kidney dysfunction in 2019 in the re- 
ion. Afghanistan as a country involved in long-term conflicts 
nd has many problems in providing services and infrastruc- 
ures [40 ]. According to the 2016 diabetes country profiles re- 
ort of the World Health Organization ( WHO) , renal replace- 
ent therapy by dialysis or transplantation is not generally 
vailable in Afghanistan [41 ]. A study in 2016 reported that, for 
he 33 million people of Afghanistan there were 10 nephrolo- 
ists and 200 hemodialysis machines, which were concentrated 
n major cities [42 ]. Therefore, lack of facilities and services in
fghanistan prevented improvement of the situation of kidney 
iseases. Similarly, some other countries of the region are fac- 
ng or recently faced conflicts or wars that resulted in lack of in-
rastructures and services that consequently led to more deaths 
ttributed to NCDs [35 , 43 –46 ]. Due to the complex and costly
ature of kidney disease care, it is closely linked to the health 
olicies implemented in each country and the resources allo- 
ated to healthcare. In particular, the lack of infrastructure af- 
ects more patients suffering from ESKD because they need re- 
al replacement therapies to survive [47 ]. In the treatment of 
atients with high-risk CKD, access to essential drugs in addi- 
ion to manpower and renal replacement therapy methods is 
ery important in minimizing this risk factor. Not only people 
n Afghanistan and some other countries may have limited ac- 
ess to healthcare services, but also refugees from these coun- 
ries suffer from lack of healthcare services access in their des- 
ination countries and try to meet their needs with the help of 
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harities, international organizations, or social workers [48 , 49 ].
isparity in income, social, and cultural aspects of this region
s high, which has been depicted by differences in countries’
DI. Lack of infrastructures and services in low SDI countries
easonably leads to a higher burden of disease but also unex-
ectedly high SDI countries of the NAME region, except Kuwait,
ad higher attributable burden to kidney dysfunction than most 
ther countries in 2019. Therefore, prioritizing kidney disease 
anagement is crucial in all countries of the NAME, as we can
ee it has been neglected in some high-income countries as well
s low-income ones. 

To our knowledge, this study was the first study focusing on
idney dysfunction as a risk to other diseases in the NAME re-
ion. Accounting burdens attributable to risks helps to have a
etter insight into prevention programs. Therefore, the findings 
f this study can be used by authorities and policymakers of
ountries of the region and also help advocates seeking better
idney disease management in their countries. This study also 
ad some limitations. As mentioned before, the assumption of 
idney dysfunction in the GBD 2019 study was undertaken as a
eassessment of the relationship of dose-response and the effect 
f previous assumptions that their risk curves were log-linear 
ere diminished [2 ]. However, this reassessment only applied 
n kidney dysfunction, dietary risks, and air pollution and other
ontinuous risks in the GBD 2019 study were assumed on the log-
inear relationship [2 ]. This difference in methods of assump-
ions could lead to some uncertainty about ranking of risks. In
uture studies, it is possible that the reassessment of the dose-
esponse relationship applies on other risks, and it may lead to
ome differences in ranking of risk factors and may change some
isk-outcomes. To find the attributed burden of each risk factor
here was a need to consider the assessment of the joint effects
f risk factors. GBD 2019 tried to use the best possible methods
nd modellings to report the most possible accurate results but
ecause of the nature of assumption it can be with errors and
ncertainty [2 ]. Because the GBD study collects data from vari-
us studies and other sources to form its estimations, a key lim-
tation in assessing the attributable burden of risk factors and
xposure measurements lies in the availability and quality of 
rimary data. This is particularly true in countries with strug-
ling healthcare systems, as well as those facing other economic
nd political challenges, which are numerous in the NAME re-
ion. Despite this limitation, the GBD study offers the most reli-
ble estimates concerning the burden attributable to various risk 
actors, including kidney dysfunction, which is the focus of this
tudy. These estimates are applicable across different geograph- 
cal areas and can be used to improve public health, prevent fur-
her disease burden, and address disparities among populations.

ONCLUSIONS 

he study findings showed that although the total number of
eaths and DALYs attributed to kidney dysfunction in the NAME
egion more than doubled between 1990 and 2019, the age-
tandardized rate of burden remained relatively stable during 
his period. However, among all 21 regions of the world, NAME
ad the highest age-standardized rate of death attributable to 
idney dysfunction from 1990 to 2019. The number of CVDs
eaths that were attributable to kidney dysfunction was more 
han the number of CKDs deaths in the region in 2019. Hence, it is
rucial to avoid the pitfall of solely focusing on the direct burden
f kidney diseases and overlooking the burden imposed by other
iseases, particularly cardiovascular diseases, which are associ- 
ted with kidney dysfunction. Given the critical situation in the
tudy’s region compared to other global regions, there is an ur-
ent need to focus on kidney disease prevention and control. Im-
roving data registries for kidney diseases, enhancing access to
ialysis, and planning extensive research on the specific causes
f kidney disorders in individual countries within the NAME re-
ion are essential steps to curb the burden attributable to this
isk factor. 

UPPLEMENTARY DATA 

upplementary data are available at ckj online. 
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