KIDNEY DISEASES

Global, SexSpecific, and Socioeconomic Disparities in
Chronic Kidney Disease Burden: An AgePeriodCohort

Analysis

1Student Research Committee,

Kermanshah University

of Medical Sciences,
Kermanshah, Iran

2Clinical Research
Development Center, Imam
Khomeini and Mohammad
Kermanshahi and Farabi
Hospitals, Kermanshah

University of Medical Sciences,

Kermanshah, Iran
3Fertility and Infertility
Research Center, Health
Technology Institute,
Kermanshah University
of Medical Sciences,
Kermanshah, Iran

Keywords. Chronic kidney
disease; Global burden of
disease; Age-period-cohort
analysis; Socio-demographic
index

Rasoul Gholamiveis,! Mahya Ashaby,' Zahra Shaahmadi,?
Omid Bahiraee,2 Mehdi Moradinazar?3*

Introduction. Chronic kidney disease (CKD) is a major global
public health challenge, driven by aging, diabetes, hypertension,
and socioeconomic disparities. This study analyzed the global CKD
burden from 1990 to 2021 by sex and Socio-demographic Index
(SDI) to inform targeted interventions.

Methods. Using Global Burden of Disease (GBD) 2021 data for
204 countries and territories, we assessed incidence, prevalence,
mortality, and disability-adjusted life years (DALYs). Age-
standardized rates (ASRs) per 100,000 were based on the GBD
World Standard Population. Temporal trends were measured as
percentage changes in ASRs (1990-2021) and visualized by SDI
quintile and sex. Age-Period—Cohort (APC) modeling with median
constraints estimated rate ratios (RRs) and 95% confidence intervals
(CIs) using the NCI Webtool.

Results. From 1990 to 2021, global age-standardized CKD burden
increased substantially. The largest increases attributable to risk
factors were for high body mass index (76.59% globally; 107.81%
in low-middle SDI), high fasting plasma glucose (46.59% globally;
88.76% in high SDI), and high systolic blood pressure (44.31% in
low-middle SDI). Males had higher mortality and DALY rates across
all SDI levels; females had higher incidence and prevalence. A
positive cohort gradient was more evident among males. The 1982
birth cohort RR was 1.14 (95% CI 1.01-1.29) in males and 1.00 (95%
CI 0.87-1.14) in females, suggesting rising modeled generational
burden among younger adult male cohorts.

Conclusion. The global CKD burden has risen markedly, with
persistent sex and socioeconomic disparities. Accelerating burden
among younger generations requires age- and sex-sensitive
prevention, improved healthcare access, and targeted interventions
tailored to regional SDI levels.
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Chronic kidney disease (CKD) has emerged as
one of the most pressing global health challenges
of the 21st century.!? Characterized by progressive
loss of kidney function, CKD often leads to
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severe complications such as kidney failure,
cardiovascular disease, and increased mortality.
The disease is driven by a complex interplay of
clinical, environmental, and socioeconomic factors,
including diabetes mellitus, hypertension, obesity,
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population aging, and lifestyle changes.? Over the
past three decades, the global burden of CKD has
risen dramatically, positioning it as a leading cause
of morbidity and mortality worldwide.>?

The prevalence and burden of CKD are deeply
influenced by socioeconomic development,
as measured by the Sociodemographic Index
(SDI). Countries with lower SDI scores — often
characterized by limited healthcare access, education,
and economic resources — bear a disproportionately
higher burden of CKD. For instance, while highSDI
countries report an average CKD prevalence of
5-7%, lowSDI countries experience rates as high
as 15-20%. This disparity underscores the critical
role of social determinants of health in shaping
the epidemiology of CKD.*° The global burden of
CKD has increased constantly over the past three
decades. In 2021, an estimated 673.7 million people
were living with CKD, accounting for 8.54% of the
global population — a 92.0% increase from 1990.
This rising trend underscores the urgent need for
targeted public health interventions.®®

The economic and societal impact of CKD is
profound. The disease places a significant financial
burden on healthcare systems, particularly due to the
high costs associated with longterm management,
including dialysis and kidney transplantation.
Additionally, CKD severely impairs patients’
quality of life, limiting their ability to work and
participate in daily activities. These challenges are
exacerbated in low and middleincome countries,
where healthcare infrastructure is often inadequate,
and access to early diagnosis and treatment is
limited. Addressing the global burden of CKD
requires a comprehensive approach that integrates
clinical, public health, and policy interventions.””

This study aims to analyze the global burden of
CKD from 1990 to 2021, focusing on socioeconomic
determinants and disparities in prevalence and
mortality across regions. Using the SD], it identifies
trends, risk factors, and inequalities, particularly
between high and lowincome countries. The research
provides actionable insights for policymakers,
emphasizing strategies such as improving
healthcare access, early detection, and addressing
socioeconomic drivers of CKD. Ultimately, it seeks
to inform interventions that reduce CKD prevalence,
enhance health equity, and alleviate the disease’s
societal and economic impact.

Although previous studies have examined the

global burden of CKD using GBD 2021 data, the
present study provides a complementary analysis by
applying an Age-Period-Cohort (APC) framework
to characterize age-, period-, and cohort-related
patterns in CKD burden. In addition, we examine
sex-specific differences and stratify risk-attributable
CKD burden across SDI groups. These analyses
provide a more detailed description of temporal, sex-
specific, and socioeconomic patterns in the global
CKD burden and may help identify populations
and periods warranting further investigation.

This study was designed as a secondary ecological
analysis of CKD estimates from the Global Burden
of Disease (GBD) 2021 study. We analyzed
populationlevel estimates of CKD incidence,
prevalence, mortality, and disabilityadjusted life
years (DALYs) across 204 countries and territories
from 1990 to 2021, with stratification by sex, age,
and SDI. All estimates were obtained from the
GBD 2021 Results Tool, and no individuallevel
patient data were used in the present analysis.!’

Countries were stratified based on the SDI,
a composite measure that evaluates social and
economic development by integrating indicators
such as income per capita, educational attainment,
and fertility rates.!! For this study, countries were
categorized into five SDI groups: high, highmiddle,
middle, lowmiddle, and low SDI. This classification
facilitates a nuanced understanding of disparities
in CKD burden across different development
contexts. Additionally, agestandardized rates (ASRs)
were applied to enable equitable comparisons
across populations with varying age structures.
By standardizing rates, this approach minimizes
confounding effects of demographic differences,
allowing for more accurate crosscountry and
crossregional analyses. The use of SDI and ASRs
ensures that the study’s findings are both robust
and actionable, providing a foundation for targeted
interventions to reduce CKD burden and improve
health equity globally.

In the GBD 2021 framework, CKD was defined
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based on estimated glomerular filtration rate (eGFR)
and urinary albumintocreatinine ratio (ACR). CKD
stages 1-2 were defined by ACR =30 mg/g and
eGFR > 60 mL/min/1.73 m?, and stages 3, 4, and 5
by eGFR of 30-59, 15-29, and < 15mL/min/1.73 m?,
respectively. Unlike the KDIGO clinical definition,
the GBD framework does not formally require
persistence of these abnormalities for at least three
months. In GBD, etiologyspecific CKD estimates
for type 1 diabetes, type 2 diabetes, hypertension,
glomerulonephritis, and other /unspecified causes
are derived through the GBD modeling framework
using available registry and clinical data. In the
present study, overall and causespecific CKD
estimates were obtained directly from the GBD
2021 Results Tool rather than from individuallevel
patient records.>1%13

The primary outcome measures were incidence,
prevalence, mortality, and DALYs. DALYSs, a critical
measure of disease burden, combine years of life lost
(YLL) due to premature mortality and years lived
with disability (YLD), calculated as DALY = YLL +
YLD. YLL is calculated as YLL = N x L, where N
represents the number of deaths in a specific age
group and L denotes the standard life expectancy
at the age of death (in years). YLD is calculated as
YLD = DW x P, where DW is the disability weight
(a value between 0 and 1 reflecting the severity
of disability) and P is the number of individuals
living with the disease.” Age-standardized rates
(ASRs) were used to enable comparisons across
populations with different age structures, and all
estimates were reported with their corresponding
95% uncertainty intervals (Uls).

This study employed a descriptive epidemiological
approach to analyze the global burden of CKD from
1990 to 2021. All primary estimates (incidence,
prevalence, mortality, DALYs, YLLs, and YLDs)
and their corresponding 95% Uls were directly
extracted from the GBD 2021 database using the GBD
Results Tool (https:/ /vizhub.healthdata.org/gbd-
results/). The GBD uses a Bayesian metaregression
framework (DisModMR) and the Cause of Death
Ensemble model (CODEm) to generate estimates
with 95% Uls, which reflect both sampling and
nonsampling uncertainty.!?

Temporal trends were assessed by calculating
the percentage change in each metric between 1990
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and 2021, and visualized using heat maps stratified
by SDI quintiles and sex to illustrate the temporal
evolution of CKD burden across the four key
indicators (incidence, prevalence, mortality, and
DALYs) over the 32year study period. Differences
were described using point estimates and 95% Uls;
no formal pairwise hypothesis tests were performed.

To disentangle age, period, and cohort effects,
an APC analysis was performed using the National
Cancer Institute (NCI) Webtool, which estimates
rate ratios (RRs) and 95% confidence intervals
(Cls) for independent generational and temporal
trends, using a reference cohort (1947) and reference
period (2002-2006).141> All agestandardized rates
(ASRs) reported in this study were calculated
by the GBD collaboration using the GBD World
Standard Population as the reference. Heat maps
were generated using R software (version 4.5.0)
with the ggplot2 package, and additional data
visualization and percentage change calculations
were performed using Microsoft Excel 2016. No
formal statistical significance threshold (e.g.,
P-value) was applied, as this is a descriptive trend
analysis based on populationlevel estimates with
95% Uls.

This study used data sourced from the GBD
website. Since the data were obtained from publicly
accessible sources, no formal ethical approval was
necessary for this research.

The global agestandardized burden of CKD
increased substantially between 1990 and 2021. In
1990, the global agestandardized mortality rate was
18.13 (95% UI: 16.26-21.03) per 100,000 for males
and 12.64 (95% UI: 11.44-13.99) per 100,000 for
females. By 2021, these rates rose to 21.91 (95% UL:
19.66-23.60) per 100,000 for males and 15.90 (95%
Ul: 14.22-17.27) per 100,000 for females. Similarly,
the global agestandardized incidence rate increased
from 180.89 (95% UI: 167.97-195.41) per 100,000
for males and 201.88 (95% UI: 187.73-218.45) per
100,000 for females in 1990, to 220.11 (95% UI:
207.07-233.07) per 100,000 for males and 246.03
(95% UI: 231.84-260.67) per 100,000 for females
in 2021. The global agestandardized DALY rate
also rose from 546.41 (95% UI: 476.93-612.62) per
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100,000 for males and 426.90 (95% UI: 389.12-467.43) association between SDI levels and mortality/
per 100,000 for females in 1990, to 603.40 (95% UL: DALY rates, and a broadly direct relationship
546.08-663.35) per 100,000 for males and 465.69 between SDI levels and incidence rates. although
(95% UI: 424.02-511.12) per 100,000 for females this gradient was not strictly monotonic across all
in 2021 (Table 1). SDI categories.
The low and lowmiddleSDI regions consistently
exhibited the highest mortality and DALY rates,
Males consistently exhibited higher while highSDI regions displayed the lowest
agestandardized mortality and DALY rates across rates. In 2021, the lowSDI region had the highest
all SDI levels throughout the study period. In agestandardized mortality rate at 34.24 (95% UL:
2021, the global agestandardized mortality rate for 29.43-40.36) per 100,000 for males and 25.05 (95%
males (21.91 per 100,000) was 38% higher than for UI: 21.73-29.09) per 100,000 for females, compared
females (15.90 per 100,000), and the DALY rate for to 16.94 (95% Ul: 15.28-17.96) per 100,000 for
males (603.40 per 100,000) was 30% higher than for males and 12.05 (95% UI: 10.08-13.22) per 100,000
females (465.69 per 100,000). In contrast, females for females in the highSDI region. Conversely,

showed higher agestandardized incidence and incidence rates were highest in highSDI regions
prevalence rates. In 2021, the global agestandardized (269.60 per 100,000 for males and 285.08 per 100,000
incidence rate for females (246.03 per 100,000) was for females in 2021) and lowest in lowSDI regions
12% higher than for males (220.11 per 100,000). (145.69 per 100,000 for males and 163.86 per 100,000
These sexspecific patterns were consistent across for females in 2021) (Table 1, Appendix 1).

all SDI groups (Table 1).

Figure 1 highlights marked sex disparities in the
The heat maps demonstrate a broadly inverse percentage contribution of underlying causes to
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Figure 1. Percentage contribution of main causes to CKDrelated DALY in 2021, stratified by SDI and sex.
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of “other and unspecified causes,” particularly in the
lowmiddleSDI region (32.78% vs. 27.69% in men).
Conversely, men demonstrated a greater burden of

CKDrelated DALYs. Women exhibited higher rates
CKD attributable to hypertension, with the highest

percentage in the middleSDI region (29.22% vs.
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|ejudWUOIIAUD
13430

26.29% in women). Glomerulonephritis was more
prevalent among men globally, reaching the highest
rate in the lowSDI region (25.32% vs. 22.99% in
women). A similar trend was observed for both
type 1 and type 2 diabetes, with men exhibiting
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higher rates, most notably in the highSDI region for
type 2 diabetes (28.63% vs. 28.58% in women) and
the middleSDI region for type 1 diabetes (10.58%

vs. 9.62% in women) (Figure 1).

The percentage changes in global CKD burden
attributable to key risk factors from 1990 to 2021
showed the most substantial increases for high
body mass index (BMI), with a 76.59% increase

globally (77.47% in men and 74.49% in women). CKD
burden attributable to high fasting plasma glucose
(high FPG) increased by 46.59% globally (44.26%
in men and 46.93% in women), and CKD burden
attributable to high systolic blood pressure (SBP)
increased by 27.11% globally (25.23% in men and

27.27% in women). Regionally, the lowmiddleSDI
region saw a 107.81% increase in CKD burden
attributable to high BMI, while the highSDI region
showed a marked 88.76% increase in CKD burden

attributable to high FPG (Table 2, Figure 2).

Males exhibit systematically higher DALYs

across all age groups and Cohort trends reveal
males face accelerating CKD burdens in younger

generations (Figure 3).

The APC analysis (Appendix 2) identified a
higher cohortrelated rate ratio for more recent birth

cohorts among males, with weaker evidence of a
similar pattern among females. The 1982 birth cohort
had a rate ratio of 1.14 (95% CI: 1.01-1.29) relative
to the specified reference cohort, compared with

1.00 (95% CI: 0.87-1.14) in females — a confidence

interval spanning 1.0 and consistent with no
meaningful cohort effect in this sex. This finding

indicates a higher modeled DALY rate within the
APC framework and should not be interpreted as

evidence of a causal or independent generational
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High body-mass index

High fasting plasma glucose

High systolic blood pressure

Other environmental risks

Female

Suboptimal temperature

Impaired kidney function

Dietary risks

Low physical activity

100.00 80.00 60.00 40.00 20.00 0.00

Male

20.00 40.00 60.00 80.00 100.00

Percentage change

Figure 2. Percentage change in agestandardized CKD burden attributable to selected GBDdefined risk factors from 1990 to 2021, by

sex.

SDI levels, females exhibited higher incidence
and prevalence rates. Second, the APC analysis
identified a statistically significant upward cohort
effect for recent birth cohorts (e.g., rate ratio for
the 1982 male cohort: 1.14; 95% CI: 1.01-1.29),
indicating a higher modeled DALY rate ratio
among more recent birth cohorts; however,
this ecological cohort pattern cannot by itself
establish a causal generational risk of CKD among
younger adult birth cohorts. Third, the burden
attributable to high BMI increased substantially
between 1990 and 2021, with the largest relative
increase observed in the lowmiddleSDI region
(107.81%).

CKD remains a major public health problem
worldwide. It not only affects the quality of life
of individuals but also imposes a heavy economic
and social burden on healthcare systems. The
findings from this study reveal a substantial and
evolving global burden of CKD from 1990 to 2021,
with marked disparities between sexes and across
different socioeconomic regions.!?

Our analysis directly demonstrates that while
CKD mortality rates are higher among men
compared to women, the incidence rate was higher
among women. These sex disparities are consistently

300

increase in CKD risk.

The age distribution of CKD burden also varied
substantially across SDI levels (Figure 4). In
highSDI countries, the agespecific DALY burden
shifted toward older ages. Among individuals
aged =75 years, the DALY rate approximately
doubled from 1,950 to 3,800 per 100,000, while
the absolute number of DALYs nearly tripled
between 1990 and 2021. In middleSDI regions, the
most pronounced relative increases were observed
among individuals aged 50-54 and 65-69 years,
with increases of approximately 38% and 42%,
respectively. In contrast, in lowSDI countries, the
burden remained more concentrated in younger
age groups, with individuals aged 40-44 years
consistently accounting for more than 18% of
total DALYs.

This study provides a comprehensive assessment
of the global CKD burden using GBD 2021
data, incorporating an APC analysis together
with sexspecific and SDIstratified evaluations.
Three principal findings emerged. First, while
agestandardized mortality and DALY rates
were consistently higher in males across all
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Figure 3. Agespecific DALY rates per 100,000 population for CKD globally, stratified by sex, age group, and birth cohort.

reflected across key health indicators, including habits, and biological factors may contribute to
DALYs and YLDs. While the underlying drivers these inequities.!>!¢17 Further research is needed
of these disparities were not directly analyzed to disentangle the relative contributions of these
in this study, previous literature has suggested factors. Nevertheless, our findings underscore the
that differences in healthcare access, lifestyle importance of considering sexspecific needs when
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Figure 4. Agespecific DALY rates of CKD by age group and SDI from 1990 to 2021.

designing health interventions.

The main risk factors for CKD vary significantly
across different SDI levels. From 1990 to 2021,
notable changes in CKD burden attributable to
risk factors show that men have experienced
greater increases in burden attributable to high
BMI (77.47% vs. 74.49% in women) and impaired
kidney function (10.43% vs. 9.09%), whereas women
have faced higher increases in burden attributable
to high FPG (46.93% vs. 44.26% in men) and
high SBP (27.27% vs. 25.23%). These sexspecific
patterns in riskattributable burden highlight the
need for differentiated prevention approaches.
While the mechanisms underlying these patterns
were not directly investigated in this study,
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previous literature has hypothesized potential
roles for biological factors and sociocultural
determinants.!”"!” Further studies are needed to
elucidate these mechanisms. Based on our findings,
we recommend that prevention strategies be tailored
to address the distinct risk profiles observed in
men and women.

In lowSDI regions, our analysis showed that
CKDrelated mortality remained markedly higher
than in other SDI groups throughout the study
period, despite lower reported incidence. This
paradox probably reflects welldocumented
health system constraints, including limited
access to dialysis, delayed referral pathways, and
underdiagnosis — as highlighted by previous
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studies in their global assessment of kidney
dysfunction burden.?’ While the present study did
not directly examine health system factors, previous
reports suggest that inadequate infrastructure, low
public awareness, and limited primary care capacity
may contribute to these persistent disparities.
Therefore, our findings imply that reducing
CKD mortality in lowSDI settings may require
health system strengthening and earlier detection
strategies, rather than relying solely on screening
expansion.®2%2! These hypotheses require further
investigation. Nevertheless, our findings support
the recommendation that strengthening healthcare
systems and increasing public awareness in lowSDI
regions should be prioritized.

Conversely, in highSDI regions, the incidence
of CKD is higher compared to other SDI groups.
While the factors driving this higher incidence
were not directly analyzed in this study, previous
literature has hypothesized potential roles for
lifestyle changes, dietary patterns, urbanization,
and obesity.® Based on our findings, we recommend
that educational and preventive programs be
reinforced in highSDI regions to address the rising
incidence of CKD.

Our analysis directly demonstrates that CKD
exhibits pronounced sexspecific disparities in DALYs
globally, with males consistently showing higher
burdens across all SDI levels. The causespecific
patterns also differ between sexes, with hypertension
dominating as the leading cause among males, while
females face varying primary causes depending on
regional development levels. While the underlying
mechanisms driving these sexspecific patterns
were not directly analyzed in this study, previous
literature has hypothesized potential roles for genetic,
lifestyle, and sociocultural factors.?? Based on our
findings, we recommend that policymakers focus
on addressing these disparities by implementing
targeted interventions that consider the distinct risk
profiles observed in men and women.

The study relies on secondary data from the
GBD database, which may vary in quality and
completeness across different countries and time
periods, potentially affecting the reliability of
the findings. Differences in diagnostic protocols
and identification of CKD in various countries
and over time can impact result comparability.

Additionally, the study lacks data on the impact
of other metabolic factors such as triglycerides,
cholesterol, or uric acid on CKD burden. Also, the
inability to analyze precise socioeconomic factors
and data from various ethnic groups may result
in overlooking regional and ethnic differences in
CKD burden. Furthermore, the inherent collinearity
between age, period, and birth cohort in APC
models may influence the precision of cohort
effect estimates, despite using standard median
constraints to mitigate this issue.

While the study has several limitations, it
also possesses numerous strengths. It provides
a comprehensive analysis of CKD burden and
disparities between sexes and socioeconomic
regions over a substantial period from 1990 to 2021.
It highlights significant trends and underscores
the importance of tailored health interventions to
address CKD disparities.

In conclusion, the global burden of CKD has
increased substantially over the past three decades.
The APC analysis identified higher modeled
DALY rate ratios for some more recent birth
cohorts, particularly among males, relative to the
specified reference cohort; however, this pattern
should not be interpreted as evidence of a causal
generational risk. This generational shift, coupled
with persistent sex and socioeconomic disparities,
demands a dual approach: strengthening primary
prevention of obesity, diabetes, and hypertension
in midlife populations, and ensuring equitable
access to early diagnosis and treatment, especially
in low and middleSDI regions. However, several
important questions remain unanswered. Future
research should focus on: (1) elucidating the
specific earlylife environmental and lifestyle
exposures driving the cohort effect through
longitudinal birth cohort studies; (2) evaluating
the costeffectiveness of lowering CKD screening
age thresholds in different SDI settings; and (3)
investigating the role of genetic and epigenetic
factors that may modify sexspecific susceptibility
to CKD. Addressing these questions will be
essential for developing truly personalized and
effective prevention strategies.

We gratefully acknowledge the GBD 2021

303



Global CKD Disparities by Sex and Socioeconomic Status—Gholamiveis et al

study and its collaborators for providing publicly
accessible estimates through the GBD Results
Tool. We appreciate the extensive efforts of the
researchers, data contributors, and institutions
involved in generating and maintaining these
estimates.

We used publicly available data from the GBD
website for this study. Please cite data included
in this download as: Global Burden of Disease
Collaborative Network. Global Burden of Disease
Study 2021 (GBD 2021) Results. Seattle, United
States: Institute for Health Metrics and Evaluation
(IHME), 2022. Available from https://vizhub.
healthdata.org/gbd-results/.

During the preparation of this manuscript,
the authors used Al solely for language editing
and improving the clarity and readability of the
English text. The authors reviewed and edited the
content and take full responsibility for the accuracy,
originality, and integrity of the manuscript.

all authors.

Rasoul Gholamiveis, Mahya Ashaby, Mehdi
Moradinazar.

Rasoul Gholamiveis, Mahya Ashaby, Zahra
Shaahmadi, Mehdi Moradinazar.

Mehdi Moradinazar, Omid Bahiraee.

Mehdi Moradinazar

Writing - original draft: Mehdi Moradinazar,
Omid Bahiraee.

Writing - review & editing: all authors.

1. Cockwell P, Fisher LA. The global burden of chronic
kidney disease. Lancet. 2020;395(10225):662-4.

2. Levey AS, Atkins R, Coresh J, Cohen EP, Collins AJ,

304

10.

1.

12.

13.

14.

15.

16.

Eckardt KU, et al. Chronic kidney disease as a global
public health problem: approaches and initiatives - a
position statement from Kidney Disease Improving Global
Outcomes. Kidney Int. 2007;72(3):247-59.

. Ke C, Liang J, Liu M, Liu S, Wang C. Burden of chronic

kidney disease and its risk-attributable burden in 137
low-and middle-income countries, 1990-2019: results from
the global burden of disease study 2019. BMC Nephrol.
2022;23(1):17.

. Deng L, Guo S, LiuY, Zhou Y, Liu Y, Zheng X, et al.

Global, regional, and national burden of chronic kidney
disease and its underlying etiologies from 1990 to 2021:
a systematic analysis for the Global Burden of Disease
Study 2021. BMC Public Health. 2025;25(1):636.

. Wang L, He Y, Han C, Zhu P, Zhou Y, Tang R, et al.

Global burden of chronic kidney disease and risk factors,
1990-2021: an update from the global burden of disease
study 2021. Frontiers in Public Health. 2025;13:1542329.

. Bommer J. Prevalence and socio-economic aspects of

chronic kidney disease. Nephrol Dial Transplant. 2002;17
Suppl 11:8-12.

. Kim YE, Jung YS, Ock M, Yoon SJ. DALY Estimation

Approaches: Understanding and Using the Incidence-
based Approach and the Prevalence-based Approach. J
Prev Med Public Health. 2022;55(1):10-8.

. Qin K, Qing J, Wang Q, Li Y. Epidemiological shifts in

chronic kidney disease: a 30-year global and regional
assessment. BMC public health. 2024;24(1):3519.

. Mullerpatan R, Agarwal B, Joshi A, Nayak A, Kulkarni

S. Health-related Quality of Life of People with Chronic
Kidney Disease in Low and Middle-Income Countries.
Critical Reviews in Physical and Rehabilitation Medicine.
2023;35.

Network GBoDC. Global Burden of Disease Study 2021
(GBD 2021) Results: Institute for Health Metrics and
Evaluation (IHME); [Available from: https://gbd2021.
healthdata.org/gbd-results/.

Fullman N, Barber RM, Abajobir AA, Abate KH, Abbafati
C, Abbas KM, et al. Measuring progress and projecting
attainment on the basis of past trends of the health-related
Sustainable Development Goals in 188 countries: an
analysis from the Global Burden of Disease Study 2016.
The Lancet. 2017;390(10100):1423-59.

Xie K, Cao H, Ling S, Zhong J, Chen H, Chen P, et al.
Global, regional, and national burden of chronic kidney
disease, 1990-2021: a systematic analysis for the global
burden of disease study 2021. Frontiers in endocrinology.
2025;16:1526482.

LiZ, He R,Wang Y, Qu Z, Liu J, Yu R, et al. Global trends
of chronic kidney disease from 1990 to 2021: a systematic
analysis for the global burden of disease study 2021. BMC
nephrology. 2025;26(1):385.

(NCI) NCI. Age Period Cohort Analysis Tool 2024
[Available from: https://analysistools.cancer.gov/apc/.

Rosenberg PS, Check DP, Anderson WF. A web tool
for age-period-cohort analysis of cancer incidence and
mortality rates. Cancer Epidemiol Biomarkers Prev.
2014;23(11):2296-302.

National Academies of Sciences E, Medicine, Health,
Medicine D, Board on Population H, Public Health P,



17.

18.

19.

20.

Global CKD Disparities by Sex and Socioeconomic Status—Gholamiveis et al

et al. In: Baciu A, Negussie Y, Geller A, Weinstein JN,
editors. Communities in Action: Pathways to Health
Equity. Washington (DC): National Academies Press (US)
Copyright 2017 by the National Academy of Sciences. All
rights reserved.; 2017.

Nicholas SB, Kalantar-Zadeh K, Norris KC.
Socioeconomic disparities in chronic kidney disease. Adv
Chronic Kidney Dis. 2015;22(1):6-15.

Thenuwara G, Javed B, Singh B, Byrne HJ, Tian F.
Sex- and Gender-Specific Considerations in Mycotoxin
Screening: Assessing Differential Exposure, Health
Impacts, and Mitigation Strategies. Microbiology
Research. 2024.

Goldberg |, Krause I. The role of gender in chronic kidney
disease. Emj. 2016;1(2):58-64.

Zhang S, Ren H-F, Du R-X, Sun W-L, Fu M-L, Zhang
X-C. Global, regional, and national burden of kidney
dysfunction from 1990 to 2019: a systematic analysis
from the global burden of disease study 2019. BMC public
health. 2023;23(1):1218.

21. Carrero JJ, Hecking M, Chesnaye NC, Jager KJ. Sex

and gender disparities in the epidemiology and outcomes
of chronic kidney disease. Nature Reviews Nephrology.

2018;14(3):151-64.
22. Gelber RP, Kurth T, Kausz AT, Manson JE, Buring JE,

Levey AS, et al. Association between body mass index
and CKD in apparently healthy men. Am J Kidney Dis.

2005;46(5):871-80.

*Correspondence to:
Mehdi Moradinazar,

Clinical Research Development Center, Imam Khomeini and
Mohammad Kermanshahi and Farabi Hospitals, Kermanshah

University of Medical Sciences, Kermanshah, Iran
Email:m.moradinazar@kums.ac.ir

Received October 2025
Revised August 2026
Accepted September 2026

305



Global CKD Disparities by Sex and Socioeconomic Status—Gholamiveis et al

Male Male

DALY Incidence

wr
o - A IIIIIIIIIIIIIIIIIIIIII mm
I.w

i m
- ]
w

1990 1982 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 206 208 2020
Year

Middle SDI

Low-middle SDI

Low SDI

199 1992 194 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Year

Female
Female

DALY
Incidence
- I
Global

High SDI
High SDI
High-middle SDI -
e
High-middle SDI H E] (Ratepe 00000
=
Middle SDI | [ {1 g
=
Middle SDI ®
Low-middle SDI
Low-iddle SDI
Low SDI

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Year

Male 1990 1992 1994 1906 1998 2000 2002 2004 2006 2008 2010 2012 204 2016 2018 200
Year

DEATH
Male
Global
Prevalence

High SDI

DEATH
High-middle SDI
s
I High-middle SDI
Middle SDI
Middle SDI
Low-middle SDI
Low-middle SDI
Low SDI
Low SDI
1990 1092 1994 1996 1998 200 2002 204 206 208 210 212 A4 A6 218 20
Yex
190 1992 1994 1996 199 2000 2002 2004 2005 208 210 202 21 216 218 220
Female Yex
DEATH Female
Prevalence
Global
Global
High SDI
High SDI
A DEATH
High-middle SDI (oo 00) .
High-middle SDI (Rate per 100,000)
2 o0
" w0
Middle SDI h o
Middle SDI =
™
Low-middle SDI
' Lowniddie D
sl LowsDl
90 MU TINE TR0 TEL IO DN 2 TN CEI BEOLIEE .0 0 199 1992 1994 199 1938 2000 2002 2004 2006 2008 200 2012 M 206 008 200
Year

Appendix Figure 1. Three-decade (1990-2021) heatmap of agestandardized CKD burden, including DALY, incidence, deaths, and
prevalence, stratified by sex and SDI.
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Appendix Figure 2. AgePeriodCohort analysis of CKD DALY globally, 1992-2021: longitudinaltocrosssectional rate ratios, period and
cohort effects (with 95% Cls), by sex.
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