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ABSTRACT

Background: Diabetic kidney disease (DKD) is a prevalent and severe complication of diabetes that significantly impacts
global health and quality of life. Most DKD is attributable to type 2 diabetes; therefore, chronic type 2 DKD warrants further
examination.

Objective: To deliver targeted assistance in alleviating the worldwide, regional, and national burden of chronic type 2 DKD,
we executed a survey assessing the prevalence of chronic type 2 DKD utilizing the Global Burden of Disease, Injury, and Risk
Factors (GBD) database.

Methods: We examined the temporal trends of chronic type 2 DKD prevalence over the past 30years using the 2021 GBD data-
base, analyzed the trends by population, epidemiological change, and aging, and quantified cross-country health inequalities.
Additionally, we forecasted the trend during the subsequent two decades.

Results: In 2021, there were over 107 million cases of chronic type 2 DKD globally, reflecting an 85.11% rise from 58 million
cases in 1990. The age-standardized rate (ASR) declined with an estimated annual percentage change of 0.17% per annum.
Epidemiological change and population expansion are the primary factors influencing the alterations. The contributions of ep-
idemiological change, population, and aging vary with alterations in the sociodemographic index (SDI). Significant health ine-
qualities were observed across 204 countries and territories, with the slope index of inequality increasing over time. The forecast
for the worldwide burden of chronic type 2 DKD from 2020 to 2040 suggests a significant rise in case numbers, while the altera-
tions in ASR remain largely stable.

Conclusions: These findings indicate the significant disease burden of chronic type 2 DKD, necessitating more targeted and
effective interventions for its prevention and management.
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Summary

« Compared to 1990, the prevalence case number
of chronic type 2 DKD in 2021 has significantly
increased.

« Population growth and aging are the primary factors
influencing the alterations of chronic type 2 DKD.

« Chronic type 2 DKD needs more targeted and effec-
tive interventions for its prevention and management.

1 | Introduction

Diabetes is a growing global concern affecting around 9.3% of
individuals aged 20 to 79 worldwide [1]. In 2019, over 463 mil-
lion persons received a diabetes diagnosis. The worldwide
prevalence of diabetes is anticipated to increase from 8.4%
in 2017 to 9.9% by 2045. Diabetes is a chronic disorder gen-
erally classified into type 1 and type 2, with type 2 diabetes
mellitus (T2DM) being the predominant form [1, 2], including
90% of diabetes cases [3, 4]. Diabetic kidney disease (DKD),
as a common complication of diabetes, is the leading type
of chronic kidney disease (CKD) and the principal cause of
end-stage kidney disease, accounting for more than 50% of all
end-stage kidney disease patients globally [5, 6]. The Global
Burden of Disease (GBD) 2021 classifies CKD into five cate-
gories: CKD due to type 1 diabetes mellitus, CKD due to type
2 diabetes mellitus, CKD due to glomerulonephritis, CKD
due to hypertension, and CKD due to other and unspecified
causes. It is estimated that T2DM constitutes 30%-50% of the
various etiologies of CKD [7]. In 2019, T2DM was the second
predominant cause of CKD and CKD-associated mortality
globally, with 2.62 million cases of diabetes mellitus-related
CKD comorbidity reported worldwide [8]. The increasing
prevalence of chronic type 2 DKD would markedly augment
the disease burden due to its adverse impact on quality of life
and the considerable expenses linked to its extended course
[7, 9]. Therefore, greater emphasis should be placed on DKD
resulting from T2DM in comparison to DKD resulting from
type 1 diabetes.

The Global Disease, Injury, and Risk Factor Assessment model
aims to elucidate epidemiological change by quantifying dis-
ease risk factors, characterizing diseases, and evaluating dis-
ease burden, while also providing insights and data to facilitate
global health solutions [8]. The financial burden of chronic type
2 DKD is substantial [10], and prompt identification of chronic
type 2 DKD along with proactive risk factor management might
alleviate this financial strain [11]. Increased focus and effort
are essential to tackle chronic type 2 DKD, which is an escalat-
ing public health issue impacting individuals globally [9]. This
study aims to delineate the trends in the global, regional, and
national prevalence of chronic type 2 DKD from 1990 to 2021,
evaluate the impact of aging, population growth, and epidemio-
logical change on the prevalence of chronic type 2 DKD, analyze
inequalities among countries, and project changes up to 2040,
thereby elucidating the significance of the disease prevalence
attributable to chronic type 2 DKD.

2 | Methods
2.1 | Study Data

Utilizing recent epidemiological data and enhanced standard-
ized methodologies, GBD 2021 (https://vizhub.healthdata.org/
gbd-results/) quantifies health loss for 371 diseases across 204
countries and territories, encompassing metrics of prevalence,
disease severity, and mortality, which collectively provide a
thorough evaluation of disease burden [12]. Numerous epide-
miological studies have been conducted on a variety of diabetes
types and their complications, utilizing the GBD database. These
studies have offered recommendations for countries to allocate
medical resources and develop public health policies [8, 13, 14].
This study gathered case numbers and age-standardized rates
(ASR) of chronic type 2 DKD categorized by sex, region, and
country, spanning from 1990 to 2021. Simultaneously, the es-
timates and their 95% uncertainty interval (UI) for prevalence
were obtained. The sociodemographic progress of a country
or region was measured by the sociodemographic index (SDI),
which represents the aggregate average of income, educational
attainment, and fertility rates [15, 16]. The 204 countries and re-
gions were subsequently categorized into five regions according
to the SDI: low, low-middle, middle, high-middle, and high.

2.2 | Data Analysis

ASR and estimated annual percentage change (EAPC) were
employed to evaluate trends in the prevalence of chronic type 2
DKD. The EAPC, derived from a regression model that fits the
natural logarithm to the calendar year, was computed to char-
acterize the long-term trend of ASR in the prevalence of chronic
type 2 DKD, represented by the equation Y=o+ X +¢, where
y=In (rate), x=calendar year, and e=error term. The EAPC is
computed using the formula EAPC =100 X (exp (3)—1). The 95%
confidence intervals (CI) for the EAPC were derived from the
linear model [8, 17]. If both the value of EAPC and the lower
boundary of the 95% CI exceed 0, the age-standardized indica-
tor is deemed to exhibit an increasing trend. Conversely, if the
EAPC value and the upper boundary of the 95% CI are both
below 0, a decreasing trend is identified. A constant trend is in-
dicated when the 95% CI of the EAPC encompasses 0 [17, 18]. We
analyzed the raw case numbers by age, population, and epide-
miological change, including age and population standardized
prevalence, to assess the impact of population expansion, aging,
and epidemiological change on chronic type 2 DKD during the
past 30years.

2.3 | Cross-Country Inequalities Analysis

The slope index of inequality and concentration index were em-
ployed to measure the SDI-related disparity in the burden of
chronic type 2 DKD among countries [19]. The slope index of
inequality was determined by regressing the country-level prev-
alence of chronic type 2 DKD across all age groups against the
sociodemographic development-related relative position scale,
which is defined by the midpoint of the cumulative class range of
the population ranked by SDI. The health inequality concentra-
tion index was determined by applying a Lorenz concentration
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curve to the observed cumulative relative distribution of pop-
ulations ranked by SDI and disease prevalence, together with
numerically integrating the region beneath the curve [20, 21].

2.4 | Predictive Analysis

To predict the quantity and occurrence of new cases from 2020
to 2040, we employed a linear log age-time-cohort model that
adeptly manages exponential growth trends and limits forecasts
of linear trends. In conjunction with the estimating methodol-
ogy and the resultant parameter estimates, the model was estab-
lished utilizing the NORDPRED package in R program [22, 23].
The anticipated illness prevalence for 2040, for which data is
accessible, is averaged and subsequently applied to the United
Nations' population forecasts for each country for that year, en-
abling the forecasting of case numbers and the ASR to 2040 [22].

3 | Results
3.1 | Trend Analysis

Worldwide, the case number of chronic type 2 DKD rose from
58105268 (95% UI 53056992, 63286 818) in 1990 to 107559955
(95% UI 99170797, 115994732) in 2021, reflecting a rise of
85.11%. In addition, the ASR for chronic type 2 DKD was
1327.22 (95% UI 1223.26, 1439.42) in 1990, 1259.63 (95% UI
1161.99, 1359.92) in 2021, and —0.17% (95% CI —0.20, —0.13) in
EAPC, indicating stability. However, the majority of ASRs are
experiencing a modest decline. In 1990 and 2021, the number
of chronic type 2 DKD cases was slightly higher in females.
However, the estimated annual percentage change (EAPC) in
females was —0.14% (95% CI —0.19, —0.09), which was relatively
smaller in magnitude compared to that in men (—=0.21%, 95% CI
—0.23, —0.18). The ASR exhibits significant variation across SDI
regions, with the highest ASR shown in the low-middle SDI re-
gion, at 1586.44 in 1990 (95% UI 1452.35, 1722.23) and 1474.59
in 2021 (95% UI 1357.94, 1606.52). The lowest ASR was 1037.34
(95% UI 959.27, 1110.52) in 1990 in the high SDI region and
997.07 (95% UI 918.7, 1066.28) in 2021 in the high SDI region.
ASR diminished throughout all SDI regions. Moreover, the high-
est EAPC was elevated in the high SDI zone at —0.09% (95% CI
—0.14, —0.05), whereas the low-middle SDI region exhibited the
lowest EAPC at —0.31% (95% CI —0.36, —0.27) (Table 1). In terms
of 21 regions worldwide, in 2021, Southeast Asia had the highest
ASR at 1739.34 (95% UI1595.66, 1883.88), while Western Europe
had the lowest ASR at 737.42 (95% UI 683.02, 790.09). In 1990,
Southeast Asia had the highest ASR at 1793.6 (95% UI 1626.27,
1951.45), while Western Europe had the lowest ASR at 826.01
(95% UIT 762.09, 883.39). From 1990 to 2021, the high-income
Asia Pacific region exhibited the lowest EAPC at —0.47% (95%
CI —0.54, —0.41), while Eastern Sub-Saharan Africa exhibited
the highest EAPC at —0.05% (95% CI —0.07, —0.03). East Asia
experienced minimal growth from 1990 to 2021, registering a
decrease of 13.13%, with an EAPC of —0.25% (95% CI —0.39,
—0.10). Nonetheless, high-income North America experienced
the most significant rise from 1990 to 2021 (4.94%), with an
EAPC of 0.35% (95% CI 0.29, 0.42) (Figure 1A). The prevalence
of chronic type 2 DKD was higher in most countries and regions
in 2021 than in 1990 (Figure 1B). However, in most regions of

the world, EAPC was less than 0, signifying a negative growth
trend in ASR (Figure 1C).

3.2 | Decomposition Analysis

Globally, from 1990 to 2021, population growth has been the
dominant driver of the disease burden in the prevalence of
chronic type 2 DKD, followed by aging, while epidemiological
change has mitigated this burden. This pattern was consis-
tent across the five SDI regions, though subtle variations were
observed among the 21 GBD regions. Importantly, no gender-
specific differences were noted in this overarching trend
(Figure 2).

3.3 | Cross-Country Inequality Analysis

Significant absolute and relative SDI-related inequalities in the
burden of chronic type 2 DKD were observed, with notable in-
creases in these indicators with time (Figure 3). A greater prev-
alence was seen to disproportionately cluster in countries with
elevated SDI. In 1990, the slope index of inequality was 534.02,
indicating a prevalence excess of 534.02 (per 100000 population)
in the country with the highest SDI compared to the country
with the lowest SDI. This inequality increased to 930.71 by 2021.
Simultaneously, the concentration index exhibited an upward
trend from 1990 to 2021.

3.4 | Predicted Trends

The prevalence of chronic type 2 DKD escalates with age and
population dynamics, influenced by various factors. We pro-
jected prevalence case numbers and ASR for chronic type 2
DKD are outlined for the years 2020-2040 at global levels.
Globally, the total number of cases will markedly rise over the
next 20years, while the prevalence rate will remain relatively
stable (Figure 4A,B).

4 | Discussion

The global pandemic of type 2 diabetes represents a significant
health burden, with DKD emerging as the primary cause of end-
stage renal disease, a prevalent complication of diabetes world-
wide [24]. Chronic DKD is the most perilous consequence of
diabetes, contributing to increased morbidity and death in indi-
viduals with type 1 and type 2 diabetes [25]. Given that type 2 di-
abetes is a significant contributor to chronic DKD, it is essential
to prioritize research in this area. Currently, there is no research
focused solely on chronic type 2 DKD. This study is the inaugu-
ral investigation into the global prevalence of this disease, as per
the GBD database.

In 2021, the global prevalence of chronic type 2 DKD exceeded
107 million cases, predominantly occurring in regions with
middle and low-middle SDI regions. Our data indicated that
these regions had elevated ASR and diminished EAPC relative
to high SDI regions, likely attributable to a greater ASR base-
line in middle SDI and low-middle SDI countries compared to
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FIGURE1 | (A) The ASR of prevalence of chronic type 2 DKD in 2021. (B) The relative change in case number of prevalence of chronic type 2
DKD from 1990 to 2021. (C) The EAPC of ASR of prevalence of chronic type 2 DKD from 1990 to 2021. ASR, age-standardized rate; EAPC, estimated

annual percentage change.

1990. Nonetheless, all SDI countries have exhibited a marginal
decrease in ASR as the prevalence of chronic type 2 DKD has
gained greater acknowledgment in recent years, health con-
ditions have improved, and the prevention and treatment of

chronic type 2 DKD have intensified [8]. The World Health
Organization (WHO) Global Diabetes Compact was founded
in 2021 to enhance healthcare access for individuals with dia-
betes and to collaborate closely with them. The United Nations
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employs diabetes treatment as a metric for evaluating the
healthcare systems of nations in relation to universal health
coverage goals [26] and has set a target to decrease premature
mortality from diabetes and other non-communicable diseases
by one-third by 2030, as outlined in Goal 3 of the United Nations
Sustainable Development Goals [27]. Consequently, these alter-
ations may be associated with the initiatives undertaken by the
WHO and the United Nations.

Population growth and aging have significantly contributed to
the rising prevalence of chronic type 2 DKD globally, regionally,
and nationally; however, epidemiological change have mitigated
this trend. Therefore, priorities should be placed on address-
ing the disease burden caused by population growth—such
as expanding access to medical resources and strengthening
public health planning. Although aging contributes less to the
DKD burden than population growth, as the second most im-
portant driver, it still needs to be incorporated into long-term
public health planning. Meanwhile, efforts should continue to
prioritize the promotion of epidemiological interventions (e.g.,
diabetes management, lifestyle modifications), especially with
precision adjustments tailored to GBD regions showing signifi-
cant regional variations [8]. The consistency across genders in-
dicates that there is no need to design gender-specific prevention
and control strategies, allowing resources to focus on universal
interventions.

An in-depth investigation of health inequalities reveals that the
prevalence of chronic type 2 DKD is significantly concentrated
in impoverished and underdeveloped regions characterized by
inadequate screening capabilities and limited therapeutic inter-
ventions. Income is fundamental to population health, and its
disparity significantly influences health inequality since higher

income typically correlates with increased access to medical
treatment and improved health outcomes [28]. High SDI coun-
tries possess more modern medical facilities, more comprehen-
sive healthcare measures, and greater reserves of medical talent
compared to low to medium SDI countries [8]. For instance,
not all patients with DKD are eligible for renal replacement
therapy, and 78% of these patients reside in low- and middle-
income countries, where resources, dialysis availability, and
kidney donations are constrained [29]. In sub-Saharan Africa,
although individuals in need of renal replacement therapy com-
mence treatment, retention rates are low due to an inability to
afford continuous dialysis, resulting in up to 85% of new pa-
tients refusing this life-saving intervention [30]. Public health
policy contributes to reducing the prevalence rate of DKD by
educating healthcare professionals, establishing early kidney
disease detection programs, implementing nephroprotective
treatments, and appropriately managing CKD risk factors such
as elevated systolic blood pressure and glucose levels [31]. This
measure may be particularly significant in regions with low SDI,
where primary care health services prioritize infant and ma-
ternal health and are less capable of effectively preventing and
managing chronic diseases [32]. Furthermore, fewer than 50%
of the patients underwent testing for urine albumin, an initial
indicator of renal damage induced by diabetes [33]. Numerous
nations continue to be deficient in a proficient cadre of nephrol-
ogy specialists and universal access to primary healthcare and
renal replacement medication. Screening for renal function in
diabetes patients, along with increasing awareness, is essential
for the early identification of CKD. The alleviation of chronic
type 2 DKD should be incorporated into governmental health
goals and resource distribution strategies, emphasizing pre-
vention, early management, and the postponement of disease
progression.
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Forecasts derived from current data indicate that the prevalence
of chronic type 2 DKD has not diminished, and the emergence of
new cases will remain significant in most nations due to popula-
tion expansion and ongoing aging trends. The majority of coun-
tries will exhibit a significant prevalence of chronic type 2 DKD.
Notwithstanding advancements in screening for chronic type 2
DKD by 2040, the prevalence of chronic type 2 DKD is projected
to rise gradually from 2021 to 2040, owing to its incurable na-
ture and the significant correlation between aging and chronic
type 2 DKD. The alleviation of diabetes mellitus-related CKD
should be incorporated into the government's health priorities
and budget allocation strategies, emphasizing prevention, early
management, and the postponement of disease progression.

This study possesses certain limitations: (1) The GBD study
mostly relies on collected data; however, the data collection
methods, techniques, and tools vary across countries, resulting

in potentially inconsistent cross-country evidence, making it
difficult to distinguish between high-quality and low-quality
data. (2) Diagnostic rates may fluctuate based on the degree
of development and healthcare quality in different countries,
potentially leading to underdiagnosis in nations with inferior
healthcare systems. Analyzing the temporal trends in the
prevalence of chronic type 2 DKD across 204 countries and
territories over the past 30years, along with forecasting future
changes over the next 20years, can enhance the understand-
ing of disease epidemiology in various nations, potentially
guiding the formulation of tailored health policies to address
specific disease burdens globally. Conversely, examining the
cross-national disparities in disease burden may enhance our
comprehension of the SDI-related distributional inequalities
for chronic type 2 DKD, thereby facilitating a judicious allo-
cation of scarce medical resources globally, which could pro-
mote global health.
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across the world.

5 | Conclusion

In conclusion, chronic type 2 DKD is a major public health
concern of worldwide significance. The rising prevalence of
chronic type 2 DKD attributable to population growth and
epidemiological change poses a significant challenge for de-
veloping nations; conversely, the issue of chronic type 2 DKD
resulting from modernization and urbanization is expected to
gain prominence in developed countries in the near future.

Health inequality regression curves (A) and concentration curves (B) for the prevalence of chronic type 2 DKD from 1990 to 2021

Moreover, although the prevalence of chronic type 2 DKD is
skewed towards less-developed countries, this burden is dis-
proportionately more significant in places with elevated so-
ciodemographic development and is escalating over time.
Implementing healthy lifestyle habits and implementing tai-
lored tactics based on varying socioeconomic conditions in
countries have been suggested as feasible and successful man-
agement approaches. The widespread occurrence of chronic
type 2 DKD surpasses current public awareness, necessitating
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further research to explore its determinants and address poten-
tial causes, ultimately aiding in the prevention of chronic type
2 DKD and reducing the global disease burden.
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