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ABSTRACT
Aims/Introduction: Type 2 diabetes mellitus has been a leading cause of chronic kid-
ney disease (CKD), with a heterogeneous distribution worldwide. Optimal healthcare plan-
ning requires an understanding of how the burden of CKD as a result of type 2 diabetes
mellitus has changed over time and geographic location, as well as the potential roles of
sociodemographic, clinical and behavioral factors in these changes.
Materials and Methods: We used the Global Burden of Disease data from 1990 to
2017 at the global, regional and national levels to investigate changes in the incidence,
death and disability-adjusted life years of CKD as a result of type 2 diabetes mellitus, incor-
porating both epidemiological research and risk factor monitoring.
Results: The incident cases of CKD as a result of type 2 diabetes mellitus worldwide in
2017 had increased by 74% compared with 1990; total disability-adjusted life years had
increased by 113%, mainly attributable to population expansion and demographic transi-
tion. The Sociodemographic Index was significantly and negatively correlated with overall
CKD as a result of type 2 diabetes mellitus burden. However, in 82 countries and territo-
ries, the burden was not alleviated in parallel with socioeconomic development.
Conclusions: CKD as a result of type 2 diabetes mellitus has been the main contribu-
tor to the increasing burden of CKD over the past several decades. We suggest a more
pragmatic approach focusing on early diagnosis, primary care and adequate follow up to
reduce mortality and the long-term burden in low-to-middle Sociodemographic Index
regions. Interventions should address high systolic blood pressure, as well as overweight
and obesity problems, especially in high-income regions.

INTRODUCTION
Chronic kidney disease (CKD) is an important public health
problem because of its increasing burden, as shown by general
population-based studies1–3. CKD as a result of type 2 diabetes
mellitus appears to be the main contributor to the increase in
CKD burden over the past several decades3–5, and it was the
only cause of CKD to show a significant increase in the age-
standardized disability-adjusted life year (DALY) rate, which
changed by 9.5% (95% uncertainty interval [UI] 4.3–13.7) from
1990 to 20176. This can be partially explained by an increase in

the prevalence of diabetes associated with population aging,
urbanization, industrialization, changes in nutrition, epidemics
of obesity and low levels of physical activity7. However, the glo-
bal importance of CKD as a result of type 2 diabetes mellitus
has not yet been widely acknowledged.
A detailed quantitative analysis of the global, regional, and

national burden and disparities in the burden of CKD as a
result of type 2 diabetes mellitus over the past 30 years has not
been carried out. The current study used the Global Burden of
Disease (GBD) data from 1990 to 2017 to describe the inci-
dence, mortality and DALYs of CKD as a result of type 2 dia-
betes mellitus, their disparities according to sociodemographic†These authors contributed equally to this manuscript.
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regions and countries, and the attributable risk factors. We
aimed to provide policymakers with the evidence required to
allocate resources appropriately to achieve optimal health out-
comes.

METHODS
Study data
The GBD study carried out in 2017 aimed to determine the
incidence, prevalence, mortality, and DALYs of 359 diseases
and injuries, and 84 risk factors by age and sex in 195 coun-
tries and territories from 1990 to 2017. The methodological
details of GBD 2017 have been reported elsewhere8–10. In the
present study, we extracted data from the GBD Collaborative
Network, and data on the incidence, death rate, DALYs and
attributable risk factors for CKD as a result of type 2 diabetes
mellitus at the global, regional and national levels were ana-
lyzed. CKD is defined as a permanent loss of renal function, as
shown by the estimated glomerular filtration rate <60 mL/min/
1.73 m2 or urinary albumin : creatinine ratio >30 mg/g, or
both. CKD as a result of type 2 diabetes is a subtype of CKD
that could be attributable to diabetes mellitus type 2 etiologi-
cally.8 DALYs is calculated by summing up the years of life lost
and years lived with disability9. The estimated burden attributa-
ble to a certain risk factor represents DALYs that could have
been avoided if the risk exposure was reduced to the theoretical
minimum exposure level10. The downloaded tool is available in
the Global Health Data Exchange and contains core summary
results for GBD 2017 (http://ghdx.healthdata.org/gbd-results-
tool).
This study categorized 195 countries into five regions in

terms of the Sociodemographic Index (SDI), which quantifies
the fertility rate, income per capita and educational attainment
into a range from 0 to 1. Age-standardized rates are also avail-
able to universalize the population size and age structure, refer-
ring to rates per 100,000 population based on the updated
standard population age structure from the GBD 2017 popula-
tion estimates for all national locations11.

Statistical analysis
The estimated annual percentage change (EAPC) is a widely
used measure for evaluating the time trends of various rates
over a specified interval. A regression line was fitted to the nat-
ural logarithm of the rates; that is, y = a + bx + e, where y is
the natural logarithm (rate), and x is the calendar year. The
EAPC was calculated as 100 9 (exp[b] - 1), and its 95% UI
was obtained using a linear regression model12.
We applied a decomposition analysis to determine the addi-

tive contribution of explanatory factors that drove the change
in DALYs between 1990 and 2017. The overall difference in
DALYs was decomposed according to the age structure, popu-
lation growth and age-specific DALY rates (epidemiological
changes).
To gain an intuitive understanding of the inequity in the

burden of CKD as a result of type 2 diabetes mellitus

worldwide, we defined the global burden among 50-year-olds
as the reference and estimated the equivalent age in 195 coun-
tries with the same burden. To evaluate the lowest potential
age-standardized DALY rate based on a given SDI, we carried
out a frontier analysis using data for the 195 countries from
1990 to 2017. A non-parametric data envelope analysis was
applied to produce a non-linear frontier13.
The methodologies are described in detail in Data S1. All sta-

tistical analyses and graphics were carried out using R version
3.5.1 (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Burden of CKD as a result of type 2 diabetes mellitus
The incident cases of CKD as a result of type 2 diabetes melli-
tus worldwide increased by 74% (95% UI 37–92), from
1,354,548 in 1990 to 2,352,496 in 2017. The age-standardized
incidence rate (ASIR) decreased by an average of 0.40% (95%
UI -0.47 to -0.33) per year during the study period (from
31.92 per 100,000 in 1990 to 29.15 per 100,000 in 2017). The
largest decrease in ASIR occurred in China (EAPC -1.79, 95%
UI -2.13 to -1.44), whereas the largest increase was observed
in the USA (EAPC 0.64, 95% UI 0.40–0.87). CKD as a result
of type 2 diabetes mellitus led to 348,959 deaths (95% UI
306,839–395,903) globally in 2017, representing a 145% increase
compared with 1990. The age-standardized death rate (ASDR)
increased by an average of 0.80% (95% UI = 0.74–0.86) glob-
ally. CKD as a result of type 2 diabetes mellitus was responsible
for 8,122,240 DALYs (95% UI 7,117,016–9,245,108) in 2017,
representing a large 2.13-fold increase from the 3,819,981
DALYs in 1990. The age-standardized DALY rate increased
steadily (EAPC 0.43, 95% UI 0.39–0.47) between 1990 and
2017, from 92.12 per 100,000 in 1990 to 100.85 per 100,000 in
2017. The increase was largest in El Salvador, at an average of
4.34% (95% UI 3.80–4.88) per year. Notably, the USA was
among the countries and territories (henceforth referred to as
“countries”) showing a significant increase in the age-standard-
ized DALY rate (EAPC 3.05, 95% UI 2.73–3.37; Table 1, Fig-
ures 1,S1).
On observation from SDI regions, the incident cases of CKD

as a result of type 2 diabetes mellitus increased in all quintiles,
with the rise being largest (at 2.03-fold) in middle SDI coun-
tries. The ASIR was highest in the low and low-middle SDI
quintiles during the study period, although it generally
decreased across all five SDI regions. The total deaths and
DALYs for CKD as a result of type 2 diabetes mellitus
increased in all regions, by the most in the middle SDI quintile
(2.93- and 2.53-fold, respectively). Despite the decreasing trends
in ASIR, the ASDR increased in all except the low SDI quintile,
in which it decreased by approximately 10% (95% UI -17 to -
2). The age-standardized DALY rate increased in the low-mid-
dle, middle and high SDI quintiles, whereas it decreased in the
low and high-middle SDI quintiles. The secular trends in ASDR
and age-standardized DALY rate were comparable, as DALYs
were mainly attributable to years of life lost in all SDI regions.
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As shown in Figure 2, the age-standardized DALY rate
showed a unimodal distribution among different age groups for
both sexes in 2017; the rate distribution pattern was similar in
all SDI quintiles with peak values in people aged 85–89 years.
The DALY rate in men was generally higher than that in
women, except for the people aged >85 years in a low SDI
region. Notably, at the global level, there were an estimated
1,255,878 incident cases of CKD as a result of type 2 diabetesTa
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standardized incidence, (b) death and (c) disability-adjusted life year
(DALY) rates between 1990 and 2017.
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mellitus in women compared with 1,096,618 in men, whereas
the ASIR in women slightly exceeded that in men in 2017
(Table 1, Figures 2,S2).

Decomposition analysis of the increase in DALYs
Decomposition analysis showed that population growth con-
tributed 45.94% to the increased burden of DALYs between

1990 and 2017, followed by aging (42.78%) and epidemiological
changes (11.28%) worldwide. The contribution of aging to the
overall DALYs was most pronounced in the high-middle SDI
quintile (70.89%), followed by the middle (56.79%), high
(51.29%), low-middle (32.99%) and low (22.98%) SDI quintiles.
Most of the increase in DALYs was driven by population
growth in the low (103.60%) and low-middle (66.51%) SDI
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Figure 2 | Age-standardized disability-adjusted life year (DALY) rate by sex and age in 2017. SDI, Sociodemographic Index.

Table 2 | Changes in disability-adjusted life years by population-level determinants from 1990 to 2017 globally and by Sociodemographic Index
quintile

Location Overall difference† Change due to population-level determinants (contribution to the total change)

Aging‡ Population growth§ Epidemiological changes¶

Global 4,302,258.98 1,840,535.972 (42.78%) 1,976,597.73 (45.94%) 485,125.307 (11.28%)
High SDI 707,882.99 363,048.8603 (51.29%) 171,331.9108 (24.20%) 173,502.2049 (24.51%)
High-middle SDI 516,766.77 366,329.3238 (70.89%) 191,852.9424 (37.13%) -41,415.49135 (-8.01%)
Middle SDI 1,776,209.54 1,008,685.954 (56.79%) 573,257.0779 (32.27%) 194,266.4759 (10.94%)
Low-middle SDI 935,285.86 308,557.5868 (32.99%) 622,102.0237 (66.51%) 4,626.221747 (0.49%)
Low SDI 352,956.06 81,121.49878 (22.98%) 365,666.0095 (103.60%) -93,831.44438 (-26.58%)

†Change in disability-adjusted life years (DALYs) number between 2017 and 1990. ‡Change in DALYs number as a result of change in the age
structure. §Change in DALYs number as a result of change in population number. ¶Change in DALYs number as a result of epidemiological
changes. Epidemiological changes refer to the DALY number change when age structure and population hold constant. SDI, Sociodemographic
Index.
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quintiles. The epidemiological changes showed various trends
over the 28-year analysis period, with a negative contribution
in low and high-middle SDI quintiles (-26.58 and -8.01%,
respectively), and a notable positive contribution of 24.51% in
the high SDI quintile (Table 2).

SDI and burden of CKD as a result of type 2 diabetes mellitus
As shown in Figure 3, significant negative associations were
found between SDI and ASIR (q = -0.52, P < 0.001), ASDR
(q = -0.27, P < 0.001) and the age-standardized DALY rate
(q = -0.30, P < 0.001) in 2017. The disease-related burden will
be expected to show a downward temporal trend with an
improving socioeconomic status.
The global average DALY rate for CKD as a result of type 2

diabetes mellitus among 50-year-olds in 2017 was 137.2 per
100,000 persons. Taking this as a reference for comparisons
with other countries, the estimated equivalent ages varied
widely, from being oldest (at 81.5 years) in Belarus to youngest
(at 35.7 years) in the Solomon Islands. As shown in Figure 4,
countries with a higher SDI generally experience a lower bur-
den of CKD as a result of type 2 diabetes mellitus: the esti-
mated equivalent ages were 56.1, 55.9, 47.8, 46.9 and 48.6 years
in high, high-middle, middle, low-middle and low SDI coun-
tries, respectively. The results for all 195 countries are provided
in Table S2.
Years of life lost accounted for 82.13% of the age-standard-

ized DALY rate associated with CKD as a result of type 2 dia-
betes mellitus in 2017 globally. The proportion was lowest in
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Figure 3 | The association between (a) age-standardized incidence, (b)
death, (c) disability-adjusted life year (DALY) rate and Sociodemographic
Index. (a) q = -0.52, P < 0.001; (b) q = -0.27, P < 0.001; (c) q = -0.30,
P < 0.001; Each circle represents a country; circle size corresponds to
population number. The P indices and q values were derived from
Pearson’s correlation analysis.
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the high SDI quintile (68.64%), followed by the high-middle
(75.86%), low (84.06%), middle (86.92%) and low-middle
(87.15%) SDI quintiles (Figure S3).

Frontier analysis based on age-standardized DALY rates
Although there was generally a negative correlation between
SDI and the age-standardized DALY rate, we noted substantial
heterogeneity for countries with similar SDIs. Overall, the low-
est observed DALY rate showed a downward trend as SDI
increased, and the frontier remained steady when SDI exceeded
0.75. We set countries with small effective distance changes (be-
tween -10 and 10) from 1990 to 2017 as the moderate group,
referring to countries along with comparable decreasing DALY
rate as the SDI increased. Additionally, we defined the

overperforming and underperforming groups to classify the 195
countries into separate groups based on their relative perfor-
mance. A total of 63 countries were categorized into the mod-
erate group (e.g., China, Brazil, Russia and Germany), 50 into
the overperforming group (e.g., Japan, Mongolia, South Korea
and Turkey) and 82 countries into the underperforming group
(e.g., the USA, Australia, India and Mexico). Notably, the SDI
for the USA increased from 0.78 to 0.87 between 1990 and
2017, meanwhile the corresponding DALY rate increased from
54.91 to 113.17 (Table S3).
Furthermore, the top five countries with the lowest effective

differences from the frontier were Belarus, Ukraine, Iceland,
Lithuania and Moldova in 2017 (range 0.24–3.25). The top five
countries with the largest effective differences were Mauritius,
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Marshall Islands, Federated States of Micronesia, American
Samoa and El Salvador (range 376.49–502.58; Figure 5).

Burden attributable to risk factors
CKD as a result of type 2 diabetes mellitus is always accompa-
nied by impaired kidney function and a high fasting plasma
glucose level. We focused on DALYs as a result of high systolic
blood pressure, high body mass index (BMI), diet high in
sodium and lead exposure in this study. As of 2017, 45.72% of
the global age-standardized DALY rate was attributable to
hypertension, with a steady trend from 1990 globally and across
all except the high SDI region. High BMI contributed 34.55%
of the total burden, with the proportion increasing rapidly dur-
ing the study period across all SDI quintiles. The increase was
largest for the high SDI region, from a 33.64% contribution in
1990 to one of 43.75% in 2017, resulting in high BMI being a
leading risk factor since 2015 in high SDI countries. Diet high
in sodium and lead exposure were responsible for 12.35 and
4.69% of the global burden in 2017, respectively, and this pat-
tern was stable and comparable among all SDI quintiles over
time (Figure 6).

DISCUSSION
Diabetic kidney disease (DKD) develops in approximately 40%
of patients who have diabetes and is the leading cause of CKD
worldwide14. The decrease in ASIR most likely reflects progress
made in the management of hyperglycemia and the

complications of type 2 diabetes mellitus despite the prevalence
of diabetes globally having been increasing since 19807,15. This
encouraging trend is further supported by data from the Steno
Diabetes Center, which reported contemporary patients with
type 2 diabetes mellitus are less likely to develop renal impair-
ment than were patients from 1983 to 200316, possibly as a
result of overall increased use of glucose-lowering medications
and renin–angiotensin–aldosterone system inhibitors.
China has experienced the largest decrease in ASIR at a

national level. Similarly, in a cohort study using data of 8,811
community-based patients with diabetes in China, the percent-
age of isolated estimated glomerular filtration rate <60 mL/
min/1.73 m2 and isolated proteinuria (either alone or in combi-
nation) was comparatively lower compared with results from
the UK Prospective Diabetes Study involving 4,006 patients
with diabetes17,18. By contrast, the USA saw a significant
increase in the AISR of CKD as a result of type 2 diabetes mel-
litus, along with high EAPC from 1990 to 2017. The overall
prevalence of DKD did not change significantly among adults
in the USA with diabetes from 1988 to 2014, and the preva-
lence of DKD in the USA increased in proportion to the preva-
lence of diabetes19,20. In addition, in the USA, the prevalence of
type 2 diabetes mellitus among children and adolescents has
increased by 30.5% between 2001 and 200921, and its incidence
has increased 4.8% annually between 2002 and 201222.
The burden of CKD as a result of type 2 diabetes mellitus

quantified as the deaths and DALYs increased steadily over the
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study period at the global level. Notably, the mortality risk is
known to be enormous, nearly 20% per year in patients with
elevated plasma creatinine or RRT long before end-stage kidney
disease18. As both the incidence and prevalence of type 2 dia-
betes mellitus increase substantially with age, and elderly dia-
betes patients are more likely to have other comorbidities, the
DALY rate of population aged >65 years was significantly
higher23. Despite the overall heavier burden in men in 2017,
the exceeding cases and incidence rates for women suggest a
potential upcoming rapid rise in the prevalence of CKD as a
result of type 2 diabetes mellitus in women. Several explanatory
factors have been put forward for this, including overestimating
disease presence in women by glomerular filtration rate-esti-
mating equations, declining protective hormone levels with age
for women and relevant social factors, such as women being
more likely to present for screening or symptom diagnosis in
comparison with men24.
Aging was the more prominent driver in the middle, high-

middle and high SDI nations with higher life expectancies, and
population growth was the main force in the low-middle and
low SDI nations known for high fertility and lower life expec-
tancy. In accordance with the decreasing trend of the age-stan-
dardized DALY rate in low and high-middle SDI regions,
epidemiological changes contributed negatively in those areas,
which represents a favorable finding and shows that some pro-
gress has been made in the prevention and treatment of CKD
as a result of type 2 diabetes mellitus25.
Higher SDI countries have greater financial resources to

establish a better healthcare system, and thereby implement
more effective and timely treatments26,27. Furthermore, our
equivalent age analysis showed a staggering difference between
countries of 46 years in the highest and lowest equivalent ages
compared with the global average 50-year-olds, and the devia-
tions present a call to action for healthcare providers to narrow
the gap in health burden.
The years of life lost accounted for 84.06 and 87.15% of

DALYs in the low and low-middle SDI quintiles, respectively,
significantly exceeding those in the high (68.64%) and high-
middle (75.86%) SDI quintiles. This finding showed that the
deterioration in health statuses in these regions was primarily
driven by premature deaths rather than disability. There are
several possible explanations for this: (i) lack of health aware-
ness and low likelihood of detecting disease in the early stage;
(ii) failure of the primary healthcare system to respond
promptly and effectively; and (iii) less available access to high-
cost interventions (e.g., RRT and kidney transplantation)28–30.
Given the restricted sociodemographic resources, we suggest
that policies and practices in underdeveloped countries should
focus on facilitating cost-effective screening, early diagnoses and
low-cost treatments, such as peritoneal dialysis, to minimize the
risk of CKD progression in diabetes patients, which will have a
substantial cost impact for health systems31,32. As excess mor-
tality in type 2 diabetes mellitus patients is largely confined to
those with CKD33, the value of identifying CKD in a timely

manner and consequently optimizing care in a proper manner
is potentially great.
Some countries have made considerable progress alongside a

rapid socioeconomic development from 1990 to 2017. Mean-
while, 82 countries showed disappointing performance (e.g., the
USA and Australia). In 2017, we found countries with DALY
rates that were distant from the frontier, suggesting that there
are considerable opportunities to narrow the gap, as well as
exemplars that showed leading performance at all levels of the
development spectrum, which should encourage countries with
similar SDIs to optimize their available resources to achieve bet-
ter health outcomes. Low socioeconomic development is not an
impossible barrier to overcome, and the health progress enabled
by sociodemographic prosperity might be overwhelmed by
other forces. This heterogeneity could be partially explained by
the shift of prevalence patterns of attributable risk factors (i.e.,
hyperglycemia, hypertension, obesity)34, meanwhile therein lies
the opportunity to break out of the narrative that managing
kidney disease burden just requires addressing diabetes and
hypertension, as data are emerging on the relationship of
smoking and ambient pollution with diabetic nephropathy bur-
den in different parts of the world35–37.
High BMI has made an increasing contribution to the DALY

rate across all SDI quintiles from 1990 to 2017. This finding is
consistent with a previous report that the prevalence of obesity
in adults is highest in high-SDI countries and is continuing to
increase rapidly38, which highlights the need for a continued
focus on BMI surveillance. Furthermore, reducing dietary
sodium intake represents another therapeutic opportunity to
improve nephropathy in diabetes patients39.
The present study was subject to several limitations. First, we

relied on estimates generated by the GBD study group, and
although GBD methodologies and results are considered reliable
and robust, they are necessarily limited by the quality of the
available data8,9. Second, CKD etiology proportion models
informed by data from end-stage kidney disease registries and
the Geisinger Health System in Pennsylvania might also have
affected the precision of some of the estimated levels and trends
of disease burden8. Third, certain established risk factors for
CKD as a result of type 2 diabetes mellitus have not been elab-
orated in the database, and therefore are not estimated sepa-
rately in the present study.
The global burden of CKD as a result of type 2 diabetes

mellitus quantified as ASDR and age-standardized DALY rate
has substantially increased from 1990 to 2017. Our decomposi-
tion analysis identified population expansion and demographic
transition as the main factors driving the increasing DALYs
worldwide, and there was a significant variation in demo-
graphic and epidemiological changes across SDI regions.
Despite a negative correlation between socioeconomic status
and the corresponding burden, we ascertained that certain
countries across the development spectrum showed perfor-
mance that exceeded expectations, whereas others suffered an
increasing DALY rate despite sociodemographic prosperity.
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Given restricted resources, we suggest that there should be
more of a focus on initiating causal pathways and interventions
at early stages in order to alleviate the death burden in low-to-
middle SDI countries. Overweight and obesity are increasing
public health problems across all SDI levels as far as CKD as a
result of type 2 diabetes mellitus is concerned. There is an
urgent need to implement more tailored prevention programs
(e.g., diet modification or physical activity programs) and tar-
geted campaigns against overweight and obesity, especially in
high-income countries.
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Data S1 | Supplementary methods.

Table S1 | Chronic kidney disease as a result of type 2 diabetes mellitus numbers and age-standardized rates at the country and
regional level.

Table S2 | Equivalent age in 195 countries and territories compared with global 50-year-olds in 2017.

Table S3 | Frontier disability-adjusted life years and effective difference by country or territory.

Figure S1 | (a) Age-standardized incidence, (b) death and (c) disability-adjusted life years (DALY) rates in 2017.

Figure S2 | (a) Age-standardized incidence, (b) death and (c) disability-adjusted life years (DALY) rates globally and in Sociodemo-
graphic Index (SDI) quintiles between 1990 and 2017.

Figure S3 | The ratio of age-standardized years of life lost rate and disability-adjusted life years (DALY) rate globally and in
Sociodemographic Index (SDI) quintile.
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