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Abstract

Background: High fasting plasma glucose (HFPG) is the leading risk factor

contributing to the increase of stroke burden in the past three decades. How-

ever, the global distribution of stroke burden specifically attributable to HFPG

was not studied in depth. Therefore, we analyzed the HFPG-attributable bur-

den in stroke and its subtypes in 204 countries and territories from 1990

to 2019.

Methods: Detailed data on stroke burden attributable to HFPG were obtained

from the Global Burden of Disease Study 2019. The numbers and age-

standardized rates of stroke disability-adjusted life years (DALYs), deaths,

years lived with disability, and years of life lost between 1990 and 2019 were

estimated by age, sex, and region.

Results: In 2019, the age-standardized rate of DALYs (ASDR) of HFPG-

attributable stroke was 354.95 per 100 000 population, among which 49.0%

was from ischemic stroke, 44.3% from intracerebral hemorrhage, and 6.6%

from subarachnoid hemorrhage. The ASDRs of HFPG-attributable stroke in

lower sociodemographic index (SDI) regions surpassed those in higher SDI

regions in the past three decades. Generally, the population aged over 50 years

old accounted for 92% of stroke DALYs attributable to HFPG, and males are

more susceptible to HFPG-attributable stroke than females across their

lifetime.

Conclusions: Successful key population initiatives targeting HFPG may

mitigate the stroke disease burden. Given the soaring population-

attributable fractions of HFPG for stroke burden worldwide, each country

should assess its disease burden and determine targeted prevention and

control strategies.
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Highlights

• During the past 30 years, globally, the disease burden of stroke burden has

decreased substantially; however, the disease burden of stroke attributable

to high fasting plasma glucose (HFPG) failed to achieve a significant decline.

The population-attributable fraction of HFPG for stroke burden has been

increasing across different regions regardless of the sociodemographic index

(SDI) of each region.

• The age-standardized rate of disability-adjusted life years (DALYs) of HFPG-

attributable stroke burden shifted from higher SDI regions to lower SDI regions.

• Older adults and males were the key populations concerning the control of

HFPG-attributable stroke in all SDI regions and all stroke subtypes.

• The increase of HFPG-attributable stroke burden in females in low SDI

regions and the slower decrease of DALYs of HFPG-attributable stroke rates

among 25–69 years old adults in high SDI regions compared with high-

middle SDI regions are worth attention as well.

1 | INTRODUCTION

Stroke is the second leading cause of death and the third
leading cause of disability worldwide.1 In the past two
decades, the annual prevalence of stroke and its related
deaths increased substantially. By 2019, there were
101 million people suffering from stroke and 6.55 million
deaths due to stroke globally.1 The large increase in the
global burden of stroke was partly attributed to popula-
tion aging and expansion.2 Meanwhile, because urbaniza-
tion and lifestyles are shifting, there are increasing
exposure rates to many metabolic risk factors and dis-
eases.1,3 Diabetes is one metabolic disease rising rapidly
worldwide, with its highest growth rate in low- and
middle-income countries.4,5 Studies have shown that
hyperglycemia is one of the most critical risk factors for
stroke and also has a major impact on its long-term
prognosis.6–9 A recent systematic analysis for the Global
Burden of Disease (GBD) Study 2019 revealed that high
fasting plasma glucose (HFPG) was one of the leading
risk factors contributing to the increase in the total num-
ber of stroke-related disability-adjusted life-years
(DALYs) in the past two decades, but the disease aware-
ness of HFPG is lacking compared to other leading risk
factors such as high systolic blood pressure and high
body mass index.1,10,11 A previous meta-analysis also
showed that individuals with diabetes had increased risks
of ischemic stroke (IS) and intracerebral hemorrhage
stroke (ICH), with hazard ratios (HR) of 2.27 and 1.56,
respectively.12 Because of the increasing and pressing
stroke burden from uncontrolled glycemic levels and dia-
betes, it is imperative to conduct a granular analysis on

assessing the contribution of HFPG to stroke and its sub-
types. The GBD methodology framework and analytical
strategies were well accepted to assess the disease burden
on a global scale.1–3,13 Thus, by adopting the approach for
estimation of risk factor associated disease burden in the
GBD analytic framework, we focused on analyzing the
changing patterns of HFPG-attributable stroke-associated
disease burden in different regions, age groups, and two
sexes, aiming to provide essential information for making
targeted strategies for the primary prevention of stroke
and its subtypes.

2 | METHODS

2.1 | Data source

Annual data of ASRs (age-standardized rates)and numbers
of DALYs, deaths, years lived with disability (YLDs), and
years of life lost (YLLs) due to HFPG-attributable stroke
burden were obtained from the Global Health Data
Exchange GBD Results Tool (http://ghdx.healthdata.org/
gbd-results-tool), which was established by GBD collabora-
tors to provide a systematic updated assessment of age-
and sex-specific epidemiological data for 369 diseases and
injuries and 87 risk factors in 204 countries and territories.
According to the sociodemographic index (SDI), which is
calculated by integrating the lagging average income per
person, education level, and total fertility rate, 204 counties
and territories were grouped into five SDI quintiles: high
(>0.81), high-middle (0.70–0.81), middle (0.61–0.69), low-
middle (0.46–0.60), and low (<0.46).14 In addition, those
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countries and territories were also divided into 21 geo-
graphic regions based on their geographic contiguity.14

2.2 | Definitions

Detailed diagnosis and estimation methods of GBD 2019
have been published previously.1 Stroke was defined
according to World Health Organization criteria as
rapid development of focal or global brain dysfunction
without obvious cause other than vascular origin and
lasting for more than 24 hours, which can lead to death
when the condition is severe. GBD 2019 models acute
strokes using only first-ever incident events. It is consid-
ered an acute stroke within 28 days from the first stroke
event, and a chronic stroke from 29 days (including the
sequelae of acute strokes and all recurrent stroke events).
Stroke consists of three pathological subtypes: IS, ICH,
and subarachnoid hemorrhage (SAH).15Their correspond-
ing International Classification of Diseases, Tenth Revi-
sion codes are G45-G46.8, I60-I63.9, I65-I66.9, I67.0-I67.3,
I67.5-I67.6, I68.1-I68.2, and I69.0-I69.3.1 Transient ische-
mic attacks were not included for estimation.2 HFPG was
defined as any level of FPG above the theoretical
minimum-risk exposure levels (TMREL), which is 4.8–
5.4 mmol/L in GBD study.16

2.3 | Attributable burden estimation

The estimation and analysis methods for risk-attributable
disease burden are available elsewhere.1 In brief, based
on published systematic reviews and meta-regression, the
relative risk between risk and outcome was first esti-
mated. Similarly, based on the exposure data of each risk
factor released in the large population-based survey or
report, a Bayesian meta-regression model (DisMod-MR
2.1) and a spatiotemporal Gaussian process regression
model were used to pool the data and determine the
exposure level of risk and its TMREL. The attributable
proportions of age-standardized mortality rates com-
pared by age, sex, year, and location were evaluated
by population-attributable fractions (PAFs), which
presented the age-standardized mortality rates that
could decrease if the exposure to HFPG was eliminated
to an alternative ideal situation. The equation of
PAF for HFPG is defined as follows:

PAFoasgt ¼
R u
x¼ l

RRoasg xð ÞPasgt xð Þdx�RRoasg TMRELasð Þ
� �

=
R u
x¼ l

RRoasg xð ÞPasgt xð Þdx.

Where RRoasg(x) is the relative risk as a function of
exposure level (x) for HFPG, cause (o), age group (a), and
sex (s). Pasgt (x) is the distribution of exposure of HFPG
according to age group (a), sex (s), location (g), and year

(t). Location (g) with the lowest level of observed expo-
sure as l and the highest as u.17

DALYs were used to estimate the global disease bur-
den of specific causes, consisting of the burden caused by
YLDs (years lived with any short-term or long-term
health loss weighted for severity by the disability weights)
and YLLs (multiplying observed deaths among individ-
uals of a specific age in the year of interest by the age-
specific reference life expectancy estimated using life
table methods). A standard Cause of Death Ensemble
model approach was used to calculate the cause-specific
mortality rate due to stroke. HFPG-attributable stroke
burden was calculated by multiplying PAFs with cause-
specific stroke DALYs, YLDs, YLLs, and deaths. In addi-
tion, 95% uncertainty intervals (UIs) for the estimates
were calculated to reflect random and systematic statisti-
cal modeling errors.

2.4 | Statistical analyses

The ASR (per 100 000 individuals) was calculated based

on the following formula: ASR¼
PA

i¼1

aiwi

PA

i¼1

wi

�100,000, where

ai denotes the ith age class and the number of persons
(or weight) (wi) in the same age subgroup i of the chosen
reference standard population. The value was then
divided by the sum of the standard population weights.

Pearson's correlation was used to analyze the relation-
ship between HFPG-related stroke rate (or PAF) and SDI.
Locally weighted scatter plot smoothing was used in the
regression analysis to create a smooth line to visualize
the relationship between variables. All statistical analyses
were conducted in R 4.0.4 (R Core Team), and the result
is considered statistically significant when the p value
was less than .05.

3 | RESULTS

3.1 | The Age-Standardized Rate of
DALYs of HFPG-attributable stroke in
lower SDI regions surpassed those in
higher SDI regions

Global age-standardized rate of DALYs (ASDRs) of
HFPG-attributable stroke decreased by 36.0% (Figure 1B).
However, PAF of age-standardized DALYs (ASDs) of
stroke attributable to HFPG increased from 14.4% to
20.0% from 1990 to 2019 (Figure 1A). The majority of
countries and territories experienced increased PAF
of ASD of stroke attributable to HFPG (Table S1). ASDRs
of HFPG-attributable stroke consistently increased in low
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and low-middle SDI regions and declined in middle,
high-middle, and high SDI regions in the past three
decades (Figure 1B). Because the disease burden of
DALYs is mainly contributed by YLLs, the global and
regional trends and patterns of YLLs were similar to
those of DALYs (Figure 1D). However, we noticed the
global and regional YLDs of stroke attributable to HFPG
constantly increased (Figure 1C). HFPG-attributable
mortalities of stroke globally and at country levels were
similar to those of DALYs (Tables 1, 2 and S2, Figures S1
and S2). Therefore, DALYs and their rates of HFPG
attributable-stroke were selected to represent the major
burden associated with stroke.

Generally, the maximum DALYs of stroke attribut-
able to HFPG shifted from high-middle SDI region to
middle SDI region between 1990 and 2019. Meanwhile,
the maximum ASDRs of stroke attributable to HFPG
shifted from middle SDI region to low-middle SDI region
(Tables 1 and 2). In 2019, globally, among 28.9 million
(95% UI: 19.8–41.5) stroke DALYs attributable to HFPG,
there were 48.1% that contributed to IS, 45.1% contrib-
uted to ICH, and the remaining 6.8% contributed to SAH
(Table 2, Figure 1F). The overall ASDRs from HFPG was
354.95 (95% UI: 241.94–512.1) per 100 000 population,
which consisted of 49.0% from IS, 44.3% from ICH, and
6.6% from SAH (Table 1). In the past three decades,
ASDRs of HFPG-attributable IS weighted the highest bur-
den among stroke in middle, high-middle, and high SDI
regions (Table 1). However, ASDRs of HFPG-attributable
ICH were the highest among total strokes in low and
low-middle SDI regions (Figure 1E, Table 1). Further-
more, the greater ASDR of HFPG-attributable IS shifted
from high-middle SDI region to middle and low-middle
SDI regions, whereas the greater ASDRs of HFPG-
attributable ICH remained at low-middle and low SDI
regions during the past three decades (Figure 1E,
Table 1).

3.2 | People older than 50 years were
susceptible to the disease burden of stroke
attributable to HFPG

Global DALYs of stroke attributable to HFPG were accu-
mulating in all SDI regions and age groups, with 28.9 mil-
lion by 2019 (Table 2), and 92% were contributed by the
population over 50 years old (Figure 2A, Table 2). The
changes in DALYs rates of stroke attributable to HFPG
were also the greatest among people over 50 years old in
the past three decades (Figure 2B). Total DALYs of
HFPG-attributable stroke increased with aging before
70–74 years old and declined afterward globally
(Figure 2C). The peaks of DALYs rates were at 85–89 ageT
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group globally, and the age group with the highest
DALYs rates of stroke moved forward to the younger
population along with SDI decrease (Figure 2C,D). For
example, the highest DALYs rates were above 90 years
old in high and high-middle SDI regions, and the peaks
moved forward to the 75–79 age group in low and low-
middle SDI regions (Figure 2D). Regarding stroke sub-
types, IS was the dominant subtype of stroke among the
population, and the peaks of DALYs rates in IS were con-
sistent with those in all strokes. The peaks of DALYs
rates in ICH and SAH were in 75–79 age group at the
global level, and the peak remains at similar age groups
across different SDI regions (Figure 2E). On the other
hand, among the 25–69 years old age group, high SDI
region showed a slower decrease of DALYs of HFPG-
attributable stroke rates when compared with high-
middle SDI region (Figure 2B).

3.3 | Males were more susceptible to the
disease burden of stroke attributable
to HFPG

In the past 30 years, males have had higher ASDRs of
HFPG-attributable stroke than females in all SDI
regions (Figure 3A–C). However, the sex differences in
DALYs rate of stroke start diminishing at age 60, a few
years after menopause in the female population
(Figure 3D). Among all stroke subtypes, the largest bur-
den gap between males and females in stroke ASDRs
attributed to HFPG was ICH followed by IS (Figure 3C,
Table 1). The global gap between males and females had
widened slightly during the first two decades and
leveled off in the last decade (Figure 3C,F). The differ-
ences in ASDRs of HFPG-attributed stroke between
sexes reached the highest of the past three decades
among low-middle to high-middle SDI regions where
most of the world's population lived, especially with
regard to IS and ICH (Figure 3C). Furthermore, glob-
ally, the greatest proportion was in males among the
30–34 age groups because of HFPG-attributable ICH
and SAH, whereas among 55–69 age groups it was
owing to HFPG-attributable IS (Figure 3D). Interest-
ingly, the sex difference was the lowest in low SDI

regions regarding stroke ASDRs attributed to HFPG.
The rate growth of ASDRs attributed to HFPG was even
higher in females than in males from 1990 to 2019
(Figure 3E).

3.4 | The association of SDI levels with
HFPG exposure and disease burden of
stroke attributable to HFPG

In 2019, the lowest ASDRs of stroke attributable to HFPG
were observed in countries with high SDI regions (158.62
[95% UI: 106.07–240.67] DALYs per 100 000 people), and
the highest stroke ASDRs attributable to HFPG were in
regions with low-middle SDI (503.76 [95% UI: 343.42–
722.73] DALYs per 100 000 people) (Table 1, Table 2). In
addition, positive relationships (R = 0.15, p < .05) between
SDI levels and PAF of HFPG-attributable ASDRs were
detected (Figure 4A), whereas negative associations
(R = �0.49, p < .01) were found between SDI levels and
ASDRs of HFPG-attributable stroke (Figure 4B).

In 21 GBD regions, all regions experienced wavily
upward trends in PAF of HFPG-attributable age-
standardized stroke DALYs from 1990 to 2019 (Figure 4C).
In contrast, unlike the other regions with declined ASDR
of HFPG attributable to stroke, the high-income North
American region, North Africa and Middle East, Central
Asia, Southeast Asia, South Asia, and Oceania had seen a
small increase in the ASDR of HFPG attributable to stroke
in the past 20 years (Figure 4D, Table S3). For stroke sub-
types, except in high SDI, the ASDR of IS and ICH both
remained the lowest, the IS ASDRs attributable to HFPG
increased with the SDI levels from low to high-middle
SDI, and the ICH ASDRs attributable to HFPG decreased
with the SDI levels during the study period (Figure 4E).

4 | DISCUSSION

Our study comprehensively analyzed the HFPG-
attributable disease burden in stroke and its subtypes
from 1990 to 2019. The global ASDRs of stroke attributed
to HFPG failed to achieve a significant decline, and the
corresponding numbers of DALYs even nearly doubled.

FIGURE 2 Trends of DALYs of HFPG-attributable stroke in different regions by age, 1990–2019. (A) The total DALYs of HFPG-

attributable stroke in three age groups in different SDI regions from 1990 to 2019; (B) The percentage of changes in DALYs rates and of

HFPG-attributable stroke in three age groups globally and in different SDI regions from 1990 to 2019; (C) The DALYs rates and DALYs in

15 age groups of HFPG-attributable stroke and three subtypes globally in 1990 and 2019; (D) The DALYs rates and DALYs in 15 age groups

of HFPG-attributable stroke in different SDI regions in 1990 and 2019; (E) The DALYs rates in 15 age groups of 3 HFPG-attributable stroke

subtypes in different SDI regions in 1990 and 2019. Abbreviations: DALY, disability-adjusted life-year; HFPG, high fasting plasma glucose;

ICH, intracerebral hemorrhage; IS, ischemic stroke; SAH, subarachnoid hemorrhage; SDI, sociodemographic index
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The HFPG-attributable stroke burden shifted from higher
SDI regions to lower SDI regions. Males almost have
higher HFPG-attributable stroke ASDRs than females
across their lifetime, but low SDI region was an excep-
tion. The sex gap narrowed after menopause age in
females. The population older than 50 years was still the
most susceptible population to HFPG-attributable stroke,
and the peak of DALYs rates peak moved toward youn-
ger age with SDI decrease.

Many previous studies have demonstrated that HFPG
is associated with the occurrence and poor prognosis of
stroke.6–9,18–20 On the one hand, every modifiable risk
factor including HFPG can independently affect the
stroke disease burden21–23; On the other hand, the exis-
tence of other modifiable risk factors such as high body
mass index can interact with HFPG to affect the stroke
disease burden.24–26 GBD methodology framework has
adjusted other risk factors and the interactions between
them with HFPG.1 Thus, the results of this study reflect
the independent effect of HFPG on stroke burden. Nota-
bly, in GBD 2019, the TMREL of FPG level is 4.8–
5.4 mmol/L, and higher than that range will introduce
much more stroke risk. Therefore, individuals with dia-
betes and prediabetes should pay attention to the
increased risk of stroke disease burden.

HFPG disproportionately brings stroke burden to
populations in different SDI regions. The HFPG-
attributable stroke burden in developing countries was
significantly higher than in developed countries, and the
burden gap was also expanding.1 This transition is largely
attributed to increased exposure to metabolic factors dur-
ing economic boom and urbanization in developing
countries.2 Several reasons may explain the more rapid
surge in metabolic disease in developing than developed
countries. First, some studies claimed that nutritional
deficiency in early life might increase the risk of insulin
resistance and type 2 diabetes mellitus (DM) in adult-
hood.27 Second, the population in some developing coun-
tries, such as Asian countries, is more susceptible to
metabolic stress than the European population.28,29

Third, the population in developed countries has a higher
awareness of control glucose and a better control rate in

developing countries.11,12,30,31 For instance, 52.3% of
patients with DM had adequate glycemic control in the
United States, whereas only 23.0% of patients had glucose
well controlled in low- and middle-income countries.32,33

Therefore, the mounting risk of exposure to the high glu-
cose level in developing countries increases the risk of
stroke and other cardiovascular diseases. Moreover,
advanced medical resources and treatment strategies,
such as magnetic resonance angiography, diffusion-
weighted imaging, and interventional treatments, are
more available in developed countries than in less devel-
oped countries.34–38 Stroke-associated death and disabil-
ity were more prevalent in regions with lower SDI.

Adults aged over 50 years were still the population
with the heaviest HFPG-related stroke burden because
the elderly more frequently suffered from a higher preva-
lence of DM, longer duration of hyperglycemia, and more
comorbidities.39,40 There was a 15-year age gap between
the peaks of DALYs (70–74 age group) and the peaks of
DALYs rates (85–89 age group), and this may be
explained by the heavier burden from death and disabil-
ity in the elderly population. Because IS is the dominant
subtype of stroke among the population, the peaks of
DALYs and DALYs rates in IS were constant with those
in all strokes. The peaks of DALYs and DALYs rates in
ICH and SAH were 5 and 10 years younger than those in
IS at the global level. In different SDI regions, the age
group with the highest DALYs rates moved forward to
the younger population along with SDI decrease, imply-
ing the impacts of medication and blood glucose control
on stroke-associated death and population lifespan were
significant. HFPG-associated DALYs rates in all strokes
declined from middle to high SDI regions in the past
three decades. However, the rates kept increasing from
age above 60 in low and low-middle SDI regions, indicat-
ing HFPG-attributable strokes were not well controlled
in these groups. Another phenomenon that deserves spe-
cial attention is that adults 25–69 years old in high SDI
regions failed to achieve sufficient declines in HFPG-
attributable DALYs rate as those in high-middle SDI
regions, which corresponded with the rapidly increasing
DM prevalence,4 suggested preventive strategies on

FIGURE 3 Trends of DALYs of HFPG-attributable stroke in different regions by sex, 1990–2019. (A) The ASDRs of HFPG-

attributable stroke and its subtypes in males globally and in different SDI regions from 1990 to 2019; (B) The ASDRs of HFPG-attributable

stroke and its subtypes in females globally and in different SDI regions from 1990 to 2019; (C) The MFRs of ASDRs of HFPG-attributable

stroke and its subtypes globally and in different SDI regions from 1990 to 2019; (D) The MFRs of DALYs rates of HFPG-attributable stroke

and its subtypes in different age groups globally and in different SDI regions from 1990 to 2019; (E) The percentage of changes of HFPG-

attributable stroke ASDRs in males and females globally and in different SDI regions from 1990 to 2019; (F) The DALYs of HFPG-

attributable stroke in males and females globally and in different SDI regions from 1990 to 2019. Abbreviations: ASDR, age-standardized
disability-adjusted life-years rate; DALY, disability-adjusted life-year; HFPG, high fasting plasma glucose; ICH, intracerebral hemorrhage; IS,

ischemic stroke; MFR, male to female ratio; SAH, subarachnoid hemorrhage; SDI, sociodemographic index
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glucose control need to be reinforced in the younger pop-
ulation in developed countries.

Males have a higher stroke burden from HFPG than
females in all regions, and these gaps have increasingly
wider in all regions, except for low SDI area. This infor-
mation highlights a major issue that needs to be
addressed in the comprehensive control of stroke. The
prevalence of diabetes in men is significantly higher
than in women and is growing at a more rapid speed.4,5

In addition, other risk factors, such as smoking, hyper-
tension, and dyslipidemia, are more predominant in
males than in females, which may amplify the impact of
HFPG on stroke and its outcomes.41,42 Therefore,
restraining the rising trend of stroke burden in males
has to initiate a comprehensive strategy for primary con-
trol. Despite the higher burden of males, the potential
stroke burden of females due to hyperglycemia could
not be ignored, especially when the protective effect of
estrogen on metabolism and cardiovascular system dis-
appears after menopause, combined with a longer aver-
age life expectancy than males.43 We observed that the
gap in disease burden of stroke between the males and
females had narrowed since menopause (around
55 years old). It is noteworthy that a greater proportion
of strokes are due to ICH and SAH in young males.
HFPG-attributable IS is more prevalent in males than
females in the middle age group in all SDI regions. The
sex difference in the frequencies of stroke subtypes dur-
ing the entire life span indicated that HFPG-attributable
other forms of vascular pathologies besides ischemia.
Interestingly, it is known that females are more prone to
aneurysm rupture, with ICH and SAH 1.5 times more
common in females.44,45 However, HFPG-attributable
DALYs rates of ICH and SAH were more frequent in
males in the young age group, as shown in our analysis.
This discrepancy suggested that the higher prevalence
of ICH and SAH in women may attribute to other etiolo-
gies, such as fibromuscular dysplasia, migraine, and
Moyamoya disease.46,47

In summary, the HFPG-attributable disease burden
of stroke was enormous globally. Particularly in lower
SDI regions, the disease burden from HFPG was
increasing rapidly with economic growth and popula-
tion aging. In the past three decades, high SDI regions

have made significant progress in mitigating HFPG-
attributable stroke, and other cardiovascular diseases,
which suggested that increased public awareness and
behavior management via community-wide health
intervention have pivotal roles in controlling HFPG-
attributable disease burden. Based on specific data on
HFPG-attributable disease burden at global and
regional levels, each country should assess its disease
burden and determine targeted strategic priorities to
reduce the exposure to HFPG and subsequent disease
burden of stroke.

4.1 | Limitation

Our study provided an analysis of HFPG-attributable
stroke at a global scale, covering 30 years, laying a basis
for evaluating the validity of geographical-specific pre-
vention and intervention over time. However, the present
study is not free from the limitations of many previously
published GBD studies. First, our study was carried out
based on the GBD database; the results depended on the
quality of original stroke epidemiological studies, and
some important potential confounders (for example,
atrial fibrillation and substance abuse), and different pat-
terns of exposure (for instance, smoking duration) were
not included for analysis.1 Moreover, high-quality input
data were more limited in lower SDI regions.48 Second,
in the GBD 2019 framework, transient ischemic attack
and other silent strokes were not included for analysis.2

Furthermore, apart from the three major subtypes of
stroke, more detailed subcategories in each major stroke
subtype that reflect different pathophysiological mecha-
nisms were not assessed in the present study. For exam-
ple, although atherosclerotic and thromboembolic
strokes were both included in IS, we cannot tell them
apart in GBD 2019. Third, methodologically, GBD studies
deal with various situations individually in determining
estimates of mortality and morbidity, which may lead to
the overestimation of total disability in a population with
multiple comorbidities.48 Last, estimation of the disease
burden based on fasting glucose may lead to under-
diagnosis of the burden from individuals with postpran-
dial hyperglycemia.

FIGURE 4 The PAFs and rates of ASD of HFPG-attributable stroke across 204 countries and territories and 21 GBD regions
by SDI, 1990–2019. (A) The PAFs of ASD of HFPG-attributable stroke across 204 countries and territories from low SDI to high SDI in 2019;

(B) The ASDRs of HFPG-attributable stroke across 204 countries and territories from low SDI to high SDI in 2019; (C) The ASDRs of HFPG-

attributable stroke across 21 GBD regions from 1990 to 2019; (D) The PAFs of ASD of HFPG-attributable stroke across 21 GBD regions from

1990 to 2019; (E)The ASDRs of 3 HFPG-attributable stroke subtypes across 21 GBD regions from 1990 to 2019. Abbreviations: ASD, age-
standardized disability-adjusted life-years; ASDR, age-standardized disability-adjusted life-years rate; GBD, Global Burden of Disease; HFPG,

high fasting plasma glucose; IPAF, population-attributable fraction; SDI, sociodemographic index
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5 | CONCLUSION

Regular updates of disease conditions within the GBD
framework are profitable for researchers to assess disease
burden timely. Effective prevention and control of HFPG
have bright prospects to reduce stroke-related disease
burden. The HFPG-attributable stroke burden shifted
from higher SDI regions to lower SDI regions; thus, pol-
icymakers should start by addressing critical and urgent
metabolic risk factors in the countries with low SDI, such
as hypertension, obesity, and HFPG. Given the soaring
PAF of HFPG for stroke burden globally regardless of
SDI, each country should assess its disease burden and
formulate targeted strategic priorities, and practitioners
should accordingly advance the implementation of
evidence-based therapies as well as promote beneficial
lifestyle practices.
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