Li et al. Diabetology & Metabolic Syndrome (2023) 15:6 Dia betology &
https://doi.org/10.1186/513098-022-00976-w .
Metabolic Syndrome

. ®
Estimates and trends of the global burden ==
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Abstract

Background Experimental and epidemiological studies have indicated an association between diabetes exposure
and an increased risk of liver cancer due to nonalcoholic steatohepatitis (NASH). However, to date, no systematic
study has specifically investigated the burden of NASH-related liver cancer due to exposure to high fasting plasma
glucose (HFPG) levels worldwide.

Methods The number and rate of deaths and disability-adjusted life years (DALYs) from HFPG-induced NASH-related
liver cancer were estimated based on the results of the 2019 Global Burden of Disease Study. The estimated annual
percentage changes (EAPCs) for age-standardized death or DALYs rates were calculated using a generalized linear
model with a Gaussian distribution to quantify the temporal trends in the global burden of NASH-related liver cancer
attributable to HFPG. The strength and direction of the association between the sociodemographic index (SDI) and
death or DALY rate were measured using Spearman’s rank-order correlation.

Results Globally, approximately 7.59% of all DALY and 8.76% of all mortalities of NASH-related liver cancer in 2019 were
due to HFPG. The age-standardized death and DALY rates of NASH-related liver cancer attributable to HFPG increased
from 1990 to 2019. The corresponding EAPCs were 0.69 (95% Ul 0.48-0.89), and 0.30 (95% Ul 0.05-0.56), respectively. This
increasing pattern was most obvious in the high- and low-SDI regions. The age-standardized mortality and DALYs rate
of NASH-related liver cancer attributable to HFPG varies considerably worldwide, with the middle SDI region having the
highest death and DALY rates in 2019 (DALY 0.96 [95% Ul 0.23-2.18]; death 0.05 [95% Ul 0.01-0.11]).

Conclusion The burden of NASH-related liver cancer attributable to HFPG has increased over the past three decades,
particularly in regions with high and low SDI.
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Introduction

Health priorities in most areas worldwide have funda-
mentally changed due to the rapid development of medi-
cal care and dramatic lifestyle modifications during the
last half century [1]. Non-alcoholic fatty liver disease
(NAFLD) is a common disease worldwide [2—4]. From a
pathological point of view, NAFLD is a progressive dis-
ease ranging from steatosis to nonalcoholic steatohepa-
titis (NASH), liver cirrhosis, hepatocellular carcinoma,
liver transplantation, and death [5, 6]. The global preva-
lence of liver cancer secondary to NASH is increasing.
According to a previous study, approximately 15% of
hepatocellular carcinoma was secondary to NAFLD and
NASH [7]. This staggering burden has led to recent data
suggesting that NASH may be the one of the most com-
mon drivers of primary liver cancer, with a substantial
health economic burden in the near future [8, 9].

Genetics alone cannot explain the substantial increase
in the burden of NASH-related liver cancer over the past
30 years or the expected increase in the coming decades
[10]. The increasing prevalence of obesity and type 2 dia-
betes worldwide has induced impairment of glucose and
lipid metabolic pathways, which may be one of the most
important reasons for the increase in the proportion of
NASH-related liver cancer patients [11]. Meanwhile, dia-
betes has been reported to be independently associated
with liver cancer [12]. A recent systematic review indi-
cated that the overall global prevalence of NAFLD and
NASH in patients with diabetes may reach 57.80% and
37.33%, respectively [13]. Meanwhile, the risk of liver
cancer was two times higher in patients with diabetes
mellitus than in those without diabetes mellitus after a
median follow-up of 38 months [14]. Recently, the link
between NASH-related liver cancer and hyperglycemia
was found to be more complex than previously thought.
Insulin resistance and the subsequent generation of oxy-
gen free radicals may be important mechanisms for the
occurrence and development of liver cancer caused by
hyperglycemia [15]. Hyperglycemia is regarded as one
of the strongest risk factors for the rapid progression of
NAFLD to NASH, advanced fibrosis, and liver cancer
[16].

Although NASH-related liver cancer is closely associ-
ated with hyperglycemia, its global burden attributable to
hyperglycemia has not been well elucidated. Moreover,
NASH-related liver cancer burden may vary by region
and age. In the present study, we aimed to assess the bur-
den of NASH-related liver cancer attributable to hyper-
glycemia, using estimates derived from epidemiological
studies. We also aimed to evaluate the relative roles of the
sociodemographic index (SDI) and age in the observed
trend of hyperglycemia-induced NASH-related liver can-
cer burden.
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Methods

Data sources

The present study analyzed data obtained from the 2019
Global Burden of Disease (GBD) study. As a continuous
quality improvement, GBD has been applying a stand-
ard methodological approach to generate estimates for
deaths and health loss from several diseases since 1990
and has re-estimated the results every 2-3 years [17, 18].
The GBD 2019 study estimated the disease burden from
286 causes of death, 369 diseases and injuries, and 87
risk factors in 204 countries and territories [19, 20]. An
overview of the GBD methodology has been published
previously [19]. Briefly, the database of the GBD study
comprises a variety of primary data (surveys, censuses,
and other health-related data sources). Mortality data
were estimated using the cause of death (COD) ensem-
ble model (CODEm), a framework that incorporates sta-
tistical models to demonstrate cause-specific death rates
[20]. Deaths and disability-adjusted life years (DALYs)
were computed as the sum of years of life lost (YLLs) and
years lost due to disability (YLDs) for each age, sex, and
location [20, 21]. The results were reported according to
region, age group, and year. The age-standardized popu-
lation was calculated using the GBD World Population
Age Standard. Mortality and DALY rates were generated
from a mean of 1000 draws, and 95% uncertainty inter-
vals (UIs) were computed to estimate the disease burden.
The Uls account for not only the variance in parameter
estimation but also the uncertainty under the parameter-
estimation process, such as data collection and model
selection.

For data analysis, the world was divided into 21 regions
according to epidemiological similarities and geographi-
cal proximity in the 2019 GBD study. In addition, the SDI,
which is a composite indicator of the background social
and economic conditions that influence health outcomes,
was also provided [22]. Countries and territories were
classified as quintiles of the SDI (high, high—medium,
medium, medium-low, and low level of development).

In the GBD 2019 study, liver cancer was divided into
five categories according to etiology: liver cancer due to
hepatitis B (GBD code: B.1.7.1), liver cancer due to hep-
atitis C (GBD code: B.1.7.2), liver cancer due to alcohol
use (GBD code: B.1.7.4), liver cancer due to NASH (GBD
code: B.1.7.4), and liver cancer due to other causes (GBD
code: B.1.7.5). The subtypes of liver cancer were based on
the International Classification of Diseases, 10th revision
(ICD-10), which is usually determined by a physician’s
decision. The subgroups C22-C22.4, C22.7-C22.9, and
785.05 of ICD-10 were proportionally redistributed into
liver cancer due to hepatitis B virus (HBV), hepatitis C
virus (HCV), alcohol use, NASH, and other causes [23,
24].
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Risk factors and the definition of high fasting plasma
glucose

In the GBD study, all risk factors were divided into three
categories: environmental, behavioral, and metabolic
risk factors. The risk factors associated with NASH-
induced liver cancer include two behavioral risk factors
(smoking and drinking) and one metabolic risk factor
(high fasting plasma glucose). GBD uses the concept
of high fasting plasma glucose (HFPG, defined as any
level above the theoretical minimum-risk exposure level
[4.8—-5.4 mmol/L]) as an individual risk factor to estimate
this disease burden [25]. According to the GBD research
framework, the disease burden of HFPG is only observed
in individuals aged > 25 years.

Data analysis

Age standardization rates (ASRs) [26], numbers and per-
centages for mortality, and DALYs were extracted from
the GBD 2019 study. The estimated annual percentage
changes (EAPCs) [17] for age-standardized mortality
(ASMR) or DALYs rates (ASDR) were calculated using
a generalized linear model with a Gaussian distribu-
tion to quantify the temporal trends in the global bur-
den of NASH-related liver cancer attributable to HFPG
[27]. The disease burden increased if the EAPC and
lower boundary of its 95% confidence interval (CI) were
both>0. In contrast, a decreasing trend was observed
when the EAPC estimation and the upper boundary of
its 95% CI were both <0 [28]. In addition, we assessed the
trend of the disease burden in different regions and age
groups. The relationship between the ASR and SDI was
also evaluated using Spearman’s rank-order correlation.

To explore the influential factors for EAPCs, we
assessed the association between EAPCs and ASRs (1990,
2019), the Human Development Index (HDI) (2019), SDI,
and the Healthcare Access and Quality Index (HAQI) at
the national level using Spearman’s rank order correla-
tion. A hierarchy cluster analysis [17] was conducted to
categorize the countries and territories into four groups
(a: significant increase, b: increase, c: remained stable or
minor decrease, and d: significant decrease) in terms of
their temporal trends in ASRs. The population-attributa-
ble fraction (PAF) was used to quantify the proportion of
cases that could be attributed to risk factors.

Data analysis and illustrations were performed using R
software version 4.0.2. The R packages used in our study
including “factoextra,” “dplyr, “tidyverse,” “ggmap,” and
“stats” A p value of less than 0.05 was considered statisti-
cally significant.
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Results

Global DALYs and mortality estimates of HFPG-induced
NASH related liver cancer

Approximately 7.59% of all DALY of NASH-related liver
cancer cases in 2019 were due to HFPG. The DALY cases
increased by 164.5%, from 0.02 million in 1990 to 0.06
million in 2019. Meanwhile, the ASDR of HFPG-induced
NASH-related liver cancer increased by 28% (from 0.57
to 0.73 per 100,000 population) with an EAPC of 0.30
(Table 1). As a part of DALYs, the ASR of YLDs increased
with an EAPC of 1.11 (95% CI: 0.92—-1.29), and the ASR
of YLLs increased with an EAPC of 0.29 (95% CI: 0.04—
0.55) in the past three decades (Additional file 1: Tables
S1 and S2).

Globally, nearly 8.76% of all mortalities induced by
NASH-related liver cancer in 2019 were due to HFPG.
The number of deaths from NASH-related liver cancer
attributable to HFPG increased by 196% over the past
30 years, corresponding to an annual percentage change
of ASMR of 0.69 from to 1990-2019 (Additional file 1:
Table S3).

HFPG-induced NASH related liver cancer burden

by sub-regions

Although the number of DALYs and death cases of
HFPG-induced NASH-related liver cancer increased in
all sub-regions between 1990 and 2019, ASDR and ASMR
did not show a growth pattern in all sub-regions over the
same period. For different SDI levels, HFPG-induced
NASH related liver cancer burden decreased in middle
and high-middle SDI regions (EAPC for ASDR in middle
SDI: —0.61 [—1.05 to — 0.16]; EAPC for ASMR in middle
SDI: —0.28 [—0.67 to—0.11]; EAPC for ASDR in high-
middle SDI: — 1.39 [— 1.73 to — 1.05]; EAPC for ASMR in
high-middle SDI: —0.96 [—1.24 to—0.68]) (Table 1 and
Additional file 1: Table S1).

In 2019, the ASDR and ASMR of HFPG-induced
NASH-related liver cancer varied worldwide, with the
highest ASRs observed in Southern Sub-Saharan Africa
(ASDR: 1.52 [0.37-3.35] per 10,000,000 population;
ASMR: 0.08 [0.02-0.17]) per 10,000,000 population), fol-
lowed by North Africa, the Middle East, and Southeast
Asia. The sub-region with the fastest growth in the bur-
den of NASH related liver cancer caused by HFPG was
Central Asia (EAPC for ASDR: 5.71 [5.07-6.34]; EAPC
for ASMR: 6.06 [5.46—6.66]). Meanwhile, the sub-region
with the fastest reduction of the burden of NASH related
liver cancer caused by HFPG was East Asia (EAPC for
ASDR: —3.72 [—4.39 to—3.04]; EAPC for ASMR: —3.38
[—4 to—2.77]) (Table 1, Additional file 1: Table S1).
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Table 1 The DALYs of NASH related liver cancer attributable to HFPG in 1990 and 2019, and its temporal trends from 1990 to 2019

Characteristics

1990 2019
DALYs cases ASR per 1000 Percentage (%) DALYs cases ASR per Percentage (%)
No. (95% UlI) No. (95% Ul) No. (95% Ul) 100,000

No. (95% Ul)

1990-2019

EAPC
No. (95% CI)

Overall 22,814.15
(5224.6—
51,824.35)

Socio-demographic index

High SDI 372839 (884.31-
8399.56)

High-middle 6188.13 (1408.76—

SDI 14,086.36)

Middle SDI 9473.12 (2117.33-
21,730.86)

Low-middle SDI' 2573.91 (593.05-
5825.6)

Low SDI 83744 (192.22-
2036.17)

Region

Andean Latin 79.78 (16.55—

America 199.66)

Australasia

Caribbean 247.02 (56.82—
591.37)

Central Asia 69.69 (15.19—
179.59)

Central Europe

Central Latin
America

Central Sub-
Saharan Africa

East Asia

Eastern Europe

Eastern Sub-
Saharan Africa

High-income
Asia Pacific

High-income
North America

North Africa
and Middle East

Oceania
South Asia

Southeast Asia

0.57 (0.13-1.31)

0.35(0.08-0.8)

0.57(0.13-1.3)

0.93(0.21-2.11)

045 (0.1-1.01)

0.38 (0.09-0.92)

042 (0.09-1.06)

31.55(6.75-77.81) 0.13 (0.03-0.32)

820.92 (186.76~
1900.68

1
)
435.56 (10298~
1004.28)

0.96 (0.22-2.28)

0.15(0.03-04)

0.55(0.13-1.27)

0.55(0.13-1.27)

43.87(9.12-113.7) 0.21 (0.04-0.52)

11,760.54
(2615.07-
27,185.61)

23855 (52.46-
548.58)

214.5 (47.29-
534.27)

1239.46 (288.87-
2772.63)

1137.48 (267.93-
2483.84)

1043.71 (23045-
2623.78)

1.3 (0.29-2.99)

0.08 (0.02-0.2)

0.31(0.07-0.77)

0.6 (0.14-1.34)

0.32(0.08-0.69)

0.64 (0.14-1.59)

17.22 (3.82-44.07) 061 (0.14-1.55)

1801.6 (411.07-
4093.7)

1388.78 (310.64-
3365.4)

0.34 (0.08-0.77)

0.59(0.13-1.4)

4.77(1.1-10.38)

6.18 (1.42-13.24)

4.98 (1.13-10.86)

4.46 (1.03-9.71)

4.27(0.98-9.29)

3.88(0.88-8.51)

4.11 (0.86-9.2)

3.92(0.87-8.62)

8.01(1.85-16.63)

345 (0.74-7.58)

6.49 (1.44-13.92)

7.79(1.83-16.11)

3.84(0.85-8.46)

447 (1.02-9.71)

3.38(0.73-7.39)

3.2(0.72-7.09)

541(1.23-11.74)

7.72(1.83-16.2)

4.7 (1.08-10.3)

7.52(1.82-15.97)
4.51(1.04-9.79)

4,08 (0.93-8.91)

60,308.72
(14,610.29-
135,326.46)

15,009.74
(3683.96—
33,421.49)

9880.89 (2385.02-
22,226.78)

23,847.28
(5768.12—
54,084.87)

8734.82 (2070.69-
19,802.48)

2800.07 (647.08-
6650.46)

305.12 (66.59-
748.71)

304.66 (68.48-
717.36)

362.26 (88.96-
865.62)

66645 (146.5—
1639.07)

1136.53 (272.8-
2739.61)

2033.89 (499.42-
4618.83)

140.87 (29.16-
362.18)
14,381.59

(3385.91-
32,233.35)

83538 (192.14-
1940.18)

71823 (157.7-
1750.77)

313143 (737.54-
7239.83)

691545 (1756.89-
14,784.65)

6237.91 (140741~
14,658.2)

67.6 (16.83-155.11)

8282.17 (2018.13-
18,376.16)

7014.6 (1670.42—
16,599.05)

0.73(0.18-1.65)

0.80 (0.2-1.78)

0.48 (0.12-1.08)

0.96 (0.23-2.18)

0.65 (0.16-1.48)

0.57 (0.14-1.34)

0.56 (0.12-1.38)

0.61(0.14-1.44)

0.7 (0.17-1.67)

0.94 (0.21-2.28)

0.52(0.12-1.24)

0.88(0.22-1.97)

0.28 (0.06-0.69)

0.68 (0.16-1.52)

0.24 (0.06-0.55)

048 (0.11-1.18)

0.69(0.16-1.62)

1.1(0.28-2.36)

148 (0.34-3.48)

1(0.26-2.32)
0.6(0.15-1.33)

1.25(0.3-3.01)

7.59(1.8-16.02)

9.74 (2.39-20.18)

7.22(1.69-15.29)

7.18(1.69-15.15)

7.2(1.7-15.1)

5.64(1.33-11.87)

7.81(1.67-16.73)

6.94 (1.59-14.89)

10.29 (2.49-21.13)

597(1.34-12.74)

9.8 (2.35-20.21)

11.7 (2.87-23.56)

5.06 (1.14-10.83)

6.05 (1.37-13.15)

4.78 (1.04-1045)

4.16 (0.94-9)

741 (1.72-16.08)

11.82 (2.94-24.03)

8.88 (2.18-18.68)

12,6 (3.37-25.29)
7.93(1.93-16.45)

7.3 (1.71-15.54)

0.3 (0.05-0.56)

2.87(262-3.11)

-1.39(-1.73—
1.05)

-0.61 (-1.05—
0.16)
0.81(0.6-1.03)

1.24(1.16-1.33)

0.68 (0.33-1.03)
5.5 (5.07-5.93)
-0.92 (-1.79—
0.04)
5.71(5.07-6.34)
0.09 (=037~
0.55)

1.73 (1.49-1.97)
0.8(0.71-0.9)

-3.72 (-4.39—
3.04)

4.19 (3.92-4.45)
1.35(1.2-1.5)
-0.34 (-0.97-
0.29)
5.54(5.13-5.96)

341(3.18-3.63)

1.82 (1.65-1.98)
1.77 (1.65-1.9)

2.52(243-2.62)




Li et al. Diabetology & Metabolic Syndrome (2023) 15:6 Page 5 of 10
Table 1 (continued)
Characteristics 1990 2019 1990-2019
DALYs cases ASR per 1000 Percentage (%) DALYs cases ASR per Percentage (%) EAPC
No. (95% UI) No. (95% UI) No. (95% UI) 100,000 No. (95% Cl)
No. (95% UI)
Southern Latin ~ 68.64 (14.72— 0.15 (0.03-0.37) 5.55(1.22-11.94) 369.12 (86.57— 044 (0.1-1.02) 9.51(2.26-19.73) 4.44 (4.25-4.64)
America 173.19) 867.65)
Southern Sub-  216.97 (45.54— 0.83(0.17-2.24) 4.3 (1-9.35) 831.04 (201.54— 152(037-335) 7.02(1.67-14.79) 1.72(1.08-2.36)
Saharan Africa  590.34) 1831.98)
Tropical Latin 161.53 (38.59- 0.18 (0.04-0.4) 5.85(1.35-12.46) 673.33(161.98- 0.28 (0.07-0.61) 7.76 (1.83-16.27) 2.18(1.87-2.5)
America 355.11) 1460.64)
Western Europe 147554 (334.91- 0.25 (0.06-0.57) 6.65 (1.54-14.2)  4823.89(1145.08- 0.53(0.13-1.21) 9.9 (2.36-20.64) 2.65(2.45-2.85)
3417.45) 11,045.46)
Western Sub- 321.24 (70.59- 0.4 (0.09-0.97) 335(0.77-742) 1077.22 (23693- 065(0.15-1.54) 4.92(1.15-10.62) 147 (1.34-1.59)
Saharan Africa  783.6) 2607.65)

NASH: nonalcoholic steatohepatitis; HFPG: high fasting plasma glucose; DALYs: disability-adjusted life years; EAPCs: Estimated annual percentage changes; ASR: age

standardized rate; SDI: socio-demographic index

HFPG-induced NASH related liver cancer burden in nations
and territories

At national and territorial levels, the burden of NAFLD-
related liver cancer varies greatly. Qatar had the highest
ASDR and ASMR for NASH-related liver cancer attribut-
able to HFPG in 2019 (ASDR: 10.43 [2.60-23.37], ASMR:
0.63 [0.17-1.41]), followed by Mongolia and Tonga.
As for the absolute number, China reported the larg-
est NAFLD-related liver cancer death and DALY cases
attributable to HFPG in 2019, followed by India and the
United States (Additional file 1: Figures S1, S2, Table S4).
According to the results of the cluster analysis, which was
measured based on the EPAC of ASRs (Additional file 1:
Table S5), 204 countries and territories were categorized
into four groups (significant increase group, increase
group, remained stable or minor decrease group, and sig-
nificant decrease group) (Additional file 1: Figure S3).

Disease burden in different age groups

In the present study, the age groups with the highest
HFPG-induced NAFLD-related liver cancer deaths were
those aged 75-79 years, in both 1990 and 2019. The
65—69-year age group had the highest number of DALYs.
The 60-84-year age group accounted for most of the
overall HFPG-induced NAFLD-related liver cancer death
cases (75.21%) in 2019, which was similar to the age dis-
tribution of the DALY counts. The DALY and death rates
in 2019 increased in nearly all age groups compared with
those in 1990. With the increase in age, the growth rate of
disease burden increases gradually, with the > 95-year age
group having a 130% increase in death rate and a 123%
increase in DALY rate (Fig. 1, Additional file 1: Figure
S4, S5). The proportion of change in number was signifi-
cantly higher than the change in rate, and this trend was
more obvious as age increased.

Change of ASRs and PAFs across time and SDI

The time trend of NASH-related liver cancer burden
varied greatly across the SDI regions. From a global per-
spective, the ASMR and ASDR of NASH-related liver
cancer attributable to HFPG have increased each year,
except from 1999 to 2005. The changes in the high and
medium SDI regions were consistent with the global
change trends. In the high-middle SDI region, the ASMR
and ASDR of NASH-related liver cancer attributable to
HFPG have recently remained stable (Table 1, Additional
file 1: Tables S2-S4, Fig. 2). Globally, the PAFs of HFPG
initially increased with time, both worldwide and in dif-
ferent SDI regions. PAFs in the high SDI regions were the
highest among the different SDI regions. (Fig. 3).

Relationship between ASR and SDI

At the regional level, no clear association was found
between the SDI and the burden of NASH-related liver
cancer attributable to HFPG. However, in general, the
burden of HFPG-induced NASH deaths and DALYs
increased as the SDI increased in most regions (Addi-
tional file 1: Figure S6A, C).

At the country and territorial levels, the HFPG-induced
NASH-related liver cancer burden in 2019 slightly
increased with increasing socioeconomic development
up to an SDI of 0.6, and then eventually decreased (Addi-
tional file 1: Figure S6B, D).

Influential factors for EAPC

As shown in Fig. 4, a significant negative association
was found between EAPCs and ASRs in 1990 (deaths:
p= —0.31, p<0.001; DALYs: p= —0.30, p<0.001). No
significant relationship was observed between EAPCs
and ASRs in 2019 (p >0.05) (Additional file 1: Figure S7).
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estimated annual percentage changes

The relationship between EAPCs and the three indica-
tors representing social development level (HDI, SDI, and
HAQ) was evaluated. However, only HAQ was negatively
correlated with EAPCs (Additional file 1: Figure S8).

Discussion

With the popularization of HBV vaccination and the
implementation of highly effective antiviral therapy for
HBYV and HCV, the burden of liver cancer caused by HBV
and HCV has gradually decreased [24, 29-31]. At the
same time, lifestyle changes make NASH the fifth lead-
ing cause of primary liver cancer, to which more atten-
tion needs to be paid [32]. It is reported that more than
one-fifth of NASH patients progress to cirrhosis and 13%
directly to liver cancer over 8 years [33, 34]. Furthermore,
given that there is still no approved therapy for NASH
[35], and that a larger proportion of NASH-related liver
cancer is associated with worse survival outcomes than
HBV- or HCV-related LC [36]. Therefore, focusing on
modifiable risk factors for NASH is of great importance.
As a metabolic disease, NASH and its disease burden
are closely associated with diabetes. However, previous

studies did not evaluate the burden of NASH-related liver
cancer caused by diabetes or HFPG. In the present study,
the proportion of the burden of NASH-related liver can-
cer caused by HFPG in the world has gradually increased
over the past 30 years. We estimated that approximately
7.59% of all DALYs and 8.76% of all deaths due to NASH-
related liver cancer in 2019 were due to HFPG.

Diabetes is involved in the entire process from NAFLD
to NASH, and eventually to liver cancer. HFPG-induced
insulin resistance (IR) associated with subclinical inflam-
mation is one of the most important causes of NASH-
related liver cancer. In the inflammatory state caused
by hyperglycemia, the increased flow of free fatty acids
(FFA) into the liver leads to fat infiltration in liver cells,
which leads to liver damage through lipid peroxidation
and mitochondrial dysfunction [37]. In addition, the
glucose toxicity caused by persistent hyperglycemia may
promote the progress of NASH through glucose-induced
increased de novo lipogenesis and hepatocellular dys-
function [38]. Clinical research indicates that the risk
of NAFLD increased by 1.21 times per 1 mmol increase
in FPG [39], and NASH patients with higher FPG levels
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were more likely to develop liver cancer [40]. The HFPG
pandemic will pose a more serious challenge for NASH-
induced liver cancer, which requires necessary measures.

Notably, our study observed socioeconomic differences
in the burden of HFPG-induced NASH-related liver can-
cer. The ASMR and ASDR of NASH-related liver cancer
due to HFPG showed an inverted U-shaped relationship
with SDI levels, with middle SDI countries having the
heaviest burden. In general, a higher SDI is related to bet-
ter health literacy, sufficient medical resources, and the
implementation of preventive measures, which might
usually result in a lower disease burden [21, 41, 42]. How-
ever, the relationship between SDI and disease burden
differs among different diseases. Negative and positive
associations were found between the SDI and the global
burden of HFPG-induced NCDs and between the SDI
and cancer, respectively [43, 44]. In an unhealthy meta-
bolic state, the risk factors for HFPG, such as high body
mass index, unhealthy diet, and low physical activity,
are growing considerably with the development of SDI
[45, 46]. The inconsistency between the HFPG-induced
NASH-related liver cancer burden and the SDI can be
explained by the failure of health systems to keep pace
with the associated population’s health needs.

Although concerns about the HFPG-related burden
have historically focused on developed countries [47],
our research shows that we may need to pay more atten-
tion to rapidly rising developing countries and countries
with a rapidly changing lifestyle in the future. Over the
past decade, economic development has gradually west-
ernized the lifestyle of developing countries. However,

prevention programs for metabolic risk factors in these
countries commenced much later than in high-income
countries [48]. Implementing a national health strat-
egy is an effective way to reduce the disease burden.
Our research showed that although the cases of death
and DALY of HFPG-induced NASH-related liver can-
cer in China are huge, the burden of disease has shown
a significant downward trend in the past three decades.
Recently, the Chinese government announced ‘Healthy
China 2030; aiming to facilitate appropriate diet and
physical activities to reduce obesity and type 2 diabetes
in the Chinese population [49]. This kind of national pol-
icy will certainly be a breakthrough for reducing HFPG
induced NASH-related liver cancer burden in the future.

Advances in medical care appear to have weakened the
process by which morbidity translates to an increase in
premature mortality over time in most countries. How-
ever, the long-term burden of HFPG-induced NASH-
related liver cancer has been increasing. Expanding
national health systems to provide greater access to evi-
dence-based NASH care could help minimize the burden
due to the increasing prevalence.

Additionally, we explored the factors influencing the
EAPC of NASH-related liver cancer attributable to
HFPG. The amplitude of the ASR variation was signifi-
cantly negatively associated with the baseline ASR. This
may be because of two reasons. First, the lower the base-
line ASR, the more significant the ASR variation. Second,
countries with low ASR are unlikely to consider the dis-
ease a high priority in their prevention programs owing
to its limited public health significance compared with
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other diseases [50]. In addition, the relationship between
EAPC and indicators reflecting social development var-
ies with different indicators. This may be related to the
evaluation criteria of each indicator.

To our knowledge, this study is the first to comprehen-
sively assess NASH-related liver cancer burden attribut-
able to HFPG by year, age, location, and socioeconomic
status using the latest data from the 2019 GBD study,
which will be helpful for public health policymakers.
Although the GBD estimates fill the gap of sparse or una-
vailable actual data on disease burden, some limitations
should be noted. First, the accuracy of GBD estimates
largely depends on the quality and quantity of data used
in modeling. However, poor-quality data on the burden
of NASH-related liver cancer or HFPG in economically
underdeveloped areas might affect the validity of the esti-
mates provided by the model and make wide Uls for some
of the estimates. Second, the subtypes or degrees of HEPG,
such as type 2 diabetes, type 1 diabetes, and impaired fast-
ing glucose tolerance, were not differentiated. Third, our
results were limited to individuals aged >25 years as chil-
dren and adolescents were not included. Finally, the bur-
den of NASH-related liver cancer attributed to HFPG was
not compared with that attributed to other metabolic risk
factors such as body mass index. Notably, most of these
limitations were due to the GBD methodology and were
beyond the control of researchers.

Conclusions

Overall, the burden of NASH-related liver cancer attrib-
utable to HFPG has increased rapidly in the past three
decades, particularly in regions with low and high SDI.
Therefore, health authorities and policymakers should
urgently increase efforts to stem the growth of HFPG-
induced NASH-related liver cancer burden by allocating
sufficient resources, developing and implementing diabe-
tes prevention programs, and prioritizing NASH-related
liver cancer screening efforts.
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