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Background: Ovarian cancer is one of the most common female malignancies
worldwide, and metabolic factors, such as hyperglycemia, are becoming potential
risk factors. This study aimed to analyze the disease burden and its changing trend
of ovarian cancer attributable to hyperglycemia in the Chinese population from
1990 to 2019.

Methods: Using the data released by the Global Burden of Disease study
2019 (GBD 2019), we analyze the disease burden of ovarian cancer attributable
to hyperglycemia in Chinese from 1990 to 2019 via morbidity, death,
disability-adjusted life years (DALY); compare it with the global population;
and predict the incidence and death trend in Chinese women for the next
10 years (2020-2029).

Results: The incidence, death cases, and DALY numbers of ovarian cancer
attributable to hyperglycemia in Chinese in 2019 were 2,751, 1,758, and 44,615
person-years, respectively, with an increase of 352.5%, 356.6%, and 329.0%
compared with 1990, and the growth rate was higher than the global level.
The age-standardized incidence rate (ASIR), age-standardized mortality rate
(ASMR), and age-standardized DALY rate (ASDR) in 2019 were 0.270/100,000,
0.164/100,000, and 4.103/100,000, respectively. Moreover, the average annual
percent changes (AAPCs) were 2.3%, 2.0%, and 2.0%, respectively, all higher
than the global average. The disease burden of ovarian cancer attributable to
hyperglycemia increased with age, reaching a peak in the 45-75 age group. The
prediction of the neural network model showed that the incidence and death of
the disease would remain high and rise in the next 10 years.

Conclusion: The disease burden caused by ovarian cancer attributable to
hyperglycemia in Chinese accounts for a large proportion globally, and the ASIR,
ASMR, and ASDR are increasing year by year. We should continue to pay attention
to the role of metabolic factors, such as hyperglycemia, in the occurrence and
development of ovarian cancer, perform a good job in tertiary prevention, and
strive to reduce health losses.
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Introduction

Ovarian cancer is one of the most common female malignancies
worldwide. According to the latest global cancer statistics released
in 2021, there are approximately 314,000 new cases of ovarian
cancer every year (3.4% of all new cancer cases in women)
and 207,000 ovarian cancer deaths (4.7% of all cancer deaths
in women). The age-standardized incidence rate (ASIR) and the
age-standardized mortality rate (ASMR) of ovarian cancer were
6.6/100,000 and 4.2/100,000, respectively (1). At present, there is no
evaluative report on the comparative analysis and epidemiological
prediction of the disease burden of ovarian cancer in China
and globally.

In addition to genetic factors, such as BRCA mutations, non-
genetic factors, such as diabetes mellitus (DM), high BMI, smoking,
and alcohol drinking, are major risk factors for the development
of ovarian cancer (2-4). Studies have confirmed that patients with
risk factors, such as hyperglycemia, have a significantly increased
vulnerability to ovarian cancer, and interventions with metformin
or other antidiabetic agents can effectively reduce the incidence
of ovarian cancer (5, 6). Systematic reviews have demonstrated
that increased all-cause mortality and cancer-specific mortality in
patients with ovarian cancer are associated with DM (7, 8). It is
suggested that DM or hyperglycemia status is a potential hazard for

10.3389/fmed.2023.1145487

ovarian cancer (9, 10). However, few studies have been conducted
to inspect the disease burden of ovarian cancer attributable to
metabolic factors and its trend, especially hyperglycemia-related
ovarian cancer.

In this study, a series of data from the Global Burden of Disease
study 2019 (GBD 2019) were used to reveal the relevant distribution
information of ovarian cancer attributable to hyperglycemia in
time, space, and population characteristics based on the disease
burden indexes and to model and predict the disease trends in the
next 10-year cycle, which is helpful to improve the allocation of
health resources and policy formulation.

Materials and methods

Data source

The datasets derived from GBD 2019 provide the global burden
of 369 diseases, injuries, and risk factors in 204 countries and
regions worldwide (11). It can be obtained on the Global Health
Data Exchange System website (GHDx, https://ghdx.healthdata.
org). The ovarian cancer codes in GBD can correspond to ICD-9
(B123) and ICD-10 (C56) (12). The disease burden evaluation
indexes used in this study include incidences, deaths, disability-
adjusted life years (DALY), ASIR, ASMR, age-standardized DALY

TABLE 1 Incidence and death of ovarian cancer attributable to hyperglycemia from 1990 to 2019.

Location Year Incident cases ASIR (x1/10°) Death cases ASMR (x1/10°)
China 1990 608 0.132 385 0.090
1995 822 0.157 505 0.105
2000 1,037 0.174 627 0.112
2005 1,585 0.233 987 0.152
2010 1,930 0.245 1,181 0.154
2015 2,394 0.263 1,508 0.164
2019 2,751 0.270 1,758 0.164
Change rate (%) 352.5 104.5 356.6 82.2
AAPC (%) 2.3 (2.0-2.7) 2.0 (1.6-2.5)
t 13.7 8.5
p <0.001 <0.001
Global 1990 8,070 0.376 5,537 0.266
1995 9,195 0.384 6,220 0.268
2000 10,928 0.408 7,322 0.282
2005 13,710 0.455 9,163 0.311
2010 16,645 0.486 11,095 0.329
2015 19,735 0.506 13,229 0.339
2019 23,376 0.541 15,736 0.359
Change rate (%) 189.7 439 184.2 35.0
AAPC (%) 13 (1.1-1.5) 1.1(0.9-1.2)
t 16.2 13.1
P <0.001 <0.001
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FIGURE 1
Incident and death cases of ovarian cancer attributable to hyperglycemia from 1990 to 2019. (A) Incident cases, (B) Death cases.
A B
0.554
0.35 4
0.504
0.454 0.304
~ X
o
S 0.40 1 :
S S 0254 Location
= 0.35+ F)
8. 8 =o— China
i 0.20 4
% 0.30 % -o— Global
< 0257 2 .15
0.204
0.10 4
0.154
0.104 0.05 4
1990 1995 2000 2005 2010 2015 2019 1990 1995 2000 2005 2010 2015 2019
Year Year
FIGURE 2
ASIR and ASMR of ovarian cancer attributable to hyperglycemia from 1990 to 2019. (A) ASIR, (B) ASMR.

rate (ASDR), and average annual percent changes (AAPCs). The
specific calculation methods can be referred to in the published
research studies (13, 14). In addition, DALY in this study can be
taken into account as both years of life lost (YLL) and years lived
with disability (YLD) (15).

Disease prediction

Back propagation neural network is a multilayer feedforward
network trained by an error back propagation algorithm (16). Using
the current state and historical data of the research object as input,
the error between the output predicted value and the actual value
decreases along the gradient direction by repeatedly training and
adjusting the connection weights and thresholds in the neural
network, and the network parameters with the smallest error are
determined to achieve the purpose of predicting the future state
(17). The data on ovarian cancer attributable to hyperglycemia
from 1990 to 2019 were applied to conduct the model. According
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to the training pattern of the BP neural network, the input layer
has 10 nodes, the hidden layer has 10 nodes, and the hidden layer
activation function is tansig. The number of output layer nodes
is 1, and the activation function of the output layer is logsig. The
learning rate is set to 0.05, and the convergence error is 0.005.

Statistical analysis

A series of estimates, such as the number of incidences, were
expressed by their 95% uncertainty intervals (UIs) calculated by
generating 1,000 samples at each computational step and taking
the ordinal values of the 25th and 975th values (18). The trend
analysis of the rate was expressed by AAPC, which was generated
and analyzed by the Joinpoint software (V 4.7.0.0), with a = 0.05
as the test level (19). The R software (V 4.0.3) dplyr and ggplot2
packages were employed for data cleaning and visualization, and
the AMORE package was used for neural network forecasting.
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FIGURE 3

AAPC of ASDR

Global spatial distribution of AAPCs on ASMR and ASDR of ovarian cancer attributable to hyperglycemia from 1990 to 2019. (A) AAPC of ASMR, (B)
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Results

Incidence and death of ovarian cancer
attributable to hyperglycemia in China and
worldwide

From 1990 to 2019, the incident and death cases of ovarian
cancer in Chinese women were summed up as 45,920 and 28,564,
respectively, accounting for 10.9% and 10.1% of the incidences
(422,385) and deaths (283,500) among the global population during
the same period. The incident and death cases of ovarian cancer
attributable to hyperglycemia in Chinese women increased from
608 (95% UI: 475-840) and 385 (95% UI: 70-1,024) in 1990 to
2,751 (95% UL 2,003-3,470) and 1,758 (95% UI: 299-4,429) in
2019. Globally, the incidence and death rose from 8,070 cases
(95% UI: 7,434-9,156) and 5,537 cases (95% UI: 1,096-13,331) to
23,376 cases (95% UL 20,695-26,179) and 15,736 cases (95% UI:
3,023-36,227), with an increase of 189.7% and 184.2%, respectively
(Table 1, Figure 1).

The ASIR and ASMR of ovarian cancer attributable to
hyperglycemia in Chinese women grew from 0.132/100,000
(95% UI: 0.103/100,000-0.184/100,000) and 0.090/100,000 (95%
UL 0.016/100,000-0.239/100,000) in 1990 to 0.270/100,000
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(95% UL 0.198/100,000-0.339/100,000) and 0.164/100,000
(95% UL 0.028/100,000-0.414/100,000) in 2019 with AAPCs
as 2.3% and 2.0% (P < 0.001), respectively. Globally, the
ASIR and ASMR increased from 0.376/100,000 (95% UI:
0.347/100,000-0.424/100,000) and 0.266/100,000 (95% Ul
0.053/100,000-0.642/100,000) to 0.541/100,000 (95% UL
0.478/100,000-0.606/100,000) and 0.359/100,000 (95% UI:
0.069/100,000-0.826/100,000) with AAPCs as 1.3% and 1.1%
(P < 0.001), respectively (Table 1, Figure2). In addition, the
AAPC of ASMR in countries around the world is presented in
Figure 3A.

Disease burden caused by ovarian cancer
attributable to hyperglycemia

In 2019, DALY caused by ovarian cancer attributable to
hyperglycemia in Chinese women was 44,615 person-years,
accounting for 0.026% of the disease burden of all causes in
Chinese women (168,758,861 person-years) and 12.6% of the DALY
induced by ovarian cancer attributable to hyperglycemia in the
global population (353,748 person-years).
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TABLE 2 Disease burden of ovarian cancer attributable to hyperglycemia from 1990 to 2019.

Location Year DALY ASDR YLL (person- ASYLLR YLD (person- ASYL YLD/YLL
(person-  (x1/10°) years) (x1/10°) years) (x1/10°) (%)
years)
China 1990 10,399 2.292 10,163 2.240 236 0.052 2.322
1995 13,522 2632 13,203 2570 319 0.062 2416
2000 16,572 2.793 16,165 2.725 406 0.068 2512
2005 25,714 3.749 25,058 3.653 656 0.096 2618
2010 30,554 3.793 29,720 3.690 834 0.103 2.806
2015 38,543 4045 37,481 3.934 1,062 0.112 2.833
2019 44,615 4103 43,374 3.988 1,241 0.115 2.861
Change rate 329.0 79.0 326.8 78.0 425.8 1212 0.539
(%)
AAPC (%) 2.0 (1.5-2.4) 2.0 (1.5-2.4) 2.6 (2.3-2.9)
t 8.9 8.8 15.3
P <0.001 <0.001 <0.001
Global 1990 125,945 5.890 122,623 5735 3,322 0.156 2.709
1995 140,885 5.946 137,089 5.786 3,796 0.160 2.769
2000 164,450 6211 159,971 6.041 4,479 0.169 2.800
2005 204,960 6.868 199,343 6.680 5,617 0.188 2.818
2010 246,685 7.240 239,865 7.040 6,820 0.200 2.843
2015 297,271 7.585 289,100 7.377 8,171 0.209 2.826
2019 353,748 8.091 344,013 7.868 9,735 0.223 2.830
Change rate 180.9 374 180.5 37.2 193.0 429 0.121
(%)
AAPC (%) 1.1(1.0-1.3) 1.1(1.0-1.3) 1.3 (1.1-1.5)
t 15.6 155 15.6
P <0.001 <0.001 <0.001
In China, DALY, YLL, and YLD due to ovarian cancer  0.407/100,000-5.931/100,000), and 0.052/100,000 (95% UL

attributable to hyperglycemia increased from 10,399 (95% UL
1,883-27,641), 10,163 (95% UI: 1,844-26,898), and 236 person-
years (95% UI: 40-636) in 1990 to 44,615 (95% UI: 7,595-113,363),
43,374 (95% UI: 7,438-110,204), and 1,241 person-years (95% UL
194-3,294) in 2019, respectively. During the same period, DALY,
YLL, and YLD in the whole world changed from 125,945 (95%
UI: 24,615-304,316), 122,623 (95% UI: 23,982-296,166), and 3,322
person-years (95% UI: 587-8,277) to 353,748 (95% UI: 68,513—
824,409), 344,013 (95% UI: 65,804-800,804), and 9,735 person-
years (95% Ul 1,774-23,919), respectively. The growth rates of
DALY, YLL, and YLD in China (329.0%, 326.8%, and 425.8%)
were much higher than those in the world (180.9%, 180.5%, and
193.0%) (Table 2, Figures 4A-C). YLL was always the dominance
of DALY, but the YLD/YLL ratio of ovarian cancer attributable to
hyperglycemia in Chinese women showed an increasing trend from
1990 to 2019, with an ascent (0.539%) higher than the global level
of 0.121%, as shown in Table 2, Figure 4D.

The standardized DALY, YLL, and YLD rates (ASDR,
ASYLLR, and ASYLDR) of ovarian cancer attributable to
hyperglycemia in China elevated from 2.292/100,000 (95%
UI:  0.416/100,000-6.053/100,000), 2.240/100,000 (95% UL
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0.009/100,000-0.142/100,000) in 1990 to 4.103/100,000 (95%
UL 0.701/100,000-10.418/100,000), 3.998/100,000 (95% UL
0.686/100,000-10.126/100,000), and  0.115/100,000  (95%
UL 0.018/100,000-0.306/100,000) 2019, respectively,
while that the global population ascended from
5.890/100,000 (95% UL 1.152/100,000-14.213/100,000),
5.735/100,000 (95% UL 1.122/100,000-13.843/100,000), and
0.156/100,000 (95% UI: 0.028/100,000-0.388/100,000) in 1990

in
in

to 8.091/100,000 (95% UL  1.566/100,000-18.863/100,000),
7.868/100,000 (95% UI: 1.504/100,000-18.316/100,000), and
0.223/100,000 (95% UI: 0.041/100,000-0.548/100,000) in

2019, respectively.

The ASDR, ASYLLR, and ASYLDR of ovarian cancer
attributable to hyperglycemia increased by 79.0%, 78.0%, and
121.2%, respectively, in China, which was substantially higher
than those (37.4%, 37.2%, and 42.9%) of the world. Meanwhile,
the AAPCs of ASDR, ASYLLR, and ASYLDR in Chinese women
(2.0%, 2.0%, and 2.6%) were also higher than those in the global
population (1.1%, 1.1%, and 1.3%) (Table 2, Figure 5). The map
delineating the AAPC of ASDR in countries worldwide is shown
in Figure 3B.
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FIGURE 4
DALY, YLL, YLD of ovarian cancer, and YLD/YLL ratio attributable to hyperglycemia from 1990 to 2019. (A) DALY numbers, (B) YLL numbers, (C) YLD
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(A—C) ASDR, ASYLLR, and ASYLDR of ovarian cancer attributable to hyperglycemia from 1990 to 2019.

Age distribution of disease burden caused between 25 and 44 years old and began to rise rapidly after

by ovarian cancer attributable to 45, reaching a peak between age groups of 55 and 74. It could
hyperglycemia be distinguished from the year distribution that morbidity and

mortality in 1990 did not show a downward trend after the age
The incidence, mortality, and DALY of ovarian cancer of 75. However, in 2019, all disease burden indicators revealed a
attributable to hyperglycemia were all at a relatively low level  significant decline in age groups beyond 75 (Tables 3, 4, Figure 6).
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TABLE 3 The age distribution on ASRs of ovarian cancer attributable to hyperglycemia in China, 1990.

Incident cases ASIR (x1/1 Death cases ASMR (x1/10°) ASDR (x1/10°)

25-29 5 0.008 1 0.002 67 0.125
30-34 9 0.016 2 0.006 136 0322
35-39 17 0.031 5 0.012 283 0.641
40-44 27 0.066 10 0.032 497 1.554
45-49 42 0.133 19 0.076 797 3264
50-54 71 0.247 38 0.170 1,450 6.446
55-59 97 0.367 58 0275 1,885 9.117
60-64 9% 0435 61 0358 1,750 10.187
65-69 89 0.496 62 0.442 1,470 10.566
70-74 72 0553 55 0.546 1,079 10.673
75-79 47 0.559 40 0.614 618 9.503
>80 36 0.550 34 0.660 366 7.127
Total 608 0.132 385 0.090 10,399 2292

TABLE 4 The age distribution on ASRs of ovarian cancer attributable to hyperglycemia in China, 2019.

Age Incident cases  ASIR (x1/10°) Death cases ~ ASMR (x1/10°) DALY ASDR (x1/10°)
(person-years)
25~29 9 0.015 1 0.002 87 0.159
30~34 21 0.028 4 0.006 244 0.383
35~39 36 0.063 8 0.017 443 0.894
40~44 79 0.137 23 0.047 1,133 2.278
45~49 185 0.268 68 0.114 2,945 4.947
50~54 355 0.491 171 0.274 6,518 10.469
55~59 397 0.723 218 0.462 7,255 15.372
60~64 421 0.926 263 0.672 7,502 19.190
65~69 482 1.158 336 0.937 8,026 22.396
70~74 361 1.266 285 1.164 5,575 22.727
75~79 203 1.113 182 1.157 2,800 17.825
>80 202 0.942 199 1.077 2,087 11.290
Total 2751 0.270 1,758 0.164 44,615 4.103
Prediction of incidence and mortality of Discussion

ovarian cancer attributable to
hyperglycemia

The BP neural network model with fine goodness of fit was
selected to predict the incidence and mortality trend of ovarian
cancer attributable to hyperglycemia in China from 2020 to 2029.
It was forecasted that the incidence and mortality status of ovarian
cancer attributable to hyperglycemia in Chinese women would
continue to rise in the next 10-year cycle. The number of morbidity
and death was likely to reach 3,726 and 2,430 in 2,029, respectively,
and ASIR and ASMR might reach 0.284/100,000 and 0.168/100,000
in 2029 (Table 5, Figure 7).
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Globally, the incidence, mortality, and DALY of ovarian cancer
are on the rise. The disease burden in South Asia, East Asia, and
Western Europe is the heaviest, among which China and India
have the most death cases (20, 21). In addition to genetic and
reproductive factors, the onset of ovarian cancer is also closely
related to metabolic risks, such as obesity, high BMI, and high
blood glucose levels, caused by insulin resistance, all of which are
supported profoundly by relevant basic research (22-24).

More attention has been paid to the pathogenesis of ovarian
cancer associated with high fasting plasma glucose. From the
perspective of energy supply, high glucose promotes tumor
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FIGURE 6
Age distribution of incidence, death, ASIR and ASMR of ovarian cancer attributable to hyperglycemia in China between 1990 and 2019. (A) Incident
cases, (B) ASIR, (C) death cases, and (D) ASMR.

TABLE 5 Incidence and death of ovarian cancer attributable to hyperglycemia in China predicted by neuro-network model from 2020 to 2029.

Incident cases ASIR (x1/10°) Death cases ASMR (x1/10°)
2020 2,777 0.268 1,765 0.163
2021 2,850 0.269 1,824 0.164
2022 3,045 0271 1,893 0.165
2023 3,079 0274 1,965 0.165
2024 3,171 0276 2,039 0.166
2025 3,263 0277 2,110 0.166
2026 3,376 0277 2,176 0.166
2027 3,494 0.280 2,262 0.167
2028 3,616 0.282 2,347 0.168
2029 3,726 0.284 2,430 0.168

cell proliferation (25). In addition, cancer cell mitosis could
be promoted by hyperinsulinemia caused by insulin resistance
through molecules such as insulin receptor-A and insulin-like
growth factor-1 (IGF-1), and high glucose could activate the IGF-
1 receptor signaling pathway (26-28). Meanwhile, changes in
blood glucose levels have significant impacts on signal transduction
in cancer cells (29, 30). It has been illustrated that diabetes
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mellitus can also promote carcinogenesis through the regulation of
programmed cell death and immune system surveillance (31, 32).
Currently, there has been no in-depth report on the disease burden
of ovarian cancer attributable to hyperglycemia.

Though the disease burden of ovarian cancer attributable to
hyperglycemia is not serious compared to specific risk factors, such
as genetics and behavior in Chinese and world populations, the
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FIGURE 7

Trends in observed and predicted incidence, death, ASR of ovarian cancer attributable to hyperglycemia from 1990 to 2029 in China. (A) Trends in
observed and predicted incidence and death and (B) Trends in observed and predicted ASR.

rising trend is not optimistic. ASIR and ASMR in China increased
from 0.132/100,000 and 0.090/100,000 in 1990 to 0.270/100,000 and
0.164/100,000 in 2019, with AAPCs of 2.3% and 2.0%, respectively,
much higher than the global rates of 1.3% and 1.1%. The average
annual growth rates of ASDR, ASYLLR, and ASYLDR among
Chinese women (2.0%, 2.0%, and 2.6%) were all beyond the global
levels (1.1%, 1.1%, and 1.3%). The ratio of YLD/YLL in China
rose from 2.322% in 1990 to 2.861% in 2019, with an increase
of 0.539%, which also exceeded 0.121% globally during the same
period. The results indicate that great progress in the diagnosis
and treatment of ovarian cancer has been made in China, and the
early detection and upgrade of regimens have extended the survival
of patients and improved the prognosis. Nonetheless, the vast
majority of DALY for hyperglycemia-related ovarian cancer still
comes from YLL.

Our results unveiled that the incidence and mortality of ovarian
cancer attributable to hyperglycemia ascended with age, and ASIR
increased most rapidly in the 45-75 group, which was consistent
with the conclusions of other research studies, suggesting that
more attention should be paid to the perimenopausal and elderly
people (33, 34). Based on the understanding of the incidence
trend of ovarian cancer attributable to hyperglycemia in the
past 30 years, our prediction was made in combination with
the current observed trend in this study. The charts indicate
that although the epidemic trend of ovarian cancer is decreasing
gradually, the overall rising potential cannot be ignored. In
addition, with the extension of aging, the absolute number of
morbidity and mortality will be always at a high level in the next
10-year cycle.

Considering the dismal etiology and high malignancy of
hyperglycemia-related ovarian cancer, it is still necessary to
attach great importance to reducing the occurrence of abnormal
glucose metabolism, such as diabetes, and improving the blood
glucose status of middle-aged and elderly women. First, it
is necessary to arouse people’s concerns about the high risk
of hyperglycemia through scientific popularization, which can
help people develop good living habits by reducing sugar
consumption and increasing activity. Meanwhile, the key point
to control ovarian cancer is to strengthen the propaganda of
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clinical symptoms associated with ovarian cancer for the general
population, such as abdominal distension, abdominal pain, and
increased abdominal circumference. In other words, people need
to pay more attention to body changes in daily life. In terms
of high-risk population, especially people with a family history
of ovarian cancer, early screening of ovarian cancer can be
taken into consideration including vaginal ultrasonography and
the monitoring of serum carbohydrate antigen 125 (CA125),
so as to diagnose and treat in time and ameliorate the
survival of patients.

Conclusion

Compared with traditional genetic factors, this study focuses
on the non-genetic factor, hyperglycemia for the development of
ovarian cancer. More attention is paid to the disease burden and
its development trend caused by ovarian cancer attributable to
hyperglycemia. It is revealed that both incidence and mortality
are on the rise and the upward trend will continue over the next
decade in China and worldwide. The indicators related to the
disease burden maintain a high level between 55 and 74 years old.
It is suggested to conduct further screening on the susceptibility
of ovarian cancer for people with hyperglycemia. The limitation
of this study is that some of the data in the GBD study are
based on statistical calculations. Affected by algorithms and models,
the integrity of the data may cause certain deviations. Moreover,
DALY is influenced by social culture and disease cognition,
which has certain drawbacks and may not fully reflect the native
situation (35, 36). Due to the lack of relevant data, this study
also failed to analyze the economic burden caused by ovarian
cancer attributable to hyperglycemia, and more comprehensive
epidemiological studies are needed in the future. In addition,
the correlation between hyperglycemia and other confounding
factors, such as obesity, needs to be figured out in the following
research, and the effects of external intervention measures for
hyperglycemia on the formation of ovarian cancer can be
further discussed.
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