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Background. Cervical cancer, especially in underdeveloped areas, poses a great threat to human health. In view of this, we stratified
the age and social demographic index (SDI) based on the epidemiological development trend and attributable risk of cervical
cancer in countries and regions around the world. Methods. According to the data statistics of the global burden of disease
database (GBD) in the past 30 years, we adopted the annual percentage change (EAPCs) to evaluate the incidence trend of cervical
cancer, that is, incidence rate, mortality, and disability adjusted life expectancy (DALY). Meanwhile, we investigated the potential
influence of SDI on cervical cancer’s epidemiological trends and relevant risk factors for cervical cancer-related mortality. Results.
In terms of incidence rate and mortality, the high SDI areas were significantly lower than those of low SDI areas. The incidence and
mortality in women aged 20 to 39 were relatively stable, whereas an upward trend existed in patients aged 40 to 59. The global
cervical cancer incidence rate increased from 335642 in 1990 to 565541 in 2019 (an increase of 68.50%, with an average annual
growth rate of 2.28%), while the age-standardized incidence rate (ASIR) showed a slight downward trend of 14.91/100000 people
(95% uncertainty interval [UI], 13.37-17.55) in 1990 to 13.35/100,000 persons (95% UI, 11.37-15.03) in 2019. The number of
annual deaths at a global level increased constantly and there were 184,527 (95% UI, 164,836-218,942) deaths in 1990 and 280,479
(95% UI, 238,864-313,930) deaths in 2019, with an increase of 52.00%(average annual growth rate: 1.73%). The annual age-
standardized disability adjusted annual life rate showed a downward trend (decline range: 0.95%, 95% confidence interval [CI],
from —1.00% to —0.89%). In addition, smoking and unsafe sex were the main attributable hazard factors in most GBD regions.
Conclusions. In the past three decades, the increase in the global burden of cervical cancer is mainly concentrated in under-
developed regions (concentrated in low SDI). On the contrary, in countries with high sustainable development index, the burden
of cervical cancer tends to be reduced. Alarmingly, ASIR in areas with low SDI is on the rise, which suggests that policy makers
should pay attention to the allocation of public health resources and focus on the prevention and treatment of cervical cancer in
underdeveloped areas, so as to reduce its incidence rate, mortality, and prognosis.

1. Introduction

Worldwide, cervical cancer, as the fourth most common
malignant tumor, still has a high mortality rate among
women [1-3]. As a major global health concern, the pre-
dominance of cervical cancer has been significantly ascended
in underdeveloped regions [4]. In view of this, the United
Nations General Assembly clearly proposed in the

sustainable development strategy to strive to reduce the
premature mortality of noncommunicable diseases by at
least 30% by the middle of this century [5]. Meanwhile, the
World Health Organization (WHO) has launched a global
initiative to expand prevention, screening, and strive to
eliminate the public health problem of cervical cancer in the
21st century [6]. Considering the sustainable development
goals, an irreplaceable goal is to understand the level and
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trend of cervical cancer burden to guide national and re-
gional health policies, so as to improve the quality of life of
cancer patients and prolong their life.

Up to now, there is still a lack of systematic evaluation of
cervical cancer disease surveillance and investigation, health
administration report, major disease registration, and all
available data sources [7, 8]. Fortunately, the global burden
of disease (GBD) collects disease data (including cervical
cancer) from most countries and regions around the world.
From a macro level, it provides an excellent opportunity to
explore the epidemiological development trend of cervical
cancer and the attributable risk [9, 10]. To date, the GBD
database continuously provides available data on disease,
injury, and risk factor burden by integrating global, regional,
and national assessments [9, 11]. Thus far, epidemiological
studies may draw more reliable conclusions from the GBD
database [12].

With this in mind, we conducted this study to find
attributive risk factors based on the incidence rate, mortality,
DALY, and prevalence trends of cervical cancer in 192
countries and regions worldwide recorded based on the
GBD database over the past 30 years and stratified them by
age and social demographic index (SDI). The results of this
study will help to analyze the regional differences in the
global burden of cervical cancer and can formulate targeted
health policies to optimize the allocation of medical re-
sources for cervical cancer patients in underdeveloped areas.

2. Methods

2.1. Data Acquisition. In this study, the data of cervical
cancer disease burden were obtained from the online Global
Health Data Exchange (GHDx) query tool (http://ghdx.
healthdata.org/gbd-results-tool). To further grade the dis-
ease burden of cervical cancer, the social population index
(SDI) can be used as the optimal quantitative standard, that
is, according to the SDI index (a total of five grades, in-
cluding higher, high-middle, middle, low-middle and low),
that is, all countries and regions included in the SDI can be
classified into the corresponding SDI grade. Additionally, we
also map and visualize the epidemiological trends (incidence
rate, mortality, and annual disability adjusted life rate) of
cervical cancer in 192 countries and regions where relevant
data can be obtained, so as to clarify the regional distribution
of the annual standardized incidence, death, and disability
adjustment of cervical cancer, as well as the corresponding
trends in different countries and regions in the past 30 years.
Our research strictly respected the implementation of the
declaration of Helsinki and complied with relevant regu-
lations. It was approved by the Institutional Review of the
Ethics Committee of Renmin Hospital of Wuhan University
(WDRY2021-K014) to carry out this research.

2.2. Statistical Analysis. To meet the criteria of GBD data
survey, we conducted statistical analysis on the incidence
trend and death trend of cervical cancer, as well as age-
standardized incidence rate (ASIR) and age-standardized
mortality (ASDR). In addition, in order to evaluate the
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health life-years lost by cervical cancer patients due to illness,
we used the annual disability adjusted life rate (DALY)
analysis. It is worth mentioning that because the incidence
trend of cervical cancer in the past 30years has not con-
tinued to increase or decrease, we also adopted the annual
percentage change (EAPCs) to accurately evaluate the epi-
demiological trend of cervical cancer incidence rate, mor-
tality, and disability adjusted life age [13]. EAPCs were
calculated using a linear regression model as follows: In
(ASR) =a + f3 x + ¢, where x refers to the calendar year, and
the ASR was obtained as follows [14]:

A aiwi

A .
=1 W1

ASR = x 100, 000. (1)

In the ith age subgroup, 4; is represented as age class. w;
denotes the number of persons (or weight), where i is equal
to the selected reference standard population. Meanwhile,
the EAPC =100 x (exp(f3) — 1) and 95% uncertainty intervals
(UIs) were calculated via the regression model. If the lower
limit and confidence interval of EAPC are greater than zero,
ASR represents that the incidence or death of cervical cancer
is on the rise, and vice versa [15, 16]. In addition, the human
development index can be used as a quantitative standard for
the evaluation of medical level in all regions of the world. We
also used a scatter diagram for visualization to depict the
correlation between EAPC, ASR, and SDI, in which the
Pearson’s correlation coeflicient(R) represents the strength
of the correlation. The data statistics and visual analysis
involved in this study are based on R language (version 4.0.4,
http://www.r-project.org/).

3. Results

3.1. Temporal and Spatial Changes of Incidence Rate of
Cervical Cancer

3.1.1. Global Level. Compared with the cutoft point in 2019,
the incidence rate of cervical cancer in the past 1990 was
higher. There were 335,642 (95% UL, 300,354-393,893) in-
cidences in 1990 and 565,541 (95% UI, 481,524-636,435)
incidences in 2019 (Table 1, Additional file 1: Figure S1). The
total incidence rate of the disease growth was 68.50%, and
the average annual growth rate was 2.28%. On the contrary,
the ASIR was relatively stable and shows a slight downward
trend, with 14.91/100,000 persons (95% UI, 13.37-17.55) in
1990 to 13.35/100,000 persons (95% UI, 11.37-15.03) in
2019. Of note, the downward trend of ASIR was highly
consistent with ASDR and DALY, and the downward trend
of ASDR and DALY was slightly gentle compared with the
ASIR (Figure 1).

3.1.2. SDI Level. As shown in Table 1, ASIR decreased in
high SDI areas, with EAPCs of —0.95 (95% CI, from —1.06 to
-0.85), followed by low SDI, with EAPCs of —0.69 (95% CI,
from —0.73 to —0.65). The ASIR in other SDI regions
maintained a basically flat development trend, while EAPC
showed a negative correlation with different SDIs (R=-0.21,
P <0.05, Figure2(b)), but the correlation with ASIR was not
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FIGURE 1: Trends in age-standardized incidence rate, mortality rate, and DALY rate among different SDI quantiles (a) and estimated age-

standardized incidence rates on a global scale (b).

obvious (R=0.01, P = 0.87, Figure 2(a)). In terms of inci-
dence rate and age distribution, SDI was negatively corre-
lated with the proportion of cases (especially young patients)
(low SDI: 20-39 years old, 26.26%; medium and low SDI: 20-
39 years old, 23.87%), while the proportion of elderly cases in
2019 (low SDI: 40-59 years old, 49.79/100000; medium and
low SDI: 40-59 years old, 50.22/100000) remained relatively
stable. However, the incidence of high incidence rate in 5
SDI regions was concentrated in 40 to 59years (40.73/
100,000 to 50.56/100,000). In the past 30 years, the incidence
trend of the elderly population (60-79years old) has
remained relatively stable, with 2001 as the turning point,
while the incidence rate of middle-aged and elderly women
(40-59 years old) has increased slightly(Figure 3, Additional
filel: Figure S2, Additional filel: Table S6).

3.2. National and Regional Levels. We observed the inci-
dence from GBD regions and country level via ASIR, a total
of 40 countries showed an uptrend of ASIR from 1990 to
2019. Among them, Lesotho (1990:28.52/100,000, 95% UI
[18.78-42.2]; 2019 : 52.77/100,000, 95% UI [26.49-90.4]) had
the most obvious upward trend, followed by Botswana
(1990:37.72/100,000, 95% UI [24.27-57.1]; 2019:47.63/
100,000, 95% UI [28.09-73.79]). On the contrary, Rwanda
(1990:54.02/100,1000,95% UI [37.19-73.18]; 2019:32.39/
100,000, 95% UI [21.4-48.8]) represented the most obvious

downward trend (Additional filel: Table S3). The top three
countries in ASIR were Solomon Islands, Guinea, and
Lesotho, respectively. The bottom three countries were Egypt,
the Syrian Arab Republic, and Kuwait, respectively.
Meanwhile, the top three and bottom three countries of
EAPC were Lesotho, Italy, China, Maldives, Singapore, and
Austria respectively. In terms of region, the top and bottom
three regions of ASIR were sub-Saharan Africa (southern,
central, and eastern), North Africa, the Middle East, Aus-
tralia, and Western Europe. Furthermore, the top three and
bottom three regions of EAPC were East Asia, southern sub-
Saharan Africa, Eastern Europe, Latin America, Tropical
Latin America, and South Asia, respectively (Additional
filel: Tables S1 and S2. Figure4 and Additional filel:
Figure S6).

3.3. Temporal and Spatial Distributions of Death Trend of
Cervical Cancer

3.3.1. Global Level. Over the past three decades, the number
of annual deaths at a global level increased constantly and
there were 184,527 (95% UI, 164,836-218,942) deaths in
1990 and 280,479 (95% UI, 238,864-313,930) deaths in 2019
(Table 2). The total death rate of the disease growth was
52.00%, and the average annual growth rate was 1.73%.
However, the downward trend of ASDR was very obvious,
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that is, EAPC is —0.93[95% CI, from —0.98 to —0.88], from
8.48/100000 people [95% UI, 7.59-10.07] in 1990 to 6.51/
100000 people [95% UI, 5.55-7.29] in 2019.

3.3.2. SDI Level. Meanwhile, ASDR with low SDI had a
significantly higher trend compared than the other four SDI
regions, while ASDR with high SDI ranks lower. In addition,

the ASDR of SDI regions showed a downward trend re-
gardless of grade. In addition, EAPC showed a significant
negative correlation with SDI (R=-0.33, P<0.01,
Figure 2(d)), while it showed a positive correlation with
ASDR (R=0.18, P<0.05, Figure 2(c), Additional filel:
Figure S3). Consistent with the SDI, the proportion of
middle-aged deaths (40 to 59 years old) decreased with SDI
in 1990 and 2019 (Figure 3). Meanwhile, the proportion of
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FIGURE 3: Incidence rate of cervical cancer and the distribution of death cases in different ages and regions. (a) The death rate from 1990 to
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death among young patients (20-39years old) had a  (Additional filel: Figure S4 and S5). Among them, there was
downward trend year by year, while the proportion of death  a peculiar unimodal distribution (trend of death difference)
among the elderly (40-59 years old) had the opposite trend ~ among all age groups. The peak of low SDI was 60 to 64 years
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old, the peak of high medium, low medium, and medium 3.4 National and Regional Levels. From the changing trend of
SDI was 70 to 74 years old, and the peak of high SDI was 75  ASDR in various countries and regions around the world, most
to 79 years old (Figure 5, Additional filel: Figure S5). countries and regions had a downward trend. Among them,



International Journal of Clinical Practice

[€7°0— 03 €5°0-] 8%°0—
[FS'1- 01 9£'1-] S9'T—
[z61- 01 112-] 10C-
[€£0 01 81°0] 9%°0
[680— 01 €T'T-] 10'T—
[€9'1- 03 19'T-] TS'T-
[87'1- 01 2L 1-] 91—
[80°0— 03 £Z°0-] 8T'0—
[%01— 01 8T'1-] IT'1—
[65°0— 03 €8°0—] 69°0—
[#%'1- 031 65'1-] TS’ 1—
[#8°0— 01 96'0-] 6°0-
[121- 03 56 1-] 8€°1—
[61°0 03 62°0—] S0°0—

$5°0— 03 6£°0-] £9°0—
SPT- 03 9L T-] 19—
9% 1— 03 69'T-] £S'T—

150~

85°0— 03 7L'0-] S9°0—
LTT— 03 £6'T-] LS'T—

[
[
[
[19°0— 01 88°0—
[
(
[121- 03 S¥'1-] €€°1—

[12-8¢°€T] €891
[s8C-8¢T] S9°C
[€2°01-70'8] 698
[£LTT-T8°ST) ¥E61
[95°01-218] ¥9°6
[€€01-€09] 9¢Z
[17°6-99°S] 10°2
[61°CZ-S'TT] 1791
[69°¢-L¥'T] ST'E
[ST€-s57] 66T
[96'C-7TT] LT
[29'LT-STST] €T'1C
[19'9-29'F%] ¥S°S
[65°9-60°¢] 8T'S
[¥T0c-6¥¥71] £9°1C
[267T1-16'8] S9°01
[SL£°£-65°G] S99
[£'8-89'9] 85°Z
[96'ST-1T01] S6°TT
[(7'2-88°1] L1T
[F0'8T-ST'TT] LEF1

[1T°0¥Z-T5°0S1] 88061
[68°9CT-1£T0T] ¢SLTT
[£6°9€T-ST'LOT] 8'STT
[2S2L-6°€S] 19°S9
[86'S¥-TS'S€] 9L'TF
[8'67€-57°50T] 6T°1ST
[97°669-1£8TF] €0°€€S
[€T6-8%F] 69°9
[1T°€8-€7¥%5] S0°0Z
[7€6-SL7L] 66°L8
[L129-LL'S¥] $0°9S
[96°8LT-LLFST] TT'TIC
[T611-2L%8] ££00T
[T9°€1L-L8°1€€] 9°65S
[85°001-80'6¥] 96°7L
[$0°89T-FE'STT] T€8€T
[88°6L-F7°8S] €889
[£T6£-0€] €THE
[19°¢H-¥T LT] LFE
[€8's-8%F] ST'S
[c8€s-L1€€] 8L°TH

[9£6T-%6'ST] ¥L'61
[15F7-66°€] 9¢F
[ZrL1-L€1) TLvtl
[LT%T-€971] LT61
[€€1-29°11] P€TI
[$S71-9€'8] SO'TT
[2971-6T°8] 6701
[cTsT-8€7€T] 9181
[66F-1€] LEF
log¢-sze] 12°¢
[18¥-¢6€] TF
[s¥'¢€€-£0°0T] 15°9T
[618-69] 9L
[92°6-2L%] SO°9
[STHE-8L°8T] LT'9T
[8T1T-61°8T] S€°0T
[6£°01-€9°6] $1°01
[e701-56'8] 18°6
[¥0'81-55°21] €8°G1
[cec-o1€] €€
[S0FT-TTLT] 6€°0T

[60°€T1-25°SL] 8L°€6
[£0°9€T-S€°0TT] €1€T
[68'88-CT'CL] S8°9L
[89°07-€8%7] 6£T€
[80°€€-£8'87] £9°0€
[£9%12-59°ST1] #1'£91
[€5°66€-€T°79T] LE€EE
[1T9-617] SO°€
[€'s¥-61'82] 12°6€
[¥¥°0L-26S] 15'L9
[cTes-Ly €] Tvov
[CT671-9L'06] LE6TT
[65°8€1-7S°601] 6€°6C1
(17" 19%-61°€T2] #0H8T
[6€°87-60'97] 1T °LE
[1T001-9698] £8°S6
[T€58-€09L] 86°6L
[£88T-8¥C] T'LT
[6%'ST-9%'L1] LT'TT
[LL¥-16€] SSF
[65°£T-T9°61] 1€°€T

BOLIJY UBIRUBS-QNS UIAISIM
adoinyg urasap
eouoWYy uneT [eordoir,
eOLIJY UBIBUBS-QNS UIYINOS
BOLIOWY U] UIdYINOS
BISY ]SEOUINOS
BISY {Inog
BIUBIDO
sed S[PPIA pue eIy [IION
BOLIOWY YJION dWOOUI-Y3IE]
oyed BISY dwodul-ySiyg
BOLIJY UeIeyeS-qns uId)sey
adoing uidseq
BISY Jseq
BOLIJY UBIBUES-QNS [BIIUI)D)
BOLIOWY UL [elud)
adomy renua)
BISY [BIUD)D)
ueaqque)
BISE[RI)SNY
BOLIOWY UNe] Uedpuy
uoray

[98°0— 01 ¥6°0-] 6°0—
[96'0— 03 ZI'T-] $0°'1—
[£670— 03 60°'T-] €0'T—
[6T'T— 03 1€°1-] STT—
[9%'1- 03 89°1-] £LS'T—

[9%°81-T6'11] SO'ST
[€8°01-79°2] 588
[94°L-%'S] 829
(£¥'s-76°€] 68°F
[T¢-97] 6C

[85795-L6'LS€] ¥'SSH
[S#'T18-L7TLS] 827999
[ze0T-€€7€12] 106
[728L5-%9°9TF] 1L°L1S
[6%'182-€7°8TC] €£719T

[99'¢2-ST] 8T°61
[S0'ST-€£°6] 1L°11
[Fs11-1€°8] T€6
[€18-69] $6'9
[12¥%-CCF] 95

[TT'TCE-F€20T] 8°09C
[$5°00S-19%2€] 60°T6€
[12°159-%€'99%] 9T'STS
[SOF787-76'98¢] €S €TF
( ]

€6'19C-GL°T¢eC] TTTST

Ids moT
1dS S[ppII-mOT
1ds °IPPIIN
1A$ 2[PPrw-y3ry
1as ysiH
xopur oryderdowaporog

[88'— 01 86°0—] €670—

l6T°£-55°S] 159

[€6€1¢-7988¢T] 6£708C

[200T-65L] 8%°8

[T9'6817-9€'8%91] LT SFSI

[eIA0

(ID %S6) 'ON DAV
6102-0661

(1N %S6) ON
000001 2d IASY

(IN %S6) TOT. "ON sased Yrea

610C

(IN %S6) ON
000001 1d YASY

(IN %S6) TOT, 'ON Sased yiea(q

0661

"6107 01 0661 WOIJ IOUED [eIIAID JO spuai) [erodurd) pue 9jel Yjesp pazipiepue)s-oSe ‘Sased [jea(] :g 214V],



International Journal of Clinical Practice

95+ @
0t09% @

851089 @@

75t0 79
70 to 74
65 to 69
60 to 64
55t0 59
50 to 54
45to 49
40 to 44
35to0 39
30 to 34
25t0 29

20t024 @

15to0 19
10to 14
5to9

o
[ 4
[
5@
0

DALYs cases

2000 4000

(a)

6000

Deaths cases

50 100
(b)

150

Incidence cases

--000¢

200 300

(c)

100

95+
90 to 94
85 to 89
80 to 84
7510 79
70 to 74
65 to 69
60 to 64
55to 59
50 to 54
45 to 49
40 to 44
35to 39
30 to 34
2510 29

DALYs rate (per 100 k)
*

oo’

Deaths rate (per 100 k)

S

Incidence rate (per 100 k)

20 to 24
15to 19
10 to 14
5t09
<5

1000 0 20

©- 00009

year
® 19%
@ 2019

o '.....

40 60 80 20 40 60

(e) (f)

FiGure 5: Incidence, death, and DALY rates of cervical cancer in different age groups.

Rwanda (1990:37.11/100,000, 95% UI [25.71-49.62]; 2019:
20.62/100,000, 95% UI [14.10-29.74]) had the most obvious
downward trend, followed by Mexico (1990 :23.68/100,000,
95% UI [18.62-24.98]; 2019 : 9.53/100,000, 95% UTI [7.68-12.64]).
On the contrary, Lesotho (1990:20.16/100,1000,95% UI [13.48-
29.14]; 2019: 35.96/100,000, 95% UI [18.42-60.81]) represented
the most obvious upward trend. At the national level, the top
three and bottom three countries in ASDR were Guinea,
Lesotho, Zimbabwe, Kuwait, Egypt, and Finland, respectively
(Additional filel: Table S4; Additional filel: Figure S6).

3.5. The Change in DALY of Cervical Cancer

3.5.1. Global Level. At the global level, it was encouraging
that DALY have continued to rise. As shown in Table 3 and

Additional filel: Table S5, there were 617,625 (95% UI,
543,767-731,693) DALY in 1990 and 895,501 (95% UI,
754,773-997,846) DALY in 2019. The total DALY rate of the
disease growth was 44.99%, and the average annual growth
rate was 1.50%. Consistent with the trend of DALY, the age-
standardized DALY rate decreased significantly, that is, with
the EAPC of -0.95[95% CI, from —1.00 to —0.89], from
275.05/100000 people [95% UI, 242.75-326.15] in 1990 to
210.64/100000 people [95% UI, 177.67-234.85] in 2019.

3.5.2. SDI Level. From the level of sustainable development
index, the age-standardized disability adjusted annual life rate
in the five regions with sustainable development index showed
a downward trend, especially in the regions with low sus-
tainable development index, there was an obvious downward
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TaBLE 3: Disability-adjusted life-years, age-standardized disability-adjusted life-years, and temporal trends of cervical cancer from 1990 to

2019.
1990 2019 1990-2019
Age-standardized Age-standardized
EAPC No.
DALY No. *103 DALY rateper 1y N, +103 DALY rate per (95% UI)
(95% UT) 100,000 No. (95% UI) 100,000 No. 0
(95% UI) (95% CI)
Southeast Asia 592.31 [440.72- 354.96 [266.86- 808.25 [653.21- 223.36 [181.44- ~1.73 [-1.83 to
733.9] 447.24] 1088.29] 302.65] ~1.63]
Southern Latin America 10176 [96.27- 413.34 [390.66- 127.49 [105.4- 317.23 [260.3- ~1.07 [-1.18 to
107.78] 437.19] 140.05] 348.08] ~0.95]
Southern sub-Saharan 116.35 [89.85- 633.63 [488.91- 213.94 [173.97- 586.79 [476.2-

Africa 142.79] 782.66] 254.95] 698.37] 0.23 [-0.05 to 0.52]
Tropical Latin America 262.8 [247.91- 455.15 [428.99- 365.28 [340.28- 274.27 [255.5- -1.95 [-2.06 to
p 303.91] 524.5] 419.75] 314.34] ~1.84]

351.5 [321.56- 134.35 [119.97- 277.36 [248.48- -1.77 [-1.9 to
Western Europe 363.85] 138.99] 299.74] 79.19 [71.88-85.34] 1.63]
Western sub-Saharan 327.53 [261.59- 626.47 [502.32- 672.6 [524.74- 507.97 [398.99- -0.69 [-0.74 to
Africa 424.73] 815.1] 854.86] 640.76] —0.64]

trend at the two time nodes (1990 :630.59/100,000, 95% UI
[487.61-777.41]; 2019:477.53/100,000, 95% UI [374.33-
591.38]). Additionally, we found that EAPC and age-stan-
dardized DALY rate and SDI showed positive correlation
(R=017, P<0.05, Figure 2(e)) and negative correlation
(R=-0.31, P<0.01, Figure 2(f)), respectively. The age dis-
tribution of DALY had the characteristics of “unimodal trend,”
and the mortality distribution in various SDI regions also
showed amazing similarity (aged 55-59 and aged 60-64)
(Additional filel: Figure S5; Additional filel: Tables S7 and S8).

3.6. National and Regional Levels. From the perspective of
countries in the GBD region, more than 90% of countries
showed an upward trend in the age-standardized DALY rate.
Among them, Guinea, Lesotho, Solomon Islands, Kuwait,
Egypt, and the Syrian Arab Republic ranked first and last in
the age-standardized DALY rate. At the regional level, the
three regions with the highest and lowest age-standardized
DALY rates were sub-Saharan Africa (central, eastern and
southern), Australia, Western Europe, and the high-income
Asia Pacific region. Details were depicted in Figure 6 and
Additional file 1: Tables S1 and S2.

3.7. Risk Factors Attributable to the Cervical Cancer Burden.
To explore potential hazard factors, we analyzed all the
attributable risk factors included in the GBD database. In
general, unsafe sex was the most important risk factor in all
GBD regions, especially in low-SDI regions. Meanwhile, it is
worth noting that smoking played an important role in
DALY and deaths of cervical cancer. It is worth noting that
from 1990 to 2019, the three regions with the largest number
of DALY cases caused by unsafe sex were all concentrated in
sub-Saharan Africa (central, eastern, and southern). As for
smoking, DALY and deaths in Tropical Latin America,
South Latin America, and Oceania were most affected.
However, the rate of DALY has been on a downward tra-
jectory since 1990 and fell significantly from 1990 to 2010,

especially in low-SDI regions with distinct decrease trends
(Figure 4, Additional file 1: Table S9).

4. Discussion

As the fastest and most convenient way to obtain the sta-
tistical data on the epidemiological burden of the vast
majority of human diseases in the world, there is no doubt
that obtaining the global epidemiological baseline data of
cervical cancer from GBD big data has a very strong
timeliness and reliability [17-19]. In this study, relying on
the GBD database, our innovation mainly has two aspects.
First, previous epidemiological studies of cervical cancer
were focused on individual countries or regions [20-22], and
this study shows the global epidemic trend and development
mode of cervical cancer in the past 30 years. Secondly, our
research shows that the distribution differences of cervical
cancer in different regions of the world (incidence rate,
mortality, and DALY)are directly conducive to the formu-
lation of health policies and the better allocation of medical
and health resources.

Cervical cancer is highly preventable and easy to treat if
detected early. However, in low-income countries lacking in
organized screening and prevention programs, the incidence
rate and mortality burden of cervical cancer remain high
[23]. Recent global data estimate that 527624 new cases and
265672 deaths of cervical cancer can be found every year
[24]. Of note, our analysis revealed that the incidence of
cervical cancer was higher in Africa and Asia and lower in
North America and Europe. In aggregate, the incidence rate
of cervical cancer in Western developed countries has been
decreasing. It is not surprising that over the past three
decades, especially for less-developed regions, the existing
health infrastructure has organized the provision of pre-
vention and screening services, access to screening facilities,
follow-up management, and the full link between confirmed
diagnosis and follow-up treatment. For example, in the
United States, due to the extensive implementation of
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F1GURE 6: Global disease burden of cervical cancer in 192 countries. (a) The ASDR of cervical cancer in 2019. (b) The ASIR of cervical cancer
in 2019. (c) The age-standardized DALY rate of cervical cancer in 2019. ASDR, age-standardized death rate; ASIR, age-standardized

incidence rate.

cytology screening, women benefit from this, so the inci-
dence rate and mortality of cervical cancer have been de-
clining [1, 25]. However, according to the international
cancer research agency (IARC, 2012) report, Southern Africa
reports the highest ASR of cervical cancer worldwide (43.1
per 100,000) [26], and the incidence rate of cervical cancer in
Nepal is 19.0/100000, and the age-standardized mortality
rate is 12.0/100000 [26-30]. Synchronously, the mortality of
cervical cancer also showed a consistent geographical dis-
tribution, in line with the result of the Global Cancer Ob-
servatory (GCO) (http://gco.iarc.fr). It is worth noting that
cervical cancer is the main cause of cancer-related death,
especially in Africa, followed by China (with 106,000 cases
and 48,000 deaths) and India(with 97,000 cases and 60,000
deaths) in 2018 [6]. Taken together, the gap between
countries and regions in HPV vaccination and Medicaid
expansion fully illustrates the geographical differences. In
addition, for many underdeveloped countries, the lack of
resources and infrastructure makes such prevention and
treatment plans limited, leading to the early warning of
cervical cancer is still difficult.

In this study, the incidence was equipped with a bi-
modal distribution, especially in people aged 25-44 and
50 years or older, consistent with previous studies [31, 32].
In addition, the incidence in several countries represented
the bimodal distribution of age, such as Fiji, Djibouti, Haiti,
and Lebanon. On the contrary, some countries like Aus-
tralia, Greece, Finland, and the United States of America
showed a unimodal distribution over the past three de-
cades. In addition, we also observed a phenomenon that the
peak of incidence was higher in young women in low-SDI
countries and for women with age >50 years in high-SDI
countries. Previous studies have confirmed that developed
countries face serious problems, such as aging and de-
clining birth rates [33, 34]. Given this situation, we can

speculate that even in different SDI regions in the same
continent, the incidence rate of cervical cancer may be
disaccord. Consistent with our assumptions, the incident
and death of cervical cancer patients in Australasia, Central
Europe, High-income North America, and East Asia ten-
ded to be aging; however, in Oceania and sub-Saharan
Africa(eastern, western, and central), the overall mortality
rate exceeded 10% (aged 20-39). In addition, in recent
years, the rapid development of new treatment technolo-
gies has led to a significant improvement in the prognosis
of cervical cancer, which further promotes this aging trend,
while areas with relatively backward economies lag sig-
nificantly [35, 36]. Taken together, this phenomenon in-
dicates that the global aging and regional imbalance of
cervical cancer are deteriorating, which highlights the
importance of increasing investment in cervical cancer
prevention and cure in different regions.

In this study, we also observed a significant correlation
(negative correlation) between the changes of ASDR in the
past 30 years and the baseline ASDR in 1990. Among them,
compared with low SDI, ASDR with high SDI decreased
more significantly, consistent with our previous conclusions.
For example, from 1990 to 2019, the downward trend of
ASDR is the most obvious. It is famous in Central and Latin
America, which shows that countries with high ASDR
should pay more attention to the early warning of cervical
cancer as a health event, and vice versa. At the same time, in
our study, we found that the variation of ASDR is very
obvious in different SDI regions, and the age-standardized
DALY also shows the opposite correlation with the trend of
SDI. These data suggested that the medical resources in
developed countries and regions are more abundant, so the
benefits of female population are also fully guaranteed. In
general, the inconsistent distribution of medical resources
between high SDI and low SDI is another reason for the wide
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disparity of cervical cancer incidence rate in various
countries and regions. Although the health care reform has
been put into practice, some progress has been made in the
past, but little effect has been achieved.

Cervical cancer is developed through persistent infection
with high-risk human papillomavirus (hrHPV), which is the
main cause of death of women all over the world [37].

Previous studies have shown that the increased rate of
early sexual behavior and human papillomavirus (HPV)
infection has increased the incidence of cervical cancer in
young women [38]. Meanwhile, smoking will further in-
crease the risk of high-level cervical lesions in women with
persistent high-risk HPV infection [39]. Consistent with the
results reported in previous studies, unsafe sex was the
greatest distributor of DALY in all GBD regions, especially
in low-SDI regions. It is not surprising that cervical
screening and HPV vaccination have been popularized in
high-income countries. However, the coverage of less-de-
veloped countries is still unsatisfactory [32]. For example, in
sub-Saharan Africa, the incidence rate of young cervical
cancer patients remains high, mainly due to the high
prevalence of HPV and human immunodeficiency virus
(HIV) infection [40, 41]. Indeed, multiple sexual partners,
precocious behavior, and a high HIV incidence rate con-
tribute to a higher chance of cervical cancer among young
people (15 to 24 years old) [42]. Collectively, knowledge and
awareness of HPV and HIV are far from satisfactory across
developing countries, which provides a challenge to prevent
the younger trend of cervical cancer.

Despite several strengths, there are some noteworthy
limitations to this study. First, although our study pro-
vides some insights for a comprehensive assessment of the
distribution and development trend of cervical cancer,
this study has not yet explored the uncertainty between
the years of healthy life loss of patients in various regions,
which may lead to the underestimation of the uncertainty
of DALY. Second, this study did not report the disease
burden associated with each pathological type (such as
squamous cell carcinoma, adenocarcinoma, and ade-
nosquamous cell carcinoma), which may be difficult to
provide targeted prevention suggestions worldwide.
Third, we have not stratified the epidemic trend of cervical
cancer between urban and rural areas, which leaves a
regret for policy-making in economically underdeveloped
areas. Therefore, future research should focus on disease
subtypes, economic development, and geographical
zoning reports.

5. Conclusions

Globally, in the past 30years, the incidence rate and
mortality of cervical cancer have gradually increased. It is
worth paying attention to that the incidence rate in some
economically backward areas is rising rapidly, such as
middle-income countries and low - and middle-income
countries. The primary cause of death and DALY in pa-
tients with cervical cancer is unsafe sexual behavior,
followed by smoking. Although there are still difficulties
in establishing AIDS/STD prevention services and
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collecting public health resource allocation, further efforts
are still needed to reduce the growing burden of cervical
cancer.
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