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Abstract

Background: Cervical cancer is one of the most common cancers among women worldwide. The formulation or
evaluation on prevention strategies all require an accurate understanding of the burden for cervical cancer burden.
We aimed to report the up-to-date estimates of cervical cancer burden at global, regional, and national levels.

Methods: Data were extracted from the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2017 study.
The counts, age-standardized rates, and percentage changes of incidence, disability-adjusted life-years (DALYs), and
death attributed to cervical cancer at the global, regional, and national levels in all 195 countries and territories from
21 regions during 2007 to 2017 by age and by Socio-demographic Index (SDI) were measured. All estimates were
reported with 95% uncertainty intervals (Uls).

Results: In 2017,601,186 (95% Ul 554,455 to 625,402) incident cases of cervical cancer were reported worldwide,
which caused 8,061,667 (7,527,014 to 8,401,647) DALYs and 259,671 (241,128 to 269,214) deaths. The age-standardized
rates for incidence, DALYs and death decreased by — 2.8% (— 7.8% to 0.6%), — 7.1% [— 11.8% to — 3.9%] and — 6.9%

[— 11.5% to — 3.7%)] from 2007 to 2017, respectively. The highest age-standardized incidence, DALYs and death rates
in 2017 were observed in the low SDI quintile, Oceania, Central and Eastern Sub-Saharan Africa. During 2007 to 2017,
only East Asia showed increase in these rates despite not significant. At the national level, the highest age-stand-
ardized rates for incidence, DALYs, and death in 2017 were observed in Kiribati, Somalia, Eritrea, and Central African
Republic; and Georgia showed the largest increases in all these rates during 2007 to 2017.

Conclusion: Although the age-standardized rates for incidence, DALYs, and death of cervical cancer have decreased
in most parts of the world from 2007 to 2017, cervical cancer remains a major public health concern in view of the
absolute number of cervical cancer cases, DALYs, and deaths increased during this period. The challenge is more
prone to in the low SDI quintile, Oceania, Central and Eastern Sub-Saharan Africa, East Asia, and some countries, sug-
gesting an urgent to promote human papillomavirus vaccination in these regions.
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Background

Cervical cancer is the fourth most frequently diagnosed
cancer, and the fourth leading cause of cancer deaths
in women. According to the Global Cancer Incidence,
Mortality and Prevalence (GLOBOCAN), approximately
570,000 cases and 311,000 deaths of cervical cancer were
estimated to have occurred in 2018 worldwide [1]. With-
out significant intervention, the global burden of cervi-
cal cancer is expected to increase to nearly 700,000 cases
and 400,000 deaths by 2030, representing a 21% and 27%
increase in the number of cases and deaths, respectively
[2].

Persistent infection with high-risk types of human
papillomavirus (hrHPV) is a necessary cause of cervical
cancer [3, 4]. Compelling evidence confirmed that HPV
vaccination programs for the most common hrHPV
would prevent approximately 87% of cervical cancer
cases worldwide [5]. Since HPV vaccination was licensed
in 2006, approximately 80 countries and territories
implemented national HPV vaccination programs, cover-
ing more than 100 million women [6]. In 2018, the World
Health Organization issued a global call to eliminate cer-
vical cancer as a public health problem by this century
[7]. Now more than ever, effective cervical cancer control
planning requires an accurate estimation of this disease.

Although studies have reported the estimates of cervi-
cal cancer burden, they are limited to confined regions or
countries or used literature review methods [8, 9]. The
GLOBOCAN project regularly provides the estimates
of the global incidence and mortality of cervical cancer;
however, it does not provide estimates the temporal and
geographical trends or for disability-adjusted life-years
(DALYs) [1, 10]. DALYs is a useful composite metric that
accounts for both the mortality and morbidity associated
with a disease and enables contextualization of the dis-
ease burden through cross-disease and cross-geographic
comparisons [11]. Moreover, no study has investigated
the association between cervical cancer burden estimates
and SDI at regional level.

The Global Burden of Diseases, Injuries, and Risk Fac-
tors Study (GBD) uses a unique approach to generate
estimates for all 195 countries and territories using a wide
range of data sources [11-13]. In this study, we used data
from the GBD 2017 to estimate the global, regional, and
national-specific counts, age-standardized rates, and per-
centage changes for incidence, DALYs, and death of cer-
vical cancer, and their temporal and geographical trends
in all 195 countries and territories by age and the SDI for

the period 2007-2017. In addition, we used the SDI to
identify areas with cervical cancer burden better or worse
than expected. The comparison of the cervical cancer
metrics among different countries or regions would pro-
vide policymakers with the required information regard-
ing their secular trends and gaps with expected levels to
allocate resources appropriately.

Method

Overview

The data we used were from the GBD 2017, which reports
the comparative assessment of health loss and associated
risk factors for 282 causes of death, 354 causes of years
lived with disability (YLDs), and 359 causes of DALYs in
195 countries and territories from 1990 to 2017. Detailed
descriptions of the method and approach of the GBD
2017 have been published elsewhere [11-13]. The loca-
tions included in the GBD 2017 were arranged into a set
seven super-regions and a further nested set of 21 regions
[14]. The GBD study was performed in accordance with
the Guidelines for Accurate and Transparent Health Esti-
mates Reporting.

Data sources

Data related to cervical cancer disease burden were
obtained from the Global Health Data Exchange data-
base. The GBD 2017 study used all available health data
sources through comprehensive searches and summa-
rizes of published and unpublished data.

Estimation of cervical cancer burden

In the GBD 2017, mortality estimate was first estimated
in the process of cancer burden estimation. The cancer
incidence data from cancer registry was transformed to
mortality estimates through the model mortality-to-inci-
dence ratios (MIRs). The cancer incidence estimate was
computed by dividing the final mortality estimates by the
MIR for each cancer type, sex, age group, location, and
year to estimate cancer incidence. Detailed descriptions
of the cancer mortality and incidence estimates using in
the GBD 2017 have been published elsewhere [15-17].

In the GBD, comparisons between diseases were per-
formed based on DALYs. DALYs are the sum of YLDs
and years of life lost (YLLs), thereby incorporating both
fatal and nonfatal burden [11]. YLDs are calculated as
multiplying the prevalence of a disease or sequela by
their corresponding disability weight range from 0 (“no
health loss”) to 1 (“dead”) [12]. YLLs, the measure of
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premature death, are calculated as the sum of each death
counts multiplied by the standard life expectancy at each
age [13].

Here, we report the estimates of cervical cancer inci-
dence, DALYs, and deaths from 2007 to 2017. All rates
are presented as per 100,000 person-years and all esti-
mates are reported with 95% uncertainty intervals (UIs).

SDI
The SDI is a compound measure of social-demographic
development status for each location, calculated as the
mean of the scaled values of the total fertility rate in
women under the age of 25 years, educational attainment
in women over aged 15 years, and lag-distributed income
per capita [12]. The SDI value ranges from 0 (worst) to 1
(best). Five quintiles were used to categorize and present
in the GBD 2017 results: low, low-middle, middle, high-
middle, and high quintile. In addition, we analyzed the
association of the SDI value with the age-standardized
rates for incidence, DALYs, and death of cervical cancer
for the GBD regions from 1990 to 2017.

All figures in this study were drawn using R software
(version 3.6.3).

Results

Incidence counts, age-standardized incidence rates

per 100,000 population, and percentage changes

by countries and territories

In 2017, approximately 601,186 incident cases of cervi-
cal cancer were reported globally (95% UI, 554,455 to
625,402), with an 18.9% (12.8% to 23.0%) increase since
2007 (Additional file 1: Table S1). The age-standardized
incidence rate of cervical cancer was 14.5 (13.4 to 15.1)
per 100,100 person-years in 2017, with a —2.8% (—7.8%
to 0.6%) decrease since 2007 (Fig. 1A, B).

In 2017, the highest age-standardized incidence rates
of cervical cancer were observed in the low SDI quintile
(23.5 [21.3 to 26.0] per 100,000 person-years), whereas
the lowest rate was observed in the high SDI quintile (9.2
[8.8 to 9.5]) (Fig. 1A). The age-standardized incidence
rates decreased in all the SDI quintiles from 2007 to 2017,
with the highest decrease in the high SDI quintile (— 6.7%
[—10.1% to —3.5%]) and the lowest decrease in the mid-
dle SDI quintile (—2.0% [—11.0% to 3.3%]) (Fig. 1B).

Regionally, the highest age-standardized incidence
rates of cervical cancer were found in Oceania (47.6
[34.8 to 62.8] per 100,000 person-years), Central Sub-
Saharan Africa (42.9 [31.5 to 52.8]), and Eastern Sub-
Saharan Africa (34.9 [29.8 to 41.4]), while the lowest
incidence rates were found in North Africa and Middle
East (5.6 [4.9 to 6.2] per 100,000 person-years), Australa-
sia (6.3 [5.3 to 7.4]), and Western Europe (8.3 [7.8 to 8.8])
(Fig. 1A). During 2007 to 2017, an increase in incidence
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rates was noted only in East Asia (17.6% [—10.9% to
27.8%]), South Asia (4% [—4.3% to 12.5%]) and high-
income North America (2.2% [—3.8% to 8.7%]), but the
increase was not significant. Southern Sub-Saharan
Africa had the largest decrease in age-standardized inci-
dence rate (—32.3% [—41.6% to—24.0%]), followed by
Eastern Europe (—21.1% [—26.0 to — 15.5%]) and Central
Europe (—19.6% [— 24.1% to — 14.8%]) (Fig. 1B).

The 2017 global map of the age-standardized incidence
rates of cervical cancer is presented in Fig. 2A. In 2017,
the highest age-standardized incidence rates were found
in Kiribati (89.6 [65.5 to 118.6] per 100,000 person-years),
Somalia (56.6 [37.4 to 82.1]), and Eritrea (56.2 [39.4 to
78.5]). On the contrary, the lowest incidence rates were
found in Kuwait (2.6 [2.2 to 3.1] per 100,100 person-
years), Iraq (2.7 [2.3 to 3.3]), and Egypt (3.2 [2.5 to 4.0]).
During 2007 to 2017, the largest increases in age-stand-
ardized incidence rates were noted in Georgia (27.9%
[10.6% to 48.3%], China (19.7% [—10.3% to 30.5%])
and Costa Rica (15.2% [—2.3% to 35.7%]), and the larg-
est decreases were noted in Kuwait (—44.7% [—53.8%
to—33.8%]), Lithuania (—42.0% [—50.2% to—31.6%]),
and Jordan (—36.2% [—50.8% to—14.2%])(Additional
file 2: Table S2).

The 2017 age-specific (15 to >80 years) incidence rates
of cervical cancer worldwide and by all the SDI quintile
are presented in Additional File 3: Fig. S1A. Globally,
the incidence rates of cervical cancer increased after the
age of 25 years, peaked at the age of 50-54 years, and
decreased slightly thereafter. Generally, the peak inci-
dence rate was earlier in the lower SDI quintiles such as
at the age of 50-54 years in the low SDI quintile and at
65—69 years in the high-middle SDI quintile. In the high
SDI quintile, the incidence rate increased until the age of
35-39 years and was stable thereafter until a further rise
after the age of 75 years and more.

Figure 3A, B illustrate the age distribution of cervi-
cal cancer incident cases in 2007 and 2017. In 2017, the
lower the SDI, the higher the proportion of incident cases
among younger women (<44 years), with the highest
proportion of incident cases among younger women in
Oceania (58.9%), Southern Latin America (48.7%), and
Western Sub-Saharan Africa (48.5%). During 2007 to
2017, a slight decrease was noted in the proportion of
incident cases among younger women worldwide, in all
the SDI quintiles and in most regions, except for South
and Tropical Latin America, Eastern Europe, and Eastern
Sub-Sahara Africa.

Figure 4A illustrates the secular trend in age-stand-
ardized incidence rate of cervical cancer across the SDI
quintiles by regions from 1990 to 2017 and the expected
levels based only on the SDI values of the global regions.
We found that the expected values of the age-standardized
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incidence rate decreased with an increase in the SDI value.  increasing SDI value after 2007 in this region. East Asia
Most regions generally saw a steady decrease in incidence  exhibited a slight increase in the observed age-standard-
rate with an increase in the SDI value, with values close to  ized incidence rate with increasing SDI value. Eastern sub-
the expected line. In addition, the highest observed value = Saharan Africa exhibited the largest decrease in incidence
was corresponded to an SDI of 0.58 in Southern Sub-Saha-  rate with an increase in the SDI value.

ran Africa, and, observed values largely decreased with
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Fig. 2 Age-standardize rates for incidence (A), DALYs (B) and death (C) of cervical cancer across 195 countries and territories, 2017. This figure was
drawn using the extracted data by the authors. DALY disability-adjusted life-years
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N\ )
The DALYs counts and age-standardized DALY rates [7,5627,014 to 8,401,647] DALYs globally, representing
per 100,000 population, and their percentage changes a 15.2% [9.5% to 19.2%] increase in DALYs since 2007
by countries and territories (Additional file 1: Table S1). The 2017 age-standard-

In 2017, cervical cancer was responsible for 8,061,667 ized DALYs rate was 193.0 [180.2 to 201.2] per 100,000
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person-years, which had declined by—7.1% [—11.8%
to —3.9%] from 2007 to 2017 (Fig. 1C, D).

In 2017, the low SDI quintile had the highest age-stand-
ardized DALYs rate (391.2 [352.7 to 431.5] per 100,000
person-years), whereas the high SDI quintile had the
lowest DALYs rate (84.7 [81.9 to 87.8]) (Fig. 1C). The age-
standardized DALYs rates decreased in all the SDI quin-
tiles from 2007 to 2017, with the largest decrease in the
high-middle SDI quintile (—12.5% [—22.7% to—8.2%])
and the lowest decrease in the middle SDI quintile
(—8.3% [— 16.5% to — 3.8%]) (Fig. 1D).

A substantial difference was noted in the age-standard-
ized DALYs rates across regions, ranging from the high-
est rates in Central Sub-Saharan Africa (730.8 [544.9 to
900.8] per 100,000 person-years), Oceania (676.0 [507.9
to 867.4]), and Eastern Sub-Saharan Africa (605.8 [514.8
to 722.7]) to the lowest rates in Australasia (65.4 [56.8 to
75.1] per 100,000 person-years), Western Europe (74.7
[70.6 to 79.0]), and North Africa and Middle East (75.7
[65.1 to 83.9]) (Fig. 1C). During 2007 to 2017, an increase
in age-standardized DALYS rates were observed only
in high-income East Asia (7.2% [—19.7% to 15.8%]) and
high-income North America (0.2% [—4.7% to 5.6%]). In
this period, the largest decreases in the age-standardized
DALYs rates were noted in Southern Sub-Saharan Africa
(—32.7% [—40.4% to —25.9%]), Eastern Europe (—28.3%
[—31.0% to—25.5%]), and Central Europe (—23.3%
[—27.0% to—19.3%]) (Fig. 1D).

The global map of age-standardized DALYs rates of
cervical cancer in 2017 is presented in Fig. 2B. The 2017
age-standardized DALYs rates varied by nearly 50 times
across countries, with the highest DALYs rates in Kiri-
bati (1400.7 [1040.1 to 1828.6] per 100,000 person-years),
Central African Republic (1064.6 [638.6 to 1487.8]),
and Somalia (1062.1 [716.1 to 1546.9]), while the lowest
DALYs rates in Kuwait (29.1 [25.4 to 33.2] per 100,000
person-years), Iraq (39.0 [32.5 to 46.6]), and Egypt (42.4
[33.8 to 52.1]) (Fig. 2B). From 2007 to 2017, the larg-
est increases in the age-standardized DALYs rates were
noted in Georgia (25.5% [11.8% to 41.1%]), Tajikistan
(10.5% [—11.2% to 34.6%]), Jamaica (10.2% [—13.3%
to 41.0%]). On the contrary, the largest decreases were
noted in Kuwait (—48.7% [—55.5% to—40.7%]), Lithu-
ania (—44.1% [—36.2% to — 50.6%]), and Jordan (—40.5%
[—20.8% to —53.9%]) (Additional file 2: Table S2).

The 2017 age-specific (15 to>80 years) DALYs rates
of cervical cancer worldwide and by the SDI quintile are
presented in Additional file 3: Fig. S1B. The DALYs rates
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peaked at the age of 50—54 years globally as well as in the
most SDI quintiles and at 55-59 years in the high SDI
quintile.

Figure 3C, D illustrate the age distribution of DALYs for
cervical cancer in 2007 and 2017. In 2017, the proportion
of DALYs increased in younger women (<44 years) with
a decrease in the SDI value, with the highest proportion
of DALYs among younger women in Oceania (50.5%),
Western Sub-Saharan Africa (47.4%), and Eastern Sub-
Saharan Africa (36.3%). During 2007 to 2017, a slight
decrease was noted in the proportion of DALYs among
younger women worldwide, in all the SDI quintiles and in
most regions, except for South Latin America and East-
ern Sub-Sahara Africa.

Figure 4B demonstrates the secular trend in the age-
standardized DALYs rate across the SDI quintiles by
region from 1990 to 2017 and the expected levels based
only on the SDI values of the global regions. The correla-
tion of the SDI with age-standardized DALYs rate yielded
a pattern similarly to that with the age-standardized inci-
dence rate. What is different is that, the highest observed
value was corresponded to an SDI of 0.23 in Eastern Sub-
Saharan Africa, while the decrease trend in observed val-
ues slowed down with increasing SDI value after 2007 in
this region.

The death counts and age-standardized death rate

per 100,000 population, and their percentage changes

by country and territory

In 2017, cervical cancer caused 259,671 [241,128 to
269,214] deaths globally, with an age-standardized
death rate of 6.2 [5.7 to 6.4] per 100,000 person-years
(Additional file 1: Table S1). An 18.8% [12.9% to 22.8%]
increase in death cases and a—6.9% [—11.5% to — 3.7%]
decrease in the age-standardized death rate were
observed between 2007 and 2017 (Fig. 1E, F).

In 2017, the low SDI quintile had the highest age-
standardized death rate (12.4 [11.3 to 13.8] per 100,000
person-years), whereas the high SDI quintile had the low-
est death rate (2.8 [2.8 to 2.9]) (Fig. 1E). Between 2007
and 2017, all the SDI quintiles exhibited a decrease in the
age-standardized death rate, with the largest decrease in
the high SDI quintile (—12.2% [—14.8% to —9.6%]) and
the lowest decrease in the middle SDI quintile (—7.7%
[— 15.7% to — 3.5%]) (Fig. 1F).

In 2017, the highest age-standardized cervical can-
cer death rates were found in Central Sub-Saharan
Africa (24.3 [18.0 to 30.0] per 100,000 person-years),

(See figure on next page.)

Fig. 4 The trend in age-standardized incidence (A), DALYs (B), and death (C) rates of cervical cancer in 21 GBD regions by SDI, 1990-2017. For each
region, points from left to right depict estimates from each year from 1990 to 2017. The black line represents the average expected relationship
between SDI and burden estimates rates for T2DM based on values from each geographical region over the 1990-2017 estimation period. DALYs

disability-adjusted life-years, SDI socio-demographic index
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Oceania (20.3 [16.1 to 25.1]), and Eastern Sub-Saharan
Africa (20.0 [16.8 to 23.8]), while the lowest death rates
were found in Australasia (2.3 [2.0 to 2.7] per 100,000
person-years), Western Europe (2.6 [2.5 to 2.7]), High-
income Asia Pacific (2.6 [2.5 to 2.7]), and North Africa
and Middle East (2.6 [2.3 to 2.8]) (Fig. 1E). Only East
Asia exhibited an increase in the age-standardized
death rate during 2007 to 2017 (8.9% [—17.5% to
17.6%]). Among the other 20 regions with decreased
death rates from 2007 to 2017, the largest decreases
were noted in Southern Sub-Saharan Africa (—28.5%
[—35.2% to—21.0%]), Eastern Europe (—27.5%
[—30.0% to—24.8%]), and Central Europe (—21.1%
[—24.8% to—17.2%]), and the lowest decreases were
noted in high-income North America (—0.1% [—4.5%
to 4.5%]) and South Asia (—0.5% [—7.9% to 7.2%])
(Fig. 1F).

The global map of the age-standardized cervical can-
cer death rates in 2017 is presented in Fig. 2C. Globally,
the 2017 age-standardized death rates varied nearly 50
times across countries. To be specific, the highest age-
standardized death rates were found in Kiribati (47.1
[35.3 to 59.6] per 100,000 person-years), Central African
Republic (33.9 [20.9 to 45.5]), and Somalia (34.3 [23.4 to
49.9]). On the contrary, the lowest rates were found in
Kuwait (1.0 [0.9 to 1.1] per 100,000 person-years), Iraq
(1.4 [1.2 to 1.6]), and Saudi Arabia (1.4 [1.2 to 1.8]). From
2007 to 2017, Georgia (27.1% [14.5% to 41.0%]), Guam
(11.7% [—5.9% to 30.7%]) and Tajikistan (11.2% [—9.3%
to 34.5%]) showed the largest increases in the age-stand-
ardized death rate. Contrarily, Kuwait (—48.2% [— 54.6%
to—40.3%]), Lithuania (—41.5% [—47.8% to—33.6%]),
and Ukraine (—38.0% [—43.4% to — 31.0%]) had the larg-
est decreases in the age-standardized death rate (Addi-
tional file 2: Table S2).

The 2017 age-specific (15 to >80 years) death rates of
cervical cancer worldwide and by the SDI quintile are
presented in Additional file 3: Fig. S1C. The death rate
increased with an in-crease in age globally and in all the
SDI quintiles.

Figure 3E, F illustrate the age distribution of cervical
cancer death cases in 2007 and 2017. In 2017, the pro-
portion of death cases in younger women (<44 years)
in-creased with a decrease in the SDI, with the highest
proportion of death cases in younger women in Oceania
(38.1%), Western Sub-Saharan Africa (24.2%), and Cen-
tral Sub-Saharan Africa (23.9%). During 2007 to 2017,
a slight decrease was noted in the proportion of death
cases in younger women (<44 years) worldwide, in all
SDI quintiles and in most regions, except for South Latin
America.

Figure 4C demonstrates the secular trend in the age-
standardized death rates across the SDI quintiles by
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regions from 1990 to 2017 and the expected levels based
only on the SDI values of the global regions. The corre-
lation of the SDI with the age-standardized death rate
yielded a pattern similarly to that with the age-standard-
ized DALYs rate.

Discussion

This study revealed the most updated temporal and geo-
graphical trends of cervical cancer burden at the global,
regional, and national level in all 195 countries from 2007
to 2017. Globally, approximately 0.6 million incident
cases of cervical cancer were reported in 2017, which
caused approximately 8.1 million DALYs and 0.26 million
deaths. Between 2007 and 2017, that was 10 years after
HPV vaccination was approved, we found although the
absolute number of cervical cancer cases, DALYs, and
deaths increased, the age-standardized rates for inci-
dence, DALYs, and deaths dropped, during this period.

Our estimates are generally in line with those of the
GLOBOCAN estimates. The GLOBOCAN 2018 esti-
mated 0.57 million cervical cancer cases and 0.31 million
deaths in 2018 with the age-standardized incidence and
death rates of 15.2 and 7.8 per 100,000 person-years [10],
presenting an increasing trend in cases and a decreasing
trend in the rates [18]. The decreased estimates of the
age-standardized incident rate as well as DALYs rate and
death rate in our study reflect the increased coverage in
HPV vaccination globally, the improvements in genital
hygiene, reduced parity, and diminished sexually trans-
mitted disease [19].

We observed that the higher the SDI quintile, the lower
the cervical cancer burden. The high SDI quintile were
observed the lowest cervical cancer burden, and the
largest decrease in cervical cancer burden was mainly
attributable to the scaled-up HPV vaccination and pop-
ulation-based cervical cancer screening programs. A
systematic review and meta-analysis revealed that a 54%—
83% decline in hrHPV infection and a 31%—51% decline
in precancerous lesions in young women were observed
in high income countries (HICs) with high vaccination
coverage [20]. In addition, cervical cytology screening
programs with a wide coverage in HICs have achieved
40%—-90% reduction in cervical cancer incidence and
mortality [21, 22]. However, a challenge faced in the
high SDI quintile is the presence of the highest propor-
tion of cervical cancer cases, DALYs, and deaths in older
women. Effective vaccination for older women or women
with prior HPV infection is necessary in HICs.

The low SDI quintile had the highest cervical cancer
burden, showing the highest age-standardized incidence,
DALYs, and death rates of cervical cancer, and the highest
proportion of cervical cancer cases, DALYs, and deaths in
younger women. This is largely related to poverty, lack of
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resources and infrastructure for cervical cancer screen-
ing and treatment [23, 24]. It’s reported that less than 3%
women aged 10-20 years in less developed regions and
more than 33.6% in more developed regions had received
HPV vaccination [6]. Moreover, only approximately
20% of women in less developed regions have ever been
screened for cervical cancer compared with more than
60% in more developed regions [25]. Thus, wide coverage
of HPV vaccination in low-income regions are an urgent
need.

Of the 21 GBD regions analyzed, the highest age-stand-
ardized rates for incidence, DALYs, and death of cervical
cancer in 2017 were all found in Oceania, Central and
Eastern Sub-Saharan Africa. In Oceania, specific data
on cervical cancer were not available for some countries
[26] and therefore, data were extrapolated from regional
estimates and countries with data available [27]. This par-
tially explained the highest burden of cervical cancer in
Oceania. In addition, most countries or territories have
a low coverage of HPV vaccination and screening pro-
grams [28]. Implementation of effective vaccination and
screening programs are priorities in these regions.

Sub-Saharan Africa had the highest prevalence of HPV
infection worldwide [29, 30]. This partly explain the high
burden of cervical cancer in this region. Women in Sub-
Saharan Africa have first sexual intercourse and preg-
nancy at an early age and have high parity, which are
the risk factors of HPV infection [31, 32]. Insufficient
condom uses and multiple sexual partners are common
in Sub-Saharan African women, which are the impor-
tant enhancers of HPV carcinogenesis [33, 34]. In addi-
tion, the high burden of cervical cancer is driven by other
factors such as the lack of population-level screening
programs, inequitable access to health services, and pov-
erty [29, 35, 36]. On the contrary, North Africa and the
Middle East had the lowest cervical cancer burden, and
Egypt, Iraq, and Kuwait had the lowest age-standardized
rates for incidence and death of cervical cancer. Con-
servative cultural values for sex might be a critical rea-
son because cervical cancer screening and vaccination
programs are lacking in most countries of this region [37,
38]. In addition, the low incidence rate in countries such
as Iraq might be attributable to a low detection rate.

Most strikingly, we observed a large increase in the
cervical cancer burden in Eastern Asia in 2007 and
2017 despite without significance, which was attribut-
able to China. In 2017, China had the highest numbers
of cervical cancer incident cases as well as DAYLs and
deaths. Meanwhile, China had the highest increases in
age-standardized rates for cervical cancer incidence
and death from 2007 to 2017, suggesting a high pub-
lic health burden of cervical cancer. Then earlier age of
sexual debut in women and increased trends of multiple
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sexual partners and extra-marital relationships in China
might contribute to the increased trends [39, 40]. Until
now, China approved HPV vaccination for a short time
in 2016, with relatively low coverage [41]. The effective
control of cervical cancer remains a challenge in China,
because HPV vaccination is not covered under medical
insurance [42].

At the country level, the highest age-standardized rates
for incidence, DALYs, and death of cervical cancer were
noted in Kiribati, Somalia, Eritrea, and Central African
Republic, while the largest increases in these rates were
noted in Georgia, Tajikistan, China, Jamaica, Costa Rica,
and Guam, suggesting a consistently high burden of cer-
vical cancer in these countries. Although Pap smears are
highly recommended and available for women of child-
bearing age, screening programs coverage were still low
due to lack of organization, limitations of techniques,
poor quality control, and insufficient awareness [43—
47]. Thus, all the above should be strengthened in these
countries.

We found the global cervical cancer incidence rate
peaked at the age of 50-54 years, which is consistent
with the GLOBACAN study [10]. However, contrary to
that study, we found an earlier incidence peak in the least
developed regions (low SDI quintile). The age of newly
diagnosed cervical cancer patients was younger in the
low SDI quintile than in the high SDI quintile, indicating
a greater cervical cancer burden in the low SDI quintile.
Although age-specific data indicated that cervical cancer
could affect women at a wide range of ages, we found that
more than 75% of new cases and more than 50% of deaths
occurred before the age of 60 years. During 2007 to 2017,
the proportion of cervical cancer incident cases, DALYs,
and death in elderly women increased, which could be
explained by population aging [48].

Potential linear associations between cervical cancer
burden and the SDI were observed in most regions. From
1990 to 2017, the age-standardized rates for incidence,
DALYs, and death of cervical cancer has decreased with
the increasing SDI value. However, these rates were con-
sistently higher than expected in some regions during
the past three decades, such as Oceania, Southern and
Central Sub-Saharan Africa, Central and Southern Latin
America, Caribbean, and Central Europe. Potentially,
these regions had worse-than-expected cervical cancer
burden, indicating that these regions should be interven-
tion priorities.

According to our knowledge, this study provides an
integrated contemporary understanding of the tempo-
ral and geographical trends of the global, regional, and
national cervical cancer burden by age and SDI in all
195 countries and territories during 2007 to 2017. This
study also investigates the association between the SDI
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and cervical cancer burden, which is helpful in identi-
fying areas where the cervical cancer burden is better
or worse than expected. Further, we first used DALYs
to describe the cervical cancer burden, which allowed
cross-disease and cross-geographic comparisons.

The following limitations should be acknowledged.
First, although the GBD 2017 attempted to collect data
from all possible sources, data of some regions was lim-
ited, and the Uls were greater in areas with fewer avail-
able data. However, the updates of the GBD study will
enable methodological improvements with every iter-
ation as well as with the inclusion of the most recent
data particularly in data-sparse locations. Second, the
GBD estimates were based on a set of data resources
such as vital registration, cancer registry, and verbal
autopsy. Some low-income countries have no these
sources available; thus, their estimates are based on
predictive covariates or trends from neighboring coun-
tries [49].

Conclusion

This study indicates that the global burden of cervical
cancer has decreased during the past decade; however, it
remains high in low-resource settings. There is an urgent
need to expand the coverage of HPV vaccination through
a national immunization schedule to achieve maximum
public health benefit in resource-limited settings.
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