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Objectives: Cervical cancer remains a significant global health concern,
particularly in less developed regions. This study aims to assess the global,
regional, and national burden of cervical cancer from 1991 to 2021.

Methods: This study synthesizes data from the Global Burden of Disease (GBD)
Study 2021, WHO health expenditure databases, and published cost estimates to
comprehensively assess the epidemiological and economic burden of cervical
cancer from 1991 to 2021. We analyzed age-standardized rates (ASRs) of
prevalence (ASPR), incidence (ASIR), mortality (ASMR), and disability-adjusted life
years (ASDR) using GBD 2021 data. Temporal trends were quantified via Joinpoint
regression-derived average annual percentage changes (AAPCs). Direct medical
costs were estimated by integrating GBD incidence data, WHO per-capita health
expenditure growth rates, and published treatment costs (2015), reported in both
undiscounted and 3% discounted 2021 USD.

Results: In 2021, globally, there were 3,385,000 prevalent cases, 667,000 incident
cases, 297,000 deaths, and 7,440,000 DALYs attributed to cervical cancer.
Sub-Saharan Africa bore the highest burden, while 12 countries in North Africa
and Middle East reported incidence rates below 4 per 100,000. From 1991 to
2021, AAPCs in ASPR, ASIR, ASMR, and ASDR were 0.08%, —0.52%, —1.22%, and
—1.21%, respectively. Despite the 2018 elimination initiative, overall incidence
and mortality trends showed minimal change. Age-specific incidence notably
decreased in individuals over 70, with slower mortality declines in higher age
groups. AAPCs positively correlated with 1991 baseline rates and negatively
with 2021 socio-demographic index (SDI). Over the same period, the global
cumulative direct medical cost of cervical cancer was estimated at USD 9.26
billion (95% Ul: 7.95-10.70) without discounting, and USD 7.21 billion (95% Ul:
6.14-8.40) when discounted to 2021.

Conclusion: The global cervical cancer prevalence continues to rise, with no
country achieving the elimination threshold. High incidence is concentrating
in younger ages, while high mortality is shifting to older ages. Sub-Saharan
Africa requires targeted interventions to address its disproportionate burden.
The substantial economic burden reinforces the urgency for early prevention,
equitable treatment access, and sustained health investment.
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Introduction

Cervical cancer is a significant global health issue, leading to
high morbidity and mortality among women (1). In 2022, global
cervical cancer cases reached 661,000 with 348,000 deaths (2, 3)
, with an estimated 44.4 million cases during 2020-2069 without
further intervention (4). Fortunately, cervical cancer is preventable
and curable with actively HPV vaccination, early screening, and
effective management of cervical lesions. In 2018, the WHO called
for action to eliminate cervical cancer (5) , presenting a global
strategy in 2020 to reach the 90-70-90 targets: vaccinating 90% of
girls against HPV by age 15, screening 70% of women with a high-
performance test by ages 35 and 45, and treating 90% of women
with cervical disease. Achieving these targets could reduce annual
new cases to <4 per 100,000 women in most countries (6), meeting
the 2030 UN Sustainable Development Goal (7).

In 2020, cervical cancer incidence and mortality varied widely
across countries, ranging from 2.2 to 84.6 and 1.0 to 55.7
per 100,000 women-years, respectively (8). This discrepancy is
partially explained by regional development levels; for example,
incidence, mortality, and disability-adjusted life years (DALYs)
decreased with increasing Socio-Demographic Index (SDI) levels
(9). Globally, the estimated annual percentage change (EAPC)
of age-standardized incidence rate (ASIR) and age-standardized
mortality rate (ASMR) reduced by 0.38% and 0.93% per year from
1990 to 2019 (10). The above metrics were negatively correlated
to Human Development Index (HDI) (11), due to the high-
income countries usually possess the resources and ability for well-
established programs of vaccination and screening (4). Moreover,
effective treatment strategies could improve survival and mortality,
influencing prevalence, an indicator of cervical cancer’s burden on
healthcare systems and society (7). However, previous studies have
provided limited information on prevalence (9, 10, 12-15) and
transition patterns in different age groups or countries (16).

In addition to epidemiological burden, cervical cancer imposes
a substantial economic burden on health systems and families,
particularly in low-resource settings. However, global evidence
on cervical cancer-related direct medical costs remains limited
and fragmented. Most existing cost-effectiveness or budget impact
studies focus on single-country analyses or specific vaccine
interventions (17), lacking harmonized methodologies to allow for
global cross-country comparisons. Systematic estimates of direct
treatment costs using consistent frameworks are needed to inform
equitable policy decisions.

We hypothesize that cervical cancer burden varies significantly
by geography, age, and socio-demographic development, with
temporal trends reflecting differential access to prevention and
care. Leveraging the Global Burden of Disease (GBD) 2021
framework (18, 19) , this study provides the most updated
assessment of global cervical cancer epidemiology, reporting 2021
prevalence, incidence, mortality, and DALYs, and analyzing trends
from 1991 to 2021 stratified by age and SDI. Additionally,
we estimate the direct medical costs across 194 countries
(1990-2021) by integrating GBD incidence data, WHO health
expenditure trends, and published treatment costs—addressing
a critical gap in understanding the disease’s financial toll.
These findings aim to inform targeted resource allocation and
policy prioritization.
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Methods

Data source

This study integrates multiple complementary data sources to
comprehensively assess cervical cancer burden: (1) epidemiological
estimates from the Global Burden of Disease study, (2) health
expenditure records from WHO databases, and (3) published
treatment cost benchmarks. The GBD 2021 study, which provides
comparative estimates of disease burden for 371 diseases and
injuries across 204 countries and territories from 1990 to 2021, For
all final estimates, 95% uncertainty intervals (Uls) were generated
as the 2.5th and 97.5th percentile values from 500 posterior
draws. Uncertainty was systematically propagated through each
computational step of the GBD modeling hierarchy, including data
inputs, model selection, and cause-specific mortality corrections.
Detailed methodological approaches for GBD 2021 have been
published previously (18-20). Countries were categorized into
seven super-regions and 21 regions based on the GBD classification.
This standardized grouping, developed by the GBD consortium,
aggregates countries by geographic continuity, shared disease
patterns, and socio-demographic development levels—factors. The
GBD study was performed in accordance with the Guidelines for
Accurate and Transparent Health Estimates Reporting. The SDI
is a composite measure that summarizes a country or region’s
overall development level based on income per capita, average
educational attainment, and total fertility rate (9). It ranges from
0 to 1, with higher values indicating higher development levels.
The UHC Service Coverage Index assesses the extent to which
a population has access to and utilizes essential health services,
such as immunizations, maternal care, and treatment for common
diseases (21). Higher scores indicate a larger proportion of the
population benefiting from these interventions.

The analysis process and repeatable statistical codes for
estimation can be retrieved from the GBD supporting website
(https://ghdx.healthdata.org/gbd-2021/code). Cervical cancer was
defined as malignant neoplasms of the cervix, identified using
the International Classification of Diseases 10th edition diagnostic
criteria for cervical cancer (C53).

To estimate the direct economic burden, we used country-level
per capita health expenditure data (2000-2022) from the Global
Health Expenditure Database (https://apps.who.int/nha/database/
country_profile) and combined it with published estimates of 2015
cervical cancer treatment costs. A total of 194 countries were
included. Unit costs were projected backward from 2015 using
country-specific annual growth rates in health spending.

Statistical analysis

Age-standardized rates of prevalence (ASPR), ASIR, ASMR and
age-standardized rates of DALY (ASDR) were calculated to assess
variations in cervical cancer burden across different time periods
and geographical locations, ensuring adjustments for differences
in age distribution among populations. Uncertainty intervals (Uls)
were derived as the 2.5th and 97.5th percentiles of 1,000 posterior
distribution draws.
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To analyze the temporal trends in ASRs of cervical
cancer burden, we calculated the average annual percentage
change (AAPC) using a regression model, expressed as
In (ASR) = « + B x calendar year + . The AAPC was estimated
along with its 95% confidence interval (CI) using the formula
100 x exp(B) — 1. Joinpoint regression analysis (Joinpoint
Regression Program, version 5.0.2, National Cancer Institute,
USA) was applied to identify significant trend changes in ASRs
from 1991 to 2021 globally and within SDI-based regions. This
analysis utilizes piecewise linear regression to ascertain adaptive
trends through one or more lines segments.

Spearman’s rank correlation was employed to quantify the
association between AAPCs in cervical cancer burden, the baseline
burden in 1991, and the SDI in 2021 at the national level. A
LOESS curve with a span parameter of 0.75 was used to smooth
the relationship between the SDI and the AAPC. Local weighted
scatter plot smoothing regression was used to display more detailed
information regarding the estimated annual percentage change in
ASR and possible factors. To evaluate the WHO’s 2018 cervical
cancer elimination initiative, we analyzed ASIR and ASMR trends
(2014-2021) across 21 GBD regions using LOESS regression,
stratified by SDI. Analyses were performed using R version 4.2.3
(R Foundation for Statistical Computing, Vienna, Austria), with
statistical significance set at P < 0.05 (two-sided).

The direct economic burden was estimated by multiplying
annual GBD incidence estimates with country-specific unit
treatment costs projected over time. Treatment cost projections
were derived by adjusting 2015 cost baselines using compound
annual growth rates in per capita health expenditure. Total annual
burden was expressed in 2021 USD and reported under both
undiscounted and 3% discounted conditions. We calculated point

10.3389/fpubh.2025.1633975

estimates and 95% uncertainty intervals for each country and each
year. Results were aggregated by country and globally.

Results

Global burden of cervical cancer in 2021

Globally, cervical cancer caused 667,000 new cases (95%UL:
613,000 to 726,000) and 297,000 deaths (95%UI: 272,000 to
322,000), resulting in 7,440,000 (95%UI: 6,876,000 to 8,070,000)
DALYs. The burden showed an inverse relationship with SDI
quintile, with middle SDI resions exhibiting high prevalence rates
(ASPR: 83.80; 95% UI: 74.69-93.87 per 100,000). Geographic
disparities were pronounced, with Southern Sub-Saharan Africa
showing the highest ASIR (42.40; 37.16-47.85) and North
Africa/Middle East the lowest (4.72; 4.04-5.50) (Figure 1a, Table 1,
Supplementary Table S1). Twelve countries achieved incidence
rates below WHO?’s 4/100,000 threshold, ranging from Palestine
(1.09; 0.85-1.36) to Saudi Arabia (3.86; 2.74-5.45). Kiribati
demonstrated the highest rates for all indicators (ASIR: 70.03,
95% UI: 50.27-93.83; ASMR: 45.10, 32.22-58.73 per 100,000).
In contrast, Palestine showed the lowest ASPR (6.28, 4.83-
7.98) while Saudi Arabia and San Marino shared the lowest
ASMR (0.89, 0.66-1.17 and 0.89, 0.55-1.39 respectively). Kuwait
exhibited the lowest ASDR (26.60, 22.44-31.40). Analysis revealed
consistent age-distribution patterns across metrics (Figure 2).
Prevalence peaked at 40-59 years, while incidence showed a
characteristic rise from age 30, peaking at 55-59 years. Mortality
demonstrated a steady age-dependent increase across all regions.
Notably, low-SDI regions exhibited delayed incidence peaks

FIGURE 1

The global disease burden of cervical cancer in 204 countries and territories. (a) Age-standardized rates (ASRs) of prevalence, incidence, mortality,
and DALYs in 2021. (b) Average annual percentage change (AAPC) in ASRs from 1991 to 2021.
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TABLE 1 Age-standardized rates of cervical cancer per 100,000 population in 2021.

ASPR per 100 000 ASIR per 100 000

people (95% Ul)

ASMR per 100 000
people (95% Ul)

ASDR per 100 000
people (95% Ul)

people (95% Ul)

Characteristic 79.30 (72.81, 86.58) 15.32 (14.08, 16.68) 6.62 (6.07,7.18) 226.28 (206.51, 246.86)
SDI region
High SDI 68.67 (66.45, 70.84) 10.30 (9.91, 10.66) 2.62 (2.44,2.74) 86.41 (82.45, 90.30)

High-middle SDI

79.72 (68.44, 91.34)

13.27 (11.44, 15.16)

4.59 (4.02, 5.20)

152.90 (133.88, 174.32)

Middle SDI

83.80 (74.69, 93.87)

15.94 (14.30, 17.75)

6.72 (6.05,7.43)

218.95 (197.60, 242.31)

Low-middle SDI

74.93 (66.83, 83.29)

17.79 (15.94, 19.70)

9.71 (8.67, 10.70)

321.36 (287.11, 356.77)

Low SDI

90.16 (75.64, 107.64)

25.47 (21.57, 30.12)

16.36 (13.94, 19.38)

535.11 (454.02, 638.34)

GBD region

High-income Asia Pacific

79.24 (73.58, 85.98)

11.03 (10.25, 11.95)

2.53(2.28,2.73)

87.68 (81.63, 94.36)

High-income North America

86.28 (82.71, 89.75)

12.69 (12.19, 13.22)

2.64 (2.50,2.75)

92.68 (88.88, 96.91)

Western Europe

59.03 (56.44, 61.83)

8.71(8.25,9.11)

2.29 (2.11,2.43)

72.71 (68.94, 76.61)

Australasia

60.80 (54.12, 67.62)

8.51 (7.66, 9.35)

1.85 (1.66, 2.02)

61.68 (56.34, 67.50)

Southern Latin America

132.90 (121.50, 145.38)

22.80 (21.07, 24.73)

8.56 (7.89,9.28)

296.76 (276.24, 321.05)

Andean Latin America

170.17 (129.85, 216.09)

29.79 (22.83, 37.66)

14.02 (10.85, 17.51)

431.74 (331.78, 543.15)

Tropical Latin America

109.51 (104.02, 115.29)

20.27 (19.16, 21.27)

8.38 (7.82, 8.86)

285.57 (269.19, 299.68)

Central Latin America

154.03 (131.84, 177.48)

28.89 (24.76, 33.10)

9.52 (8.21, 10.86)

315.97 (272.32, 363.77)

Caribbean

141.59 (118.09, 165.87)

27.58 (23.09, 32.63)

12.31 (10.33, 14.68)

433.17 (356.80, 526.53)

Eastern Europe

104.48 (93.46, 115.16)

16.49 (14.80, 18.10)

5.50 (4.96, 6.07)

200.77 (180.38, 221.47)

Central Europe

90.48 (80.59, 100.41)

15.93 (14.45,17.53)

6.02 (5.53, 6.53)

191.83 (175.35, 209.14)

Central Asia

70.78 (61.74, 79.91)

14.17 (12.38, 15.92)

6.33 (5.62,7.13)

213.84 (187.54, 241.95)

North Africa and Middle East

19.29 (16.43, 22.81)

4.72 (4.04, 5.50)

2.55(2.17,2.93)

80.04 (67.65, 93.68)

South Asia

63.62 (54.88, 73.03)

15.54 (13.47,17.71)

8.72 (7.57,9.88)

285.98 (247.23, 325.23)

Southeast Asia

75.11 (63.34, 87.74)

15.17 (12.91, 17.65)

7.45 (6.43, 8.59)

241.92 (207.75, 281.44)

East Asia

79.16 (57.42, 102.70)

13.40 (9.86, 17.38)

4.68 (3.55, 5.98)

151.15 (111.80, 195.41)

Oceania

109.68 (85.14, 162.49)

27.31(21.47, 39.68)

15.27 (12.10, 22.32)

499.47 (390.49, 739.25)

Western Sub-Saharan Africa

83.68 (63.82,102.81)

24.11 (18.93, 29.10)

15.57 (12.55, 18.53)

490.75 (383.61, 591.44)

Eastern Sub-Saharan Africa

117.66 (94.45, 152.15)

33.45 (27.17, 42.12)

21.68 (17.79, 26.85)

709.49 (572.26, 890.60)

Central Sub-Saharan Africa

133.67 (90.05, 182.02)

38.00 (26.28, 50.98)

25.10 (17.45, 33.97)

813.59 (562.84, 1,104.29)

Southern Sub-Saharan Africa

172.03 (147.39, 197.69)

42.40 (37.16, 47.85)

23.90 (21.02, 26.67)

788.82 (685.47, 885.31)

UL, Uncertainty intervals; ASPR, Age-standardized prevalence rate; ASIR, Age-standardized incidence rate; ASMR, Age-standardized mortality rate; ASDR, Age-standardized DALY rate.

(60-64 years) and persistently higher mortality compared to high-
SDI regions. DALY rates reached maximum values at 55-59 years
before declining.

The temporal trend of cervical cancer
burden by region and age from 1991 to
2021

The Joinpoint regression analysis revealed distinct temporal
patterns in cervical cancer burden across different metrics (Table 2).
Globally, we observed a modest annual increase in ASPR (AAPC:
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0.08%, 95% CI: 0.06-0.09), contrasting with significant annual
declines in ASIR (—0.52%, —0.54 to —0.50), ASMR (—1.22%,
—1.23 to —1.20), and ASDR (—1.21%, —1.23 to —1.20). Regional
variations were notable (Figure 1b, Supplementary Table S2), with
high-middle SDI region exhibited increasing ASPR (AAPC: 0.86%,
0.83-0.90) alongside stable ASIR (0.03%, —0.01 to 0.07). Southern
Sub-Saharan Africa experienced concerning upward trends across
all metrics (ASIR: 1.10%, 0.93-1.28), while Australasia showed
the most substantial improvements (ASMR: —3.52%, —3.76
to —3.26).

Age-specific analyses revealed distinct patterns (Figure 3,
Supplementary Tables S3-55). Across SDI regions, incidence trends
showed marked variations: the high SDI region demonstrated
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declines in all age groups with emerging dual peaks (40-44
and >85 years), while the high-middle SDI region exhibited a
shift in peak incidence from >70 to 55-59 years. A transient
increase occurred in 2003, most notably in the >80 age group,
before resuming decline from 2006 onward. The most substantial
incidence reductions were observed in >80 year-olds (middle SDI
region) and 50-74 year-olds (low-middle and low SDI regions).
Mortality patterns showed consistent declines across all age groups,
with peak mortality shifting to older ages—reaching >95 years
in high, high-middle and middle SDI regions, while remaining
at 85-89 years in lower SDI regions. DALY rates decreased most
significantly in 45-70 year-olds globally, with persistently low rates
in high SDI regions vs. sustained high burden in women >40 years
from low SDI regions.

The related factors of global burden and
temporal trends for cervical cancer

National-level analyses revealed correlations

baseline

significant

subsequent
(Supplementary Figure S1). Baseline measures in 1991 showed
positive associations with AAPCs for incidence (p 0.15,
P =0.033), mortality (0 = 0.37, P < 0.001), and DALYs (p
0.35, P < 0.001). The most pronounced ASMR reductions
1.84%) occurred when baseline ASMR was 4.62/100,000.

between burden and trends

(_
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Development indicators strongly predicted improvement rates.
Both SDI (p = —0.43 to —0.55, all P < 0.001) and UHC Service
Coverage Index (p = —0.36 to —0.51, all P < 0.001) showed
negative correlations with AAPCs (Supplementary Figure S2).
Notably, when SDI exceeded 0.60, downward trends accelerated
substantially. Regional analyses identified exceptions to global
patterns (Supplementary Figure 53). While most regions showed
declining ASIR with rising SDI, Tropical Latin America
and parts of Sub-Saharan Africa demonstrated stagnant or
increasing rates post-2018. Southern Sub-Saharan Africa showed
particularly strong mortality reductions despite lower baseline
development indicators.

Global direct economic burden of cervical
cancer, 1990-2021

The economic analysis revealed substantial global costs
associated with cervical cancer over the 31-year study period.
The cumulative undiscounted direct medical costs reached
USD 9.26 billion (95% UL 7.95-10.70 billion), while the
discounted total (3% annual rate) was USD 7.21 billion (95% UI:
6.14-8.40 billion). Country-level analyses demonstrated marked
variations in cervical cancer-related health expenditures (Figure 4,
Supplementary Table $6). In 2021, China bore the heaviest
economic burden (USD 256.14 million; 185.10-332.94 million),
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TABLE 2 Average annual percentage change in age-standardized rates, 1991-2021.

AAPC in ASRs from 1991 to 2021, % (95% Cl)

Prevalence

Incidence

Mortality

Characteristic 0.08 (0.06, 0.09) —0.52 (—0.54, —0.50) —1.22 (—1.24, —1.20) —1.21 (—1.23, —1.20)
SDI region

High SDI —1.17 (~1.20, —1.13) —1.48 (—1.50, —1.46) —2.07 (=2.11, —2.05) —2.04 (—2.07, —2.02)
High-middle SDI 0.86 (0.83, 0.90) 0.03 (—0.01, 0.07) —1.22 (—1.28, —1.16) —1.15 (~1.20, —1.10)
Middle SDI 0.58 (0.55, 0.60) —0.38 (—0.40, —0.37) —1.42 (—1.44, —1.40) —1.42 (—1.44, —1.40)

Low-middle SDI —0.11 (—0.14, —0.08)

—0.76 (—0.78, —0.73)

—1.32(—1.34, —1.29) —1.46 (—1.48, —1.43)

Low SDI —0.47 (—0.49, —0.44)

—0.99 (—1.01, —0.97)

—1.32(—1.34, —1.31) —1.47 (—1.49, —1.45)

GBD region

High-income Asia Pacific 0.46 (0.36, 0.62)

—0.15 (—0.23, —0.07)

—1.65 (—1.70, —1.58) —1.22 (—1.30, —1.14)

High-income North America —1.32(—1.38, —1.25)

—1.41 (—1.46, —1.35)

—1.14 (—1.20, —1.09) —1.15 (—1.20, —1.10)

Western Europe —1.21(—1.31, —1.12)

—1.57 (—1.66, —1.49)

—2.30 (—2.38, —2.22) —2.25(—2.34, —2.18)

Australasia —1.81(—2.01, —1.63)

—2.27 (—2.48, —2.06)

—3.52(—3.76, —3.26) —3.42 (—3.63, —3.23)

Southern Latin America 0.29 (0.17,0.39)

—0.28 (—0.39, —0.18)

—1.20 (—1.33, —1.10) —1.16 (—1.29, —1.05)

Andean Latin America 0.64 (0.40, 0.92)

—0.38 (—0.54, —0.21)

—1.31(—1.48, —1.13) —1.44 (—1.62, —1.25)

Tropical Latin America 0.43 (0.37, 0.50)

—0.49 (—0.55, —0.43)

—1.52 (—1.56, —1.47) —1.33(—1.38, —1.27)

Central Latin America —0.18 (—0.23, —0.13)

—1.15 (—1.20, —1.09)

—2.44 (—2.50, —2.38) —2.19 (—2.24, —2.14)

Caribbean 0.11 (0.03,0.21)

—0.36 (—0.43, —0.29)

—0.85 (—0.89, —0.79) —0.76 (—0.80, —0.70)

Eastern Europe 1.17 (1.04, 1.33)

0.25(0.13, 0.39)

—1.09 (—1.32, —0.93) —0.58 (—0.68, —0.45)

Central Europe —0.69 (—0.79, —0.61)

—1.09 (—1.16, —1.03)

—1.80 (—1.85, —1.75) —2.01 (—2.07, —1.95)

Central Asia —0.10 (—0.19, 0.01)

—0.48 (—0.58, —0.36)

—0.93 (—1.01, —0.84) —0.93 (—1.01, —0.84)

North Africa and Middle East —0.15 (—0.17, —0.11)

—0.76 (—0.78, —0.73)

—1.41 (—1.44, —1.39) —1.57 (—1.59, —1.54)

South Asia —0.65 (—0.70, —0.60) —137(—1.41,-1.33) ~1.92 (~1.98, —1.87) —2.11 (—2.16, —2.07)
Southeast Asia 0.03 (—0.01, 0.07) —0.59 (—0.63, —0.56) —1.16 (~1.19, —1.13) —1.30 (—1.33, —1.27)
East Asia 1.81 (1.75, 1.86) 0.41 (0.37,0.45) —127 (~1.32,-1.22) —1.30 (~1.35, —1.25)
Oceania —0.61 (—0.68, —0.54) —0.78 (—0.82, —0.74) —0.85 (—0.88, —0.82) —0.89 (—0.92, —0.85)

Western Sub-Saharan Africa 0.01 (—0.01, 0.03)

—0.30 (—0.32, —0.29)

—0.55 (—0.57, —0.53) —0.72 (—0.74, —0.70)

Eastern Sub-Saharan Africa —0.49 (—0.51, —0.46)

—1.06 (—1.08, —1.03)

—1.40 (—1.42, —1.38) —1.53 (—1.54, —1.51)

Central Sub-Saharan Africa 0.37 (0.31, 0.43)

—0.17 (—0.20, —0.14)

—0.47 (—0.51, —0.43) —0.55 (—0.59, —0.50)

Southern Sub-Saharan Africa 1.03 (0.82, 1.25)

1.10 (0.93, 1.28)

1.01(0.79, 1.21) 0.95 (0.76, 1.17)

AAPC, Average annual percentage change; ASPR, Age-standardized prevalence rate; ASIR, Age-standardized incidence rate; ASMR, Age-standardized mortality rate; ASDR, Age-standardized

DALY rate.

followed by India (USD 65.19 million; 95% UL 56.31-75.89
million) and the United States (USD 65.19 million; 95% UI: 62.21-
67.90 million). Conversely, several small island nations including
Cook Islands, Nauru and Tuvalu maintained expenditures below
USD 10,000.

The longitudinal analysis revealed equally striking disparities
in cost trajectories (Figure 5, Supplementary Table S6). Armenia
exhibited the most rapid expenditure growth (16.02% annual
increase), closely followed by Republic of Moldova (14.22%) and
Timor-Leste (13.73%). In contrast, Lebanon (—0.37%), Syrian Arab
Republic (—1.99%), Zimbabwe (—2.39%) and Gambia (—4.23%)
showed negative growth rates over the study period.

Frontiersin Public Health

Discussion

Our study presents an updated and comprehensive overview
of global, regional, and national trends in cervical cancer burden
across 204 countries and territories from 1991 to 2021. In 2021,
the global burden of cervical cancer remained substantial, with 12
countries in North Africa and Middle East achieving fewer than 4
new cases per 100,000 women. Despite the significant decreases in
global ASIR, ASMR and ASDR over the past 30 years, the ASPR has
increased, particularly in high-middle and middle SDI regions. The
onset risk shifted toward younger women, while the mortality risk
remained relatively high in older women. The association between
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FIGURE 5

The average annual percentage change (AAPC) in per capita health expenditure across countries, 2000—-2022.

AAPC and SDI exhibited a threshold effect, with more pronounced
AAPC decreases when SDI exceeded 0.60.

The upward prevalence of cervical cancer could be attributed
to the high incidence in younger women and the high mortality in
older women, potentially due to early detection through screening
(22, 23). Globally, 139 of 202 countries and territories had issued

Frontiersin Public Health

screening guidelines up to 2021 with coverage ranging from 84%
in high-income countries to 9% in lower-middle-income countries
(24). However, insufficient screening coverage in low-middle and
low SDI regions may have led to an underestimation of incidence.
Advancements in cervical cancer therapies and improved survival,
especially for early-stage cases (25, 26), could also contribute to
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the increasing prevalence. Also, the health care quality for cervical
cancer was found to increase during 1990 to 2019 particularly for
younger individuals (14).

North Africa and the Middle East had the lowest cervical
cancer incidence [(4.72, 95% UL 4.04, 5.50) per 100,000 people],
with 12 out of 21 countries (Kuwait, Qatar, Saudi Arabia, Jordan,
Oman, Iran, Iraq, Palestine, Syria, Egypt, Sudan, and Yemen)
meeting the elimination threshold. However, this burden may
be underestimated due to the lack of population-based cancer
registries, wars disrupting cancer management, and insufficient
data quality in countries such as Palestine, Yemen, Syria, Jordan,
Iraq, and Iran (27-29). HPV infections are relatively low in
this region, likely due to conservative sexual behaviors linked
to religious beliefs, but there is no conclusive evidence that
elimination targets have been met, warranting further assessment
(30, 31). In contrast, Sub-Saharan Africa lacks well-established
national cancer registries (32) , and its ASPR, ASIR, ASMR,
and ASDR for cervical cancer remain the highest globally and
continue to rise (2, 33, 34). This suggests the actual burden may
exceed current estimates. In addition to the high prevalence of
HPYV infection, human immunodeficiency virus (HIV) significantly
contributes to cervical cancer risk in this region (35-37) , with
approximately 1 in 5 cases attributed to HIV, underscoring the need
for improved HIV care and HPV monitoring among women living
with HIV (38). The region also faces challenges in cervical cancer
prevention and treatment, including low vaccine and screening
coverage, delayed diagnosis, and poor adherence to treatment
guidelines (39, 40). Despite efforts to promote HPV vaccination
and screening, screening uptake was only 12.87% from 2000 to
2019, and HPV vaccines remain unavailable in many countries (41—
43). Additionally, health education programs are needed to raise
awareness among women and empower them to make informed
healthcare decisions (44, 45).

In addition to the epidemiological indicators, our study
provides the first systematic estimation of the direct medical cost
of cervical cancer across 194 countries from 1990 to 2021. The
global cumulative treatment-related burden reached approximately
USD 9.26 billion without discounting, and USD 7.21 billion
when applying a 3% annual discount rate. These substantial costs
reflect not only the high incidence in lower SDI regions, but also
the growing treatment needs associated with aging populations
and delayed diagnoses. Importantly, this financial burden is
concentrated in low- and middle-income countries, where public
health budgets are already limited. It is important to note that
our estimates may still be conservative. Our methodology is based
on direct medical costs only and does not include indirect or
non-medical expenditures such as productivity loss, transportation,
or informal caregiving. We extrapolated unit costs from 2015
estimates, adjusted by national health expenditure growth rates,
which may not capture heterogeneity in cancer care costs across
settings (46). Despite these limitations, our findings establish a
harmonized baseline for future cost monitoring and scenario
modeling. This reinforces the urgency of scaling up cost-effective
interventions such as HPV vaccination and cervical screening,
which can avert both clinical and economic burden.

Between 1991 and 2021, the association between the AAPC,
baseline rates, and SDI was consistent with previous findings (9, 11)
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. Australasia was among the regions with the lowest cervical cancer
burden and the greatest reductions in all indicators. Both Australia
and New Zealand have implemented nationwide cervical cancer
screening since 1991 and 1990, respectively, and HPV vaccination
programs since 2007 and 2008 (47, 48). These combined strategies
have led to significant progress, with Australia predicted to be
one of the first countries to reach cervical cancer elimination
thresholds (49, 50). Differentiated prevention measures have been
adopted for Indigenous women, who face a relatively higher burden
(51). In China, the AAPC exceeded expectations, despite a low
baseline ASIR in 1991, likely due to the launch of the cervical
cancer screening program for millions of rural women in 2009.
However, HPV vaccines were only approved in 2016, with a
first-dose coverage of just 1.59% by 2021 (52-54). The Chinese
government issued an Action Plan in 2023 to accelerate cervical
cancer elimination, aiming to meet WHO’s 2030 targets.

Our study, based on the latest GBD 2021 data, fills the gap in
estimating prevalence cases and rates for cervical cancer during
1991-2021, revealing the necessity of proper resource allocation.
The time trends in cervical cancer burden by age and SDI provide
indirect evidence for the impact of HPV vaccination, screening,
and treatment on cervical cancer elimination. There were some
limitations in this study. First, the GBD database included multiple
data sources, but the limited or low quality of available data in some
regions may affect the estimated results of the study. Secondly,
the data sources of the GBD study include vital registry, cancer
registry and other sources. Countries with low development levels
may lack these resources, and statistical data may be inaccurate.
Third, our cost projection approach assumed that general health
expenditure growth rates (from WHO GHED) reflect cervical
cancer treatment cost trends over time. While country-specific
rates capture national-level economic shifts, regional variations in
medical inflation or disease-specific cost structures may not be fully
represented. Future studies with access to localized cost data could
refine these estimates.

Conclusion

While global trends show decreasing incidence, mortality,
and DALYs rates for cervical cancer, prevalence has risen from
1991 to 2021. Despite the cervical cancer elimination initiative
launched in 2018, there has been little change in overall incidence
and mortality as of 2021, suggesting a delay in meeting WHO’s
2030 targets. Over the past three decades, higher incidence rates
have been more pronounced among younger individuals, while
mortality has gradually shifted toward older age groups. Significant
disparities remain across SDI regions. Although 12 countries
have achieved incidence rates below the elimination threshold,
the burden in these nations may be underestimated. In Sub-
Saharan Africa, all metrics have shown increasingly concerning
trends, underscoring the need for tailored strategies in the
future. As cervical cancer continues to impose not only health
but also growing economic burdens—particularly in resource-
constrained settings—investments in prevention, early detection,
and universal access to care remain essential to meet global
elimination targets.
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