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Cervical cancer, despite being preventable through primary and secondary prevention strategies, 
remains one of the leading causes of morbidity and mortality among women in Brazil. This study 
aimed to analyze the temporal, spatial, and space-time patterns of cervical cancer mortality in Brazil. 
An ecological study was conducted using temporal, spatial, and space-time analysis techniques, using 
death certificates with cervical cancer as the underlying cause or associated condition among females 
in Brazil from 2000 to 2021. Death certificate and population data were provided by the Department of 
Health Informatics of the Unified Health System (DATASUS) and the Brazilian Institute of Geography 
and Statistics (IBGE), respectively. A total of 123,306 deaths associated with cervical cancer among 
women were registered during the study period. A rising trend in mortality was detected since 2014 
onwards, after 14 years of decline. Particularly, an increase in mortality was observed among the 
younger age groups, and in the North and Northeast regions regardless of age. Heterogeneity in the 
spatial distribution of cervical cancer mortality was observed, with high mortality clusters around the 
country, but mostly concentrated in the North and Northeast regions. These findings suggest a need 
and an opportunity to develop efficient and effective health policies targeting those regions and groups 
of women at higher risk which in turn will allow for fast and significant reductions in cervical cancer 
mortality in Brazil.

Keywords  Cervical cancer, Mortality, Time series studies, Spatial analysis, Spatio-temporal analysis

Cervical cancer, although preventable through primary prevention by Human Papillomavirus (HPV) vaccination, 
and secondary prevention by screening strategies, is one of the leading causes of cancer morbidity and mortality 
among women worldwide1. It ranks as the fourth most common cancer and the fourth leading cause of death by 
cancer in females1. In 2020, approximately 604,000 new cases and 342,000 deaths were recorded globally due to 
this disease1. In this context, the World Health Organization (WHO) issued a call to all countries to direct efforts 
towards the elimination of cervical cancer as a public health problem2.

Despite significant efforts and resources invested, most countries including Brazil have continued to 
experience high morbidity and mortality rates3. According to Brazil’s National Cancer Institute (INCA), 
excluding non-melanoma skin tumors, cervical cancer in Brazil ranks third in the number of cases and fourth 
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in deaths among women3. In 2020, the mortality rate for cervical cancer in the country, age-adjusted to the 
World Standard Population, was 4.6 deaths per 100,000 women, representing 6.1% of the total deaths in the 
female population3. Historically, deaths from cervical cancer in Brazil are rare among women under 30 years old. 
Mortality progressively increases from the fourth decade of life3.

The main risk factor for the development of cervical cancer is having a persistent infection with an oncogenic 
type of HPV, which is linked to virtually all cases of the disease4. HPV is the most common sexually transmitted 
agent, and most infections are controlled quickly, or at least within 1–2 years, without causing disease. Behavioral 
and other risk factors (e.g., smoking, prolonged use of oral contraceptives, multiparity) are minor influences on 
risk of causing precancer/cancer5. Immunosuppression due to Human Immunodeficiency Virus (HIV) is an 
important risk factor because it diminishes the typical cell-mediated clearance mechanism6,7. Additionally, the 
literature highlights other factors related to social determinants of health, such as low socioeconomic status, 
difficulty in accessing healthcare services, social inequality, and lower Human Development Index (HDI)1.

Brazil, with its continental dimensions and local-regional disparities, faces a complex scenario regarding 
cervical cancer, with incidence and mortality varying considerably between regions, along with specific 
challenges related to access to services and feasibility for implementation of preventive measures8.

In this context, it becomes necessary to conduct studies that investigate the temporal, spatial, and spatio-
temporal aspects of mortality related to cervical cancer. Such studies can help create tools and strategies to 
faster reduce the incidence and mortality of cervical cancer9. Specifically, practical tools to classify risk areas can 
optimize the allocation of resources and efforts, enabling more effective interventions focused on the regions and 
populations that need them most.

Materials and methods
Study type
Population-based ecological study using cervical cancer deaths among females recorded in Brazil from 2000 to 
2021. Temporal, spatial, and space-time analysis techniques were used with the 5,570 Brazilian municipalities 
as the analysis unit.

Study area and notification form
Brazil is divided into five regions (North, Northeast, Midwest, Southeast, and South), 27 states (federal units)8. 
In 2022, the female population of Brazil constituted 51.5% (104,548,325) of the total population of the country10. 
This distribution is similar across Brazilian regions; however, there are significant variations in socioeconomic 
conditions, health, and access to essential services10. The North and Northeast face greater challenges in terms 
of access to good quality education and health services, reflected in distinct social and health indicators for the 
female population compared to other regions11–13.

Since 1975, all deaths in the country have been recorded in the Mortality Information System (SIM) of the 
Ministry of Health14. In 1999, a standard Death Certificate (DC) form was implemented to be filled out by the 
physician who is certifying the death14. This document is made available on a federal website for public domain, 
facilitating access to the data and subsequent in-depth analyses of deaths in Brazil14.

Data source and variables
All the data used in this study are publicly available. Sociodemographic characteristics including age, race/color, 
marital status, education, and municipality of residence for deaths recorded in SIM were obtained through the 
Department of Health Informatics of the Unified Health System (DATASUS)15. Population data and digital 
cartographic meshes were obtained from the Brazilian Institute of Geography and Statistics, with information 
generated based on the National Population Census (2000 and 2010) and intercensal estimates (2001–2009 and 
2011–2021)15,16.

Study population
All deaths certificates associated with cervical cancer were included, i.e., all having cervical cancer either as 
the underlying cause or as associated condition, including the following 10th International Classification of 
Diseases (ICD-10) codes: C53 (malignant neoplasm of the cervix uteri), C53.0 (malignant neoplasm of the 
endocervix), C53.1 (malignant neoplasm of the exocervix), C53.8 (malignant neoplasm of the cervix uteri with 
invasive lesion), and C53.9 (malignant neoplasm of the cervix uteri, unspecified).

The reallocation of ill-defined deaths and uterine cancer (unspecified) was not performed in this study, as 
we chose to use the data directly reported by Brazil’s Mortality Information System (SIM). While reallocation 
may adjust estimates, we believe there is no guarantee that the proportional distribution of deaths according 
to the portion of the uterus is uniform across all regions studied. Implementing this redistribution could 
introduce additional uncertainties, as regional variations may affect the accuracy of this approach. Moreover, by 
maintaining the original data, we ensure comparability with other epidemiological studies that utilize the same 
official data sources.

Statistical analysis
Crude mortality rates (MR) were calculated by considering the number of deaths associated with cervical cancer 
in the numerator and the reference population of women, stratified by age group, for the same location and 
period in the denominator. These rates were then age-standardized using the direct method with the World 
Standard Population as the reference (ASMR)17. The Local Empirical Bayesian Model was applied to smooth the 
rates, aiming to reduce random fluctuations and enhance visualization on a broader scale18.

Choropleth maps were created based on stratified rates using the Jenks Natural Breaks algorithm, to reduce 
within-class differences and maximize interclass distinctions19.
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The Global Moran Index (Moran I) was calculated to assess the presence of global spatial autocorrelation20. 
Moran I values range from − 1 to + 1, with negative values suggesting negative spatial autocorrelation, positive 
values indicating positive spatial autocorrelation, and values equal to zero indicating an absence of spatial 
autocorrelation20.

In the presence of evidence of global spatial autocorrelation, the Local Indicators of Spatial Association 
(LISA) were calculated21. LISA classify locations based on the degree of spatial dependence on their neighbors 
and allow the identification of spatial association patterns classified as: high-high (hot spots) indicating locations 
with high rates surrounded by neighbors with high rates; low-low (cold spots) indicating locations with low rates 
surrounded by neighbors with low rates; high-low indicating locations with high rates surrounded by neighbors 
with low rates, and low-high indicating locations with low rates surrounded by neighbors with high rates21. Both 
high-low and low-high can be classified as transition areas21.

To identify space-time clusters of high rates, the retrospective space-time scanning statistic of Kulldorff was 
applied22. The criteria included a one-year aggregation time, no geographic or temporal overlap of clusters, 
circular clusters, a maximum cluster size equal to 50% of the at-risk population, and a significance level of 5%22. 
Clusters were detected using the log-likelihood ratio test (LLR), considering the Poisson probability model, 999 
Monte Carlo permutations, and a statistical significance of 5%22.

For the analysis of temporal trends, the segmented linear regression method (Joinpoint) was applied23. This 
method allows the examination of both temporal trends and changes in trends over the years by adjusting data 
to the smallest number of inflection points, with statistically significant additional joinpoints23. The Weighted 
Bayesian Information Criterion (WBIC) was used to choose the best-fit model24. The Annual Percent Change 
(APC) was presented for each line segment, and the Average Annual Percent Change (AAPC) was calculated to 
quantify the trend over the entire analyzed time interval, with respective 95% confidence intervals, calculated by 
the Empirical Quantile Confidence Interval method24. Increasing trends were considered when APC or AAPC 
values were positive and significant (APC/AAPC is significantly different from zero at the alpha = 0.05 level), 
decreasing trends when negative and significant, and stationary trends otherwise24.

Software
R 4.3.1 and Microsoft Excel 365 were used for descriptive analysis, graph and table construction. QGIS 3.32.2 
was used for map creation, GeoDa 1.20 for spatial analyses, SaTScan™ 10.1 for space-time scanning analysis, and 
Joinpoint Regression Software™ 5.0.2 for temporal trend analysis.

Ethical considerations
This study utilized only anonymized, aggregated, and publicly available secondary data. As participant 
identification is not possible due to the ecological nature of the study, informed consent is deemed unnecessary. 
Therefore, ethical review by a Research Ethics Committee was not required.

Results
Sociodemographic characteristics of women whose deaths were associated with cervical 
cancer and temporal distribution of mortality
From 2000 to 2021, 123,306 deaths associated with cervical cancer were recorded among women in Brazil. This 
disease was mentioned as the underlying cause in 115,193 (93.4%) death certificates. As shown in Table 1, the 
majority of deaths occurred in residents of the populous Southeast region with 44,080 (35.7%), followed by 
the Northeast region with 37,167 (30.1%). Cervical cancer related deaths were more common among women 
50 to 59 years old (22.1%), white race/color (44.4%), married or in a stable union marital status (34.5%), and 
education level of 1 to 3 years (21.9%).

The overall MR was 5.6 deaths per 100,000 women, and the ASMR was 5.5 deaths per 100,000 women. 
Both the MR and ASMR varied across regions in Brazil over the years, especially in the North and Northeast 
regions. The MR from 2000 to 2021 increased in the North region from 4.6 to 10.2 deaths per 100,000 women 
and in the Northeast region from 3.9 to 8.1 deaths per 100,000 women (Fig. 1A). Age standardization weakened 
these trends that partly were due to aging of the populations, with the ASMR ranged from 8.1 to 11.2 deaths 
per 100,000 women in the North region and from 5.1 to 7.1 deaths per 100,000 women in the Northeast region 
(Fig. 1B). Regarding the distribution of rates by age group, higher mortality was observed in the older age groups. 
However, over the historical series, there was a reduction in mortality from 14.4 to 12.3 deaths per 100,000 
women in the age group of 50 to 59 years, from 18.1 to 15.1 in the age group of 60 to 69 years, and from 30.5 to 
25.6 in the age group of 80 years or older. In contrast, there was an increase from 0.6 to 1.2 deaths per 100,000 
women in the age group of 20 to 29 years and from 3.5 to 5.6 deaths per 100,000 women in the age group of 30 
to 39 years (Fig. 1C).

Spatial distribution of cervical cancer-associated mortality: crude and age-standardized
A widespread and heterogeneous spatial distribution of cervical cancer-associated mortality was observed. 
Figure 2A shows that more than a quarter (1,592 out of 5,570; 28.6%) municipalities had a MR equal to or higher 
than 6.1 deaths per 100,000 women. This pattern was similar for the ASMR, with 1,533 (27.5%) municipalities 
recording 6.4 deaths or more per 100,000 women (Fig. 2C). When these rates were smoothed, municipalities with 
high rates were observed, according to the stratification, in all regions, but especially in the North, Northeast, 
and Midwest regions of the country, which accounted for 75.9% (480/632) of municipalities with smoothed MR 
equal to or higher than 7.2 deaths per 100,000 women (higher smoothed mortality rates found) (Fig. 2B) and 
87.0% (268/308) of municipalities with smoothed ASMR equal to or higher than 9.7 deaths per 100,000 women 
(higher smoothed age-standardized mortality rates found) (Fig. 2D).
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Spatial and space-time clusters of age-standardized cervical cancer mortality
The Moran I for the average of the ASMR for the entire study period was 0.3294, higher than the expected value 
of -0.0002, and the p was equal to 0.001, indicating significant positive spatial autocorrelation, indicative of the 
presence of spatial clusters. As shown in Table 2, significant positive spatial autocorrelation was observed in all 
groupings for the years studied.

The spatial clustering remained strong over the study period. Figure 3 presents the clusters identified through 
LISA. We observed a gradual increase in the pattern of spatial clusters, especially those with high ASMR. From 
2000 to 2021, it is noteworthy that out of the 568 municipalities classified as high-high, 273 (48.1%) were in the 
Northeast region, 214 (37.7%) in the North, and 54 (9.5%) in the Midwest. Regarding the 609 municipalities 
classified as low-low, 407 (66.8%) were in the Southeast region, and 96 (15.8%) in the South.

The estimated relative risk through space-time scanning analysis detected five statistically significant risk 
clusters (p < 0.05), whose locations are shown in Fig. 4.

The primary and highest-risk cluster of mortality occurred from 2011 to 2021, involving 555 municipalities 
across nine states located in the North, Northeast, and Midwest regions, described in Table 3. Within this cluster, 
there were 12,562 deaths, and the mortality rate was 121.3 deaths per 100,000 women (LLR = 1,994.7; p < 0.001).

Temporal trend of cervical cancer-associated mortality
Table 4 presents the temporal trend of the ASMR in Brazil as a whole, by region and state, and the crude mortality 
rate associated with cervical cancer according to age groups. Considering the entire period, Brazil showed a 
stable trend (AAPC = 1.4). Regarding age groups, increasing trends were observed in the 20 to 29 years age 
group (AAPC = 3.3) and the 30 to 39 years age group (AAPC = 2.3), while the others remained stable. Regarding 
regions and states, there was an increasing trend in the North (AAPC = 1.5) and Northeast (AAPC = 1.5) 
regions, and in the following states: Rondônia (AAPC = 5.7), Acre (AAPC = 4.4), Amazonas (AAPC = 1.8), Pará 
(AAPC = 1.1), Maranhão (AAPC = 4.1), Ceará (AAPC = 0.9), Paraíba (AAPC = 6.5), Alagoas (AAPC = 1.6), 
and Bahia (AAPC = 0.9). In contrast, a decreasing trend was observed in the Southeast (AAPC=-1.2), South 
(AAPC=-0.8), and Midwest (AAPC=-0.6) regions, and in the states of Minas Gerais (AAPC=-1.0), Rio de 
Janeiro (AAPC=-1.1), São Paulo (AAPC=-2.0), Paraná (AAPC=-1.0), and Rio Grande do Sul (AAPC=-0.8).

Discussion
The study identified strong spatial and temporal patterns spanning various age groups, all regions, and states 
of Brazil. We detected clusters of high and low mortality, as well as transition areas. These findings are very 

Fig. 1.  Cervical cancer mortality per 100,000 women. Brazil, 2000 to 2021: (A) Crude mortality rate by 
regions; (B) Age-standardized mortality rate by regions; (C) Mortality rate by age group.
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informative for the implementation of cost-effective measures in specific regions where the reduction of cervical 
cancer-associated mortality might be achieved with greatest and most rapid impact.

Identification of high-risk regions/cluster permits selective strategic allocation of resources in populations at 
higher risk for cervical cancer allowing for highly-efficient risk-based cervical screening programs as suggested 
by Perkins et al.25. In addition, for a screening program to be more effective requires the use of an efficient risk-
stratification method, such as HPV testing with viral genotyping25.

The results of this study revealed an overall age-adjusted mortality rate for Brazil higher than the expected 
for a high HDI country according to GLOBOCAN1. Additionally, we noted a significant change in the temporal 
trend of cervical cancer mortality. Until 2014, a significant reduction in the mortality rate was observed; however, 
from this year onward, an increase was observed. As previously reported in another study26, various factors 
may have contributed to the initial observed reduction, including the implementation of the Unified Health 
System and Family Health Programs, the expansion of diagnostic resources and screening programs, as well as 
government incentives to strengthen available therapeutic actions26.

In contrast to the reduction, the subsequent increase in mortality may be partially attributed to the ongoing 
improvement in the quality of cause-of-death data in Brazil. Enhanced accuracy in the national records within 
the Mortality Information System has resulted in a clearer understanding of the disease’s epidemiological 
situation in recent years27. However, other factors may also have contributed to this trend reversal, such as 
changes in the population’s lifestyle habits, unequal access to healthcare services, and even possible flaws in 
cervical cancer screening programs. The low coverage of screening tests in certain regions, combined with 
barriers to accessing diagnostic and treatment services, may have negatively impacted disease control, leading to 
an increase in mortality from 2014 onwards.

In addition to the increasing trend in mortality at the national level from 2014 onwards, significant differences 
were observed between regions. While the North and Northeast regions showed an increase and a concentration 
of spatial clusters characterized by high mortality rates, the South, Southeast, and, to a lesser extent, Midwest 
regions showed decreasing trends, with a concentration of spatial clusters of low mortality risk.

It has been previously reported that the North and Northeast regions of the country present higher social 
vulnerability compared to the Midwest, South and Southeast, which may indicate difficulties accessing screening 

Fig. 2.  Spatial distribution of average cervical cancer mortality per 100,000 women, by municipality of 
residence: crude mortality rate (A), smoothed crude mortality rate (B), age-standardized mortality rate (C) 
and smoothed age-standardized mortality rate (D). Brazil, 2000 to 2021.
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and/or access to prompt and adequate diagnosis and treatment of precancerous lesions and/or cancer and thus 
explaining the observed discrepancies in temporal and spatial patterns28.

Despite Brazil having a universal healthcare system with infrastructure, human resources, and equipment 
designated for cervical cancer prevention, the highlighted regional disparities indicate an uneven distribution 
of these resources29. It becomes crucial, especially in those regions with higher-risk to expand health education, 
increase HPV vaccination coverage, invest in screening programs and in more efficient treatment of precancerous 
lesions, accompanied by adequate access to treatment for the population diagnosed with cancer and affordable if 
not free treatment30,31. The implementation of other strategies, such as screening with HPV genotyping in areas 
identified as higher risk in this study, would contribute to targeting pre-cancer cases more efficiently, permitting 
concentrated follow-up to prevent loss to follow-up29. Actually, earlier this year a single-dose scheme of the HPV 
vaccine has been adopted in the National Immunization Program (PNI) and HPV detection tests with partial or 
extended genotyping were incorporated in Brazil32,33.

Despite the decentralization of primary care actions in Brazil, it is relevant to note that treatment of 
precancerous lesion and cervical cancer is predominantly concentrated in referral centers, mostly located in 
states capital cities34. This geographical concentration, combined with social barriers, results in unequal access 
to preventive and curative treatments, especially in the North and Northeast regions35.

Although access to healthcare services is an important factor in understanding regional disparities in cervical 
cancer-associated mortality, the creation of a map showing the distance to treatment centers was not possible due 
to difficulties in consolidating geospatial data from a single source. While geographic data are available, the lack of 
a unified repository that integrates them hindered the analysis. Considering the location of these centers and the 
transportation infrastructure in different regions of Brazil is crucial, as it may reveal how accessibility influences 
health outcomes. The inclusion of such a map could enrich the discussion, providing a clearer perspective on the 
barriers faced by populations in remote areas. This approach underscores the importance of future research that 
seeks to integrate geographic and socioeconomic data for a more comprehensive understanding of inequalities 
in access to cancer treatment.

Moreover, it is crucial to consider the influence of social vulnerability on regional disparities in quality and 
advancements in the surveillance of deaths from cervical cancer, which show significant inequalities31. The 
improvement was observed nationally but particularly in the South, Southeast, and Midwest regions with more 
consistent advances; however, the North and Northeast regions did not show uniform improvements, and in 

Year Moran’s I Expected index Variance Z P

2000 0.0205 -0.0002 0.0081 2.5748 0.014

2001 0.0635 -0.0002 0.0077 8.2584 0.001

2002 0.0208 -0.0002 0.0079 2.6672 0.009

2003 0.0199 -0.0002 0.008 2.4975 0.015

2004 0.0315 -0.0002 0.0082 3.8747 0.001

2000 to 2004 0.1023 -0.0001 0.0080 12.7733 0.001

2005 0.0120 -0.0002 0.0078 1.5459 0.069

2006 0.0256 -0.0002 0.0079 3.2445 0.003

2007 0.0295 -0.0001 0.0081 3.6677 0.001

2008 0.0298 -0.0002 0.0085 3.5430 0.003

2009 0.0401 -0.0002 0.0080 5.0429 0.001

2005 to 2009 0.1104 -0.0002 0.0080 13.7610 0.001

2010 0.0202 -0.0002 0.0082 2.4969 0.015

2011 0.0387 -0.0002 0.0078 4.9835 0.003

2012 0.0216 -0.0002 0.0077 2.8296 0.006

2013 0.0543 -0.0002 0.0079 6.9270 0.001

2010 to 2013 0.1200 -0.0002 0.0078 15.3376 0.001

2014 0.0505 -0.0002 0.0084 6.0284 0.001

2015 0.0410 -0.0002 0.0081 5.0339 0.001

2016 0.0559 -0.0002 0.0084 6.6269 0.001

2017 0.0419 -0.0002 0.0083 5.0621 0.001

2014 to 2017 0.1445 -0.0002 0.0082 17.6592 0.001

2018 0.0584 -0.0002 0.0079 7.4650 0.001

2019 0.0450 -0.0002 0.0080 5.6618 0.001

2020 0.0293 -0.0002 0.0082 3.6089 0.002

2021 0.0458 -0.0002 0.0081 5.6858 0.001

2018 to 2021 0.1355 -0.0002 0.0082 16.5532 0.001

All period 0.3294 -0.0002 0.0082 40.0727 0.001

Table 2.  Global spatial autocorrelation analysis of age-standardized cervical cancer mortality per 100,000 
women, by municipality of residence. Brazil, 2000 to 2021. p: Permutation Test.
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some cases, there were reduction in data quality31. This scenario suggests that the increase in mortality rate 
for the North and Northeast regions may be directly related to social inequalities and limited access to health 
services27.

Thus, for these prevention and control strategies to be truly effective, it is necessary to discuss the logistical 
challenges involved, such as the proper training of healthcare professionals and the logistics of distributing 
self-collection kits. Furthermore, it is crucial to establish mechanisms that ensure follow-up for women with 

Fig. 3.  Spatial cluster of age-standardized cervical cancer mortality per 100,000 women, by municipality of 
residence. Brazil, 2000 to 2021.
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positive results, minimizing losses in monitoring and ensuring that all have access to the necessary treatment. 
Considering the existing healthcare infrastructure and the socioeconomic barriers faced by these populations is 
essential for developing a more equitable and effective approach to combating cervical cancer.

The overall mortality rate has decreased; however, 5.8 deaths per 100,000 women shows that the country is far 
from eliminating cervical cancer as a public health problem. It exceeds the target global incidence of less than 4 
cases per 100,000 women for the elimination of cervical cancer36. Underscoring the imperative need to urgently 
implement comprehensive cervical cancer control strategies across the entire country1.

Cluster Period
Number of 
municipalities States

Radius 
(Km)

Number 
of 
deaths

Expected 
number 
of deaths

Annual mortality 
per 100,000 women 
within the cluster LLR P

1 2011 to 2021 555 Amazonas, Roraima, Pará, Amapá, Tocantins, Maranhão, 
Piauí, Ceará and Mato Grosso 1,239.7 12,562 6,911.5 121.3 1,994.7 < 0.001

2 2011 to 2021 25 Rio de Janeiro 64.9 5,141 4,107.0 80.4 124.9 < 0.001

3 2016 to 2021 1,279 São Paulo, Santa Catarina, Rio Grande do Sul and Mato 
Grosso do Sul 1,072.5 6,684 5,582.3 43.3 107.4 < 0.001

4 2014 to 2021 215 Minas Gerais, Mato Grosso, Mato Grosso do Sul and 
Goiás 3,460.6 1,683 1,313.6 63.0 48.2 < 0.001

5 2017 to 2020 225 Bahia, Minas Gerais and Espírito Santo 345.9 1,058 809.6 31.1 35.0 < 0.001

Table 3.  Spatiotemporal clusters of cervical cancer mortality per 100,000 women, by municipality of residence. 
Brazil, 2000 to 2021. LLR: log likelihood ratio; p: Poisson Test.

 

Fig. 4.  Spatiotemporal cluster of relative risk of cervical cancer mortality per 100,000 women, comparing the 
municipalities and periods belonging to the clusters with the other municipalities and periods. Brazil, 2000 to 
2021.
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Variables ASMR

Segmented period Entire period

Period APC (95% CI) Trend AAPC (95% CI) Trend

Brazil 5.5
2000 to 2014 -0.7 (-1.0 to -0.4) Decreasing

1.4 (-0.2 to 2.0) Stable
2014 to 2021 1.4 (0.7 to 2.8) Increasing

Age group in years (MR)

 20 to 29 0.9 2000 to 2021 3.3 (1.9 to 5.0) Increasing 3.3 (1.9 to 5.0) Increasing

 30 to 39 4.3
2000 to 2011 0.7 (-2.5 to 1.8) Stable

2.3 (1.8 to 2.8) Increasing
2011 to 2021 4.1 (3.1 to 7.0) Increasing

 40 to 49 8.9
2000 to 2011 -1.9 (-3.7 to -0.8) Decreasing

0.1 (-0.3 to 0.5) Stable
2011 to 2021 2.4 (1.3 to 4.4) Increasing

 50 to 59 12.7
2000 to 2011 -2.1 (-8.6 to 0.5) Stable

-0.7 (-1.4 to 0.0) Stable
2011 to 2021 0.7 (-0.7 to 7.6) Stable

 60 to 69 16.8 2000 to 2021 -1.0 (-2.1 to 0.3) Stable -1.0 (-2.1 to 0.3) Stable

 70 to 79 21.4 2000 to 2021 -0.2 (-1.5 to 1.1) Stable -0.2 (-1.5 to 1.1) Stable

 80 or more 27.9 2000 to 2021 -0.6 (-2.2 to 1.2) Stable -0.6 (-2.2 to 1.2) Stable

Region/State

 North 10.8

2000 to 2007 3.6 (2.8 to 7.1) Increasing

1.5 (1.1 to 1.8) Increasing2007 to 2018 1.5 (0.8 to 2.1) Increasing

2018 to 2021 -3.7 (-8.1 to -1.2) Decreasing

  Rondônia 6.9
2000 to 2002 71.0 (10.8 to 142.1) Increasing

5.7 (2.3 to 9.2) Increasing
2002 to 2021 0.5 (-1.6 to 1.9) Stable

  Acre 8.9 2000 to 2021 4.4 (2.2 to 7.5) Increasing 4.4 (2.2 to 7.5) Increasing

  Amazonas 16.8
2000 to 2013 5.0 (3.8 to 6.9) Increasing

1.8 (1.0 to 2.6) Increasing
2013 to 2021 -3.3 (-6.7 to -1.1) Decreasing

  Roraima 10.7 2000 to 2021 1.3 (-1.9 to 4.8) Stable 1.3 (-1.9 to 4.8) Stable

  Pará 9.5 2000 to 2021 1.1 (0.4 to 1.8) Increasing 1.1 (0.4 to 1.8) Increasing

  Amapá 12.7 2000 to 2021 1.5 (-1.0 to 4.4) Stable 1.5 (-1.0 to 4.4) Stable

  Tocantins 9.1
2000 to 2002 33.8 (1.0 to 81.1) Increasing

3.3 (-0.1 to 6.2) Stable
2002 to 2021 0.5 (-10.1 to 2.0) Stable

 Northeast 6.3
2000 to 2006 3.6 (2.2 to 7.7) Increasing

1.5 (1.2 to 2.0) Increasing
2006 to 2021 0.7 (0.1 to 1.1) Increasing

  Maranhão 10.2
2000 to 2006 12.4 (8.5 to 20.5) Increasing

4.1 (3.4 to 5.2) Increasing
2006 to 2021 1.0 (0.0 to 1.8) Stable

  Piauí 7.7
2000 to 2009 3.5 (1.5 to 11.1) Increasing

0.8 (-0.2 to 2.0) Stable
2009 to 2021 -1.1 (-4.7 to 0.1) Stable

  Ceará 6.3 2000 to 2021 0.9 (0.2 to 1.7) Increasing 0.9 (0.2 to 1.7) Increasing

  Rio Grande do Norte 5.4 2000 to 2021 0.7 (-0.4 to 1.9) Stable 0.7 (-0.4 to 1.9) Stable

  Paraíba 5.1

2000 to 2006 21.3 (15.7 to 29.9) Increasing

6.5 (5.5 to 7.9) Increasing
2006 to 2010 -9.3 (-17.7 to -1.2) Decreasing

2010 to 2013 15.6 (4.9 to 23.4) Increasing

2013 to 2021 1.5 (-3.3 to 3.6) Stable

  Pernambuco 6.4
2000 to 2013 -0.8 (-4.8 to 0.0) Stable

0.3 (-0.4 to 0.8) Stable
2013 to 2021 2.0 (0.4 to 8.6) Increasing

  Alagoas 6.6 2000 to 2021 1.6 (0.5 to 2.9) Increasing 1.6 (0.5 to 2.9) Increasing

  Sergipe 7.4 2000 to 2021 -1.0 (-2.1 to 0.0) Stable -1.0 (-2.1 to 0.0) Stable

  Bahia 4.9 2000 to 2021 0.9 (0.4 to 1.5) Increasing 0.9 (0.4 to 1.5) Increasing

 Southeast 4.4
2000 to 2014 -2.7 (-3.7 to -2.1) Decreasing

-1.2 (-1.6 to -0.8) Decreasing
2014 to 2021 1.8 (0.0 to 7.0) Increasing

  Minas Gerais 3.8 2000 to 2021 -1.0 (-1.4 to -0.5) Decreasing -1.0 (-1.4 to -0.5) Decreasing

  Espírito Santo 5.9
2000 to 2012 -2.8 (-15.1 to 12.8) Stable

-0.6 (-2.4 to 1.0) Stable
2012 to 2021 2.4 (-9.1 to 20.9) Stable

  Rio de Janeiro 5.6 2000 to 2021 -1.1 (-1.7 to -0.5) Decreasing -1.1 (-1.7 to -0.5) Decreasing

  São Paulo 4.0

2000 to 2002 -10.1 (-13.2 to -4.2) Decreasing

-2.0 (-2.4 to -1.5) Decreasing2002 to 2014 -3.2 (-3.9 to -0.4) Decreasing

2014 to 2021 2.6 (1.1 to 5.4) Increasing

 South 5.3
2000 to 2010 -3.3 (-4.4 to -2.5) Decreasing

-0.8 (-1.1 to -0.5) Decreasing
2010 to 2021 1.5 (0.8 to 2.5) Increasing

Continued
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As expected, the results of this study showed higher mortality among older women. However, in line with 
previous findings regarding risk trends, a temporal trend of increasing mortality rate associated with cervical 
cancer was observed among younger women, in contrast to older ones. This reflects the need for the development 
of policies aimed at reducing cervical cancer incidence and mortality across all age groups37.

Furthermore, it is important to consider the demographic transition, aging population, that have occurred 
in Brazil10,38. Since the demographic transition can impact the health needs of the population, it consequently 
affects the provision of health services for women and influences mortality patterns throughout the country10,38.

It is important to consider some limitations of this research when interpreting the results. Since this 
investigation falls within the domain of ecological studies, it is not possible to draw conclusions about the 
characteristics of the population at the individual level. Some inferences, established for larger territorial scales, 
may, in part, derive from the unique behavior of smaller spatial units that were not assessed. Additionally, it is 
plausible to argue that the use of secondary data sources may have resulted in information loss, especially due to 
diagnostic challenges, which may have led to an underestimation of the results. Furthermore, regional variation 
in the quality and effectiveness of mortality surveillance may have contributed partially to the observed rate 
differences.

Conclusion
The results indicated an increasing mortality trend from 2014 onwards, after 14 years of decline. Regarding 
specific groups, an increase trend in mortality was observed among younger age groups, and also, regardless of 
age, in the North and Northeast regions, while the South, Southeast and Midwest regions showed a decrease. The 
heterogeneity in the spatial distribution of cervical cancer mortality was evident, with the formation of clusters 
of high mortality in all regions of the country, mostly concentrated in the North and Northeast. Similarly, space-
temporal clusters emerged in all regions of Brazil, covering the most recent years of the study.

In light of this scenario, Brazil could adopt a more effective approach in health surveillance routines by 
identifying high-risk areas for particular diseases, as conducted in this study with great precision and detail 
for cervical cancer, that will in turn allow for the design of more efficient targeted interventions. The visual 
representation of geographic location, as demonstrated, can be an efficient method for identifying these areas. It 
is crucial to recognize that remote areas, far from major urban centers, could significantly benefit from a fairer 
strategy that gives visibility to populations with greater socioeconomic vulnerability, and therefore, at a higher 
risk of developing cervical cancer.

Data availability
The datasets generated during and/or analyzed during the current study are available in the Department of 
Health Informatics of the Unified Health System (DATASUS) repository, https://datasus.saude.gov.br/transfer-
encia-de-arquivos/ and Brazilian Institute of Geography and Statistics (IBGE) https://sidra.ibge.gov.br/.
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