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ABSTRACT
Objectives: to analyze the effect of age-period-cohort on cervical cancer 
mortality rates in the Center-West of Brazil. Methods: ecological time series 
study from 1980 to 2019, utilizing data from the Mortality Information 
System and population estimates from the Brazilian Institute of Geography 
and Statistics. Age-period-cohort effect models with Poisson distribution 
were employed. Results: 19,260 deaths were observed, corresponding to an 
average standardized mortality rate of 17.23/100,000 women. The age effect 
indicated a progressive increase in rates as age advanced. The period effect 
showed a reduction in the risk of death in the Federal District (2015-2019), 
Mato Grosso do Sul (2010-2014), and Mato Grosso (2010-2019), as well 
as an increase in Goiás (2015-2019). The cohort effect showed an increase 
in the risk of death for those born before 1950-1954 and a reduction in the 
generations from 1955-1959 onwards. Conclusion: there is evidence of an 
age-period-cohort effect on mortality from cervical cancer in the Brazilian 
Center-West, which calls for the strengthening of actions for its prevention 
and control aimed at women of cohorts and ages at greater risk of dying from 
this cause. 
Descriptors: Mortality; Uterine Cervical Neoplasms; Age Factors; Periodicity; 
Cohort Effect.

RESUMO 
Objetivos: analisar o efeito da idade-período-coorte nas taxas de mortalidade 
por câncer do colo do útero no Centro-Oeste do Brasil. Métodos: estudo ecológico 
de séries temporais, de 1980 a 2019, cujas fontes de dados foram o Sistema 
de Informação sobre Mortalidade e as estimativas populacionais do Instituto 
Brasileiro de Geografia e Estatística. Modelos de efeito idade-período-corte com 
distribuição de Poisson foram usados. Resultados: observaram-se 19.260 óbitos, 
correspondente à taxa de mortalidade padronizada média de 17,23/100 mil 
mulheres. O efeito da idade indicou aumento progressivo das taxas com o avançar 
da idade. O efeito do período evidenciou redução do risco de morte no Distrito 
Federal (2015-2019), Mato Grosso do Sul (2010-2014) e Mato Grosso (2010-
2019), além de aumento em Goiás (2015-2019). O efeito da coorte revelou 
aumento do risco de morte para as nascidas antes de 1950-1954 e redução nas 
gerações a partir de 1955-1959. Conclusão: há evidências de efeito da idade-
período-coorte na mortalidade por câncer do colo do útero no Centro-Oeste 
brasileiro, o que demanda fortalecimento de ações para sua prevenção e controle 
voltadas para mulheres de coortes e idades sob maior risco de morrer por essa 
causa.
Descritores: Mortalidade; Neoplasias do Colo do Útero; Fatores Etários; 
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Periodicidade; Efeito de Coortes.

RESUMEN
Objetivos: análisis del efecto de la edad-período-cohorte en las tasas de mortalidad por cáncer de cuello uterino en el centro-oeste de Brasil. Métodos: 
estudio de series temporales ecológicas, de 1980 a 2019, cuyas fuentes de datos fueron el Sistema de Información de Mortalidad y las estimaciones de 
población del Instituto Brasileño de Geografía y Estadística. Se utilizaron modelos de efecto edad-período-corte con distribución de Poisson. Resultados: 
se registraron 19.260 fallecimientos, lo que corresponde a una tasa media de mortalidad estandarizada de 17,23/100.000 mujeres. El efecto edad 
indicó un aumento progresivo de las tasas con el avance de la edad. El efecto período mostró una reducción del riesgo de muerte en el Distrito Federal 
(2015-2019), Mato Grosso do Sul (2010-2014) y Mato Grosso (2010-2019), así como un aumento en Goiás (2015-2019). El efecto cohorte mostró 
un aumento del riesgo de muerte para los nacidos antes de 1950-1954 y una reducción en las generaciones a partir de 1955-1959. Conclusión: hay 
evidencias de un efecto edad-período-cohorte en la mortalidad por cáncer de cuello uterino en el Centro-Oeste brasileño, lo que exige el refuerzo de las 
acciones para su prevención y control dirigidas a las mujeres de cohortes y edades con mayor riesgo de morir por esta causa.
Descriptores: Mortalidad; Neoplasias del Cuello Uterino; Factores de Edad; Periodicidad; Efecto de Cohortes.

INTRODUCTIOLN
Cervical cancer (CC) is considered a preventable di-

sease, as it can be screened in the pre-malignant stages 
by cytopathological examination (Pap smear), and there 
is an effective vaccine to control infection by the Human 
Papilloma Virus (HPV), the main cause of this type of 
cancer(1,2). Despite the existence of preventive measures, 
CC maintains a high morbidity burden worldwide(3,4). 
In 2020, 604,000 new cases and 342,000 deaths were 
estimated, representing the fourth most incident and 
lethal type of cancer among women(1). 

In Brazil, CC also has high incidence and mortality 
rates, with marked differences in the magnitude of these 
indicators depending on the region’s level of socioeco-
nomic development(4-7). For each year of the 2023-2025 
triennium, 17,010 new cases were estimated, corres-
ponding to the third most incident neoplasm among 
Brazilian women (15.38 new cases/100,000), excluding 
non-melanoma skin cancer(4). In the North and Nor-
theast of the country, it is the second most frequent 
neoplasm among its residents (20.48 new cases/100,000 
and 17.59 new cases/100,000, respectively); in the Cen-
ter-West, the third (16.66 new cases/100,000); in the 
South, the fourth (14.55 new cases/100,000); and in 
the Southeast, the fifth (12.93 new cases/100,000)(4). A 
similar trend is observed in mortality rates, the highest 
magnitudes of which belong to the states in the North, 
Northeast, and Center-West regions(5-10). 

The Center-West region occupies approximately 
20.0% of the country’s territory, has a low demographic 
density, and is made up of three states and the Federal 
District, which is home to the capital of Brazil, totaling 
four states. It has high incidence and mortality rates for 
CC compared to Brazil as a whole and to regions with 
greater socioeconomic development, such as the South 
and Southeast(8-10). For the states of the Center-West for 

each year of the 2023-2025 triennium, incidence rates 
were estimated to oscillate between 11.05/100,000 and 
17.73/100,000, respectively in the Federal District (DF) 
and Mato Grosso do Sul (MS)(4). As for mortality ra-
tes, the Center-West recorded 4.92 deaths/100,000 in 
the 2020-2021 biennium, with variations ranging from 
4.79/100,000 to 5.43/100,000, respectively observed in 
the Federal District (DF) and Mato Grosso (MT)(11).

The evaluation and planning of CC prevention and 
control policies must consider that HPV vaccine covera-
ge, early diagnosis through Pap smears, and timely treat-
ment of early lesions(12-14) are not uniformly distributed 
across age groups, time periods, and birth cohorts. The-
refore, in order to better understand the behavior of this 
neoplasm over time, the use of age-period-cohort mo-
dels is advantageous, as it helps to understand the effect 
of these three factors on the evolution of mortality from 
this cause, minimizing the limitations of classic trend 
models(12-14). 

Trend studies of mortality rates from CC in the Cen-
ter-West of Brazil investigated their temporal evolution 
by age and period, finding a downward trend both in the 
capitals and in the inland municipalities(5,8,11). However, 
they did not evaluate the cohort effect, an important 
component in assessing the temporal trend of health 
problems. Given that women from different generations 
(birth cohorts) are distinctly influenced by changes in 
sexual and reproductive behavior, by policies to prevent 
and control CC, and by cancer care policies(6,7,12-14), it is 
clear that they have been exposed in different ways to 
these and other factors associated with this type of neo-
plasm. Therefore, the use of age-period-cohort models 
to analyze trends in mortality from CC is an important 
tool for the surveillance of this type of cancer. 

Considering the lack of studies that have used age-
-period-cohort models to evaluate the temporal trend 
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of mortality from CC in the Center-West, and recogni-
zing the potential contribution of this type of analysis to 
both the National Cancer Prevention and Control Po-
licy(15) and the Strategic Action Plan for Tackling Chro-
nic Diseases and Non-Communicable Diseases in Brazil 
2021-2030(16), this study set out to analyze the effect of 
age-period-cohort on mortality rates from cervical can-
cer in the Center-West of Brazil.

METHODS
This is an ecological time series study, from 1980 to 

2019, which was carried out in the Center-West and its 
respective states, namely: Federal District (DF), Goiás 
(GO), Mato Grosso (MT), and Mato Grosso do Sul 
(MS). The population consisted of women aged 20 
or over whose cause of death was CC. The Mortality 
Information System (SIM) and population estimates 
from the Brazilian Institute of Geography and Statistics 
(IBGE) were used as data sources. 

Using the TabWin program (version 3.6, 2022, DA-
TASUS, Brazil), mortality records were extracted from 
the SIM website (https://datasus.saude.gov.br/informa-
coes-de-saude-tabnet/) on March 20th, 2022. In the 
1980-2019 period, the ninth and tenth revisions of the 
International Statistical Classification of Diseases and 
Related Health Problems (ICD) were in force, so the 
ICD-9 179 and ICD-10 C53 codifications (C53. 0: 
malignant neoplasm of endocervix; C53.1: malignant 
neoplasm of exocervix; C53.8: malignant neoplasm of 
overlapping sites of cervix uteri; and C53.9: malignant 
neoplasm of cervix uteri, unspecified) were used to defi-
ne deaths from CC(17,18). 

Population data was obtained from the IBGE websi-
te (https://www.ibge.gov.br/) based on the 1980, 1991, 
2000 and 2010 demographic censuses. For the inter-
censal years from 2013 to 2019, we used data from the 
projection of the population of the states by sex and age 
groups: 2000-2060(19). 

The death records were then corrected for the quality 
of the information and underreporting due to the high 
rate of undefined causes and problems with the coverage 
of death records presented in the SIM(5-8). The correction 
process was carried out in six stages, through proportio-
nal redistribution by year, age group, and state: 

• Stage 1 - Redistribution of ignored age: the igno-
red age was redistributed proportionally among 
the age groups specified in the study, conside-
ring year, age group, and state. 

• Stage 2 - Redistribution of ill-defined causes: 
50% of deaths classified as ill-defined causes 

were redistributed proportionally among defi-
ned natural causes. 

• Stage 3 - Redistribution of incomplete cancer 
diagnoses: deaths recorded as incomplete cancer 
diagnoses (total and female genital tract) were 
redistributed proportionally, considering the to-
tal number of cancers by year, age group, and 
state. 

• Stage 4 - Redistribution of uterine cancer, part 
unspecified: deaths classified as part unspecified 
were proportionally redistributed to CC, based 
on their proportion in relation to all uterine can-
cers (CC and endometrial cancer). 

• Stage 5 - Correction of deaths for poor certi-
fication of records: the results obtained in the 
previous stages were added to the number of 
deaths from CC originally recorded in the SIM, 
resulting in the correction of deaths in relation 
to poor certification of death records(5-8). 

• Stage 6 - Correction for underreporting of dea-
ths: the results obtained in step 5 were multi-
plied by the correction factors proposed for the 
years under investigation(20).

After that, crude death rates from CC were calcula-
ted, according to age group and state, per 100,000 wo-
men. The age groups were stratified every five years (20-
24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 
60-64, 65-69, 70-74, 75-79, and ≥80). The truncated 
rates for open interval ages (≥80 years) were estimated 
by year. Once the rates per age group and period had 
been obtained, the crude rates were standardized using 
the direct method, with the world population proposed 
by Segi and modified by Doll and Hiil as the standard 
population(21).

The age-period-cohort effect was adjusted by Poisson 
regression, using estimable functions proposed by Hol-
ford(13,14), implemented in the models adjusted by the 
Epi package in the R software(22). This package makes it 
possible to estimate and compare the fit of six sub-mod-
els to the data, namely: Age, Age-drift (linear effect of 
age), Age-cohort, Age-period-cohort, Age-period and 
Age-drift (linear effect of period plus linear effect of 
cohort). Age-period-cohort models were estimated for 
the Center-West and for each of its states. The statistical 
analysis thus included 13 age groups, eight periods (in 
five years, from 1980-1984 to 2015-2019) and 20 birth 
cohorts (in five years, from 1900-1904 to 1995-1999). 

Poisson models estimated by estimable functions 
limit the analysis to linear combinations of the curva-
ture effects of the time terms (age, period and cohort). 
The linear trend of the effects is divided into two com-
ponents: the linear effect of age and the drift effect (lin-
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ear effect of the period added to the linear effect of the 
cohort)(13,14). Poisson regression, which is part of gen-
eralized linear models, is used to evaluate the effect of 
variables of interest on a response variable, the nature 
of which is a count, by estimating the natural logarithm 
of the mean of this response variable  as a function of 
a linear predictor that considers the possible exposure 
variables(13,14).

Therefore, the age-period-cohort effects were esti-
mated based on regression models with a Poisson dis-
tribution for the number of deaths observed in each age 
group i and period j, with the effects being additively 
related to the logarithm of the expected mortality rate , 
according to Holford’s proposal(13,14),

where  indicates the expected rate,  the number of 
observed deaths, and  the population at risk of death at 
age group  and period . The parameter  represents the 
average effect,  represents the effect of age group ,  the 
effect of period , the effect of cohort , and  the random 
error of age and period.

In each scenario, the six estimated age-period-cohort 
sub-models were compared in a nested way via residual 
deviance statistics  and p-value. Models with the best 
fit were considered to be those with the lowest residual 
deviance and p-value <0.05(13,14).

Based on the best-fit model, estimated age-specific 
mortality rates and relative risks (RR) were extracted 
for each period and cohort, according to the respective 
reference categories. The 1995-1999 period was chosen 
as the reference because it preceded the consolidation 
of the National Cervical Cancer Control Program in 
2001(23). The reference birth cohort chosen was 1950-
1954, since median cohorts have a greater number of 
observations, enabling more parsimonious models to be 
adjusted. In addition, women born after 1960 suffered 
a greater impact from urbanization, sexual revolution 
and habits, thus modifying the risk of exposure to the 
main factors related to CC(13,14). Interval estimates were 
obtained with a 95% confidence interval (95%CI) and 
considered statistically significant if p-value <0.05(13,14). 

Because the data was freely accessible and did not 
identify the subjects, this study was not submitted to a 
research ethics committee.

RESULTS
Between 1980 and 2019, the Center-West recorded 

11,956 deaths from CC, corresponding to an average 

standardized mortality rate without correction of deaths 
of 10.57/100,000. After correcting deaths for poor cer-
tification of records, 17,288 deaths were recorded (aver-
age standardized mortality rate of 15.47/100,000) and, 
after correcting for underreporting of records, 19,260 
deaths were recorded (average standardized mortality 
rate of 17.23/100,000).

In all the states, the stage of correcting the poor cer-
tification of deaths that most contributed to the increase 
in the number of records was the proportional redistri-
bution of those classified as uterine cancer by part un-
specified. The number of deaths classified in this way 
was higher than the number of records declared as can-
cer of the uterine body. The highest percentage increas-
es in mortality rates, both for poor quality certification 
and underreporting, occurred in the 1980s and 1990s 
(Table 1).

From the 2000s onwards, there was a reduction in 
standardized mortality rates in all age groups, with the 
highest rates observed in women aged ≥80 years and the 
lowest in those aged 20-24 years. In the last five-year 
period, they increased again in the 20-24 to 45-49 age 
groups (Figure 1A). The evaluation, according to cohort 
and age group, showed a decrease from the 1900 (age 
group ≥80 years) to the 1975 generation (age group 40-
44 years). In the 1980-1984 to 1995-1999 cohorts (20-
24 to 30-34 age groups), there was a reduction with a 
subsequent increase (Figure 1B).

Similarly, there was a positive gradient in the average 
mortality rates from CC with advancing age in all the 
states, with the highest magnitude in the MS and the 
lowest in the DF (Figure 2A), and a reduction in the 
rates of the oldest generations in relation to the youngest 
(Figure 2B). 

The age-period-cohort models fitted the data bet-
ter as they had lower residual deviance and a p-value 
<0.001 (Table 2), and were therefore chosen to estimate 
the RR and 95%CI. 

After estimating the effects, the complete age-peri-
od-cohort model showed that mortality rates adjusted 
for the cohort and period effects increased progressively 
with advancing age throughout the Center-West and in 
the respective states (Table 3). About the period effect 
adjusted for the effect of age and cohort, considering 
the reference period and the entire Center-West region, 
there was an increase in the risk of death in 2000-2004 
(RR=1.09; 95%CI: 1.06-1.12) and a reduction in this 
risk in 2010-2014 (RR=0.93; 95%CI: 0.90-0.95). In 
the states specifically, there was a reduction in the risk 
of death from CC in the Federal District in 2015-2019 
(RR=0.91; 95%CI: 0.85-0.98), in MS in 2010-2014 
(RR=0.89; 95%CI: 0.84-0.95) and in MT in the last 
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Table 1 - Standardized cervical cancer mortality rates (per 100,000 women), by five-year period, Center-West, Brazil, 1980-
2019

Mortality rate
5-year period

1980-
1984

1985-
1989

1990-
1994

1995-
1999

2000-
2004

2005-
2009

2010-
2014

2015-
2019

TMP

Federal District

No correction 20.82 18.16 15.72 12.74 10.44 9.32 8.77 7.99 12.43

Corrected for 
poor certification

26.00 24.81 25.24 20.11 16.30 13.09 10.61 8.97 14.31

Corrected for 
underreporting

26.00 24.81 25.24 20.11 16.30 13.09 10.61 8.97 14.31

Goiás

No correction 13.94 12.87 10.50 11.96 10.73 9.06 8.62 9.06 10.45

Corrected for 
poor certification

23.02 20.47 18.26 17.65 15.74 13.00 11.93 13.00 15.26

Corrected for 
underreporting

23.98 21.32 19.85 19.18 16.93 13.98 12.83 13.98 16.36

Mato Grosso do Sul

No correction 13.20 13.55 13.05 12.10 12.87 13.18 10.62 10.96 12.16

Corrected for 
poor certification

24.67 25.20 24.65 21.71 21.04 18.63 13.41 14.39 18.40

Corrected for 
underreporting

24.92 25.45 24.65 21.71 21.92 19.41 13.97 14.99 18.89

Mato Grosso

No correction 6.83 9.40 8.32 13.30 10.43 12.73 9.45 9.12 9.86

Corrected for 
poor certification

12.60 17.28 14.96 21.40 18.11 17.73 13.36 12.13 14.97

Corrected for 
underreporting

13.12 18.00 15.43 22.06 19.06 18.66 14.07 12.77 16.03

Center-West

No correction 13.73 13.29 11.46 12.33 11.02 10.53 9.20 9.32 10.57

Corrected for 
poor certification

22.16 21.57 20.08 19.48 17.27 14.91 12.23 11.87 15.47

Corrected for 
underreporting

27.50 26.76 21.77 21.13 18.84 16.26 13.35 12.95 17.23

Note: Average standardized mortality rate.

two five-year periods. On the other hand, after a reduc-
tion in risk in 2005-2014, there was an increase in risk 
in GO in 2015-2019 (RR=1.05; 95%CI: 1.01-1.10) 
(Table 3).

Regarding the cohort effect adjusted for age and pe-
riod in the Center-West, there was a constant reduction 
in the risk of death from older cohorts to younger ones, 
with RR ranging from 2.26 (95%CI: 2.08-2.46) in the 
1900-1904 cohort to 0.61 (95%CI: 0.55-0.67) in the 
1995-1999 cohort. Similar results were observed in all 
the states except MT, where the increase in risk for the 
older cohorts was not significant. In this state, the RR 
reduction only occurred in the 1955-1969 generations 

(RR1955-1959=0.91, 95%CI: 0.85-0.91; RR1960-1964=0.88, 
95%CI: 0.81-0.96; RR1965-1969=0.90, 95%CI: 0.83-
0.98), with a non-significant increase from the 1975-
1979 generation onwards (Table 3).

DISCUSSION
The age-period-cohort model was the best fit to the 

data for the entire Center-West region. The age effect in-
dicates a progressive increase in standardized mortality 
rates from CC as age advances. The effect of the period 
adjusted for age and cohort shows a reduction in the risk 
of death in the DF in 2015-2019, in MS in 2010-2014, 
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Figure 1 - Standardized mortality rates from cervical cancer, by cohort and age group, Center-West, Brazil, 1980-2019

Figure 2 - Standardized mortality rates from cervical cancer, by age group and cohort, Center-West, Brazil, 1980-2019

Note: Federal District (DF); Goiás (GO); Mato Grosso do Sul (MS); Mato Grosso (MT).
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Table 2 - Sequential construction of age-period-cohort models for cervical cancer mortality, Center-West, Brazil, 1980-2019
Models Degrees of freedom Residual deviance p value

Center-West

Age 99 1,753.13

Age-drifta 98 704.73 <0.001

Age-cohort 95 588.78 <0.001

Age-period-cohort 92 537.37 <0.001

Age-period 95 663.22 <0.001

Age-driftb 98 704.73 <0.001

Federal District

Age 99 579.73

Age-drifta 98 194.01 <0.001

Age-cohort 95 153.05 <0.001

Age-period-cohort 92 134.44 <0.001

Age-period 95 183.13 <0.001

Age-driftb 98 194.01 <0.001

Goiás

Age 99 667.62

Age-drifta 98 328.25 <0.001

Age-cohort 95 274.84 <0.001

Age-period-cohort 92 263.10 <0.001

Age-period 95 313.22 <0.001

Age-driftb 98 328.25 <0.001

Mato Grosso do Sul

Age 99 384.70

Age-drifta 98 220.18 <0.001

Age-cohort 95 205.38 <0.001

Age-period-cohort 92 183.15 <0.001

Age-period 95 200.39 <0.001

Age-driftb 98 220.18 <0.001

Mato Grosso

Age 99 293.33

Age-drifta 98 267.26 <0.001

Age-cohort 95 261.81 <0.001

Age-period-cohort 92 182.38 <0.001

Age-period 95 190.90 <0.001

Age-driftb 98 267.26 <0.001

Note: a Age-drift: linear trend of age-specific rates, which is equal to the sum of the age and period slopes (αL+βL), where αL and βL are the linear trends 
of age and period, respectively; b Age-drift: represents the longitudinal trend of age, which is equal to the sum of the period and cohort slopes (βL+γL), 
where βL and γL are the linear trends of period and cohort, respectively.
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Table 3 - Age-period-cohort effect on standardized cervical cancer mortality rates, Center-West, Brazil, 1980-2019
Continue...

Relative Risk (CI95%)

Age Center-West Federal District Goiás Mato Grosso do Sul Mato Grosso

20-24 2.11 (1.94-2.29) 1.80 (1.42-2.86) 1.67 (1.44-1.93) 2.32 (1.91-2.82) 0.75 (0.59-0.96)

25-29 3.83 (3.59-4.09) 3.27 (2.73-3.91) 3.01 (2.70-3.37) 4.06 (3.49-4.72) 1.57 (1.30-1.88)

30-34 6.95 (6.63-7.29) 5.93 (5.21-6.75) 5.45 (5.03-5.90) 7.11 (6.37-7.94) 3.26 (2.86-3.72)

35-39 12.62 (12.20-13.06) 10.77 (9.79-11.84) 9.84 (9.29-10.43) 12.44 (11.48-13.49) 6.78 (6.18-7.45)

40-44 22.24 (21.56-22.94) 18.88 (17.25-20.66) 17.27 (16.39-18.20) 21.08 (19.56-22.71) 13.56 (12.42-14.80)

45-49 32.76 (31.81-33.73) 26.93 (24.86-29.17) 25.38 (24.15-26.67) 29.39 (27.37-31.56) 21.38 (19.75-23.16)

50-54 36.24 (35.28-37.22) 28.33 (29.52-30.92) 28.08 (26.81-29.40) 30.19 (28.26-32.25) 23.91 (21.90-26.09)

55-59 35.91 (34.78-37.08) 28.38 (26.20-30.74) 27.80 (26.33-29.36) 28.51 (26.33-30.88) 26.11 (24.06-28.33)

60-64 38.59 (37.54-39.67) 28.71 (26.49-31.11) 29.65 (28.30-31.06) 31.22 (29.17-33.42) 30.14 (27.65-32.85)

65-69 43.47 (42.04-44.95) 28.87 (26.42-31.56) 32.70 (30.90-34.60) 37.37 (34.47-40.51) 36.27 (32.9-39.96)

70-74 47.79 (46.25-49.39) 28.86 (26.55-31.38) 35.18 (33.33-37.14) 43.92 (40.57-47.56) 44.88 (40.77-49.39)

75-79 51.43 (49.68-53.23) 28.77 (26.07-31.74) 37.28 (35.14-39.55) 50.51 (46.60-54.76) 56.30 (50.34-62.97)

≥80 55.14 (52.41-58.00) 28.65 (24.91-32.96) 39.40 (36.12-42.97) 57.89 (51.58-64.96) 70.80 (60.84-82.39)

Relative Risk (CI95%)

Period Center-West Federal District Goiás Mato Grosso do Sul Mato Grosso

1980-1984 0.95 (0.93-0.98) 0.86 (0.80-0.92) 0.99 (0.94-1.03) 0.94 (0.89-1.00) 0.78 (0.73-0.84)

1985-1989 0.98 (0.97-0.99) 0.98 (0.96-1.00) 0.99 (0.98-1.00) 1.01 (0.97-1.07) 0.92 (0.91-0.94)

1990-1994 1.01 (0.98-1.03) 1.10 (1.03-1.17) 1.01 (0.96-1.04) 0.89 (0.84-0.94) 1.09 (1.04-1.14)

1995-1999 Reference

2000-2004 1.09 (1.06-1.12) 1.06 (0.98-1.14) 1.03 (0.98-1.08) 1.15 (1.08-1.23) 1.26 (1.19-1.33)

2005-2009 1.02 (0.98-1.02) 1.04 (0.95-1.06) 0.96 (0.93-0.99) 1.01 (0.97-1.07) 1.26 (1.19-1.33)

2010-2014 0.93 (0.90-0.95) 0.96 (0.90-1.03) 0.93 (0.90-0.97) 0.89 (0.84-0.94) 0.90 (0.84-0.96)

2015-2019 0.99 (0.96-1.01) 0.91 (0.84-0.98) 1.04 (1.01-1.09) 0.98 (0.91-1.04) 0.79 (0.74-0.84)

Relative Risk (CI95%)

Cohort Center-West Federal District Goiás Mato Grosso do Sul Mato Grosso

1900-1904 2.26 (2.08-2.46) 4.29 (3.38-5.45) 2.19 (1.90-2.51) 2.13 (1.74-2.60) 1.04 (0.80-1.37)

1905-1909 2.08 (1.94-5.22) 3.66 (3.01-4.46) 2.02 (1.80-2.27) 1.96 (1.67-2.31) 1.0 5 (0.83-1.31)

1910-1914 1.91 (1.81-20.02) 3.13 (2.68-3.66) 1.87 (1.70-2.04) 1.81 (1.59-2.06) 1.04 (0.86-1.26)

1915-1919 1.75 (1.68-1.82) 2.67 (2.37-3.01) 1.72 (1.61-1.85) 1.66 (1.51-1.84) 1.04 (0.89-1.22)

1920-1924 1.61 (1.56-1.66) 2.28 (2.09-2.49) 1.59 (1.51-1.68) 1.53 (1.42-1.66) 1.04 (0.92-1.80)

1925-1929 1.48 (1.44-1.52) 1.95 (1.80-2.10) 1.74 (1.41-1.54) 1.42 (1.31-1.52) 1.04 (0.94-1.15)

1930-1934 1.36 (1.32-1.40) 1.66 (1.52-1.80) 1.36 (1.29-1.43) 1.31 (1.21-1.41) 1.03 (0.94-1.15)

1935-1939 1.24 (1.21-1.27) 1.39 (1.28-1.51) 1.20 (1.19-1.31) 1.22 (1.15-1.31) 1.03 (0.94-1.14)

1940-1944 1.12 (1.09-1.14) 1.13 (1.06-1.21) 1.13 (1.08-1.17) 1.14 (1.09-1.22) 1.02 (0.94-1.11)

1945-1949 0.98 (0.92-1.01) 0.90 (0.83-0.98) 0.99 (0.94-1.04) 1.04 (0.97-1.11) 0.99 (0.93-1.07)

1950-1954 Reference

1955-1959 0.72 (0.70-0.74) 0.57 (0.53-0.61) 0.71 (0.68-0.75) 0.74 (0.69-0.80) 0.91 (0.85-0.98)

1960-1964 0.66 (0.64-0.68) 0.48 (0.44-0.52) 0.65 (0.62-0.69) 0.67 (0.63-0.73) 0.88 (0.81-0.96)

1965-1969 0.64 (0.62-0.66) 0.48 (0.44-0.52) 0.63 (0.60-0.67) 0.65 (0.60-0.69) 0.90 (0.83-0.98)

1970-1974 0.63 (0.62-0.66) 0.48 (0.42-0.53) 0.63 (0.60-0.66) 0.63 (0.59-0.68) 0.96 (0.88-1.04)

1975-1979 0.63 (0.60-0.65) 0.47 (0.42-0.54) 0.63 (0.58-0.68) 0.63 (0.56-0.69) 1.02 (0.91-1.14)
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and in MT in 2010-2019, as well as an increase in GO 
in the period 2015-2019. The cohort effect adjusted for 
age and period shows an increase in the risk of death 
for those born before 1950-1954 and a reduction in the 
generations from 1955-1959 onwards.

The study also shows a high proportion of deaths clas-
sified as unspecified and low coverage of death records 
in the 1980s and 1990s, similar to what is observed in 
other regions of Brazil(5-8). This finding suggests low spe-
cificity in the diagnosis of CC, which may be related to 
the low coverage of the screening program in the coun-
try (<80% in 57.7% of states)(24) and limitations in the 
quality of the collection and evaluation of Pap smears 
and poor completion of death certificates(8), especially 
in regions of high socioeconomic vulnerability(8,25,26). In 
addition, the accurate diagnosis of precursor lesions and 
CC does not always guarantee the start or continuity of 
treatment, since there are weaknesses in access to specia-
lized oncology services, which are concentrated in the 
capitals and metropolitan regions of southern and sou-
theastern Brazil(27-29), favoring diagnoses at an advanced 
stage or in a situation where it is not possible to discri-
minate the exact topography of the tumor, whether on 
the cervix or the body of the uterus(27-30). 

Inequalities in cytopathological test coverage and 
access to the cancer care network may contribute to 
the differences in incidence and mortality observed 
between Brazilian regions(4-8). Despite the reduction in 
the magnitude of mortality rates from CC, the states in 
the Center-West still maintain rates higher than those 
accepted by the World Health Organization (5.0 dea-
ths/100,000), with approximately 16.0 deaths/100,000 
in the period 2000-2015(10), similar to those in countries 
without a universal and free screening program(1). 

The states in the Center-West region showed diffe-
rences in the magnitude of the rates and the time trend 
of mortality from CC. The highest rates were in MS 
and the lowest in the DF. There was a reduction in the 
risk of death in the last two five-year periods in MT 
and an increase in the last five-year period in GO. This 
difference may be due to the interaction of the following 

conditions: presence, time of implementation and qua-
lity of screening programs, access to timely treatment, 
prevalence of risk and protective factors for CC in the 
population, and access to therapeutic innovations for 
advanced disease(1,4,5-8,30-32). It should be noted that these 
conditions have different impacts, depending on the age 
group, generation of birth, and socio-economic condi-
tions and access to health care in the place of residen-
ce(6,7,30-32).

The age effect found is related to the physiological 
changes resulting from aging and exposure to risk and 
protective factors for CC throughout life(5-8,11-14,33-39). In 
the Center-West and its respective states, mortality rates 
from CC increased progressively with age, as observed 
in states in other regions of Brazil(6,7) and in more de-
veloped countries(33-39). It is believed that this is due to 
the lower coverage of Pap smears in women aged 50 and 
over(1,23,24,33). In 2013, there was a progressive reduction 
in the coverage of this test in Brazil in women aged 35-
44, ranging from 83.2% (95%CI: 81.6-84.6) to 71.0% 
in women aged 55-64 (95%CI: 68.7-73.3)(24). This re-
duction is partly due to the lower frequency of gyne-
cological consultations after the reproductive period, 
because women’s health care policies still focus more on 
the pregnancy-puerperal period(23,24,26-28). In this con-
text, previous studies have identified that the chances 
of being diagnosed with advanced-stage CC increase as 
women get older(27-29). 

The period effect represents structural changes that 
affect all age groups simultaneously, such as health poli-
cies and therapeutic innovations to prevent a certain di-
sease(12-14). In this sense, a period effect is expected after 
the implementation of prevention and control programs 
for CC with high coverage and quality, which promote a 
reduction in the risk of death from this neoplasm years 
after its implementation due to the increased diagnosis 
of precursor lesions and early-stage disease(1,31,37), as ob-
served in developed countries(33-39).  The reduction in the 
risk of death in most of the states in the Center-West in 
the last five-year period of the historical series is similar 
to that observed in states in the South and Southeast 

Relative Risk (CI95%)

Cohort Center-West Federal District Goiás Mato Grosso do Sul Mato Grosso

1980-1984 0.62 (0.59-0.67) 0.47 (0.40-0.55) 0.63 (0.57-0.69) 0.62 (0.54-0.72) 1.08 (0.92-1.27)

1985-1989 0.62 (0.58-0.67) 0.47 (0.38-0.58) 0.63 (0.50-0.71) 0.62 (0.52-0.74) 1.15(0.94-1.42)

1990-1994 0.62 (0.56-0.68) 0.46 (0.36-0.60) 0.63 (0.54-0.73) 0.61 (0.49-0.76) 1.23 (0.94-1.60)

1995-1999 0.61 (0.55-0.67) 0.46 (0.34-0.63) 0.63 (0.53-0.76) 0.60 (0.46-0.78) 1.30 (0.95-1.79)

Note: Confidence interval of 95% (CI95%).

Table 3 - Age-period-cohort effect on standardized cervical cancer mortality rates, Center-West, Brazil, 1980-2019
Conclusion.
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regions of Brazil(7). It is believed that the reduction in 
mortality rates and the risk of death in the 2000s are 
related to the expansion of primary care and the can-
cer care network in the same decade(7,8). However, these 
advances in health policies were not able to reduce the 
likelihood of dying from CC in GO, which had a simi-
lar profile to the states in the Northeast (Maranhão and 
Piauí) and North regions of Brazil(7,8).

In the Center-West and its respective states, the risk 
of death increased among those born before 1950-1954 
and decreased among those born after the 1950s. These 
findings corroborate those observed in the states in the 
South and Southeast of Brazil and in developed coun-
tries(6,7,33-39). This increased risk in older generations 
is due to their lower exposure to the main preventive 
measure for CC, the cytological examination(1,23,24), 
thus favoring diagnosis at an advanced stage(27-29). It is 
worth mentioning that the higher prevalence of comor-
bidities in older women hinders the use of therapeutic 
interventions based on the use of platinum (Cisplatin), 
radiotherapy and brachytherapy in more advanced ca-
ses, for which surgery is not the standard treatment(33-39). 
In addition, depending on their general condition and 
presence of comorbidities, some women may not be eli-
gible for surgery due to the high surgical risk or for che-
motherapy treatment, such as in the presence of altered 
renal function(33,35,37).

On the other hand, the reduction in the risk of death 
in the younger cohorts in the Center-West and respec-
tive states may be related to the interaction between the 
effects of age and period(31-37). This is because, although 
they have been more exposed to risk factors such as early 
initiation of sexual activities, use of oral contraceptives, 
smoking, and a greater number of sexual partners(33-39), 
the generations born in recent decades have greater ac-
cess to health services following the advent of the Uni-
fied Health System (SUS), the expansion of primary 
care, and the cancer care network. Therefore, they are 
more likely to know about CC and its preventive mea-
sures, enabling greater coverage of cytological examina-
tion(23,24) and a lower chance of diagnosis at an advanced 
stage, which increases their survival compared to older 
cohorts(27-29).

Despite the progress observed in mortality from CC 
in the states of the Center-West, high mortality rates 
have persisted over the last five years, signaling the pre-
sence of barriers in the National Cervical Cancer Con-
trol Program in the region. The World Health Organi-
zation urges countries to reduce new cases by 40% by 
2050 by adopting measures that include screening 70% 
of all women before the age of 35 and re-examining 
them before the age of 45 using high-precision DNA-

-based HPV tests, and treating 90% of those diagnosed 
with invasive cancer(1). Brazil has made a commitment to 
eliminate CC, but in order to do so, it needs to make ef-
forts to correct the limitations of the screening program 
and the fragmentation of the health services network.

The study has some limitations, such as the high per-
centage of garbage codes and the low coverage of death 
records. These were minimized by correcting for poor 
certification of death records, which allowed for more 
reliable estimates(5-8). Another limitation is the linear re-
lationship between the three time effects (age, period, 
and cohort). This means that we can determine any of 
the factors based on information from the other two, 
i.e. Age=Period-Cohort; Cohort=Period-Age; Period= 
Age+Cohort. This perfect linear relationship between 
the temporal factors prevents the estimation of the com-
plete model (age-period-cohort) and is known as the 
non-identifiability problem(12-14). Many methodologies 
have been proposed to correct this limitation, but there 
is no consensus in the literature on the best methodolo-
gical strategy to use. Therefore, this study adopted the 
methodology most frequently recommended by authors 
who have established comparisons between classic statis-
tical methods, i.e. estimable functions(12-14).

The knowledge produced in this investigation im-
plies a recommendation for greater focus on health ac-
tions aimed at women aged 50-64 in order to increa-
se the coverage of cytological examinations in this age 
group. 

The importance of ensuring the principle of equity 
in the SUS is emphasized, strengthening CC prevention 
and control actions in women of cohorts and ages at 
greater risk of dying from this cause. Finally, there is a 
need for future studies on the spatial-temporal evalua-
tion of mortality from CC and the evaluation of quality 
indicators of the National Program for Cervical Cancer 
Control and their correlation with sociodemographic 
and health indicators in the municipalities of the Cen-
ter-West.

CONCLUSION
In this time series from 1980 to 2019, in which 

19,260 deaths were analyzed in the Center-West region 
of Brazil, corresponding to an average standardized 
mortality rate of 17.23/100,000 women, the age-perio-
d-cohort effect on mortality is evident, in which there is 
a progressive increase in mortality rates as age advances; 
a reduction in the risk of death in the Federal District 
(2015-2019), Mato Grosso do Sul (2010-2014), and 
Mato Grosso (2010-2019), and an increase in Goiás 
(2015-2019). In addition, there was an increase in the 
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risk of death for those born before 1950-1954 and a 
reduction in generations from 1955-1959 onwards.  

The reduction in the risk of death in the last five 
years and in the youngest cohorts has not been able to 
reduce mortality rates, with rates remaining high in all 
age groups. 
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