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Abstract: Cervical cancer is a public health issue with high disease burden and mortality in Brazil.
The objectives of the present study were analyzing age, period, and cohort effects on cervical cancer
mortality in women 20 years old or older from 1980 to 2019 in the North, South, and Southeast
Regions of Brazil; and evaluating whether the implementation of a national screening program and
the expansion of access to public health services caused impacts over the examined period and
reduced the risk of death over the past years and among younger cohorts. The effects were estimated
by applying Poisson regression models with estimable functions. The highest mortality rate by
100,000 women was found in Amazonas (24.13), and the lowest in Sao Paulo (10.56). A positive
gradient was obtained for death rates as women'’s age increased. The states in the most developed
regions (South and Southeast) showed a reduction in the risk of death in the period that followed
the implementation of the screening program and in cohort from the 1960s onwards. The North
Region showed a decreased risk of death only in Amapa (2000-2004) and Tocantins (1995-2004;
2010-2019). The findings indicated that health inequities remain in Brazil and suggested that the
health system has limitations regarding decreasing mortality associated with this type of cancer in
regions with lower socioeconomic development.
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1. Introduction

Cervical cancer (CC) mortality is considered preventable, because there are well-
defined steps in the natural history of this disease. Additionally, a secondary prevention
measure that shows high efficacy and effectiveness in identifying precursor lesions and
initial stages of the disease, the Pap test, has been available for over half a century [1,2]. In
developed countries, the implementation of organized screening programs, with high
coverage and quality, has been associated with a marked reduction in the incidence and
mortality of this disease [3-7]. In the 2000s, vaccines against the human papillomavirus
(HPV), which is directly related to CC, were developed and adopted in many countries
[1,2]. Despite all these preventive measures, this type of cancer has the fourth highest
incidence in women, with 604,000 new cases and 342,000 deaths estimated for 2020 around
the world. It is more frequently diagnosed in developing countries, especially those in
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sub-Saharan Africa, where mortality rates are up to 18 times higher than those in Australia
and New Zealand [1].

According to cancer transition theory, the chances of developing infection-associated
cancers and dying from them are actually higher in countries with lower human
development indexes (HDI) [2,8], a scenario in which inequalities in access to health
services so that people can benefit from preventive and treatment measures for cancer
stand out [1,2]. In the case of CC, an increase of 0.2% in HDI reduced incidence and
mortality by 20% and 33%, respectively [8].

Comparison of incidence and mortality rates in Brazil and in other countries have
shown that Brazilian values tend to be mid-range in the set of developing countries and
higher than those of developed countries that have effective detection programs. Until the
first half of the 1990s, when the Brazilian Unified Health System (SUS) was at the
beginning of its implementation, CC control actions in Brazil were very sporadic. They
began to be the focus of public policies only in the 2000s, with the implementation of the
National Program against Cervical Cancer (PNCC, as per its initialism in Portuguese),
which had the objective of expanding early screening by means of the Pap test. In the years
that followed, actions oriented toward preventing and controlling CC were extended to
all Brazilian states as a consequence of the expansion of the primary health care (PHC)
network and the establishment of the National Cancer Care Policy (PNAOQO, as per its
abbreviation in Portuguese) [9].

These initiatives succeeded in increasing women’s access to the Pap test, whose
current coverage is higher than 80%, but with important variations among the five regions
(79.0% in the North, 76.4% in the Northeast, 78.8% in the Center-West, 84.8% in the South,
and 84.1% in the Southeast) and the states [10]. These variations are the result of regional
socioeconomic disparities and confirm the cancer transition process in Brazil, with higher
infection-associated neoplasia rates found in places with the lowest HDI and a
predominance of breast, prostate, lung, and intestinal cancers in regions with high HDI
[11]. Studies have indicated that Brazilian municipalities with higher HDI show higher
breast cancer rates, whereas lower rates have been shown for CC [12-15].

Cervical cancer is currently the third most frequent type of cancer in Brazilian women
(7.4%), with an estimated 16,590 new cases for each year of the 2020-2022 triennium and
a probability of 15 cases per 100,000 women. However, it had the second highest incidence
in the least developed regions (North, Northeast, and Midwest, with probabilities of 21.20,
17.62, and 15.92 cases per 100,000 women, respectively), the fourth highest in the South
(17.48 cases per 100,000 women), and the fifth highest in the Southeast (12.01 cases per
100,000 women). The disparities between states in the same region are even more
alarming, with the incidence coefficient per 100,000 women ranging from 17.22 to 33.50 in
the North, and from 5.93 to 13.67 in the South and Southeast [11].

The persistence of inequalities related to socioeconomic conditions and access to
health services has also resulted in lower coverage of the Pap test and higher levels of CC
mortality in women who are older, black, indigenous, have a low level of education, do
not have health insurance, or live in the least developed regions of Brazil [10,12,13,16-21].
These women also have greater chances of receiving a diagnosis of the disease at an
advanced stage (III and IV) in comparison with women who are white, have a high level
of education, and live in the Southeast Region [22-24]. This scenario has proven persistent
even after the socioeconomic and health advances that occurred in Brazil from the 2000s
onwards, which ended up increasing the inequalities between high and low income areas,
as is usual in developing countries [25,26].

By taking into account the health inequities between Brazilian states regarding CC
mortality, the implementation of PNCC, and the expansion of PHC in Brazil over the past
twenty years, the present study sought to answer the following research questions: What
are the differences in the temporal evolution of CC mortality rates between the most and
least developed regions of Brazil? Did the implementation of a universal and free-access
screening program that recommends monitoring the treatment of precursor lesions and
cancer itself promote any temporal effects and reduce the risk of death over the
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quinquennium’s of the 2000s? Did younger cohorts, who were more exposed to the effects
of the expansion of the PHC network (including the Pap test), the educational system, and
access to services specialized in cancer care [10,17-21], show a lower risk of death from CC
in comparison with older cohorts? Are these effects similar in places with different levels
of socioeconomic development?

The evolution of CC incidence and mortality rates can be correlated with both
prevalence of risk factors in the female population (such as use of oral contraceptives,
fertility rates, age at sexual initiation, and number of sexual partners) and access to quality
screening programs and timely treatment, including surgery, chemotherapy, and
radiation therapy [3-6,26]. It is known that these factors are not evenly distributed over all
age groups, periods, and cohorts. Therefore, it is necessary to use age-period-cohort (APC)
models to understand the behavior of this pathology over time [3-6, 27-30].

The age effect consists of changes in the risks of developing diseases and dying that
are compatible with the biological alterations that occur in individuals as they age. Older
populations tend to show higher incidence, prevalence, and mortality associated with
chronic noncommunicable diseases, whereas people in younger age groups are more
susceptible to sexually transmitted infections, homicides, and transport-related accidents.
The temporal effect consists of structural transformations that affect all age groups
simultaneously, such as large sociocultural, economic, and environmental changes. Some
examples are major wars, pandemics, economic crises, and health policies. Members of
distinct cohorts experience the impact of these changes differently over their lives and,
therefore, exposure to risk and protective factors in disease development varies according
to age group [28-30].

The objectives of the present study were analyzing age, time, and birth cohort effects
on CC mortality in women 20 years old or older from 1980 to 2019 in the North, Southeast,
and South Regions of Brazil, as well as assessing whether the implementation of a national
screening program and the expansion of access to health services promoted temporal
effects and reduced the risk of death over the past years and in younger cohorts.

These objectives justified the use of APC models, because assessing the temporal
evolution of mortality has proven to be an important tool for formulating hypotheses
about the efficacy and effectiveness of CC prevention and control programs and
evaluating the correlation of these effects with prevalence of risk and protective factors in
disease development at the population level [28-30].

2. Materials and methods

2.1 Study design, study population, and location characterization

This was a temporal trend ecological study in which the settings were the North,
South, and Southeast Regions of Brazil. The Guidelines for Accurate and Transparent
Health Estimates Reporting were applied [31].

Brazil has 26 states and one federal district, which are grouped into five macro
regions with similar geographic, cultural, and socioeconomic characteristics. The most
developed regions, which show better health indicators, are the South, made up of the
states of Parana (PR), Santa Catarina (SC), and Rio Grande do Sul (RS), and Southeast,
whose states are Espirito Santo (ES), Minas Gerais (MG), Rio de Janeiro (R]), and Sao Paulo
(SP). The North Region includes the states of Acre (AC), Amazonas (AM), Amapa (AP),
Para (PA), Rondonia (RO), Roraima (RR), and Tocantins (TO). These states are in the
Amazon forest area and have low demographic density, high socioeconomic
vulnerability, and high CC incidence [11,32] (Figure 1 and Table 1).
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Figure 1. Cervical cancer incidence per 100,000 women in Brazilian states (2020).
Source: Brazilian National Cancer Institute [11].

Table 1. Sociodemographic characteristics of the states in the North, South, and Southeast Regions

of Brazil.
) Life expectancy at  Fertility rate MHIPC
Location HDI (2010) Dot (2019)y (2ot1};) 2020y
North
Acre 0.66 74.80 2.39 5,050.18
Amazonas 0.67 72.60 2.20 4,720.08
Amapa 0.71 74.70 2.20 4,947.22
Para 0.65 72.70 2.05 4,891.82
Rondonia 0.69 71.60 1.74 6,476.26
Roraima 0.71 72.40 2.14 5,445.82
Tocantins 0.70 74.20 1.89 5,872.40

South
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Parana 0.75 77.90 1.61 8.354.32
Rio Grande do Sul 0.75 78.50 1.55 9.744.86
Santa Catarina 0.77 79.90 1.54 9.041.28
Southeast

Espirito Santo 0.74 79.10 1.61 7.462.38
Minas Gerais 0.73 78.00 1.58 7,279.56
Rio de Janeiro 0.76 77.00 1.57 9,545.56
Sao Paulo 0.78 78.90 1.58 10,049.56
Brazil 0.72 76.60 1.69 7,645.20

Source: Brazilian Institute of Geography and Statistics [32].
Monthly household income per capita in US$ (US$ 1 is equivalent to approximately R$
5.50 — Jan/2022).

The South and Southeast regions have higher concentrations of high-complexity can-
cer care units and show the highest values for the health component of the Firjan Index of
Municipal Development (Table 2). This index evaluates economic development in three
fields: work, education, and health. The health component assesses health conditions by
means of the following items: proportion of adequate prenatal care, proportion of regis-
tries of deaths whose causes were classified as poorly defined, number of children’s
deaths from preventable causes, and number of hospitalizations whose causes were PHC-
sensitive, that is, that were caused by complications of health problems that can be man-
aged in PHC services. The index ranges from 0 to 1 and indicates the level of development,
overall and by component, according to four categories: low (from 0.0 to 0.39); reasonable
(from 0.40 to 0.59); moderate (from 0.60 to 0.79); and high (from 0.80 to 1.0) [33].

Table 2. Health indicators of states in the North, South, and Southeast regions of Brazil.

No. of SUS cancer care Child mortality

Location services (2018)! rate (2019)° IFDM (health) (2016)3

North

Acre 1.00 15.30 0.59
Amazonas 1.00 16.70 0.56
Amapa 1.00 22.60 0.63
Para 4.00 15.20 0.59
Rondonia 3.00 18.80 0.76
Roraima 1.00 16.70 0.64
Tocantins 2.00 14.50 0.79
South

Parana 24.00 8.20 0.86
Rio Grande do Sul 29.00 8.80 0.88
Santa Catarina 17.00 8.40 0.86
Southeast

Espirito Santo 8.00 7.80 0.84
Minas Gerais 34.00 9.60 0.79
Rio de Janeiro 27.00 10.40 0.80
Sao Paulo 76.00 9.00 0.84

Brazil 307.00 11.90 0.77
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Sources: 'Brazilian Institute of Geography and Statistics [32], 2Brazilian Mortality Infor-
mation System [34], *Industry Federation of the State of Rio de Janeiro [33].

2.2 Study variables

The records used in the present study were extracted from the SUS Informatics De-
partment database (DATASUS) [34], which gathers and systematizes data from other in-
formation systems, including those from the Brazilian Institute of Geography and Statis-
tics (IBGE) and the Brazilian Mortality Information System (SIM). The IBGE data that was
of interest for the study were the population estimates obtained in the 1980, 1991, 2000,
and 2010 Censuses and the population projections calculated for intercensal years.

The Brazilian Mortality Information System gathers death records for all Brazilian
states and municipalities in the period between 1970 and 2019. The microdata are availa-
ble as dbc files that can be converted into the dbf extension by using Tabwin (version 4.15
for Windows), software that is provided by the Brazilian Ministry of Health [34]. After
conversion of the data into the dbf format, the death records for each state for each year
from 1980 to 2019 were grouped by using R software (version 4.1, R Core Team, Vienna,
2018) [35]. Then the records were extracted for women 20 years old or older whose basic
cause of death, according to the International Statistical Classification of Diseases and Re-
lated Health Problems (ICD-9 and ICD-10) was: cervical cancer (179 and C53); malignant
neoplasms of independent (primary) multiple sites and malignant neoplasm of other and
unspecified female genital organs (184, 195, 196, 197, 198, 199, C57, C76, C77, C78, C79,
C80, and C97); or malignant neoplasm of the uterus part unspecified (UCOUP) (NSP, 179,
and C55) and endometrial cancer ( 180 and C54).

Although there were considerable improvements in the 1990s and 2000s, there was
still heterogeneity in quality and coverage of death records when the Brazilian regions
were compared, with the least developed regions, the North and Northeast, showing
more gaps and discrepancies [12,13,19,36-40]. These differences can influence the tem-
poral trend of mortality associated with diseases and health problems, causing a period
effect [28-30]. Consequently, Brazilian authors have pointed out the need to correct death
records, especially when analysis of temporal trends and effects (the APC model) is car-
ried out over a long period and different locations with different levels of socioeconomic
development and access to health services [12,13,19]. Therefore, the authors of the present
study opted to use correction techniques to make up for possible limitations.

The correction process was executed independently by two of the authors (KCM and
SFSD) and was confirmed by a third author (PHOF). It consisted of the proportional dis-
tribution, by age group, year, and location, of 50% of the deaths whose causes were clas-
sified as poorly defined among defined natural causes [12,13,41]; deaths classified as in-
complete diagnosis among all cancers; and deaths classified as incomplete diagnosis of
cancer in the female genital tract or as UCOUP. Subsequently, the sum of the values ob-
tained in the previous step was added to the number of deaths caused by CC recorded at
SIM/DATASUS. Last, a correction was carried out in death coverage (underreporting) for
the female population according to the data for the Brazilian states in the 1980s, 1990s,
2000s, and 2010s by applying the correction factors proposed by Queiroz et al. [38]. In this
step, the correction factors for each decade were multiplied by the number of deaths ob-
tained in the previous step.

After the correction, the age groups and periods were grouped into five-year inter-
vals. Age groups from 20-24 years to 80 years or more had their excess zeros in the older
groups evaluated, which resulted in I =13 age groups, ] =8 quinquenniums, and K=1+]
- 1 =20 birth cohorts, ranging from 1900 to 1995 [21,22], wherei=1, ..., Lj=1, ..., ]; k=
1, ..., K;and K=1+7] - 1. Since the existence of the state of Tocantins came into force in
1989, the APC effect was evaluated between 1995 and 2019. Therefore, there were five
periods, 13 age groups, and 17 cohorts (1915 to 1995).

Mortality rates by age group, period, and location were calculated for five-year in-
tervals. Coefficients standardized by the direct method were also estimated by using the
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standard population proposed by Segi (1966) and modified by Doll and Hill [42]. Once
the average rates by period and state were obtained, thematic maps by quinquennium
were produced using QGIS version 3.1.6, a user-friendly open-source geographic infor-
mation system licensed under the GNU General Public License [43]. The captions show
the quintiles.

2.3 Statistical analysis

The APC effects were calculated by applying the Poisson regression model, which
assumes that the number of deaths followed a Poisson distribution. In this model, the
effects act on the rate in a multiplicative way and, therefore, the logarithm of the expected
value of the rate is a linear function of the age, period, and cohort effects [29,30].

In(E[r;]) = in (Z—Z) =u+a;+B+vi
where E[r;;] is the expected mortality rate at age i and period j; ;; indicates the number of
deaths at age i and period j; Nj; is the population at risk of death at age i and period j; p is
the average rate; o, 3j, and y;, are the effects of age group i, period j, and cohort k, respec-
tively [28-30].

The parameters were estimated by using the approach proposed by Holford [29],
which limits analysis of the effects to linear combinations and curvatures that remain con-
stant despite the parameterization used [28-30]. The linear trend of the effects has two
components: the first is the linear age effect, and the second is called drift (the linear trend
of the period and cohort effects). The sum of the curvature of age and period (o + ﬁL) is
the age longitudinal trend, in which o and f, are the linear age and period trends, re-
spectively. The linear trend of the logarithm of the specific age rates is the drift, which is
the sum of the curvatures BtV where B, and y, are the linear period and cohort
trends, respectively [29,30].

The analyses shown in the present study used the interval from 1995 to 1999 as the
reference period, since it preceded the implementation of PNCC (1998) and PNAO (2005).
The reference cohort was for the period from 1950 to 1954, because central cohorts tend to
be more stable and complete than first and last cohorts [29,30].

Model fitting was assessed by using deviance, defined as twice the logarithm of the
likelihood function of the complete model divided by the logarithm of the likelihood func-
tion of the estimated model. The contribution of the effects was evaluated by comparing
the deviance of the model with a specific effect to the deviance for the complete model
(APC). Results with p<0.05 were considered statistically significant.

The risk of death for periods and cohorts was estimated as relative risk (RR) and its
respective 95% confidence intervals (CI). The probabilistic models used to estimate the
effects were taken from the Epi library, version 1.1.18 (R Foundation for Statistical Com-
puting, Vienna, Austria, http://www.r-project.org) of the R program (version 4.1) (R Core
Team, 2018) [36].

3. Results

There was a percentage increase in corrected CC mortality rates in comparison with
uncorrected rates in all the states, especially in the 1980s and the 1990-1994 period. In the
South and Southeast regions, this increase ranged from 60.14% (ES) to 89.30% (MG). The
North Region had the highest average rates before and after the correction and showed
an increase that varied from 45.13% (AM) to 83.95% (PA). In the South and Southeast re-
gions, the highest corrected rate per 100,000 women was found in the state of Espirito
Santo (14.67 deaths), and the lowest in SP (10.53). These coefficients were considerably
lower than those obtained for the North Region, whose lowest and highest rates were
those calculated for Rondonia (17.91) and Amazonas (35.03), respectively. The ratio of av-
erage CC mortality rates in the states in the South and Southeast regions to the number in
the state of Amazonas was over 2.0, ranging from 2.39 (ES) to 3.33 (SP) (a table with this
data is available in Supplementary Materials).
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In all the states, the correction step that led to the highest increase in the number of
deaths was the proportional redistribution of the records classified as UCOUP. In all the
periods and states, UCOUP mortality rates were higher than those associated with endo-
metrial cancer (EC), with a reduction in the rates for records classified as UCOUP over
time. The UCOUP coefficients were higher than the CC coefficients in some periods, with
the numbers for the state of Minas Gerais between 1980 and 1994, the state of Rio de
Janeiro from 1985 to 1994, and the state of Rio Grande do Sul in the 1980-1984 and 1990-
1994 periods standing out (a table with this data is available in Supplementary Materials).

The average rates by age group showed a progressive increase as women got older
in all the locations, and the highest mortality coefficients were found for the states in the
North Region (Figure 2 and 3).
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Figure 2. Average cervical cancer mortality rates by age group in the Brazilian states in the South.
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Figure 3. Average cervical cancer mortality rates by age group in the Brazilian states in the North
Region.

In all the analyzed periods, the highest rates were obtained for the North Region, and
the lowest for the Southeast Region. The mortality rates decreased in the South and South-
east regions from the 1995-1999 period onwards. In the states in the North Region, there
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were three temporal evolution patterns in this period: increases in Amazonas and Ro-
raima, stability in Pard and Tocantins, and decrease in Amapa, Acre, and Rondonia (Fig-
ures 4 and 5).
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Figure 4. Standardized average cervical cancer mortality rates in the states in the North, South, and Southeast regions in Brazil by
five-year period (1980-1999).
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Figure 5. Standardized average cervical cancer mortality rates in the states in the North, South, and Southeast regions in Brazil by
five-year period (2000-2019).
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Regarding average rates by cohort, there was a progressive decrease in the coeffi-
cients for younger cohorts. The states in the North Region showed higher coefficients in
comparison with those calculated for the states in the South and Southeast regions (Fig-
ures 6 and 7).
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Figure 6. Average cervical cancer mortality rates by cohort in the Brazilian states in the South and
Southeast Regions.
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Figure 7. Average cervical cancer mortality rates by cohort in the Brazilian states in the North Re-

gion.

After fitting the probabilistic models by using estimable functions, the complete

model (APC) was the one that best fit the data in all the states (Tables 3 and 4).
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Table 3. Deviance and p-value analysis in sequential construction of age, period, and cohort models
for the states in the South and Southeast regions of Brazil.

Models Df- Residual deviance p IChil)
Parana
Age 99 1321.65
Age-driftd 98 603.75 <0.0001
Age-cohort 95 498.79 <0.0001
Age-period-cohort 92 357.69 <0.0001
Age-period 95 465.03 <0.0001
Age-drifte 98 603.75 <0.0001
Rio Grande do Sul
Age 99 1668.02
Age-driftd 98 581.78 <0.0001
Age-cohort 95 557.60 <0.0001
Age-period-cohort 92 402.35 <0.0001
Age-period 95 436.75 <0.0001
Age-driftc 98 581.78 <0.0001
Santa Catarina
Age 99 449.29
Age-driftd 98 337.92 <0.0001
Age-cohort 95 288.56 <0.0001
Age-period-cohort 92 222.17 <0.0001
Age-period 95 272.83 <0.0001
Age-drifte 98 337.92 <0.0001
Espirito Santo
Age 99 399.26
Age-driftd 98 257.97 <0.0001
Age-cohort 95 247.32 <0.0001
Age-period-cohort 92 185.04 <0.0001
Age-period 95 194.75 <0.0001
Age-drifte 98 257.97 <0.0001
Minas Gerais
Age 99 1675.28
Age-driftd 98 630.99 <0.0001
Age-cohort 95 543.58 <0.0001
Age-period-cohort 92 493.70 <0.0001
Age-period 95 570.67 <0.0001
Age-drifte 98 630.99 <0.0001
Rio de Janeiro
Age 99 1453.96
Age-driftd 98 900.29 <0.0001
Age-cohort 95 735.40 <0.0001
Age-period-cohort 92 498.60 <0.0001
Age-period 95 764.12 <0.0001
Age-driftc 98 900.29 <0.0001

Sao Paulo
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Age 99 6131.26
Age-driftd 98 2072.19 <0.0001
Age-cohort 95 1811.57 <0.0001
Age-period-cohort 92 1523.47 <0.0001
Age-period 95 1770.21 <0.0001
Age-drifte 98 2072.19 <0.0001

aDegrees of freedom; blinear trend for the logarithm of age-specific rates, which is equal to
the sum of the period and cohort slopes (BL + yL), where BL and yL are the period and
cohort linear trends, respectively; <longitudinal age trend, which is the sum of age and
period slopes (aL + L), where aL. and BL are the age and period linear trends, respectively.

Table 4. Deviance and p-value analysis in sequential construction of age, period, and cohort models
for the states in the North Region in Brazil.

Models Df- Residual deviance  p (>I1Chil)
Acre
Age 99 175.22
Age-drift® 98 172.68 0.11
Age-cohort 95 171.93 0.86
Age-period-cohort 92 158.85 0.007
Age-period 95 160.97 0.77
Age-drifte 98 172.68 0.008
Amazonas
Age 99 299.94
Age-driftt 98 258.53 <0.0001
Age-cohort 95 233.02 <0.0001
Age-period-cohort 92 200.30 <0.0001
Age-period 95 228.09 <0.0001
Age-drifte 98 258.53 <0.0001
Amapa
Age 99 172.27
Age-drift® 98 146.30 <0.0001
Age-cohort 95 143.85 <0.0001
Age-period-cohort 92 138.02 <0.0001
Age-period 95 140.98 <0.0001
Age-drifte 98 146.30 <0.0001
Para
Age 99 315.62
Age-driftd 98 312.17 <0.0001
Age-cohort 95 296.00 <0.0001
Age-period-cohort 92 268.60 <0.0001
Age-period 95 289.28 <0.0001
Age-drifte 98 312.17 <0.0001
Rondonia
Age 99 226.845
Age-drift® 98 167.07 <0.0001
Age-cohort 95 156.78 <0.0001

Age-period-cohort 92 152.00 <0.0001
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Age-period 95 161.79 <0.0001
Age-drifte 98 167.07 <0.0001
Roraima
Age 99 159.83
Age-driftd 98 159.40 0.52
Age-cohort 95 158.24 0.76
Age-period-cohort 92 144.89 0.003
Age-period 95 145.29 0.94
Age-drifte 98 159.40 0.004
Tocantins
Age 60 103.83
Age-drift® 59 102.91 0.33
Age-cohort 56 95.20 0.05
Age-period-cohort 54 86.60 0.01
Age-period 57 94.48 0.05
Age-drifte 59 102.91 0.01

aDegrees of freedom; blinear trend for the logarithm of age-specific rates, which is equal
to the sum of the period and cohort slopes (BL + yL), where L and yL are the period and
cohort linear trends, respectively; <longitudinal age trend, which is the sum of age and
period slopes (aL + BL), where aL and BL are the linear age and period trends, respec-
tively.

The linear age trend combined with period (age—drift) shows a decreased in all the
states in the South and Southeast regions and in the states of Amapa and Rondonia, lo-
cated in the North Region, however there was an increase for AM and stationarity for
Acre, Para, Roraima and Tocantins (Table 5). The age-drift trend is considered stationary
when the 95% CI contains the value 1, descending when the trend and the 95% CI are
lower than 1, and ascending when the trend and the 95% CI are higher than 1.

Table 5. Linear age-drift trend after fitting the APC model by estimable functions for the states in
the North, South, and Southeast regions in Brazil.

State Age-drift 95% CI Trend
North
Acre 1.005 0.998-1.010 Stationary
Amazonas 1.007 1.005-1.010 Ascending
Amapa 0.986 0.980-0.991 Descending
Para 0.998 0.996-1.000 Stationary
Rondodnia 0.982 0.978-0.986 Descending
Roraima 1.002 0.995-1.011 Stationary
Tocantins 1.003 0.996-1.011 Stationary
South
Parana 0.980 0.979-0.981 Descending
Rio Grande do Sul 0.978 0.977-0.980 Descending
Santa Catarina 0.989 0.987-0.991 Descending
Southeast
Espirito Santo 0.984 0.982-0.987 Descending
Minas Gerais 0.981 0.980-0.982 Descending
Rio de Janeiro 0.987 0.986-0.988 Descending
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Sao Paulo

0.975

0.973-0.975 Descending

Analysis of the temporal effects by region showed the existence of the highest aver-
age age rates in the North Region, reductions in the risk in the two periods in the 2000s in
the South and Southeast regions, nonsignificant effects in the North Region, and decreases
in the death probability in the cohorts from the 1960s onwards in the South and Southeast

regions (Figure 8).
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Figure 8. Results of the effect of age, period and cohort adjusted for cervical cancer mortality in the North, South, and Southeast

regions of Brazil.

The average CC mortality rates by age group fitted for period and cohort effects
showed a positive gradient in all the locations as women got older, with the highest values
found in the North Region (Figure 9).
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Figure 9. Results of the age-period-cohort model adjusted for mortality from cervical can-
cer according to the age effect in the states in the North, South, and Southeast Regions

(1980-2019).
AC=Acre; AM=Amazonas; AP=Amapd; PA=Para; RO=Rondo6nia; RR=Roraima; TO=Tocantins; ES=Espirito Santo; MG=Minas
Gerais; RJ=Rio de Janeiro; SP=Sao Paulo; PR=Parand; RS=Rio Grande do Sul; SC=Santa Catarina

Regarding risk of death from CC by period fitted by age and cohort effects, if the
1995-1999 quinquennium is considered as a reference, there were reductions (RR<1) in all
the quinquenniums in the states in the South and Southeast regions, except for the 2000
2004 period in the states of Rio de Janeiro and Sao Paulo, where the decreases were not
statistically significant. In the North Region, there was an increase in the following states
and periods: Acre and Roraima in 2000-2009; Amazonas, in all the periods but 2000-2004
and 2015-2019; and Para, in all the quinquenniums excluding 1980-1984. Reductions in
risk were observed in Amapa in 2000-2004 and Tocantins in 1995-2004 and 2015-2019. In
Rondonia, the period effect was not significant in any period (Figure 10).
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Figure 10. Results of the age-period-cohort model adjusted for mortality from cervical cancer according to the period effect in the

states in the North, South, and Southeast regions in Brazil (1980-2019).
AC=Acre; AM=Amazonas; AP=Amapa; PA=Para; RO=Rondonia; RR=Roraima; TO=Tocantins; ES=Espirito Santo; MG=Minas Gerais; RJ=Rio de Janeiro; SP=Sao Paulo;
PR=Parana; RS=Rio Grande do Sul; SC=Santa Catarina.

Analysis of the cohort effect on CC mortality fitted for the age and period effect
showed that, when the 1950-1955 quinquennium is taken as a reference, the RR of death
increased (RR>1) for older cohorts and decreased for younger cohorts (RR<1) in all the
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states in the South and Southeast regions, except for the 1985-1995 cohort in the state of
Rio de Janeiro (RR>1, p<0.001) (Figure 10). A similar outcome was found for the states of
Amapa, Para, and Rondonia. Acre, Amazonas, Roraima, and Tocantins had reductions in
risk for women in older cohorts and increases for women in younger cohorts, but with no
statistical significance (Figure 11).
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Figure 11. Results of the age-period-cohort model adjusted for mortality from cervical cancer according to the cohort effect in the

states in the North, South, and Southeast regions in Brazil (1980-2019).
AC=Acre; AM=Amazonas; AP=Amapa; PA=Para; RO=Rondonia; RR=Roraima; TO=Tocantins; ES=Espirito Santo; MG=Minas Gerais; RJ=Rio de Janeiro; SP=Sao Paulo;
PR=Parana; RS=Rio Grande do Sul; SC=Santa Catarina.

4. Discussion

Brazil has been through a process of settlement and exploitation that has produced
historical regional inequalities that have continued until the present, with the concentra-
tion of production activities and economic hubs in the South and Southeast regions and
the coast of the Northeast Region [25,26]. These disparities often extend into the health
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field and are noticeable in the unequal health conditions of different populations, levels
of vulnerability and exposure to risk of developing diseases and dying, and the special
access to resources and services available in the health system [44]. The SUS configuration
itself expresses and reproduces these inequalities: Historically, PHC services expanded
into the poorest regions of the country, whereas medium and high-complexity services
and equipment were concentrated in capitals and metropolises, notably those in the center
and south of Brazil. This pattern of distribution of care offered and fragmentation results
in geographic and access inequities and great variation in the flow of patients for the use
of services [24,45].

Although Pap test coverage has increased in Brazil, it remains lower than 85% in all
the regions, with the worst indexes in the places with the lowest socioeconomic develop-
ment [10]. Additionally, the frequency of carrying out the test is irregular, and there are
limitations in access to diagnostic services, which often results in late CC diagnosis. An-
other point is that the diagnosis does not always ensure that treatment will be initiated
and continued, since there are also limitations on access to specialized cancer services,
which are also concentrated in the most developed areas. Therefore, a considerable per-
centage of women under cancer treatment get care in municipalities or even states other
than those where they live [46].

These disparities also manifest in incidence rates, which are higher in women who
live in regions with lower levels of development and lower numbers of specialized centers
for CC treatment [11,32]. The least developed states and regions also show the highest
level of case and mortality underreporting, number of incomplete records, and number of
reported deaths with no specific cause. In 2003, the Brazilian Ministry of Health estimated
that 95% of the unreported deaths and 76% of the total number of deaths that were re-
ported without a cause occurred in the North and Northeast regions [47]. Although the
number and quality of the records have increased over the past decades, the improve-
ments in these regions have been slower than those observed in other parts of the country,
and regional differences are more pronounced for the female population [48].

The present study verified an increase of over 60% in mortality rates after the process
of correction of the death records in all the analyzed places. However, worse record qual-
ity was found in the states in the North Region and in Minas Gerais, especially in the 1980s
and 1990s. The high proportion of records classified as UCOUP was noteworthy, and their
redistribution was the main factor responsible for the increase in the number of deaths
from CC. These findings corroborated the findings of other Brazilian studies that have
indicated changes in the temporal trend in capitals and municipalities in the interior of
the states after evaluation of corrected and uncorrected records of death from CC. The
latter have indicated an increase in mortality in capitals and a decrease in the interior of
the states, whereas the opposite occurred when time evolution used the corrected number
of deaths [12-14,19,49]. Similarly, after the correction of death records in the states in the
Northeast Region from 1980 to 2016, a marked increase in mortality was found in the
states with the worst socioeconomic conditions, Maranhdo and Piaui, especially in the
1980s and 1990s [19].

Despite the reduction in the number of records classified as UCOUP from the 2000s
onwards in the analyzed areas, the proportion of deaths from this cause remains high,
especially in elderly women, with numbers higher than those for endometrial cancer, even
in places with higher socioeconomic development. This suggests a low level of diagnostic
problem-solving capacity in the Brazilian health system, and also suggests that part of the
female population does not have access to, or does not adhere to, the screening program
[12,17-21,50,51]. Cervical cancer mortality also remains high, although it decreased in
nearly all the states over 1980-2019. Higher rates were observed in the states in the North
Region, whose values were similar to those found in countries with no universal and free
screening programs [1] and in Brazilian states with the worst socioeconomic indicators,
such as Maranhao and Piaui, located in the Northeast Region [19].
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Several studies have shown that the incidence of and mortality from infection-related
neoplasias (such as CC, stomach cancer, and liver cancer) are related to women’s low so-
cioeconomic level and the degree of regional development. Consequently, high rates tend
to persist in countries and regions with low and medium income, although there are pri-
mary and secondary prevention measures with high efficacy and effectiveness
[1,2,7,11,13]. The present study sought to evaluate whether the existence of a national uni-
versal and free screening program that includes early diagnosis by means of oncotic cy-
tology (the Pap test) and early treatment for precursor lesions and cancer promoted period
effects and reduced the risk of death from CC in the two quinquenniums of the 2000s and
younger cohorts, who have greater access to health services and cancer treatment [10,17-
21]. Differences in temporal effects (APC) between the states in the North, South, and
Southeast regions were also examined.

Analysis of temporal effects (APC) indicated that there was a positive gradient in
mortality rates as women got older after fitting of the APC models by using estimable
functions. Similar results have been found in Brazilian studies that analyzed data from
the Northeast Region [19], the cities of Sdo Paulo and Rio de Janeiro [52], and the state of
Minas Gerais [53]. The numbers were close to those reported for developed countries (the
United States, Canada, the Western European countries, Japan, the United Kingdom, and
Spain) and developing countries (Singapore, China, South Korea, Estonia, and the Baltic
states) [3-7,54-57].

The higher CC mortality rates in older women may be related to the physiological
alterations resulting from aging [58] but could also be related to lower coverage by the
gynecologic preventive test. Many women tend to reduce the frequency with which they
have gynecologic appointments at the end of their reproductive lives, mostly because pol-
icies oriented toward women’s health still focus more on the pregnancy and postpartum
periods [10,17-21]. This situation has been contributing to the increased probability of
these women being diagnosed at advanced stages of CC or UCOUP tumors in comparison
with what happens with younger women [12,19,22,23].

Studies have indicated that the chances of receiving a diagnosis of advanced CC have
increased as age advances. In the 2000-2012 period, the chances became, at least, 2.09
higher (95% CI: 1.79-2.44) when compared to the number for women up to 30 years old
[22]. If the analyzed interval is narrowed down to 2000-2009, the probability for women
60 years old or older was even higher (OR=2.2; 95% CI: 2.0-2.5) [23]. Diagnosis at ad-
vanced stages was also associated with women who live in Brazilian regions with lower
socioeconomic development [10,21-24].

The present study also found marked differences in temporal effects between the ex-
amined regions. There was a reduction in the mortality trend (age-drift) and risk of death
in the periods after the implementation of PNCC, in the 2000s, and in cohorts from the
1960s onwards in the states in the South and Southeast regions. Regarding the North Re-
gion, the temporal trend (age-drift) decreased in the states of Amapa and Rondoénia, in-
creased in the state of Amazonas, and remained stable in the other states. The risk of death
by period was reduced in the states of Amapa (2000-2004) and Tocantins (1995-2004 and
2015-2019) only. The other states did not show reductions in mortality rates, and the risk
of death increased in the periods after the implementation of PNCC in Acre, Amazonas,
Para, and Roraima.

Increases in incidence and mortality are expected in the first years after the imple-
mentation of large-scale CC screening and treatment policies, since women who did not
previously have access to diagnostic tests begin having it and being diagnosed, and some
will be at an advanced stage of the disease for which no therapeutic possibilities exist. In
addition, these initiatives tend to improve the process of recording cases and deaths. In
time, the trend tends to reverse, given that CC precursor lesions are identified and treated
early, a scenario that occurred in Canada, the Scandinavian countries, England, South Ko-
rea, and Singapore. In these countries, implementing programs with free access, high pop-
ulation coverage, high quality in the processes of collection, storage, and reading of sam-
ples, and guarantee of follow-up into treatment promoted substantial reductions in CC
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incidence and mortality. These effects were noticeable even in generations that showed
higher prevalence of exposure to factors that increase the risk of infection with HPV and
persistence of the associated lesions [3-8,54-57]. In contrast, regions that do not have sys-
tematized screening plans and face difficulty expanding access to and the number of spe-
cialized cancer services showed a growing trend of cases and deaths, similar to what hap-
pens in the Eastern Europe countries (Armenia, Azerbaijan, Kazakhstan, Ukraine, Russia,
and Estonia) and the states in the Brazilian Northeast Region [19,56,57,59].

Likewise, the findings of the present study indicated that expanding the coverage of
the Pap test and increasing the number of centers for cancer treatment, especially in the
states in the South and Southeast regions, may have contributed to reducing the risk of
death from CC in these places, as has been reported in previous studies [12,52,53,60]. Be-
fore the implementation of the national CC prevention and control initiatives, these re-
gions already had local programs [17,18,20,61-64], which may have played a role in the
decreasing trend of risk of death over all of the analyzed period. Conversely, the national
initiatives do not seem to have been enough to reverse the upward trends in the states in
the North Region. Some factors may explain this scenario. First, the screening test does
not reach a considerable percentage of women, and most who do not have access to it live
in the regions that have the highest number of people experiencing poverty (the North
and Northeast). These regions also have the lowest number of cancer treatment units and
equipment necessary to treat advanced CC [65], and patients who live in these regions
usually get the results of the tests more tardily. Additionally, the North Region has the
greatest deficit in the number of biopsies compared to the necessary number for follow-
up of diagnostic confirmation of precursor lesions and CC: -70% vs. -42% and -58% in the
Southeast and South Regions, respectively [66].

It has been suggested that national cancer care policies may have been implemented
without careful consideration of interregional inequities, promoting what Victoria et al.
[67] called reverse equity. According to this hypothesis, new interventions in public health
are initially more accessible to and used by people with a more favorable economic situa-
tion, which increases the health inequalities that already existed. After some time, usually
when the impact of the intervention in the richest groups reaches its limit, the policy grad-
ually begins to be more accessible to the least advantaged share of the population. This
hypothesis could explain, for instance, the fact that many women do the Pap test with a
frequency higher than that recommended, whereas other women, mostly black, with a
lower income and level of education, and living in more vulnerable areas, do the test less
frequently [10,17,18,20,21].

In Brazil, social inequalities occur at several levels. There is great disparity between
regions, different states in the same region, and different municipalities in the same state.
At the municipal level, there are inequalities between the urban and rural environment
and between central and peripheral areas. Women who are not white and have a low level
of education show the worst health indicators, even in the most developed regions and
states [17-21,68]. A study with over 65,000 women from all the Brazilian regions showed
that indigenous and black women had a probability of getting a diagnosis of advanced
CC that was 2.4 and 1.2 times higher, respectively, than white women [22]. Other studies
have pointed out that the CC mortality trend has trended upward in women in lower
social strata, even in the richest states in the South and Southeast regions [69,70].

These inequities may be related to the differences found in the present study between
the cohort effect in places with low, intermediate, and high income after the fitting by age
and period. The states with better socioeconomic indicators showed increased risk of
death in the cohort prior to the 1960s and reduced risk in younger cohorts. Similar out-
comes have been found in developed countries and the cities of Sdo Paulo and Rio de
Janeiro [3-7,52-57]. According to Vacarella et al. [5], the contradictions in period and co-
hort-related temporal effects on CC mortality between and within countries can be ex-
plained by the interaction of the following conditions: (i) presence, time since implemen-
tation, and quality of screening programs; (ii) prevalence of risk factors for CC; and (iii)
therapeutic innovations for the advanced stage of the disease.
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In Brazil, it is possible that women from older cohorts did not experience the period
effect resulting from the introduction of CC prevention and control initiatives, implemen-
tation of SUS, and increases in access to and the number of health services. In addition,
these women had a higher fertility rate and a lower level of education, and consequently
were less aware of their bodies and health, as well as of CC and its preventive measures
[3-7,22,24,53-57]. Another possible correlated factor is the higher prevalence of comorbid-
ities in the elderly population, which often hinders application of the therapies available
to treat the advanced stage of the disease and, therefore, interferes with the prognosis. The
following protocols are currently available in SUS: (i) cisplatin, combined (or not) with
gemcitabine; (ii) paclitaxel or fluorouracil; and (iii) paclitaxel concomitant to carboplatin
[71-77]. The authors believe that the reduction in risk of death from CC in younger cohorts
in the states in the South and Southeast regions can be explained by the interaction be-
tween age and period effects, although women in these places are more exposed to the
risk factors (earlier sexual initiation, use of oral contraceptives, smoking, and higher num-
ber of sexual partners). The justification for this hypothesis is that the cohorts born in the
last decades have greater access to education, information, and health services and, con-
sequently, greater chances to know about the disease and its preventive measures [12,17-
21,52].

In theory, the implementation of health policies should promote period effects in all
age groups included in the recommendations (in Brazil, the priority group is women from
25 to 64 years old). However, because there are differences in access to health services
depending on age group, a cohort effect may exist on CC incidence and mortality, since
exposure to these protective factors differs according to age [5-8,10,17-21,51,54,55]. The
increase in RR of death observed in cohorts in the 1985-1999 period in the state of Rio de
Janeiro deserves attention. It can be conjectured that this effect may be correlated with
two main situations: limits in the screening program, which still fails to reach women with
higher risk of developing the disease, such as black and indigenous women and those
with a lower level of education and income, as discussed above [10,17-21,51]; and changes
in the CC histological type [3,5,57,78]. Studies in South Korea, Canada, and Estonia have
shown an increase in incidence and mortality in young women diagnosed with adenocar-
cinoma and a reduction in these rates in women diagnosed with squamous cell carcinoma
[3,5,57,78]. Considering that oncotic cytology is less effective in identifying adenocarci-
noma, because it is a fast-growing cancer and is located in the cervical canal, this trend
may be associated with the increase in the efficacy and efficiency of histological analysis
[3,5,8,57,78].

The growth in mortality rates in women from the 1995-1999 cohort (20 to 24 years
old), that is, who do not belong to the priority age group, reinforces the importance of
implementing educational campaigns to increase the coverage of vaccination against
HPV, which has been free in Brazil since 2014, and expanding the offer of the Pap test to
young women, especially those who are more exposed to the risk factors [8,51,57].

The cohort effects observed in the states of Acre, Amazonas, Roraima, and Tocantins
were similar to those found in other states and countries with lower socioeconomic devel-
opment and/or lack of structured CC prevention and control programs [4,6,19,57,78]. The
substantial reduction of the probability of dying for the cohorts from 1900 to 1954 in Ama-
zonas may be related to the lower exposure of women to risk factors for CC in these co-
horts, which reduces incidence and mortality in this group even in the absence of preven-
tion and control measures. This situation is same to that observed in China, Spain, and the
United Kingdom before the implementation of national, public, and free CC prevention
and control policies [4,57,79].

The increase in risk of death in women born from 1960 onwards in the states in the
North Region, although not significant, is a worrying situation that reinforces the correla-
tion between level of socioeconomic development and inequalities in access to health ser-
vices [45,46,49,80,81]. It was assumed that, after two decades of implementation of PNCC,
there would be a reduction in the risk of death in the two last quinquenniums (2010-2014
and 2015-2019) and in younger cohorts. The reason was that, in theory, these cohorts
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would have experienced greater exposure to the protection factors resulting from the pol-
icy. However, this did not occur in Amazonas, Acre, Roraima, and Tocantins.

Another point that deserves to be mentioned is the possible effects on mortality trends
originating from the interaction of the screening benefits with those of innovative thera-
pies. One example is the increase in survival caused by the introduction of new surgical
techniques, diagnostic tests, and chemotherapy and radiation therapy treatments. Dickin-
son et al. have pointed out the relevance of creating the medical specialization in cancer
gynecologic surgery and implementing the protocol of radiation therapy associated with
cisplatin at the end of the 1990s, which led to increased survival of women at stages rang-
ing from Ib2 to IV [82,83]. However, less progress regarding therapeutic possibilities for
treating CC in advanced stages has been perceived in comparison with breast cancer. The
downward temporal mortality trend observed in developed countries is directly related
to high coverage and quality screening [3-8,53-57,78].

New pharmacological options, including drugs oriented toward repairing damaged
DNA, such as poly(ADP-ribose) polymerase inhibitors, antiangiogenesis medications,
and immune checkpoint inhibitors, have been developed over the past years in order to
improve the prognosis of women with advanced CC [84,85]. Several clinical trials are in
progress, such as those that have been testing pembrolizumab, a programmed death in-
hibitor (PD-1) that was recently approved by the Food and Drug Administration to treat
advanced or recurrent CC. The phase II study results showed a significant increase in
progression-free survival and overall survival at the expense of low toxicity [86-88]. The
use of bevacizumab, an angiogenic agent, has also been strongly encouraged, because the
drug stops processes that trigger cervical angiogenesis and the microinvasive disease me-
diated by HPV [88]. However, these medications are expensive, and low and middle-in-
come countries have difficulty having access to them. Therefore, the most effective public
health measures are the vaccine against HPV for girls up to 15 years old and high-cover-
age and quality screening programs [2,5,56].

By means of the cancer report issued in November 2020, the World Health Organi-
zation called for countries to adhere to a global strategy to speed up the elimination of
CC. The goals are reducing new cases by 40% and preserving the lives of five million
women by 2050 by means of three essential policies: vaccination, screening, and treatment.
To achieve this objective, by 2030, it is necessary that: (i) 70% of all women be examined
before they turn 35 years old, and another time before they turn 45 years old, by using
high-accuracy tests; (ii) 90% of all girls be fully vaccinated against HPV by the time they
turn 15 years old; and (iii) 90% of the women diagnosed with lesions and 90% of the
women diagnosed with invasive cancer receive treatment [2]. Brazil committed itself to
eliminating CC. However, for the goals to be achieved, it will be necessary to orient efforts
to correct the limitations in the screening program and the fragmentation in the service
network. Otherwise, it will be just another policy among many others intended to univer-
salize health benefits, but that do not promote equity, one of the principles of SUS. Instead,
it will contribute to the persistence of historical injustices committed against the most vul-
nerable populations: women and black, indigenous, and poor people.

An alternative for bridging this gap can be found in the Comprehensive Health Care
National Policy of the Negro Population. Instituted in 2009, it is considered a turning point
in the reduction of health inequities, because it reiterates the importance of implementing
strategies and specific actions for reducing ethnic-racial disparities in health conditions
that take into account local or regional specificities, especially regarding the morbimortal-
ity profile of breast and cervical cancer [89]. Despite its relevance, less than 10% of Brazil-
ian municipalities have implemented it [90]. In this direction, another concern is the po-
litical-social steps backwards that Brazil has experienced over the past years that have
directly impacted the most vulnerable populations. A dismantlement process of the social
security system and SUS was initiated in 2016 by means of Proposed Constitutional
Amendment no. 95 (also known as Death PCA), which froze the resources for health and
education for 20 years. Public health policies, which were the result of historic social strug-
gles and mobilizations, have been rearranged or discontinued ever since. The resulting
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effects that have been observed are regression or stagnation in the fulfillment of all the
Sustainable Development Goals, including the one pertaining to reduction of social ine-
qualities.

Issues regarding the completeness and quality of death records in the analyzed states
was one of the limitations of the present study. The authors tried to compensate for that
by applying correction techniques validated by other Brazilian studies, which led to more
reliable mortality estimates. Another issue was the impossibility of evaluating temporal
effects according to CC histological type, since the Brazilian Mortality Information System
does not offer this information. There is evidence indicating the replacement of one histo-
logical type of squamous cell carcinoma by adenocarcinoma when screening programs
expand their coverage and improve their quality [3,8,57,78]. Consequently, it would be
pertinent to assess this temporal trend in the states in the South and Southeast regions.

Additionally, it was not possible to analyze APC effects by race/color, because there
are no data about this variable by age group for the period from 1980 to 2019. Given that
black and indigenous women have a higher risk of death from CC, it would be relevant
to evaluate whether the protective effect in younger women and in periods in the 2000s
also reached this highly vulnerable group. Last, the effects of risk and protective factors
for CC incidence and mortality as covariables of the probabilistic models were not evalu-
ated explicitly, since the necessary information was not available for the combination of
age and period.

There is no consensus in the literature about the best method to correct the identifi-
cation problem that occurs in the estimation of APC models. In the present study, the
models were estimated by using estimable functions, which is the most recommended
methodology in studies that compare classic statistical methods [30,91]. Despite the men-
tioned weaknesses, the study showed unpublished and relevant data that may contribute
to CC surveillance processes in Brazil. Many studies have assessed the CC mortality tem-
poral trend, but few have corrected death records and analyzed the cohort effect on the
mortality profile in several places with marked differences in sociodemographic charac-
teristics and access to health services. The methodology used allowed the development of
hypotheses about the contextual factors correlated with the CC mortality temporal trend
in 55.5% of the Brazilian states, including the efficacy and effectiveness of PNCC. Conse-
quently, the present study can support evaluation and planning processes in health.

5. Conclusions

Analyses by age group and period found the highest average mortality rates in the
states in the North Region, and the lowest were obtained for the Southeast Region. There
was a progressive reduction in the coefficients for younger cohorts in all the states. Anal-
yses of temporal effects showed that the states with higher socioeconomic development
had a decrease in the risk of death from CC in the periods that followed the implementa-
tion of the national screening program (the 2000s) and in the cohorts after the 1960s. The
opposite occurred in the states with the worst HDI and health indicators.

The increase in risk of death in women born from 1960 onwards in states in the North
Region, although not significant, is a worrying situation that reinforces the correlation
between level of socioeconomic development and inequalities in access to health services.
The findings of the present study pointed out the need to adopt health policies that are
specific for the North Region and consider its specificities and women’s social and mate-
rial conditions.

5.1. Policy implication

Studying the temporal evolution of incidence and mortality rates of diseases and
other health problems is important for planning actions in public health and evaluating
the implemented policies. Adequate interpretation of morbimortality results is necessary
in order to distinguish impacts related to changes in risk patterns over time from those
related to population size and age structure. Disease incidence or mortality rates usually


https://doi.org/10.20944/preprints202202.0192.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 February 2022 d0i:10.20944/preprints202202.0192.v1

vary over time. However, there is no single temporal scale to quantify temporal variabil-
ity. Time in statistical models is considered to be a replacement or proxy measure for these
nonobserved processes that contribute to the risk of developing disease. Therefore, it is
important to have a basic knowledge of the dynamics of the phenomenon being studied
when the choice is made about how to incorporate time into risk estimation models [28-
30].

The present study confirmed the impossibility of evaluating PNCC by using exclu-
sively death records classified as CC, because of the high proportion of records classified
as neoplasms in UCOUP. Consequently, it is necessary to consider the temporal trend of
mortality by including these two codifications, or apply correction techniques that have
been documented in the literature since 2010. Analyses based only on records classified
as CC suggested that there is a substantial reduction in the magnitude of mortality, when
the truth is that the reality is being hidden by the poor quality of the information. The high
proportion of deaths associated with tumors in UCOUP indicated the health system’s di-
agnostic difficulty and weaknesses in reaching certain population groups, especially
women who are not white and have a low level of education.

The findings of the present study pointed out the need to design health policies that
are specific for the realities of the states in the North Region, since they keep showing high
CC mortality rates. Even after the implementation of the national screening program,
there was an increase in risk of death in the 2000s, a fact that is also observed in countries
without a universal health system. The North Region has sociodemographic and geo-
graphic characteristics that must be taken into account in the planning and implementa-
tion of health policies, such as its vast territory, the high number of indigenous and river-
side populations, and the logistic difficulties involved in travel by these people into urban
areas where health units are located. These characteristics make it impossible to use the
same strategies for health education, planning, and PNCC execution that were imple-
mented in the South and Southeast regions.

However, the specificities of the North Region were not considered in either the cur-
rent Brazilian Guidelines for CC Screening or the Strategic Action Plan to Tackle Noncom-
municable Diseases in Brazil 2011-2022. Policies that standardize public health strategies
without considering local and regional specificities can contribute to preserving or in-
creasing health inequalities, including those discussed in the present study.
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