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Abstract: Cervical cancer is a common neoplasm that is responsible for nearly 230000 deaths
annually in Brazil. Despite this burden, cervical cancer is considered preventable with appropriate
care. We conducted a longitudinal ecological study from 2002 to 2012 to examine the relationship
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ERVICAL CANCER is the third most fre-

quent neoplasm among women world-
wide (Hernandez-Hernandez et al., 2015).
Moreover, the incidence of cervical cancer
is 2-fold in low- and middle-income coun-
tries when compared with high-income coun-
tries (Benjamin et al., 2014). Cervical can-
cer incidence in Brazil reflects this disparity
and contributes to 230000 deaths annually
(Benjamin et al., 2014; de Oliveira et al.,
2015; Ministério da Saude, 2014). Cervical
cancer is preventable, and survival is related
to timeliness of care and could be increased
by expanding access to health services. A pro-
jected 150 000 lives could be saved by 2030
through the application of appropriate detec-
tion and prevention (Hernandez-Hernandez
et al., 2015).

Several factors have been discussed as bar-
riers to accessing preventable health services
(Bang et al., 2012; Oscarsson et al., 2008),
namely, low socioeconomic status and inad-
equate coverage of cervical cancer screening
(Bigby & Holmes, 2005). The Papanicolaou
test has been the primary instrument to de-
tect the disease in its early stages (Roland
et al., 2013), contributing to the reduction of
mortality in women (Habbema et al., 2012).
Besides vaccination against human papillo-
mavirus (HPV), the development of health
prevention and promotion measures, in the
context of primary care (PC), serves as an
example of actions to avoid this neoplasm
(Weinstein et al., 2009).

Spadea et al. (2010) highlight that countries
with health systems that organize population-
focused screening programs are more effec-
tive in reducing socioeconomic disparities
in the early detection of cervical cancer than
countries that opt for spontaneous testing.

In Brazil, the national PC program, the
Family Health Strategy (FHS), coordinates
community-based screening programs, which
have been found to be more effective in less-
ening socioeconomic disparities in early de-
tection than spontaneous diagnostic testing
(Spadea et al., 2010). As of 2016, FHS consists
of 40 155 primary care teams (PCTs) and oper-
ates in 98% of municipalities, covering 63.83%
of the population (Ministério da Saude, 2016).

Investments directed to primary health care
(PHC) are important to ensure the strength-
ening of actions dedicated to prevention of
diseases and promotion of health. From this
perspective, the Program to Improve Access
and Quality of Primary Health Care (PMAQ)
is the largest PC monitoring initiative, with
objectives of incentivizing evaluation and
adherence to standards through internal
assessments, measures of epidemiological
indicators, and external diagnostic surveys of
adequacy of infrastructure, work processes,
and user satisfaction. The structure of PMAQ
incentivizes adherence to quality standards at
the level of PC through value-based payment
mechanisms.

PMAQ has preventive programming tar-
geted directly to cervical cancer screening
and care management, consistent with prior-
ities established by the World Health Organi-
zation (WHO) in the Global Action Plan for
the Prevention and Control of Noncommuni-
cable Diseases (WHO, 2013a). International
initiatives to increase the early screening for
cervical cancer can be observed in several Eu-
ropean countries (WHO, 2007) and are part of
the WHO action plan to control noncommuni-
cable diseases (WHO, 2013b). Taking this into
consideration, the topics evaluated by PMAQ
are an alignment effort to international rec-
ommendations to minimize cervical cancer
complications.

The creation of PMAQ marked the insti-
tutionalization of Brazilian PHC monitoring.
With evaluations occurring every 2 years and
based on recontracting with quality improve-
ment goals, the program seeks to strengthen
professional training strategies and work pro-
cesses performed by health teams through
increased financial incentives for better per-
formance. This cyclical characteristic has
searched for improvements in the provision
of services by mobilizing health teams to meet
recommended quality standards.

Spadea et al. (2010) highlight that PC
doctors could assume a key role in cervical
cancer screening and that organization of
work processes of primary health care team
(PHCT) could impact screening services for
cervical cancer, creating conditions for early
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interventions. Such screening programs in
asymptomatic women are critical to the
reduction of morbidity and mortality (Limmer
et al., 2014; Peirson et al., 2013). Yet, few
studies exist regarding the relationship
between components of the structure and
work processes that facilitate preventive
screenings and care management of cervical
cancer at the level of PC and cervical cancer
mortality rates. To contribute to the needed
knowledge in this area, we aimed to analyze
the temporal evolution of PC in Brazil-focused
structural characteristics and work processes
and to examine whether these components
are associated with lower cervical cancer
mortality rates, adjusting for socioeconomic
status and health services coverage, which
have been found to relate to cervical cancer
mortality rates (Bigby & Holmes, 2005).

METHODS

This is an ecological longitudinal study that
utilizes secondary data from 2002 to 2014
at the level of Brazil’s 26 states and federal
districts.

Sources of data and population

Secondary data were extracted from 3 na-
tional surveys. The first survey (2001-2002) is
a diagnostic census of 13973 PCTs and 2841
oral health teams (OHTSs) that encompasses
physical infrastructure, equipment, facilities,
supplies, and human resources, as well as as-
pects of work processes related to care deliv-
ery and access to services. The second survey
(2008) is a probabilistic sample representa-
tive of all states comprising 2133 PCTs and
1858 OHT's that measured parameters consis-
tent with the first survey. The third survey
(2012) is a part of the first cycle of PMAQ,
spanning 17 202 PCTs and 12 403 OHTSs. Data
from PMAQ were also comparable in param-
eters with those of the previous 2 surveys.
Data from PMAQ also had similarities regard-
ing the parameters of previous 2 monitoring
initiatives of 2002 and 2008.

Data analysis

Data from all 3 surveys were aggregated by
state, creating a data set that allowed for com-
parisons over the 10-year period, and vari-

ables related to the structure and work pro-
cesses necessary for the delivery of women’s
health services were selected. Data on socioe-
conomic determinants were further collected
to adjust for the influence of potential con-
founders. For the outcome, the number of
deaths due to cervical cancer from 2002 to
2014 was extracted and age-standardized as
a rate using the direct method. Variables cor-
responding to work processes (grouped by
PCT) and structural characteristics (grouped
by health facility) that were available in the
aforementioned surveys were aggregated by
state and expressed as values of proportions,
rates, or mean scores. For additional variables,
data were also obtained by state. Table 1 de-
tails the variables incorporated in the model,
as well as their respective sources and time
periods.

Descriptive statistics were used for the
initial analysis, followed by a mixed-effects
linear regression model selected to account
for the longitudinal structure of the data that
consisted of repeated measures for each state
at different time points. This method enabled
the analysis of unbalanced longitudinal data
(measures obtained for each state that were
observed at different times) in a hierarchical
structure, incorporating the dependent vari-
ables, the variation matrix, and covariation
(Fitzmaurice & Ravichandran, 2008). In the
mixed-effects model, regression coefficients
(B) are fixed effects but intercepts are ran-
dom (Goldstein et al., 2002). The estimation
of fixed effects, variance, and covariance
components was done using the methods of
maximum likelihood estimation and restricted
maximum likelihood estimation (Verbeke &
Molenberghs, 2000). The maximum likeli-
hood method, by estimating the variance,
assumes that there is no error in the mean
estimate and, consequently, underestimates
this kind of error. Restricted maximum likeli-
hood estimation produces estimates unbiased
for variances, eliminating the bias that exists
in the mean estimate (Diggle & Kenward,
1994).

Regression coefficients (8) and 95% confi-
dence intervals (95% ClIs) were estimated. The
inclusion of variables followed a hierarchical
approach, according to the theoretical model
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(Figure), which considers the influence of
variables related to structural characteristics
on work processes and the influence of work
processes on health outcomes (Donabedian,
1992). Variables that were included in the ad-
justed model were grouped sequentially by
constructs of socioeconomic context (first),
structural characteristics of health services
(second), and work processes (third). Vari-
ables were retained for the adjusted model
if they reached a significance of .2 at each
level of analysis. A cutoff of 5% was consid-
ered as the criterion for statistical significance
(o = .05). Multicollinearity among variables
of the same block was tested. Because of the
imbalanced nature of the panel, data were ad-
justed for population size, regardless of statis-
tical significance. Moreover, considering that
data from surveys were only available for
3 years (2002, 2008, and 2012), we performed
additional analyses imputing data for the vari-
ables “PCT with adequate structural charac-
teristics to perform women’s health care” and
“PCT performing colposcopy.” The multiple
imputation technique of linear regression was
used, including all model variables as predic-
tors. Finally, we compared the results with
and without imputation. This procedure was
used to measure potential bias due to missing
data. Analyses were carried out using Stata
12.0 (StataCorp LP, 2011).

RESULTS

Cervical cancer mortality rates varied
among states over the period analyzed (see
the table in Supplemental Digital Content 1,
available at: http://links.Iww.com/JACM/
A75). Over this time, 6 states (Rondonia,
Espirito Santo, Sdo Paulo, Parana, Rio Grande
do Sul, and Mato Grosso do Sul) experienced
a reduction in standardized cervical cancer
mortality rates. In other states, mortality rates
increased, ranging from a 2.68% rise in Minas
Gerais to a 194% rise in Amapa. States located
in the less developed North and Northeast
regions underwent the greatest observed
increase in mortality rates.

From 2002 to 2012, the Gini index de-
creased from 0.57 to 0.52, indicating a reduc-
tion in income inequality, a pattern that was
observed throughout the whole country. Per
capita household income also increased dur-
ing the period analyzed; however, there was a
heterogeneous effect across regions. Life ex-
pectancy at birth also rose nationwide. Fur-
thermore, the percentage of the population
with more than 11 years of formal education
increased (see the table in Supplemental Digi-
tal Content 2, available at: http://links.lww.
com/JACM/A76). Health indicators related
to PC also improved. Financing increased
3-fold over the period. PCTs equipped with

=Gini Index

*Year
=Population size

CONFOUNDERS

*Per capita household income
=Life expectancy of woman
*Population with more than 11 years of study

—

e

STRUCTURE
=PHC coverage
"PHC teams with sufficient |~
structure to perform women’s
health
=Primary health care financing

PROCESS
*PHC teams performing
colposcopy
=Follow-up of cervix high
grade lesions

OuTCOME
sMortality rate due
to cervical cancer

Figure. Theoretical model of predictors of mortality rates by cervical cancer for Brazil. PHC indicates

primary health care.

Copyright © 2017 The Authors. Published by Wolters Kluwer Health, Inc.
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adequate infrastructure dedicated to women’s
health care jumped from 64% in 2002 to
79% in 2012. However, this trend was not
uniform, as some states experienced a de-
crease over the same period. The percent-
age of the population covered by PC services
aligned with the same upward trend, reaching
62% in 2012. Roraima was the only state that
showed a decline in coverage (see the table
in Supplemental Digital Content 3, available
at: http://links.lww.com/JACM/A77). The col-
lection of samples for colposcopy by PCTs
also rose nationwide. The percentage of mon-
itoring for high-grade lesions, which began to
be recorded in 2008, decreased by 2012, as
evident in declining follow-up rates (see the
table in Supplemental Digital Content 4, avail-
able at: http://links.lww.com/JACM/A78).

In the unadjusted analyses, the variables
that were found to have a significant posi-
tive association (P < .001) with cervical can-
cer mortality rates were the percentage of the
population with more than 11 years of formal
education (P < .001), per capita household
income (P = .011), female life expectancy at
birth (P < .001), time (P < .001), PC invest-
ment (P = .014), and PC coverage (P < .001).
In contrast, Gini index was found to be nega-
tively associated with age-standardized cervi-
cal cancer mortality rates. Variables related to
work processes were not found to be signifi-
cantly associated with cervical cancer mortal-
ity rates. In the adjusted model, cervical can-
cer mortality rates were significantly higher
in states with lower per capita household in-
come (8 = —.006; P < .001), with lower pop-
ulation sizes (8 = —.01; P = .025), with lower
PC investment (8 = —.0002; P = .027), and
with a lower proportion of PCT's that perform
colposcopy (B = —.14; P = .036). Even after
adjustments were made, mortality rates con-
tinued to be positively associated with time
(B = .30; P < .001), indicating an increase in
mortality rates over time (Table 2).

The results after imputation for observa-
tions missing in the surveys were similar to
those without imputation. Investment in PC
remained the only variable in the block of
structural characteristics significantly associ-
ated with the outcome. In the block of work

processes in PC, performing follow-up of cer-
vical high-grade lesions remained unassoci-
ated with the outcome (B = —0.02; 95% CI,
—0.04 to 0.007). However, the proportion
of PCTs performing colposcopy stopped be-
ing associated with cervical cancer. The pro-
portion of PCTs performing colposcopy con-
tinued to have a negative regression coeffi-
cient (B = —0.081; 95% CI, —0.17 to 0.01)
but lacked statistical significance (P = .087).
These results suggest no significant biases
due to missing observations in the surveys
throughout the temporal series.

DISCUSSION

This study had the principal objective of ex-
amining whether infrastructure available and
work processes of PHCT influence the mortal-
ity by cervical cancer, adjusting for socioeco-
nomic confounders. It can be observed that
these characteristics influenced cervical can-
cer mortality rates. Furthermore, per capita
household income and population size were
the contextual variables found to be the best
predictors of risk of mortality due to cervical
cancer.

An improvement in sociodemographic in-
dicators over time was accompanied by a sta-
tistically significant inverse association with
cervical cancer mortality rates. The principal
findings of our study were similar to those
found in the literature (Miiller et al., 2011;
Pereira-Scalabrino et al., 2013). Precarious so-
cioeconomic conditions were highlighted as
factors that increased susceptibility to cervi-
cal cancer (Coker et al., 2006; Shanta et al.,
2000; Tadesse, 2015). Regardless of socioeco-
nomic trends, mortality rates, both unadjusted
and adjusted, did not significantly change over
the analyzed time period for some states. This
disconnect has been observed in other stud-
ies in which socioeconomic improvements,
even in the absence of screening programs,
are inversely associated with mortality rates
(Bermudez, 2005; Pereira-Scalabrino et al.,
2013; Sankaranarayanan et al., 2001).

A recent evaluation of trends in cervical
cancer incidence and mortality between 2003
and 2012 in high-, middle-, and low-income
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countries identified that mortality rates are
declining in high-income countries and in-
creasing in low- and middle-income countries
(Torre et al., 2015). These findings corrobo-
rate mortality trends in our study.

The association between demographic indi-
cators and mortality patterns can be justified
in part by the fact that women at lower so-
cioeconomic levels face barriers to accessing
health services and are therefore less likely to
participate in screening and other early de-
tection programs (Currin et al., 2009). Fur-
thermore, women with less education, lower
income, and precarious living situations have
an increased chance of high-risk sexual be-
havior, associated with a higher probability
of contracting HPV infection, as well as a
greater chance of persisting with HPV infec-
tion and the occurrence of invasive lesions
(Pereira-Scalabrino et al., 2013).

Trends evidenced by this study support the
need for social investment, capacity building
to improve sociodemographic indicators, as a
possible approach to addressing cervical can-
cer mortality rates. It is worth noting that even
after the insertion of intermediate (structure
of health centers) and proximal (work pro-
cesses) blocks of variables, per capita house-
hold income remained significantly associated
with lower cervical cancer mortality rates; this
is highlighted as an important contribution of
this study.

Various studies have emphasized lack of ac-
cess to health services, especially in the case
of population screening, as one of the factors
that increases the risk of death due to cervi-
cal cancer (Ramondetta et al., 2015; Robles
et al., 1996). Therefore, these studies recom-
mended the implementation of cervical can-
cer screening as part of ensured PHC scope in
developing countries (Bobdey et al., 2015).

Despite this, we were not able to iden-
tify studies that had evaluated the influence
of different elements of structure and work
processes on cervical cancer mortality rates.
In our study, just infrastructure available for
PHC (financing) and proportion of coverage
for the collection of colposcopy samples was
inversely associated with cervical cancer mor-
tality rates after the adjusted model. Early de-

tection of cervical cancer, together with treat-
ment of intraepithelial lesions, is associated
with a reduction of up to 90% in cervical can-
cer (Benjamin et al., 2014), as well as a signif-
icant decline in mortality rates (de Mendonca
et al., 2008). However, for such results to be
achieved, it is essential that screening cover-
age reaches a greater percentage of the eligi-
ble population.

According to Denny (2012), coverage rates
for screening programs need to reach 85% in
order to make an impact on cervical cancer
mortality rates to be achieved, which remains
unfulfilled in Brazil (Miiller et al., 2011), with
FHS coverage at 62% nationwide in 2012. Fur-
thermore, there are PCTs that reportedly do
not collect samples for preventive cytopathol-
ogy. Coverage for this type of examination
in Brazil is still precarious (Barbosa et al.,
2016; Miller et al., 2011), circumstances fur-
ther supported by our study’s findings, since
the collection of samples for cytopathology
screening was found to have a slight nega-
tive association with cervical cancer mortal-
ity rates and FHS coverage was not found
to have an association. Specifically, regarding
women’s health, PMAQ aims to improve struc-
tural characteristics and adequacy of work
processes, especially in relation to prevention
of cervical cancer. Unfortunately, PMAQ data
are only updated through the first cycle of the
evaluation, and a longer time period would be
better suited for understanding the long-term
effects of monitoring initiatives.

PHC could assume a protagonist role in the
development of actions around prevention
and treatment of cervical cancer. Because of
its work closer to health system users, PHC
can catalyze screening procedures, promot-
ing early detection, increasing treatment pos-
sibilities, and improving patient quality of life
(Weinstein et al., 2009). In this sense, our
study’s findings help support these observa-
tions, as it was possible to link PHC invest-
ment to a reduction in cervical cancer mor-
tality rates. The subject of financing was the
target of specific policies that quintupled the
amount of funds invested in PHC through-
out the 10-year period, including investments
from PMAQ. Furthermore, it was possible to
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identify a relationship between states with
PHCT that collected samples for colposcopy
and a decrease in cervical cancer mortality
rates, which reinforces the potential contri-
butions to be made at the level of PHC.

This study did not find a statistically sig-
nificant relationship between certain indica-
tors (FHS coverage, adequate infrastructure,
and the proportion of women with cervical
lesions followed up) and cervical cancer mor-
tality rates. This absence of significant findings
could be partially explained by the fact that
the proportion of the population covered by
FHS falls short of the 85% goal recommended
by Denny (2012), or suboptimal work pro-
cesses such as low professional capacity in
oncological care, the inability of health facil-
ities to meet demand, and the difficulties of
municipal and state administrators to coordi-
nate between levels of care (Benjamin et al.,
2014). There is a potential lag effect that needs
to be taken into account related to health pol-
icy, especially for chronic long-term diseases
such as cancer. However, we have a 12-year
study that makes it possible to identify some
predictors to reduce the Brazilian mortality
rate due to cervical cancer. The regular basis
of assessment defined by PMAQ will produce
better circumstances to evaluate PHCT perfor-
mance once the lag effect will decrease with
new monitoring cycles.

Improvement in the structure of cervical
cancer screening and prevention programs
needs to address these challenges related to
work processes in order to achieve both an
increased coverage of health services and
a greater quality of preventive and curative
care delivered. The evidence produced in this
study suggests that PHC can contribute to
minimize cervical cancer mortality rates, and
there is still much to be done to realize these
potential results. Our study provides an inno-
vative contribution to articulating time-series

data, involving socioeconomic characteristics
and health services, in relation to the evo-
lution of mortality patterns for all Brazilian
states.

Limitations of this study stem from lack of
indicators for certain time points over the ex-
amined period. However, the use of mixed
linear effects regression allowed the incorpo-
ration of unbalanced data over time, keep-
ing missing variables in the analysis for some
years. Even so, sensibility analysis was real-
ized. Unfortunately, the software used does
not support estimates for standardized associ-
ations when independent variables are in dif-
ferent units. Nevertheless, the independent
variables with a high discrepancy were ad-
justed, for example, financing. Additional lim-
itations were the impossibility of disaggregat-
ing data to lower levels such as PHCT cover-
age area, which could reduce the possibility
of ecological fallacy. Cervical cancer notifica-
tions and cancer staging data are not available
in Brazil and so it is not possible to take this
into account in the analysis.

In the future, with continued monitoring
of PCT performance, it will be possible to
overcome the methodological limitations of
the present study and better investigate the
effects of PC actions on cervical cancer mor-
tality rates. PMAQ is an important initiative
through which to work because of its focus on
regular evaluation to inform quality improve-
ments. PMAQ is likely to contribute positive
results to preventive initiative in PC, includ-
ing increased adherence to cervical cancer
protocols and improved physical infrastruc-
ture. Considering our findings, the develop-
ment of programs similar to PMAQ that link
performance to financial investments could
decrease the mortality due to cervical cancer.
Therefore, initiatives such as PMAQ should be
fostered with the objective of decreasing cer-
vical cancer mortality rates.
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