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Abstract Brazilian women’s widespread mammography access is a challenge for public health. Social determinants
of health have been analyzed to try to explain the channels responsible for differences in access to breast cancer
screening. This study investigates the difference in mammography performance between white and yellow (WY) and
black, brown and indigenous (BBI) women based on socioeconomic indicators available in the Longitudinal Study
of Brazilian Elderly Health (ELSI-Brazil) and the use of the decomposition for nonlinear models. The results indicate
that mammography probability is 10.24 percentage points higher among WY. The difference in explanatory variables
composition contributes 57.8% to the total difference. Which means that if BBI had the same composition of expla-
natory variables (such as health insurance, education, marital status, number of children) as WY the probability of
having a mammogram would be 5.92 percentage points higher. In addition to the characteristics related to the public
health system, there is a need for public policies that address the physical, mental and emotional well-being of women,
especially those who need them most, with a view to reducing inequalities in access to mammography.
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Resumo O amplo acesso das mulheres brasileiras a mamografia é um desafio para a saiide puiblica. Os determinantes
sociais da satide tém sido analisados para tentar explicar os canais responsdveis pelas diferencas no acesso ao ras-
treamento do cancer da mama. Este estudo investiga a diferenga no acesso a mamografia entre mulheres brancas e
amarelas (WY) e pretas, pardas e indigenas (BBI) com base em indicadores socioecondmicos disponiveis no Estudo
Longitudinal da Satide dos Idosos Brasileiros (ELSI-Brasil) e no uso de decomposi¢io para modelos ndo lineares. Os
resultados indicam que a probabilidade da mamografia é 10,24 pontos percentuais maior entre os WY. A diferenca
na composicio das varidveis explicativas contribui com 57,8% para a diferenca total. Isso significa que se o BBI
tivesse a mesma composicdo de varidveis explicativas (como plano de saiide, escolaridade, estado civil, niimero de
filhos) que 0 WY a probabilidade de fazer mamografia seria 5,92 pontos percentuais maior. Além das caracteristicas
relacionadas ao sistema puiblico de saiide, hd necessidade de politicas piiblicas que abordem o bem-estar fisico, mental
e emocional das mulheres, especialmente daquelas que mais necessitam, com vistas a redugio das desigualdades no
acesso a mamografia.

Palavras-chave Mamografia, Cancer de mama, Desigualdade, Acesso, Diferencial

Resumen El acceso amplio de las mujeres brasilefias a la mamografia representa un desafio para la salud puiblica.
Los determinantes sociales de la salud se han analizado para explicar las diferencias en el acceso al rastreo del cdncer
de mama. Este estudio investiga la diferencia en el acceso a la mamografia entre mujeres blancas y amarillas (WY) y
negras, pardas e indigenas (BBI), utilizando indicadores socioecondmicos del Estudio Longitudinal de la Salud de los
Adultos Mayores Brasilefios (ELSI-Brasil) y la descomposicion en modelos no lineales. Los resultados muestran que
la probabilidad de realizarse la mamografia es 10,24 puntos porcentuales mayor entre las WY. La diferencia en la
composicion de las variables explicativas contribuye con un 57,8% de la diferencia total. Es decir, si las BBI tuvieran
la misma composicion de variables (como seguro de salud, escolaridad, estado civil, niimero de hijos) que las WY,
la probabilidad de hacerse la mamografia seria 5,92 puntos porcentuales mayor. Ademds de las caracteristicas del
sistema puiblico de salud, se necesitan politicas publicas que aborden el bienestar fisico, mental y emocional de las
mujeres, especialmente de aquellas que mds lo necesitan, para reducir las desigualdades en el acceso a la mamografia.
Palabras clave Mamografia, Cdncer de mama, Desigualdad, Acceso, Diferencial
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Introduction

In Brazil, breast cancer is the leading cause of
death and the second most common neoplasm.
It accounts for approximately 10.5% of all ma-
lignant tumors found in the female population.
Between 2023 and 2025, about 74,000 new di-
agnoses are estimated'. Cases are expected to
increase in the coming decades due to the aging
of the population, changes in lifestyle, and re-
productive factors in women?*.

The literature describes that early detection
can significantly reduce breast cancer mortality
rates in the long term?, as well as minimize the
emotional, financial and physical costs of more
invasive treatments®. Therefore, mammography
is the main way of identifying abnormalities us-
ing X-ray images of the breasts®.

Despite the importance of screening mam-
mography in early detection, widespread access
to screening mammography for Brazilian wom-
en is still a challenge. The Unified Health Sys-
tem recommends biennial screening for women
aged 50 to 69. It is estimated that only 58.3% of
the target audience for mammography undergo
mammography during the period recommend-
ed by public health authorities’. This percentage
considers public and private systems based on
the National Health Survey.

As with other health indicators, many socio-
economic variables have been analyzed to try to
explain the channels responsible for differenc-
es in screening access. Social determinants of
health (SDH) are defined as non-medical fac-
tors that influence health outcomes. This means
that the conditions in which “people are born,
grow, work, live and age determine the status of
and access to health care”™.

The main socioeconomic characteristics an-
alyzed are family income, skin color, education,
health insurance, place of residence, age group,
marital status, number of children and occupa-
tional status®'. Silva et al.’® show that the main
determinants of women who did not undergo
the exam were age 65 to 69, brown or black
skin color, living with more than three people,
with incomplete elementary education level,
in the Ist quintile of socioeconomic income,
without health insurance, registered with the
Family Health Strategy and living in the North
and Northeast regions. These studies typically
employ multivariate methods, in which all vari-
ables are random and interrelated, so their dif-
ferent effects cannot be interpreted separately.

In general, white women, with higher in-
come and education, most often undergo mam-

mograms at the recommended frequency™.
Furthermore, mammography coverage is more
prevalent in large urban centers and in loca-
tions with better socioeconomic conditions’.
The proportion of Brazilian women who have
never had a mammogram in the most vulner-
able regions of the country (North and North-
east) is 38%, while in the most developed re-
gions (Central-South) the average is 20.3%".

Regarding inequality based on skin color,
in the Brazilian Unified Health System, screen-
ing rates for black women are at least twice as
low as those for white women's. From 2015 to
2021, 5,453 black women per 100,000 under-
went screening, compared to 10,815 for white
women'¢. Screening coverage, considering both
public and private systems, is around 55.5% for
black women and 61.8% for white women'.

Few studies in the economic sciences focus
on investigating women’s health. Statistical de-
composition methods can be applied to explain
inequalities in health outcomes between any
two groups. These groups are defined based on
race, gender, socioeconomic status, etc”. There-
fore, it is believed that there is a gap in the lit-
erature in analyzing the determinants of access
inequalities among Brazilian women of different
ethnicities. Black women are a socially vulnera-
ble group that needs medical care.

In addition to social inequalities, Brazil fac-
es rapid demographic aging. This will require
more resources to track aging diseases, such as
breast cancer. Identifying the causes of inequali-
ties in mammography access among women can
help create more assertive health policies for so-
cial development.

Therefore, the research investigates the
performance of screening among white and
non-white women based on socioeconomic
indicators available in the Brazilian Longitudi-
nal Study of Elderly Health (ELSI-Brazil). De-
composition of non-linear models'®** was used
to analyze screening differences and the contri-
bution of each factor. It is believed that studies
of this type can contribute to the formulation of
health policies that aim to reduce inequalities in
screening access.

Methods
Data
The Brazilian Longitudinal Study of Old-

er Adults (ELSI-Brazil) is the first large-scale
longitudinal study of older adults conducted in



Brazil. Coordinated by the Federal University of
Minas Gerais and the Oswaldo Cruz Founda-
tion with funding from the Ministry of Health?'.

The database contains information on so-
cial and biological determinants of aging. The
research was conducted with adults aged 50 or
over living in 70 municipalities located in the
five major geographical regions of the country.
ELSI-Brazil has a conceptual structure common
to other longitudinal studies from several coun-
tries using the Health and Retirement Studies
series?"*,

Data collection was divided into two waves.
The first was carried out between 2015 and 2016
with 9,412 elderly people. The second wave was
carried out between 2019-2021 with 9,949 par-
ticipants, including sample replacement. Of the
sample from the first wave, 6,172 participated
in the second interview, 2,270 were lost to fol-
low-up and 970 died®.

The questionnaires administered to the
participants included questions about socio-
economic characteristics, childhood and ad-
olescent experiences, personal experiences,
health, depression, anxiety, among others. The
dependent variable was constructed based on
the question: “When was the last time you had
a mammogram or breast X-ray?” The possible
answers were grouped into two general ones:
“Never had a mammogram” for those who had
never had the procedure or who did not know
whether they had one or not, and “Had a mam-
mogram” for those who had had one for at least
three years or more.

Skin color was established according to the
designation of the Brazilian Institute of Geogra-
phy and Statistics IBGE). The women sample
was divided into two groups. The first group,
called BBI, considered the skin color of black,
brown or indigenous people. While the second
group was defined as WY, with women who
self-declared white and yellow.

Empirical strategy

The research investigates the effect of socio-
economic factors on differences in screening ac-
cess between WY and BBI women. It uses data
from the first wave of ELSI-Brazil. First, a logit
model was estimated to analyze the relation-
ship between the binary variable “Have you had
a mammogram?” and independent variables.
This involves determining the probability of a
mammogram.

Logistic regression is given by:

1
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where P (Y = 1| X) is the probability of hav-
ing a mammogram equal to 1 given the explan-
atory variables X; b is intercept; b1 * - * Pk are the
coefficients of the independent variables: "=
Pln; s a category variable that receives 1 if wom-
an i has private health insurance and 0 other-
wise; PPl is a categorical variable that assigns 1
if woman i has self-declared as black, brown or
indigenous and 0 otherwise; *®<*";js a multilev-
el dummy variable that attributes frequency in
one of the stages of education: “Never studied/
Don’t know”, “Elementary school’, “Secondary
school”, “Higher education” or “Postgraduate”;
married; jg a categorical variable that receives 1 if
positive and 0 for other marital situations and
children; jndicates the number of biological and/or
adopted children of woman i.

Decomposition analysis was used to identify
the contribution of independent variables to ex-
plain differences between groups. It calculated
the change in predicted average probability re-
sulting from replacing one independent variable
at a time for one group. In addition, other vari-
ables remained constant for the other group®.

The Fairlie decomposition'®!® was used to
decompose inequality determinants in tracking
between white and black women. It is an ex-
tension of the Oaxaca-Blinder Decomposition
to nonlinear regression models, such as logit
and probit for binary dependent variables. The
Fairlie model'®" has been used in related stud-
ies, such as Zhao et al.*, Fagbamigbe et al.** and
Yuan et al.”.

Fairlie’®" defines the decomposition of the
nonlinear equation Y = F (Xé) as follows:

Nb
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where Y*e Y represent the average probabil-
ities of binary outcomes of breast cancer screen-
ing in the two groups; F is a cumulative distribu-
tion function of the logistic distribution; ¥*-Y?
is the total variation due to differences between
groups; Ne N” designate the sample sizes of the
two populations. The first term in parentheses
in (2) indicates the portion of the gap due to dif-
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ferences in observable characteristics between
the groups and the estimated coefficients. The
second term shows the differences in Y levels.

Results
Descriptive statistics

Table 1 below highlights the differences be-
tween women groups according to observable
characteristics. The asterisks indicate the signif-
icance level of the proportions test for the two
samples.

The proportion tests highlight that the char-
acteristics observed between the samples are
significantly different at 1%. This is not true for
the proportion of women who attended high
school and elementary school. In particular, the
difference between WY and BBI women who
never studied is 10 percentage points. The same
difference is observed among women who have
never had a mammogram. In addition, it is pos-
sible to find a difference of 13 percentage points
among those with private health insurance.

Estimates

The ceteris paribus estimates and their re-
spective heteroscedasticity-robust standard er-
rors of the logit model are described in Table 2.

All else being equal, having a private health
insurance is associated with an increase of ap-

Table 1. Descriptive statistics.

proximately 12.9% in the probability of having a
mammogram. The effect is highly significant at
1%. Women in the BBI group are approximately
4.5% less likely to have a mammogram, all else
being equal. Similarly, having a higher level of
education and being married are associated
with increased chances of completing the exam,
ceteris paribus. In particular, attending higher
education increases the probability of having the
exam by 17.4%, with other variables constant.
The smaller the number of children, the lower
the probability of a mammogram. One more
child decreases the chance of a mammogram by
approximately 1.6%, all else being equal.

The decomposition was carried out using
the R language implementation available on
GitHub of the methodology described in Pow-
ers et al.”**. As indicated by equation (2), the
differential in mammogram probability can be
attributed to compositional differences between
groups. This is differences in characteristics or
endowments. In addition, it is due to differences
in the effects of these characteristics, i.e., differ-
ences in coefficients.

Table 3 below highlights the contributions
to the differential in mammogram probability:

Among WY women, 82.2% had the exam,
and for BBI women, the proportion is approxi-
mately 72%. The difference found is 0.1024. The
positive value indicates that the average proba-
bility of having a mammogram is higher among
WY women than BBI women. The difference of
0.1024 means that the probability of having a

Variable

wY

BBI

Have you had a mammogram?

Do you have private health insurance?

Education

Married?

Biological and/or adopted children

Observations

Yes (n = 1717, 82.2%)

No (n =371 - 17.8%)

Yes (n = 689, 33.0%)

No (n = 1399 - 67.0%)
Didn’t study/Don’t know

(n =230, 11.0%)

Elementary education

(n = 1244 - 59.6%)

High school (n =416 - 19.9%)
Higher education
(n=139-6.7%)
Postgraduate (n = 59 - 2.8%)
Yes (n = 1035, 49.6%)

No (n = 1053 - 50.4%)

3.09

2088

Yes (n = 2182, 71.9%)***

No (n = 849 — 28.1%)***

Yes (n = 608, 20.1%)***

No (n = 2423 - 79.9%)***
Didn’t study/Don’t know
(n=652,21.5%)***
Elementary education
(n=1717 - 56.6%)**

High school (n =519 - 17.1%)
Higher education

(n =107 - 3.5%)***
Postgraduate (n = 36 — 1.2%)***
Yes (n = 1318, 43.5%)***

No (n = 1713 - 56.5%)***
3.85%**

3031

*P <0.1;** p < 0.05 ** p < 0.01.

Source: Authors, 2024, with data from ELSI-BRAZIL.



Table 2. Marginal effects - logit model

Dependent variable
Have you had a mammogram?
Health insurance 0.129***
(0.013)
BBI -0.045%**
(0.012)
Elementary school 0.129%**
(0.015)
High school 0.187***
(0.012)
Higher education 0.174***
(0.014)
Posgraduate 0.165***
(0.020)
Married 0.069***
(0.011)
Children -0.016%**
(0.002)
Observations 5119
Log likelihood -2488.283
Akaike inf. crit. 4994.566

*p < 0.1; *p < 0.05; **p < 0.01.

Source: Authors, 2024, with data from ELSI-BRAZIL.

Table 3. Decomposition.

Group Mean Differential Characteristic Coefficients
(endowments)

wY 0.8223 0.1024 0.0592 0.0432

BBI 0.7199 57.8% 42.2%

Source: Authors, 2024, with data from ELSI-BRAZIL.

mammogram is 10.24 percentage points high-
er in the WY group than in the BBI group. The
difference in the composition of the explan-
atory variables contributes 57.8% to the total
difference. This shows that if BBI women had
the same composition of explanatory variables
(such as health insurance, education, marital
status, number of children, etc.) as WY women,
the probability of having a mammogram would
be 5.92 percentage points greater.

The coefficients of the variables contribute
42.2% to the total difference. This indicates that
the difference in the coeflicients of the variables,
that is, the way in which the relationship be-
tween each variable and the probability of hav-
ing a mammogram differs between the groups,
reduces the probability of having a mammo-
gram by 4.32 percentage points for BBI.

The results indicate that WY have charac-
teristics distinct from BBI women in relation to

the explanatory variables included in this study.
These characteristics include having a health in-
surance and an educational level. As seen in Ta-
ble 1, the WY group has a higher proportion of
women with a health insurance and higher edu-
cational levels. Figure 1 highlights the percent-
age contributions of each explanatory variable:
It is possible to identify that the health in-
surance variable contributes most to the total
difference between women groups. Higher ed-
ucation and the number of children also con-
tribute between 7.5% and 12% to the difference.

Discussion

The results agree with the literature'>”. Accord-
ing to the National Cancer Institute', white
women with higher education levels are those
who most often undergo mammograms at the
frequency recommended by public health au-
thorities. Likewise, undergoing the exam is
positively related to being married or in a stable
union and having health insurance®%.

The concept of intersectionality is useful for
explaining health inequalities®, as it refers to
the understanding that characteristics such as
race and ethnicity, social class, gender, sexual-
ity, nationality, and age operate as factors shap-
ing complex social inequalities®. In this way;, it
highlights the simultaneous and interactive in-
fluences on health stemming from multiple axes
of inequality that, in some manner, reinforce
social oppression®.

The literature describes barriers to mam-
mography access by ethnic-racial minorities. The
barriers are related to factors at the individual,
community and health system levels®. Adverse
individual-level social conditions can negative-
ly affect health or health care®. In general, the
more health-related social needs a woman has,
the less likely she is to have a mammogram®.

Socioeconomic factors include income and
educational levels. People living in poverty often
lack health literacy and access to the resources
needed to obtain essential care for long-term
health and well-being®. Other socioeconomic
determinants related to poverty include food
insecurity and lack of access to reliable transpor-
tation™.

Additionally, personal attitudes and beliefs
and negative experiences in the health care
system may influence the likelihood of seeking
mammography screening®. As well as dissatis-
faction with life, social isolation or hours lost at
work?.

(53}
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Variables

Married

Elementary school [l

Posgraduate

High school

Higher education

Children NG

Health insurance [

0 5 10 15 20

Figure 1. Percentage contributions.

Source: Authors, 2024, with data from ELSI-BRAZIL.

In Brazil, racial discrimination is a struc-
tural problem that affects many areas of society,
especially access to opportunities. Black women
are the group most affected by inequalities in
income, education, the job market and political
representation. They also have the highest per-
centage of poverty-stricken people and spend
more time on domestic activities™.

Likewise, the aging of the Brazilian popula-
tion is a reality and is related to the feminiza-
tion of old age*””. According to data from the
2022 Census demographic portrait, more than
10% of the population is elderly and the female
population is larger than the male population
(94 men for every 100 women). Women live,
on average, seven years longer than men (80.5
years versus 73.6). As aging is the main risk fac-
tor for breast cancer, public policies are essential
to deal with the natural increase in cases in the
coming decades.

This implies that in addition to the need to
promote public health by increasing consulta-
tions, professionals and equipment, other mul-
tisectoral actions must be considered to reduce
inequalities in access to health”. In this regard,
policies should be implemented to reduce pov-
erty, improve living conditions and promote
practices and behaviors to prevent diseases.

Conclusion

Mammography is the main way of identifying
breast anomalies using X-ray images®. The liter-
ature indicates social determinants of health are
the primary mechanisms for mammography ac-

cess. In particular, income, race, education level
and age group are the main determinants of not
having a mammogram®.

Thus, this research sought to analyze the dif-
ferences in mammography access between WY
and BBI through decomposition of nonlinear
models. The study focused on women aged 50
and over who participated in the first wave of
ELSI-Brazil, a longitudinal study of elderly Bra-
zilians.

The study findings are in agreement with the
literature and show that characteristics such as
educational level, adherence to private health
insurance, number of children and marital
status are relevant predictor variables for the
probability of getting a mammogram. All else
being equal, having a private health insurance
plan is associated with an increase of approxi-
mately 12.9% in the probability of undergoing a
mammogram. Women in the BBI group are ap-
proximately 4.5% less likely to undergo a mam-
mogram, all else being equal. Likewise, having a
higher educational level and being married are
associated with increased chances of passing the
exam, ceteris paribus.

The decomposition indicated that the prob-
ability of mammography was 10.24 percentage
points higher among the WY group than among
the BBI group. The difference in the composi-
tion of the explanatory variables contributed
57.8% of the total difference, while the coefhi-
cients accounted for 42.2%. This means that the
explanatory variables in the model are the main
determinants of the difference in mammogra-
phy. If BBI had the same composition of explan-
atory variables as WY, mammography probabil-
ity would increase by 5.92 percentage points.

In Brazil, racial discrimination is a struc-
tural problem that affects women’s access to op-
portunities, including health care. In addition,
population aging is associated with feminiza-
tion of old age”. There are more elderly women
and they live longer than men, as well as having
challenges throughout the aging process®.

To expand the comprehensive well-being of
women, particularly those who need it most,
public policies are necessary in addition to the
characteristics associated with public health
systems such as the provision of equipment and
professionals. Women’s health should include
physical, mental and emotional well-being.
Actions to reduce poverty, improve life satis-
faction, and promote healthy lifestyle habits. In
addition, it is imperative to continue research
on access to mammography and social determi-
nants of womenss health.
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