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Abstract
This study aims to assess the non-additivity effects of gender, race, and schooling on ideal cardiovascular health among participants of the Brazilian Longitudinal Study of Adult Health – ELSA-Brasil. This is a cross-sectional
study using data from the baseline of ELSA-Brasil, conducted from 2008 to
2010. The American Heart Association defined a score of ideal cardiovascular health (ICH) as the sum of indicators for the presence of seven favorable
health factors and behaviors: non-smoking, ideal body mass index, physical
activity and healthy diet, adequate levels of total cholesterol, normal blood
pressure, and absence of diabetes mellitus. Multiplicative and additive interactions between gender, race, and schooling were assessed using the Poisson
regression model to discuss intersectionality. The mean cardiovascular health
score was 2.49 (SD = 1.31). This study showed a positive interaction between
gender and schooling (women with high school and higher education) in both
additive and multiplicative scales for the score of ideal cardiovascular health.
We observed a trend towards higher mean values of cardiovascular health for
increased schooling, with a marked difference among women. The lowest cardiovascular health scores observed reinforce the importance of understanding
the psychosocial experiences that influence health attitudes, access to health
care, and healthy lifestyle choices, which affect ICH, to reduce inequities in
health and propose more adequate public policies that assist and prevent cardiovascular diseases.
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Introduction
The main causes of mortality among adults worldwide and in all Brazilian regions are cardiovascular
diseases (CVDs) 1,2. In 2010, the American Heart Association (AHA) defined a strategy to reduce the
number of deaths from CVDs and promote health prevention entitled “ideal cardiovascular health”
(ICH). This indicator goes beyond determining the absence of CVDs and identifies seven positive
attributes of health factors or behaviors: diet, physical exercise, body mass index (BMI), smoking,
blood pressure, fasting blood glucose, and cholesterol levels 3.
ICH is defined by the sum of the seven positive health indicators, which are well-known in the
literature. The ICH has been applied in several countries, particularly those with low prevalence of the
combined seven ICH attributes 4,5. Using data from the latest Brazilian National Health Survey (PNS),
a study found that only 0.34% of Brazilian adults had ideal levels of cardiovascular health in a sample
with participants from different regions of Brazil 6. Nevertheless, 7.8% of participants in the Brazilian
Longitudinal Study of Adult Health (ELSA-Brasil), conducted among workers of Brazilian public universities and research institutions from six cities, had five or more ideal cardiovascular health metrics 7.
Older men self-reported as black tend to have less ideal metrics 8. Most studies focus on morbidity
and risk factors separately 9. The discussion about risk factors for CVDs is lacking since these factors
are interrelated, do not seem to have unidirectional associations, and are related to health inequalities.
Therefore, considering their co-occurrence (e.g., given by their joint presence) and describing their
relationships with the social, cultural, and economic processes which affect them is essential 10,11.
Many health and disease studies that assess the heterogeneities of effects and causes of health inequalities use an intersectional approach to address the non-additive effects of sex/gender and race/ethnicity, to assess different intersections of identity, social position, processes of oppression or privilege,
and policies or institutional practices, and to contribute to populational health research by improving
validity to heterogeneous population effects and causal processes 12. Cardiovascular health assessment should thus consider both theoretical and methodological aspects as a proxy of intersectionality.
Most studies on cardiovascular health do not address intersectionality. When they do, the discussion is based on the hierarchy of major axes of social differentiation 6,7,9. Research has been increasingly using the intersectional approach in their designs and/or analytical methods, including qualitative studies 13 and quantitative studies using probabilistic measures of association 14, regression
models with stratification or interactions using cross-coded categories of the intersectional factors 15,
or multilevel models 16.
Methodological challenges often limit the use of the intersectional approach in health studies;
however, in regression models, using interaction terms could capture how discrimination relates to
health and help reduce health disparities 17. Research on cardiovascular diseases usually focuses on
the disease’s risk factors (main effects only), which might cause an exaggerated simplification and
neglect differences within and between groups on etiology, trajectory, search for, and access to healthcare 18. To our knowledge, although CVD is still a major public health problem, with the highest mortality rate in Brazil and worldwide 2, only one study of CVD approached intersectionality 19. Bey and
collaborators assessed race and gender differences in experiences of racial and gender discrimination
in cardiovascular health, showing that white men were most susceptible to the negative effects of multiple forms of perceived discrimination in ICH 19. The intersectional approach should be recognized
as a valuable resource to rethink existing methods, research models, practices, and health policies 11.
Including intersectionality in health analyses involves methodological challenges, leading to a new
perspective to understand health inequalities, the complexity of human life within a society, and the
struggle for fairer public policies. This study thus aims to assess the non-additivity effects of gender,
race, and schooling on ideal cardiovascular health score among ELSA-Brasil participants at baseline.
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Methodology
This is a cross-sectional study performed with the baseline data of ELSA-Brasil, conducted from 2008
to 2010. ELSA-Brasil is a multicenter study including 15,105 active and retired workers, aged from
35 to 74 years , of both sexes, from six public universities and research institutions [located in São
Paulo, Belo Horizonte (Minas Gerais State), Porto Alegre (Rio Grande do Sul State), Salvador (Bahia
State), Rio de Janeiro, and Vitória (Espírito Santo State)]. The study was submitted to and approved
by the Brazilian National Ethics Research Committee and all ethics committees of the six institutions
involved (Federal University of Bahia – UFBA; Federal University of Espírito Santo – UFES; Federal
University of Minas Gerais – UFMG; Oswaldo Cruz Foundation – Fiocruz; Federal University of Rio
Grande do Sul – UFRGS; University Hospital of the São Paulo University – USP). More details are
described in Aquino et al. 20 and Schmidt et al. 21.
Our exclusion criteria were participants who reported stroke (n = 197), myocardial infarction
(n = 248), prior cardiac (n = 130) surgery, prior bariatric surgery (n = 103), and participants who selfreported as Asian (n = 356) or Indigenous (n = 145). To clarify, the first three exclusion criteria were
considered because of the definition of ICH (which prevents the occurrence of CVDs), the fourth
because of possible interference in the diet metrics, and the last two due to the low prevalence of these
populations in ELSA-Brasil. This study sample included 13,926 participants.
Variables
To define the ideal cardiovascular health score, the AHA 3 considered the simultaneous presence of
four favorable health behaviors (non-smoking, ideal BMI, physical activity, and healthy diet) and four
favorable health factors (non-smoking, adequate levels of total cholesterol, normal blood pressure,
and absence of diabetes mellitus). and the absence of CVD (including coronary heart disease, stroke,
and heart failure, among others). Considering the importance of smoking abstinence and cessation to promote health, the AHA included non-smoking in the list of both health factors and health
behaviors. The AHA’s committee thus indicated seven different behaviors and health factors which
define ideal cardiovascular health indicators besides the absence of CVD. The response variable (ICH
score) in this study is defined by the sum of the presence indicator (yes = 1/no = 0) of the seven ideal
behaviors and health factors, resulting in a score from 0 to 7 where the higher the score, the better
the cardiovascular health.
The ideal criteria for each metric are defined as follows. The Food Frequency Questionnaire 22 was
used to assess the five components of the diet of ELSA-Brasil participants. The AHA criteria 23 of the
ideal diet considered the consumption of four or five items of a healthy diet: ≥ 4 servings of fruit and
vegetables per day, ≥ 7oz of fish per week (preferably oily fish), ≥ 2 servings of high-fiber whole grains
per day, ≤ 450Kcal of sugar-sweetened beverages per week, and < 1,500mg of sodium per day. Sodium
intake was corrected for total energy intake.
Ideal physical activity was assessed using the leisure and transportation domains of the International Physical Activity Questionnaire (IPAQ) 24. According to AHA criteria, ideal physical activity (active
individuals) is defined by ≥ 150minutes/week of moderate-intensity activity or ≥ 75minutes/week of
vigorous-intensity activity or the two combined 25.
Smoking abstinence was considered as when individuals reported “never smoking” or quitting
smoking at least two years before the age they were at the study evaluation. BMI was calculated by
dividing weight by height squared, where BMI< 25kg/m² was defined as ideal. Anthropometric measurements in ELSA-Brasil were assessed using standard techniques 26. Blood pressure was measured
after a five-minute rest, with the participant sitting in a quiet room whose temperature was controlled
with a validated device. Blood samples were collected for fasting glucose and total cholesterol 27.
The criteria for ideal BMI, blood pressure (< 120/< 80mmHg), fasting plasma glucose (< 100mg/
dL), and total cholesterol (< 200mg/dL) were equal to those proposed by the AHA 3. The last three
metrics were classified as ideal only when there is no reported use of antihypertensive, hypoglycemic,
and lipid-lowering drugs, respectively, according to the Anatomical Therapeutic Chemical Classification code 28.

Cad. Saúde Pública 2022; 38(8):e00266221

3

4

Freitas RS et al.

Cardiovascular health was assessed according to gender (men and women), self-reported race
(black, brown and white), and self-reported schooling level (incomplete middle school, middle school,
high school and college or above).
Statistical analysis
Descriptive data analysis was conducted to assess the distribution of the participants according to
their characteristics of interest. The behavior of the cardiovascular health score was described using
histograms and boxplots. The normality of ICH distribution was tested using the Shapiro-Wilk test.
Multiplicative and additive interaction analyses 12,29,30,31,32 were explored to incorporate an intersectionality perspective in the ICH assessment 19, considering gender, race, and schooling level.
The ICH is asymmetric, measured on a discrete scale (ranging from 0 to 7), and underdispersed.
Poisson and quasi-Poisson regression models 33,34 were therefore fit for ICH and compared using
Akaike information criterion (AIC), Bayesian information criterion (BIC), and likelihood ratio tests
when possible. To select the final model for assessment of the multiplicative interaction, the complete
model (with all two-way and three-way interactions of gender, race, and schooling) was compared to
smaller models, removing the interactions one by one and using the likelihood-ratio test. All models
were adjusted by age. Using the estimates from the final model, the mean (predicted) ICH values were
calculated for all combinations of gender, race, and schooling, with corresponding 95% confidence
intervals (95%CI). Estimates of relative risk (RR and 95%CI) for the effects of intersectionality on ICH
were also determined 35,36. The predictions considered the mean age of 51.7 years.
The measures estimated to describe the additive interaction were “relative excess risk due to
interaction” (RERI), attributable proportion to interaction (AP), and synergy index (SI) 37,38. These
measures are defined below considering notation for the analysis of two binary variables (coded as 0
or 1). Assuming that an individual is only exposed to one risk factor (RR10 or RR01, separately) or is
doubly exposed to these factors (RR11), we have:
RERI = RR11 - RR10 - RR01 + 1
AP = (RR11 - RR10 - RR01 + 1)/(RR11)
SI = (RR11 - 1)/[(RR10 - 1) + (RR01 - 1)]
RR denotes the relative risk and the indexes inform the corresponding category of each binary
variable.
SI assesses the RR from both exposures in relation to the RR from each of the exposures separately 37.
In turn, AP measures the proportion of risk from interaction in the subset of individuals who are
exposed to both factors, creating a derivative measure of the excess relative risk due to interaction, so
that AP > 0 if and only if RERI > 0. As a measure for public health, the RERI is relevant in the direction but not in the magnitude of the interaction 37,38. RERI > 0 and SI > 1 indicate a positive additive
interaction. This approach is limited since it cannot assess three-way or higher-order interactions nor
include multiple two-way interactions 37,39,40. The discussion of additive interaction in our study is
thus limited to three two-way interaction models: gender-race, gender-schooling, or race-schooling.
The estimates were compared by adopting additive and multiplicative scales using the two-way
interaction Poisson model. The mean ICH was estimated for each exposure category and the RRs
were estimated in relation to the reference category (black man for the gender-race two-way interactions and man with incomplete middle school for the gender-schooling two-way interactions)
using Poisson regression with robust variance. The mean observed ICH was compared with the ICH
expected in the absence of interaction (AI) in the additive and multiplicative scales 41,42, which can be
defined, respectively, by:
Expected value multiplicative scale = mean ICH for the reference category * RR01 * RR10
Expected value additive scale = mean ICH for the reference category * (RR01 + RR10 - 1)
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The expected ratio in the AI was also estimated for multiplicative and additive scales 41,42, being
defined as:
Ratiomultiplicative scale = RR11/(RR01 * RR10)
Ratioadditive scale = RR11/(RR01 + RR10 - 1)
Ratios greater than 1 indicate positive interaction in both scales, implying a higher proportion
of cases than expected. The literature has reported other measures to describe multiplicative and
additive interactions, such as the proportions attributable to each of the factors separately and to the
two-way interaction 42, defined as:
(RR01 - 1)/(RR11 - 1)
(RR10 - 1)/(RR11 - 1)
RERI/(RR11 - 1)
A 5% significance level was adopted for all analyses. Data management and analysis was performed using the Stata version 14 software (http://www.stata.com).

Results
This study population included 13,926 workers, of whom 54.5% were female, 54.2% self-reported as
white and 16.7% as black, 52.9% had a college degree or above, 32.5% reported being diagnosed with
hypertension and 8.0% reported diabetes, 68.3% reported having health insurance plan, and 81.3%
self-reported as having good health. Participants’ mean age was 51.7 years (standard deviation –
SD = 9.0 years). Only 0.04% had an ideal cardiovascular health score (7 points; n = 6) whereas 1.26%
scored 6 points (n = 170).
The mean ICH score was 2.49 (SD = 1.31). Among the criteria for the ideal metric, non-smoking
was the most prevalent (82%) whereas healthy diet was the less prevalent (1.3%). Men had higher
prevalence of non-ideal blood pressure (77.6% vs. 49.4%) and non-ideal fasting plasma glucose (78.8%
vs. 60.9%) than women. Individuals who self-reported as white had higher schooling level than brown
and black participants, regardless of gender. Men also had the highest proportion of individuals with
incomplete middle school (8.20% men vs. 5.27% women) (data not shown).
The analyses including additive interactions between gender, race, and schooling on ICH score
reveal positive interactions, with RERI > 0 and synergy index > 1. Some synergy indices were not
presented since they are difficult to interpret when one or both exposures have RR < 1 42. Statistically significant interaction terms in the Poisson model were white women (race-gender interaction),
women with high school degree and women with college degree (gender-schooling interaction), and
white with college degree (race-schooling interaction) (Table 1). The highest AP was between gender
and schooling (women with college degree or above – 17%) and between race and schooling (white
with college degree or above – 11%). For women with college education, the mean observed ICH
considering the additive interaction was about 2.8 times higher than the expected value in AI (Table 1).
These results indicate that the mean observed ICH values are higher than expected in both additive
and multiplicative scales in all two-way interaction models.
The Poisson and quasi-Poisson models were compared to assess under/overdispersion including
multiplicative interactions. As expected, the estimates of the parameters were equal, but the standard
errors using the quasi-Poisson technique were slightly lower because of the underdispersion in these
data (Table 2). Nevertheless, no significant differences were found in the conclusions between these
models. To compare models using the likelihood ratio test, further analyses were conducted using
the Poisson model. The Poisson model selected as best included interaction terms between genderrace and gender-schooling, but not the three-way interaction term or the two-way interaction raceschooling (Table 2).
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Table 1
Additive interaction measures using the Poisson model for ideal cardiovascular health (ICH) score. ELSA-Brasil, 2008-2010.
Interaction

RERI *

AP

SI

Brown/Woman

0.03 (-0.03; 0.09)

0.03 (-0.02; 0.07)

1.19 (0.82; 1.72)

White/Woman

0.10 (0.04; 0.15)

0.07 (0.03; 0.11)

1.41 (1.09; 1.83)

Woman/Middle school

0.10 (-0.01; 0.21)

0.09 (-0.01; 0.20)

-

Woman/High school

0.15 (0.06; 0.24)

0.13 (0.05; 0.21)

-

Woman/College or above

0.24 (0.16; 0.32)

0.17 (0.11; 0.24)

2.77 (1.22; 6.29)

Brown/Middle school

0.03 (-0.11; 0.16)

0.03 (-0.11; 0.16)

2.12 (0.00; 1763.01)

Brown/High school

0.05 (-0.06; 0.16)

0.05 (-0.06; 0.15)

2.14 (0.08; 60.38)

Brown/College or above

0.09 (-0.02; 0.20)

0.07 (-0.02; 0.17)

1.54 (0.67; 3.52)

White/Middle school

0.04 (-0.11; 0.19)

0.04 (-0.10; 0.17)

2.19 (0.01; 465.38)

White/High school

0.07 (-0.05; 0.19)

0.06 (-0.05; 0.17)

2.12 (0.17; 26.23)

White/College or above

0.15 (0.03; 0.27)

0.11 (0.02; 0.21)

1.78 (0.80; 3.97)

Gender-Race

Gender-Schooling

Race-Schooling

AP: attributable proportion to interaction; RERI: relative excess risk due to interaction; SI: synergy index.
Note: bold – statistically significant results.
* Reference categories: men, black, and with incomplete middle school.

Table 2
Estimates for the assessment of multiplicative two-way interaction using the Poisson model for cardiovascular health
metrics. ELSA-Brasil, 2008-2010.
Characteristic

Final model
Estimate
(β)

SE
Poisson

Quasi-Poisson

0.061

0.048

Gender
Men
Women

Reference
-0.065

Race
Black

Reference

Brown

0.047

0.028

0.022

White

0.070

0.027

0.021

Schooling level
Incomplete middle school

Reference

Complete middle school

-0.022

0.046

0.036

Complete high school

0.021

0.037

0.028

College or above

0.146

0.036

0.028

Brown/Woman

0.009

0.036

0.028

White/Woman

0.051

0.034

0.026

Woman/Middle school

0.097

0.074

0.058

Woman/High school

0.140

0.060

0.046

Woman/College or above

0.180

0.059

0.046

Two-way interactions
Gender-Race

Gender-Schooling level

SE: standard error.
Note: adjusted by age. Bold – statistically significant results (p < 0.05).
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The influence of schooling on the ICH is clearly described regarding its predicted means (additive interaction approach) and RR (multiplicative interaction approach). The mean ICH increases
with higher schooling, being relatively higher for women. Schooling influences cardiovascular scores
in women, especially white women (see predicted ICH using multiplicative interaction approach)
(Figures 1 and 2).

Figure 1
Mean cardiovascular health values according to sex, race, and schooling using the Poisson model. ELSA-Brasil, 2008-2010.

95%CI: 95% confidence interval; ICH: ideal cardiovascular health.
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Figure 2
Relative risk (RR) of ideal cardiovascular health score estimated by the final Poisson model. ELSA-Brasil, 2008-2010.
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Considering the expected ratio in the AI regarding RR and RERI, respectively, estimated for multiplicative and additive scales using the Poisson model, ratios greater than 1 indicate positive interaction between gender-race and gender-schooling in both scales. The ratios for white women were 1.7
for the additive scales and 1.6 for multiplicative scales; for women with college education or above,
their corresponding ratios were 1.22 and 1.23.
The average observed ICH scores were higher than expected in the AI corroborating the positive
interaction. For instance, the mean ICH for white women was 2.8, whereas its expected scores (in AI)
were 2.7 and 2.6, respectively, in the multiplicative and additive scales (Figure 3). The proportions
attributable to the interaction between gender and race in cardiovascular health scores for white
women (compared to black men) were 29% for being a woman, 41% for being white, and 29% for the
interaction term white-woman. On the other hand, the proportion of the effect of interaction on ICH
was 16% for brown women.
We found that in the model including the two-interaction term gender-schooling, the mean
observed ICH for women with college education or above was 2.3, whereas its expected scores (in the
AI) were around 2.2 for both scales (Figure 3). Moreover, the proportion of the effect on ICH due to
both exposure categories for this two-way interaction term (women and college/further education) is
63% in relation to the reference level (men with up to incomplete middle school).

Discussion
This study identified a statistically significant additive and multiplicative interaction effect between
gender and schooling when modeling ICH score for a group of Brazilian workers. We analyzed the
predicted scores and RRs using the Poisson model with two-way interactions terms in the multiplicative scale, finding that cardiovascular health scores increased with higher schooling levels. Moreover,
these differences were mostly prevalent among women. In both scales, the observed ICH scores were
higher than those expected in the AI, indicating positive interaction between gender and schooling.
The difference between the proportion attributable to the interaction between men with incomplete
middle school and women with college education or above is 63%. Furthermore, we found that the
two-way interaction terms for the effects of gender-race and race-schooling were statistically significant via the additive scale.
Our results show that assessing the great axes of social differentiation in isolation – such as gender, color/race, and income and education – as proxies of social class is insufficient to understand
and describe their relationships, the process of their mutual construction, and the inequality between
them 11. In turn, analyses with an intersectional approach refute the enclosing and hierarchization of
these axes, considering the simultaneous interactions between the different aspects of social categories and the impact of systems and processes of oppression and domination to determine health in
population groups and geographical contexts 43.
Although the statistical method most appropriate to incorporate intersectionality into quantitative analysis is still undefined, many proposals can achieve correspondence between the statistical
theory and the intersectional research framework. In the article by Crenshaw 44, who coined the term
intersectionality, the author particularly referred to the “interaction between race and gender”. Crossproduct terms (interactions) can thus be included in a model to assess intersectionality, producing
estimates with potentially different interpretations and implications 45. One possible limitation of
using regression models with interaction terms is the assessed effect only among the most disadvantaged individuals, such as black women, whereas those who are privileged (e.g., white men) or mixtures of privilege and disadvantage (e.g., white women and black men) have no observed interaction
effect, reinforcing the social primacy of the privileged 16. Our research, however, evaluated different
intersectional groups.
Using additive interaction combined with the main effects is more consistent with the biological/
social causes and more relevant to promote population health and prevent diseases 12,46. Our study
showed a ratio 2.8 times higher between the observed and expected excess risk for women with
college education and above if the results were simply a function that adds the excess risks for each

Cad. Saúde Pública 2022; 38(8):e00266221

9

10

Freitas RS et al.

Figure 3
Observed mean and expected ideal cardiovascular health (ICH) scores using the additive and multiplicative scales to assess the interaction between sex
and race and between sex and schooling in the final Poisson model. ELSA-Brasil, 2008-2010.
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variable separately (gender and schooling). Multiplicative scale analyses require additional effort for
result interpretation, such as estimating mean values and RRs, as described in the previous section.
Differently from most studies on cardiovascular diseases, our study focused on the ICH of the
population, who has a low prevalence of ideal metrics. In our study, only 0.04% and 1.26% of the
participants had, respectively, the seven and six ideal metrics. Countries such as Switzerland or Finland 47,48 have ideal ICH metrics above 25%, showing the importance of an intersectionality analysis
in a developing country to understand health inequities in ICH.
We also found that schooling level influenced the mean scores and RR of ICH mostly among
women, corroborating other studies. An analysis with data from a Chinese province identified a positive association between ICH and schooling for women but not for men, showing that women with
college education and income pay more attention to a healthy diet, weight reduction, and physical
activity 9. Another study also identified an inverse association between the behavioral factors of ICH
and material deprivation, mostly among women 5. Furthermore, the study found that although men
had a higher risk of ischemic heart disease, the risk significantly increased among women. Though
these results are similar to ours, they do not explicitly contrast all groups with each other and therefore do not clarify the differences between combinations of gender, race, and schooling. We found
that women with low income had a 2.2 times greater cardiovascular risk than women with high
income, while this risk was 69% higher in men. Combined patterns of domination and subordination
thus seem to contribute to the unequal distribution of cardiovascular disease in the population 49.
Several other studies indicate that women are more vulnerable to the effects of risk factors and to
a low socioeconomic status, which partly explains the greater health inequality that can contribute to
the persistence of cardiovascular diseases. Women usually have higher workload than men (unpaid
work at home, besides their regular job) as well as greater job insecurity, lower wages, fewer leadership positions, and more work in secondary jobs, or lower access to quality health care 30,50. Significant associations between work-family conflicts and ideal ICH were identified using ELSA-Brasil
data, with ICH scores significantly lower for women considering the health behaviors with frequent
interference in family-based work, frequent family interference based on work, and a frequent lack
of time for personal care and leisure 51.
Using the multiplicative interaction approach, a study found that poor black people with incomplete high school 32 and poor black women in Canada 50 had a higher probability of hypertension than
wealthier, university-educated, and white Canadians. In a study with adults living in New York city,
United States, non-Latino black women had significantly higher risk of being overweight or obese,
hypertensive, and diabetic and of having higher total cholesterol 31. Our study corroborates these
relationships considering the two-way interaction models using both additive and multiplicative
scales. Each factor – particularly being a woman, being black, and having low schooling levels – presents unique psychosocial experiences that influence attitudes toward health, access to health care, and
healthy lifestyle choices, which affect ICH. This emphasizes that being a black woman is more than
just the sum of being a woman and being black. Intersectionality diverges from the prevailing point
of view that women are a homogeneous category sharing the same life experiences 31.
Although these racial inequalities are still often theorized considering biological components
alone, social aspects such as racism, family structure, diet, or even poverty can contribute to the debate
12,46,52. We must seek to understand how processes of oppression affect health and how privileges and
social inclusion can facilitate and protect health, recognizing that we cannot simply add up the factors – which are shaped by processes that produce different experiences for those who are at different
intersections 12,46,53.
In practice, changing factors at the macro or intermediate levels, which allow or limit choices and
behaviors, is more plausible than conducting interventions focused on the individual level 49. Characteristics that are difficult to modify, such as gender and race, must be considered since they may lead
to specific prevention strategies. Moreover, including modifiable social categories, such as schooling,
in the intersectional approach is essential so that the analysis does not remain fundamentally descriptive, regardless of the simplicity or complexity of the methods and interpretation 46.
Racism, sexism, and classicism form interconnected systems of oppression that shape individuals’
experiences with their multidimensional social categories so that population groups cannot be treated
as homogeneous. They operate in an integrated way, producing health inequalities that structure
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the relative positions that individuals occupy in society. These positions are shaped by interactions
between various locations and levels of power, including institutions such as families, governments,
laws, policies, and broader processes of globalization and neoliberalism 18,54,55.
Very general population-level prevention strategies should be questioned when intersectional
studies indicate large heterogeneities 49 since each subgroup has specific needs, and cultural and
social values could influence education and treatment. Interventions should thus be directed at the
individual and political level, determining broader programmatic changes to provide health services
to communities. These health policies can also be integrated with other sectors, such as finance and
education, to reform social and environmental structures for equity in health and well-being 56.

Limitations and strengths
A methodological limitation of this study is that interactions using the additive scale can only be analyzed in two-way interaction models. Moreover, we used the term gender because of the discussion
involving intersectionality, but our evaluation was limited to sex. Although sex/gender is the only
intersectoral variable considered in all studies, most studies still use sex to assess intersectionality
and in this study the variable was operated exclusively as binary 45. Furthermore, gender is usually
combined with race, but rarely with schooling level, income, or other variables.
Although our analyzes were conducted using Poisson models, which facilitate comparability
with other studies, the truncated Poisson model could be more appropriate to incorporate the actual
structure of the response variable, which is defined by counting the number of positive items, ranging
from 0 to 7 57,58. In our study, the data would be truncated to the right, from the value not included in
this scale (value 8). We compared the estimates using several Poisson and Poisson truncated models
for data analysis and the results were quite similar. However, since our final model did not converge
using the truncated Poisson model, we presented the results from Poisson models only.
One strength of our analyses was encompassing intersectionality and including schooling as a
proxy for socioeconomic position. Furthermore, interactions were analyzed using both the additive
and multiplicative scales. Intersectionality is a theoretical concept which still presents methodological and statistical difficulties and limitations to epidemiology for a wider approach. Public health
researchers, however, do not have to wait for these challenges to be solved to incorporate the concept
of intersectionality into their theoretical frameworks, projects, analyses, and interpretations.

Cad. Saúde Pública 2022; 38(8):e00266221

NON-ADDITIVITY EFFECTS IN IDEAL CARDIOVASCULAR HEALTH AT ELSA-BRASIL

Contributors

References

R. S. Freitas contributed to the study conceptualization, data curation and analysis, methodology,
writing, and review. I. S. Santos, S. M. A. Matos and
E. M. L. Aquino contributed to the study conceptualization, writing, and review. L. D. A. F. Amorim
contributed to the writing of the study, data analysis, methodology, and review.

1.

Additional informations
ORCID: Roberta Souza Freitas (0000-0001-98693877); Itamar de Souza Santos (0000-0003-32128466); Sheila Maria Alvim de Matos (0000-00032080-9213); Estela Maria Leão de Aquino (00000002-8204-1249); Leila Denise Alves Ferreira
Amorim (0000-0002-1112-2332)

Acknowledgments
The authors would like to thank the participants
of ELSA-Brasil who agreed to collaborate in this
study. They also thank the research team of the
ELSA-Brasil study for their contribution and the
organizations that funded the research, including
the Brazilian Ministry of Health, the Ministry of
Science and Technology, the Coordination for the
Improvement of Higher Education Personnel, and
the Brazilian National Research Council.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Ministério da Saúde. Indicadores e dados básicos – Brasil – 2010 IDB-2010: indicadores de
mortalidade. http://tabnet.datasus.gov.br/cgi/
idb2010/matriz.htm#mort%20 (accessed on
02/Dec/2015).
World Health Organization. World health statistics 2019: monitoring health for the SDGs,
Sustainable Development Goals. Geneva:
World Health Organization; 2019.
Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van Horn L, et al. Defining
and setting national goals for cardiovascular
health promotion and disease reduction: the
American Heart Association’s strategic Impact
Goal through 2020 and beyond. Circulation
2010; 121:586-613.
Benziger CP, Zavala-Loayza JA, Bernabe-Ortiz
A, Gilman RH, Checkley W, Smeeth L, et al.
Low prevalence of ideal cardiovascular health
in Peru. Heart 2018; 104:1251-6.
Empana JP, Perier MC, Singh-Manoux A, Gaye
B, Thomas F, Prugger C, et al. Cross-sectional
analysis of deprivation and ideal cardiovascular health in the Paris Prospective Study 3.
Heart 2016; 102:1890-7.
Velasquez-Melendez G, Felisbino-Mendes MS,
Matozinhos FP, Claro R, Gomes CS, Malta
DC. Ideal cardiovascular health prevalence in
the Brazilian population – National Health
Survey (2013). Rev Bras Epidemiol 2015; 18
Suppl 2:97-108.
Machado LBM, Silva BLS, Garcia AP, Oliveira
RAM, Barreto SM, Fonseca MJM, et al. Ideal
cardiovascular health score at the ELSA-Brasil
baseline and its association with sociodemographic characteristics. Int J Cardiol 2018;
254:333-7.
Roger VL, Go AS, Lloyd-Jones DM, Benjamin
EJ, Berry JD, Borden WB, et al. Heart disease
and stroke statistics--2012 update: a report
from the American Heart Association. Circulation 2012; 125:e2-e220.
Ren J, Guo XL, Lu ZL, Zhang JY, Tang JL,
Chen X, et al. Ideal cardiovascular health status
and its association with socioeconomic factors
in Chinese adults in Shandong, China. BMC
Public Health 2016; 16:942.
Hirata H. Gênero, classe e raça: interseccionalidade e consubstancialidade das relações sociais. Tempo Social 2014; 26:61-73.
Hankivsky O. Women’s health, men’s health,
and gender and health: implications of intersectionality. Soc Sci Med 2012; 74:1712-20.
Bauer GR. Incorporating intersectionality theory into population health research methodology: challenges and the potential to advance
health equity. Soc Sci Med 2014; 110:10-7.
Logie CH, James L, Tharao W, Loutfy MR. HIV,
gender, race, sexual orientation, and sex work:
a qualitative study of intersectional stigma experienced by HIV-positive women in Ontario,
Canada. PLoS Med 2011; 8:e1001124.

Cad. Saúde Pública 2022; 38(8):e00266221

13

14

Freitas RS et al.

14. Merlo J, Mulinari S, Wemrell M, Subramanian
S, Hedblad B. The tyranny of the averages and
the indiscriminate use of risk factors in public
health: the case of coronary heart disease. SSM
Popul Health 2017; 3:684-98.
15. Jackson JW, Williams DR, VanderWeele TJ.
Disparities at the intersection of marginalized
groups. Soc Psychiatry Psychiatr Epidemiol
2016; 51:1349-59.
16. Evans CR, Williams DR, Onnela JP, Subramanian SV. A multilevel approach to modeling health
inequalities at the intersection of multiple social identities. Soc Sci Med 2018; 203:64-73.
17. Richman LS, Zucker AN. Quantifying intersectionality: an important advancement for
health inequality research. Soc Sci Med 2019;
226:246-8.
18. Kapilashrami A, Hankivsky O. Intersectionality and why it matters to global health. Lancet
2018; 391:2589-91.
19. Bey GS, Jesdale B, Forrester S, Person SD, Kiefe
C. Intersectional effects of racial and gender
discrimination on cardiovascular health vary
among black and white women and men in
the CARDIA study. SSM Popul Health 2019;
8:100446.
20. Aquino EML, Barreto SM, Bensenor IM, Carvalho MS, Chor D, Duncan BB, et al. Brazilian
Longitudinal Study of Adult Health (ELSABrasil): objectives and design. Am J Epidemiol
2012; 175:315-24.
21. Schmidt MI, Duncan BB, Mill JG, Lotufo PA,
Chor D, Barreto SM, et al. Cohort profile:
Longitudinal Study of Adult Health (ELSABrasil). Int J Epidemiol 2014; 44:68-75.
22. Molina MCB, Benseñor IM, Cardoso LO,
Velasquez-Melendez G, Drehmer M, Pereira
TSS, et al. Reprodutibilidade e validade relativa do Questionário de Frequência Alimentar do ELSA-Brasil. Cad Saúde Pública 2013;
29:379-89.
23. American Heart Association Nutrition Committee; Lichtenstein AH, Appel LJ, Brands M,
Carnethon M, Daniels S, et al. Diet and lifestyle recommendations revision 2006: a scientific statement from the American Heart Association Nutrition Committee. Circulation
2006; 114:82-96.
24. Matsudo S, Araújo T, Marsudo V, Andrade D,
Andrade E, Oliveira LC, et al. Questinário Internacional de Atividade Física (IPAQ): estudo
de validade e reprodutibilidade no Brasil. Rev
Bras Ativ Fís Saúde 2001; 6:5-18.
25. Haskell WL, Lee IM, Pate RR, Powell KE, Blair
SN, Franklin BA, et al. Physical activity and
public health: updated recommendation for
adults from the American College of Sports
Medicine and the American Heart Association.
Med Sci Sports Exerc 2007; 39:1423-34.
26. Lohman T, Roche A, Martorell R. Anthropometric standardization reference manual. v.
4. Champaign: Human Kinetics Publications;
1992.
27. Mill JG, Pinto K, Griep RH, Goulart A, Foppa
M, Lotufo P, et al. Medical assessments and
measurements in ELSA-Brasil. Rev Saúde
Pública 2013; 47 Suppl 2:54-62.

Cad. Saúde Pública 2022; 38(8):e00266221

28. WHO Collaborating Center for Drug Statistics
and Methodology. ATC/DDD index 2015. Geneva: World Health Organization; 2014.
29. Veenstra G. Race, gender, class, and sexual orientation: intersecting axes of inequality and
self-rated health in Canada. Int J Equity Health
2011; 10:3.
30. Haeberer M, León-Gómez I, Pérez-Gómez B,
Tellez-Plaza M, Rodríguez-Artalejo F, Galán I.
Social inequalities in cardiovascular mortality
in Spain from an intersectional perspective.
Rev Esp Cardiol 2020; 73:282-9.
31. Kanchi R, Perlman SE, Chernov C, Wu W, Tabaei BP, Trinh-Shevrin C, et al. Gender and
race disparities in cardiovascular disease risk
factors among New York city adults: New
York City Health and Nutrition Examination
Survey (NYC HANES) 2013-2014. J Urban
Health 2018; 95:801-12.
32. Veenstra G. Race, gender, class, sexuality
(RGCS) and hypertension. Soc Sci Med 2013;
89:16-24.
33. Gardner W, Mulvey EP, Shaw EC. Regression
analyses of counts and rates: Poisson, overdispersed Poisson, and negative binomial models.
Psychol Bull 1995; 118:392-404.
34. Hilbe JM. El análisis estadístico de los datos de
recuento. Cultura y Educación 2017; 29:409-60.
35. Leeper TJ. Interpreting regression results using average marginal effects with R’s margins.
https://cran.r-project.org/web/packages/mar
gins/vignettes/TechnicalDetails.pdf (accessed
on Nov/2021).
36. Williams R. Understanding & interpreting
the effects of continuous variables: the MCP
(MarginsContPlot) command. https://www3.
nd.edu/~rwilliam/stats3/Margins03.pdf (accessed on Nov/2021).
37. VanderWeele TJ, Knol MJ. A tutorial on interaction. Epidemiologic Methods 2014; 3:33-72.
38. Zou GY, Zou GY. On the estimation of additive
interaction by use of the four-by-two table and
beyond. Am J Epidemiol 2008; 168:212-24.
39. Andersson T, Alfredsson L, Källberg H,
Zdravkovic S, Ahlbom A. Calculating measures of biological interaction. Eur J Epidemiol
2005; 20:575-9.
40. Richardson DB, Kaufman JS, Richardson D.
Practice of epidemiology estimation of the
relative excess risk due to interaction and associated confidence bounds. Am J Epidemiol
2009; 169:756-60.
41. Pelissari DM, Diaz-Quijano FA. Impact of alcohol disorder and the use of illicit drugs on
tuberculosis treatment outcomes: a retrospective cohort study. Arch Public Health 2018;
76:45.
42. Vanderweele TJ, Tchetgen EJT. Attributing effects to interactions NIH Public Access. Epidemiology 2014; 25:711-22.
43. Hankivsky O, Cormier R. Intersectionality:
moving women’s health research and policy
forward. Washington DC: Women’s Health Research Network; 2009.

NON-ADDITIVITY EFFECTS IN IDEAL CARDIOVASCULAR HEALTH AT ELSA-BRASIL

44. Crenshaw K. Demarginalizing the intersection
of race and sex: a black feminist critique of antidiscrimination doctrine, feminist theory and
antiracist politics. University of Chicago Legal
Forum 1989; 1989:8.
45. Mena E, Bolte G. Intersectionality-based
quantitative health research and sex/gender sensitivity: a scoping review. Int J Equity
Health 2019; 18:199.
46. Bauer GR, Scheim AI. Methods for analytic
intercategorical intersectionality in quantitative research: discrimination as a mediator of health inequalities. Soc Sci Med 2019;
226:236-45.
47. Bergman E, Löyttyniemi E, Rautava P, Veromaa V, Korhonen PE. Ideal cardiovascular health and quality of life among Finnish
municipal employees. Prev Med Rep 2019;
15:100922.
48. Schoenenberger AW, Radovanovic D, Muggli F, Suter PM, Schoenenberger-Berzins R,
Parati G, et al. Prevalence of ideal cardiovascular health in a community-based population – results from the Swiss Longitudinal Cohort Study (SWICOS). Swiss Med Wkly 2021;
151:w30040.
49. Wemrell M, Mulinari S, Merlo J. Intersectionality and risk for ischemic heart disease in
Sweden: categorical and anti-categorical approaches. Soc Sci Med 2017; 177:213-22.
50. Gagné T, Veenstra G. Inequalities in hypertension and diabetes in Canada: intersections
between racial identity, gender, and income.
Ethn Dis 2017; 27:371-8.

51. Rocco PTP, Bensenor IM, Griep RH, Barreto
SM, Moreno AB, Alencar AP, et al. Workfamily conflict and ideal cardiovascular health
score in the ELSA-Brasil baseline assessment.
J Am Heart Assoc 2019; 15:e012701.
52. Matthews KA, Boylan JM, Jakubowski KP,
Cundiff JM, Lee L, Pardini DA, et al. Socioeconomic status and parenting during adolescence in relation to ideal cardiovascular health
in black and white men. Health Psychol 2017;
36:673-81.
53. Bauer GR, Scheim AI. Advancing quantitative intersectionality research methods: Intracategorical and intercategorical approaches
to shared and differential constructs. Soc Sci
Med 2019; 226:260-2.
54. Crenshaw K. Documento para o Encontro de
Especialistas em Aspectos da Discriminação
Racial Relativos ao Gênero. Revista Estudos
Feministas 2002; 10:171-88.
55. Green MA, Evans CR, Subramanian SV. Can
intersectionality theory enrich population
health research? Soc Sci Med 2017; 178:214-6.
56. Barolia R, Clark AM, Higginbottom G. Exploring the impact of gender inequities on the
promotion of cardiovascular health of women
in Pakistan. Nurs Inq 2017; 24:e12148.
57. Xie T, Aickin M. A truncated poisson regression
model with applications to occurrence of adenomatous polyps. Stat Med 1997; 16:1845-57.
58. Hardin JW, Hilbe JM. Regression models for
count data from truncated distributions. Stata
Journal 2015; 15:226-46.

Cad. Saúde Pública 2022; 38(8):e00266221

15

16

Freitas RS et al.

Resumo

Resumen

Este estudo visa avaliar a não-aditividade dos
efeitos de gênero, raça e escolaridade na saúde cardiovascular ideal entre os participantes do
Estudo Longitudinal de Saúde do Adulto –
ELSA-Brasil. Trata-se de um estudo transversal
utilizando dados da linha de base do ELSA-Brasil,
realizado entre 2008-2010. A Associação Americana do Coração definiu a pontuação de saúde
cardiovascular ideal (ICH) como a soma dos indicadores da presença de sete fatores e comportamentos favoráveis à saúde: não fumante, índice de
massa corporal ideal, atividade física e dieta saudável, níveis adequados de colesterol total, pressão
arterial normal e ausência de diabetes mellitus.
Interações multiplicativas e aditivas entre gênero,
raça e escolaridade foram avaliadas usando o modelo de Poisson, como uma abordagem para discutir a interseccionalidade. A pontuação média de
saúde cardiovascular foi de 2,49 (DP = 1,31). Este
estudo encontrou uma interação positiva entre gênero e escolaridade (mulheres com Ensino Médio e
Superior), tanto na escala aditiva quanto na escala
multiplicativa, para a pontuação de saúde cardiovascular ideal. Houve tendência para maiores
valores médios de saúde cardiovascular com o aumento da escolaridade, com diferença acentuada
entre as mulheres. As pontuações mais baixas de
saúde cardiovascular observadas reforçam a importância de compreender-se as experiências psicossociais que influenciam as atitudes em relação
aos serviços de saúde, ao acesso à saúde e às escolhas de estilo de vida saudável, que afetam a ICH,
para reduzir as desigualdades em saúde e propor
políticas públicas mais adequadas como uma estratégia de assistência e prevenção das doenças
cardiovasculares.

Este estudio tiene como objetivo evaluar los efectos no aditivos de género, raza y educación en la
salud cardiovascular ideal entre los participantes
del Estudio Longitudinal de Salud del Adulto
–ELSA-Brasil. Se trata de un estudio transversal
realizado a partir de datos de línea de base de ELSA-Brasil entre 2008-2010. La Asociación Americana del Corazón definió el puntaje ideal de salud
cardiovascular (ICH) como la suma de indicadores
de la presencia de siete factores y comportamientos
favorables a la salud: no fumador, índice de masa corporal ideal, actividad física y alimentación
saludable, niveles adecuados de colesterol total,
presión arterial normal y ausencia de diabetes
mellitus. Las interacciones multiplicativas y aditivas entre género, raza y educación se evaluaron
utilizando el modelo de Poisson como un enfoque
para discutir la interseccionalidad. La puntuación media de salud cardiovascular fue de 2,49
(DE = 1,31). Este estudio encontró una interacción
positiva entre el género y la educación (mujeres
con educación secundaria y universitaria), tanto
en la escala aditiva como en la escala multiplicativa, para puntajes ideales de salud cardiovascular.
Hubo una tendencia a valores medios más altos de
salud cardiovascular conforme aumenta el nivel
de educación, con una marcada diferencia entre
las mujeres. Los puntajes más bajos de salud cardiovascular refuerzan la importancia de comprender las experiencias psicosociales que influyen en
las actitudes hacia la salud, el acceso a la salud y
la elección de un estilo de vida saludable, que inciden en el ICH, para reducir las desigualdades en
salud y proponer políticas públicas más adecuadas
como estrategia de asistencia y prevención de enfermedades cardiovasculares.
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