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pulse wave velocity (PWV) and carotid intima-media thickness (c-IMT) in the Brazilian context.
Methods: We used data from 13,284 participants from the Brazilian Longitudinal Study of Adult Health
(ELSA-Brasil) baseline with information of PWV and 9850 for c-IMT. Self-reported race/skin color and per-

Keywords: ceived racial discrimination were the exposures. PWV and c-IMT were used continuously and categorizing
Racial discrimination according to cutoff that indicates increased cardiovascular risk. Linear and logistic regression models were
Racial inequalities in health used.

Racism Results: Experience of racial discrimination was reported by 7% of total participants, but this prevalence

Pulse wave velocity

vare o was much higher among Blacks than Browns (PWV sample: 31,9% vs. 6,1%; c-IMT sample: 33,7% vs. 6,8%).
Carotid intima-media thickness

e After adjustments for age, sex, and research center, Blacks and Browns presented higher means of PWV
Arterial Stiffness . . .
Cohort Studies and c¢-IMT and had greater chances of PWV>10 m/s and c-IMT>75th percentile than Whites. The magni-
ELSA-Brasil tude of all these associations were higher among Blacks and Browns with racial discrimination. In final

models adjusted for education this pattern of association remained the same, although an attenuation in
the magnitude of the association has been observed.
Conclusions: Blacks and Browns presented worse profiles of subclinical cardiovascular markers compared
to Whites and those exposed to racial discrimination seem to have an additional cardiovascular risk.

© 2022 Elsevier Inc. All rights reserved.

Introduction

Racial inequalities in cardiovascular diseases (CVD) are pro-

Abbreviations: CVD, cardiovascular diseases; PWV, pulse wave velocity; c-IMT, found, and Blacks have major disadvantages compared to Whites in
carotid intima media thickness; ELSA-Brasil, Brazilian longitudinal study of adult the incidence, progression, and mortality from these causes [1-3].
health; IBGE, instituto brasileiro de geografia e estatistica; CRF, corticotropin- The adverse effects of racial inequality on the cardiovascular Sys-
releasing factor; BMI, body mass index; HPA axis, hypothalamic-pituitary-adrenal
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color individuals may explain, at least in part, this inequality
[10,11]. In fact, the experience of discrimination has been asso-
ciated with high blood pressure [12], cardiovascular risk factors
[10], and incident cardiovascular events [13]. However, the asso-
ciation between racial discrimination and subclinical cardiovas-
cular outcomes [14-16] remains under-examined. This investiga-
tion is relevant because it allows us to verify whether discrim-
ination is involved in the pathophysiology of CVD and not just
as triggers of final outcomes. Although studies carried out us-
ing subclinical cardiovascular outcomes, such as c-IMT and PWV,
are scarce, the few identified ones have shown provocative results
in small samples. Racial discrimination was marginally associated
to c-IMT in African-American women in a cross-sectional study
(OR: 4.02, 95%Cl:0.94-17.14) [14], and it was also associated with
increased arterial stiffness among young adults in a longitudinal
study (8:0.30, 95%Cl: 0.02-0.58) [15]. On the other hand, the as-
sociation between c-IMT and racial discrimination was not found
in cross-sectional study carried out with middle-aged and older
north-American adults [16].

Although Brazil is a society strongly marked by racism [17],
studies investigating the association between racial discrimination
with cardiovascular outcomes are still incipient [18]. Studies car-
ried out in ELSA-Brasil cohort found that individuals self-declared
as Black have higher values of c-IMT when compared to Whites
and Browns [19], and that Blacks and Browns have greater arterial
stiffness when compared to Whites [20]. However, we do not know
whether exposure to racial discrimination can help explain racial
differences in PWV and c-IMT in this population. Therefore, this
study aimed to investigate the combined effect of race/skin color
and racial discrimination on PWV and c-IMT in Brazilian context.

Materials and methods

This study is a cross section analysis that used baseline data
(2008-2010) from the Brazilian Longitudinal Study of Adult Health
(ELSA-Brasil), a multicenter cohort study involving 15,105 active or
retired civil servants from universities or research institutions lo-
cated at six Brazilian capitals (Belo Horizonte, Porto Alegre, Rio de
Janeiro, Salvador, Sao Paulo and Vitdria) aged 35-74 years.

The ELSA-Brasil aims to investigate biological, behavioral, envi-
ronmental, occupational, psychological and social factors related to
incidence and progression of diabetes and cardiovascular disease.
For this reason, a great diversity of data was placed in the baseline,
including detailed interviews and measurements to access social
determinants of health, clinical and subclinical conditions related
to diabetes, cardiovascular diseases and mental health. All the data
were collected by trained and certified interviewers at each of the
six research centers. Ethics committees of all institutions involved
approved the study, and volunteers gave written consent to par-
ticipate. Further details on study design have been described else-
where [21,22].

We excluded from these analysis participants with missing data
on race/skin color (N = 184) and racial discrimination (N = 29),
individuals who reported themselves as Asian descents (N = 373)
or Brazilian indigenous (N = 157), as they were underrepresented
in the ELSA-Brasil cohort. We also excluded Whites who men-
tioned race/skin color as the reason for discrimination (n = 64)
because there is evidence that racial discrimination reported by
Whites captures different experiences in comparison to Blacks and
Browns [23]. The participants who reported a diagnosis of cardio-
vascular disease (acute myocardial infarction, cardiac revasculariza-
tion surgery, heart failure and stroke) were also excluded (n = 686)
to ensure the inclusion of subclinical atherosclerosis and arterial
stiffness cases only. Thus, 13,612 participants were eligible to par-
ticipate in this study.
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From the 13,612, we also excluded participants with non-
validated data of PWV (N = 328) in the analyses involving PWV
as outcome resulting in a total sample of 13,284 participants
for this analysis. In the c-IMT analyses, from the 13,612, we ex-
cluded participants who either did not undergo c-IMT measure-
ments or whose c-IMT image did not achieve the adequate qual-
ity (N = 3762) resulting in a total sample of 9850 participants
for this analysis. Considering that the loss of information for IMT
was substantial, we analyzed the differences of included versus ex-
cluded participants and we did not observe statistically significant
differences with regard to the racial discrimination (7.0% vs. 7.4%,
P = .375) and age (mean: 514 vs. 52.1 years, P = .316). Neverthe-
less, the included participants in the IMT sample presented higher
proportion of Whites (58% vs. 43%, P < .001) and women (56% vs.
52%, P < .001); and lower proportion of Browns (26% vs. 37%, P <
.001), Blacks (15% vs. 19%, P < .001) and participants with univer-
sity degree (52% vs. 55%, P = .048).

Outcome assessment: PWV and c-IMT

PWV was performed with the participants in the supine posi-
tion using a validated automatic device (Complior, Artech Medicale,
Patin, France), as previously described [24]. Blood pressure was
measured on the right arm using an oscillometer device (Omron
HEM 705 CP), with the subject in the supine position. To capture
the pulse waveform a sensor was placed at the carotid and femoral
arteries, and the distance from the suprasternal notch to the right
femoral site, where the pulse was recorded, was measured with
an inextensible tape. For PWV calculation we divided the distance
between recordings by the difference between the time delay of si-
multaneously recorded pulse waves in the carotid and the femoral
arteries, expressed in m/s. The results were recorded as the aver-
age of all measurements obtained in 10 consecutive cardiac cycles
under regular cardiac rhythm. The PWV was considered as a con-
tinuous variable as well as a categorical variable using the cut-off
value of 10 m/s (<10 m/s versus >10 m/s), which is related to in-
creased cardiovascular risk [51].

To measure c-IMT images of the common carotid artery were
acquired within a region free of plaque in the outer wall of a
pre-defined carotid segment of 1 cm in length from 1 cm below
the carotid bifurcation during three cardiac cycles using a device
(Aplio XG (tm), Toshiba) with a 7.5 MHz linear transducer. The
images were collected and recorded at study sites and then sent
to the centralized reading center for analysis using MIA, an auto-
mated computer program [19]. The IMT measurements were sum-
marized in this analysis as the mean of the right and left mean
values (mean-mean).

The IMT was considered as a continuous variable as well as a
categorical variable using the 75th percentile of IMT in the ELSA-
Brasil population as a cut-off value (<75th percentile vs. 75th per-
centile), because values of IMT greater than or equal to 75th per-
centile are considered high and indicative of increased cardiovas-
cular risk [25].

Exposure variable

Our exposure variable was constructed combining the variables
self-declared race/skin color (White, Brown, Black) and racial dis-
crimination (Yes or No), and classified into 5 categories: White
(reference), Brown without report of racial discrimination, Brown
with report of racial discrimination, Black without report of racial
discrimination, Black with report of racial discrimination.

In ELSA-Brasil the classification according to race/skin color was
based on the following question: “The Brazilian Census (IBGE) uses
the terms ‘Black’ (‘Preto’), ‘Brown’ (‘Pardo’), ‘White’ (‘Branco’), ‘Asian
descendent’ and ‘Brazilian indigenous’ to describe people’s color or
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Fig. 1. Directed acyclic graph (DAG) showing the association between race/skin color & racial discrimination with subclinical arterial stiffness and atherosclerosis.

race. If you were to answer the IBGE census today, how would you
declare yourself with regards to color or race?”

Lifetime discrimination was assessed using a modified version
of the Major Experiences of Discrimination [26] also known as the
Lifetime Major Events Scale. This tool captures unfair treatment at
public places, at work, at police stations, at schools or colleges, and
regarding housing rights. Respondents reporting unfair treatment
in any of these domains and attributed race/skin color as the rea-
son for unfair treatment were coded as having experienced racial
discrimination. The reliability of this modified version of the scale
obtained a Kappa coefficient of 0.85 (95% CI 0.72-0.98) in a popu-
lation similar to that of ELSA-Brasil [28].

Covariates

We constructed a directed acyclic graph (DAG) of proposed as-
sociations between the compound measure of racial discrimination
and race/skin color with PWV and c-IMT to guide our selection
of the potential confounders to be included in the model adjust-
ments (Fig. 1). The construction of this DAG was based on the ev-
idences available of the relationship between race/discrimination
and health [11,34]. Following this DAG, to investigate the associa-
tions between the compound measure of racial discrimination and
race/skin color with PWV and c-IMT we must adjust the analyses
for age (continuous, in years) and sex. Moreover, considering that
ELSA-Brasil is a multicenter study involving individuals living in
six cities located in different Brazilian capitals, the research center
(Sdo Paulo, Belo Horizonte, Porto Alegre, Rio de Janeiro, Salvador,
and Vitéria) was also defined as a potential confounding factor,
since varying proportions of self-declared White, Brown and Black
individuals in different sites may impact racial self-classification as
well as perception of racial discrimination [49]. Moreover, the oc-
currence of cardiovascular outcomes varies according country re-
gion [27].

Education (university degree, high school, complete elementary
school, incomplete elementary school) was also considered as con-
founder because there is evidence that education can impacts in
the unfair treatment perception (i.e., individuals with higher edu-
cation would perceive it more often) [30,31]. However, we also are
aware that education is also a mediator in the association race/skin
color and health-related outcomes because race/skin color is a de-
terminant of years and quality of education achieved by individu-
als [29]. Considering this characteristic, we performed the analysis
with and without the adjustment for education in order to better
see the impact of this variable in the associations.

According with the DAG we could not condition our analy-
ses on variables that represent health-related behaviors and/or
chronic diseases (ex. physical activity, excessive alcohol consump-
tion, smoking, obesity, diabetes, hypertension) because all of these
variables are mediators of the associations between the compound
measure of racial discrimination and race/skin color with PWV and
c-IMT.
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Heart rate and mean arterial pressure were also considered as
adjusting variables in the models using PWV as outcome, because
these adjustments are necessary for the comprehension of PWV
due to the dependence of PWV on these two variables [52]. Con-
sidering this characteristic heart rate and mean arterial pressure
were not considered in the DAG. The mean arterial pressure {dias-
tolic blood pressure+ [(systolic blood pressure—diastolic blood pres-
sure)/3]} was calculated using blood pressure levels obtained after
a 5-minute rest, with the subject in the supine position, and using
an oscillometric device (Omron HEM 705 CP) on the subject’s right
arm. The heart rate was assessed with participants sitting up, using
the same oscillometric device. Three recordings were performed,
and the mean of the second and third measurements was used.

Data analysis

Descriptive analyses were conducted to display the characteris-
tics of the study population considering the PWV and c-IMT sam-
ples. The association of the compound measure of racial discrimi-
nation and race/skin color with PWV and c-IMT was investigated
using linear regression models. Logistic regression models were
also used to investigate the association of the compound mea-
sure of racial discrimination and race/skin color with high PWV
and high c-IMT. After obtaining the crude analysis, the age, sex,
research center variables were then added in the models (Model
1). In the models using PWV as outcome, we also included in the
Model 1 the mean arterial pressure and heart rate. Secondly, in
order to better see the impact education in these associations we
included education separately in the Model 2.

The results of the fully adjusted linear regression models of the
analyzes involving PVW and c-IMT as continuous variables were
plotted on a graph showing the predicted adjusted means of PVYW
and c-IMT according to the compound measure of racial discrimi-
nation and race/skin color.

The interaction of the compound measure of racial discrimina-
tion and race/skin color with sex was evaluated by adding a bi-
variate interaction term to fully adjusted regression models, but
evidence of interaction was not found. Analyses were conducted
using Stata 14.0 (Stata Corporation, College Station, United States)
and the level of significance was set at 5%.

Results

Descriptive characteristics of participants in the PWV and c-IMT
samples are presented in Table 1. In both samples, most partici-
pants were female, reported White race/skin color, and presented
university degree. Experience of racial discrimination was reported
by 7% of total participants, but this prevalence was much higher
among Blacks than Browns (PWV sample: 31,9% vs. 6,1%; c-IMT
sample: 33,7% vs. 6,8%).

In the minimally adjusted model (Model 1), Blacks and Browns
presented higher mean of PWV and greater chances of high PWV
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Descriptive characteristics of participants in the pulse wave velocity (PWV) sample and carotid intima-media

thickness (c-IMT) sample

Variables

PWV Sample(N = 13,284)  c-IMT Sample(N = 9850)

Sociodemographic characteristics

Age, mean (SD)
Gender, Female, N (%)
Race/skin color, N (%)
White

Brown

Black

Education, N (%)
University degree
High school

Complete elementary school
Incomplete elementary school
Racial discrimination

Racial discrimination, N (%)
Yes

Compound measure of racial discrimination and race/skin color, N (%)

White

Brown without report of racial discrimination
Brown with report of racial discrimination
Black without report of racial discrimination
Black with report of racial discrimination
Outcomes

Pulse wave velocity (m/s), mean (SD)

High pulse wave velocity (>10 m/s), N (%)
Avg-Avg IMT (mm), mean (SD)

High IMT (=75 percentile), N (%)

Other covariates

Mean arterial pressure, mean (SD)

Heart rate, mean (SD)

51.6 (8.9) 51.4 (8.9)
7268 (54.7) 5507 (55.9)
7206 (54.2) 5732 (58.2)
3876 (29.2) 2597 (26.4)
2202 (16.6) 1521 (15.4)
7030 (52.9) 5135 (52.1)
4680 (35.2) 3515 (35.7)
870 (6.5) 653 (6.6)
704 (5.3) 547 (5.5)
941 (7.1) 690 (7.0)
7206 (54.2) 5732 (58.2)
3638 (27.4) 2420 (24.6)
238 (1.8) 177 (1.8)
1499 (11.3) 1008 (10.2)
703 (5.3) 513 (5.2)
9.3 (1.8) -

3434 (25.8) -

- 0.60 (0.13)
- 2464 (25.0)
91.1 (12.2) 90.6 (12.0)
70.3 (10.2) 70.5 (10.3)

The Brazilian Longitudinal Study of Adult Health-ELSA-Brasil, (2008-2010).
¢-IMT = carotid intima-media thickness; PWV = pulse wave velocity.

Table 2

Associations of racial discrimination with carotid femoral pulse wave velocity (PWV) as continuous variable and with high

PWV (PWV>10 m/s)

PWV!

Crudef (95% CI)*

Model 1 (95% CI)* Model 28 (95% CI)*

Race/skin color - Racial discrimination
White Ref
Brown without racial discrimination
Brown with racial discrimination
Black without racial discrimination
Black with racial discrimination

0.075 (0.003; 0.146)*

0.455 (0.222; 0.687)***
0.418 (0.318; 0.518)***
0.297 (0.157; 0.436)***

Ref Ref

0.085 (0.026; 0.144)** 0.046 (—0.015; 0.108)

0.401 (0.218; 0.583)***  0.365 (0.181; 0.548)***
0.183 (0.101; 0.264)***  0.124 (0.039; 0.209)**

0.251 (0.141; 0.361)***  0.223 (0.112; 0.333)**

High PWV!

Crude OR (95% CI)f

Model 2 OR (95% CI))  Model 3 OR (95% CI)f

Race/skin color - Racial discrimination
White Ref
Brown without racial discrimination
Brown with racial discrimination
Black without racial discrimination
Black with racial discrimination

1.11 (1.01-1.22)*

1.72 (1.31-2.25)***
1.58 (1.40-1.78)***
1.34 (1.13-1.59)**

Ref Ref

1.22 (1.09-1.38)** 1.14 (1.01-1.29)*
2.13 (1.53-2.98)*** 2.01 (1.43-2.81)***
1.37 (1.18-1.60)*** 1.24 (1.05-1.45)*
1.47 (1.19-1.81)*** 1.39 (1.12-1.72)**

The Brazilian Longitudinal Study of Adult Health (2008-2010) (ELSA-Brasil).
Model 1: age, sex, research center, mean arterial pressure and heart rate

Model 2: Model 1+ education.

* Regression coefficients B represent the difference in cf-PWV in m/s. Bold values denote statistical significance at the p
< 0.05 level. One asterisk denote a significance level of 0.05, two asterisks 0.01 and three asterisks 0.001. Cl= confidence

interval.

T OR = odds ratio. Bold values denote statistical significance at the p < 0.05 level. One asterisk denote a significance level
of 0.05, two asterisks 0.01 and three asterisks 0.001. CI= confidence interval.

t PWV = pulse wave velocity.

in comparison to Whites, and such differences were even greater
among those with racial discrimination (Table 2). This pattern of
association remained after adjustment for education, although an
attenuation in the magnitude of the association has been observed
(Table 2 and Fig. 2). This attenuation resulted in the loss of statis-
tical significance of the association of Browns without racial dis-
crimination with higher mean of PWV (Table 2).

Concerning c-IMT, in the minimally adjusted model (Model 1),
Blacks and Browns with racial discrimination showed higher mean
of c-IMT and higher chances of high c-IMT than Whites (Table 3).
Blacks without racial discrimination also presented higher mean
of c-IMT and higher chance of high c-IMT than Whites, but the
magnitude of this association was lower than the observed among
those with racial discrimination. Further adjustment for education

43
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Fig. 2. Adjusted means (95% confidence interval) of pulse wave velocity (A)' and carotid intima-media thickness (B)? according to race/skin color and perceived racial

discrimination. The Brazilian Longitudinal Study of Adult Health (2008-2010).

T Means of pulse wave velocity was adjusted by age, sex and research center, education, systolic blood pressure and heart rate.
2 Means of carotid intima-media thickness was adjusted by age, sex and research center and education.

Table 3

Associations of racial discrimination with carotid intima-media thickness(c-IMT) as continuous variable and with high c-IMT

(> 75th percentile)

c-IMT®)

Crudep (95% CI)\")

Model 1 (95% CI)") Model 2 (95% CI)")

Race/skin color - Racial discrimination

White Ref

Ref Ref

Brown without racial discrimination
Brown with racial discrimination
Black without racial discrimination
Black with racial discrimination

—0.002 (~0.008; 0.004)
0.020 (0.001; 0.040)"

0.028 (0.019; 0.036)***
0.032 (0.020; 0.044)***

0.015 (0.009; 0.020)"**
0.041 (0.024; 0.057)***
0.039 (0.031; 0.046)***
0.051 (0.041; 0.061)***

0.008 (0.003; 0.014)**
0.036 (0.019; 0.052)***
0.029 (0.021; 0.037)***
0.046 (0.036; 0.056)***

High c-IMT®)

Crude OR (95% CI)®®

Model 1 OR (95% CI)?)

Model 2 OR (95% CI)®®)

Race/skin color - Racial discrimination
White

Brown without racial discrimination
Brown with racial discrimination
Black without racial discrimination
Black with racial discrimination

Ref
0.97 (0.87-1.08)
1.24 (0.89-1.73)

1.42 (1.22-1.64)***
1.27 (1.04-1.56)"

Ref

1.36 (1.20-1.55)***
1.91 (1.31-2.78)**
1.99 (1.68-2.35)***
2.00 (1.60-2.50)***

Ref

1.19 (1.04-1.36)"
1.73 (0.19-2.52)**
1.66 (1.39-1.99)***
1.80 (1.43-2.26)***

The Brazilian Longitudinal Study of Adult Health (2008-2010) (ELSA-Brasil).

Model 1: age, sex and research center
Model 2: Model 1+ education.

* Regression coefficients B represent the difference in c-IMT in mm. Bold values denote statistical significance at the p
< 0.05 level. One asterisk denote a significance level of 0.05, two asterisks 0.01 and three asterisks 0.001. Cl= confidence

interval.

T OR = odds ratio. Bold values denote statistical significance at the p < 0.05 level. One asterisk denote a significance level
of 0.05, two asterisks 0.01 and three asterisks 0.001. CI= confidence interval.

¥ c-IMT = carotid intima-media thickness.

attenuated these associations, but the pattern remained the same
for c-IMT (Table 3 and Fig. 2).

Discussion

In a large multiracial cohort of Brazilian civil servants, we found
that Blacks and Browns presented higher means of PWV and c-IMT
than Whites, especially those with racial discrimination. Compared
to Whites, we also observed that Blacks and Browns, particularly
those with racial discrimination, presented high PWV and c-IMT
using cut-offs, indicating impaired vascular health, even after con-
sidering the effects of age, sex, research center and education.

We presented results of great public health relevance, as it
demonstrated a significant association between racial discrimina-
tion, PWV and c-IMT using cutoff points that are considered at risk
for cardiovascular disease, in addition to the association with these
markers continuously. Unfortunately, few studies evaluated the re-
lationship between subclinical markers of cardiovascular disease

44

and race-specific discrimination, and most were conducted in very
small samples [14-16]. Furthermore, we did not find any study that
evaluated the combined effect of race/skin color and racial discrim-
ination with PWV and c-IMT in the Brazilian population.

The greater arterial stiffness identified in Blacks and Browns
with racial discrimination vis-a-vis those without racial discrimi-
nation was also observed in a study that evaluated the associa-
tion between discrimination and PWV in a multiethnic sample of
children enrolled in London schools. Cruickshank and cols [15] fol-
lowed children aged between 11 and 13 years for 10 years and
found that perceived racial discrimination was related to increased
arterial stiffness in young adults [15]. We did not find other previ-
ous studies that has evaluated the association of racial discrimina-
tion and PWV.

Regarding c-IMT, our results were consistent with a previ-
ous study carried out with 334 White and Black north-American
women from the Study of Women'’s Health Across the Nation [14],
which found a marginal association between racial discrimination



L.V. Camelo, A.V. Machado, D. Chor et al.

and c-IMT [14]. This marginal result may be explained by the re-
duced power of the study to assess this association. Differently of
our results, previous study that included middle-aged and elderly
north-American adults, the racial discrimination was not associated
with c-IMT [16].

Our findings showed that the adjustment for education only at-
tenuated the associations of the compound measure of racial dis-
crimination and race/skin color with PVW and c-IMT, but the pat-
tern of the association remained essentially the same. Therefore,
our results suggest that regardless of the level of education at-
tained by individuals, race/skin color and the experience of dis-
crimination seem to be implicated in higher levels of PWV and
c-IMT. These findings are probably reflecting the structural racism
prevalent in the society that interferes with the placement of in-
dividuals in the labor market, as well as access to housing, qual-
ity education, and various goods and services, meaning that, even
if Brown and Black individuals attain the same level of educa-
tion observed in Whites, they still tend to have less prestigious
occupations and positions and lower income level than Whites
[48]. Moreover, the experience of discrimination affects Blacks and
Browns in all levels of education, and can be even higher among
those with high education [31].

As in Brazil the racial classification is different from that
adopted in other societies and there is a significant number of in-
dividuals who declare themselves as Brown (43.1% according to
the last demographic census) [32], we investigated the associa-
tion between racial discrimination, PWV and c-IMT also among
Browns. Our results demonstrate that the associations of racial dis-
crimination with PWV and c-IMT were identified in both Browns
and Blacks, even considering that a smaller number of Browns re-
ported racial discrimination when compared to Blacks. We also
found that racial discrimination was more strongly associated with
c-IMT among Blacks than Browns, but contrary to our expectations,
the opposite was observed for PWV. It is important to note that in
both analysis there were an overlap in the confidence intervals of
the regression coefficients and ORs observed in Blacks and Browns
with discrimination. Thus, we cannot say with certainty that these
two groups are in fact different. On the other hand, we can safely
say that these results suggest that the reporting of experience of
discrimination seems to have a negative effect on PWV and c-IMT
regardless of whether the individual is Brown or Black.

In this study we used as exposure a compound measure that
included the exposure to both self-reported race/skin color and
lifetime racial discrimination. Health inequities related to self-
reported race/skin color are considered societal markers of cultural
and structural racism at the individual level. The cultural racism,
refers to the incorporation into the system of beliefs, images and
cultural norms, of the idea of inferiority of Black and non-White
individuals [11]. The structural racism, refers to development and
maintenance of social policies and structures, allowing dominant
groups to unevenly distribute resources and social opportunities to
stigmatized groups. Both cultural and structural racism restricts ac-
cess to goods and services (including medical care), housing, edu-
cation, employment and income, which leads to a great disparity in
socioeconomic level [34] increasing the exposure to psychosocial
stress and risk health conditions such as violence and unhealthy
working conditions. On the other hand, lifetime racial discrimina-
tion is an indicator of interpersonal racism, that can bring addi-
tional adverse effects on health, by generating more suffering and
stress to those exposed and further reduce their access to social
opportunities and resources [11,35]. To consider race/skin color as
an indicator of racism is important to allow an adequate interpre-
tation of the reasons why we found higher levels of PWV and c-
IMT even in Blacks and Browns who did not report racial discrim-
ination when compared to Whites. Even Blacks and Browns who
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do not report discrimination are victims of the racist way in which
society is structured, which has negative repercussions on health.

The cultural, structural and interpersonal racism generate
adaptive responses to stress leading to greater engagement in
health-risk behaviors as a way to alleviate the stress, and in-
creasing cardiovascular risk directly through hyperactivity of the
hypothalamic-pituitary-adrenal axis (HPA axis), reactivity of the
autonomic nervous system and inflammation [36]. Stressful sit-
uations lead to the autonomic nervous system activation, which
triggers responses from the sympathetic and parasympathetic ner-
vous systems [36]. The release of adrenaline and noradrenaline in-
creases heart rate, reduces heart rate variability, optimizes blood
flow to the muscle, increases pulse pressure, arterial stiffness, pe-
ripheral vasoconstriction, removal of vagal tone and energy mo-
bilization [35-37]. Exposure to psychosocial stress can also lead
to hyperactivity of the HPA axis and the consequent synthesis of
corticotropin-releasing factor (CRF) and vasopressin [38]. CRF stim-
ulates the anterior pituitary to release adrenocorticotropic hor-
mone, which induces the adrenal cortex to produce glucocorti-
coids, which contribute to increased adiposity, hypertension and
insulin resistance [38]. Changes in the autonomic nervous system
combined with the response of the HPA axis lead to increased
platelet activation, fibrinogen levels, viscosity, coagulation factors,
and a chronic inflammation [36]. In long term, these changes can
accelerate atherosclerosis and arterial stiffness by increasing blood
pressure and endothelial dysfunction [36]. In addition, racial dis-
crimination has been related to shorter telomere length [39-44] a
biological aging marker [45]. Thus, exposure to racial discrimina-
tion may lead to premature aging contributing to occurrence of
atherosclerosis and arterial stiffness [46,47].

The large number of participants and the characteristic mul-
tiracial and multicentric of the cohort of ELSA-Brasil are impor-
tant strength of this analysis compared to previous studies, pro-
viding greater statistical power and population diversity. Moreover,
the use of subclinical cardiovascular outcomes is also an advantage
of this study. Firstly, because it contributes to the understanding
that the racial inequities seem to be involved in the pathophysi-
ology of CVD and not just as triggers of final outcomes. Secondly,
because it is unlikely that subclinical cardiovascular changes can
influence racial self-classification and reporting of racial discrimi-
nation. Therefore, although this study is a cross-sectional analysis,
reverse causality is probably not a limitation of this paper.

Our study has also limitations that need to be highlighted. The
ELSA-Brasil is a cohort of civil servants from Brazilian education
and research institutions who have higher average income and ed-
ucation than that found in the Brazilian population as a whole.
The prevalence of racial discrimination found in Blacks and Browns
in ELSA-Brasil (Blacks: 33.3%; Browns: 6.6%) was lower than the
prevalence observed in a representative study of the Brazilian pop-
ulation aged 16 years or more carried out in 2008 (Blacks: 41.1%;
Browns: 14.7%) [33]. This might be explained by differences in age
range between the cohort and the national survey, and also by the
fact that ELSA-Brasil does not include the very poor nor the very
rich, and there is compelling evidence showing that the perception
of race discrimination vary according to these factors [30,31,33].
It is also possible that the report of racial discrimination is un-
derestimated in the present study. If this is the case, there is no
reason to suppose that underreporting was affected by the out-
comes. Thus, in this latter case, the magnitude of the association
between racial discrimination and PWV/c-IMT in the present study
would have been underestimated, especially among Browns. How-
ever, despite the small proportion of Browns who reported racial
discrimination, our study was able detect a statistical association
between racial discrimination and c-IMT/PWV in this group.

We also observed some differences when comparing included
participants versus excluded participants due to missing data for c-



L.V. Camelo, A.V. Machado, D. Chor et al.

IMT, since our analytical sample for c-IMT analyses included lower
proportion of Browns, Blacks, and participants with university de-
gree. Whereas the lower proportion of Browns and Blacks could
have led to lower proportion of individuals who reported racial
discrimination, the lower proportion of participants with univer-
sity degree could have led to the opposite. As the effects of these
differential losses were in the opposite direction, it is probable that
their effects canceled each other out. In fact, we did not find any
difference with regard to the report of racial discrimination in the
group excluded versus included. Therefore, we believe that these
differences did not significantly impact our final findings.

The results of our study are relevant because we verified that
the racism can be a contributing factor for increased arterial stiff-
ness and c-IMT in Blacks and Browns. Future research with a lon-
gitudinal design may help to understand the complex relationship
between race/skin color, racial discrimination, and cardiovascular
health, adding more robust evidence to support public policies to
promote racial equity in health.
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