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Background: Common psychiatric symptoms may hinder achieving ideal cardiovascular health (ICH). We aimed
to investigate the association between the ICH score and psychiatric disorders in Brazilian adults.
Methods: In this cross-sectional analysis, 13,743 participants free of cardiovascular disease from the ELSA-Brasil
study were assessed using the American Heart Association ICH score. Cardiovascular health was classified as
poor (0–2 ideal metrics), intermediate (3–4 ideal metrics), and optimal (5–7 ideal metrics). We used the Clinical
Interview Scheduled Revised (CIS-R) to assess psychiatric disorders and investigate their associationwith the ICH
score and each non-ICH metric.
Results: The frequency of poor, intermediate, and optimal cardiovascular health were 54.1%, 38.1%, and 7.8%,
respectively. Depressive and anxiety disorders were associated with poor cardiovascular health (depressive
disorder: OR = 2.49, 95% CI = 1.62–3.80, p b 0.001; anxiety disorder: OR = 1.47, 95% CI = 1.22–1.78, p b

0.001), and intermediate cardiovascular health (depressive disorder: OR = 1.94, 95% CI = 1.26–2.98, p =
0.002; anxiety disorder: OR = 1.22, 95% CI = 1.01–1.47, p = 0.043). In the analysis stratified by sex, these
associations were significant only among women. The disorders were also associated with the following
non-ICHmetrics: bodymass index, physical activity, healthy diet score, and smoking. Participants with depressive
disorder and anxiety disorder had expected lower global and lifestyle ICH score than participants without these
conditions, with significant results among women in the stratified analysis.
Conclusion: Psychiatric comorbidity was associatedwith poorer cardiovascular health. These conditions may com-
promise the adoption of healthy cardiovascular risk reduction behaviors.
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1. Introduction

In 2010 the American Heart Association (AHA) defined the 2020
Strategic Impact Goals to reduce aged-adjusted mortality due to cardio-
vascular diseases by 20%, and to improve cardiovascular health by 20%
in the United States. A score to measure and monitor cardiovascular
health was developed based on ideal levels of 7 cardiovascular health
and lifestyle metrics, which are targets of cardiovascular disease
primary prevention [1]. Since then, the Ideal Cardiovascular Health
(ICH) score has been applied in studies worldwide, showing that higher
scoreswere associatedwith lower risk of all-causemortality, cardiovascu-
lar mortality, clinical and sub-clinical cardiovascular disease [2–5]. More-
over, studies demonstrated that the ICH scoremay also be used to predict
other health outcomes, such as self-rated health status in middle-aged
adults [6], and functional status and frailty in older adults [7, 8].

Unfortunately, the frequency of individuals with 7 ICH metrics
remains low, ranging from 0.3% to 12% around theworld [9]. The under-
standing of potentially modifiable obstacles to the achievement of ICH
could help reverse this distressing picture. Psychiatric comorbidity,
such as depression and anxiety disorders, are frequent in individuals
with cardiovascular disease and are related to cardiovascular health
outcomes [10]. Individuals with these common psychiatric disorders
may have lower ICH scores due to low adherence to a healthy lifestyle
and lack of motivation to change unhealthy lifestyle. Cross-sectional
studies demonstrated that depression was associated with worse
cardiovascular health in different populations, mainly due to its associ-
ation with poorer lifestyle ICH metrics [11–15]. On the other hand, a
prospective study showed that individuals with higher ICH scores had
lower odds of developing depressive symptoms [16]. However, there
is less evidence on the relation between anxiety and cardiovascular
health. ICH scores were negatively correlatedwith symptoms of anxiety
and stress in Chinese adults [11], although it was not associated with
anxiety symptoms in Finish women [15].

Although the AHA metrics can be applied worldwide, not many
studies have used them to assess cardiovascular health and its associ-
ated factors in different populations. The investigation of cardiovascular
health determinants and the quantification of their influence on popu-
lationhealth is relevant to reduce the cardiovascular burden. Studies ex-
ploring the relationship between psychiatric comorbidity and ICH
scores were not conducted in Latin American countries, where these
scores are typically low [17–19]. Therefore, the aim of this study is to
investigate the baseline association of ICH and psychiatric comorbidity
in Brazilian adults from the Brazilian Longitudinal Study of Adult Health
(ELSA-Brasil).

2. Methods

2.1. Study population and design

The present study is a cross-sectional analysis of the ELSA-Brasil baseline evaluation.
The study design and cohort profile have been published elsewhere [20, 21]. Briefly, it is
a cohort of 15,105 active and retired employees from public institutions located in differ-
ent Brazilian cities, aged between 35 and 74 years at baseline. Information on socio-
demographics, clinical history, family history of diseases, lifestyle factors, mental health,
cognitive status, and occupational exposurewere assessed fromAugust 2008 toDecember
2010. Anthropometric measurements, and laboratory and imaging tests were also
obtained. The study was conducted in accordance with the Declaration of Helsinki and
was approvedby the local institutional reviewboards. All participants signed the informed
consent prior to enrollment. For this analysis, we excluded (1) participants with previous
history of cardiovascular disease (including stroke, myocardial infarction and myocardial
revascularization) because the ICH score was developed to assess cardiovascular health
as a primary prevention tool, and (2) participants with incomplete data for exposure,
outcomes, or covariates.

2.2. Sociodemographic, clinical, and laboratory profile

Questionnaires addressed age, sex, self-reported race (white, black, brown, Asian, and
indigenous, dichotomized as whites and non-whites for analytic purposes), schooling
(middle school or lower vs high school or higher), smoking status, leisure physical activity
using the International Physical Activity Questionnaire long form [22], current alcohol use,
and diet patterns using the Food Frequency Questionnaire [23]. Anthropometric measure-
mentswere assessed using standard techniques and bodymass indexwas obtained divid-
ingweight per height squared (kg/m2). Blood pressurewasmeasured in a seated position,
after 5 min of rest, with a validated oscillometric device (Omron HEM 705CPINT, Tokyo,
Japan). Three measurements were performed with 1-min intervals and the mean of the
latest two readings was considered. Venous blood samples were obtained following an
overnight fast. Enzymatic assays in the centrifugated serum– colorimetric andHexokinase
method (ADVIA 1200, Siemens®, Germany) – determined total cholesterol and fasting
plasma glucose, respectively. Participant's medications were classified according to the
Anatomical Therapeutic Chemical Classification System Codes [24]. The use of antihyper-
tensive medication was defined as the use of medications under the codes C02, C03, C07,
C08, and C09, hypoglycemicmedication as the use ofmedications under the codeA10, and
lipid-lowering medications as the use of medications under the code C10.

2.3. Ideal cardiovascular health profile

The ICH score is composed by 4 lifestyle-factors (body mass index, smoking, physical
activity, and healthy diet score) and 3 health-factors (blood pressure, fasting plasma
glucose, total cholesterol), summing up to 7 health metrics [1]. In the present study,
each metric was categorized as ideal according to the following criteria: (1) systolic
blood pressure b 120 mmHg and diastolic blood pressure b 80 mmHg in the absence of
antihypertensive medication; (2) fasting plasma glucose b100 mg/dL in the absence of
hypoglycemic medication; (3) total cholesterol b200 mg/dL in the absence of lipid-
lowering medication; (4) no smoking history or quit smoking N2 years; (5) body mass
index b25 kg/m2; (6) ideal physical activity defined as ≥75min/week of vigorous physical
activity, or ≥150 min/week of moderate physical activity, or a combination of both; and
(7) a healthy diet score: 4 to 5 adequate components according to the AHA recommenda-
tion criteria [19]. We made some adaptations for smoking and the healthy diet score:
(1) participants with ideal smoking profiles were those who had never smoked or
whose age at quitting smoking was ≥2 years less than their current age because, in the
ELSA-Brasil questionnaire, past smokers stated the age (in years) at which they had
quitted smoking. Therefore, a minimum period of one-year since the participant quitted
smoking would be warranted; (2) the following were considered as healthy food intake:
≥4 servings of fruit and vegetables per day, ≥7 oz. of fish per week, ≥2 servings of fiber-
richwhole grains per day, and ≤450 kcal of sugar-sweetened beverages per week. Sodium
consumption was corrected for total energy intake [25] and the consumption
b1500 mg/day was considered adequate [19]. The global ICH score was calculated by
summing the number of ideal metrics for each participant, ranging from 0 to 7. Partici-
pants with 0–2, 3–4, and 5–7 ideal metrics were classified as having poor, intermediate,
and optimal cardiovascular health, respectively [14]. We also calculated the lifestyle ICH
score as the sum of lifestyle ICH metrics, ranging from 0 to 4; and the health ICH score
as the sum of health ICH metrics, ranging from 0 to 3.

2.4. Assessment of mental symptoms

An adapted Brazilian version of the Clinical Interview Scheduled Revised (CIS-R) was
used to assess mental symptoms and psychiatric disorders [26]. This questionnaire is
reliable when applied by trained lay interviewers and it is composed by 14 sections:
somatic symptoms, fatigue, concentration and forgetfulness, sleep problems, irritability,
worry about physical health, depression, depressive ideas, worry, anxiety, phobias,
panic, compulsions, and obsessions. Each section presents two introductory questions
that confirm the presence of the specific symptom in the last month. Afterwards,
frequency, duration, and severity of the positive symptom in the last 7 days are assessed.
Scores for each section range from 0 to 4 (except the score for depressive ideas that range
from 0 to 5), therefore the total score ranges from 0 to 57. Each symptom is considered
clinically relevant if the corresponding section score is ≥2. A score ≥ 12 indicate current
common mental disorder [27]. The CIS-R also yields diagnoses of current psychiatric
disorders according to the International Classification of Diseases, 10th Revision
(ICD-10): depressive disorder (mild, moderate, and severe), and anxiety disorder (gener-
alized anxiety disorder, panic disorder, all phobias, and obsessive-compulsive disorder).

2.5. Statistical analysis

Data were analyzed using Stata version 14.2 (StataCorp LP, College Station, TX, USA)
and R software version 3.2.0 (R Core Team, Vienna, Austria). Continuous variables with
normal distribution are presented as mean and standard deviation (SD), non-normally
distributed continuous variables as median and interquartile range (IQR), and categorical
variables as absolute and relative frequencies. Characteristics of participants according to
ICH score classification were compared using one-way ANOVA, Kruskall-Wallis test, and
Chi-square test for continuous variables with normal distribution, non-normally distrib-
uted continuous variables, and categorical variables, respectively.

To investigate the association between categorized ICH metrics (poor, intermediate
and optimal) with psychiatric disorders (depressive disorder, anxiety disorder, and
common mental disorder) we used simple and adjusted multinomial logistic regression
models. Optimal cardiovascular health was considered as the reference level. Hierarchical
multiple models were built as follows: model 1 adjusted by age and sex, and model 2
adjusted by age, sex, race, education, and current alcohol consumption. We tested for
interactions of older age (≥65 years-old) and sex with depressive and anxiety disorder,
and common mental disorder, stratifying the analysis when the interaction term p-value
was b0.10. Also, simple and adjusted binary logistic regression models were used to
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explore the association between each non-ideal cardiovascular health metric and the
psychiatric conditions, using the same variables for adjustment of themultinomialmodels.
An OR N 1means that the explanatory psychiatric condition increases the odds of having a
non-ideal cardiovascular health metric.

Finally, to explore the association of the global, lifestyle, and health ICH scores with
depressive and anxiety disorder, and common mental disorder, we fitted simple and
adjusted (for the same possible confounders aforementioned) quasi-Poisson regression
models. Quasi-Poisson models are derivatives of the classic Poisson model, appropriate
for dependent variables that assume only non-negative integer numbers (usually counts).
However, differently than the classic Poisson model, the quasi-Poisson does not assume
that the conditional variance equals the conditional mean, compensating the over or
under-dispersion of the data by calculating a dispersion parameter to be included in the
model. We found significant under-dispersion in all models, with dispersion parameters
between 0.40 and 0.84 and z-scores from −106.3 to −19.2, justifying the use of quasi-
Poisson models. Results are presented as relative predicted score differences (rPSD) and
their 95% CI. rPSD can be interpreted as the change in the predicted value of the dependent
variable attributable to the presence of the psychiatric disorder (main independent
variable), holding constant other covariates. Therefore, a percentage of −10% indicates
that participants with a given psychiatric disorder present a predicted 10% lower ICH
score than individuals without that psychiatric disorder. We also tested for interactions
between older age (≥65 years-old) or sex and depressive and anxiety disorders, or
common mental disorder, stratifying the analysis when the interaction term p-value
was b0.10.

3. Results

Among the 15,105 ELSA-Brasil participants, we excluded 575
individuals with self-reported previous stroke, myocardial infarction,
and/or myocardial revascularization, and 787 with incomplete data for
the CIS-R score, ICH score, and covariates. Therefore, 13,743 participants
[mean age (SD): 51.8 (9.0) years, 45.3% men] were included in this
analysis. Included participants were younger, had lower BMI, lower
fasting plasma glucose levels, higher total cholesterol levels, lower
systolic blood pressure, had lower frequency of males, higher frequen-
cies of high-school diploma, moderate or intense leisure physical
activity, current smokers, and current alcohol consumption than the
excluded individuals. The frequency of poor, intermediate, and optimal
cardiovascular health were 54.1%, 38.1%, and 7.8%, respectively. Depres-
sive disorder was present in 4.1% of the total sample, 5.6% among
women, and 2.3% among men. The frequency of anxiety disorder was
16.2%, 20.4%, and 11.0% in the total sample, among women, and
among men, respectively. Common mental disorder (CIS-R score ≥ 12)
was identified in 26.7% of the total sample, 33.6% among women, and
18.4% among men. Table 1 shows the participants characteristics
according to cardiovascular health classification. Depressive disorder
and common mental disorder were less frequent among participants
with optimal cardiovascular health. These participants were also
younger, with higher education, and with higher proportion of
women and whites.

Table 2 shows the ORs and 95% CI for the association of poor and
intermediate cardiovascular health with depressive disorder, anxiety dis-
order, and common mental disorder, considering optimal cardiovascular
health as the reference for the total sample and stratified by sex. We
found that sexwas an effectmodifier on the association of cardiovascular
health with depressive disorder (interaction term p-value = 0.043 for
poor cardiovascular health and 0.036 for intermediate cardiovascular
health), anxiety disorder (interaction term p-value = 0.056 for poor
cardiovascular health and 0.067 for intermediate cardiovascular health),
and common mental disorder (interaction term p-value = 0.068 for
poor cardiovascular health and 0.048 for intermediate cardiovascular
health). After adjustment for sociodemographic characteristics and
alcohol consumption, depressive disorder, anxiety disorder, and common
mental disorder were associated with higher odds of intermediate and
poor cardiovascular health in the total sample and among women, but
not inmen. Therewere no interactions between older age and depressive
disorder, anxiety disorder, or commonmental disorder (interaction term
p-values N 0.10).

When we investigated the association between each non-ideal
cardiovascular health metric and current psychiatric disorders, we
found that depressive disorder, anxiety disorder, and common mental
disorder increased the odds of non-ideal cardiovascular health body
mass index, non-ideal cardiovascular health practice of physical activity,
and non-ideal cardiovascular health smoking status, after adjustment
for possible confounders. Also, the presence of depressive disorder
and common mental disorder increased the odds of non-ideal cardio-
vascular health fasting plasma glucose levels (Table 3).

Finally, after adjustment for covariates, participants with depressive
disorder, anxiety disorder, and common mental disorder showed
expected lower global and lifestyle ICH scores than participants without
these psychiatric comorbidities. However, health ICH score was
not associated with any of the psychiatric conditions (see Fig. 1 and
Appendix A, Table A.1). Sex also was an effect modifier on the associa-
tions of global ICH score with depressive disorder (interaction term
p-value = 0.043), anxiety disorder (interaction term p-value =
0.086), and common mental disorder (interaction term p-value =
0.021), and of lifestyle ICH score with depressive disorder (interaction
term p-value = 0.003), anxiety disorder (interaction term p-value =
0.061), and common mental disorder (interaction term p-value =
0.010). After adjustment for confounders, women with current depres-
sive disorder, anxiety disorder, and common mental disorder showed
lower predicted global and lifestyle ICH scores than women without
these psychiatric conditions, but there was no difference in the health
ICH score among women with or without psychiatric comorbidity. On
the other hand, among men anxiety disorder was associated with
lower predicted lifestyle ICH score, and common mental disorder with
lower predicted global and lifestyle ICH score (see Appendix A,
Table A.2).

4. Discussion

The present study demonstrates that adults with depressive disor-
der, anxiety disorder, and common mental disorder have higher odds
of poor and intermediate cardiovascular health, higher odds of some
non-ideal cardiovascular health metrics, and lower global and lifestyle
ICH scores, after adjustment for sociodemographic characteristics and
alcohol consumption. Also, sexwas an effectmodifier on the association
between ICH and the psychiatric comorbidities, with higher odds of
poor/intermediate cardiovascular health and lower global and lifestyle
ICH scores among women with psychiatric disorders. To the extent of
our knowledge, this is the first large study to explore the association
of ICH and psychiatric comorbidity in a Latin American country, where
the ICH scores were previously reported to be low [19], and has high
prevalence of common mental disorders and racial diversity.

Studies that investigated the association between depression and ICH
found similar results. Three large cross-sectional studies determined that
depression or depressive symptoms were associated with lower global
and lifestyle ICH scores [12–14]. A Chinese cross-sectional study demon-
strated thatmean scores for depressive symptomswere lower in individ-
uals with all 7 ICHmetrics compared to thosewith at least one non-ideal
metric [11]. The prevalence of depressive symptoms in Finish women
employees decreased with higher ICH scores [15], and in a prospective
study with adults free of depression at baseline, lower ICH scores were
associated with higher risk of subsequent depressive symptoms [16]. In
our study, depressive disorder was not associated with health ICH
score. However, Kronish et al. found that participants with depressive
symptoms had lower health ICH scores, although the difference in scores
between participants with and without depression was lower on the
health ICH score than on the lifestyle ICH score [12]. Given that the
prevalence of depressive disorder in this cohort is lower than previously
described in other Brazilian studies [28], we believe that the association
between depressive disorder and lower ICH scores in Brazil may be even
stronger than the present findings.

Fewer studies investigated the association between anxiety and ICH
score. Similarly, a cross-sectional study of Chinese adults found that ICH
scores were negatively correlated with anxiety and stress scores on the
21-item Depression Anxiety Stress Scales [11]. On the other hand,



Table 1
Characteristics of participants according to cardiovascular health classification (n = 13,743).

Poor CVH
n = 7435

Intermediate CVH
n = 5231

Optimal CVH
n = 1077

p

CIS-R score, median (IQR) 6 (2−12) 6 (2−11) 5 (2–11) 0.005a

Depressive disorder, n (%) 334 (4.5) 210 (4.0) 25 (2.3) 0.003b

Anxiety disorder, n (%) 1241 (16.7) 822 (15.7) 156 (14.5) 0.103b

Common mental disorder (CIS-R score ≥ 12), n (%) 2064 (27.8) 1343 (25.7) 265 (24.6) 0.009b

Age (years), mean (SD) 53.8 (8.6) 50.1 (8.8) 46.0 (7.5) b0.001c

Male, n (%) 3718 (50.0) 2150 (41.1) 351 (32.6) b0.001b

Race, n (%) b0.001b

White 3604 (48.5) 2872 (54.9) 667 (61.9)
Black 1367 (18.4) 746 (14.3) 101 (9.4)
Brown 2197 (29.6) 1434 (27.4) 267 (25.0)
Asian 165 (2.2) 141 (2.7) 36 (3.6)
Indigenous 102 (1.4) 38 (0.7) 6 (0.6)
High school or more, n (%) 6207 (83.5) 4798 (91.7) 1048 (97.3) b0.001b

Current alcohol use, n (%) 5121 (68.9) 3643 (69.6) 812 (75.4) b0.001b

Current smoker, n (%) 2417 (32.5) 1373 (26.3) 209 (19.4) b0.001b

BMI (kg/m2), mean (SD) 28.9 (4.6) 25.2 (4.0) 22.8 (2.4) b0.001c

Moderate or intense leisure-time physical activity 1120 (15.1) 1495 (28.6) 525 (48.8) b0.001b

Healthy diet score N 1, n (%) 2829 (38.0) 2026 (38.7) 472 (43.8) 0.001b

Fasting plasma glucose (mg/dL), mean (SD) 118.9 (35.7) 103.8 (18.3) 96.2 (8.5) b0.001c

Systolic blood pressure (mmHg), mean (SD) 127.1 (17.0) 115.3 (14.6) 106.8 (9.6) b0.001c

Diastolic blood pressure (mmHg), mean (SD) 80.0 (10.4) 72.7 (9.4) 67.6 (7.0) b0.001c

Total cholesterol (mg/dL), mean (SD) 225.1 (42.3) 207.4 (39.2) 185.9 (30.3) b0.001c

BMI: body mass index; CIS-R: Clinical Interview Scheduled Revised; IQR: interquartile range; SD: standard deviation.
a Kruskall-Wallis test.
b Chi-square test.
c One-way ANOVA.
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anxiety symptoms were not associated with ICH scores in Finnish
women [15]. Our finding of high frequency of anxiety disorders is in
agreement with data from the Global Burden of Disease, that showed
that anxiety disorders are especially common in Brazil, representing
the eighth highest cause of disability-adjusted life-years, which is
higher than in most other countries [29]. To the extent of our knowl-
edge, the relationship between ICH and common mental disorder,
defined as CIS-R score ≥ 12, has not been addressed in the literature
and future studies are needed to confirm our findings.

In our study, several interaction term p-values between psychiatric
disorders and sex were significant, suggesting a different intensity on
the association of psychiatric disorders and cardiovascular health
among men and women, that seems to be stronger in women. This
finding is in accordance with existing evidence that depression and
anxiety may be stronger predictors of cardiovascular disease in
Table 2
Association between ICH score classification and psychiatric disorders in the total sample and

Total sample (n = 13,743) Men (n = 6219)

Poor Intermediate Poor

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Depressive disorder
Crude 1.98 (1.31–2.99) 0.001 1.76 (1.16–2.68) 0.008 1.11 (0.54–2.31) 0.77
Model 1a 2.66 (1.74–4.05) b0.001 2.01 (1.31–3.08) 0.001 1.27 (0.62–2.62) 0.51
Model 2b 2.49 (1.62–3.80) b0.001 1.94 (1.26–2.98) 0.002 1.24 (0.60–2.58) 0.55

Anxiety disorder
Crude 1.18 (0.99–1.42) 0.068 1.10 (0.92–1.33) 0.310 1.04 (0.73–1.47) 0.83
Model 1a 1.57 (1.30–1.89) b0.001 1.26 (1.04–1.52) 0.018 1.14 (0.80–1.62) 0.47
Model 2b 1.47 (1.22–1.78) b0.001 1.22 (1.01–1.47) 0.043 1.10 (0.77–1.58) 0.58

Common mental disorder
Crude 1.18 (1.02–1.37) 0.030 1.06 (0.91–1.23) 0.464 1.09 (0.82–1.45) 0.54
Model 1a 1.70 (1.45–1.99) b0.001 1.26 (1.08–1.48) 0.004 1.27 (0.95–1.69) 0.11
Model 2b 1.57 (1.34–1.84) b0.001 1.21 (1.04–1.42) 0.017 1.24 (0.93–1.65) 0.14

Optimal cardiovascular health as the reference.
ICH: ideal cardiovascular health.

a Multinomial regression adjusted for age and sex for the total sample, and for age in the str
b Multinomial regression adjusted for age, sex, race, education, and alcohol consumption in th

analysis.
women [30, 31], although in a recent meta-analysis the association
between depression and coronary heart disease or myocardial infarc-
tion was similar between men and women [32]. Other works on the
association of depression and ICH had results that differ from ours.
Gaye et al. found that the prevalence of intermediate and ideal lifestyle
cardiovascular healthwas systematically higher inwomen compared to
men, independent of depressive symptoms [14]. Li et al. showed that
depressive symptoms lower the odds of higher ICH scores in men,
although the authors do not mention whether the interaction between
depressive symptoms and sex was statistically significant [13]. We
believe that this is the first study to evaluate the effect modification of
sex on the association between ICH and anxiety disorder.

Evidence points to the role of depression and anxiety as predictors of
cardiovascular diseases and mortality, although studies on anxiety
show conflicting results. [10, 33–36]. Different pathways could explain
stratified by sex.

Women (n = 7524)

Intermediate Poor Intermediate

OR (95% CI) p OR (95% CI) p OR (95% CI) p

6 0.88 (0.41–1.88) 0.732 2.88 (1.75–4.74) b0.001 2.39 (1.44–3.96) 0.001
4 0.95 (0.44–2.02) 0.883 3.40 (2.04–5.68) b0.001 2.54 (1.52–4.24) b0.001
8 0.93 (0.43–1.99) 0.851 3.12 (1.86–5.23) b0.001 2.43 (1.45–4.07) 0.001

4 0.89 (0.62–1.28) 0.541 1.46 (1.18–1.81) b0.001 1.27 (1.03–1.58) 0.028
3 0.94 (0.65–1.35) 0.729 1.78 (1.43–2.21) b0.001 1.38 (1.11–1.72) 0.004
8 0.93 (0.64–1.33) 0.675 1.65 (1.32–2.06) b0.001 1.33 (1.07–1.66) 0.010

3 0.88 (0.66–1.19) 0.411 1.47 (1.23–1.75) b0.001 1.24 (1.03–1.48) 0.021
0 0.96 (0.71–1.29) 0.776 1.94 (1.61–2.32) b0.001 1.39 (1.16–1.67) b0.001
9 0.95 (0.71–1.28) 0.733 1.73 (1.44–2.08) b0.001 1.31 (1.10–1.58) 0.003

atified analysis.
e total sample. Adjusted for age, race, education, and alcohol consumption in the stratified



Table 3
Association between each non-ICH metric and psychiatric disorders.

BMI Physical activity Healthy diet score Smoking Fasting plasma
glucose

Blood pressure Total cholesterol

OR (95%CI) p OR (95%CI) p OR (95%CI) p OR (95%CI) p OR (95%CI) p OR (95%CI) p OR (95%CI) p

Depressive disorder
Crude 1.46

(1.21–1.75)
b0.001 1.90

(1.51–2.39)
b0.001 1.26

(0.56–2.86)
0.576 1.52

(1.24–1.88)
b0.001 1.02

(0.84–1.22)
0.878 0.78

(0.66–0.92)
0.003 0.96

(0.80–1.15)
0.663

Model
1a

1.56
(1.30–1.88)

b0.001 1.75
(1.39–2.21)

b0.001 1.36
(0.60–3.08)

0.467 1.60
(1.30–1.97)

b0.001 1.31
(1.08–1.59)

0.006 0.97
(0.82–1.16)

0.772 0.98
(0.82–1.18)

0.848

Model
2b

1.52
(1.27–1.84)

b0.001 1.65
(1.30–2.08)

b0.001 1.26
(0.56–2.87)

0.579 1.63
(1.31–2.01)

b0.001 1.29
(1.06–1.56)

0.011 0.92
(0.77–1.11)

0.391 1.01
(0.84–1.22)

0.888

Anxiety disorder
Crude 1.18

(1.07–1.30)
0.001 1.59

(1.42–1.78)
b0.001 1.10

(0.73–1.66)
0.651 1.39

(1.23–1.56)
b0.001 0.81

(0.74–0.89)
b0.001 0.90

(0.82–0.98)
0.018 0.93

(0.84–1.02)
0.125

Model
1a

1.26
(1.14–1.38)

b0.001 1.49
(1.33–1.68)

b0.001 1.15
(0.76–1.74)

0.517 1.45
(1.28–1.63)

b0.001 1.01
(0.91–1.12)

0.809 1.13
(1.02–1.25)

0.016 0.96
(0.87–1.06)

0.415

Model
2b

1.23
(1.11–1.35)

b0.001 1.43
(1.27–1.61)

b0.001 1.09
(0.72–1.65)

0.697 1.44
(1.28–1.63)

b0.001 0.99
(0.90–1.01)

0.903 1.08
(0.98–1.19)

0.142 0.98
(0.89–1.08)

0.677

Common mental disorder
Crude 1.23

(1.14–1.37)
b0.001 1.82

(1.65–2.00)
b0.001 1.43

(0.99–2.05)
0.056 1.41

(1.27–1.56)
b0.001 0.85

(0.79–0.93)
b0.001 0.84

(0.78–0.91)
b0.001 0.90

(0.83–0.98)
0.013

Model
1a

1.34
(1.24–1.46)

b0.001 1.72
(1.56–1.90)

b0.001 1.49
(1.03–2.16)

0.033 1.48
(1.34–1.65)

b0.001 1.13
(1.03–1.23)

0.007 1.11
(1.02–1.21)

0.013 0.96
(0.88–1.04)

0.291

Model
2b

1.30
(1.20–1.41)

b0.001 1.64
(1.49–1.81)

b0.001 1.39
(0.96–2.02)

0.081 1.49
(1.34–1.65)

b0.001 1.11
(1.01–1.21)

0.026 1.04
(0.96–1.13)

0.327 0.98
(0.90–1.06)

0.571

BMI: body mass index; ICH: ideal cardiovascular health.
a Logistic regression adjusted for age and sex.
b Logistic regression adjusted for age, sex, race, schooling, and alcohol consumption.
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the effect of depression, anxiety, and psychiatric symptoms on cardio-
vascular health. Biological mechanisms, such as inflammatory
processes, endothelial dysfunction, and autonomic nervous system
dysfunction have been postulated and are supported by many studies
[37–40]. In fact, previous works with the ELSA-Brasil data found a
positive association of carotid intima-media thickness and coronary
artery calcium with higher CIS-R scores, indicating that non-psychotic
psychiatric symptomsmay be associatedwith subclinical cardiovascular
Fig. 1. Percentage changes in the predicted value of ICH scores attributable to the presence of psy
education, and alcohol consumption.
disease [41, 42]. Other possible mechanism is that individuals with
psychiatric comorbidity may adopt behaviors that compromise cardio-
vascular risk reduction. Studies have shown that depression and anxiety
were associated with lower medication adherence, physical activity,
and smoking cessation [43–45]. In our study, all psychiatric disorders
were associated with non-ideal cardiovascular health body mass
index, non-ideal cardiovascular health practice of physical activity,
and non-ideal cardiovascular health smoking, suggesting a trend of
chiatric disorders, obtained by quasi-Poisson regressionmodels adjusted for age, sex, race,
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low adherence to healthy lifestyle. Besides, adverse psychosocial factors
may play a negative role in cardiovascular health, corroborating the
behavioral pathway. In a prospective study that followed Finnish
youth aged 3 to 18 years, favorable psychosocial factors in youth
predicted ICH in adulthood [46].

Our study has several strengths: (1) it is one of the largest studies in
the field, including a wide range of psychiatric symptoms; (2) the study
explores the association between cardiovascular health and psychiatric
disorders in a Latin American sample, while previous studies were con-
ducted in Asia, North America, or Europe; (3) the CIS-R questionnaire
enables the assessment of current mental symptoms and the identifica-
tion of psychiatric morbidity according to the ICD-10 criteria; (4) we
used different statistical analysis strategies, with consistent results;
and (5) the large sample allowed us to test for interactions of the psy-
chiatric comorbidities with sex and age. Nevertheless, the study has
some limitations: the cross-sectional design prevents establishing a
causal and temporal relationship between ICH and the psychiatric con-
ditions, an association that may be bilateral. Further longitudinal analy-
sis of upcoming examinations of the ELSA-Brasil may assess the
evolution of cardiovascular health metrics in participants with depres-
sive, anxiety, and common mental disorders at baseline, or the inci-
dence of psychiatric disorders in individuals with baseline lower ICH
scores. Also, the CIS-R does not assess lifetime psychiatric morbidity,
only the presence of current symptoms, and therefore, false negative
cases are counted among those without a psychiatric diagnosis. This is
especially important considering the insidious time dependent nature
of the outcomes assessed. Additionally, the CIS-R is applied by lay inter-
viewers and the lack of insight into mental illness may affect responses
to questions and mislead the interpretation of results [27]. Another rel-
evant point is that the ELSA-Brasil is not a population-based study. Par-
ticipants have higher education level and higher income status than the
Brazilian population. Although recognizing that the choice of the ELSA-
Brasil sampling strategy limits investigation in the domains of the
D
C
M
M

A
C
M
M

C
C
M

W
D
C

extremely poor and the unemployed, the racial, social, and regional di-
versity captured in the cohort will permit in-depth investigation of im-
portant health inequalities in Brazil. The applicability of the estimates
from ELSA-Brasil to Brazilian adults is supported by the similarities in
prevalence of behavioral risk factors and chronic conditions evaluated
by ELSA-Brasil and by VIGITEL, a telephone-based behavioral risk factor
survey, which has representative data for adults living in 27 Brazilian
state capitals and Federal District [47]. Finally, we adjusted the analysis
for relevant confounders on the association between ICH and psychiat-
ric conditions, however residual confounding cannot be ruled out.

The knowledge that common psychiatric disorders, such as depres-
sion, anxiety, and non-psychotic psychiatric symptomswere associated
with poorer cardiovascular health suggests that these conditions may
compromise the adoption of a healthy cardiovascular profile. Pharma-
cological and non-pharmacological interventions to minimize the im-
pact of psychiatric disorders on cardiovascular health are targets for
future studies. Although there may be some concern that anti-
depressants may increase the risk of cardiovascular outcomes, a recent
large observational study demonstrated a secure risk profile for most
of them [48]. In a large randomized clinical trial, anti-depressants re-
duced the hazard of major adverse cardiovascular events in individuals
with moderate to severe depressive symptoms [49]. On the other hand,
there is some evidence that non-pharmacological interventions for
mental health may benefit cardiovascular disease, although studies
have reported mixed results [50]. Randomized clinical trials are needed
to assess the effects of these interventions on the cardiovascular health
profile of depressed and anxious individuals.
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Appendix A
Table A.1

Crude and adjusted relative predicted score differences for the association between ICH scores and psychiatric disorders (n = 13,743).
Global ICH score
 Lifestyle ICH score
 Health ICH score
rPSD (95% CI)
 p
 rPSD (95% CI)
 p
 rPSD (95% CI)
 p
epressive disorder

rude
 −7.3% (−11.5%; −3.0%)
 0.001
 −16.7% (−20.6%; −12.6%)
 b0.001
 6.8% (−0.9%; 15.0%)
 0.084

odel 1a
 −11.4% (−15.2%; −7.5%)
 b0.001
 −17.1% (−21.0%; −13.0%)
 b0.001
 −3.6% (−10.1%; 3.4%)
 0.307

odel 2b
 −10.5% (−14.3%; −6.5%)
 b0.001
 −16.0% (−19.9%; −11.9%)
 b0.001
 −2.8% (−9.4%; 4.2%)
 0.422
nxiety disorder

rude
 −3.1% (−5.4%; −0.7%)
 0.012
 −10.8% (−13.0%; −8.6%)
 b0.001
 8.8% (4.5%; 13.3%)
 b0.001

odel 1a
 −7.4% (−9.5%; −5.2%)
 b0.001
 −11.3% (−13.5%; −9.1%)
 b0.001
 −1.7% (−5.4%; 2.1%)
 0.376

odel 2b
 −6.4% (−8.5%; −4.2%)
 b0.001
 −10.3% (−12.5%; −8.1%)
 b0.001
 −0.8% (−4.5%; 3.1%)
 0.688
ommon mental disorder

rude
 −4.2% (−6.1%; −2.2%)
 b0.001
 −13.2% (−14.9%; −11.4%)
 b0.001
 9.9% (6.3%; 13.7%)
 b0.001

odel 1a
 −9.6% (−11.4%; −7.9%)
 b0.001
 −14.0% (−15.8%; −12.2%)
 b0.001
 −3.3% (−6.4%; −0.1%)
 0.042

odel 2b
 −8.5% (−10.2%; −6.7%)
 b0.001
 −12.9% (−14.7%; −11.1%)
 b0.001
 −2.1% (−5.2%; 1.1%)
 0.202
M
ICH: ideal cardiovascular health; rPSD: relative predicted score differences (the change in the predicted value of the ICH score attributable to the presence of the psychiatric disorder, hold-
ing covariates values constant).
a Quasi-Poisson regression model, adjusted for age and sex.
b Quasi-Poisson regression model, adjusted for age, sex, race, education, and alcohol
consumption.
Table A.2

Crude and adjusted relative predicted score differences for the association between ICH scores and psychiatric disorders stratified by sex.
Global ICH score
 Lifestyle ICH score
 Health ICH score
rPSD (95% CI)
 p
 rPSD (95% CI)
 p
 rPSD (95% CI)
 p
omen (n = 7524)
epressive disorder

rude
 −12.2% (−16.7%; −7.4%)
 b0.001
 −20.3% (−24.7%; −15.6%)
 b0.001
 −1.7% (−9.4%; 6.6%)
 0.674
(continued on next page)
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able A.2 (continued)
M
M

A
C
M
M

C
C
M
M

M
D
C
M
M

A
C
M
M

C
C
M

Global ICH score
 Lifestyle ICH score
 Health ICH score
rPSD (95% CI)
 p
 rPSD (95% CI)
 p
 rPSD (95% CI)
 p
odel 1a
 −13.9% (−18.1%; −9.5%)
 b0.001
 −20.5% (−24.9%; −15.9%)
 b0.001
 −5.2% (−12.1%; 2.3%)
 0.169

odel 2b
 −12.5% (−16.7%; −8.0%)
 b0.001
 −19.1% (−23.5%; −14.4%)
 b0.001
 −3.7% (−10.7%; 3.8%)
 0.325
nxiety disorder

rude
 −6.4% (−9.0%; −3.6%)
 b0.001
 −12.3% (−15.0%; −9.6%)
 b0.001
 1.5% (−3.0; 6.3%)
 0.518

odel 1a
 −9.0% (−11.4%; −6.4%)
 b0.001
 −12.7% (−15.3%; −10.0%)
 b0.001
 −3.9% (−7.9%; 0.3%)
 0.067

odel 2b
 −7.7% (−10.1%; −5.1%)
 b0.001
 −11.4% (−14.0%; −8.6%)
 b0.001
 −2.7% (−6.7%; 1.6%)
 0.216
ommon mental disorder

rude
 −7.5% (−9.7%; −5.2%)
 b0.001
 −15.2% (−17.4%; −13.0%)
 b0.001
 3.1% (−0.9%; 7.2%)
 0.128

odel 1a
 −11.1% (−13.1%; −9.0%)
 b0.001
 −15.8% (−18.0%; −13.6%)
 b0.001
 −4.7% (−8.1%; −1.1%)
 0.010

odel 2b
 −9.4% (−11.4%; −7.2%)
 b0.001
 −14.2% (−16.3%; −11.9%)
 b0.001
 −2.9% (−6.4%; 0.7%)
 0.118
en (n = 6219)
epressive disorder

rude
 −1.9% (−10.3%; 7.4%)
 0.680
 −6.7% (−14.7%; 2.0%)
 0.128
 6.9% (−9.0%; 25.7%)
 0.416

odel 1a
 −3.6% (−11.7%; 5.2%)
 0.410
 −7.2% (−15.1%; 1.5%)
 0.103
 2.6% (−12.4%; 20.1%)
 0.751

odel 2b
 −3.5% (−11.6%; 5.3%)
 0.420
 −6.4% (−14.4%; 2.3%)
 0.146
 1.2% (−13.5%; 18.5%)
 0.881
nxiety disorder

rude
 −2.8% (−6.9%; 1.6%)
 0.206
 −8.1% (−12.0%; −4.0%)
 b0.001
 7.0% (−1.0%; 15.8%)
 0.089

odel 1a
 −4.1% (−8.1%; 0.0%)
 0.051
 −8.5% (−12.4%; −4.4%)
 b0.001
 3.7% (−3.9%; 12.0%)
 0.346

odel 2b
 −3.7% (−7.7%; 0.5%)
 0.080
 −7.8% (−11.7%; −3.7%)
 b0.001
 3.6% (−4.0%; 11.9%)
 0.360
ommon mental disorder

rude
 −5.1% (−8.3%; −1.7%)
 0.004
 −10.1% (−13.2%; −6.9%)
 b0.001
 4.2% (−2.2%; 11.1%)
 0.205

odel 1a
 −7.1% (−10.2%; −3.8%)
 b0.001
 −10.6% (−13.7%; −7.5%)
 b0.001
 −0.6% (−6.7%; 5.8%)
 0.842

odel 2b
 −6.7% (−9.9%; −3.5%)
 b0.001
 −10.1% (−13.2%; −7.0%)
 b0.001
 −0.6% (−6.6%; 5.9%)
 0.859
M
ICH: ideal cardiovascular health; rPSD: relative predicted score differences (the change in the predicted value of the ICH score attributable to the presence of the psychiatric disorder, hold-
ing covariates values constant).
a Quasi-Poisson regression model, adjusted for age.
b Quasi-Poisson regression model, adjusted for age, race, education, and alcohol
consumption.
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