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Early Emotional Symptoms Predicting Carotid Atherosclerosis in
Youth: Results From a Birth Cohort in Latin America
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Background-—Emotional disorders are risk factors for atherosclerosis and consequent cardiovascular disease. However, it is not
clear whether emotional symptoms (ESs) have direct effects on cardiovascular disease. The aim of the present study is to
investigate the effects of early ESs on carotid atherosclerosis in young adults.
Methods and Results-—We tested the association between expression of ESs at 11 and 15 years of age and carotid intima-media
thickness at 18 years of age in the 1993 Pelotas Birth Cohort (N=5249, n=4336 with complete mental health data). ESs were
assessed using the Strengths and Difﬁculties Questionnaire. Propensity score weighting procedure was run using generalized
boosted regression model to adjust for potential confounding between exposure and outcome. We also tested whether traditional
cardiovascular risk factors could mediate this relationship. Adjusted high expression of ESs, both at 11 and 15 years of age, led to
mean increases in carotid intima-media thickness of 1.84 and 2.58 lm, respectively, at 18 years of age (both P<0.001).
Longitudinal effects of ESs on atherosclerosis were direct and not signiﬁcantly mediated by traditional cardiovascular risk factors.
Male sex at age 15 years signiﬁcantly enhanced the effects of ESs on carotid intima-media thickness at age 18 years (P<0.001 for
interaction): although high expression of ESs led to mean increases of 1.14 lm in females (P<0.05), it led to mean increases of
5.83 lm in males (P<0.001).
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Conclusions-—In this large birth cohort, expression of ESs in adolescence was longitudinally associated with a higher carotid
intima-media thickness in young adults. The association is direct and not mediated by traditional cardiovascular risk factors.
Interactions by sex might have important implications for designing future interventions. ( J Am Heart Assoc. 2019;8:e011011.
DOI: 10.1161/JAHA.118.011011.)
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C

ardiovascular diseases (CVDs) are the leading cause of
death worldwide. Strategies to decrease risk factors
could prevent at least 80% of CVDs.1 Mental disorders (MDs)
are associated with the development of CVD and are related
to worse outcome once CVD is established.2 Multiple
mechanisms link MDs, such as anxiety and depression, to
CVD, including endothelial dysfunction,3 autonomic nervous
system activation,4 elevated inﬂammatory activity,5 and lower

adhesion to treatment and lifestyle changes in the context of
established CVD.6 Atherosclerosis is the most frequent
underlying cause of CVD. It is the consequence of a
multifactorial process beginning in childhood. Interventions
to reduce risk factors can lead to a greater reduction of CVD
compared with target interventions adopted later in life.7 MDs
are youth disorders and potentially contribute to atherosclerosis and CVD.8 Therefore, establishing a clear association
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Methods
Study Population

What Is New?
• Adolescents with high emotional symptoms (ESs) have
increased carotid intima-media thickness in early adulthood.
• The effects of ESs are not mediated by traditional cardiovascular risk factors.
• Female sex buffers the effects of ESs on carotid intimamedia thickness.

What Are the Clinical Implications?
• Early interventions might be useful in mitigating the effects
of ESs over cardiovascular health.
• Interventions tailored to male adolescents may have greater
impact and should be prioritized.
• Referring adolescents experiencing ESs to mental health
services shall be considered by physicians as a measure
also promoting cardiovascular health.
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between these conditions at an early age could lead to more
effective interventions.
Carotid intima-media thickness (cIMT) is a surrogate
marker for the presence and progression of atherosclerosis.9
It is widely adopted because it can be simply, reproducibly,
and noninvasively measurable. Exposure to traditional cardiovascular risk factors during childhood is correlated to
increased cIMT.8 However, >60% of cIMT variance cannot
be explained by traditional risk factors,10 which makes
identifying novel risk factors an issue of paramount importance.
Adverse childhood experiences, for instance, are examples
of candidate risk factors worth investigating further. They are
related to greater blood pressure levels11 and CVD in
adulthood.12 Recently, the American Heart Association published a scientiﬁc statement reviewing the mechanisms
through which adversity could lead to CVD, one of which
being poor mental health.13 It emphasized the paucity of
longitudinal studies on the subject and the need to answer the
question on how psychosocial risk factors lead to CVD.14
The Pelotas Birth Cohort is among the few cohorts in
developing countries that follows individuals since their birth
and provides data on child and adolescent general and
mental health.15 In the present study, we analyzed the cohort
of individuals born in 1993. We hypothesized that the
presence of emotional symptoms (ESs) during childhood and
adolescence would be associated with increased cIMT at
early adulthood. Furthermore, our hypothesis was that
traditional CVD risk factors, such as serum lipid markers,
blood pressure, body mass index (BMI), physical activity, and
serum blood glucose, would not signiﬁcantly mediate the
association.
DOI: 10.1161/JAHA.118.011011

The data that support the ﬁndings of this study are available
from the corresponding author on reasonable request.
In 1993, all mothers who delivered live-born infants in all 5
city hospitals of Pelotas (Southern Brazil) were invited to join
the study. A total of 5249 individuals agreed to participate,
with only 16 subjects (0.3%) refusing participation. Written
informed consent was obtained before entry from the primary
caregiver and from all adolescents subsequently. This study
was approved by the Institutional Review Board of the School
of Medicine, Universidade Federal de Pelotas, Rio Grande do
Sul (Brazil).
In the ﬁrst visit, information on gestational age in weeks
was estimated from the last menstrual period or using the
Dubowitz method when the information on the last menstrual
period was not available. Birth weight (pediatric scales
[Filizola, Sao Paulo, Brazil], with a precision of 10 g), maternal
skin color (white/nonwhite), maternal schooling (complete
years), family income (in minimum wages), and smoking
during pregnancy (yes/no) were also obtained. Subsequent
follow-up visits were conducted when children were 11, 15
and 18 years old. Response rates of 87.5%, 85.7%, and 81.3%
were obtained when adolescents and young adults were 11,
15 and 18 years old, respectively.16,17

Measurements
Covariates
Several measures were collected at follow-up visits: BMI (World
Health Organization z score) categorized as underweight/
normal (≤1 z score), overweight (>1 and ≤2 z score), or obese
(>2 z score)18; sexual maturation (Tanner’s stages of
maturation)19,20; parental history of hypertension and diabetes
mellitus (yes/no); and smoking status (never/former/current).
Interviewers underwent standardization testing to ascertain repeatability of weight and height assessments before
data collection and every 2 months afterward.

Psychiatric Measures
ESs were assessed by trained interviewers using the validated
Brazilian Portuguese version of the Strengths and Difﬁculties
Questionnaire (SDQ).21,22 A previous study of our group
showed that it can be a useful tool to evaluate ESs when
diagnoses provided by mental health clinicians are not
feasible.23 The SDQ is a screening instrument for mental
health problems consisting of 25 items, divided into 5
subscales (5 items each): ESs, hyperactive behavior, conduct
problems, prosocial behavior, and peer relationships. Mental
health symptoms were informed by primary caregivers.
Journal of the American Heart Association
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cIMT and Cardiovascular Risk Assessment
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cIMT was measured at 18 years old: the posterior walls of the
right and left common carotid arteries in longitudinal planes
were assessed using ultrasound B-mode imaging (Xario,
Premium Compact, Toshiba), equipped with a 7.5-MHz (5.0–
11.0-MHz) linear array transducer with 4-cm deep and gain
settings optimized to image quality. Subjects were positioned in
the supine position with the head tilted 45° in the opposite
direction to the examined carotid to have their scans done by a
trained examiner. The examiner was blind and thus unaware of
psychiatric symptoms presented by individuals. A section
proximal to the carotid bulb of the common carotid artery was
imaged in a moving scan with a duration of 8 s. Images were
recorded in DICOM 3.0 format and analyzed using the Carotid
Analyzer for Research software (Medical Imaging Applications,
MIA-LLC). The software automatically computed the mean value
of 90 measurements (frames) taken in the 10-mm-long section
located 10 mm to the carotid bulb.28
Blood pressure was computed as the mean of 2 measurements using an OMRON HEM 705CPINT digital upper arm
device. Mean arterial pressure was calculated as follows:
diastolic pressure+(systolic pressurediastolic pressure)/3.
Biochemical examinations were collected and comprised
nonfasting blood: triglycerides (mg/dL), glycated hemoglobin
(percentage), and plasma high- and low-density lipoprotein
cholesterol (mg/dL).
DOI: 10.1161/JAHA.118.011011

Statistical Analyses
Because of the observational nature of the present study and to
minimize confounding, we modeled the probabilities of developing high ESs at 11 and 15 years old using the PS weighting
(PSW) method, which used generalized boosted modeling
(GBM) to calculate PSs, in twang package in R.29 GBM has been
made popular in the machine learning community as one of the
latest prediction methods, allowing researchers to powerfully
estimate exposure probability (PS) on the basis of many
predicting covariates. It ﬁts several models, both linear and
nonlinear, using a regression tree and then merging predictions
computed by each model.30,31 Regression trees do not require
researchers to specify functional forms of variables (ie, they
handle continuous, nominal, ordinal, and missing independent
variables, as well as nonlinear and interaction effects).32
Covariables used to compute PS at 11 years old and PS at
15 years old using GBM were chosen considering previous work
on ESs and CVD risk2,33,34 and can be found in the Figure.
Number of interaction trees was set on 5000, shrinkage in 0.01
and level of interactions in 2, which were basically set to
minimize prediction errors by means of subsampling
strategies.32 Balance in covariables between groups (eg, high
versus low ESs) was ascertained comparing standardized mean
differences. To allow further multivariate analysis having cIMT at
18 years old as the outcome, thus retaining as many individuals
for the main analyses as possible, we opted not to match
individuals on the basis of their PS. Instead, we computed the
inverse probability of exposure weight, including it as a
parameter in regression analysis (PSW), weighting the comparison cases to estimate the average treatment effect on the
treated. The PSW also balances groups in terms of missingness
of covariates, which is another advantage of this method.
Because potential mediators could explain part of the
associations between ESs and cIMT, we performed mediation
analyses using structural equation modeling, taking PSW into
account and using lavaan package in R.35 On the basis of
previous research,36 triglycerides, low-density lipoprotein,
high-density lipoprotein, glycated hemoglobin, smoking, mean
arterial pressure, and BMI were tested as mediators, each in a
separate analysis. To ensure ignorability in the associations of
ESs with mediators and cIMT at 18 years old, we also
included PSW scores in the structural equation models using
lavaan.survey package in R.37

Results
Participant Characteristics
Data on the sample with complete mental health data corresponding to 2 waves, when individuals were 11 (n=4423) and
15 (n=4336) years old, of the Pelotas Birth Cohort were
Journal of the American Heart Association
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Adolescents were regarded as high in ESs at 11 or 15 years
of age when their ES SDQ subscales (sum score of the 5
items) were 2 SDs above the mean of the sample. The same
criterion was applied to the SDQ hyperactivity and conduct
subscales to consider adolescents high in hyperactivity
behavior and conduct problems (sensitivity analysis, see
below). Dichotomizing into 2 SDQ groups enabled computation of propensity scores (PSs); establishing the cutoff of 2
SDs maximized speciﬁcity and positive predictive value for
depressive and generalized anxiety disorders.24
Childhood adversity was assessed at 15 years old and
consisted of a conﬁdential questionnaire, including 7 dichotomous items ﬁlled by adolescents. Questions addressed
lifetime physical, sexual, or emotional abuse and child
neglect. Individuals were classiﬁed according to the presence
and degree of maltreatment: no maltreatment (no positive
answer), probable maltreatment (1 positive answer), and
severe maltreatment (≥2 positive answers).25
When children were 11 years old, their mothers were
assessed using the Brazilian Portuguese validated version of
the Self-Report Questionnaire.26 The Self-Report Questionnaire estimates the occurrence of nonpsychotic psychiatric
disorders over the former month, especially anxiety disorders
and depression.27
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Figure. Timeline of data collection and diagram indicating direct and indirect paths across studied
variables. Dashed oval: maternal/paternal variables; continuous ovals: variables directly assessed on
adolescents at distinct waves. High-density lipoprotein, low-density lipoprotein, mean arterial pressure, and
glycated hemoglobin assessed at 18 years old had no signiﬁcant direct or indirect effects on carotid intimamedia thickness (cIMT). a=effect of exposure on the mediator; b=effect of the mediator on the outcome;
c=direct effect of the exposure on the outcome. Estimates of mediated effects (ab) ranged between 0.10
and 0.09 (P range between 0.81 and 0.26). ‡Estimates of direct effects of emotional symptom (ESs) on cIMT
were computed separately in mediation analyses and ranged between 2.3 and 2.6 (all P<0.05). BMI indicates
body mass index; BW, birth weight; CA, childhood adversity; DBP, diastolic blood pressure; DM, diabetes
mellitus; PA, physical activity; PS11, propensity score for ESs at 11 years old; PS15, propensity score for ESs
at 15 years old; SBP, systolic blood pressure; SRQ, Self-Reporting Questionnaire. *P<0.05, **P<0.01.

analyzed to generate separate PSW. Baseline characteristics of
both waves, before and after weighting for the PS, are outlined in
Tables 1 and 2. Most confounders were balanced (standardized
mean difference, <0.2) between weighted groups, except for
minor differences in family income at 15 years old, favoring the
group with low ESs. Figures S1 and S2 provide the log likelihood
explained by each input variable provided by GBM. Childhood
adversity exerted negligible inﬂuence on the PS for ESs both at
11 and 15 years old (Figures S1 and S2). All adolescents
included in the groups with high ESs scored >9 of 10 items that
compose the SDQ emotional subscale.

Effects of ESs on cIMT
Individuals with complete data on ESs and cIMT at 11
(n=3068) and 15 (n=3136) years old were analyzed. After
weighting for the PS, high levels of ESs, both at 11 and
15 years old, led to mean increases of 1.84 and 2.58 lm,
respectively, in cIMT at 18 years old (both P<0.001). Table 3
DOI: 10.1161/JAHA.118.011011

depicts the results for linear models weighted for the PS.
Being female (interaction P<0.001) buffered the effects of
high levels of ESs at 15 years old over cIMT at 18 years old.
Thus, we stratiﬁed analyses by sex and computed the effects
of high ESs at 15 years old over cIMT at 18 years old,
weighting for PS generated for each sex (using the same
covariables as for PS at 15 years old). High ESs at 15 years
old predicted a mean increase of 1.14 lm in cIMT in females
(P<0.05), whereas it predicted a mean increase of 5.83 lm in
males (P<0.001). Moreover, being a smoker at age 18 years
increased the effects of ESs over cIMT (interaction P<0.001).
Interestingly, individuals with higher pubertal development at
15 years old had more pronounced effects of ESs on
subsequent cIMT (interaction P<0.01).

Mediation Analyses
Herein, we tested the possibility that traditional risk factors
associated with increased atherosclerosis could be mediating
Journal of the American Heart Association
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Unweighted

Weighted

Emotional Symptoms

Emotional Symptoms

Low (n=4244)

Variable

High (n=179)

SMD

Low (n=4244)

High (n=179)

SMD

Female sex, %

50

58

0.16

56

58

0.03

Ethnicity (black), %

13

20

0.21

20

20

0.06

Maternal smoking during pregnancy, %

33

40

0.13

42

40

0.04

Diabetes mellitus (any parent), %

8

10

0.07

9

10

0.03

SBP, mm Hg

102

102

0.04

102

102

0.01

DBP, mm Hg

63

63

0.00

63

63

0.02

Birth weight, kg

3181

3033

0.27

3044

3033

0.02

Family income (minimum wages)

4.3

2.8

0.65

2.93

2.74

0.08

Maternal scholarity, y

6.7

5.2

0.62

5.3

5.2

0.05

Physical activity, min/wk

416

413

0.01

401

413

0.02

Low/normal, %

69

74

0.11

74

74

0.01

Overweight, %

20

15

0.14

17

15

0.06

Obese, %

11

11

0.02

9

11

0.06

Childhood adversity*

0.23

0.22

0.01

0.22

0.22

0.00

Maternal SRQ*

7

11

1.10

11

11

0.12

BMI, kg/m

2
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BMI indicates body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; SDQ, Strengths and Difﬁculties Questionnaire; SMD, standardized mean difference; SRQ, SelfReporting Questionnaire.
*Total scores.

the effects between ESs and cIMT. For this purpose, we used
the structural equation modeling framework and tested, in
separate models, each variable weighted for the PSW as a
possible mediator between ESs at 15 years old and cIMT at
18 years old. As can be seen in the Figure, smoking, glycated
hemoglobin, triglycerides, low-density lipoprotein, highdensity lipoprotein, BMI, and mean arterial pressure assessed
at 18 years old were not signiﬁcant mediators between ESs
and cIMT.

Sensitivity Analysis
To test the speciﬁcity of the relationship between ESs and
cIMT, we also computed PS predicting high hyperactivity
behavior and high conduct problems at 15 years old. For this
purpose, we included the same variables as in the PS for
high ESs. Group differences (low versus high hyperactivity
behavior and low versus high conduct problems) were
negligible after balancing for the PSW, as can be seen in
Tables S1 and S2, respectively. More important, after
balancing for the PSW, high hyperactivity behavior at
15 years old was not a signiﬁcant predictor of cIMT at
18 years old (b=0.19, SEM=0.54, t=0.34, P=0.73). Similarly,
DOI: 10.1161/JAHA.118.011011

high conduct problems at 15 years old did not signiﬁcantly
predict cIMT at 18 years old (b=0.32, SEM=0.42, t=0.76,
P=0.49). Also, repeating analyses with emotional SDQ at 11
and 15 years old as continuous variables predicting cIMT at
18 years old did not change the pattern of results (data
available on request).

Discussion
This study shows that ESs presented in 2 distinct moments of
adolescence predicted higher levels of cIMT at young
adulthood. The effects of ESs on cIMT were not mediated
by traditional cardiovascular risk factors. The association was
more pronounced in men than women and was signiﬁcantly
potentiated by current smoking status. Remarkably, our
ﬁndings replicate, in a birth cohort of a developing country,
prospective effects of ESs over carotid atherosclerosis. Such
effects were speciﬁc to the expression of ESs, once the
association did not hold true for those with hyperactivity
behavior, nor for those with conduct problems.
Two previous large population-based studies showed associations between depressive and anxiety symptoms in children
and young adults and subsequent premature mortality by
Journal of the American Heart Association
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Table 1. Unweighted and Weighted Means for Covariates and SMDs According to SDQ Group at 11 Years Old: The Pelotas Birth
Cohort
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Unweighted

Weighted

Emotional Symptoms

Emotional Symptoms

Low (n=4197)

Variable

High (n=139)

SMD

Low (n=4197)

High (n=139)

SMD

Female sex, %

50

73

0.50

68

73

0.11

Ethnicity (black), %

14

27

0.29

22

27

0.10

Maternal smoking during pregnancy, %

33

32

0.03

38

32

0.14

Diabetes mellitus (any parent), %

8

9

0.05

9

9

0.02

SBP, mm Hg

122

120

0.12

121

120

0.06

DBP, mm Hg

77

78

0.04

78

78

0.01

Birth weight, kg

3180

3094

0.16

3116

3094

0.04

Family income (minimum wages)

4.3

2.5

0.85

2.9

2.5

0.20

Maternal scholarity, y

6.8

4.9

0.76

5.2

4.9

0.10

Physical activity, min/wk

446

413

0.07

427

413

0.03

Low/normal, %

68

71

0.06

67

71

0.09

Overweight, %

18

16

0.06

18

16

0.05

Obese, %

8

5

0.15

7

5

0.11

BMI, kg/m

2

Tanner stage

4.0

4.0

0.04

4.0

4.0

0.03

Childhood adversity*

0.23

0.21

0.06

0.23

0.20

0.05

Maternal SRQ

7.0

10.3

0.70

9.8

10.3

0.11
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BMI indicates body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; SDQ, Strengths and Difﬁculties Questionnaire; SMD, standardized mean difference; SRQ, SelfReporting Questionnaire.
*Total score.

ischemic heart disease.38,39 Both studies relied on robust
adjustment for potential confounders, but putative mechanisms were not investigated. Inﬂammation, oxidative stress,
Table 3. PS Weighted Linear Regression Predicting cIMT at
18 Years Old: The Pelotas Birth Cohort
b

SEM

t Value

P Value

High ESs

1.84

0.63

4.07

<0.001

Female sex

2.02

0.62

3.26

<0.01

High ESs9female sex

1.07

0.85

1.26

0.21

2.58

0.39

6.70

<0.001

Age/Predictor

Aged 11 y (n=3068)

Aged 15 y (n=3136)
High ESs
Female sex

2.33

0.59

3.96

<0.001

High ESs9female sex

3.91

0.81

4.85

<0.001

High ESs9smoking

5.06

1.04

4.89

<0.001

High ESs9Tanner stages

0.89

0.28

3.12

<0.01

B indicates micrometers; cIMT, carotid intima-media thickness; ES, emotional symptom;
PS, propensity score.

DOI: 10.1161/JAHA.118.011011

and platelet, autonomic, and endothelial dysfunction were
speculated among possible pathophysiological mediators.
cIMT is a marker of systemic atherosclerosis and involves
both inﬂammation and oxidative stress, being associated with
autonomic and endothelial dysfunctions.40 Anxiety symptoms
have been prospectively associated with cIMT increases after
5 years of follow-up, independently of traditional cardiovascular
risk factors, in the EVA (Etude sur le Vieillissiment Arteriel) study,
which was conducted with nearly 400 middle-aged adults.33
However, 2 epidemiological cohort studies, the Cardiovascular
Risk in Young Finns Study and the BLSA (Baltimore Longitudinal
Study of Aging),41,42 failed to ﬁnd the same association.
Inconsistent results might be explained by different intervals
between psychiatric and cIMT assessments, distinct instruments for measuring ESs, clinical comorbidities, and samples
drawn from populations of distinct ages. In contrast, our study
was larger and applied PSW, a robust statistical technique that
provided more power than those of the above-mentioned
cohorts. Indeed, also applying PS method and assessing a larger
sample, a robust association between generalized anxiety
disorder and heart rate variability has been found, which is
another proposed mechanism linking ESs to CVD.43
Journal of the American Heart Association
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Table 2. Unweighted and Weighted Means for Covariates and SMDs According to SDQ Group at 15 Years Old: The Pelotas Birth
Cohort
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would be that males with such genetic variants would be
susceptible to both ESs and atherosclerosis. Third, there was
a signiﬁcant ES by pubertal stage interaction on cIMT,
irrespectively of sex. Although all individuals from our sample
were born in the same year, this might indicate that not only
chronological age, but also ﬂuctuations within hormonal
environment, may play a role in the pathophysiological
characteristics of early atherosclerosis.
Our study needs to be understood in light of its limitations.
First, this is an observational study and causal pathways
might have confounding factors. However, using GBM within
the PSW procedure, along with increasing effect size with age
and speciﬁcity of ES effects on cIMT, altogether can minimize
the inﬂuence of confounding factors and argue for effect
directionality. Second, we used SQD as a marker of MDs.
Although it is an established screening method for MDs, it
does not replace validated diagnostic interviews. This could
explain differences between other studies and ours. However,
when compared with diagnostic measures assessing depression and generalized anxiety disorder, an equivalent cutoff has
been shown to present optimal positive-predictive (100%),
speciﬁcity (100%), and negative-predictive (80%) values.24
Therefore, the most likely was that adolescents with more
severe symptoms of depression and anxiety were captured in
our sample and that this may have decreased noise for
statistically testing our hypotheses.
Our ﬁndings are consistent with a role of ESs on the
pathophysiological characteristics of early atherosclerosis.
Preliminary studies support the efﬁcacy of psychological
interventions to ameliorate cardiovascular outcomes in
adults.50 However, randomized, double-blind, placebo-controlled studies that evaluate the utility of early interventions
speciﬁcally designed to mitigate the effects of ESs in
childhood and adolescence and their effects in atherosclerosis are still lacking.

Sources of Funding
The cohort received funding from the following agencies:
Wellcome Trust (No. 086974/Z/08/Z), International Development Research Center, World Health Organization, Overseas Development Administration of the United Kingdom,
European Union, Brazilian National Support Program for
Centers of Excellence (PRONEX), Brazilian National Council
for Scientiﬁc and Technological Development (CNPq), Science
and Technology Department (DECIT) of the Brazilian Ministry
of Health, Research Support Foundation of the State of Rio
Grande do Sul (FAPERGS), and Brazilian Association for
Collective Health (ABRASCO). None of these organizations
inﬂuenced the study design or collection, analysis, and
interpretation of data; the writing of the report; or the
decision to submit the manuscript for publication.
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A meta-analysis of prospective studies has shown that an
absolute difference of 100 lm in cIMT increases by 10% to
15% and by 13% to 18% the risk of myocardial infarction and
stroke, respectively.44 Therefore, taken alone, the 1.84- and
2.58-lm cIMT increases found herein should not raise major
concerns. Nevertheless, the above-mentioned review included
samples with mean ages ranging between 50 and 73 years
old, which sharply contrasts with our sample of youngsters.
Furthermore, the mean follow-up of included studies was only
5.5 years. Because it has been demonstrated that the
relationship between cIMT and CVD is nonlinear in young
individuals,44 extrapolations from older samples should be
taken with extreme caution. Young adults are rarely under a
physician’s supervision and thus seldom medicated, which
contributes for further carotid thickening once the process
has started. Consistent with this view, our ﬁndings show that
deleterious effects of ESs on cIMT increased between 11 and
15 years old. Indeed, ESs are chronic and recurrent and
increasing effects on cIMT throughout young adulthood might
lead to a much greater CVD impact than once expected.
Serum lipid markers, blood pressure, BMI, and blood
glucose did not signiﬁcantly mediate the association between
ESs and cIMT. Although such adverse lifestyle behaviors are
usually associated with negative emotional states,13 shared
genetic mechanisms may better explain the phenomenon.
Previous research has shown that healthy adolescents with
parental history of major depressive disorder presented
increased aortic stiffness, blood pressure, and insulin resistance compared with controls with no parental history of
major depressive disorder.34 Moreover, the offspring of
parents with CVD are more likely to have presented an
episode of major depressive disorder than controls with no
familial history of CVD.45 Consistent with a pleiotropic effect,
our results show that parental history of elevated blood
pressure and diabetes mellitus, along with mental health
symptoms, exerts a robust inﬂuence in the PS for ESs in their
siblings. Again, PSW balanced for such a complex interplay
between CVD and ESs as mutual risk factors, which
strengthens the effects shown herein.
Three additional ﬁndings deserve further comment. First,
we found a signiﬁcant interaction between ESs and smoking
in predicting higher cIMT. A possibility is that both ESs and
smoking share a common pathway leading to atherosclerosis
(eg, systemic inﬂammation).46,47 Second, the effects of ESs
on cIMT seemed to be more pronounced in male than in
female adolescents. Certain genetic variants, such as the
phosphodiesterase 4D gene, are speciﬁcally associated with
higher cIMT levels in males, but not in females.48 Interestingly, the phosphodiesterase 4 isoenzyme family is widely
expressed within the central nervous system, and the
disruption of its activities is associated with mood and
memory disturbances.49 Thus, a conjectural explanation
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Table S1. Unweighted and weighted means for covariates and standardized mean
diferences (SMD) according to SDQ group at 15 years-old: The Pelotas Birth Cohort.
Unweighted
Weighted
Variable

Hyperactivity Behavior
Low
(n= 4,114)

High
(n= 224)

Female sex (%)

52

37

Ethnicity (%
black)

14

Maternal
Smoking
during
Pregnancy (%)

Hyperactivity Behavior
SMD

SMD

Downloaded from http://ahajournals.org by on December 2, 2019

Low
(n= 4,114)

High
(n= 224)

.30

41

37

.08

19

.14

18

19

.04

33

44

.23

42

44

.05

Diabetes (%
any parent)

8

8

.01

8

8

.01

SBP (mm/Hg)

122

121

.11

121

121

.02

DBP (mm/Hg)

77

76

.14

76

76

.003

Birth Weight
(Kg)

3,180

3,121

.12

3,120

3,121

.001

Family Income
(Minimum
Wages)

4.3

3.4

.26

3.5

3.4

.03

Maternal
Scholarity (yrs)

6.8

6.1

.20

6.2

6.1

.01

Physical
Activity
(min/wk)

440

544

.15

505

544

.06

BMI (Kg/m2)
Low/normal
(%)
Overweight (%)

69

67

.04

68

67

.04

18
8

19
9

.04
.03

18
8

19
9

.03
.05

Obese (%)

Tanner Stage

4.0

4.2

.15

4.2

4.2

.02

Chilhood
Adversity*

.23

.21

.07

.20

.21

.01

Maternal SRQ*

7.0

8.5

.34

8.4

8.5

.02

SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; BMI = Body Mass Index; SRQ = Self-reporting
Questionnaire; *Total scores
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Table S2. Unweighted and weighted means for covariates and standardized mean
differences (SMD) according to SDQ group at 15 years-old: The Pelotas Birth Cohort.
Unweighted
Weighted
Variable

Conduct Problems
Low
(n= 4,079)

High
(n= 259)

Female sex (%)

51

56

Ethnicity (%
black)

14

Maternal
Smoking
during
Pregnancy (%)

Conduct Problems
SMD

SMD
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Low
(n= 4,079)

High
(n= 259)

.10

52

56

.08

22

.20

20

22

.05

32

50

.35

46

50

.07

Diabetes (%
any parent)

8

7

.04

9

7

.06

SBP (mm/Hg)

122

121

.08

121

121

.01

DBP (mm/Hg)

77

75

.19

75

75

.05

Birth Weight
(Kg)

3,179

3,139

.08

3,145

3,139

.01

Family Income
(Minimum
Wages)

4.4

2.7

.66

2.9

2.7

.08

Maternal
Scholarity (yrs)

6.8

5.3

.54

5.4

5.3

.03

Physical
Activity
(min/wk)

440

531

.15

508

531

.04

BMI (Kg/m2)
Low/normal
(%)
Overweight (%)

68

71

.05

69

71

.03

18
8

16
8

.06
.02

17
8

16
8

.03
.01

Obese (%)

Tanner Stage

4.0

4.0

.00

4.0

4.0

.03

Chilhood
Adversity*

.2

.2

.17

.2

.2

.05

Maternal SRQ*

7.0

9.4

.55

9.1

9.4

.06

SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; BMI = Body Mass Index; SRQ = Self-reporting
Questionnaire; *Total scores
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Figure S1. Relative Influence of Each Variable on the Propensity Score for High Emotional Symptoms at 11 yearsold.
Maternal SRQ
Parental history of DM
SBP
PA
Birth Weight
DBP
Skin Color
Maternal Schooling
Wage
Childhood Adversity
Sex
BMI
Maternal Smoking
0

15
Relative Influence
(%)

SRQ: Self-Report Questionnaire; DM: Diabetes Mellitus; SBP: Systolic Blood Pressure; PA: Physical Activity; DBP:
Diastolic Blood Pressure; BMI: Body Mass Index.
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Figure S2. Relative Influence of Each Variable on the Propensity Score for High Emotional Symptoms at 15 years-old.
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Mellitus; BMI: Body Mass Index. *Tanner Puberal Developmental Stage
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