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Abstract—In the 2011 “Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children and
Adolescents,” several medical conditions among youth were identified that predispose to accelerated atherosclerosis and early
cardiovascular disease (CVD), and risk stratification and management strategies for youth with these conditions were elaborated.
Major depressive disorder (MDD) and bipolar disorder (BD) among youth satisfy the criteria set for, and therefore merit
inclusion among, Expert Panel tier Il moderate-risk conditions. The combined prevalence of MDD and BD among adolescents
in the United States is =10%, at least 10 times greater than the prevalence of the existing moderate-risk conditions combined.
The high prevalence of MDD and BD underscores the importance of positioning these diseases alongside other pediatric
diseases previously identified as moderate risk for CVD. The overall objective of this statement s to‘increase awareness and
recognition of MDD and BD among youth as moderate-risk conditions for early CVD. To achieve this-objective, the primary
specific aims of this statement are to (1) summarize evidence that MDD and BD are tier Il moderate-risk conditions associated
with accelerated atherosclerosis and early CVD and (2) position MDD and BD as tier I moderate-risk conditions that require
the application of risk stratification and management strategies in accordance with Expert Panel recommendations. In this
scientific statement, there is.an integration-of the various factors-that putatively underlie the association of MDD and
BD with CVD, including pathophysiological mechanisms, traditional CVD risk factors, behavioral and environmental
factors, and psychiatric medications. (Circulation. 2015;132:000-000. DOI: 10.1161/CIR.0000000000000229.)
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evidence for arterial dysfunction indicative of accelerated

In a 2006 American Heart Association scientific statement
atherosclerosis before 30 years of age.” In the 2011 “Expert

on cardiovascular risk reduction in high-risk pediatric

patients, a list of 8 pediatric diagnoses associated with ele-
vated cardiovascular risk were identified, and practical man-
agement recommendations were generated.' In that scientific
statement, tier II conditions required “pathophysiological

Panel on Integrated Guidelines for Cardiovascular Health
and Risk Reduction in Children and Adolescents” (hence-
forth, “Expert Panel”), special risk conditions were identified
in accordance with the above definition for tier I (moderate
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risk). Specifically, moderate-risk conditions are those for
which “the disease process has been shown to be associated
with pathologic, physiologic, or subclinical evidence of accel-
erated atherosclerosis.”> According to the Expert Panel, tier
IT included Kawasaki disease with regressed coronary aneu-
rysms, chronic inflammatory disease (systemic lupus erythe-
matosus, juvenile inflammatory arthritis), HIV infection, and
nephrotic syndrome. Moreover, risk stratification in the Expert
Panel indicated that children and adolescents with tier II con-
ditions were to be moved to tier I (high risk) if they had 2 or
more of 7 traditional cardiovascular risk factors or comorbidi-
ties (obesity, tobacco smoke exposure, hypertension, insulin
resistance, dyslipidemia including high levels of low-density
lipoprotein cholesterol, high levels of triglycerides, and low
levels of high-density lipoproteins). Importantly, in the Expert
Panel report, specific cut points and treatment goals were out-
lined for blood pressure, body mass index, glucose, and lip-
ids, and recommendations were provided regarding lifestyle
change and pharmacological treatment.

When the results of several studies to date are considered
together, as reviewed in this statement, it can be concluded
that the inclusion of adolescent mood disorders on the list
of tier II moderate-risk pediatric diagnoses is warranted.
Moreover, there is compelling evidence regarding excessive
and premature cardiovascular disease (CVD)* among adults
with major depressive disorder (MDD) and bipolar disorder
(BD). The association between depression and CVD among
adults is well known.>* In recent epidemiological studies in
the United States, the'prevalence of CVD among adults with
MDD was nearly, 3-fold greater than among adults_without
mood disorders, and adults with CVIDD and MDD were =7.5
years younger than adults with CVD who did not have mood
disorders.” Putative pathophysiological. mechanisms 'of.-the
increased risk of CVD among adults with mood disorders
include hypothalamic-pituitary-adrenal axis and sympatho-
medullary hyperactivity, increased platelet reactivity, reduced
heart rate variability, vascular inflammation, oxidative stress,
and endothelial dysfunction (Figure 1). These processes are
likely set into motion in part by adverse lifestyle behaviors
that are disproportionate among people with mood disorders.
The results of twin studies and molecular genetic studies also
implicate shared genetic pathways between depression and
CVD.5% There is also preliminary evidence based on adoles-
cents regarding the familial nature of the CVD-depression
link. For example, psychiatrically healthy adolescent offspring
of parents with MDD have been shown to have increased aor-
tic stiffness and blood pressure, along with decreased insulin
sensitivity.® Moreover, adolescents with a history of MDD
have elevated rates of parental CVD.’

The association between BD and CVD appears to be at
least as strong as the association with MDD, although this
association is less commonly recognized. CVD is the leading
cause of death in BD, with a standardized mortality ratio of
1.5 to 2.5.1%"" Among young adults specifically, the standard-
ized mortality ratio may be as high as 8.'> By comparison,

*CVD is used in this statement to denote atherosclerotic/coronary/
ischemic heart disease; however, when referencing previous studies that
included structural or infectious heart disease within CVD, this statement
specifies the term that best reflects the above definition of CVD.
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Figure 1. Putative reasons for excessive and premature
cardiovascular disease (CVD) among youth with major depressive
disorder and bipolar disorder.

although malignancy is the second most common medical
cause of death in BD, it does not appear to be more prevalent
in BD than in the general population.'™'* Excess and prema-
ture CVD mortality in BD has been documented for >70 years,
before the use of mood stabilizers and antipsychotic drugs.''*
After control for multiple potential confounders, including
medications, symptomatic severity in BD was independently
associated with CVD mortality.'> Adults with BD in the US
population have a 5-fold increased risk of CVD and manifest
CVD 14 years earlier than adults without mood disorders,
despite the fact that approximately-half‘have never received
any pharmacological treatment for BD and approximately
three-fourths have not received antimanic medication.>!%!”7
The prevalence of CVD among adults with BD is nearly
2-fold.greater than among_.adults with MDD.? On the basis of
recent genome-wide association studies, calcium channels are
implicated in the pathophysiology of BD,'®!” and these chan-
nels also appear to be.salient.to CVD.202!

MDD and BD are the first and fourth most disabling con-
ditions, respectively, among adolescents worldwide.”> BD
involves repeated episodes of mania/hypomania (elated or
irritable mood together with other symptoms) that generally,
but not always, alternate with episodes of depression (sad-
ness or lack of interest/pleasure along with other symptoms).
MDD involves episodes of depression without mania/hypo-
mania.”® The diagnostic criteria for mood episodes in MDD
and BD are summarized in Table 1; more detailed descrip-
tions and guidelines are available elsewhere.?**" In the United
States, the prevalence of mood disorders among adolescents is
=10% (8.7% for MDD, 2.6% for BD).?® By comparison, the
prevalence of the 4 existing Expert Panel tier II moderate-risk
conditions ranges from =(0.5% (chronic inflammatory disease)
to <0.05% (HIV, Kawasaki disease, nephrotic syndrome). In
other words, MDD and BD together are at least 10 times more
prevalent than the 4 previously identified moderate-risk condi-
tions combined. Because mood disorders are highly prevalent
among adolescents and are generally amenable to treatment,
there could be substantial cardiovascular benefits associated
with improved identification, monitoring, and treatment of
these conditions, with potential public health implications.
Importantly, mood disorders that begin in childhood or ado-
lescence are known to persist into adulthood and are known
to be especially pernicious variants of these disorders, with a
far greater burden of psychiatric symptoms than adult-onset
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Table 1. DSM-5 Criteria for Major Depression, Mania, and Hypomania

DSM-5 criteria for major depression: >5 of the following symptoms (including depressed or irritable mood or loss of interest/pleasure), lasting at least 2 wk,
constituting a change from previous functioning*:

1. Depressed or irritable mood for most of the day, nearly every day
2. Markedly diminished interest or pleasure in all, or almost all, activities most of the day, nearly every day

3. Significant weight loss when not dieting or weight gain (eg, a change of >5% of body weight in a month), or decrease or increase in appetite nearly
every day

. Insomnia or hypersomnia nearly every day

. Observable psychomotor agitation or retardation nearly every day

. Fatigue or loss of energy nearly every day

. Feelings of worthlessness or excessive or inappropriate guilt nearly every day (not merely self-reproach or guilt about being sick)
. Diminished ability to think or concentrate, or indecisiveness, nearly every day

© O N O O

. Recurrent thoughts of death (not just fear of dying), recurrent suicidal ideation with a specific plan, or a suicide attempt or a specific plan for committing
suicide

DSM-5 criteria for mania and hypomania: A distinct period of abnormally and persistently elevated, expansive, or irritable mood and abnormally and

persistently increased activity or energy, in addition to 3 (if elated/expansive) or 4 (if only irritable) of the followingt:

1. Inflated self-esteem or grandiosity

2. Decreased need for sleep (eg, feels rested after only 3 h)

3. More talkative than usual or pressure to keep talking

4. Flight of ideas or subjective experience that thoughts are racing

5. Distractibility (ie, attention too easily drawn to unimportant or irrelevant external stimuli)

6. Increase in goal-directed activity (either socially, at work or school, or sexually) or psychomotor agitation

7.

Excessive involvement in pleasurable activities that have a high potential for painful consequences (eg, engaging inunrestrained buying sprees, sexual
indiscretions, or foolish business investments)

Mania
* Episode lasts at least 1 wk (or any duration if hospitalization is necessary), most of the day, every day

* The mood disturbance must be sufficiently severe to cause marked functional impairment (eg, social, academic) or to necessitate hospitalization to
prevent harm to self or others, or there must be associated psychotic-features (eg, grossly-disorganized thinking, hallucinations; and/or delusions)

Hypomania
* Episode lasts at least 4 d, most of the day, every day

* The mood disturbance must be associated with an unequivocal and uncharacteristic change in functioning, and the mood symptoms and change in
functioning must be observable by others

* Marked impairment, need for hospitalization, and psychotic features preclude a diagnosis of hypomania

Depression, mania, or hypomania deemed to be caused by the direct physiological effects of a substance (eg, illicit drugs, medications), a medical
condition (eg, hyperthyroidism), or somatic treatments such as electroconvulsive therapy or light therapy preclude a diagnosis of bipolar disorder or major
depressive disorder. Major depressive disorder is characterized by >1 episodes of major depression without episodes of mania’hypomania. Bipolar disorder

is characterized by episodes of mania/hypomania, generally alternating with episodes of major depression.
DSM-5 indicates Diagnostic and Statistical Manual of Mental Disorders, 5th edition.
*The other symptoms must co-occur with depressed or irritable mood or diminished interest/pleasure.

1The other symptoms must co-occur with euphoria or irritability.

mood disorders.?-¢ This increased severity of child- and ado-
lescent-onset mood disorders has been observed in clinical
samples®*31** and representative epidemiological samples.?
The high prevalence of mood disorders in adolescents, the
biological plausibility of an association between mood disor-
ders and CVD, and the strength of association between mood
disorders and CVD justify the need for a scientific statement
to address CVD risk among adolescents with mood disorders.

The overall objective of the current statement is to increase
awareness and recognition of mood disorders among young
people as being moderate-risk conditions for early CVD. To
achieve this objective, the primary specific aims of this state-
ment are to (1) summarize evidence that mood disorders
(MDD and BD) are Expert Panel tier II moderate-risk con-
ditions associated with accelerated atherosclerosis and early
CVD and (2) position MDD and BD as tier II moderate-risk

conditions that require the application of risk stratification and
management strategies in accordance with Expert Panel rec-
ommendations. In addition, in this statement, the contribution
of traditional cardiovascular risk factors (eg, diabetes melli-
tus, obesity) and lifestyle behaviors (eg, sedentary lifestyle,
tobacco smoking) to excessive CVD risk among adolescents
and adults with mood disorders is examined. Finally, this
statement summarizes the evidence regarding the association
of pharmacological treatments commonly used in the treat-
ment of adolescents and young adults with mood disorders
(particularly second-generation antipsychotic drugs) with
CVD and CVD risk factors. The success of this statement will
rely on the extent to which it results in improved CVD risk
factor screening, prevention, and intervention among adoles-
cents and young adults with mood disorders and the extent
to which it spurs increased collaboration between preventive
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cardiology, pediatrics, and psychiatry, together with consum-
ers and other stakeholders, in achieving these goals.

Pathophysiological, Subclinical, and
Clinical Evidence of Accelerated
Atherosclerosis Among Adolescents and
Young Adults With Mood Disorders
The articles reviewed in this section were identified with
MEDLINE searches using the following medical subject
headings (MeSH) terms and keywords: major depressive
disorder or bipolar disorder, each cross-referenced with car-
diovascular diseases or cardiovascular or heart disease or
atherosclerosis or coronary disease or coronary vessels or
coronary or endothelium or endothelial or arterial stiffness or
vascular stiffness or arterial pressure, or flow mediated dila-
tion, or reactive hyperemia. Articles were selected for inclu-
sion if either all of the participants or a substantial proportion

of participants were <30 years of age.

Evidence of Premature Cardiovascular Mortality
Two observational, population-based studies have linked
MDD, attempted suicide, BD, and anxiety in children and
young adults to increased risk of premature CVD or related
deaths. The National Health and Nutritional Examination
Survey included 7641 participants 17 to 39 years of age dur-
ing 1988 to 1994 and performed follow-up of this cohort
until 2006 (Table 2).*” After controlling for Framingham
scores, diagnoses of~clinical depression, as opposed to
high levels of mood symptoms on a checklist, were associ-
ated with increased ischemic heart disease (IHD) mortality.
The adjusted hazard ratio for IHD mortality was 3.70 (95%
confidence interval [CI] 1.32-10.35) for depression (asso-
ciated with an MDD or BD diagnosis) and 7.12 (95% CI
2.67-18.98) for history of attempted suicide; associations
were stronger among women. Further controlling for educa-
tion, income, body mass index, alcohol intake, and seden-
tary lifestyle did not affect these findings. The associations
were stronger for THD than for CVD (including endocarditis,
myocarditis, heart failure, and cerebrovascular disease). The
risk of IHD mortality attributable to MDD or attempted sui-
cide or suicide was 13% among males (fourth strongest risk
factor after obesity, smoking, and hypertension) and 65%
among females (strongest risk factor).

In a Taiwanese national health insurance study involving
>1 million participants of all age groups, including young
adults, the association of MDD, BD, and anxiety disorder
diagnoses with risk of I[HD was examined. The relative risk
for IHD among patients <20 years old was 2.19 for MDD,
2.11 for BD, and 9.88 for anxiety.’® Although the prevalence
of IHD increased with increasing age in all diagnostic groups,
the excessive relative risk for IHD among patients with MDD,
BD, and anxiety was greatest among those <20 years old.
Although these findings do not demonstrate causality, they
are based on large samples and robust covariate modeling and
provide a basis for hypothesizing that the spectrum of BD,
MDD, suicide attempts, and even anxiety in adolescents and
young adults may confer increased risk of subsequent CVD
and cardiovascular mortality.

Increased Carotid Artery Intima-Media Thickness
There is evidence in epidemiological studies of a link between
depressive symptoms (even when they are not severe or dis-
abling enough to merit a full clinical diagnosis) and premature
vascular aging as measured by carotid artery intima-media
thickness (CIMT). Findings from the Cardiovascular Risk in
Young Finns study, a population-based longitudinal follow-
up study, linked early adult depressive symptoms to increased
CIMT in 410 young men.* Depressive symptoms in earlier
years among men did not predict CIMT after controlling for
depressive symptoms concurrent with CIMT assessment.
There was no significant association between depressive
symptoms and CIMT in women. In a cross-sectional study
of 157 black and white 16- to 21-year-olds, depressive symp-
toms were not correlated with right and left common CIMT.*
However, higher levels of depressive symptoms were associ-
ated with higher pulse-wave velocity, indicative of increased
vascular stiffness, independent of covariates (including body
mass index, systolic blood pressure, and social class; lipid
profiles were not measured). These studies together indi-
cate a plausibly adverse but as yet inconsistent relationship
between depressive symptoms and CIMT among adolescents
and young adults. Importantly, all of these studies focused on
self-reported depressive symptoms. This approach is likely to
capture both patients with clinically significant depression and
those who are transiently distressed or‘donot have the degree
of functional impairment needed to merit a diagnosis.

Endothelial Dysfunction

One.of the earliest signs of risk for, CVD is impaired endo-
thelial function, measured by ultrasound-determined brachial
artery flow-mediated dilation or by digital pulse-wave ampli-
tude;-in which-higher values-are considered better. There are
6 studies in young adults and adolescents with diagnoses of
MDD or depressive symptoms in relation to endothelial func-
tion. In 15 young adults with MDD and 15 healthy control sub-
jects, percent change in brachial artery diameter was smaller
among those with MDD.*' Participants with MDD also had
elevated monocyte chemotactic protein-1, soluble intercellu-
lar adhesion molecule-1, and E-selectin, markers of risk for
atherosclerosis. No study participants were taking antidepres-
sant medications or had elevated cardiovascular risk factors.
By contrast, in another study of 50 untreated depressed young
adults matched to 50 healthy control subjects, there were
no group differences in flow-mediated dilation*?; however,
plasma nitrite/nitrate concentrations were lower among the
depressed participants, which suggests decreased nitric oxide
production. In a small controlled study, participants with BD
(n=27), matched with healthy control subjects with regard
to tobacco use, age, and sex, did not differ from the control
subjects with regard to flow-mediated dilation.** Among 248
teenagers, symptom scores for depression, anger, and anxi-
ety were associated with lower pulse-wave amplitude scores
among girls only.* In a single longitudinal study, 135 female
teenagers at high risk for MDD were followed up over a
period of 2.5 years, and pulse-wave amplitude was assessed at
12-month intervals.* Depressive symptoms were negatively
associated with endothelial function at each time period but
did not predict endothelial function at later time points. In this
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Table 2. Summary of Findings Related to Accelerated Atherosclerosis and Early CVD
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Study (Year) Sample Characteristics Covariates Methods Findings Limitations
CVD mortality
Shah et al Longitudinal, Primary analyses controlled CVD mortality and IHD IHD mortality: adjusted Low event rate
(2011)*" population- for Framingham Risk Score mortality determined via  HR (95% ClI) for IHD: Risk factors

CVD prevalence

Huang et al
(2009)%

CIMT and endothelial
function

Elovainio et al
(2005)*

Dietz and
Matthews (2011)*°

based National Health
and Nutritional
Examination Survey
Il (United States).
N=7641, mean age,
28.1y; n=416 MDD,
n=122 BD, n=419
history of suicide
attempt

Taiwanese National
Health Insurance

Database study including

young adults;

N=1031557 adult
patients with MDD,
BD, and anxiety
disorders (n=76430
MDD, n=41557 BD,
n=913570 anxiety);
N=21356 304 without
mood or anxiety
disorders

Cardiovascular Risk in
Young Finns Study
(population based);
longitudinal study.
N=1126 participants
(410 men, 716
women); mean age at
enrollment 10y

Cross-sectional;
N=157 healthy youth
aged 16-21'y, divided
into 3 groups: low
(n=52), moderate
(n=55), and high
(n=50) depressive
symptoms

Sensitivity analyses further
controlled for income,
education, BMI, sedentary
lifestyle, alcohol intake,
cocaine use

All patients with mood
and anxiety disorders were

taking psychiatric medications

Analyses controlled for age,
childhood/adolescent CVD
risk factors (LDL cholesterol,
BMI, and systolic blood
pressure), and adult CVD
risk factors (LDL cholesterol,
BMI, systolic blood pressure,
tobacco smoking status)

Analyses controlled for age,
race, sex, BMI, parent
education, tobacco smoking
status, physical activity,
systolic blood pressure, and
resting heart rate

Sensitivity analyses further
controlled for hostility

death certificates

History of MDD, BD,
and suicide attempt via
Diagnostic Interview
Schedule

Median follow-up
of 149y

Psychiatric diagnoses
and IHD determined
via ICD-9-CM codes

Self-reported
depressive symptoms
assessed

with a revised version
of the Beck Depression
Inventory in 1992,
1997, and 2001

Left common CIMT
measured via
ultrasound in 2001

Self-reported
depressive symptoms
assessed with

the Center for
Epidemiologic Studies
Depression Scale

CIMT measured via
ultrasound images from
right and left common
carotid, bulb, and
internal carotid arteries

Pulse-wave velocity
measured via ultrasound of
carotid and femoral arteries

3.70 (1.32-10.35)
for depression, 7.12
(2.67—18.98) for
attempted suicide

Women: adjusted HR
3.20 (1.12-9.17) for

CVD, 14.57 (2.65-80.10)

for IHD; depression or
suicide #1

risk factor for IHD
mortality

Men: adjusted HR 2.37

(0.85-6.58) for CVD, 3.52

(1.05-11.76) for IHD;

depression or suicide #4

risk factor for IHD
mortality

Greatest excess of IHD

was associated with MDD

and BD among patients
<20y old

Among patients <20y

old, relative risk was 2.19
for MDD and 2.11 for BD

Men with high depressive

symptoms in 2001 had
significantly greater
CIMT than men with low
or moderate depressive
symptoms

In women, no significant

association was found
between depressive
symptoms and CIMT

Higher depressive
symptoms were

independently associated

with greater pulse-wave

velocity, reflecting greater

arterial stiffness; no

significant effect on CIMT

measured only at
cohort inception

Cause of death based
on death certificate

Use of health claims
data relies on seeking
treatment; disparities
in seeking/obtaining
treatment would bias
results

Cross-sectional
design

Depression
determined by self-
report only

Cross-sectional study

Depression
determined by self-
report only

(Continued)
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Table 2. Continued

Study (Year) Sample Characteristics Covariates Methods Findings Limitations
Rajagopalan N=30, including Variables examined Participants met MDD was the only Cross-sectional study
etal (2001)* 15 young adults with for associations with endothelial  diagnostic criteria significant predictor of

Garcia et al
(2011)*

Murray et al
(2012)%

Osika et al
(2011)%

Tomfohr
etal (2011)%*

MDD (mean age, 29 y)
and 15 control
subjects (mean age,
31y)

N=100 Hispanic
participants,

n=50 with first-
episode MDD (mean
age, 22.6y), and n=50
control subjects (mean
age, 23.4y)

N=>54 Participants,
including 27 with BD
(mean age, 32.1y)
and 27 control
subjects (mean age,
32.4y)

N=248 healthy
adolescents
(mean age, 14y)

N=135 Healthy female
adolescents (mean
age, 17.6y), assessed
3 times over a period
of 2.5 y. Participants
enrolled on the basis
of having high risk for
mood disorders by
virtue of a first-degree
relative with a mood
disorder or scoring in
the top quartile of 1 of
3 indices of cognitive
vulnerability

function included lipids, BMI,
blood pressure, baseline
brachial artery diameter, and
MDD

MDD participants were taking
antidepressant medication

Groups described as well
matched for dietary intake,
physical activity, and
menstrual phase

MDD participants were
medication naive

BD participants were
taking psychiatric
medications, had greater
insulin resistance than
control subjects

Analyses controlled for age
and parental-education

Participants were not taking
psychiatric medications

Analyses controlled for
physical activity, alcohol use,
smoking, and adiposity

No participants were taking
antidepressant medication at
intake; 2 participants were
taking an antidepressant
medication at a follow-up
visit

for MDD

Endothelial function
determined

via ultrasound
measurement of flow-
mediated dilation

MDD determined via
structured diagnostic
interview

Endothelial

function determined
via ultrasound
measurement of flow-
mediated dilation

BD diagnosis
determined via chart
review, confirmed via
clinical interview

Flow-mediated dilation
and nitroglycerine-
mediated brachial
artery vasodilation
determined

via ultrasound

Self-reported
symptoms

of depression, anxiety,
anger, and disruptive
behaviors determined
with Beck Youth
Inventories

Endothelial function
assessed with peripheral
arterial tonometry
reactive hyperemia
index

Self-reported
depressive symptoms
assessed with the Beck
Depression Inventory

Endothelial function
assessed with
peripheral arterial
tonometry reactive
hyperemia index

flow-mediated dilation in

univariate and multivariate

analyses

Nitroglycerin-mediated
dilation did not differ
between groups

Decreased plasma
concentrations of nitric

oxide metabolites among
participants with MDD vs

control subjects

No significant between-
group differences in
endothelial function

No significant differences

were found between
groups in endothelial
function or arterial
stiffness

Among girls, lower
endothelial function
was associated with
higher levels of anger,
depression, and anxiety
symptoms

Among boys, higher
endothelial function was
significantly associated
with higher (rather

than lower) disruptive
behavior symptoms

Within-person analyses

demonstrated that lower

endothelial function was
significantly associated
with higher levels of
depressive symptoms,
independent of health
practices and adiposity

Small sample size

Limited
generalizability
(100% Hispanic,
undergraduate
university students)

BD participants were
taking medications

Small sample size

Lack of systematic
assessment of control
subjects, yielding
control subjects with
MDD

Cross-sectional study

Depression
determined by self-
report only

Depression
determined by self-
report only

Only females included

BD indicates bipolar disorder; BMI, body mass index; Cl, confidence interval; CIMT, carotid intima-media thickness; CVD, cardiovascular disease; HR, hazard ratio;
ICD-9-CM, International Classification of Diseases, 9th Revision—Clinical Modification; IHD, ischemic heart disease; LDL, low-density lipoprotein; and MDD, major
depressive disorder.
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sample of adolescents, endothelial dysfunction and depres-
sion symptoms travelled together. Taken together, depressive
symptoms may be associated with impaired endothelial func-
tion in adolescent and young adult females; the association
of MDD and BD with endothelial function is not consistent.

Conclusion

There is evidence from several studies of early CVD mortality,
CVD, and imaging proxies for atherosclerosis; however, results
are mixed. In most studies, depressive symptoms were deter-
mined via self-report; however, the strongest evidence emerged
from studies in which mood disturbance was ascertained by
use of semistructured research interviews that yielded psychi-
atric diagnoses. Indeed, the study that yielded the strongest
data used the most rigorous assessment of mood (ie, diagnostic
interviews) and the most valid cardiovascular outcome (ie, CVD
mortality).”” In a previous meta-analysis, the relative risk of
incident CVD in adults conferred by diagnoses of MDD (2.69;
95% CI 1.63-4.43) was meaningfully stronger than the relative
risk conferred by symptoms of depression (1.49; 95% CI 1.16—
1.92).% These differences between diagnoses and symptoms are
likely mediated by more severe, persistent, or recurrent eleva-
tions in pathophysiological processes discussed in the section
“Pathophysiological Processes Bridging Mood Disorders and
CVD.” Other methodological factors may also have contributed
to the inconsistency of findings, including small sample sizes and
model overfitting (insufficient power). Sensitivity and reliability
are important considerations when using noninvasive vascular
imaging*’; however, most studies reviewed in this section were con-
ducted by groups with expertise in these methods: Future studies
with larger sample sizes and research-grade assessment of mood
symptoms, as well as psychiatric diagnoses, are warranted to
resolve some of the inconsistency in these findings.

Traditional Cardiovascular Risk

Factors in Relation to MDD and BD
The metabolic syndrome (MetS) is a clustering of clinical and
biochemical risk factors for CVD and type 2 diabetes mellitus
(T2DM). Several definitions for metabolic syndrome have been
proposed. The most often cited are from the National Cholesterol
Education Program, Adult Treatment Panel II, World Health
Organization, and International Diabetes Federation.* MetS
does not have a consensus definition in pediatric populations,
although various definitions define risk according to pedi-
atric cut points, most commonly the International Diabetes
Federation definition.”” There is evidence from several studies
that the prevalence of MetS among adults with MDD or depres-
sive symptoms is elevated.®® Similarly, an increased hazard
for MetS among people with BD has been documented across
continents, countries, and cultures.’’> Each MetS component
has been documented to be present at a higher rate than with
matched people in the general population, with abdominal obe-
sity being the most replicated finding.

Risk of MetS components among adolescents with BD is a
major concern that has been the subject of comparatively little
research to date.”>” No published study could be identified that
primarily sought to determine the prevalence of MetS in a pedi-
atric MDD or BD population. Notwithstanding this, data from
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the South Carolina Medicaid program, covering all medical
services and medication prescriptions between January 1996
and December 2005, indicated that children and adolescents
with BD are differentially affected by several medical disorders,
including but not limited to obesity and T2DM.*® Moreover,
these conditions, including obesity and T2DM, were found to
precede diagnoses of BD.** Similarly, research based on medical
claims data indicated that children and adolescents diagnosed
with BD were more likely to access several medical services,
including cardiology services.” Finnish population-based pro-
spective data indicated that there was a bidirectional association
between depressive symptoms and MetS between childhood
(mean age, 12 years) and early adulthood (mean age, 33 years).*

Obesity
Results from longitudinal studies indicated that pediat-
ric obesity increased the risk for MDD and vice versa.®¢!
Merikangas et al®® examined the association between MDD
and obesity among adolescents 12 to 19 years old in the 2001
to 2004 National Health and Nutritional Examination Survey.
MDD was associated with a significantly increased prevalence
of obesity among males and among non-Hispanic blacks,
whereas in the overall sample, the association of MDD with
increased prevalence of obesity was no longer significant after
controlling for demographic variables: (adjusted odds ratio
1.6, 95% CI 0.9-2.9). There was prior evidence from adults
that certain depressive subtypes may confer differential risk
of obesity and that these subtypes may have genetic underpin-
nings®; howeyer, this has yet to be examined in youth.}
There has been-cross-sectional.and-longitudinal evidence
of ‘a bidirectional association between BD and overweight/
obesity.* Inja large cohort of children and adolescents with
BD, 42% of participants were overweight/obese.”®> Because
the-vast-majority-of-this-sample-had-received prior treatment,
analyses could not specifically examine untreated participants.
As expected, second-generation (or atypical) antipsychotic
drugs were significantly associated with overweight/obesity;
however, other variables were also significantly and indepen-
dently associated with overweight/obesity, including nonwhite
race, earlier age of BD onset, and history of physical abuse
and psychiatric hospitalization. In South Carolina Medicaid
data, adolescent BD was associated with an increased risk of
obesity (odds ratio 1.92, 95% CI 1.53-2.40).>

Insulin Resistance and Diabetes Mellitus (T2DM)

There is evidence of bidirectional associations between depres-
sive symptoms and T2DM among adults.%> Moreover, among
young adult males in 2 Finnish population samples, severity of
depressive symptoms was associated with insulin resistance.®¢
In meta-analytic findings, depressive symptoms along with
other psychological symptoms were more common among
children with versus without T2DM,* and there was prelimi-
nary evidence that the association between depression and
T2DM was especially strong in youth.® There is pharmacoepi-
demiological evidence of elevated rates of hyperglycemia and

T“Youth” is used in this statement as an umbrella term for children,
adolescents, and/or young adults (defined here as mean sample age within
1 standard deviation of 30 years).
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T2DM in pediatric BD treated with psychotropic medication,
although diagnoses of T2DM frequently precede treatment.**7

Dyslipidemia

In pharmacoepidemiological studies, the rate of dyslipidemia
in younger populations treated for BD is increased relative to
the general population. For example, a retrospective cohort
study based on a US health insurance organization examined
claims for 17884 adolescents (13—17 years of age) with BD
(or schizophrenia) receiving care from 1997 to 2006.”" The
incidence rate per 100000 person-years of dyslipidemia was
346.4 (95% CI274.9-431.0) in this group compared with 86.6
(95% CI 76.4-97.7) in the general population. The adjusted
hazard ratio for developing dyslipidemia for the psychiatric
cohort versus the general population was 1.66 (95% CI 1.22—
2.28).7" A separate study reported increased prevalence of
dyslipidemia (ie, 51% and 48% had elevated triglycerides and
low high-density lipoprotein levels, respectively) in a mixed
sample (n=95) that included 49 youth with BD."

Hypertension

Hypertension is significantly more prevalent among adults
with MDD and BD than in the general population and occurs
at younger ages among adults with MDD and BD.’ No origi-
nal article was identified that primarily sought to report on the
rate of hypertension among youth with MDD or BD. However,
South Carolina Medicaid data indicated that hypertension was
prospectively associated with an increased risk of incident BD
among adolescents:>*

Conclusion

Findings to date have demonstrated a significantly increased
prevalence of traditional CVD risk factors among adults with
MDD and BD. Although limited in scope, available findings
from youth with MDD and BD are largely convergent with
adult findings. The data regarding MDD among youth have
included representative population samples, many of whom
were medication-naive. In contrast, most data regarding youth
with BD are based on clinical or pharmacoepidemiological
data. Future studies based on representative population samples
of youth with BD are needed.” Prospective studies incorporat-
ing repeated measures of mood and traditional CVD risk factors
are needed to better understand the bidirectional relationships
between these variables among youth with MDD and BD.

Pathophysiological Processes Bridging

Mood Disorders and CVD
As described in several comprehensive review articles, mul-
tiple systemic processes have been implicated in the associa-
tion between mood disorders and CVD.>#737 Although other
processes have also been examined, the sections below high-
light inflammation, oxidative stress, and autonomic dysfunc-
tion in particular because these arguably have the strongest
data thus far.

Inflammation
Over the past 20 years, a rapidly growing body of research
supports the role of inflammation in MDD and BD among

adults.””’® Meta-analytic findings demonstrated increased
inflammation in MDD.” Similarly, 3 meta-analyses in 2013
yielded generally convergent findings in BD, namely, that
there is evidence of a proinflammatory imbalance during
symptomatic episodes.®***? Preliminary genetic, epigenetic,
and neurobiological findings suggest that this process may be
part of the pathogenesis of MDD and BD rather than being a
secondary epiphenomenon.®%7

Given the adult literature on this topic, excessive inflam-
mation could underlie some of the association of depression
with cardiovascular risk in youth. Indeed, in a handful of small
case-control studies, clinically depressed adolescents have
shown higher serum levels of some proinflammatory cytokines
(eg, interleukin [IL]-1p and IL-6) than healthy control partici-
pants.®¥ The results of larger studies of community youth have
been mixed, with most but not all studies demonstrating graded
associations between depressive symptoms and inflammatory
biomarkers such as IL-6 and C-reactive protein (CRP).381-
Findings from adults suggest that inflammation may be par-
ticularly salient in early-onset BD,**** and there are preliminary
findings from youth with BD. In a high-risk offspring study, an
aberrant inflammatory gene expression signature was observed
among 88% of adolescent and young adult BD offspring
affected with mood disorders versus 19% of control subjects.”
Finally, in a study of 30 adolescents With BD, manic symptom
severity was significantly associated ‘with high-sensitivity CRP
(r=0.37, P=0.04)."" High-risk levels of high-sensitivity CRP
(=2 pg/mL)*® were observed in 40% of the sample, and mean
high-sensitivity CRP (3.1+4.6 pg/mL) was 3-fold higher than
normal and.nearly as high.as in acute juvenile inflammatory
arthritis.* Because both CRP and IL-6 forecast later CVD risk
in apparently healthy people,'®'? these findings suggest the
possibility that-low-grade inflammation.is part of what under-
lies the increased risk of CVD in MDD and BD.

The question arises as to the direction of the association
between depression and inflammation. From the available
cross-sectional data in youth, it is not possible to discern how
or why depression and inflammation come to be associated;
however, it appears from both animal studies and human stud-
ies in adults that a bidirectional relationship exists.”” Rodents
treated with inflammatory cytokines develop “sickness behav-
iors” that resemble depressive symptoms and can include
irritability, anhedonia, loss of slow-wave sleep, reduced food
intake, and circadian disruptions (particularly in cortisol
release).'” Parallel symptom profiles often arise in patients
treated with adjuvant cytokines for malignant melanoma.!%+193
Consistent with the hypothesis that inflammation may contrib-
ute to the pathogenesis of some depressive episodes, a recent
randomized controlled trial found that infusion of the tumor
necrosis factor-a receptor antagonist infliximab can amelio-
rate depressive symptoms in patients with low-grade chronic
inflammation.'® Moving in the other direction, depressed
patients are prone to smoking, obesity, a sedentary lifestyle,
and poor sleep quality,''% all of which foster inflammation.

Two multiwave prospective studies of adolescents have
yielded results that are consistent with this bidirectional view. In
1 study, 147 teenaged females at high risk for an initial depres-
sive episode were assessed every 6 months for 2.5 years.'”
The transition to depression was accompanied by increases
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in levels of IL-6 and CRP, particularly for participants who
had experienced previous childhood adversity. In time-lagged
models among participants with previous adversity, high
CRP levels persisted even after the depressive syndrome had
resolved. These lingering effects were bidirectional. Among
the participants with previous adversity, high IL-6 forecast
risk of depression 6 months later, independent of inflamma-
tion at that time. Another study conducted follow-up of 1420
children from the Great Smoky Mountains Study who were
assessed up to 9 times between the ages of 9 and 21 years.!!°
In time-lagged models, CRP did not forecast later depression
risk; however, over time, CRP levels rose in concert with the
number of depressive episodes. Of participants who experi-
enced >2 depressive episodes, 42% subsequently exceeded the
Centers for Disease Control and Prevention’s high-risk cutoff
for CRP, which is 3.0 mg/L.""" In contrast, 9.8% of participants
with O depressive episodes and 11.4% of participants with 1
depressive episode exceeded the high-risk cutoff.

Oxidative Stress

Oxidative stress comprises a disturbance of increased pro-
oxidant to antioxidant ratio, which leads to potential damage
in numerous systems.!? Increased oxidative stress has been
linked to endothelial dysfunction.'® Studies have demon-
strated that oxidative stress and endothelial dysfunction con-
tribute to cardiovascular risk factors including hypertension,'*
diabetes mellitus,'”® and dyslipidemia.'"® The confluence of
endothelial dysfunction.and oxidative stress is implicated in
the development of atherosclerosis.!!>!1”

Oxidative stress markers are-commonly increased in people
with MDD and BD.!"®-'** The most recent meta-analytic data in
MDD, based on 23 studies and 4980 patients, evidenced large
elevations of oxidative stress during depression, as well as small
to medium elevations in antioxidant markers.'* In addition,
in several prospective studies, reductions in oxidative stress
markers corresponded with improvement in psychiatric symp-
toms.'?612% Levels of thiobarbituric acid reactive substances and
nitric oxide activity may be especially increased in patients with
BD.!"*1? Taken together, findings from these studies lend sup-
port to the hypothesis that oxidative damage may be involved in
the pathophysiology of MDD and BD among adults.

Autonomic Dysfunction
In longitudinal observational epidemiological studies,
impaired autonomic nervous system function (defined non-
invasively by measures such as heart rate variability) is
associated with incident hypertension'**3! and diabetes mel-
litus.*>135 Sympathetic activation plays a critical role in the
persistence of hypertension through altered arterial barore-
flex receptivity and by the promotion of renal dysfunction.!'*
Lower resting heart rate variability is also associated with
incident clinical cardiovascular events among adults with
and without diabetes mellitus.'?”~'* In most studies, there is a
stronger association with fatal CHD and sudden cardiac death,
which suggests an arrhythmic pathogenesis.'*

Autonomic dysfunction is a primary pathological factor that
relates psychological and neurological functioning to cardiovas-
cular events.*'*8 Under normal conditions, the parasympathetic
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division of the autonomic nervous system is responsible for neuro-
vegetative functions (eg, appetite, sleep, energy), whereas the sym-
pathetic division prepares the body to respond to a challenge by
promoting coagulation and platelet activation, constricting arteries
and vessels, and increasing hepatic production of glucose to trans-
port to the muscles for immediate energy. In population and clini-
cal studies, autonomic dysfunction is typically estimated by use of
noninvasive estimates of the beat-to-beat variability in heart rate.
Through statistical transformations of heart rate variability, indi-
vidual contributions from the parasympathetic and sympathetic
divisions can be estimated. However, in the absence of a stimu-
lus to elicit sympathetic functioning, parasympathetic inputs are
most commonly captured. Consequently, the majority of studies
reviewed in this section are based on estimates of low parasympa-
thetic input. Relatively fewer studies have investigated BD in rela-
tion to autonomic dysfunction, and those studies that have been
conducted have relied on very small sample sizes. The following
summary of findings therefore includes both MDD and BD.

Autonomic nervous system dysfunction is common in MDD,
having been observed in adults''* and adolescents.'""! In a
2010 meta-analysis of 18 articles,'® patients who were clinically
depressed had significantly less favorable measures of autonomic
dysfunction reflecting parasympathetic function than nonde-
pressed patients; moreover, depression severity was correlated with
autonomic dysfunction. Some”*!5"132 but not all'** studies have sug-
gested that autonomic nervous system functioning, most commonly
estimated as parasympathetic withdrawal, is worse in patients with
BD than in those without. Although autonomic dysfunction has
been identified in the pathway between depressive disorders and
CVDrin adults,'** autonomie-dysfunctionsis. less likely to lead to
end-organ damage in adolescents and young adults because of the
decades-long process by which CVD develops over time. Rather,
the pathway by which €VD risK is enhanced in-depression and BD
is more plausibly related to the development of CVD risk factors
such as hypertension and diabetes mellitus. CVD is a distal con-
sequence that is mechanistically plausible given the association of
depressive disorders with numerous pathophysiological changes in
the vasculature that result from hypertension and diabetes mellitus.
The potential impact of psychotropic medications on autonomic
and other findings is discussed in “Psychotropic Medications and
Cardiovascular Risk Factors in Youth.”

Behavioral and Environmental Factors
Contributing to CVD Risk

A number of behavioral and psychosocial characteristics that
are disproportionately prevalent among adolescents and young
adults with mood disorders are associated with increased
CVD risk. Such characteristics include early maltreatment,
sleep disturbance, sedentary lifestyle, suboptimal nutrition,
and tobacco smoking and substance abuse.

Early Maltreatment

This section focuses on maltreatment specifically, rather than
negative life events in general, because the literature is most
robust on this topic. Nonetheless, other stressful life events, par-
ticularly if severe, recurrent, or persistent, may also contribute
to CVD risk. Some portion of the association of depression with
cardiovascular risk may reflect a common influence of childhood
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maltreatment on the pathogenesis of these conditions. A recent
study estimated that 13.7% of children in the United States expe-
rience parental maltreatment annually.'® Maltreatment can take
the form of neglect or emotional, physical, or sexual abuse.!>>15
With regard to depression, children exposed to maltreat-
ment are at increased risk of developing an episode of major
depression in their lifetime,'”'®* are prone to residual symp-
toms of depression once the episode subsides, have frequent
depressive recurrences, and are resistant to a variety of front-
line treatments.'®' With regard to biology, relative to nonex-
posed children, maltreated youth demonstrate dysregulation of
the hypothalamic-pituitary-adrenal axis,'®*!* higher levels of
CRP,'* and more signs of cardiometabolic risk through early
and middle adulthood.!¢!%8 Tn samples of clinically depressed
adults, the prevalence of MetS and low-grade inflammation is
significantly higher among those who were exposed to child-
hood adversities, including maltreatment, than among those
who were not.'% 19170 With regard to vascular outcomes, lifetime
rates of stroke, myocardial infarction, and other forms of CVD
are elevated among people who report having been maltreated
as children.'®!”!'”2 However, many of the studies on this topic
have used retrospective and unconfirmed reports of maltreat-
ment, which complicates interpretation of their results. Given
the above evidence that early maltreatment has been associated
with mood disorders and with CVD, continued research bridg-
ing these topics, particularly prospective research and research
that includes confirmed reports of maltreatment, is warranted.

Sleep Disturbance

Sleep disturbances are included among the diagnostic crite-
ria for both MDD and BD.* A variety of sleep disturbances
have been associated with symptoms of mood disorders among
youth.!521731% One “study .showed  that depressedadolescent
boys had short REM (rapid eye movement) latency and more
frequent nighttime arousals, although depressed adolescent
girls showed the same sleep patterns as their healthy counter-
parts.'” Circadian phase shifts can occur before the onset of and
during a depressive episode in adults and adolescents. Among
children and adolescents, disrupted circadian rhythms also
occur among those with mood disorders, resulting in delayed
and often shortened sleep. Both short and long durations of
sleep can precede mood disorders in adolescents and young
adults.'”® Interestingly, short and long sleep duration have also
been associated with increased CIMT, increased inflammatory
markers, and poor cardiovascular outcomes in adults'”’; short
sleep duration has also been associated with obesity and insulin
resistance among children and adolescents.'”®!™ Although cir-
cadian therapies can alleviate depressive symptoms and mood
disturbances in adolescents and young adults,'71818! the effect
of these therapies on cardiovascular risk factors is not known.

Sedentary Lifestyle

Sedentary behavior increases cardiovascular risk factors and
disease among adolescents, young adults, and older adults, and
physical activity decreases cardiovascular risk through multiple
pathways, including reduced body weight, improved endo-
thelial and immune function, and improved blood pressure.!'s?
People with MDD or depressive symptoms are more likely to
be sedentary relative to those without mood disorders. #3185 The

association of physical activity with BD is inconsistent. Some
studies have demonstrated reduced physical activity and reduced
exercise tolerance in BD,'®'87 whereas other studies have dem-
onstrated no significant differences.'s® Although many studies
have been cross-sectional, and thus, the relationship may not be
causal, prospective data from the National Health and Nutritional
Examination Survey I demonstrated that physical inactivity was
a significant predictor of the development of depressive symp-
toms in white women.'® Similarly, in a prospective study of a
Swedish cohort of young males, low fitness related to sedentary
behavior was a significant risk factor for later depression.'” In
contrast, in a German population study, regular physical activ-
ity among adolescents and young adults predicted an increased
incidence of BD at prospective follow-up.!*! However, the extent
to which sedentary behavior influences the relationship between
depression and CVD is not yet clear.

Nutrition

Nutrition could play a role in the association of depression with
cardiovascular risk; however, relatively little attention has been
devoted to exploring this hypothesis. A small study reported
higher glycemic load and higher scores on Western and modern
dietary patterns among women with BD.'? In a handful of cross-
sectional studies with adults, depression has been associated with
reduced levels of micronutrients and. their metabolites, some of
which may be relevant to CVD."*>*'*Digparities in zinc, folate,
and vitamins D and E have been reported between depressed
and nondepressed adults,'>!% although as a whole, the findings
have been inconsistent and constrained by methodological limita-
tions.'Z In a-recent meta-analysis, there were significantly lower
blood zinc concentrations among depressed adults (n=1642) than
among control subjects (n=804).*8 Greater depression sever-
ity was associated-with greater zinc-deficiency. In 1 prospective
study, older adults with low serum vitamin D were at increased
risk for developing a depressive episode over the next 3 to 6
years.'” Low vitamin D has also been reported in depressed ado-
lescents, and with open-label supplementation, these patients’
mood symptoms improved significantly.*® Of note, vitamin D is
the only supplement recommended in the recent Expert Panel.?
Thus far, it is unclear whether micronutrient disparities account
for the association of depression with cardiovascular risk.

Fish oils, specifically omega-3 fatty acids, have also
received much attention in relation to the link between CVD
and mood disorders.?*!*? QObservational data suggest that
greater seafood consumption is associated with lower rates
of BD.?” Omega-3 deficits have been reported among adults
with MDD and BD.?**?% A small study compared youth with
versus without BD and found large between-group differ-
ences in red blood cell membrane concentrations of omega-3
levels; however, these were not significant after control-
ling for dietary intake.?®® However, greater docosahexaenoic
acid levels were associated with significantly lower depres-
sive symptoms in the BD group. The Ryukyus Child Health
Study (n=3067 boys and 3450 girls, 12-15 years old) exam-
ined fish intake and omega-3 levels in relation to depressive
symptoms.?”” Higher eicosapentaenoic intake was associated
with significantly lower depressive symptoms, and a similar
trend was observed for docosahexaenoic intake. Clinical tri-
als of omega-3 supplementation, spurred by these findings,
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have yielded positive findings for the treatment of depression
among adults with MDD and BD.?%®2% Preliminary studies
also suggest potential benefits of omega-3 treatment among
youth with BD and MDD.?!%2!2 Recent studies have drawn
into question the role of omega-3 treatment for secondary pre-
vention of CVD in the general population,® as well as for
adjunctive treatment of depression among adults with CVD.>!*
However, given the above findings, future studies examining
the impact of omega-3 treatment on CVD-relevant outcomes
(eg, endothelial function, inflammation) and mood symptoms
among youth with MDD and BD are warranted.

Tobacco Smoking and Substance Use

Cigarette smoking is the most significant behavioral risk fac-
tor associated with CVD risk,”" and the severity of CVD
increases as a function of the number of pack-years.?!® Adults
with MDD and BD are 2 to 3 times more likely to be smokers
and less likely to successfully quit smoking.?'"?2° Adolescents
with MDD and BD are more likely to begin smoking, and begin
smoking earlier, than their nondepressed counterparts, !> a
significant association because nearly all adult smokers begin
smoking as adolescents. There is some evidence that smok-
ing exacerbates the association between CVD and mood
disorders. For example, a recent cross-sectional study found
that smoking, in combination with elevated body mass index,
increases the risk of CVD among adults with depression, BD,
and other mood disorders.?”

Similar to the dataon smoking, adolescents with MDD and
BD are at increased risk of alcohol and substance abuse,?*¢>%
However, little research has examined the’ contribution of
alcohol and substance abuse to the elevated CVD risk among
those with mood disorders:

Conclusion

In summary, a variety of behavioral and psychosocial factors
may contribute to the increased risk of CVD among youth
and adults with MDD and BD, potentially acting through the
aforementioned pathophysiological mechanisms (eg, inflam-
mation, oxidative stress) and cardiovascular risk factors (eg,
increased blood pressure). Primary among these are child-
hood maltreatment, sleep disorders, physical inactivity, and
smoking. These linkages are in need of further study, par-
ticularly among adolescents and young adults with MDD and
BD. With that said, many of the studies we reviewed statisti-
cally controlled for these lifestyle variables and still found
significant associations between mood disorders and cardio-
vascular risk. As such, lifestyle variables may contribute to
but do not fully explain the link between mood disorders and
cardiovascular risk.

Psychotropic Medications and
Cardiovascular Risk Factors in Youth
We recognize that although there are many unanswered ques-
tions regarding the role of psychiatric medications in the
association of mood disorders with CVD, this topic is none-
theless timely and salient to this statement. For this reason,
and although a systematic review of this topic is beyond the

Mood Disorders, Atherosclerosis, and Early CVD in Youth 11

scope of this statement, we offer a brief overview and several
tentative conclusions on this topic.

Antidepressant Drugs

There is some evidence to suggest that autonomic dysfunction
is attributable to medications used to manage depression'¥’>%;
however, a meta-analysis'>
antidepressant drugs was restricted to adults taking tricyclic anti-
depressants, and similar findings were recently reported among
adults participating in randomized controlled clinical trials.?!
Tricyclic antidepressant drugs are not indicated for the treat-
ment of mood disorders among youth and are not commonly
used in this population, whereas selective serotonin reuptake
inhibitors (SSRIs) are the pharmacological treatment of choice
for depression among youth.?*? The topic of SSRIs and CVD has
been examined in great detail among adults, and the current lit-
erature suggests that SSRIs may have a salutary effect on CVD
(particularly citalopram and sertraline) and are unlikely to have
a deleterious effect®'>*3; however, there is evidence that SSRIs
may confer a risk of obesity and possibly glycemic control prob-
lems.?*2% This topic has received limited attention among youth
to date. In a large study of adolescents with treatment-resistant
depression, 12 weeks of treatment. with-venlafaxine (a serotonin
and norepinephrine reuptake inhibitor; n=166) was associated
with greater increases in diastolic blood pressure than treatment
with SSRIs (n=168).%* The same study found an ~2-kg increase
in weight for venlafaxine-treated youth and =3-kg increase in
weightin SSRI-treated youth.Although significant weight gain
is not afrequently reported side effect in placebo-controlled clin-
ical trials, most trials have not systematically reported changes in
weight/obesity. Moreover, anorexia and weight loss are a com-
mon symptom of depression, such that weight gain in itself
may reflect symptom improvement and may not be a negative
outcome. The association between antidepressant drugs and
glycemic control is complex. It remains unclear whether anti-
depressant drugs have a salutary, neutral, or deleterious effect
on glycemic control, because different studies have reported
each of these associations.?*>-%%

concluded that the adverse effect of

Lithium and Anticonvulsant Drugs

Lithium, carbamazepine, and divalproex are associated with
significant weight gain among youth with BD.%232¥ The
magnitude of this association is significantly smaller than sec-
ond-generation antipsychotic drug (SGA)-associated weight
gain among youth.>* There is also pharmacoepidemiological
evidence that exposure to these medications among youth is
associated with hypertension.?*! A recent 8-week study found
that in contrast to treatment with risperidone, neither lithium
(n=62) nor divalproex (n=78) yielded significant changes in
blood glucose.” Divalproex does not appear to increase risk
of dyslipidemia in clinical studies of youth with BD and may
in fact improve lipid profiles to some degree.***? Despite its
association with weight gain, observational data in adults with
BD suggest that long-term treatment with lithium may attenu-
ate the risk of CVD.2#
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Second-Generation Antipsychotic Drugs

SGAs are highly efficacious for mania, and several have
received US Food and Drug Administration approval for the
treatment of adolescent BD and are considered first-line treat-
ments.?**?% Unfortunately, antimanic SGAs (with the excep-
tion of ziprasidone) have been shown to negatively impact
each of the MetS components in pharmacoepidemiological
studies and in controlled trials.’*2424247 Degpite metabolic
monitoring guidelines (ie, glucose, lipids, weight, blood
pressure) for patients treated with SGAs from the American
Diabetes Association/American Psychiatric Association®*® and
the International Society for Bipolar Disorder,> adherence
to these monitoring guidelines is poor, particularly among
youth.**! Patient-, clinician-, and system-level strategies
are warranted to increase the proportion of youth achieving
guideline-concordant monitoring benchmarks.

Conclusion
Antidepressant medications (including SSRIs) and mood-stabi-
lizing medications (particularly SGAs) can cause weight gain
and may also affect other metabolic parameters among adults
and youth. There is no doubt these are undesirable side effects in
apopulation with increased risk of CVD; however, it is important
to acknowledge that despite the clear evidence regarding CVD
risk factors, evidence that these medications cause increases in
CVD or CVD mortality is lacking to date.*!?5? Reasons for this
discrepancy are uncertain; however, compelling contradictory
findings regarding high-potency statins (decreased risk of CVD
despite increased risk of T2DM) suggest that this discrepancy is
not unique to psychiatric medications.>>* Pending-definitive stud=
ies on this topic, one might speculate that the anti-inflammatory
effects of these medications, or other yet unknown pharmaco-
logical properties, may partially mitigate their adverse effects on
traditional CVD risk factors:?%>+2

Although it remains possible that psychotropic medica-
tions contribute in part to CVD risk in MDD and BD, there
are 3 primary reasons to conclude that MDD and BD are mod-
erate-risk conditions independent of the effect of psychotro-
pic medications and that medications should not be the only
focus. First, the strongest evidence regarding these medica-
tions relates to increased CVD risk factors, and the best avail-
able evidence suggests that the association between mood
disorders and CVD is independent of CVD risk factors.> #6258
Second, the association between mood disorders and exces-
sive CVD risk was described decades before the advent of
these medications.''*»° Third, many if not most people in
population-based studies on this topic had not received phar-
macological treatment for their mood disorders.>'%*° This is
likely to be particularly true for adolescents, at least 60% of
whom do not receive any treatment for their MDD or BD, let
alone pharmacological treatment.?!

Overall Summary and Future Directions

Overall Summary

The central goal of this statement is to position MDD and
BD alongside other pediatric diseases previously identified as
moderate risk for CVD. Despite some inconsistencies, MDD
and BD clearly satisfy the criteria that have been set for tier

II moderate-risk conditions and equal or exceed the evidence
for other conditions in this category. Taken together, the evi-
dence reviewed in this statement demonstrates that MDD and
BD among youth are tier II moderate-risk conditions that
predispose to accelerated atherosclerosis and early CVD.
Cardiovascular risk among youth with MDD and BD should
therefore be managed in accordance with recent Expert Panel
integrated guidelines, applying the same recommendations
made for other moderate-risk conditions (Figure 2).> The mag-
nitude of increased risk for CVD in adulthood is substantial,
most likely because of a combination of factors that include
direct effects of MDD and BD through shared pathophysiolog-
ical processes (eg, inflammation), direct effects of mood disor-
der symptoms (eg, sleep disruption), indirect effects of mood
disorder symptoms (eg, smoking, suboptimal nutrition and
physical activity), and accumulation of excessive traditional
CVD risk factors. Importantly, there is evidence of clustering
of risk factors (eg, smoking, hypertension, obesity, suboptimal
nutrition or physical activity) among people, including youth,
with MDD and BD. As a result, although MDD and BD war-
rant inclusion among tier II moderate-risk conditions overall,
careful assessment is warranted to additionally identify those
youth with risk factor clustering (=2 risk factors), for whom a
tier I high-risk designation would apply.

Future Research Directions

Similar to the association between depression and CVD among
adults, future studies are needed to determine whether any
potential impact of other psychiatric disorders, such as anxiety
disorders, on CVD is independent, cumulative, or synergistic.?®2
Several studies discussed in this scientific statement demon-
strated sex differences. Therefore, future studies are also needed
to achieve a better understanding of sex-differences as they relate
to.the risk of CVD among youth with mood. disorders. In addi-
tion, although many studies examined mood symptoms rather
than diagnoses, the strength of the observed associations was in
some instances greater when mood diagnoses were examined.
Future studies should therefore ascertain both diagnoses and
symptoms and should examine whether the severity, persistence,
and recurrence of symptoms impacts CVD risk. There is an
unrealized opportunity to increase our knowledge on this topic
by incorporating CVD-related measures in studies of youth with
MDD and BD. Traditional CVD risk factors and high-sensitivity
CRP, as well as ascertainment of CVD-related family medical
history, can be readily and inexpensively measured and should
be incorporated into large cohort studies of youth with MDD
and BD, as well as youth at familial risk for MDD and BD. The
converse also holds true: mood symptoms and diagnoses, as well
as family psychiatric history, should be incorporated into large
cohort studies focused on CVD risk among youth. Approaching
the mood-CVD link from these complementary perspectives
offers the chance to maximize progress in understanding the
epidemiology and familial nature of this link. Finally, no stud-
ies have systematically examined integrated treatment strategies
among youth, although preliminary approaches to mitigating the
effect of mood-stabilizing medications on obesity and T2DM
have been described.”% It is therefore unclear whether treat-
ment of the mood symptoms of MDD and BD among youth
can reduce the risk of accelerated atherosclerosis and premature
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Step 1: Tier I: High Risk Tier II: Moderate Risk
RISK e Diabetes mellitus, type 1 and type 2 * Kawasaki disease with regressed coronary aneurysms
STRATIFICATION ¢ Chronic kidney disease/end-stage renal disease/post-kidney * Chronicinflammatory disease
BY DISEASE transplant c Y
PROCESS e Post-heart transplant =« Nephritic syndrome
e Kawasaki disease with current coronary artery aneurysms *  Major depressive disorder or bipolar disorder
Step 2: CV Risk Factors/Comorbidities
ACCESS CV RISK +  Family history of early CVD in expanded first-degree pedigree (3 <55y; @ <65vy)
FACTORS «  Fasting lipid profile
(22 risk faCFOTS g *  Smoking history
move to tier I) = BP, 3 separate occasions, interpreted for age/sex/height percentile
« Height, weight, BMI
* FG
« Diet, physical activity/exercise history
Yes No
Step 3: Tier I: High Risk Tier II: Moderate Risk
TIER-SPECIFIC CUT * BMI <85th percentile for age/sex +  BMI <90th percentile for age/sex
POINTS/ e BP <90th percentile for age/sex/height =  BP <95th percentile for age/sex/height
TREATMENT e Lipids (mg/dL): LDL-C <100, TG <90, non-HDL-C <120 *  Lipids (mg/dL): LDL-C 130, TG <130, non-HDL-C <140
GOALS e FG <100 mg/dL, HbAlc <7% e FG <100 mg/dL, HbAlc <7%
Step 4: * Intensive lifestyle management + Intensive lifestyle management
LIFESTYLE ®  CHILD-1,* Activity RxT «  CHILD-1,* Activity RxT
CHANGES *  Weight loss as needed# *  Weight loss as needed+
‘PLUS
Step 5: e Condition-specific management — Table 11-3 + If goals are not met, consider medication per risk-specific guideline
DRUG THERAPY recommendations

Directions:  Step 1: ' Risk stratification by disease process (Table11-2).

tier | for subsequent management.
Step 3: ' Tier-specific treatment goals/cut points defined,

therapeutic lifestyle change.

recommendations in these guidelines.

Step 2: Assess all CV risk factors. If there are 2 comorbidities, move tier Il patient to

Step 4: Initial therapy: For tier |, initial managementis therapeuticlifestyle change PLUS
disease-specific management (Table 11-3). For tier Il, initial management is

Step 5: For tier Il if goals are not met, consider medication per risk factor specific

Figure 2. Risk stratification and management for children and adolescents with conditions predisposing to accelerated atherosclerosis
and early CVD. The current statement concludes that major depressive disorder and bipolar disorder among adolescents should be
managed as tier || moderate-risk conditions. For Tables 11-2 and 11-3 mentioned in the Figure, please see Expert Panel on Integrated
Guidelines for Cardiovascular Health and Risk Reduction in Children and Adolescents.? BMI indicates body mass index; BP, blood
pressure; CHILD-1, Cardiovascular Health Integrated Lifestyle Diet; CV, cardiovascular; CVD, cardiovascular disease; FG, fasting glucose;
HDL-C, high-density lipoprotein cholesterol; HbA1c, hemoglobin Alc; LDL-C, low-density lipoprotein cholesterol; and TG, triglycerides.
*CHILD 1 (Cardiovascular Health Integrated Lifestyle Diet) per 2011 Expert Panel, Section V. Nutrition and Diet).2 TActivity Rx — Activity
Recommendations per 2011 Expert Panel, Section VI. Physical Activity.? $Weight loss recommendations per 2011 Expert Panel, Section X.
Overweight and Obesity.? Modified with permission from Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk
Reduction in Children and Adolescents? and Kavey et al." Copyright © 2006, American Heart Association, Inc.

CVD, and this is an important question for future research to
address. In particular, research regarding the dual mood-related
and CVD-related benefits of complementary and alternative
interventions such as exercise, mindfulness meditation, anti-
oxidants, and fish oils is warranted. Indeed, future clinical trials
would benefit from the incorporation of CVD-related measures
and mood-related measures to generate more integrated data
regarding the global benefits and risks of interventions.

Future Clinical Directions
Medications used to treat mood disorders among youth, par-
ticularly those used to treat BD, confer additional risk of

weight gain and other metabolic disturbances. Although the
magnitude of the impact of these medications on CVD and
CVD mortality has yet to be elucidated, improved metabolic
monitoring is warranted to mitigate the accumulation of tradi-
tional CVD risk factors. Current guidelines for the treatment
of BD among youth acknowledge the importance of metabolic
monitoring of those taking mood-stabilizing medications but
do not address the importance of metabolic monitoring of
youth with BD irrespective of treatment.?*?¢” Similarly, cur-
rent guidelines for the treatment of MDD among youth do
not adequately incorporate cardiovascular risk factors.?*232268
Future guidelines should integrate cardiovascular risk factor
monitoring irrespective of treatment.
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A transformational change is required in the management
of MDD and BD among youth to meaningfully integrate car-
diovascular risk assessment and management into the day-to-
day treatment of these conditions. Related changes have begun
in the treatment of adults with MDD and BD. Indeed, there is
preliminary evidence that integrating cardiovascular risk assess-
ment and management in the treatment of adults with MDD and
BD may have salutary effects both on CVD risk and on psychi-
atric outcomes.’*?"" Although unfortunately, CVD is already
highly prevalent by middle age among adults with MDD and
BD, there remains a substantial window of opportunity in which
to intervene to prevent these outcomes among youth.

To meaningfully change the cardiovascular risk associ-
ated with MDD and BD among youth, a concerted effort
across stakeholder groups will be required, including pedia-
tricians and other primary care providers, psychiatrists,
patients and their families, research funding agencies, and
policy makers. Pending the development of evidence-based
guidelines that are specific to youth with MDD and BD, it
is important that the above stakeholders collaboratively
endeavor to ensure that previously described Expert Panel
integrated guidelines, with consideration of MDD and BD as
additional moderate risk conditions, are consistently applied
to these youth.
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