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ABSTRACT 

OBJECTIVE: Major depressive disorder (MDD) in youth is an 
independent risk factor for premature cardiovascular disease 
(CVD). While previous research has considered individual CVD 
risk factors in relation to depression, this study examined the 
association between depression and CVD risk among children 
and adolescents with MDD using a validated composite measure.
METHODS: Youth with MDD were recruited through an out
patient psychiatry program and underwent semistructured psychia
tric diagnostic assessment to confirm diagnosis. Healthy control 
participants were recruited from community settings. All partici
pants completed the Center for Epidemiological Studies Depression 
Scale for Children to assess depressive symptoms. The continuous 
metabolic syndrome score, a validated measure for cardiometabolic 
risk assessment in youth, was computed using aggregated standar
dized z-scores of CVD risk factors, including fasting blood glucose, 
body mass index, blood pressure, fasting triglycerides, and high- 
density lipoprotein cholesterol. Hierarchical multiple regression 
models tested the association between depression (diagnosis and 
symptoms) and CVD risk while accounting for covariates.

RESULTS: Participants (N = 277; 73.6% female) had a mean age 
of 15.2 (SD = 1.8) years. Cardiovascular disease risk was sig
nificantly higher among youth with depression (n = 196, 
mean = 0.77, SD = 2.98) compared with healthy controls 
(n = 81, mean = −0.39, SD = 2.77; P = .002). Depression di
agnosis and depressive symptoms were associated with increased 
CVD risk (β = 0.40, P = .004; β = 0.15, P = .02, respec
tively), after adjusting for covariates.
CONCLUSIONS: Adolescents with MDD demonstrate increased 
cardiovascular disease risk compared with healthy youth, high
lighting early evidence of association between depression and 
cardiovascular disease. Consequently, childhood and adolescence 
may serve as crucial periods for preventive intervention targeting 
cardiovascular health among youth with depression.

KEYWORDS: Cardiovascular disease; Child/adolescent psy
chiatry; Depression; Metabolism
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WHAT’S NEW

This study finds that youth with major depressive 
disorder demonstrate higher cardiovascular disease 
risk than healthy youth using a validated composite 
risk score, identifying an opportunity to integrate 
preventive cardiovascular health strategies for youth 
with depression.

Major depressive disorder (MDD) is one of the most 
common psychiatric disorders among youth.1 Emergence 
of MDD during adolescence is a poor prognostic factor 
for physical and mental health outcomes in adulthood.2,3

Furthermore, youth-onset of depression has been identi
fied as an independent risk factor for premature athero
sclerosis (ie, thickening and hardening of the arteries) and 
cardiovascular disease (CVD) related mortality.2,4
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Data on the association between depression and CVD 
have been collected largely from adult samples,5 though 
some community-based cohort studies have found de
pression during adolescence to be a risk factor for CVD in 
adulthood.6,7 Evidence from the National Longitudinal 
Study of Adolescent to Adult Health in the United States, 
which included both 13 and 22 year follow-ups of 3011 
participants in the community, found that depressive 
symptoms during adolescence were associated with 
greater risk of development of cardiometabolic diseases 
and CVD in adulthood.6 Individual CVD risk factors have 
also been examined among youth with depression,8,9

though evidence is scant. In one study of 77 youth with 
depression, 88% were shown to demonstrate at least 1 
CVD risk factor.10 Findings from a smaller Australian 
study (N = 50) reported youth with depression exhibited 
higher triglyceride levels compared with matched healthy 
controls.8 In single studies, youth with depression have 
also been observed to demonstrate significantly higher 
fasting blood glucose levels than healthy youth.8,9 A bi
directional association between increased depressive 
symptoms and greater obesity has also been reported.11

Thus, limited evidence suggests that youth with depres
sion may manifest differences in CVD risk factors, but 
further assessment is required.

Studies of adult populations have made strides in 
evaluating CVD risk by integrating multiple risk factors 
(eg, high blood pressure, smoking) into a single risk score 
to determine the 10-year predictive risk for CVD.12,13

While the American Heart Association’s Life’s Essential 
8 underscores the role of health behaviors in the devel
opment of cardiovascular disease, adults with depression 
experience morbidity related to metabolic syndrome, with 
symptom clusters frequently surpassing clinically sig
nificant thresholds, indicating a distinct and biologically 
mediated pathway of cardiometabolic risk.14,15 Despite 
preliminary evidence of elevated single CVD risk factors 
among adolescents with depression, a composite CVD 
risk score has not been examined and may be more sen
sitive than single risk factors in younger populations. To 
our knowledge, no studies have evaluated CVD risk using 
a validated composite score among youth with depression 
diagnoses (ie, MDD). In the absence of a standardized 
CVD risk score for adolescents,16 the continuous meta
bolic syndrome (cMetS) score may serve as a useful tool. 
The cMetS score was developed to better detect metabolic 
syndrome, the congregation of adverse metabolic and 
CVD risk factors, in children aged 7 to 9 years old.17

Though the original metabolic syndrome assessment 
method sums the presence of individual risk factors,17 the 
cMetS score allows for evaluation of cardiometabolic risk 
with greater sensitivity using a dimensional approach (ie, 
continuum of risk), allowing for assessment of early CVD 
risk among children and adolescents with validation in 7 
to 18 year-olds using national cohort data.18 Additionally, 
a meta-analysis of 10 studies using the cMetS score 
among children and adolescents aged ranging from 7 to 
19 years old found the score to be highly sensitive in 
predicting the risk of metabolic syndrome.19

The aim of the current study was to determine whether 
there is early evidence of association between depression 
and CVD risk among children and adolescents with MDD 
using a validated continuous risk score. It was hypothe
sized that depression and cardiovascular disease risk 
would be associated, with youth with depression diag
noses demonstrating greater CVD risk compared with 
healthy youth.

METHODS

PARTICIPANTS

Youth with depression were recruited from a child and 
adolescent outpatient psychiatry clinic at the Hospital for 
Sick Children (SickKids), a tertiary care pediatric hospital in 
Toronto, Canada from September 2016 to March 2024. 
Youth with relevant reasons for referral (eg, low mood) and 
increased self-reported depressive symptoms were referred 
through a centralized mental health intake system, which 
receives referrals from family physicians, pediatricians, 
nurse practitioners, emergency medicine clinicians, and 
psychiatrists. Participants were youth between 8 and 18 
years old meeting criteria for MDD or persistent depressive 
disorder as defined by the diagnostic and statistical manual 
for mental disorders fifth edition (DSM-5).20

Healthy control (HC) participants aged 8 to 18 years- 
old were recruited through community and social media 
advertisements (eg, recreation centers, public schools, 
Instagram). HC participants met the following criteria: 
absence of any active psychiatric disorders within the 
previous 6 months; no lifetime diagnosis of any mood, 
anxiety, or psychotic disorders; and no first degree re
latives with a history of mood disorders. All participants 
and their guardians provided written informed consent or 
written assent where applicable. This study was approved 
by the SickKids’ Research Ethics Board #1000054479.

CLINICAL PROCEDURE AND MEASURES

DEPRESSION

Current and lifetime diagnoses of MDD20 were de
termined by a semistructured psychiatric interview 
using the Kiddie Schedule for Affective Disorders and 
Schizophrenia for School Age Children, Present and 
Lifetime Version and Depression Supplement (K- 
SADS-PL).21 All interviewers were trained in K-SADS- 
PL delivery and had completed a master’s degree in a 
health science field with experience administering 
standardized semistructured psychiatric interviews. 
Consensus conferences were held with a child-adoles
cent psychiatrist (D.K.) immediately following the 
completion of each interview. Depressive symptoms of 
all participants were assessed using the Centre for 
Epidemiologic Studies of Depression in Children (CES- 
DC),22 a validated, youth self-report measure comprised 
of 20 items. Items are rated using a 4-point Likert scale, 
and total scores range from 0 to 60, with higher scores 
indicating greater depressive symptoms.
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CARDIOVASCULAR DISEASE RISK FACTORS

Cardiovascular disease risk factors were assessed on the 
same day as the depression assessment. Height and weight 
were measured using a Health-o-meter Professional sta
diometer (Sunbeam Products, Inc). Body mass index 
(BMI) was calculated using the standard formula of 
weight divided by height squared (kg/m2) and standar
dized BMI (zBMI, kg/m2) was calculated using the World 
Health Organization’s (WHO) age and sex growth stan
dards, accessible through the “anthroplus” package in 
R.23,24 Blood pressure was measured using a DINAMAP 
ProCare DCP101X-CE automated blood pressure monitor 
(GE Healthcare). Mean arterial pressure (MAP) was cal
culated using a standardized estimation method in
corporating systolic blood pressure (SBP) and diastolic 
blood pressure (DBP) (MAP = DBP + 1/3 (SBP – 
DBP)).25 All anthropometric measures were collected in 
duplicate with the average value used for analysis. Fasting 
blood glucose (mmol/L) and fasting plasma lipids, in
cluding high-density lipoprotein cholesterol (HDL-C; 
mmol/L) and triglycerides (TG; mmol/L), were collected 
by a pediatric phlebotomy nurse and analyzed by the 
hospital laboratory.

CARDIOVASCULAR DISEASE RISK SCORE

CVD risk was assessed using the Continuous Metabolic 
Syndrome (cMetS) score for children and adolescents.17

The cMetS score is composed of age and sex standardized 
residual values for BMI, MAP, high-density lipoprotein 
cholesterol (HDL-C), triglycerides (TG), and fasting 
blood glucose (FBG).25 Standardized BMI z-scores from 
the WHO calculations were used in the cMetS score while 
z-scores for FBG (mmol/L), fasting TG (mmol/L), fasting 
HDL-C (mmol/L), and MAP (mm Hg) were calculated 
within the sample, in keeping with calculation methods 
used in previous studies.17 Z-scores of individual meta
bolic risk factors were summed to compute a total cMetS 
score, with the exception of HDL-C which was multiplied 
by −1 to indicate the direction of a less favorable meta
bolic profile (cMetS = zBMI + zFBG + zTG + zMAP + 
(−1 x zHDL-C)).25,26 Higher cMetS scores reflect a more 
unfavorable metabolic profile and indicate greater 
CVD risk.

COVARIATES

Participant age, biological sex, race and ethnicity, and 
household income were collected by youth and parent 
report during the assessment. Yearly household income in 
Canadian dollars before taxes was categorically collected 
with response options ranging from “less than $25,000” to 
“$200,000 or more”. Race and ethnicity was collected 
categorically as well with response options including 
“White/Caucasian”, “Black or African American”, “East 
Asian”, “South Asian”, “Native North American”, 
“Mixed”, and “Other” with space provided to include 
details. Household income and race and ethnicity were 
dichotomized for analysis with household income data 
categorized as low “less than $75,000” and high “more 

than $75,000” and race and ethnicity categorized as 
“White” or “Not White”.

STATISTICAL ANALYSIS

Descriptive statistics were used to compare demographic 
characteristics between adolescents with depression and 
HC participants. The Shapiro-Wilk test and Q-Q plots 
were used to assess normality of continuous variables. 
Independent samples t-tests were used to compare con
tinuous variables and chi-square tests were used for ca
tegorical variables. Spearman’s correlation, a non- 
parametric test of association,27 was used to evaluate the 
association between demographic factors and CVD risk 
factors and to help identify relevant contributing vari
ables. Univariate correlations allow for initial under
standing of how individual risk factors relate to one 
another and to overall cardiometabolic risk within the 
sample.

Hierarchical multiple regression examined the associa
tion between depression diagnosis and CVD risk using 
both groups (youth with depression and healthy control). 
In block 1, youth-level factors (participant age, sex, and 
race and ethnicity) were included in the model. In block 2, 
the family-level factor (household income) was included. 
Diagnostic group was entered in block 3. As depression 
symptom severity was highly correlated with diagnosis of 
depression (r=0.78; p < 0.001), a separate hierarchical 
regression was conducted to examine the association be
tween depressive symptom severity and CVD risk using 
the same 3-block approach. Thus, 2 independent models 
were conducted to examine the associations of (i) de
pression diagnosis and (ii) depressive symptoms and CVD 
risk. Each model was comprised of 3 sequential blocks to 
account for the incremental contribution of youth-, fa
mily-, and depression-level factors.

Prior to conducting these analyses, assumptions for 
linear regression were satisfied and covariate missingness 
was assessed. To address the missing data on household 
income, multiple imputation using the “mice” package 
was conducted for 30 of the 277 (10.8%) of participants.28

A total of 45 out of 277 (16%) participants were unable to 
be included in the analyses as a result of missing data. 
Five imputed datasets were generated and results were 
pooled across these datasets to account for the uncertainty 
of multiple imputations. All data were cleaned and ana
lyzed in R Studio Version 2023.12.0+369 using packages 
“dplyr”, “lm.beta”, “psych”, “corrplot”, and “ggplot”.

RESULTS

DEMOGRAPHICS AND CLINICAL CHARACTERISTICS

Participants (N=277) were 73.6% female aged 9.2 to 18.8 
years old with a mean age of 15.2 (SD = 1.8) years. 
Demographics and CVD risk factors are summarized in 
Table 1. A greater proportion of youth with depression 
were female compared with healthy controls (77.6% 
vs 64.2%, respectively; P = .03); no other significant 
demographic differences between groups were observed. 
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The mean cMetS score was significantly higher for youth 
with depression than healthy controls (M = 0.77 
vs M = −0.39; P = .002), indicating a more unfavorable 
metabolic profile and greater CVD risk. Among in
dividual CVD risk factors, youth with depression had 
significantly higher mean fasting blood glucose levels 
(M = 5.13 mmol/L vs M = 4.90 mmol/L; P < .001) and 
mean triglyceride levels (M = 1.00 mmol/L 
vs M = 0.86 mmol/L; P = .009) compared with those 
of healthy controls. Following multiple imputation, 
missing data remained for household income in 37 youth 
with depression and 8 healthy control participants. Eth
nicity data were missing for 34 youth with depression and 
8 participants in the control group. As such, 45 out of 277 
participants (16%) were excluded from subsequent hier
archical regression models (Table 3; n = 232). The re
sults following imputation were consistent with those 
obtained from analyses restricted to participants with 
complete data. Univariate correlations between diagnostic 
group, age, sex, income, race and ethnicity, cMetS score, 
and CVD risk factors are displayed in Table 2.

DEPRESSION AND CARDIOVASCULAR DISEASE RISK

Depression diagnosis was significantly associated with 
CVD risk (β = 0.40, P = .004), with a higher cMetS 
score observed in youth with depression compared with 
healthy controls in regression models, after adjusting for 
covariates (Model 1; Table 3). The overall model was 
significant and explained 4.9% of the variance in cMetS 
score (F = 3.02, P = .01, adjusted R2= 0.042). 
Household income was significantly associated with the 
cMetS score (β = 0.31, P = .04), with higher cMetS 
scores observed in youth from lower income households 
compared with youth from higher income households 
prior to the addition of depression to the model. Parti
cipant age, sex, income, and race and ethnicity were not 
significantly associated with cMetS score once depres
sion was added as the primary predictor of interest. In 
the second hierarchical regression, evaluating depression 
at the symptom level, higher depressive symptoms were 
associated with greater CVD risk (Model 2; Table 3; 
β = 0.15, P = .02), after adjusting for covariates 
(F = 2.49, P = .03, adjusted R2= 0.031). Participant 

Table 1. Demographics and Cardiovascular Disease Risk Factors of Total Sample and by Diagnostic Group 

Total Sample  
(N = 277)

Depression (n = 196) Healthy Control  
(n = 81)

Between Groups P 
value*

Mean Age, y (SD) 15.20 (1.84) 15.19 (1.77) 15.10 (1.99) .72
Age range [9.16, 18.77] [9.53, 17.97] [9.16, 18.77]

Sex, No. (%)
Male 73 (26.4) 44 (22.4) 29 (35.8) .03
Female 204 (73.6) 152 (77.6) 52 (64.2)

Race and ethnicity, no. (%)
White 130 (46.9) 92 (46.9) 38 (46.9) .59
Black, East Asian, and South Asian 45 (16.2) 26 (13.3) 19 (23.5)
Mixed Race and Multiple Ethnicities 43 (15.5) 33 (16.8) 10 (12.3)
Other 17 (6.1) 11 (5.6) 6 (7.4)
Missing 42 (15.2) 34 (17.3) 8 (9.9)

Household income, no. (%)
Low income (< 75k) 64 (23.1) 48 (24.5) 17 (21.0) .37
High income (>  75k) 168 (60.7) 111 (56.6) 56 (69.1)
Missing 45 (16.2) 37 (18.9) 8 (9.9)

Depressive symptoms (CES-DC), 
M (SD)

34.59 (16.52) 44.08 (7.40) 11.64 (7.34) < .001

Cardiovascular disease risk factors
BMI, mean (SD), kg/m2 22.18 (4.96) 22.47 (5.45) 21.51 (3.44) .07
zBMI, mean (SD) 0.43 (1.24) 0.46 (1.31) 0.35 (1.04) .44
Fasting blood glucose, M (SD), 
mmol/L

5.06 (0.52) 5.13 (0.55) 4.90 (0.39) < .001

Fasting HDL-C, M (SD), mmol/L 1.40 (0.37) 1.38 (0.32) 1.46 (0.48) .21
Fasting triglycerides, M (SD), 
mmol/L

0.96 (0.49) 1.00 (0.53) 0.86 (0.33) .009

Systolic blood pressure, M 
(SD), mmHg

112.45 (12.50) 112.70 (13.07) 111.86 (11.07) .59

Diastolic blood pressure, M 
(SD), mmHg

62.55 (7.98) 62.72 (8.17) 62.14 (8.17) .57

Mean arterial pressure, M 
(SD), mmHg

79.19 (8.32) 79.38 (8.76) 78.71 (7.16) .51

Cardiovascular disease risk (cMetS), 
M (SD)

0.43 (2.96) 0.77 (2.98) −0.39 (2.77) .002

CES-DC indicates Center for Epidemiological Studies Depression Scale for Children; BMI, body mass index; HDL-C, high-density 
lipoprotein cholesterol; cMetS score, continuous metabolic syndrome score; M, mean; SD, standard deviation

* Independent sample T-tests were used for continuous variables and chi-square tests were used for categorical variables comparison 
between groups. 
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age, sex, income, and race and ethnicity were not sig
nificantly associated with cMetS score.

DISCUSSION

This study examined the CVD risk of a clinical population 
of adolescents with depression in comparison with healthy 
youth, using a composite cardiometabolic profile risk score. 
Youth with depression exhibited increased CVD risk com
pared with healthy youth. The association between depres
sion and CVD risk was observed at both the diagnostic and 
symptom level. The mean cMetS score was 0.77 among 
youth with depression and −0.39 among healthy controls. 
The unstandardized beta coefficient for depression diagnosis 
was 1.18, suggesting that a diagnosis of depression was 
associated with a 1.18 unit increase in cMetS score com
pared to healthy controls after adjusting for covariates. 
When considered together with the magnitude of mean 
cMetS scores by group, this difference supports the potential 
clinical relevance of depression to CVD risk as elevated 
cMetS scores predict adverse metabolic outcomes later in 
life.19 When comparing individual CVD risk factors be
tween groups, youth with depression had significantly higher 
fasting blood glucose and fasting triglycerides than healthy 
youth. However, no group differences in BMI were ob
served. This suggests that metabolic factors beyond body 
weight, such as blood lipid and glucose levels, are important 
areas for clinical consideration.

To our knowledge, this study is the first to evaluate and 
compare the depression-CVD association using a vali
dated composite CVD risk score in a clinical population 
of adolescents. Results extend prior research conducted 
among young adults aged 18–49 years in the United 
States, in which individuals with increased self-reported 
depressive symptoms demonstrated more than twice the 
risk of CVD than individuals without depressive symp
toms (OR = 2.32 [95% CI, 2.13–2.51]).5 In combination 
with results from this study, this suggests that the 

depression and CVD risk association may occur as soon 
as early adolescence. Results are also consistent with 
longitudinal findings of non-clinical, community samples 
followed from adolescence into adulthood.6,7 Of these 
samples, Park et al followed 3011 boys and girls from 
adolescence/youth (ages 13–22 years) to adulthood 
(24–34 years).6 Similarly, Matthews et al followed 311 
boys from ages 7 to 16 years into adulthood (30–34 
years).7 In contrast, in a study of 5007 British children in 
the community, childhood depressive symptoms were not 
reported to predict adolescent CVD risk.29 This dis
crepancy may have been due, in part to the overall low 
depressive symptom burden in the UK community 
sample. Nevertheless, given the cross-sectional nature of 
the current study, further longitudinal research is war
ranted to investigate the progression of the depression- 
CVD risk association among youth with MDD. By uti
lizing longitudinal, prospective study design, similar to 
those employed by research in adolescent community 
samples, a more comprehensive understanding of the 
trajectory of the depression-CVD association in clinical 
samples of youth will be possible.

Results from this study are consistent with previous 
work assessing the depression-CVD association using 
individual risk factors (eg, fasting glucose, triglycerides). 
Previous research in a clinical and community sample of 
50 youth in Australia has similarly observed that fasting 
blood glucose and triglycerides were higher among youth 
with higher versus lower depressive symptoms.8 Ad
ditionally, no differences in BMI between diagnostic 
groups were observed in this study, which is consistent 
with previous evidence.30 Taken together, results of the 
current study underscore the importance of assessing 
CVD risk beyond evaluation of body weight status. Fur
thermore, depression may be associated with CVD risk 
above and beyond effects of household income based on 
this study, aligning with longitudinal findings among 
adults aged 40 to 69 years old, reporting that depression 

Table 2. Spearman Rho Coefficients Between Sample Characteristics and Cardiovascular Disease Risk Factors 

2 3 4 5 6 7 8 9 10 11 12 13 14

1. Dep Dx 0.78*** 0.13* −0.06 0.21*** 0.1 0.02 0.02 0.03 0.02 0.14* −0.02 0.11 −0.04
2. CES-DC – 0.06 0.01 0.13* 0.05 0.02 0.09 0.04 0.01 0.18** 0.08 0.1 0.02
3. cMetS – −0.54*** 0.36*** 0.45*** 0.57*** 0.46*** 0.63*** 0.66*** −0.02 −0.1 0.16* 0.02
4. HDL-C – 0.02 −0.26*** −0.16*** −0.08 −0.20*** −0.24*** 0.15* 0.15* −0.01 0.09
5. FBG – 0.03 0.1 0.05 0.09 0.1 −0.09 −0.07 0.03 0.07
6. TG – 0.11 0.07 0.09 0.07 0.22*** 0 0.11 0.03
7. SBP – 0.53*** 0.31*** 0.28*** −0.27*** 0.11 0.03 0.03
8. DBP – 0.17 0.11 −0.01 0.20 0.11 0.08
9. BMI – 0.94*** 0.08 0.14 0.17* 0.08
10. zBMI – 0.02 −0.14* 0.20** 0.04
11. Sex – 0.06 0.13 0.13
12. Age – −0.03 0.03
13. Income – 0.19**

14. Race and 
Ethnicity

–

Dep Dx indicates depression diagnosis; CES-DC, Center for Epidemiological Studies Depression Scale for Children; cMetS, continuous 
metabolic syndrome score; HDL-C, high-density lipoprotein cholesterol; FBG, fasting blood glucose; TG, triglycerides; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; BMI, body mass index

* = P < .05; ** = P < .01; *** = P < .001
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was associated with major cardiovascular events regard
less of socioeconomic status.31 Conversely, prior work in 
adults has shown clear associations between depression, 
ethnicity/income, and cardiovascular risk; however, this 
association is often attributed to chronic stress exposure 
and social isolation with cumulative effects over time.32

These pathways may require a longer duration to man
ifest, and as such, may not yet be detectable in adoles
cence. This highlights a potential window for early 
intervention, particularly among high-risk youth, before 
socioeconomic and ethnically patterned disparities in 
cardiometabolic risk become more pronounced.

Several mechanisms linking adolescent depression with 
premature CVD have been suggested, including both bio
logical and lifestyle factors. Studies have found, for ex
ample, that youth with depressive symptoms demonstrate 
higher concentrations of biomarkers of inflammation, in
cluding C-reactive protein, interleukin-6, and vascular en
dothelial growth factor; as such, it has been suggested that 
depression may produce or exacerbate an underlying pro- 
inflammatory state that increases risk of CVD in adult
hood.33,34 Another theorized pathway relates to obesity and 
its role in the pathogenesis of cardiometabolic disease. 
Youth with depression are at risk for future obesity,35 which 
may lead a higher risk of developing CVD in adulthood.36

However, among youth with depression, studies have not 
found an increase in obesity compared with healthy 
youth.30,37 This suggests that CVD risk may be greater 
among youth with depression prior to, or despite, the in
creased occurrence of future obesity. Moreover, lifestyle 
factors may play a role in increased CVD risk. For instance, 
physical inactivity and unhealthy diet are associated with 
poorer mental and physical health outcomes in youth.38,39

These lifestyle factors may serve as important contributors 
to the early onset of depression-CVD association as they are 
present early, prior to the presence of weight gain or obesity. 
Future research should aim to integrate the consideration of 
these modifiable lifestyle factors when evaluating the de
pression-CVD relationship in youth.

STRENGTHS AND LIMITATIONS

This study has several strengths, including the examination 
of the depression-CVD association among a clinical sample 
of youth, early in the course of illness and prior to the de
velopment of cardiometabolic comorbidities common 
among adult samples. This study is also the first to assess 
CVD risk in a clinical population of youth with depression 
using a validated composite score, filling an important evi
dence gap in adolescent health research. However, several 
limitations require consideration. The cross-sectional study 
design precludes determination of the direction of associa
tion, such that whether metabolic findings precede or suc
ceed onset of depressive symptoms and how progression 
occurs over time is not clear. Furthermore, the sample size 
of the healthy control group is smaller than that of youth 
with depression, possibly limiting the overall power of 
analyses and generalizability of findings. To address this, a 
post-hoc power analysis was conducted, revealing that the 

sample size of 277 adolescents had > 99% power to detect a 
moderate effect size (α=0.05) when stratifying by diagnostic 
group, providing increased confidence in results.40 Next, the 
cMetS score is a within-sample risk score by nature of its 
calculation, limiting the ability to utilize the measure as a 
more widespread clinical tool to assist providers in evalu
ating CVD risk among patients. Additionally, sample gen
eralizability may be important to consider as patient 
demographics may affect CVD risk score. Though dis
tributions of race and ethnicity were diverse, further in
vestigation is needed to better understand generalizability of 
findings on a national and global scale.

CONCLUSIONS

Adolescents with depression exhibited greater CVD risk 
than healthy youth without depression. This finding occurs 
at both the diagnostic and depressive symptom level, pro
viding evidence of association early within the course of 
illness. Longitudinal studies are needed to assess the pro
gression and directionality of the depression-CVD associa
tion among youth with MDD, to advance understanding of 
the mechanism of this association, and to determine crucial 
targets for preventative intervention. Further work is also 
needed to develop a standardized risk score that clinicians 
can use in real-time to assess CVD risk among adolescents 
with depression broadly. Moreover, findings reinforce the 
need for holistic consideration of adolescent patient health 
outcomes with respect to both mental and physical health 
and highlights the period of adolescence as a potential 
window of opportunity for preventive CVD interventions for 
youth with depression.
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