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A B S T R A C T   

Background: Children and adolescents with major depressive disorder (MDD) are at increased risk for premature 
cardiovascular disease (CVD). Whether adolescents with MDD manifest evidence of dyslipidemia, a key risk 
factor for CVD, is unknown. 
Methods: Youth recruited through an ambulatory psychiatry clinic and the community, were categorized 
following diagnostic interview as MDD or as healthy controls [HC]. CVD risk factors including high density li
poprotein (HDL), low density lipoprotein (LDL), and triglyceride concentrations were collected. Depression 
severity was measured using the Center for Epidemiological Studies Depression Scale for Children. The associ
ations of diagnostic group as well as depressive symptom severity with lipid concentrations were examined using 
multiple regression analyses. Models were adjusted for age, sex, and standardized Body Mass Index. 
Results: Participants (n = 243) were 68 % female with a mean age of 15.04 ± 1.81 years. MDD and HC par
ticipants had comparable levels of dyslipidemia (MDD: 48 %, HC: 46 %, p > .7) and hypertriglyceridemia (MDD: 
34 %, HC: 30 %, p > .7). Among depressed adolescents, greater depressive symptoms were associated with higher 
total cholesterol concentrations in unadjusted models only. Greater depressive symptoms were associated with 
higher HDL concentrations and a lower triglyceride-to-HDL ratio, after adjusting for covariates. 
Limitations: Cross-sectional design. 
Conclusions: Adolescents with clinically significant depressive symptoms manifested similar levels of dyslipide
mia as healthy youth. Future studies examining the prospective trajectories of depressive symptoms and lipid 
concentrations are needed to determine the point at which dyslipidemia emerges in the course of MDD, and the 
mechanism of the association that imparts increased CVD risk for depressed youth.   

1. Introduction 

Over the last decade, there has been a rising increase in the number 
of people who experience depressive symptoms (Twenge et al., 2018). 
Depression is currently the leading cause of disability globally 
(“Adolescent mental health,” 2021). Adolescence is a particularly 
vulnerable period for developing depression (Avenevoli et al., 2015; 
Mullen, 2018). In 2019, a study of 95,856 youth found that 12.9 % of 
adolescents exhibited clinically significant depressive symptoms for at 
least a 12-month period (Lu, 2019). Further, a meta-analysis of 80,879 
youth conducted during the first year of COVID-19 concluded that the 

global prevalence of youth experiencing clinically significant depressive 
symptoms increased to 25 % (Racine et al., 2021). Adolescents experi
ence a multitude of symptoms during depression episodes, including 
persistent sadness, weight change, loss of energy, and insomnia (Rice 
et al., 2019). However, adolescent depression is also associated with 
many lasting physical health problems (Korczak et al., 2013; Naicker 
et al., 2013; Rhew et al., 2017; Weavers et al., 2021). Consequently, it is 
of utmost importance to understand the pathophysiology underlying 
adolescent depression, and how it relates, or possibly leads to, long-term 
health effects. 

Adolescent depression is associated with an increased likelihood of 

* Corresponding author at: 1145 Burton Wing, Department of Psychiatry, Hospital for Sick Children, 555 University Avenue, Toronto, Ontario, Canada. 
E-mail address: daphne.korczak@sickkids.ca (D.J. Korczak).  

Contents lists available at ScienceDirect 

Journal of Affective Disorders 

journal homepage: www.elsevier.com/locate/jad 

https://doi.org/10.1016/j.jad.2023.06.017 
Received 5 December 2022; Received in revised form 26 May 2023; Accepted 4 June 2023   

mailto:daphne.korczak@sickkids.ca
www.sciencedirect.com/science/journal/01650327
https://www.elsevier.com/locate/jad
https://doi.org/10.1016/j.jad.2023.06.017
https://doi.org/10.1016/j.jad.2023.06.017
https://doi.org/10.1016/j.jad.2023.06.017
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jad.2023.06.017&domain=pdf


Journal of Affective Disorders 338 (2023) 239–245

240

experiencing cardiovascular events (Franco et al., 2015). According to 
the American Heart Association, depression is considered to be a tier II 
risk factor for early cardiovascular disease (Goldstein et al., 2015). 
Indeed, a small body of research demonstrates that adolescents with 
depression begin to manifest biological processes subserving cardio
vascular disease (CVD) at an early age, including increased markers of 
inflammation (Colasanto et al., 2020; Copeland et al., 2012; Giollabhui 
et al., 2020), increased systolic and diastolic blood pressure (Klakk et al., 
2018; Olive et al., 2020; Waloszek et al., 2015), greater prevalence of 
overweightness and obesity (Carney et al., 2021; Goldstein et al., 2015; 
Goldstein and Korczak, 2020), and early evidence of arterial stiffening 
(Goldstein et al., 2015; Goldstein and Korczak, 2020). Dyslipidemia is 
also an established, potentially modifiable, risk factor for CVD (e.g., 
Pires et al., 2016). However whether adolescents with depression evi
dence lipid abnormalities early in the course of illness is unclear. 

Previous research on the relationship between serum lipid profiles 
and depression are inconsistent. Low-density lipoprotein (LDL)-choles
terol accumulates in blood vessels and increases the risk of coronary 
artery disease and high-density lipoprotein (HD) cholesterol transports 
other forms of cholesterol out of the blood stream and is inversely 
related to coronary artery disease risk (Wilson, 1990). Adults with 
depression demonstrate specific changes in serum lipid profiles, 
including increased (Shin et al., 2008) and decreased levels of HDL 
(Bharti et al., 2021; Bot et al., 2020; Cepeda et al., 2020; Enko et al., 
2018; Sadeghi et al., 2011; Zhang et al., 2020), and increased levels of 
LDL (Enko et al., 2018; Klakk et al., 2018; Sadeghi et al., 2011; Tedders 
et al., 2011; Wagner et al., 2019) and triglycerides (Bharti et al., 2021; 
Bot et al., 2020; Cepeda et al., 2020; de Kluiver et al., 2021; Enko et al., 
2018; Koponen et al., 2015; Segoviano-Mendoza et al., 2018). Study 
findings of total cholesterol (TC) levels among adults with depression 
are mixed, with both increased (Cepeda et al., 2020; Enko et al., 2018; 
Koponen et al., 2015; Sadeghi et al., 2011) and decreased (Bharti et al., 
2021; Segoviano-Mendoza et al., 2018) levels reported. Studies among 
adults with major depressive disorder (MDD) have further observed that 
the magnitude of dyslipidemia and hypertriglyceridemia is significantly 
associated with increasing depressive symptom severity (Enko et al., 
2018; van Reedt Dortland et al., 2010; Wagner et al., 2019), including 
suicidality (Oh and Kim, 2017; So et al., 2018). Research examining the 
causal relationship between lipid levels and depression is scant, how
ever, with one study of 601 adults with MDD (mean age 40.9) observing 
that a high TG:HDL ratio increased the risk of developing MDD over a 
nine year follow up period (Watson et al., 2021), and in doing so raised 
the question of whether an adult's lipid profile can be used as a 
biomarker of depressive disorders (Walther et al., 2018). 

In contrast, only a small number of studies have examined the as
sociation between depression and lipids early in the course of illness, 
among adolescents, when the presence of confounding comorbidities (e. 
g., obesity, type 2 diabetes mellitus) are less likely to obscure the asso
ciation. Among published studies, findings are mixed. Studies of ado
lescents with depression have reported lower HDL (Barinas-Mitchell 
et al., 2021), lower (Karadeniz et al., 2020) and higher LDL (Kim et al., 
2019), higher TG (Elovainio et al., 2010; Waloszek et al., 2015) and no 
association of lipids with MDD (Karadeniz et al., 2020; Katrenčíková 
et al., 2020). Moreover, studies to date have been conducted primarily 
among non-clinical samples. As the increased risk of CVD is described 
for individuals with clinically significant depression symptoms, this is an 
important distinction. Thus, the aim of the current study was to deter
mine the association of lipid levels with depressive symptoms among 
adolescents with MDD, as compared with healthy youth. We hypothe
sized that adolescents with MDD would demonstrate greater levels of 
dyslipidemia (i.e., lipids at unhealthy levels) compared to healthy youth, 
based on the evidence among depressed adults. Further, we hypothe
sized that higher clinically significant depressive symptoms would be 
associated with higher LDL, TG, and TC concentrations, and with lower 
HDL concentrations. 

2. Methods 

2.1. Participants 

Participants in the depression group [MDD] were recruited from a 
child and adolescent psychiatry clinic for youth with MDD at The Hos
pital for Sick Children (SickKids), a tertiary care children's hospital in 
Toronto, Canada. Youth with relevant reasons for referral (e.g., sadness) 
and increased self-reported depressive symptoms are referred via the 
departmental centralized intake system, which receives referrals from a 
wide variety of clinicians and settings, including family physicians, pe
diatricians, nurse practitioners, emergency medicine clinicians, and 
psychiatrists. Participants were children under the age of 18 years old 
with MDD as defined by the Diagnostic and Statistical Manual for Mental 
Disorders 5th edition (Arlington, 2013). Exclusion criteria included 
inability to provide informed consent/assent (e.g., psychotic disorder, 
developmental delay), history of hypomania/mania and significant 
chronic medical illness (e.g., rheumatologic disease, cancer). 

Healthy control [HC] participants were recruited through commu
nity advertisements (e.g., coffee shops, public schools). HC participants 
did not have any active psychiatric disorders within the previous 6 
months, no lifetime mood or anxiety disorders, and no maternal history 
of depression. 

All participants and their guardians provided informed consent. This 
study received approval from the Hospital for Sick Children Research 
Ethics Board. 

2.2. Clinical procedure and measures 

Psychiatry diagnoses: Current and lifetime diagnoses were deter
mined by standardized semi-structured psychiatric interview using the 
Kiddie Schedule for Affective Disorders and Schizophrenia for School- 
Age Children, Present and Lifetime Version (Kaufman et al., 1997). 
The KSADS MDD-C was used to assess depressive symptoms in current 
and previous depressive episodes for confirmation of depressive diag
nosis. Youth with the following diagnoses were included: Major 
Depressive Disorder, Major Depressive Episode, Persistent Depressive 
Disorder. Youth and parent each separately served as informants with 
information incorporated from each informant. All interviewers had 
completed a master's degree in a health science field with experience 
administering standardized semi-structured psychiatric interviews and 
were trained in the KSADS-PL. After the interview was completed, 
consensus conferences were held with a child-adolescent psychiatrist (D. 
K.) blinded to research participation status for diagnostic confirmation. 
Youth also completed the Centre for Epidemiologic Studies of Depres
sion in Children (Radloff, 1977), a self-reported 20-item questionnaire 
using a 4-point Likert scale. Scores range from 0 to 60, where higher 
scores indicate greater depressive symptoms. A threshold score of 25 on 
the CES-DC was used for referral to the outpatient program, consistent 
with research reporting the need for employment of higher thresholds in 
clinical vs. community samples (Chabrol et al., 2002; Radloff, 1977). In 
the present sample, CES-DC had good reliability (α = 0.86, 95 % CI: 0.85 
to 0.88). In addition to the total CES-DC score, the following previously 
established subscale scores were calculated: Somatic (e.g., anorexia, 
sleep disturbance), Depressed (e.g., unhappy, felt like crying), Positive 
Affect (e.g., something good is going to happen), Interpersonal (e.g., kids 
are not friendly to me) (Barkmann et al., 2008). 

Cardiovascular Risk Factors: Cardiovascular risk factors were 
assessed during the morning of initial assessment. Trained research staff 
measured height and weight in light clothing to the nearest 0.1 cm and 
0.1 kg, respectively, using a Health o meter Professional stadiometer 
(Sunbeam Products, Inc). Body Mass Index (BMI) was computed as 
weight divided by height squared (kg/m2) and standardized body mass 
index (zBMI, kg/m2) was calculated using the WHO growth standards 
with the Anthro Plus package in R (de Onis et al., 2007; Schumacher, 
2021). Overweight was defined as BMI greater than the 85th and less 

A.F. Khalfan et al.                                                                                                                                                                                                                              



Journal of Affective Disorders 338 (2023) 239–245

241

than the 95th percentile; obese was defined as BMI equal to or greater 
than the 95th percentile, in keeping with recommendations of the Na
tional Institute of Health Expert Panel on Integrated Guidelines for 
Cardiovascular Health and Risk Reduction in Children and Adolescents 
(NIH-EP-CVH) (Adolescents, 2011). Systolic and diastolic blood pres
sure (BP) was measured using a DINAMAP ProCare DCP101X-CE auto
mated blood pressure monitor (GE Healthcare) with the participant 
resting in the seated position for a minimum of 5 min and repeated 
following a further 5 min period, with measures averaged across read
ings and repeated a third time if discrepancies >10 mmHg in the first 
two readings were present. Blood pressure percentile was calculated 
based on age, sex and height-based norms (Flynn et al., 2017). Youth 
were also asked to report (“yes” or “no”) if they are currently smoking 
cigarettes. Laboratory enzymatic colorimetric assays for total choles
terol (TC; mmol/L), high-density lipoprotein (HDL; mmol/L), low- 
density lipoprotein (LDL; mmol/L), and triglyceride (TG; mmol/L) 
concentrations were measured within 1 h using an Ortho Vitros instru
ment(Sapan et al., 2010). Fasting plasma lipid (total cholesterol, low 
density lipoprotein [LDL] cholesterol, high density lipoprotein [HDL] 
cholesterol, triglyceride [TG]) concentrations were classified as being 
acceptable (healthy), borderline-high, or high as defined by the NIH-EP- 
CVH (Adolescents, 2011). Given the overall low prevalence of high lipid 
concentrations, the borderline-high and high categories were combined. 
Furthermore, here, the overall prevalence of dyslipidemia is defined as 
having at least one of the above lipid concentrations outside the 
acceptable range. Non-HDL, LDL-to-HDL ratio (LDL:HDL), and TG-to- 
HDL ratio (TG:HDL) were calculated from the fasted values. 

2.3. Data analysis 

Descriptive statistics, including t-tests for continuous variables and 
chi-square tests for categorical variables, were used to compare de
mographic and descriptive variables between the HC and MDD groups. 
For our primary analyses, we employed linear regression. First, we 
examined the association between clinical status (MDD, HC) and lipid 
variables. Next, we examined the association between total CES-DC 
scores and lipid variables among the MDD group. Lastly, we examined 
the association between the lipid variables that were significantly 
associated with the total CES-DC score, and each CES-DC subscale score 
(somatic, depressed, positive, interpersonal) among the MDD group. 
Regression models were conducted examining the association of 
depression with the following lipid concentrations: TC, HDL, LDL, LDL: 
HDL, non-HDL, TG, and TG:HDL. All models were adjusted for sex, age, 
and zBMI. Analyses were undertaken using R Studio, version 1.2.5033 
(RStudio Team, 2019). 

3. Results 

Participants (n = 243) were 68 % female with a mean age of 15.0 ±
1.8 years. Demographic information is summarized in Table 1. 

The majority of participants in both the MDD and HC group had lipid 
concentrations within the acceptable range (Table 2). No group differ
ences in lipid concentrations were observed between the MDD and HC 
groups (Fig. 1). Depression status was not associated with any lipid 
concentration after adjusting for age, sex, and zBMI (Appendix Table 1). 
Sex was associated with TC, HDL, LDL, and non-HDL (all ps < 0.001); 
therefore, the models were re-run with the inclusion of clinical status ×
sex interaction term, and then with zBMI. In both models, clinical status 
was not associated with any lipid concentration following adjustment 
for covariates. 

The association of depression symptom severity with fasting lipid 
levels was examined after adjusting for age, sex, and zBMI. Higher 
depressive symptoms were associated with increased HDL concentra
tions (β = 0.23, SE = 0.08, p = .004) in adjusted models (Fig. 2). Higher 
depression symptoms were also negatively associated with TG:HDL ratio 
(β = − 0.17, SE = 0.08, p = .03) (Fig. 2). In addition, higher depression 

symptoms were initially observed to be associated with greater TC 
concentrations in unadjusted models (β = 0.18, SE = 0.07, p = .02). 
However, the association was no longer statistically significant (β =
0.11, SE = 0.08, p = .15) following adjustment. Depression severity was 
not associated with LDL, TG, non-HDL, or LDL:HDL concentrations 
(Appendix Table 2). 

Within the MDD group, multivariable linear regression analyses 
were performed with CES-DC subscales to examine associations with 
HDL and TG:HDL, as these were the only lipids significantly associated 
with the depression (CES-DC) total score. All models were adjusted for 
age, sex, and zBMI. Higher Depressed and Interpersonal subscale scores 
were significantly associated with higher HDL concentrations (β = 0.20, 
SE = 0.08, p = .01; β = 0.27, SE = 0.08, p < .001, respectively) in 
adjusted models. Increased interpersonal difficulty was also associated 
with decreased TG:HDL ratio (β = − 0.18, SE = 0.08, p = .03) after 
adjusting for covariates. We did not observe any other associations be
tween depression subscales and remaining lipid concentrations (see 
Table 3). 

4. Discussion 

This study compared serum lipid concentrations among youth with 
MDD at the time of diagnosis with those of healthy youth, and examined 
the association between depression severity and lipid concentrations for 
youth with MDD. No differences in mean lipid levels were observed 
among MDD and non-MDD control adolescents. In addition, there were 
no differences in the proportion of adolescents with borderline-high 

Table 1 
Participant characteristics by diagnostic group.   

Healthy 
controls  
(n = 57) 

Major Depressive 
Disorder (MDD)  
(n = 186) 

p 

Age (mean (SD)) 15.1 (1.7) 15.0 (1.9)  0.84 
Sex (n,%)    0.001 

Female 28 (49) 134 (74)  
Male 29 (51) 48 (27)  

BMI (mean (SD)) 21.3 (3.4) 22.3 (5.3)  0.19 
zBMI (mean (SD)) 0.3 (1.0) 0.5 (1.3)  0.43 
BMI category (n,%)    0.08 

Normal weight 38 (67) 127 (71)  
Obesity 2 (3) 21 (12)  
Overweight 17 (30) 31 (17)  

Heart rate (mean (SD)) 69 (10) 76 (14)  0.001 
Systolic BP (mean (SD)) 112.5 (11.4) 112.5 (12.7)  0.99 
Diastolic BP (mean (SD)) 61.4 (7.3) 62.8 (8.0)  0.24 
Depression (CESDC [mean 

(SD)]) 
8.3 (4.5) 37.5 (12.0)  <0.001 

Race/ethnicity (n,%)    0.62 
White/Caucasian 33 (61) 89 (62)  
Mixed 7 (13) 27 (19)  
East/South Asian 9 (17) 17 (12)  
Other 5 (10) 11 (7)  

Living situation (n,%)    0.13 
Both biological parents 44 (82) 92 (64)  
Both biological parents, 
joint custody 

4 (7) 15 (1)  

Single biological parent 3 (6) 33 (23)  
Other 3 (6) 4 (3)  

Father employed (n,%) 45 (88) 128 (93)  0.39 
Mother employed (n,%) 50 (93) 116 (81)  0.08 
Household income (n,%)     

< 75,000 CAD/year 8 (15) 35 (25)  0.29  
> 75,000 CAD/year 38 (7) 85 (59)  

Prefer not to answer 8 (15) 23 (16)  
Smoking (n, %) 0 (0) 10 (6)  0.15 

Abbreviations: Dx = diagnosis; zBMI = body mass index z-scores, standardized 
for age and sex using the World Health Organization's 2007 AnthroPlus software 
in R studio; CES-DC = Center for Epidemiologic Studies Depression Scale for 
Children. 
Bolded p values indicates statistical significance (p < .05). 
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lipid concentrations between diagnostic groups. This study also finds 
that among youth with MDD, greater depressive symptoms were asso
ciated with higher HDL levels and a lower TG:HDL ratio after adjusting 
for sex, age, and zBMI. 

The results of the current study are consistent with those of 
Katrenčíková et al. (2020) yet in contrast to findings among adult 
samples that have consistently reported an association between clini
cally significant MDD and dyslipidemia (Bharti et al., 2021; Enko et al., 
2018; Wagner et al., 2019). Given that previous work identifies youth- 
onset depression as a risk factor for premature atherosclerosis and 
ischemic heart disease, our findings raise the possibility that prolonged 
symptoms of depression may also increase lipid concentrations via in
direct mechanisms. For example, children and adolescents with 
depression report lower levels of physical activity than peers (Korczak 
et al., 2017; Rodriguez-Ayllon et al., 2019), eat less healthy foods than 
controls (Korczak et al., 2021b), and report a greater number of sleep 
problems, including nonrestorative sleep and insomnia (Urrila et al., 
2012). Thus, children and adolescents with depression may also present 
indirect risk factors for premature CVD in adulthood (Goldstein et al., 

2015). Indeed, Barinas Mitchell et al. (2021) found that those with child- 
onset depression had higher TG and lower HDL concentrations, as 
measured in adulthood, compared with healthy controls (Barinas- 
Mitchell et al., 2021), where both observations are a critical component 
of metabolic syndrome (Wilson and Grundy, 2003). As the current study 
included adolescents at the time of MDD diagnosis, the null findings 
suggest that the lipid concentrations may be a more distal marker of 
increased CVD risk among depressed youth. 

Previous research has proposed several biological mechanisms 
linking MDD with premature CVD. For example, systemic inflammatory 
pathways have been implicated as a mechanism by which MDD may 
incur increased risk of CVD among depressed adults (Bivanco-Lima 
et al., 2013; Messay et al., 2012). These findings are consistent with 
those of a recent meta-analysis (including 20,791 participants) exam
ining the prospective association of adolescent depression with inflam
mation, reporting that increased depressive symptoms is associated with 
increased pro-inflammatory cytokines (e.g., CRP and IL-6) in longitu
dinal studies and conversely, that increased pro-inflammatory cytokines 
also predict future depression among adolescents, thereby highlighting 
the bidirectional nature of the association (Colasanto et al., 2020). 

Table 2 
Lipid concentrations by diagnostic group.   

Healthy 
controls 
(n = 57) 

Major Depressive 
Disorder (MDD) 
(n = 186) 

p 

Total cholesterol (mean (SD); 
mmol/L) 

3.96 (0.73) 4.08 (0.79)  0.31 

Acceptable (< 4.40; n (%)) 42 (77.8) 128 (71.1)  0.43 
Borderline-high (≥ 4.40; n 
(%)) 

12 (22.2) 52 (28.9)  

HDL (mean (SD); mmol/L) 1.40 (0.49) 1.40 (0.33)  0.92 
Acceptable (> 1.16; n (%)) 41 (75.9) 138 (76.7)  1.0 
Borderline-low (≤ 1.16; n 
(%)) 

13 (24.1) 42 (23.3)  

LDL (mean (SD); mmol/L) 2.22 (0.61) 2.22 (0.65)  0.96 
Acceptable range (< 2.85; 
n (%)) 

48 (83.3) 152 (81)  0.85 

Borderline-high (≥ 2.85; n 
(%)) 

9 (16.7) 34 (19)  

LDL:HDL (mean (SD)) 1.70 (0.61) 1.68 (0.65)  0.80 
Non-HDL (mean (SD); mmol/ 

L) 
2.56 (0.87) 2.67 (0.75)  0.59 

Acceptable range (< 3.11; 
n (%)) 

43 (79.6) 134 (74.4)  0.55 

Borderline-high (≥ 3.11; n 
(%)) 

11 (20.4) 46 (25.6)  

Triglycerides (mean (SD); 
mmol/L) 

0.88 (0.38) 0.99 (0.59)  0.20 

Acceptable range (< 1.01; 
n (%)) 

41 (70.4) 119 (66.5)  0.71 

Borderline-high (≥1.01; n 
(%)) 

16 (29.6) 60 (33.5)  

TG:HDL 0.69 (0.35) 0.76 (0.55)  0.36 

Abbreviations: Dx = diagnosis; HDL = high density lipoprotein; LDL = low 
density lipoprotein; LDL:HDL = LDL-to-HDL ratio. 

Fig. 1. Lipid levels by diagnostic group; [n = 243].  

Fig. 2. Association of depression severity with blood lipid concentrations 
among youth with MDD (n = 170). Reported standardized coefficients are 
adjusted for sex, age, and zBMI score. 
Abbreviations: TC = total cholesterol; HDL = high density lipoprotein; LDL =
low density lipoprotein; TG = triglyceride; MDD = Major Depressive Disorder, 
zBMI = standardized Body Mass Index. 

Table 3 
Association of depression severity subscales blood lipid concentrations among 
youth with MDD (n = 170). All models are adjusted for sex, age, and BMI z score.   

Predictor b β SE 95 % CI p 

Lower Upper 

HDL Somatic  0.01  0.11  0.08  − 0.05  0.27  0.17 
Depressed  0.01  0.20  0.08  0.05  0.35  0.01 
Positive  0.02  0.12  0.08  − 0.03  0.27  0.11 
Inter-personal  0.05  0.27  0.08  0.12  0.42  0.00 

TG:HDL Somatic  − 0.01  − 0.15  0.08  − 0.28  0.04  0.13 
Depressed  − 0.01  − 0.14  0.08  − 0.29  0.02  0.09 
Positive  − 0.02  − 0.08  0.08  − 0.23  0.08  0.32 
Inter-personal  − 0.05  − 0.18  0.08  − 0.33  − 0.02  0.03 

Abbreviations: HDL = high density lipoprotein; TG: triglyceride. For HDL, R2 for 
each model is 0.07, 0.09, 0.07, and 0.13, respectively. For TG:HDL, R2 for each 
model is 0.06, 0.06, 0.05, 0.07. 
Bolded p values indicates statistical significance (p < .05). 
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Taken together, this suggests a role for inflammation in the MDD-CVD 
association at both early and later points of illness. 

Another potential mechanism by which MDD may confer increased 
risk of CVD is via disruption to autonomic nervous system activity. The 
autonomic nervous system, consisting of the sympathetic and para
sympathetic nervous system, has a regulatory effect on several organs, 
with dysregulation leading to systemic effects on the body (McCorry, 
2007). It has been theorized that autonomic nervous system dysfunc
tion, defined as increased sympathetic and decreased parasympathetic 
output, yields a pro-inflammatory and hypercoagulable state that acts to 
accelerate atherosclerosis, thereby conferring increased CVD risk 
(Tonhajzerova et al., 2020). Several previous studies support this 
mechanism. Wang et al. (2013) found that adults with MDD demon
strated greater autonomic dysfunction, which was significantly corre
lated with depression severity. These findings were also consistent with 
those of Kop et al. (2010) in the examination of the combined impact of 
inflammation and autonomic dysfunction on the prevalence of cardio
vascular mortality in adults. However, together, these two measures 
only explained a small portion of the depression-cardiovascular mor
tality association, indicating that additional factors remain unexplained. 
Similarly, elevated autonomic nervous system activity has also been 
reported among adolescents with MDD (Goldstein et al., 2015). As the 
current study suggests that lipid concentrations may be a more distal 
marker of increased CVD risk among depressed youth, more proximal 
mechanistic investigations, such as those of inflammatory markers and 
autonomic nervous systemic activity, may be more productive in 
determining the early pathway by which youth-onset MDD increases the 
risk of CVD. 

Indeed, although the mechanism(s) by which depression confers 
increased CVD risk have yet to be definitively established, it is evident 
that MDD youth do manifest several early risk factors for CVD. A recent 
study of youth with a clinical diagnosis of MDD found that over half the 
participants exhibited two or more CVD risk factors (Korczak et al., 
2021a). Previous research has also consistently shown the prevalence of 
other CVD risk factors is significantly greater among depressed young 
adults than that seen in the general population, including obesity, 
nicotine and alcohol use, insulin resistance, and hypertension (Carney 
et al., 2021; Chaplin et al., 2021; Klakk et al., 2018). These factors 
require varying degrees of chronicity before reaching clinical signifi
cance. Findings from the current study suggest that dyslipidemia 
observed in studies of depressed adults may similarly emerge with 
greater duration of illness than we observed in this clinical population of 
adolescents early in the course of illness. 

Results of this study also show a positive association between HDL 
and depression severity among MDD adolescents, which is in contrast 
with the inverse relationship observed by Katrenčíková et al. (2020) in 
their smaller study of 80 adolescents (58 adolescents with a depressive 
disorder and 20 control youth). In contrast, no association between 
depressive symptoms and HDL concentrations were observed in the HC 
group. While the smaller HC sample may have resulted in a lack of 
power to detect the association, we also note the gender differences 
between the MDD group (75 % female) and the HC group (50 % female) 
in the current study, and consider our findings in the context of those of 
a previous meta-analysis, in which a positive association between HDL 
and depressive symptoms were noted only in adult women (Shin et al., 
2008). Currently, leading hypotheses fail to account for this potential 
gender-specificity in the depression-CVD association. Taken together, 
results of the current study support the need for further examination of 
the relationship between gender, depression, and cholesterol. 

5. Strengths and limitations 

This study contains several strengths, including use of a clinical MDD 
population early in the course of illness and prior to the emergence of 
the commonly comorbid cardiometabolic conditions (e.g. obesity, type 2 
diabetes mellitus) that can serve as confounders in the MDD-CVD 

relationship. In addition, this study included a non-MDD adolescent 
comparison group. Importantly, the MDD sample included in the present 
study, to our knowledge, is the largest to examine the association of 
depressive symptoms with lipid concentrations among a clinical popu
lation of youth. Despite these strengths, however, several limitations are 
noted. First, the sample size of the HC comparator group, while larger 
than those of similar studies published previously (Katrenčíková et al., 
2020) is smaller than the MDD group. Thus, while it is possible that the 
smaller HC sample size contributed to the null findings of the current 
study it is unlikely, as the lipid concentrations exhibited by this group 
are similar to those reported in a previous study (N = 2141) examining 
reference values for lipid concentrations in Caucasian children and ad
olescents (Nielsen et al., 2017). Furthermore, post-hoc power analysis 
revealed that given the total sample size of 243 adolescents, the present 
study had >90 % power to detect a medium effect size. That said, 
replication of the null association of clinical status with lipid concen
tration in larger samples is important. Second, the mean CES-DC score 
among healthy youth was 8.3, with a standard deviation of 4.5, as 
compared to the mean CES-DC score of 37.5 (SD 12) among MDD youth, 
limiting the variance in depression severity over which an association 
may be detectable, and contributing to the null association among 
healthy children found in the current study. Finally, the cross-sectional 
design of the current study precluded examination of the prospective, 
directional association between MDD and serum lipid concentrations, 
and specifically between depression severity and HDL levels. Future 
research examining the longitudinal course of depression and lipid tra
jectories are needed in order to determine both the directionality of 
effects as well as the point at which dyslipidemia noted in adult studies 
emerges. 

6. Conclusions 

The findings of the current study suggest that adolescents with 
depression do not exhibit clinically significant dyslipidemia at the time 
of diagnosis. Results suggest that early onset MDD provides a window of 
opportunity to mitigate the increased CVD risk associated with dyslipi
demia. Findings of the current study further support the need for lon
gitudinal studies examining the trajectories of potential CVD risk 
factors, such as dyslipidemia, in tandem with those of depressive 
symptoms to more accurately characterize the potentially dynamic 
mechanism underlying the MDD-CVD association, and determine points 
of potential preventive intervention. 
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