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Abstract

Objective—Depression in adults is associated with risk factors for cardiovascular disease

(CVD). It is unclear, however, when the association between clinical depression and cardiac risk

factors develops, or how early in life this association can be detected.

Methods—In an ongoing study of pediatric depression, we compared CVD risk factors,

including smoking, obesity, physical activity level, sedentary behavior, and parental history of

CVD, across three samples of adolescents: probands with established histories of childhood-onset

major depressive disorder (MDD; N=210), never-depressed siblings of probands (N=195), and

controls with no history of any major psychiatric disorder (N=161).

Results—When assessed during adolescence, 85% of the probands were not in a major

depressive episode. Nevertheless, at that assessment, probands had a higher prevalence of regular

smoking ([odds ratio [OR] 12.54, 95% confidence interval [CI] = 4.36–36.12) and were less

physically active than controls (OR .59, CI = .43–.81) and siblings (OR .70, CI = .52–.94), and

had a higher rate of obesity than did controls (OR 3.67, CI = 1.42–9.52). Parents of probands

reported high rates of CVD (significantly higher than did parents of controls), including

myocardial infarction and CVD-related hospitalization (ORs 1.62–4.36; CIs = 1.03–15.40).

Differences in CVD risk factors between probands and controls were independent of parental

CVD.

Conclusions—Major depression in childhood is associated with an unfavorable CVD risk

profile in adolescence, and risks for pediatric depression and CVD may coincide in families.
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Effective prevention and treatment of childhood depression may be a means to reduce the

incidence of adult CVD.

Keywords

Depression; cardiovascular disease; risk factors; adolescence

Cardiovascular disease (CVD) is a leading cause of mortality worldwide and accounts for

approximately 30% of all deaths (1). Depression in adults has been identified as an

independent risk factor both for incident coronary heart disease and cardiac events among

patients with established heart disease (2, 3, 4). Repeated exposure to major depression has

been associated with measures of preclinical CHD, such as coronary artery calcification

(CAC) both cross-sectionally, and longitudinally (5–6). Moreover, well-established risk

factors for CVD tend to be more common and more severe in depressed than in

nondepressed adults: Depressed adults are more likely to smoke (7), have a higher body

mass index (BMI) (8), and be more sedentary (9) than their nondepressed counterparts.

Critically, because research linking depression to CVD risk factors has typically involved

middle-aged and older adults, it is unclear when in the life course clinical depression first

becomes associated with traditional risk factors for CVD. Most research linking depression

to established CVD risk factors has involved middle-aged and older adults. There are some

indications that this association may be detectable with childhood or adolescent samples.

(10, 11, 12, 13, 14), although most studies have examined a single CVD risk factor in

isolation. The clearest evidence for childhood or adolescent depression contributing to future

elevation on a CVD risk factor is obesity (see 15–16 for reviews). For example, a follow up

of a sample of children and adolescents, psychiatrically diagnosed with major depression at

ages 6–17 years, found that childhood depression predicted adult BMI about 10–15 years

later (17). However, most studies of youths have relied on self-rated, questionnaire measures

of depression, which typically assess current symptom levels only and are likely to

underestimate true effect sizes. Further, such questionnaires do not provide information

about whether an individual has a history of a diagnosable depressive disorder.

The present report is based on data from an ongoing study of the outcome and emotional

functioning of youngsters who were identified in a prior investigation as having had major

depressive disorder. The current project includes adolescent probands with childhood-onset

major depressive disorder, never-depressed siblings of probands, and healthy controls.

Although the project was not designed as a study of CVD risk factors, the protocol included

variables relevant to this topic. We enriched the project dataset for this report by collecting

supplemental information about parental history of CVD.

Using the available data, we sought to determine whether a carefully-established history of

major depression in childhood is associated with selected cardiovascular risk factors in

adolescence, even after adjustment for parental history of CVD (18). Probands in our sample

were, on average, 9-years old at onset of their first depressive episode. Clinically manifest

CVD is extremely rare at that age. Thus, this data set provided an opportunity to evaluate the

relationship between depression and traditional CVD risk factors, without confounding by

clinically manifest CVD.
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METHODS

SAMPLES

Three groups of adolescents were studied: probands with childhood-onset depression (COD;

N=210), never-depressed siblings of COD cases (SIBS; N=195), and normal control youth

without any major psychiatric disorder (N=161). COD probands and siblings were part of

723 families that had been recruited from 2000 and 2006 for a molecular genetic study of

childhood-onset depression (19). Beginning in 2011, a new project began data collection

with a subset of cases from the original genetic study, enrolling families who resided within

commuting distance of three research hubs. (Funding constraints did not permit us to follow

all families). On average, probands and siblings entered the original genetic study seven

years before the current assessment, and enrollment data on some CVD risk variables (i.e.,

smoking history) were available on them.

For the ongoing study, a group of normal controls was recruited from public schools in

neighborhoods attended by probands. Research staff gave presentations at routine parents’

meetings at these schools, seeking volunteers for the study. Potential control subjects and

parents were invited to participate in diagnostic evaluations; only children free of major

psychiatric and medical disorders were recruited into the study as controls.

The depressed probands were recruited from 24 child mental health facilities across

Hungary based on the following criteria: (i) current or recent DSM-IV defined major

depressive disorder, (ii) 7–14-years old at the initial screen, (iii) no evidence of mental

retardation or major systemic medical disorder, (iv) had at least one biological parent

available to participate, and (v) had at least one full biological 7–18 year-old sibling. As

described previously (20–21), caseness for each proband was established via two

standardized psychiatric diagnostic evaluations by different interviewers about 1 month

apart, followed by independent verification of the diagnosis by the consensus best-estimate

diagnostic procedure (22).We used the Interview Schedule for Children and Adolescents -

Diagnostic Version (ISCA-D), a semi-structured psychiatric interview (for more detail, see

20), which is an extension and modification of an earlier semi-structured Interview (23);

parent and child each separately served as informants. Siblings and controls were

interviewed once with the ISCA-D, and diagnostic outcomes were independently verified.

Evaluations were conducted by child psychiatrists and clinical psychologists who were

trained in standardized psychiatric evaluation. Siblings received a psychiatric evaluation at

enrollment but the presence of depression or other forms of psychopathology was neither an

exclusion nor an inclusion factor. For the current study, only never-depressed siblings were

evaluated. A sibling was considered never-depressed if he or she had no lifetime history of

depression as ascertained by the most recent psychiatric evaluation.

The research was approved by the institutional review boards of the University of Pittsburgh

and the Hungarian clinical research sites. All parents provided written informed consent, and

depending on their ages, participating youth provided either assent or consent.
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ASSESSMENT OF CVD RISK FACTORS AND PARENTAL CVD HISTORY

Information on demographics and smoking was gathered by clinicians using standardized,

pre-coded forms. Height and weight, measured on standard medical scales, were used to

compute body mass index (BMI). The BMI value was converted into age- and sex-

standardized z-scores (24). The BMI z-score was treated as a continuous measure and also

categorized based on recommended percentile cut-offs of the standard normal distribution

(25). The participants completed an 8-item Physical Activities History questionnaire

(adapted from the Youth Risk Behavior Surveillance-United States, Centers for Disease

Control and Prevention), which included questions about the average amount of time per

day spent in sports, aerobic exercise, and various sedentary activities.

History of CVD in mothers and fathers was assessed by a self-report questionnaire that was

mailed to each family. The questionnaire focused on objective events, such as having been

diagnosed with heart disease by a physician, having been prescribed cardiac medications,

and cardiac hospitalizations. Diagnosis and treatment of diabetes were also included in the

parental questionnaire because diabetes is a major risk factor for CVD. For practical reasons,

we asked one parent —usually the mother—to complete the questionnaire about herself and

the subject’s father.

STATISTICAL ANALYSIS

Descriptive statistics were computed in SAS v. 9.2. All other analyses were conducted with

Mplus v. 6.12. (26). Missing values comprised less than 4% of the data, with the exception

of the Parental History of CVD questionnaire, which was returned by 173 proband/sibling

families (60%) and 141 control families (88%). In modeling the outcomes of interest,

sensitivity analyses (27) found no substantive differences between results using complete-

case and Robust Full Information Maximum Likelihood (MLR) methods. Therefore, MLR

estimation was used in all regression models (28). Comparative Fit Index (CFI) values of .95

or greater and Root Mean Square Error of Approximation (RMSEA) values of .06 or lower

were regarded as indicating excellent model fit for exploratory and confirmatory factor

analyses (29).

In analyzing the Physical Activities History questionnaire, two items considering days per

week walking or bicycling over 30 minutes were discarded (one due to low correlations with

other scale items, typically r < .10, and the other due to systematic age effects). Exploratory

and confirmatory factor analyses (CFA) of random-split halves of the remaining items

(N1 & 2 = 286) found that 4 loaded on a latent physical activity factor, leaving two sedentary

behavior items that quantified the number of hours spent watching TV and playing on

computers on school days, respectively (CFA: CFI = 1.00, RMSEA = .004). The items on

the Parental History of CVD questionnaire were analyzed individually in the whole sample

and were reduced with hierarchical CFAs into four latent factors (CFI = .99, RMSEA = .03).

Maternal diabetes and paternal diabetes were each comprised of 3 items concerning the

presence of high blood sugar, blood sugar medication, and diagnosed diabetes. Maternal

heart disease and paternal heart disease were each comprised of 11 items concerning the

presence of high blood pressure, blood pressure medications, high cholesterol/triglycerides,

stroke, heart attack, angina, “weak” heart, heart disease medication, cardiac-related
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hospitalization, cardiac-related invasive procedure, and death of close relatives from heart

disease. The four factors explained a notable portion of variance in their item-level

indicators (maternal diabetes: λs =.94–.96, R2 = .89–.93; paternal diabetes: λs=.98 R2 =.96;

maternal heart disease: λs =.42–.92, R2 = .18–.85; paternal heart disease: λs =.45–.96, R2 = .

20–.91), and were used to fit a second a second-order Composite Parental CVD factor (CFI

= .98, RMSEA = .04; λs =.67–.76, R2 = .45–.58). The means of the Parental History Factor

Scores can be thought of as Z-scores. The interest is in the mean differences between

groups.

Group differences in CVD risk variables were first tested via multinomial logistic

regression. Youth group membership was the dependent variable and the adolescent CVD

risk variables were the independent variables. These analyses first were performed without

adjustment for covariates. The final models (see Table 1) were adjusted for age, sex, and

parental education because these variables have all been shown to be related to

cardiovascular health (30, 31, 32) and because there were significant across-group

differences (see below) in the sample. With respect to age and sex (the proband sample was

somewhat older and had more boys than the controls). With respect to parental educational

level, which served as a surrogate for socioeconomic status (control parents were better

educated than were proband parents). When probands and siblings were compared, Taylor

Series linearization was employed to account for within-family dependence (26). Finally, we

assessed whether any proband-control group differences on risk behaviors were independent

of parental CVD. Thus, the final multiple logistic regression model (Table 3) included the

Composite Parental CVD History variable and tested whether elevations on CVD risk

factors continued to be associated with proband status, after controlling for parental CVD

history.

RESULTS

Demographic and Clinical Characteristics of the Samples

Probands were about 1 year older (17.0±1.4 years) than siblings (15.9±2.1 years) and

controls (15.8±2.1years); F(2, 563) =22.2, p<.001. There were more boys (63.3%) than girls

(37.7%) among the probands, which is typical of clinical COD cases (33). The control group

(64.6% boys) was sex-matched to the probands, but the sibling group (45.6% boys) was not ,

χ2=17.5, p<.001. The overall sample was predominantly Caucasian (97.0%) and the

remaining participants were minorities (Roma; African). A significantly higher portion of

control mothers (52.2%) had college level or higher education than did mothers of probands/

siblings (15.1%; χ2=69.5, p <.001); this was also the case for fathers of controls vs.

probands (44.4% vs. 11.1%, χ2=63.1, p < .001). Maternal ages of probands/siblings and of

controls were comparable (44.1 ± 5.1 years, and 43.6 ± 4.7 years, respectively), as were

paternal ages (47.7 ± 6.5 years, and 46.7 ± 6.2 years, respectively).

The mean age at onset at the first MDD episode in probands was 9.1 years ±1.9. By the time

of the current assessment in adolescence, 59.0% of the probands had one MDD episode,

31.9% had two episodes, and 9.0% had three or more episodes. Paralleling well-replicated

findings in COD (33), the most common psychiatric comorbidities were anxiety disorders

(38.6%) and disorders of behavior, such as attention-deficit-hyperactivity disorder (36.2%).
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At the time of the current assessment, 14.8% of the probands were in a major depressive

episode, and 3.8% reported current psychotropic medication use.

Adolescent Risk Factors for CVD

Table 1 presents odd ratios and the prevalence or mean value of risk factors in the 3 groups

of adolescents. Despite no overall group difference in mean BMI, more probands than

control youth were classified as obese or overweight after correcting for age- and sex using

the Center for Disease Control weight classification categories (24). All of the other risk

factors were significantly more prevalent, or had higher levels, in probands than controls. In

general, the values for the never-depressed siblings fell roughly midway between the values

for the controls and the probands. Specifically, as shown in Table 1, probands reported

lower levels of regular physical activity than did siblings and controls, while both probands

and siblings reported spending more time in sedentary activities (TV and computer use) than

did controls. Finally, more probands than siblings were regular smokers (33.5% vs 13.6%,

respectively, Wald χ2 = 9.27, p = .002), but both the proband and sibling groups had a

higher proportion of regular smokers than controls (Wald χ2: probands: 21.96, p<.001;

siblings: 8.59, p = .003).

Parental History of CVD

History of CVD was reported more often by one or both parents of proband/sibling families

than by control families (Table 2). This pattern was evident in eight out of the ten items

concerning manifestations of CVD, including heart attacks and CVD-related

hospitalizations. Greater CVD history in proband/sibling than control families was reflected

in higher CVD factor scores for mothers and for fathers, as well as in the Composite

Parental CVD Factor score.

A multiple logistic regression analysis was conducted to determine whether the across-group

differences in risk factors (identified in univariate analyses, see Table 1) were independent

of parental CVD and one-another. As shown in Table 3, parental CVD did not account for

the elevations on CVD risk factors among proband offspring. Proband status continued to be

associated with elevated CVD risk factors after controlling for parental CVD history, as well

as for subjects’ age, sex, and parental education level.

DISCUSSION

There is a compelling body of evidence that depression is associated with cardiac risk

factors in older adults with CVD (2–4), but less is known regarding risks posed by

depression in individuals who do not yet have clinically manifest CVD‥ This study

demonstrates that childhood-onset major depressive disorder is associated with a pattern of

elevated CVD risk factors during adolescence, long before the development of manifest

CVD. Our study thus fills an important gap in knowledge about the developmental

precursors of risk factors for CVD using a uniquely large sample of psychiatrically

diagnosed youngsters.

The findings suggest that CVD risk factors are affected by both depression and family

membership. While adolescent probands with depression histories had the highest rates of
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CVD risk factors, their never-depressed siblings scored between probands and unrelated

control adolescents on several risk indices, suggesting a risk gradient. That probands

smoked more regularly and were less physically active than never-depressed siblings

suggest that a history of pediatric depression may confer added CVD risk, even above the

risk associated with parental history of CVD.

The high rates of cardiovascular disease among mothers and fathers in COD families were

unexpected because the parents were relatively young (mean ages of 44 years and 48 years,

respectively). This finding is also striking because COD families were not originally

ascertained in connection with cardiovascular disease, but rather on the basis of depression

in their child. While a positive parental history of CVD puts a child at high risk for eventual

CVD, it is also important to note that parental cardiovascular problems did not account for

the elevated CVD risk factors among proband youths, nor did several other potential

confounds, including subjects’ age, sex, and parental education level. Overall, the clustering

of CVD history in parents and CVD risk factors in offspring may reflect a common genetic

vulnerability to depression and CVD and/or the effects of unhealthy lifestyles operating

within the family environment (34).

The vast majority (85%) of our probands were not in a depression episode when they

exhibited elevated rates of CVD risk factors in adolescence, which likely lessened response

biases that are known to be associated with depression. Possibly, the high rates of risk

factors in question, such as smoking or sedentary behavior, may be consequences of

depression the probands had experienced earlier. Indeed, data from the enrollment

assessments for the original genetic study support this possibility. From among those

probands identified as regular smokers in the present report, only 1 (1%) was a regular

smoker at enrollment in the original study about 7 years earlier, on average. Of the 19

probands who were classified as obese in the present report, 9 (47%) were obese 7 years

earlier. In light of these facts, we repeated the multivariate logistic analysis, excluding

probands who smoked or who were obese when they entered the genetic study. Odds ratios

were in all cases substantially unchanged, suggesting that the high rates of CVD risk factors

we detected in adolescents were not accounted for by children who had some of those same

risk factors earlier while they were depressed. The present results are thus consistent with

the possibility that depression may aggravate CVD risk factors (5, 12).

Overall, given their histories of depression, the elevated rates of several CVD risk factors,

and the high prevalence of CVD in their parents, our probands have a notable CVD risk

profile. According to a recent meta-analysis, elevations on multiple CVD risk factors are

associated with substantial increases in subsequent lifetime risk of cardiovascular disease

(35). Based on their profile, our probands are on a hazardous developmental trajectory, one

that is more likely to result in early preclinical signs of CVD, and eventually in clinically

manifest CVD (36–37).

Limitations and Conclusions

Our investigation has several unique features as well as some weaknesses. Although

analyses controlled for parental education, which was an observed difference between

proband and control families, probands and control families were originally recruited at
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different times and places; thus, we cannot rule out the possibility that selection bias may

have weakened our comparisons between proband and control children. Because the study

did not originally focus on CVD, we lacked information on several biological CVD risk

factors, including lipid abnormalities, inflammation, and elevated blood pressure and the

number of missing values for the Parental History of CVD questionnaire was high. Also, we

employed one parent as an informant on the CVD history questionnaire for both parents.

While the family history method has established validity (38), direct assessments of both

parents would have been advantageous. Finally, our study was conducted in Hungary.

However, the correlates of CVD are similar across many nations, and epidemiological data

suggest this sample has characteristics typical of depressed children in Western countries

(39).

Findings from this study have clinical implications. While links between depression, risk

factors, and CVD have collectively been established by this study and in the wider literature,

it is not known whether the link between depression and CVD operates predominantly

through CVD risk factors. Although the mechanisms through which depression increases the

risk for CVD need further investigation, the results of this study suggest the possibility that

depression may first give rise to these CVD risk factors, which may in turn lead to manifest

CVD later in life. In any case, depressed children and adolescents should be monitored for

signs of CVD risk behaviors and factors, which may be more amenable to be corrected at

younger (rather than older) ages. Ultimately, it may be valuable to determine whether

treating depression in children can prevent the emergence of preclinical CVD, and

ultimately, of manifest CVD. Effective prevention and treatment of childhood depression

episodes may be one means to reduce the long-term burden of CVD.
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Glossary

CVD Cardiovascular disease

BMI body mass index

COD probands with childhood onset depression

SIBS never depressed siblings

MLR Robust full information maximum likelihood

CFA confirmatory factor analysis

CFI comparative fit index

RMSEA root mean square error of approximation

MDD major depressive disorder

Rottenberg et al. Page 8

Psychosom Med. Author manuscript; available in PMC 2015 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



References

1. Cardiovascular diseases (CVDs). Fact sheet. No. 317. Geneva: World Health Organization; 2012. at
http://www.who.int/mediacentre/factsheets/fs317/en/index.html [Accessed October 13, 2012]

2. Carney RM, Freedland KE, Rich MW, Jaffe AS. Depression as a risk factor for cardiac events in
established coronary heart disease: a review of possible mechanisms. Ann Behav Med. 1995;
17:142–149. [PubMed: 18425665]

3. Glassman AH, Shapiro PA. Depression and the course of coronary artery disease. Am J Psychiatry.
1998; 155:4–11. [PubMed: 9433332]

4. Whooley MA, de Jonge P, Vittinghoff E, Otte C, Moos R, Carney RM, Ali S, Dowray S, Na B,
Feldman MD, Schiller NB, Browner WS. Depressive symptoms, health behaviors, and risk of
cardiovascular events in patients with coronary heart disease. JAMA. 2008; 300:2379–2388.
[PubMed: 19033588]

5. Agatisa PK, Matthews KA, Bromberger JT, Edmundowicz D, Chang YF, Sutton-Tyrrell K.
Coronary and aortic calcification in women with a history of major depression. Archives of Internal
Medicine. 2005; 165:1229. [PubMed: 15956001]

6. Matthews KA, Chang YF, Sutton-Tyrrell K, Edmundowicz D, Bromberger JT. Recurrent major
depression predicts progression of coronary calcification in healthy women: Study of Women's
Health across the Nation. Psychosomatic Medicine. 2010; 72:742–747. [PubMed: 20668281]

7. Covey LS, Glassman AH, Stetner F. Cigarette smoking and major depression. J Addict Dis. 1998;
17:35–46. [PubMed: 9549601]

8. de Wit L, Luppino F, van Straten A, Penninx B, Zitman F, Cuijpers P. Depression and obesity: a
meta-analysis of community-based studies. Psychiatry Res. 2010; 178:230–235. [PubMed:
20462641]

9. Van Gool CH, Kempen GI, Penninx BW, Deeg DJ, Beekman AT, van Eijk JT. Relationship
between changes in depressive symptoms and unhealthy lifestyles in late middle aged and older
persons: results from the Longitudinal Aging Study Amsterdam. Age Ageing. 2003; 32:81–87.
[PubMed: 12540353]

10. Wickrama KA, Wickrama T, Lott R. Heterogeneity in youth depressive symptom trajectories:
social stratification and implications for young adult physical health. J Adolesc Health. 2009;
45:335–343. [PubMed: 19766937]

11. Franko DL, Striegel-Moore RH, Bean J, Tamer R, Kraemer HC, Dohm FA, Crawford PB,
Schreiber G, Daniels SR. Psychosocial and health consequences of adolescent depression in Black
and White young adult women. Health Psychol. 2005; 24:586–593. [PubMed: 16287404]

12. Goodman E, Whitaker RC. A prospective study of the role of depression in the development and
persistence of adolescent obesity. Pediatrics. 2002; 110:497–504. [PubMed: 12205250]

13. Davidson K, Jonas BS, Dixon KE, Markovitz JH. Do depression symptoms predict early
hypertension incidence in young adults in the CARDIA study? Arch Intern Med. 2000; 160:1495–
1500. [PubMed: 10826464]

14. Dietz LJ, Matthews KA. Depressive symptoms and subclinical markers of cardiovascular disease
in adolescents. J Adolesc Health. 2011; 48:579–584. [PubMed: 21575817]

15. Liem ET, Sauer PJ, Oldehinkel AJ, Stolk RP. Association between depressive symptoms in
childhood and adolescence and overweight in later life: review of the recent literature. Arch
Pediatr Adolesc Med. 2008; 162(10):981–988. [PubMed: 18838652]

16. Luppino FS, de Wit LM, Bouvy PF, Stijnen T, Cuijpers P, Penninx BW, Zitman FG. Overweight,
obesity, and depression: A systematic review and meta-analysis of longitudinal studies. Arch Gen
Psychiatry. 2010; 67(3):220–229. [PubMed: 20194822]

17. Pine DS, Goldstein RB, Wolk S, Weissman MM. The association between childhood depression
and adulthood body mass index. Pediatrics. 2001; 107(5):1049–1056. [PubMed: 11331685]

18. Chow CK, Islam S, Bautista L, Rumboldt Z, Yusufali A, Xie C, Anand SS, Engert JC, Rangarajan
S, Yusuf S. Parental history and myocardial infarction risk across the world: the INTERHEART
Study. J Am Coll Cardiol. 2011; 57:619–627. [PubMed: 21272754]

19. Strauss J, Barr CL, George CJ, Devlin B, Vetró A, Kiss E, Baji I, King N, Shaikh S, Lanktree M,
Kovacs M, Kennedy JL. Brain-derived neurotrophic factor variants are associated with childhood-

Rottenberg et al. Page 9

Psychosom Med. Author manuscript; available in PMC 2015 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.who.int/mediacentre/factsheets/fs317/en/index.html


onset mood disorder: confirmation in a Hungarian sample. Mol Psychiatry. 2005; 10:861–867.
[PubMed: 15940299]

20. Kiss E, Gentzler AM, George C, Kapornai K, Tamás Z, Kovacs M, Vetró A. Factors influencing
mother–child reports of depressive symptoms and agreement among clinically referred depressed
youngsters in Hungary. J Affect Disord. 2007; 100:143–151. [PubMed: 17125844]

21. Kapornai K, Gentzler AL, Tepper P, Kiss E, Mayer L, Tamás Z, Kovacs M, Vetró A. International
Consortium for Childhood-Onset Mood Disorders. Early developmental characteristics and
features of major depressive disorder among child psychiatric patients in Hungary. J Affect
Disord. 2007; 100:91–101. [PubMed: 17113651]

22. Maziade M, Roy MA, Fournier JP, Cliche D, Mérette C, Caron C, Garneau Y, Montgrain N,
Shriqui C, Dion C, et al. Reliability of best-estimate diagnosis in genetic linkage studies of major
psychoses: results from the Quebec pedigree studies. Am J Psychiatry. 1992; 149:1674–1686.
[PubMed: 1443244]

23. Sherrill JT, Kovacs M. Interview Schedule for Children and Adolescents (ISCA). J Am Acad Child
Adolesc Psychiatry. 2000; 39:67–75. [PubMed: 10638069]

24. Kuczmarski, RJ.; Ogden, CL.; Guo, SS.; Grummer-Strawn, LM.; Flegal, KM.; Mei, Z.; Rong, W.;
Curtin, LR.; Roche, AF.; Johnson, CL. Vital Health Stat. Vol. 11. National Center for Health
Statistics; 2002. CDC growth charts for the United States: Methods and Development.

25. United States Centers for Disease Control. [Accessed December 5, 2012] About BMI for Children
and Teens. 2011. at http://www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/
about_childrens_bmi.html

26. Muthén, LK.; Muthén, BO. Mplus user's guide. 6th ed.. Los Angeles, CA: Muthén & Muthén;
1998–2010.

27. Little RJ, Wang Y. Pattern-mixture models for multivariate incomplete data with covariates.
Biometrics. 1996; 52:98–111. [PubMed: 8934587]

28. Satorra A, Bentler PM. Ensuring positiveness of the scaled difference chi-square test statistic.
Psychometrika. 2010; 75:243–248. [PubMed: 20640194]

29. Hu LT, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: conventional
criteria versus new alternatives. Struct Equ Modeling. 1999; 6:1–55.

30. Juonala M, Magnussen CG, Venn A, Dwyer T, Burns TL, Davis PH, Chen W, Srinivasan SR,
Daniels SR, Kähönen M, Laitinen T, Taittonen L, Berenson GS, Viikari JSA, Raitakari OT.
Influence of age on associations between childhood risk factors and carotid intima-media thickness
in adulthood: The Cardiovascular Risk in Young Finns Study, the Childhood Determinants of
Adult Health Study, the Bogalusa Heart Study, and the Muscatine Study for the International
Childhood Cardiovascular Cohort (i3C) Consortium. Circulation. 2010; 122:2514–2520.
[PubMed: 21126976]

31. Hamer M, Kivimaki M, Lahiri A, Marmot MG, Steptoe A. Persistent cognitive depressive
symptoms are associated with coronary artery calcification. Atherosclerosis. 2010; 210:209–213.
[PubMed: 20153471]

32. Winkleby MA, Jatulis DE, Frank E, Fortmann SP. Socioeconomic status and health: how
education, income, and occupation contribute to risk factors for cardiovascular disease. American
Journal of Public Health. 1992; 82(6):816–820. [PubMed: 1585961]

33. Birmaher B, Ryan ND, Williamson DE, Brent DA, Kaufman J, Dahl RE, Perel J, Nelson B.
Childhood and adolescent depression: a review of the past 10 years. Part I. J Am Acad Child
Adolesc Psychiatry. 1996; 35:1427–1439. [PubMed: 8936909]

34. McCaffery JM, Frasure-Smith N, Dubé MP, Théroux P, Rouleau GA, Duan Q, Lespérance F.
Common genetic vulnerability to depressive symptoms and coronary artery disease: a review and
development of candidate genes related to inflammation and serotonin. Psychosom Med. 2006;
68:187–200. [PubMed: 16554382]

35. Berry JD, Dyer A, Cai X, Garside DB, Ning H, Thomas A, Greenland P, Van Horn L, Tracy R,
Lloyd-Jones DM. Lifetime risks of cardiovascular disease. N Engl J Med. 2012; 366:321–329.
[PubMed: 22276822]

36. Juonala M, Magnussen CG, Venn A, Dwyer T, Burns TL, Davis PH, Chen W, Srinivasan SR,
Daniels SR, Kähönen M, Laitinen T, Taittonen L, Berenson GS, Viikari JS, Raitakari OT.

Rottenberg et al. Page 10

Psychosom Med. Author manuscript; available in PMC 2015 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/about_childrens_bmi.html
http://www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/about_childrens_bmi.html


Influence of age on associations between childhood risk factors and carotid intima-media thickness
in adulthood: the Cardiovascular Risk in Young Finns Study, the Childhood Determinants of
Adult Health Study, the Bogalusa Heart Study, and the Muscatine Study for the International
Childhood Cardiovascular Cohort (i3C) Consortium. Circulation. 2010; 122:2514–2520.
[PubMed: 21126976]

37. Li S, Chen W, Srinivasan SR, Bond MG, Tang R, Urbina EM, Berenson GS. Childhood
cardiovascular risk factors and carotid vascular changes in adulthood: the Bogalusa Heart Study.
JAMA. 2003; 290:2271–2276. [PubMed: 14600185]

38. Shea S, Ottman R, Gabrieli C, Stein Z, Nichols A. Family history as an independent risk factor for
coronary artery disease. J Am Coll Cardiol. 1984; 4:793–801. [PubMed: 6481018]

39. Saluja G, Iachan R, Scheidt PC, Overpeck MD, Sun W, Giedd JN. Prevalence of and risk factors
for depressive symptoms among young adolescents. Arch Pediatr Adolesc Med. 2004; 158:760–
765. [PubMed: 15289248]

Rottenberg et al. Page 11

Psychosom Med. Author manuscript; available in PMC 2015 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Rottenberg et al. Page 12

T
ab

le
 1

A
do

le
sc

en
t C

ar
di

ov
as

cu
la

r 
R

is
k 

Fa
ct

or
s 

in
 C

on
tr

ol
, P

ro
ba

nd
, a

nd
 S

ib
lin

g 
G

ro
up

s

C
on

tr
ol

P
ro

ba
nd

Si
bl

in
g

χ2
O

dd
s 

R
at

io
 (

95
%

 C
I)

V
ar

ia
bl

e
(n

=1
61

)
(n

=2
10

)
(n

=1
95

)
St

at
is

ti
c‡

P
 v

 C
.

S 
v 

C
.

P
 v

 S
.

B
od

y 
M

as
s 

In
de

x 
Z

-S
co

re
−

0.
16

 (
±

 1
.0

7)
−

0.
05

 (
±

 1
.2

6)
−

0.
14

 (
±

 1
.1

5)
1.

14
1.

11
 (

.9
0–

1.
36

)
1.

03
 (

.8
5–

1.
25

)
1.

08
 (

.9
1–

1.
28

)

W
ei

gh
t S

ta
tu

s 
C

at
eg

or
y§

 (
%

-i
le

):
11

.5
9

  H
ea

lth
y 

(5
th

-<
85

th
)b

81
.4

67
.1

75
.4

--
-

--
-

--
-

  U
nd

er
w

ei
gh

t (
<

5th
)

7.
5

10
.5

6.
7

1.
95

 (
.7

7–
4.

97
)

1.
13

 (
.4

2–
3.

05
)

1.
73

 (
.7

8–
3.

86
)

  O
ve

rw
ei

gh
t (

85
th

–9
5th

)
6.

8
12

.9
10

.8
2.

13
**

 (
1.

00
–4

.5
6)

1.
78

 (
.8

1–
3.

92
)

1.
20

 (
.6

4–
2.

23
)

  O
be

se
 (

>
95

th
)

4.
3

9.
5

7.
2

3.
67

**
 (

1.
42

–9
.5

2)
2.

11
 (

.7
9–

5.
64

)
1.

74
 (

.8
1–

3.
73

)

Ph
ys

ic
al

 A
ct

iv
iti

es

  F
ac

to
r 

Sc
or

e
0.

26
 (

±
 0

.6
6)

−
0.

09
 (

±
 0

.7
9)

0.
11

¥  
(±

 0
.7

9)
11

.8
1*

.5
9*

**
 (

.4
3–

.8
1)

.8
5 

(.
62

–1
.1

5)
.7

0*
 (

.5
2–

.9
4)

  T
V

/S
ch

oo
l d

ay
 (

ho
ur

s)
1.

14
 (

±
 1

.1
3)

2.
03

 (
±

 1
.5

0)
1.

89
 (

±
 1

.3
5)

29
.0

9*
*

1.
68

**
*  

(1
.3

7–
2.

06
)

1.
50

**
*  

(1
.2

3–
1.

84
)

1.
12

 (
.9

7–
1.

29
)

  C
om

pu
te

r 
us

e/
da

y
1.

46
 (

±
 1

.3
9)

2.
07

 (
±

 1
.7

2)
1.

99
 (

±
 1

.5
3)

17
.1

2*
*

1.
33

**
*  

(1
.1

2–
1.

57
)

1.
37

**
*  

(1
.1

6–
1.

61
)

.9
7 

(.
85

–1
.1

1)

C
ig

ar
et

te
 S

m
ok

in
g 

(%
)

36
.8

7*
*

  N
on

ea
92

.4
0

52
.9

0
80

.1
0

--
-

--
-

--
-

  O
cc

as
io

na
lly

5.
10

13
.6

0
6.

30
¥

2.
65

**
 (

1.
01

–6
.9

5)
1.

13
 (

0.
38

–3
.3

7)
2.

34
*  

(1
.0

8–
5.

11
)

  R
eg

ul
ar

ly
2.

50
33

.5
0

13
.6

0¥
12

.5
4*

**
 (

4.
36

–3
6.

12
)

5.
29

**
 (

1.
74

–1
6.

09
)

2.
37

**
 (

1.
37

–4
.1

2)

Fi
gu

re
s 

re
pr

es
en

t m
ea

n 
(±

 S
D

) 
un

le
ss

 o
th

er
w

is
e 

in
di

ca
te

d.

‡ L
ik

el
ih

oo
d 

R
at

io
 T

es
t, 

ac
co

un
tin

g 
fo

r 
de

pe
nd

en
ce

 w
ith

in
 f

am
ili

es
. G

ro
up

 e
ff

ec
t a

dj
us

te
d 

fo
r 

ag
e,

 s
ex

, a
nd

 p
ar

en
ta

l e
du

ca
tio

n.
 S

ig
ni

fi
ca

nt
 (

p<
.0

5)
 p

os
t-

ho
c 

di
ff

er
en

ce
s 

vs
. c

on
tr

ol
s 

--
 a

ft
er

 a
dj

us
tm

en
t -

- 
ar

e
un

de
rl

in
ed

.

¥ Si
gn

if
ic

an
t (

p 
<

 .0
5)

 p
os

t-
ho

c 
di

ff
er

en
ce

 b
et

w
ee

n 
si

bl
in

gs
 v

s.
 p

ro
ba

nd
s 

af
te

r 
ad

ju
st

m
en

t.

* p<
0.

05

**
p<

0.
01

,

**
* p<

0.
00

1

§ U
SA

 C
en

te
rs

 f
or

 D
is

ea
se

 C
on

tr
ol

 (
ht

tp
://

w
w

w
.c

dc
.g

ov
/h

ea
lth

yw
ei

gh
t/a

ss
es

si
ng

/b
m

i/c
hi

ld
re

ns
_b

m
i/a

bo
ut

_c
hi

ld
re

ns
_b

m
i.h

tm
l)

P 
=

 p
ro

ba
nd

, S
 =

 s
ib

lin
gs

, C
 =

 c
on

tr
ol

s,
 P

 v
 C

. &
 S

 v
 C

. =
 C

on
tr

ol
 g

ro
up

 u
se

d 
as

 r
ef

er
en

ce
 c

at
eg

or
y 

fo
r 

O
dd

s 
R

at
io

s,
 P

 v
 S

 =
 S

ib
lin

gs
 u

se
d 

as
 r

ef
er

en
ce

 c
at

eg
or

y 
fo

r 
O

dd
s 

R
at

io
s.

Psychosom Med. Author manuscript; available in PMC 2015 February 01.

http://www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/about_childrens_bmi.html


N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Rottenberg et al. Page 13
a R

ef
er

en
ce

 c
at

eg
or

y 
fo

r 
O

dd
s 

R
at

io
s.

Psychosom Med. Author manuscript; available in PMC 2015 February 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Rottenberg et al. Page 14

Table 2

Parental History of Cardiovascular Problems in Proband/Sibling and Control Families.

Control Fam. Proband/Sibling Fam.

Variable (n=141) (n=175) O.R. (95% C.I.)† Wald χ2

Positive History in Either Parent (%)

  High Blood Sugar 15.6 23.1 1.63 (0.91, 2.89) 2.8

  Blood Sugar Medication 9.9 12.1 1.25 (0.61, 2.56) 0.4

  Diabetes 11.4 14.0 1.27 (0.64, 2.49) 0.5

  High Blood Pressure 39.3 51.2 1.62 (1.03, 2.55) 4.4*

  Blood Pressure Medication 32.6 47.4 1.86 (1.17, 2.95) 7.0**

  High Cholesterol/triglycerides 25.7 37.1 1.70 (1.04, 2.78) 4.5*

  Heart Attack 4.3 12.2 3.13 (1.23, 7.98) 5.7*

  Angina 7.9 20.8 3.06 (1.46, 6.26) 9.3**

  Cardiovascular Invasive Procedure 1.4 2.9 2.08 (0.40, 10.88) 0.8

  Stroke 2.1 8.7 4.36 (1.24, 15.40) 5.3*

  “Weak Heart” 5.7 11.1 2.05 (0.87, 4.82) 2.7

  CVD Medication 17.0 33.7 2.48 (1.44, 4.26) 10.8***

  CVD-Related Hospitalization 10.6 22.0 2.36 (1.24, 4.51) 6.8**

  Close Relative Died of Heart Disease 25.0 32.2 1.42 (0.86, 2.34) 1.9

Parental History Factor Scores (Mean ± S.D.)‡

  Maternal Diabetes 0.14 ± 0.79 0.42 ± 0.86 1.52 (1.14, 2.02) 8.3**

  Paternal Diabetes 0.14 ± 0.93 0.49 ± 1.00 1.46 (1.15, 1.86) 9.5**

  Maternal CVD −0.02 ± 0.90 0.41 ± 1.10 1.53 (1.21, 1.93) 12.7***

  Paternal CVD −0.03 ± 0.95 0.40 ± 1.15 1.47 (1.18, 1.83) 11.8***

  Composite Parental CVD 0.04 ± 0.61 0.32 ± 0.69 1.93 (1.36, 2.75) 13.3***

Notes:

†
Univariate logistic regression odds ratio (and 95% confidence interval) of depression given history of disease in mother or father, or unit increase

in factor score.

‡
Scores computed via confirmatory factor analysis of family history items categorized by diabetes vs. heart disease in mother vs. father.

*
p<0.05,

**
p<0.01,

***
p<0.001
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Table 3

Multiple Logistic Regression Model ofRisk Factors for CVD Predicting Proband Status.

Variable O.R. (95% C.I.)† Wald χ2 or Z-score

BMI Weight Classification (vs. Healthy) 6.60

  Obese 4.77 (1.33, 17.11)

  Overweight 1.69 (0.70, 4.11)

  Underweight 1.54 (0.51, 4.66)

Physical Activity Factor Score 0.42 (0.20, 0.86) −2.36*

TV per School day (hour) 1.53 (1.19, 1.95) 3.38***

Computer per School day (hour) 1.31 (1.05, 1.62) 2.44*

Smoke (vs. Never) 17.31***

  Sometimes 2.17 (0.73, 6.43)

  Regularly 16.20 (4.21, 62.36)

Age of youngster (Years) 1.13 (0.91, 1.40) 1.10

Sex of youngster (Male) 0.77 (0.39, 1.54) −0.73

College Degree or Higher Education of:

  Biological Mother 0.32 (0.16, 0.62) −3.33***

  Biological Father 0.60 (0.28, 1.30) −1.30

Composite Parental CVD Factor Score 2.19 (1.08, 4.45) 2.17*

Notes:

†
Multiple logistic regression odds ratio and 95% confidence interval of depression estimated with full-information likelihood (i.e., 160 controls vs.

203 probands with complete continuous variables) with all factors simultaneously in the model.

*
p<0.05,

**
p<0.01,

***
p<0.001
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