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Abstract
Purpose—Dispositional optimism is a psychological trait associated with cardiovascular disease
outcomes in adults. However, it is not known if these associations are present in adolescents. We
determined if an association between optimism and 9 biomarkers of cardiometabolic risk existed
during adolescence. Because cardiometabolic risk differs by race/ethnicity, we also explored if
race/ethnicity moderated the optimism-cardiometabolic risk relationship.

Methods—Cross-sectional study of 529 non-Hispanic white and 421 non-Hispanic black 7th–
12th graders living in greater Cincinnati in 2001–2002. Dispositional optimism was measured with
the Life-Orientation Test-Revised (LOT-R) as a single continuum (OPTPESS) and as separate
optimism (OPT) and pessimism (PESS) dimensions. Multivariable regression analyses tested for
associations between optimism and 9 biomarkers of risk (interleukin-6, tumor necrosis factor-α,
lipids, insulin, glucose, and fibrinogen) adjusting for age, gender, parent education, body mass
index, smoking, and pubertal stage.

Results—OPTPESS was inversely associated with two risks (interleukin-6, β= −0.03, p=0.02;
insulin, β= −0.02, p=0.01), but only among blacks. OPT and PESS were inversely related (R=
−0.27, p<0.0001) and both were higher in blacks than whites (p<0.001). OPT was directly
associated with high density lipoprotein among all subjects (β=0.42, p=0.03) and blacks (β=0.74,
p=0.02), but not whites. Among blacks, OPT was also inversely associated with interleukin-6 (β=
−0.07, p=0.0008), and triglycerides (β= −0.02, p=0.04). PESS was inversely associated with
glucose, but only in whites (β= −0.38, p=0.03).

Conclusion—Associations between dispositional optimism and cardiometabolic risks are
present in adolescence and vary by race/ethnicity. A better understanding of the natural history of
these associations over the lifespan may help decrease disparities and prevent cardiometabolic
disease.
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INTRODUCTION
Psychological traits have been associated with cardiovascular risks and disease throughout
the life course [1–5]. Dispositional optimism, hereafter referred to as “optimism”, is one
such trait. Optimism is the tendency to expect positive outcomes and believe good things
will happen in life and is a trait that develops early in the lifecourse [6]. Optimism has been
linked to numerous aspects of adult cardiovascular health including being protective against
coronary artery disease, promoting shorter recovery time from CABG, being associated with
decreased risk of cardiovascular death and less progression of carotid atherosclerosis[3, 4,
7–10], and, most recently, with lower levels of inflammatory biomarkers in adults [11]. A
recent review found that among all aspects of positive psychological well-being, optimism is
the trait most robustly associated with reduced risk of cardiovascular events in adults [5]. In
adolescents, higher optimism has been demonstrated to be protective against health risk
behaviors and anthropomorphic risks, such as higher body mass index [1, 12]. However, to
date, no studies of adolescents have assessed the association of optimism to the broader
array of cardiometabolic risks, such as lipoproteins and inflammatory factors, which have
been linked to optimism in adulthood. Though it is not known exactly when cardiovascular
risk begins, numerous risk factors for cardiovascular disease (CVD), including obesity,
elevated blood lipids, and diabetes, which begin during childhood have been shown to
persist into adulthood. It is particularly important to study biomarkers of risk in adolescence
because they are often the only signs of pathophysiology processes which lead to CVD at
this stage in the life course.

This study attempts to fill this gap in the knowledge base by studying in adoloescents the
relationship between optimism and an array of 9 cardiometabolic risk factors (total
cholesterol, HDL-C, LDL-C, triglycerides, insulin, glucose, fibrinogen, IL-6, TNF-alpha)
which have been linked to CVD risk in adulthood [13, 14]. We hypothesized that increased
optimism in adolescents would be associated with decreased cardiometabolic risk. Given
known racial differences in CVD risk factors and psychological traits [15–18], we further
hypothesized that there would be racial/ethnic differences in the relationship of optimism to
these cardiometabolic risks. Because optimism has recently been shown to play a role in
obesity in adolescents [1] and inflammatory biomarkers are higher in both obese adolescents
and adults [19, 20], we assessed if any demonstrated relationships between optimism and
biomarkers were independent of body mass index.

METHODS
Study Sample

This cross sectional study uses data from the Princeton School District Study (PSD), a
school-based study from the Princeton City School District in Greater Cincinnati, which
began in the 2001–2002 school year when 1646 non-Hispanic white and non-Hispanic black
5–12th graders participated [21]. In 2008, additional funding was obtained to perform new
biomarker assays using banked blood on a subsample of 1207 participants. Because
inflammatory biomarkers were assessed only in this subsample of 1207, this study is
restricted to that group. Further, because optimism was only assessed in participants who
were in grades 7–12 in 2001–2002, we excluded 255 who were 5th–6th graders at that time,
leaving a total of 952 7th–12th graders eligible for inclusion in this study. Two who had not
completed the optimism scale at baseline were excluded, resulting in a final sample of 950

Oreskovic and Goodman Page 2

J Adolesc Health. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



subjects. The Institutional Review Boards at the participating institutions approved all study
procedures.

Measures
Optimism—Optimism was measured using the Life Orientation Test-Revised (LOT-R), a
six-item revision of the Life Orientation Test [22]. Although the original Life Orientation
Test has been validated in youth [23], a revised version (the LOT-R) created by alternate
scoring of the original test was subsequently introduced to better account for other
competing predictors of disposition such as coping strategies [22], and is now the accepted
measure. Because the LOT-R has not been validated for use in adolescents, we performed a
sensitivity analysis comparing correlations between each biomarker with both the LOT and
LOT-R (Table 1). Results supported use of the LOT-R in this age group, and is, therefore,
the measure we used in these analyses. The LOT-R includes ten 4-point Likert scale items;
three positively and three negatively worded items, with four filler items, (Cronbach’s
alpha=0.78) [22]. There are two different ways to score the LOT-R. As originally conceived,
the LOT-R is scored as a single scale where the negatively worded items are reverse coded
and added to the positively worded items, with a higher score indicating greater optimism.
However, there is a growing body of work which suggests that optimism may not be a single
trait, but rather two distinct constructs - optimism and pessimism [24, 25]. We analyzed the
LOT-R as a uni-dimensional scale to make appropriate comparisons to prior studies
(OPTPESS) [11, 24, 25], and also as separate optimism (OPT) and pessimism (PESS)
dimensions to take into consideration these recent advances in the field, including a recent
study in adults which tested associations between optimism and inflammatory biomarkers as
both uni- and bi-dimensional scales [11].

Biomarkers—Fasting blood samples were collected on subjects at baseline after a
minimum 10 hour fast.

Plasma insulin concentration was measured by radioimmunoassay (RIA) using an
antiinsulin serum raised in guinea pigs, 125I-labeled insulin as a standard, and a double-
antibody method to separate bound from free tracer. The sensitivity is 2 pM, with intra- and
interassay coefficient of variation (CV) of 5% and 8%, respectively.

Glucose was measured by enzymatic method. Intra- and interassay CVs are 1.2% and 1.6%,
respectively.

Fibrinogen concentration was measured with an immunoturbidimetric assay on the Hitachi
911 analyzer (Roche Diagnostics – Indianapolis, IN). The day-to-day variabilities of the
assay at concentrations of 167.4, 323.6, and 554.1 mg/dL were 0.94, 1.06, and 1.50%,
respectively.

Blood lipids: cholesterol was measured using the Cholesterol/HP kit from Roche
(Boehringer Mannheim). The intraassay CV was 1.0% and the interassay CV was 2.2%. For
high-density lipoprotein cholesterol (HDL), and HDL C-plus kit from Roche was used. This
is a direct measurement (rather than a precipitation method). The intraassay CV was 1.3%
and the interassay CV is 2.6%. Lipid profiles were performed on the Hitachi 704. National
Cholesterol Education Program performance criteria for accuracy and precision are
followed. Triglycerides were measured using a single reagent system from Roche-BMD.
The CV was 4%. Low-density lipoprotein cholesterol (LDL) was calculated according to the
Friedwald equation (total cholesterol-HDL-triglycerides/5) except when triglycerides were
above 350 mg/dL. In those 2 cases, a direct measurement using the Roche LDL-C plus
reagent was made.
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Interleukin-6 (IL-6) was measured by an ultra-sensitive ELISA assay from R & D Systems.
The assay employed the quantitative sandwich enzyme immunoassay technique. The assay
has a sensitivity of 0.094 pg/mL, and the day-to-day variability of the assay at
concentrations of 0.66, 1.97 and 8.16 pg/mL are 12.2, 7.6 and 9.9%.

Tumor Necrosis Factor-alpha (TNF-α) was measured from soluble TNF-α receptor 2 which
correlates with TNF-α, remains elevated in plasma for longer periods of time, and is easy to
detect. sTNFR2 was measured by an ELISA assay from R & D Systems. The assay employs
the quantitative sandwich enzyme immunoassay technique. Day-to-day variabilities at
concentrations of 89.9, 197, and 444 pg/mL are 5.1, 3.5, and 3.6%, respectively.

Body Mass Index—Trained staff measured the height and weight of students, who were
wearing indoor clothing with shoes removed and pockets emptied. Measurements were
taken in duplicate and averaged, from which body mass index (BMI) was calculated in kg/
meter2, and then transformed into a standardized score (zBMI) using age- and gender-
specific norms data from the Centers for Disease Control and Prevention growth charts [26].

Sociodemographics—Information on highest reported level of parental education was
collected from a parent at baseline and categorized as ‘high school or less’, ‘some college or
vocational degree’, ‘college’, or ‘professional’. The adolescent’s race/ethnicity, date of birth,
and gender were derived from school district administrative data.

Cigarette use: In 2002–2003, cigarette use was assessed using validated items from the
Youth Risk Behavior Survey, a survey that assesses lifetime use, current use (within the past
30 days), and age of initiation [27, 28]. Based on responses to these items, we classified
smoking status in 2001–2002 as “never-smoked” or “ever-smoked” [29].

Pubertal Stage was determined using a validated algorithm including sex hormone levels
and attainment of objective developmental milestones as described previously [30], based on
serum estradiol concentration and the presence or absence of menarche for two years in
females and on serum free testosterone concentration and stage of axillary hair in males.

Analyses
We assessed bivariate correlations of optimism with individual inflammatory biomarkers
using Spearman Rank tests as IL-6, TNF-α, triglycerides, and insulin were not normally
distributed. We then looked at the effect of optimism on each biomarker using multivariable
regression to determine the independent effects after adjusting for potential confounders
including age, gender, pubertal status, race/ethnicity, BMI z score, smoking, and parental
education. Three separate models were run for each biomarker--one using OPTPESS, one
for OPT and one for PESS. IL-6, TNF-α, triglycerides, and insulin were log transformed in
multivariable analyses to reduce skewness.

To assess for effect modification by race/ethnicity, analyses were also stratified by race and
we tested for an interaction between the optimism measure (either OPTPESS, OPT, or
PESS) and race/ethnicity in the regression analyses. All reported probability values
correspond to two-tailed tests. A significance level of 0.05 was set a priori.

RESULTS
Table 2 describes the demographic characteristics of the study sample (n=950). The mean
age was 15.0 (SD=1.6) years; subjects were evenly distributed by race/ethnicity and gender.
Nearly all subjects were peri- or post-pubertal. Sixty percent of participants had a normal
weight and 66% had never smoked. Although no differences were observed in OPTPESS

Oreskovic and Goodman Page 4

J Adolesc Health. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



score by race, the mean OPT score was 7.7 in non-Hispanic white youth vs. 8.3 in non-
Hispanic black youth (p<0.0001) and PESS score was 4.9 in non-Hispanic white youth vs.
5.3 in non-Hispanic black youth (p<0.003). Mean OPT and PESS scores were inversely
correlated (rho=−0.27, p<0.0001); the correlation was stronger in non-Hispanic white youth
(rho=−0.39, p<0.001) than non-Hispanic black youth (rho= −0.17, p<0.001).

In bivariate analyses, we found significant associations between OPTPESS, OPT and PESS
with several biomarkers (Table 3). A higher OPTPESS score was correlated with increased
levels of HDL and decreased levels of insulin. For the bi-dimensional scoring, higher OPT
was correlated with increased HDL levels while a higher PESS score was correlated with
higher insulin levels.

Table 4 presents the multivariable regression analyses. Significant interactions between
disposition and race were present for IL-6 with OPT (p=0.001), and for insulin with
OPTPESS and PESS (p=0.006, p=0.02, respectively). With optimism measured as a single
dimension, only non-Hispanic black adolescents had significant associations, with a one unit
increase in OPTPESS corresponding to a 2.95% decrease in IL-6 (p=0.02) (graphically
represented in the Figure) and a 2.22% decease in insulin (p=0.02) levels (results for IL-6,
TNF-α, triglycerides, and insulin in Table 4 are log transformed; the percent change results
reported in the text are calculated by multiplying the transformed values by 100%). Looking
at the bi-dimensional scoring, a one unit increase in OPT was associated with a 0.42mg/dL
increase in HDL level among all subjects (p=0.03) as well as a 0.74mg/dL increase among
non-Hispanic black adolescents (p=0.02), while a unit increase in the OPT scale was
associated with a 7.19% decrease in IL-6 (p=0.0008) and a 2.28% decrease in triglycerides
(p=0.04) in non-Hispanic black adolescents. Surprisingly, glucose levels were inversely
associated with pessimism among non-Hispanic white adolescents, with a one unit PESS
increase associated with a 0.38mg/dL lowering of glucose levels (p=0.03). There were no
other associations observed for white adolescents or the PESS dimension.

DISCUSSION
In this study, we demonstrate profiles of biomarkers of cardiometabolic risk by dispositional
optimism which differed by race/ethnicity and trait dimension. Most of the significant
associations of optimism to cardiometabolic risks were found in non-Hispanic black
adolescents. Overall, we found consistent associations between higher optimism scores,
measured as OPTPESS or OPT, and decreased cardiometabolic risk among non-Hispanic
black adolescents as measured by several biomarker levels, in particular lower levels of IL-6
and insulin and higher HDL levels. Among non-Hispanic whites, the only significant
association was of higher PESS scores with lower glucose levels. Taken together, these
findings suggest that optimism measures are more consistently associated than pessimism
with biomarkers of cardiometabolic risk in adolescents, and that dispositional optimism is
more consistently associated with cardiometabolic risk in non-Hispanic black than non-
Hispanic white adolescents, which may provide a psychological mechanism to help explain
racial/ethnic disparities in cardiometabolic risk.

These findings that dispositional optimism may be associated with higher or lower
biomarker levels by only a fraction of the overall levels underscores the complex and
multifactorial nature of these relationships and also supports the theory that psychological
characteristics influence cardiometabolic risk over the life course.

Interestingly, our findings differ from adult studies of the association of cardiometabolic risk
with dispositional optimism. In adults, stronger associations of cardiometabolic risk are seen
with pessimism [11, 24, 25]. We found the optimism subscale to be more consistently

Oreskovic and Goodman Page 5

J Adolesc Health. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



associated with biomarker levels, in particular HDL and IL-6 levels. While Roy and
colleagues found associations between biomarkers and OPTPESS and OPT scales in
unadjusted analyses in adults, only fibrinogen remained significantly associated with PESS
in adjusted models [11]. In contrast, we found several biomarkers - HDL cholesterol,
triglycerides, insulin, and IL-6 – to be associated with dispositional optimism in adjusted
analyses, but notably fibrinogen was not associated in either bivariate or adjusted analyses in
these adolescents. The adult cohort was racially/ethnically diverse while our study in
adolescents was limited to non-Hispanic black and white youth. These differences between
studies suggest possible developmental and racial differences in the relationship of
dispositional optimism to health risk over the life course.

Biomarker levels are known to vary by race/ethnicity in adolescence [17]. The different
profile of biomarker associations with optimism by race/ethnicity is consistent with racial/
ethnic differences in other psychological traits. For example, hostility has been shown to
influence racial differences in cardiometabolic risk in adolescents and young adults [31].
Given that optimism is thought to be a stable trait over an individual’s lifetime [6, 32], these
findings add to the growing body of evidence that racial/ethnic differences in risk factors
during early adolescence can influence disparities in adult diseases, and have implications
for when in life primary prevention can be initiated to reduce disparities in cardiovascular
health.

Another noteworthy finding is that non-Hispanic black adolescents in this cohort had both
higher optimism and higher pessimism scores than non-Hispanic white youth and that the
correlation between the two dimensions was lower in non-Hispanic black adolescents than
non-Hispanic white adolescents. The differing associations of optimism and pessimism by
race/ethnicity lend further support to the bi-dimensional nature of the optimism trait;
optimism and pessimism are not mutually exclusive poles of a single construct. The majority
of the differing patterns of association between non-Hispanic black and white youth were
seen only when this trait was assessed as a bi-dimensional construct. Studying optimism
simply as a single dimension missed these nuanced associations, in particular with regards to
insulin, IL-6, and HDL.

Why non-Hispanic black youth have both increased optimism and pessimism is unclear. One
possible explanation is that these psychological traits develop in response to the social
context of the individual during development. Socially disadvantaged children experience
chronically challenging environments, which may lead to different distributions of
psychological traits [33]. These differing psychological resources then lead to different
adaptation responses over the life-course [34], influencing physiologic, psychological, and
behavioral regulation. Our data suggest this model may work in relation to inflammatory
biomarkers. The differences between our study and that of Roy et al [11] also raise the
possibility that age-related differences are due to differential exposure to stressful
environments over the life course.

There are several limitations to this study. The design is cross sectional so we cannot infer
causality. We tested multiple biomarkers and found several significant associations, some of
which may represent chance findings. We measured adiposity through body mass index
rather than a direct measure of fat mass, which is known to influence these biomarkers. The
PSD study did not collect physical activity data, which can influence biomarkers of
cardiovascular disease, and which has been associated with optimism among elderly women
[35]. Optimism may have an effect on lifestyle factors associated with cardiovascular risk
including diet and exercise. Prior studies have demonstrated a link between psychological
traits and CVD, separate from weight, diet, exercise, and other established CVD risk factors,
suggesting that the association we found between disposition cardiometabolic biomarker
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profile is not fully explained through known risk factors. Our study included only non-
Hispanic white and black adolescents and was limited geographically to one metropolitan
complex in Midwestern United States, limiting our ability to generalize these findings to
adolescents of other races or from other places. Balancing these limitations were significant
strengths including a large diverse school-based cohort, and an array of well measured
biomarkers.

In summary, this study demonstrates associations of dispositional optimism with biomarkers
of cardiometabolic risk in healthy adolescents, and that the associations of the biomarkers to
the optimism and pessimism dimensions of this trait vary by race/ethnicity. These data raise
the possibility, as yet untested, that racial/ethnic differences in dispositional optimism during
adolescence may contribute to altered levels of cardiometabolic risks which could, over
time, lead to disparities in cardiovascular disease in adulthood. Longitudinal studies to test
such a hypothesis would help us better understand when, why, and how these associations
develop and may lead to improved cardiometabolic disease prevention.
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Abreviations

CVD cardiovascular disease

IL-6 interleukin-6

TNF-α tumor necrosis factor alpha

sTNFR2 soluble tumor necrosis factor receptor type 2

HDL high-density lipoprotein cholesterol

LDL low-density lipoprotein cholesterol

PSD Princeton School District Study

LOT Life Orientation Test

LOT-R Life Orientation Test-Revised

OPTPESS dispositional optimism, single dimension

OPT optimism subscale, PESS, pessimism subscale

BMI body mass index

RIA radioimmunoassay

CV coefficient of variation

SD standard deviation
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Implications and Contribution

Dispositional optimism is linked to cardiometabolic risk and disease in adults. This study
demonstrates that optimism is related to biomarkers of cardiometabolic risk in
adolescents but that the relationship varies by race/ethnicity, with higher optimism
associated with protective cardiometabolic biomarker profiles in non-Hispanic black
adolescents.
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Figure.
Relationship of OPTPESS to IL-6 by race/ethnicity
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Table 1

Pearson Correlation between LOT and LOT-R for cardiometabolic risk biomarkers

Biomarker
LOT LOT-R

R p-value R p-value

IL-6 −0.07 0.03 −0.05 0.10

TNF-α −0.07 0.05 −0.04 0.24

Total cholesterol 0.02 0.43 0.003 0.92

HDL 0.08 0.003 0.09 0.001

LDL −0.0003 0.99 −0.02 0.50

Triglycerides −0.005 0.86 −0.04 0.11

Glucose −0.054 0.04 −0.07 0.01

Insulin −0.07 0.006 −0.08 0.001

Fibrinogen −0.019 0.47 −0.01 0.59
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Table 2

Characteristics of the Study Sample (n=950)

Characteristic n %

Sex

 Male 465 49.0

 Female 485 51.0

Race

 White 529 55.7

 Black 421 44.3

Parental Education

 HS or less 203 21.4

 Some College/vocational 265 27.9

 College 266 28.0

 Post-graduate 216 22.7

Pubertal Status

 Pre-pubertal 23 2.4

 Peri-pubertal 347 36.5

 Post-pubertal 580 61.1

Weight Status

 Normal weight 570 60.0

 Overweight 192 20.2

 Obese 188 19.8

Smoking (N=917)

 Never smoked 623 65.6

 Ever smoked 294 30.9

 Missing 33 3.5

Mean SD Min Max

Age 15.0 1.6 12.2 19.3

OPTPESS 14.9 3.1 0 24

OPT (N=944) 8.0 1.8 0 12

PESS (N=932) 5.1 2.1 0 12

IL-6 (pg/ml) (N=850) 1.3 1.9 0.2 16.2

sTNFR2 (pg/ml) (N=827) 2345.5 674.8 1111.2 8798.4

Total cholesterol (mg/dL) (N=937) 149.8 28.4 75 351

HDL (mg/dL) (N=937) 45.4 10.8 6 98

LDL (mg/dL) (N=937) 88.7 25.4 19 284

Triglycerides (mg/dL) (N=937) 78.6 44.2 5 609

Glucose (mg/dL) (N=950) 85.7 8.9 51.3, 123.4

Insulin (pM/L) (N=950) 130.5 112.9 7.2 892.9

Fibrinogen (mg/dL) (N=930) 285.5 58.5 130, 580

*
Overweight refers to a sex- and gender-specific BMI between the 85th and 95th percentile based on 2000 CDC Growth Chart standards.

**
Obese refers to a sex- and gender-specific BMI at or above the 95th percentile based on 2000 CDC Growth Chart standards.
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***
Some biomarkers are assayed on a smaller sample size due to routine data collection difficulties during phlebotomy.
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