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Abstract

Objective—This study explores whether the relationship between lower socioeconomic status
and insulin resistance in adolescents is mediated by both physiological and psychological factors
associated with increased cardiometabolic risk

Study design—School-based longitudinal cohort study of 1222 healthy, non-Hispanic black and
white teens. Parent education (PE), youth-specific Cook-Medley hostility scale, waist
circumference, height, weight, pubertal status, and fasting plasma insulin (FPI) were measured and
FPI reassessed 1 year later. Regression analyses utilizing bootstrapping (n = 2000) were used to
estimate the direct and indirect effects of PE on FPI and assess the role of hostility and adiposity
while adjusting for covariates.

Results—Lower PE predicted higher FPI (B = —1.52, P = .003), as did hostility (B =.19, P =.
002) and adiposity (waist circumference B = .44, P <.001, BMI B = .98, P <.001). The effect of
PE on FPI was mediated by both hostility and adiposity. When adiposity and hostility were
accounted for, the effect of PE on FPI decreased by 32% (B = —1.04, P = .04); the total indirect
estimate was —.485 (95% ClI, —.652, —.041). Hostility accounted for 36% of the meditational
effect.

Conclusions—Lower PE influences insulin resistance through adiposity and hostility. Thus,
interventions to reduce health disparities associated with insulin resistance should consider both
physiological and psychological approaches.

Disparities in cardiovascular disease (CVD), the leading cause of death in the United States,
are well established and a major population health concern. Lower education is consistently
associated with increased cardiovascular risk in adult populations.! In addition, reports have
demonstrated that childhood socioeconomic status (SES), often measured by parental
educational attainment, have a persistent effect on CVD risk independent of adult
educational attainment.? Although these disparities are well documented, little is known
about the mechanisms underlying their pervasive effects or the developmental origins of
such disparities.

Copyright © 2010 Mosby Inc

Reprint requests: Elizabeth Goodman, MD, Center for Child and Adolescent Health Policy, MassGeneral Hospital for Children, 50
Staniford Street, Suite 901, Boston, MA 02114 egoodman3@partners.org..

The other authors declare no conflicts of interest.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Goodman et al.

Methods

Page 2

Investigators have suggested that metabolic syndrome, a clustering of cardiovascular risk
factors, is a possible pathway through which socioeconomic inequalities influence adult
CVD risk and the development of socioeconomic gradients in CVD.3 A number of studies
have linked SES, particularly educational attainment, to metabolic syndrome in adults.*>
Because this syndrome is associated with insulin resistance, studying disparities in insulin
resistance early in life may elucidate the processes underlying development of disparities in
adult CVD. Recent studies that demonstrated an association between lower parent education
and higher insulin resistance in children and adolescents lend support to the hypothesis that
insulin resistance may be a mediator in the relationships between lower SES and increased
risk for CvD.6-8

Insulin resistance is influenced by both physiological and psychological factors, many of
which are associated with lower SES. For example, adiposity is strongly associated with
increased insulin resistance in adolescence, independent of sex, age, and race/ethnicity.%:10
Specifically, obesity is more prevalent among lower SES youth,!! and educational
disparities in insulin resistance are particularly pronounced among obese adolescents and
young adults.® With regard to psychological factors, negative emotions also appear to
influence cardiovascular risk!2 and may explain disparities in insulin resistance among
youth.

Hostility is a noteworthy candidate as a psychological mediator of socioeconomic disparities
in insulin resistance in adolescence. Over the past two decades, multiple studies have shown
relationships between hostility and CVD among adults.13:14 Several studies of adults find an
inverse relationship between education and hostility!>17 and suggest that hostility is related
to several parameters of glucose metabolism.18 In addition, lower family SES has been
associated with greater hostility and increased cardiovascular reactivity in non-Hispanic
blacks.19 Furthermore, hostility has been associated with coronary calcification, a
subclinical measure of CVD, in young healthy adults,2-21 and there is evidence to suggest
that the association between hostility and cardiovascular disease is stronger in younger
individuals.22 However, studies to assess the relationships between SES, hostility, and
insulin resistance in adolescence are lacking.

The objective of this prospective cohort study is to determine whether adiposity, a
physiological factor, and hostility, a psychological factor, represent mechanisms underlying
the association between lower SES and insulin resistance in adolescents. Few investigations
provide a direct statistical test of mediation,?3 and none, to our knowledge, have
simultaneously assessed both physiological and psychological potential mediators of
socioeconomic disparities in CVD risk.

Data were obtained from 1222 non-Hispanic black and white participants in Phase 1 the
Princeton School District Study, a longitudinal cohort study situated in the Princeton City
School District in Cincinnati, Ohio, which began in the 2001 to 2002 school year and
included 4 annual waves of data collection in Phase 1.26 Study visits, including a
questionnaire, physical exam, and a blood draw from participants occurred in the morning
after a minimum 10-hour overnight fast. Parental consent and student assent or consent for
those 18 years of age or older were obtained. For those participants who became 18 years of
age between waves, consent was reobtained at the next follow-up visit. This study was
approved by the institutional review board of the participating hospital and university.

Hostility was assessed at Waves 3 and 4. Thus, inclusion criteria for the present study were
(1) completed the physical exam, blood draw, and questionnaire in Waves 3 to 4, (2) parent
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provided information on parent education, and (3) non-Hispanic black or white. The latter
inclusion criterion was applied because the school district's population was 47.3 % non-
Hispanic white and 47.2% non-Hispanic black. Of the 1715 non-Hispanic black and white
participants seen at Wave 3 to 4, 1222 (71%) met inclusion criteria and comprise the study
sample. The sample was 44.8% non-Hispanic black, 51.6% female. Mean (SD) age at
baseline was 16.0 (2.0) years, with a range of 11.9 to 20.9 years. Only 1 subject was
prepubertal and 73% (n = 892) were pubertal. Because the assessment of hostility began in
Wave 3, for the purposes of the current report, data from this wave will be referred to as
“baseline” and data from Wave 4 will be referred to as “follow up”.

Parental education was used to assess SES. One parent provided information on educational
attainment for themselves and their current spouse/partner. For analyses, these categories
were further condensed into four groups—Iless than or equal to high school, some college or
technical/vocational training beyond high school, college graduate, and professional training
beyond college. The highest education level that was reported was used in analyses. We
chose to include those with less than a high school degree and those with a high school
degree in the same group because very few subjects (n = 48) had parent(s) with less than a
high school education. To make sure we were not masking important differences by
including these groups in a single category, we assessed if differences in hostility, waist
circumference, body mass index (BMI), or insulin existed between those without a high
school educated parent and those from families with the highest level of parent education
was high school/GED. None were found.

The 23-item adolescent version of the Cook-Medley Hostility (Ho) Index was
administered.24 This scale has high internal consistency reliability and has been shown to be
valid in a racially and ethnically diverse sample of adolescents.24:2° In this sample,
Cronbach a = 0.80. Scores can range from 23 to 92, with higher scores indicating greater
hostility.

A fiberglass tape crossing over the umbilicus and the superior iliac crests was used to
measure waist circumference as an index of central obesity. The mean of two measurements
made at the end of a normal expiration was used in analyses. BMI (kg/m2) was calculated
from height and weight; the measurement of these variables has been described
previously.28 For participants under age 20 years, obesity was defined as a BMI-for-age
>95%, based on the sex-specific 2000 Centers for Disease Control growth chart reference
standard or BMI >30; overweight was defined as a BMI-for-age between the 85% to the
<95% and normal weight as a BMI-for-age <85%. For participants over 20 years age [n = 3
(0.2%) at baseline and n = 42 (3.4%) at follow-up], obesity was defined as a BMI >30 and
overweight as BMI >25 but <30.

Euglycemic clamps are the gold standard for measurement of insulin sensitivity but are not
practical for a large epidemiological study. Therefore, insulin resistance was assessed by
fasting plasma insulin (FPI). Multiple studies support use of FPI as a surrogate marker.2”
FP1 was measured by radioimmunoassay using an anti-insulin serum raised in guinea

pigs, 1251-labeled insulin as a standard, and a double antibody method to separate bound
from free tracer.28 The sensitivity is 2 pM, with intra-assay and interassay CVs of 5% and
8%, respectively.

Demographic covariates were provided through the school administrative data. These
included date of birth (used to determine age), parent-reported race/ethnicity, and sex.
Pubertal status (prepubertal, pubertal, and postpubertal) was assessed, according to a

J Pediatr. Author manuscript; available in PMC 2011 October 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Goodman et al.

Page 4

validated protocol using sex steroid hormone levels, history of menarche for girls and
physical exam data on axillary hair for boys.28

Statistical Analyses

Results

Analyses were performed using SPSS for Windows v15 (SPSS Inc., Chicago, lllinois). Sex,
race/ethnicity, and parental education differences were tested with 2 tests for categorical
variables and Mann-Whitney U or Kruskal Wallis tests for continuous variables because
these were not normally distributed. Correlational analyses were performed using Spear-man
p for the same reason.

We sought to understand whether hostility and/or adiposity mediate the association between
parental education and insulin resistance in adolescents. Conceptually, (Figure 1, A;
available at www.jpeds.com), a mediator (M) lies on the casual pathway between an
independent variable (X) and an outcome (). The effect of X on Y when M is not
considered is termed the “total effect.” When M is considered, the portion of the effect of X
on Y which is accounted for by M is termed the “indirect effect.” Once the indirect effect(s)
are accounted for, the remaining effect of X on Y is termed the “direct effect.” If M accounts
for only part of the total effect of X on Y, the mediation effect is “partial” as opposed to
“complete.” In complete mediation, the entire effect of X on Y is accounted for by M.

In our hypothesized mediational model (Figure 1, B; available at www.jpeds.com), because
parent education was finalized before the Princeton School District Study and we follow
participants prospectively, there is a longitudinal time sequence of parent education (X)
leading to baseline adiposity/hostility (M), which, in turn, led to follow-up FPI (Y). This
time sequencing enables us to build a stronger case for causal inference than the use of
mediational models with cross-sectional data allows. The model in Figure 1, B was tested
using regression analyses with bootstrapping, a non-parametric resampling procedure that is
useful when assumptions of normality cannot be met, as was the case here. We evaluated
2000 bootstrapped samples using an SPSS Macro for assessing multiple mediators.2?
Colinearity of baseline waist circumference and BMI (r = 0.93, P < .001) precluded
inclusion of both measures of adiposity in a single model. Therefore, models were run
separately for waist circumference and BMI. We assessed BMI as a general measure of
adiposity rather than BMI z score or BMI-for-age because some participants were more than
20 years of age at baseline and thus could not be classified relative to the CDC BMI growth
reference. Baseline covariates considered in analyses were age, FPI, pubertal status, sex, and
race. Length of follow-up was also included as a covariate in all models.

Table | provides a description of these factors in this study sample. There were no sex
differences in parent education, weight status, or BMI (Table I). With regard to racial
disparities, black youth came from less well-educated households, were more likely to be
overweight or obese, and had higher hostility, insulin, and BMI. White boys had higher
waist circumference than black boys (P <.001), but there were no racial differences in waist
circumference among girls, nor were there racial differences in pubertal stage for either sex.

The first step in assessing mediation was to determine the association of parent education to
the potential mediators (hostility, BMI, and waist circumference) and to the dependent
variable (FPI at follow-up). Results of these analyses are shown in Table Il. Parent
education was associated with both mediators and the dependent variable. Second, for
mediation to be present, the mediators must be associated with dependent variable. Baseline
hostility and the 2 measures of adiposity were associated with follow-up FPI (Spearman p
=0.13, P <.001 for hostility: Spearman p =0.42,P <.01 for both waist circumference and
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BMI). Interestingly, hostility was not correlated with waist circumference (Spearman p
=0.07, P = .07) but was associated with BMI (Spearman p = 0.12, P =.005).

Regression Analyses to Assess Mediation

Figure 2, B (total and direct effects) and Table 111 (indirect effects) present results of the
multivariable regression models to test for mediation. The relationships demonstrated in
bivariate analyses remained significant in the multivariable models. Parent education was
inversely related to both mediators. Higher parent education was associated with lower
adiposity and lower hostility. Furthermore, hostility and adiposity were directly associated
with FPI, with higher hostility and higher adiposity at baseline predicting higher FPI at
follow-up. Both adiposity and hostility partially mediated the effect of parent education on
FPI. These mediators together accounted for 31.9% of the effect of parent education on FPI
regardless of which measure of adiposity was tested. Although the mediational effect of
adiposity was stronger than that of hostility, hostility accounted for more than one third
(36%) of the indirect effect. Overall, the regression models accounted for 30% of the
variance in follow-up fasting insulin levels.

Discussion

This prospective cohort study of non-Hispanic black and white adolescents demonstrates
that independent of race, the relationship between lower parent education and greater insulin
resistance may be partially explained by both increased adiposity and higher hostility.
Together, these factors account for approximately one third of the effect of lower parent
education on insulin resistance. Remarkably, despite the very strong relationship between
adiposity and insulin resistance, the effect of hostility on fasting plasma insulin was
substantial.

This study focused on hostility because reports in adults have identified hostility as a CVD
risk factor.13:14 Interest in this psychological trait grew out of research on Type A behavior
pattern, which demonstrated that hostility, often measured by the Cook-Medley Hostility
scale, was the pathologic component of this personality type.2! Among adults, research
suggests that hostility is higher in men, racial/ethnic minorities in the United States, and
lower socioeconomic status groups.141%:30 We found that hostility was higher among
African American youth, a finding mirrored in studies of young adults.1®

Few studies have attempted to explore if and how the relationships between hostility and
CVD risk demonstrated in adults relate to childhood and adolescent precursors of CVD.
Such studies are critical given that hostility is a malleable trait, not one that develops early in
life and remains static.3! Furthermore, the effect of hostility on CVD risk in adults appears
to be associated with physiologic rather than behavioral risks,32 findings that imply that
hostility may affect physiologic regulation early in the life course. Raikkonen et al33
demonstrated that hostility predicted metabolic risk factor clustering, including insulin
resistance and adiposity among 134 children and adolescents. Hostility scores measured
during late adolescence and early adulthood have also been shown to predict dyslipidemia
and a higher body mass index 21 to 23 years later.34 Our findings support a role for this
psychological factor in the development and persistence of insulin resistance and,
potentially, type 2 diabetes. Several theoretical models have been proposed for how hostility
influences disease risk, including stress models that posit that lower SES leads to increased
adversity and resultant neuroendocrine stress,3%36 and health behavior models, which
suggest that increased hostility is associated with more risky behaviors.3° Further research is
needed to determine if these models explain the associations demonstrated in this study.
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Several limitations of the current undertaking are noteworthy. First, our measures of
adiposity were limited to BMI and waist circumference, neither of which measure fat mass
or its distribution directly. Nonetheless, both measures are well correlated with adiposity
measures in adolescents, with correlations in the range of 0.7 to 0.9.37 Furthermore, the
close consistency of findings across these distinct anthropometric measures suggest they are
reflecting fat mass rather than other aspects of body composition. Second, our measure of
socioeconomic status, a complex trait, was based solely on parental education of the more
educated parent and did not account for other domains of SES such as household income,
occupational prestige, or wealth/assets. We chose to focus on education as it has been linked
with other psychological health-related psychological traits in adolescence.2® Third, we do
not have information on behavioral risks, although data suggest that hostility has direct
effects independent of health behaviors.3® Fourth, because adolescent who are in the process
of developing diabetes will have compromised 3 cell secretory ability resulting in low or
normal plasma insulin values, these analyses will not differentiate such prediabetic
adolescents from adolescents with normal insulin sensitivity. Finally, the follow-up period
used for these analyses was relatively short, and 1 year may not have provided sufficient
time for the full impact of hostility to be reflected in insulin sensitivity.

These limitations are offset by several strengths. The data are derived from a large
community-based biracial cohort with broad socioeconomic variation and excellent follow-
up. The prospective study design appropriately separates the psychological and
physiological risk factors from the health outcome of interest and strengthens causal
inference, which underlies meditational hypotheses. We provided a formal test of the
mediation hypothesis using newer statistical techniques. Most importantly, the Preacher and
Hayes macro overcomes the substantial limitations of other formal tests of mediation, such
as the Sobel test, which do not delineate confidence intervals around the indirect effect
estimates. Further, to our knowledge, this is the first study to assess a role for hostility in the
developmental pathway from educational disparities to physiologic risk. Previous reports
have linked childhood SES to adult hostility levels30 and shown that hostility explains the
effect of lower education on allostatic load, a multisystem measure of physiologic risk.3°
However, no prior study has linked these two lines of research.

This study identified a mediating role for hostility, a psychological factor, and adiposity, a
physiologic factor, in the relationship between parent education and insulin resistance. These
observations contribute to an emerging understanding of how social disadvantage may
influence disease risk at the individual level. Our data suggest that this translation of social
factors into greater health risks works through variety of mechanisms related to both mind
and body.35

These findings also have implications for weight management and obesity prevention
programs for adolescents. Our findings imply that such programs, which are important
preventive interventions to reduce adult cardiometabolic health disparities, may benefit from
incorporating psychological approaches. Further, these data suggest that weight management
programs should carefully consider the psychological impact of their programs, as
interventions which inadvertently increase hostility, potentially through conflict around
food, could be detrimental to long-term health, even in the face of weight loss.
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Figure 1.

Mediational Model. A, Presents the general mediational model. B, Presents the hypothetical
mediational model tested in this study.
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Figure 2.

Parameter estimates of the effect of parent education on fasting plasma insulin in 1222

Page 11

adolescents in the Princeton School District Study followed for 1 year. Results for BMI are

reported above the path line and results for waist circumference below the path line.

Analyses adjusted for sex, race/ethnicity, time to follow-up, baseline age, baseline pubertal
status, and baseline fasting plasma insulin. *0.01 < P <.05. ** .001 < P < .01. ***P < .001.

#P = .052.

J Pediatr. Author manuscript; available in PMC 2011 October 1.



Page 12

Goodman et al.

100> T¥¢ ¢L ¢9 8¢ ¥S Tve 95  ¥e€Z 89 €S ¥EL 85 8% ve€e ¥9 06 dn-mojjo4
700> G€ 0L 95 v €S 9€ 8T 0€ L9 6¥ Ll 95 Twe 62 T9  SYe auljeseq
Ing
700> 89T ¢€ ve€  6¢r TLT 9LT 100> GST €0z TTZ CET ¢O0C ¢6T  L9vT €0z T0C dn-mojjo4
700> GST 98T €Tz 9¢r 0T 69T 100> ZST 09T 86T T2 96T 8.1 8€T 6.1 8781 auljeseq
(niw) unnsuy
700> 0€ 98 6¢5 TOS T8 90§ T00> 0TS ¥8  L0S 0€S ¥8 97§ 02 v8 91§ dn-mojjo4
700> 8¢ 6. 8¢5 0TS €8 805 T00> 02 S8 TTS 0€S 8L  €€S 02 €8 TS auljeseq
AnsoH
«d PN g5 uesy PPN gs ueaw L4 UPPW g5 ueaw 4PN gs  uesw PPN gs uesiy
692 LT 67T T0T LT LET 88T  TIT €02 8vz 85300
86T 80T  L'6T €et 68T 61T 90z T L6l Ve Wh1eMIBAQ
€€ 862 7’99 r24% 7'6G L€ 909 85 009 €€l B3 ewoN
T00> 6¢ snyels JyBram dn-mojjo4
TG 8T ¥ST 0T z1e veT T8T 0T  L6T e 35300
€0z TIT  €.1 LTT g81 LTT 88T  TIT 98T 822 WheMIBAO
9vs 862 €19 SG z:09 08¢ T€9 €€ 9719 €51 B3/ [ewION
100> € aurjaseq Je snyess yBIa
L'yl 807  9TL 8y 508 805 069 8¢  0€L 268 [enagndisod
TGz LET 98¢ 61 G'6T €zt 6ve 90z 692 62¢€ [enagnduiad
AV 0 0 0 0 10 T T0 T [enagndaid
74 T00> auljaseq e abels [euagnd
V0T L8 962 002 v'1e et 90z I 0Te 182 Buuren joid
L've GET GTE €1z '8¢ 6.1 98z 69T 82 8ve aaiBap aba||0D
0L 20z L2 LT 0'0g 68T T2 09T 982 6ve  909]100> ‘J00yds YbIH<
8lz T Tl 91T €02 8z1 L'se O 6TC 892 100y2s YBIHS
T00™> o uoleanp3g jualed
4 % u % u «d % u % u % u
(9%5 = u) Xoelg (929 = u) aUYM (teg=u)sewaq (165=U) 3N (ZezT =U)[el0L

NIH-PA Author Manuscript

I 31qel

NIH-PA Author Manuscript

a)dwres Apnis ay1 Jo uonduoasag

NIH-PA Author Manuscript

J Pediatr. Author manuscript; available in PMC 2011 October 1.



Page 13

Goodman et al.

“UBIPaN
PO,
159 (8]qeLIeA SnonuUo2) N ABUNYAN-UURIA o (3]qelieA [ealiobared) Nx
*
8T §6. 99T 98 8'08 8¢l 8'¢8 L0° 218 06T 678 8'6L A1) 808 §'08 09T '8 dn-mojjo4
80 78L 19T 8728 008 9¢€T L'¢8 I 008 91 €€e8 L'l 67T 1¢8 TeL Lyl 1'¢8 auljaseg
(wo) 8ouaByWINAIID ISIBAN
«d PN gs ueay IPPW gs  uwesw  Ld PPN gs  uesy 1PN gs  uesw 1PN g5 uesy

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Pediatr. Author manuscript; available in PMC 2011 October 1.



Page 14

Goodman et al.

"Jooyas ybiy ‘sH

700> LTT 0ST €T 8€T  6C¢T 0.1 €Ll L Tee 89T  G9¢ 06 dn-mojjo4

100> 60T 6TT evT Gzt 8TT  T9T L'ST €T 602 T9T €92 0%e auljaseg
(7niw) uynsul

910’ z8L 8T 128 98, Y€l T8 078 89T 068 T6L 29T €8 (WD) 80UBIBHWNIID ISIBA

100> 871z vy 622 82z ¥s 0 €z ¥.L 84z 0€Z 99 61 Ing

100> 005 T8 005 075 €8  GTS 06s T8 675 ovs T8 0§ AunsoH

d uelpsN  as UesN  UeIPBN  dS  UBSIN  UBIPBN QS UBSN  UBIPBN S UesiN

(G2 = u) 9a16a3p |euoISSaJ0Id (8¥€ = u) ab8)100 (6v€ = u) 9b9]10D> ‘SH< (89z = u) SH>
uolyeanps juaied

ApnS Asd ayp Ul s)usdsajope gzzT Buowe ulnsul pue ‘Auisodipe ‘A1jnsoy 03 uoieanps juased Jo UoNeId0SSy

NIH-PA Author Manuscript

Il a|qeL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Pediatr. Author manuscript; available in PMC 2011 October 1.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Goodman et al.

Table Il

Page 15

Results of bootstrapping analyses for indirect effects of parent education on fasting plasma insulin

Waist circumference model BMI model
Indirect effect estimate 95% Cls Indirect effect estimate 95% Cls

Parent education indirect effect —0.485 —0.856, —0.186 —0.485 —-0.861, —0.201
Hostility mediated —-0.174 —0.354, —.063 -0.176 —0.370, —0.075
Adiposity mediated -0.311 —.652, —.041 —-0.309 —-0.630, —0.053,
Proportion of parent education indirect effect 35.9 36.3

accounted for by hostility

Model adj R? 0.302 0.294

Model adjusts for age, pubertal status, sex, race, time to follow-up, and baseline FPI.
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