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Abstract

Objective—Carotid arterial wall thickness, measured as intima-media thickness (IMT), is an
early subclinical indicator of cardiovascular disease. Few studies have investigated the association
of psychological factors with IMT across multiple ethnic groups and by gender.

Methods—We included 6,561 men and women (2,541 whites, 1,790 African Americans, 1,436
Hispanics, and 794 Chinese) aged 45 to 84 years who took part in the first examination of the
Multi-Ethnic Study of Atherosclerosis. Associations of trait anger, trait anxiety, and depressive
symptoms with mean values of common carotid artery (CCA) and internal carotid artery (ICA)
IMTSs were investigated using multivariable regression and logistic models.

Results—In age, gender, race/ethnicity-adjusted analyses, the trait anger score was positively
associated with CCA and ICA IMTs (mean differences per one SD increment of trait anger score
were 0.014 (95% CI, 0.003-0.025, p=0.01) and 0.054 (0.017-0.090, p=0.004) for CCA and ICA
IMTSs respectively). Anger was also associated with the presence of carotid plaque (age, gender,
and race/ethnicity-adjusted odds ratio per one SD increase in trait anger: 1.27 (95%Cl, 1.06—
1.52)). The associations of the trait anger score with thicker IMT was attenuated after adjustment
for covariates, but remained statistically significant. Associations were stronger in men than in
women and in whites than in other race/ethnic groups but heterogeneity was only marginally
statistically significant by race/ethnicity. There was no association of depressive symptoms or trait
anxiety with IMT.

Conclusions—Only one of the three measures examined was associated with IMT and the
patterns appeared to be heterogeneous across race/ethnic groups.

Address correspondence and reprint requests to: Ana V. Diez Roux, MD, PhD, Department of Epidemiology, 1214 S University,
University of Michigan, Ann Arbor, MI 48103, adiezrou@umich.edu.
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It has long been hypothesized that psychological factors such as depressive symptoms,
perceived stress, anger, hostility, and anxiety may play a role in the development of
cardiovascular disease. A number of studies have found that these psychological
characteristics are associated with increased risk of cardiovascular morbidity and mortality
(1-5). However, questions remain regarding whether these effects are causal, and if so the
mechanisms through which they may be mediated. An important question is whether
psychological factors are related to the development of atherosclerosis, the triggering of
clinical events in persons with underlying disease, or both (6).

Over the past few years, a number of standardized measures of subclinical atherosclerotic
disease have been incorporated into epidemiologic studies (7). One such measure is carotid
artery intima-media thickness (IMT). Previous epidemiological studies have reported that
carotid IMT thickening predicts future stroke and myocardial infarction events (8-11). In
addition, carotid IMT has been linked to cardiovascular risk factors in cross sectional and
longitudinal studies (12, 13). The identification of associations of psychological factors with
subclinical markers of atherosclerosis would be consistent with effects of psychological
factors on the early development of atherosclerotic disease.

Although there is an extensive literature showing a link between psychological factors and
clinical coronary heart disease and stroke, studies of psychological factors and subclinical
carotid IMT are less common and have produced variable results. Several studies have
reported associations of trait anger (14, 15), suppressed anger (16, 17), and hostility (16)
with greater carotid IMT. Similarly, depressive symptoms have been linked to increased IMT
in some studies (18, 19) but not in others (20, 21). Further, there were also inconsistent
results in the association between anxiety and carotid IMT (16, 18, 22).

Prior studies of psychological factors and carotid IMT have varied widely in sample size
(ranged from 200 to 3,781) (15-22). In addition, both levels and effects of psychosocial risk
factors may vary by gender and race/ethnicity because of the presence of varying social
exposures which may be antecedents or modulators of psychosocial characteristics (23-27).
It is therefore important to examine these associations in diverse samples. However, few
studies have had the sample size or gender and race/ethnic diversity necessary to examine
these variations. We used data from the Multi-Ethnic Study of Atherosclerosis (MESA), a
large multiethnic study of subclinical atherosclerosis and its predictors, to examine
associations of depressive symptoms, anger and anxiety with state-of-the-art measures of
carotid IMT in a large, population-based sample free of cardiovascular disease. We also
investigated whether these associations differed by gender or race/ethnicity.
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Methods

Study Population

The MESA cohort includes 3,213 men and 3,601 women aged 45 to 84 years who were free
from cardiovascular disease (specifically diagnosed coronary heart disease, stroke, and atrial
fibrillation). Participants were recruited between 2000 and 2002 in 6 US field centers:
Baltimore, Maryland; Chicago, Illinois; Forsyth County, North Carolina; Los Angeles
County, California; New York, New York; and St. Paul, Minnesota. The study design is
described in detail elsewhere (28).

We excluded participants with missing or poor quality IMT data (n=196) or missing data for
risk factors such as blood pressure (BP), anthropometrics, and psychological variables
(n=57). The remaining 6,561 participants (2,541 whites, 1,790 African Americans, 1,436
Hispanics, and 794 Chinese) were included in the analyses. The study protocol was
approved by the institutional review boards at each site and informed written consent was
obtained from each participant.

Baseline Measurements

Three domains were selected as measure of psychological distress: anger, anxiety, and
depressive symptoms. Questionnaires were administered as part of the baseline visit in
English, Spanish, or Chinese to obtain information about anger and anxiety (the Spielberger
Trait Anger and Anxiety Inventory; STAXI) (29) and depressive symptoms (the Center for
Epidemiologic Studies Depression Scale; CES-D) (30). The trait anger scale was designed to
assess an individual’s disposition to feeling angry, and trait scales were chosen over state
scales to better capture the relations that occur over longer periods of time. The trait anxiety
scale captures differences between people in their disposition to respond to stressful
situations with varying amounts of state anxiety. The STAXI and the CES-D have been used
extensively in community samples and were scored according to standard criteria, with
possible ranges of 10 to 40 for trait anger, 10 to 40 for trait anxiety, and 0 to 60 for CES-D;
higher scores indicated higher levels of anger, anxiety, and depressive symptoms,
respectively. There were weak to moderate correlations among the psychological variables;
the Spearman correlation coefficients were 0.30 between depressive symptoms and anger,
0.61 between depressive symptoms and anxiety, and 0.40 between anger and anxiety.

During the examination, height, weight, and waist and hip circumferences were measured.
Resting blood pressure was measured three times in the seated position using a Dinamap
model Pro 100 automated oscillometric sphygmomanometer (Critikon, Tampa, Florida). The
average of the last two measurements was used in analysis. Hypertension was defined as
systolic blood pressure of 2140 mmHg, diastolic blood pressure of =90 mmHg, and/or
current treatment with antihypertensive medication. Body mass index (BMI) was calculated
as weight (kg)/height (m)2. Physical activity was measured by using a detailed, semi-
quantitative questionnaire adapted from the Cross-Cultural Activity Participation Study (31).
Minutes per week of all light, moderate, and vigorous activities were multiplied by their
individual metabolic equivalent (MET) values to compute the total MET min/wk.
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For carotid ultrasonography, images of the right and left common carotid and internal carotid
arteries were captured, including images of the near and far wall, using high-resolution B-
mode ultrasound (Logiq 700 ultrasound machine; General Electric Medical Systems) (32).
The common carotid artery (CCA) IMT was assessed at the 1-cm segment proximal to the
bifurcation) and the internal carotid artery (ICA) IMT was assessed at the carotid bifurcation
and 1 cm distal to the bifurcation. IMT was characterized by the mean of all available
maximum wall thicknesses across both left and right sides. The intra-class correlation
coefficients for intra-reader and inter-reader reproducibility were 0.98 and 0.86, respectively,
for CCA measurements, and 0.99 and 0.94 for ICA measurements. A standardized protocol
with quality control procedures was used and interpretation was done at a centralized
reading station, New England Medical Center, Boston, Massachusetts (32, 33). IMT was
examined as a continuous variable and also dichotomized with “plaque” defined as wall
thickness (CCA and/or ICA IMT) 21.5mm (34).

Total and HDL cholesterol, triglycerides, and glucose levels were measured from blood
samples obtained after a 12-hour fast. We defined diabetes as fasting serum glucose =7.0
mmol/L (126 mg/dL) or pharmacological treatment for diabetes.

Statistical analysis

We examined associations of psychological variables with both CCA and ICA IMTs
independently, as has been the approach in previous MESA analyses (35), because previous
studies have shown that CCA and ICA IMTs may be differentially related to cardiovascular
risk factors and outcomes (36). Analysis of covariance (ANCOVA) was used to examine
differences in mean IMT across categories of demographic and cardiovascular risk factors.
Linear regression analysis was used to investigate associations of psychological variables
with cardiovascular risk factors and carotid artery IMTs. We estimated mean differences in
IMT per one standardized deviation (SD) increase in continuous psychological predictors
and changes in R squared values.

In order to evaluate their impact of psychological factors in having substantially thickened
arteries, we also estimated adjusted odds ratios (OR) and 95% confidence intervals (Cl) of
the presence of carotid plaque per one SD increase in continuous psychological variables
after adjustment for age, gender, and race/ethnicity, and after additional adjustment for
cardiovascular risk factors using logistic regression. Since a CES-D score of 16 or higher is
a well-accepted, standard cutoff for identification of clinically significant depression (30),
CES-D scores were also examined dichotomously (CES-D <16 as referent). Covariates
included age (years), gender, race/ethnicity (assessed based on US Census 2000 questions),
systolic blood pressure (mmHg), use of antihypertensive medication (yes, no), smoking
status (never/former, current smokers), BMI (kg/m?2), diabetes mellitus (yes, no), total/HDL
cholesterol ratio, education (grade 8 or less, grades 9-11, complete high school/GED,
technical school/associate degree/some college, bachelors degree, and graduate/professional
school), and physical activities (MET min/wk). These variables were included because they
may be confounders of the association between psychological variables and IMT thickness
and were included as covariates in previous studies. Diet was not included as covariates in
the present study because a dietary pattern based on variation in food group intake was not
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significantly associated with carotid IMT in MESA (37). We also analyzed these
associations stratified by gender, and ethnicity. All statistical analyses were conducted using
SAS, version 9.1 (SAS Institute, Inc., Cary, NC, USA).

Age- and race/ethnicity-adjusted mean values of carotid artery IMT were higher among men
than among women (Table 1). African Americans had higher carotid IMT than Hispanics
and Chinese but no differences were observed between African Americans and whites (p-
value <0.01 for African Americans versus Hispanics and Chinese, and 0.23 versus whites).
Age was positively associated with gender- and race/ethnicity-adjusted mean values of
carotid IMT (p for trend <0.001). Age-, gender-, and race/ethnicity- adjusted mean values of
carotid IMT were higher among participants with hypertension, high cholesterol levels
(=220mg/dI), diabetes mellitus, current smoking or obesity (BMI =30kg/m?) than among
participants without each of these cardiovascular risk factors.

Table 2 presents age, gender, and race/ethnicity-adjusted means or prevalences of
cardiovascular risk factors according to quartiles of psychological variables. The trait anger,
trait anxiety, and depressive symptoms scores were positively associated with the prevalence
of current smoking and hypertension. The trait anger and depressive symptoms, but not trait
anxiety, scores were positively associated with the prevalence of diabetes mellitus and mean
values of BMI. There were no significant associations of any psychological variables with
total cholesterol levels.

As shown in Table 3, the trait anger score was significantly positively associated with CCA
and ICA IMTs after adjustment for age, gender, and race/ethnicity. Mean differences in IMT
per one SD increase in trait anger were 0.014 (95% CI, 0.003 to 0.025, p=0.01) and 0.054
(95% CI, 0.017 to 0.090, p=0.004), for CCA and ICA IMTs respectively. Addition of trait
anger scores to models including age, gender and race/ethnicity increased the RZ by 0.1%
for both CCA and ICA IMTs. The associations of the trait anger score with thicker IMT was
attenuated after adjustment for covariates, but remained statistically significant for ICA IMT
(p=0.03). The associations were virtually unchanged after further adjustment for depressive
symptoms and anxiety (data not shown). Depressive symptoms and anxiety were not
associated with CCA or ICA IMTSs. Further, adjustment for use of antidepressant
medications (n=424) had no impact on these results. There were no interactions between
anger, anxiety, and depressive symptoms for CCA and ICA IMTs.

Anger scores were also associated with the odds of having carotid plaque: the age, gender,
and race/ethnicity-adjusted OR of having carotid artery plaque (18.7% of the sample had
plaque) per one SD increase in trait anger was 1.27 (95%Cl, 1.06, 1.52). After further
adjustment for cardiovascular risk factors, the association was 1.22 (95%Cl, 1.01, 1.47).
There was no association of depressive symptoms or trait anxiety with carotid artery
plaques. Age, gender, and race/ethnicity-adjusted OR of having carotid artery plaque for
persons with depression (CES-D =16) vs. those without depression (CES-D <16) was 1.08
(95%Cl, 0.88, 1.32).
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Table 4 and 5 present multivariable-adjusted mean differences in CCA and ICA IMTs per
one SD increase in trait anger scores and 95% Cls stratified by gender and race/ethnicity.
Associations of trait anger with CCA and ICA IMTs were stronger in men than women

(Table 4), but tests for heterogeneity by gender were not statistically significant (p>0.10).

Trait anger was positively associated with CCA and ICA IMTs in whites and associations in
a similar direction were observed in Hispanics although they were not statistically
significant. No associations were observed in African Americans or Chinese (Table 5).
There was borderline statistical evidence that associations of trait anger with ICA IMTs
varied by race/ethnicity (P value for heterogeneity by race/ethnicity =0.09). Anger was
positively associated with the presence of plaque in whites but weaker and non-statistically
significant associations were observed in Hispanics and African Americans and no
associations were observed in Chinese (P value for heterogeneity by race/ethnicity =0.05).
There were no significant associations of depressive symptoms and anxiety with CCA and
ICA IMTs in either gender or in any race/ethnicity group (data not shown).

Discussion

Only one of the three measures of psychological distress that we examined was associated
with subclinical atherosclerosis as indexed by carotid artery IMT. In the full sample, trait
anger measured by the STAXI was positively associated with carotid artery IMT.
Associations were present for both ICA and CCA, and were consistent for continuous
versions of wall thickness as well as for the presence of plaque. There was some evidence of
heterogeneity in this relation across population subgroups. Associations of anger with IMT
were stronger in men than in women although this heterogeneity was not statistically
significant. It also varied somewhat across race/ethnic groups with the clearest associations
being present in whites. Weaker and non significant associations were observed in
Hispanics, and African Americans (only for plaque), and no associations of anger with IMT
were present in Chinese. Although an association of psychological factors with incidence of
cardiovascular diseases is well established, the mechanisms underlying this association
remain unclear. Our findings are consistent with the hypothesis that trait anger may be
associated with incidence of cardiovascular diseases at least in part through the development
of carotid atherosclerosis at least in some population subgroups (15). However, there was no
evidence that psychological distress generally is associated with carotid artery IMT since we
found no associations for depressive symptoms or trait anxiety.

Prior work on the relationship between anger and IMT has had mixed results. A cross-
sectional study of 14,098 US men and women showed that trait anger was associated with
carotid IMT in black men, but not whites or black women (14). In contrast, a longitudinal
study of 209 women, predominantly white, reported a positive association between trait
anger and progression of carotid IMT (15). Another cross-sectional study of 200 US men
and women reported a positive association of suppressed anger with carotid IMT, but no
associations were observed for anger-out or trait anger measures (17). In our analyses, trait
anger was associated with carotid IMT thickening in the full sample. Stratified analyses
showed that associations were largely confined to whites although there was a suggestion of
weak associations in African Americans and Hispanics for some measures.
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Specific mechanisms for possible chronic effects of trait anger on carotid artery wall
thickness have not been fully elucidated. In the present study, the trait anger scores were
positively associated with the prevalence of hypertension and diabetes. Anger scores have
been shown to predict later hypertension incidence (38), therefore, it is possible that trait
anger may be associated with progression of carotid artery wall atherosclerosis through the
development of hypertension. Another study also showed that the association between trait
anger and carotid IMT may be mediated via metabolic syndrome (15). Other putative
mechanisms linking anger to the development of atherosclerosis include inappropriate health
behaviors such as smoking and heavy drinking, hypothalamo-pituitary-adrenal (HPA) axis,
sympathetic nervous system activation, or neuroimmune modulation of inflammatory
processes (39-41). The associations that we observed persisted after adjustment for
established cardiovascular risk factors, but these cross-sectional analyses are limited in their
ability to draw conclusions regarding mediating mechanisms.

Several studies have reported that depressive symptoms and anxiety appear to be associated
with carotid artery wall thickness (18, 19, 22). The Pittsburgh Healthy Heart Project of 324
men and women aged 50-70 years and the Cardiovascular Health Study of 3,781 men and
women aged =65 years reported positive associations of depressive symptoms with
progression of carotid IMT (18, 19), but the Cardiovascular Risk in Young Finns (CRYF)
Study of 1,126 young adults and the Baltimore Longitudinal Study of Aging of 556 men and
women aged 20-93 years showed no longitudinal association between depressive symptoms
and carotid IMT in both men and women (20, 21), while a positive association between
depressive symptoms and IMT was observed among men in cross-sectional analyses in the
CRYF Study. The Etude sur le Vieillissiment Artériel (EVA) Study of 726 men and women
aged 59-71 years reported a positive association of sustained anxiety with progression of
carotid IMT in both men and women (22), but the Pittsburgh Healthy Heart Project did not
find the association (18). We found no evidence of associations of depressive symptoms or
anxiety with IMT in the full sample or in any race/ethnic group.

Although in general we found that trends in the association between trait anger and carotid
IMT were similar in most groups, the positive association between trait anger scores and
carotid IMT was stronger in men than in women, and in whites than in other race/ethnic
groups. Although we have no clear explanation for these differences, mean values of carotid
IMT varied widely by gender and race/ethnicity in this study. For example, Chinese
participants in the present study had the lowest carotid IMT and prevalence of cardiovascular
risk factors (23-27), which may affect the ability to detect associations with trait anger. It is
also possible that the presence of other risk factors modulates or overwhelms relatively small
effects of anger in non-white race/ethnic groups. In addition the relevance of a particular
psychosocial factor to health may vary depending on other features of the social context. For
example other psychosocial factors may be more relevant to subclinical atherosclerosis in
African Americans than in other groups (42). However, due to limited data on differential
effects of psychosocial factors across race/ethnic groups, additional data is needed before
firm conclusions about differential effect by race/ethnicity can be drawn.

Although we found a positive association of trait anger scores with carotid IMT, prior
MESA analyses failed to detect an association of psychosocial factors with coronary
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calcification, another measure of subclinical atherosclerosis (23). If differential association
of psychosocial factors with atherosclerosis in different vascular beds is confirmed, further
study of the reasons for these differences could shed light in the causal processes involved.

The strength of the present study is that we analyzed the associations of psychological
factors with carotid artery IMT using population-based data, including various race/ethnic
groups, with a relatively large numbers of participants. Most participants in previous studies
examining the associations of psychological factors with carotid artery IMT were whites and
the studies have varied widely in sample size (ranged from 200 to 3,781) (15-22). Other
important strengths in MESA,, include the state-of-the-art measurement techniques used for
all assessments.

Cross-sectional studies of psychological factors and clinical outcomes may be biased
because of reverse causation, ie that disease status could have adverse psychological
consequences. However, in our analyses all participants were free of clinical cardiovascular
disease. It is unlikely that asymptomatic IMT thickening could have affected psychological
characteristics. Although significant positive associations of trait anger with carotid IMT
were observed in this study, the magnitudes of the effects were small and the addition of
psychological factors had very marginal effects on the variance explained. Therefore, it is
not clear how relevant the observed differences are to overall risk of cardiovascular disease.
However, because the associations of carotid artery wall thickness with incident of
cardiovascular events appear to be approximately liner (8-11), small differences in IMT
could affect risk at a population level. As a point of comparison, the difference in IMT
associated with a one SD increase in trait anger was approximately similar to that observed
for an increase of 3 years in age in our data.

Although we used well-validated questionnaires to measure psychological factors, the use of
single assessment of psychological factors in this study could have resulted in
misclassification of psychological variables biasing our results towards the null. Variations
on the measurement properties of the scales by race/ethnicity and gender could also have
affected our results, although in general measurement properties were acceptable in all
groups; Cronbach’s alphas ranged from a low of 0.72 for depressive symptoms in Chinese
persons and white men to a high of 0.84 for anger in Hispanic men (23). In addition, other
measures of psychological distress may be more relevant than the ones we investigated,
especially in some population subgroups.

In conclusion, our data provides some evidence that trait anger may be associated with
subclinical carotid atherosclerosis, which increases the risk of cardiovascular disease. But
the association was weak and this pattern was only observed in whites and to some extent in
African Americans and Hispanics and was not present on Chinese. No associations were
observed for depressive symptoms or anxiety. Further work is needed to confirm
heterogeneous effects of anger and to better understand how and why other factors linked to
gender or race/ethnicity may modulate these effects.
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Glossary

ANCOVA analysis of covariance

BMI body mass index

BP blood pressure

CCA common carotid artery

CESD the Center for Epidemiologic Studies Depression Scale

ECG electrocardiogram

ICA internal carotid artery

HPA hypothalamo-pituitary-adrenal

IMT intima-media thickness

MESA the Multi-Ethnic Study of Atherosclerosis

MET metabolic equivalent

STAXI the Spielberger Trait Anger and Anxiety Inventory
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Age, gender, race/ethnicity-adjusted means (SD) of common and internal carotid artery IMTs according to
demographic and cardiovascular risk factors, MESA

Characteristics

N Common carotid artery IMT (mm)

Internal carotid artery IMT (mm)

Gender
Women

Men

3,463
3,098

Age-ethnicity adjusted overall P

Race/ethnicity
White
African American
Hispanic

Chinese

2,541
1,790
1,436

794

Age-gender adjusted overall 2

Age
44-49
50-59
60-69
70-

851
1,968
1,996
1,746

Gender-ethnicity adjusted overall P

Hypertension *
Yes
No
P

2,924
3,637

Antihypertensive medication

Yes
No
P
Total cholesterol
>=220 mg/dl
<220 mg/di
P

Diabetes mellitus ™

Yes
No
P
Smoking
Current
Never, former
P
Body mass index

>=30 kg/m?

2,155
4,406

1,416
5,145

900
5,661

861
5,700

2,058

0.85 (0.18)
0.89 (0.20)
<0.001

0.86 (0.20)
0.91 (0.19)
0.86 (0.19)
0.82 (0.17)
<0.001

0.75 (0.15)
0.80 (0.15)
0.89 (0.17)
0.98 (0.21)
<0.001

0.90 (0.21)
0.85 (0.17)
<0.001

0.89 (0.20)
0.86 (0.18)
<0.001

0.89 (0.21)
0.86 (0.17)
<0.001

0.91 (0.20)
0.86 (0.19)
<0.001

0.88 (0.19)
0.87 (0.18)

0.27

0.90 (0.21)

1.01 (0.59)
1.14 (0.63)
<0.001

1.12 (0.63)
1.11 (0.61)
1.05 (0.59)
0.87 (0.47)
<0.001

0.80 (0.27)
0.92 (0.45)
1.10 (0.59)
1.35 (0.76)
<0.001

1.16 (0.70)
1.00 (0.49)
<0.001

1.16 (0.70)
1.03 (0.53)
<0.001

1.12 (0.70)
1.06 (0.49)
<0.001

1.22 (0.69)
1.05 (0.58)
<0.001

1.17 (0.60)
1.06 (0.60)

<0.001

1.13 (0.70)
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Characteristics N Common carotid artery IMT (mm) Internal carotid artery IMT (mm)
<30 kg/m? 4,503 0.86 (0.17) 1.04 (0.49)
P <0.001 <0.001

*
Systolic blood pressure>=140mmHg, diastolic blood pressure>=90mmHg, and/or use of antihypertensive medication.

Ak
Fasting glucose>=126mmg/dL, and/or use of antidiabetic medication.

Psychosom Med. Author manuscript; available in PMC 2016 July 29.

Page 14



Page 15

Ohiraet al.

“UOIRDIPALL J1I3CRIPIUE JO 3sN Jo/pue “p/BuilgzT=<as0on|B Bunseq

*¥

‘uolleaIpaw sAIsuaadAynue 4o asn Jo/pue ‘BHWWE=<aInssaid poojq d1jolselp ‘BHWWQYT=<a1nssaid poo|q 21|0ISAS
*

200 100°0> 680 200 200 zro 100°0> 2000 pual 10f d
'8z 9T 6T 9T Iy T€/52/5€ 9 29 8E9'T  €5-TT 0
£82 vT 56T €1 b TZ/0E/8E Iy 29 S¥9'T 019 o)
€82 r4) €61 €T v 81/L2/zy s 29 90S'T  S€ o)
6.2 1T 6T €1 gy 81/82/0v 5 €9 2T 70 0
uoissaida@
190 000 60 S0 100°0> 100°0> T000>  T000> pual 10f d
'8z ST 6T 1 6 sz/zeley 6¢ 179 8EL'T  LE6T 0
082 vT 6T €1 v Zz/5z/68 b 19 9/€'T  8T-91 o)
78 r4) 96T €T gy zz/8e/68 15 29 9€/'T  ST-€1 o)
£82 r4) €61 1 gy zz/velsE 55 9 00.'T 2101 0
ApIxue Jel)
€00 100°0> IT0 200 1000 100°0> IT0 100°0> pual 10f d
'8z ST 96T ST 8y £2/T2/68 9y 65 0TL'T  Ov—L1 0
£82 vT €61 1 v 0z/9z/2Y Iy 19 €/7T  9T-ST £d
€82 €1 €61 z1 gy 81/82/cY Iy 29 vr9'T  YI-€T o)
082 r4) 56T €1 vy Sz/selze 6 59 126'T 2101 0
Jabue et
p/Bw
‘Xopul % ‘solued
ssewl SIHsUed| WY
Apog 9% ‘Budows Ue1InD  Ip/Bwiw ‘ose oL %, SMIPWSRGRId %' UosWllRdAH  yeoiyyseum % 'UIN mek'eBy U sbues solsiRPERRYD

VSN ‘SajgelLieA [e190soydAsd Jo aj1uenb 01 Bulpiodde 1010 XSLI Je[naseAoIpIed JO saduajenald Jo sueaw paisnlpe-Al101uyia/aoel pue ‘4apusb ‘aby

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Psychosom Med. Author manuscript; available in PMC 2016 July 29.



Page 16

011 SPPO

KEK

'syutod g ‘A1aixue el ‘syutod 7 ‘Jsbue ey ‘syulod g ‘uoissaidap Qs auQ
*¥

*RiAnoe [eaisAyd pue ‘uoiieonpa ‘o1l 10481S310Yd TTH/[BI0) ‘SNij|al SBIBgRIP ‘Xapul ssew Apoq ‘snyeis Bujous ‘uoneaIpaw aAIsusladAynuUe Jo asn ‘ainssaid poojq o1joisAs ‘Aoluye ‘abe Joy parsnipy
*

6¥°0 ¥9°0 d

(10%56)
(90'T '68°0) L6°0 (0T'T'¥6'0) 20'T asealoul gs auo Jod enbejd pnosed o} 4O

160 €50 00 080 d
(¥10°0 970°0-) T00°0- (€00°0 '900°0-) T00'0- (120°0 ‘800°0-) 900°0 (500°0 ‘€00°0-) T00°0 (19 %56) ., 8seatour s 8uo Jad souslayIp Uiy
uoissaida@

090 sL0 d

(10%56)
(bT'T '6.°0) S6°0 (z'1'180) €0'T asealoul as auo Jad snbejd pnosed 1o} 4O

€L0 100 Z€0 900 d
(2v0°0 '€00°0-) 900°0 (1200 'T00°0-) 0TO'0 (€500 '270°0-) 8T0°0 (120°0 '000°0) 0T0O'0 (19 %56) ., aseatour s 8uo Jad souslayIp Ues|y

Apixue Jel)

00 8000 d
(10%56)
rT'70T) 22T (25T'90T) L2°T asealoul gs auo Jod enbeyd pnosed Jo _ HO

£0'0 900 000 100 d
(8200 '¥00°0) T¥0'0 (2200 ‘000°0) TT0°0 (0600 '2T0°0) ¥50°0 (5200 ‘€20°0) ¥10°0 (12 9%56) ., 8seaIoul QS auo Jod 8oUBIHIP UBSIA
Jabue e

(ww) (ww) (ww) (ww)
1IN AJ1Ie ploted [euseiu| 1 N1 AJ1fe p110.Jed uowwo) 1IN AJ1Ie poJed [eusoiu| 1IN AJo1Ie p110.Jed uowwo)

SOIKS1 Y0 YD

Jemsn Ipe-ajqelreAnnin i\ paisnipe-ade . pue ‘lepusb ‘Bby

Ohiraet al.

VS3IN ‘sa109s [ealfojoydaAsd ul aseasoul s auo Jad anbejd proses
J10J S0I1.J SPPO pue S1 A Alslie pI1oJed [eulalul pue UOWWOD Ul Sadualaylp ueaw paisnlpe-sjgelieAn|nw pue paisnlpe-Al1o1uyia/aoe. pue ‘4apusb ‘aby

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Psychosom Med. Author manuscript; available in PMC 2016 July 29.



Page 17

Ohiraet al.

‘onel sppo

EERY

'2109s Jabue 1es Jo suiod ¢ :@s suQ
*¥

"RuAnoe [eaisAyd pue ‘uoileaNpPa ‘olel |0131S310Yd TTH/[BI0} ‘SNH||aW S3IBGRIP ‘Xapul ssew Apoq ‘snieis BuIboLs ‘UoiedIpaw aAIsusladAynue 4o asn ‘ainssaid poojq a1joisAs ‘Aoiuye ‘abe Joy parsnipy
*

¥9'0 670 d
(109%56)
(Tr'7'18°0) L0°T (ev'T '¥80) OT'T asealoul gs auo Jod enbeyd pnosed Joy _ HO
620 o AR 620 d
(9200 '220°0-) 2200 (1200 '600°0~) 9000 (2800 'STO0-) ¥€0°0 (1200 '200°0-) 800°0 (19 %56) ., aSeaLour s 2uo Jad soualayIp Ues|y
UBWOAA
200 €000 d
(10%56)
(GT'S0T) 9€'T (8T 'STT) ¥¥'T asealoul gs auo Jod enbeyd pnosed jo 4O
900 100 8000 100 d
(0TT'0 ‘200°0-) ¥50°0 (200 '100°0-) 9700 (0£T°0 '020°0) 5200 (8800 'v00'0) T20°0 (12 9%S6) ., 8seaIoul QS auo Jad 8oUBIBHIP UBSI
usin
(ww) (ww) (ww) (wuw)
1N AB1Ie p1oed feuselu| 1N A1 p110.fed uowwo) 1IN A1 p1ofed feuelu| 1IN AJ1Ie p110fed uowwo)

SoIKs110E fBYD

_PeEnIpes|qel eAninIN poBN[pe-s0e pue eby

VS3N ‘Jepusb Aq paijinens ‘1sbue ey ul asealoul gs auo Jad anbeid
PI10.JeD 40} SOITR) SPPO Pue S1IAl AJslie PIloJed [eulalul pue UOWLIOD Ul S3dUBIajIP Ueaw , paisnipe-ajgerieAnnw pue paisnipe-Aloiuyla/ades pue aby

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Psychosom Med. Author manuscript; available in PMC 2016 July 29.



Page 18

Ohiraet al.

‘RuAnoe [eaisAyd pue ‘uoieonpa ‘ollel [0481S3]0Yd TTH/[BI0) ‘SNij|aL S8IBqeIp ‘Xapul ssew Apog ‘snyes Buiyows ‘uoieaipaw aAisusiiadAynue Jo asn ‘ainssaid poojq o1j01sAs “uapush ‘abe Joy parsnipy
*

o 980 d
(0S'T '8€°0) 5L'0 (20T '8€°0) 20 sxx (10%656) NDEId POIEY 40} HO
870 90 250 180 d

((fe]
(9500 '02T°0-) £00°0- (€200 '8£0°0-) 200°0~ (8500 'STT'0-) 620°0- (8200 '€£0°0-) £00°0- %46) ., 8Sealoul s 8uo Jad souslayIp Uy

asauIyD
10 8T'0 d

(29T '08°0) ¥T'T (LT '06'0) SZ'T s (109056) 3NDEI PROIED 10} HO
1v'0 6T'0 20 ST'0 d

((fe]
(2600 'S¥0°0-) 9200 (9800 '200°0-) ¥10°0 (20T°0 '¥£0°0-) ¥£0'0 (9800 '900°0-) 5T0O'0 %46) ., 8Sealoul s 8uo Jad soualayIp uesiy

oluedsiH
050 60 d
(L9T'8L°0) ¥T'T (SL7T°06'0) ST sxx (10%56) aNDEI PROIED 10} HO
960 88°0 550 280 d

((fe]
(820°0 ‘720°0-) 200°0 (T20°0 '¥20°0-) 200°0- (£0T°0 ‘2v0'0-) €€0°0 (520°0 020°0-) £00°0 %46) ., 3SeaIoul s 8uo Jad soualayIp sy

UBOLIBWY UBDLIYY

1000 7000 d
(802 'STT) €5T (102 ¥TT) 18T e (10%56) 2NbeId PROIED 10} HO
€000 00 2000 6000 d
((fe]
(0970 ‘€£0°0) 960°0 (8€0°0 '700°0) 0200 (#97°0 ‘9€0°0) 00T'0 (#¥0°0 *900°0) 520°0 %56) ., 85e810UI S BUO J3d B0UBIBYIP UBSIN
aMYM
(ww) (ww) (ww) (ww)
1IN A1Ie pl1oed [euseiu| 1IN | AB1.Ie P110.1ed uowwo) 1IN AJ1Ie proted [eusoiu| 1 N1 AJ1Ie p110.Jed uowwo)

SoIKs110E fBYD

pesnipe-s|qeleAnin iy pexsnipe-Jjepusb pue aby

VSIN ‘Andtuyie/eaes Ag paiyiens ‘sebue Jres
ul asealoul s auo Jad anbejd p1joJed 1oy solyel SPPo pue | | AJsLe pIoJed Ul Saoualajip ueslw  pajshipe-sjgelieAlnw pue pajsnipe-ispush pue aby

G 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Psychosom Med. Author manuscript; available in PMC 2016 July 29.



Page 19

Ohiraet al.

"(12%56) aseasoul gs auo Jad anbejd p1joJed 1oy oel sppoO
*

X

'8102s Jabue ey Jo sjulod ¥ :gs auQ
x

X

Author Manuscript

X

Author Manuscript

Author Manuscript

Author Manuscript

Psychosom Med. Author manuscript; available in PMC 2016 July 29.



	Abstract
	Methods
	Study Population
	Baseline Measurements
	Statistical analysis

	Results
	Discussion
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

