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Abstract

Leukocyte telomere length (LTL) may be sensitive to psychosocial stressors such as
discrimination. An inclusive examination of experiences of discrimination on LTL across racial/
ethnic and sex groups is currently lacking. Baseline data were obtained from 369 White and
African American patients with coronary artery disease (CAD) in the Mental Stress Ischemia

Address for Correspondence: Dr. Tené T. Lewis, PhD, Emory University, Department of Epidemiology, Rollins School of Public
Health, 1518 Clifton Rd NE, Room 3027, Atlanta, GA 30322. Phone: 404-727-6706; Fax: 404-727-8737;, tene.t.lewis@emory.edu.
CONTIBUTORS

VV, AQ, JDB, AS, and TTL participated in the overall study aims, study design, and analytic methods for the Mental Stress Ischemia
Mechanisms and Prognosis Study. SS developed the paper concept, drafted the manuscript, and conducted the statistical analysis. MH,
IA, AS, YS, EB, JZ, and JL were involved in the data acquisition, collection, preparation, analysis, and storage of the data. LW and
MK participated in data management and contributed to the analysis. All authors critically read, revised, and approved the final
manuscript.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sullivan et al. Page 2

Mechanisms and Prognosis Study. LTL was measured from peripheral blood leukocytes by
quantitative polymerase chain reaction and calculated in kilobase pairs. Discrimination was
measured using the 10-item Everyday Discrimination Scale (EDS). Responses were rated using 4-
point Likert scales ranging from never =1 to often = 4 and summed. Regression models were
stratified by race/ethnicity and sex to estimate associations between discrimination and LTL. Each
10-unit increase in experiences of everyday discrimination was associated with an average of .20
fewer kilobase pairs (or 200 base pairs) among both African American women (B = -0.19; 95%
Cl: -0. 35, -0.04; p-value: 0.02) and White women (B = -0.19; 95% CI: -0.37, —0.01; p-value:
0.04), after adjusting for basic demographic factors. Results were similar after further adjusting for
behavioral, disease, and psychosocial risk factors (depression and stress). There were no
significant associations between experiences of everyday discrimination and LTL for White men
or African American men. Overall, experiences of discrimination were associated with shorter
LTL among women and not in men. Discrimination may be a potential source of stress associated
with shorter LTL among women with CAD. Future studies should explore longitudinal
associations between everyday experiences of discrimination and telomere length and also with
adverse cardiovascular outcomes.

Keywords
Leukocyte telomere length; discrimination; psychosocial stressors; women

1. INTRODUCTION

Research suggests that psychosocial stress is associated with earlier onset of age-related
diseases (O’Donovan et al., 2012). Telomere length, a biomarker of aging at the cellular
level may illuminate potential mechanisms between stress and pathogenesis of disease
(O’Donovan et al., 2012; Sanders and Newman, 2013). Telomeres, which are protective caps
at the end of chromosomes composed of repeated nucleotides or base pairs of DNA, have a
central role in genomic stability and chromosomal structural integrity (Blackburn, 2000,
2001). Telomere shortening is a biologically natural phenomenon that occurs over time and
across the lifespan, eventually stripping the chromosome of its protective armor.
Subsequently, cells become functionally impaired and are unable to proliferate, which leads
to cellular senescence or cell death (Blackburn, 2000, 2001).

However, chronological age accounts for less than 10% of the variance in human telomere
length (Blackburn et al., 2015). While genetic factors can influence telomere length,
environmental and psychosocial determinants can also play a role. Many studies have found
that greater exposure to psychosocial stressors are associated with shorter telomere length
including life stress (Epel et al., 2004), low social support (Carroll et al., 2013), low
socioeconomic status (Adler et al., 2013; Needham et al., 2013), and adverse, or stressful
neighborhood environments (Gebreab et al., 2016). Although the majority of research in this
area has focused on adults, associations between psychosocial stressors and shorter telomere
length have also been observed among children (Theall et al., 2013). Similar results have
also been confirmed in recent meta-analyses in adults and children (Hanssen et al., 2017;
Mathur et al., 2016; Pepper et al., 2018; Schutte and Malouff, 2016).
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One important, yet relatively understudied source of stress-related cellular aging is everyday
discrimination, or interpersonal mistreatment. To date, only a few studies have examined the
association between discrimination and telomere length (Chae et al., 2016; Chae et al., 2014;
Liu and Kawachi, 2017) and while some significant associations were found, all of these
studies focused on racial/ethnic discrimination alone. Research suggests; however, that
experiences of discrimination may transcend experiences of mistreatment due to race/
ethnicity and may include occurrences of unfair treatment related to age, sex, physical
disability, or other characteristics. Further, none of the aforementioned studies explicitly
examined experiences of discrimination and telomere length stratified or moderated by sex,
failing to consider whether the effect of discrimination on LTL differs for women and men.
Thus, an inclusive examination of experiences of discrimination on LTL across racial/ethnic
and sex groups is currently lacking.

This study was designed to investigate whether experiences of everyday discrimination are
associated with shorter LTL across race/ethnicity and sex among African-American and
White men and women with coronary artery disease (CAD). LTL may have particular
relevance for this group, as CAD is an age-related disease and shorter LTL has been
associated with reduced vascular regenerative capacity and repair and a range of adverse
outcomes (e.g., stroke, myocardial infarction, mortality) in this population (Hammadah et
al., 2017a).

In the current analysis, we hypothesized that experiences of everyday discrimination would
be associated with shorter telomere length among women, and African American women in
particular. Research suggests that women may be more physiologically vulnerable to
psychosocial stressors (Vaccarino and Bremner, 2017), particularly those of an interpersonal
nature, compared to men (Stroud et al., 2002). We expected stronger associations among
African American women because research suggests that African American women may
experience greater frequency, duration, and intensity of psychosocial stressors (Geronimus et
al., 2010) and are more likely to experience everyday discrimination on the basis of multiple
subordinate identities (Lewis et al., 2015; Lewis and Van Dyke, 2018). Also, there is
evidence that African American women are more likely than their white or male
counterparts to be discriminated against in medical encounters (Schulman et al., 1999; Shaw
et al., 2008), which may be especially relevant for our study population of patients with
coronary artery disease.

In addition to exploring the main association between experience of everyday discrimination
and telomere length, we further wanted to investigate whether the possible relationship was
independent or explained by other dimensions of stressors including perceived stress and
depression. Not only has prior research recommended controlling for other dimensions of
stressors in discrimination research on health outcomes (Albert and Williams, 2011),
perceived stress and depression have also been associated with shorter telomere length in
previous studies and in recent meta-analyses (Epel et al., 2004; Lin et al., 2016; Mathur et
al., 2016).
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2. MATERIALS AND METHODS
2.1 Study Design

The Mental Stress Ischemia Mechanisms and Prognosis Study (MIPS) is a prospective
cohort study designed to investigate mechanisms and prognosis of mental stress-induced
ischemia among patients with stable coronary artery disease (CAD). Patients were recruited
from Emory University-affiliated hospitals and clinics and were eligible for the study if they
were between 30-79 years of age and had documented CAD, including any of the following:
1) abnormal coronary angiography or intravascular ultrasound demonstrating atherosclerosis
with at least luminal irregularities, 2) previous percutaneous or surgical coronary
revascularization, 3) documented myocardial infarction (MI), or 4) positive exercise or
pharmacological nuclear stress test or electrocardiographic exercise stress test (Hammadah
et al., 2017b). Patients were excluded from participating in the study if they were either
pregnant; were hospitalized in the previous week for unstable angina, decompensated heart
failure, or myocardial infarction; had severe psychiatric conditions such as schizophrenia; a
history of alcohol or substance abuse; active malignancy or end stage renal disease; or other
severe medical problems expected to shorten life expectancy to less than 45 years.

Between June 2011 and August 2014, 695 patients were enrolled in MIPS. During the
baseline visits, patients underwent clinical evaluations including mental and physical stress
testing and questionnaire assessments such as the Beck Depression Inventory and the
Perceived Stress Scale. Blood samples for telomere length were collected during the
baseline clinic visits. The Institutional Review Board at Emory University approved the
MIPS protocol. Written informed consent was obtained from all patients. More detailed
information on the MIPS objectives and study design has been described elsewhere
(Hammadah et al., 2017b).

2.2 Participants

Analyses were restricted to patients who indicated that their race/ethnicity was either Non-
Hispanic White or African American (n=645). Of these, 199 were missing information on
everyday discrimination as the Everyday Discrimination Scale was added after the start of
the study, and 76 participants did not have telomere assays because of technical difficulties
in sample drawing or processing, or because the patient refused. Further, we removed
observations with missing covariates of interest including income (n=15), education (n=4),
and smoking history (n=2). Thus, there were 369 patients in the final analytic dataset.
Participants included in the analytic dataset were not significantly different than participants
who were excluded due to missing observations across demographic characteristics with the
exception of age (Supplemental Table 1). Specifically, included participants were slightly
younger than those with missing data (mean: 62.2; SD: 9.3 vs. 63.9; SD: 9.8; p-value: 0.01).

2.3 Measurements

2.3.1 Telomere Length—Leukocyte telomere length (LTL) was measured from
peripheral blood leukocytes collected during the baseline examination. All LTL assays were
performed by Dr. Blackburn’s laboratory at the University of California, San Francisco
using methods by Cawthon (2009) and Lin et al. (2010). LTL was measured as the ratio of
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telomeric product/single copy gene (T/S) by quantitative PCR analyses using a serially
diluted standard DNA and the standard curve method. Reference DNA (pooled samples of
leukocyte genomic DNA from 100 female donors) was included in each PCR run so that the
quantity of targeted templates in each research sample could be determined relative to the
reference DNA sample by the standard curve method. In each batch (8 plates in total), the
T/S ratio of each control DNA were divided by the average T/S for the same DNA from 10
runs to get a normalizing factor. The average normalizing factor for all 8 plates were used to
correct the participant DNA samples to get the final T/S ratio. The T/S ratio for each sample
was measured twice. When the duplicate T/S value and the initial value varied by more than
7%, the sample was run a third time and the two closest values were reported. The T/S ratios
represent the average length of telomeres. We then converted the T/S ratios to kilobase pairs
using the following equation: kilobase pairs = [3274 + 2413 * (T/S)]/1000. More detailed
information on the LTL measurement in MIPS has been described previously (Hammadah et
al., 2017a).

2.3.2 Experiences of Everyday Discrimination—Discrimination was measured
using the 10-item Everyday Discrimination Scale (EDS). The EDS was adapted from the
original 9-item scale developed for use in the Detroit Area Study (Williams et al., 1997).
Occurrences of unfair treatment during the previous 12 months were assessed without
reference to race/ethnicity, age, sex, or other demographic characteristics. Specifically,
participants were asked how often during their day-to-day experiences: 1) They were treated
with less courtesy than other people; 2) They were treated with less respect than other
people; 3) They received poorer service than other people at restaurants or stores; 4) People
acted as if they were not smart; 5) People acted as if they were afraid of them; 6) People
acted as if they were dishonest; 7) People acted as if they were better than them; 8) They
were called names or insulted; 9) They were threatened or harassed; and 10) People ignored
them, or acted as if they were not there. Responses were rated using 4-point Likert scales
ranging from never (1) to often (4) which were summed and ranged from O to 40 on an
ordinal scale. The Cronbach a for the EDS in the MIPS study was 0.90.

2.3.3 Covariates—Demographic information was obtained using standardized
questionnaires. Previous medical history (diabetes, hypertension, previous MI) were
obtained by study nurses or physicians through medical history, clinical examinations and by
reviewing medical records. Demographics included race/ethnicity (Non-Hispanic White or
African American), sex, educational attainment, income, and marital status. Educational
attainment was assessed as highest year of education (grade school, some high school, high
school or GED, some college, bachelor’s degree, master’s, degree, or other) and recoded as
either high school or less or greater than high school. Income was dichotomized as whether
family income was < $20,000 or = $20,000. Marital status included 1) married, partnered
living as married; or 2) single, separated, divorced, or widowed. Participants’ height and
weight were objectively measured during the clinic visit and used to calculate body mass
index (BMI, kg/m?).

Depressive symptomology was assessed using the Beck Depression Inventory Second
Edition (BDI-I1) (Beck AT et al., 1996). The BDI-II includes 21 questions which asks
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participants to rate their feelings, cognitions, and physical symptoms (e.g., sadness,
pessimism, guilt, fatigue) during the past two weeks. Each item contains a 4-point Likert
scale to indicate the severity of each feeling, from 0 (not at all) to 3 (extreme form of each
symptom) (Beck AT et al., 1996). Responses across the items were summed so that higher
scores indicated greater symptoms of depression.

Perceived stress was measured using the Cohen’s Perceived Stress Scale (PSS) (Cohen et al.,
1983). Participants were asked to rate their feelings about situations and experiences during
the past month across 10 items using 5-point Likert scale ranging from Never (0) to Very
Often (4) (e.g., nervous and stressed, confident about handling personal problems, not able
cope with things, angered because of things outside of control). Positively stated items were
reverse coded, and items were summed so that higher scores indicated greater perceptions of
stress.

2.4 Statistical Analysis

Descriptive statistics were calculated for the MIPS sample by race/ethnicity and sex. Group
differences were tested using chi-squared tests for categorical variables and analysis of
variance (ANOVA) for continuous variables. Additionally, because we were interested in
determing whether associations were stronger among women and especially African
American women, we also ran race and sex stratified models. Using linear regression
models, we tested for differences in slopes across sex and race for discrimination on
telomere length by including interaction terms of discrimination-by-sex, and discrimination-
by-race, race-by-sex, and discrimination-by-sex-by-race. Adjusted models further included
covariates that were considered a priori. Model 1 was adjusted for age. Model 2 was further
adjusted for income, education and marital status. Model 3 further included cardiovascular
risk factors and medical history, including smoking, BMI, diabetes, hypertension, and
previous MI. Model 4 added additional adjustments for psychosocial factors (depression and
perceived stress) as potential mediators. The significance level for main effects was set at p <
0.05 while the statistical significance of interaction effects was set at p < 0.10. Also, to
minimize any potential batch effect in telomere length, we deemed important to include
telomere plate as a random effect in our models to account for any correlation of values
related to how the samples were run or prepared in the laboratory. Thus, we further included
plate effect as a random intercept across all models. All statistical analyses were conducted
using SAS version 9.4 (SAS Institute, Cary, North Carolina, USA).

3. RESULTS

Table 1 presents descriptive characteristics of the analytic sample by race/ethnicity and sex.
Of the 369 participants, 13.5% were White women, 54.7% were White men, 11.7% were
African American women, and 20.1% were African American men (Table 1). African
American race and female sex was significantly associated with younger age, lower income,
marital status of single/widowed/or divorced, diabetes, and hypertension. African American
race and male sex was associated with sigificiantly higher discrimination scores and younger
age. There were also significant differences across sex within race worth noting such that
White women were significantly associated with higher discrimination scores, lower
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income, history of smoking, and with higher depressive and stress scores compared to White
men. Bivariate correlations of LTL with discrimination, demographic, clinical, and
psychosocial covariates are described in Table 2.

In a multivariable model including discrimination, race, sex, their interaction terms, there
was a steeper and negative slope for discrimination on telomere length for White and
African American women compared to White and African American men (Figure 1) and the
interaction term of discrimination-by-sex was p = 0.07 (Supplemental Table 2). However,
after adjusting for age and in subsequent models, there was no significant difference in the
effect of discrimination on LTL between women and men.

In linear regression analyses stratified by sex and race/ethnicity (Table 3) and after adjusting
for age alone, each 10-unit increase in experiences of everyday discrimination were
significantly associated with shorter LTL among African American women (f =-0.17; 95%
Cl: -0. 33, -0.04; p-value: 0.03). After further adjusting for basic demographic factors
including income, education, and marital status (model 2), experiences of everyday
discrimination were significantly associated with shorter LTL among both African American
women (B = -0.19; 95% CI: -0. 35, —0.04; p-value: 0.02) and White women (B = -0. 19;
95% CI: -0.37, —0.01; p-value: 0.04). Specifically, greater experiences of discrimination
were associated with an average of .20 fewer kilobase pairs (or 200 base pairs) in both
groups. Results were similar for both African American women and White women after
further adjusting for behavioral and disease risk factors in model 3, and also after adjusting
for psychosocial factors in model 4. There were no significant associations between
discrimination and LTL in either White or African American men in any of the regression
models and effect estimates were close to the null. Alternatively, a one standard deviation
increase in discrimination score for each race sex group on LTL {(p for LTL/10) * SD of
discrimination score}, would change LTL by —0.09 kilobase pairs (90 base pairs) for White
Women, —10 kilobase pairs (100 base pairs) for American American women, —03 kilobase
pairs (30 base pairs) for White men, and —0.07 kilobase pairs (70 base pairs) among African
American men.

4. DISCUSSION

Although we hypothesized that associations would be most pronounced for African
American women, we found that reports of everyday discrimination were significantly
associated with fewer LTL among both African American and White women, but not among
men in stratified models after adjusting for basic demographic factors. Results were similar
after further adjusting for lifestyle/disease factors and psychosocial factors. Similar to prior
studies of healthy populations (Brown et al., 2016; Fitzpatrick et al., 2011; Hunt et al.,
2008), in our sample of CAD patients, African American women had longer mean LTL
compared to African American men, White women and White men. Nonetheless, the
association between discrimination and LTL was significant for African American and
White women, and remained statistically significant after adjusting for lifestyle and disease
risk factors as well as possible alternative psychosocial and mediating pathways, including
depression and stress. Across stratified regression models, there were no significant
associations between discrimination and LTL for either White or African American men.
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Our findings suggest that there may be stronger associations between everyday
discrimination and telomere length for women than for men with CAD, irrespective of
racial/ethnic background. Although these findings are preliminary and should be considered
exploratory given the limited number of women in our sample, it is possible that there are
sex-specific differences in the mechanisms through which psychosocial stressors, such as
discrimination, affect physiological processes. Research suggests that women are more
vulnerable to psychosocial stress, having greater activation of stress processes (Bangasser
and Valentino, 2012; Hallman et al., 2001) and thereby biological effects that may be
detrimental to cardiovascular health, especially women with CAD (Vaccarino and Bremner,
2017). There are also known sex differences in psychological responses to stress. For
example, research suggests that irrespective of race, women ruminate about stressors more
than men (Nolen-Hoeksema, 2012; Shull et al., 2016) and this may be particularly true for
stressors that are interpersonal in nature, such as discrimination. Rumination, in turn, has
been known to impact physiological pathways that ultimately influence disease (Gerin et al.,
2012; Gianferante et al., 2014; Johnson et al., 2012). Additional research on the
physiological and psychological pathways linking discrimination to telomere length is
needed.

The fact that our results were statistically significant in African American women but were
not observed among African American men in stratified models is consistent with prior
research. Across indicators, studies have observed more pronounced discrimination and
health associations among African American women compared to African American men
for a range of outcomes including CRP (Cunningham et al., 2012), kidney function
(Beydoun et al., 2017), psychological distress (Banks et al., 2006), hypertension (Roberts et
al., 2008), and health-related quality-of-life (Coley et al., 2017). Some studies suggest that
this may be due to African American women having different experiences of, reactions to,
and/or coping differently with experiences of discrimination compared to African American
men (Coley et al., 2017; Cunningham et al., 2012). African American women also
experience combined effects of discrimination as they occupy more than one social
disadvantage status on the basis of race and on the basis of sex (intersectionalities) (Lewis et
al., 2015; Lewis and Van Dyke, 2018). At least one other study has found that multiple types
of discrimination combine, or intersect, to affect health among individuals with multiple
subordinate social identities (Grollman, 2014). Our results are also similar to findings by
Chae et al. (2016; 2014), who did not find a significant main effect between racial
discrimination and LTL among African American men.

In our study, there are several limitations worth noting. First, we only measured
discrimination at the individual-level. Institutional-level discrimination might also adversely
affect the health of women and African Americans by creating disadvantage through
systemic policies and practices, services, opportunities, and social norms that restrict equal
opportunities in employment and education (socioeconomic), residential segregation and
selection, and also in health care access and treatment (Williams, 1999). By limiting our
investigation to an individual-level measure of discrimination alone, we may have
underestimated the association between discrimination and telomere length, particularly
among African American men and women. This is a topic worthy of exploration in future
research. Second, although MIPS is a prospective cohort study, telomere length was only
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collected during the baseline examination, limiting a longitudinal examination of
associations between discrimination and telomere length. Since our data are cross-sectional,
we are constrained from assumptions of temporality and causality. Also, we had a relatively
small sample size of women across race/sex subgroups which may have limited the power
for some analyses and statistical power to detect significant interactions, especially the 3-
way interaction between discrimination, race, and sex. However, we were able to show some
significant associations between discrimination and leukocyte telomere length in our race
and sex stratified analyses despite our small sample of women. We believe this offers
support for studying and presenting these results although they should be interpreted with
some caution given our small sample of women. Ideally these preliminary findings will
provide a foundation for other studies to investigate not only racial differences in the
association between discrimination and leukocyte telomere length, but also examine
differences by sex. Finally, since we studied a sample of patients with CAD, whether these
associations can be generalizable to healthy populations is unknown, but serves as rationale
for further exploration.

Nonetheless, there are several strengths of our study. To our knowledge, no previous study
has investigated the association between experiences of discrimination and LTL in CAD
patient samples across sex and racial/ethnic groups. Previous studies on discrimination and
LTL have limited their investigations by race/ethnicity and focusing on racial discrimination,
leaving an important gap in this sphere of research on whether the effect of discrimination
on LTL differs for women and men, and unfair treatment related to characteristics other than
race. Importantly, by stratifying our analyses by race/ethnicity and sex, and including an
inclusive examination of discrimination, we bring to light associations among women that
have been previously obscured. This study furthers the growing literature linking
discrimination with adverse physiological associations, particularly among women.

4.1 Conclusion

In a cohort of African American and White CAD patients, experiences of discrimination
were associated with shorter LTL among women and not in men. Future studies with with
larger sample sizes and prospective designs are warranted to determine whether
discrimination-linked telomere shortening is a potential mechanism of sex-specific
disparities in cardiovascular outcomes. Future studies should explore these associations and
broaden the investigation to other race/ethnic groups. These findings, albeit preliminary,
raise important questions and bring attention to possible sex-specific differences in stress
physiology that require further exploration, particularly given the relatively poor long-term
outcomes for young women with CAD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

. Discrimination is an understudied source of stress-related cellular aging.

. Investigations across racial/ethnic and sex groups is currently lacking.

. Discrimination was associated with shorter LTL among women and not in
men.

. Women may be more vulnerable to psychosocial stressors such as
discrimination.

. Sex-specific differences in stress physiology deserves further exploration.
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Figure 1. Regression Slopes and 95% Confidence Intervals for Discrimination across Sex and
Race on Telomere Length (kilobase pairs).

Linear regression models were used to test for differences in slopes across sex and race for
discrimination on telomere length by including interaction terms of discrimination-by-sex,
discrimination-by-race, race-by-sex, and discrimination-by-sex-by-race. The interaction
term of discrimination-by-sex was p = 0.07.
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Table 3.

Adjusted Estimates for Experiences of Everyday Discrimination (per 10-unit increase) on Leukocyte Telomere
Length (N=369) in the Mental Stress Ischemia Prognosis Study (MIPS) by Race/Ethnicity and Sex.

White Men
B (95% CI)

African American Men

B (95% CI)

White Women
B (95% CI)

African American Women
B (95% CI)

Model 1

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Discrimination

Age

Model 2

Discrimination

Age

Income < $20,000
Education HS or Less

Single/Sep/Div/Wid

Model 3

Discrimination

Age

Income < $20,000
Education HS or Less
Single/Sep/Div/Wid
Smoking History
Diabetes
Hypertension

Previous Ml
BMI

Model 4

Discrimination

Age

Income < $20,000
Education HS or Less
Single/Sep/Div/Wid
Smoking History

Diabetes
Hypertension

Previous Ml

BMI
BDI

PSS

-0.16 (~0.35, 0.03)

-0.01 (~0.01, 0.004)

-0.19 (-0.37, -0.01) *
-0.003 (~0.01, 0.01)

0.27 (0.05, 0.50) *
-0.02 (-0.20, 0.15)
-0.09 (-0.25, 0.07)

-0.19 (-0.39, 0.01)
-0.004 (~0.01, 0.006)

0.28 (0.02, 0.53) *
-0.02 (-0.20, 0.17)
-0.09 (-0.28, 0.09)
-0.03 (~0.19, 0.13)
-0.03 (-0.22, 0.16)
-0.05 (-0.24, 0.14)

-0.04 (-0.23, 0.15)
0.001 (-0.01, 0.02)

-0.21 (-0.39, —0.02) *

-0.002 (-0.01, 0.01)

0.27 (0.04, 0.50) "
-0.06 (-0.23, 0.12)
~0.09 (-0.26, 0.08)
0.004 (-0.14, 0.15)
0.02 (-0.15,0.19)

-0.06 (-0.23, 0.10)
-0.01 (-0.18, 0.16)
0.003 (-0.01, 0.02)
0.02 (0.01,0.03)*

-0.01 (-0.02, —0.003) *

*

-0.17 (-0.33, —0.01)
-0.02 (-0.03, -0.01)7

*

~0.19 (-0.35, -0.04)
-0.02 (-0.03, -0.01)
0.13 (~0.04, 0.30)
0.04 (~0.13, 0.20)
-0.05 (-0.23, 0.13)

-0.20 (-0.34, —0.06) *
-0.01 (-0.02, -0.01) "
0.08 (-0.08, 0.24)
0.08 (-0.08, 0.23)
-0.08 (-0.25, 0.10)
0.11 (~0.04, 0.25)
-0.10 (-0.25, 0.05)
-0.49 (-0.82, -0.16) *

0.07 (-0.07, 0.21)
0.01 (~0.004, 0.02)

*

-0.20 (-0.35, —0.04)
-0.01 (-0.02, —0.01) *
0.08 (-0.08, 0.24)
0.08 (-0.08, 0.24)
-0.08 (-0.25, 0.10)

0.11 (-0.04, 0.25)
-0.10 (~0.26, 0.06)

-0.49 (-0.83, -0.15) *
0.07 (-0.07, 0.21)
0.01 (-0.01, 0.02)

-0.0004 (-0.01, 0.01)

0.0003 (-0.01, 0.01)

-0.08 (-0.21, 0.04)

001 (~0.02, 0.01)"

-0.07 (-0.19, 0.06)

-0.01 (~0.02, 0.01)"
-0.06 (~0.24, 0.12)

-0.11 (-0.22, -0.002) *
~0.06 (-0.17, 0.06)

-0.08 (0.20, 0.04)

0,01 (-0.02, -0.01)
-0.05 (-0.22, 0.13)
~0.09 (~0.20, 0.01)
~0.05 (-0.16, 0.06)

-0.10 (-0.19, -0.01) "
~0.01 (~0.11, 0.09)
-0.02 (~0.12, 0.07)

-0.09 (~0.18, 0.003)
0.0005 (-0.01, 0.01)

-0.08 (-0.21, 0.05)

-0.01 (~0.02, -0.01)
-0.05 (-0.22, 0.13)
-0.09 (-0.20, 0.01)
~0.05 (~0.16, 0.06)

-0.10 (-0.19, -0.01)
-0.01 (-0.11, 0.09)
-0.02 (-0.12, 0.07)
-0.09 (-0.18, 0.003)
0.001 (~0.01, 0.01)
-0.001 (-0.01, 0.01)

0.001 (-0.01, 0.01)

-0.02 (-0.14, 0.11)

-0.01 (-0.02, —0.0004) *

-0.04 (-0.17, 0.08)

-0.01 (<0.02, -0.002) *
0.16 (~0.04, 0.36)

-0.21 (-0.36, -0.06) *
-0.05 (-0.22, 0.11)

-0.08 (-0.21, 0.05)

-0.02 (-0.03, —0.004) *
0.15 (~0.05, 0.36)
-0.22 (-0.38,-0.06) *
-0.05 (-0.22, 0.11)
-0.03 (-0.21, 0.14)
0.03 (~0.14, 0.19)
0.05 (~0.29, 0.40)

-0.12 (-0.29, 0.05)
-0.008 (-0.02, 0.01)

-0.11 (<0.25, 0.04)

-0.01 (-0.03, -0.003) *
0.15 (~0.05, 0.36)
-0.23 (~0.39, -0.06)
-0.03 (~0.20, 0.14)

-0.02 (-0.19, 0.15)
0.02 (-0.14, 0.19)
0.03 (-0.32, 0.38)
-0.11 (-0.28, 0.05)
~0.01 (~0.03, 0.01)
-0.003 (-0.01, 0.01)

0.01 (-0.01, 0.02)
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Abbreviations: BDI: Beck depression inventory; BMI: Body mass index; Cl: Confidence interval; MIPS: Mental stress ischemia mechanisms and
prognosis study; PSS: Cohen’s perceived stress scale.

*
p<0.05

7p<0.0001
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