ABSTRACT

Title of dissertation: SOCIAL DETERMINANTS OF
CARDIOVASCULAR DISEASE ACROSS
THE LIFE COURSE

Amanda E. Ng, MPH
Doctor of Philosophy, 2024

Dissertation directed by: Dr. Typhanye Dyer
Associate Professor
Department of Epidemiology and Biostatistics

University of Maryland, College Park

According to data from the National Center for Health Statistics, cardiovascular disease is one of the
leading causes of death in the United States, contributing to about 697,000 (or 1 in 5) deaths in 2020 alone.'
Given the public health burden of this disease, it is imperative that research identifies and continues to
investigate population factors that may contribute to or alleviate this burden in the United States. The proposed
study aimed to analyze such factors across the life course. Study 1 examined associations between an expanded
set of Adverse Childhood Experiences (ACEs) and childhood obesity among 10-17 year olds using the
National Survey of Children’s Health, as well as sex and age differences within these associations. Study 2
investigated high optimism as a modifier and mediator of the association between childhood socioeconomic
disadvantage and CVD in midlife, using the Midlife in the United States Study, a U.S. prospective cohort.
Study 3 examined temporal trends in the associations between adult socioeconomic status and CVD mortality

using nationally-representative data from the 1997-2018 National Health Interview Survey.



SOCIAL DETERMINANTS OF CARDIOVASCULAR DISEASE ACROSS THE LIFE COURSE

by

Amanda E. Ng, MPH

Dissertation submitted to the Graduate School of the
University of Maryland, College Park in partial fulfillment
of the requirements for the degree of
Doctor of Philosophy
2024

Advisory committee:
Associate Professor, Dr. Typhanye Dyer, Chair
Dean’s Representative, Professor, Dr. Natasha Cabrera
Associate Professor, Dr. Xin He
Associate Professor, Dr. Quynh Nguyen
Assistant Professor (George Mason University), Dr. Rodman Turpin

Assistant Professor (Harvard T.H. Chan School of Public Health), Dr. Natalie Slopen



© Copyright by

Amanda E. Ng

2024



Acknowledgements
First, I would like to thank my parents, who instilled in me a love of learning and curiosity that led me to my
current path, and whose constant support has continued to motivate me through many years of schooling. I
thank my brother Matthew, who is always willing to lend an ear when things are stressful and continues to tell
people I study “kids I think?”” when they ask. I am grateful for my partner, Vivek, who supported me
completely when I was only a floundering college student unsure of what I wanted to do in life, and provided
many hot drinks and snacks when I was running regressions late at night for this dissertation.

I would like to acknowledge my gratitude and appreciation for both my training programs, Stony Brook
Program in Public Health where I received my MPH and the UMD Department of Epidemiology; without
these programs I would not have received the training necessary for this dissertation or for my current role at
the National Center for Health Statistics. I especially thank my advisor Dr. Typhanye Dyer, for her
professional and emotional support over the last four years, and without whom I would not be at this stage.

I also thank my dissertation committee, who have guided me both professionally and personally throughout my
time at UMD: Dr. Xin He, who is responsible for my understanding of longitudinal analysis, Dr. Quynh
Nguyen, who solidified my understanding of survey data, let me learn from her research group in my first year,
and assisted me in obtaining my first fellowship at NCHS, Dr. Natalie Slopen, who was my first advisor at
UMD and taught me to think carefully and thoughtfully about public health research, Dr. Rodman Turpin, who
co-authored my first first-author paper and graciously taught me about mediation analysis, and Dr. Natasha
Cabrera, whose class influenced my interests in socioeconomic disadvantage and variable measurement.

Over my time in research, I have been lucky to have many mentors. I am indebted to Dr. Kristin Bernard, who
sparked my love for research and gave me my first research assistantship when I was just an undergraduate
student, and Dr. Andrew Flescher, who showed me a love for the arts and sciences could exist; he encouraged
me to apply to MPH programs while taking his English course on George Bernard Shaw. Thank you to Dr.
Dylan Smith, who is responsible for a good chunk of my SAS knowledge, and whose sample code from class I
referenced while running analyses for this dissertation! I am grateful for Dr. Héctor Alcala, who has most
influenced my approach to ACEs research and never shied away from showing me the positives and negatives
of academic life.

I would also like to thank Dr. Claudia Trudel-Fitzgerald, whose mentorship has encouraged my interests in
psychological factors on health, and taught me to think deeply about my research. I would also like to
acknowledge my mentors at NCHS, particularly Dr. Aaron Maitland, Dr. Stephen Blumberg, Dr. Benjamin
Zablotsky, and Lindsey Black, who gave me my first opportunities working with the National Health Interview
Survey, fielded many questions on the NHIS while I worked on this dissertation, and continue to help me grow
on a daily basis.

Last but not least, I would like to mention the strong support network that I have relied on during my PhD
journey: Jennifer Robinson, Hyeonjin Song, Nicole Sieck, Nicholas Tkach, Joshua Farr, Jacqueline Doyle,
Masooma Kazmi, and Emily Kofsky. Some of you have been with me since the beginning, but all of you
encourage, motivate, and inspire me to be a better researcher and person.



Table of Contents

ACKNOWICAZEIMENLS. ......vieiieiieiieieeit ettt ettt et et et e bt e bt e st e st e seese e st esaanseensaeseenssenseensaenssesssesseesssanssenssennes ii

LISt OF FIGUIES ..t eiiieie ettt ettt ettt et et e et e et e et e e ate e eteesteesbeeatesnaesebeesaeenbesaseesbesabessaesssessaesssesssesnsesssenssenses vi

LSt OF TADIES 1.ttt b bttt e b e bt et b e s bt bt et bt bt e st et e bt bt et e b sbeeaeenean vii

Chapter 1: INTTOAUCTION ......eovieiieiieiecteeie ettt ettt et et et e et e ebeebeesbeesseesseesseesseesseenseesseesseesseenseanseenseenseenseenses 1
Chapter 2: Nationally-Representative Associations Between Adverse Childhood Experiences and Childhood

ODESILY (IMANUSCTIPE 1) c.tieutieiieiieiieiieitteitt et ette it estte bt ebeesteesseesseeseeseenseeseeseensaeseenseenseensaenseessaesseesssanseesssenses 2

| 37 Te] <3 (0131 Lo AP 2

I SIGMIFICAINICE ...ttt ettt e et s et et b e ne et enesrenae e enes 2

i, EXIStING KNOWIBAZE ....eveoiiiiieieeeeee ettt 3

iil. Gaps IN KNOWIEAZE.....coviiiiiiiiiieeeeee ettt ettt et et e st e sat e st e saeesas 6

2. SPECITIC ATIMIS 1.eviiiiieiiieiiettet ettt et et et e te et e e b e e st e st e st enseenseenseenseanseasaenseenseeseansaenssenssenseenssansaenssennes 6

i.  Broad Objective 0f The PrOJECt.......ccivieciiiiiieieieereeeeee ettt 6

ii.  Research Question and Hypotheses.........covuiiiiiiiiiiiiiiie ettt sttt s 7

3. Theoretical FIAMEWOTK ........ccceiiiiriiiiiiiietetete ettt sttt st ettt sbe et e it et b eseeneen 7

1. OVerall StUAY DESIZN c.cueiuiiiieieiitiieee ettt 8

Tl DAEA SOUICES. .cuveuteuteterteettetest ettt sttt ettt h et e bt s bt e a e et e s bt sheeab et e s bt eaeeabenbesbeeatenbenbesbeeneentenbesbeentenean 8

iil. Participants and Criteria fOr SEIECTON .....ccuivviiiiiiiiiie ettt st 9

iv. Outcome Variable: Potential Measurement ISSUES ........cocvevvereririereeninrineeeeene et 9

v. Exposure Variables: Potential Measurement ISSUES .........ccveereereenienienienienieneeseesie e siee s s s 10

vi. Potential Confounders and Effect MOIfIErS ........coveeveriririiiiiiniccceesecceeseneceeee e 11

VI IMLEAIALOTS .ttt ettt r e s bt e a e r e s he e e e Rt e reesa e resreeneenens 11

VIT1. POWET ANALYSES ...uveiuieiiiiieeieeteet ettt ettt et et b e e be e bt e bt e bt e s bt e s be e s bt e s beesbeesbeesbeesaeesaeenas 12

X, StALISICAL ANALYSES....eveueeuiiiiireieeeeetert ettt ettt s r e et e e et r e et r e n e ene e 12

A RESUILS ittt ettt ettt h et h e et h e s b et ebe bt e et ebe 14

5. DIESCUSSION ..uiniiiiiiietete sttt ettt ettt ettt h e bttt s bt bt e st e bt s bt e bt e st et e s bt ebte st e bt eb e e st et e bt ebtentenbe e bt eaeenten 16

6. Human Subjects/Ethical Considerations.............ccueeeueerieeiieeiieeiieeie e eteeteeteete e eeeeresstesseeseaesseesseessnenns 18
Chapter 3: The Role of High Optimism in the Association Between Childhood Socioeconomic Disadvantage

and Heart Disease (MAnUSCIIPE 2)......ccvieiieiieieeieeeeeeteeteeteeteeeeeeeteseeeesaessaesssesesesssesssasssasssesssesssesssesssesssesssenses 24

| D 37 T¢) <3 (01111 U« A S S P PO SR PP 24

I SINIFICANCE. ..uiitiieieiitite ettt a et b e s a e a et nesne e ere 24

. EXISting KNOWIBAZE ......ooveeeeiiiiiiieeee sttt e 24



iii. Gaps N KNOWIEAZE ........eoviieeeiirieeeeeeeeee ettt et 27

2. SPECITIC AITIS c.eneeeiteiitieiteterie sttt ettt et et et et e he et et e s bt eue et e besbeeat et e besheeaeensesbesheenbentenbesseenbebesbeeneensans 28
1. Broad Objective 0f the PTOJECT ........ccevueiiiriieicieieeceet ettt e 28
ii.  Research Question and HYPOthesiS ........couiiiierieriiniiieiee ettt 28
3. Theoretical FIAMEWOTK .......cccerieviiiiiriiiieieeireeeese ettt s s s 28
Ao MEEROAS .ttt st st a e r e et e e resreeeeeeens 30
L. OVerall StUAY DESIZN ...uviiuiiiiiiiieieeeete ettt ettt ettt ettt e et e st e e beeteeteeabeeateeseeateens 30
T, DAtA SOUICE ....eeviiiiiieeee ettt sttt st r e s bt et e e s re bt se e e resre e s 30
1. Participants and Criteria for SEIECION ......cocuerviirrieiiiiie ettt 31
iv. Outcome Variable: Potential Measurement ISSUES........cccevvrrireenreninirienenieneeeeene e 31
v. Exposure Variable: Potential Measurement ISSUES..........cecvevuereririenierinintesiesie et s 32
vi. Potential Confounders and Effect MOIfIers........cocovirierieniniiieriereseeeieseneetee et 33
Vii. IMLEAIALOTS ..uveveeueeuteteeieet ettt et ettt s ht et e b e s bt eht et e be s bt eat et e s bt shtembe b e ebeeatea b e besheemtenbesbeeneentebesbeeneenean 33
VI, POWET ANALYSES....eteeiuiiiitiieieiiree ettt ettt ren e 34
X, StatiStICAl ANALYSES ....eovirieieieiiitiieeeeeee ettt et 34
S R BSUIES e e e e et st st st st s ae e st s ae e st saeesneesaeeenes 35
6. DIESCUSSION .ttt ettt r st a e bttt e e bt et e e e s r e s bt e e e Rt s re e e e e resre e s 37
7.  Human Subjects and Ethical Considerations...........ccceevuerrierrierniersieniiesiesieeiesieetesieesee e seeseeseeens 39

Chapter 4: Temporal Trends in The Association Between Socioeconomic Status and Cardiovascular

MoOTrtality (IMANUSCIIPE 3) wouvereeueeteniertieteteste st et ettt st et et e s bt estete e e s bt eaeebesbesbeeatentesbesheentensesbesueentesesbeeneensans 44
L. BACKEIOUNG ..ottt ettt ettt r e a e 44
I SINIFICANCE. ..uiiteieiieiiitisee ettt s e et a e et a e et e resneneneere 44
1. EXiStNG KNOWICAZE ...couveiuiiiiieiieieee ettt ettt sttt et e et e et e eteeateeas 44
1. Gaps 1N KNOWIEAZE .....veeuveiiieiieiieiteeeteee ettt sttt et st s e s e st e e 46
2. SPECITIC ATIMS cueiiiiieeteeitet ettt ettt e bt e bt e s bt e bt e s bt e bt e bt e s be e b e e s bt e s be e s bt e sbeesbeesheesheesaeesaeenaes 47
1. Broad Objective Of the PIOJECT ......c.eiviiiiiiiiiiiiiiieeieeeeee ettt ettt ettt et e b e b e sae e e s 47
ii.  Research Question and HYPOtheSIS ......c.eevuirriiiiiiriiiieiie ittt ettt sttt st 47
3. Theoretical FIAMEWOTK .......cccerieiiriiriiiieieiesieeeere ettt s s s 47
A, MEEROAS .ttt ettt h bbbt e a et e ke bt e a e e tenhe e Rt eat e be e bt ehe et e besbeeaeentens 48
L. OVerall StUAY DESIZN ....eviieiiiiriiieeeeee ettt ettt re e 48
T, DALA SOUICES ..eouvitiitiiieteiteet ettt ettt et ettt ea e et et e s b e e a e et e be e bt eat et e sbesbeeatenbenbesaeentenbenbesaeentenes 48
iii. Participants and Criteria for SEIECTION .......ciuerierieririeierie ettt st s eas 49



iv. Outcome Variable: Potential Measurement ISSUES. .....ccciiiiiiiiuvriiieeiieeiiieiiieeeeeeeeiiare e e e e e e seesaaeeeeseeeeaas 50

v. Exposure Variable: Potential Measurement ISSUES.........cocueruereririenierinietesiesieneeteie et 50
vi. Potential Confounders and Effect MOAIfIers........cccuvereerienininieriereseetesese et 51
Vii. IMLEAIALOTS ..uveveeueenteteeieete et et e et she et e b e s bt eat et e be s bt eut et e s bt s bt eabenseebesatemsebesheeutenbenbeeaeentebesbeeneenean 52
VI, POWET ANALYSES...eiutiiieiiieieeieeieeie ettt ettt ettt ettt et et e bt et e b e e bt et e ebe e b e enbe e beenbe e beenbeensean 52
IX.  StAtiSTICAL ANALYSES c.uveruteiiieiieieeie ettt ettt ettt ettt e st e st e et e st e e tesatesateeateentestesateens 52
S RESUIES et h e re s n s 54
6. DIESCUSSION ..ttt ettt r et a e st et e e e s h et e e e s r e s bt se e e e r e s re e e e e resre e enes 56
Study Strengths And LIMITATIONS ........c.coceevueeiieiieeiieeieeseesit ettt ettt et ettt et e bt esbeesbeesbeesseesseenseensean 57
7.  Human Subjects and Ethical Considerations...........ccceevuerrierrieiriersieniieniesieeiesieeteseessee e seesseeseeens 59
Chapter 5: Conclusions & Public Health SignifiCance ...........coccveeeieriiiieieierieeeeteere e 67



List of Figures

Figure 1: Directed Acyclic Graph illustrating Manuscript 1, AIM 1 ....cccooceviiieiiiiinineneneeeeeeeeee e 8
Figure 2. Directed Acyclic Graph illustrating Manuscript 2, AIm 1 ....c.cccceveeiiiiiiiienininieeeeeeee e 29
Figure 3. Directed Acyclic Graph illustrating Manuscript 2, Al 2 .......ccceeveeiriienienenineneeeeeereseesese e 30
Figure 4. Directed Acyclic Graph illustrating Manuscript 3, Aims 1 and 2. ......c.ccocvevirienieneneeeeee e 48
Figure 5: Comparison of socioeconomic indicators and CVD Mortality, Manuscript 3 Aim 1 ....cccceeveveviennieineenne 66

vi



List of Tables

Table 1. Sample Characteristics, National Survey of Children’s Health 2020-2021, N=38,193......cccceeeireireerennunnns 19
Table 2. Included vs. Excluded Participants Sample Characteristics, National Survey of Children's Health 2020-
2021, NTA2,908 ..ottt a et a et r e n e r e n e ens 20
Table 3. Multinomial Logistic Regressions estimating the odds of BMI categorization by Adverse Childhood
Experiences (N=38,193) with all exposures in separate MOdels...........ccerveruereenieniininienienieeene e 21
Table 4. Multinomial Logistic Regressions estimating the odds of BMI categorization by witnessing domestic
violence stratified by SeX (IN=38,193)...c..eiiiiiiiieee e sttt 23
Table 5. Sample Characteristics, Midlife in the United States Study (N=5,289) ....ccccccevriririririinininenineceeeeeeen 40

Table 6. Included (N=5,289) vs. Excluded (N=266) Participants, Midlife in the United States Study (1996-2018). .41
Table 7. Cox regressions estimating the hazard of heart disease, stratified by optimism (Midlife in the United States

Study, 1995-2018), N=5,289 ....ueiiieriieierieeiietetert ettt sb s bt ettt et b e sb e e bt s bt e st e e et e besbeebesbeebe et eneenee 42
Table 8. Mediation analyses describing the associations between childhood socioeconomic disadvantage and hazard
of incident heart disease (N = 5,289). ....ccciiriiiiiiiiiirete ettt st 43
Table 9. Sample Characteristics, National Health Interview Survey, 1997-2018, N=548,397.....cccccecceriirieeneesennenns 60
Table 10. Included vs. Excluded Participants, National Health Interview Survey 1997-2018, N=611,505............... 61
Table 11. Cox Regressions estimating associations between highest level of education and cardiovascular-related
mortality, stratified by decade (National Health Interview Survey 1997-2018), N=548,397. ...cc.cccovvcvervrervennen. 62
Table 12. Cox Regressions estimating associations between family income and cardiovascular-related mortality,
stratified by decade (National Health Interview Survey 1997-2018), N=548,397.....c.cccoveererrerieriireeneesieeiene 64

vii



Chapter 1: Introduction

Heart disease is the leading cause of death in the United States, > with 11.3% of the
United States population reporting some type of cardiovascular disease (CVD) as of 2018.* The
Centers for Disease Control and Prevention (CDC) estimate that a CVD death occurs
approximately every 34 seconds.! Although the prevalence of CVD mortality has decreased in
the last two decades,’ the prevalence of heart disease has remained relatively stable,®
emphasizing a need for further research focusing on improving cardiovascular health at the
population level.

Decades of research have identified a plethora of biological (e.g. genetic predisposition,
comorbid conditions) and social (e.g. socioeconomic status, childhood adversity) contributors of
CVD.”!! However, additional research is necessary to understand factors that may mediate or
moderate associations between the social determinants of CVD, to inform future interventions or

policies focused on decreasing population vulnerability to CVD.

This dissertation aimed to examine such factors across the life course. Study 1 examined
associations between Adverse Childhood Experiences (ACEs) and childhood obesity among 10—
17-year-olds using the National Survey of Children’s Health, as well as sex and age differences
within these associations. Study 2 investigated high optimism as both a modifier and a mediator
of the association between childhood socioeconomic disadvantage and cardiovascular disease in
midlife, using the Midlife in the United States Study, a U.S. prospective cohort. Study 3
examined temporal trends in the association between adult socioeconomic status and
cardiovascular mortality using nationally-representative data from the 1997-2018 National

Health Interview Survey.



Chapter 2: Nationally-Representative Associations Between Adverse Childhood Experiences and
Childhood Obesity (Manuscript 1)

1. Background
1. Significance

Childhood obesity is a significant public health problem in the United States. In 2018, 1
in 5 children or adolescents were obese,!'? and the prevalence of childhood obesity has steadily
increased over the last few decades. Nationally-representative data from the National Health and
Nutrition Examination Survey (NHANES) show that among children aged 2-19 years, the
obesity rate has increased from 5.2% in 1971-1974, to 19.3% in 2017-18.'%!% Previous research
has established associations between childhood obesity and several conditions that increase
cardiovascular disease (CVD) risk in adulthood, including high blood pressure and high
cholesterol.!>"!7 For example, prospective data from the International Childhood Cardiovascular
Cohort Consortium shows childhood obesity, measured by body-mass index, is associated with
3.4 times the hazard of adult CVD events after a mean follow-up time of 35 years.'®!” Given
these findings, it is essential to identify early risk factors of childhood obesity at the population

level.

Data from the 2017-18 National Survey of Children’s Health (NSCH) showed that one in
three children aged 0-17 (33.3%) have experienced at least one parent-reported Adverse
Childhood Experience (ACE) in their lifetime, and 14.1% of children 0-17 have experienced two
or more.2? Decades of research have consistently documented associations between ACEs and
negative health outcomes in both childhood, including obesity,?' and adulthood, including

mortality, depression, and cardiovascular disease.?? %> However, a recent systematic review noted



that there are still outstanding questions related to sex differences and how the relationship

between ACEs and childhood obesity may change through different developmental stages. 2!

1. Existing Knowledge

Adverse Childhood Experiences and Childhood Obesity

Adverse Childhood Experiences (ACEs) encompass a range of negative early life events
that can occur at both the family-level (e.g., parental mental illness, parental divorce) and
community-level (e.g. exposure to violence in the neighborhood). There is a well-established
relationship between ACEs and negative health outcomes in both childhood and adulthood, with

research dating back to the 1990s.22%

Using data from low-income families enrolled in Early Head Start (N=1,335), researchers
observed that at age 11, children with four or more ACEs reported in infancy or toddlerhood had
2.65 times the odds of childhood obesity compared to children without ACEs.?® Similarly,
research including 48,856 10 to 17-year-olds from the 2016-2018 National Survey of Children’s
Health (NSCH) showed associations between each individual ACE and obesity (e.g. parental
divorce: OR: 1.61, 95% CI: 1.41-1.84). Having two or more ACEs, compared to no ACEs, was
also associated with 1.78 times the odds of having obesity, adjusted for sociodemographic
characteristics (age, sex, race and Hispanic origin, parents’ highest level of education), and

health behaviors (physical activity, screen time, and sleep).?’

However, this study did not
investigate sex or age as effect modifiers of this relationship. A recent systematic review
summarized the findings of 24 studies examining associations between ACEs and childhood

obesity, including cross-sectional and longitudinal studies of children aged 0-17, had similar

conclusions.?!



Potential Sex Differences in the Associations Between ACEs and Obesity

Although research has consistently shown associations between ACEs and childhood
obesity, a recent systematic review?! noted that there is still a debate in the literature as to
whether the association may be stronger among girls or boys. Previous work has documented

that girls are more likely to experience ACEs than boys,**?8

and often use internalizing behaviors
to cope with these experiences, while boys are more likely to engage in externalizing
behaviors.?>*° Given that disordered eating (e.g., overeating) has been associated with mental
health disorders (e.g., anxiety, depression),’! researchers theorize that associations between
ACE:s and childhood obesity may be stronger among girls compared to boys. While the extant
literature in this area has shown sex as a significant modifier in the association between early
adversity and childhood obesity, the studies focused on smaller, non-representative samples, only
examined a limited set of adversities, and produced conflicting results in regard to whether the

association is stronger among girls or boys.?! Therefore, additional work is needed in larger,

nationally-representative samples to help understand these associations.

In a Finnish sample of 449 adolescents aged 12 to 17, experiencing sexual abuse was
associated with an increased likelihood of obesity (OR: 3.5; 95% CI: 1.2-9.6) among girls only,
adjusting for age, place of residence, regular smoking, and psychiatric disorders.?? Data from the
Human Development Study of Early Child Care also showed that associations between long-
term exposure to maternal depressive symptoms from one month to Grade 6, and BMI at age 15
were more pronounced among girls compared to boys.*® In contrast, findings from a cohort of
10,977 adolescents showed that boys raised in violent homes were more likely to be obese
(OR:2.0; 95% CI: 1.2-3.5) or overweight (OR: 1.4; 95% CI: 1.1-1.9) compared to boys not

exposed to violence in the home. Associations were not statistically significant for girls.>*



Potential Age Interactions in the Associations Between ACEs and Obesity

Although previous research has established associations between ACEs and obesity, there
are limited studies that examine age interactions within these associations or include children of
all ages (e.g. from birth to adulthood), according to a recent review.?! It is well established that
the detrimental impact is observed in adulthood, but the time point at which it affects child or
adolescent health is less clear. Studies following children into young adulthood suggest that the
effect of ACEs exposure may not be immediate although this has not yet been studied for
childhood obesity; for example, results from the Georgia Stress and Heart study (with 23 years of
follow-up from age 5 to 38, N=394) show that associations between exposure to four or more
ACEs and elevated blood pressure are not observed until young adulthood.*® Findings from the
UK Millennium Cohort Study (N=8823), which followed children from age 3 to 14, also showed
that symptoms of internalizing behaviors continually increased following ACEs exposure at age
3.36 Determining whether the association between ACEs and obesity varies by age group is

essential for informing optimal time points for intervention programs and policies.

In a longitudinal study that followed girls with a history of maltreatment (N=303) and a
comparison group without a history of maltreatment (N=151) from age 9 to 22, BMI was not
significantly higher among the maltreated group until the girls were 16-17 years of age.’” In
contrast, data from the Avon Longitudinal Study of Parents and Children did not find any
significant associations between child abuse and adolescent obesity when following children
from 4 weeks to 18 years of age.>® Other work has established associations between childhood
adversity and obesity at age 5,3° 6M-8™ grades,*® and 8", 9", and 11" grades,*! but did not have a
diverse age (e.g. inclusive of children from birth to adulthood) sample to investigate age group

differences.



Child development research has also highlighted important milestones throughout
childhood that may influence the impact that ACEs has on their health. For example, work from
the Fragile Families and Child Wellbeing Study shows associations between ACEs and increased
odds of internalizing behaviors, externalizing behaviors, and ADHD diagnosis,* which growing
research suggests may increase the likelihood of childhood obesity.**** As children move into
adolescence, they may be more vulnerable to engage in risky behaviors (e.g. substance use,

)*46 which may also increase their likelihood of obesity; given that these

alcohol consumption
behaviors are more prevalent among children with ACEs, this population may be especially at

risk.*” Therefore, it is important to examine relationships between ACEs and obesity in these

developmental age groups.

iii. Gaps In Knowledge

Although previous work has shown associations between the standard set of ACEs and
childhood obesity, additional research is needed to investigate (1) sex and (2) age as potential
modifiers of these associations in a nationally-representative sample. Given that obesity is an

D,9’18’19

early marker of CV it is important to identify risk factors for early biological pathways

that may contribute to this condition.

2. Specific Aims

1. Broad Objective of The Project
This study will expand on existing work by testing associations between ACEs and

childhood obesity, as well as examine whether sex and/or age are modifiers of these associations.



il. Research Question and Hypotheses
This study aims to answer the following questions: are associations between ACEs and

childhood obesity modified by (1) age and/or (2) sex?

HYPOTHESIS 1: Sex will modify all associations between ACEs and childhood obesity, such

that associations will be stronger among girls compared to boys.

HYPOTHESIS 2: Age will moditfy all associations between ACEs and childhood obesity, such
that the associations will be stronger among older children (aged 16-17 years) compared to

younger children (aged 10-12 years, and 13-15 years) for both boys and girls.

3. Theoretical Framework
This study draws on the social production of disease as the theoretical basis for analyzing

sex and age differences in the association between ACEs and childhood obesity. In contrast to
other theories that focus on individual choices and traits as contributors to disease, social
production of disease theory states that population-level patterns of health and disease are
products of an established societal hierarchy built on social and economic differences. Research
guided by this theory focuses on comparing health and disease status between disadvantaged and
advantaged groups, given that disease risk for these individuals is related to their group
membership.

The present study examined associations between ACEs and childhood obesity, as well
as whether this association may vary by sex and/or age. Children with exposure to ACEs are less
likely to have access to certain available resources, including household stability, instrumental
support, and food security, and thus may be less likely to engage in health promoting behaviors
including having regular well visits and nutritious meals. A child’s access is dependent on their

group membership rather than individual traits or choices; thus, this theory is well fit to guide the

7



current study. Given that girls and older children are more likely to report ACEs compared to
boys, the potential health consequences associated with this group membership are also
supported by this theory. Below is a directed acyclic graph (DAG) to illustrate the exposure,

outcome, and potential confounders and modifier considered within this study.

FIGURE 1: DIRECTED ACYCLIC GRAPH ILLUSTRATING MANUSCRIPT 1, AIM 1

Race/Ethnicity, federal poverty level,

highest level of parents’ education,
family structure, parental nativity

Adverse Childhood
Experiences

Childhood Obesity

Methods

1. Overall Study Design
This is a cross-sectional study.

il. Data Sources
This study used data from the 2020-2021 National Survey of Children’s Health.*®

National Survey of Children’s Health (NSCH)

The National Survey of Children’s Health (NSCH) is a nationally representative, annual,
mail-based and web-based survey of parents/guardians of children aged 0-17 years. Households
selected to participate in the NSCH were sent an invitation encouraging them to complete a web
questionnaire, followed by a paper questionnaire for non-responders. Survey topics on the NSCH
include health, health behaviors, health care utilization, and demographics of a child in their

household. Parents/guardians also provide information about themselves and their household.



1il. Participants and Criteria for Selection
The study sample comprised of all children aged 10-17 in the 2020-2021 NSCH with

complete data on the exposure, ACEs, and outcome, childhood obesity, of interest. The NSCH
collects childhood obesity data (operationalized as BMI) only on children 10 years and older,
based on previous research showing this measure is only reliable for this age group.*’ After data

cleaning, the study sample included 38,193 children.

1v. Outcome Variable: Potential Measurement Issues
The outcome of interest, childhood obesity, was ascertained from an NSCH recode that

uses parent-reported height and weight measurements to calculate BMI for children aged 10-17.
Children will be categorized as overweight or if their BMI is in the 85™ to 94™ percentile, or
obese if their BMI is greater than the 95" percentile for their age and sex, as per previous

50-52

research and clinical guidelines, and being underweight or having a healthy weight if their

BMI falls between the 5% and 85™ percentiles.

Given that the outcome of interest was ascertained via parent-report, there is potential for
reporting bias. Previous work has compared data from the 1994-2004 National Health Interview
Survey and 2003-2004 National Survey of Children’s Health to the 1999-2004 National Health
and Nutrition Examination Survey (NHANES), which uses measured data rather than parent-
report. The results of this study suggest that parents overestimate overweight among younger
children, but underestimate among older children, suggesting that parent-reported height and
weight may be inaccurate. A recent meta-analysis comparing parent-reported data to measured
data at both the population and individual-level also found that parents overestimated height and
weight measurements at the population-level (prevalence ratio: 1.118 (1.027, 1.216) and were

also inaccurate at the individual-level (sensitivity: 0.713 (0.700, 0.726); specificity: 0.918 (0.915,



0.922).>3 However, it is also important to note that in the absence of physical examinations,

parent-report is the most feasible way to obtain this data on a national survey.

v. Exposure Variables: Potential Measurement Issues
The exposure of interest, Adverse Childhood Experiences, was parent-reported in a series

of dichotomous (yes/no) questions asking whether the child had ever (1) had a parent/guardian
divorce or separate, (2) had a parent/guardian die, (3) had a parent/guardian serve time in jail or
prison, (4) witnessed domestic violence in the home, (5) lived with anyone with a mental illness,
(6) lived with anyone with a substance use problem, (7) been treated or judged unfairly because
of their race or ethnic group, (8) been treated or judged unfairly because of their sexual
orientation and gender identity. Each ACE was considered individually and cumulatively

(continuous summed score) in analyses.

The measurement of the exposure in this study may be vulnerable to recall bias, given
that parents of older children may be recalling up to 17 years in the past when reporting their
child’s ACEs status. Considering that children with high exposure to ACEs are more likely than
others to spend time in the foster care system or experience placement instability,* parents or
guardians surveyed as part of the NSCH may also not be fully aware of what their children have
experienced in the past, especially for ACEs that occur outside the home (e.g. discrimination due
to race and Hispanic origin). Parents/guardians may also underreport ACEs due to social
desirability bias, given out of fear of child protection authorities. However, in comparison to
other methods of assessing ACEs (e.g. caseworker reports, medical records), previous work has
shown that the NSCH measure show similar results.’® Given that the ACEs questions included in

the NSCH ask about lifetime prevalence (i.e. whether a child had “ever” had this experience),
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these questions cannot guarantee that ACEs exposure occurred prior to the outcome, thus not

allowing for temporality assessment.

vi. Potential Confounders and Effect Modifiers

This study considered a series of potential confounders as identified from previous
research:>%"’ race and Hispanic origin, family income, highest level of parents’ education,
family structure, and parental nativity. Age group and sex were tested as effect modifiers. All

variables were parent-reported at the time of the NSCH interview.

Sex was considered dichotomously (male vs. female). Age was considered in three
categories (10-11 years, 12-14 years, and 15-17 years), following important developmental
milestones as indicated by the CDC.**%% Race and Hispanic origin was operationalized into
five categories following other articles using the NSCH:®' Hispanic, Non-Hispanic White, Non-
Hispanic Black, and Non-Hispanic Asian. Family income as a percentage of the federal poverty
level (FPL) was based on the reported household income level and imputed when missing,
resulting in four categories: <100% FPL, 100-199% FPL, 200-399% FPL, and 400%+ FPL.
Highest level of parents’ education was operationalized as (1) less than high school/GED, (2)
high school diploma/GED, (3) some college, and (4) Bachelor’s degree or higher. Family
structure was operationalized as (1) two parents, currently married, (2) two parents, not currently
married, (3) single mother, and (4) other family type, no parent reported). Parental nativity was
operationalized as (1) parent born in the U.S., (2) any parent born outside U.S., and (3) other

(child born in the U.S., parents are not listed).

vii. Mediators
This study did not consider any mediators.
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viii. Power Analyses
Based on previous research,??%27 a small to medium effect size was expected. Given that

this is a secondary data analysis, with a predetermined sample size of approximately N=20,000
children, GPower was used to determine whether this sample size was sufficient to achieve a
power of 0.80, with a=0.05 and a two-sided test. Based on McKelvey et al., which suggests a
small or medium effect size, and given that moderate correlation between the exposure and
covariates is expected, the proportion of variance in the dependent variable that can be explained
by the independent variable was estimated at 0.25. For a small effect size (Cohen’s d, f? =
0.02), the expected odds ratio was estimated at 1.1, requiring a sample size of 4,660 to be
sufficiently powered to detect differences. For a medium effect size (Cohen’s d, f2 = 0.15), the
expected odds ratio was estimated at 1.3, requiring a sample size of 634 to be sufficiently
powered to detect differences.’? Given the study sample size included 38,193 children, the

proposed analyses were sufficiently powered to detect a small or medium effect size.®?

ix. Statistical Analyses
Descriptive Analyses and Quality Assurance

Descriptive statistics of all variables were calculated, using survey weights to present
nationally-representative estimates. Percentages of binary and categorical variables were
presented; mean values and standard deviations were presented for the continuous variables.
Missing Data

All observations with complete data on the outcome, childhood obesity, exposure, ACEs, and
potential effect modifiers, age and sex, were included, with intent to impute missing data for all
other covariates with greater than 10% missing through multiple imputation.

Model Building/Assessment of Model Fit
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A series of multinomial models examining the associations between ACEs (both
individually and cumulatively) and childhood BMI (underweight/normal weight, overweight,
obese) were constructed, with potential confounders added sequentially in blocks. Survey
weights were used in all analyses to present nationally-representative estimates. The proportional
odds assumption was tested via the PREDPROBS command in PROC LOGISTIC, showing this
assumption was violated (p<0.0001). Conceptually, the impact of ACEs on childhood BMI is not
theorized to be the same at every level of BMI, thus also conceptually violating the proportional
odds assumption. Therefore, a multinomial model rather than an ordinal logistic was appropriate.

Bivariate models with and without each confounder were compared to determine whether
each was related to a greater than 10% change in estimate when included. Of all the potential
confounders, only family structure, family income, and highest level of parents’ education were
consistently related to a greater than 10% change in estimate; however, all considered potential
confounders selected a priori were included in analyses to allow comparability with previous
research.

Thus, a series of multinomial models were constructed with each ACE or the cumulative
ACE score in its own model: Model 1, the unadjusted model, included only the exposure of
interest, Model 2 added sociodemographic variables (race and Hispanic origin, family structure,
parental nativity) and Model 3 added family income. Interaction terms between ACEs*sex and
ACEs*age were tested to determine whether age and sex were significant effect modifiers for
each exposure in separate models. Sex- or age-stratified models were constructed for exposures
with significant interaction terms.

Akaike information criterion (AIC), a measure of relative goodness of fit, were used to

compare models. The variance inflation factor (VIF) was used to ensure that the multicollinearity
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of interaction terms and their original variables did not interfere with the independence of the

model.

4. Results

Table 1 presents weighted descriptive statistics of the study sample. In general, most
participants were Non-Hispanic White (51.00%), in their mid-teens (M=13.46 years) and had
parents that attended at least some college (70.80%). Most children in the study sample lived
with two married parents (64.32%), had families with family incomes greater than or equal to
400% of the federal poverty level (31.87%), and had both parents born in the U.S. (68.00%). On
average, study participants experienced less than one Adverse Childhood Experience on average
(Range, 0-10; M=0.93). Compared to children included in the study sample, those excluded due
to missing data experienced a higher number of ACEs on average (Range, 0-10; M = 1.25), a
greater proportion of Non-Hispanic Black children (21.77% vs. 12.54%) and had parents with
lower levels of education and family income (Table 2).

Several, but not all, ACEs were related to childhood BMI. In unadjusted models, all
ACE:s except household mental illness were related to higher odds of being overweight or obese
(e.g. household substance abuse, obese, AOR: 1.23, 95% CI: 1.02, 1.47; Table 3). When adjusted
for age, sex, and race and Hispanic origin, all significant associations remained except for
discrimination due to race or ethnicity (obese, AOR: 1.01, 95% CI: 0.78, 1.30). Additional
adjustment for family structure and parental nativity only showed associations for difficulty with
basic needs being met, having a parent/guardian incarcerated, discrimination due to sexual
orientation or gender identity, and overall number of ACEs (e.g. overall number of ACEs, obese,

AOR: 1.10, 95% CI: 1.05, 1.15).
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Significant associations generally attenuated in fully adjusted models but remained
significant. Difficulty with basic needs being met had 26% higher odds (AOR: 1.26, 95% CI:
1.02, 1.57; Table 3) of being classified as overweight, and 34% higher odds (AOR: 1.34, 95%
CI: 1.11, 1.63) of being classified as obese, compared to children without that experience.
Having a parent or guardian incarcerated was related to 47% higher odds of being obese (AOR:
1.47,95% CI: 1.18, 1.81) compared to children that did not have a parent or guardian
incarcerated. Children that experienced discrimination to their sexual orientation or gender
identity had almost twice the odds of being overweight compared to children without this
experience (AOR: 1.92, 95% CI: 1.25, 2.93). Each additional ACE reported was related to 7%
higher odds of being overweight (AOR: 1.07, 95% CI: 1.01, 1.13) and 8% higher odds of being
obese (AOR: 1.08, 95% CI: 1.03, 1.13).

Interaction tests for age and sex were completed for all exposure variables in fully
adjusted models. Only the interaction term between witnessing domestic violence and sex
reached significance (p < .05). As a result, sex-stratified models examining associations between
witnessing domestic violence and childhood BMI were constructed. Among males, witnessing
domestic violence was related to 48% higher odds of being overweight (AOR: 1.48, 95% CI:
1.003, 2.19; Table 4) in the fully adjusted model, but was unrelated to obesity in all models.
Among females, witnessing domestic violence was related to 43% higher odds of being obese
(AOR: 1.43, 95% CI: 1.03, 1.99) when adjusted for age, race and Hispanic origin, family
structure, and parental nativity; this association was non-significant when additionally adjusting
for parents’ education and family income. Witnessing domestic violence was unrelated to being

overweight among females in all models.
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5. Discussion

Using a nationally representative sample of children in the United States, the present
study examined whether associations between Adverse Childhood Experiences and childhood
BMI varied by age and sex. In the full sample, difficulty with basic needs being met, having a
parent/guardian incarcerated, discrimination due to sexual orientation or gender identity, and
overall number of ACEs experienced were related to being overweight or obese in fully adjusted
models. However, interaction tests revealed that only sex was an effect modifier of the
relationship between witnessing domestic violence and childhood BMI; all other interaction

terms were null.

This analysis aligns with previous work showing relationships between ACEs and
childhood BMI, when examined both individually and cumulatively.?®” For Aim 1, which
hypothesized sex differences in all associations between ACEs and childhood BMI, our
hypothesis was largely not supported. The present study also supports past work showing sex
differences in the association between violence in the home and childhood obesity; however,
while previous work found associations for boys only,** the current analysis found witnessing
domestic violence was related to being overweight for boys, and related to being obese for girls.
While the present study used a cross-sectional sample of children aged 10-17 years from 2020-
2021, the previous study used data from the 2001 Nurses Study to assess domestic violence
exposure before five years of age with a follow-up between the ages of 12-20; deviations in
results may have stemmed from these differences in study design. The present study did not find
that the relationship between household mental illness and childhood obesity varied by sex, thus

deviating from other work that found associations were more pronounced in girls compared to
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boys.?? This study also focused on an overall younger age group than the current one with a
smaller sample size, which may partially explain this discrepancy.

Similarly, Aim 2 was also not supported by our findings. Limited studies examine age
interactions in the associations between ACEs and childhood obesity, and most focus on early
childhood;?! this limited work supports that the impact of ACEs on childhood obesity may not be
observed until late adolescence.?’” Although the current results suggest that associations between
ACEs and childhood obesity do not vary with age, it is possible that cross-sectional data may be
limited in its ability to assess this. Future research should explore longitudinal data to continue to
build work in this area.

Strengths and Limitations

This study has several strengths. This study uses the NSCH, a large, nationally-
representative data source, meaning the results will be generalizable to the United States
population of children. This analysis will also make important contributions to the literature by
investigating sex and age as effect modifiers of the associations between ACEs and childhood
obesity.

However, it is also important to acknowledge that the results of this study may be limited.
Given the cross-sectional nature of the NSCH, it is impossible to determine temporality between
ACE:s and childhood obesity, or the duration and timing of the exposure. However, as the NSCH
includes items around discrimination due to race, sexual orientation, and gender identity which
are not included in other longitudinal surveys (e.g., Add Health), this data source still has the
ability to make a unique and important contribution to the literature. As discussed previously,
there may be potential misclassification error for both ACEs and BML. It is particularly
important to note the limitations of parent-reported ACEs, which may be underreported due to

parents’ fears of involvement with child protective services, or lack of knowledge about ACEs
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that occur outside the home (e.g, treated or judged unfairly due to race, sexual orientation, or

gender identity). However, as the majority of previous work has relied on this method,**>*! the

impact is expected to be minimal. Although potential confounders were identified a priori,
unmeasured confounders may exist and cannot be accounted for within the analysis.

Public Health Significance

Examining the association between discrimination based on sexual orientation and gender

identity and childhood BMI is important for continued work identifying health risks for the
LGBTQ+ population. The identification of sex as an effect modifier in the association between
witnessing domestic violence and childhood BMI is also important for understanding the
different levels of risk that girls and boys may experience, although their household experience
may appear similar at first glance. Future work should focus on replicating these analyses with

longitudinal data to further understand the roles of sex and age within these relationships.

6. Human Subjects/Ethical Considerations
This study was approved by the University of Maryland Institutional Review Board.
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TABLE 1. SAMPLE CHARACTERISTICS, NATIONAL SURVEY OF CHILDREN’S HEALTH 2020-
2021, N=38,193

Variable % or M(SD)
Number of Adverse Childhood Experiences, M (SD) 0.99 (0.02)
Body Mass Index, %

Underweight 6.74
Healthy Weight 59.67
Overweight 16.28
Obese 17.3
Sex, %

Male 51.26
Female 48.74
Child Age, M (SD) 13.46 (0.03)
Race and Hispanic Origin, %

Hispanic 26.32
White, non-Hispanic 51.00
Black, non-Hispanic 12.54
Asian, non-Hispanic 4.5
Other/Multi-racial, non-Hispanic 5.63
Parents' Highest Level of Education

Less Than High School 9.91
High School Diploma/GED 19.3
Some College or Higher 70.8
Family Structure

Two parents, married 64.32
Two parents, unmarried 6.02
Single Parent 25.06
Other 4.6
Family Income

<100% FPL 17.12
100%-199% FPL 20.97
200%-399% FPL 30.05
>400% FPL 31.87
Parent Nativity

All parents born in the U.S. 68.00
At least one parent not born in the U.S. 27.62
Child born in the U.S., parent nativity unknown 4.38

Notes: GED, General Education Development, SD, standard deviation. All estimates use
survey weights to present nationally-representative estimates.
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TABLE 2. INCLUDED VS. EXCLUDED PARTICIPANTS SAMPLE CHARACTERISTICS, NATIONAL
SURVEY OF CHILDREN'S HEALTH 2020-2021, N=42,968

Included Participants Ex?h.lded
(N=38,193) Participants
(N=4,212)

Variable % or M(SD)
Number of Adverse Childhood Experiences, M
(SD) 0.99 (0.02) 1.25 (0.11)
Body Mass Index, %
Underweight 6.74 5.90
Healthy Weight 59.67 61.42
Overweight 16.28 17.96
Obese 17.3 14.72
Sex, %
Male 51.26 49.83
Female 48.74 50.17
Child Age, M (SD) 13.46 (0.03) 13.45 (0.08)
Race and Hispanic Origin, %
Hispanic 26.32 31.43
White, non-Hispanic 51.00 37.00
Black, non-Hispanic 12.54 21.77
Asian, non-Hispanic 4.50 4.62
Other/Multi-racial, non-Hispanic 5.63 5.17
Parents' Highest Level of Education
Less Than High School 9.91 19.68
High School Diploma/GED 19.30 27.32
Some College or Higher 70.80 53.01
Family Structure
Two parents, married 64.32 43.42
Two parents, unmarried 6.02 7.99
Single Parent 25.06 37.41
Other 4.60 11.19
Family Income
<100% FPL 17.12 29.18
100%-199% FPL 20.97 25.61
200%-399% FPL 30.05 23.84
>400% FPL 31.87 21.37
Parent Nativity
All parents born in the U.S. 68.00 46.65
At least one parent not born in the U.S. 27.62 28.34
Child born in the U.S., parent nativity unknown 4.38 25.01

Notes: GED, General Education Development, SD, standard deviation. All estimates use survey
weights to present nationally-representative estimates.
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TABLE 3. MULTINOMIAL LOGISTIC REGRESSIONS ESTIMATING THE ODDS OF BMI CATEGORIZATION BY ADVERSE CHILDHOOD
EXPERIENCES (N=38,193) WITH ALL EXPOSURES IN SEPARATE MODELS.

Model 1 Model 2 Model 3 Model 4
Adverse Childhood Experiences OR 95% CI AOR 95% CI AOR 95% CI AOR 95% CI
Difficulty with Basic Needs Being Met
Underweight/Healthy Weight ref 1.00 ref 1.00 ref 1.00 ref 1.00
Overweight 147 (1.20,1.81) 140 (1.13,1.73) 136 (1.10,1.69) 1.26 (1.02,1.57)
Obese 1.98 (1.66,2.36) 1.80 (1.50,2.16) 1.64 (1.36,1.98) 1.34 (1.11,1.63)
Parental Divorce
Underweight/Healthy Weight ref 1.00 ref 1.00 ref 1.00 ref 1.00
Overweight 1.15 (0.99,1.33) 1.14 (0.99,1.33) 1.11 (0.93,1.32) 1.09 (0.92,1.31)
Obese 1.37 (1.20,1.57) 134 (1.16,1.53) 1.05 (0.88,1.26) 1.04 (0.87,1.24)
Death of a Parent/Guardian
Underweight/Healthy Weight ref 1.00 ref 1.00 ref 1.00 ref 1.00
Overweight 1.08 (0.79,1.46) 1.09 (0.80,1.47) 1.03 (0.76,1.41) 1.01 (0.74, 1.38)
Obese 1.39 (1.05,1.84) 134 (1.01,1.77) 1.03 (0.77,1.38) 0.99 (0.73,1.33)
Parent/Guardian Incarcerated
Underweight/Healthy Weight ref 1.00 ref 1.00 ref 1.00 ref 1.00
Overweight 1.11 (0.88,1.40) 1.12 (0.89,1.40) 1.09 (0.85,1.39) 1.03 (0.80,1.32)
Obese 209 (1.71,2.55) 2.00 (1.64,2.45) 1.68 (1.36,2.09) 147 (1.18,1.81)
Domestic Violence
Underweight/Healthy Weight ref 1.00 ref 1.00 ref 1.00 ref 1.00
Overweight 1.21 (0.93,1.59) 124 (094,1.63) 1.21 (091,1.62) 1.20 (0.90,1.60)
Obese 143 (1.15,1.78) 142 (1.14,1.78) 1.17 (0.92,1.47) 1.13  (0.90, 1.43)
Violence in the Neighborhood
Underweight/Healthy Weight ref 1.00 ref 1.00 ref 1.00 ref 1.00
Overweight 1.02 (0.74,141) 099 (0.72,1.38) 097 (0.69,1.35) 094 (0.67,1.32)
Obese 148 (1.12,1.94) 137 (1.04,1.81) 1.19 (0.90,1.58) 1.13 (0.85,1.50)
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Household Mental Illness

Underweight/Healthy Weight ref 1.00 ref 1.00 ref 1.00 ref 1.00
Overweight 1.05 (0.85,1.30) 1.14 (0.93,1.42) 1.15 (0.92,1.43) 1.15 (0.92,1.44)
Obese 1.15 (0.96,137) 126 (1.05,1.51) 1.16 (0.97,1.40) 1.18 (0.98,1.42)
Household Substance Abuse

Underweight/Healthy Weight ref 1.00 ref 1.00 ref 1.00 ref 1.00
Overweight 1.19 (0.96,1.48) 125 (1.003,1.55) 124 (0.98,1.57) 1.23 (0.98, 1.55)
Obese 1.23 (1.02,147) 132 (1.09,1.587) 1.12 (0.93,1.36) 1.13 (0.93,1.37)
Discrimination due to Race/Ethnicity

Underweight/Healthy Weight ref 1.00 ref 1.00 ref 1.00 ref 1.00
Overweight 1.27 (0.99,1.65) 1.16 (0.89,1.53) 1.18 (0.90,1.54) 121  (0.93,1.59)
Obese 1.29 (1.01,1.64) 1.01 (0.78,1.30) 1.01 (0.79,1.30) 1.12 (0.87,1.44)
Discrimination due to SOGI

Underweight/Healthy Weight ref 1.00 ref 1.00 ref 1.00 ref 1.00
Overweight 1.71 (1.08,2.72) 195 (1.25,3.04) 193 (1.25,2.97) 1.92 (1.25,2.93)
Obese 1.30 (0.93,1.82) 153 (1.07,2.20) 1.41 (0.97,2.06) 1.43 (0.98,2.09)
Number of ACEs

Underweight/Healthy Weight ref 1.00 ref 1.00 ref 1.00 ref 1.00
Overweight 1.08 (1.03,1.12) 1.08 (1.03,1.13) 1.08 (1.02,1.14) 1.07 (1.01,1.13)
Obese 1.16 (1.12,1.21) 115 (@1.11,120) 1.10 (1.05,1.15 1.08 (1.03,1.13)

AOR=adjusted odds ratio; GED=General Education Development or High School Equivalency Diploma; ACEs=Adverse Childhood

Experiences

NOTE: All analyses employ survey weights to produce nationally-representative estimates. Interaction terms between each ACE and age,
and each ACE and sex, were non-significant at p<0.05, except for domestic violence (p = 0.0466).

Model 1 displays the unadjusted association between parents' highest level of education and heart disease.

Model 2 adds age, sex, and race/ethnicity.

Model 3 adds family structure and parental nativity

Model 4 adds highest level of parents' education (Bachelor's Degree+, Some College, High School Diploma/GED, Less Than High
School) and household income as a percentage of the federal poverty level.

22



TABLE 4. MULTINOMIAL LOGISTIC REGRESSIONS ESTIMATING THE ODDS OF BMI CATEGORIZATION BY WITNESSING DOMESTIC
VIOLENCE STRATIFIED BY SEX (N=38,193).

Model 1 Model 2 Model 3 Model 4

OR 95% CI AOR 95% CI AOR 95% CI AOR 95% CI
Males (N=19,886)

Underweight/Healthy Weight ref 1.00 ref 1.00 ref 1.00 ref 1.00
Overweight 1.49 (1.01,2.21) 1.53 (1.04,2.24) 149 (0.998,2.23) 148 (1.003,2.19)
Obese 1.24 (0.88,1.73) 1.22  (0.88,1.70) 0.97 (0.69, 1.36) 0.95 (0.68, 1.33)
Females (N=18,475)

Underweight/Healthy Weight ref 1.00 ref 1.00 ref 1.00 ref 1.00
Overweight 1.00  (0.73,1.38) 1.00 (0.71,1.41) 1.01 (0.70, 1.45) 0.98 (0.68, 1.41)
Obese 1.74 (1.31,231) 1.65 (1.21,2.24) 1.43 (1.03, 1.99) 1.37 (0.98, 1.91)

AOR=adjusted odds ratio; GED=General Education Development or High School Equivalency Diploma; ACEs=Adverse Childhood
Experiences

NOTE: All analyses employ survey weights to produce nationally-representative estimates.

Model 1 displays the unadjusted association between parents' highest level of education and heart disease.
Model 2 adds age, sex, and race and Hispanic origin.

Model 3 adds family structure and parental nativity

Model 4 adds highest level of parents' education (Bachelor's Degree+, Some College, High School Diploma/GED, Less Than High
School) and family income as a percentage of the federal poverty level.
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Chapter 3: The Role of High Optimism in the Association Between Childhood Socioeconomic
Disadvantage and Heart Disease (Manuscript 2)

1. Background

1. Significance
In the U.S., 38% of children live in families classified as low-income by the U.S. Census

Bureau.®* Population-based research in the United States has consistently shown the detrimental
impacts of socioeconomic disadvantage in childhood on long-term health,*® including heart

disease and its comorbid conditions (e.g. hypertension and diabetes);**7° however, more work is
needed to understand downstream factors that may influence the development of cardiovascular
disease (CVD), including psychological mediators and/or heterogeneity in associations based on

psychological traits.

Heart disease is one of the leading causes of death in the United States.? Many risk
factors for heart disease include non-modifiable characteristics such as age or family history,’"’?
or behavioral factors that may be difficult to alter, like physical activity and smoking.”® Thus, the
identification of other modifiable risk factors, such as psychological characteristics, is essential
for improving population health. A 2021 scientific statement by the American Heart Association
highlights a growing body of research that shows relationships between an individual’s
psychological state and cardiovascular health,”* suggesting that psychological factors may be
important for developing evidence-based intervention programs for vulnerable populations.
Given that prior studies suggest that health behaviors account for less than half of the association

between socioeconomic status (SES) and CVD,”” researchers theorize that psychological

processes may partially account for the remainder of this relationship.

ii. Existing Knowledge
Childhood Socioeconomic Disadvantage and Heart Disease
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Associations between childhood socioeconomic disadvantage and heart disease are well-
established. A recent 2021 systematic review concluded that there are consistent associations
between low socioeconomic status (SES) in childhood and cardiovascular disease (CVD), even
when different methods of measuring SES are used (e.g. highest level of parents’ education,
perceived childhood financial status, family income).’® These results were also robust to variable
adjustment for childhood and adulthood risk factors for CVD, including smoking, adult SES, and
family history of disease. Previous findings from the Midlife in the United States Study
(MIDUS) using ten years of follow-up data showed that childhood disadvantage was associated
with a 13% increase in odds of developing heart disease in adulthood.”” A prospective cohort
study in the Netherlands followed participants from 1991-2007 (i.e., 17 years of follow-up) and
found that poorer childhood socioeconomic conditions were associated with CVD mortality, but
only among men with the poorest childhood circumstances.’® Furthermore, results from the
Health and Retirement Study (1992-2012) show that respondents with low childhood SES and
high adult SES were 1.60 times as likely to report coronary heart disease relative to people with
high childhood SES and high adult SES, suggesting that childhood socioeconomic disadvantage
impacts health independent of adult SES.”

Optimism and Heart Disease

Optimism is a dispositional trait that reflects the extent to which people hold positive
expectations for the future.’® A growing body of literature suggests that optimism may be a
protective factor against CVD. A study using data from the Women’s Health Initiative found that
optimists had a 9% lower hazard of coronary heart disease (CHD) and a 20% lower hazard of
coronary heart disease-related mortality compared to pessimists, over 8 years of follow-up.?!

Similarly, research from the Nurses’ Health Study showed that respondents in the highest
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quartile of optimism have a 38% lower hazard of heart disease-related death compared to those
in the lowest quartile, over 8 years of follow-up.*? A study using four years of follow-up from
the Health and Retirement Study found that even when adjusting for sociodemographic
characteristics, health behaviors, and health conditions, individuals with the highest level of
dispositional optimism had 48% lower odds of heart failure compared to those with the lowest
level of dispositional optimism.®* Recent work with MIDUS found associations between
psychological resources, including optimism, and an index of 30 chronic conditions, including
diabetes, hypertension, joint/bone diseases, anxiety/depression, and stroke.** A 2021 review
summarized the existing literature, concluding that optimism is consistently associated with a
lower risk of CVD and lower rates of CVD mortality, independent of sociodemographic factors

and depression.®

The Role of Psychological Factors for Early Adversity and CVD development

A large set of studies have explored mechanisms that may explain the relationship
between childhood socioeconomic disadvantage and CVD. In general, researchers theorize that
individuals with disadvantaged backgrounds encounter higher levels of stress than individuals
with advantaged backgrounds, and additionally possess fewer resources to address these stressors
than their advantaged counterparts.®® Prior studies find health behaviors and accelerated disease
processes (e.g. allostatic load) contribute to the relationship between childhood SES and CVD,
but do not entirely explain the existing gradient.” Thus, researchers theorize that psychological
processes may partially account for the remainder of this association.

There is increasing evidence that psychological factors may modify or mediate
relationships between early adversity and health, although few studies have focused on CVD, in

particular. In a cross-sectional analysis of 5,313 participants included in the Hispanic
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Community Health Study, researchers found that lower SES, measured by a combination of self-
reported educational attainment and household income, was related to metabolic syndrome,
measured by a series of biomarkers (e.g. blood pressure, fasting glucose), indirectly through
psychosocial resources, including purpose in life, self-esteem, and optimism.?’ Using data from a
community sample of 246 men, researchers also found that psychological resources, including
optimism, self-esteem, positive and negative affect, personal mastery, and sense of control,
modified the association between low childhood SES and cardiovascular reactivity, such that
lower childhood SES predicted systolic blood pressure recovery only among men with fewer
psychological resources 3 Also within MIDUS, research supports that positive reappraisal, or
reframing stressors as positive, may moderate the association between low subjective social
status and morbidity, evaluated as a longitudinal change in self-reported chronic conditions,
somatic symptoms, and self-rated health, such that this association is stronger among individuals
with low reappraisal compared to high. The authors suggest future work should further explore
the role of reappraisal within this association, while using more direct measurements of

economic inequality.®’

iii. Gaps in Knowledge
Although the associations between childhood socioeconomic disadvantage and CVD are

well-established, additional research is needed to identify the role of optimism within this
relationship.”’%”° While prior studies have explored general psychological resources as
mediators between early life adversity and adult health,®”*° few, if any, prior studies have
investigated high optimism as a mediator between childhood socioeconomic disadvantage and
CVD. Additionally, although previous work supports optimism as an effect modifier between
early adversity and CVD-related outcomes, this work has focused on smaller, non-representative

samples® or has not yet investigated childhood socioeconomic disadvantage specifically.®*"!
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Given that heart disease is among one of the leading causes of death in the United States,? it is
essential to identify potential mechanisms and opportunities for intervention among those most

vulnerable.

2. Specific Aims

i.  Broad Objective of the Project
This study expands on existing work by examining high optimism as (1) a modifier and

(2) a mediator of the association between childhood socioeconomic disadvantage and heart

disease.

it.  Research Question and Hypothesis
This study aimed to examine whether high optimism (1) modifies or (2) mediates the association

between childhood socioeconomic disadvantage and heart disease.

HYPOTHESIS 1: High optimism will modify the association between childhood socioeconomic
disadvantage, indicated by the highest level of parents’ education, and heart disease, such that
the association between childhood socioeconomic disadvantage and heart disease will be weaker
among individuals with high optimism compared to individuals with low optimism.
HYPOTHESIS 2: High optimism will mediate the association between childhood socioeconomic

disadvantage, indicated by the highest level of parents’ education, and heart disease.

3. Theoretical Framework
This study draws on the social production of disease’ and the Shift-and-Persist Mode

193
as the theoretical bases for analyzing high optimism as a mediator of the association between
childhood socioeconomic disadvantage and heart disease. In contrast to other theories that focus
on individual choices and traits as contributors to disease, social production of disease theory

states that population-level patterns of health and disease are products of an established societal

hierarchy built on social and economic differences. Research guided by this theory focuses on
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comparing health and disease status between disadvantaged and advantaged groups, given that
disease risk for these individuals is related to their group membership. The Shift-and-Persist
Model describes the tendency of some individuals to positively reframe or reappraise stressors to
move forward. This can be beneficial for individuals living in adverse environments, as they are
able to control the self and adjust to the world around them, which can be more advantageous
than attempting to control or change the world itself.”?

The present study will examine whether high optimism serves as a modifier or mediator
of childhood socioeconomic disadvantage and heart disease. In the face of adverse situations,
such as a socioeconomically disadvantaged childhood, optimism may help individuals reframe
their current situation to benefit their health, leading to a lower risk of heart disease. Below is a
directed acyclic graph (DAG) to illustrate the exposure, outcome, and potential confounders and
mediator considered within this study.

FIGURE 2. DIRECTED ACYCLIC GRAPH ILLUSTRATING MANUSCRIPT 2, AIM 1

Age, Sex, Racial minority status

Adult SES

Childhood
Socioeconomic Heart Disease
Disadvantage

High Optimism
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FIGURE 3. DIRECTED ACYCLIC GRAPH ILLUSTRATING MANUSCRIPT 2, AIM 2
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4. Methods

1. Overall Study Design
This is a prospective cohort study, with individuals followed from MIDUS 1 (1995-1996)

to MIDUS 1II (2013-2015).

1i.  Data Source

This project used data from the Midlife in the United States Study (MIDUS), a national
cohort study of noninstitutionalized English-speaking adults between the ages of 25-74 at
baseline, recruited through random-digit-dialing.”* Once selected, MIDUS participants were
interviewed at three separate time points: MIDUS I (N=7,108; 1995-1996), MIDUS II (N=4,963;
2004-2005; 70% response rate from MIDUS 1), and MIDUS III (N=3,294; 2013-2015; 66%
response rate from MIDUS II). For each time assessment, data was collected via a phone
interview and self-administered questionnaire (SAQ). The SAQs were mailed to the participant’s
residence. Linked data from the National Death Index (NDI) was also used to identify

participants who died from acute myocardial infarction or stroke.
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iii.  Participants and Criteria for Selection

All participants with complete data on childhood socioeconomic disadvantage, optimism,
and heart disease at MIDUS I were included in analyses; covariates with greater than 10%

missing data were imputed using multiple imputation.

1iv.  Outcome Variable: Potential Measurement Issues

Heart disease was self-reported at MIDUS 1, 11, and III. Participants were classified as
having heart disease if they indicated they (1) had ever had a heart attack, coronary heart disease,
ischemia, heart failure, or stroke, or (2) had taken prescription medicine for a heart condition in
the past 30 days. Participants were also categorized as having heart disease if myocardial

infarction or stroke was listed as their cause of death via the NDI.

Given that the outcome is primarily self-reported, it may be vulnerable to recall bias;
Participants may incorrectly recall whether they have been diagnosed with heart disease or not.
Additionally, considering research suggests that 30-50% of U.S. adults are non-adherent to long-
term medications,” it is possible that participants may report not taking a prescription
medication for a condition in the past 30 days even though the medication may have been
prescribed. There may also be inaccuracies in the death certificate data used by the NDI, as
established by previous studies.”®®” A 2010 analysis found that 48% of the studied death
certificates had at least one data issue, including providing a mechanism of death (e.g.
cardiopulmonary arrest) or disease process (e.g. urosepsis) rather than an underlying cause of
death.”® However, since the NDI is not the primary source of outcome data, this vulnerability

likely had minimal impact on the study.
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v. Exposure Variable: Potential Measurement Issues

Childhood socioeconomic disadvantage, the exposure of interest, was self-reported at
MIDUS I, and proxied through parents’ highest level of education. MIDUS collects two items
that asked participants to report the highest level of education that their mother and father had
each completed with 12 response options from (1) no school/grade school to (12)
graduate/professional degree. These variables were operationalized as a single categorical
variable to reflect the highest education attained between the two parents, and then categorized
into a four level variable to represent important cut-offs in earning ability (less than high school,

high school diploma/GED, some college, and Bachelor’s degree or higher).5%%%%

The measurement of the exposure in this study may be vulnerable to recall bias, given
that MIDUS participants are aged 25-74 years when they are asked to report their childhood
SES: as many as 70 years in the past. However, previous research suggests that using parents’
highest level of education is more accurate than other retrospective proxies of childhood
socioeconomic disadvantage (e.g. perceived childhood financial status);**!%%!%! Previous work
with MIDUS specifically shows that twins have the greatest concordance when reporting the
highest level of their parents’ education, compared to childhood welfare status and perceived
childhood financial status (perceived relative childhood financial status, k = 0.30; highest level
of mothers’ education, k = 0.66; highest level of fathers’ education, k = 0.64; childhood welfare
status, x = 0.61).1°! Despite this, it is also important to note that there may be misclassification of
the exposure, considering that the level of education reported may not have been the level of
education the parent had during the respondent’s childhood (e.g. if a parent had attained

additional education levels after the respondent had already grown up).
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Vi. Potential Confounders and Effect Modifiers
This study considered a series of potential confounders as identified from previous
research. Confounders included age, sex, racial minority status, and adult socioeconomic

status.®”9%192 All potential confounders were reported at MIDUS 1.

Age was considered as a continuous variable. Sex was considered dichotomously (male
vs. female). Racial minority status was operationalized into a binary variable (White vs. Non-
White) based on a low number of participants in more detailed racial and ethnic groups. Adult
socioeconomic status was measured by the participant’s highest level of education (less than
high school, high school diploma/GED, some college, and Bachelor’s degree or higher).

Dispositional optimism was reported at MIDUS II in 2004-2006 through the validated
six-item Life Orientation Test, which asks participants to respond to six items (e.g. “In uncertain
times, [ usually expect the best”) on a five point Likert scale from (1) A lot agree to (5) A lot
disagree. An optimism score was constructed by calculating the sum of the values of the items in
the scale, reverse-coding items as necessary so high scores reflect higher optimism. Valid scores
were computed for all participants that responded to at least three of the six items. For missing
items, the mean value of completed items was imputed as in previous studies.!®*"'% When testing
effect modification, a median-split of the high optimism score was used following previous

research.

vii.  Mediators
Dispositional optimism was reported at MIDUS II in 2004-2006, as described above. For

mediation analyses, a continuous optimism score with higher scores reflecting higher optimism,

was used.!06-107
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viii.  Power Analyses

Based on previous research,®®8:88

a medium effect size was expected. Given that this is a
secondary data analysis, with a predetermined sample size of approximately N=5,289 adults,
PROC POWER in SAS 9.4 was used to determine the level of power that can be achieved with
the present sample size. Based on preliminary analyses with the current sample, the probability
of event was estimated at 0.28, with standard deviation=0.32, and a moderate correlation
between the exposure and included covariates (R>=0.25). Using a one-sided test and an estimated

hazard ratio of 1.3, this sample size achieved a power of 0.80, with a=0.05.

1X. Statistical Analyses
Descriptive Analyses and Quality Assurance

Descriptive statistics of all variables were calculated. Percentages of binary and
categorical variables were presented; mean values and standard deviations were presented for
continuous variables. A comparison of included and excluded participants was also completed.
Missing Data

All observations with complete data on the exposure (childhood socioeconomic
disadvantage), outcome (heart disease at MIDUS III), and the modifier/mediator (optimism) will
be included in the analysis. Missing values for all covariates were imputed using PROC
MIANALYZE.
Aim 1: Model Building/Assessment of Model Fit

A series of Cox regression models were fit to examine the association between childhood

socioeconomic disadvantage and heart disease, with potential confounders added sequentially in
blocks. Given that the study required a time-to-event analysis, the Cox model is appropriate. A
model building approach was used for analyses, following prior research:’® Model 1, the

unadjusted model, included only childhood socioeconomic disadvantage. Model 2 added

34



sociodemographic variables (age, sex, and racial minority status). Model 3 will additionally
include adult socioeconomic status.

Akaike information criterion (AIC), a measure of relative goodness of fit, was used to
compare models. The variance inflation factor (VIF) was used to ensure that the multicollinearity
of interaction terms and their original variables would not interfere with the independence of the
model.

Models with and without each confounder were compared, to assess whether the
inclusion of each confounder was related to a 10% change in estimate. High optimism was tested
as an effect modifier, using an interaction term between childhood socioeconomic disadvantage
and optimism as a categorical variable. Optimism-stratified models were constructed for models
with significant interaction terms; potential confounders were also tested, as described as above,
in stratified models.

Aim 2: Mediation Analysis

Indirect associations for the potential mediator were estimated using VanderWeele’s
difference method!® to calculate the change in the association beta estimate when including each
potential mediator, using our fully adjusted Cox model (Model 3). Beta estimates were directly
used to calculate percentages mediated; the percentage mediated was calculated as the indirect
effect beta estimate divided by the total effect beta estimate. Bootstrapping with 1000 repetitions

were used to generate 95% confidence intervals (Cls) for each indirect association.

5. Results
Table 5 presents descriptive statistics of the study sample (N=5,289). In general, the
majority of participants were White (79.88%), middle-aged (46.64+12.43 years), and had parents

that attended at least some college (37.23%). Optimism-stratified descriptive statistics showed
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adults with higher optimism were more likely to be older and more educated and were less likely
to be a racial minority. Compared to excluded participants, which had missing data on the
exposure, outcome, or modifier/mediator, included participants were less likely to report heart
disease throughout the follow-up period, had higher levels of optimism, were younger, were less
likely to be a racial/ethnic minority, and were more likely to have parents with higher education

(Table 6).

Based on a significant interaction term between childhood socioeconomic disadvantage
and optimism in the demographic-adjusted model (p <.0001), separate Cox models stratified by
optimism (using a median-split) were fit to estimate the hazard of heart disease for low and high
optimism groups separately. Among adults with low optimism, adults whose parents obtained
less than a high school diploma/GED had a 42% higher hazard of heart disease compared to
adults whose parents obtained a Bachelor’s degree or higher (AHR: 1.42, 95% CI: 1.07, 1.87),
adjusted for age, sex, and racial/ethnic minority status (Table 2). Also in the low optimism
group, adults whose parents obtained a high school diploma/GED had a 37% higher hazard of
heart disease compared to adults whose parents obtained a Bachelor’s degree or higher, adjusted
for age, sex, and racial/ethnic minority status (AHR: 1.37, 95% CI: 1.04, 1.80). When further
adjusted for respondent’s highest level of education, these associations were attenuated. No
significant associations between childhood socioeconomic status and heart disease were
observed in the high optimism group.

To address Aim 2, I conducted mediation analyses to examine indirect effects via
respondent’s highest level of education and optimism (Table 7). Mediation analyses did not

reveal significant indirect effects for education alone (Indirect Effect Estimate: 0.05; 95% CI: -

36



0.33, 0.27), optimism alone (Indirect Effect Estimate: 0.01; 95% CI: -0.31, 0.31), or education

and optimism combined (Indirect Effect Estimate: 0.04; 95% CI: -0.31, 0.26).

6. Discussion

Using a national cohort of middle-aged adults, the present study examined optimism as a
modifier and mediator of the association between childhood socioeconomic disadvantage and
heart disease. Childhood socioeconomic disadvantage, represented by parents’ highest level of
education, was related to heart disease among adults with lower optimism only. Associations in
the higher optimism group were null. Mediation analyses showed that education and optimism
were not significant mediators between childhood socioeconomic disadvantage and heart
disease. These results suggest that higher levels of optimism may provide a buffering effect
against childhood socioeconomic disadvantage for heart disease but does not explain the

association between childhood socioeconomic disadvantage and heart disease.

The present study aligns with previous work suggesting that optimists have a lower risk
of heart-related diseases including coronary heart disease, heart-related mortality, and heart
failure compared to adults without high optimism; and extends existing research by providing
evidence for optimism as a significant effect modifier of the association between childhood
socioeconomic disadvantage and heart disease, using 23 years of follow-up.?!"% However, our
findings deviate from previous work that suggests optimism and other psychosocial resources
may explain the relationship between early adversity and metabolic syndrome using data from
the Hispanic Community Health Study.®” Given that study examined metabolic syndrome rather
than heart disease, it is possible that the mediation effect observed in this study does not extend

to heart disease. Additionally, as previous work used a composite variable of psychosocial
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resources rather than focusing on optimism alone, other variables included in the composite (e.g.
purpose in life) may be responsible for the observed effect. It is also important to note that the
previous work used cross-sectional data rather than longitudinal, which may have hindered the
ability of prior work to accurately identify a mediation effect.

Study Strengths and Limitations

This study has several strengths. This study uses MIDUS, a large national cohort to
examine high optimism as a mediator between childhood socioeconomic disadvantage and
incident heart disease. This analysis will allow researchers to identify potential opportunities for
intervention along the pathway between childhood socioeconomic disadvantage and incident
heart disease. Second, this study assesses dispositional optimism through a validated scale, and is
the first to my knowledge to examine high optimism as a mediator in the association between
childhood socioeconomic disadvantage and incident heart disease.

However, it is also important to note that the results of this study may be limited. First,
although MIDUS is a national cohort, the study sample is disproportionately comprised of
White, highly educated adults, even when including the Milwaukee sample, an oversample of
African-American adults to increase diversity; thus, the generalizability of results is also limited.
Second, although potential confounders were identified a priori, unmeasured confounders may
exist and cannot be accounted for within the analysis. Third, the retrospective report of childhood
socioeconomic disadvantage may be vulnerable to recall bias, especially given that MIDUS
participants are asked to recall up to 70 years in the past. However, previous research suggests
that using parents’ highest level of education is more accurate than other retrospective proxies of
childhood socioeconomic disadvantage (e.g. perceived childhood financial status),”*!%%1%1 and

previous work with MIDUS specifically shows that twins have the greatest concordance when
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reporting the highest level of their parents’ education, compared to childhood welfare status and
perceived childhood financial status.!®! Fourth, the reliance on self-reported outcomes may also
introduce bias and differential misclassification. Participants may have poor recall of their
disease status or current medication, and participants with fewer financial resources and/or lower
education may be less likely to access health care'” and thus will be less likely to receive and
report a heart disease diagnosis. This may decrease the prevalence of heart disease among those
with a history of childhood socioeconomic disadvantage and thus bias results toward the null.
However, recent work has shown a high level of agreement between self-report of ischemic heart
disease and patient medical records (k = 0.87), so the impact of recall bias on outcome
classification may be minimal.''°
Public Health Significance

The identification of high optimism as a modifier of the association between childhood
socioeconomic disadvantage and heart disease may support the uptake of easily accessible
psychological interventions (e.g. positive psychology, mindfulness) for heart disease prevention.
Future work should focus on replicating these analyses with more diverse samples, to determine

whether this effect may extend to other populations.

7. Human Subjects and Ethical Considerations

This study was approved by the University of Maryland Institutional Review Board.
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TABLE 5. SAMPLE CHARACTERISTICS, MIDLIFE IN THE UNITED STATES STUDY (N=5,289)

Full Sample  High Optimism Low Optimism

(N=5,289) (N=2,914) (N=2,375)

% or Mean % or Mean
Variable (SD) 7o or Mean (SD) (SD) p-value
Highest Level of Parents' Education <.0001
Less Than High School 26.87 24.7 29.53
High School Diploma/GED 35.90 34.22 37.97
Some College 15.58 16.9 13.94
Bachelor's Degree or Higher 21.65 242 18.56
Heart Disease (M1, M2, M3), % 19.51 19.3 19.82 0.0001
Optimism 22.95 (4.75) -- --
Age at Baseline (M1) 46.64 (12.43) 47.69 (12.24) 45.34 (12.55) <.0001
Male, % 45.85 46.2 45.46 0.1192
Racial/Ethnic Minority Status 20.12 16.9 24.1 <.0001
Highest Level of Education <.0001
Less Than High School 7.02 4.1 10.6
High School Diploma/GED 28.44 24.0 33.9
Some College 30.9 30.8 31.0
Bachelor's Degree or Higher 33.64 41.1 24.55

Notes: GED, General Education Development, SD, standard deviation
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TABLE 6. INCLUDED (N=5,289) vS. EXCLUDED (N=266) PARTICIPANTS, MIDLIFE IN THE
UNITED STATES STUDY (1996-2018).

Included Participants Excluded Participants

(N=5,289) (N=266)

Variable % or Mean (SD) % or Mean (SD) p-value
Highest Level of Parents' Education 0.35
Less Than High School 26.87 11.11

High School Diploma/GED 35.90 44.44

Some College 15.58 33.33

Bachelor's Degree or Higher 21.65 11.11

Any Heart Disease 19.51 25.88 0.01
Optimism 23.11 (4.75) 21.38 (4.61) <.0001
Age at Baseline 46.6 (12.44) 54.54 (12.85) <.0001
Male, % 45.85 42.11 0.23
Racial/Ethnic Minority Status 20.34 57.65 <.0001
Highest Level of Education <.0001
Less Than High School 6.99 37.59

High School Diploma/GED 28.41 35.34

Some College 30.91 19.92

Bachelor's Degree or Higher 33.69 7.14

Notes: Descriptive analyses were conducted on participants with available data. Any heart disease
includes respondents that reported heart disease at any time point during the follow-up period. GED,
General Education Development, SD, standard deviation
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TABLE 7. COX REGRESSIONS ESTIMATING THE HAZARD OF HEART DISEASE, STRATIFIED BY
OPTIMISM (MIDLIFE IN THE UNITED STATES STUDY, 1995-2018), N=5,289

Model 1 Model 2 Model 3 Model 4
High Optimism (N=2,914) AHR 95% CI AHR 95% CI AHR 95% CI AHR 95% CI
Highest Level of Parents'
Education
Bachelor's Degree or Higher ref 1.00 ref 1.00 ref 1.00 ref 1.00
Some College 1.11 (0.85,1.45) 1.15 (0.87,1.50) 1.15 (0.88,1.51) 1.05 (0.80,1.37)
High School Diploma/GED 1.21  (0.96,1.54) 120 (0.94,1.52) 1.19 (0.93,1.51) 0.97 (0.75,1.24)
Less Than High School 110 (0.85,1.41) 1.13 (0.89,147) 110 (0.85,142) 087 (0.66,1.13)
Diploma/GED

Model 1 Model 2 Model 3 Model 4
Low Optimism (N=2,375) AHR 95% CI AHR 95% CI AHR 95% CI AHR 95% CI
Highest Level of Parents’
Education
Bachelor's Degree or Higher ref 1.00 ref 1.00 ref 1.00 ref 1.00
Some College 092 (0.65,130) 0.93 (0.66,1.32) 090 (0.63,1.28) 0.83 (0.58,1.17)
High School Diploma/GED 1.35 (1.03,1.78) 135 (1.03,1.77) 137 (1.04,1.80) 1.18 (0.89,1.57)
Less Than High School 143 (1.09,1.89) 148 (1.12,1.95) 142 (1.07,1.87) 112 (0.83,1.50)
Diploma/GED

Note: Results were stratified by a median-split optimism variable based on an interaction term between childhood
socioeconomic disadvantage and optimism was significant (p<.0001).

AHR=adjusted hazard ratio; GED=General Education Development or High School Equivalency Diploma

Model 1 displays the age-adjusted association between parents' highest level of education and heart disease.

Model 2 adds sex.

Model 3 adds racial minority status.

Model 4 adds respondent’s educational attainment (Bachelor's Degree+, Some College, High School Diploma/GED, Less

Than High School).
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TABLE 8. MEDIATION ANALYSES DESCRIBING THE ASSOCIATIONS BETWEEN CHILDHOOD SOCIOECONOMIC DISADVANTAGE AND
HAZARD OF INCIDENT HEART DISEASE (N = 5,289).

Total Effect Estimate Indirect Effect Estimate 95% CI Percent Mediated
+education 0.05 0.05 (-0.33,0.27) 88.63%
+optimism 0.19 0.01 (-0.31, 0.31) 6.47%
+education and optimism 0.05 0.04 (-0.31, 0.26) 91.55%

Note: Childhood socioeconomic disadvantage is operationalized as Parents' Education: High School Diploma/GED or Lower vs.
Some College or Higher. Confounders include age, sex, and minority status. All models include age, sex, and racial minority status as
potential confounders. Percent mediated was calculated by dividing the indirect effect estimate by the total effect estimate, to
determine what proportion of the total estimate may be attributed to the examined mediator. Given that education may also be
theorized as a mediator in addition to a confounder, it was examined here in addition in optimism. Bootstrapping with 1000
repetitions were used to generate 95% confidence intervals for each indirect association.
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Chapter 4: Temporal Trends in The Association Between Socioeconomic Status and
Cardiovascular Mortality (Manuscript 3)

1. Background

1. Significance
According to 2018 data from the National Health Interview Survey, 12.1% of the U.S.

population report having some type of cardiovascular disease (CVD), including coronary heart
disease, hypertension, and stroke.* Heart disease is the leading cause of death in the United
States, with 161.5 deaths per 100,000 reported in 2019.2 Although the prevalence of CVD
mortality has decreased in the last two decades, the rate of decline has slowed in recent years,’
suggesting the need to identify additional factors that may be targeted for improve cardiovascular
health on the population level.

In 2020, the U.S. poverty rate increased to 11.4% from 10.5% in 2019: the first year that
the poverty rate increased following five years of decline.!!! Although researchers anticipate the
2021 U.S. poverty rate will be lower than in past years (between 7.7 and 8.5% percent),'!%!13 this
decrease is likely a temporary result of increased aid available during the COVID-19 pandemic.
Thus, it is likely that poverty rates will rise again in the years following the pandemic, which
resulted in the loss of employment for over 9.6 million workers in the United States.!'* Given
that the associations between socioeconomic disadvantage and cardiovascular health are well-
established,”!% it is essential that researchers continue to examine the relationships between
socioeconomic disadvantage and CVD outcomes in order to appropriately target timely

interventions and public health policies.

il. Existing Knowledge
Socioeconomic Factors and CVD Mortality
Prior work has established associations between SES and CVD mortality.!'*! Results

from the English Longitudinal Study of Ageing, a large prospective study, show that among

individuals aged 50-64 years, those in the lowest wealth tertile had 3.73 times the hazard of
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cardiovascular mortality compared to those in the highest wealth tertile with a mean follow-up of
9.4 years.!'® In a prospective cohort of 59,000 black women followed from 1995-2011,
researchers found that women in the lowest quartile of neighborhood SES had 1.40 times the
hazard of CVD mortality compared to those in the highest quartile, adjusted for
sociodemographic characteristics and health behaviors.!!” Similarly, in an analysis of adults aged
35-72 in Finland, researchers found that participants with higher education and non-manual
occupations had a lower hazard of CVD mortality compared to those with lower education or
manual occupations (mean follow-up = 28.5 years for censored individuals; 19.5 years for
deceased individuals),''® and in a socially representative cohort of 3,924 British men followed
over 12 years, researchers found a graded increase in CVD mortality risk through quintiles of

deprivation score.!'!’

Measurement of Socioeconomic Status

Previous research suggests that different methods of measuring SES have their own
advantages and disadvantages when it comes to associations with health. For example, while
income may demonstrate an individual’s access to material goods and services that benefit
health, it is also age-dependent and often suffers from a higher nonresponse rate than other SES
measures.'?’ Related, research focused on childhood socioeconomic disadvantage suggests that
reliance on a single metric of socioeconomic status (SES) may not allow researchers to
investigate how specific aspects of socioeconomic status impact health.!% Studies examining
SES and CVD mortality use a wide range of socioeconomic indicators, including highest level of
education, occupation, income, deprivation score, and wealth.!'¢!!? Given that the field lacks

consensus on the optimal way to measure SES, it is important to evaluate which socioeconomic
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indicators are more strongly associated with health outcomes; this information is essential for
identifying (1) opportunities for intervention among the socioeconomically disadvantaged.
Temporal Trends in Associations Between SES and CVD Mortality

Temporal trend analyses in this area suggest that associations between SES and CVD in
the United States may be strengthening over time.!'>!?! For example, a 2002 study examining
county-level SES and CVD mortality revealed that SES disparities in CVD mortality have
widened from 1969-1970 to 1997-1998.'!° Notably, analyses examining associations between
individual-level SES and CVD risk factors using the National Health and Nutrition Examination
Survey (NHANES) from 1971-2002 showed that socioeconomic disparities in smoking and high
blood pressure prevalence have widened, which may contribute to differences in CVD
mortality.'* Outside of the United States, results from the Turin Longitudinal Study in Italy

(1971-2011) show that educational inequalities in CVD mortality have declined.!??

iii. Gaps in Knowledge
A 2017 systematic review showed that few studies have examined temporal trends in

SES and CVD mortality.” Specifically, no studies to date have examined income disparities in
CVD mortality, and only one has examined educational disparities in CVD mortality using data
from Italy (1971-2011).!%? To our knowledge, the most recent studies in this area studying
temporal trends in the United States have only used data up until the early 2000’s, thus limiting
their ability to draw conclusions about the present-day U.S. population.'!>!?*> Considering that
CVD mortality is one of the leading causes of death in the U.S. and income inequality has
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increased in the last half-century, “* it is essential to understand the relationships between SES

and CVD mortality using recent data.
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2. Specific Aims

i.  Broad Objective of the Project
This study expands on existing work by (1) testing associations between adult SES and

CVD mortality, and (2) examining temporal trends of these associations.

ii.  Research Question and Hypothesis
This study aimed to answer the following questions: (1) what are the associations between

SES and CVD mortality? And (2) have associations between SES and CVD mortality changed
over time?
HYPOTHESIS 1: Socioeconomically disadvantaged individuals will have a higher likelihood of
CVD mortality compared to socioeconomically advantaged individuals as indicated by highest
level of education and federal poverty level.
HYPOTHESIS 2: Socioeconomic disparities in CVD mortality will be wider in more recent
decades (2010-2018) compared to previous decades (1990-1999, 2000-2009) as indicated by

both highest level of education and federal poverty level.

3. Theoretical Framework

This study draws on the social production of disease® as a theoretical basis for analyzing
temporal trends in associations between adult socioeconomic status and CVD mortality. In
contrast to other theories that focus on individual choices and traits as contributors to disease,
social production of disease theory states that population-level patterns of health and disease are
products of an established societal hierarchy built on social and economic differences. Research
guided by this theory focuses on comparing health and disease status between disadvantaged and
advantaged groups, given that disease risk for these individuals is related to their group

membership.
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The present study examined the association between adult SES and CVD mortality, thus
directly examining health as a result of socioeconomic differences. Below is a directed
acyclic graph (DAG) to illustrate the exposure, outcome, and potential confounders
considered within this study.

FIGURE 4. DIRECTED ACYCLIC GRAPH ILLUSTRATING MANUSCRIPT 3, AIMS 1 AND 2.

Age, Sex, Race and Hispanic
Origin, Marital Status, BMI,
Smoking History

AAUIESES ) |

Decade

4. Methods

1. Overall Study Design

This is a prospective cohort study, with individuals followed via the National Death

Index (NDI) from 1997-2019.

ii.  Data Sources
This study used the National Health Interview Survey (NHIS) linked to the NDI. The

NHIS is a nationally-representative survey of the civilian noninstitutionalized U.S. population,
conducted annually by the National Center for Health Statistics (NCHS). Items on the NHIS
cover a wide range of topics, including sociodemographic characteristics, healthcare utilization,
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health behaviors, and health conditions. The NDI is a national registry of deaths in the United
States, which includes the date and cause of death.
The National Health Interview Survey (1997 —2018)

For NHIS data collection, households are sampled and selected for in-person interviews
conducted by trained staff from the United States Census Bureau with some follow-up interviews
completed via telephone. For the study period, the NHIS was comprised of three interview
components: (1) family core, (2) Sample Adult, and (3) Sample Child. The family core consisted
of items related to basic sociodemographic characteristics and health information. From 1997 to
2018, one adult was randomly selected from the household and was the sole subject of the
Sample Adult portion of the survey. Similarly, one child from the household was selected to be
the sole subject of the Sample Child portion; information was collected from a knowledgeable
adult present at the time of the interview.'?* Data was downloaded from the Integrated Public
Use Microdata Series (IPUMS) website, which harmonizes NHIS data across all years.

National Death Index (2019)

Public-use linked mortality files were available for the 1997-2018 NHIS. The linked file
includes survey data from the Sample Adult NHIS and mortality data from the 2019 National
Death Index.!'?® On this basis, the follow-up time across participants in our study ranged from 1

to 28 years.

iii.  Participants and Criteria for Selection
The study sample was comprised of all participants with complete data on the exposure
and outcome of interest via the Sample Adult interview. Covariates with greater than 10%

missing were imputed using multiple imputation.
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iv.  Outcome Variable: Potential Measurement Issues

The outcome of interest, cardiovascular mortality, was obtained via the NDI. The NDI
categorizes the underlying leading cause of death as (1) disease of heart, (2) malignant
neoplasms, (3) chronic lower respiratory diseases, (4) accidents (unintentional injuries), (5)
cerebrovascular diseases, (6) Alzheimer’s disease, (7) diabetes mellitus, (8) influenza and
pneumonia, (9) nephritis, nephrotic syndrome and nephrosis, or (10) all other causes. Participants
recorded in the NDI as dying of diseases of the heart were categorized as having cardiovascular
mortality. Participants that were still alive at follow-up (2018) were censored, and participants
that died of non-cardiovascular causes were censored at their time of death, following previous
literature.!27-128

The primary measurement issue with this variable lies in the established inaccuracy of
death certificates,’” where the NDI obtains its information. A 2010 analysis found that 48% of
the studied death certificates had at least one data issue, including providing a mechanism of

death (e.g. cardiopulmonary arrest) or disease process (e.g. urosepsis) rather than an underlying

cause of death.”®

v. Exposure Variable: Potential Measurement Issues

The exposure of interest, individual-level SES, was ascertained via two measures on the
NHIS: (1) household income and (2) highest level of education completed.

Respondents reported individual-level income, which was subsequently aggregated and
recoded on the household level. The resulting variable was comprised of 11 income categories in
increments of $5,000 from (1) 0 - $4,999 to (11) $75,000 and over. Following previous
research, 2”12 family income was measured as a percentage of the federal poverty level ratio

(<100%, 100-199%, 200-299%, 300-399%, 400% or greater). In cases where income data was
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missing, the NCHS-imputed income variable was used.'*° The highest level of education
completed (1997-2018) was ascertained by a 21-level variable, ranging from (1) Never
attended/kindergarten only to (21) Doctoral degree (PhD, EdD). Following previous
research, %13 education was operationalized as a five-level variable: (1) less than high school
diploma/GED (less than 12 years of school), (2) high school diploma/GED (12 years of school),
(3) some college (13-15 years of school), and (4) college degree (15 years of school), and (5)
graduate degree or more (16 years of school).

The primary measurement issues include (1) cross-sectional nature of SES measurement,
(2) nonresponse on exposure variables, and (3) social desirability bias. As SES was measured via
the NHIS, an annual cross-sectional data source, our study will only ascertain an individual’s
SES at one point in time: this may misrepresent the respondent’s socioeconomic situation. For
example, household income may change from year to year due to loss of employment or
disability. Our study will also be unable to capture SES earlier in the life course, which previous
work has shown is also influential for health outcomes.!!®132133 Previous research also shows
that income nonresponse typically ranges from 20-40%, depending on the specificity of the item
(e.g. whether asking respondents for categorical income vs. the specific amount);'**+ 13 If a
complete case analysis is used, this may lead to selection bias. However, given that imputed
income data is available for the NHIS and education has a very low percent missing (NHIS 2018:

<1% missing on education),* minimal impact is expected.

vi. Potential Confounders and Effect Modifiers
This study considered a series of potential confounders (age, sex, race and Hispanic

origin, marital status, BMI, smoking) and one effect modifier (decade) as identified from
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previous research.!?”138 All variables were reported by proxy or self-reported at the time of the
NHIS interview.

Age will be coded as a continuous variable. Sex will be coded dichotomously (male,
female). Race and Hispanic origin will be operationalized into five categories following other
NCHS data products: Hispanic, Non-Hispanic White, Non-Hispanic Black, and Non-Hispanic
Asian, and Non-Hispanic Other.!**'"*! Marital status will be operationalized as (1) Married, (2)
Separated, (3) Divorced, (4) Widowed, and (5) Never Married. BMI will be calculated using self-
reported height and weight measures and then operationalized following standard BMI cut-offs
(underweight: BMI <18.5 kg/m?; normal weight: 18.5 kg/m? < BMI < 24.9 kg/m?; overweight:
25 kg/m*< BMI < 29.9 kg/m?; obese: BMI > 30 kg/m?).!*? Lifetime prevalence of smoking will
be ascertained via a binary item that asks whether the respondent has smoked at least 100
cigarettes in their entire life. Decade will be defined by the date of the interview (1997-2007 vs.

2008-2018).

vii.  Mediators
No mediators will be assessed in this study.

viii.  Power Analyses
Based on previous research,' 2116143 3 medium effect size was expected. Given that this
9

is a secondary data analysis, with a predetermined sample size of approximately N=500,000
adults, PROC POWER in SAS 9.4 was used to determine the level of power that can be achieved
with the present sample size. Based on preliminary analyses with the National Health Interview
Survey, the probability of event was estimated at 0.11, and a moderate correlation between the
exposure and included covariates (R2=0.25). Using a one-sided test and an estimated hazard

ratio of 1.3, this sample size is expected to achieve a power greater than 99%, with a=0.05.

iX. Statistical Analyses
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Descriptive Analyses and Quality Assurance

Descriptive analyses of all variables were presented, overall and stratified by decade.
Percentages of binary and categorical variables were presented; mean values and standard
deviations were presented for the continuous variables.

Missing Data

All participants with complete data on the exposure and outcome were included in
analyses. In cases where covariates were missing more than 10% of data, values were imputed
using multiple imputation. Significant differences between those included and excluded in the
sample were compared.

Model Building/Assessment of Model Fit

Separate Cox proportional hazards regression models were fit for each SES indicator,
with potential confounders added sequentially in blocks. Mortality-adjusted sampling weights
were used for analyses. Given that the study outcome is CVD mortality, a time-to-event analysis
was appropriate, with the time between the NHIS interview and mortality via the National Death
Index as the length of follow-up variable. The time-to-event A series of four models were
constructed: Model 1, the unadjusted model, included only the exposure variable, SES, Model 2
added sociodemographic variables (age, race or Hispanic origin, sex), Model 3 added marital
status, and Model 4 added BMI and smoking.

Akaike information criterion (AIC), a measure of relative goodness of fit, was used to
compare models. The variance inflation factor (VIF) will be used to ensure that the
multicollinearity of interaction terms and their original variables will not interfere with the
independence of the model.

Analysis of Potential Confounders and Effect Modifiers
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Age, sex, race/ethnicity, marital status, BMI, and smoking were assessed as potential
confounders. To assess confounders, two models were run: first, a basic model with only the
exposure (SES) and the outcome (CVD mortality), and second a model with the exposure,
outcome, and the potential confounder. The associations between the exposure and outcome
variables were compared between models, and variables with a 10% or greater change in the
hazard ratio were conceptualized as confounders.

Decade was tested as an effect modifier, using interaction terms between
education*decade and family income*decade. For significant interaction terms (p <.05), models
stratified by decade were constructed; potential confounders were also tested as previously

described within stratified models.

5. Results

Table 9 presents descriptive statistics of the study sample, weighted to the national
population. In general, most participants were White, non-Hispanic (73.27%), female (54.00%),
in midlife (M (SD) =48.08 (18.14)), were married (46.98%), and were overweight or obese
(60.49%). In respect to socioeconomic indicators, 57.18% of participants had attended at least
some college, and most had a family income that was 200% of the federal poverty level or
greater (72.33%). Only 4.29% of the sample had a cardiovascular-related death. When stratified
by decade, descriptive statistics were overall similar with a few exceptions: the percentage of
cardiovascular deaths was higher from 1997-2007 compared to 2008-2018 (5.5% vs. 2.6%), and
participants had a higher percentage of having family incomes less than 100% FPL in 2008-2018
compared to 1997-2007 (14.29% vs. 10.5%). There were higher percentages of Hispanic
(14.90% vs. 10.63; Table 10) and Non-Hispanic Asian (7.80% vs. 3.42%) among excluded

participants compared to included participants; body mass index was also higher among
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excluded participants, while the percentage of participants that had ever smoked 100 cigarettes in
their lifetime was lower (36.40% vs. 44.59%).

In main analyses, highest level of education was related to a higher hazard of
cardiovascular-related mortality adjusted for all covariates. Compared to adults with a graduate
degree or higher, adults with less than a high school diploma/GED had over twice the hazard
(AHR: 2.22, 95% CI: 2.05, 2.40), adults with a high school diploma/GED had a 76% higher
hazard (AHR: 1.76, 95% CI: 1.63, 1.90), and adults with some college had a 62% higher hazard
(AHR: 1.62, 95% CI: 1.50, 1.76), and adults with a Bachelor’s degree had a 17% higher hazard
(AHR: 1.17, 95% CI: 1.08, 1.28) of cardiovascular-related mortality. The interaction term
between highest level of education and decade was significant (p <.0001), so stratified models
were constructed. When stratified by decade, associations were significant for both decades
adjusted for all covariates, with slightly stronger associations between 1997-2007 (less than high
school/GED, AHR: 2.21, 95% CI: 2.02, 2.42) compared to 2008-2018 (less than high
school/GED, AHR: 2.17, 95% CI: 1.87, 2.52) (Table 11).

In parallel, family income as a percentage of the federal poverty level (FPL) was also
related to a higher hazard of cardiovascular-related mortality adjusted for all covariates.
Compared to adults with a family income of 400% FPL or greater, adults with family incomes of
less than 100% FPL had more than twice the hazard (AHR: 2.25, 95% CI: 2.10, 2.41), adults
with family incomes of 100-199% FPL had nearly twice the hazard (AHR: 1.96, 95% CI: 1.85,
2.08), adults with family incomes 200-299% FPL had a 50% higher hazard (AHR: 1.50, 1.43-
1.62), and adults with family incomes 300-399% FPL had a 34% higher hazard (AHR: 1.34,
95% CI: 1.25-1.43) of cardiovascular-related mortality. The interaction term between family

income and decade was significant (p <.0001), so stratified models were constructed. When
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stratified by decade, associations were significant for both decades adjusted for all covariates,
with slightly stronger associations between 2008-2018 (less than 100% FPL, AHR: 2.28, 95%
CI: 1.99, 2.63) compared to 1997-2007 (less than 100% FPL, AHR: 2.23, 95% CI: 2.06, 2.41)

(Table 12).

6. Discussion

Using a nationally representative sample of adults in the United States, the present study
examined associations between different socioeconomic indicators and cardiovascular-related
mortality, as well as if these associations varied by decade. In the full sample and in stratified
analyses, associations were significant for both indicators adjusted for all potential confounders.
For education, associations between lower education levels and cardiovascular-related mortality
were slightly stronger in 1997-2007 compared to 2008-2018. In contrast, associations between
lower levels of family income and cardiovascular-related mortality were slightly stronger in
2008-2018 compared to 1997-2007. However, given that these differences were relatively small,
the associations observed suggest that education and income have similar associations with
health.

These findings are consistent with previous work that show associations between
socioeconomic disadvantage and cardiovascular-related mortality, supporting our hypothesis for
Aim 1.*7 For Aim 2, we hypothesized that associations between both socioeconomic indicators
and cardiovascular-related mortality widened over time. These hypotheses were partially
supported by our results. Decade-stratified analyses between education and cardiovascular-
related mortality aligned with previous work in Italy using data from 1971-2011 to show that
educational inequalities in CVD mortality have declined.!? Similarly, decade-stratified analyses

for family income and cardiovascular-related mortality were consistent to previous work using
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NHANES (1969-1970; 1997-1998) showing that SES disparities in CVD mortality had widened
over time.!® These findings may be explained by the fact that although educational attainment is
increasing, with more individuals increasing their highest level of education, the income gap is
widening, with much of the nation’s wealth concentrated in a small proportion of the
population.?

Although both education and family income are commonly used measures of
socioeconomic status, associations between these indicators and cardiovascular-related mortality
showed slightly different patterns when stratified by decade. For both overall and stratified
models, education was more strongly associated with cardiovascular-related mortality compared
to income. This finding aligns with previous work suggesting that education has a stronger
association with health than income.?! Theorized reasons for this difference include the presence
of resources that are associated with education that may not necessarily be associated with
income. The ability to obtain an education may reflect the possession of both financial and
psychosocial support early in life, which may also impact the development of beneficial health
behaviors (smoking and drinking habits). Furthermore, educational attainment may represent an
individual’s consistent ability to obtain a certain level of employment or income, while income
alone may not be representative of an individual’s earning potential over time, and thus only
provides a snapshot of an individual’s socioeconomic situation. Thus, both education and income
may contribute differently to overall health and should both be considered in public health

research.

Study Strengths and Limitations

This study has several strengths. First, this study uses the NHIS, a large, nationally-

representative data source, meaning the results will be generalizable to the United States
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population of adults. Second, this study is the first to our knowledge to examine temporal trends
within associations between SES and CVD-related outcomes using multiple decades of U.S. data
(1990-2018) since 2002.'2! This analysis allows researchers to understand whether the
relationships between these variables are changing over time. Third, the use of multiple SES
indicators allows researchers to understand whether associations between SES and CVD

mortality are similar when using different measures.'?’

However, it is also important to note that the results of this study may be limited. First, as
SES has the potential to change quickly and often throughout the life course!* due to various
factors that are unable to be measured in a cross-sectional data collection (e.g. loss of
employment, unexpected medical expenses, loss of income due to a household member leaving),
the major limitation to this study is that SES is only measured at one time-point: the period of
exposure to the reported SES level is unknown. Second, although potential confounders were
identified a priori, unmeasured confounders may exist and are unable to be accounted for within
the analysis. As previously described, there may also be differential reporting bias for the
exposure, due to income nonresponse or overreporting of income due to social desirability bias.
Public Health Significance

Examining associations between socioeconomic indicators and cardiovascular-related
mortality using recent data is essential to providing an accurate picture of current population
health. Understanding the unique relationships that different socioeconomic indicators may have
with health outcomes can help further the development of robust measurement of socioeconomic
status, and improve public health research in this area as a whole. Future work may focus on
understanding how these associations may differ by subgroup, including race and Hispanic

origin, or gender.
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7. Human Subjects and Ethical Considerations
This study was approved by the University of Maryland Institutional Review Board.
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TABLE 9. SAMPLE CHARACTERISTICS, NATIONAL HEALTH INTERVIEW SURVEY, 1997-2018,
N=548,397

1997-2007 2008-2018
(N=253,658) (N=294,739)
Variable % or M(SD) % or M(SD) % or M(SD)
Highest Level of Education,%
Less Than High School 13.05 14.20 11.43
High School Diploma/GED 29.78 31.05 28.00
Some College 30.09 29.33 31.14
Bachelor's Degree (4 Years of College) 17.67 16.72 19.00
Graduate Degree or Higher 9.42 8.70 10.40
Family Income
Less than 100% FPL 12.06 10.47 14.29
100-199% FPL 15.61 14.89 16.62
200-299% FPL 20.11 18.17 22.48
300-399% FPL 12.96 13.88 11.84
400% FPL or greater 34.73 36.70 32.30
Cardiovascular-Related Mortality, % 4.29 5.49 2.60
Age at Baseline, M (SD) 48.08 (18.14) 46.80 (17.86) 49.17 (18.31)
Male, % 46.00 45.73 46.37
Race and Hispanic Origin, %
Hispanic 10.63 9.74 11.89
Non-Hispanic White 73.27 74.99 70.86
Non-Hispanic Black 11.86 11.60 12.24
Non-Hispanic Asian 3.42 2.86 4.20
Non-Hispanic Other 0.82 0.82 0.82
Marital Status, %
Married 46.98 48.54 44.80
Separated 3.10 3.11 3.07
Divorced 14.75 14.26 15.44
Widowed 9.88 10.12 9.55
Never Married 25.29 23.97 27.15
Body Mass Index, %
Underweight 1.34 1.43 1.22
Healthy Weight 38.17 39.93 35.71
Overweight 36.07 36.27 35.78
Obese 24.42 22.37 27.29
Ever smoked 100 cigarettes, % 44.59 45.89 42.78

Notes: P-values show chi-square and t-tests determining significant differences between decades. GED,
General Education Development, SD, standard deviation
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TABLE 10. INCLUDED VS. EXCLUDED PARTICIPANTS, NATIONAL HEALTH INTERVIEW SURVEY
1997-2018, N= 611,505

Included Participants Excluded Participants
(N=548,397) (N=63,108)
Variable % or M(SD) % or M(SD)
Highest Level of Education,%
Less Than High School 13.05 17.56
High School Diploma/GED 29.78 32.31
Some College 30.09 28.50
Bachelor's Degree (4 Years of College) 17.67 14.28
Graduate Degree or Higher 9.42 7.35
Family Income
Less than 100% FPL 12.06 19.41
100-199% FPL 15.61 21.67
200-299% FPL 20.11 21.46
300-399% FPL 12.96 11.54
400% FPL or greater 34.73 25.92
Cardiovascular-Related Mortality, % 4.29 5.04
Age at Baseline, M (SD) 48.08 (18.14) 48.88 (18.37)
Male, % 46.00 37.15
Race and Hispanic Origin, %
Hispanic 10.63 12.89
Non-Hispanic White 73.27 66.94
Non-Hispanic Black 11.86 14.46
Non-Hispanic Asian 3.42 4.72
Non-Hispanic Other 0.82 0.99
Marital Status, %
Married 46.98 42.96
Separated 3.10 3.51
Divorced 14.75 14.27
Widowed 9.88 12.14
Never Married 25.29 27.13
Body Mass Index, %
Underweight 1.34 1.40
Healthy Weight 38.17 39.09
Overweight 36.07 37.19
Obese 24.42 22.32
Ever smoked 100 cigarettes, % 44.59 41.04

Notes: P-values show chi-square and t-tests determining significant differences between decades.
GED, General Education Development, SD, standard deviation
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TABLE 11. COX REGRESSIONS ESTIMATING ASSOCIATIONS BETWEEN HIGHEST LEVEL OF EDUCATION AND CARDIOVASCULAR-
RELATED MORTALITY, STRATIFIED BY DECADE (NATIONAL HEALTH INTERVIEW SURVEY 1997-2018), N=548,397.

Model 1 Model 2 Model 3 Model 4

AHR 95% CI AHR  95% CI AHR 95% CI AHR 95% CI
NHIS, 1997-2018
Highest Level of Parents' Education
Less Than High School Diploma/GED 2.18 (2.02,2.35) 245 (2.27,2.65) 236  (2.18,2.55) 2.22 (2.05, 2.40)
High School Diploma/GED 1.67 (1.55,1.79) 1.85 (1.72,2.00)0 1.84 (1.71,199) 176 (1.63,1.90)
Some College 1.57 (1.45,1.70) 1.73 (1.60,1.87) 170 (1.57,1.84) 1.62 (1.50,1.76)
Bachelor's Degree 1.14 (1.05,1.24) 119 (1.09,1.29) 119 (1.10,1.300 1.17 (1.08,1.28)
Graduate Degree ref 1.000 ref 1.000 ref 1.000 ref 1.000
NHIS, 1997-2007 (N=253,658)
Highest Level of Parents' Education
Less Than High School Diploma/GED 2.16 (1.98,2.35) 242 (2.22,2.64) 235 (2.15,2.57) 221 (2.02,242)
High School Diploma/GED 1.67 (1.54,1.82) 1.87 (1.71,2.03) 186 (1.71,2.03) 1.78 (1.63,1.94)
Some College 1.59 (1.46,1.74) 2.75 (1.60,1.91) 1.74 (1.59,190) 1.65 (1.51,1.81)
Bachelor's Degree 1.11 (1.01,1.21) 115 (1.05,1.26) 1.16 (1.06,1.27) 1.14 (1.04,1.25)
Graduate Degree ref 1.00 ref 1.00 ref 1.00 ref 1.00
NHIS, 2008-2018 (N=294,739)
Highest Level of Parents' Education
Less Than High School Diploma/GED 2.17 (1.87,2.52) 245 (2.11,2.85) 231 (1.99,2.69) 217 (1.87,2.52)
High School Diploma/GED 1.61 (1.39,1.88) 1.80 (1.54,2.09) 1.76 (1.51,2.04) 1.67 (1.44,1.94)
Some College 1.51 (1.29,1.77) 1.66 (1.42,195) 1.61 (1.38,1.89) 153 (1.31,1.79)
Bachelor's Degree 1.21 (1.02,145) 1.28 (1.07,1.53) 1.27 (1.06,1.51) 1.25 (1.05,1.49)
Graduate Degree ref 1.00 ref 1.00 ref 1.00 ref 1.00

Note: Results were stratified by decade based on a significant interaction term between highest level of education and decade (p<.0001).

AHR=adjusted hazard ratio; GED=General Education Development or High School Equivalency Diploma
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Model 1 displays the age-adjusted association between highest level of education and hazard of cardiovascular-related mortality.

Model 2 adds sex and race and Hispanic origin.

Model 3 adds marital status.

Model 4 adds body mass index and history of smoking.
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TABLE 12. COX REGRESSIONS ESTIMATING ASSOCIATIONS BETWEEN FAMILY INCOME AND CARDIOVASCULAR-RELATED
MORTALITY, STRATIFIED BY DECADE (NATIONAL HEALTH INTERVIEW SURVEY 1997-2018), N=548,397.

Model 1 Model 2 Model 3 Model 4
AHR  95%CI AHR 95%CI AHR 95%ClI AHR  95%CI
NHIS, 1997-2018
Family Income
Less than 100% FPL 217  (2.03,2.31) 2.61 (2.44,2.79) 231 (2.15,247) 225 (2.10,2.41)
100-199% FPL 193 (1.82,2.03) 2.18 (2.06,2.31) 2.01 (1.89,2.13) 1.96 (1.85,2.08)
200-299% FPL 1.51 (1.42,1.61) 1.61 (1.51,1.71) 1.55 (1.46,1.65) 1.5 (1.43,1.62)
300-399% FPL 1.36 (1.27,146) 141 (1.31,1.51) 137 (1.28,1.47) 1.34 (1.25,1.43)
400% FPL or greater ref 1.00 ref 1.00 ref 1.00 ref 1.00
NHIS, 1997-2007 (N=253,658)
Family Income
Less than 100% FPL 215 (2.00,2.31) 2.57 (2.39,2.77) 228 (2.11,247) 223 (2.06,2.41)
100-199% FPL 1.85 (1.73,1.97) 2.10 (1.96,2.24) 193 (1.81,2.07) 1.90 (1.77,2.03)
200% FPL and greater 1.57 (1.46,1.68) 1.66 (1.55,1.77) 159 (1.49,1.71) 1.56 (1.45,1.67)
300-399% FPL 1.36 (1.25,147) 140 (1.30,1.52) 136 (1.26,1.47) 1.33 (1.23,1.44)
400% FPL or greater ref 1.00 ref 1.00 ref 1.00 ref 1.00
NHIS, 2008-2018 (N=294,739)
Family Income
Less than 100% FPL 222 (1.94,2.53) 2.69 (2.35,3.09) 235 (2.04,2.70) 2.28 (1.99,2.63)
100-199% FPL 211 (1.88,2.37) 238 (2.12,2.68) 2.17 (1.93,2.45) 2.11 (1.87,2.38)
200% FPL and greater 145 (1.28,1.63) 154 (1.37,1.74) 150 (1.33,1.69) 1.48 (1.31,1.66)
300-399% FPL 1.38 (1.19,1.61) 141 (1.22,1.65) 139 (1.19,1.61) 1.35 (1.16,1.57)
400% FPL or greater ref 1.00 ref 1.00 ref 1.00 ref 1.00

Note: Results were stratified by decade based on a significant interaction term between family income and decade

(p<.0001).

AHR=adjusted hazard ratio GED=General Education Development or High School Equivalency Diploma



Model 1 displays the age-adjusted association between family income and hazard of cardiovascular-related mortality.

Model 2 adds sex and race and Hispanic origin.

Model 3 adds marital status.

Model 4 adds body mass index and history of smoking.
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FIGURE 5: COMPARISON OF SOCIOECONOMIC INDICATORS AND CVD MORTALITY, MANUSCRIPT 3 AIM 1
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Chapter 5: Conclusions & Public Health Significance

This research provides insight into the social determinants of CVD, as well as factors that
may modify or mediate these associations. Although previous research has identified
biological and social risk factors of CVD, there is limited research investigating secondary
research questions related to these associations, including whether there may be demographic
or social differences within these relationships. By determining that sex differences exist in
the association between witnessing domestic violence and childhood BMI, this research
contributes toward identifying vulnerable populations for interventions. Study 1 also
contributes new information on the association between sexual orientation and gender
identity discrimination and BMI among children, which further emphasizes existing work
highlighting the vulnerability of this demographic group and may encourage additional work

in this area.

The identification of high optimism as a modifier or mediator in the association between
childhood socioeconomic disadvantage and incident heart disease (Study 2) provides support
the use of easily accessible psychological interventions (e.g. positive psychology,
mindfulness) for heart disease prevention. Given that many interventions that encourage
optimism are low-cost compared to more traditional methods of therapy, this work

illuminates a manageable path for alleviating health burden among vulnerable individuals.

Study 3 presents new information about temporal trends within the associations between
family income and CVD mortality, which had not been previously investigated to my
knowledge. This work also updates previous literature examining how the associations

between education and CVD mortality may have changed over time with more recent data.
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By identifying temporal trends within the association between SES and CVD mortality, this
work may help demonstrate a continued need for policies or programs targeted at decreasing
CVD mortality risk at the population level. By examining two different SES indicators by the
same outcome, this research furthers existing work exploring how these two commonly used
indicators differ in their associations with health. This work contributes to ongoing

conversations within research as to how best select a measure of SES in survey research.
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