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Abstract

Cardiovascular diseases (CVD) are among the most common causes of disability and
mortality worldwide, encompassing a wide range of disorders including myocardial infarction,
coronary heart disease, stroke and heart failure.

Prior meta-analyses have found that depressive symptoms and loneliness are independent
risk factors for the incidence of CVD. Most studies examining depression and incident CVD
assess depressive symptoms at only a single time point. However, depressive symptoms are not
static but rather dynamic over time. Furthermore, the pathways linking depressive symptoms to
CVD include both short-term mechanisms and longer-term increases in risk, thus different
longitudinal trajectories of depressive symptoms may be associated with differential risk of
incident CVD. Preliminary studies have shown that loneliness is also associated with higher risk
for CVD, yet evidence is limited. Among the few studies examining loneliness and incident
CVD, most have primarily focused on assessing loneliness at one time point. Yet, loneliness is
not necessarily stable or constant throughout old age. The effects of changes in loneliness over
time on risk of incident CVD are not well understood.

In Chapter 1, I examined the association between depressive symptom patterns measured
across 4 time points on the risk of incident stroke over a 10-year follow-up period in the Health
and Retirement Study (HRS). Depressive symptom patterns were categorized as consistently

low, decreasing, fluctuating, increasing and consistently high. Trajectories of depressive



symptoms patterned by high levels of symptoms at multiple time points, were associated with
increased stroke risk. However, a trajectory with depressive symptoms that started high but
decreased over time was not associated with a higher risk of stroke. In Chapter 2, I examined the
association between loneliness and risk of incident stroke in the HRS, through two sets of
analyses assessing baseline loneliness scores and changes in loneliness over two time points.
Baseline loneliness was associated with increased risk of incident stroke, and chronically lonely
respondents over time were at higher risk of stroke compared to those who had chronically low
loneliness scores. Increasing or decreasing loneliness patterns were not associated with risk of
incident stroke. In Chapter 3, I explored the association between depressive symptom changes
across two time points and incident CVD in Japan. We defined four depressive symptoms
(consistently low, remitting, recent onset and consistently high) across the two exposure
assessments. Elevated depressive symptoms were associated with increased risk of incident CVD
in Japan across all depressive symptom change groups, compared to the consistently low group.
In summary, findings from each of these chapters contribute new scientific evidence regarding
the relationship between depressive symptoms, loneliness and incident CVD. Furthermore, these
findings may help inform policies on preventative efforts to reduce risk of incident CVD among

middle-aged and older populations.



Table of Contents

N 01 T il
LSt Of FigUIES ..ottt e e e e v
LSt OF TaBIES .. o.eeeineet e e e e e vi
ACKNOWIEAZEMENLS ... .e ettt et e e e X
Introductory RemArKs ........cooiiuiiii i e 1

Chapter 1: 8-Year Depressive Symptom Trajectories and Risk of Incident Stroke: A 10-Year
Follow-Up of the Health and Retirement Study (HRS) ..............cooiiiiiiiiit. 4
Chapter 2: Chronic Loneliness and the Risk of Incident Stroke in Middle and Late
AdUlthOOd. ... e 35

Chapter 3: Changes in Depressive Symptoms and Risk of Incident Cardiovascular Disease in an

Older Japanese CONOTE ........o.uinuiiiii e e 63
Concluding Remarks ..........o.oiiiiiii e 89
RETETEICES ... .ot 91



List of Figures

Figure 2.1 Details of the Leave-Behind Questionnaire Sampling Timeline for Loneliness
Examined at Only One Time Point ... e,
Figure 2.2 Details of the Leave-Behind Questionnaire Sampling Timeline for Loneliness
Examined Across Two Time POINtS ........oo.oiieiiiiii e
Figure 3.1 Selection of the Analytical Sample for the Study of the Association Between

Depressive Symptom Groups and Risk of Incident Cardiovascular Disease (CVD) ..............



List of Tables

Table 1.1 Descriptive Statistics for Analytical Sample at Start of Exposure Period (T1:1998)...14
Table 1.2 Cox Proportional Hazard Ratios for the Association of Depressive Symptom
Trajectories with Incident Stroke over a 10-Year Follow-Up Period for the Overall Sample.....17
Supplemental Table 1.1 Trajectory Definitions for the Main Results .............................. 24
Supplemental Table 1.2 Baseline Characteristics of HRS Participants Included vs Excluded
from sample due to inclusion/exclusion criteria, HRS 1998 (N= 18,256 participants) ............ 25
Supplemental Table 1.3 Cox Proportional Hazard Ratios for the Association of Depressive
Symptom Trajectories with Incident Stroke over a 10-Year Follow-Up Period, by Male and
Female Subsamples ..o 26
Supplemental Table 1.4 Cox Proportional Hazard Ratios for the Association of Depressive

Symptom Trajectories with Incident Stroke over a 10-Year Follow-Up Period, by Race Category.

Supplemental Table 1.5 Sensitivity Analysis Results for the Association of Depressive
Symptom Trajectories on Incident Stroke in a 10-Year Follow-Up Period, After Raising the High
vs Low Cutoff to >4 Depressive Symptoms for the Overall Sample (N=12,520) .................. 29
Supplemental Table 1.6 Sensitivity Analysis Results for the Association of Depressive
Symptom Trajectories on Incident Stroke in a 10-Year Follow-Up Period, After Requiring at
Least a Two-Point Change in Score Between Assessments for High vs Low Categorization of

Depressive Symptoms for the Overall Sample (N=10,389) ........c.ccoviiiiiiiiiiiiiiieen, 30

Vi



Supplemental Table 1.7 Sensitivity Analysis Results for the Association of Depressive
Symptom Trajectories with Incident Stroke in a 10-Year Follow-Up Period, After Applying
More Restrictive Definitions for the Increasing and Decreasing Depressive Symptom
Trajectories for Overall Sample (N=11,337) ...ooiiiiiii e 31
Supplemental Table 1.8 Sensitivity Analysis Results for the Association of Depressive
Symptom Trajectories with Incident Stroke in a 10-Year Follow-Up Period, After Additionally
Adjusting for Health Conditions and Behaviors at Wave 4 for Overall Sample (N=12,520) .... 32
Supplemental Table 1.9 Sensitivity Analysis Results for the Association of Depressive
Symptom Trajectories with Incident Stroke in a 10-Year Follow-Up Period, Using Inverse-
Probability Weighting (N=10,865) ......c.oiiiiiiiiii e, 33
Supplemental Table 1.10 Sensitivity Analysis Results for the Association of Depressive
Symptom Trajectories with Incident Stroke in a 10-Year Follow-Up Period, Using Only
Complete Cases (N=12,113) ot ae e 34
Table 2.1 Descriptive Statistics for the Analytical Sample at Baseline at Wave 1 (2006-2008) for
Analyses Examining Loneliness Across Two Time Points ...........c..cooeoiviiiiiiiiiiiin. 48
Table 2.2 Cox Proportional Hazard Ratios for the Association of Loneliness at Baseline (One
Time Point) and Incident Stroke in a 10-Year Follow-Up Period (N=12,161) ..................... 51
Table 2.3 Cox Proportional Hazard Ratios for the Association of Loneliness Change Over Two
Time Points and Incident Stroke in a 6-Year Follow-Up Period (N=8,936) ......c..cccceevvveruennn... 53
Supplemental Table 2.1 Descriptive Statistics for the Analytical Sample at Baseline at Wave 1

(2006-2008) for Analyses Examining Loneliness at One Time Point .........cccceeeeeeveeneene . 57

Vii



Supplemental Table 2.2 Cox Proportional Hazard Ratios for the Association of Loneliness and
Incident Stroke in a 6-Year Follow-Up Period, Adjusting for Depressive Symptoms and
Structural (Objective) Social ISOlation ..........ccccceivvieeriniiint i et e eneee 22209
Supplemental Table 2.3 Cox Proportional Hazard Ratios for the Association of Loneliness and
Incident Stroke in a 6-Year Follow-Up Period, After Lowering the High vs Low Cutoff to >5 for
LONEINESS «..oueiee ettt e e ettt e e et e ereesreseeiesne s e e e e e een e e 0. 00
Supplemental Table 2.4 Cox Proportional Hazard Ratios for the Association of Loneliness and
Incident Stroke in a 6-Year Follow-Up Period with Inverse-Probability Weighting................ 61
Supplemental Table 2.5 Cox Proportional Hazard Ratios for the Association of Loneliness and
Incident Stroke in a 6-Year Follow-Up Period, additionally controlling for health behaviors and
health conditions at T2 .......coooiuiiii i e 62
Table 3.1 Descriptive Statistics for the Analytical Sample at Start of Exposure Period

(00 57 0 P 74
Table 3.2 Odds Ratios for the Association of Depressive Symptom Change Groups with Incident
Cardiovascular Disease in the Following Wave for the Overall Sample ....................c.ooene. 77
Supplemental Table 3.1 Baseline Characteristics of JAGES Participants Included vs Excluded
from Sample Due to Inclusion/Exclusion Criteria, JAGES 2010 (N= 32,694 participants) .......82
Supplemental Table 3.2 Odds Ratios for the Association of Depressive Symptom Change
Groups with Incident Cardiovascular Disease in the Following Wave, by Gender ................. 83
Supplemental Table 3.3 Odds Ratios for the Association of Depressive Symptom Change
Groups with Incident Cardiovascular Disease Subtype (Heart Disease and Stroke) in the

Following Wave for the Overall Sample (N=25,212) .......oiiiiiiiiii e 84

viii



Supplemental Table 3.4 Odds Ratios for the Association of Depressive Symptom Change
Groups with Incident Cardiovascular Disease in the Following Wave for the Overall Sample,
after lowering the High versus Low Cutoff to >4 Depressive Symptoms ................oceeenennne. 85
Supplemental Table 3.5 Odds Ratios for the Association of Depressive Symptom Change
Groups with Incident Cardiovascular Disease in the Following Wave for the Overall Sample,
with High Versus Low Defined as a Cutoff of >5 Depressive Symptoms and a 2-Point Score
Change Between 2010-2013 ... e e 86
Supplemental Table 3.6 Odds Ratios for the Association of Depressive Symptom Change
Groups with Incident Cardiovascular Disease in the Following Wave for the Overall Sample,
Additionally Controlling for Social Support and Relationships or Health Behaviors and Health
Conditions N 2013 .. e 87
Supplemental Table 3.7 Odds Ratios for the Association of Depressive Symptom Change
Groups with Incident Cardiovascular Disease in the Following Wave for the Overall Sample,

with Inverse Probability Weighting ..., 88



Acknowledgements

None of this work would have been possible without the support and encouragement of
my mentors, colleagues, friends and my family. I would like to thank everyone who has
contributed to and supported this work in some way, as well as those who encouraged my
training in the field and helped me grow personally throughout the doctoral experience.

First, I would like to thank my doctoral advisor Dr. Lisa F. Berkman, for her constant
encouragement and mentoring throughout the past five years. I am honored to have worked with
one of the leading social epidemiologists in the field. Her compassion, enthusiasm and positivity
has provided me with the energy to propel forward during the more challenging times of this
experience. She has guided me with understanding of my strengths and weaknesses, and has
always helped me see the bigger picture. I would like to also thank my committee members for
their incredible support, especially through the challenging times that will be recorded in history
as the COVID-19 pandemic. I am thankful to Dr. Ichiro Karachi, with whom I’ve worked with as
a teaching assistant from the very start of this program. I attribute so much of my professional
development to him: public speaking (with less anxiety), logical and whimsical presentations,
and professional yet personable leadership. I am humbled by the expert advice, time and
encouragement that he has shown me over these years in both my dissertation work and in
teaching experience. Thank you for all the opportunities you have given me. I thank Dr. Laura D.
Kubzansky for her detailed and thorough guidance throughout this dissertation. She has
endlessly reviewed my dissertation drafts, providing nuanced comments to the very end
(including my last draft submitted days before the defense!). The amount of time and dedication

she has shown me humbles me. Through her, I have learned to appreciate paying attention to



every detail in all aspects of my work. She has believed in me when I aimed to reach for the
skies, and solidly backed me up with her expertise throughout my quest upwards. To Dr.
Henning Tiemeier, I thank him for instilling his passion and guidance on all the different aspects
of scholarly pursuits. He was a true mentor, sparking endless excitement and curiosity and
keeping me on my toes with deliberately challenging questions. His pragmatic mentoring
approach, combined with a compassionate teaching style, has truly been invaluable. Thank you
for supporting me. No words can express enough appreciation to my entire committee for their
investment in shaping me as a social epidemiologist. It has been a privilege to have had such a
multi-disciplinary pool of skills, knowledge and experiences to learn from. A warm thank you to
Dr. David Canning and Dr. Cassandra A. Okechukwu, who have been avid supporters of me
throughout the doctoral program, and who have mentored me with both heart and knowledge. A
great big thank you to the broader community of faculty and staff members. You have treated me
with genuine kindness, and have provided encouragement and support in so many ways. [ would
not have survived without the help of so many individuals within this School.

To my dearest colleagues and friends, I am honestly overwhelmed with all the memories
and acts of kindness that comes to mind. So many of you went out of your way to help me
overcome rough life experiences, have selflessly taught me your skills and knowledge, shared
late nights preparing assignments and Il Mondo pizza. You are a part of my history and present,
and inspire me in so many ways. Thank you for being in my corner. Thank you to my Macalester
advisors, Dr. Vittorio Addona, Dr. Andrew Beveridge and Dr. Alicia Johnson, who have been
there for me at the beginning of my academic journey. You have taught me how to love learning
all over again. Thank you to Bet M., who has provided me with so much emotional support

throughout these years, and always helped me see the best in myself. Thank you to my BU

Xi



friends, my Hawaii sisters, the five Musketeers, my Korean HOBY and Ewha friends, my HSPH
friends (now all over the world, how I miss you!), my Macalester buddies and my Trilogy
potluck family. You’ve all been immensely generous in your kindness and support.

A special shout-out to all my fellow doctoral colleagues graduating with me. We have
been through a silent and brave struggle that most others will never know. I am immensely
thankful for your camaraderie, and we will always know the sacrifices that we’ve made to get
through this together. Much love, and support for everything you do moving forward.

A few individuals have been particularly instrumental in making it possible to be at this
stage today. I’d like to thank Cai G., who has been crucial in getting me out of my darkest
moments. You have always been one of the first to celebrate my biggest achievements (what
would I do without you?). I am grateful that you went through this process before me, and
always knew the right things to say - to get me going again. You are a giving soul, with one of
the biggest hearts of anyone I know. Pei-Yun T., you are one of the most beautiful and fierce
people I have gotten to know during this experience. Your generosity and love for me as a friend
is something I cherish. I am excited that we are now both done, and look forward to celebrating
life ahead. To my dear friends Maxine C., Josh P. and Izzuddin A., I also want to thank you for
sharing endless hours of conversation, walks and study dates (or ceramic classes) that balanced
out the grueling hours of coding and writing. Maxine, I’'m always amazed at how you understood
what I was thinking and knew exactly what to say. I am grateful to have a friend to laugh and
rant with about anything, anytime. Josh, I’ve learned so much from your thoughtful attitude
towards people, and life in general. I’'m thankful to have spent time with you and reflect on this
academic (and personal) journey together. Thank you for sharing your thoughts openly with me,

and will miss all the random fun experiences we got to have in Boston during walks and (much-

Xii



needed) study dates. Izzuddin, you have always been there for me. Whether I needed help with
analyses, or was stressed out for any reason, I am thankful I could reach out to you for support.
You have truly been a constant source of solace, and I truly respect and admire your intelligence
and patience. No words can express how much love I have for all of you.

Most importantly, I want to thank my family. My parents, Sungkwon and Kyungnam,
have sacrificed everything to provide for me and my siblings throughout our lives. As we say in

Korean, * &= 5] S-7 oF ( ‘wouldn’t hesitate to grab those stars for you®). I owe it to you both

for a childhood environment full of intellectual curiosity and creativity, and to have been guided
by so much love and humility. I still learn from you both every day. My biggest blessing in life
will always be the gift of having you both as my parents. I hope to be able to reciprocate the love
you have both shown me, in all the ways possible. And I hope to have the chance to pass on such
a blessing to my own children as well.
vl oput, g Bol AR U

I also thank my siblings, Yerie and Joon. You are both warriors, and I am so proud of you
for having come through life in such a strong-hearted way. I’'m grateful for your patience with me
throughout this process, and am impressed how you’ve become such cool comrades in life. Your
friendship is something I will treasure greatly in my life ahead.

e =4, 42 Bol] AtFal.

Finally, I dedicate this work to anyone who has felt lonely and isolated from the people

and world around them, and have suffered from feelings of loneliness and depression. To these

quiet brave warriors everywhere - may you be seen, heard and understood in the way you seek it.

Thank you.

RS U

Xiii



Introductory Remarks

Cardiovascular diseases (CVD) are the leading causes of death and disability globally,
taking an estimated 17.9 million lives each year worldwide.! Prior meta-analyses have found
depressive symptoms and loneliness to be independent risk factors for the incidence of CVD,
which encompass a wide range of more specific diseases and events (i.e. myocardial infarction,
coronary heart disease, stroke and heart failure). The pathways linking these psychosocial factors
to CVD include both short-term mechanisms as well as longer-term increases in risk, yet most
studies assess these psychosocial factors at only a single time point. Such studies cannot assess
whether the association is because of long-term cumulative damage or shorter-term alterations.
Furthermore, these psychosocial factors are not static and are likely to be dynamic over time.
Few studies, however, have examined whether changes in depressive symptoms or loneliness
over time are associated with differential risk of CVD.

In this dissertation, I explored the relationship between these two psychosocial factors
and risk of incident CVD and describe their substantive significance. In Chapter 1, I first
examined the association between longitudinal depressive symptom trajectories on risk of
incident stroke, using data from the Health and Retirement Study (HRS). Preliminary studies
examining depressive symptom changes across two time points demonstrate that different
patterns of depressive symptoms over time may relate to risk of stroke in distinct ways.
However, depressive symptom changes measured across two time points may be insufficient to
encompass the full remitting-relapsing nature of depressive symptoms, where one episode of
elevated depressive symptoms may span across several years.? Furthermore, these studies

evaluated depressive symptom changes in relation to short-term stroke risk. Hence, we build on



these initial studies by expanding the assessment period for depressive symptoms to four
assessments across a period of 8 years. This allows us to examine a new trajectory of
“fluctuating” symptoms, which cannot be captured by two assessments only. We also assess the
longer-term impact of depressive symptom trajectories on incident stroke using a 10-year follow-
up period, expanding upon the previous studies.

Loneliness is increasingly part of the experience of growing old, with rising trends among
populations worldwide.? Preliminary evidence identified loneliness as a risk factor for
cardiovascular disease, and loneliness may be a viable target for stroke prevention. Loneliness is
commonly conceptualized as a subjective personal experience, the gap between desired and
available relationships.* Although frequently used together, it differs from social isolation, which
typically refers to the lack of social contact with others (i.e. absence of marital partners,
friendship ties, and belonging to social groups). It is unknown if changes in loneliness over time
may be associated with differential risk for stroke among older adults, which may help identify
potential high risk groups for stroke prevention. In Chapter 2, we again use the HRS data to
examine the relationship between loneliness and risk of incident stroke, examining first baseline
loneliness and then loneliness changes across two time points.

In light of the findings from the U.S.-based HRS study in Chapter 1 on how different
depressive symptom trajectories are differentially associated with incident stroke, Chapter 3
examines whether similar associations may be found for depressive symptoms and incident CVD
in Japan. Japan is a country characterized by a unique cardiovascular profile, compared to its
Western counterparts (such as the U.S. or Europe). Due to limited case counts for stroke, we
examine CVD as our outcome (defined as incident heart disease or stroke). Within Japan, very

few studies have examined depressive symptoms as a risk factor for CVD and none on



depressive symptom changes over time. We aim to add to the existing literature by examining
depressive symptom changes over time and incident CVD in the Japan Gerontological
Evaluation Study (JAGES).

Findings from this dissertation emphasize that psychosocial factors are important risk
factors to consider for preventing CVD in older adults, both in the U.S. and Japan. It is important
to routinely assess depressive symptoms and loneliness to identify high-risk groups for CVD.
Furthermore, these findings will be useful to help inform policies or potential interventions to

prevent risk of CVD.



Chapter 1: 8-Year Depressive Symptom Trajectories and Risk of Incident Stroke:

A 10-Year Follow-Up of the Health and Retirement Study (HRS)

Abstract

Background: Evidence suggests a link between depressive symptoms and risk of subsequent
stroke, however the majority of studies assess depressive symptoms at only one time point.
Depression is an episodic disorder that can follow a relapsing-remitting course, but the dynamic
relationship between depressive symptom trajectories and risk of incident stroke is not well
understood.

Methods: Data are from the Health and Retirement Study (HRS), an ongoing cohort of U.S.
individuals aged >50 years. The sample included individuals who were stroke-free at study
baseline, covering the 8-year period over which depressive symptoms were assessed (N=12,520).
Depressive symptoms were measured at 4 consecutive time points biennially, using the 8-item
Center for Epidemiologic Studies Depression scale (high defined as >3 symptoms; low < 3
symptoms). Individuals were assigned to pre-defined trajectories based on their scores at each
time point (consistently low, decreasing, fluctuating, increasing and consistently high). Incident
stroke was assessed over a subsequent 10-year period, based on self-reported doctors’ diagnoses.
Analyses were conducted with Cox proportional hazards models adjusted for demographics,
health behaviors and health conditions.

Results: During follow-up, 1,434 incident strokes occurred. Individuals with consistently high
depressive symptoms (fully adjusted HR: 1.19, 95% CI: 1.02—-1.39), increasing symptoms (fully
adjusted HR: 1.33, 95% CI: 1.10-1.61), and fluctuating symptoms (fully adjusted HR: 1.23, 95%

CI: 1.01-1.50) all had higher hazards of stroke onset, compared with participants with



consistently low symptoms. Individuals in the decreasing symptom trajectory group did not show
increased stroke risk relative to those with consistently low symptoms. No evidence for effect
modification by sex or race was found.

Conclusions: Trajectories of depressive symptoms patterned by high levels of symptoms at
multiple time points, were associated with increased stroke risk. However, a trajectory with
depressive symptoms that started high but decreased over time was not associated with a higher
risk of stroke. These findings suggest a single measure of high depressive symptoms may not
adequately determine high risk of stroke. Given the remitting-relapsing nature of depressive
symptoms, it is important to understand the relationship between depressive symptoms and

stroke risk over time through repeated assessments.



Introduction

Stroke is one of the leading causes of long-term disability and mortality worldwide.” In
the U.S., it is the third leading cause of death, with an estimated 610,000—795,000 first events
each year. Stroke incidence has declined dramatically over recent decades, yet the rate of decline
has slowed down and the total economic and social impact of stroke is projected to rise with
accelerated population aging and rising life expectancy.® Stroke prevention thus remains a
priority. While numerous “classical” risk factors have been identified (such as cigarette smoking
and diabetes), these do not fully account for observed risk.”!° Depression and depressive
symptoms have been identified as potentially modifiable risk factors, and prior research has
suggested these are associated with a 34-45 percent higher risk of stroke.!'~'* As depression and
stroke are both highly prevalent in aging populations, a better understanding of this association is
needed.!?

Numerous studies have evaluated the depression-stroke association, assessing depressive
symptoms at a single time point.'1!21516 Yet, depressive symptoms are dynamic, i.e. they
demonstrate a pattern of remitting and relapsing.!” Some individuals may experience chronic
depression, while others experience temporary increases in depressive symptoms (e.g. in
response to stressful life events), and others may experience recurrent depression (i.e. relapses
after partial remission). Prior work may not yet provide a full picture of the role of depression in
stroke risk, since evaluating depressive symptoms at only a single time point fails to capture how
depressive symptoms change over time. Moreover, a critical question is whether remitting
symptoms may reduce risk of incident stroke. Investigating the changing temporal patterns of
depressive symptoms and how these may relate to stroke risk is crucial for predicting whether

and how treating depression might be an effective strategy for stroke prevention. To date, only



two studies have explored depressive symptom changes in relation to short-term risk of incident
stroke, with mixed results.!®!° Both studies categorized depressive symptom changes across two
consecutive assessment periods 1-2 years apart, into distinct groups. The first study used data
from the Health and Retirement Study (HRS) cohort, and found a higher hazard ratio for incident
stroke for individuals with consistently high or remitting depressive symptoms, compared to
those with consistently low depressive symptoms. The second study used data from the
Cardiovascular Health Study (CHS) cohort, and also found a higher hazard ratio for incident
stroke among individuals with consistently high depressive symptoms but not among those with
remitting symptoms, compared to those with consistently low depressive symptoms. '3

These two studies demonstrate that different patterns of depressive symptoms over time
may relate to risk of stroke in distinct ways. However, depressive symptom changes measured
across two time points is insufficient to encompass the full remitting-relapsing nature of
depressive symptoms, where one episode of elevated depressive symptoms may span across
several years.? Furthermore, these studies evaluated depressive symptom changes in relation to
short-term stroke risk, assessing stroke risk only within two years of the second assessment of
depressive symptoms. We build on these initial studies by expanding the assessment period for
depressive symptoms to four assessments across a period of 8 years. This allows us to examine a
new trajectory of “fluctuating” symptoms, which cannot be captured by two assessments only.
We also assess the longer-term impact of depressive symptom trajectories on incident stroke by
using a 10-year follow-up period, as compared to the previous studies.

Prior work suggests frequent occurrences of psychological stress and distress can lead to
increased wear and tear on physiological systems.?’ Thus, repeated and chronic experiences of

depressive symptoms can lead to damaging cumulative effects on the cardiovascular, metabolic



and immune systems, all involved in stroke etiology.?°23 Following the premise that repeated
experiences of high depressive symptoms may lead to an accumulation of damage, we
hypothesized that the risk of incident stroke would be greatest for those with consistently high
depressive symptoms over time. We further hypothesized that the risk of incident stroke would
be lowest for those with consistently low depressive symptoms. Of most interest were the
individuals with less stable depressive symptoms over time, which can follow one of several
patterns: decreasing (i.e. elevated depressive symptoms at the first two time points, followed by
low depressive symptoms thereafter), increasing (i.e., low depressive symptoms at the first two
time points, followed by elevated depressive symptoms), or fluctuating. We hypothesized that
the “decreasing” trajectory group would have lower risk compared to the “increasing” trajectory
group. Fluctuation in depressive symptoms may suggest repeated short-term relapses. This may
be more harmful than decreasing depressive symptoms over time, yet not as damaging as
continuously increasing symptoms. We considered relevant covariates as identified by previous
work on depression and incident stroke.!®!%22 We also assessed possible effect modification by
sex and race, as differences by sex and race have been previously noted for stroke incidence and

rates of depression.?*2¢ Potential confounders were selected based on previous studies.!®!°

Methods
Study Population

The HRS is a nationally representative, longitudinal panel study of U.S. adults aged >50
years and their spouses of any age. The survey was established to provide as a national resource
for data on the changing health and economic circumstances associated with aging at both

individual and population levels.?” Additional technical details of the study design and



implementation have been previously published.?® We used data from 1998-2016 for participants
enrolled in three cohorts (1992, 1993 and 1998), which were merged in 1998 and followed
biennially thereafter.?” The HRS is sponsored by the National Institute on Aging and conducted
by the University of Michigan, and the Harvard T.H. Chan School of Public Health human
subjects committee determined the current study to be exempt.

We defined 1998-2004 as our exposure period (where T1 refers to 1998, T2 to 2000, T3
to 2002 and T4 to 2004) and 2006-2016 as our follow-up period. We restricted our sample to
HRS participants aged 50 years and above in 1998, who did not report having a stroke prior to or
during our baseline measurement period. Out of a total of 18,256 eligible HRS respondents, we
excluded individuals with >2 items missing on the depressive symptoms measure for two or
more waves (3,772 respondents, 20.7%), those who had a stroke during the exposure
measurement window (678 respondents, 3.7%), and those who died during the exposure period
(1,286 respondents, 7.0%). Our final analytic sample included 12,520 individuals.

Exposure Ascertainment

We used the validated, modified 8-item version of the Center for Epidemiologic Studies-
Depression (CES-D) scale to assess depressive symptoms.?® In each biennial questionnaire,
participants were asked to respond (yes/no) whether they experienced each of the eight
symptoms in the past week. A summary score ranging from zero to eight was created by
summing the number of “yes” responses across the eight items (with two positive items reverse-
scored, i.e., transformed response for items on which a “yes” response indicates the opposite of
the construct being assessed).?’ To create depressive symptom trajectories, we dichotomized the
CES-D summary score for each wave (high versus low), based on a cutoff of >3 symptoms. This

cutoff has been shown to have 71% sensitivity and 79% specificity in identifying a major



depressive episode (as defined by DSM-IV criteria), compared to the short form of the World
Health Organization’s Composite International Diagnostic Interview - Short Form (CIDI-
SF).?%3% For individuals missing <2 items on the CES-D scale for any wave, the summary score
for that wave was calculated using the available items, accounting for the number of items
available. For individuals missing the full assessment on the CES-D summary score on one wave
only, we imputed that wave’s summary score using the MICE procedure.?!

Drawing on theory and prior empirical work, five depressive symptom trajectories
(consistently low, decreasing, fluctuating, increasing and consistently high) were constructed a
priori, based on combinations of CES-D scores across the first four waves (T1-T4).32
Consistently low was defined as non-elevated depressive symptoms at a minimum of three time
points and did not include high depressive symptoms at T1 or T4. Decreasing was defined as a
trend of elevated depressive symptoms at 1) the first wave only, followed by continued non-
elevated depressive symptoms; or 2) the first two waves, followed by continued non-elevated
depressive symptoms. /ncreasing was defined as a trend of non-elevated depressive symptoms at
1) the first wave, followed by elevated depressive symptoms; or 2) the first two waves, followed
by continued elevated depressive symptoms. Consistently high was defined as elevated
depressive symptoms at a minimum of three time points across the assessment time period.
Fluctuating encompassed the other depressive symptom trajectories that did not fit the above
classifications. A visual depiction of the trajectories is provided in Supplemental Table 1.1.
Stroke Ascertainment

Incident stroke events were defined as the first occurrence of stroke, based on self- or
proxy-reported doctor's diagnosis (“Has a doctor ever told you that you had a stroke?”’). For

participants who died or were unavailable for a direct interview, interviews were conducted with
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proxy informants (predominantly spouses). Reports of transient ischemic attacks were not
systematically assessed and therefore not coded as strokes, nor was stroke subtype information
available.®* Prior work with HRS data has shown that associations between known risk factors
and self-reported stroke incidence in the HRS corresponded well to associations in studies using
clinically verified strokes.?* Furthermore, self-reported strokes in the HRS corresponded well
with strokes coded according to the International Classification of Diseases (ICD) in the Centers
for Medicare and Medicaid Services records, with 74% sensitivity and 93% specificity.'®
Covariate Ascertainment

Demographic and socioeconomic variables were measured by self-report at T1 and
included the following variables: age (continuous), sex (male or female), race and ethnicity (non-
Hispanic white, non-Hispanic black, Hispanic or other), highest level of education (less than high
school, high school graduate/GED/some college, four-year college and above), household
income (continuous) and marital status (married, separated or divorced, widowed, never
married). Self-reported measures of health behaviors and relevant health conditions were also
measured at T1. Health behaviors included: physical activity (yes/no response to engaging in
vigorous activity three or more times a week), alcohol consumption (none, moderate: <3 drinks
per day or <18 per week, heavy: >3 drinks per day or >18 per week), body mass index (BMI:
continuous, kg/m? derived from self-reported height and weight) and cigarette smoking status
(non-smoker, former smoker, current smoker). Health conditions were assessed using
dichotomized responses (yes/no) to the question, “Has a doctor ever told you that you had a
(health condition)?” for each health condition at T1: heart disease, diabetes and hypertension.
Health conditions and health behaviors at T4 were also examined in a sensitivity analysis to

evaluate the change in effect due to potential mediating pathways. Self-reported health
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conditions in the HRS have been shown to have substantial agreement with medical records data,
and prior studies using HRS have demonstrated that the self-reported health behavioral measures
have good external validity.?*3

Statistical Analysis

Missingness overall was around five percent, with the largest percentage of missing
values attributed to the individual CES-D measure at T4 (4.79%). For those with missing values
on health conditions, we first replaced missing values using information collected at the previous
wave (if available). For remaining missing values, we imputed the values using the multiple
imputation by chained equations (MICE) procedure with the mi command in STATA. The main
analyses are applied to 10 imputed datasets.*® Missing values on stroke were not imputed.

We first examined the distribution of covariates in our overall sample and by trajectory
group. After ascertaining that the proportional hazards assumption was not violated, Cox
proportional hazards models were used to estimate the hazard ratios (HR) and accompanying
95% confidence intervals (CIs) for the associations between depressive symptom trajectory
groups and incident stroke, using the consistently low depressive symptom trajectory group as
the reference. For each analytic question, we evaluated a series of models. In Model 1, we
adjusted for age only. In Model 2, we additionally adjusted for potential confounders measured
at T1 including demographics (sex, race and ethnicity, educational level, marital status and
household income). In Model 3, we further adjusted for health behaviors and health conditions
measured at T1 (BMI, smoking, alcohol consumption, physical activity, diabetes and
hypertension), which could either be confounders or lie on the pathway between depressive

symptom trajectories and stroke risk. We also assessed possible multiplicative effect
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modification by sex and race. All analyses were conducted using Stata (version 14, Stata Corp,
College Station, TX, USA).

We conducted six sensitivity analyses. The first three were designed to assess whether
our findings might differ based on how depressive symptom trajectory groups were defined. To
evaluate whether this may affect our results, we considered three alternatives. First, we repeated
the main analyses using a higher cutoff point to determine high depressive symptoms (>4
symptoms). Second, we repeated the main analyses with a sample of individuals among whom
we characterized depressive symptom trajectories using the >3 symptoms cutoff again, but
requiring at least a 2-point change in depressive symptom levels between two consecutive
assessments, to determine high depressive symptoms for that assessment. Third, we repeated the
main analyses with more stringent definitions for certain depressive symptom trajectories by
dropping individuals in the “increasing” and “decreasing” trajectories with only one “high” or
one “low” depressive symptom wave assessment at T4. Fourth, we repeated the main analyses,
additionally adjusting for health conditions and behaviors at T4 to evaluate changes in effects
potentially due to mediating health behavioral pathways. Fifth, we repeated the main analyses,
using inverse probability weighting to examine the impact of potential selection bias. Sixth, we
reran the main analyses including only participants with complete data on the exposure, outcome
and covariates.

Results
The 12,520 individuals comprising the analytical sample experienced 1,434 incident

strokes during the 10 years of follow-up (2006-2016). Table 1.1 provides descriptive
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Table 1.1: Descriptive Statistics for Analytical Sample at Start of Exposure Period (T1:1998)

Depressive Symptoms Trajectory Group

Overall Consistently  Decreasing  Fluctuating Increasing  Consistently
Sample .
Low High
Individuals, n (%) 12,520 8,439 (67.4) 882 (7.0) 778 (6.2) 812 (6.5) 1,609 (12.9)
Sociodemographic Characteristics
Age (in years), mean (SD) 64.1 (8.7) 63.9 (8.5) 63.9 (8.9) 64.5 (9.2) 65.7(9.0) 64.5(9.2)
Males, n (%) 4,796 (38.3) 3,597 (42.6) 296 (33.6) 219(28.2) 276 (34.0) 408 (25.4)
Race and Ethnicity, n (%)
Non-Hispanic White 9,750 (77.9) 6,923 (82.0) 601 (68.1) 554 (71.2) 641 (78.9) 1,031 (64.1)
Non-Hispanic Black 1,610 (12.9) 917 (10.9) 155 (17.6)  136(17.5) 99 (12.2) 303 (18.8)
Hispanic or Other 1,159 (9.3) 599 (7.1) 126 (14.3) 85(11.3) 72 (8.9) 274 (17.0)
Highest Degree in Education, n (%)
Less than High School 3,307 (26.4) 1,743 (20.7) 283 (32.1) 263 (33.8) 250(30.8) 768 (47.7)
High School 6,689 (53.4) 4,648 (55.1) 458 (51.9) 420(54.0) 432(53.2) 731(454)
College and Above 2,524 (20.2) 2,048 (24.3) 141 (16.0)  95(12.2) 130 (16.0) 110 (6.8)
Income (in 1000s, USD), mean (SD) 43.0 (65.8) 47.0 (69.8) 41.5(57.7) 36.2(63.8) 38.7(51.5) 28.1(52.1)
Marital Status, n (%)
Married 8,590 (68.6) 6,189 (73.3) 502(56.9) 476(61.2) 565(69.6) 858 (53.3)
Separated or Divorced 1,481 (11.8) 848 (10.1) 134 (15.2) 123 (15.8) 83 (10.2) 293 (18.2)
Widowed 1,908 (15.2) 1,056 (12.5) 214(24.3) 148(19.0) 133 (16.4) 357 (22.2)
Never Married 382 (3.1) 249 (3.0) 27 (3.1) 22 (2.8) 22 (2.7) 62 (3.9)

Includes individuals who have an imputed CES-D summary score. Number of missing values prior to imputation: Race 0.01%;
Income 0.9%; Marital Status 1.3%. All others: no missing values.
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Table 1.1 (continued): Descriptive Statistics for Analytical Sample at Start of Exposure Period (T1:1998)

Depressive Symptoms Trajectory Group

Overall - - - - -
Sample Consistently =~ Decreasing  Fluctuating  Increasing  Consistently
Low High
Health Behaviors
Physical Activity (=3 times a week),
n (%) 6, 104 (48.8) 4,507 (53.4) 407 (46.2) 318 (40.9) 360 (44.3) 512 (31.8)
Drinking, n (%)
None 5,914 (47.2) 3,611 (42.8) 441 (50.0) 437 (56.2) 428 (52.7) 997 (62.0)
Moderate (<3 drinks per day or
<18 per week) 5,627 (44.9) 4,167 (49.4) 372 (42.2) 272 (35.0) 334 (41.1) 482 (30.0)
Heavy (>3 drinks per day or
>18 per week) 979 (7.8) 661 (7.8) 69 (7.8) 69 (8.9) 50(6.2) 130 (8.1)
BMI (kg/m2), mean (SD) 279 (5.3) 27.6 (4.9) 28.4 (5.6) 28.2 (6.2) 28.5(5.5)  29.2(6.5)
Smoking, n (%)
Non-Smoker 5,336 (42.6) 3,675 (43.6) 367 (41.6) 314 (40.4) 333 (41.0) 647 (40.2)
Former Smoker 5,143 (41.1) 3,551 (42.1) 348 (39.5) 311 (40.0) 338 (41.6) 595 (37.0)
Current Smoker 1,951 (15.6) 1,153 (13.7) 161 (18.3) 148 (19.0) 132 (16.3) 357 (22.2)
Health Conditions
Heart Condition (yes/no), n (%) 1,289 (10.3) 729 (8.6) 100 (11.3) 112 (14.4) 99 (12.2) 249 (15.5)
Hypertension (yes/no), n (%) 4,228 (33.8) 2,546 (30.2)  330(37.4) 327 (42.0) 299 (36.8) 726 (45.1)
Diabetes (yes/no), n (%) 1,122 (9.0) 609 (7.2) 95 (10.8) 113 (14.5) 84 (10.3) 221 (13.7)

Includes individuals who have an imputed CES-D summary score. Number of missing values prior to imputation: Physical activity
0.9%; BMI 2.3%; Smoking 0.7%; Heart Condition 0.8%; Hypertension 0.8%; Diabetes 0.8%. All others: no missing values.



characteristics of the overall analytical sample and according to each depressive symptom
trajectory group. The average age of the analytical sample at baseline T1 was 64.1 years.
Individuals were predominantly female (61.7%), non-Hispanic white (77.9%), and married
(68.6%). A comparison of individuals included versus excluded from the analytic sample are
presented in Supplemental Material: Table 1.2. Individuals included in the analyses tended to
be younger (64.1 vs 69.8 years), had a higher percentage of whites (77.9 vs 73.3%), and were
more likely to be married (69.5 vs 63.0%). Within the analytic sample, the majority (67.4%) of
individuals had consistently low depressive symptoms over time (Table 1.1). Individuals with
consistently high versus consistently low symptoms had lower average levels of education (less
than high school: 47.7% vs 20.7%) and a lower percentage of married respondents (53.3 vs
73.3%).

In our main analyses (Table 1.2), individuals with consistently high versus consistently
low depressive symptoms (reference) had a higher hazard ratio for incident stroke (fully adjusted
HR: 1.19, 95% CI: 1.02-1.39). Similarly, individuals with increasing (fully adjusted HR: 1.33,
95% CI: 1.10-1.61) and fluctuating (fully adjusted HR: 1.23, 95% CI: 1.01-1.50) depressive
symptoms had higher hazard ratios for incident stroke relative to those with consistently low
depressive symptoms. The hazard ratio for incident stroke was not significantly different for
individuals with decreasing depressive symptoms (fully adjusted HR: 1.03, 95% CI: 0.83-1.27),
when compared to those with consistently low symptoms. Across all comparisons, adjusting for
sociodemographic covariates, health behaviors and health conditions minimally attenuated the
hazard ratios. The tests for interactions showed no evidence of sex or racial differences in the
association between depressive symptom trajectories and incident stroke. The stratified results by

sex and race are shown in Supplemental Table 1.3 and Supplemental Table 1.4, respectively.

16



LT

Table 1.2 Cox Proportional Hazard Ratios for the Association of Depressive Symptom Trajectories with Incident Stroke over a 10-

Year Follow-Up Period for the Overall Sample

Total Sample (N=12,520)

Depressive Symptoms Trajectory No. of Person- No. of Model 1% Model 2°: Model 3¢
Group Years Cases HR (95% CI) HR (95% CI) HR (95% CI)
Consistently Low (ref) 96,708 871 - - - - - -
Decreasing 10,010 100 1.10  (0.89,1.35) 1.06 (0.86,1.31) 1.03 (0.83,1.27)
Fluctuating 8,742 110 1.34  (1.10,1.63) 1.29 (1.06,1.58) 1.23 (1.01, 1.50)
Increasing 9,054 125 141 (1.17,1.70) 139 (1.15,1.67) 1.33 (1.10, 1.61)
Consistently High 18,016 228 1.35 (1.17,1.56) 1.27 (1.09,1.48) 1.19 (1.02,1.39)

2 Model 1 adjusts for age only.

® Model 2 adjusts for age and sociodemographics (race, education, income, marital status and sex)

¢ Model 3 adjusts for age, sociodemographics (race, education, income, marital status and sex) and health conditions and behaviors
(physical activity, alcohol consumption, BMI, smoking status, heart conditions, diabetes and hypertension).
phy y p g yp

4 HR indicates hazard ratio and CI indicates confidence interval.



Results from the six sensitivity analyses using consistently low depressive symptoms as
the reference group mirrored our main results, although some attenuated associations for incident
stroke with consistently high and fluctuating trajectories were evident. First, in analyses using a
>4 cutoff for the dichotomous CES-D measure, the hazard ratios for incident stroke were similar
to findings from our main analyses using the lower cutoff for individuals across all depressive
symptom trajectory groups, although the risk for the consistently high trajectory group was no
longer statistically significant (Supplemental Table 1.5). Second, in analyses where we required
a 2 scale-point change, in addition to the >3 points cutoff, the adjusted HR for the
fluctuating trajectory group was no longer statistically significant (Supplemental Table 1.6).
However, the increasing (fully adjusted HR: 1.49, 95% CI: 1.20-1.85) and consistently high
(fully adjusted HR: 1.23, 95% CI: 1.03-1.47) were associated with higher hazards of stroke risk
than we found in our main analyses. Third, in analyses where we restricted the trajectory groups
by dropping individuals with certain dichotomous CES-D score combinations, no notable
differences were found (Supplemental Table 1.7). Fourth, in analyses where we additionally
adjusted for T4 health behaviors and conditions in the main analyses, the hazard ratio for the
continuously high group was minimally attenuated and became marginally significant (fully
adjusted HR: 1.16, 95% CI: 0.99-1.35). The hazard ratio for the increasing group was also
minimally attenuated (fully adjusted HR: 1.25, 95% CI: 1.03-1.52), and no changes were
observed for the fluctuating group (Supplemental Table 1.8). Fifth, in the analyses where we
used inverse probability weights to examine the impact of potential selection bias, the hazard
ratios were minimally attenuated across most depression trajectory groups. However, hazard
ratios for the fluctuating (fully adjusted HR: 1.22, 95% CI: 0.99-1.55) and consistently high

(fully adjusted HR: 1.14, 95% CI: 0.97-1.35) groups were of lower magnitude and became
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marginally significant (Supplemental Table 1.9). Finally, we found no notable differences
compared to the main analyses when including only participants with complete data in the

analytical sample (Supplemental Table 1.10).

Discussion

Among middle-aged and older U.S. adults, relative to individuals with consistently low
depressive symptoms, individuals with consistently high, fluctuating and increasing depressive
symptom patterns over time had 19-33% higher hazard for incident stroke in the fully adjusted
models. Findings were maintained even after adjusting for a broad range of potential
confounders and covariates that might lie on the pathway between elevated depressive symptoms
and stroke risk. Findings were also robust to changes in the cutoff used to define high depressive
symptoms and when examining only changes in depressive symptoms that were sizable. What
may be the most surprising finding, contrary to our hypothesis, is that the hazard for the
decreasing depressive symptom trajectory group was not significantly different from the
reference group (consistently low). The results for the decreasing trajectory group suggest that
there may not be long-term residual effects of high depressive symptoms on stroke risk, when
followed by a continued decline in the following repeated assessments of depressive symptoms.
Taken together, our results suggest that repeated occurrences of elevated depressive symptoms
increase the risk of stroke, perhaps through accumulated damage over time. However, if there is
sufficient time for recovery (i.e. a period of repeated low depressive symptoms), even individuals
who have experienced high depressive symptoms may not be at increased risk for stroke.

Potential biological mechanisms that may underlie the association between repeatedly

elevated depressive symptoms and stroke include neuroendocrine dysregulation (e.g.
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sympathetic nervous system activation, dysregulation of the hypothalamic pituitary
adrenocortical axis, platelet aggregation dysfunction) and immunological/inflammatory
factors.’**? Depressive symptoms are also associated with less healthy behaviors (e.g. smoking,
physical inactivity, poor diet, lack of medication compliance and obesity), which may increase
vascular risk and are considered important risk factors for stroke. Although we did not formally
assess for mediating pathways, it is notable that in our sensitivity analysis where we additionally
adjusted for health behaviors and conditions at T4, risk estimates were only modestly attenuated.
Our findings suggest that health behaviors may explain only a modest proportion of the observed
association between depressive symptom trajectories and stroke risk. As we adjusted for a
number of health behaviors in our analyses, our effects are “net” of such behaviors and did not
show significant change in risk after adjustment. Thus, future studies may want to explore other
potential mechanisms that may mediate the association between depressive symptom trajectories
and incident stroke.

In addition to the overarching depressive symptoms-stroke mechanisms, there may be
trajectory-specific factors that increase stroke risk. Individuals in different depressive symptom
trajectory groups have different baseline characteristics, and it is possible they represent different
subgroups in the overall population.*’ For example, increasing depressive symptoms may
indicate prodromal symptoms for other illnesses (i.e. dementia) or represent a late onset of
depressive symptoms in response to other physical illnesses, such as hypertension, high blood
cholesterol, diabetes or undiagnosed silent strokes or transient ischemic attacks (TIA).3230-!
These illnesses have also been found to be associated with a higher risk of incident stroke.>
There may also be a shared genetic basis for depression and other physical illnesses that also

influences stroke.’? For example, the fluctuating depressive symptom trajectory group may
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include a subgroup of individuals with bipolar or other cyclic disorders. Such disorders have
been shown to have a different genetic basis than unipolar depression, have a later-life onset and
affect risk of stroke.’*>* Premature deaths due to cerebrovascular diseases have been noted
among those with bipolar disorder, and mood stabilizing medications to treat bipolar disorder
have been indicated as a potential proximal confounder.>* There may be additional risk due to
drug-induced weight gain and metabolic disturbances and poor access to health care for
individuals with bipolar disorder.>>

To our knowledge, this is the first study to assess different temporal patterns of
depressive symptoms in relation to incident stroke over a long follow-up period. Our findings
suggest that even having two time points is insufficient for determining subgroups of high-risk
individuals. To illustrate, one additional assessment of high or low depressive symptoms may
determine different trajectory group assignments for an individual who reported high depressive
symptoms in one wave, and low depressive symptoms in the following wave. An individual
previously categorized as increasing or decreasing with only two assessments, may now be
categorized in a completely different trajectory, with consequent change in stroke hazard as well.
Not only are depressive symptoms dynamic, but the resulting hazard associated for stroke
changes alongside with it.

There are several limitations present in our study. Individuals with missing CES-D
measures and those who had experienced stroke during the exposure assessment period were
excluded from the analyses, and the generalizability of our results are limited to individuals who
have provided CES-D measures and did not experience a stroke prior or concurrent to our
exposure assessment period. However, our IPW results show that the hazard ratios were only

minimally attenuated. Another limitation is that we used predefined trajectory group definitions
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based on a dichotomous categorization of the CES-D scores, which is only one possible
representation of the accumulative progression of depressive symptoms over time. However, we
conducted a series of sensitivity analyses to test the effects of varying trajectory definitions, that
showed the robustness of our results.

One potential area of future research may evaluate how frequently depressive symptoms
should be assessed, and how many assessments would be sufficient to chart the course of
depressive symptoms to determine high-risk groups for stroke. Another area of research would
be to further elucidate the potential underlying mechanisms linking depressive symptoms and
stroke, with special attention to the possibility that one overall mechanism might not encompass
all high-risk subpopulations indicated by the different depressive symptom trajectory groups.
Other potential directions for future research may be to examine stroke subtype information or
assess the impact of antidepressant use, both of which were unavailable for this study. The
association between depressive symptom trajectories and stroke may differ by stroke subtype,
which may have different etiologies. Antidepressant use has been identified as a pathway from
high depressive symptoms to increased stroke risk, however this may also indicate that those
who take medication may have more severe depressive symptoms. Future studies may wish to
explicitly examine how antidepressant use may differentially affect stroke risk, as compared to

natural remission of depressive symptoms.

Conclusion
Elevated depressive symptoms can result in higher risk for incident stroke, whether the
observed depressive symptoms are chronically elevated, recently elevated (compared to prior

assessments), or periodically oscillating to a higher level. However, elevated depressive

22



symptoms do not appear to place an individual at high-risk permanently, as individuals with
decreasing depressive symptoms over time showed no higher risk than those with consistently
low symptoms. This demonstrates that charting the course of depressive symptoms is crucial in
understanding the depressive symptom-stroke association. Future research should further explore
the underlying overall and trajectory-specific mechanisms linking depressive symptom patterns
to incident stroke, and explore how frequently depressive symptoms should be assessed to best

determine and treat high-risk groups for clinical care.
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Appendix

Supplemental Table 1.1 Trajectory Definitions for the Main Results

Consistently High
Wave 1 Wave 2 Wave 3 Wave 4
+ + + +
- + + +
+ - + +
+ + - +
+ + + -
Consistently Low
Wave 1 Wave 2 Wave 3 Wave 4
- + - -
- - + -
Fluctuating
Wave 1 Wave 2 Wave 3 Wave 4
+ - + -
+ - - +
- + + -
- + - +
Increasing
Wave 1 Wave 2 Wave 3 Wave 4
- - + +
- - - +
Decreasing
Wave 1 Wave 2 Wave 3 Wave 4
+ + - -
+ - - -

* Dropped for the sensitivity analysis as displayed in Supplemental Table 1.5.
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Supplemental Table 1.2 Baseline Characteristics of HRS Participants Included vs Excluded
from Sample due to Inclusion/Exclusion Criteria, HRS 1998 (N= 18,256 participants)

Significant
Excluded Included Difference
Individuals, n (%) 5,736 (31.4) 12,520 (68.6)
Sociodemographic Characteristics
Age (in years), mean (SD) 69.8 (10.7) 64.1 (8.7)
Missing, n (%) 13 (0.2) -
Males, n (%) 2,913 (50.8) 4,796 (38.3)
Race and Ethnicity, n (%)
Non-Hispanic White 4,200 (73.3) 9,750 (77.9)
Non-Hispanic Black 856 (14.9) 1,610 (12.9)
Hispanic or Other 673 (11.8) 1,159 (9.3)
Missing 10 (0.2) 1 (0.01)
Highest Degree in Education, n (%)
Less than High School 2,390 (41.7) 3,307 (26.4)
High School 2,627 (45.9) 6,689 (53.4)
College and Above 710 (12.4) 2,524 (20.2)
Missing 9(0.2) -
Income (in 1000s, USD), mean (SD) 33.9 (85.7) 43.0 (72.3)
Missing, n (%) 612 (10.7) 116 (0.9)
Marital Status, n (%)
Married 3,218 (63.0) 8,590 (69.5)
Separated or Divorced 473 (9.3) 1,481 (12.0)
Widowed 1,256 (24.6) 1,908 (15.4)
Never Married 159 (3.1) 382 (3.1)
Missing 630 (11.0) 159 (1.3)

*Significant difference at p<0.05
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Supplemental Table 1.3 Cox Proportional Hazard Ratios for the Association of Depressive Symptom Trajectories with

Incident Stroke over a 10-Year Follow-Up Period, by Male and Female Subsamples

Males (N=4,796)

Depressive Symptoms No. of No. of Model 1% Model 2°: Model 3¢
Trajectory Group Person- Cases HR (95% CI) HR (95% CI) HR (95% CI)
Years
Consistently Low (ref) 41,028 384 - - - - - -
Decreasing 3,378 28 0.92 (0.62,1.34) 0.89 (0.61,1.32) 0.88 (0.60, 1.29)
Fluctuating 2,472 27 1.16  (0.78,1.71) 1.13 (0.76,1.67) 1.12 (0.75, 1.66)
Increasing 3,006 50 1.63 (1.22,2.20) 1.60 (1.19,2.16) 1.59 (1.18,2.14)
Consistently High 4,580 58 1.32 (1.00,1.74) 1.25 (0.94,1.66) 1.24 (0.93,1.65)
Females (N=7,724)
Depressive Symptoms No. of No. of Model 1% Model 2°: Model 3¢
Trajectory Group Person- Cases HR (95% CI) HR (95% CI) HR (95% CI)
Years
Consistently Low (ref) 55,680 487 - - - - - -
Decreasing 6,632 72 1.20 (0.94,1.54) 1.15 (0.89,1.47) 1.09 (0.85,1.40)
Fluctuating 6,270 83 143 (1.13,1.81) 136 (1.08,1.72) 1.26 (1.00, 1.60)
Increasing 6,048 75 1.30 (1.02,1.66) 1.27 (1.00,1.62) 1.20 (0.94,1.53)
Consistently High 13,436 170 1.38 (1.16,1.65) 1.28 (1.07,1.53) 1.16 (0.96, 1.40)

2 Model 1 adjusts for age only.

® Model 2 adjusts for age and sociodemographics (race, education, income and marital status).
¢ Model 3 adjusts for age, sociodemographics (race, education, income and marital status) and health conditions and behaviors

(physical activity, alcohol consumption, BMI, smoking status, heart conditions, diabetes and hypertension).
4 HR indicates hazard ratio and CI indicates confidence interval.
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Supplemental Table 1.4 Cox Proportional Hazard Ratios for the Association of Depressive Symptom Trajectories with Incident

Stroke over a 10-Year Follow-Up Period, by Race Category

Non-Hispanic Whites (N=9,750)

Depressive Symptoms No. of No. of Model 1% Model 2°: Model 3¢
Trajectory Group Person-Years Cases HR (95% CI) HR (95% CI) HR (95% CI)
Consistently Low (ref) 79,362 708 - - - - - -
Decreasing 6,782 72 1.15 (0.90,1.47) 1.13 (0.89,1.44) 1.08 (0.84,1.37)
Fluctuating 6,232 73 1.21  (0.95,1.54) 1.18 (0.93,1.51) 1.11 (0.87,1.42)
Increasing 7,198 91 1.27  (1.02,1.58) 1.24 (1.00,1.55) 1.18 (0.95,1.47)
Consistently High 11,614 136 1.22 (1.01,1.47) 1.15 (0.96,1.40) 1.05 (0.87,1.28)

Non-Hispanic Blacks (N=1,610)

Depressive Symptoms No. of No. of Model 1% Model 2°: Model 3¢
Trajectory Group Person-Years Cases HR (95% CI) HR (95% CI) HR (95% CI)
Consistently Low (ref) 10,428 109 - - - - - -
Decreasing 1,746 21 1.17  (0.73,1.87) 1.15 (0.71,1.84) 1.13 (0.70, 1.82)
Fluctuating 1,498 26 1.58 (1.03,2.43) 1.58 (1.03,2.43) 1.57 (1.02,2.43)
Increasing 1,062 20 1.57 (0.97,2.52) 1.57 (0.97,2.54) 1.54 (0.95,2.50)
Consistently High 3,278 60 1.60 (1.17,2.19) 1.60 (1.16,2.23) 1.63 (1.17,2.27)

2 Model 1 adjusts for age only.

® Model 2 adjusts for age and sociodemographics (sex, education, income and marital status).
¢ Model 3 adjusts for age, sociodemographics (sex, education, income and marital status) and health conditions and behaviors

(physical activity, alcohol consumption, BMI, smoking status, heart conditions, diabetes and hypertension).

4 HR indicates hazard ratio and CI indicates confidence interval.



Supplemental Table 1.4 (continued) Cox Proportional Hazard Ratios for the Association of Depressive Symptom Trajectories
with Incident Stroke over a 10-Year Follow-Up Period, by Race Category
Hispanic or Other (N=1,159)

8¢

Depressive Symptoms I;;sgrfl- No. of Model 1% Model 2°: Model 3¢
Trajectory Group Years Cases HR (95% CI) HR (95% CI) HR (95% CI)
Consistently Low (ref) 6,918 54 - - - - - -
Decreasing 1,482 7 0.59  (0.27,1.30) 0.58 (0.26,1.28) 0.58 (0.26, 1.28)
Fluctuating 1,012 11 1.41 (0.74,2.69) 147 (0.76,2.84) 1.48 (0.76, 2.88)
Increasing 794 14 2.18 (1.21,3.92) 2.06 (1.14,3.71) 2.03 (1.12,3.70)
Consistently High 3,112 32 1.30  (0.84,2.01) 1.36 (0.87,2.14) 1.30 (0.81,2.07)

2 Model 1 adjusts for age only.

® Model 2 adjusts for age and sociodemographics (sex, education, income and marital status).

¢ Model 3 adjusts for age, sociodemographics (sex, education, income and marital status) and health conditions and behaviors
(physical activity, alcohol consumption, BMI, smoking status, heart conditions, diabetes and hypertension).

4 HR indicates hazard ratio and CI indicates confidence interval.
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Supplemental Table 1.5 Sensitivity Analysis Results for the Association of Depressive Symptom Trajectories on Incident Stroke
in a 10-Year Follow-Up Period, After Raising the High vs Low Cutoff to >4 Depressive Symptoms for the Overall Sample

(N=12,520)

Depressive Symptoms No. of No. of Model 1% Model 2°: Model 3¢
Trajectory Group Person-Years Cases HR (95% CI) HR (95% CI) HR (95% CI)
Consistently Low (ref) 111,566 1049 - - - - - -
Decreasing 8,026 77 1.02  (0.81,1.28) 0.98 (0.78,1.24) 0.94 (0.75,1.19)
Fluctuating 5,482 75 143 (1.13,1.81) 1.35 (1.07,1.72) 129 (1.02,1.64)
Increasing 6,988 105 1.48 (1.21,1.81) 1.45 (1.19,1.78) 1.38 (1.13,1.69)
Consistently High 10,468 128 1.27 (1.06,1.53) 1.19 (0.98,1.44) 1.11 (0.92,1.35)

2 Model 1 adjusts for age only.

® Model 2 adjusts for age and sociodemographics (race, education, income, marital status and sex).
¢ Model 3 adjusts for age, sociodemographics (race, education, income, marital status and sex) and health conditions and
behaviors (physical activity, alcohol consumption, BMI, smoking status, heart conditions, diabetes and hypertension).

4 HR indicates hazard ratio and CI indicates confidence interval.
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Supplemental Table 1.6 Sensitivity Analysis Results for the Association of Depressive Symptom Trajectories on Incident
Stroke in a 10-Year Follow-Up Period, After Requiring at Least a Two-Point Change in Scores Between Assessments for High
vs Low Categorization of Depressive Symptoms for the Overall Sample (N=10,389)

Depressive Symptoms I;;sgrfl- No. of Model 1% Model 2°: Model 3¢
Trajectory Group Years Cases HR (95% CI) HR (95% CI) HR (95% CI)
Consistently Low (ref) 90,186 802 - - - - - -
Decreasing 6,426 63 .11 (0.86,1.44) 1.10 (0.85,1.42) 1.07 (0.82,1.38)
Fluctuating 2,494 30 143  (0.99,2.06) 1.36 (0.94,1.97) 131 (0.91,1.90)
Increasing 6,034 92 1.55  (1.25,1.93) 1.55 (1.25,1.92) 149 (1.20,1.85)
Consistently High 13,348 170 1.38  (1.17,1.62) 1.32  (1.11,1.57) 1.23 (1.03, 1.47)

2 Model 1 adjusts for age only.

® Model 2 adjusts for age and sociodemographics (race, education, income, marital status and sex).

¢ Model 3 adjusts for age, sociodemographics (race, education, income, marital status and sex) and health conditions and
behaviors (physical activity, alcohol consumption, BMI, smoking status, heart conditions, diabetes and hypertension).

4 HR indicates hazard ratio and CI indicates confidence interval.
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Supplemental Table 1.7 Sensitivity Analysis Results for the Association of Depressive Symptom Trajectories with Incident
Stroke in a 10-Year Follow-Up Period, After Applying More Restrictive Definitions for the Increasing and Decreasing

Depressive Symptom Trajectories for Overall Sample (N=11,337)

Depressive Symptoms I;;sgrfl- No. of Model 1% Model 2°: Model 3¢
Trajectory Group Years Cases HR (95% CI) HR (95% CI) HR (95% CI)
Consistently Low (ref) 96,708 871 - - - - - -
Decreasing 2,664 34 1.35 (0.96,190) 1.28 (0.91,1.81) 1.24 (0.87,1.75)
Fluctuating 8,742 110 1.34  (1.10,1.63) 1.29 (1.06,1.58) 1.24 (1.02,1.52)
Increasing 3,020 44 147 (1.08,199) 146 (1.07,1.97) 1.38 (1.02,1.87)
Consistently High 18,016 228 1.35  (1.17,1.56) 1.28 (1.10,1.49) 1.20 (1.03, 1.41)

2 Model 1 adjusts for age only.

® Model 2 adjusts for age and sociodemographics (race, education, income, marital status and sex).
¢ Model 3 adjusts for age, sociodemographics (race, education, income, marital status and sex) and health conditions and
behaviors (physical activity, alcohol consumption, BMI, smoking status, heart conditions, diabetes and hypertension).

4 HR indicates hazard ratio and CI indicates confidence interval.
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Supplemental Table 1.8 Sensitivity Analysis Results for the Association of Depressive Symptom Trajectories with Incident
Stroke in a 10-Year Follow-Up Period, After Additionally Adjusting for Health Conditions and Behaviors at Wave 4 for Overall

Sample (N=12,520)

Depressive Symptoms I;;sgrfl- No. of Model 1% Model 2°: Model 3¢: Model 4¢:
Trajectory Group Years Cases HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
Consistently Low (ref) 96,576 870 - - - - - - - -
Decreasing 10,030 96 1.05 (0.85,1.30) 1.02 (0.82,1.26) 0.98 (0.79,1.21) 0.98 (0.79,1.21)
Fluctuating 8,896 114 1.37 (1.13,1.66) 1.32 (1.08,1.60) 1.27 (1.04,1.55) 1.23 (1.01, 1.50)
Increasing 9,036 122 1.37 (1.13,1.66) 135 (1.12,1.64) 1.29 (1.06,1.56) 1.25 (1.03,1.52)
Consistently High 17,992 232 1.37 (1.18,1.58) 1.29 (1.11,1.50) 1.21 (1.04,1.41) 1.16 (0.99,1.35)

2 Model 1 adjusts for age only.

® Model 2 adjusts for age and sociodemographics (race, education, income, marital status and sex).

¢ Model 3 adjusts for age, sociodemographics (race, education, income, marital status and sex) and health conditions and
behaviors (physical activity, alcohol consumption, BMI, smoking status, heart conditions, diabetes and hypertension).

4 HR indicates hazard ratio and CI indicates confidence interval.
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Supplemental Table 1.9 Sensitivity Analysis Results for the Association of Depressive Symptom Trajectories with Incident
Stroke in a 10-Year Follow-Up Period, Using Inverse-Probability Weighting (N=10,865)

No. of

Depressive Symptoms Person- No. of Model 1% Model 2°: Model 3¢
Trajectory Group Years Cases HR (95% CI) HR (95% CI) HR (95% CI)
Consistently Low (ref) 84,482 799 - - - - - -
Decreasing 8,506 87 1.06 (0.85,1.33) 1.02 (0.81,1.29) 0.98 (0.78,1.24)
Fluctuating 7,750 103 1.34  (1.09,1.65) 1.28 (1.04,1.58) 1.22 (0.99, 1.50)
Increasing 8,082 117 1.35 (1.11,1.66) 132 (1.08,1.62) 1.27 (1.03,1.55)
Consistently High 14,630 192 1.31  (1.11,1.54) 1.22 (1.03,1.44) 1.14 (0.97,1.35)

2 Model 1 adjusts for age only.

® Model 2 adjusts for age and sociodemographics (race, education, income, marital status and sex).

¢Model 3 adjusts for age, sociodemographics (race, education, income, marital status and sex) and health conditions and
behaviors (physical activity, alcohol consumption, BMI, smoking status, heart conditions, diabetes and hypertension).

4 HR indicates hazard ratio and CI indicates confidence interval.
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Supplemental Table 1.10 Sensitivity Analysis Results for the Association of Depressive Symptom Trajectories with Incident
Stroke in a 10-Year Follow-Up Period, Using Only Participants with Complete Data (N=12,113)

Depressive Symptoms No. of No. of Model 1% Model 2°: Model 3¢
Trajectory Group Person-Years Cases HR (95% CI) HR (95% CI) HR (95% CI)
Consistently Low (ref) 93,804 856 - - - - - -
Decreasing 9,734 97 1.07 (0.87,1.32) 1.03 (0.84,1.28) 1.00 (0.81,1.23)
Fluctuating 8,402 106 1.31  (1.07,1.60) 1.26 (1.02,1.54) 1.20 (0.97,1.47)
Increasing 8,676 118 1.34  (1.11,1.63) 1.32 (1.09,1.60) 1.27 (1.05,1.55)
Consistently High 17,198 218 1.31  (1.13,1.52) 1.23 (1.06,1.44) 1.16 (0.99,1.35)

2 Model 1 adjusts for age only.

® Model 2 adjusts for age and sociodemographics (race, education, income, marital status and sex).
¢ Model 3 adjusts for age, sociodemographics (race, education, income, marital status and sex) and health conditions and
behaviors (physical activity, alcohol consumption, BMI, smoking status, heart conditions, diabetes and hypertension).

4 HR indicates hazard ratio and CI indicates confidence interval.



Chapter 2: Chronic Loneliness and the Risk of Incident Stroke in Middle and Late
Adulthood

Abstract

Background: Loneliness has been implicated as a risk factor for cardiovascular disease,
however existing studies have assessed loneliness at only one point in time. No study has
examined whether chronic loneliness may increase risk for stroke.

Objectives: We explored the association between loneliness and incident stroke, first examining
baseline loneliness and then loneliness changes across two time points in relation to risk of
incident stroke.

Methods: We used data from the Health and Retirement Study (HRS) participants (N=8,936),
who were U.S. adults aged 50 years or older and stroke-free at baseline (2006/2008-2010/2012).
Loneliness was measured with the 3-item Revised UCLA Loneliness Scale (R-UCLA),
dichotomized using a >6 cutoft (high versus low). We first examined the association between
baseline loneliness and incident stroke over a subsequent 10-year period. We then examined
whether loneliness patterns across two time points (consistently low, remitting, recent onset,
consistently high) predicted incident stroke over a subsequent 6-year period. Analyses were
conducted with Cox proportional hazards models adjusted for demographics, health behaviors
and health conditions.

Results: Greater loneliness scores at baseline were associated with higher risk of incident stroke
for both the continuous (HR: 1.04, 95% CI: 1.01-1.08) and the dichotomized measure of

loneliness (HR: 1.27, 95% CI: 1.06-1.52). When examining loneliness change groups across two
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time points, only individuals categorized as chronically lonely had higher risk of incident stroke
(HR: 1.65, 95% CI: 1.09-2.49). No evidence for effect modification by sex or race was found.
Conclusions: In this cohort, loneliness was associated with increased risk of incident stroke. In
particular, risk was elevated for those with chronic loneliness across two time points, exhibiting a

dose-response relationship with risk of incident stroke.
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Introduction

Stroke is recognized as one of the leading causes of long-term disability and mortality
worldwide.*® Although stroke mortality rates have declined globally over recent decades, the rate
of decline for stroke incidence has slowed down and the global burden of stroke is high and
increasing.®°%° As the world experiences an expanding aging population, the total economic and
social impact of stroke is projected to rise.® Multiple risk factors (e.g. hypertension, diabetes and
smoking) for stroke have been identified, and treating these risk factors have contributed to the
decline in stroke incidence.!®%° Although addressing established risk factors is key to stroke
prevention, this does not fully account for observed risk. Identifying additional preventable or
modifiable risk factors will further help combat the increasing burden of stroke. Loneliness has
been identified as a risk factor for stroke, associated with stroke risk via both short-term
mechanisms as well as longer-term increases in risk, through mechanisms causing irreversible
damage to cardiovascular, metabolic and immune systems. In the U.S., the prevalence of
loneliness (i.e. reporting feeling lonely occasionally or at least sometimes) is now sometimes

61-63

reported to be as high as 40-55% among middle-aged and older adults, compared to 11-17%
in the 1970s.%* With increasing prevalence among the aging population, loneliness may be a
viable target for stroke prevention.®! The aim of this study was to assess the impact of chronic
loneliness on incident stroke among middle-aged and older adults in the United States.

To the best of our knowledge, no study has examined whether changes in loneliness over
time may be associated with differential risk for stroke among middle-aged and older adults.
Loneliness is commonly conceptualized as a subjective personal experience, regarding the gap

between desired and available relationships.* It differs from social isolation, which typically

refers to the lack of social contact with others — e.g. absence of marital partners, friendship ties,
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and belonging to social groups. Older adults are inclined to describe depressive symptoms in
terms of loneliness, and the strong association with depression has impeded research on
loneliness.®> Although loneliness is often included as a symptom in some questionnaire-based
depression measures, it is considered a separate psychological construct and is not included in
the standard DSM-IV definition for depression.®® The relation between loneliness and stroke has
rarely been examined, although considerable evidence shows that loneliness has an impact on
other cardiovascular health outcomes, independent of social isolation and depressive
symptoms.®7-¢

To our knowledge, only one study has examined the association between loneliness and
incident stroke.” In this study using the UK Biobank cohort, individuals categorized as lonely at
baseline had a higher risk of incident stroke, although the association became statistically non-
significant after fully adjusting for traditional risk factors.”” Examining loneliness at one time
point may provide an incomplete picture of the effect of loneliness on stroke risk, for several
reasons. Loneliness can be situational or chronic, depending on the duration it is experienced.”!
Situational loneliness refers to a temporary experience, while chronic loneliness refers to a more
stable state persisting over long periods of time.”? A temporary experience of loneliness may be
driven by a stressful life event (e.g. retirement or death of a spouse), and may have different
consequences for stroke than chronic loneliness.”? Furthermore, examining loneliness changes
over time may help understand if remitted loneliness is associated with reduced stroke risk,
which may have clinical implications on the appropriateness of targeting loneliness for stroke
prevention. Important gaps remain in our understanding of the timing and duration of loneliness
in relation to stroke risk, which cannot be captured by assessing loneliness at one time point. In

the present study, we examine the association of loneliness with incident stroke, first considering
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baseline loneliness levels and then considering loneliness changes across two time points. Our
goal was to understand whether chronicity plays a role in the association between loneliness and
incident stroke. To the best of our knowledge, no study has examined how changes in loneliness
are associated with risk of incident stroke.

Following the premise that repeated experiences of loneliness may lead to an
accumulation of damage, we hypothesized that individuals with chronic loneliness would be at
highest risk for incident stroke. We further examined whether loneliness was associated with
stroke via short-term mechanisms, by examining whether those with recent onset or remitting
loneliness (i.e., have an earlier experience but not currently lonely) experience a differential risk
in stroke, compared to those who are consistently not lonely. Prior studies have shown that age-
related increases in loneliness might be linked to age-related structural changes in brain regions,
which in turn are related to cognitive processing of emotional and social stimuli and their
regulation.”>’* Comparatively, we hypothesize that the risk would be modestly elevated within
the recent onset group, given the later onset of loneliness. Possible effect modification by sex
and race were examined, as differences by sex and race have been previously noted for both
stroke incidence and loneliness prevalence. We further adjusted for social isolation and

depressive symptoms, as these are found to be associated with both loneliness and risk of stroke.

Methods
Study Population

Data are from the Health and Retirement Study (HRS), a nationally representative,
longitudinal sample of individuals in the U.S. aged 50 years and older. The HRS initially had

three cohorts (1992, 1993 and 1998), which were merged in 1998 and followed biennially
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thereafter.?? HRS respondents answered questions on how changing health and economic
circumstances are associated with aging.?’ In 2006, the HRS introduced a Psychosocial and
Lifestyle Questionnaire, using a leave-behind (LB) self-administered questionnaire format.”” A
rotating random 50% subsample of the longitudinal panel received the LB questionnaire in each
wave, where Subsample A began in 2006 and Subsample B began in 2008. We assessed
loneliness across two waves of data for both subsamples (repeated every four years for each
subsample).”” Details of the LB sampling timeline are provided in Figure 2.1 for the baseline
only analyses, and in Figure 2.2 for the loneliness change analyses. Additional technical details
of the study design and implementation have been previously published.?® The HRS is sponsored
by the National Institute on Aging and conducted by the University of Michigan. The Harvard
T.H. Chan School of Public Health human subjects committee determined the current analyses to

be exempt.

Figure 2.1: Details of the Leave-Behind Questionnaire Sampling Timeline for Loneliness
Examined at Only One Time Point

Baseline (T1: 2006/2008)

/_X_\

2006 2008 2010 2012 2014 2016

o O
! !
® Subsample A Follow-up Period (2008-2016)
O Subsample B (2008 Follow-up Only For Subsample A)

Adapted from Smith et al. (2017)

As loneliness was measured in the LB questionnaire, which began in 2006, we defined

our baseline as 2006/2008 when each subsample started the LB questionnaire. The overall
exposure period was subsequently defined as 2006-2012 (where T1 refers to 2006/2008 and T2

refers to 2010/2012 for both subsamples).
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Figure 2.2: Details of the Leave-Behind Questionnaire Sampling Timeline for Loneliness
Examined Across Two Time Points

Exposure Period (2006/2008-2010/2012)

A
[ )

Baseline (T1) T2

2006 2008 i 2010 2012 | 2014 2016

Subsample A ° —® @
Subsample B O O ' 1
°® PY l 1 J
O O Follow-up Period (2012-2016)
4-Year Repeat for (2012 Follow-up Only For Subsample A)
Each Subsample

Adapted from Smith et al. (2017)

For the first set of analyses considering baseline loneliness, we defined 2008-2016 as our
follow-up period, with outcomes assessed in 2008 (events occurring between 2006-2008) only
available for Subsample A. We restricted our sample to HRS participants aged 50 years and
above in T1, who did not report having a stroke prior to or during T1. Out of a total of 14,283
eligible HRS respondents, we excluded individuals missing the loneliness measure during T1
(1,944 respondents, 12.8%), those who had a stroke during T1 (165 respondents, 1.1%), and
those who died during T1 (13 respondents, 0.09%). Our final analytic sample included 12,161
individuals.

For the second set of analyses considering loneliness changes over two time points, we
defined 2012-2016 as our follow-up period, with 2012 outcomes (events occurring between
2010-2012) only available for Subsample A. We restricted our sample to HRS participants aged

50 years and above in 2006/2008, who did not report having a stroke prior to or during our
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exposure measurement period (T1-T2). Out of a total of 13,002 eligible HRS respondents, we
excluded individuals missing at least one loneliness scale measure during T1-T2 (3,419
respondents, 26.3%), those who had a stroke during T1-T2 (423 respondents, 3.3%), and those
who died during T1-T2 (224 respondents, 1.7%). Our final analytic sample included 8,936
individuals.
Exposure Ascertainment

The HRS loneliness scale is a simplified three-item scale, derived from exploratory and
confirmatory factor analyses of the 20-item Revised UCLA Loneliness Scale (R-UCLA).”® To
create the loneliness index, the item responses were reverse-coded and averaged across the three
items, with scores ranging from 3 to 9.”7 The three-item R-UCLA scale has been shown to have
solid psychometric properties, including good internal reliability and good concurrent,

convergent, discriminant, and predictive validity.’®”

We examined loneliness using the
continuous loneliness summary score, and also dichotomized the loneliness score using a >6
cutoff (high versus low) for analyses of baseline loneliness. Based on a prior study, this cutoff
has shown the best concordance with the one-item loneliness measure on the CES-D (used as an
artificial standard to determine lonely versus not lonely).® For individuals missing >2 items on
the loneliness scale, the summary score was calculated using the available items, weighted
appropriately for the number of items available.

For the analyses of change, the loneliness score at each time point was dichotomized,
using the >6 cutoff (high versus low). Four loneliness change patterns were constructed using the
combinations of loneliness scores at the two exposure time points. Consistently low was defined

as having low loneliness scores at both time points. Recent onset was defined as having a low

loneliness score at the first and a high score at the second time point. Remitting was defined as
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having a high loneliness score at the first and a low score at the second time point. Consistently
high was defined as having high loneliness scores at both time points.
Stroke Ascertainment

Incident stroke events were defined as the first occurrence of stroke, based on self- or
proxy-reported doctor's diagnosis (“Has a doctor ever told you that you had a stroke?”’). For
participants who died or were unavailable for a direct interview, interviews were conducted with
proxy informants (predominantly spouses). Reports of transient ischemic attacks were not
systematically assessed and therefore not coded as strokes, nor was stroke subtype information
available.?3 Prior work with HRS data has shown that associations between known risk factors
and self-reported stroke incidence in the HRS corresponded well with associations reported in
studies using clinically verified strokes.*? Furthermore, self-reported strokes in the HRS
corresponded well with strokes coded according to the International Classification of Diseases
(ICD) in the Centers for Medicare and Medicaid Services records, with 74% sensitivity and 93%
specificity. !
Social Isolation

To test if the association of loneliness and stroke is independent of social isolation, we
created a social isolation measure based on the Berkman-Syme Social Network Index, assessing
social isolation at baseline across four domains of social activity: marital status, volunteer
activity, contact with children and neighbors.®! Following prior work on social integration, we
assigned one point for each domain in which respondents were considered isolated. For marital
status, married respondents were assigned zero and all others were assigned one point. If a
respondent participated at least one hour in the past year volunteering in religious, educational,

health-related, or other charitable organizations, the respondent was assigned zero. Respondents
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who did not volunteer any hours were assigned one point. Respondents were assigned zero if
they had contact with children, defined as weekly or more frequent contact (by phone, mail, or in
person), and one point otherwise. Contact with neighbors was based on whether the respondents
reported getting together with neighbors to chat or socialize. Respondents reporting weekly or
more frequent contact were assigned zero, and one point otherwise.®? The sum of non-missing
values for all domains was used as the individual’s social isolation score, with higher scores
indicating more social isolation (ranging from 0-4). If respondents were missing all domains, the
social isolation score was set to missing.®?
Depressive Symptoms

We used the validated, modified 8-item version of the Center for Epidemiologic Studies -
Depression (CES-D) scale to assess depressive symptoms.3®37 In each biennial questionnaire,
participants were asked to respond (yes/no) whether they experienced each of eight symptoms in
the past week. A summary score was created by summing the number of “yes” answers across
the eight items (with two positive items reverse-scored, i.e., transformed response for items on
which a “yes” response indicates the opposite of the construct being assessed).?” One item on the
CES-D asks whether the respondent felt lonely, and was deleted prior to calculating the total
CES-D score. We used the continuous CES-D summary measure (ranging from 0-7) in the
analyses. The Cronbach’s alpha for the CES-D scale with the dropped loneliness item was 0.78,
which is considered acceptable.®?
Covariate Ascertainment

Demographic and socioeconomic variables were assessed by self-report at baseline
(2006/2008) and included the following: age (continuous), gender (male or female), race and

ethnicity (non-Hispanic white, non-Hispanic black, Hispanic or other), highest level of education
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(less than high school, high school graduate/GED/some college, four-year college and above)
and household income (continuous). Self-reported measures of health behaviors and health
conditions were also measured at T1. Self-reported health behaviors included: engaging in
vigorous physical activity (more than once a week, once a week, one to three times a month,
hardly ever or never), alcohol consumption (none, moderate: <3 drinks per day or <18 per week,
heavy: >3 drinks per day or >18 per week), body mass index (BMI: continuous, kg/m? derived
from self-reported height and weight) and smoking status (non-smoker, former smoker, current
smoker). Health conditions were assessed using dichotomized responses (yes/no) to the question,
“Has a doctor ever told you that you had a (health condition)?” for each of the following health
conditions at T1: heart disease, diabetes and hypertension. Self-reported health conditions in the
HRS have been shown to have substantial agreement with medical records data and good
external validity.3>34
Statistical Analysis

We first examined the distribution of covariates for the overall sample and by loneliness
group categories, for each set of analyses. After ascertaining that the proportional hazards
assumption was not violated, Cox proportional hazards models were used to estimate the hazard
ratios (HR) and accompanying 95% confidence intervals (CIs) for the association between
loneliness and incident stroke. In the first set of analyses, we examined both the association of
loneliness levels (continuously measured) and dichotomized loneliness at baseline with incident
stroke. In the second set of analyses, we examined loneliness changes across two time points on
incident stroke, with the consistently low category as our reference group.

We ran a series of models for both sets of analyses. In Model 1, we present the basic

association adjusted for age, race and sex only. In Model 2, we additionally adjusted for
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sociodemographics measured at T1 (educational level and household income), that could be
potential confounders. In Model 3, we adjusted for health conditions at T1 (diabetes, heart
conditions and hypertension) and health behaviors (BMI, smoking, alcohol consumption,
physical activity), which could be potential confounders and mediators. Possible multiplicative
effect modification by sex and race was also examined in Model 3. All analyses were conducted
using Stata (version 14, Stata Corp, College Station, TX, USA).

We further conducted four sensitivity analyses for both sets of analyses. First, we
examined whether the association of loneliness with incident stroke risk was independent of
depressive symptoms and social isolation. We also examined whether associations with stroke
were sensitive to how the loneliness index was dichotomized, repeating the main analyses with a
lower <5 cutoff. Third, we conducted a sensitivity analysis using stabilized inverse probability
weights (IPW) to test whether selection bias affected our main results, adjusted for differential
dropout, survival and loneliness score reporting.®* Fourth, we repeated the main analyses
additionally adjusting for health conditions at T2, to examine changes in effects due to
potentially mediating health behavioral pathways.

Missingness in the overall dataset was around three percent, with the largest percentage
of missing values attributed to the social isolation measure (2.79%). For those with missing
values on the health condition variables, we first replaced missing values using information
collected at the previous wave, if available. For all additional missing values on the exposure and
covariates, we imputed the missing values using the multiple imputation by chained equations
(MICE) procedure with the mi command in STATA, with the main analyses applied to 10

imputed datasets.’® Missing values on stroke were not imputed.
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Results

Table 2.1 provides descriptive characteristics of the overall analytical sample and
according to each loneliness change group for the second set of analyses (descriptive statistics
for the baseline loneliness analyses are presented in Supplemental Table 2.1). For the first set of
analyses looking at baseline loneliness, the 12,161 individuals comprising the analytical sample
experienced 980 incident strokes during 10 years of follow-up (2008-2016). In the second set of
analyses, the 8,936 individuals comprising the analytical sample experienced 375 incident
strokes during 6 years of follow-up (2012-2016). Based on the second set of analyses, the
average age of the analytical sample at baseline (T1) was 67.4 years and the individuals were
majority female (60.6%) and non-Hispanic white (79.8%). Most individuals (84.8%) had
consistently low loneliness scores over time. Baseline characteristics differed across the
loneliness change groups. Compared to the consistently low group, individuals in the
consistently high group were on average younger in age (67.6 vs 65.4 years), had lower average
levels of education (percentage of less than high school education: 18.1 vs 25.6%), were less
likely to engage in vigorous physical activity (hardly ever or never: 54.2 vs 73.4%) and were
more likely to have a health condition. Sociodemographics, health conditions and health
behaviors also differed between the remitting and recent onset groups, compared to the
consistently low group. The Spearman correlation between loneliness and depressive symptoms
at baseline was r=0.34, between loneliness and social isolation at baseline was r=0.23, and
between social isolation and depressive symptoms at baseline was r=0.19. The Spearman

correlation between loneliness at baseline and at follow-up was r=0.57.
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Table 2.1: Descriptive Statistics for the Analytical Sample at Baseline at Wave 1 (2006-2008) for Analyses Examining

Loneliness Across Two Time Points

Loneliness Change Pattern Categories

Overall Consistently ~ Remitting Recent Onset Consistently
Sample Low High
Individuals, n (%) 8,936 7,576 (84.8) 496 (5.6) 485 (5.4) 379 (4.2)
Sociodemographic Characteristics
Age (in years), mean (SD) 67.4 (9.0) 67.6 (8.9) 66.3 (8.9) 67.9 (9.4) 65.4 (9.4)
Male, n (%) 3,524 (39.4) 3,074 (40.6) 171 (34.5) 155(32.0) 124 (32.7)
Race, n (%)
Non-Hispanic White 7,134 (79.8) 6,119 (80.8) 347(70.0) 373 (76.9) 295 (77.8)
Non-Hispanic Black 967 (10.8) 787 (10.4) 79 (15.9) 58 (12.0) 43 (11.4)
Hispanic or Other 834 (9.3) 669 (8.8) 70 (14.1) 54 (11.1) 41 (10.8)
Highest Degree of Education, n (%)
Less than High School 1,739 (19.5) 1,370 (18.1) 143 (28.8) 129 (26.6) 97 (25.6)
High School 5,035 (56,4) 4,284 (56.6) 273 (55.0) 257 (53.0) 221 (58.3)
College and Above 2,161 (24.2) 1,922 (25.4) 80 (16.1) 98 (20.2) 61 (16.1)
Income (in 1000s USD), mean (SD) 44.9 (142.2) 46.8 (153.1) 31.2(33.0) 38.5(6l.1)  32.9(38.3)
Health Behaviors
Vigorous Physical Activity, n (%)
More than once a week 2,388 (26.7) 2,142 (28.3) 89 (17.9) 95 (19.6) 62 (16.4)
Once a week 832 (9.3) 728 (9.6) 39(7.9) 41 (8.5) 24 (6.3)
One to three times a month 674 (7.5) 594 (7.8) 3(6.3) 34 (7.0) 15 (4.0)
Hardly ever or never 5,037 (56.4) 4,108 (54.2) 336 (67.7)  315(65.0) 278 (73.4)

Number of missing values prior to imputation: Age 0.01%; Race 0.01%; Highest Degree of Education 0.01%; Income 0.01%;
Vigorous Physical Activity 0.06%. All others: no missing values.
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Table 2.1 (continued): Descriptive Statistics for the Analytical Sample at Baseline at Wave 1 (2006-2008) for Analyses

Examining Loneliness Across Two Time Points

Loneliness Change Pattern Categories

Overall - — -
Sample Consistently Remitting Recent Onset Consistently
Low High
Health Behaviors (continued)
Alcohol Consumption, n (%)
None 4,036 (45.2) 3,328 (43.9) 251 (50.6) 258(53.2) 199 (52.5)
Moderate (<3 drinks per day or <18 per week) 4,210 (47.1) 3,664 (48.4) 202 (40.7) 199 (41.0) 145 (38.3)
Heavy (>3 per day or >18 per week) 690 (7.7) 584 (7.7) 43 (8.7) 28 (5.8) 35(9.2)
BMI (kg/m2), mean (SD) 28.9 (6.0) 28.8 (5.8) 30.2(7.2)  29.5(6.8) 30.1 (7.5)
Smoking, n (%)
Non-Smoker 4,111 (46.0) 3,511 (46.3) 216(43.6) 205 (42.3) 179 (47.2)
Former Smoker 3,950 (44.2) 3,347 (44.2) 217 (43.8) 216 (44.5) 170 (44.9)
Current Smoker 875 (9.8) 718 (9.5) 63 (12.7) 64 (13.2) 30(7.9)
Health Conditions
Has Heart Condition, n (%) 1,856 (20.1) 1,529 (20.2) 123 (24.8) 113 (23.3) 91 (24.0)
Has Diabetes, n (%) 1,620 (18.1) 1,294 (17.1) 115(23.2) 111 (22.9) 100 (26.4)
Has Hypertension, n (%) 4,935 (55.2) 4,109 (54.2) 304 (61.3) 291 (60.0) 231 (61.0)
Depressive Symptoms and Social Isolation
Social Isolation, mean (SD) 1.5 (1.0) 1.4 (0.9) 2.0 (0.9) 1.8 (0.9) 2.1(0.9)
Depressive Symptoms, mean (SD) 1.1 (1.6) 0.8 (1.4) 2.4 (2.2) 1.9 (2.1) 3.0(2.4)

Number of missing values prior to imputation: BMI: 1.2%; Has Heart Condition 0.01%; Has Diabetes 0.01%; Depressive

Symptoms 1.1%. All others: no missing values.



Part 1: Baseline Loneliness (One Time Point) in Relation to Risk of Incident Stroke

Baseline loneliness results are presented in Table 2.2. For analyses using the continuous
loneliness measure, each one-unit increase on the loneliness index was associated with a 4%
higher hazard for incident stroke (fully adjusted HR: 1.04, 95% CI: 1.01-1.08). When
using the dichotomized loneliness measure, individuals categorized as lonely had a higher hazard
ratio (fully adjusted HR: 1.27, 95% CI: 1.06-1.52), compared to those not categorized as lonely
(reference). The tests for interactions showed no evidence of sex or racial differences in the
association between baseline loneliness and incident stroke.

Results from the four sensitivity analyses mirrored our main results, although some
attenuated associations for loneliness and incident stroke were evident. When additionally
controlling for both social isolation and depressive symptoms (Supplemental Table 2.2), the
hazard ratio was meaningfully attenuated for both the continuous (fully adjusted HR: 1.02, 95%
CI: 0.98-1.06) and dichotomized loneliness measures (fully adjusted HR: 1.15, 95% CI: 0.94-
1.40). However, the association was minimally attenuated when controlling for social isolation
only. Second, when using a >5 cutoff to dichotomize loneliness, the hazard ratio for those
categorized as lonely became clearly attenuated (fully adjusted HR: 1.16, 95% CI: 1.01-1.33;
Supplemental Table 2.3). Third, in the [IPW sensitivity analyses, no notable differences in the
hazard ratios were found (Supplemental Table 2.4). Fourth, in the sensitivity analysis
additionally adjusted for health conditions at T2, the hazard ratios mirrored our results from the

main analyses (Supplemental Table 2.5).
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Table 2.2: Cox Proportional Hazard Ratios for the Association of Loneliness at Baseline (One Time Point) and Incident Stroke in
a 10-Year Follow-Up Period (N=12,161)

TS

Individuals Cases Person-years Model 12 Model 2° Model 3¢
n (%) HR (95% CI) HR (95% CI) HR (95% CI)
Loneliness (continuous) 12,161 (100) 980 117,896 1.07 (1.03, 1.11)  1.06 (1.02, 1.10) 1.04 (1.01, 1.08)
Loneliness, binary (>6 cutoff)
Loneliness Index (>6) 1,297 (10.7) 137 12,480 1.40 (1.17,1.67) 1.35(1.12,1.61) 1.27 (1.06, 1.52)
Loneliness Index (<6) 10,864 (89.3) 843 105,416 1.00  (ref) 1.00  (ref) 1.00  (ref)

Abbreviations: HR, hazard ratio; CI, confidence interval.

2 Model 1 adjusted for age, gender and race.

® Model 2 adjusted for age, gender, race, degree and income.

¢ Model 3 adjusted for age, gender, race, degree, income, physical activity, drinking, BMI, smoking status, diabetes, heart
conditions and hypertension.



Part 2: Loneliness Changes (Across Two Time Points) in Relation to Risk of Incident Stroke

In the analyses considering loneliness change patterns over two time points in relation to
the risk of incident stroke (Table 2.3), the consistently high had a higher hazard ratio (fully
adjusted HR: 1.65, 95% CI: 1.09-2.49) than the chronically low group (reference). For the
remitting (fully adjusted HR: 1.29, 95% CI: 0.86-1.93) and recent onset (fully adjusted HR: 1.27,
95% CI: 0.85-1.89) groups, the hazard ratios were elevated but not significantly different from
the consistently low group. The tests for interactions showed no evidence of sex or racial
differences in the association between loneliness and incident stroke.

Results from the four sensitivity analyses mirrored our main results, although there were
some meaningful attenuations for the consistently high group. First, when additionally adjusting
for both social isolation and depressive symptoms (Supplemental Table 2.2), the hazard ratio
for incident stroke for the consistently high group was clearly attenuated (fully adjusted HR:
1.54, 95% CI: 0.99-2.40). The hazard ratios for incident stroke were only minimally attenuated
for the remitting and recent onset groups. Second, when using a >5 cutoff for the loneliness
index, the hazard ratio was meaningfully attenuated in the consistently high group (fully adjusted
HR: 1.22, 95% CI: 0.92-1.63), and remained similar to the main analyses for the remitting and
recent onset groups (Supplemental Table 2.3). Third, in the IPW sensitivity analyses, no
notable differences in the hazard ratios were found across all loneliness change groups
(Supplemental Table 2.4). Fourth, in the sensitivity analysis additionally adjusted for health
conditions at T2 (Supplemental Table 2.5), the hazard ratio was meaningfully attenuated for the

consistently high group (fully adjusted HR: 1.47, 95% CI: 0.93-2.30).
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Table 2.3: Cox Proportional Hazard Ratios for the Association of Loneliness Change Over Two Time Points and Incident Stroke
in a 6-Year Follow-Up Period® (N=8,936)

Loneliness Change Individuals Cases  Person-years Model 1° Model 2¢ Model 3¢
Pattern Group n (%) HR (95% CI) HR (95% CI) HR (95% CI)
Consistently Low 7,576 (84.8) 297 44,964 1.00 (ref) 1.00 (ref) 1.00 (ref)
Remitting 496 (5.6) 26 2,940 1.40 (0.94, 2.09) 1.37 (0.91, 2.05) 1.29 (0.86, 1.93)
Recent Onset 485 (5.4) 27 2,856 1.37(0.92, 2.03) 1.35(0.91, 2.01) 1.27 (0.85, 1.89)
Consistently High 379 4.2) 25 2,232 1.85 (1.23, 2.79) 1.82 (1.20, 2.74) 1.65 (1.09, 2.49)

Abbreviations: HR, hazard ratio; CI, confidence interval.

2 The loneliness scale is dichotomized, based on a >6 cutoff at each time point.

® Model 1 adjusted for age, gender and race.

¢ Model 2 adjusted for age, gender, race, degree and income.

4Model 3 adjusted for age, gender, race, degree, income, physical activity, drinking, BMI, smoking status, diabetes, heart
conditions and hypertension.



Discussion

Among middle-aged and older U.S. adults, lonely individuals at baseline had a 27%
higher hazard for incident stroke after adjusting for a broad range of potential confounders.
When examining loneliness changes over two time points, those who were consistently lonely
were at highest risk for incident stroke, with a 65% higher hazard than those who were
consistently not lonely. The heightened risk for incident stroke remained after additionally
adjusting for both depressive symptoms and social isolation. The remitting and recent onset
groups also had a 27-29% higher hazard of incident stroke, compared to those consistently not
lonely, but did not reach statistical significance. These findings support our overall hypothesis
that loneliness is associated with an elevated risk of incident stroke, and chronicity plays a role.
There also seems to be a dose-response association of loneliness with risk of stroke, where
participants who were consistently lonely across repeated assessments also had higher risk for
incident stroke. Furthermore, our findings suggest that the effects of loneliness on stroke occur
over the longer term through accumulated damage, given that short-term increases or decreases
in loneliness were not differentially associated with stroke risk. However, low case counts for
each loneliness category may also have played a role in the statistically non-significant
associations.

Three mechanisms generally describe how loneliness can impact stroke risk:
physiological, behavioral and psychosocial.®® Although we did not formally test causal
mechanisms underlying the observed associations, potential biological mechanisms previously
described in the literature include risk of elevated blood pressure, increased hypothalamic-
pituitary-adrenocortical activity, and diminished immunity.®> Potential behavioral mechanisms

include worse health behaviors (e.g. poor medication adherence, smoking and alcohol use, and
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lower quality of sleep).®¢ Although we did not formally assess for mediating pathways, we
adjusted for health behaviors and conditions at T2 in our sensitivity analyses. We found that risk
estimates were only modestly attenuated, suggesting that behaviors may explain only a modest
proportion of the observed associations between loneliness and stroke risk. Psychosocial
mechanisms include processes whereby lonely individuals have been associated with dysphoria
and social withdrawal, which can reduce the ability to engage in and maintain healthy
behaviors.?” This can further exacerbate the physiological repair and maintenance processes,
which further contribute to greater stroke risk.®® Although we were unable to test this directly,
those who are chronically lonely may represent individuals with an inability to develop
satisfying social relationships, which may result in longer-term interpersonal difficulties.”?
Another interpretation of these findings may be that chronic loneliness is an indicator for other
unobserved risk factors, such as introverted personality or other personality-related factors.
These personality factors may also be associated with long-term interpersonal difficulties that
result in a dispositional loneliness, putting individuals with chronic loneliness at higher risk for
incident stroke.®
Strengths and Limitations

This study has a number of important strengths. It is one of the first to examine the
longitudinal effects of loneliness on incident stroke in a nationally representative population of
older adults in the U.S., controlling for both social isolation and depression. Second, we assessed
loneliness using a validated loneliness index, which may be a better measure than single-item
measures or direct questions that include the term ‘loneliness.” The latter two measures may lead
to a biased estimation of the prevalence of loneliness, because loneliness can be seen as a

stigmatizing concept and respondents may avoid characterizing themselves as such.5%%°
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Individuals may also not be consciously aware that they are lonely, which can also lead to biased
estimation of loneliness using direct questions.?°

Our study has some limitations as well. Our sample was confined to older adults in the
U.S. and may not be generalizable to younger populations or non-U.S. populations. Although we
adjusted for many potential confounders, there is still the possibility of unmeasured confounding
in our observational study. Another limitation is that because clinically relevant cutoffs have not
been established, we used an arbitrary cutoff to dichotomize loneliness. In our sensitivity
analysis with a lower cutoff, we see that the effect estimates decrease substantially for the
consistently high group. In our study, we were only able to examine the effects of loneliness
changes across two time points in relation to incident stroke over a 6-year follow-up period.
Future studies may want to evaluate whether longer-term changes in loneliness status may
further support the dose-response effect observed in our results, or whether shorter-term nuanced

changes in loneliness may result in lower risk for incident stroke.

Conclusion

Loneliness can result in a higher risk for incident stroke, and those experiencing chronic
loneliness may be particularly at risk. Addressing loneliness may have an important role in the
prevention of incident stroke. Future studies should examine more comprehensive loneliness
trajectories over time to examine whether the association is sustained, and also examine the

underlying mechanisms between loneliness and incident stroke.
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Appendix

Supplemental Table 2.1: Descriptive Statistics for the Analytical Sample at Baseline at Wave 1
(2006-2008) for Analyses Examining Loneliness at One Time Point

Loneliness (binary)

Overall - g
Sample Loneliness  Loneliness
Index (<6) Index (>6)
Individuals, n (%) 12,161 10,864 (89.3) 1,297 (10.7)
Sociodemographic Characteristics
Age (in years), mean (SD) 68.4 (9.6) 68.5 (9.5) 67.4 (10.2)
Male, n (%) 4,845 (39.8) 4,409 (40.6) 436 (33.6)
Race, n (%)
Non-Hispanic White 9,401 (77.3) 8,482 (78.1) 919 (70.9)
Non-Hispanic Black 1,483 (12.2) 1,290 (11.9) 193 (14.9)
Hispanic or Other 1,276 (10.5) 1,091 (10.0) 185(14.3)
Highest Degree of Education, n (%)
Less than High School 2,726 (22.4) 2,320 (21.4) 406 (31.3)
High School 6,699 (55.1) 6,004 (55.3) 695 (53.6)
College and Above 2,735 (22.5) 2,539 (23.4) 196 (15.1)
Income (in 1000s USD), mean (SD) 42.2 (124.7) 43.5(131.2) 31.5(39.6)
Health Behaviors
Vigorous Physical Activity, n (%)
More than once a week 3,021 (24.8) 2,815 (25.9) 206 (15.9)
Once a week 1,063 (8.7) 985 (9.1) 78 (6.0)
One to three times a month 870 (7.2) 803 (7.4) 67 (5.)
Hardly ever or never 7,198 (59.2) 6,254 (57.6) 944 (72.8)

Number of missing values prior to imputation: Age 0.02%; Race 0.01%; Highest Degree of
Education 0.01%; Income 0.03%; Vigorous Physical Activity 0.07%. All others: no missing

values.
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Supplemental Table 2.1 (continued): Descriptive Statistics for the Analytical Sample at
Baseline at Wave 1 (2006-2008) for Analyses Examining Loneliness at One Time Point

Overall

Loneliness (binary)

Loneliness  Loneliness
1
Sample Index (<6)  Index (>6)
Individuals, n (%) 12,161 10,864 (89.3) 1,297 (10.7)
Sociodemographic Characteristics
Age (in years), mean (SD) 68.4 (9.6) 68.5 (9.5) 67.4 (10.2)
Male, n (%) 4,845 (39.8) 4,409 (40.6) 436 (33.6)
Race, n (%)
Non-Hispanic White 9,401 (77.3) 8,482 (78.1) 919 (70.9)
Non-Hispanic Black 1,483 (12.2) 1,290 (11.9) 193 (14.9)
Hispanic or Other 1,276 (10.5) 1,091 (10.0) 185 (14.3)
Highest Degree of Education, n (%)
Less than High School 2,726 (22.4) 2,320 (21.4) 406 (31.3)
High School 6,699 (55.1) 6,004 (55.3) 695 (53.6)
College and Above 2,735 (22.5) 2,539 (23.4) 196 (15.1)
Income (in 1000s USD), mean (SD) 42.2 (124.7) 43.5(131.2) 31.5(39.6)
Health Behaviors
Vigorous Physical Activity, n (%)
More than once a week 3,021 (24.8) 2,815 (25.9) 206 (15.9)
Once a week 1,063 (8.7) 985 (9.1) 78 (6.0)
One to three times a month 870 (7.2) 803 (7.4) 67 (5.)
Hardly ever or never 7,198 (59.2) 6,254 (57.6) 944 (72.8)

Number of missing values prior to imputation: Age 0.02%; Race 0.01%; Highest Degree of
Education 0.01%; Income 0.03%; Vigorous Physical Activity 0.07%. All others: no missing

values.
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Supplemental Table 2.2: Cox Proportional Hazard Ratios for the Association of Loneliness and Incident Stroke in a 6-Year
Follow-Up Period, Adjusting for Depressive Symptoms and Structural (Objective) Social Isolation

Individuals Cases  Person- Depressive Social Isolation Combined
n (%) years Symptoms Model® Model®
Model? HR (95% CI) HR (95% CI)
HR (95% CI)
Loneliness at Baseline (One Time Point, N=12,161)
Loneliness (Continuous) 12,161 (100) 980 117,896 1.02 (0.98, 1.06) 1.04 (1.00, 1.08) 1.02 (0.98, 1.06)
Loneliness (>6 cutoff)
Loneliness Index (>6) 10,864 (89.3) 843 105,416 1.15(0.95, 1.39) 1.26 (1.05, 1.52) 1.15 (0.94, 1.40)
Loneliness Index (<6) 1,297 (10.7) 137 12,480 1.00  (ref) 1.00  (ref) 1.00  (ref)
Loneliness Change Over Two Time Points (>6 cutoff, N=8,936)
Consistently Low (ref) 7,576 (84.8) 297 44,964 1.00 (ref) 1.00 (ref) 1.00 (ref)
Remitting 496 (5.6) 26 2,940 1.23 (0.81, 1.86) 1.31 (0.87, 1.96) 1.24 (0.82, 1.88)
Recent Onset 485 (5.4) 27 2,856 1.22 (0.82, 1.83) 1.28 (0.86, 1.90) 1.23 (0.82, 1.84)
Consistently High 379 (4.2) 25 2,232 1.52 (0.98, 2.35) 1.68 (1.11, 2.55) 1.54 (0.99, 2.40)

Abbreviations: HR, hazard ratio; CI, confidence interval.

2 The depressive symptoms model is the fully adjusted model (sociodemographics, health behaviors and health conditions),

additionally adjusting for depressive symptoms.

b The social isolation model is the fully adjusted model (sociodemographics, health behaviors and health conditions), additionally

adjusting for structural (objective) social isolation.

¢The combined model is the fully adjusted model (sociodemographics, health behaviors and health conditions), additionally
adjusting for depressive symptoms and structural (objective) social isolation.
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Supplemental Table 2.3: Cox Proportional Hazard Ratios for the Association of Loneliness and Incident Stroke in a 6-Year
Follow-Up Period, After Lowering the High vs Low Cutoff to >5 for Loneliness

Individuals Cases Person- Model 1? Model 2° Model 3¢
n (%) years HR (95% CI) HR (95% CI) HR (95% CI)

Loneliness at Baseline (One Time Point, N=12,161)
Loneliness, binary (>5 cutoff)

Loneliness Index (>5) 3,198 (26.3) 300 30,850 1.25(1.09, 1.44)  1.22(1.06,1.39) 1.16(1.01, 1.33)

Loneliness Index (<5) 8,963 (73.7) 680 87,046 1.00  (ref) 1.00  (ref) 1.00  (ref)
Loneliness Change Over Two Time Points (>5 cutoff, N=8,936)
Consistently Low 5,851 (65.5) 221 34,736 1.00 (ref) 1.00 (ref) 1.00 (ref)
Remitting 960 (10.7) 45 5,686 1.29(0.94,1.78)  1.27(0.92,1.75)  1.22(0.89, 1.69)
Recent Onset 862 (9.7) 47 5,094 1.37 (1.00, 1.88)  1.35(0.99, 1.86)  1.29 (0.94, 1.77)
Consistently High 1,263 (14.1) 62 7,476 1.36 (1.02,1.80)  1.33(1.00,1.77)  1.22(0.92, 1.63)

Abbreviations: HR, hazard ratio; CI, confidence interval.
2 Model 1 adjusted for age, gender and race.
® Model 2 adjusted for age, gender, race, degree and income.

¢ Model 3 adjusted for age, gender, race, degree, income, physical activity, drinking, BMI, smoking status, diabetes, heart

conditions and hypertension.
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Supplemental Table 2.4: Cox Proportional Hazard Ratios for the Association of Loneliness and Incident Stroke in a 6-Year

Follow-Up Period, Using Inverse-Probability Weighting?

Model 1°
HR (95% CI)

Model 2¢
HR (95% CI)

Individuals Cases Person-
n (%) years

Model 34
HR (95% CI)

Loneliness Measured at Baseline (One Time Point, N=11,978)

Loneliness (Continuous) 11,978 (100) 972 116,102 1.07 (1.03,1.11)  1.06 (1.02, 1.10)  1.05 (1.01, 1.09)
Loneliness, binary (>6 cutoff)
Loneliness Index (>6) 1,275 (10.6) 136 12,263 1.40 (1.17,1.68)  1.35(1.13,1.62) 1.28 (1.06, 1.53)
Loneliness Index (<6) 10,703 (89.4) 836 103,839 1.00  (ref) 1.00  (ref) 1.00  (ref)
Loneliness Change Over Two Time Points (>6 cutoff, N=8,813)
Consistently Low 7,473 (84.8) 301 44,341 1.00 (ref) 1.00 (ref) 1.00 (ref)
Remitting 488 (5.5) 26 2,893 1.41(0.94,2.11) 1.38(0.92,2.07) 1.30(0.87, 1.95)
Recent Onset 477 (5.4) 28 2,805 1.39(0.93,2.07) 1.37(0.92,2.05) 1.28(0.85,1.92)
Consistently High 375 (4.3) 26 2,203 1.88 (1.25,2.83) 1.85(1.23,2.79) 1.69 (1.12,2.56)

Abbreviations: HR, hazard ratio; CI, confidence interval.

2 Stabilized inverse probability weights were constructed using a logistic regression model that predicts the probability of being

included in the study, using the baseline covariates and loneliness change groups.
® Model 1 adjusted for age, gender and race.
¢ Model 2 adjusted for age, gender, race, degree and income.

4Model 3 adjusted for age, gender, race, degree, income, physical activity, drinking, BMI, smoking status, diabetes, heart

conditions and hypertension.
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Supplemental Table 2.5: Cox Proportional Hazard Ratios for the Association of Loneliness? and Incident Stroke in a 6-Year
Follow-Up Period, additionally controlling for health behaviors and health conditions at T2

Individuals Cases Person-years Main Model® Health Change Model®
n (%) HR (95% CI) HR (95% CI)

Loneliness at Baseline (One Time Point, N=12,161)
Loneliness (Continuous) 12,161 (100) 980 117,896 1.04 (1.01, 1.08) 1.03 (0.99, 1.07)
Loneliness (>6 cutoff)

Loneliness Index (>6) 10,864 (89.3) 843 105,416 1.27 (1.06, 1.52) 1.24 (1.02, 1.51)

Loneliness Index (<6) 1,297 (10.7) 137 12,480 1.00  (ref) 1.00  (ref)
Loneliness Change Over Two Time Points (>6 cutoff, N=8,936)
Consistently Low 7,576 (84.8) 297 44,964 1.00 (ref) 1.00 (ref)
Remitting 496 (5.6) 26 2,940 1.29 (0.86, 1.93) 1.25 (0.82, 1.90)
Recent Onset 485 (5.4) 27 2,856 1.27 (0.85, 1.89) 1.22 (0.81, 1.82)
Consistently High 379 4.2) 25 2,232 1.65 (1.09, 2.49) 1.47 (0.93, 2.30)

Abbreviations: HR, hazard ratio; CI, confidence interval.

2 The loneliness scale is dichotomized, based on a >6 cutoff at each time point.

® Main Model is the fully adjusted main model, adjusted for age, gender, race, degree, income, physical activity, drinking, BMI,
smoking status, diabetes, heart conditions and hypertension.

¢ Health Change Model is the Main Model, additionally adjusted for health conditions and behaviors (physical activity, drinking,
BMI, smoking status, diabetes, heart conditions and hypertension) at T2.



Chapter 3: Changes in Depressive Symptoms and Risk of Incident Cardiovascular Disease

in an Older Japanese Cohort

Abstract

Background: Depressive symptoms are associated with cardiovascular disease (CVD)
incidence. However, there is limited evidence of the association between depressive symptom
changes and risk of incident CVD, with the existing studies confined to Western populations.
Objectives: We aimed to examine the association between depressive symptom changes and risk
of incident CVD among Japanese adults aged 65 years and older.

Methods: We used data from the Japan Gerontological Evaluation Study (JAGES), a large
population-based Japanese cohort study of community-dwelling individuals aged 65 years and
older, who did not have prevalent CVD during the exposure period (2010-2013). Depressive
symptoms were assessed at two time points (3 years apart) with the 15-item short version of the
Geriatric Depression Scale (GDS-15), translated in Japanese and dichotomized using a >5 cutoff.
We examined whether depressive symptom change patterns across two time points (consistently
low, remitting, recent onset, consistently high) predicted incident CVD over a three-year follow-
up period, assessed in the following wave (2016). We conducted logistic regression analyses to
assess the association between depressive change groups and incident CVD (using the
consistently low group as the reference), adjusted for demographics, social relationship factors,
health behaviors and health conditions.

Results: The consistently high (fully adjusted OR: 1.26, 95% CI: 1.06-1.50) and remitting (fully

adjusted OR: 1.32, 95% CI: 1.05-1.64) groups had higher odds of incident CVD than the
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consistently low group (reference). Individuals in the recent onset also had elevated odds of
incident CVD, but were marginally significant. The test for interaction showed no evidence of
sex differences.

Conclusions: In this study of a nationwide sample of older Japanese adults, those with
chronically high depressive symptoms were associated with higher risk of developing CVD, as
compared to the consistently low group. We found the effects of elevated depressive symptoms
on incident CVD remained even after depressive symptoms remitted. These results suggest that
short-term efforts to improve depressive symptoms may not be sufficient to reduce risk of CVD

incidence, and are consistent with findings from studies on Western populations.
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Introduction

Studies have found depressive symptoms to be an independent risk factor for the
development of cardiovascular disease (CVD), which encompass a wide range of more specific
diseases and events (e.g. myocardial infarction, coronary heart disease, stroke and heart
failure).”!*> A meta-analysis of 30 prospective cohort studies found depressive symptoms were
associated with a 30% excess risk for coronary heart disease,” while another meta-analysis of 28
cohort studies found a 40% higher risk of incident stroke.! Pathways linking depressive
symptoms to CVD include both short-term mechanisms as well as longer-term increases in risk,
namely direct effects of depressive symptoms on physiological processes and indirect effects
through health behaviors. However, the majority of studies examining the relationship between
depressive symptoms and CVD risk have been confined to Western populations. Yet, compared
to the U.S. and Europe, Japan experiences higher mortality from stroke and lower mortality from
coronary heart disease.”* Japan is further unique among developed countries for achieving
substantial reduction in both stroke and heart disease mortality since the 1960s, while other
countries still experience a high prevalence of heart disease and stroke.”’

To our knowledge, only two previous studies have examined the association between
depressive symptoms and CVD in Japan, finding an association between higher depressive
symptoms and risk of incident stroke”® and CVD.” Limitations in these studies include limited
assessment of psychosocial factors and socioeconomic status as potential confounders. Even less
is known about changes in depressive symptoms in relation to risk of CVD. The natural history
of depressive symptoms demonstrate a fluctuating pattern of remission and relapse, yet existing
studies in Japan have only assessed depressive symptoms at baseline. Hence, from these initial

studies in Japan it is not yet well understood whether the excess risk of CVD among depressed
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individuals represents a short-term effect (e.g. mediated by arrhythmia), a longer-term effect
(e.g. progression of atherosclerosis), or a combination of both.

To date, only two studies (both from the U.S.) have examined changes in depressive
symptoms in relation to incident CVD, with mixed results.!®!° Both studies categorized
depressive symptom changes into distinct groups (consistently low, remitting, recent onset and
consistently high) across two consecutive assessment periods 1-2 years apart, and evaluated how
these changes related to risk of incident stroke. The first study examined data from the Health
and Retirement Study (HRS), a nationally representative sample of U.S. adults aged 50 and
older, and found a higher hazard ratio for incident stroke for those with consistently high and
remitting depressive symptoms, compared to the reference group with consistently low
symptoms. The second study examined data from the Cardiovascular Health Study (CHS), a
large population-based cohort of U.S. adults aged 65 and older, and found a higher hazard ratio
for incident stroke only among those with consistently high depressive symptoms, compared to
the consistently low group.'® Although results are somewhat mixed, these studies suggest that
depressive symptom changes may be differentially associated with stroke risk.

In the present study we sought to examine longitudinally whether changes in depressive
symptoms are associated with incidence of CVD in a cohort of older Japanese adults, assessing

depressive symptom changes over two time points.

Methods
Study Population
Data are from the Japan Gerontological Evaluation Study (JAGES),”® a large population-

based Japanese cohort study of community-dwelling individuals aged 65 years and older, who
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were physically and cognitively independent at baseline (i.e. they were not eligible to receive any
benefits from public long-term care insurance).” The JAGES cohort was established in 2010,
when 31 municipalities in 12 of 47 prefectures in Japan were invited to participate in a
prospective study investigating social and behavioral risk factors related to health decline,
including mortality and onset of functional disability or cognitive impairment. For the baseline
survey (2010), data were collected from August 2010 to January 2012 through self-administered
postal surveys sent out to randomly selected residents of the 31 municipalities (103,621
respondents, 66.3% response rate).”®!1% The present study was based on a sub-sample panel of
participants in JAGES, assessed across three waves: 2010 (assessed 2010-2012), 2013, and 2016
(assessed 2016-2017).

We defined the first two waves as our exposure period (2010-2013) and the following
wave (2016) as our follow-up. We restricted our sample to JAGES participants aged 65 years
and above at baseline (2010). Out of a total of 32,694 eligible JAGES respondents, we excluded
individuals missing the depressive symptoms assessment during the exposure period (7
respondents, 0.02%), those who had heart disease or a stroke during the exposure period (5,145
respondents, 15.7%), and those who were missing heart disease or stroke information during the
exposure period (2,330 respondents, 7.1%). Our final analytic sample included 25,212

individuals (Figure 3.1).

67



Figure 3.1: Selection of the Analytical Sample for the Study of the Association Between
Depressive Symptom Groups and Risk of Incident Cardiovascular Disease (CVD)

JAGES Participants (N=32,694) |

'-I Excluded: Missing GDS Measure at Both Waves (N=7)

=I Excluded: Had CVD in 2010 (N=3,532)

=| Excluded: Missing CVD Measure in 2010 (N=658)

|
|
=I Excluded: Had CVD in 2013 (N=1,613) |
|
|

=| Excluded: Missing CVD Measure in 2013 (N=1,672)

A 4

JAGES Participants (N=25,212)

Exposure Ascertainment

Depressive symptoms were assessed in 2010 and 2013 with the 15-item short version of
the Geriatric Depression Scale (GDS-15), translated in Japanese.!?!-12 Responses were coded
yes/no for each item of the scale. A summary score ranging from 0-15 was created by summing
the number of “yes” responses across the 15 items (with five positive items reverse-scored, i.e.,
transformed responses for items on which a “yes” response indicated the opposite of the
construct being assessed). To create mutually exclusive groups based on depressive symptom
changes across 2010-2013, we dichotomized the GDS-15 summary scores (high versus low)
based on a cutoff of >5 symptoms. This cutoff has been previously validated for use of the GDS
as a screening instrument for major depressive disorder, showing high sensitivity and specificity
in many elderly populations across different countries.!®-!!! The Japanese version of the GDS-
15 is reported to have 100% sensitivity and 90.5% specificity for clinical depression using this
cutoff, among community-dwelling elderly in Japan.!'? For individuals missing <4 items on the
GDS-15 scale in either 2010 or 2013, the summary score for that year was calculated using the

available items, accounting for the number of items endorsed.!!*~!1> For individuals missing the
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full assessment on the GDS-15 summary score in either exposure wave, we imputed that year’s
summary score using the multiple imputation by chained equations (MICE) procedure.?!

Following prior work from the U.S. studies,'®!? four depressive symptom change groups
were constructed using different combinations of the dichotomized scores across the two
exposure time points. Consistently low was defined as having low depressive symptom scores at
both time points. Recent onset was defined as having a low depressive symptom score at the first
time point and a high score at the second time point. Remitting was defined as having a high
depressive symptom score at the first time point, followed by a low score at the second time
point. Consistently high was defined as having high depressive symptom scores at both time
points. To test whether findings might differ depending on how depressive symptom change
groups were defined, we also conducted two sensitivity analyses using different definitions to
determine the depressive symptom change groups. First, we repeated the main analyses using a
lower cutoff to dichotomize depressive symptoms (>4 cutoff), which represents subthreshold
depressive symptoms. Second, we repeated the main analyses with a sample of individuals
among whom we characterized depressive symptom change groups using the >5 cutoff again, but
requiring at least a 2-point change in depressive symptom levels between the two assessments to
determine high/low depressive symptoms. It has been suggested that an increase of two points or
more on the GDS-15 score is clinically relevant to detect changes in depression experience over
time.!16
Ascertainment of CVD

Incident CVD events were defined as the first occurrence of stroke or heart disease

reported in 2016, based on self-report of medical treatment for each condition. Prior studies
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based in the U.S. and Australia have shown that self-reported stroke and heart disease

7 and review by study physicians at clinical centers.!!®

corresponded well with medical records
Social Networks and Social Support

Depressive symptoms are closely related to low social support or not having a large-sized
social network, which have also been shown to be associated with CVD risk.'!” However, there
may be cross-cultural differences in the association between social support and consequential
CVD outcomes. In Japan, social support is characterized by extensive patterns of reciprocity and
exchange of favors, which may simultaneously imply obligatory stress.!?? Prior research has
shown that social support was not associated with risk of incident stroke or heart disease in Japan
among middle-aged adults.'?° To control for the effect of social relationships, we use four
baseline indicators on social networks and social support. Social networks were assessed using
two variables querying 1) the number of friends or acquaintances met in a month (none, 1 to 9,
10 or more) and 2) the frequency of meeting friends (two times a week or more, weekly,
monthly, yearly or less). Social support was assessed with two separate measures. Instrumental
social support was assessed with the following question “Do you have someone who looks after
you when you are sick?” while emotional support was assessed with the question “Do you have
someone who listens to your concerns and complaints?”” Respondents were assigned “1” if they
said they received support from any of the following sources: spouse, children living together,
children or relatives living apart, neighbor, friend or other. Respondents were assigned “0” if
they said there was no social support from any of the sources listed above.
Covariate Ascertainment

Demographic and socioeconomic variables were assessed by self-report at baseline

(2010) and included the following: age (continuous), gender (male or female), highest level of
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education (less than 6 years, 6 to 9 years, 10 to 12 years, 12 years or more), equivalized
household income (continuous, annual household income divided by the square root of the
number of individuals per household) and marital status (married, divorced, widowed, never
married). We also assessed several health behaviors and health conditions at baseline.”” Self-
reported health behaviors included: daily walking average (<30 minutes or >30 minutes), alcohol
consumption (do not currently drink, currently drink), body mass index (BMI: continuous, kg/m?
derived from self-reported height and weight) and smoking status (non-smoker, former smoker,
current smoker). Prevalent health conditions were assessed with “yes” responses to receiving
medical treatment for each health condition in the 2010 and 2013 surveys: hyperlipidemia,
diabetes and hypertension. Health behaviors and health conditions in 2013 were also examined in
a sensitivity analysis to evaluate the change in effect due to potential mediating pathways.
Statistical Analysis

We first examined the distribution of covariates in our overall sample and across the
depressive symptom change groups. Logistic regression models were used to estimate the odds
ratios (ORs) and corresponding 95% confidence intervals (CIs) for the associations between
depressive symptom changes across two time points on incident CVD, using the consistently low
group as our reference.

To evaluate the association between depressive symptom change groups and incident
CVD, we ran a sequence of models. In Model 1, we examined the basic association adjusted for
age and sex only. In Model 2, we additionally adjusted for sociodemographics measured at
baseline (educational level, marital status and equivalized household income), that could be
potential confounders. In Model 3, we additionally adjusted for health conditions (diabetes,

hyperlipidemia and hypertension) and health behaviors (BMI, smoking, alcohol consumption,
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physical activity) at baseline, which could be potential confounders and/or mediators. Heart
disease and stroke have common risk factors, but the impact of each risk factor may differ by
CVD subtype.!?! Therefore, we also examined the association between depressive symptom
change groups and specific CVD subtypes in a supplemental analysis. Potential multiplicative
effect modification by sex was examined as well, as prior evidence suggests that depression is
associated with greater risk for CVD among women.!'?? All analyses were conducted using Stata
(version 14, Stata Corp, College Station, TX, USA).

We also conducted five sensitivity analyses. First, we examined whether our findings
might differ depending on how depressive symptom change groups were defined, considering a
lower cutoff or a more substantive change in symptom levels as described above. The third
sensitivity analysis examined the effect of depressive symptom change groups, additionally
controlling for social relationship factors. Fourth, we repeated the main analyses using inverse
probability weighting to examine the impact of potential selection bias, as respondents with
missing GDS assessments, those with missing CVD information, and those who experienced a
CVD event during baseline, may potentially bias our results due to selective attrition.!?3 In a fifth
sensitivity analysis, we additionally adjusted for health behaviors and conditions in 2013 to
examine changes in effects due to potentially mediating health behavioral pathways.

Missingness in the overall dataset was around 15%, with the largest percentage of
missing values attributed to the equivalized household income measure (14.7%). For those with
missing values on sociodemographics in 2010 or 2013, we first replaced missing values using
information collected from any of the three waves of the study, if available. We imputed all other

missing values on the exposure and covariates using the multiple imputation by chained
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equations (MICE) procedure with the mi command in STATA, generating 20 imputed
datasets.’®12* Missing values on CVD outcomes were not imputed.
The Harvard T.H. Chan School of Public Health human subjects committee determined

the current analyses to be exempt. Informed consent was obtained at the time of data collection.

Results
Descriptive Statistics

The 25,212 individuals comprising the analytical sample experienced 1,018 incident
cases of CVD as of 2016 (heart disease: 742 incident cases; stroke: 307 incident cases). Table
3.1 provides descriptive characteristics of the overall analytical sample and according to each
depressive symptom change group. A comparison of individuals included and excluded are
presented in Supplemental Table 3.1. Individuals included in the analyses tended to be younger
in age (72.0 vs 72.9 years) and were more likely to be female (57.4 vs 47.2%). Within the
analytic sample, the majority (69.1%) of individuals had consistently low depressive symptoms
over time (Table 3.1). Individuals with consistently high depressive symptoms had lower levels
of education (12 years of education or more: 12.7% vs 21.0%) and less married respondents
(67.5% vs 76.3%) compared to those with consistently low symptoms.
Association between Depressive Symptom Change Groups and CVD

In the main analyses (Table 3.2), the consistently high (fully adjusted OR: 1.26, 95% CI:
1.06-1.50) and remitting (fully adjusted OR: 1.32, 95% CI: 1.05-1.64) groups had higher odds of
incident CVD than the consistently low group (reference). Individuals in the recent onset (fully
adjusted OR: 1.25 95% CI: 1.00-1.56) also had elevated odds of incident CVD, compared to the

consistently low group. There may be less power than needed to detect an effect in the recent
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Table 3.1: Descriptive Statistics for the Analytical Sample at Start of Exposure Period (T1: 2010)

Depressive Symptoms Change Group

Overall Sample Consistently Remitting Recent Onset  Consistently
Low High

Individuals, n (%) 25,212 17,427 (69.1) 1,991 (7.9) 2,040 (8.1) 3,754 (14.9)
Sociodemographic Characteristics
Age (in years), mean (SD) 72.0 (5.0) 71.9 (4.9) 71.7 (5.0) 72.3 (5.1) 72.4 (5.1)
Males, n (%) 10,750 (42.6) 7,538 (43.2) 803 (40.3) 865 (42.4) 1,544 (41.1)
Years of Education, n (%)

Less than 6 years 288 (1.1) 164 (0.9) 32 (1.6) 18 (0.9) 74 (2.0)

6 to 9 years 10,868 (43.1) 6,966 (40.0) 952 (47.8) 986 (48.3) 1,964 (52.3)

10 to 12 years 9,273 (36.8) 6,628 (38.0) 678 (34.1) 734 (36.0) 1,233 (32.8)

12 years or more 4,767 (18.9) 3,659 (21.0) 328 (16.5) 302 (14.8) 478 (12.7)
Income (in millions, JPY), mean (SD) 2.5(1.5) 2.6 (1.5) 2.2 (1.3) 2.3(1.4) 1.9 (1.2)
Marital Status, n (%)

Married 18,716 (74.2) 13,292 (76.3) 1,411 (70.9) 1,479 (72.5) 2,534 (67.5)

Widowed 4,620 (18.3) 3,039 (17.4) 392 (19.7) 385(18.9) 804 (21.4)

Divorced 716 (2.8) 408(2.3) 75 (3.8) 71 (3.5) 162 (4.3)

Never Married 440 (1.8) 243 (1.4) 38 (1.9) 47 (2.3) 112 (3.0)

Includes individuals who have an imputed GDS summary score. Number of missing values prior to imputation: Age 0.02%; Years of

Education 0.06%; Income 14.7%; Marital Status 2.9%. Males: no missing values.



Table 3.1 (continued): Descriptive Statistics for the Analytical Sample at Start of Exposure Period (T1: 2010)

Depressive Symptoms Change Group

SL

Overall Sample Consistently Remitting Recent Onset Consistently
Low High

Health Behaviors
Walking (daily average), n (%)

Less than 30 Mins 6,666 (26.4) 4,015 (23.0) 672 (33.8) 602 (29.5) 1,377 (36.7)

30 Mins or More 17,189 (68.2) 12,500 (71.7) 1,231 (61.8) 1,325 (65.0) 2,133 (56.8)
Drinking, n (%)

Do not currently drink 14,823 (58.8) 9,997 (57.4) 1,251 (62.8) 1,225 (60.1) 2,350 (62.6)

Currently drink 8,964 (35.6) 6,452 (37.0) 631 (31.7) 703 (34.5) 1,178 (31.4)
BMI (kg/m2), mean (SD) 22.9(3.3) 22.9(23.2) 22.8 (3.2) 22.9 (3.0) 23.0 (3.7)
Smoking, n (%)

Non-Smoker 14,581 (57.8) 10,234 (58.7) 1,133 (56.9) 1,154 (56.6) 2,060 (54.9)

Former Smoker 6,057 (24.0) 4,242 (24.3) 47 (24.0) 483 (23.7) 855 (22.8)

Current Smoker 2,303 (9.1) 1,450 (8.3) 190 (9.5) 215 (10.5) 448 (11.9)
Health Conditions
Hyperlipidemia (yes), n (%) 3,064 (12.2) 2,135 (12.3) 238 (12.0) 256 (12.6) 435 (11.6)
Hypertension (yes), n (%) 10,045 (39.8) 6,824 (39.2) 801 (40.2) 822 (40.3) 1,598 (42.6)
Diabetes (yes), n (%) 2,897 (11.5) 1,898 (10.9) 240 (12.1) 262 (12.8) 497 (13.2)

Includes individuals who have an imputed GDS summary score. Number of missing values prior to imputation: Walking 5.4%;
Drinking 5.7%; BMI 3.0%; Smoking Status 9.0%. Health Conditions: no missing values.
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Table 3.1 (continued): Descriptive Statistics for the Analytical Sample at Start of Exposure Period (T1: 2010)

Depressive Symptoms Change Group

Overall Sample Consistently Remitting Recent Onset Consistently
Low High
Social Relationships
Instrumental Support (yes), n (%) 23,051 (91.4) 16,258 (93.3) 1,804 (90.6) 1,844 (90.4) 3,145 (83.8)
Emotional Support (yes), n (%) 22,926 (90.9) 16,083 (92.3) 1,820 (91.4) 1,851 (90.7) 3,172 (84.5)
Frequency of Contact with Friends, n (%)
Twice a week or more 9,408 (37.3) 7,150 (41.0) 617 (31.0) 701 (34.4) 940 (25.0)
Weekly 4,347 (17.2) 3,035 (17.4) 343 (17.2) 354 (17.4) 615 (16.4)
Monthly 5,005 (19.9) 3,292 (18.9) 453 (22.8) 425 (20.8) 835 (22.2)
Yearly or Less 4,990 (19.) 2,958 (17.0) 476 (23.9) 444 (21.8) 1112 (29.6)
Number of Contacts in the Past Month, n (%)
None 1,023 (4.1) 488 (2.8) 123 (6.2) 93 (4.6) 319 (8.5)
1to9 12,33 (50.1) 8,077 (46.4) 1,138 (57.2) 1,098 (53.8) 2,320 (61.8)
10 or more 10,049 (39.9) 7,873 (45.2) 625 (31.4) 718 (35.2) 833 (22.2)

Includes individuals who have an imputed GDS summary score. Number of missing values prior to imputation: Instrumental
Support 4.6%; Emotional Support 4.8%; Frequency of Contact with Friends 5.8%; Number of Contacts in the Past Month 6.0%.
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Table 3.2: Odds Ratios for the Association of Depressive Symptom Change Groups with Incident Cardiovascular Disease in the
Following Wave for the Overall Sample

Total Sample (N=25,212)

Depressive Symptoms Frequency Number Model 1% Model 2°: Model 3¢
Change Group n (%) of Cases OR (95% CI) OR (95% CI) OR (95% CI)¢
Consistently Low (ref) 17,427 (69.1) 643 1.00 (ref) 1.00 (ref) 1.00 (ref)
Remitting 1,991 (7.9) 97 .36 (1.09,1.69) 133  (1.06,1.65) 1.32  (1.05,1.64)
Recent Onset 2,040 (8.1) 95 1.27  (1.02,1.59) 125 (1.00,1.56) 1.25  (1.00, 1.56)
Consistently High 3,754 (14.9) 183 1.33  (1.12,1.57) 1.28 (1.08,1.52) 1.26  (1.06, 1.50)

2 Model 1 adjusts for age and sex only.

® Model 2 adjusts for age, sex and other sociodemographics (education, income and marital status).

¢ Model 3 adjusts for age, sociodemographics, and health conditions and behaviors (physical activity, alcohol consumption, BMI,
smoking status, hyperlipidemia, diabetes and hypertension).

4 OR indicates odds ratio and CI indicates confidence interval.



onset group. The test for interaction showed no evidence of sex differences in the association
between depressive symptom change groups and incident CVD (Supplemental Table 3.2). We
also examined the association between depressive symptom changes and incident CVD by CVD
subtype, where the case counts for heart disease were higher than for stroke (Supplemental
Table 3.3). The results for heart disease mirrored our main results, with higher odds for
individuals with consistently high (fully adjusted OR: 1.29, 95% CI: 1.05-1.58) and remitting
(fully adjusted OR: 1.37, 95% CI: 1.06-1.76) symptoms, compared to the consistently low group.
The odds for individuals with recent onset versus consistently low symptoms was higher as well
(fully adjusted OR: 1.20, 95% CI: 0.92, 1.56), but did not reach statistical significance. The odds
for the depressive symptom change groups on incident stroke also mirrored our main results for
the consistently high and recent onset groups, but was meaningfully attenuated in the remitting
group (fully adjusted HR: 1.07, 95% CI: 0.70-1.64).
Sensitivity Analyses

Results from the five sensitivity analyses, using the consistently low depressive
symptoms group as the reference, mirrored our main results. However, some attenuated
associations for incident CVD with consistently high and remitting groups were evident. First,
when using a lower (>4) cutoff for the dichotomized GDS score (Supplemental Table 3.4), the
odds for the remitting group became meaningfully attenuated and no longer significant (fully
adjusted OR: 1.15, 95% CI: 0.92-1.43). In sensitivity analyses using the >5 cutoff and a 2-point
change between GDS scores across 2010-2013 (Supplemental Table 3.5), the results mirrored
those from the main analyses. We also ran our fully adjusted main model, additionally adjusting
for social relationship variables (Supplemental Table 3.6). No notable differences were found.

We also ran our fully adjusted main model, additionally adjusting for health behaviors and health
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conditions in 2013 (Supplemental Table 3.6). The results mirrored our main results. In the final
sensitivity analysis with IPW weighting (Supplemental Table 3.7), the odds for the consistently
high (fully adjusted OR: 1.18, 95% CI: 0.95-1.47) and remitting (fully adjusted OR: 1.09, 95%
CI: 0.83-1.44) groups were meaningfully attenuated. The odds for the recent onset group

mirrored our main results.

Discussion

Among a nationwide sample of Japanese adults 65 years and older, individuals who had
consistently high or remitted depressive symptoms across 3 years had a higher odds of
developing CVD over a subsequent 3-year follow-up period, compared to those with consistently
low depressive symptoms. Individuals with recent onset of depressive symptoms also
demonstrated higher odds of developing CVD, compared to those with consistently low
depressive symptoms, although marginally significant. Findings were maintained even after
adjusting for a broad range of confounders as well as covariates that might lie on the pathway
between depressive symptoms and CVD risk. Social relationship factors did not change the
association between depressive symptom changes and incident CVD, suggesting that it does not
play a role in the relationship between depressive symptoms and CVD incidence. When
adjusting for potential selection bias, the results held albeit with wider confidence intervals.

Depressive symptoms may be linked to pathophysiological changes that increase the risk
of cardiovascular disease (e.g. sympathetic nervous system activation, dysregulation of the
hypothalamic pituitary adrenocortical axis, platelet aggregation dysfunction and enhanced
inflammatory processes).>*~4>125 Depressive symptoms are also associated with CVD through

behavioral factors (such as smoking, physical inactivity, poor diet and obesity), which are
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considered important risk factors for CVD.#0:42-47:125 Although we did not formally assess for
mediating pathways, it is notable that in our sensitivity analysis where we additionally adjusted
for health behaviors and conditions at T2, risk estimates were only modestly attenuated. Our
findings suggest that behaviors are likely to explain only a modest proportion of the observed
association between depressive symptom change groups and risk of CVD. Thus, future studies
may want to explore other potential mechanisms that may mediate the association between
depressive symptom changes over time and incident CVD.

Interpretation of our findings should be considered within the context of the limitations of
the study. First, the generalizability of this study is limited to a relatively healthy sample of older
adults in Japan, and may not be generalizable to Japan as a whole or in other contexts. Although
not nationally representative, JAGES does cover a wide variety of municipalities and is one of
the largest nationwide research projects on aging in Japan. Second, we have examined CVD
primarily as a composite outcome, as we had limited power to examine both heart disease and
stroke incidence separately in detail. There may be mechanisms specific to each CVD subtype,
and future studies may want to further explore the association between depressive symptom
changes and specific CVD outcomes. Third, we assessed depressive symptoms, rather than
clinically diagnosed depression. Depression assessment based on depressive symptom scales
usually depend on an arbitrary cut-off, and may result in misclassification.!?® However, the GDS-
15 was designed to screen for depression among older adults, and has been validated against the
ICD-10 and DSM-IV criteria.!® In addition, we assessed whether our findings were sensitive to
different definitions of constructing depressive symptom change groups. Our results mostly
mirrored the main results, although the odds for incident CVD was attenuated for the remitting

group when using a lower (>4) cutoff. Fourth, selective attrition may have biased our results. In
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our IPW sensitivity analyses, we found that the risk for the consistently high and remitting
groups were meaningfully attenuated. However, given the low case counts in each depressive
symptom change group, this may be possibly due to limited power to detect true effects. Finally,
although we adjusted for many potential confounders, there may be possible unmeasured
confounding.

To our knowledge, this is the first study to examine the chronicity or course of depressive
symptoms over time in relation to incident CVD in Japan. Our results suggest that elevated
depressive symptoms at any time point increased the risk of incident CVD. However, because
short-term increases or decreases in depressive symptoms did not result in differential risk for
incident CVD, it seems that effects of depressive symptoms on incident CVD occur over the
longer-term. Although depression prevalence has been found to vary substantially across

127 our results are in line with a prior study in the U.S.," suggesting that there may be a

countries,
similar relationship between depressive symptom change patterns and incident CVD across

Western and non-Western countries.

Conclusion

In this study of a nationwide sample of older Japanese adults, chronically high depressive
symptoms are associated with higher risk of developing CVD. We found that the effects of
depressive symptoms on incident CVD remained, even after depressive symptoms remitted.
These results suggest that short-term efforts to improve depressive symptoms may not be
sufficient to reduce risk of CVD incidence, and early prevention is crucial. Future research may
want to further examine whether the association between depressive symptom changes over a

longer timeframe and CVD may help understand the unique CVD profile in Japan.
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Appendix

Supplemental Table 3.1: Baseline Characteristics of JAGES Participants Included vs Excluded
from Sample Due to Inclusion/Exclusion Criteria, JAGES 2010

(N= 32,694 participants)

Excluded Included Significant
Difference
Individuals, n (%) 7,482 (22.9) 25,212 (77.1)
Sociodemographic Characteristics
Age (in years), mean (SD) 72.9 (5.3) 72.0 (5.0) *
Missing, n (%) 6 (0.08) 5(0.02)
Males, n (%) 3,951 (52.8) 10,750 (42.6) *
Years of Education, n (%) *
Less than 6 years 115 (1.5) 288 (1.1)
6 to 9 years 3,311 (44.4) 10,868 (43.1)
10 to 12 years 2,651 (35.5) 9,273 (36.8)
12 years or more 1,397 (18.7) 4,767 (18.9)
Missing 8(0.1) 16 (0.06)
Income (in millions, JPY), mean (SD) 2.4 (1.5) 2.5(1.5) *
Missing, n (%) 1,298 (17.3) 3,702 (14.7)
Marital Status, n (%)
Married 5,488 (76.3) 18,716 (76.4)
Widowed 1,355 (18.8) 4,620 (18.9)
Divorced 230 (3.2) 716 (2.9)
Never Married 119 (1.7) 440 (1.8)
Missing 290 (3.9) 720 (2.9)

*Significant difference at p<0.05
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Supplemental Table 3.2: Odds Ratios for the Association of Depressive Symptom Change Groups with Incident Cardiovascular
Disease in the Following Wave, by Gender
Males (N=10,750)

€8

Depressive Symptoms Frequency Number Model 12: Model 2°: Model 3¢:
Change Group n (%) of Cases OR (95% CI) OR (95% CI) OR (95% CI)¢
Consistently Low (ref) 7,538 (70.1) 36 1.00 (ref) 1.00 (ref) 1.00 (ref)
Remitting 803 (7.5) 44 1.11 (0.81, 1.54) 1.12  (0.81,1.55) 1.12  (0.80, 1.55)
Recent Onset 865 (8.0) 48 1.14  (0.84,1.55) 1.15 (0.84,1.57) 1.14 (0.84,1.56)
Consistently High 1,544 (14.4) 86 1.12  (0.88,1.43) 1.14  (0.89,1.46) 1.12 (0.87,1.43)
Females (N=14,462)
Depressive Symptoms Frequency Number Model 12: Model 2°: Model 3¢:
Change Group n (%) of Cases OR (95% CI) OR (95% CI) OR (95% CI)¢
Consistently Low (ref) 9,889 (68.4) 274 1.00 (ref) 1.00 (ref) 1.00 (ref)
Remitting 1,188 (8.2) 53 1.67 (1.24,2.26) 1.58 (1.17,2.14) 1.56 (1.15,2.11)
Recent Onset 1,175 (8.1) 47 1.45  (1.06,1.99) 1.39  (1.01,1.91) 1.38 (1.01,1.90)
Consistently High 2,210 (15.3) 97 1.59  (1.25,2.01) 145 (1.14,1.85) 143 (1.12,1.83)

2 Model 1 adjusts for age and sex only.
® Model 2 adjusts for age, sex and other sociodemographics (education, income and marital status).
¢ Model 3 adjusts for age, sociodemographics, and health conditions and behaviors (physical activity, alcohol consumption, BMI,
smoking status, hyperlipidemia, diabetes and hypertension).
4 OR indicates odds ratio and CI indicates confidence interval.
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Supplemental Table 3.3: Odds Ratios for the Association of Depressive Symptom Change Groups with Incident Cardiovascular
Disease Subtype (Heart Disease and Stroke) in the Following Wave for the Overall Sample (N=25,212)

Heart Disease

Depressive Symptoms Frequency Number Model 1% Model 2°: Model 3¢
Change Group of Cases OR (95% CI) OR (95% CI) OR (95% CI)¢
Consistently Low (ref) 17,427 (69.1) 468 1.00 (ref) 1.00 (ref) 1.00 (ref)
Remitting 1,991 (7.9) 73 1.40  (1.09,1.80) 1.37 (1.06,1.77) 137  (1.06, 1.76)
Recent Onset 2,040 (8.1) 66 1.21  (0.93,1.57) 1.19 (0.92,1.55) 120 (0.92,1.56)
Consistently High 3,754 (14.9) 135 1.34  (1.10,1.63) 1.30 (1.06,1.58) 1.29  (1.05,1.58)
Stroke
Depressive Symptoms Frequency Number Model 1% Model 2°: Model 3¢
Change Group of Cases OR (95% CI) OR (95% CI) OR (95% CI)¢
Consistently Low (ref) 17,427 (69.1) 195 1.00 (ref) 1.00 (ref) 1.00 (ref)
Remitting 1,991 (7.9) 25 .15 (0.73,1.69) 1.11  (0.69,1.64) 1.07 (0.70, 1.64)
Recent Onset 2,040 (8.1) 31 .36 (0.90,1.95) 1.33  (0.93,1.99) 129 (0.88,1.90)
Consistently High 3,754 (14.9) 56 1.33  (0.94,1.73) 1.27 (0.94,1.73) 120 (0.88, 1.64)

2 Model 1 adjusts for age and sex only.

® Model 2 adjusts for age, sex and other sociodemographics (education, income and marital status).
¢ Model 3 adjusts for age, sociodemographics, and health conditions and behaviors (physical activity, alcohol consumption, BMI,

smoking status, hyperlipidemia, diabetes and hypertension).

4 OR indicates odds ratio and CI indicates confidence interval.
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Supplemental Table 3.4: Odds Ratios for the Association of Depressive Symptom Change Groups with Incident Cardiovascular
Disease in the Following Wave for the Overall Sample, after lowering the High versus Low Cutoff to >4 Depressive Symptoms
Total Sample (N=25,212)

Depressive Symptoms Frequency Number Model 1% Model 2°: Model 3¢
Change Group n (%) of Cases OR (95% CI) OR (95% CI) OR (95% CI)¢
Consistently Low (ref) 14,991 (59.5) 543 1.00 (ref) 1.00 (ref) 1.00 (ref)
Remitting 2,499 (9.9) 106 1.19  (0.96,1.47) 1.15 (0.93,1.44) 1.15 (0.92,1.43)
Recent Onset 2,441 (9.7) 111 1.27  (1.03,1.57) 127 (1.03,1.57) 1.27 (1.02,1.57)
Consistently High 5,281 (21.0) 258 .36 (1.17,1.59) 132 (1.12,1.54) 130 (1.11,1.52)

2 Model 1 adjusts for age and sex only.

® Model 2 adjusts for age, sex and other sociodemographics (education, income and marital status).

¢ Model 3 adjusts for age, sociodemographics, and health conditions and behaviors (physical activity, alcohol consumption, BMI,
smoking status, hyperlipidemia, diabetes and hypertension).

4OR indicates odds ratio and CI indicates confidence interval.
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Supplemental Table 3.5: Odds Ratios for the Association of Depressive Symptom Change Groups with Incident Cardiovascular
Disease in the Following Wave for the Overall Sample, with High Versus Low Defined as a Cutoff of >5 Depressive Symptoms
and a 2-Point Score Change Between 2010-2013

Total Sample (N=24,740)

Depressive Symptoms Frequency Number Model 1% Model 2°: Model 3¢
Change Group n (%) of Cases OR (95% CI) OR (95% CI) OR (95% CI)¢
Consistently Low (ref) 17,27 (70.4) 643 1.00 (ref) 1.00 (ref) 1.00 (ref)
Remitting 1,760 (7.1) 89 141 (1.12,1.77) 136  (1.08,1.72) 135 (1.07,1.71)
Recent Onset 1,799 (7.3) 82 1.24  (0.98,1.57) 1.22  (0.96,1.55) 1.22  (0.96, 1.55)
Consistently High 3,754 (15.2) 183 1.33  (1.12,1.57) 1.27 (1.07,1.52) 1.26  (1.05, 1.50)

2 Model 1 adjusts for age and sex only.
® Model 2 adjusts for age, sex and other sociodemographics (education, income and marital status).

¢ Model 3 adjusts for age, sociodemographics, and health conditions and behaviors (physical activity, alcohol consumption, BMI,
smoking status, hyperlipidemia, diabetes and hypertension).
4OR indicates odds ratio and CI indicates confidence interval.
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Supplemental Table 3.6: Odds Ratios for the Association of Depressive Symptom Change Groups with Incident Cardiovascular
Disease in the Following Wave for the Overall Sample, Additionally Controlling for Social Support and Relationships or Health
Behaviors and Health Conditions in 2013

Total Sample (N=25,212)

Depressive Symptoms Frequency Number Main Model*: Social Model®: Heaﬁl;illli nee
Change Group n (%) of Cases OR (95% CI) OR (95% CI) OR (95% CI)¢
Consistently Low (ref) 17,419 (69.1) 641 1.00 (ref) 1.00 (ref) 1.00 (ref)
Remitting 1,989 (7.9) 96 1.29  (1.03,1.62) 1.29 (1.03,1.62) 1.28 (1.02, 1.60)
Recent Onset 2,052 (8.1) 97 1.24  (0.99,1.55) 1.24 (0.99,1.55) 1.21  (0.96, 1.52)
Consistently High 3,752 (14.9) 184 1.26  (1.05,1.50) 1.25 (1.04,1.50) 1.23  (1.03, 1.46)

2 Main Model is the fully adjusted main model, adjusted for age, sociodemographics, and health conditions and behaviors
(physical activity, alcohol consumption, BMI, smoking status, hyperlipidemia, diabetes and hypertension). Same as Model 3
from Table 3.2.

® Social Model is the Main Model, additionally adjusted for social relationship variables (instrumental support, emotional support,
number of friends met in a month and meeting frequency).

¢ Health Change Model is the Main Model, additionally adjusted for health conditions and behaviors (physical activity, alcohol
consumption, BMI, smoking status, hyperlipidemia, diabetes and hypertension) in 2013.

4OR indicates odds ratio and CI indicates confidence interval.
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Supplemental Table 3.7: Odds Ratios for the Association of Depressive Symptom Change Groups with Incident Cardiovascular
Disease in the Following Wave for the Overall Sample, with Inverse Probability Weighting
Total Sample (N=15,754)

Depressive Symptoms Frequency Number Model 1% Model 2°: Model 3¢
Change Group n (%) of Cases OR (95% CI) OR (95% CI) OR (95% CI)¢
Consistently Low (ref) 11,263 (71.5) 424 1.00 (ref) 1.00 (ref) 1.00 (ref)
Remitting 1,186 (7.5) 50 1.15 (0.87,1.52) 1.11  (0.841.46) 1.09 (0.83, 1.44)
Recent Onset 1,227 (7.8) 59 1.28  (0.99,1.66) 1.25 (0.96,1.62) 1.24  (0.95,1.61)
Consistently High 2,077 (13.2) 99 1.28  (1.04,1.57) 1.22 (0.98,1.50) 1.18 (0.95, 1.47)

2 Model 1 adjusts for age and sex only.

® Model 2 adjusts for age, sex and other sociodemographics (education, income and marital status).

¢ Model 3 adjusts for age, sociodemographics, and health conditions and behaviors (physical activity, alcohol consumption, BMI,
smoking status, hyperlipidemia, diabetes and hypertension).

4OR indicates odds ratio and CI indicates confidence interval.



Concluding Remarks

This dissertation examined how changes in depressive symptoms or loneliness over time
are associated with risk of incident CVD in older adults, both in the U.S. and Japan. Findings
from these three studies showed that depressive symptoms and loneliness are important risk
factors to consider for CVD prevention. Furthermore, the dynamic processes by which these
psychosocial factors are patterned over time may provide further insight on how to target these
factors to prevent incident CVD.

The first chapter examined the association between depressive symptom patterns
measured across 4 time points on the risk of incident stroke over a 10-year follow-up period in
the Health and Retirement Study (HRS). Trajectories of depressive symptoms patterned by high
levels of symptoms at multiple time points were associated with increased stroke risk. However,
we found that a trajectory of depressive symptoms that decreased over time was not associated
with higher risk of stroke. This suggests that charting the course of depressive symptoms is
crucial in understanding the depressive symptom-stroke relationship for stroke prevention, and a
single measure of high depressive symptoms may not determine whether an individual is at high
risk of stroke.

The second chapter examined the association between loneliness and risk of incident
CVD, first examining baseline loneliness and then loneliness changes across two time points in
relation to risk of incident stroke. This chapter showed that loneliness was associated with
increased risk of incident stroke at baseline, and that individuals with repeated occurrences of

loneliness over time were at higher risk. Loneliness may be an important psychosocial factor to
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monitor and assess more routinely, to examine whether the association between chronic
loneliness and higher risk of incident stroke is sustained over longer periods of time.

The third and final chapter examined the association between depressive symptom
changes and risk of incident CVD in Japan. Prior studies have established depressive symptoms
as a risk factor for CVD, yet have been confined to Western populations. Compared to the U.S.
and Europe, Japan has a unique cardiovascular profile with higher mortality from stroke and
lower mortality from coronary heart disease. Additionally, Japan is unique among developed
countries for achieving substantial reduction in both stroke and heart disease mortality since the
1960s, while other countries still experience a high prevalence of heart disease and stroke. While
cardiovascular outcomes differ between Japan and its Western counterparts, we find that
depressive symptom changes over time are associated with incident CVD in a similar fashion to
studies using Western populations.

In summary, the three chapters of this dissertation conclude that psychosocial factors play
an important role in the prevention of CVD, supporting the findings of many prior studies. In
particular, we add to the literature by showing that the longitudinal patterns of depressive
symptoms and loneliness are differentially associated with incident CVD. The results from these
studies suggest it may be helpful to identify high-risk groups for CVD through repeated
assessments and monitoring of depressive symptoms and loneliness, to help further prevent the

incidence of CVD.
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