Journal of the American Heart Association

ORIGINAL RESEARCH

Depressive Symptoms, Cardiac Structure
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Failure With Preserved Ejection Fraction
and Heart Failure With Reduced Ejection
Fraction in Late Life
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BACKGROUND: Depressive symptoms are associated with heightened risk of heart failure (HF), but their association with cardiac
function and with HF with preserved ejection fraction (HFpEF) and HF with reduced ejection fraction (HFrEF) in late life is un-
clear. We aimed to determine the prevalence of depression in HFpEF and in HFrEF in late life, and the association of depressive
symptoms with cardiac function and incident HFpEF and HFrEF.

METHODS AND RESULTS: We studied 6025 participants (age, 75.3+5.1 years; 59% women; 20% Black race) in the ARIC
(Atherosclerosis Risk in Communities) study at visit 5 who underwent echocardiography and completed the Center for
Epidemiologic Studies Depression Scale questionnaire. Among HF-free participants (n=5086), associations of Center for
Epidemiologic Studies Depression Scale score with echocardiography and incident adjudicated HFpEF and HFrEF were
assessed using multivariable linear and Cox proportional hazards regression. Prevalent HFpEF, but not HFrEF, was associ-
ated with a higher prevalence of depression compared with HF-free participants (P<0.001 and P=0.59, respectively). Among
HF-free participants, Center for Epidemiologic Studies Depression Scale score was not associated with cardiac structure
and function after adjusting for demographics and comorbidities (all P>0.05). Over 5.5-year follow-up, higher Center for
Epidemiologic Studies Depression Scale score was associated with heightened risk of incident HFpEF (hazard ratio [HR]
[95% CI], 1.06 [1.04—1.12]; P=0.02), but not HFrEF (HR [95% CI], 1.02 [0.96-1.08]; P=0.54), independent of echocardiographic
measures, NT-proBNP (N-terminal pro-B-type natriuretic peptide), troponin, and hs-CRP (high-sensitivity C-reactive protein)
(HR [95% CI], 1.06 [1.00-1.12]; P=0.04).

CONCLUSIONS: Worse depressive symptoms predict incident HFpEF in late life, independent of common comorbidities, cardiac
structure and function, and prognostic biomarkers. Further studies are necessary to understand the mechanisms linking
depression to risk of HFpEF.
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to heart failure (HF). The prevalence of depres- ity and morbidity in HF, including rehospitalization.'

Depression is as an important potential contributor HF, and comorbid depression is a predictor of mortal-
sion is higher among people with versus without A growing body of evidence suggests that depressive
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CLINICAL PERSPECTIVE

What Is New?

e Depressive symptoms are associated with a
higher risk of incident heart failure with pre-
served ejection fraction, but not heart failure
with reduced egjection fraction, in late life, inde-
pendent of cardiovascular risk factors, biomark-
ers, and echocardiographic measures.

e Despite the association with incident heart fail-
ure with preserved ejection fraction, depres-
sive symptoms are not associated with cardiac
structure and function in late life, independent of
demographics and cardiovascular risk factors.

What Are the Clinical Implications?

e Further studies are necessary to understand
the mechanisms linking depressive symptoms
in older adults to development of heart failure
with preserved egjection fraction.

Nonstandard Abbreviations and Acronyms

ARIC Atherosclerosis Risk in Communities

CES-D Center for Epidemiologic Studies
Depression Scale

HFpEF heart failure with preserved ejection
fraction

HFrEF  heart failure with reduced ejection
fraction

symptoms also predict incident HF, even after account-
ing for traditional cardiovascular comorbidities. In one
large population-based study, depressive symptoms
were associated with incident HF independent of cor-
onary heart disease and cardiovascular risk factors.*
Although not consistent in all studies,® associations
between prevalent depression and heightened risk of
incident HF have been observed in elderly individu-
als,®’ in veterans,® and in patients with isolated hyper-
tension,® those with coronary artery disease,'® or those
who report poor health at baseline."" HF incidence and
prevalence are highest in late life, a time of life when de-
pression is also common. Although most of prevalent
HF in late life occurs with a preserved ejection fraction
(HFpEF), sparse data exist on the association between
depressive symptoms and risk of incident HFpEF or HF
with reduced ejection fraction (HFrEF). Cardiac struc-
tural remodeling and impairments in left ventricular (LV)
systolic and diastolic dysfunction underlie the devel-
opment of clinical HF. However, the extent to which
depressive symptoms associate with contemporary
measures of cardiac structure and function is unclear,
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although associations with measures of diastolic func-
tion have been reported,’®'® potentially suggesting a
higher risk of developing HFpEF. We therefore aimed
to determine the prevalence of depressive symptoms
in HFpEF and HFrEF, the association of depressive
symptoms in late life with incident HFpEF and HFrEF
among people free of prevalent HF, and the extent to
which the associations of depressive symptoms with
cardiac structure and function account for the potential
relationships between depressive symptoms and inci-
dent HFpEF and HFrEF.

METHODS

Data availability and detailed policies for requesting
ARIC (Atherosclerosis Risk in Communities) study data
can be found at https://sites.cscc.unc.edu/aric/pubs-
policies-and-forms-pg. ARIC study data can also be
obtained from the National Heart, Lung, and Blood
Institute BioLINCC repository (https:/biolincc.nhlbi.nih.
gov/studies/aric/).

Study Population

The ARIC study is an ongoing longitudinal cohort study
that was initiated in 1987 to 1989, at which time it en-
rolled 15 792 men and women aged 45 to 64 years
from 4 US communities: Washington County, Maryland;
Forsyth County, North Carolina; suburbs of Minneapoalis,
MN; and Jackson, MS. A detailed description of the
study’s objective and design has been previously pub-
lished.” The cohort participants subsequently under-
went 4 study visits between 1987 and 1998. A total
of 6538 returned for a fifth study visit in 2011 to 2013,
at which time they underwent standardized compre-
hensive echocardiography and completed the Center
for Epidemiologic Studies Depression Scale (CES-D)
questionnaire. Institutional Review Board approved the
study at each site, and informed consent was obtained
from all participants. The present study included 6025
participants with available CES-D and LV ejection frac-
tion (LVEF) by echocardiography at visit 5. Participants
with prevalent HF at visit 5 were subsequently excluded
for analyses of the clinical and echocardiographic cor-
relates of depressive symptoms and the association of
depressive symptoms with incident HFpEF and HFrEF
after visit 5 (n=5086). Prevalent HF was defined on the
basis of an adjudicated HF hospitalization between
January 1, 2005, and the visit 5 date, hospitalization
with HF-related International Classification of Diseases,
9th revision, Clinical Modification (ICD-9-CM) codes
before January 1, 2005, or participant self-report.

Assessment of Depressive Symptoms

Depressive symptoms were assessed using a short
version of the CES-D. The 11-item version assesses
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symptoms of depression within the past week, such as
“| felt depressed,” “I felt everything | did was an effort,”
and “| felt lonely.” Each item on the scale was scored
as 0 (none/rarely), 1 (sometimes), or 2 (often), yielding
a total score ranging from 0 to 22, with higher scores
indicative of more depressive symptoms. The full 20-
item version was designed to assess symptoms of
depression in the general population,’® and has been
validated in a variety of populations, including elderly
individuals.'® The short version has shown a strong cor-
relation with the original version.'” On the basis of prior
recommendations, a score of >9 was classified as hav-
ing significant depressive symptoms, equivalent to >16
on the 20-item questionnaire.’® CES-D score was set to
missing if there was >1 missing item on the scale.

Assessment of Echocardiographic
Measures

Details of echocardiography at ARIC study visit 5, in-
cluding acquisition, quantitative analysis, and repro-
ducibility metrics, have been previously described
in detail.!® Briefly, comprehensive echocardiography
was performed at visit 5 by certified sonographers at
the 4 field centers using a standardized image acqui-
sition protocol and uniform equipment (Philips iE33
Ultrasound systems). All quantitative measures were
performed centrally at the Echocardiography Reading
Center at Brigham and Women’s Hospital in accord-
ance with American Society of Echocardiography
guidelines by analysts blinded to clinical
information.?°=?? LV dimensions and wall thickness
were obtained from the parasternal long-axis view. LV
mass was indexed to height?’. Diastolic function was
assessed using mitral inflow pulse-wave Doppler (E-
wave velocities), mitral annular tissue Doppler (€'), and
pulmonary artery systolic pressure. Left atrial volume
was measured in the apical 4- and 2-chamber views
by the method of disks and was indexed to the body
surface area. Measures of systolic function included
LVEF and global longitudinal strain, derived from
speckle-tracking echocardiography (TomTec Imaging
system).

Assessment of Demographic Covariates
and Socioeconomic Indicators

Demographic covariates and socioeconomic indica-
tors, including age, sex, self-reported race, and edu-
cation (<11, 12-16, and 17-21 years), were assessed at
previous visits, whereas information about household
income (<$5000, $5000-$7999, $8000-$11 999,
$12 000-$15 999, $16 000-$24 999, $25 000-
$34 999, $35 000-$49 999, $50 000-$74 999,
$75 000-$99 999, or >$100 000) was obtained at
visit 5, and subsequently categorized into 3 groups:
<$15 999, $16 000 to $34 999, and >$35 000.
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Assessment of Health Behaviors,
Prevalent Chronic Conditions, and
Cardiovascular Risk Factors

Demographic covariates and socioeconomic indi-
cators, including age, sex, self-reported race, and
education (<11, 12-16, and 17-21 years), were as-
sessed at previous visits, whereas information about
household income (<$5000, $5000-$7999, $8000-
$11 999, $12 000-$15 999, $16 000-$24 999,
$25 000-$34 999, $35 000-$49 999, $50 000-
$74 999, $75 000-$99 999, or >$100 000) was
obtained at visit 5, and subsequently categorized
into 3 groups: <$15 999, $16 000 to $34 999, and
>$35 000. Physical activity was assessed using an
interviewer-administered modified Baecke Physical
Activity questionnaire®® and categorized according
to American Heart Association guidelines as ideal,
intermediate, or poor, as previously used in the
ARIC study.?* Smoking and alcohol drinking status
(current, ever, or never smokers/alcohol drinkers)
were assessed from an interviewer-administered
questionnaire.

Prevalent hypertension and diabetes mellitus were
defined on the basis of self-report, medication use, or if
prevalent (blood pressure >140/90 mm Hg and fasting
glucose >126 mg/dL, respectively) at any study visit.
Prevalent atrial fibrillation was defined on the basis of
documented atrial fibrillation or atrial flutter on stan-
dard 12-lead ECG rhythm at any study visit, or /ICD-9
code 427.31 or 427.32 in any hospitalization occur-
ring before the visit 5 date.?® Prevalent coronary heart
disease (definite or probable myocardial infarction or
coronary revascularization) and stroke were based on
ARIC study surveillance of hospital discharge codes
and subsequent chart abstraction and committee ad-
judication, which has been ongoing since study incep-
tion, as previously described, or if self-reported at visit
1.26 Body mass index (BMI; kg/m?) was calculated from
weight and standing height acquired at visit 5. Blood
pressure was averaged on the basis of the second 2 of
3 measurements ascertained at visit 5. Estimated glo-
merular filtration rate (€GFR) was estimated using the
Chronic Kidney Disease Epidemiology Collaboration
equation.?’

Other Assessments

The cardiac biomarkers hs-CRP (high-sensitivity
C-reactive protein), high-sensitivity troponin T, and
NT-proBNP (N-terminal pro-B-type natriuretic pep-
tide) were measured from plasma centrally stored
at —80°C. Medical adherence was assessed using
the Morisky Medication Adherence Scale, which
includes 4 questions with yes/no response op-
tions. The Morisky Medication Adherence Scale re-
sults in a score ranging from 0 to 4, with 3 levels of
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medication adherence based on this score: high,
medium, and low adherence with 0, 1 to 2, and 3 to
4 points, respectively. Cognitive function was mod-
eled as a categorical variable indicating dementia,
mild cognitive impairment, and normal, and was
based on expert review of a comprehensive neu-
rocognitive battery, neurological history, informant
interviews, and brain magnetic resonance imaging,
as previously described in detail elsewhere.?®

Outcome Assessment

Incident HFpEF, HFrEF, and death were ascertained
from visit 5 to the end of 2017 (median follow-up
time, 5.5 years; interquartile interval, 51-6.0 years).
Incident HF was assessed on the basis of ARIC study
HF Committee review and adjudication of abstracted
hospitalization records of hospitalizations or deaths
with HF-related ICD-9-CM, as previously described in
detail.?® Abstraction included results of imaging stud-
ies and LVEF. Reviewers determined if evidence of an
LVEF <50% at the time of hospitalization was present,
and a numerical LVEF was recorded if available. This
information from the HF hospitalization was used to
determine the incident HF type (HFpEF [LVEF >50%)
or HFrEF [LVEF <50%]). If no LVEF information was
available from that hospitalization, LVEFs recorded
from hospitalizations in the prior 6 months were car-
ried forward if no intercurrent myocardial infarction
was present. Of the 303 incident HF cases, 136 (45%)
were classified as HFpEF, 126 (42%) were classified as
HFrEF, and LVEF was not available in 41 (14%). Death
was ascertained from the National Death Index.

Statistical Analysis

The prevalence of severe depressive symptoms (de-
fined as a CES-D score >9) at visit 5 was determined
among participants with prevalent HFrEF, prevalent
HFpEF, and no HF. Among HF-free participants at visit
5, participants were classified on the basis of CES-D
score >9 (severe depressive symptoms) and quartiles
of CES-D score <9 for descriptive analyses of clini-
cal characteristics and echocardiographic measures.
For analyses of associations of depressive symptoms
with incident HFpEF and HFrEF, we modeled depres-
sive symptoms continuously. Continuous data are
presented as mean and the SD, and categorical vari-
ables are presented as frequencies and percentages.
All continuous variables were inspected for normality
and transformed if necessary to achieve normality. For
univariable analyses of the association between base-
line characteristics across categories of depressive
symptoms, tests for trend were performed. Adjusted
analyses were performed using multivariable linear
and logistic regression. Analyses comparing clinical
characteristics across CES-D score categories were
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adjusted for demographics, whereas comparisons
of echocardiographic features were adjusted for de-
mographics (age, sex, race, and field center), socio-
economic indicators (education and income), health
behaviors (smoking, drinking, and physical activity),
and prevalent chronic conditions and cardiovascular
risk factors (hypertension, diabetes mellitus, preva-
lent atrial fibrillation, prevalent coronary heart disease,
prevalent stroke, history of myocardial infarction, BMI,
and eGFR). Multivariable logistic regressions were used
to assess the association of CES-D score categories
with abnormal echocardiographic measures, defined
using cutoffs based on normative values from the ARIC
study®°-%2 and American Society of Echocardiography
guidelines.?® Model covariates were selected on the
basis of a priori knowledge of demographic covari-
ates, socioeconomic indicators, health behaviors, and
prevalent chronic conditions and cardiovascular risk
factors associated with depression and heart failure,
as also applied in several similar studies.*™""
Multivariable Cox proportional hazards models
were used to investigate the association of depres-
sive symptoms (based on CES-D score modeled
continuously) and incident HFpEF or incident HFrEF.
For analyses with incident HFpEF as the primary out-
come, participants were censored at the time of in-
cident HFrEF or HF with unknown LVEF. Similarly, for
the primary outcome of incident HFrEF, participants
were censored at the time of incident HFpEF or HF
with unknown LVEF. Additional analyses assessed the
composite of incident HFpEF or death and the com-
posite of incident HFrEF or death. To develop a parsi-
monious set of adjustment covariates for Cox models,
a linear regression model was generated with CES-D
score as the outcome and the following covariates as
predictors: demographics (age, sex, and race), socio-
economic indicators (education and income), health
behaviors (smoking, drinking, and physical activity),
and prevalent chronic conditions and cardiovascular
risk factors (hypertension, diabetes mellitus, stroke,
prevalent coronary heart disease, BMI, heart rate, and
eGFR). Predictors significantly associated with CES-D
score in this multivariable model were as follows: BMI,
diabetes mellitus, heart rate, eGFR, and smoking. Fully
adjusted models for all time-to-event analyses there-
fore adjusted for demographics (age, sex, and race),
BMI, diabetes mellitus, heart rate, eGFR, and smok-
ing. Additional analyses adjusting for the full set of
covariates specified above were performed and are
presented in the Supplemental Data. The proportional
hazards assumptions for Cox models were tested
using Schoenfeld residuals, and no violations were
detected.®® Model covariates were as follows: model
1 included demographics (age, sex, and race), socio-
economic indicators (education and income), health
behaviors (smoking, drinking, and physical activity),
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and prevalent chronic conditions and cardiovascular
risk factors (diabetes mellitus, BMI, heart rate, and
eGFR); model 2 additionally adjusted for echocardio-
graphic measures (LV mass index, mean LV thickness,
septal early diastolic myocardial velocity, and ratio of
mitral peak velocity of early filing/early diastolic mi-
tral annular velocity); model 3 additionally adjusted for
cardiac biomarkers (log-transformed NT-proBNP and
log-transformed high-sensitivity troponin T). Model 4
additionally adjusted for log-transformed hs-CRP. The
following sensitivity analyses were also performed: (1)
Additional adjustment for cognitive impairment and
medical adherence, as late-life depression may be
characterized by greater cognitive impairments®* and
depression is associated with medical nonadherence,
which has been shown to affect health outcomes.®® (2)
Exclusion of HF events occurring during the first year of
follow-up to assess for the potential impact of reverse
causation. (3) Use of 2 additional models to optimize
model fit. First, we included covariates with a P<0.01
using a forward selection model. Second, we deter-
mined risk scores for each individual using previously
published regression coefficients from the ARIC study
HF risk function.®® (4) Effect measure modification of
the observed associations by sex, age, and race was
assessed using multiplicative interaction terms. (5) To
assess the impact of potential bias caused by visit 5
nonattendance, we performed additional sensitivity
analysis using inverse probability of attrition weight-
ing.%"%8 Visit 5 nonattendance was modeled among
participants alive at the initiation of visit 5 using the
following covariates from visit 1: age, sex, race, field
center, smoking, drinking, hypertension, diabetes mel-
litus, atrial fibrillation, stroke, income, education, his-
tory of myocardial infarction, prevalent coronary heart
disease, physical activity, BMI, heart rate, and eGFR.
The resulting calculated weights were incorporated
into multivariable models for the association of de-
pressive symptoms with incident HF. All analyses were
conducted using STATA software (StataSE 14).

RESULTS

At visit 5, severe depressive symptoms (CES-D score
>9) were present in 6% of HF-free participants, 7%
of participants with prevalent HFrEF (odds ratio
[OR] [95% CI], 1.29 [0.51-3.28]; P=0.59) versus no
HF, and 13% of participants with prevalent HFpEF
(OR [95% CI], 212 [1.43-3.15]; P<0.001) versus no
HF (Figure 1). The prevalence of severe depressive
symptoms did not statistically differ between partici-
pants with HFrEF and those with HFpEF (OR [95%
Cl], 0.55 [0.20-1.55]; P=0.26).

Among the 5086 HF-free participants in the study
sample, the mean age was 75.3+5.1 years (range,
66-90 years), 59% were women, and 41% were men.
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Figure 1. Prevalence of depression in heart failure (HF)
groups.

The prevalence of depression by HF subgroups was determined
using logistic regression with adjustments for age, sex, race, and
field center. The prevalence of depression was higher in those
with HF with preserved ejection fraction (HFpEF) compared
with those free of HF. No statistically significant difference was
found between HF with reduced ejection fraction (HFrEF) and
those free of HF, and between those with HFrEF and HFpEF. No
detectable difference in the latter comparison could, however, be
caused by small sample sizes.

The median CES-D score was 2 (interquartile inter-
val [quartile 1—-quartile 3], 1-4), and 287 (6%) par-
ticipants had severe depressive symptoms, defined
as a CES-D score of >9. Higher CES-D score was
associated with female sex, White race, higher BMI,
a higher prevalence of cardiovascular comorbidities,
higher NT-proBNP and high-sensitivity troponin T,
and higher hs-CRP (Table 1). Lower CES-D score
was also associated with fewer years of education,
lower income, and higher prevalence of poor physi-
cal activity.

Association of Depressive Symptoms
With Risk of Incident HFpEF and HFrEF

Of the 303 incident HF events occurring over a me-
dian follow-up of 5.5 years (quartile 1-quartile 3, 51—
6.0 years), 126 were classified as HFrEF (42%), 136 were
classified as HFpEF (45%), and LVEF was not available
in 41 (14%). Higher CES-D score was associated with
incident HFrEF in models adjusted for demographics,
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Table 1. Baseline Characteristics Among Participants With CES-D Score >9 and Quartiles of CES-D Scores <9

CES-D Score CES-D Score CES-D Score CES-D Score CES-D Score Adjusted P

Characteristic 0-1 (n=1990) 2 (n=865) 3-4 (n=1074) 5-8 (n=870) >9 (n=287) P Value Value*
Age, y 74.9+4.9 75.3+5.0 75.8+5.2 75.9+5.3 75.3+5.3 0.001
BMI, kg/m? 28.1+5.0 28.0+£5.1 28.6+5.6 28.7+6.0 29.9+6.0 0.001 0.001
Men, n (%) 928 (47) 377 (44) 401 (37) 279 (32) 92 (32) 0.001
Black, Asian, and 369 (19) 146 (17) 180 (17) 228 (26) 84 (29) 0.001
Native American, n (%)
Smoking status, n (%) 0.004 0.001

Current smoker 85 (5) 46 (6) 75 (8) 57 (7) 31 (12)

Ever smoker 943 (51) 407 (56) 486 (50) 398 (50) 124 (50)

Never smoker 816 (44) 337 (43) 412 (42) 335 (42) 94 (38)
Drinking status, n (%) 0.001 0.001

Current drinker 1105 (57) 475 (56) 533 (51) 339 (41) 96 (36)

Ever drinker 469 (24) 194 (23) 302 (29) 289 (35) 98 (36)

Never drinker 366 (19) 174 (21) 210 (20) 209 (25) 76 (28)
Atrial fibrillation, n (%) 115 (6) 44 (5) 71(7) 54 (6) 19(7) 0.30 0.17
Hypertension, n (%) 1556 (78) 690 (80) 882 (82) 744 (86) 251 (898) 0.001 0.001
Diabetes mellitus, n (%) 594 (30) 295 (34) 371 (35) 345 (40) 139 (48) 0.001 0.001
History of MI, n (%) 110 (6) 75 (9) 83 (8) 66 (8) 23(9) 0.01 0.006
CHD, n (%) 183 (9) 106 (13) 118 (1) 83 (10) 25 (9) 0.81 0.11
History of stroke, n (%) 41 (2) 22 (9) 28 (3) 34 (4) 1 (4) 0.004 0.005
Heart rate, bpm 6110 62+10 63+11 64+10 66+12 0.001 0.001
Systolic BP, mm Hg 130+18 13117 130+18 132+18 130+18 0.008 0.41
Diastolic BP, mm Hg 67+10 66+10 66+11 67+11 67+10 0.87 0.57
eGFR, mL/min /1.73 m? 71.815.7 711£15.8 70.5+16.8 69.4+17.8 68.9+17.5 0.001 0.001
Income, n (%) 0.001 0.001

<$15 999 149 (8) 103 (13) 139 (14) 162 (20) 72 (28)

$16 000-$34 999 409 (22) 200 (25) 305 (31) 263 (33) 96 (37)

>$35 000 1269 (70) 491 (62) 547 (55) 368 (46) 93 (36)
Education, n (%) 0.001 0.001

Basic or no 150 (8) 101 (12) 130 (12) 132 (15) 78 (27)

education (<11y)

Intermediate 726 (37) 374 (43) 513 (48) 395 (45) 138 (48)

education (12-16 y)

Advanced education 1107 (56) 389 (45) 431 (40) 343 (39) 70 (25)

(17-21vy)
Physical activity, n (%) 0.001 0.001

Ideal 1144 (58) 457 (54) 505 (48) 347 (41) 80 (29)

Intermediate 326 (17) 166 (20) 198 (19) 198 (24) 56 (21)

Poor 491 (25) 226 (27) 353 (393) 299 (35) 137 (50)
NT-proBNP, pg/mL 108 (568-210) 125 (63-239) 131 (67-231) 137 (72-266) 138 (59-266) 0.001 0.001
hs-TnT, ng/L 1.0 (0.7-1.5) 1(0.7-1.5) 1.0 (0.7-1.5) 1.0 (0.8-1.6) 1.1 (0.8-1.5) 0.001 0.001
hs-CRP, mg/L 1.8 (0.9-3.6) 1.9 (0.9-4.) 2.0(1.0-4.2) 2.2 (1.0-4.3) 2.5(1.1-6.1) 0.001 0.001

Values are mean+SD, number (percentage), or median (quartile 1—quartile 3). BMI indicates body mass index; BP, blood pressure; bpm, beats per minute;
CES-D, Center for Epidemiologic Studies Depression Scale; CHD, coronary heart disease; eGFR, estimated glomerular filtration rate; hs-CRP, high-sensitivity
C-reactive protein; hs-TnT, high-sensitivity troponin T; MI, myocardial infarction; and NT-proBNP, N-terminal pro-B-type natriuretic peptide.

*Adjusted for demographics (age, sex, race, and field center).

but this association attenuated appreciably after fur- heightened risk for incident HFpEF, such that each 1-unit
ther adjusting for health behaviors, prevalent chronic increase in CES-D was associated with a 6% increase in
conditions, and cardiovascular risk factors (Figure 2). risk of incident HFpEF. This association persisted after
In contrast, higher CES-D score was associated with adjustment for cardiovascular comorbidities, associated
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Outcome HR (95% CI)¥ p
* § 1.08 (1.03 — 1.14 0.002
HFpEF Model 1 i ( )
(Events: 136)
TtModel 2 s 1.06 (1.04 - 1.12) 0.02
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Figure 2. Associations of depressive symptoms with incident heart failure with preserved ejection fraction (HFpEF), heart
failure with reduced ejection fraction (HFrEF), and the composite outcomes HFpEF/death and HFrEF/death.

Greater depressive symptoms were associated with a higher risk of developing HFpEF but not HFrEF after adjusting for demographics
and cardiovascular risk factors. *Model 1 adjusts for demographics (age, sex, and race). fModel 2 adjusts for model 1, socioeconomic
indicators (education and income), health behaviors (smoking, drinking, and physical activity), and prevalent chronic conditions and
cardiovascular risk factors (diabetes mellitus, body mass index, heart rate, and estimated glomerular filtration rate). *Hazard ratio (HR)
is per unit increase in Center for Epidemiologic Studies Depression Scale score.

echocardiographic features, NT-proBNP, and high-
sensitivity troponin T concentrations without attenua-
tion of the effect estimate (Table 2). Similar findings were
observed for the composite of incident HFpEF or death
(Figure 2), in models adjusting for the full set of potential
covariates (Table S1 and Figure S1), in a sensitivity analy-
sis treating unclassified incident HF events as incident
HFpEF events (Table S2), and in models further adjusting
for cognitive function and medication adherence (Table
S3). Excluding events that occurred during the first year
of follow-up did not appreciably alter the results (Table
S4). Similar findings were observed in models using for-
ward selection of variables and HF risk scores (Tables S5
and S6). No effect modification by sex, race, or age was
observed on the relationship between CES-D score and
incident HFrEF (interaction P=0.99, P=0.82, and P=0.93,
respectively) or incident HFpEF (interaction P=0.11,
P=0.12, and P=0.91, respectively). Finally, comparable
results were observed in analyses incorporating inverse
probability of attrition weighting (Figure S2).

Association of Depressive Symptoms
With Cardiac Structure and Function

Among participants free of HF at visit 5, modest but
statistically significant associations were observed
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between higher CES-D score and greater LV wall
thickness (mean wall thickness), LV cavity size, and LV
mass index, and with worse indexes of diastolic func-
tion (lower tissue Doppler imaging €', higher E/€', and
higher pulmonary artery systolic pressure; Table 3).
After adjusting for demographics, higher LV mass
index, LV mean wall thickness, €', and E/e’ remained
associated, but after further adjustment for lifestyle
factors and cardiovascular risk factors, all associations
were attenuated and no longer significant. Analyses
modeling echocardiographic measures as categorical
variables demonstrate similar results. Adjustment for
LV mass index, LV mean wall thickness, €, and E/¢’
did not appreciably attenuate the association of CES-D
score with risk of incident HFpEF (Table 2).

DISCUSSION

Depression is increasingly recognized as an important
risk factor for incident HF and for adverse outcomes
among people with prevalent HF. However, little is
known about the association of depressive symptoms
with measures of cardiac structure and function pre-
disposing to HF, and the extent to which depressive
symptoms differentially relate to HFpEF compared with
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Table 2. Association Between Depressive Symptoms and Risk of Incident HFpEF per Unit Increase in CES-D Score

Variable No. Events HR (95% ClI) P Value
HFpEF
Adjusted for demographic covariates, 4843 128 1.06 (1.01-1.12) 0.02
socioeconomic indicators, health behaviors,
prevalent chronic conditions, and cardiovascular
risk factors*
+Echocardiography’ 4795 126 1.06 (1.00-1.12) 0.03
+Cardiac biomarkers* 4495 120 1.06 (1.00-1.12) 0.04
+hs-CRP 4493 120 1.06 (1.00-1.12) 0.04

CES-D indicates Center for Epidemiologic Studies Depression Scale; HFpEF, heart failure with preserved ejection fraction; HR, hazard ratio; and hs-CRP,

high-sensitivity C-reactive protein.

*Demographic covariates include age, sex, and race; socioeconomic indicators include income and education; health behaviors include smoking, drinking,
and physical activity; prevalent chronic conditions and cardiovascular risk factors include diabetes mellitus, body mass index, heart rate, and estimated

glomerular filtration rate.

TEchocardiography includes left ventricular mass index, left ventricular mean wall thickness, septal early diastolic myocardial velocity, and ratio of mitral peak

velocity of early filling/early diastolic mitral annular velocity.

*Cardiac biomarkers include NT-proBNP (N-terminal pro-B-type natriuretic peptide) and troponin T.

HFrEF. In this community-based study of 5086 elderly
people followed up for >5 years, we report 3 novel
findings. First, when compared with HF-free people,
severe depressive symptoms were more common
in people with HFpEF, but not with HFrEF. Second,
greater severity of depressive symptoms was asso-
ciated with incident HFpEF, but not incident HFrEF,
independent of clinical cardiovascular risk factors
and cardiac biomarkers. Finally, among HF-free peo-
ple, greater depression severity was associated with
greater LV remodeling and worse diastolic indexes.
However, these associations were largely attenuated
after accounting for traditional cardiovascular risk fac-
tors associated with depression and cardiac structure
and function. Associations of depressive symptoms
with incident HFpEF persisted after further adjustment
of these echocardiographic measures. Together, these
findings suggest an important role for depression in
the development of HFpEF that appears orthogonal
to traditional imaging and biomarker-based metrics of
cardiac dysfunction.

Most studies of the prevalence of depression in HF
included patients with HFrEF! although reports also
exist of heightened prevalence in HFpEF.3%4" Among
patients with HFpEF from the Americas enrolled in the
Treatment of Preserved Cardiac Function Heart Failure
With an Aldosterone Antagonist (TOPCAT) (trial, 27%
experienced moderate-to-severe depressive symp-
toms, and both depressive symptoms at baseline and
worsening in these symptoms over 12 months were as-
sociated with greater risk of mortality.*? The results of
prior studies comparing the prevalence of depression
between HFrEF and HFpEF have shown conflicting re-
sults. 40414344 |In a study of 1404 patients with HF, no
significant difference in prevalence was found between
HFpEF (36%), heart failure with midrange ejection frac-
tion (32%), and HFrEF (31%),° although in another study
of 233 patients with HF, a significant trend for higher
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depression prevalence was observed across HFpEF
(20%), heart failure with midrange ejection fraction (33%),
and HFrEF (35%) groups.*® Two smaller studies found
no significant differences in prevalence when compar-
ing HFpEF with HFrEF (25% versus 24%, respectively,
n=105 in one study; 11% versus 22%, respectively,
n=202 in the other study).*“* However, these prior
studies compared depression prevalence between
HF phenotypes and not with HF-free participants. Our
results indicate a higher prevalence of depression in
HFpEF, but not HFrEF, compared with HF-free partici-
pants. However, the number of participants with severe
depressive symptoms in the HFpEF and HFrEF groups
was relatively small, which limited the power of our anal-
ysis. Therefore, these findings should be evaluated fur-
ther in future studies with larger sample sizes.

Previous studies have reported a relationship be-
tween depressive symptoms and incident HF%° al-
though this association has been inconsistent.>' To
our knowledge, this is the first study to report the as-
sociation of depressive symptoms with incidence of
HFpEF compared with HFrEF. This analysis also ac-
counted for a greater number of potential confound-
ers in multivariable models to mitigate the impact of
residual confounding. Greater depressive symptoms
among older adults free of HF were associated with the
development of HFpEF, but not HFrEF, over a median
of 5.5 years of follow-up. It is possible that observed
differences in the association of depression with HF in
prior reports may partly relate to study differences in
incidence of HFpEF versus HFrEF.5"

The mechanisms linking depression to incident
HFpEF are unclear; however, both depression and
HFpEF are highly comorbid. Furthermore, both have
been characterized by decreased heart rate vari-
ability,*® endothelial dysfunction,*¢4” and increased
inflammation.*®4° Notably, however, adjustment for tra-
ditional cardiovascular risk factors, echocardiographic
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measures, cardiac biomarkers, and hs-CRP did not
attenuate the magnitude or statistical significance of
the association of depressive symptoms with incident
HFpEF in our study. This suggests that depression in-
fluences HFpEF risk through pathways orthogonal to
impairments in cardiac performance traditionally asso-
ciated with HFpEF. Our findings are particularly import-
ant as HFpEF incidence and prevalence are greatest in
late life. Although the prevalence of clinical depression
decreases with advancing age,®® depression screen-
ing scales are more likely to identify depression in older
adults, and these scales have comparable clinical im-
pact as a clinical depression diagnosis with respect to
healthcare use.5' Our findings therefore provide a ratio-
nale for further investigation of potential mechanisms
by which depression contributes to HFpEF.

Previous studies have demonstrated an association
of depressive symptoms with echocardiographic mea-
sures of diastolic dysfunction (¢ and E/€)'?'® and LV
structural remodeling (LV mass index).”® In our study,
worse depressive symptoms were also associated
with worse diastolic indexes (¢, E/e', and pulmonary ar-
tery systolic pressure) and LV structural remodeling (LV
mass index and mean wall thickness), although these
associations were largely accounted for by participant
demographics and common cardiovascular comorbid-
ities that were also more frequent with greater depres-
sive symptoms. Given the cross-sectional nature of this
analysis, future studies assessing the association be-
tween depressive symptoms and longitudinal changes
in cardiac structure and diastolic function will provide
additional insights into the temporal relationship of
cardiac dysfunction relative to depressive symptoms.
However, the present analysis is most notable for the
robust association of depressive symptoms with risk
of incident HFpEF, despite only modest independent
relationships with measures of cardiac structure and
function, cardiac biomarkers, and inflammation.

Important strengths of this analysis included the
comprehensive longitudinal phenotyping of partici-
pants in the ARIC study, which, together with the rel-
atively large sample size, allowed for robust covariate
adjustment, including cardiovascular risk factors, so-
cioeconomic status, lifestyle factors, cognition, and
markers of systemic inflammation. Furthermore, use of
adjudicated incident HF events increased confidence
in the validity of the HFpEF diagnosis. Nevertheless,
this analysis has important limitations. Similar to pre-
vious studies, the measurement of depressive symp-
toms relied solely on self-report and not psychiatric
documentation, which potentially could lead to mis-
classification. Furthermore, reliance of self-report for
certain covariates, such as smoking status, may have
resulted misclassification.

The absence of repeated measures of depres-
sion or information on history of depression precluded
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assessment of the role of depression duration in the as-
sessed associations. Given the relatively short follow-up
time for incident HF events, reverse causality cannot
entirely be excluded. However, excluding events that oc-
curred during the first year of follow-up did not appreciably
alter the results of the primary analysis. In addition, 5-year
follow-up is particularly clinically relevant when assessing
HF risk in late life. A relatively small number of incident
HFpEF and HFrEF events may have resulted in overfit-
ting of fully adjusted Cox proportional hazard models for
time-to-event analyses. However, supplemental analyses
using more parsimonious models demonstrated similar
results (Tables S5 and S6). Finally, as our primary interest
was the prevalence, echocardiographic correlates, and
prognostic relevance of depressive symptoms in late life,
we do not view death before visit 5 as a limitation of this
analysis. However, only a subset of ARIC study partic-
ipants alive at visit 5 chose to attend. Therefore, atten-
dance bias may limit the generalizability of our findings
to older individuals in the community more broadly, al-
though results of analyses incorporating inverse proba-
bility of attrition weighting demonstrated similar findings
to our primary analysis (Figure S2).

CONCLUSIONS

Greater depressive symptoms in late life are associ-
ated with heightened risk of incident HFpEF. This asso-
ciation is independent of cardiovascular comorbidities,
echocardiographic measures of cardiac structure and
function, and circulating cardiac biomarkers. Future
prospective studies are necessary to better define the
mechanisms linking depressive symptoms in older
adults to development of HFpEF.
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SUPPLEMENTAL MATERIAL



Table S1. Association between depressive symptoms and risk of incident HFpEF per unit

increase in CES-D score.

n Events HR (95% CI) P
HFpEF
Adjusted for demographic
covariates, socioeconomic
indicators, health behaviors, 4,758 125 1.07 (1.02 - 1.14) 0.01
prevalent chronic conditions, and
CV risk factors*
+echo T 4,710 123 1.07 (1.02 - 1.13) 0.01
+ cardiac biomarkers i 4,418 118 1.08 (1.02 - 1.14) 0.009
+ CRP 4,416 118 1.08 (1.02 - 1.14) 0.009

*Demographic covariates include age, sex, and race; socioeconomic indicators include income

and education; health behaviors include smoking, drinking, and physical activity; prevalent

chronic conditions and CV risk factors include hypertension, diabetes, stroke, prevalent CHD,

BMI, heart rate, eGFR

+ Echo includes LVMi, LV mean wall thickness, €', and E/e’

I Cardiac biomarkers include NT-proBNP and Troponin T

CI = confidence interval; HR = hazard ratio; other abbreviations as in Table 1




Table S2. Adjusted Hazard Ratios for depressive symptoms and risk of incident HFpEF or

HF with unknown LVEF and HFrEF or HF with unknown LVEF.

n Events HR (95%) p
HFpEF or HF with
unknown LVEF
Model 1* 5,086 177 1.09 (1.04 - 1.14) 0.001
Model 2 4,758 161 1.06 (1.01-1.11) 0.02
HFrEF or HF with
unknown LVEF
Model 1* 5,086 167 1.06 (1.01 - 1.11) 0.02
Model 27 4,758 149 1.01 (0.96 - 1.07) 0.64

* Model 1 adjusts for demographics (age, sex, race, and field center)

+ Model 2 adjusts for model 1, socioeconomic indicators (education, income), health behaviors
(smoking, drinking, physical activity), prevalent chronic conditions and CV risk factors
(hypertension, diabetes, atrial fibrillation, stroke, history of myocardial infarction, prevalent
CHD, BMI, heart rate, eGFR)

CIl = confidence interval; HR = hazard ratio



Table S3. Sensitivity analysis with adjusted Hazard Ratios for incident HFpEF adjusting

for cognition and medical adherence.

n Events HR (95 % CI) p
Medical adherence
Model 2* 4,663 125 1.07 (1.02 - 1.14) 0.01
Model 31 4,663 125 1.08 (1.02 - 1.14) 0.01
Cognition
Model 2* 4,753 125 1.07 (1.02 - 1.14) 0.01
Model 47 4,753 125 1.07 (1.02 - 1.14) 0.01

* Model 2 adjusts for demographics (age, sex, race, field center), socioeconomic indicators

(education, income) health behaviors (smoking, drinking, physical activity, prevalent chronic

conditions and CV risk factors (hypertension, diabetes, atrial fibrillation, stroke, history of

myocardial infarction, prevalent CHD, BMI, heart rate, eGFR)

1 Model 3 adjusts for model 2, and medical adherence

1 Model 4 adjusts for model 2, and cognition

Cl = confidence interval; HR = hazard ratio




Table S4. Association between depressive symptoms and incident HFpEF and HFrEF after

excluding events occurring in the first year of follow-up.

Model 1* Model 2+
Outcome | Events
HR (Cl 95%) P-value HR (Cl 95%) P-value
HFpEF 122 1.11 (1.05-1.17) 0.001 1.08 (1.02 - 1.15) 0.006
HFrEF 115 1.07 (1.00 - 1.13) 0.04 1.01 (.95-1.09) 0.67

* Model 1 adjusts for demographics (age, sex, race, and field center)

+ Model 2 adjusts for demographics (age, sex, race, field center), socioeconomic indicators

(education, income), health behaviors (smoking, drinking, physical activity), prevalent chronic

conditions (hypertension, diabetes, atrial fibrillation, stroke, history of myocardial infarction,

prevalent CHD, BMI, heart rate, eGFR)

CIl = confidence interval; HR = hazard ratio




Table S5. Association between depressive symptoms and risk of incident HFpEF using a

forward selection model to determine model covariates for inclusion.

n Events HR (95% CI) p
HFpEF
Model covariates* 4,966 133 1.06 (1.01-1.12) 0.03
+echo 4,908 129 1.06 (1.00 - 1.11) 0.03
+ cardiac biomarkers i 4,603 122 1.06 (1.01-1.12) 0.02
+ CRP 4,601 122 1.06 (1.00 - 1.11) 0.03

*Model covariates include age, eGFR, hypertension, stroke, atrial fibrillation
+ Echo includes LVMi, LV mean wall thickness, €', and E/e’

1 Cardiac biomarkers include NT-proBNP and Troponin T

P-value for selection of covariates: 0.01

CIl = confidence interval; HR = hazard ratio; other abbreviations as in Table 1



Table S6. Association between depressive symptoms and risk of incident HFpEF using

ARIC heart failure risk scores.

n Events HR (95% CI) p
HFpEF
ARIC HF risk score* 4,525 117 1.07 (1.01-1.13) 0.01
+echo f 4,484 115 1.07 (1.01-1.13) 0.02
+ cardiac biomarkers i 4,183 109 1.08 (1.02 - 1.14) 0.005
+ CRP 4,181 109 1.08 (1.02 - 1.14) 0.006

*ARIC HF risk score includes age, race, sex, heart rate, systolic blood pressure, hypertension

BP-lowering medication use, diabetes, coronary heart disease, smoking, BMI

+ Echo includes LVMi, LV mean wall thickness, €', and E/e’

1 Cardiac biomarkers include NT-proBNP and Troponin T

CIl = confidence interval; HR = hazard ratio; other abbreviations as in Table 1




Figure S1. Associations of depressive symptoms with incident HFpEF, HFrEF and the

composite outcomes HFpEF/death and HFrEF/death.

Outcome HR (95% CI) ¥ P
* Model 11 - 1.10(1.04—1.16)  0.001
HFpEF
(Events: 136) 4\ el A 1.07 (1.02-1.14)  0.01
el - 1.06 (1.00-1.12)  0.04
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(Events:126)  odeiz] A 101(095-1.08) 073
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HFrEF/death e
(Events: 665)
tModel 2 — 104 (1.02-1.07)  0.002

Greater depressive symptoms were associated with a higher risk of developing HFpEF but not

HFrEF after adjusting for demographics and cardiovascular risk factors.

* Model 1 adjusts for demographics (age, sex, race, and field center)

+ Model 2 adjusts for model 1, socioeconomic indicators (education and income), health
behaviors (smoking, drinking, physical activity), prevalent chronic conditions and CV risk
factors (hypertension, diabetes, atrial fibrillation, stroke, prevalent CHD, history of myocardial
infarction, BMI, heart rate, eGFR)

T HR is per unit increase CES-D score



Figure S2. Associations of depressive symptoms with incident HFpEF, HFrEF and the
composite outcomes HFpEF/death and HFrEF/death in models incorporating inverse

probability weightss§.

Outcome HR (95% CI) p
HFpEF *Model 1+ : - 1.11 (1.05-1.17) 0.001
(Events: 126)

TModel 2 - r 1.07 (1.01 - 1.14) 0.03
. | 2 1.06 (1.00 - 1.12 0.07
HFTEF Model 1 : i ( )
Events: 118 2
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*Model 14 : —_— 1.06 (1.04 — 1.09) 0.001
HFrEF/death
(Events: 609) :
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Greater depressive symptoms were associated with a higher risk of developing HFpEF but not
HFrEF after adjusting for demographics and cardiovascular risk factors.

* Model 1 adjusts for demographics (age, sex, race, and field center)

+ Model 2 adjusts for model 1, socioeconomic indicators (education, income), health behaviors
(smoking, drinking, physical activity), prevalent chronic conditions and CV risk factors
(hypertension, diabetes, atrial fibrillation, stroke, history of myocardial infarction, prevalent
CHD, BMI, heart rate, eGFR)

T HR is per unit increase CES-D score

8 For inverse probability weights, Visit 5 non-attendance was modeled among participants alive
at the initiation of Visit 5 using the following covariates from Visit 1: age, sex, race, field center,
smoking, drinking, hypertension, diabetes, atrial fibrillation, stroke, income, education, history of
myocardial infarction, prevalent CHD, physical activity, BMI, heart rate, eGFR.

Cl = Confidence Interval; HR = Hazard Ratio; HFpEF = Heart Failure with Preserved Ejection

Fraction; HFrEF = Heart Failure with Reduced Ejection Fraction



