
Original Article

Bi-directional association between
depression and HF: An electronic health
records-based cohort study
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Abstract

Objective: To determine whether a bi-directional relationship exists between depression and HF within a single pop-
ulation of individuals receiving primary care services, using longitudinal electronic health records (EHRs).

Methods: This retrospective cohort study utilized EHRs for adults who received primary care services within a large
healthcare system in 2006. Validated EHR-based algorithms identified 10,649 people with depression (depression
cohort) and 5,911 people with HF (HF cohort) between January 1, 2006 and December 31, 2018. Each person with
depression or HF was matched 1:1 with an unaffected referent on age, sex, and outpatient service use. Each cohort
(with their matched referents) was followed up electronically to identify newly diagnosed HF (in the depression cohort)
and depression (in the HF cohort) that occurred after the index diagnosis of depression or HF, respectively. The risks
of these outcomes were compared (vs. referents) using marginal Cox proportional hazard models adjusted for
16 comorbid chronic conditions.

Results: 2,024 occurrences of newly diagnosed HF were observed in the depression cohort and 944 occurrences of
newly diagnosed depression were observed in the HF cohort over approximately 4–6 years of follow-up. People with
depression had significantly increased risk for developing newly diagnosed HF (HR 2.08, 95% CI 1.89–2.28) and people
with HF had a significantly increased risk of newly diagnosed depression (HR 1.34, 95% CI 1.17–1.54) after adjusting for all
16 comorbid chronic conditions.

Conclusion: These results provide evidence of a bi-directional relationship between depression and HF independently of
age, sex, and multimorbidity from chronic illnesses.
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Introduction

Depression and heart failure (HF) are highly prevalent

chronic conditions. Depression affects over 350 million peo-

ple worldwide and is currently the leading cause of disability

from chronic illness.1 HF affects approximately 5.7 million

U.S. adults, and over 550,000 new cases of HF are diagnosed

each year.2,3 By 2030, it is estimated that more than 8 million

Americans (1 in every 33 people) will have HF.

The co-occurrence of depressive symptoms or syndromes

and cardiovascular disease, most notably coronary heart dis-

ease, is well-documented.4 However, there is more limited

data on the relationship between depression and HF. A meta-

analysis of 27 observational studies found that the prevalence

of depression in patients with HF ranges from 11% to 25% in

outpatients and 35% to 75% in hospitalized patients, and

appears to climb with increasing HF severity.5 The impor-

tance of a depression-HF association rests in the observation

that depression may result in greater functional decline,

higher rehospitalization rates, and higher rates of premature

death in patients with HF—including death by suicide.6

Although depression is common in patients with HF,

little information exists about the directionality of this rela-

tionship. Longitudinal studies have shown that depression

may increase the risk of newly diagnosed HF,7–14 although

others have shown no increased risk.15,16 Longitudinal

studies have also shown a significantly increased incidence

of new-onset depression in people with HF,17,18 thus doc-

umenting an association in the opposite direction. How-

ever, these findings are from separate cohorts. We are

unaware of any large-scale cohort studies focused on the

simultaneous investigation of the temporal association

between depression and HF in a single cohort. To the best

of our knowledge, there is no work to date that has lever-

aged longitudinal health record (EHR) data to study the

associations between depression and HF.

We conducted an electronic health record (EHR)-based

cohort study to test the hypothesis that, within a single

community-based cohort, a bi-directional relationship

exists between depression and HF. As an alternative to the

use of clinical cohorts (which have good phenotyping but

may lack sufficient sample size) and claims databases

(which are large in size but have problems with case accu-

racy), we used EHRs with validated algorithms for identi-

fying depression and HF. For depression, we considered the

impacts of major depressive disorder and other depressive

syndromes that are commonly encountered in routine treat-

ment settings.19,20 For HF, we investigated the association

with new-onset depression—both overall, and in subgroups

defined by preserved or reduced ejection fraction.21

Methods

Study population

The study population consisted of patients 15þ years of age

who were empaneled in Mayo Clinic (Rochester, MN) pri-

mary care practices (internal medicine, family medicine)

for at least 1 month in calendar year 2006 (2006 Primary

Care cohort). The 15þ years of age threshold was based on

the average age of first onset of depression and on the rise

in prevalence rates of non-congenital forms of HF begin-

ning at age 15 years.22,23 To ensure sufficient EHR data,

eligible cohort members had to have at least one medical

visit within 1.5 years after their index date and within the

time frame between 1.5 years and 5 years before their index

date. The Mayo Clinic Institutional Review Board

approved the study prior to data collection.

Study cohorts

In order to examine the bi-directional association between

depression and HF, two cohorts were extracted using EHRs

from the health records of the 2006 Primary Care cohort

members—a depression cohort and a heart failure cohort

(see Figure 1). Each is described below, beginning with the

depression cohort.

Depression cohort. A validated EHR-based algorithm that

utilized a combination of natural language processing and

diagnosis codes was applied to identify cases of depression.

The case definition of depression required the presence of

an ICD-9 diagnosis code (296.2[0–6], 296.3[0–6], 296.82,

298.0, 300.4, or 311) and a depressive disorder term (major

depressive disorder, major depression, depressive disorder,

depression, dysthymic disorder, persistent depressive dis-

order, depressive disorder not otherwise specified [NOS],

depressive disorder not elsewhere classified [NEC]) in the

EHR text. We did not require the presence of an antide-

pressant drug ingredient term in the EHR text or electronic

prescription records given that many depressed patients do

not require pharmacotherapy and can be effectively man-

aged using evidence-based psychosocial treatments.24,25

The EHR-based definition of depression was first validated

in the Primary Care cohort using a random sample of EHRs

from 100 unique patients (50 cases and 50 controls), using

manual records review as a gold standard (PPV 0.76,

NPV 1.0). The algorithm was then applied to the EHR data

from all cohort members through December 31, 2018. For

people with depression, the index date was defined as the

first date during this time window on which the algorithm
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definition was met. People with depression were matched

(by ageþ5 years, sex,þ5 calendar years of index date, and

having at least one outpatient visit during the index year)

with a non-depressed 2006 Primary Care cohort member.

For people without depression, the index date was defined

as the date of the closest clinic visit within 5 years of the

index date for the matched cohort member with depression.

Heart failure cohort. An EHR-based algorithm was also

applied to the 2006 Primary Care cohort through December

31, 2018, to identify people with HF (see Supplemental

Table 1). The HF algorithm, which utilized ICD-9 diagno-

sis codes (ICD-9 428), mentions of HF diagnoses in elec-

tronic inpatient and outpatient clinical notes, and ejection

fraction measurements within 6–12 months of a HF diag-

nosis date, was developed and then validated on a sample of

6,922 records from the Mayo Genome Consortium

(MayoGC)/eMERGE cohort.26 Using manual review of

medical records, the HF algorithm had a PPV of 0.94.26

Where EF data were available, the HF algorithm was also

used to further classify people with HF as having preserved

(HFpEF) and reduced ejection fraction (HFrER), as defined

by an EF cutoff of 50%.27,28 The index date for people with

HF was the first date on which the HF algorithm definition

was met. People with HF were matched by the same para-

meters as for the depression cohort with a 2006 Primary

Care cohort member that did not have HF. For people with-

out HF, the index date was defined using the same proce-

dures as for the depression cohort.

Endpoints

For the depression cohort, the endpoint of interest was

newly diagnosed HF using the EHR-based HF algorithm

described above. For the HF cohort, the endpoint of interest

was newly diagnosed depression using the EHR-based

depression algorithm. Therefore, persons in the depression

cohort with evidence of HF (using the EHR-based HF algo-

rithm) and persons in the HF cohort with evidence of

depression (using the EHR-based depression algorithm)

in the 5 years preceding the index dates were excluded.

Follow-up

Members of the depression and HF cohorts were followed

longitudinally using EHR data from their respective index

dates until the first of the following dates: (a) the end of the

study (December 31, 2018); (b) date of death; (c) date that

one of the study endpoints was reached (newly diagnosed

HF in the depression cohort or newly diagnosed depression

in the HF cohort); or (d) the last follow-up date, defined as

the date of the last primary care visit.

Figure 1. Study design and assembly of cohort of patients who received primary care in the Mayo Clinic (Rochester, MN) 2006 Primary
Care cohort. EHR ¼ electronic health records; HF ¼ heart failure. a A total of 11,711 pairs of individuals who met the algorithm
definition of depression and paired non-depressed referents were identified. Of 11,711 pairs, 161 were dropped due to inability to
match on all parameters, 398 were dropped due to having a HF diagnosis on or within the 5 years preceding the index date (considered
to have prevalent HF), and 646 were dropped due to having zero days of follow-up. A total of 143 pairs were added back after
rematching, bringing the total number of pairs in the depression cohort to 10,649. b A total of 8,288 pairs of individuals who met the
algorithm definition of HF and paired non-HF referents were identified. Of the 8,288 pairs, 270 were dropped due to inability to match
on all parameters, 2,474 were dropped due to having a depression diagnosis on or within the 5 years preceding the index date
(considered to have prevalent depression), and 317 were dropped due to having zero days of follow-up. A total of 684 pairs were added
back after rematching, bringing the total number of pairs in the HF cohort to 5,911.
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We computed a measure of completeness of follow-up for

each cohort as a ratio of the total observed person-time and the

total potential person-time, where potential person-time was

the time from first medical visit until the event of interest, if

one occurred, or the cut-off date where the latter was defined

to be date of the last person in the cohort’s last medical visit.29

For the depression cohort the measure of completeness was

82.1% (84.9% for depression cases and 79.7% for non-

depressed referents); for the heart failure cohort, the measure

of completeness was 92.1% (89.4% for HF cases and 85.8%
for non-HF controls). Measures of completeness were 92.1%
for the depression cohort and 104.5% for the HF cohort after

reassigning the last date to 1 year earlier, indicating that much

of the censoring occurred in the last year rather than being due

to earlier loss to follow-up.

Covariates

Information on age at cohort entry, sex, education level, and

self-reported race were retrieved electronically from the

EHRs of all depression and HF cohort members. Education

level was classified at seven levels: missing information on

education, eighth grade or lower (or �8 years of education);

some high school (9–11 years of education); high school

diploma (12 years of education) or general equivalency

diploma (GED); some college (13–15 years of education);

4-year college degree (16 years of education); and postgrad-

uate (>16 years of education). International Classification of

Diseases (ICD-9, ICD-10) and Hospital International Clas-

sification of Diseases (HICDA) diagnosis codes were also

retrieved electronically for all depression and HF cohort

members, and were grouped into 16 sets of chronic health

conditions (see Supplemental Table 1). The 16 conditions

were selected based on a modification of an original list of

20 chronic conditions recommended to study multimorbid-

ity.30 Depression and HF were excluded because they were

either main exposures or endpoints, depending on which of

the two study cohorts (depression or HF) was under consid-

eration. Human immunodeficiency virus infection and aut-

ism were excluded due to low prevalence in the underlying

population.31 For each condition, we required at least two

diagnosis codes (either the identical code or two different

codes within the same code set) separated by >30 days and

occurring within the 5 years prior to the index date to reduce

false-positive or “suspect” or “rule-out” diagnoses. As a

general measure of multimorbidity, we also calculated a

Charlson Comorbidity Index score for each cohort member,

using previously described methods.32

Statistical analysis

Descriptive statistics were used to summarize the demo-

graphic and clinical characteristics of the study cohorts.

The relationships between depression status at baseline and

newly diagnosed HF during follow-up were assessed using

marginal Cox proportional hazard models, beginning with

univariable models. In the HF cohort, a similar approach

was conducted to test the association between HF status at

baseline and newly diagnosed depression during follow-up.

Multivariable models were then fitted, adjusting for: (1)

Charlson Comorbidity Index scores; (2) a subset of 16

comorbid chronic conditions that were selected using a

step-wise approach (stepwise-adjusted model); and (3) all

16 chronic conditions and education level (fully adjusted

model). For the HF cohort, fully adjusted marginal Cox

modeling was repeated with follow-up time censored at

5 years, to investigate the impact of shorter survival time

in HF patients on the HF-depression association. Stratified

marginal Cox models were run to examine the risk of newly

diagnosed depression in persons with HFpEF and HFrEF.

All analyses were performed using SAS statistical software

(version 9.4, Cary, NC: SAS Institute Inc.).

Results

Individuals with depression and newly diagnosed HF

The demographic and clinical characteristics of depressed

cohort members and those without depression are summar-

ized in Table 1. The depression cohort was predominantly

middle-aged (mean age 49.5 years), Caucasian, and female.

The mean duration of follow-up was similar between

depressed and non-depressed cohort members (Table 1).

In the depression cohort, there were a total of 1,418 indi-

viduals with depression and newly diagnosed HF, and 606

non-depressed individuals with newly diagnosed HF. There

was a significantly higher risk of newly diagnosed HF in

depressed cohort members (HR 2.36, 95% CI 2.15–2.58),

as compared to people without depression (Table 2). As

shown in Table 2, the risk of newly diagnosed HF in depressed

cohort members remained high and statistically significant

after adjusting for Charlson Comorbidity Index score.

Several chronic medical conditions in addition to depres-

sion were also associated univariately with increased risk of

newly diagnosed HF (Supplemental Table 2). As shown in

Table 2, the risk of newly diagnosed HF was significantly

higher in depressed cohort members than non-depressed

cohort members after adjusting for these chronic conditions

in both step-wise and fully adjusted models.

Individuals with HF and newly diagnosed depression

Table 3 summarizes the demographic and clinical charac-

teristics of cohort members with HF and those without HF.

The HF cohort was predominantly elderly and Caucasian,

with a nearly equal proportion of men and women. The

mean duration of follow-up was similar between cohort

members with HF and without HF (Table 3).

A total of 533 people with HF and 411 people without

HF had newly diagnosed depression during follow-up.

There was a significantly higher risk of newly diagnosed

depression for cohort members with HF (HR 1.40, 95% CI
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1.24–1.59) than those without HF (Table 4). The higher risk

of newly diagnosed depression in cohort members with HF

remained statistically significant after adjusting for Charl-

son Comorbidity Index score (Table 4). As shown in Sup-

plemental Table 3, several individual chronic medical

conditions were also associated with newly diagnosed

depression in univariable analyses. Significantly higher

risks of newly diagnosed depression in cohort members

with HF (versus those without HF) were observed after

adjusting for these comorbid conditions in both step-wise

and fully adjusted Cox models (Table 4). The main findings

in the HF cohort were supported by fully adjusted Cox

models censored at 5 years.

Of the 5,911 people with HF, a total of 3,839 (65%) had

EF data. Of these, 2,706 people with HF had EF � 50% and

were classified as having HFpEF. The remaining 1,133

Table 1. Characteristics of 10,649 people with depression and 10,649 people without depression in the 2006 Primary Care cohort.

With Depression Without Depressiona

N ¼ 10,649 N ¼ 10,649

Mean (SD) Mean (SD)
Age, yrs. 49.5 (19.1) 49.5 (19.1)

Charlson comorbidity index scoreb 1.6 (2.2) 1.3 (1.9)
Follow-up time, years 6.3 (3.7) 6.4 (3.7)

N (%) N (%)
Female sex 6,353 (59.7) 6,353 (59.7)
Race

Caucasian 9,771 (91.8) 9,607 (90.2)
African-American/Black 255 (2.4) 216 (2.0)
Asian 217 (2.0) 355 (3.3)
American Indian/Alaskan native 27 (0.3) 11 (0.1)
Hawaiian/Pacific Islander 8 (0.1) 10 (0.1)
Other 259 (2.4) 206 (1.9)
Unknown/missingc 112 (1.1) 244 (2.3)

Education level
Eighth grade or lower 240 (2.6) 180 (1.9)
Some high school 392 (4.2) 279 (2.9)
High school graduate/GEDd 2,340 (25.2) 2,113 (22.0)
Some college 3,094 (33.3) 2,976 (31.0)
Four-year college degree 1,834 (19.8) 2,206 (23.0)
Postgraduate education/degree 1,383 (14.9) 1,832 (19.1)
Missing/unknown 1,366 1,063

Comorbid chronic illnessese

Obesity, diagnosed 328 (3.1) 176 (1.7)
Atrial fibrillation 265 (2.5) 218 (2.0)
Arthritis 148 (1.4) 114 (1.1)
Asthma 655 (6.2) 476 (4.5)
Cancer 1,457 (13.7) 1,235 (11.6)
Chronic kidney disease 390 (3.7) 192 (1.8)
Chronic pulmonary disease 404 (3.8) 226 (2.1)
Dementia 272 (2.6) 81 (0.8)
Diabetes mellitus 1,766 (16.6) 1,422 (13.4)
Hepatitis 67 (0.6) 37 (0.3)

Hyperlipidemia 3,007 (28.2) 2,664 (25.0)
Hypertension 2,874 (27.0) 2,380 (22.3)
Ischemic heart disease 15 (0.1) 4 (0.0)
Osteoporosis 488 (4.6) 387 (3.6)
Schizophrenia 53 (0.5) 9 (0.1)
Stroke/cerebrovascular accident 289 (2.7) 153 (1.4)

There was no missing data for age, Charlson comorbidity index score, or sex; or for the 16 comorbid chronic illnesses.
aPeople with depression were matched with non-depressed 2006 Primary Care cohort members on age þ 5 years, sex, having at least one outpatient
visit during a window of þ 5 years of the study year, and having at least one primary care outpatient visit within 1.5 years of their index date and within
the time frame between 1.5 years and 5 years before their index date.

bRefers to Charlson Comorbidity Index score (severity- and age-weighted sum of diseases).
cUnknown/missing race included 54 depressed cohort members and 172 non-depressed cohort who chose not to disclose their race.
dGeneral equivalency degree (GED).
eDefined using International Classification of Diseases (ICD) and Hospital Adaptation of the International Classification of Diseases (HICDA) diagnosis
codes, as shown in Supplemental Table 1.
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patients had EF < 50% and were classified as having HFrEF.

In both step-wise and fully adjusted Cox models, the risk of

newly diagnosed depression was significantly higher in

cohort members with HFrEF (step-wise HR 2.08, 95% CI

1.56–2.76; fully adjusted HR 1.96, 95% CI 1.45–2.64) and

those with HFpEF (step-wise HR 1.57, 95% CI 1.30–1.91;

fully adjusted HR 1.57, 95% CI 1.28–1.92), as compared to

people without HF (Supplemental Tables 4 and 5).

Discussion

Prior research has focused on the associations between

newly diagnosed HF in depressed patients or on newly

diagnosed depression in people with HF using separate,

smaller cohorts. To our knowledge, this study is the first

to simultaneously examine the temporal, bi-directional

association between depression and HF within a single

Table 2. Hazard ratios (HR) (95% CI) for the risk of newly
diagnosed heart failure (HF) according to depression status in
the 2006 Primary Care cohort.

Hazard
ratio

95%
Confidence

Interval
P-value

Lower
bound

Upper
bound

Univariable model
Depressed 2.36 2.15 2.58 <0.0001
Non-depresseda Ref.

Adjusted for Charlson
Comorbidity index
Depressed 2.28 2.06 2.52 <0.0001
Non-depresseda Ref.

Adjusted for comorbid
conditions (stepwise)b

Depressed 2.03 1.84 2.23 <0.0001
Non-depresseda Ref.

Fully adjusted for comorbid
conditionsc

Depressed 2.03 1.84 2.23 <0.0001
Non-depresseda Ref.

The impact of depression on subsequent HF diagnosis was assessed using
marginal Cox proportional hazard models.
aPeople with depression were matched with non-depressed 2006 Primary
Care cohort members on age þ 5 years, sex, having at least one out-
patient visit during a window ofþ 5 years of the study year, and having at
least one primary care outpatient visit within 1.5 years of their index date
and within the time frame between 1.5 years and 5 years before their
index date.

bComorbid conditions were defined using ICD-9, ICD-10, and HICDA
diagnosis codes (see Supplemental Table 1). Covariates selected by step-
wise algorithm included education level, hypertension, chronic pulmon-
ary disease, atrial fibrillation, diabetes mellitus, cancer, osteoporosis,
asthma, hyperlipidemia, dementia, hepatitis, chronic kidney disease,
stroke/cerebrovascular accident, and arthritis.

cComorbid conditions were defined using ICD-9, ICD-10, and HICDA
diagnosis codes (see Supplemental Table 1). Covariates included in the
fully adjusted model included education level, hypertension, ischemic
heart disease, chronic pulmonary disease, atrial fibrillation, diabetes mel-
litus, cancer, osteoporosis, asthma, hyperlipidemia, dementia, hepatitis,
chronic kidney disease, stroke/cerebrovascular accident, arthritis, diag-
nosed obesity, and schizophrenia.

Table 3. Characteristics of 5,911 people with heart failure (HF)
and 5,911 people without HF in the 2006 Primary Care cohort.

With HF Without HFa

N ¼ 5,911 N ¼ 5,911

Mean (SD) Mean (SD)
Age, yrs. 70.3 (15.2) 70.2 (15.1)

Charlson comorbidity index scoreb 4.1 (2.6) 3.3 (2.2)
Follow-up time, years 3.6 (3.1) 3.9 (3.2)

N (%) N (%)
Female sex 3,004 (50.8) 3,004 (50.8)
Race

Caucasian 5,611 (94.9) 5,615 (95.0)
African-American/Black 92 (1.6) 63 (1.1)
Asian 93 (1.6) 122 (2.1)
American Indian/Alaskan native 5 (0.1) 3 (0.1)
Hawaiian/Pacific Islander 1 (0.0) 1 (0.0)
Other 79 (1.3) 60 (1.0)
Unknown/missingc 30 (0.5) 47 (0.8)

Education level
Eighth grade or lower 326 (6.1) 223 (4.1)
Some high school 274 (5.1) 159 (2.9)
High school graduate/GEDd 1,893 (35.3) 1,622 (29.6)
Some college 1,466 (27.4) 1,522 (27.7)
Four-year college degree 682 (12.7) 918 (16.7)
Postgraduate education/degree 718 (13.4) 1,041 (19.0)
Missing/unknown 552 426

Comorbid chronic illnessese

Obesity, diagnosed 504 (8.5) 198 (3.3)
Atrial fibrillation 1,070 (18.1) 281 (4.8)
Arthritis 205 (3.5) 112 (1.9)
Asthma 844 (14.3) 250 (4.2)
Cancer 1,665 (28.3) 1,501 (25.4)
Chronic kidney disease 979 (16.6) 324 (5.5)
Chronic pulmonary disease 830 (14.0) 237 (4.0)
Dementia 310 (5.2) 324 (5.5)
Diabetes mellitus 2,394 (40.5) 1,764 (29.8)
Hepatitis 62 (1.0) 37 (0.6)
Hyperlipidemia 3,558 (60.2) 3,025 (51.2)
Hypertension 3,884 (65.7) 2,901 (49.1)
Ischemic heart disease 68 (1.2) 20 (0.3)
Osteoporosis 663 (11.2) 580 (9.8)
Schizophrenia 82 (1.4) 45 (0.8)
Stroke/cerebrovascular accident 515 (8.7) 273 (4.6)

There was no missing data for age, Charlson comorbidity index score, or
sex; or for the 16 comorbid chronic illnesses.
aPeople with HF were matched with 2006 Primary Care cohort members
without HF on ageþ 5 years, sex, having at least one outpatient visit during
a window of þ 5 years of the study year, and having at least one primary
care outpatient visit within 1.5 years of their index date and within the time
frame between 1.5 years and 5 years before their index date.

bRefers to Charlson Comorbidity Index score (severity- and age-weighted
sum of diseases).

cUnknown/missing race included 20 cohort members with HF and 26
without HF who chose not to disclose their race.

dGeneral equivalency degree (GED).
eDefined using International Classification of Diseases (ICD) and Hospital
Adaptation of the International Classification of Diseases (HICDA) diag-
nosis codes, as shown in Supplemental Table 1.
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population using longitudinal data derived from EHRs. The

findings from this well-characterized cohort of 10,649

patients with diagnosed depression, 5,911 patients with

diagnosed HF, and equal numbers of matched non-

depressed or non-HF patients, provided evidence of a

bi-directional relationship between depression and HF.

These bi-directional associations remained significant after

adjusting for numerous general medical and mental health

comorbidities, and for overall chronic disease burden.

Depression status and newly diagnosed HF

In our study, depression was strongly associated with an

increased likelihood of newly diagnosed HF, after account-

ing for the potential effects of age, sex, and medical and

psychiatric comorbidity. Although some have failed to

demonstrate a significantly increased risk of HF in people

with depressive disorders or symptoms,15,16 our results are

consistent with findings from the majority of longitudinal

studies showing a significantly increased risk of HF in

people with diagnosed major depression,13 depressive syn-

dromes,8 and depressive symptoms.7,9–12,14

Our depression case definition included multiple unipo-

lar depression diagnoses rather than focusing solely on

major depression. This decision was based on evidence

from epidemiological studies showing that clinically sig-

nificant depressive symptoms are two to three times more

prevalent than major depression across a variety of treat-

ment settings,20 and that the impact of depressive disorders

on health status does not differ significantly between syn-

dromal forms of depression.33–35 Depression severity, how-

ever, appears to impact the risk of HF and HF outcomes.

A large prospective study of more than 62,000 adults

showed that the risk of newly diagnosed HF increased with

increasing depression severity.9 Other studies have shown

that all-cause mortality and the risk of rehospitalization are

higher in people with HF and major depression than HF

patients with minor or mild depression.36,37 Although

several cohort members in our study had depression scale

scores that were available for abstraction, this information

was not complete enough to conduct a valid analysis of HF

risk by depression severity.

Regardless of how it is defined, depression is associated

with co-occurring chronic illnesses that may be expected to

increase the risk of HF.38,39 Therefore, the association

between depression and HF is subject to confounding by

comorbidity. Our adjusted models included 16 common

chronic conditions that often co-occur with depression and

HF.40,41 The association between depression and newly

diagnosed HF remained significant after controlling for

these conditions, and the strength of association between

depression and newly diagnosed HF in our univariable

model attenuated to only a minor degree in the adjusted

models. Taken together, our findings suggest that depres-

sion increases the risk of HF independently of co-occurring

chronic somatic and mental health conditions.

We studied the effect of depression on HF risk across a

relatively wide age range. In our study, the inter-quartile

age range was 33–64 years—an important consideration

given the relatively young age of onset for most depressive

disorders,42 and increasing recognition of HF in middle-

aged and younger persons.43 The increased risk of HF in

depressed persons in our study is troubling given that the

mean age and average duration of follow-up in our depres-

sion cohort was 49.5 and 6.3 years, respectively; yet, peo-

ple at or above the age of 65 years account for over 80% of

prevalent HF cases in the U.S. and Europe.44 Indeed,

depression has been hypothesized as leading to the earlier

onset (or more rapid accumulation) of age-associated

comorbidity, a proxy for accelerated aging,45,46 than non-

depressed persons.47 Recent studies have also shown that

depression is associated with shorter telomere length,48 a

Table 4. Hazard ratios (HR) (95% CI) for the risk of newly
diagnosed depression according to heart failure status in the
2006 Primary Care cohort.

Hazard
ratio

95%
Confidence

Interval
P-value

Lower
bound

Upper
bound

Univariable model
Heart failure 1.40 1.24 1.59 <0.0001
No heart failurea Ref.

Adjusted for Charlson
Comorbidity index
Heart failure 1.38 1.21 1.58 <0.0001
No heart failurea Ref.

Adjusted for comorbid
conditions (stepwise)b

Heart failure 1.32 1.15 1.50 <0.0001
No heart failurea Ref.

Fully adjusted for comorbid
conditionsc

Heart failure 1.31 1.14 1.50 <0.0001
No heart failurea Ref.

The impact of HF on subsequent depression diagnosis was assessed using
marginal Cox proportional hazard models.
aPeople with HF were matched with 2006 Primary Care cohort members
without HF on age þ 5 years, sex, having at least one outpatient visit
during a window of þ 5 years of the study year, and having at least one
primary care outpatient visit within 1.5 years of their index date and
within the time frame between 1.5 years and 5 years before their index
date.

bComorbid conditions were defined using ICD-9, ICD-10, and HICDA
diagnosis codes (see Supplemental Table 1). Covariates selected by step-
wise algorithm included education level, hypertension, chronic pulmon-
ary disease, cancer, osteoporosis, asthma, hyperlipidemia, and arthritis.

cComorbid conditions were defined using ICD-9, ICD-10, and HICDA
diagnosis codes (see Supplemental Table 1). Covariates included in the
fully adjusted model included education level, hypertension, ischemic
heart disease, chronic pulmonary disease, atrial fibrillation, diabetes mel-
litus, cancer, osteoporosis, asthma, hyperlipidemia, dementia, hepatitis,
chronic kidney disease, stroke/cerebrovascular accident, arthritis, diag-
nosed obesity, and schizophrenia.
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measure of cellular aging, and that such effects appear to be

most pronounced for people with more severe and chronic

major depression.49 A number of other biological mediators

of aging are implicated in the pathophysiology of depressive

syndromes and HF, inviting speculation about shared neu-

roendocrine, inflammatory, genetic, epigenetic, and cellular

mechanisms50,51—important areas of potentially shared dis-

ease vulnerability that are in need of further study.

HF status and newly diagnosed depression

In our study, there was a significantly increased risk of

newly diagnosed depression in people with HF, as compared

to those without HF. The heightened risk of newly diagnosed

depression in HF patients also occurred independently of

age, sex, and medical and psychiatric comorbidity. The esti-

mated associations between HF status and newly diagnosed

depression from univariable models attenuated only slightly

in step-wise and fully adjusted models. Taken together, these

results established the independent and bi-directional asso-

ciation between depression and HF in this cohort.

There is surprisingly little evidence from longitudinal

studies pointing to increased risk of developing depression

in people with HF. Our results are consistent with those of a

cohort study of 5,095 elderly adults that documented asso-

ciations between HF and new-onset clinically significant

depressive symptoms and syndromes as a composite end-

point, and depressive syndromes separately.52 Others have

documented a high incidence of newly diagnosed depres-

sive syndromes or clinically significant depressive symp-

toms in people with HF, ranging from 6% (major

depression) to 21% (depressive symptoms).17,18 Our results

add to a growing evidence base pointing to a heightened

risk of newly diagnosed depression in people with HF.

The risk of newly diagnosed depression was signifi-

cantly increased in people with HFpEF and those with

HFrEF. Our findings are consistent with cross-sectional

data showing that depression occurs commonly in patients

with HFrEF and HFpEF,53 and with the results of a long-

itudinal study showing that depression predicts worse out-

comes in people with both HF subtypes—including

increased risk of cardiac death and HF rehospitalization

over 2 years of follow-up.54 To our knowledge, this is the

first longitudinal EHR-based study documenting the rela-

tionship between newly diagnosed depression in people

with HFpEF and HFrEF, separately. In our study, the asso-

ciation between HF and newly diagnosed depression

appeared to be stronger for the HFrEF individuals. It is

presently unknown if HFrEF truly has a stronger relation-

ship with depression than HFpEF, although several factors

could account for such a finding. These include the strong

associations between coronary artery disease and both

depression and HFrEF,55 and possible shared downstream

effects of excessive neurohormonal and inflammatory

activities that may serve as underlying pathophysiological

factors for both depression and pathological cardiac

remodeling associated with HFrEF.56,57 Only 65% of peo-

ple in our HF cohort had data on ejection fraction, which

limits the conclusions one can draw from this study about

the relationships between HF subtype (based on ejection

fraction) and the risk of newly diagnosed depression.

Implications

The evidence of a bi-directional association between

depression and HF in this study and the known adverse

impacts of each condition on important longitudinal out-

comes of the other highlight the important public health

implications of our results. Both depression and HF are

considered to be preventable and treatable conditions, sug-

gesting that aggressively treating depression may reduce

the occurrence of HF and vice-versa, provided that these

illnesses are causally related. A bi-directional causal asso-

ciation seems plausible based on the existence of a number

of potentially shared biological58–62 and behavioral factors

in depression and HF that are related to pathophysiology

and worse longitudinal outcome for both conditions.63–65

The importance of shared etiopathophysiological mechan-

isms and outcome-modifying factors between depression

and HF rests in the possibility that early interventions for

one condition may also prevent or provide benefit for the

other. For instance, the occurrence of depression in people

with HF negatively impacts adherence to medication, car-

diac rehabilitation, and other forms of treatment;65 and

there are important potential “downstream” impacts on

healthcare use and costs of care that are in need of further

investigation. However, there are still well-known chal-

lenges that remain with respect to leveraging existing treat-

ment modalities for reducing depressive symptoms in HF

patients and showing benefit for HF-specific outcomes

when depressive symptoms improve or remit.66,67 In

addition, though well-tolerated, flexibly dosed sertraline

(50–200 mg daily) failed to demonstrate significant anti-

depressive benefit versus placebo over 12 weeks of treat-

ment in 469 depressed HF patients (New York Heart

Association functional class II to IV) who participated in the

Sertraline Against Depression and Heart Disease in Chronic

Heart Failure (SADHART-CHF) Trial.68 Such observations

may weaken a causal link between depression and HF. Addi-

tionally, it has yet to be convincingly demonstrated that

reduced HF symptoms leads directly to improvement in

depression when the two conditions co-occur. In this work,

we were able to establish bi-directional associations between

depression and HF, but not causality given the observational

study design. We were also unable to assess the effects of

successful treatment of depression on the risk of newly diag-

nosed HF, or vice-versa, in this study.

Strengths and limitations

Our EHR-based cohort study had notable strengths. People

with depression and HF were carefully matched to
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unaffected referent patients in each of the study cohorts,

and our analyses robustly accounted for physical and men-

tal health multimorbidity. The data source for this study

permitted the simultaneous testing of two hypotheses—that

depression was associated with newly diagnosed HF and

that HF was associated with newly diagnosed depression—

in a single population of patients receiving medical care in

routine primary care settings. The use of EHRs allowed for

the comprehensive ascertainment of study data that

spanned the full range of medical care for each cohort

member, and permitted access to information with suffi-

cient detail to accurately define people with depression,

people with HF, and confounding factors that included a

wide range of chronic illnesses.

There were also limitations to our approach, in addition

to those already discussed. The data for our study consisted

of information in EHRs (including free text and diagnosis

codes). Although the records were comprehensive, they

were not collected for research purposes, and are thus sub-

ject to misclassification. However, misclassification in this

study was likely to be non-differential, so any resulting bias

would be toward the null. Our study cohorts were selected

from calendar year 2006, which assured reasonably com-

plete data from the electronic health records and an ade-

quate amount of follow-up time. Secular trends in the

diagnosis, treatment and prognosis of depression and HF,

however, could have impacts on the strength of association

between these two conditions as a function of time,

although we anticipate that such effects may have been

minimized, at least partially, by matching on calendar year

at index date. We lacked complete access to data on impor-

tant covariates, such as smoking, body mass index, and

dietary/health behaviors. We used level of education as a

broad measure of socioeconomic status, given the lack of a

more direct measure.69 Future studies of the relationship

between depression and HF will need to account for the

potential effects of more nuanced indicators of socioeco-

nomic status given its predictive effects on the develop-

ment of both conditions.70,71 We did not have complete

data on lifetime depression. Therefore, the algorithms used

to define depression may have identified recurrences of

depression rather than new cases.72 Future studies with

sound psychiatric assessments and follow-up starting in

early adulthood are needed to better-establish a link

between depression and HF. Associations in the other

direction (depression to HF) are less-problematic given that

HF is non-episodic and emerges later in life. The discre-

pancy in follow-up times between the depression and HF

cohorts also warrants further discussion because of the rea-

sonably high likelihood that it reflects differences in survi-

vorship. Although we demonstrated a significant

association between HF and newly diagnosed depression,

we did not have data on comparative death rates between

the study cohorts, which may have been helpful for deter-

mining if depletion of susceptible persons (for developing a

diagnosed episode of depression) may have led to an

underestimation of the risk of newly diagnosed depression

in the HF cohort. Only a small number of depression and

HF cohort members in our study had diagnosed ischemic

heart disease at baseline, which may have resulted in an

underestimation of the relationship between depression and

HF in either direction.73,74 However, our findings in

adjusted models that included ischemic heart disease were

in accord with separate models that adjusted for Charlson

Comorbidity Index scores, the latter of which included

myocardial infarction and correlated conditions such as

peripheral vascular disease, cerebrovascular disease, and

diabetes with evidence of end organ damage. Our cohort

consisted of mainly Caucasian individuals actively receiv-

ing primary care services within a single healthcare system

located in southeast Minnesota. Therefore, our findings

may not generalize to non-care-seeking individuals, or to

more racially and ethnically diverse populations residing

elsewhere. And finally, although the association between

depression and HF appeared to be stronger in the depres-

sion cohort than the HF cohort, this may reflect differences

in survivorship between the two cohorts. Therefore, our

results should not be interpreted as conclusive evidence

of a difference in the strength of associations between these

very different groups of patients.

Conclusion

This large, well-controlled cohort study using longitudinal

EHR data provides evidence that the relationship between

depression and HF is bi-directional, and that it occurs inde-

pendently of age, sex, and multimorbidity from common

chronic illnesses. The risk of newly diagnosed depression

appears to be increased in people with HFrEF and in people

with HFpEF.

Acknowledgement

We are indebted to Richard S Pendegraft, Department of Health

Sciences Research, Mayo Clinic, Rochester, MN, USA, for his

invaluable assistance with the electronic extraction of data needed

to complete the study.

Declaration of conflicting interests

The author(s) declared the following potential conflicts of interest

with respect to the research, authorship, and/or publication of this

article: WVB’s research has been supported by AHRQ, NIMH,

and the Mayo Foundation for Medical Education and Research.

He has contributed chapters on the treatment of bipolar disorders

to UpToDate. LTC’s research has been supported by NHLBI and

the Mayo Foundation for Medical Education and Research.

VLR’s research has been supported by NHLBI, PCORI and the

Mayo Foundation for Medical Education and Research. JP’s

research has been supported by NIH, AHRQ, PCORI, NSF, Weill

Cornell Medicine BioVentures, American Heart Association and

Merck Pharmaceuticals. He is the founder of and has equity own-

ership at Iris OB Health Inc. The remaining authors declare no

conflict of interest.

Bobo et al. 9



Funding

The author(s) disclosed receipt of the following financial support

for the research, authorship, and/or publication of this article: This

study was supported by AHRQ grant R01HS023077 and the

Mayo Clinic Foundation for Medical Education and Research.

The funders had no role in the study design, management, anal-

ysis, interpretation of study data; or preparation, review, or

approval of the manuscript; or decision to submit the manuscript

for publication.

ORCID iDs

William V Bobo https://orcid.org/0000-0002-5674-3079

Alanna M Chamberlain https://orcid.org/0000-0003-1888-

9584

Supplemental material

Supplemental material for this article is available online.

References

1. World Health Organization. Depression and other common

mental disorders: global health estimates. Geneva: World

Health Organization, 2017. Licence: CC BY-NC-SA 3.0

IGO.

2. Hunt SA, Abraham WT, Chin MH, et al. ACC/AHA 2005

guideline update for the diagnosis and management of

chronic heart failure in the adult: a report of the American

College of Cardiology/American Heart Association Task

Force on Practice Guidelines (Writing Committee to Update

the 2001 Guidelines for the Evaluation and Management of

Heart Failure): developed in collaboration with the American

College of Chest Physicians and the International Society for

Heart and Lung Transplantation: endorsed by the Heart

Rhythm Society. Circulation 2005; 112: e154–e235.

3. Roger VL, Go AS, Lloyd-Jones DM, et al. Heart disease and

stroke statistics—2012 update: a report from the American

Heart Association. Circulation 2012; 125: 188–197.

4. Hare DL, Toukhasti SR, Johansson P, et al. Depression and

cardiovascular disease: a clinical review. Eur Heart J 2014;

35: 1365–1372.

5. Rutledge T, Reis VA, Linke SE, et al. Depression in heart

failure: a meta-analytic review of prevalence, intervention

effects, and associations with clinical outcomes. J Am Coll

Cardiol 2006; 48: 1527–1537.

6. Liu CH, Wang JH, Cheng YH, et al. Is heart failure associated

with risk of suicide? J Card Fail 2018; 24: 795–800.

7. Abramson J, Berger A, Krumholz HM, et al. Depression and

risk of heart failure among older persons with isolated sys-

tolic hypertension. Arch Intern Med 2001; 161: 1725–1730.

8. Garfield LD, Scherrer JF, Haputman PJ, et al. Association of

anxiety disorders and depression with incident heart failure.

Psychosom Med 2014; 76: 128–136.

9. Gustad LT, Laugsand LE, Janszky I, et al. Symptoms of

anxiety and depression and risk of heart failure: the HUNT

study. Eur J Heart Failure 2014; 16: 861–870.

10. Kamphuis MH, Kalmijn S, Tijhuis MA, et al. Depressive

symptoms as risk factor of cardiovascular mortality in older

European men: the Finland, Italy and Netherlands Elderly

(FINE) study. Eur J Cardiovasc Prev Rehabil 2006; 13:

199–206.

11. van den Broek KC, Defilippi CR, Christenson RH, et al. Pre-

dictive value of depressive symptoms and B-type natriuretic

peptide for new-onset heart failure and mortality. Am J Car-

diol 2011; 107: 723–729.

12. Wang Y, Yang H, Nolan M, et al. Association of depression

with evolution of heart failure in patients with type 2 diabetes

mellitus. Cardiovasc Diabetol 2018; 17: 19.

13. White JR, Chang C-CH, So-Armah KA, et al. Depression and

HIV infection are risk factors for incident heart failure among

veterans: veterans aging cohort study. Circulation 2015; 132:

1630–1638.

14. Williams SA, Kasl SV, Heiat A, et al. Depression and risk of

heart failure among the elderly: a prospective community-

based study. Psychosom Med 2002; 64: 6–12.

15. Chen YT, Vaccarino V, Williams CS, et al. Risk factors for

heart failure in the elderly: a prospective community-based

study. Am J Med 1999; 106: 605–612.

16. Ogilvie RP, Everson-Rose SA, Longstreth WT Jr., et al. Psy-

chosocial factors and risk of incident heart failure: the multi-

ethnic study of atherosclerosis. Circ Heart Fail 2016; 9:

e002243.

17. Havranek EP, Spertus JA, Masoudi FA, et al. Predictors of

the onset of depressive symptoms in patients with heart

failure. J Am Coll Cardiol 2004; 44: 2333–2338.

18. Lossnitzer N, Herzog W, Stork S, et al. Incidence rates and

predictors of major and minor depression in patients with

heart failure. Int J Cardiol 2013; 167: 502–507.

19. Kessler RC, Chiu WT, Demler O, et al. Prevalence, severity,

and comorbidity of 12-month DSM-IV disorders in the

national comorbidity survey replication. Arch Gen Psychiatry

2005; 62: 617–627.

20. Meeks TW, Vahia IV, Lavretsky H, et al. A tune in “a minor”

can “b major”: a review of epidemiology, illness course, and

public health implications of subthreshold depression in older

adults. J Affect Disord 2011; 129: 126–142.

21. Radford MD, Arnold JM, Bennett SJ, et al. ACC/AHA key

data elements and definitions for measuring the clinical man-

agement and outcomes of patients with chronic heart failure:

a report of the American College of Cardiology/American

Heart Association Task Force on Clinical Data Standards

(Writing Committee to Develop Heart Failure Clinical Data

Standards): developed in collaboration with the American

College of Chest Physicians and the International Society for

Heart and Lung Transplantation: endorsed by the Heart Fail-

ure Society of America. Circulation 2005; 112: 1888–1916.

22. Lewinsohn PM, Clarke GN, Seeley JR, et al. Major depres-

sion in community adolescents: age at onset, episode dura-

tion, and time to recurrence. J Am Acad Child Adolesc

Psychiatry 1994; 33: 809–818.

23. GBD 2017 Disease and Injury Incidence and Prevalence Col-

laborators. Global, regional, and national incidence, preva-

lence, and years lived with disability for 354 diseases and

injuries for 195 countries and territories, 1990-2017: a

10 Journal of Comorbidity

https://orcid.org/0000-0002-5674-3079
https://orcid.org/0000-0002-5674-3079
https://orcid.org/0000-0002-5674-3079
https://orcid.org/0000-0003-1888-9584
https://orcid.org/0000-0003-1888-9584
https://orcid.org/0000-0003-1888-9584
https://orcid.org/0000-0003-1888-9584


systematic analysis for the Global Burden of Disease Study

2017. Lancet 2018; 392: 1789–1858.

24. Churchill R, Moore TH, Furukawa TA, et al. ‘Third wave’

cognitive and behavioral therapies versus treatment as usual

for depression. Cochrane Dababase Syst Rev 2013; (10):

CD008705.

25. Parikh SV, Segal ZV, Grigoriadis S, et al. Canadian network

for mood and anxiety treatments (CANMAT) clinical guide-

lines for the management of major depressive disorder in

adults. II. Psychotherapy alone or in combination with anti-

depressant medication. J Affect Disord 2009; 117(Suppl 1):

S15–S25.

26. Bielinski SJ, Pathak J, Carrell DS, et al. A robust

e-epidemiology tool in phenotyping heart failure with

differentiation for preserved and reduced ejection fraction:

the Electronic Medical Records and Genomics (eMERGE)

Network. J Cardiovasc Transl Res 2015; 8: 475–483.

27. Bursi F, Weston SA, Redfield MM, et al. Systolic and dia-

stolic heart failure in the community. JAMA 2006; 296:

2209–2216.

28. Owan TE, Hodge DO, Herges RM, et al. Trends in prevalence

and outcome of heart failure with preserved ejection fraction.

N Engl J Med 2006; 355: 251–259.

29. Clark TG, Altman DG and De Stavola BL. Quantification of

the completeness of follow-up. Lancet 2002; 359: 1309–1310.

30. Goodman RA, Posner SF, Huang ES, et al. Defining and

measuring chronic conditions: imperatives for research, pol-

icy, program, and practice. Prev Chronic Dis 2013; 10: E66.

31. Rocca WA, Boyd CM, Grossardt BR, et al. Prevalence of

multimorbidity in a geographically defined American popu-

lation: patterns by age, sex, and race/ethnicity. Mayo Clin

Proc 2014; 89: 1336–1349.

32. Quan H, Sundararajan V, Halfon P, et al. Coding algorithms

for defining comorbidities in ICD-9-CM and ICD-10 admin-

istrative data. Med Care 2005; 43: 1130–1139.

33. Ayuso-Mateos J, Nuevo R, Verdes E, et al. From depressive

symptoms to depressive disorders: the relevance of thresh-

olds. Br J Psychiatry 2010; 196: 365–371.

34. Furukawa TA, Konno W, Morinobu S, et al. Course and

outcome of depressive episodes: comparison between bipo-

lar, unipolar and subthreshold depression. Psychiatry Res

2000; 96: 211–220.

35. Maier W, Gansicke M and Weiffenbach O. The relationship

between major and subthreshold variants of unipolar depres-

sion. J Affect Disord 1997; 45: 41–51.

36. Fan H, Yu W, Zhang Q, et al. Depression after heart failure

and risk of cardiovascular and all-cause mortality: a meta-

analysis. Prev Med 2014; 63: 36–42.

37. Jiang W, Alexander J, Christopher E, et al. Relationship of

depression to increased risk of mortality and rehospitalization

in patients with congestive heart failure. Arch Intern Med

2001; 161: 1849–1856.

38. Adams KB and Moon H. Subthreshold depression: character-

istics and risk factors among vulnerable elders. Aging Ment

Health 2009; 13: 682–692.

39. Birk JL, Kronish IM, Moise N, et al. Depression and multi-

morbidity: considering temporal characteristics of the asso-

ciations between depression and multiple chronic diseases.

Health Psychol 2019; 38: 802–811.

40. Bobo WV, Yawn BP, St Sauver JL, et al. Prevalence of

combined somatic and mental health multimorbidity: patterns

by age, sex, and race/ethnicity. J Gerontol A Biol Sci Med Sci

2016; 71: 1483–1491.

41. Chamberlain AM, St Sauver JL, Gerber Y, et al. Multimor-

bidity in heart failure: a community perspective. Am J Med

2015; 128: 38–45.

42. Kessler RC, Amminger GP, Aguilar-Gaxiola S, et al. Age of

onset of mental disorders: a review of recent literature. Curr

Opin Psychiatry 2007; 20: 359–364.

43. Gidding SS, Lloyd-Jones D, Lima J, et al. Prevalence of

American heart association heart failure stages in black and

white young and middle-aged adults: the CARDIA Study.

Circulation 2019; 12: e005730.

44. Bui AL, Horwich TB and Fonarow GC. Epidemiology and

risk profile of heart failure. Nat Rev Cardiol 2011; 8: 30–41.

45. Fabbri E, An Y, Zoli M, et al. Association between acceler-

ated multimorbidity and age-related cognitive decline in

older Baltimore longitudinal study of aging participants with-

out dementia. J Am Geriatr Soc 2016; 64: 965–972.

46. Kennedy BK, Berger SL, Brunet A, et al. Geroscience: link-

ing aging to chronic disease. Cell 2014; 159: 709–713.

47. Xu X, Mishra GD, Dobson AJ, et al. Progression of diabetes,

heart disease, and stroke multimorbidity in middle-aged

women: a 20-year cohort study. PLoS Med 2018; 15:

e1002516.

48. Lin PY, Huang YC and Hung CF. Shortened telomere length

in patients with depression: a meta-analytic study. J Psychiatr

Res 2016; 76: 84–93.

49. Verhoeven JE, Revesz D, Epel ES, et al. Major depressive

disorder and accelerated cellular aging: Results from a large

psychiatric cohort study. Mol Psychiatry 2014; 19: 895–901.

50. Li H, Hastings MH, Rhee J, et al. Targeting age-related path-

ways in heart failure. Circ Res 2020; 126: 533–551.

51. Wolkowitz OM, Reus VI and Mellon SH. Of sound mind and

body: depression, disease, and accelerated aging. Dialogues

Clin Neurosci 2011; 13: 25–39.

52. Luijendijk HJ, Tiemeier H, van den Berg JF, et al. Heart

failure and incident late-life depression. J Am Geriatr Soc

2010; 58: 1441–1448.

53. Warraich H, Kitzman D, Whellan D, et al. Physical function,

quality of life, and depression in elderly, hospitalized patients

with acute decompensated heart failure with preserved versus

reduced ejection fraction: analysis from the REHAB-HF trial.

J Am Coll Cardiol 2018; 71(11 suppl). DOI: 10.1016/S0735-

1097(18)32418-5.

54. Kato N, Kinugawa K, Shiga T, et al. Depressive symptoms

are common and associated with adverse clinical outcomes

in heart failure with reduced and preserved ejection fraction.

J Cardiol 2012; 60: 23–30.

55. McMurray JJ.Clinical practice. Systolic heart failure. N Engl

J Med 2010; 362: 228–238.

Bobo et al. 11



56. Dick SA and Epelman S. Chronic heart failure and inflam-

mation: What do we really know? Circulation Res 2016; 119:

159–176.

57. Packer M. The neurohormonal hypothesis: a theory to explain

the mechanism of disease progression in heart failure. J Am

Coll Cardiol 1992; 20: 248–254.

58. Bruce EC and Musselman DL. Depression alteration in plate-

let function and ischaemic heart disease. Psychosom Med

2005; 67(suppl 1): S34–S36.

59. Hughes JW, Watkins L, Blumenthal JA, et al. Depression and

anxiety symptoms are related to increased 24h-hour urinary

norepinephrine excretion among healthy middleaged women.

J Psychosom Res 2004; 57: 353–358.

60. Kop WJ and Gottdiener JS. The role of the immune system

parameters in the relationship between depression and coronary

artery disease. Psychosom Med 2005; 67(suppl 1): S37–S41.

61. Parissis JT, Fountoulaki K, Paraskedvaidis I, et al. Depression

in chronic heart failure: novel pathophysiological mechan-

isms and therapeutic approaches. Expert Opin Investig Drugs

2005; 14: 567–577.

62. Pasic J, Levy WC and Sullivan MD. Cytokines in depression

and heart failure. Psychosom Med 2003; 65: 181–193.

63. Cassano P and Fava M. Depression and public health: an

overview. J Psychosom Res 2002; 53: 849–857.

64. Duivis HE, de Jonge P, Penninx BW, et al. Depressive symp-

toms, health behaviors, and subsequent inflammation in

patients with coronary heart disease: prospective findings from

the heart and soul study. Am J Psychiatry 2011; 168: 913–920.

65. Nair N, Farmer C, Gongora E, et al. Commonality between

depression and heart failure. Am J Cardiol 2012; 109: 768–772.

66. Celano CM, Villegas AC, Albanese AM, et al. Depression

and anxiety in heart failure: a review. Harv Rev Psychiatry

2018; 26: 175–184.

67. Das A, Roy B, Schwarzer G, et al. Comparison of treatment

options for depression in heart failure: a network meta-anal-

ysis. J Psychiatr Res 2019; 108: 7–23.

68. O’Connor CM, Jiang W, Kuchibhatla M, et al. Safety and

efficacy of sertraline for depression in patients with heart

failure. Results of the SADHART-CHF (Sertraline Against

Depression and Heart Disease in Chronic Heart Failure) Trial.

J Am Coll Cardiol 2010; 56: 692–699.

69. Galobardes B, Shaw M, Lawlor DA, et al. Indicators of socio-

economic position (Part 1). J Epidemiol Community Health

2006; 60: 7–12.

70. Freeman A, Tyrovolas S, Koyanagi A, et al. The role of socio-

economic status in depression: results from the COURAGE

(aging survey in Europe). BMC Public Health 2016; 16(1):

1098.

71. Hawkins NM, Jhund PS, McMurray JJV, et al. Heart failure

and socioeconomic status: accumulating evidence of inequal-

ity. Eur J Heart Fail 2012; 14: 138–146.

72. Luijendijk HJ, van den Berg JF, Dekker MHHJ, et al. Inci-

dence and recurrence of late-life depression. Arch Gen Psy-

chiatry 2008; 65: 1394–1401.

73. Carney RM and Freedland KE. Depression in patients with

coronary heart disease. Am J Med 2008; 121(suppl 2):

S20–S27.

74. Yang H, Negishi K, Otahal P, et al. Clinical prediction of

incident heart failure risk: a systematic review and meta-anal-

ysis. Open Heart 2015; 2(1): c000222.

12 Journal of Comorbidity



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


