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Abstract
Background  Depression is more common in females than in males and is 3–5 times more prevalent in patients with heart 
failure (HF) than in the general population. The 9-item Patient Health Questionnaire (PHQ-9) is a validated depression 
screening instrument; higher sum-scores predict adverse clinical outcomes. Sex- and gender differences in PHQ-9 symptom 
profile, diagnostic and prognostic properties, and impact on health-related quality of life (HRQOL) have not been compre-
hensively studied in HF patients.
Methods and results  This post hoc analysis from the Interdisciplinary Network Heart Failure program enrolled 852/1022 
participants (67 ± 13 years, 28% female) who completed the PHQ-9 at hospital discharge after cardiac decompensation. All 
had a left ventricular ejection fraction ≤ 40%. Women had a higher mean PHQ-9 sum-score than men (8.4 ± 5.6 vs. 7.4 ± 5.5; 
p = 0.027), and higher proportions rated the following items ≥ 2 (i.e., present on ≥ 50% of days): ‘feeling down, hopeless’ 
(25.8 vs. 18.0%; p = 0.011); ‘fatigue’ (51.9 vs. 37.2%; p < 0.001); and ‘trouble concentrating’ (21.6 vs. 15.4%; p = 0.032). 
A PHQ-9 sum-score ≥ 10 predicted increased mortality in women [hazard ratio 1.91 (95% confidence interval 1.06–3.43); 
p = 0.030] and men [2.10 (1.43–3.09); p < 0.001] and was associated with worse HRQOL (p < 0.001 for all comparisons). 
Sum-scores ≥ 10 predicted higher re-hospitalization rates in men only [1.35 (1.08–1.69); p = 0.008].
Conclusions  Differences in several PHQ-9 items indicated sex- or gender-specific depression symptomatology in HF. For 
both sexes, HRQOL and survival were worse when PHQ-9 sum-score was ≥ 10, but higher sum-scores predicted higher re-
hospitalization rates in men only. Considering these specific aspects might help optimize care strategies in HF.
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Introduction

Increasing longevity in industrialized countries and better 
treatment of acute cardiovascular conditions contribute to 
increases in heart failure (HF) prevalence. Although the 

lifetime risk of HF appears comparable in elderly women 
and men [1], HF phenotype and age of HF onset differ 
between sexes with women surpassing male prevalence rates 
when older than 75 years. Furthermore, baseline risk factors 
and predominant HF aetiologies vary between sexes, with 
possible differential impact on prognosis [2]. For example, 
diabetes has been shown to be a stronger risk factor for HF 
in women [3], who are also at higher risk of developing 
HF in the presence of hypertension [4]. In the past, women 
have been under-represented in most HF treatment trials [5]. 
Therefore, evidence on whether females respond differently 
from males to HF therapies is limited, and sex-specific mor-
tality data from large clinical trials are inconsistent [2, 6]. 
Remarkably, patient sex was not considered even in the most 
recent systematic review of the main mechanisms of action 
of HF disease management interventions [7].

In the general population, depression is more common 
in women than in men [8]. It has been suggested that this 
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difference might mainly be due to higher rates of sleep and 
appetite disorders and fatigue (‘somatic’ depressive symp-
toms) in women, while sex differences in other criteria, such 
as loss of interest or guilt (termed ‘pure’ depressive symptoms 
by the authors), were found to be much smaller [9]. In HF, 
depression is one of the most common comorbidities, affect-
ing 20–40% of patients depending on HF severity, and preva-
lence rates are also higher in females [10]. Sex difference data 
are not consistent, however. For example, Heo et al. found in 
HF patients that only in women functional status measured 
by the New York Heart Association (NYHA) class mediated 
the effects of depression on HRQOL, while in men depres-
sion affected HRQOL in multivariable analysis [11]. When 
investigating predictors of depression, Eastwood et al. showed 
that correlates differed between sexes, with financial status, 
functional capacity, health perception and anxiety constituting 
major determinants in men, while body mass index, perceived 
control and anxiety were associated with depression in women 
[12]. When the 9-item Patient Health Questionnaire (PHQ-9) 
[13] was employed to assess depressive symptom patterns in 
patients with coronary disease, only minor gender differences 
were observed [14].

The PHQ-9 is often used in patients with cardiovascular 
disorders, and recommended by the American Heart Asso-
ciation for depression screening [15]. PHQ-9 items reflect 
Diagnostic and Statistical Manual of Mental Disorder (DSM) 
depression criteria. The PHQ-9 sum score is a powerful pre-
dictor of prognosis in HF patients, with adverse clinical out-
come rates proportional to symptom severity [16–18].

To our knowledge, no studies have so far focused spe-
cifically on sex differences in single item PHQ-9 scores in 
patients with HF, and it is unknown whether the prognos-
tic impact of PHQ-9-assessed depressive symptoms varies 
between women and men. This study sought to clarify to 
what extent differences in HF characteristics between sexes 
are accompanied by emotional differences, and whether 
depressive symptoms relate to clinical outcomes differen-
tially in women versus men. We, therefore, compared base-
line demographics, clinical features, laboratory findings, 
and depressive symptom patterns according to the PHQ-9 
between female and male patients hospitalized for acute sys-
tolic HF and undergoing psychometric assessment before 
discharge. Sex differences in the relationship of depression 
with death and re-hospitalization rates over 540-days’ fol-
low-up and with HRQOL were also investigated.

Methods

Study flow

The Interdisciplinary Network Heart Failure (INH) pro-
gram (ISRCTN 23325295) evaluated telephone-based, 

nurse-coordinated disease management (HeartNetCare-
HF™) after discharge compared with usual care in patients 
hospitalized for cardiac decompensation [19]. Of 1022 con-
secutive participants recruited at nine hospitals, 852 com-
pleted the PHQ-9 at baseline and qualified for this post hoc 
analysis. Eligibility criteria were the same as in the primary 
INH Study, including a left ventricular ejection fraction 
(LVEF) ≤ 40% at discharge [19]. All responsible ethics com-
mittees approved the INH study protocol, and the investiga-
tion conforms with the principles outlined in the Declaration 
of Helsinki.

Follow-up was centralized and performed 6-monthly 
either during an outpatient visit or using a structured tel-
ephone interview. No patient was lost to follow-up. Medi-
cal records were used to track hospital readmissions, and 
death certificates to ascertain the date of death in deceased 
patients.

Baseline examination

All participants underwent standardized clinical evaluation 
before discharge. In addition to psychometric assessment, 
medical history, physical examination, electrocardiogram, 
routine laboratory testing, and standardized echocardiogra-
phy were recorded.

Depressive symptoms were assessed using the PHQ-9 
(German version) [13]. The questionnaire asks how often 
nine of the most important symptoms of depression accord-
ing to DSM criteria were present in the past fortnight. Pos-
sible answers are ‘not at all’, ‘several days’, ‘more than half 
the days’, and ‘nearly every day’. Each PHQ-9 item yields a 
score of 0–3 (sum-score 0–27), with higher values indicating 
more severe depression.

HRQOL was measured using the German version of the 
Kansas City Cardiomyopathy Questionnaire (KCCQ) [20], a 
23-item self-assessment questionnaire (score range, 0–100), 
with higher scores indicating better HRQOL.

Statistical analyses

Baseline demographics, physical status, symptoms and diag-
nostic variables were compared between sexes, and in sub-
groups with and without depression (PHQ-9 sum-score ≥ 10 
and  > 10, respectively) using Student’s t test, Mann–Whit-
ney U test or Pearson Chi-square test as appropriate. Mean 
PHQ-9 sum-scores and the proportion of patients with clini-
cally relevant score elevation on each individual PHQ-9 item 
(≥ 2, indicating symptom presence on ≥ 50% of days) were 
also compared. Analyses were repeated for both sexes in the 
non-depressed and depressed subgroups.

Cox proportional hazard regression analysis was used to 
identify differences in all-cause mortality and re-hospitali-
zation risk between depressed and non-depressed patients of 
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both sexes. Hazard ratios (HR) and 95% confidence inter-
vals (CI) were calculated, and Kaplan–Meier curves cre-
ated. Associations between continuous PHQ-9 sum-scores 
and clinical outcome variables were assessed. Event-free 
patients were censored at 540 days. To study relationships 
between depression, sex and HRQOL, we used linear regres-
sion analysis with depression, sex and their interaction as 
independent variables and HRQOL as the dependent vari-
able. IBM SPSS version 23.0 software (Armonk, NY) was 
used. A two-tailed p value < 0.05 was considered statistically 
significant.

Results

Baseline characteristics

Baseline characteristics overall and by sex are detailed in 
Table 1. The majority of participants were male (71.4%). 
Women were significantly older and half of them were living 
alone compared with < 20% of men. Coronary artery disease 
(CAD) was the most common HF aetiology in both sexes, 
but ischemic HF was significantly less common in women. 
Various comorbidities were significantly more prevalent in 
women, who had also more severe HF symptoms, higher 
PHQ-9 sum-scores, used more antidepressants and had 
worse HRQOL.

Table  2 compares baseline characteristics for non-
depressed and depressed patients by sex. Diabetes, anae-
mia, higher heart rate, lower blood pressure, higher high-
sensitivity C-reactive protein levels, greater use of diuretics 
and less use of beta-blockers were linked with depression in 
men only. History of depression, more severe HF symptoms, 
higher amino-terminal pro-B-type natriuretic peptide (NT-
proBNP) levels and worse HRQOL were associated with 
depression in both sexes. Depressed women were less fre-
quently taking renin–angiotensin–aldosterone blockers and 
received the HeartNetCare-HF™ intervention less often, a 
trend also observed in men.

Depression profiling

Figure 1A shows proportions of patients with clinically rel-
evant scores (≥ 2, indicating symptom presence on ≥ 50% 
of all days) for individual PHQ-9 items. Except for item 
8 (‘psychomotor disturbance’), more women scored items 
≥ 2. The difference between sexes reached statistical signifi-
cance for items 2 (‘feeling down, depressed or hopeless’), 4 
(‘fatigue’) and 7 (‘trouble concentrating’). Women also had 
a higher mean PHQ-9 sum-score than men (8.4 ± 5.6 vs. 
7.4 ± 5.5; p = 0.027).

In non-depressed patients, higher proportions of men 
scored items 1 (‘loss of interest’) and 8 (‘psychomotor 

disturbance’) ≥2, while significantly more women expe-
rienced item 4 (‘fatigue’) on ≥ 50% of days (Fig. 1B). For 
depressed patients, proportions of scores ≥2 were simi-
lar in women and men except that significantly more men 
experienced item 8 (‘psychomotor disturbance’) on ≥50% 
of days (Fig. 1C).

Clinical outcomes

Forty-five women (19.1%) and 104 men (16.9%) died dur-
ing follow-up. Cumulative survival rates in women and 
men with and without depression are shown in Fig. 2A. 
Mortality risk was comparable between sexes, but mortal-
ity was higher in subjects with versus without depression 
[26.1% and 25.3% for depressed women and men versus 
14.6% and 12.6% for non-depressed women and men; cor-
responding HR values, 1.91 (95% CI 1.06–3.43; p = 0.030) 
and 2.10 (95% CI 1.43–3.10; p < 0.001)], respectively. The 
PHQ-9 sum-score also predicted all-cause mortality risk 
in both sexes when considered as a continuous variable 
(women: HR 1.06 per score point, 95% CI 1.01–1.12, 
p = 0.014, and men: HR 1.07 per score point, 95% CI 1.03 
1.10, p < 0.001).

Similar proportions of patients [346/616 men (56.2%) 
and 133/236 women (56.4%)] were hospitalized at least 
once during follow-up. Interestingly, hospitalization rates 
for women with PHQ-9 sum-scores ≥ 10 and < 10 were 
comparable (57.6% and 54.3%, respectively; HR 0.95, 95% 
CI 0.67–1.35, p = 0.793), while depressed men were hos-
pitalized significantly more often than non-depressed men 
(61.9% vs. 53.2%, p = 0.043, HR 1.35, 95% CI 1.08–1.69, 
p = 0.008) (Fig. 2b). When PHQ-9 sum-scores were con-
sidered as continuous variables, only depressed men had 
an increased re-hospitalization risk (HR 1.03 per score 
point, 95% CI 1.02–1.06, p < 0.001 vs. HR 1.01, 95% CI 
0.98–1.04, p = 0.71 in women).

Health‑related quality of life

HRQOL was seriously impaired in the overall study popu-
lation. Irrespective of mood, KCCQ Overall and Clini-
cal Summary Scores were always significantly lower in 
women, indicating worse HRQOL. Furthermore, there was 
a major adverse impact of depression on HRQOL in both 
sexes (p < 0.001 for both comparisons) (Fig. 3A, B).

Linear regression analysis revealed that both female 
sex and PHQ-9 depression had adverse effects on HRQOL 
(Table 3), but no interaction was apparent. Thus, the effect 
of depressive symptoms on HRQOL appeared comparable 
in women and men.
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Discussion

This study identified significant differences in demographic 
and HF characteristics and symptom patterns between sexes. 
Although depressive symptom patterns were similar over-
all, frequencies of several items differed, indicating diverg-
ing symptom perception between women and men. While 
associations of PHQ-9 sum-scores with the risk of all-cause 
death were comparable between sexes, men showed a link 
between depressed mood and higher re-hospitalization risk, 
whereas women did not.

Less than 30% of our study sample were female, 
although epidemiological data show that more than half 
of German HF patients are women [21]. Lower enrolment 
rates in clinical trials may be at least partly due to greater 
prevalence of HFpEF among women, making them ineli-
gible for studies with reduced LVEF as an inclusion crite-
rion [2]. Existing evidence suggests a specific female HF 
phenotype, and that baseline risk may, outside the devel-
opment of HF, impact differentially on prognosis in both 
sexes [2]. Similar to findings from the Italian Network 
on CHF [22] and from pharmacological trials in HFrEF 

Table 1   Patient characteristics at baseline, overall and by patient sex

Values are mean ± standard deviation, median (interquartile range) or number of patients (%), with percentage based on the number of patients 
with a non-missing value for that characteristic
ACE angiotensin-converting enzyme, ARB angiotensin-2 receptor blocker, HF heart failure, HNC HeartNetCare-HF™, hsCRP high-sensitivity 
C-reactive protein, KCCQ Kansas City Cardiomyopathy Questionnaire, LVEF left ventricular ejection fraction, NT-proBNP amino-terminal pro-
brain natriuretic peptide, NYHA New York Heart Association
a Based on t test for continuous variables
b Based on Chi-square test for categorical variables
c Based on Mann–Whitney U test for non-normally distributed values
d Measured by two-dimensional echocardiography (n = 859)

Overall (n = 852) Females (n = 236) Males (n = 616) p value

Age, years 67±13 70±13 66±12 < 0.001a

Living alone, n (%) 229 (26.9) 117 (49.6) 112 (18.2) < 0.001b

Heart rate, beats/min 80±19 84±21 78±18 < 0.001a

Mean arterial pressure, mmHg 86.7 (80.0–96.7) 86.7 (80.0–96.7) 86.8 (80.0–96.7) 0.750c

Predominant HF aetiology, n (%)
 Coronary artery disease 425 (49.9) 101 (42.8) 324 (52.6) 0.001b

 Other 427 (50.1) 135 (57.2) 292 (47.4)
HF characteristics and biomarkers
 NYHA class III–IV, n (%) 360 (42.3) 126 (53.4) 234 (38.0) < 0.001b

 LVEF, %d 31.0 (25.0–37.0) 30.0 (25.0–37.0) 31.0 (25.0–36.0) 0.906c

 NT-proBNP, pg/mL 2800.5 (1026.0–6545.0) 3639.0 (1377.0–8173.0) 2563.0 (925.5–6220.5) 0.004c

 hsCRP, mg/L 8.9 (3.2–23.6) 9.1 (3.5–23.3) 8.7 (3.1–23.8) 0.597c

Comorbidities, n (%)
 COPD 149 (17.5) 40 (16.9) 109 (17.7) 0.798b

 Diabetes mellitus 290 (34.0) 97 (41.1) 193 (31.3) 0.007b

 Anaemia 273 (32.0) 71 (30.1) 202 (32.8) 0.449b

 Hypertension 653 (76.2) 184 (78.0) 469 (71.8) 0.453b

 Chronic kidney disease 337 (39.6) 123 (52.1) 214 (34.7) < 0.001b

 History of depression 92 (10.8) 45 (19.1) 47 (7.6) < 0.001b

HF treatment, n (%)
 Diuretics 737 (86.5) 210 (89.0) 527 (85.6) 0.190b

 Beta-blockers 716 (84.0) 194 (82.2) 522 (84.7) 0.366b

 ACE inhibitor/ARB 764 (89.7) 212 (89.8) 552 (89.6) 0.925b

 Antidepressants 65 (7.6) 29 (12.3) 36 (5.8) < 0.001b

 Allocation to HeartNetCare-HF™ 420 (49.3) 117 (49.6) 303 (49.2) 0.919b

Psychometric assessment
 KCCQ overall summary score 56.8 (38.9–75.0) 47.9 (29.8–65.2) 59.4 (41.9–78.1) < 0.001c

 KCCQ clinical summary score 61.5 (42.6–79.7) 54.2 (32.0–70.1) 65.1 (46.3–83.3) < 0.001c

 PHQ-9 sum-score 7.7±5.5 8.4±5.6 7.4±5.5 0.027a
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Table 2   Patient characteristics at baseline, by patient sex and presence (PHQ-9 sum-score ≥ 10) or absence (PHQ-9 sum-score < 10) of depres-
sion

Values are mean ± standard deviation, median (interquartile range) or number of patients (%), with percentage based on the number of patients 
with a non-missing value for that characteristic
ACE angiotensin-converting enzyme, ARB angiotensin-2 receptor blocker, HF heart failure, HNC HeartNetCare-HF™, hsCRP high-sensitivity 
C-reactive protein, KCCQ Kansas City Cardiomyopathy Questionnaire, LVEF left ventricular ejection fraction, NT-proBNP amino-terminal pro-
brain natriuretic peptide, NYHA New York Heart Association
a Based on t test for continuous variables
b Based on Chi-square test for categorical variables
c Based on Mann–Whitney U test for non-normally distributed values
d Measured by two-dimensional echocardiography (n = 859)

Females Males

Non-depressed 
(n = 144)

Depressed (n = 92) p value Non-depressed 
(n = 423)

Depressed (n = 193) p value

Age, years 70 ± 12 71 ± 14 0.622a 65 ± 13 67 ± 11 0.208a

Living alone, n (%) 65 (27.5) 52 (22.0) 0.713b 77 (12.5) 35 (5.7) 0.945b

Heart rate, beats/min 83 ± 22 84 ± 19 0.821a 77 ± 19 81 ± 17 0.032a

Mean arterial pressure, 
mmHg

87.8 (79.5–96.7) 86.7 (80.0–93.3) 0.555c 88.3 (80.3–96.7) 86.7 (77.2–94.2) 0.048c

Predominant HF aetiology, n (%)
 Coronary artery 

disease
66 (45.8) 35 (38.0) 0.238b 218 (51.5) 106 (54.9) 0.435b

 Other 78 (54.2) 57 (62.0) 205 (48.5) 87 (45.1)
HF characteristics and biomarkers
 NYHA class III–IV, 

n (%)
68 (47.2) 58 (63.0) 0.017b 125 (29.6) 109 (56.5) < 0.001b

 LVEF, %d 30.0 (24.8–37.0) 30.0 (25.0–34.0) 0.257c 32.0 (25.0–37.0) 30.0 (25.0–36.3) 0.536c

 NT-proBNP, pg/mL 2509.0 (1029.0–
6444.0)

4709.0 (2314.0–
10535.0)

< 0.001c 2313.5 (820.5–5132.5) 3487.0 (1031.5–
8114.5)

0.010c

 hsCRP, mg/L 8.1 (3.4–19.4) 11.3 (3.5–26.4) 0.128c 7.7 (2.6–18.8) 14.5 (4.3–31.6) < 0.001c

Comorbidities, n (%)
 COPD 19 (12.8) 40 (26.8) 0.054b 69 (16.3) 40 (13.2) 0.183b

 Diabetes mellitus 60 (41.7) 37 (40.2) 0.825b 117 (27.7) 76 (39.4) 0.004b

 Anaemia 41 (17.4) 30 (12.7) 0.499b 123 (20.0) 79 (12.8) 0.004b

 Hypertension 113 (78.5) 71 (77.2) 0.814b 320 (75.6) 149 (77.2) 0.617b

 Chronic kidney 
disease

70 (48.6) 53 (57.6) 0.177b 137 (32.4) 77 (39.9) 0.069b

 History of depression 19 (13.2) 26 (28.3) < 0.001b 17 (4.0) 30 (15.5) < 0.001b

HF treatment, n (%)
 Diuretics 130 (90.3) 80 (87.0) 0.427b 347 (82.0) 180 (90.3) < 0.001b

 Beta-blockers 121 (84.0) 73 (79.3) 0.359b 367 (86.8) 155 (80.3) 0.039b

 ACE inhibitor/ARB 135 (93.8) 77 (83.7) 0.013b 379 (89.6) 173 (89.6) 0.988b

 Antidepressants 14 (9.7) 15 (16.3) 0.133b 12 (2.8) 24 (12.4) < 0.001b

 Allocation to Heart-
NetCare-HF™

80 (55.6) 37 (40.2) 0.022b 219 (51.8) 84 (43.5) 0.057b

Psychometric assessment
 KCCQ overall sum-

mary score
59.0 (47.2–74.0) 27.5 (17.6–40.1) < 0.001c 68.0 (53.9–83.7) 39.1 (25.5–53.6) < 0.001c

 KCCQ clinical sum-
mary score

62.1 (47.9–76.0) 31.6 (16.7–47.4) < 0.001c 74.0 (57.7–88.5) 45.8 (29.2–60.4) < 0.001c

 PHQ-9 sum-score 4.5 ± 2.7 14.4 ± 3.4 < 0.001a 4.3 ± 2.6 14.3 ± 3.6 < 0.001a
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populations (reviewed by Jessup and Pina) [2], female 
participants were significantly older, less likely to have 
an ischemic HF aetiology, and had worse HF symptoms, 
higher NT-proBNP levels and heart rate, and more diabe-
tes and renal dysfunction than males, while LVEF did not 
differ between sexes. Mortality rates in males and females 
were similar despite lower age and less severe HF in men, 

which is consistent with previous reports of comparatively 
better survival in female HF patients [2].

To our knowledge, this analysis is the first to compare 
depressive symptom patterns and the impact of depression 

Fig. 1   Proportion of females and males who scored any of the nine 
individual Patient Health Questionnaire (PHQ-9) items ≥ 2. Symp-
toms are: (1) Loss of interest; (2) Feeling down, depressed or hope-
less; (3) Sleeping problems; (4) Fatigue, loss of energy; (5) Appe-
tite change; (6) Feelings of failure; (7) Trouble concentrating; (8) 
Psychomotor changes; (9) Suicidal ideation. A  Entire study cohort 
(n = 852); B non-depressed patients (PHQ-9 sum-score < 10; n = 567); 
C depressed patients (PHQ-9 sum-score ≥10; n = 275)

Fig. 2   Prediction of all-cause death (A) and re-hospitalization (B) for 
females and males according to PHQ-9 sum-scores. CI confidence 
interval, HR hazard ratio, PHQ Patient Health Questionnaire
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on all-cause mortality and re-hospitalization risk and 
HRQOL between sexes in a HF population. Overall depres-
sion prevalence rates were similar to that reported in a meta-
analysis for women and men [10]. Frequencies of individual 

depressive symptoms based on proportions of PHQ-9 items 
rated ≥ 2 varied widely, consistent with data suggesting that 
the diagnosis of depression is based on a heterogeneous 
array of symptoms that can vary between individuals [14]. 

Fig. 3   Boxplots of Kansas City 
Cardiomyopathy Questionnaire 
(KCCQ) Overall (A) and Clini-
cal (B) Summary Scores by sex 
and presence/absence of depres-
sion (9-item Patient Health 
Questionnaire Score [PHQ-
9] ≥ 10 or < 10, respectively)

Table 3   Linear regression 
analysis of the impact of sex 
and depressive symptoms and 
their interaction with quality 
of life as measured by the 
Kansas City Cardiomyopathy 
Questionnaire

B unstandardized regression coefficient, Beta standardized regression coefficient, KCCQ CSS Kansas City 
Cardiomyopathy Questionnaire Clinical Summary Score, KCCQ OSS Kansas City Cardiomyopathy Ques-
tionnaire Overall Summary Score, PHQ-9 9-item Patient Health Questionnaire, R2 R-squared to assess 
goodness-of-fit, SE standard error

Beta B SE p value

KCCQ: OSS (R2 = 0.35)
 Sex (male = 1, female = 2) 0.15 8.07 1.54 < 0.001
 Depressive symptoms (PHQ-9 sum score ≥ 10) –0.57 –28.56 1.54 < 0.001
 Interaction of sex × depressive symptoms 0.01 1.28 3.08 0.68

KCCQ: CSS (R2 = 0.30)
 Sex (male = 1, female = 2) 0.17 9.68 1.68 < 0.001
 Depressive symptoms (PHQ-9 sum score ≥ 10) –0.51 –26.98 1.68 < 0.001
 Interaction of sex × depressive symptoms 0.01 0.68 3.37 0.84
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Given that many common complaints are also typical HF 
symptoms, our findings underscore the difficulty of diagnos-
ing and classifying depression in HF populations. Symptom 
patterns varied proportionally with PHQ-9 sum-scores < 10 
or ≥ 10 in our cohort, and none of the PHQ-9 items stood 
out specifically in the depressed subgroup to help explain 
increased mortality risk.

Overall, significantly more women scored PHQ-9 items 2, 
4 and 7 ≥ 2, consistent with existing data in patients with cor-
onary artery disease [14] and with observations that women 
generally report ‘somatic’ depressive symptoms more often 
[9], explaining higher overall depression prevalence. The 
significantly higher sum-score in women occurred because 
they also scored most other items ≥ 2 slightly more often. 
Differences between women and men in single items largely 
disappeared, however, when considering only depressed 
people. We and others have shown that, in addition to a his-
tory of depression, NYHA class and various comorbidities 
(e.g., systemic inflammation, chronic obstructive pulmonary 
disease, anaemia or diabetes) are powerful predictors of 
depression [14, 23], thus linking its prevalence and severity 
to typical somatic features and symptom severity of the HF 
syndrome [14, 18, 23–25]. Our analysis demonstrates that 
many predisposing factors were more common in women, 
but also that these characteristics predict depression in both 
sexes. Previous multivariable analyses in a similar cohort 
demonstrated that sex no longer provided incremental infor-
mation when a history of depression and NYHA class were 
entered into the model [23]. Sex-related differences in indi-
vidual characteristics and clinical symptom patterns of the 
HF syndrome may thus contribute to explaining the higher 
PHQ-9 sum-scores in our female participants.

There is evidence that patients with cardiovascular dis-
ease and comorbid depression experience higher mortality 
and hospitalization rates compared with their non-depressed 
counterparts [10, 16–18, 26]. Our results demonstrate that, 
independent of sex, depressive symptoms (according to 
baseline PHQ-9) double all-cause mortality risk over the 
next 540 days. Mortality rates did not differ between sexes, 
although women were significantly older, had a higher 
comorbidity burden, more severe HF, higher PHQ-9 sum-
scores, and worse functional status. This confirms previ-
ous reports of a relative survival advantage of women 
with symptomatic HFrEF compared with men [2], and is 
also in line with a meta-analysis showing that the associa-
tion between depression and cardiac prognosis was worse 
for men than for women after myocardial infarction [26]. 
However, our data do not provide a clue to the underlying 
mechanisms.

Depressed men had an increased re-hospitalization 
risk, and gender-related differences may have played a 
role here given that significantly fewer men lived alone. 
Thus, patients’ female partners might have interpreted their 

depressive symptoms as indicators of worsening HF and 
urged them to seek medical advice more often. In addi-
tion psychomotor changes, which were more frequent in 
depressed men, might have impacted unfavourably on re-
hospitalization rates. Whether the lack of statistical signifi-
cance for the association between depression and the risk of 
re-hospitalization in women indicates a true sex difference 
cannot be clarified conclusively from this analysis. Given the 
smaller size of the female sample, the risk of type II error 
was increased due to limited power.

Interestingly, higher proportions of both women and men 
allocated to HeartNetCare-HF™ were in the non-depressed 
subgroups. Randomization took place prior to any study-
related procedures, and therefore patients knew their thera-
peutic allocation when undergoing psychometry. Our obser-
vations could indicate that patients were hoping for symptom 
relief from HeartNetCare-HF™, which was explained to 
them before randomization, and that this impacted positively 
on their mood. They raise again questions regarding the 
nature of the depression construct captured by the PHQ-9 
and individual symptom perception. As our data indicate, 
most participants were unaware that they had depression 
prior to psychometry and may have interpreted their emo-
tional status as related to their medical illness. Although 
a validated tool frequently employed in HF research [12, 
16–19, 23–25, 27], the PHQ-9 was probably not capable of 
thoroughly disentangling the diverse mechanisms underly-
ing our patients’ complaints. Its prognostic utility was con-
firmed by our analysis, but higher sum-scores in women did 
not translate into augmented mortality risk. Considering 
the uncertain pathogenesis of many symptoms, therapeu-
tic strategies targeting individual PHQ-9 profiles might be 
more appropriate than focusing on depression based on a 
sum-score. Thus, clinicians might address PHQ-9 symptom 
patterns with their patients during individualized treatment 
planning and self-care education. Such a person-centered 
pragmatic approach might prove superior to antidepressant 
pharmacotherapy in many patients, given that evidence for 
efficacy of specific antidepressants is lacking in patients 
with HF. For example, selective serotonin re-uptake inhibi-
tors neither ameliorated depression nor improved clinical 
outcomes in previous randomized controlled trials in HF 
populations [27, 28].

Patients with HF experience compromised HRQOL [10, 
25], which decreases with increasing HF severity [25]. KCCQ 
scores ≤ 75 were previously associated with significant HF 
symptoms, limited functional status and worse outcomes [29], 
and between-group differences and intra-individual changes of 
≥ 5 points are considered clinically relevant [30]. Therefore, 
the difference of > 10 points in KCCQ Summary Scores indi-
cated substantially worse HRQOL in our female versus male 
participants. Patients with depression in addition to HF had 
even lower KCCQ scores. In a prospective study, a 5-point 
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change in KCCQ Summary Scores was associated with an 
11% change in the multivariable-adjusted hazard ratio for hos-
pitalization and cardiovascular death [31]. Our findings con-
firm that depression is associated with severely compromised 
HRQOL and worse clinical outcomes [25, 31, 32].Whether the 
independent negative impact of female sex on HRQOL was 
primarily mediated by more severe HF symptoms or partly 
due to more impaired health perception cannot be clarified 
from our data, which illustrate, however, that worse HRQOL 
in women did not translate into excess mortality.

Strengths and limitations

Strengths of our study include the large size, comprehensive 
clinical characterization and complete follow-up of our sample, 
which approximates a population-based HF cohort because the 
INH program had few exclusion criteria [19]. However, we 
may not have captured all gender- or sex-related differences, 
because the INH program did not record various demographic, 
psychosocial and behavioural factors shown to differentially 
correlate with depression in women and men [12]. Further-
more, our findings cannot be generalized to patients with 
new-onset structural heart disease or HFpEF, who were not 
eligible for INH participation. Although the PHQ-9 represents 
a well-established research tool in HF populations [12, 16–19, 
23–25, 27], its exclusive use without confirmation by Struc-
tured Clinical Interview poses a risk to construct validity in 
symptomatic HF patients, as also suggested by our results. 
We operationalized depression as a PHQ-9 score ≥ 10 because 
Kroenke et al. reported a sensitivity (specificity) of 88% (88%) 
for the diagnosis of major depressive disorder when using a 
PHQ-9 sum-score of ≥ 10 compared with Structured Clinical 
Interview [13], and meta-analysis reported no significant dif-
ferences in sensitivity or specificity within the 8–11 range [33]. 
Furthermore, the relationship between PHQ-9 sum-score and 
all-cause mortality risk was maintained when PHQ-9 sum-
score was used as a continuous variable. It therefore seems 
unlikely that higher cut-off values would have materially 
altered our results. As in many previous studies [10, 16–18], 
depressive symptoms were only assessed once. We were thus 
unable to investigate whether they changed over time, whether 
HeartNetCare-HF™ impacted differentially on depression in 
women and men, and whether changes in depression were 
associated with changes in mortality and re-hospitalization 
risk, although others have not found this to be the case [34].

Conclusion

This study demonstrated sex differences in clinical HF char-
acteristics, comorbidities, and symptom patterns in a large 
consecutive cohort of patients after acute cardiac decom-
pensation. Although females had more severe HF, lower 

HRQOL and more depressive symptoms than males, their 
mortality risk was similar. Depressive symptoms predicted 
worse survival in both sexes. Our findings suggest that using 
information from single PHQ-9 items may offer opportuni-
ties to develop individualized care strategies targeting both 
HF and depressive symptoms. This could potentially be a 
more effective approach to enhance outcomes and wellbeing 
than specific antidepressants that have been shown to neither 
ameliorate depression nor reduce clinical endpoints in these 
patients. Mediators and mechanisms underlying the differ-
ences between women and men remain unclear and require 
further evaluation in prospective controlled studies.
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