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Abstract

:

Heart failure and mental health conditions frequently coexist and have a negative impact on health-related quality of life and prognosis. We aimed to evaluate depression and anxiety symptoms and to determine the association between psychological distress and cardiac parameters in heart failure with reduced and mildly reduced ejection fraction. A total of 43 patients (33 male, mean age 64 ± 10 years) with heart failure and left ventricular systolic dysfunction (29 with HFrEF, 14 with HFmrEF) underwent comprehensive echocardiographic evaluation. All study participants completed questionnaires for the assessment of depression (PHQ-9), anxiety (GAD-7), and health-related quality of life (MLHFQ). Ten (34%) patients with HFrEF and two (14%) participants with HFmrEF had moderate-to-severe depression symptoms. Significant anxiety symptoms were more frequent in HFrEF (10 vs. 2 patients; 34% vs. 14%). Poor quality of life was also more common among patients with HFrEF (17 vs. 5 patients; 59% vs. 36%), showing higher MLHFQ scores (p = 0.009). Moreover, PHQ-9, GAD-7, and MLHFQ scores showed significant correlations between NYHA class severity and the presence of peripheral edema. The symptoms of dyspnea correlated with both PHQ-9 and MLHFQ scores. Significant correlations were observed between MLHFQ scores and a large number of clinical features, such as exercise capacity, 6MWT distance, the need for furosemide, echocardiographic parameters (LVEDVI, LVESVI, LVEF, LVGLS, SVI), and laboratory variables (albumin, GFR, NT-proBNP). In the multiple linear regression analysis, dyspnea proved to be a significant predictor of higher PHQ-9 and MLHFQ scores, even after adjusting for potential confounders. High symptom burden due to psychological distress is common among patients with HFrEF and HFmrEF. More efficient control of congestion may improve depression, anxiety symptoms, and health-related quality of life.
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1. Introduction


Heart failure (HF) remains a global healthcare challenge, with multimorbidity and the associated treatment burden affecting most patients. Although currently available guideline-directed medical and device therapy significantly improved morbidity and mortality, poor prognosis and low quality of life (QOL) remain further challenges [1,2].



Depression affects up to 20% of HF patients, negatively influencing disease outcomes and emotional well-being [1]. Both depression and HF show similar pathophysiological pathways, such as inflammation, increased platelet reactivity, arrhythmias, neuroendocrine dysregulation, high-risk behaviors, including smoking, poor physical health, and low adherence to treatment [3]. Depression has a negative impact on QOL, regardless of functional status, and emerged as an independent risk factor of poor outcomes in HF [3]. Current ESC HF guidelines provide recommendations for depression screening using validated questionnaires [1]. Medication, exercise training, and cognitive-behavioral therapy (CBT) improve depression symptoms in HF patients [3]. Moreover, left ventricular (LV) systolic dysfunction is predictive of depression and symptom severity in patients with myocardial infarction [4,5].



Other mental health conditions, such as anxiety, should also be promptly recognized and treated in HF [1]. Symptoms of anxiety are more common in HF with preserved ejection fraction (HFpEF) than in HF with reduced ejection fraction (HFrEF) [6]. Both anxiety and depression are reliable predictors of QOL in HFrEF [7].



Anxiety and depression worsen not only HF but also cardiovascular disease generally. In fact, anxiety proved to be a better predictor of serotonin-mediated platelet reactivity than depression in patients with stable coronary artery disease on dual antiplatelet therapy with clopidogrel plus aspirin three months after an acute coronary syndrome [8].



Adverse LV remodeling has a negative impact on morbidity and mortality in patients with HF [9]. LV volumes (especially LVESV) predict HF outcomes even after adjusting for LVEF and infarct size [10]. Moreover, the short-term benefits of drug or device therapy on LV remodeling, as assessed by changes in LVEF, LVESV, and LVEDV, are associated with better longer-term outcomes [11]. Sodium-glucose cotransporter 2 inhibitors improve HF beyond their glucoretic and natriuretic effect, by enhancing myocardial energetics [12,13]. Empaglifozin ameliorates LV remodeling, improves functional capacity [14], reduces mortality and hospitalization [15], and increases QOL [14,16].



The aim of our study was to evaluate symptom burden due to psychological distress in HFrEF and HF with mildly reduced ejection fraction (HFmrEF), and to determine the relationship between depression and anxiety and heart structure and function as assessed by echocardiography, and other clinical and laboratory parameters. Moreover, we tried to identify cardiac ultrasound parameters indicative of depression and anxiety in HFrEF and HFmrEF, in order to find subgroups of patients at higher risk of developing mental health conditions for targeted screening.




2. Materials and Methods


2.1. Study Cohort


Forty-three patients with left ventricular ejection fraction (LVEF) < 50% were enrolled in a prospective, single-center study, during January and November 2022 in Târgu Mureș, Romania. Inclusion criteria were the diagnosis of HFrEF or HFmrEF according to currently available guidelines [1], New York Heart Association (NYHA) class I-III, hemodynamic stability (regarding heart rate, blood pressure, clinical congestion), and willingness to participate. Exclusion criteria were signs and symptoms of infection, poor kidney function (estimated glomerular filtration rate (GFR) < 20 mL/min/1.73 m2 using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation), known liver disease, autoimmune disorders, and cancer. The recruited patients were either outpatients or inpatients hospitalized for worsening heart failure, assessed after decongestion and right before discharge. The outpatients were on standard HF medication for the last 3 months. Each participant underwent systematic data collection regarding routine demographic, clinical, laboratory, and echocardiographic data. A lung ultrasound (LUS) was also performed for the assessment of pulmonary congestion. Patients were screened for depression symptoms and anxiety. Health-related quality of life (HRQL) was also evaluated.



The study complies with the Declaration of Helsinki. The institutional ethics committee approved the study protocol (7716/02.07.2021, Clinical County Hospital Mureș), and participants provided written informed consent before recruiting.




2.2. Cardiac and Lung Ultrasound


Echocardiography was carried out using a Philips Epiq7 ultrasound machine (Philips Ultrasound, Inc., Bothell, WA, USA) and a Philips X5-1 xMATRIX array transducer (1–5 MHz) according to current recommendations [17,18,19]. LVEF was assessed using the biplane method of disks (modified Simpson’s method). Global longitudinal strain measurements were made in the three standard apical views and then averaged. LV and left atrial (LA) volumes were acquired by 2D echocardiography and normalized by body surface area (BSA). Averaged e’ from medial and lateral sites of the mitral annulus was used for the calculation of E/e’.



An eight-zone LUS protocol was performed on every participant. Each hemithorax was divided into four zones assessing the anterior and lateral chest and scanning for B-lines [20]. Patients were evaluated in a semirecumbent position, using the same cardiac probe (Philips X5-1 xMATRIX, 1–5 MHz) positioned perpendicular to the ribs. Imaging depth was tailored to the patient. All quadrants were screened, and the following threshold was applied: normal (0–2 B-lines/zone) and abnormal (≥3 B-lines/zone) [20].




2.3. Six-Minute Walking Test and Ankle-Brachial Index Assessment


For further risk stratification, the six-minute walking (6MWT) distance was also measured based on available guidelines [21].



Ankle-brachial index testing using standard peripheral CW Doppler (5 MHz) was carried out for the assessment of subclinical peripheral arterial disease (PAD), and a threshold of ≤0.9 was used.




2.4. Mental Health Status and Quality of Life in Heart Failure


The Patient Health Questionnaire-9 (PHQ-9) and Generalized Anxiety Disorder-7 (GAD-7) were applied to evaluate coexisting depression and anxiety [22,23,24]. Depression symptoms were categorized using PHQ-9 scores, and values ≥ 10 were considered significant [23]. The same cut-off values were established for anxiety symptoms as determined by GAD-7 (scores ≥ 10 were considered relevant) [24]. HRQL was assessed with Minnesota Living with Heart Failure Questionnaire (MLHFQ), comprising 21 items, which addressed emotional, physical, and socioeconomic aspects of heart failure [25]. Scores ≥ 24 on the MLHFQ were considered consistent with a moderate-to-poor HRQL [26].




2.5. Laboratory Data


Blood samples were collected after 12-h fasting in red-top and purple-top tubes (Becton-Dickinson Vacutainer Systems, Wokingham, Berkshire, UK). The tubes without additives were centrifuged at 3000 rpm for 10 min to separate the serum. Total-, LDL-, and HDL-cholesterol, serum triglycerides, creatinine, albumin, serum iron, ferritin, and C-reactive protein (CRP) levels were measured with commercial biochemical kits on an Arhitect C4000 (Abbott Laboratories, Diagnostic Division, Abbott Park, IL, USA). Plasma fibrinogen was determined using a coagulometric method with Multifibren U reagent on Sysmex CA-1500 (Sysmex Corporation, Kobe, Japan). Serum N-terminal pro B-type natriuretic peptide levels (NT-proBNP) were measured using an electrochemiluminescent immunoassay on Elecsys 2010 (Roche Diagnostics International, Rotkreuz, Switzerland). Tripotassium ethylenediaminetetraacetic acid (K3 EDTA) precoated tubes were used for complete blood count analysis on a Mindray BC6000 (Mindray Global, Shenzhen, China).




2.6. Statistical Analysis


Data distribution was assessed using Kolmogorov–Smirnov and Shapiro–Wilk tests. Paired t-test was performed for variables showing Gaussian distribution. The Mann–Whitney U test and Spearman rank correlation analysis were applied for variables showing skewed distribution. Categorical variables were quantified for absolute and relative frequency and the 2 × 2 or 3 × 2 contingency tables were analyzed with the χ2 test. p-values < 0.05 were considered statistically significant. Data processing was performed using Microsoft Excel 2016 (Microsoft Corporation, Redmond, WA, USA) and GraphPad Prism 9.5.0 (GraphPad Software LLC., San Diego, CA, USA).





3. Results


3.1. Study Group Characteristics


Twenty-nine patients with HFrEF and fourteen patients with HFmrEF were included in the study (Table 1 and Table 2). A significantly higher number of participants with HFrEF were recruited before discharge, rather than from ambulatory care (22 (69%) vs. 2 (14%), p = 0.004). Patients with HFmrEF showed better exercise capacity (p = 0.049), had higher levels of serum iron (p = 0.015), lower NT-proBNP values (p = 0.015), and a less frequent need for furosemide for symptom relief (p = 0.036). Study participants with HFrEF had increased LA volume indexes (LAVI), LV end-diastolic and end-systolic volume indexes (LVEDVI, LVESVI), and low stroke volume indexes (SVI).



Ten (34%) patients with HFrEF had moderate-to-severe depression symptoms, compared to only two (14%) participants with HFmrEF. Significant anxiety symptoms were also more frequent in HFrEF: 10 (34%) vs. 2 (14%). Reduced HRQL was more common among patients with HFrEF: 17 (59%) vs. 5 (36%), showing higher MLHFQ scores (p = 0.009) (Figure 1).




3.2. Correlations for GAD-7, PHQ-9, and MLHFQ


Table 3 summarizes the association between questionnaire scores and several parameters. GAD-7, PHQ-9, and MLHFQ scores showed significant correlations with NYHA class severity and the presence of peripheral edema. Symptoms of dyspnea correlated with both PHQ-9 and MLHFQ scores. PHQ-9 scores also showed significant correlations with echocardiographic parameters, such as LAVI and SVI. Significant correlations were observed between HRQL scores and a large number of clinical and paraclinical characteristics: exercise capacity, 6MWT distance, the need for loop diuretics, cardiac ultrasound imaging measurements–LVEDVI, LVESVI, LVEF, LVGLS, SVI, and different laboratory variables–albumin, GFR, NT-proBNP.



GAD-7 scores showed statistically significant positive correlations with PHQ-9 scores (Spearman’s R = 0.608, p < 0.0001) and MLHFQ scores (Spearman’s R = 0.521, p = 0.0003). PHQ-9 scores also correlated with MLHFQ scores (Spearman’s R = 0.683, p < 0.0001).




3.3. Multivariate Linear Regression Models for PHQ-9 and MLHFQ


Multiple linear regression models were set up for the determinants of PHQ-9 scores as a continuous variable. In the first model, the symptom of dyspnea proved to be the only significant predictor, which remained significant, even when adjusted for the presence of peripheral edema, LAVI, LVGLS, and SVI (Model 1, Table 4a). Two different models were constructed for MLHFQ (Table 4b). The presence of dyspnea also predicted MLHFQ scores, maintaining its significance when adjusted for LAVI, LVEDVI, LVESVI, LVEF (Model 2), and peripheral edema, LVESVI, LVEF, exercise capacity, and serum albumin (Model 3).





4. Discussion


Depression is common among patients with HF, negatively affecting healthcare-related economic burdens [3]. Two meta-analyses conducted 10 years apart showed an increasing prevalence of depression in HF—21.5% vs. 29% [27,28]. Age might also play an important role in the frequency of depression symptoms and their impact on mortality. One-year mortality rates were significantly higher in elderly patients (≥70 years), who were associated with higher Beck Depression Inventory scores [29]. We found no significant correlations between age and PHQ-9 scores, but our study population was younger with a mean age of 64 ± 10 years.



The relationship between HF and depression is bidirectional—depression increases the risk of developing HF, especially in specific populations, whereas patients with HF frequently associate comorbid depression, both shown to negatively impact HRQL. Moreover, HF and depression share similar pathophysiological mechanisms, and the inflammatory pathway is considered one of great importance [3]. We failed to find significant correlations between PHQ-9 scores and biomarkers of inflammation, such as neutrophil-to-lymphocyte ratio, CRP, and fibrinogen. Neutrophil-to-lymphocyte ratios of 1.57 or higher proved to be predictors of severe depression in patients diagnosed with depression [30]. Our patients had median neutrophil-to-lymphocyte ratios of 2.3 (1.89–3.08), but values showed no association with PHQ-9 scores.



Anxiety and depression symptoms are significantly more common in outpatients with HFpEF when compared to HFrEF [6]. Significant anxiety symptoms using the State-Trait Anxiety Inventory were reported in HFrEF (31.6% and 27.2%) [31]. Moreover, 34% of our patients with HFrEF had moderate-to-severe anxiety symptoms. Trait anxiety failed to show prognostic value in predicting all-cause mortality at 18 months, all-cause death, or readmission, and cardiovascular mortality or readmission in HFrEF, but not in HFpEF [31].



NYHA class showed significant positive correlations with all assessed scores (GAD-7, PHQ-9, MLHFQ). Dyspnea remained significant for predicting depression symptoms and QOL even after adapting for confounders. Moreover, MLHFQ scores correlated with the need for furosemide and NT-proBNP levels. Residual congestion estimated by LUS in decompensated HF was associated with increased all-cause mortality during a 4-year follow-up [32]. This highlights the importance of patient management after discharge and during regular follow-ups, in order to achieve decongestion and prevent episodes of cardiac decompensation and disease progression.



We established LAVI and SVI as potential predictors for depression symptoms. These echocardiographic parameters might help healthcare professionals to identify patients at higher risk of developing depression in HFrEF and HFmrEF. In the MIND-IT study, patients with myocardial infarction and lower EF presented a higher risk of developing depression, especially men [4]. In our study cohort, LVEF (p = 0.093) and LVGLS (p = 0.067) showed a tendency towards a stronger increase in depression symptom scores but did not reach statistical significance.



Depression and 6MWT distance were associated with poor quality of life in patients with advanced HF, who were candidates for left ventricular assist devices [33]. We found significant correlations between exercise capacity, 6MWT distance, and MLHFQ scores. The HF-ACTION trial randomized patients with HF and NYHA class I-IV, LVEF ≤ 35%, to aerobic exercise training or education and guideline-directed therapy, with exercise leading to a significant reduction in depression symptoms at 3 and 12 months [34]. In a meta-analysis on CBT in HF and comorbid depression, patients reported improvement in depression symptoms and QOL after finishing treatment sessions [35].



The routine prescription of pharmacotherapy for depression in HF should be withheld. In the double-blind, placebo-controlled randomized MOOD-HF clinical trial, which included participants with HF and NYHA class II-IV, LVEF < 45%, treatment with escitalopram for 18 months showed no significant reduction in all-cause mortality or hospitalization, nor improvement in depression symptoms [36]. Currently, available ESC guidelines for HF management recommend avoiding the treatment of depression with tricyclic antidepressants because of their possible side effects [1].




5. Conclusions


Depression and anxiety symptoms are prevalent among patients with HFrEF and HFmrEF. GAD-7 and MLHFQ scores are significantly higher in HFrEF, indicating greater symptom burden. Dyspnea proved to be a significant predictor of depression symptoms and HRQL in HF with left ventricular systolic dysfunction. A number of echocardiographic parameters showed significant correlations with PHQ-9 and MLHFQ scores, thus identifying a subgroup of patients more vulnerable to developing depression for future targeted screening.
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Figure 1. GAD-7 scores (A) and MLHFQ scores (B) in the two EF subgroups. * p = 0.026; ** p = 0.009. 
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Table 1. Clinical, laboratory, and ultrasound variables in HF patients.






Table 1. Clinical, laboratory, and ultrasound variables in HF patients.





	
Characteristics

	
HF with Impaired EF,

n = 43

	
HFrEF,

n = 29

	
HFmrEF,

n = 14

	
p-Value






	
Basic characteristics, comorbidities




	
Inpatient/outpatient, no. (%)

	
22 (51)/21 (49)

	
20 (69)/9 (31)

	
2 (14)/12 (84)

	
0.004




	
Male/female, no. (%)

	
33 (76)/10 (24)

	
22 (76)/7 (24)

	
11 (78)/3 (22)

	
0.895




	
Age, mean ± SD (min; max), years

	
64 ± 10 (40; 86)

	
64 ± 10 (40; 86)

	
64 ± 10 (43; 78)

	
0.859




	
BMI, mean ± SD, kg/m2

	
28.51 ± 5.55

	
29.26 ± 5.76

	
26.95 ± 4.92

	
0.205




	
Heart disease, median (IQR), years

	
8 (5–15)

	
9 (6–16)

	
8 (3–11)

	
0.174




	
HF, median (IQR), years

	
3 (1–8)

	
4 (1–8)

	
3 (1–8)

	
0.846




	
NYHA class I/II/III, no. (%)

	
4 (9)/28 (65)/11 (26)

	
1 (3)/19 (66)/9 (31)

	
3 (22)/9 (64)/2 (14)

	
0.131




	
Smoking, no. (%)

	
13 (30)

	
10 (34)

	
3 (22)

	
0.493




	
Hypertension, no. (%)

	
24 (56)

	
15 (51)

	
9 (64)

	
0.512




	
Cardiomyopathy ischemic/non-ischemic, no. (%)

	
15 (35)/28 (65)

	
13 (45)/16 (55)

	
2 (14)/12 (86)

	
0.105




	
Mitral valve regurgitation medium/severe, no. (%)

	
11 (26)

	
9 (31)

	
2 (14)

	
0.375




	
Aortic stenosis medium/severe, no. (%)

	
3 (7)

	
1 (3)

	
2 (14)

	
0.566




	
Tricuspid regurgitation medium/severe, no. (%)

	
10 (24)

	
7 (24)

	
3 (22)

	
0.895




	
AF/AFL, no. (%)

	
16 (37)

	
11 (38)

	
5 (36)

	
0.916




	
PVCs/NSVT, no. (%)

	
20 (47)

	
13 (45)

	
7 (50)

	
0.793




	
ICD/CRT, no. (%)

	
2 (5)

	
1 (3)

	
1 (3)

	
0.851




	
LBBB, no. (%)

	
21 (49)

	
16 (55)

	
5 (36)

	
0.307




	
Type II DM, no. (%)

	
8 (19)

	
7 (24)

	
1 (3)

	
0.365




	
Atherosclerosis 0/1/2/3 territories *, no. (%)

	
23 (53)/9 (21)/11 (26)/0 (0)

	
12 (41)/6 (21)/11 (38)/0 (0)

	
11 (78)/3 (22)/0 (0)/0 (0)

	
0.017




	
Symptomatic PAD, no. (%)

	
5 (12)

	
4 (14)

	
1 (3)

	
0.728




	
ABI, mean ± SD

	
1.05 ± 0.24

	
1.03 ± 0.25

	
1.09 ± 0.19

	
0.492




	
CAD, no. (%)

	
8 (19)

	
7 (24)

	
1 (7)

	
0.365




	
COPD, no. (%)

	
9 (21)

	
6 (21)

	
3 (22)

	
0.979




	
Iron deficiency, no. (%)

	
11 (26)

	
8 (28)

	
3 (22)

	
0.751




	
Anemia, no. (%)

	
4 (9)

	
3 (10)

	
1 (7)

	
0.872




	
Thyroid function 0/1/2 **, no. (%)

	
38 (89)/4 (9)/1 (2)

	
26 (90)/2 (7)/1 (3)

	
12 (86)/2 (14)/0 (0)

	
0.862




	
Ultrasound parameters




	
Lung US profile 0/1, no. (%)

	
32 (74)/11 (26)

	
19 (66)/10 (34)

	
13 (93)/1 (7)

	
0.144




	
LAVI, median (IQR), mL/m2

	
42.51 (33.23–50.64)

	
45.4 (39.4–55.09)

	
31.99 (28.31–37.95)

	
0.0008




	
E/e’, median (IQR)

	
9.8 (7.97–12.4)

	
10.15 (8.4–12.8)

	
8.85 (6.86–11.65)

	
0.139




	
LVEDVI, mean ± SD, mL/m2

	
94 ± 34

	
106 ± 32

	
67 ± 16

	
<0.0001




	
LVESVI, mean ± SD, mL/m2

	
62 ± 30

	
74 ± 28

	
36 ± 10

	
<0.0001




	
LVEF, mean ± SD, %

	
35 ± 9

	
29 ± 6

	
46 ± 3

	
<0.0001




	
LVGLS, mean ± SD, %

	
−10.58 ± 3.52

	
−8.81 ± 2.63

	
−14.25 ± 1.91

	
<0.0001




	
SVI, median (IQR), mL/m2

	
31.57 (25.23–40.1)

	
27.55 (24.15–31.7)

	
38.35 (35.47–45.51)

	
0.004




	
Laboratory variables




	
WBC, mean ± SD, ×1000/mL

	
7.43 ± 1.89

	
7.43 ± 2.03

	
7.45 ± 1.62

	
0.973




	
Neu/lym, median (IQR)

	
2.3 (1.89–3.08)

	
2.47 (1.96–3.09)

	
2.2 (2.08–2.87)

	
0.496




	
Hemoglobin, mean ± SD, g/dL

	
14.9 ± 1.83

	
15.03 ± 2.08

	
14.62 ± 1.18

	
0.499




	
Ferritin, mean ± SD, ng/dL

	
185.91 ± 180.26

	
201.12 ± 208.85

	
154.41 ± 97.17

	
0.948




	
Iron, mean ± SD, μg/dL

	
85.95 ± 31.63

	
77.48 ± 28.44

	
103.5 ± 31.62

	
0.015




	
Cholesterol, mean ± SD, mg/dL

	
174.13 ± 47.59

	
175.1 ± 51.17

	
172.14 ± 40.88

	
0.851




	
HDL-cholesterol, mean ± SD, mg/dL

	
43.5 ± 12.6

	
41.98 ± 12.28

	
46.65 ± 13.13

	
0.260




	
LDL-cholesterol, mean ± SD, mg/dL

	
104.39 ± 35.68

	
105.08 ± 37.16

	
102.95 ± 33.69

	
0.857




	
Triglycerides, median (IQR), mg/dL

	
112 (81.5–139)

	
112 (83–141)

	
105 (79–136)

	
0.543




	
CRP, median (IQR), mg/Dl

	
0.34 (0.13–0.71)

	
0.35 (0.2–0.75)

	
0.25 (0.08–0.38)

	
0.233




	
Fibrinogen, mean ± SD, mg/dL

	
394.41 ± 134.16

	
413.55 ± 134.41

	
354.76 ± 129.35

	
0.181




	
Albumin, median (IQR), g/L

	
44.6 (41.65–46.95)

	
44.2 (41.6–46)

	
45.65 (43.25–47.85)

	
0.182




	
GFR, mean ± SD, mL/min/m2

	
75 ± 18

	
71 ± 17

	
82 ± 17

	
0.082




	
NT-proBNP, median (IQR), pg/mL

	
992.7 (524.4–1733.45)

	
1113 (686.6–2664.9)

	
602.55 (251.07–1211.37)

	
0.015




	
Treatment




	
Loop diuretic, no. (%)

	
33 (76)

	
26 (90)

	
7 (50)

	
0.036




	
MRA, no. (%)

	
38 (89)

	
25 (86)

	
13 (93)

	
0.728




	
SGLT2i, no. (%)

	
26 (60)

	
19 (66)

	
7 (50)

	
0.416




	
BB, no. (%)

	
39 (91)

	
27 (93)

	
12 (86)

	
0.699




	
ACEI/ARB, no. (%)

	
8 (19)

	
5 (17)

	
3 (22)

	
0.832




	
ARNI, no. (%)

	
29 (67)

	
19 (66)

	
10 (71)

	
0.762




	
Statin and/or ezetimibe, no. (%)

	
27 (63)

	
19 (66)

	
8 (57)

	
0.665








BMI, body mass index; HF, heart failure; NYHA, New York Heart Association; AF, atrial fibrillation; AFL, atrial flutter; PVCs, premature ventricular contractions; NSVT, non-sustained ventricular tachycardia; ICD, implantable cardioverter defibrillator; CRT, cardiac resynchronization therapy; LBBB, left bundle branch block; DM, diabetes mellitus; PAD, peripheral artery disease; ABI, ankle-brachial index; CAD, carotid artery disease; COPD, chronic obstructive pulmonary disease; US, ultrasound; LAVI, left atrial volume index; LVEDVI, left ventricular end-diastolic volume index; LVESVI, left ventricular end-systolic volume index; LVEF, left ventricular ejection fraction; LVGLS, left ventricular global longitudinal strain; SVI, stroke volume index; WBC, white blood cells; Neu/lym, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; GFR, glomerular filtration rate; NT-proBNP, N-terminal pro B-type natriuretic peptide; MRA, mineralocorticoid receptor antagonist; SGLT2i, sodium-glucose cotransporter-2 inhibitor; BB, beta-blocker; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ARNI, angiotensin receptor/neprilysin inhibitor. * Coronary artery disease, symptomatic and asymptomatic peripheral artery disease, carotid artery disease; ** 0—normal thyroid function, 1—hypothyroidism, 2—hyperthyroidism.
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Table 2. Mental Health and HRQL in HF patients.
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	Characteristics
	HF with Impaired EF, n = 43
	HFrEF,

n = 29
	HFmrEF,

n = 14
	p-Value





	GAD-7 score, mean ± SD
	7 ± 5
	8 ± 5
	4 ± 4
	0.026



	PHQ-9 score, mean ± SD
	8 ± 5
	9 ± 6
	6 ± 4
	0.061



	Problem severity 0/1/2/3 *, no. (%)
	10 (24)/31 (72)/1 (2)/1 (2)
	6 (21)/21 (73)/1 (3)/1 (3)
	4 (29)/10 (71)/0 (0)/0 (0)
	0.501



	MLHFQ score, mean ± SD
	33 ± 25
	40 ± 26
	20 ± 19
	0.009



	Dyspnea, no. (%)
	38 (89)
	27 (93)
	11 (78)
	0.441



	Palpitations, no. (%)
	11 (26)
	7 (24)
	4 (29)
	0.823



	Peripheral edema, no. (%)
	12 (28)
	11 (38)
	1 (7)
	0.100



	Exercise 1/2/3 **, no. (%)
	6 (14)/10 (23)/27 (63)
	6 (21)/8 (28)/15 (51)
	0 (0)/2 (14)/12 (86)
	0.049



	6MWT, median (IQR), m
	405 (252–488)
	405 (250–452)
	445.5 (362.75–523.75)
	0.103







GAD-7, Generalized Anxiety Disorder-7; PHQ-9, Patient Health Questionnaire-9; MLHFQ, Minnesota Living with Heart Failure Questionnaire; 6MWT, 6-min walking test distance. * As assessed by PHQ-9 last item “If you checked off any problems, how difficult have these problems made it for you to do your work, take care of things at home, or get along with other people?”, 0—not difficult at all, 1—somewhat difficult, 2—very difficult, 3—extremely difficult; ** 1—<30 min exercise/week, 2—30–120 min exercise/week, 3—>120 min exercise/week.
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Table 3. Correlations for GAD-7, PHQ-9, and MLHFQ scores in the overall group (n = 43).
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Characteristics

	
GAD-7 Score

	
PHQ-9 Score

	
MLHFQ Score




	
Spearman’s R

	
p-Value

	
Spearman’s R

	
p-Value

	
Spearman’s R

	
p-Value






	
Age

	
0.083

	
0.594

	
−0.144

	
0.356

	
−0.087

	
0.576




	
NYHA class

	
0.306

	
0.045

	
0.411

	
0.006

	
0.444

	
0.002




	
Peripheral edema

	
0.310

	
0.042

	
0.302

	
0.048

	
0.405

	
0.006




	
Dyspnea

	
0.185

	
0.234

	
0.504

	
0.0005

	
0.435

	
0.003




	
Exercise

	
−0.140

	
0.367

	
−0.139

	
0.370

	
−0.333

	
0.029




	
6MWT

	
−0.253

	
0.367

	
−0.302

	
0.370

	
−0.287

	
0.029




	
Loop diuretics

	
0.051

	
0.744

	
0.289

	
0.059

	
0.355

	
0.019




	
Lung US profile

	
0.131

	
0.400

	
0.194

	
0.212

	
0.244

	
0.113




	
LVEDVI

	
0.102

	
0.515

	
0.121

	
0.438

	
0.381

	
0.011




	
LVESVI

	
0.121

	
0.436

	
0.137

	
0.377

	
0.400

	
0.007




	
LVEF

	
−0.215

	
0.166

	
−0.259

	
0.093

	
−0.467

	
0.001




	
LVGLS

	
0.201

	
0.194

	
0.281

	
0.067

	
0.487

	
0.0009




	
SVI

	
−0.308

	
0.430

	
−0.321

	
0.043

	
−0.292

	
0.041




	
LAVI

	
−0.253

	
0.100

	
−0.302

	
0.048

	
−0.287

	
0.061




	
E/e’

	
0.111

	
0.478

	
−0.001

	
0.992

	
0.164

	
0.290




	
Neu/lym

	
−0.010

	
0.944

	
0.028

	
0.857

	
−0.002

	
0.987




	
CRP

	
−0.050

	
0.748

	
0.210

	
0.175

	
0.127

	
0.414




	
Fibrinogen

	
−0.003

	
0.983

	
0.066

	
0.671

	
0.093

	
0.552




	
Hemoglobin

	
−0.089

	
0.566

	
0.025

	
0.869

	
0.210

	
0.174




	
Ferritin

	
−0.109

	
0.483

	
−0.065

	
0.675

	
−0.251

	
0.103




	
Iron

	
−0.143

	
0.356

	
−0.117

	
0.452

	
−0.289

	
0.059




	
Albumin

	
−0.0006

	
0.996

	
−0.171

	
0.272

	
−0.320

	
0.036




	
GFR

	
−0.223

	
0.150

	
−0.166

	
0.286

	
−0.425

	
0.004




	
NT-proBNP

	
0.229

	
0.138

	
0.263

	
0.087

	
0.418

	
0.005




	
Cholesterol

	
0.286

	
0.062

	
0.129

	
0.407

	
−0.004

	
0.975




	
HDL-cholesterol

	
0.102

	
0.512

	
−0.005

	
0.970

	
−0.027

	
0.862




	
LDL-cholesterol

	
0.201

	
0.195

	
0.015

	
0.920

	
−0.140

	
0.370




	
Triglycerides

	
0.113

	
0.469

	
0.153

	
0.324

	
0.139

	
0.371








NYHA, New York Heart Association; 6MWT, 6-min walking test distance; US, ultrasound; LVEDVI, left ventricular end-diastolic volume index; LVESVI, left ventricular end-systolic volume index; LVEF, left ventricular ejection fraction; LVGLS, left ventricular global longitudinal strain; SVI, stroke volume index; LAVI, left atrial volume index; Neu/lym, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; GFR, glomerular filtration rate; NT-proBNP, N-terminal pro B-type natriuretic peptide.
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Table 4. (a). Multivariate linear regression analysis of the factors correlated with PHQ-9 scores in the overall patient group. (b). Multivariate linear regression analysis of the factors correlated with MLHFQ scores in the overall patient group (n = 43).
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(a)




	
Model 1. Summary of regression




	
Variables

	
B

	
SD of B

	
β

	
t

	
p-Value




	
Dyspnea

	
5.633

	
2.446

	
0.345

	
2.303

	
0.027




	
Peripheral edema

	
2.295

	
1.930

	
0.197

	
1.189

	
0.242




	
LAVI

	
−0.008

	
0.006

	
−0.192

	
−1.240

	
0.223




	
LVGLS

	
0.122

	
0.281

	
0.081

	
0.432

	
0.668




	
SVI

	
0.012

	
0.076

	
0.024

	
0.157

	
0.876




	
(b)




	
Model 2. Summary of regression

	




	
Variables

	
B

	
SD of B

	
β

	
t

	
p-Value




	
Dyspnea

	
24.042

	
11.339

	
0.308

	
2.120

	
0.041




	
LAVI

	
−0.053

	
0.032

	
−0.273

	
−1.664

	
0.104




	
LVEDVI

	
0.590

	
0.523

	
0.781

	
1.128

	
0.267




	
LVESVI

	
−0.549

	
0.706

	
−0.652

	
−0.778

	
0.442




	
LVEF

	
−0.624

	
0.897

	
−0.225

	
−0.695

	
0.491




	
Model 3. Summary of regression




	
Variables

	
B

	
SD of B

	
β

	
t

	
p-Value




	
Dyspnea

	
23.290

	
11.335

	
0.298

	
2.055

	
0.047




	
Peripheral edema

	
14.346

	
9.377

	
0.257

	
1.530

	
0.135




	
Exercise

	
−9.366

	
5.354

	
−0.272

	
−1.749

	
0.089




	
LVESVI

	
0.192

	
0.201

	
0.227

	
0.953

	
0.347




	
LVEF

	
0.221

	
0.810

	
0.080

	
0.273

	
0.787




	
Albumin

	
−0.147

	
0.984

	
−0.023

	
−0.149

	
0.882








LAVI, left atrial volume index; LVGLS, left ventricular global longitudinal strain; SVI, stroke volume index; LVEDVI, left ventricular end-diastolic volume index; LVESVI, left ventricular end-systolic volume index; LVEF, left ventricular ejection fraction.
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