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Abstract

BACKGROUND

Patients with chronic heart failure (CHF) have a progressive disease that is
associated with poor quality of life and high mortality. Many patients experience
anxiety and depression (A&D) symptoms, which can further accelerate disease
progression. We hypothesized that indicators of myocardial function and inflam-
matory stress may reflect the severity of A&D symptoms in patients with CHF.
Changes in these biomarkers could potentially predict whether A&D symptoms
will deteriorate further in these individuals.

AIM
To measure changes in cardiac and inflammatory markers in patients with CHF to
determine A&D severity and predict outcomes.

METHODS

We retrospectively analyzed 233 patients with CHF treated at the Jingzhou
Hospital, Yangtze University between 2018-2022 and grouped them according to
Self-Rating Anxiety Scale (SAS) and Self-Rating Depression Scale (SDS) scores. We
compared clinical data in the no-A&D, mild-A&D, moderate-A&D, and severe-
A&D groups, the SAS and SDS scores with the New York Heart Association
(NYHA) functional classification, and cardiac markers and inflammatory factors
between the no/mild-A&D and moderate/severe-A&D groups. Regression
analysis was performed on the markers with P < 0.05 to determine their ability to
predict A&D severity in patients and the area under the receiver operating charac-
teristic curve (AUROC) was used to evaluate their accuracy.

RESULTS
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In the inter-group comparison, the following variables had an effect on A&D severity in patients with CHF: NYHA
class, left ventricular ejection fraction (LVEF), left ventricular end-diastolic diameter, N-terminal pro-brain
natriuretic peptide (NT-proBNP), interleukin-6 (IL-6), and tumor necrosis factor-alpha (P < 0.05). Other variables
did not differ significantly between the A&D groups (P > 0.05). In addition, we found that higher NYHA classes
were associated with higher the SAS and SDS scores (P < 0.05). Regression analysis showed that LVEF, NT-
proBNP, and IL-6 were independent risk factors for A&D severity (P < 0.05). Among them, NT-proBNP had the
best predictive ability as a single indicator (AUROC = 0.781). Furthermore, the combination of these three
indicators exhibited a good predictive effect toward discriminating the extent of A&D severity among patients
(AUROC = 0.875).

CONCLUSION
Cardiac and inflammatory biomarkers, such as LVEF, NT-proBNP, and IL-6, are correlated with A&D severity in
patients with CHF and have predictive value.

Key Words: Chronic heart failure; Anxiety; Depression; Cardiac markers; Inflammatory factors; Prediction
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Core Tip: We investigated patients with chronic heart failure (CHF) with varying degrees of anxiety and depression (A&D)
symptoms and assessed changes in myocardial markers and inflammatory factors to determine their associations with A&D
severity. We used independent risk factors as predictive indicators and assessed their discriminative accuracy in predicting
A&D severity using the area under the receiver operating characteristic curve. We demonstrated that A&D symptoms can
affect the progression of CHF and lead to worse outcomes for patients.
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INTRODUCTION

Chronic heart failure (CHF), or congestive heart failure, is a progressive disease that commonly manifests as fatigue,
reduced physical fitness, shortness of breath, persistent coughing, and arrhythmia. Typically, the New York Heart
Association (NYHA) classification is used to evaluate patients according to the severity of their symptoms, alongside
cardiovascular functional capacity and blood test results[1]. Currently, treatment aims to ease the impact of these
symptoms on daily life activities of patients and improve the quality of life. However, studies have shown that > 50% of
patients with CHF develop anxiety and depression (A&D) symptoms[2,3], which has been associated with unfavorable
outcomes, such as increased CHF-related hospitalization and mortality rates. However, distinguishing whether certain
symptoms are related to A&D or are symptoms of CHF remains a challenge. Therefore, if the A&D status of patients with
CHEF can be accurately diagnosed and treated, the overall condition and life expectancy of patients is expected to improve
[4,5].

In China, the incidence of CHF is on the rise, especially left ventricular dysfunction[6]. Although there has been
extensive research on the general demographic characteristics and A&D data of CHF patients, studies on myocardial
markers and inflammation factor levels are still limited. Research by Wang et al[7] showed that in the CHF population,
white blood cell interleukin-6 (IL-6) and tumor necrosis factor-o (TNF-a) are higher than those in the healthy population;
Yasuhara et al[8] reported that these inflammation factor levels are positively correlated with B-type natriuretic peptide
levels; Liu et al[9] showed in subsequent studies that systemic inflammation indicators, such as hypersensitive C-reactive
protein (hs-CRP), are supplementary indicators for CHF diagnosis. Therefore, these inflammation factors can well reflect
the physiological state of CHF patients. Furthermore, immune abnormalities of inflammatory mediators such as IL-6,
TNF-a, efc., may be related to the pathophysiology of depression, and are also potential markers for the classification of
A&D states[10,11]. Therefore, these inflammation factors can reflect the physiological state of CHF patients, and also have
the potential to classify A&D states in CHF.

Currently, the assessment of A&D relies on subjective patient-reported measures; hence, differential levels of
myocardial markers and inflammatory factors could serve as objective measure to assist clinicians in assessing and
classifying A&D severity. This measure could facilitate a more precise distinction between CHF patients with different
degrees of A&D, enable physicians to better manage and rationally allocate medical resources, and provide the potential
for personalized treatment.

Therefore, this retrospective study aimed to explore the differences in myocardial markers, inflammatory factors, and
A&D severity in patients of CHF and potentially reveal an association that can used as a reference for clinical assessment
of A&D status in patients with CHF in the future.
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MATERIALS AND METHODS

Patient characteristics

This retrospective study obtained data from patients with CHF treated at Jingzhou Hospital, Yangtze University, from
January 2018 to December 2022. The inclusion criteria were as follows: (1) A confirmed diagnosis of CHF and relevant
medical records; (2) Records of A&D symptoms; (3) Patients aged > 18 years; and (4) Information on inflammatory factors
and myocardial markers. The exclusion criteria were as follows: (1) Severe cardiovascular disease, such as myocardial
infarction or heart valve disease; (2) Severe comorbid systemic diseases, such as cancer or renal failure; (3) History of
severe psychological disorders that affect cognition and mood, such as schizophrenia and bipolar disorder; (4) Recent
treatments that impact inflammatory and myocardial markers, such as corticosteroid therapy; and (5) History of alcohol
or substance abuse. All diagnoses were based on the left ventricular ejection fraction (LVEF) < 50% and N-terminal pro-
Brain natriuretic peptide (NT-proBNP) > 125 ng/L one week after hospitalization. The Self-Rating Anxiety Scale (SAS)
and Self-Rating Depression Scale (SDS) scales were used to assess A&D, respectively[4,5]. Overall, 233 eligible patients
were included in this study. The study was approved by the Institutional Review Board of Jingzhou Hospital, Yangtze
University (2023-053-01).

Group comparisons

The patients were first grouped according to the degree of A&D indicated by the SAS and SDS scores as follows: No-
A&D (SAS < 50 and SDS < 53; n = 65); mild-A&D (SAS 50-59 and SDS 53-62, n = 42); moderate-A&D (SAS 60-69 and SDS
63-72, n = 93); and severe-A&D (SAS > 69 and SDS > 72, n = 33). If the two scores did not meet any of the group
requirements simultaneously, the highest SAS or SDS score was used as the grouping criterion.

The demographic and clinical data of the patients in each group were compared to identify indicators of statistically
significant differences in A&D. Then, the patients were divided into groups based on the NYHA classification (I, II, III,
and IV) and the SAS and SDS scores were compared among the groups[1]. Finally, we determined the effect of A&D on
the daily lives of patients based on SAS and SDS scores, with the no/mild-A&D (N/M) group considered not affected
and the moderate/severe-A&D (M/S) group considered affected and required targeted intervention[12,13]. Hence, the
patients from groups A and B and the patients from groups C and D were combined into the N/M and M/S groups,
respectively. We compared the significant indicators between the two groups using regression analysis and evaluated
their predictive value using the area under the receiver operating characteristic (AUROC) curve.

Observed indicators

The data included in the analysis were as follows: Sex, age, disease course, NYHA classification, myocardial indicators
such as LVEF, left ventricular end-diastolic dimension (LVEDd), NT-proBNP, and soluble growth stimulation expressed
gene 2 protein, and inflammatory factors such as IL-6, TNF-a, hs-CRP, and high sensitivity cardiac troponin.

Statistical analysis

All statistical analyses were conducted using SPSS software for Windows (version 26.0; IBM Corp., Armonk, NY, United
States). Quantitative data are expressed as the mean + SD, while qualitative data are expressed as the number of cases (1)
and proportions (%). For inter-group comparisons, t-tests, analysis of variance (ANOVA), or non-parametric tests were
used depending on whether the quantitative data followed normal distribution and homogeneity of variances. y? tests
were used for inter-group comparisons of qualitative data. Logistic regression was used for multivariate analysis to
calculate the odds ratios (OR) and 95% confidence intervals (CI). P values < 0.05 were considered statistically significant.

RESULTS

Clinical characteristics

In the inter-group analysis, differences in LVEDd (P < 0.05) and in NYHA class, LVEF, NT-proBNP, IL-6, and TNF-a (P <
0.001) were observed between the no-A&D and severe-A&D groups. No other variables exhibited differences between the
two groups (P > 0.05) (Table 1). Since LVEF, NT-proBNP, IL-6, and TNF-a were quantitative variables with large inter-
group differences, post hoc multiple comparisons were performed (Figure 1).

The LVEF and IL-6 levels in the no-A&D group were clearly different than those of the mild-A&D, moderate-A&D,
and severe-A&D groups (P < 0.01), which all had similar levels (P > 0.05) (Figure 1A and D). LVEDd exhibited differences
in the no-A&D and moderate-A&D/severe-A&D group comparisons (P < 0.05). However, when the moderate-A&D
group was compared with the other groups, the differences were not significant (P > 0.05) (Figure 1B). The NT-proBNP
levels showed no significant differences between no-A&D and mild-A&D groups or between the moderate and severe-
A&D groups (P > 0.05). However, differences in NT-proBNP levels were observed and highlighted when the no-A&D
and mild-A&D groups were compared with the moderate-A&D and severe-A&D groups (P < 0.001) (Figure 1C).
Furthermore, significant differences in TNF-a levels were found between the no-A&D/mild-A&D and moderate-A&D/
severe A&D groups (P < 0.05), the no-A&D and mild-A&D groups (P < 0.05) but not between the moderate-A&D and
severe-A&D groups (P > 0.05) (Figure 1E).

The effect of NYHA on SAS and SDS scores
We found that the SAS and SDS scores of patients with CHF increased as the NYHA class improved (P < 0.05) (Table 2).
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Table 1 Comparison of general patient data between the different anxiety and depression groups

Observation indices No-A&D (n = 65) Mild-A&D (n=42)  Moderate-A&D (n=93) Severe-A&D (n=33) P value
Sex 0.686
Male 27 (41.54) 20 (47.61) 47 (50.54) 17 (51.52)

Female 38 (58.46) 22 (52.39) 46 (49.46) 16 (48.48)

Age (yr, mean + SD) 63.20 £14.75 64.93 £12.81 66.08 £10.99 66.67 £12.78 0.476
Course of disease (month, 68.00 £17.74 66.36 % 20.49 68.53 +15.97 68.97 + 20.40 0.948
mean * SD)

NYHA, 1 (%) <0.001
I 16 (24.62) 6 (14.29) 3(3.23) 4(12.12)

I 27 (41.54) 8 (19.05) 26 (27.96) 8 (24.24)

111 21 (32.31) 24 (57.14) 54 (58.06) 17 (51.52)

v 1 (1.53) 4(9.52) 10 (10.75) 4(12.12)

LVEF (%, mean + SD) 38.72£3.32 37.08 +3.03 36.24 % 2.59 36.32+3.16 <0.001
LVEDd (mm, mean + SD) 59.86 £5.22 61.38 £4.99 61.85£4.95 62.36 £4.52 0.047
NT-proBNP (ng/L, mean +SD) 1830.32 + 421.64 1913.90 + 447.93 2364.98 + 490.56 2482.70 + 541.86 <0.001
ST2 (pg/L, mean * SD) 51.26 £10.25 53.76 £ 9.92 52,97 +8.74 53.61 £ 8.07 0.382
IL-6 (ng/L, mean * SD) 15.13 £ 2.98 17.66 + 4.33 18.85 + 3.84 19.38 £5.17 <0.001
TNEF-0 (ng/L, mean + SD) 28.89 £ 5.85 31.72+7.08 34.68+5.84 353251 <0.001
hs-CRP (ng/L, mean + SD) 12.27 +2.67 1249 +2.71 13.03 +2.45 13.22 £2.54 0.185
hs-cTn (ng/L, mean + SD) 2294 +7.83 24.53 7.9 24.45+6.22 24.40 £ 6.67 0.293

NYHA: New York Heart Association; A&D: Anxiety and depression; LVEF: Left ventricular ejection fraction; LVEDd: Left ventricular end-diastolic
dimension; NT-proBNP: N-terminal pro-brain natriuretic peptide; ST2: Growth stimulation expressed gene 2; IL-6: Interleukin-6; TNF-a: Tumor necrosis

factor-alpha; hs-CRP: Hypersensitive C-reactive protein; hs-cTn: High sensitivity cardiac troponin.

Table 2 Comparison of Self-Rating Anxiety Scale and Self-Rating Depression Scale scores among different New York Heart Association

classes

Observation indices 1 (n=29) Il (n=69) Il (n=116) IV (n=19) Pvalue
SAS (mean + SD) 51.17 +16.54 53.84 +17.87 59.82 +15.51 65.58 +16.76 0.003
SDS (mean + SD) 53.52 +16.85 56.72 +17.60 62.46 +14.75 68.89 +12.40 0.001

SAS: Self-Rating Anxiety Scale; SDS: Self-Rating Depression Scale.

Patients with NYHA class III and IV CHF had higher SAS and SDS scores than those with NYHA class I and II (P < 0.05)
(Figure 2).

Prediction of early intervention

When comparing the myocardial and inflammatory level indicators, we found that the effects of LVEF, LVEDd, NT-
proBNP, IL-6, TNF-a, and hs-CRP were larger than other observed indicators between the N/M and M/S groups (P <
0.05). Further details are presented in Table 3. The regression analysis identified LVEF, NT-proBNP, and IL-6 as
independent predictors of CHF (P < 0.05), with IL-6 having the strongest predictive value (OR = 1.271, 95%CI: 1.095-
1.476), followed by NT-proBNP (OR = 1.004, 95%CI: 1.003-1.006). We also found that LVEF was a protective factor against
A&D as it increased (OR = 0.350, 95%CI: 0.226-0.541). The other variables were not deemed statistically significant in the
regression analysis. Further details are presented in Table 4. The AUROC curve of the three independent factors showed
that NT-proBNP had the best predictive effect, with an AUROC of 0.781 (0.724-0.839), whereas the predictive effects of
LVEF and IL-6 were moderate and similar, with AUROCs of 0.661 (0.591-0.732) and 0.691 (0.624-0.758), respectively. The
overall combined predictive value of the three indicators was relatively good, with an AUROC of 0.875 (0.820-0.929).
Further details are shown in Figure 3.
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Table 3 Inter-group comparison of the observed indicators of anxiety and depressive severity in patients, divided based on the

requirement for early intervention

No/mild-A&D (N/M) (n = Moderate/severe-A&D (N/S) (n =

Observation indices 107) 126) Vi)'e P value
LVEF (%, mean * SD) 38.08 £3.30 36.26 £2.72 4.536 <0.001
LVEDd (mm, mean # SD) 60.46 £5.16 61.98 £4.83 2.778 0.005
NT-proBNP (ng/L, mean +SD)  1863.13 +432.00 2395.81 + 505.30 8.656 <0.001
ST2 (pg/L, mean + SD) 52.24 £10.15 53.14 £+ 8.54 0.908 0.364
IL-6 (ng/L, mean # SD) 16.12+3.76 18.99 +4.21 5.024 <0.001
TNF-a (ng/L, mean + SD) 30.00 £ 6.48 34.84 £5.64 6.105 <0.001
hs-CRP (ng/L, mean + SD) 12.36 +2.67 13.08 +2.46 2144 0.033
hs-cTn (ng/L, mean * SD) 23.56 £7.89 2444 1+ 6.31 1.301 0.193

A&D: Anxiety and depression; LVEF: Left ventricular ejection fraction; LVEDd: Left ventricular end-diastolic dimension; NT-proBNP: N-terminal pro-
brain natriuretic peptide; ST2: Growth stimulation expressed gene 2; IL-6: Interleukin-6; TNF-a: Tumor necrosis factor-alpha; hs-CRP: Hypersensitive C-
reactive protein; hs-cTn; High sensitivity cardiac troponin; N/M: No/mild.

Table 4 Regression analysis of the myocardial and inflammatory level indicators between the no/mild and moderate/severe groups

Observation indices B OR P value 95%Cl

LVEF -1.050 0.350 <0.001 0.226-0.541
LVEDd -0.182 0.834 0.095 0.673-1.032
NT-proBNP 0.004 1.004 <0.001 1.003-1.006
IL-6 0.240 1.271 0.002 1.095-1.476
TNF-o -0.002 0.957 0.998 0.928-1.073
hs-CRP -0.430 0.651 0.060 0.416-1.019

LVEF: Left ventricular ejection fraction; LVEDd: Left ventricular end-diastolic dimension; NT-proBNP: N-terminal pro-brain natriuretic peptide; IL-6:
Interleukin-6; TNF-a: Tumor necrosis factor-alpha; hs-CRP: Hypersensitive C-reactive protein; OR: Odds ratio; CI: Confidence interval.

DISCUSSION

Heart failure remains a global public health burden. Since mental health affects the incidence and outcomes of various
health conditions[14], the psychological status of patients with CHF warrants attention, in addition to investigating
diagnostic and treatment methods.

In this study, when comparing the no-A&D to severe-A&D groups, we observed an increase in LVEDd, NT-proBNP,
IL-6 and TNF-a levels as the degree of A&D increased, whereas LVEF levels decreased. This finding indicates that
patients with CHF may experience increased A&D symptoms as a result of abnormal myocardial parameters and inflam-
matory stress, resulting in worse outcomes. Physiologically, A&D symptoms manifest as part of the body’s response to
chronic stress exposure, which causes a maladaptive stress response in which the sympathetic nervous system and
hypothalamic-pituitary-adrenal axis are activated. This increases the heart rate, output, and load[15,16] and, over time,
the blood flow through the coronary arteries decreases, ultimately leading to myocardial ischemia[17]. While CHF is
accompanied by some extent of myocardial dysfunction, the stress response aggravates this by causing further
myocardial cell injury, impairing myocardial contractile function, and leading to a reduction in LEVF and an increase in
LVEDd. When under significant load, myocardial cells secrete NT-proBNP, which functions as a natriuretic, diuretic, and
vasodilator, to reduce pressure and restore homeostasis[18]. NT-proBNP levels increase with the degree of A&D
symptoms and changes in LVEF and NT-proBNP levels indicate that A&D further aggravates myocardial dysfunction in
patients with CHF. Research has shown that higher serum levels of inflammatory factors can lead to weakening of the
strength and mass of the myocardium, a specialized type of tissue in the human body[19]. Therefore, patients with CHF
are vulnerable to high levels of inflammation. Additionally, A&D can lead to endocrine and immune system imbalances
that promote inflammatory responses in the body[20]. In the current study, IL-6 and TNF-a expression levels gradually
increased as the extent of A&D increased, which is consistent with Lamers et al[10].

Our results suggest an association between myocardial indicators, inflammatory factor levels, and the degree of A&D.
Therefore, when treating patients with both CHF and A&D symptoms, physicians should be aware of the increased risk
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Figure 1 Post hoc multiple comparisons of significant influencing factors in patients with different levels of anxiety and depression. A:
Post hoc multiple comparisons of the left ventricular ejection fraction; B: Post hoc multiple comparisons of the left ventricular end-diastolic dimensions; C: Post hoc
multiple comparisons of N-terminal pro-brain natriuretic peptide; D: Post hoc multiple comparisons of interleukin-6; E: Post hoc multiple comparisons of tumor
necrosis factor-alpha (TNF-a). 2P < 0.05, °P < 0.01, °P < 0.001. A&D: Anxiety and depression; No-A&D: No anxiety and depression symptoms; Mild-A&D: Mild anxiety
and depression symptoms; Moderate-A&D: Moderate anxiety and depression symptoms; Severe-A&D: Severe anxiety and depression symptoms; LVEF: Left
ventricular ejection fraction; LVEDd: Left ventricular end-diastolic dimensions; NT-proBNP: N-terminal pro-brain natriuretic peptide; TNF-o:: Tumor necrosis factor-
alpha; IL-6: Interleukin-6.

of myocardial ischemia and inflammation and prepare the appropriate prophylactic interventions, such as administering
calcium overload inhibitors and anti-inflammatory drugs. Zhao et al[21] found that the administration of active oxygen
nanomaterials effectively improved drug treatment and reduced side effects. The side effects of any pharmacological
intervention for CHF and A&D should be considered to avoid worsening the prognosis of patients. Recent studies have
indicated that cognitive behavioral therapy and collaborative care have positive effects on alleviating A&D[22,23], and
present a safer way to avoid psychotropic drug-induced secondary myocardial damage.

The NYHA classification assesses the self-reported functional status of patients with CHF and indirectly reflects
cardiac function. In the present study, the mean SAS and SDS scores consistently increased with each NYHA class, which
is consistent with a previous study[24] exploring depression in patients with coronary heart disease. This finding was
unsurprising because the NYHA classification closely reflects the patient’s quality of life and the higher the NYHA class,
the more restrictions the patient experiences in daily life and mobility, such as inability to work, participate in their
hobbies, and socialize, all of which induce A&D[25]. Moreover, A&D can lead to reduced compliance with treatment
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Figure 2 Post hoc multiple comparisons of Self-Rating Anxiety Scale and Self-Rating Depression Scale scores among different New York
Heart Association classes. 2P < 0.05, °P < 0.01. SAS: Self-Rating Anxiety Scale; SDS: Self-Rating Depression Scale.
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Figure 3 Dichotomous evaluation of left ventricular ejection fraction, N-terminal pro-brain natriuretic peptide, and interleukin-6 by region
under receiver operating characteristics. LVEF: Left ventricular ejection fraction; NT-proBNP: N-terminal pro-brain natriuretic peptide; IL-6: Interleukin-6;
AUROC: Area under the receiver operating characteristic curve.

regimens, which further impacts quality of life, resulting in more individuals progressing to higher NYHA classes,
increased hospitalization, and mortality. Hence, medical health providers must consider psychological status in the
treatment and management of patients with CHF, in addition to physical symptoms and cardiac function. Providing
psychological support, educating patients on disease management, and encouraging them to engage in suitable physical
activities and socialization are important measures to improve health outcomes of patients with A&D.

In patients where daily activities have not yet been affected by A&E, we do not recommend targeted interventions such
as personalized psychological counselling and cognitive behavioral therapy[13,26]. In this study, we observed different
SAS and SDS scores in the N/M and M/S groups. Regression analysis revealed that the combination of LEVF, NT-
proBNP, and IL-6 had good predictive and discriminative value between the N/M and M/S groups. These factors
comprehensively reflect cardiac function, heart load, and inflammatory state; therefore, compared with single-index
predictions, they can more accurately determine A&D severity in patients with CHF. Severe A&D is a complex
multifactorial disorder that is influenced by genetic, biological, psychological, and environmental factors. Existing studies
have shown the predictive value of conventional biochemical indices, such as leukocytes in the hematopoietic system and
uric acid in inflammatory mediators, in discriminating bipolar disorder and depression in the general population, with
females exhibiting better predictive effects than males (AUROC = 0.793)[27]. Similarly, in the present study, we
constructed a model using myocardial indices and inflammatory factors to predict A&D severity in patients with CHF
and demonstrated a relatively good prediction effect (AUROC = 0.875). Perhaps, this was attributable to the targeted
groupings used in the analysis.
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Overall, the combination of biochemical indicators of A&D severity provides an objective reference for the classi-
fication of patients, which is essential for accurate diagnosis. Specialized prediction models for comorbidities, such as
patients with both A&D and CHEF, are also warranted.

In this study, we found a preliminary association between A&D levels, myocardial indicators, and inflammation in
patients with CHF and identified potential indicators and models for classifying A&D on a physiological basis. However,
this single-center retrospective study had some limitations in terms of the sample size and reliance on standardized self-
reported questionnaires. Future longitudinal studies with larger sample sizes are warranted to validate the association
between myocardial indicators, inflammation levels, and A&D.

CONCLUSION

Cardiac parameters (NT-proBNP and LVEF) and levels of inflammatory factors (IL-6 and TNF-o) significantly vary with
the degree of A&D. IL-6, NT-proBNP, and LVEF are independent factors that can distinguish between moderate and
severe A&D from no A&D or mild A&D. When combined, they have a high discriminative ability towards A&D.

ARTICLE HIGHLIGHTS

Research background

Anxiety and depression (A&D) are common in patients with chronic heart failure (CHF). While extensive research on the
general demographic characteristics and A&D data in patients with CHF has been conducted, research on myocardial
markers and inflammatory factor levels remains limited. Uncovering the relationship between myocardial markers,
inflammatory factor levels, and the degree of A&D in patients with CHF can further supplement and assist in evaluating
and classifying A&D severity in patients.

Research motivation

The differential levels of myocardial markers and inflammatory factors depending on A&D severity in patients with CHF
could serve as objective evidence to assist clinicians in assessing and classifying the extent of A&D. This could correct for
the subjectivity of the general assessment scales, facilitating a more precise distinction between CHF patients with
different degrees of A&D, enabling physicians to better manage and rationally allocate medical resources, and providing
the potential for personalized treatment.

Research objectives

We classified patients with CHF with varying degrees of A&D based on myocardial markers and inflammatory factor
levels and showed that some factors had good discriminative ability, providing the possibility of establishing and
assisting in the evaluation of A&D severity in patients with CHF based on biochemical markers.

Research methods
We further explored the inter-group differences in myocardial and inflammatory indicators and showed their ability to

predict A&D severity in patients with CHF using regression and the area under the receiver operating characteristic
curve (AUROC) analyses.

Research results

Left ventricular ejection fraction, N-terminal pro-brain natriuretic peptide, and interleukin-6 were used in combination to
predict and classify 233 patients with CHF in this study into no/mild- and moderate/severe-A&D and achieved good
results (AUROC = 0.875, 95% confidence interval: 0.820-0.929).

Research conclusions
Based on our retrospective analysis, we propose that the combination of myocardial and inflammatory factor levels could
assist in assessing and classifying the severity of A&D in patients with CHF.

Research perspectives

We plan to further combine other biochemical markers, such as hormone levels, with these classification-effective factors
and apply targeted interventions to observe patient outcomes and evaluate changes in A&D severity among patients.
This will help to validate our preliminary findings and investigate the potential roles of these biochemical markers in
guiding CHF management.
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