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Background: Chronic heart failure (CHF) affects more than 3.8 million people worldwide. There is a paucity of studies focusing on
psychosocial issues in CHF patients. This study aimed to investigate the association of social support, mental adjustment and death to
exploring whether mental adjustment could mediate the relationship.

Methods: From May 2017 to June 2021, we conducted a multicenter clinical study to collect 1552 patients data. The Patient Report
Outcome (PRO) scale were disseminated to collect information in the physical, psychological, social and therapeutic domains of
patients. Marginal structural model was used to investigate the association of social support and CHF death, and the role of mental
adjustment in their mediation.

Results: The direct effect of social support accounted for 44.76% of the total effect. High social support (=14 points) reduced
mortality by 46.3% (RR=0.537, P=0.027), medium social support (11-14 points) reduced mortality by 45.3% (RR=0.547, P=0.042).
Anxiety (effect percentage: 24.63%) and appetite-sleep quality (effect percentage: 30.61%) played a mediating role between social
support and death in CHF patients. In women, aged >75 years, divorced or widowed patients were most prone to anxiety due to
inadequate support (RR=0.519, P=0.019; RR=0.403, P=0.002; RR=0.413, P=0.041). Family care and socioeconomic assistance
significantly reduced the risk of death (RR=0.689, P=0.040; RR=0.584, P=0.012).

Conclusion: Social support can reduce patient mortality, especially family care and social economic assistance. The elderly, female,
divorced or widowed patients are more likely to cause mental illness due to inadequate social support.

Keywords: chronic heart failure, social support, marginal structural model, mediation analysis

Background
Chronic Heart Failure (CHF) is a progressive and disabling disease. Affected by the aging population, the number of
patients with CHF has reached 60 million worldwide.! Although the current treatment methods for patients with CHF
have been greatly improved, the rehospitalization and mortality rates of patients with CHF remain high.>* The 1-year
rehospitalization and mortality rates of patients with CHF are 44% and 17%, respectively and the 5-year mortality rate is
42.3%.* Poor prognosis of heart failure (HF) causes heavy mental and economic burdens to patients, families, and
society.”” Reducing the risk of death in patients with HF remains a crucial social issue.

The ESC Guidelines for the Diagnosis and Treatment of Acute and Chronic Heart Failure (2021) clearly state that in
addition to biological risk factors,® the development of HF is influenced by several social factors. The stress-buffering

hypothesis suggests that social support can moderate the association between stress and health outcomes, and social
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factors play an extremely important role in health outcomes.®’ In recent years, although the risk factors of CHF have
been well researched, few studies have investigated the social protective factors of patients. In addition, there may be
a complex relationship between social support and psychological status. Social support may buffer patients’ anxiety,
depression, and other adverse psychological conditions and improve patients’ prognosis.®” However, there are still no
studies that adequately address these concerns. Therefore, this study focused on the causal role of social support in
reducing the mortality of patients with CHF and the potential mechanism (mediating effect) of anxiety, depression, and
other psychological domains related manifestations.

Notably, the causal relationship of validation usually requires a clinical cohort study. Owing to the extensive follow-
up period, treatment transfer and time-dependent confounding factors inevitably exist, leading to causal effect estimation
error; this may affect the efficiency of the study and may cause selection bias.'® The traditional statistical analysis method
can not solve these problems effectively.'' Marginal structure model is a classical method in causal inference, which can
effectively deal with time-varying confounding factors and transfer problems and more accurately explore the real effects
among variables.'? Therefore, this study used the patient report outcome scale for patients with CHF to collect patient
information from the physiological, psychological, social, and therapeutic domains, by building a marginal structural
model to analyze the causal effect of social support to cardiac death, the mediating effect of anxiety, depression, and
other psychological domains.

Methods

Study Population

Between May 2017 and June 2021, we conducted a multi-center longitudinal cohort study in Shanxi, China (the First
Hospital of Shanxi Medical University; Shanxi Cardiovascular Hospital; Bethune Hospital) [ChiCTR2100043434;
ChiCTR2100043337]. According to the strict inclusion and exclusion criteria (Table 1), 1552 patients with a definite
diagnosis of CHF were included in the study, and a cohort of patients with CHF was constructed. CHF-PROM scale was
used to collect patients’ data (Table 2). According to their baseline social support scores, patients were categorized into
four groups: 1 (Low social support group/non-exposed group, 0-9), II (Mild social support group, 9—11), III (Medium
social support group, 11-14), and IV (High social support group, >14). Thereafter, CHF-PRO information and outcome
event information of patients were obtained in 1, 3, and 6 months and then followed up every 6 months thereafter. The
investigation conforms with the principles outlined in the Declaration of Helsinki, and written informed consent for
participation was obtained from all patients.

The inclusion and exclusion criteria are listed in Table 1.

Measurement of Variables
Chf-Prom

In this study, the CHF-PROM,'® which is suitable for Chinese people, was used for data collection. The scale was
divided into four fields, 12 dimensions, and 57 items. Each item was divided into 0—4 points, representing the frequency

Table | Participant Inclusion and Exclusion Criteria

Inclusion Criteria

Age 218 years
. Diagnosed with HF according to the guideline3

. Diagnosis of CHD

I
2
3. New York Heart Association (NYHA) functional class II-IV
4
5. Receipt of HF therapy in the past month

Exclusion Criteria

|. Experienced acute cardiovascular events in the past 2 months

2. The life expectancy of <I year
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Table 2 The Structural Frame of CHF-PROM

Domains Dimensions Items

Physiology Somatization PHYI-, PHY2-, ...... , PHY7-, PHY8-
Appetite Sleep PHY9-, PHY10-, PHY I |-, PHY2-
Independence PHY 13, PHY 14, PHYIS5, PHY 16

Psychology Anxiety PSYI-, PSY2-, ...... PSY7-, PSY8-
Depression PSY9-, PSYIO-, ...... , PSY14-
Fear PSY15-, PSY16-, PSY17-
Paranoia PSY18-, PSY19-, PSY20-, PSY2I-

Society Social Support SOY 1, SOY2, SOY3, SOY4, SOY5
Utilization SOYé, SOY7, SOY8

Treatment Compliance TREI, TRE2
Satisfaction TRE3, TRE4, ...... , TRE9, TREIO
Effect of drug TREI |-, TREI2-

of social support: never (0), less than once a month (1), 1-3 times a month (2), once a week (3), and more than once
a week (4).

To facilitate patients’ understanding, the scale involves the method of combining positive and negative scoring. The
positive scoring results are kept unchanged in the calculation. The item with the negative score is calculated as 4 minus
the item score, and the final score of each item is between 0—4. The higher the score, the better the health status. The
specific structures are listed in Table 2. The results of Cronbach’s a coefficients for each dimension show that the scale
has good reliability (Figure 1).

Social Support

The social support score was calculated from five items in the PRO scale: SOY1 (family care and communication), SOY?2
(relatives’ and friends’ care and communication), SOY3 (colleagues’ care and communication), SOC4 (social and economic
assistance), and SOCS5 (actively seeking help from the society). The overall score of social support was calculated by
summing up the five items, with a possible total score of 20 points. We then categorized the score into four groups according
to level of social support based on the distribution of scores in the patients: I (Low social support group, 0-9), II (Mild social
support group, 9-11), III (Medium social support group, 11-14), and IV (High social support group, >14).

Covariates

Covariates such as demographics (age, gender, occupation, educational attainment, marital status, etc.), cardiac comor-
bidity (arrhythmic, hypertension, valvular heart disease, and diabetes mellitus), physiology domain (somatization,
appetite, sleep independence), psychology domain (anxiety, depression, fear, paranoia), society domain (support,
utilization), and treatment domain (compliance, satisfaction, effect of drug) were included. Age was grouped according
to the World Health Organization’s (WHO) age classification criteria (<60, 60-75, >75).

Outcome Variable
The primary study endpoint was defined as cardiovascular death (HF-related, sudden, stroke-related, and any other
cardiovascular death) during the follow-up.

Statistical Analysis

Missing Values

All the data in this paper were collected one to one by professionally trained members of the research team, so there were
a few missing variables. For non-time-varying covariates, the mean was used to estimate the missing values. For the PRO
scale, the mean values of two similar follow-up time points were used to fill in the missing values. Two-sided tests were
used for all statistical analyses, and the significance level was set at 0.05.
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Figure | Cronbach a coefficients of each dimension.

Data Analysis

Sample size estimation was performed using PASS 15 software. The mortality was estimated to be 0.5 in group I (low
social support), 0.4 in group I, 0.35 in group I1I, and 0.3 in group IV. We used the following settings: power = 0.9, alpha
= 0.05, and alternative hypothesis = two-sided test. Considering a 10% loss to follow-up rate, the final total sample was
estimated to be 1500. We collected data from 1652 people. According to the deduction of lost follow-up patients (n =83),
1469 people were finally included in the model analysis.

The data was arranged, processed, and analyzed using the SPSS 25 software. First, continuous variables were
described using means with standard deviations for data with normal distribution, medians and interquartile range for
non-normally distributed variables, and numbers and percentages for categorical variables. According to the distribution
of variables, the analysis of variance (ANOVA), chi-squared test, and Wilcoxon rank-sum test were used to compare the
differences in each parameter between the four groups.

Second, the multiple mediation marginal structural model was used to analyze the risk ratios of social support to
cardiac death in patients with CHF and test the potential mediating role of physiological and psychological domains. We
used the Directed Acyclic Graph (DAG) for mediator variable selection (Figure 2).
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Figure 2 Directed Acyclic Graph (DAG) of the hypothesized causal pathway between social support and cardiovascular death.
Abbreviations: C, confounder; L, Exposure-induced mediator-outcome confounders.

Finally, the subgroup analyses and item analysis of different populations to provide a basis for personalized social
intervention for patients with CHF.

In each marginal structural model, we used ordered logistic regression to calculate the stable inverse probability weights
for each sample (the weights were truncated at the 95th percentiles and normalized to reduce the influence of outliers).

Results

From the baseline information distribution of CHF patients with different social support levels, there were significant
differences in age and marital status distributions. The age of patients with low social support was significantly higher
than that of those with high social support (72.4 vs 68.36, 65.8, 67.39, P=0.004). The proportion of divorced and
widowed patients with low social support was significantly higher than that of patients with high social support (20.1%
vs 15.0, 12.2%, 17.4%, P=0.047). There were no gender differences among the groups (P=0.716). The comorbidity
distribution of the patients was similar, as shown in Table 3.

Table 4 shows the following results: the risk of death was 0.537 times higher in grade IV social support patients than
in grade I social support patients, with a risk reduction of 46.3% (RR=0.537, 95% CI: 0.310-0.931, P=0.027); the risk of
death in patients with social support III was 0.547 times higher than that in patients with low social support, with a 45.3%
reduction (RR=0.547, 95% CI: 0.306-0.979, P=0.042).

The direct effect of social support accounted for 44.76% of the total effect, and the mediating effects of appetite and
sleep accounted for 30.61% of the total effect. In other words, social support can improve patients’ appetite and sleep
state, and, thus, reduce the occurrence of death events (RR=0.433, 95% CI: 0.264-0.709, P<0.001). The mediating effect
of patients’ anxiety symptoms accounted for 24.63% of the total effect of social support, which could improve patients’
anxiety symptoms and reduce the occurrence of death events (RR=0.510, 95% CI: 0.365-0.711, P<0.001). The mediating
effect was statistically significant.

According to the subgroup analyses results in Figure 3, patients with CHF aged over 75 years were the most sensitive
to social support (RR=0.764, P=0.019), and this patient group was also the most prone to anxiety due to insufficient
social support (RR=0.403, P=0.002). Patients younger than 60 years of age were most likely to develop appetite and
sleep disorders and accelerate the occurrence of outcome events due to insufficient social support (RR=0.212, P=0.005).
For female patients, anxiety symptoms are apparent when social support is insufficient and will significantly affect the
occurrence of end-point events (RR=0.519, P=0.019). Divorced or widowed patients are more likely to experience
mental illness (anxiety) because of inadequate social support (RR = 0.413, P=0.041).
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Table 3 Baseline Characteristics by Level of Social Support

I (Lowest) 11 (Mild) 11l (Medium) IV (Highest) P
(0~9) 9~11) (11~14) (14~20)

AGES 724 (18.29) 68.36 (16.41) 65.8 (20.59) 67.39 (18.94) 0.004

BMI 23.4 (6.18) 23.44 (5.78) 24.06 (5.39) 24.06 (5.55) 0.173

HR 76 (17) 76 (22) 75 (23) 78 (24) 0.321

SP 121 (22) 122 (21) 121 (25) 120 (24) 0.655

DP 79 (14) 76 (12) 78 (14) 77 (13) 0.553

Gender 0.716
Male 153 (58) 171 (54.6) 197 (58.6) 311 (55.9)

Female 111 (42) 142 (45.4) 139 (41.4) 245 (44.1)

Marital status 0.047
Married 211 (79.9) 266 (85) 295 (87.8) 459 (82.6)
Divorced/Widowed 53 (20.1) 47 (15) 41 (12.2) 97 (17.4)

Education 0.544
Low 97 (36.7) 111 (35.5) 100 (29.8) 175 (31.5)

Medium 132 (50) 161 (51.4) 188 (56) 308 (55.4)
High 35(13.3) 41 (13.1) 48 (14.3) 73 (13.1)

Manual workers 136 (51.5) 142 (45.4) 174 (51.8) 286 (51.4) 0.286

Income 0.136
Low 120 (45.5) 118 (37.7) 126 (37.5) 224 (40.3)

Medium 140 (53) 194 (62) 206 (61.3) 322 (57.9)
High 4 (1.5) 1 (0.3) 4 (1.2) 10 (1.8)

Health insure 0.101
City health insure 140 (53) 136 (43.5) 167 (49.7) 269 (48.4)

Rural health insurance 69 (26.1) 92 (29.4) 103 (30.7) 176 (31.7)
Self- paying 55 (20.8) 85 (27.2) 66 (19.6) 111 (20)

NYHA 0.062
1l 50 (18.9) 66 (21.1) 96 (28.6) 136 (24.5)

n 111 (42) 125 (39.9) 139 (41.4) 221 (39.7)
v 103 (39.0) 122 (39.0) 101 (30.1) 199 (35.8)

Family history 50 (18.9) 65 (20.8) 78 (23.2) 130 (23.4) 0.453

Smoking 36 (13.6) 38 (12.1) 58 (17.3) 93 (16.7) 0.262

Drinking 28 (10.6) 36 (11.5) 39 (11.6) 53 (9.5) 0.892

Arrhythmia 69 (26.1) 102 (32.6) 125 (37.2) 167 (30) 0.026

Coronary Heart Disease 69 (26.1) 96 (30.7) 106 (31.5) 186 (33.5) 0.203

Hypertension 119 (45.1) 144 (46) 148 (44) 245 (44.1) 0.945

Valvular disease 23 (8.7) 25 (8) 29 (8.6) 53 (9.5) 0.557

Diabetes 68 (25.8) 75 (24) 75 (223) 132 (23.7) 0.809

PCI/CABG 41 (15.5) 41 (13.1) 51 (15.2) 77 (13.8) 0.802

Abbreviations: HR, Heart Rate; SP, Systolic Pressure; DP, Diastolic Pressure; PCI/CABG, Percutaneous Coronary Intervention/Coronary Artery Bypass Grafting.

Table 4 Multiple Mediation Analysis

Effect B SE P RR (95% CI) Percentage (%)
Direct effect Social support IV —0.622 0.2809 0.027 0.537 (0.310, 0.931) 44.76

Social support IlI —0.603 0.2967 0.042 0.547 (0.306, 0.979)

Social support Il —0.009 0.2725 0.974 0.991 (0.581, 1.691)
Indirect effect Appetite Sleep —0.838 0.252 <0.001 0.433 (0.264, 0.709) 30.61

Anxiety —0.674 0.17 <0.001 0.510 (0.365, 0.711) 24.63
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Figure 3 Subgroup analysis.
Abbreviations: SOC, social support; APS, appetite-sleep quality; ANX, Anxiety.

Figure 4 shows the death risk analysis of each item in the dimension of social support. The results showed that financial
support had the strongest effect on mortality in patients with CHF. Compared with patients with no or low financial support,
the mortality risk of patients with high financial support was 58.4% (RR=0.584, P=0.012). In addition, family care had the
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Figure 4 Item analysis.
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next highest effect on reducing death in patients with CHF. The mortality risk of patients with high levels of family care was
68.9% lower than that of patients with low levels of family care. We did not observe significant effects of social support from
neighbors, relatives, co-workers, or actively sought social support on the risk of death in patients with HF.

Discussion

We prospectively investigated the causal effect between social support and the risk of death in patients with CHF in
a 5-year follow-up cohort. The main findings of this study are as follows. (1) The results of the marginal structural model
analysis showed that more social support was significantly associated with a reduced risk of death in patients with CHF,
and anxiety, appetite-sleep quality played a mediating role; (2) patients with CHF over 75 years old who are females,
divorced, and widowed need to pay more attention to the mental health problems (anxiety) caused by insufficient social
support; and (3) among the forms of social support, family care and economic support are the most important.

This study found that there was a causal relationship between social support and death in patients with CHF, and
anxiety and appetite and sleep played a mediating role in the relationship. From the statistical perspective of causality
argument, the estimation of causality in the real world is usually based on randomized controlled trial (RCT), which
strictly controls the trial conditions and adopts the method of randomization and grouping, which can effectively control
confounding bias.'* However, the development of RCT still needs a lot of human and material support and strict ethical
review, which is difficult to carry out in conventional research centers and general hospitals.'> Strict experimental
conditions also bring adverse effects, affecting the extrapolation of results. The correct causal inference model can be
used to verify the causal relationship more accurately under the condition of controlling all kinds of confounding. Edge
structure model is a kind of more mature causal inference model, it by logistic model is used to estimate probability, and
uses the estimation method for inverse probability weighting of the stable weight, build a virtual crowd, the virtual
crowd, the distribution of confounding factors and the corresponding processing factor levels are independent of each
other, achieve the goal of similar randomized, At this time, the risk assessment of the virtual population can obtain the
unbiased analysis of the effect assessment of treatment factors, and solve the phenomenon of time-dependent confound-
ing and treatment transfer in the follow-up process of cohort data.'” In this study, based on the cohort data of CHF
patients, we assigned Low social support, mild social support, medium social support and high social support groups at
baseline, carried out regular follow-up of patients in the four groups for up to 5 years, and constructed the marginal
structure model. It has proved the causal relationship between different degrees of social support and the death of CHF
patients and the potential mechanism (mediating) effect of anxiety and other psychological conditions. This analysis and
research method has the same idea as many other articles, which can ensure the reliability of the research results.'®'®

From the perspective of social medicine and social psychology, prolonged chronic diseases may break the life balance of
individuals. When the coping mechanism is ineffective, individuals live with depression, anxiety, sleep disorders, and other
symptoms.®'® ! One possible mechanism in this association is the buffering effect of social support. The buffering hypothesis
proposes that social support is only (or mainly) related to health when stressful life events occur.”? This hypothesis predicts
that social support will protect individuals against the potential negative impact of stress events by changing the perception of
negative events, enhancing one’s sense of self-respect, self-confidence, and self-efficacy, transfer of coping resources, thereby
promoting health-related behavior changes that protect anxiety and depression, and improving appetite and sleep state of
patients.”* %3 In the absence of a clinical diagnosis, psychological symptoms of patients with CHF are often unnoticed and
untreated, causing adverse effects on symptom treatment and health outcomes of patients.”® Careful attention by clinical
medical workers is recommended to recognize early and mild anxiety symptoms of patients with HF. Additionally, appropriate
attention and psychological support to patients’ symptoms to prevent and reduce the anxiety symptoms of patients is necessary
to improve the overall treatment effect, treatment compliance of patients, and reduce treatment cost.

The final item analysis results show that family care, communication, and social economic assistance are particularly
important for patients. According to the present literature, patients with low socioeconomic status are more likely to
receive a less comprehensive management solution from rural hospitals.”” 2’ Poorer survival and social status may be
important factors leading to the deterioration of health outcomes. Social support for patients through economic assistance
will help reduce adverse outcomes, and support through family communication may improve the mental health of
patients.
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Strengths

Based on the biopsychosocial medicine model, this study comprehensively analyzed the causal effects of social support
and its items on adverse outcome events in patients with CHF and adjusted the effect size of social support by
considering the mediating roles of physiological and psychological domains using data from a prospective cohort
study. In addition, a subgroup analysis was conducted for patients of different ages, sexes, and marital statuses. The
results are helpful in providing personalized social intervention for different subgroups of patients and improving the
prognosis of patients.

Limitations

As the patients were more sensitive to economic situations, only the frequency of aid was counted in the social and
economic aid part of this study’s item analysis, and the specific value of financial aid could not be collected. Therefore,
the influence of different amounts of financial aid on the outcome could not be accurately determined. Unmarried patients
accounted for a very low proportion of the study’s cohort, and no endpoint events occurred in the group with high social
support. To ensure the accuracy of the effect estimation, unmarried people were not included in this study; thus, the
results may not apply to unmarried people.

Conclusion

Social support can reduce patient mortality, especially family care and social economic assistance. Elderly, female,
divorced, or widowed patients should also have attention given to their psychological status (anxiety). Patients younger
than 60 years of age with decreased appetite and sleep should receive timely social support to prevent the occurrence of
adverse events.
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