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Abstract: We examined the long-term relationship of psychosocial risk and health behaviors on
clinical events in patients awaiting heart transplantation (HTx). Psychosocial characteristics (e.g.,
depression), health behaviors (e.g., dietary habits, smoking), medical factors (e.g., creatinine), and
demographics (e.g., age, sex) were collected at the time of listing in 318 patients (82% male, mean
age = 53 years) enrolled in the Waiting for a New Heart Study. Clinical events were death/delisting
due to deterioration, high-urgency status transplantation (HU-HTx), elective transplantation, and
delisting due to clinical improvement. Within 7 years of follow-up, 92 patients died or were delisted
due to deterioration, 121 received HU-HTx, 43 received elective transplantation, and 39 were delisted
due to improvement. Adjusting for demographic and medical characteristics, the results indicated
that frequent consumption of healthy foods (i.e., foods high in unsaturated fats) and being physi-
cally active increased the likelihood of delisting due improvement, while smoking and depressive
symptoms were related to death/delisting due to clinical deterioration while awaiting HTx. In
conclusion, psychosocial and behavioral characteristics are clearly associated with clinical outcomes
in this population. Interventions that target psychosocial risk, smoking, dietary habits, and physical
activity may be beneficial for patients with advanced heart failure waiting for a cardiac transplant.

Keywords: advanced heart failure; heart transplant; depression; smoking; physical activity;
dietary habits

1. Introduction

For patients with advanced heart failure, the wait for a heart transplantation (HTx)
can be long. According to Eurotransplant, in 2020 there were approximately 350 heart
transplants and 700 people in Germany on the heart waiting list [1,2]. The waiting period
can be difficult for patients, both physically and psychologically [3,4]. Due to illness
severity, some patients are admitted to the hospital and monitored to ensure satisfactory
condition until transplantation [3]. The most common clinical outcomes for patients on the
waiting list are death, heart transplantation (either high-urgency or elective), and delisting
due to either clinical deterioration or improvement.

Psychosocial and lifestyle factors have been shown to play a role in outcomes in
patients with heart failure. For example, depression and social isolation increase hospi-
talization and mortality [5–7]. Also detrimental to patients with heart failure is having
a history of smoking. For example, active cigarette smoking, as well as heavy former
smoking, increase the risk of heart failure, and risk of rehospitalizations and death in
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cardiac patients compared to those who have never smoked [8–11]. In contrast, engaging
in healthy lifestyle behaviors can decrease the risk of having a poor outcome. For example,
in older adults with advanced chronic heart failure, moderate physical activity was found
to decrease the risk of death [12], and healthy dietary habits, such as eating a diet low in
saturated fats and high in polyunsaturated fatty acids, have been shown to be associated
with lower all-cause mortality [13]. Whether these factors affect clinical outcomes over the
long term while waiting for a new heart is currently unclear.

To evaluate the role of psychosocial and behavioral factors in this population, the
Waiting for a New Heart Study was conducted. The Waiting for a New Heart Study [14] is
a prospective multi-site observational study of 318 patients newly registered for a heart
transplant. The study evaluates the contributions of psychosocial risk (i.e., depression,
social isolation) and behavioral factors (i.e., dietary habits, physical activity, and smoking)
at the time of listing on clinical outcomes (i.e., death/delisting due to deterioration, high-
urgency heart transplantation, elective transplantation, and delisting due to improvement).
In previous reports using data from the Waiting for a New heart Study, based on shorter
follow-ups (i.e., 1 year) and therefore fewer events, individual predictors were analyzed
and outcomes such as event-free survival were considered. Low depressive symptoms, low
psychosocial risk (defined as being socially integrated and not having depression), high
physical activity, and healthy dietary habits (i.e., a diet high in poly- and mono-unsaturated
fatty acids) were found to independently decrease the risk of adverse events, while having
low social support (specifically in men) and smoking increased the risk of death [15–19].

This extended follow-up report of 7 years employed competing risks analysis to more
accurately estimate the probability of an event of interest in the presence of competing
outcome events compared to traditional methods. Specifically, we examined depressive
symptoms, psychosocial risk, social support, dietary habits, physical activity, and smoking
habits with the Waiting for a New Heart data consisting of over 7 years of follow-up.

With a longer follow-up we seek to understand the joint contribution of these factors
on four major clinical events (death/delisting due to deterioration, high-urgency heart
transplantation, elective transplantation, and delisting due to improvement). This compre-
hensive analytical approach allows for the examination of multiple risk factors that usually
co-occur and can facilitate the development of prevention programs that target modifiable
behavioral risk factors.

2. Materials and Methods
2.1. Study Population

The present analyses focused on baseline data from the Waiting for a New Heart Study
obtained at the time of listing and on clinical outcomes collected during the waiting period
until the last follow-up in February 2013. An invitation letter was sent to all heart transplant
clinics in Germany and Austria by Eurotransplant. Sixteen hospitals in Germany and one in
Austria agreed to participate. Comparisons of nonparticipants with participating patients
have been reported previously [20]. The study was approved by local ethics committees
and carried out in accordance with the Declaration of Helsinki.

2.2. Procedures and Participants

The study procedures have been described in detail previously [20]. Shortly, informed
consent was obtained from patients who were newly registered on the waiting list between
April 2005 and December 2006. Patients were eligible for inclusion in the study if they were
registered on the Eurotransplant HTx waiting list, 18 years or older at the time of listing,
able to speak German fluently, had not received a donor heart before, and did not require a
combined heart–lung transplantation. There were 380 patients in 17 hospitals who met the
inclusion criteria and were invited to participate. Of these, 340 patients consented and were
sent the questionnaires. Complete responses were obtained from 318 patients, yielding a
93.5% response rate (Figure 1).
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Figure 1. Flowchart illustrating participant recruitment.

2.3. Variables
2.3.1. Waiting List Outcome Variables

Outcomes were based on data of patients’ changes in waiting list status as transferred
by Eurotransplant. Outcome variables were: (1) death and delisting due to deterioration,
(2) high-urgency status heart transplantation (HU-HTx), (3) elective transplantation (elec-
tive HTx), and (4) delisting due to clinical improvement. As delisting due to deterioration
had the lowest cumulative incidence, it was combined with death for a combined outcome
variable. High-urgency status, at the time of listing, was a temporary status applied to
patients in intensive care units with cardiac index <2.2 L/m2/min and mixed venous
oxygen saturation <55% while on inotropic therapy for at least 48 hours and beginning
secondary organ failure [21]. High-urgency status was approved by Eurotransplant. Elec-
tive transplantation is transplantation while not in high-urgency status. Transplantation
is influenced by the availability of a donor heart and match. Waiting list outcomes were
based on type and date of waiting list status change until February 2013 since the date of
wait-listing as provided by Eurotransplant. Patients who were still on the waiting list by
the end of the follow-up, lost to follow- up, and delisted for other reasons (i.e., withdrawing
consent for transplantation and delisted owing to noncompliance) were censored.

2.3.2. Independent Variables
Psychosocial Risk Factors

Depressive symptoms were measured by the German version of the Hospital Anxiety
and Depression Scale (HADS-D), which consisted of seven items (e.g., for depression:
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“I look forward with enjoyment to things” (reverse scored)) with scores ≥ 9 suggesting
clinical depression [22]. Cronbach’s α in a German sample of 6200 patients (90% cardiology)
was 0.81 for the depression scale [22] and α = 0.77 in our sample [20]. The English and
German versions of the questionnaire have been extensively validated [23]. For analyses,
depressive symptoms were dichotomized into high depressive symptoms (scores ≥ 9)
and low depressive symptoms (scores < 9). Because anxiety was unrelated to waiting-list
outcomes [19], it was not evaluated here. The number of social networks in the past month
were assessed and used as an indicator for social isolation. Social isolation was indicated
by a low network size, 0–4 persons/month in this study [24]. Psychosocial risk was a
combination of the depression and social network scores; high risk was defined by the
presence of both depression and social isolation (having ≤ 9 social networks) and low risk
by having neither.

Dietary Habits

Dietary habits were measured using an adapted version of the Fragebogen zur Erfassung
des Gesundheitsverhaltens (FEG), Questionnaire for the Assessment of Health Behavior [25].
It assesses consumption frequencies of 33 food items (e.g., bread, fresh fruits, salty snacks,
butter, and fish). Participants indicated how often they consumed the listed foods (range:
4 = daily to 1 = never). Food items were categorized a priori according to the content of
salt, and saturated and polyunsaturated and monounsaturated fatty acids [26], to calculate
the frequency sum scores of intake of salty foods and foods high in polyunsaturated and
monounsaturated fats (PUFA + MUFA). Item values were summed and then each sum
value was divided by the number of included items [27].

Physical Activity

The number of physical activities patients engaged in at the time of listing was assessed
using a modified version of the Community Healthy Activities Model Program for Seniors
(CHAMPS), a Physical Activity Questionnaire for Older Adults [28]. Our adaptation [29]
included 15 activities of light to moderate intensity, that is, with metabolic equivalents
of task values (MET = 1 MET is a metabolic rate at rest consuming 3.5 mL of oxygen per
kilogram of body weight per minute) between 2.5 and 6 according to the compendium
of physical activities [30]. Items covered light gardening, walking to do errands, riding
a bicycle, walking leisurely, Nordic walking, stretching, or light exercises. Participants
were asked whether they regularly engaged in each activity over the past 4 weeks (yes/no).
If yes, the weekly frequency for the specified activity was asked. To calculate caloric
expenditure, participants were also asked to specify the number of hours per week they
usually spent in this activity on a six-point scale from “less than one hour” to “9 or more
hours”. The duration of time spent on an activity was weighted by its MET value and
multiplied by 3.5 × 60 × (weight in kg/200). These caloric expenditure (kcal per week)
values were then summed across all activities [19,28].

Smoking Status

Smoking status (current, former, and never) and year of quitting among former
smokers were assessed by self-report [16]. Smoking status was grouped into three cate-
gories for analyses: current, former (quit ≤ 10 years ago), and non-smoking (never and
quit > 10 years ago). Because never smokers and those who had quit more than 10 years
have similar outcomes, they were grouped together for analyses [16].

Medical Variables

Medical variables at the time of listing were provided by Eurotransplant. These included
anthropometric measurements, creatinine level, cardiac index, and the seven parameters to
calculate the Heart Failure Survival Score (HFSS) [31]: mean arterial blood pressure, resting
heart rate, left ventricular ejection fraction (LVEF), serum sodium, presence of intraventricular
conduction delay (QRS interval ≥ 0.12 s), etiology of heart failure (ischemic versus non-
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ischemic), and peak oxygen consumption (peak VO2). Inpatient status at time of listing
(yes/no) was assessed via questionnaire.

Demographic Characteristics

Demographic characteristics considered were age and gender.

2.4. Statistical Analyses

Analyses were conducted using R version 3.1.3 including the package cmprsk. A
semiparametric multiple imputation procedure was used to handle missing medical pa-
rameters [29,32]. Analyses, except for competing risks regressions, were conducted across
10 imputed data sets and results pooled. Competing risks analyses were performed with
the first of the ten imputed data sets and checked against the other nine records. To explore
the robustness of the obtained results, analyses were repeated with non-imputed data.

Descriptive statistics are presented in absolute numbers and percentages for categori-
cal variables and means and standard deviations for continuous variables. In addition, the
minimum and maximum absolute numbers from categorical data and the minimum and
maximum means and standard deviations observed in the imputed data are also presented.

We used competing risks regression models to identify psychological and behavioral
predictors for each clinical outcome variable. Utilizing a competing risks approach, we
considered the mutually exclusive outcomes death/delisting due to deterioration, high-
urgency transplantation, elective transplantation, and delisting due to clinical improvement,
whichever occurred first [33]. Therefore, all competing outcomes were considered in a
competing risks regression simultaneously for which we report sub-distribution estimates
for each outcome [34]. Sub-distribution hazard ratios (SHR) are interpreted similarly to
a hazard ratio in a Cox regression in a qualitative manner. For instance, if the estimated
sub-distribution hazard ratio for low psychosocial risk is greater than 1 when predicting
delisting due to improvement, this suggests that low psychosocial risk is associated with
higher incidence of delisting due to improvement while controlling for all covariates
and the fact that death and heart transplantation can also occur while on the wait list.
Cumulative incidence functions were plotted for each separate outcome, indicating the
probability of the event of interest over the course of time (see Figure 2).
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Figure 2. Cumulative incidence functions of each separate outcome in the Waiting for a New
Heart Study.

We first computed sub-distribution hazard ratios for each of the demographic, medical,
psychological, and behavioral variables separately in univariate competing risks regression
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on all clinical outcomes. We then examined the effect of each risk factor (i.e., psychological
and behavioral variables) on our clinical outcomes adjusting for standard covariates: age,
sex, and heart failure severity (creatinine, cardiac index, HFSS, and inpatient status). We
then took those factors associated with at least one of the clinical outcomes at p < 0.1
and included them in a comprehensive model that included relevant psychosocial and
behavioral factors as well as our standard covariates. To avoid over-specification, variables
highly correlated to one another were evaluated and were removed from the models. The
proportional hazards assumption of included variables for the final multivariate model
was evaluated by inspection of plotted scaled Schoenfeld residuals [35].

3. Results
3.1. Patient Characteristics

Psychosocial factors, health behaviors, medical characteristics, and demographics of
318 newly listed transplant candidates are presented in Table 1. The sample was mainly
male (81.8%), with a mean age of 53.1 (SD = 11.1). Most (62.6%) had 9 years or less of
education. Saturated fats and salt intake were highly correlated (r = 0.66) as were caloric
expenditure and number of physical activities (r = 0.71). Therefore, saturated fats and
caloric expenditure were not included in the competing risks analyses.

Table 1. Baseline characteristics of 318 patients newly listed for a heart transplantation.

Original Data Imputed Data (n = 318)

n n/M %/SD M %/SD MinM/Minn MaxM/Maxn

Demographics
Gender, n (%) 318

Male 260 81.8%
Female 58 18.2%

Age (years) 318 53.1 11.1
Education, n (%) 318

≤9 Years 199 62.6%
>9 Years 119 37.4%

Medical Characteristics
HFSS a 224 7.9 0.9 7.86 0.9 7.9 7.9
Creatinine 301 1.4 0.5 1.39 0.5 1.4 1.4
Cardiac Index 289 2.0 0.6 2.06 0.6 2.0 2.1
Inpatient 318

Yes 87 27.4%
No 231 72.6%

Body Mass Index 318 25.9 4.0
Psychological Factors
Depressive symptoms, n (%) 318

Low 195 61.3%
High 123 38.7%

Social network size 318 8.2 6.2
Psychosocial risk b, n (%) 318

Low 47 14.8%
High 271 85.2%

Emotional support, n (%) 318
Low 58 18.2%
High 260 81.8%

Dietary Habits
Salt 318 2.1 0.4
Saturated fatty acids 318 2.2 0.4
PUFA + MUFA c 318 2.3 0.4
Physical Activity
Number of Physical Activities 318 3.5 2.4
Caloric expenditure (kcal/week) 318 17.0 17.2
Smoking status 316

Non (never and quit > 10 y) 166 52.5% 166 168
Former 138 43.7% 138 139
Current 12 3.8% 12 13

Note: a HFSS = Heart Failure Survival Score; b psychosocial risk defined by depressive symptoms and being socially isolated;
c PUFA + MUFA = polyunsaturated and monosaturated fats (healthy fats).
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3.2. Waiting List Outcomes

Participants were observed for a mean follow-up of 623.8 days (SD = 712.3, median
335 days, range 12–2914 days). Cumulative incidence functions of outcomes are presented
in Figure 1. Fourteen patients were still on the waiting list at the end of the follow-up and
nine were delisted due to other reasons such as withdrawing consent for transplantation
and being delisted owing to noncompliance.

3.3. Univariate Competing Risks Models

Tables 2 and 3 report univariate associations between demographic factors, disease
severity variables, psychological characteristics, and health behaviors on clinical outcomes.
In univariate analyses, low depressive symptoms (SHR = 2.59, p = 0.02), low psychosocial
risk (SHR = 2.58, p < 0.01), eating a diet high in PUFA + MUFA (SHR = 2.13, p < 0.05),
and engaging in more physical activities (SHR = 1.17, p < 0.001) were associated with an
increased rate of delisting due to improvement. A more frequent salty food intake was
associated with a 2.6-fold likelihood for HU-HTx and subsequent reduced likelihood of be-
ing delisted due to death or deterioration (SHR = 0.56, p = 0.04). Low psychosocial risk also
reduced the likelihood of being delisted due to death or deterioration (SHR = 0.29, p < 0.01).
The number of physical activities (SHR = 0.88, p < 0.01) was significantly associated with a
reduced likelihood of HU-HTx. On the other hand, social networks (SHR = 1.03, p < 0.01)
increased the likelihood of HU-HTx. Eating a diet high in PUFA + MUFA (SHR = 0.52,
p < 0.05) decreased the likelihood of elective HTx.

Table 2. Univariate outcome-specific sub-distribution hazard ratios (SHR) of competing waiting list outcomes associated
with demographics and medical characteristics in 318 newly listed heart transplant candidates.

Death/Deteriorated
(n = 92)

HU-HTx
(n = 121)

Elective HTx
(n = 43)

Improved
(n = 39)

Independent
Variable SHR (95% CI) p SHR (95% CI) p SHR (95% CI) p SHR (95% CI) p

Demographics
Female 1.54 (0.95, 2.49) 0.08 0.79 (0.47, 1.33) 0.37 1.40 (0.69, 2.85) 0.35 0.65 (0.25, 1.67) 0.37
Age (years) 1.02 (1.00, 1.04) 0.07 0.99 (0.97, 1.00) 0.12 1.01 (0.98, 1.04) 0.51 0.99 (0.96, 1.02) 0.45
Medical Characteristics
HFSS a 0.81 (0.64, 1.02) 0.07 0.80 (0.66, 0.96) 0.02 1.06 (0.70, 1.60) 0.80 1.68 (1.32, 2.15) <0.001
Cardiac Index 0.86 (0.64, 1.14) 0.29 0.52 (0.38, 0.72) <0.001 1.36 (1.08, 1.73) <0.01 1.65 (1.25, 2.18) <0.001
Creatinine 1.45 (0.97, 2.17) 0.07 1.11 (0.79, 1.57) 0.55 1.01 (0.53, 1.91) 0.98 0.52 (0.23, 1.18) 0.12
Inpatient Status 0.44 (0.25, 0.79) <0.01 3.22 (2.20, 4.71) <0.001 1.54 (0.81, 2.89) 0.19 0.29 (0.10, 0.80) 0.02

Note: a HFSS = Heart Failure Survival Score.

3.4. Multivariate Competing Risks Models

Psychosocial factors (depressive symptoms, psychosocial risk (includes depressive
symptoms and social networks)), dietary habits (salty foods, PUFA + MUFA), physical
activity, and smoking status were associated with at least one of the clinical outcomes at
p < 0.1 in separate competing risks analyses adjusted for standard covariates (demographics
and disease severity; Table 2). These relevant psychosocial and behavioral factors were
then entered simultaneously, not separately as before, into a comprehensive competing
risks model, except for depressive symptoms and inpatient status. Depressive symptoms
were excluded because of its high correlation with psychosocial risks (which includes
depressive symptoms and social networks) and inpatient status was excluded because of
its moderate correlation with physical activity. Social networks and emotional support
were not associated with any of the clinical outcomes after adjusting for demographics
and disease severity and were therefore not considered further. After inspection, residuals
did not show any indication of violation of proportionality except for physical activity in
HU-HTx. An interaction term of physical activity and time was entered into the competing
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risks model for the HU-HTx outcome due to its time-varying effect. The reported SHR for
physical activity on HU-HTx is the average effect across the waiting time.

Table 3. Univariate and adjusted outcome-specific sub-distribution hazard ratios (SHR) of competing waiting list outcomes
associated with psychosocial factors, diet, physical activity, and substance use in 318 newly listed heart transplant candidates.

Death/Deteriorated
(n = 92)

HU-HTx
(n = 121)

Elective HTx
(n = 43)

Improved
(n = 39)

Independent Variable SHR (95% CI) p SHR (95% CI) p SHR (95% CI) p SHR (95% CI) p

Psychosocial Factors
Low Depressive Symptoms uni 0.78 (0.52, 1.18) 0.23 0.80 (0.56, 1.15) 0.23 1.06 (0.57, 1.97) 0.85 2.59 (1.20, 5.60) 0.02
Low Depressive Symptoms adj 0.80 (0.53, 1.22) 0.30 0.81 (0.56, 1.17) 0.27 1.01 (0.55, 1.86) 0.98 2.52 (1.15, 5.51) 0.02
Social Networks uni 0.97 (0.94, 1.01) 0.11 1.03 (1.01, 1.06) <0.01 0.98 (0.92, 1.04) 0.53 1.02 (0.98, 1.06) 0.42
Social Networks adj 0.98 (0.94, 1.01) 0.19 1.02 (0.99, 1.04) 0.28 0.98 (0.91, 1.05) 0.50 1.01 (0.96, 1.05) 0.77
Low Psychosocial Risk uni 0.29 (0.12, 0.73) <0.01 1.53 (0.97, 2.43) 0.07 0.74 (0.29, 1.90) 0.54 2.58 (1.27, 5.26) <0.01
Low Psychosocial Risk adj 0.31 (0.13, 0.78) 0.01 1.66 (1.02, 2.70) 0.04 0.67 (0.26, 1.72) 0.40 2.45 (1.07, 5.64) 0.04
Low Emotional Support uni 1.12 (0.67, 1.89) 0.66 0.83 (0.50, 1.36) 0.46 1.57 (0.80, 3.09) 0.19 0.81 (0.34, 1.95) 0.64
Low Emotional Support adj 1.24 (0.74, 2.08) 0.42 0.83 (0.49, 1.39) 0.48 1.69 (0.85, 3.37) 0.13 0.61 (0.23, 1.62) 0.32
Dietary Habits
Salty Foods uni 0.56 (0.32, 0.98) 0.04 2.60 (1.45, 4.67) <0.01 0.90 (0.36, 2.23) 0.81 0.67 (0.29, 1.53) 0.34
Salty Foods adj 0.58 (0.32, 1.06) 0.08 1.73 (0.93, 3.20) 0.08 1.21 (0.47, 3.11) 0.70 0.75 (0.28, 2.04) 0.57
PUFA + MUFA uni 0.76 (0.48, 1.19) 0.23 1.08 (0.71, 1.65) 0.72 0.52 (0.27, 0.99) 0.05 2.13 (1.01, 4.48) 0.05
PUFA + MUFA adj 0.74 (0.46, 1.19) 0.21 1.16 (0.76, 1.79) 0.49 0.47 (0.22, 0.98) 0.04 2.20 (1.03, 4.71) 0.04
Physical Activity
Number of Physical Activities uni 0.97 (0.89, 1.05) 0.46 0.88 (0.81, 0.96) <0.01 1.03 (0.91, 1.16) 0.68 1.17 (1.07, 1.27) <0.001
Number of Physical Activities adj 1.00 (0.92, 1.08) 0.90 0.95 (0.87, 1.04) 0.28 1.05 (0.92, 1.19) 0.51 1.12 (1.01, 1.25) 0.03
Smoking Status
Non-Smoking (Referent)
Former uni 1.18 (0.78, 1.80) 0.44 0.88 (0.61, 1.26) 0.48 0.73 (0.39, 1.36) 0.32 0.92 (0.48, 1.75) 0.79
Current uni 2.38 (0.98, 5.79) 0.06 0.36 (0.09, 1.50) 0.16 0.50 (0.07, 3.47) 0.48 1.41 (0.32, 6.25) 0.65
Former adj 1.49 (0.95, 2.35) 0.09 0.74 (0.50, 1.10) 0.14 0.79 (0.41, 1.51) 0.47 0.77 (0.39, 1.49) 0.43
Current adj 2.49 (1.06, 5.85) 0.04 0.31 (0.07, 1.29) 0.11 0.56 (0.08, 3.92) 0.56 1.72 (0.39, 7.56) 0.47

Note: PUFA + MUFA = polyunsaturated fatty acids and monounsaturated fatty acids; uni = univariate models; adj = adjusted models (in
bold) adjusted for age, sex, heart failure survival score, cardiac index, creatinine, and inpatient status.

In this multivariate model (Table 4), consuming more PUFA + MUFA (SHR = 2.27,
p = 0.04) and engaging in more physical activity (SHR = 1.13, p = 0.03) remained signif-
icantly associated with being delisted due to improvement. However, the SHR of low
psychosocial risk was slightly diminished and missed the level of statistical significance
(SHR = 2.41, p = 0.052). While a higher number of physical activities engaged in at the
time of listing increased the chances and was associated with a shorter time until delisting
due to clinical improvement (SHR = 1.13, p = 0.03), it reduced the likelihood of receiving a
HU-HTx (SHR = 0.79, p < 0.001). A high consumption of salty foods (SHR = 2.19, p = 0.01)
increased the likelihood of HU-HTx, current smoking status increased the likelihood of
delisting due to death or deterioration (SHR = 2.67, p = 0.03), and low psychosocial risk
(SHR = 0.34, p = 0.02) decreased the likelihood of being delisted due to death or deteriora-
tion. Eating a diet high in PUFA + MUFA (SHR = 0.41, p = 0.04) remained associated with a
decreased likelihood of receiving an elective HTx.

Table 4. Final multivariate competing risks model of outcome-specific sub-distribution hazard ratios (SHR) of competing
waiting list outcomes.

Death/Deteriorated
(n = 92)

HU-HTx
(n = 121)

Elective HTx
(n = 43)

Improved
(n = 39)

Independent Variable SHR (95% CI) p SHR (95% CI) p SHR (95% CI) p SHR (95% CI) p

Psychosocial Factors
Low Psychosocial Risk 0.34 (0.13, 0.86) 0.02 1.45 (0.89, 2.37) 0.14 0.59 (0.23, 1.49) 0.26 2.41 (0.99, 5.83) 0.052
Dietary Habits
Salty Foods 0.57 (0.31, 1.03) 0.06 2.19 (1.20, 3.99) 0.01 1.26 (0.49, 3.25) 0.63 0.61 (0.22, 1.71) 0.35
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Table 4. Cont.

Death/Deteriorated
(n = 92)

HU-HTx
(n = 121)

Elective HTx
(n = 43)

Improved
(n = 39)

Independent Variable SHR (95% CI) p SHR (95% CI) p SHR (95% CI) p SHR (95% CI) p

PUFA + MUFA 0.72 (0.44, 1.18) 0.20 1.18 (0.76, 1.84) 0.46 0.41 (0.18, 0.94) 0.04 2.27 (1.04, 4.96) 0.04
Physical Activity
Number of Physical
Activities 1.00 (0.92, 1.09) 0.95 0.79 (0.71, 0.89) <0.001 1.06 (0.92, 1.23) 0.44 1.13 (1.02, 1.25) 0.03

Smoking Status
Non-Smoking
(Referent)
Former 1.28 (0.83, 1.99) 0.26 0.78 (0.53, 1.16) 0.23 0.65 (0.30, 1.39) 0.27 0.87 (0.44, 1.73) 0.70
Current 2.67 (1.08, 6.61) 0.03 0.33 (0.08, 1.41) 0.13 0.48 (0.06, 3.67) 0.48 1.35 (0.21, 8.82) 0.75

Note: PUFA + MUFA = polyunsaturated fatty acids and monounsaturated fatty acids (healthy fats); all models adjusted for age, sex, heart
failure survival score, cardiac index, creatinine, and the other behavioral factors.

4. Discussion

In this long-term follow-up with over seven years of observation, adjusted competing
risks models showed that having low psychosocial risk, eating healthy foods (high in PUFA
+ MUFA and low in salt), engaging in more physical activity, and not smoking improved
clinical outcomes in heart failure patients awaiting a heart transplant.

Specifically, low psychosocial risk was found to decrease the likelihood of death/delisting
due to deterioration. This finding is consistent with the 1 year follow-up in The Waiting for a
New Heart Study, where psychosocial stress was found to contribute to event-free survival [36].
These findings, together with previous research pointing to an association of major depression
with mortality in heart failure patients [37], highlight the importance of assessing psychosocial
patient characteristics to facilitate the design of behavioral interventions. Unfortunately,
depressive symptoms are often overlooked in clinical practice and can be difficult to diagnose
in heart failure patients due to the overlapping symptoms with heart failure [38]. Nevertheless,
addressing depression in heart failure patients has already showed promise. For example,
in a clinical trial 158 patients with heart failure were randomized into a usual care group
or a cognitive behavioral therapy (CBT) group that consisted of weekly 1 hour sessions for
6 months. Those in the CBT group had lower depressive symptoms at the 6 month follow- up
than the usual care group [39].

Our findings on dietary habits are consistent with findings in heart health interven-
tions. Patients with heart failure are commonly recommended to restrict dietary sodium,
despite the limited evidence of the benefits [40,41]. However, adherence to low sodium
restrictions (i.e., <2000 mg/d) is difficult for heart failure patients [42]. In this study, we
found the consumption of foods high in salt increased the need for urgent heart trans-
plantation in patients with rapidly deteriorating clinical status. In contrast, we also found
consumption of foods high in PUFA + MUFA (healthy fats) decreased time to delisting due
to improvement, which is in line with other studies that have shown a benefit to consuming
foods with PUFA + MUFA [13,27,43,44]. Dietary guidelines should address various food
groups as well as salt consumption. Salt consumption is correlated with higher fluid intake
and consumption of saturated fatty acids [27], which can also lead to poor outcomes and
worsening of symptoms [45,46]. To ensure a healthy diet rich in nutrients and that limits
foods high in sodium, promotion of the DASH diet or a Mediterranean diet for heart failure
patients could be helpful [47–50].

Research has shown the important role physical activity has played in the prognosis
of heart failure. High levels of physical activity are associated with lower risks of incidence
of heart failure [51], while inactivity in heart failure patients is associated with all-cause
mortality and cardiac mortality [52]. Our study adds to the literature showing that physical
activity can improve outcomes in patients listed for a heart transplant, specifically engage-
ment in more physical activities can decrease the time to delisting due to improvement and
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is less likely to be associated with a high-urgent status heart transplantation. Therefore,
encouragement of physical activity is important in clinical practice. However, barriers for
patients with heart failure to engage in high levels of physical activity exist. One such
barrier is the fear of physical activity (FoPA). Using the Fear of Activity in Situations-Heart
Failure (FActS-HF) questionnaire [53], one study found fear, not anxiety or depression, was
significantly associated with less physical activity in outpatients with heart failure [54].

Current smoking, independent of other risk factors, led to death and delisting due
to deterioration. This finding is consistent with an earlier report of an association with
smoking and death 1 year after being listed for a HTx in the Waiting for a New Heart
Study [16]. This current study demonstrates that after a longer follow-up, the effect of
smoking on severe adverse events in this population of heart transplant candidates was
maintained. One review study found 16% of heart failure patients continue to smoke
after diagnosis, and that persistent smoking not only leads to increased mortality, as we
saw in our study, but is also associated with increased risk of readmissions, poor health
status, ventricular tachycardia, and arterial stiffness [9]. It is also problematic that among
those with a history of smoking who are able to receive a heart transplant have a high
risk of poor outcomes post-heart transplantation [55]. One study found 26% of current
and former smokers who all stopped prior to heart transplantation resumed smoking after
transplantation [56]. Cigarette smoking is a known major risk factor for heart failure [8]
and smoking cessation should be achieved as early as possible to decrease the risk of heart
failure [57]. Interventions are needed to support heart failure patients who smoke to quit.

Including psychosocial patient characteristics in the evaluation before listing for HTx
has been recommended in order to assess risk factors for poor outcomes and to collect
information to characterize patients’ resources [58]. This includes health behaviors and
substance use history. Our study highlights the fact that health behaviors such as dietary
habits and physical activity, as well as psychosocial risk, are also important factors in
this domain.

Among the study’s limitations are the reliance on self-reported behaviors and psy-
chosocial variables. In addition, our results may not be generalizable to other transplant
programs that may have different guidelines for listing. The strengths of this study include
the utilization of a competing risks method which allowed us to identify the effect of vari-
ous independent predictors while simultaneously considering multiple clinical outcomes
that can occur in patients on the heart transplant waiting list. Other survival analyses,
such as the Kaplan–Meier approach, only consider one endpoint and can thus lead to
overestimation when competing outcomes are present. Examining multiple risk factors,
compared to previous studies that looked only at a specific factor, we were able to take into
account behavioral factors that often co-occur.

5. Conclusions

In conclusion, psychological characteristics and health behaviors were independently
associated with four major clinical outcome categories investigated in this study population
of heart transplant candidates, even after controlling for demographic characteristics and
disease severity. However, psychosocial characteristics, dietary habits, physical activity,
and smoking were each differentially related to outcomes. Specifically, physical activity
and healthy eating habits were associated with increased chances of improvement and
subsequently delisting due to improvement; high consumption of salty foods and physical
inactivity were associated with high-urgency transplantation, a procedure necessary among
patients with rapidly declining clinical status; and psychosocial risk and current smoking
were related to severe adverse events (increased risk of death and deterioration). Under-
standing how these different factors contribute to prognosis in patients with advanced
heart failure can be useful for the stabilization and management of patients waiting for a
heart transplant.
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