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Abstract

Background Self-efficacy and mental health present mutually influencing relationships in caregivers of patients with
heart failure (HF). There is currently a lack of understanding the synergistic developmental mechanisms of self-efficacy,
anxiety, and depression in caregivers. The purpose of the study was to examine the individual and dual trajectories of

caregiver self-efficacy, anxiety, and depression during the first three months after the discharge of patients with HF.

Methods A prospective cohort study was conducted from June 2022 to May 2024, in four tertiary hospitals in Tianjin,
China. A total of 299 family caregivers of patients with HF were enrolled in the cohort, and 267 completed follow-
ups. Group-based dual trajectory modeling was employed to examine the development of self-efficacy, anxiety, and
depression.

Results The mean (SD) age of caregivers was 58.3 (13.1) years, and 164 (61.4%) were women. Three trajectories

of caregiver self-efficacy were identified: low-curve (25.1%), middle-curve (67.8%), and high-stable (7.1%). Regular
exercise, work status, and chronic disease were associated with the different caregiver self-efficacy trajectories. A
3-class trajectory solution was chosen for depression and anxiety when analyzed separately. The proportions of ideal
combinations of high-stable self-efficacy and initial-to-mild anxiety or depression were extremely small, at 12.60% and
8.00%, respectively. Caregivers had limited and inconsistent abilities to regulate the effects of anxiety and depression
on their self-efficacy.

Conclusion The present study identified three distinct trajectories of self-efficacy, anxiety, and depression among
family caregivers of patients with HF. The dual-trajectory models revealed the probability of interrelationships
between caregiver self-efficacy trajectories and those of anxiety and depression, suggesting substantial opportunities
to enhance caregivers'self-efficacy and mental well-being of patients with HF.
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Background

Family caregivers of patients with heart failure (HF) have
emerged as valuable partners of the health system, play-
ing a vital role in assisting patients to adopt and maintain
self-care behaviors for HF management [1]. Caregiver
self-efficacy has been defined as the caregivers’ belief
in their ability to assist patients with self-care, which
includes helping patients maintain disease stability, pro-
mote symptom monitoring and perception, and respond
to worsening physical conditions [2]. Caregiver self-effi-
cacy can enhance patient adherence in managing chronic
diseases, subsequently leading to positive impacts on
patient outcomes [3-5].

The grim reality is that caregiver self-efficacy urgently
requires improvement. More than half (54.5%) of HF
caregivers have inadequate levels of self-efficacy [6].
Additionally, self-efficacy may vary due to individual
characteristics such as physical activity level, work status,
and other factors [7, 8]. However, achieving optimal out-
comes from interventions aimed at enhancing caregiver
self-efficacy remains a significant challenge. Based on
the existing evidence, while interventions for caregivers
require further unification and standardization, it is clear
that caregiver training solely conducted during hospital-
ization failed to improve caregiver self-efficacy post-dis-
charge [9]. The dynamic nature of caregiver self-efficacy,
which can fluctuate based on situational factors, may not
have been adequately accounted for in the study design.

It is well-established that the first 3 months follow-
ing patients’ discharged after an episode of acute HF is
referred to as the “vulnerable period” for chronic HF
patients [10]. Approximately 30% of patients hospital-
ized with HF are readmitted in this period, and mortal-
ity during this period can approach 10% [11-14]. The
“vulnerable period” represents a window of opportunity
for intervention. Therefore, it is crucial for clinicians
to understand the key trends and temporal milestones
in the ‘vulnerable period’ of caregivers across different
self-efficacy trajectories before implementing tailored
interventions.

Equally important is that caregiver self-efficacy plays a
crucial role in the mental health of caregivers after they
have taken on their responsibilities. Anxiety and depres-
sion are common psychological burdens experienced
by caregivers of patients with HF [15]. Caregiver self-
efficacy has been well-established as a key predictor and
mediator of anxiety or depression [16]. Numerous stud-
ies have found that caregivers with high self-efficacy tend
to experience lower levels of stress, anxiety, and depres-
sion [17, 18]. They are more likely to approach challenges
with optimism and resilience, resulting in better mental
health outcomes. Additionally, caregiver self-efficacy was
found to be a partial mediator between communication
with health professionals and psychological distress, as
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well as a full mediator between trust in health profes-
sionals and psychological distress [19]. Researchers also
found that the relationship between caregiver burden at
an initial time point and depressive symptoms one year
later was partially mediated by self-efficacy [20]. Nota-
bly, emotional and psychosocial support for caregivers of
patients with chronic conditions can somewhat improve
their self-efficacy [21]. Thus, self-efficacy and mental
health are mutually influencing relationships, with dete-
rioration of either one leading to changes in the other.
Additionally, previous research has primarily focused
on variable-oriented analyses, overlooking the identifi-
cation of developmental patterns and characteristics of
caregiver self-efficacy latent groups. Overall, based on
the current evidence, we still lack a clear understanding
of the synergistic developmental mechanisms underly-
ing the simultaneous manifestation of multiple emotional
states, including self-efficacy, anxiety, and depression, in
caregivers during 3 months after patients’ discharge.

The aim of this study was to examine the individual and
dual trajectories of caregiver self-efficacy, anxiety and
depression during the first three months after patient dis-
charge. It was hypothesized that (1) distinct trajectories
of caregiver self-efficacy, depression and anxiety would
be identified; (2) caregiver self-efficacy trajectories would
be interrelated to trajectories of depression and anxiety.

Methods

Study design and participants

This prospective cohort study was conducted from June
2022 to May 2024, and caregivers of patients with HF
were conveniently recruited from the cardiology wards
of four tertiary hospitals in Tianjin, China. The inclusion
criteria were: the patients they cared for were>18 years
of age and had HF as the primary admission diagnosis.
The family caregivers were aged 18 or older, family mem-
bers or close relatives of the patients, provided the most
informal care tasks (e.g., physical, emotional, or financial
support) [22]. Additionally, caregivers were required to
possess clear awareness, as well as reading and expres-
sive abilities in Mandarin, which is the primary form of
Chinese. The exclusion criteria were: the caregivers were
paid or participated in any clinical trials within the past
three months. Written or verbal informed consent was
obtained from the caregivers and the patients they cared
for at the time of enrollment. We emphasized in the con-
sent form that participation in this study was voluntary
and non-participation would not result in the conti-
nuity or quality of HF services. The study protocol was
approved by the Ethics Committee of Tianjin Medical
University (Grant Number: TMUhMEC2022021). This
research study followed the Strengthening the Reporting
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of Observational Studies in Epidemiology (STROBE)
reporting guideline.

The sample size was analyzed using G*power 3.1 soft-
ware, and the Single-group repeated-measures analysis of
variance algorithm was selected [23]. Four measurements
were taken. With 95% confidence intervals, a nonspheric-
ity correction (g) of 0.5, and a power of 0.8, the minimum
sample size required for our study was 182. Considering
a possible 20% attrition rate, a total of 228 participants
were needed.

Measurement

The sociodemographic variables of both the caregivers
and their patients were collected. For caregivers, these
variables included age, gender, educational level, rela-
tionship to the patients, years of caregiving, work sta-
tus, residence, lifestyle (alcohol use, tobacco use, regular
exercise), and presence of chronic diseases. For patients,
the sociodemographic variables included age, gender,
educational level, and medical insurance. Health-related
factors for the patients included New York Heart Asso-
ciation (NYHA) functional class and comorbidity counts.

Caregiver self-efficacy was assessed using the Caregiver
Self-Efficacy in Contributing to Patient Self-Care (CSE-
CSC) Scale. This scale was developed by Maddalena De
Maria et al. [24]. The Chinese version translated by Lv
et al. [25], and take Mandarin in to account. It includes
two subscales: self-efficacy in self-care maintenance and
monitoring, and self-efficacy in self-care management,
which can effectively assess caregiver self-efficacy. The
scale uses a 5-point Likert format (1="“not confident” to
5="very confident”), and the total score is standardized
on a scale of 0—100. The Cronbach’s alpha of the original
version was 0.942 for the whole scale [24]. In the present
study, the Cronbach’s alpha value at baseline was 0.932.
The Kaiser—Meyer—Olkin (KMO) value was 0.926, and
the Bartlett spherical test reached a significance level
(x*=1996.804, P<0.001). The maximal variance orthogo-
nal rotation method identified two factors with eigen-
value above 1, and the cumulative variance contribution
rate was 73.14%. The CSE-CSC showed good reliability
and validity in this study.

Caregiver anxiety was assessed using the 7-item Gen-
eral Anxiety Disorder (GAD-7) [26]. This tool identi-
fies individuals with a generalized anxiety disorder
and assesses symptom severity. It consists of 7 ques-
tions, scored from 0 (not at all) to 3 (nearly every day),
with total scores ranging from 0 to 21. According to the
GAD-7 manual, scores of 5-9 indicate mild symptoms,
10-14 moderate symptoms, and 15 or higher severe
symptoms [26]. The GAD-7 has been translated into
Chinese, demonstrating good reliability and validity, evi-
denced by a Cronbach’s alpha value of 0.888 and a sta-
ble one-factor structure [27]. In this study, the baseline
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Cronbach’s alpha value was 0.892. The KMO score was
0.862, and the Bartlett’s test of sphericity produced an
x> value of 1450.851 (P<0.001). The maximal variance
orthogonal rotation method identified one factor with
eigenvalue above 1, and the cumulative variance contri-
bution rate was 67.27%. The GAD-7 demonstrated good
reliability and validity in our study.

Caregiver depression was measured using the Patient
Health Questionnaire-9 (PHQ-9) [28], which assesses
depression severity and criteria for major depressive epi-
sodes. It consists of 9 items on a 4-point scale. The total
scores range from 0 to 27 (5-9: mild; 10-14: moderate;
15-19: moderately severe;>20: severe) [28]. The PHQ-9
has been translated and validated in Chinese populations
[29]. In this study, the Cronbach’s alpha value was 0.880.
Besides, the KMO score was 0.878, and the Bartlett’s test
of sphericity produced an x* value of 1471.801 (P<0.001).
The maximal variance orthogonal rotation method iden-
tified one factor with eigenvalue above 1, and the cumula-
tive variance contribution rate was 71.051%. The PHQ-9
showed good reliability and validity in this study.

Procedure

Participant assessment occurred at 4 time points: within
24 h before discharge (T0), and 2 weeks (T1), 1 month
(T2) and 3 months (T3) after discharge. After obtaining
informed consent from the caregivers and their patients,
data collection started. Site-specific investigators under-
went standardized training and had no personal or pro-
fessional relationship with the institutions. Paper-based
questionnaires were provided to the caregivers, allowing
them to complete questionnaires independently during
the baseline (T0) survey. If they encountered any writing
difficulties, such as upper limb dysfunction, the inves-
tigators were available to assist them in filling out their
answers on the paper questionnaire. Caregivers were
contacted by telephone or email for subsequent assess-
ments (T1-T3). Caregivers who were lost to follow-up or
experienced the death of the patient they cared for were
defined as dropouts and excluded from the follow-up
cohort. If the caregiver lost contact for two consecutive
time points, they were defined as lost to follow-up. Data
collection occurred through a combination of caregiver
interviews by trained investigators and self-reported
measures.

Statistical analysis

In this study, all participants with at least three measure-
ments within the 4 time points were included. Missing
data handling was conducted using maximum likelihood
estimation, which generates asymptotically unbiased
parameter estimates through the assumption that the
data are missing at random [30]. Patient and caregiver
characteristics were described using mean and standard
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deviation (SD) for normal distributed continuous vari-
ables, and frequency and percentage for categorical vari-
ables. ANOVA for continuous variables and chi-square
tests for categorical variables were used to test for dif-
ferences in baseline characteristics among the caregiver
self-efficacy trajectory groups.

Group-based dual trajectory modeling (GBDTM) was
used to identify the multidimensional and dynamic asso-
ciations in caregiver self-efficacy, depression and anxiety.
This study followed the dual trajectory model-fitting pro-
cedure recommended by Nagin [30]. First, the univariate
trajectories of caregiver self-efficacy, depression and anx-
iety were formed separately using Group-based trajec-
tory modeling (GBTM). On the time axis TO was defined
as the zero-time point, and months after discharge were
used as a timescale for the trajectories. A censored nor-
mal distribution was applied, and polynomial models
up to the three degrees (intercept, linear, quadratic, and
cubic) were tested with 1-5 trajectory groups to explore
the best-fitting model. Model choice was based on four
indices: (1) Bayesian information criteria (BIC) and the
Akaike Information Criteria (AIC) estimate the relative
amount of information lost by a given model; a smaller
number indicates a better model fit. (2) Entropy value at
least 0.7, (3) Odds of correct classification greater than
5.0 for all groups, and (4) Interpretability of the model
[31]. Next, the starting parameters from the final uni-
variate models of caregiver self-efficacy, depression and
anxiety were used as the initial parameters in the dual
trajectory modeling. At this stage, separate dual trajec-
tory models were fitted for caregiver self-efficacy and
anxiety, as well as caregiver self-efficacy and depression,
to assess whether changes in self-efficacy were concur-
rently associated with changes in depression or anxiety
over time. The three key outputs of the dual model are as
follows: (1) the trajectory groups for both measurement
series, (2) the probability of membership in each identi-
fied trajectory group, and (3) conditional probabilities
linking membership across the trajectory groups of the
two respective behaviors [32].
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In this study, the Cronbach’s alpha coefficient assessed
instrument reliability, with values greater than 0.7 indi-
cating good reliability [33]. Exploratory factor analysis
evaluated validity, requiring a KMO value over 0.6 and
a Bartlett’s test p-value below 0.05. Good validity is indi-
cated when the number of extracted factors with eigen-
value above 1 match the scale’s dimensions, along with
a cumulative variance contribution rate exceeding 60%
[34].

The “traj” plugin in Stata 17.0 was used to conduct
GBTM and GBDTM analyses, while IBM SPSS Statistics
24.0 was used for the remaining analyses [32]. All statisti-
cal tests were 2-sided, and P<0.05 was considered statis-
tically significant [33].

Results
A total of 357 caregivers and their patients were
approached and screened for eligibility, and 299 were
enrolled. During the 3-month follow-up period, 24 care-
givers withdrew due to death and 8 were lost to follow-
up (Fig. 1). Finally, 267 caregivers completed 3 or more
assessments and were included in subsequent analyses.
The mean (SD) age of the 267 enrolled caregivers was
58.3 (13.1) years, 164 (61.4%) were women (Table 1).
Forty-five caregivers (15.4%) reported suffering from
chronic diseases. The mean (SD) age of the patients was
69.5 (12.0) years, and 160 (59.9%) were men. Among
the patients, 16.9% had one additional chronic disease,
28.1% had two additional chronic diseases, 27.3% had
three additional chronic diseases, and 27.7% had more
than four additional chronic diseases. Compared to those
included in the current analyses, excluded caregivers
were more likely to have lower educational levels and to
suffer from chronic diseases (ETable 1).

Caregiver self-efficacy, anxiety and depression
trajectories

The fit indices for the 1- to 5- class GBTM models of
the caregiver self-efficacy scores are shown in ETable 2.
While the information criteria decreased from the 2-class

Excluded (n=58): Dropouts (n=12):

Dropouts (n=2): Dropouts (n=18):

Declined to participate (n=16)
Not meeting inclusion criteria (n=42)

Death of patients (n=12)
lost to follow-up (n=0)

Death of patients (n=2)
lost to follow-up (n=0)

Death of patients (n=10)
lost to follow-up (n=8)

Potential participants T Eligible participants Potential participants Potential participants Potential participants
screened for eligibility within 24 hours before assessed at 2 weeks assessed at 1 month d at 3 months
(n=357) discharge (n=299) (n=287) (n=285) (n=267)

Assessed within 24 hours
before discharge
(T0; n=299)

Fig. 1 Flow diagram for the data collection procedure

Assessed at 2 weeks

Lost of contact
(n=27)

after discharge
(T1; n=260)

Assessed at 1 month

Lost of contact
(n=41)

after discharge
(T2; n=244)

Lost of contact
(0=7)

Assessed at 3 months

after discharge
(T3; n=260)
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Table 1 Baseline characteristics of the caregivers and their patients within the whole group and across different self-efficacy
trajectories

Characteristics All participants Caregivers divided into self-efficacy trajectory classes
(N=267) Low-curve group Middle-curve group High-stable group
(N=67) (N=181) (N=19)
n (%)/ mean+SD n (%)/ mean+SD n (%)/ mean+SD n (%)/ mean+SD
Caregivers
Age (years) 583+13.1 59.2+13.1 586+13.2 523+11.0
Gender
Men 103 (38.6) 27 (403) 70 (38.7) 6(31.6)
Women 164 (61.4) 40 (59.7) 111 (61.3) 13 (684)
Educational level
Elementary 32(120) 10 (14.9) 22(122) 0(0.0)
Middle school 104 (39.0) 30 (44.8) 69 (38.1) 5(26.3)
High school and above 131 (49.1) 27 (40.3) 90 (49.7) 14 (73.7)
Life style'
Alcohol use 46 (17.2) 13(194) 32(17.7) 1(5.3)
Tobacco use 65 (24.3) 18 (26.9) 44 (243) 3(15.8)
Regular exercise* 95 (35.6) 16 (23.9) 65 (35.9) 14 (73.7)
Relationship to patients
Spouse/partner 133 (49.8) 33 (49.3) 92 (50.8) 8(42.1)
Child 122 (45.7) 28 (41.8) 83 (45.9) 11(57.9)
Other 12 (4.5) 6(9.0) 6(3.3) 0(0.0)
Times providing care to patient (years)
<3 34(12.7) 9(134) 25(13.8) 0(0.0)
3-6 95 (35.6) 25(373) 61(33.7) 9(474)
>6 138 (51.7) 33(49.3) 95 (52.5) 10(52.6)
Work status’*
Manual work 95 (35.6) 20(29.9) 63 (34.8) 12 (63.2)
Brain work 49 (184) 15 (22.4) 33(18.2) 1(53)
Retirement 79 (29.6) 15 (22.4) 61(33.7) 3(15.8)
No work 44 (16.5) 17 (254) 24(13.3) 3(15.8)
Residence
Urban 220 (824) 53(79.1) 150 (82.9) 17 (89.5)
Town/countryside 47 (17.6) 14 (20.9) 31(17.1) 2(10.5)
The presence of chronic diseases*
No 226 (84.6) 47 (70.1) 163 (90.1) 16 (84.2)
Yes 41(154) 20 (29.9) 18(9.9) 3(15.8)
Patients they cared for
Age (years) 69.5+12.0 684+123 702+11.9 670+129
Gender
Men 160 (59.9) 46 (68.7) 102 (56.4) 12 (63.2)
Women 107 (40.1) 21(31.3) 79 (43.6) 7 (36.8)
Educational level
Elementary 59 (22.1) 13(19.4) 43 (23.8) 3(15.8)
Middle school 128 (47.9) 27 (40.3) 89 (49.2) 12(63.2)
High school and above 80 (30.0) 27 (40.3) 49 (27.1) 4(21.1)
Medical insurance
Having 220 (824) 53(79.1) 151 (834) 16 (84.2)
No 47 (17.6) 14 (20.9) 30(16.6) 3(15.8)
NYHA class
lorll 111 (41.6) 24 (35.8) 79 (43.6) 8(42.1)
Ii 116 (43.4) 26 (38.8) 82 (45.3) 8(42.1)
\Y 40 (15.0) 17 (25.4) 20(11.0) 3(15.8)

Comorbidity counts
1 45(16.9) 10(14.9) 33(182) 2(10.5)




Lv et al. BMC Nursing (2025) 24:351 Page 6 of 12

Table 1 (continued)

Characteristics All participants Caregivers divided into self-efficacy trajectory classes

(N=267) Low-curve group Middle-curve group High-stable group
(N=67) (N=181) (N=19)
n (%)/ mean+SD n (%)/ mean+SD n (%)/ mean+SD n (%)/ mean+SD
2 75 (28.1) 14 (20.9) 55 (30.4) 6(31.6)
3 73(27.3) 17 (254) 53(293) 3(15.8)
>4 74 (27.7) 26 (38.8) 40 (22.1) 8(42.1)

Abbreviations: NYHA class New York Heart Association (NYHA) functional class

TAlcohol use was defined as drinking more than once a week, with each drinking session involving = 50 ml of alcohol, and a drinking duration of more than 6 months.
Tobacco used was defined as smoking > 1 cigarette per day for a duration of more than 6 months. Regular exercise was defined as participating in aerobic exercise > 3
times per week, with each session lasting =30 min

2Manual work included tasks primarily requiring physical exertion, such as agricultural production, craftsmanship, and workers in the service industry. Brain work

included professional and technical work such as administrative personnel, salespeople, and office staff

*Represented a significant chi-square or analysis of variance
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Fig. 2 Caregiver self-efficacy Trajectories (N=267). Solid lines represented
the average estimated self-efficacy over time. Dashed lines represented
the 95% confidence interval

to the 5-class models, and the entropy remained above
0.7, some groups in the 4-class and 5-class models had a
ratio less than 5.0%. Based on the model fit indices, the
3-class model was identified as the best-fitting solution.
Three distinct caregiver self-efficacy trajectories were
identified (Fig. 2). Around one-quarter of caregivers
(n=69) belonged to the low-curve group which had self-
efficacy scores below 50 before discharge, followed by an
upward trend in the first month after discharge. How-
ever, it is noteworthy that there was a slightly decreasing
trend from 1 to 3 months after discharge. Approximately
two-thirds of caregivers (67.8%, n=181) were in the mid-
dle-curve group, which was characterized by moderate
self-efficacy levels and a similar trend to the low-curve
trajectory. A total of 7.1% (n=19) were in the high-sta-
ble group, maintaining high self-efficacy levels with-
out changes over time. Univariate analysis showed that
compared to the other trajectory groups, the high-stable
group had significantly more caregivers who reported
regular exercise and manual work (Table 1). Additionally,
the low-curve group had a significantly higher chronic
diseases incidence rate than that in the other groups.
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Fig. 3 Caregiver anxiety and depression Trajectories (N=267). (a) The
caregiver anxiety trajectories and (b) depression trajectories. Solid lines
represented the average estimated self-efficacy over time. Dashed lines
represented the 95% confidence interval

ETable 2 shows the fit indices for the 1- to 5- class
GBTM models of caregiver anxiety. The 3-class trajectory
solution had the lowest information criteria values and
an entropy value of 0.826. Based on the 3-class anxiety
trajectory solution, 15.7% of caregivers were in the ini-
tial-to-mild group, 69.4% were in the mild-stable group,
and 14.9% were in the moderate-decrease group (Fig. 3a).
ETable 2 also shows the fit indices for the caregiver
depression GBTM models. Based on the information
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criteria, entropy and interpretability, the 3-class model
was selected as the best solution for depression trajecto-
ries. These were defined as initial-to-mild (16.8%), mild-
flat (71.2%), and moderate-curve group (12.0%) (Fig. 3b).
The anxiety and depression trajectory names were based
on the GAD-7 and PHQ-9 questionnaire manuals for a
clearer understanding.

Dual trajectory models for caregiver self-efficacy
with anxiety and depression

To examine the contemporaneous development of
caregiver self-efficacy with anxiety and depression, we
selected dual trajectory models with three latent trajec-
tory groups of caregiver self-efficacy, anxiety and depres-
sion over the follow-up period.

The conditional probabilities linking the caregiver self-
efficacy and anxiety trajectories were shown in Fig. 4.
Based on the conditional probability of anxiety given
self-efficacy (Fig. 4a), the probability of following the
moderate-decrease anxiety trajectory was the highest
(29.9%) for those in the low-curve self-efficacy trajec-
tory, compared to the other two self-efficacy trajectories.
Additionally, caregivers in the high-stable self-efficacy
trajectory were more likely to experience initial-to-mild
anxiety compared to the other self-efficacy trajectories.
Based on the conditional probability of self-efficacy given
anxiety (Fig. 4b), 71.73% of those in the initial-to-mild
anxiety group were also in the high-stable self-efficacy
trajectory. Caregivers in the moderate-decrease anxiety
group had similar probabilities of the three self-efficacy
trajectories. Considering the 9 combinations of the anxi-
ety and self-efficacy trajectories (Fig. 4c), only 12.6% of
caregivers experienced the high-stable self-efficacy and
initial-to-mild anxiety trajectories, while 44.9% caregiv-
ers experienced the middle-curve self-efficacy and mild-
stable anxiety trajectories.

Figure 5 shows the temporal association between self-
efficacy and depression. Figure 5a presents the prob-
ability of a depression trajectory conditional on caregiver
self-efficacy trajectory. Caregivers in the initial-to-mild
depression trajectory were more likely to belong to the
high-stable self-efficacy trajectory compared to the other
two self-efficacy trajectories. There was no probability
of caregivers being in the moderate-curve depression
trajectory if they had the high-stable self-efficacy trajec-
tory. Regardless of self-efficacy trajectory, caregivers were
most likely to experience the mild-to-moderate depres-
sion trajectory. Figure 5b shows that the low-curve self-
efficacy trajectory still occurred in 16.26% of those with
the initial-to-mild depression trajectory. Caregivers in
the moderate-curve depression group had a zero prob-
ability of being in the high-stable self-efficacy trajectory.
Approximately half of caregivers experienced the middle-
curve self-efficacy and mild-flat depression trajectories,
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while only 8% of caregivers had the optimal combination
of an initial-to-mild depression trajectory and a high-sta-
ble self-efficacy trajectory (Fig. 5c).

Discussion

To our limited knowledge, this is the first study to explore
the latent trajectories of self-efficacy and their associa-
tions with depression and anxiety trajectories in caregiv-
ers of patients with HF. Previous studies have established
the association between caregiver self-efficacy and men-
tal well-being, but the longitudinal co-development of
these factors has been understudied.

Consistent with previous research that identified het-
erogeneous progression trajectories in adults [35], three
distinct self-efficacy trajectories were observed in care-
givers of patients with HF. In this study, approximately
1 in 14 caregivers exhibited a high-stable trend of self-
efficacy during the three months after the patient’ s dis-
charge, while the remaining caregivers showed varying
lower degrees of self-efficacy. Strategies to improve care-
giver self-efficacy should be an integral component of
caregiver interventions [18]. About two-thirds of care-
givers experienced a middle-curve self-efficacy trajec-
tory. During the first month following the discharge of
their patients, they exhibited a remarkable increase in
confidence in assisting the patients with self-care. How-
ever, this confidence showed a gradual decline in the
subsequent two months, ultimately converging to a level
comparable to that observed at the time before discharge.
In every four individuals, one caregiver belonged to the
low-curve self-efficacy group, which, although showing
a slight increase in the short-term post-discharge, still
failed to surpass half of the total score on the CSE-CSC
scale and remained lower than the average level reported
in other countries [6]. Worse still, one month after dis-
charge, these caregivers continued to face the risk of fur-
ther declines in self-efficacy. Our findings suggested that
interventions aimed at improving caregiver self-efficacy
should prioritize the 1-3 months period after discharge
of HF patients. Increasing the frequency and content of
the interventions during this term may help ensure that
the caregiver self-efficacy continues to improve after the
first month post-discharge. Maintaining the positive tra-
jectory established in the initial post-discharge period
would be an ideal outcome for such caregiver-focused
interventions. Furthermore, the intervention should allo-
cate additional resources to the “disadvantaged” care-
givers - those in the low-curve group. Providing extra
support and interventions targeted at this more vulner-
able subset could help ensure they experience improve-
ments in self-efficacy. Therefore, our result may provide
clinical evidence to guide the determination of interven-
tion dosage and frequency for the future study, thereby
informing evidence-based practice.
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(a). Probability of anxiety trajectory conditional on caregiver self-efficacy trajectory
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Fig. 4 The linkage between caregiver self-efficacy and anxiety trajectory groups presented by conditional and joint probabilities from the group-based

dual trajectory model
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(a). Probability of depression trajectory conditional on caregiver self-efficacy trajectory
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Several caregiver characteristics may help distinguish
among the three self-efficacy trajectories: chronic con-
ditions, work status and regular exercise. The low-curve
group had a higher proportion of caregivers with chronic
illnesses compared to the other two groups in our study.
Similar to our study, Irene and colleagues found that
caregiver physical health significantly predicted low
self-efficacy in pain management for patients with can-
cer [36]. While our study did not prospectively test Ban-
dura’s self-efficacy theory, the observed link between
caregivers'physical health and self-efficacy resonates with
the theory’s emphasis on physiological states as a poten-
tial modulator of efficacy judgments [37]. In our study,
we observed a higher proportion of unemployment
within the low-curve caregiver self-efficacy group com-
pared to the other two groups. This finding aligns with a
previous study in patients with coronary artery diseases,
which highlighted the significance of occupation as an
independent predictor of individual cardiac self-efficacy
[8]. However, there was no difference in self-efficacy
among the different occupational status caregivers in a
cross-sectional study in Singapore [38]. The relationship
between employment status and self-efficacy warrants
further exploration, as it may have implications for inter-
ventions aimed at improving well-being of caregivers and
the patients they care for.

Individuals who persisted in regular physical activity
tend to manifest heightened self-efficacy. In our study,
the majority of caregivers in the high-stable self-efficacy
group adhered to regular exercise, but only less than a
third in low-curve self-efficacy did. Furthermore, a pre-
vious study indicated that individuals with initially high
levels of physical activity, even if declining, exhibited
greater self-efficacy than those with low physical activ-
ity levels that were also declining [39]. However, when
promoting physical exercise among caregivers, the issue
of “time constraints” must be thoroughly considered.
Caregivers often face significant challenges in maintain-
ing their own health due to the heavy demands of their
caregiving responsibilities. This phenomenon results in
limited availability of time for self-care activities, includ-
ing exercise. Future research is needed to create effective
caregiver support regimes, with an emphasis on enhanc-
ing resources such as social support for caregivers and
intergenerational family support [40, 41].

Regarding the relationship between the self-efficacy
and mental health considering the temporal factor, pre-
vious study identified that lower self-efficacy skills made
caregivers vulnerable for higher psychological distress in
a long-term follow-up [42]. Our study provided a deeper
insight into the relationship between caregiver self-effi-
cacy and mental health based on their synergistic devel-
opmental pattern. In caregivers of patients with HF who
had low-curve self-efficacy trajectory in our study, one in
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three experienced moderate level of depression or anxiety
when the patients at discharge. Despite these caregivers
continuing to experience relatively severe psychologi-
cal distress in the 3-months after discharge, a surpris-
ing finding was that their anxiety and depression levels
rapidly declined within the first month after discharge,
without any additional resources or support provided
beyond routine management. Caregivers had limited and
inconsistent abilities to regulate the effects of anxiety and
depression on their self-efficacy. In our study, despite
one-third of the caregivers belonged to the most severe
anxiety trajectory group, they were still able to attain
the more ideal self-efficacy levels. But this phenomenon
was not observed in the depression trajectory groups.
Furthermore, caregivers with the initial-to-mild anxiety
trajectory were most likely to exhibit high-stable self-effi-
cacy, whereas those with the initial-to-mild depression
trajectory had only a small probability of demonstrating
the high-stable self-efficacy. This discrepancy in mental-
regulatory abilities between anxiety and depression high-
lights the complexities involved in bolstering caregiver
self-efficacy. Health promoters should not only delve
into the trajectory profiles and population characteristics
of caregiver self-efficacy, but also separately understand
the difficulties experienced by caregivers of patients with
HF with different trajectories of depression and anxiety.
Furthermore, the ideal self-efficacy-mental health com-
binations were rare, meaning that there is much room
for improvement in the direction in improving caregiver
self-efficacy and their mental state. The results of our
study suggested that future trials on caregiver self-effi-
cacy should consider a priori whether the intervention
should be targeted at a particular anxiety or depression
trajectory group. Such an approach has the potential to
facilitate personalized interventions and alleviate the
“time constraints” faced by part of caregivers.

Limitations

Several limitations of this study should be acknowledged.
First, although we utilized a multi-center design to mini-
mize sampling bias, the generalizability of the findings
may be limited. When interpreting the results and their
implications for nursing practice and caregiver health
promotion, it is important to consider the unique mul-
tilingual clinical environments (e.g., dialect-speaking
populations) as well as cultural context of the region.
Second, our study aimed to elucidate the time-varying
associations between caregiver self-efficacy, anxiety,
and depression trajectories. We were unable to consider
the underlying mechanisms of the interactions between
self-efficacy, anxiety, and depression across different tra-
jectory groups in this study, which will prompt further
research. Third, despite including an adequate sample
size, our study still faced missing data as a result of loss
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to follow-up or patient death. Although maximum like-
lihood estimation was used to handle missing data in
conducting GBTM and GBDTM, it does not eliminate
the possibility of bias. Lastly, we selected only four fixed-
time points and relied on patient self-reported data to
complete the assessment during the vulnerable period of
patients with HE. Considering the meaningful results of
this study, future qualitative or mixed method research is
needed to reveal the state and characteristics of caregiver
self-efficacy during HF patients’ vulnerable period. This
may provide stronger evidence for improving caregiver
self-efficacy and mental health.

Conclusions

In conclusion, this study demonstrated three distinct tra-
jectories of self-efficacy, anxiety, and depression among
family caregivers of patients with HE. The dual-trajectory
models revealed the probability of interrelationships
between caregiver self-efficacy trajectories and those of
anxiety and depression. The findings of this study have
significant practical implications, providing an evidence
base for healthcare providers to develop systemic strate-
gies to enhance caregiver self-efficacy and mental health.

Abbreviations

HF Heart failure

STROBE ~ The Strengthening the Reporting of Observational Studies in
Epidemiology

NYHA New York Heart Association

GBDTM  Group-based dual trajectory modeling
GBT™M Group-based trajectory modeling

BIC Bayesian information criteria

AlC The Akaike Information Criteria
ANOVA  Analysis of variance

Supplementary information
The online version contains supplementary material available at https://doi.or
g/10.1186/512912-025-02995-0.

[ Supplementary Material 1 ]

Acknowledgements
We would like to thank the participants in this study. We are also sincerely
grateful to the anonymous reviewers and editors for their comments.

Author contributions

XZ (Xiaoying Zang) and XZ (Xiaonan Zhang), the correspondence authors of
this study, were responsible for designing, guiding, organizing, and planning
this study. QL designed this work, drafted this work and substantively revised
it. HC drafted this work. YW and XX analyzed and interpreted the data. JL,
YH, LF, ML, and XG conducted the acquisition of data. All authors read and
approved the final manuscript.

Funding

This work was supported by the Humanities and Social Science Foundation
of Ministry of Education of China (23YJAZH189); National Natural Science
Foundation of China (72304206; 72274134).

Data availability
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Page 11 of 12

Declarations

Ethics approval and consent to participate

The research was approved by the Ethics Committee of Tianjin Medical
University (Grant number: TMuhMEC2022021) and written informed
consents were obtained from all participants. All methods were carried out in
accordance with relevant guidelines and regulations (Declaration of Helsinki).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'School of Nursing, Tianjin Medical University, No. 22 Qixiangtai Road,
Heping District, Tianjin 300070, China

Department of Nursing, The Second Hospital of Tianjin Medical
University, Tianjin, China

*Department of Nursing, Tianjin Medical University General Hospital,
Tianjin, China

“Department of Cardiology, The Second Hospital of Tianjin Medical
University, Tianjin, China

Received: 22 July 2024 / Accepted: 17 March 2025
Published online: 31 March 2025

References

1. Cheng M, Zhu C, Ge Y, et al. The impact of informal caregivers' preparedness
on short-term outcomes of heart failure patients with insufficient self-care.
Eur J Cardiovasc Nurs 2023;22:628-37.

2. Vellone E, Riegel B, Alvaro R. A situation-specific theory of caregiver contribu-
tions to heart failure self-care. J Cardiovasc Nurs. 2019;34(2):166-73.

3. Durante A, Cuoco A, Boyne J, et al. Needs and problems related to sociode-
mographic factors of informal caregiving of people with heart failure: a mixed
methods study in three European countries. J Adv Nurs 2022;78:3034-47.

4. Cooney TM, Proulx CM, Bekelman DB. Changes in social support and
relational mutuality as moderators in the association between heart
failure patient functioning and caregiver burden. J Cardiovasc Nurs.
2021;36(3):212-20.

5. Dong J, WeiW, Wang C, et al. Research trends and hotspots in caregiver stud-
ies: a bibliometric and scientometric analysis of nursing journals. J Adv Nurs
2020;76:2955-70.

6. Stawnychy MA, Ringel JB, Riegel B, Sterling MR. Better preparation and train-
ing determine home care workers'self-efficacy in contributing to heart failure
self-care. J Appl Gerontol. 2023;42(4):651.

7. Tsapanou A, Zoi P, Sakka P. Sleep, diet, and exercise: how much dementia
caregivers are affected? Brain Sci. 2024;14(8):826.

8. KangY,Yang IS. Cardiac self-efficacy and its predictors in patients with coro-
nary artery diseases. J Clin Nurs. 2013;22(17-18):2465-73.

9. Hendrix CC, Bailey DE, Steinhauser KE, et al. Effects of enhanced caregiver
training program on cancer caregiver’s self-efficacy, preparedness, and
psychological well-being. Support Care Cancer 2016;24:327-36.

10.  Rosano GMC, Vitale C, Adamo M, Metra M. Roadmap for the management of
heart failure patients during the vulnerable phase after heart failure hospital-
izations: how to implement excellence in clinical practice. J Cardiovasc Med
(Hagerstown). 2022,23(3):149-56.

11. Dharmarajan K, Wang Y, Lin Z, et al. Association of changing hospital
readmission rates with mortality rates after hospital discharge. JAMA
2017;318:270-78.

12. Vaduganathan M, Bonow RO, Gheorghiade M. Thirty-day readmissions: the
clock is ticking. JAMA. 2013;309(4):345-46.

13. Chun S, Tu JV, Wijeysundera HC, et al. Lifetime analysis of hospitalizations
and survival of patients newly admitted with heart failure. Circ Heart Fail
2012,5:414-21.

14, Javaloyes P, Mir¢ O, Gil V, et al. Clinical phenotypes of acute heart failure
based on signs and symptoms of perfusion and congestion at emergency
department presentation and their relationship with patient management
and outcomes. Eur J Heart Fail 2019;21:1353-65.


https://doi.org/10.1186/s12912-025-02995-0
https://doi.org/10.1186/s12912-025-02995-0

Lv et al. BMC Nursing

20.

22.

23.

24,

25.

26.

27.

28.

29.

(2025) 24:351

Toth PP, Gauthier D. Heart failure with preserved ejection fraction: disease
burden for patients, caregivers, and the health-care system. Postgraduate
Med. 2021;133(2):140-45.

Hebdon MCT, Coombs LA, Reed P, Crane TE, Badger TA. Self-efficacy in
caregivers of adults diagnosed with cancer: an integrative review. Eur J Oncol
Nurs. 2021;52:101933.

Hajek A, Konig HH. Informal caregiving and subjective well-being: evidence
of a population-based longitudinal study of older adults in Germany. J Am
Med Dir Assoc. 2016;17(4):300-05.

Phongtankuel V, Moxley J, Reid MC, Adelman RD, Czaja SJ. The relationship
of caregiver self-efficacy to caregiver outcomes: a correlation and mediation
analysis. Aging Mental Health. 2023;27(7):1322-28.

Oh YS. Communications with health professionals and psychological distress
in family caregivers to cancer patients: a model based on stress-coping
theory. Appl Nurs Res. 2017;33:5-9.

Grano C, Lucidi F, Violani C. The relationship between caregiving self-efficacy
and depressive symptoms in family caregivers of patients with Alzheimer
disease: a longitudinal study. Int Psychogeriatr. 2017;29(7):1095-103.

Cheng Q Xu B,Ng MSN, Duan Y, So WKW. Effectiveness of psychoeducational
interventions among caregivers of patients with cancer: a systematic review
and meta-analysis. Int J Nurs Stud. 2022;127:104162.

Schulz R, Beach SR, Czaja SJ, Martire LM, Monin JK. Family caregiving for older
adults. Annu Rev Psychol. 2020;71(1):635-59.

Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power
analysis program for the social, behavioral, and biomedical sciences. Behav
Res Methods. 2007;39(2):175-91.

De Maria M, lovino P, Lorini S, Ausili D, Matarese M, Vellone E. Development
and psychometric testing of the caregiver self-efficacy in contributing to
patient self-care scale. Value Health. 2021,24(10):1407-15.

Lv Q, Zhang X, Wang Y, Xu X, Zang X. Cross-cultural adaptation and validation
of the caregiver self-efficacy in contributing to patient self-care scale in
China. BMC Public Health. 2024;24(1):1-13.

Spitzer RL, Kroenke K, Williams JBW, Lowe B. A brief measure for

assessing generalized anxiety disorder: the GAD-7. Arch Intern Med.
2006;166(10):1092-97.

Tong X, An D, McGonigal A, Park SP, Zhou D. Validation of the Generalized
Anxiety Disorder-7 (GAD-7) among Chinese people with epilepsy. Epilepsy
Res. 2016;120:31-36.

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression
severity measure. J Gen Intern Med. 2001;16(9):606-13.

Wang W, Bian Q, Zhao Y, et al. Reliability and validity of the Chinese version
of the Patient Health Questionnaire (PHQ-9) in the general population. Gen
Hosp Psychiatry 2014;36:539-44.

30.

31

32.

33.

34.

35.

36.

38.

39.

40.

41.

42.

Page 12 of 12

Nagin DS. Group-based modeling of development. In: Group-based model-
ing of development. Cambridge, MA: Harvard University Press; 2005. https://d
0i.0rg/10.4159/9780674041318

Nagin DS, Jones BL, Passos VL, Tremblay RE. Group-based multi-trajectory
modeling. Stat Methods Med Res. 2018;27(7):2015-23.

L Jones B, Nagin D. A Stata plugin for estimating group-based trajectory
models. Pittsburgh: Carnegie Mellon University; 2018. https://doi.org/10.1184
/R1/6470963.v1

Pallant J. SPSS survival manual: a step by step guide to data analysis using
IBM SPSS. London: Routledge; 2020.

Scherer R, Wiebe F, Luther D, Adams J. Dimensionality of coping: factor stabil-
ity using the ways of coping questionnaire. Psychol Rep. 1988,62(3):763-70.
Young CA, Mills R, Langdon D, et al. The four self-efficacy trajectories among
people with multiple sclerosis: clinical associations and implications. J Neurol
Sci. 2022;436:120188.

Kizza IB, Maritz J. Family caregivers for adult cancer patients: knowledge and
self-efficacy for pain management in a resource-limited setting. Support Care
Cancer. 2019;27(6):2265-74.

Bandura A. Health promotion by social cognitive means. Health Educ Behav.
2004;31(2):143-64.

Tan GTH, Yuan Q, Devi F, et al. Factors associated with caregiving self-efficacy
among primary informal caregivers of persons with dementia in Singapore.
BMC Geriatr 2021;21:13.

Saunders RP, Dishman RK, Dowda M, Pate RR. Personal, social, and environ-
mental influences on physical activity in groups of children as defined by
different physical activity patterns. J Phys Activ Health. 2020;17(9):867-73.

Li L, Wister AV, Lee Y, Mitchell B. Transition into the caregiver role among
older adults: a study of social participation and social support based on

the Canadian longitudinal study on aging. Zajacova A, ed.. J Gerontol.
2023,78(8):1423-34.

Alonso WW, Kitko LA, Hupcey JE. Intergenerational caregivers of parents with
end-stage heart failure. Res Theory Nurs Pract. 2018;32(4):413-35.

van Hof KS, Hoesseini A, Verdonck-de Leeuw IM, et al. Self-efficacy and cop-
ing style in relation to psychological distress and quality of life in informal
caregivers of patients with head and neck cancer: a longitudinal study. Sup-
port Care Cancer 2023;31:104.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.4159/9780674041318
https://doi.org/10.4159/9780674041318
https://doi.org/10.1184/R1/6470963.v1
https://doi.org/10.1184/R1/6470963.v1

	﻿Co-occurring self-efficacy, anxiety, and depression in caregivers of patients with heart failure: A Group-Based Dual-Trajectory Modeling Approach
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and participants
	﻿Measurement
	﻿Procedure
	﻿Statistical analysis
	﻿Results
	﻿Caregiver self-efficacy, anxiety and depression trajectories
	﻿Dual trajectory models for caregiver self-efficacy with anxiety and depression
	﻿Discussion
	﻿Limitations
	﻿Conclusions
	﻿References


