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a b s t r a c t

Objectives: This study aimed to examine the associations between depression, resilience, and fatigue in
patients with multivessel coronary disease and verify their causal relationships.
Methods: Between October 2023 and June 2024, 316 patients with multivessel coronary disease were
recruited from three tertiary hospitals in Tangshan, China. The Patient Health Questionnaire, Connor-
Davidson Resilience Scale, and the Multidimensional Fatigue Inventory were administered to the pa-
tients on the third day of admission (T1), one month after discharge (T2), and three months after
discharge (T3). Pearson correlation analysis was conducted to examine the relationships among
depression, resilience, and fatigue in patients with multivessel coronary disease, and cross-lagged
analysis to explore the temporal causal relationships.
Results: In patients with multivessel coronary disease, levels of depression and fatigue decreased from T1
to T3, while resilience scores increased during the same period. The correlation analysis revealed sig-
nificant relationships among depression, resilience, and fatigue at T1, T2, and T3 (P < 0.01). The autor-
egressive paths indicated high stability over time for depression, medium stability for resilience, and low
stability for fatigue. Cross-lagged paths demonstrated that depression at T1 significantly predicted fa-
tigue at T2 (b ¼ 0.461, P < 0.001), and depression at T2 significantly predicted fatigue at T3 (b ¼ 0.957,
P < 0.001). And resilience at T1 significantly predicted fatigue at T2 (b ¼ �0.271, P < 0.001), and resilience
at T2 significantly predicted fatigue at T3 (b ¼ �0.176, P < 0.001). Additionally, resilience had a
moderating effect on the relationship between depression and fatigue (b ¼ �0.760, P < 0.001).
Conclusions: Our study confirmed that depression and resilience predicted fatigue in patients with
multivessel coronary disease. To prevent and mitigate fatigue, alleviating depressive symptoms and
enhancing resilience levels in patients at an early stage is essential.
© 2025 The Authors. Published by Elsevier B.V. on behalf of the Chinese Nursing Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
What is known?

� Patients with coronary heart disease are at risk of experiencing
persistent fatigue, which can negatively impact their prognosis
and quality of life.

� There was a significant positive correlation between depression
and fatigue, while resilience exhibited a negative correlation
with fatigue.

� Previous studies focused on the static correlation analysis of
depression, resilience, and fatigue. However, this approach does
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not effectively clarify the causal relationships among these
variables, thus providing limited clinical guidance.
What is new?

� We examined the temporal relationship between depression,
resilience, and fatigue, and we verified the effectiveness of
reducing depression and enhancing resilience as strategies for
alleviating fatigue in patients with multivessel coronary disease.

� Resilience had a moderating effect on the relationship between
depression and fatigue.
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1. Introduction

Coronary heart disease is the leading cause of death from car-
diovascular diseases and a significant public health concern [1].
With advancements in diagnostic and treatment technologies,
multivessel coronary disease is increasingly prevalent in coronary
angiography, with an incidence ranging from 40% to 70% [2]. Mul-
tivessel coronary disease is characterized by coronary atheroscle-
rosis affecting two or more of the three primary coronary arteries,
with stenosis over 50%, significantly reducing blood flow to the
heart [3]. This condition is associated with a higher risk of malig-
nant arrhythmias, cardiogenic shock, and even sudden death,
resulting in significant physical and psychological distress for pa-
tients, as well as contributing to physical andmental fatigue [4,5]. It
has been reported that 73.6% of patients undergoing heart surgery
experienced fatigue during hospitalization, and 53.6% continued to
feel fatigued one month after discharge, with significant relief
observed three months post-discharge [6]. The persistence of fa-
tigue can lead to endocrine dysfunction, reduced bodily function,
exacerbation of diseases, an increased risk of mortality, and a
serious threat to the quality of life for patients [7,8]. To effectively
manage and alleviate fatigue in patients with multivessel coronary
disease, it is essential to understand the related predictive factors
and the causal relationship between the factors.

A study has reported that fatigue in patients with coronary heart
disease is influenced by both positive and negative psychological
factors [9]. Meanwhile, several investigations have demonstrated a
significant relationship between depressive symptoms and fatigue
through cross-sectional studies [10,11]. Eckhardt et al. [12] exam-
ined 102 patients with coronary heart disease, and the results
indicated that depressive symptoms were the sole predictor of fa-
tigue intensity. Furthermore, depressive symptoms continue to
impact the progression of fatigue. Gong [13] conducted a four-
month survey of patients with acute myocardial infarction,
revealing that higher depression scores were associated with an
increased likelihood of patients experiencing persistent fatigue. In
addition, a study has shown that positive psychological factors will
have corresponding positive effects on relieving fatigue [10].
Resilience reflects an individual’s physical and mental health,
which can mitigate the impact of stress and improve adaptability
[14]. Evidence demonstrated that patients with stroke in China
exhibiting high levels of resilience are better able to cope with fa-
tigue [15]. Moreover, resilience is negatively correlated with fatigue
and is a crucial factor in alleviating fatigue among patients with
lung cancer [16]. A previous study [17] has demonstrated that
resilience mitigates the adverse effects of stress on physical health
and lessens the impact of adverse mental states on fatigue. Resil-
ience is considered a crucial buffer against depression [18]. In-
dividuals with high resilience are better equipped to maintain
mental equilibrium and prevent the exacerbation of depression
when confronted with stressors [18]. Resilience decreases both the
incidence and severity of depression by improving an individual’s
emotional regulation, increasing the utilization of social support,
and enhancing problem-solving skills [19].

It is important to note that while studies have explored the re-
lationships among depression, resilience, and fatigue, several limi-
tations persist. Previous studies [9e11] have primarily demonstrated
correlations among these variables through cross-sectional studies,
lacking an investigation into their dynamic temporal associations.
This limitation has hindered the elucidation of the causal relation-
ships among depression, resilience, and fatigue, resulting in con-
clusions that cannot be generalized. Additionally, there may be a
potential buffering effect of resilience in the relationship between
depression and fatigue, which has yet to be investigated. Further-
more, the absence of a structural analysis method supported by a
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theoretical framework renders the relationships among these vari-
ables unclear.

Conservation of Resources (COR) model, first proposed by
Hobfoll, emphasizes the dynamic flow of resources among in-
dividuals in stressful situations [20], which is closely related to the
mechanisms of fatigue. Fatigue is not an isolated phenomenon and
often arises from prolonged exposure to stress, leading to a
depletion of personal resources that are hard to replenish [21]. COR
focuses on the loss and protection of resources as key elements in
how individuals cope with stress. It offers a robust theoretical
framework for analyzing the causes of fatigue. This theory posits
that individual resources are crucial in dealingwith stress. Stressors
can deplete these resources, andwhen individuals perceive a loss of
resources, it can further intensify their feelings of stress, creating a
negative loop. Individuals can enhance their adaptive capacity by
accumulating resources, and psychological resources, such as
resilience, can mitigate the effects of resource loss. Abundant psy-
chological resources enable effective adaptation to stress through
positive coping strategies [20].

As a common state of resource loss, depression not only directly
depletes an individual’s psychological resources but also further
impedes the potential for resource gains through negative thought
patterns and behavioral withdrawal, ultimately exacerbating feel-
ings of fatigue [20]. Consequently, depression may have a direct
positive correlation with fatigue. As a fundamental factor in
resource protection, resilience is a crucial psychological resource
that reflects individuals’ adaptability in the face of stress. According
to COR model, resilience directly alleviates fatigue by enhancing
adaptive adjustment capabilities, and it enables individuals to
effectively manage stressors, thereby reducing the loss of psycho-
logical resources caused by negative emotions and buffering the
adverse effects of resource loss [14]. Consequently, resilience may
exhibit a direct negative relationship with fatigue while mitigating
resource loss induced by depression and further reducing fatigue.
Drawing from existing literature and COR model, this study pro-
poses the following hypothesis: 1) depression has a direct positive
predictive effect on fatigue; 2) resilience has a direct negative
predictive effect on fatigue; 3) resilience moderates the relation-
ship between depression and fatigue.

Fatigue is a dynamic process that fluctuates in response to
changes in individual resources (depression and resilience). COR
model is a dynamic theory; the fluctuation of resources means that
change is a natural part of the theory. It would be valuable to
simultaneously examine the associations among depression, resil-
ience, and fatigue in prospective studies to determine whether one
or both variables can predict changes in fatigue over time,
considering cross-sectional links, temporal stability, and variable
causality. A cross-lagged model can reveal quasi-causal relation-
ships, enhancing the findings’ significance. Therefore, we analyzed
longitudinal survey data using cross-lagged model analysis from
patients with multivessel coronary disease within three months of
discharge to investigate changes in depression, resilience, and fa-
tigue, thereby deepening our understanding of their causal
interactions.

2. Methods

2.1. Study design and participants

This longitudinal study was reported by Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) and
registered in the Chinese Clinical Registry Center (No.
ChiCTR2300076995).

This study was conducted from October 2023 to June 2024 in
three tertiary hospitals in Tangshan, China. Inclusion criteria were
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as follows: 1) 18e85 years old; 2) met the diagnostic criteria for
coronary heart disease, and the first coronary angiography indi-
cated multivessel coronary disease. Exclusion criteria included se-
vere dysrhythmias (such as ventricular fibrillation or tachycardia
and third-degree atrioventricular block), severe depression, and
hearing or communication disabilities that hindered the successful
completion of questionnaires.

2.2. Sample size

G*Power 3.1 software was utilized to estimate the sample size
for this study [22]. Based on a¼ 0.05 and a correlation effect size of
r ¼ 0.20, a minimum of 193 subjects was required to achieve 80%
statistical power. Assuming 20% of questionnaires would be invalid,
the final sample size needed at least 232.

2.3. Measures

2.3.1. Demographic and clinical characteristics
Electronic medical records were utilized to gather patient de-

mographic characteristics and clinical data. The demographic
characteristics included sex, age, education level, marital status,
and place of residence. Clinical data included the treatment
method, comorbidities, and disease lesions.

2.3.2. Depression
Depression was assessed using the Patient Health

Questionnaire-9 (PHQ-9), a widely utilized screening tool for
depressive symptoms [23]. The questionnaire was translated into
Chinese in 2009 and demonstrated a Cronbach’s a coefficient of
0.857 [24]. This questionnaire comprises nine items: little interest
or pleasure in doing things; feeling down, depressed, or hopeless;
trouble falling or staying asleep, or sleeping too much; feeling tired
or having little energy; poor appetite or overeating; feeling bad
about yourselfdor that you are a failure or have let yourself or your
family down; trouble concentrating on things, such as reading the
newspaper or watching television; moving or speaking so slowly
that others could have noticed? or the oppositedbeing so fidgety
or restless that you have been moving around a lot more than
usual; thoughts that you would be better off dead or of hurting
yourself in some way. Each item was rated on a four-point Likert
scale, ranging from “0” (not at all) to “3” (nearly every day). Total
scores range from 0 to 27, with higher scores indicating a greater
severity of depression. The total score was categorized into four
severity groups: no (0e4), mild (5e9), moderate (10e14), and se-
vere (15e27) symptoms of depression. In our study, the Cronbach’s
a coefficients for the PHQ-9 were 0.852, 0.815, and 0.772,
respectively.

2.3.3. Resilience
Resilience was assessed using the 10-item Connor-Davidson

Resilience Scale (CD-RISC). Developed by Campbell-Sills in 2007
[25] and translated into Chinese in 2018 [26], the Cronbach’s a

coefficient for the CD-RISC is 0.851. This scale comprises ten items:
able to adapt to change; can deal with whatever comes; tries to see
the humorous side of problems; coping with stress can strengthen
me; tend to bounce back after illness or hardship; can achieve goals
despite obstacles; can stay focused under pressure; not easily
discouraged by failure; thinks of self as a strong person; can handle
unpleasant feelings. Each item was rated on a five-point Likert
scale, ranging from “0” (not true at all) to “4” (true nearly all of the
time). Total scores range from 0 to 40, with higher scores indicating
a greater level of resilience. In our study, the Cronbach’s a co-
efficients for the CD-RISC were 0.900, 0.907, and 0.927, respectively.
146
2.3.4. Fatigue
Fatigue was assessed using the Multidimensional Fatigue

Inventory-20 (MFI-20). It was developed by Smets in 1995 [27] and
translated into Chinese in 2008 [28], the Cronbach’s a coefficient is
0.882. This self-report instrument evaluates fatigue across five
distinct dimensions: general fatigue (four items), physical fatigue
(four items), reducedmotivation (four items), reduced activity (four
items), and mental fatigue (four items). Each item was rated on a
five-point Likert scale, ranging from 1 to 5 (1 ¼ completely incon-
sistent, 2 ¼ somewhat consistent, 3 ¼ neutral, 4 ¼ mostly consis-
tent, and 5¼ completely consistent). The total score ranges from 20
to 100, with higher scores indicating greater fatigue severity. In our
study, the Cronbach’s a coefficients for the MFI-20 were 0.975,
0.973, and 0.973, respectively.

2.4. Data collection

The research team obtained permission from department heads
at three hospitals before recruiting participants based on estab-
lished inclusion and exclusion criteria. Trained and qualified re-
searchers conducted the investigation. Before the investigation, the
purpose, significance, and confidentiality measures were explained
to the participants, and the investigation proceeded only after
obtaining their informed consent. Data were collected on the third
day of admission (T1), one month after discharge (T2), and three
months after discharge (T3). The survey timing was based on
consensus, guidelines [29,30], and previous studies [6,31]. Phase I
cardiac rehabilitation should begin within 24 h of admission but
may be delayed by three to seven days if the patient’s condition is
unstable [29]. We chose the third day after admission (T1) for the
initial survey based on patients’ conditions and clinical practices.
Guidelines [30] recommend starting phase II rehabilitation one
month after discharge, typically two to five weeks post-surgery.
Research has demonstrated that emotional disorders in patients
with coronary heart disease can persist for three months before
stabilizing [31]. Consequently, we chose the second and third sur-
vey times to be one month (T2) and three months (T3) after
discharge, respectively. Data were collected through face-to-face
surveys. Patients completed the questionnaire themselves. If pa-
tients found it inconvenient to fill out the questionnaire, the
investigator would read the questions and answer options,
recording the patients’ responses accordingly. Completed ques-
tionnaires were immediately checked for completeness and logical
consistency. With patient and family consent, at least two
commonly used telephone numbers were retained. Researchers
were trained in telephone follow-up and conducted questionnaires
at a specified time after discharge.

2.5. Data analysis

Statistical analysis was conducted using SPSS 22.0 and Mplus
8.3. Categorical variables were reported as number (n) and per-
centage (%), and numerical variables as mean and standard devia-
tion (SD). Pearson correlation analysis examined the relationships
among depression, resilience, and fatigue. We also explored po-
tential causal relationships using cross-lagged panel model analysis
to assess predictive relationships among these variables. Impor-
tantly, we aimed to analyze all three variables within the same
cross-lagged model to estimate both cross-sectional and prospec-
tive relationships while simultaneously accounting for shared
variance. Model fit was evaluated using the ratio of chi-square (c2)
to degrees of freedom (df), the Tucker-Lewis Index (TLI), the
Comparative Fit Index (CFI), the Root Mean Square Error of
Approximation (RMSEA), and the Standardized Root Mean Square
Residual (SRMR). A c2/df between 1 and 3 suggests a good fit, while
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values between 3 and 5 indicate an acceptable fit. A CFI and TLI
greater than 0.90 indicate an acceptable model fit, while values
exceeding 0.95 suggest a perfect fit. An SRMR value below 0.08
indicates a good fit to the data. An RMSEA of 0 signifies an exact fit;
values between 0 and 0.05 suggest a close fit; values between 0.05
and 0.08 indicate a reasonable fit; values ranging from 0.08 to 0.10
suggest a mediocre fit; and an RMSEA greater than 0.10 indicates a
bad fit [32,33]. When examining the causal relationship between
variables A and B, if the correlation between the pretest variable A
and the post-test variable B is stronger than the correlation be-
tween the pretest variable B and the post-test variable A, it can be
inferred that a causal relationship exists between the pretest var-
iable A and the post-test variable B. In this context, variable A is
considered the causal variable for variable B [34]. Considering that
the patients aged 18e85 years, exhibited significant age differ-
ences. To assess the robustness of the model, we included age as a
control variable to evaluate its impact on the results.
2.6. Ethical considerations

The study was approved by the Human Ethics Committee of
Tangshan Gongren Hospital (No. GRYY-2023-116). Written
informed consent was obtained from each participant before the
study.
3. Results

3.1. Characteristics of the participants

A total of 371 patients were enrolled in the study, and 55 were
excluded for the following reasons: death (n¼ 1), worsening illness
(n¼ 12), poor cooperation (n¼ 19), and loss of contact due to phone
rejection or busy signals (n ¼ 23). Ultimately, 316 patients were
included in the analysis. Most participants (67.4%) were male, and
the mean age was 62.11 ± 10.30 years. Most patients (94.3%) were
married, and a significant portion (48.7%) had completed secondary
education. The detailed sociodemographic and clinical character-
istics of the participants are presented in Table 1.
Table 1
Characteristics of the participants (n ¼ 316).

Characteristics Categories n (%)

Sex Male 213 (67.4)
Female 103 (32.6)

Age (years) 18e60 125 (39.6)
61e69 123 (38.9)
70e85 68 (21.5)

Education level (years) Elementary (�6) 83 (26.3)
Secondary (7e9) 154 (48.7)
Higher (>9) 79 (25.0)

Marital status Married 298 (94.3)
Single 18 (5.7)

Place of residence Rural 135 (42.7)
Urban 181 (57.3)

Treatment method Medication alone 69 (21.8)
PCI 236 (74.7)
CABG 11 (3.5)

Comorbidities 0 96 (30.4)
1 128 (40.5)
2 78 (24.7)
�3 14 (4.4)

Lesions of disease 1 0 (0)
2 181 (57.2)
3 135 (42.8)

Note: PCI ¼ percutaneous coronary intervention. CABG ¼ coronary artery bypass
graft.
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3.2. Correlations among depression, resilience, and fatigue

In patients with multivessel coronary disease, levels of depres-
sion and fatigue decreased from T1 to T3, while resilience scores
increased during the same period. Significant correlations were
observed among depression, resilience, and fatigue at T1, T2, and T3
(P < 0.01), indicating a synchronous relationship among these
variables. Additionally, the three variables demonstrated significant
correlations between pretest and post-test measurements
(P < 0.01), suggesting cross-time stability (Table 2). Overall,
depression, resilience, and fatigue in patients with multivessel
coronary disease exhibited both synchronous correlations and
cross-time stability, fulfilling the conditions necessary for cross-lag
analysis.

3.3. Cross-lag model

Fig. 1 shows the complete model of cross-lag paths and autor-
egressive paths. The model used all the data of the measured var-
iables. The results showed that the model has good fitting
indicators (c2/df ¼ 2.659, CFI ¼ 0.991, TLI ¼ 0.969, RMSEA ¼ 0.072,
and SRMR ¼ 0.012).

3.3.1. Autoregressive paths
The results of autoregressive path analysis showed that T1

depression had significant effects on T2 depression (b ¼ 0.940,
P < 0.001), and T2 depression had significant effects on T3
depression (b ¼ 0.928, P < 0.001). T1 resilience had a significant
effect on T2 resilience (b¼ 0.345, P < 0.001), and T2 resilience had a
significant effect on T3 resilience (b ¼ 0.859, P < 0.001). T1 fatigue
had significant effects on T2 fatigue (b ¼ 0.147, P < 0.001), and T2
fatigue had a significant effect on T3 fatigue (b ¼ 0.230, P < 0.001).

3.3.2. Cross-lag paths
The results of cross-lag path analysis showed that T1 depression

had significant effects on T2 fatigue (b ¼ 0.461, P < 0.001), and T2
depression had significant effects on T3 fatigue (b ¼ 0.957,
P < 0.001). T1 resilience had a significant effect on T2 fatigue
(b ¼ �0.271, P < 0.001), and T2 resilience had a significant effect on
T3 fatigue (b ¼ �0.176, P < 0.001). T1 fatigue had significant effects
on T2 depression (b ¼ 0.078, P < 0.001) and T2 resilience
(b ¼ �0.148, P < 0.001). T2 fatigue had no significant effect on T3
depression (b ¼ 0.013, P ¼ 0.551) and T3 resilience (b ¼ �0.050,
P¼ 0.174). T2 resilience had a moderating effect on the relationship
between T1 depression and T3 fatigue (b ¼ �0.760, P < 0.001).

In addition, after controlling for age (Appendix A), T1 depression
had significant effects on T2 fatigue (b ¼ 0.436, P < 0.001), and T2
depression had significant effects on T3 fatigue (b ¼ 0.956,
P < 0.001). T1 resilience had significant effects on T2 fatigue
(b ¼ �0.282, P < 0.001), and T2 resilience had significant effects on
T3 fatigue (b ¼ �0.179, P ¼ 0.001). T1 fatigue had significant effects
on T2 depression (b ¼ 0.077, P < 0.001) and T2 resilience
(b ¼ �0.148, P ¼ 0.006). T2 fatigue had no significant effect on T3
depression (b ¼ 0.004, P ¼ 0.841) and T3 resilience (b ¼ �0.033,
P ¼ 0.362). T2 resilience exhibited a moderating effect on the
relationship between T1 depression and T3 fatigue (b ¼ �0.762,
P < 0.001).

4. Discussion

4.1. Cross-lag autoregressive paths

The cross-lag autoregressive path revealed that the autore-
gressive coefficients for depressionwere significant, indicating that
the depression level in patients with multivessel coronary disease



Table 2
Correlations between depression, resilience, and fatigue.

Variables Mean± SD DepressionT1 DepressionT2 DepressionT3 ResilienceT1 ResilienceT2 ResilienceT3 FatigueT1 FatigueT2 FatigueT3

DepressionT1 6.85± 4.06 e e e e e e e e e

DepressionT2 4.94± 3.49 0.962* e e e e e e e e

DepressionT3 3.66± 2.87 0.888* 0.943* e e e e e e e

ResilienceT1 22.57± 5.23 �0.391* �0.368* �0.324* e e e e e e

ResilienceT2 25.59± 6.50 �0.201* �0.241* �0.237* 0.398* e e e e e

ResilienceT3 27.29± 5.39 �0.166* �0.201* �0.199* 0.332* 0.859* e e e e

FatigueT1 70.32± 18.70 0.335* 0.593* 0.560* �0.316* �0.244* �0.240* e e e

FatigueT2 59.11± 17.85 0.337* 0.402* 0.462* �0.324* �0.262* �0.247* 0.402* e e

FatigueT3 47.97± 16.50 0.318* 0.391* 0.436* �0.356* �0.295* �0.282* 0.380* 0.483* e

Note: *P < 0.01. T1 the third day after admission. T2 one month after discharge. T3 three months after discharge.

Fig. 1. Results of the cross-lag paths and autoregressive paths.
*P < 0.01. T1: the third day after admission. T2: one month after discharge. T3: three months after discharge.
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exhibited minimal variation over time and demonstrated high
stability. The high autoregressive coefficient indicates that the level
of depression in the early stages can accurately predict the
depressive state in subsequent stages. This suggests that once an
individual experiences depression, the depressive state is likely to
persist over an extended period [35]. Depression disorder is char-
acterized by a high rate of recurrence and chronicity [36]. The co-
efficient results of this study quantitatively illustrate this trait at the
individual level over time. This stability may be attributed to deeply
ingrained negative cognition associated with depression. As out-
lined in Beck’s cognitive theory, individuals with depression often
interpret life events through a negative lens, which perpetuates
feelings of self-denial and helplessness, thereby complicating the
resolution of their depressive state [37]. Follow-up intervention
plans should concentrate on disrupting this persistent stability and
aim to reshape cognitive patterns while establishing support sys-
tems to assist patients in overcoming depression.

The autoregressive coefficients of resilience were significant,
indicating moderate stability. An increase in these coefficients
suggests that resilience among patients with multivessel coronary
disease improves over time after discharge. Initially, resilience
shows weak continuity, but stability increases in later stages,
allowing individuals to maintain a stable state and reduce external
interference. Bonanno et al. [38] identified four typical psycholog-
ical reaction trajectories following trauma: chronic dysfunction,
delay, resilience, and recovery. Our study found that resilience
levels in patients with multivessel coronary disease increased post-
discharge, aligning with the resilience and recovery trajectories.
Specifically, the mental functioning of patients gradually improved
and tended to reach a positive state; although their mental function
148
was initially affected, it recovered to a normal level over time.
When faced with significant adversities, like illness, internal and
external resources are mobilized to enhance resilience and restore
mental health [39]. In our study, the resilience of patients with
multivessel coronary disease showed an exhibited notable increase
was significant in the particularly early stages. The reason may be
that individuals have accumulated certain coping experiences in
the early stages. As the disease recovers, patients can gradually
activate their internal positive resources, actively confront the ill-
ness’s challenges, and steadily enhance their resilience.

In addition, the autoregressive coefficients for fatigue indicate
that patients with multivessel coronary disease experience signif-
icant fluctuations in fatigue levels over time, indicating low sta-
bility. This suggests that fatigue is temporary and accumulates and
transmits over time. If fatigue in the early stages is not properly
addressed, it is highly likely to continue affecting individuals’
subsequent states over time, thereby creating a vicious cycle.
Furthermore, our study found that fatigue scores during hospital-
ization and up to three months post-discharge were significantly
higher than in other studies [13], likely due to differences in pop-
ulation characteristics. Patients with multivessel coronary disease
present greater complexity due to more significant vascular ste-
nosis and blood flow obstruction, which is likely to lead to fatigue
primarily caused by myocardial ischemia and hypoxia. Long-term
fatigue can lead to elevated levels of stress hormones in the body,
disrupt the normal functioning of the endocrine system, and
weaken the body’s self-repair capabilities [8]. Our study highlights
the need for healthcare professionals to focus on patients with
multivessel coronary disease. Early assessment of fatigue during
hospitalization and monitoring post-discharge are crucial for
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identifying high-risk groups and implementing targeted in-
terventions to alleviate symptoms.

4.2. Cross-lag regression paths

4.2.1. The pretest depression could positively predict post-test
fatigue

While previous studies have shown a strong association be-
tween depression and fatigue, few have examined their causal
relationship. Our study found that pretest depression in patients
with multivessel coronary disease can positively predict post-test
fatigue status; specifically, higher depression levels correlate with
greater fatigue severity. This finding can guide healthcare pro-
fessionals in preventing and managing fatigue. The theory of un-
pleasant symptoms suggests individuals may experience one or
more symptoms simultaneously, each with varying degrees of
severity. A single symptommay significantly impair an individual's
functioning, and some symptomsmay also serve as catalysts for the
development and persistence of other symptoms [40]. Our study
found that to prevent the exacerbation of fatigue, it is essential to
address and reduce their levels of depression at an early stage. This
proactive approach can help mitigate the compounded effects of
both depression and fatigue, preventing depression from acting as a
catalyst for the onset and persistence of fatigue symptoms. In
addition, our findings align with Zhuang et al. [41], showing that
pretest depression significantly and positively predicted post-test
self-regulatory fatigue. Fatigue can hinder patients’ ability to
manage daily activities andmay lead to feelings of powerlessness in
their rehabilitation. This emotional state negatively affects mental
health and daily life. Based on these findings, we recommend that
healthcare professionals evaluate depressive symptoms upon
hospitalization. For patients with significant depression, a psy-
chological evaluation should confirm these symptoms, followed by
targeted counseling and emotional support. Furthermore,
educating patients on recognizing and managing depressive
symptoms is essential, especially for those with multivessel coro-
nary disease, as these symptoms can impact overall health. Early
identification and treatment can help effectively manage and
reduce fatigue.

4.2.2. The pretest resilience could negatively predict post-test
fatigue

Our study demonstrated that the resilience levels of patients
with multivessel coronary disease during a previous period can
negatively predict their fatigue status in a subsequent period;
specifically, a high level of resilience may mitigate the severity of
fatigue. An individual's level of resilience may determine their
experience of fatigue when confronted with the challenges posed
by diseases. This finding aligns with the research conducted by
Losoi et al. [42], which demonstrated that resilience is a significant
predictor of changes in fatigue one to six months after discharge in
patients with mild traumatic brain injury. Additionally, another
cohort study indicated that low resilience is associated with an
increased risk of persistent fatigue [43]. Patients with higher
resilience can quickly adjust their mindset and use active coping
strategies, reducing fatigue [44]. However, Our study revealed that
while resilience in patients with multivessel coronary disease
improved within three months post-discharge, it remained lower
than in other studies [45]. This indicates that, despite recovery
improvements, these patients did not achieve optimal resilience.
Meanwhile, resilience remained stable one month after discharge,
suggesting that healthcare professionals should focus on psycho-
logical well-being during early hospitalization. Implementing
cognitive behavioral interventions, emotional regulation training,
and other supportive measures can enhance patients’ resilience
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[45], helping patients develop a positive outlook and improve
coping abilities, ultimately reducing fatigue. Further research on
resilience mechanisms in patients with multivessel coronary dis-
ease is crucial for effective nursing strategies.

4.2.3. Resilience moderates the relationship between depression
and fatigue

Our study indicates that resilience plays amoderating role in the
relationship between depression and fatigue in patients with
multivessel disease. Specifically, higher resilience levels signifi-
cantly reduce the negative impact of depression on fatigue, sug-
gesting that resilience buffers these adverse effects. Resilience is
regarded as a valuable coping resource that enables individuals to
adapt effectively in the face of adversity and mitigate the impact of
negative emotions on their health [46]. Those with higher resil-
ience are better at regulating emotions and reducing emotional
exhaustion associated with depression. Previous studies have
demonstrated that highly resilient individuals exhibit positive
cognitive and emotional regulation [47], which buffers negative
risk factors and aids recovery from their effects [48]. High resilience
in patients promotes the use of social support and health-
promoting behaviors, mitigating fatigue from resource loss. It al-
lows patients to confront stressors related to depression, trans-
forming psychological burdens intomotivation for personal growth
and reducing fatigue. Furthermore, resilience may diminish the
physiological and psychological effects of depression on fatigue by
strengthening social support and coping resources. This finding
underscores the pivotal role of resilience, indicating that fatigue can
be alleviated by fostering and enhancing resilience among patients
in nursing practice, particularly in high-risk groups exhibiting
depressive symptoms. Healthcare professionals can implement
targeted interventions, provide resilience training, and organize
support groups to share coping experiences. These efforts can foster
a positive environment for rehabilitation, further enhance patients’
resilience, and alleviate fatigue.

4.3. Implication of nursing practice

Healthcare professionals should evaluate patients’ mental
states, emphasizing depression screening and resilience assess-
ment to identify those at high risk for fatigue. Our study found that
depression significantly predicts fatigue in patients with multi-
vessel coronary disease, highlighting the necessity of addressing
depression in fatigue interventions. Nursing staff should assist
patients with depressive symptoms inmanaging negative emotions
through cognitive behavioral therapy or supportive counseling,
indirectly reducing fatigue. Furthermore, a multidisciplinary
approach combining psychotherapy and pharmacotherapy can
improve patients’ psychological well-being and alleviate fatigue.

Resilience directly mitigates fatigue and moderates the adverse
effects of depression on fatigue, suggesting new nursing interven-
tion strategies. As a vital psychological resource, resilience helps
patients cope with stress and negative emotions, alleviating fatigue
symptoms. This can be achieved through mindfulness therapy,
emotional regulation training, and participation in support groups
or family activities. Strengthening psychological resources and
adaptability to stress can reduce fatigue and enhance overall
quality of life.

5. Study strengths and limitations

Our study presents several significant advantages. Firstly, it fo-
cuses on a cohort of patients with multivessel coronary disease,
allowing us to understand both the positive and negative psycho-
logical changes experienced by this population. Secondly, we
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investigated the temporal causal relationships among depression,
resilience, and fatigue, identifying a moderating effect of resilience
on the relationship between depression and fatigue. However,
there are limitations to consider when interpreting our findings
and conducting further research. Firstly, the study relied entirely on
self-reported measures, possibly leading to spurious associations.
Future research should employ additional methods, such as clinical
interviews, to assess key variables. Secondly, our small sample size
was limited to hospitals in Tangshan, China. Future studies should
include larger samples and a broader range of regions to validate
our results. Thirdly, our study examined changes in depression,
resilience, and fatigue only within three months post-discharge,
limiting the ability to determine causal relationships accurately.
Future research should extend the follow-up period to assess the
stability of findings and identify trends. Most importantly, un-
measured confounding variables, such as sleep quality, social sup-
port, and illness severity, may influence these variables and were
not controlled for in this study. Future research should incorporate
these variables to explore the mechanisms underlying these
relationships.
6. Conclusions

In conclusion, our study examined the prospective associations
among depression, resilience, and fatigue in patients with multi-
vessel coronary disease using cross-lag analysis. The results indi-
cate that pretest depression and resilience significantly predict
post-test fatigue severity, with resilience mediating the negative
effects of depression on fatigue. These findings highlight the
importance of reducing depressive symptoms and enhancing
resilience early to prevent fatigue. Future research should extend
follow-up periods and include diverse patient populations to
enhance generalizability.
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