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Objective: To explore distinct longitudinal trajectories of resourcefulness among initial ischemic stroke patients from diagnosis to 12 
months, and to identify whether sociodemographic factors, disease-related factors, self-efficacy, family function, and social support 
can predict patterns in the trajectories of resourcefulness.
Methods: A prospective longitudinal study was conducted. Initial ischemic stroke patients who met inclusion and exclusion criteria 
were followed up when still in hospital (Preparing for discharge, Baseline, T1), at 1 month (T2), at 3 months (T3), at 6 months (T4), at 
9 months (T5) and 12 months (T6) (±1 week) after discharge. General information, National Institute of Health Stroke Scale (NIHSS), 
Modified Rankin Scale (mRS), General Self-Efficacy Scale (GSES), General Family Functioning Subscale (FAD-GF), and Social 
Support Rate Scale (SSRS) were used in T1. The Resourcefulness Scale© was evaluated at 6 time points. Growth mixture modeling 
was used to identify trajectory patterns of resourcefulness. Logistic regression was used to identify predictors of resourcefulness 
trajectories.
Results: Three longitudinal trajectories of resourcefulness were identified and named as the high-stable class (38.9%, n=71), 
fluctuation class (41.2%, n=75), and low-stable class (19.9%, n=36), respectively. Dwelling areas (x2=6.805, P=0.009), education 
(x2=44.865, P=0.000), monthly income (x2=13.063, P=0.001), NIHSS scores (x2=44.730, P=0.000), mRS scores (x2=51.788, 
P=0.000), Hcy (x2=9.345, P=0.002), GSES (x2=56.933, P=0.000), FAD-GF (x2=41.305, P=0.000) and SSRS (x2=52.373, 
P=0.000) were found to be statistically significant for distinguishing between different resourcefulness trajectory patterns. Lower 
education (OR=0.404), higher NIHSS(OR=6.672) scores, and higher mRS(OR=21.418) scores were found to be risk factors for lower 
resourcefulness, whereas higher education(OR=0.404), GSES(OR=0.276), FAD-GF(OR=0.344), and SSRS(OR=0.358) scores were 
identified as protective factors enhancing resourcefulness.
Conclusion: This study obtained three patterns of trajectories and identified their predictive factors in initial ischemic stroke. The 
findings will assist health care professionals in identifying subgroups of patients and when they may be at risk of low resourcefulness 
and provide timely targeted intervention to promote resourcefulness.
Keywords: initial ischemic stroke, resourcefulness, longitudinal study, social ecology theory, predictive factors, nursing care

Introduction
Stroke, a major chronic non-communicable disease, poses a serious threat to global public health due to its high 
incidence, mortality, recurrence, and disability rates, as well as its overall burden on society.1,2 Among its types, 
ischemic stroke is the most common, accounting for approximately 85% of all cases,3 further underscoring the 
significance of addressing this condition. As the second leading cause of death and the main cause of adult disability 
worldwide,4 stroke’s impact is expected to grow, with estimates indicating a substantial increase in cases in Europe 
(1.5 million added annually by 2025) and an even sharper rise in China (a 50% increase in the next two decades).5,6 In 
the United States, about 0.80 million people experience a stroke every year, resulting in significant long-term disability, 
and the fifth most common cause of death.7 Around 75% of stroke survivors will have different degrees of disability, 
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including physical, communicative, cognitive, emotional disorders, and swallowing disorders.8 Surprisingly, approxi-
mately one-third of stroke survivors develop PSD within 5 years,9 impacting rehabilitation and quality of life, while 
increasing mortality and suicide risk.10 Therefore, early recognition and intervention for patients with PSD is of great 
clinical relevance.11

Excitingly, resourcefulness has been confirmed as a mediating variable between stress and depression, and it can 
prevent the occurrence and development of PSD.12 Resourcefulness refers to an individual’s cognitive behavior ability to 
complete daily activities independently (personal resourcefulness) and the ability to ask for help from others when they 
cannot complete them alone (social resourcefulness).13 Personal resourcefulness refers to the ability to remain indepen-
dent in doing daily work, although in difficult circumstances, it also includes the use of self-help strategies to deal with 
adversity or challenges.14 Social resourcefulness refers to the ability to seek help from others, including professionals, 
family members, and friends, when one is unable to handle a problem by oneself.14 People with high levels of 
resourcefulness showed lower stress, less anxiety, and fewer depressive cognitions, and resourcefulness intervention is 
effective in individuals’ psychological and physical health.14,15

However, most of the published studies on resourcefulness have been cross-sectional surveys, lacking longitudinal 
follow-up studies, and these studies mostly analyzed the total score of resourcefulness, ignoring the differences in 
specific scores between individuals.12,16 Moreover, little is known about the trajectory patterns of resourcefulness among 
people after a first ischemic stroke. Trajectory refers to the stable and continuous psychological or behavioral state that 
individuals change over time in the process of disease, which represents the individual’s health status and intervention 
needs to a certain extent.17 Therefore, describing the trajectory patterns of resourcefulness can provide new ideas for 
targeted interventions and improve the allocation efficiency of medical resources in clinical practice. Growth mixed 
model (GMM) is a person-centered approach that can identify latent longitudinal classes of people with similar 
characteristics.18 Latent class growth model (LCGM) is a special form of GMM, GMM and LCGM can determine 
individual patterns of resourcefulness by identifying subgroups that follow similar trajectories over time.19 Identifying 
the predicting factors of the trajectory patterns of resourcefulness is of great significance in formulating further 
interventions.

The social-ecology model encompasses individual, family, and social levels across three tiers, stressing complex 
environmental influences.20,21 At the individual level, self-efficacy plays a crucial role in the social-ecology model, 
epitomizing the degree of confidence that individuals possess in regulating their behavior, motivation, and the dynamics 
of their social environment. So higher self-efficacy bolsters resourcefulness, thereby improving the use and mobilization 
of resources to achieve goals.22 At the family level, dynamics such as emotional support, communication, and affective 
responsiveness could be included. Studies indicate that supportive family environments can bolster an individual’s 
resourcefulness by providing emotional resources and practical assistance that facilitate adaptive responses to 
challenges.12 Social level variables may encompass community support, medical system, and societal attitudes towards 
disability or recovery.23 Research highlights that a strong social network and a robust medical system can create 
environments that foster resourcefulness by offering necessary aid and resources.24 Exploring the influencing factors 
of the trajectory patterns of resourcefulness from the perspective of the social-ecology model has important guiding 
significance for future intervention research. Additionally, resourcefulness was shown to be a significant factor in 
promoting positive health outcomes and reducing depressive symptoms among elderly individuals following a stroke.25 

This study suggests that individuals who employ both personal and social resourcefulness skills tend to exhibit better 
adjustment and recovery post-stroke.

Therefore, this study puts forward the following hypotheses: (1) there are different trajectories patterns of resource-
fulness among people after a first ischemic stroke over 12 months; and (2) under the guidance of the social-ecology 
model, the baseline factors can predict the trajectories patterns of resourcefulness. To test the hypotheses stated above, 
the purpose of this study was to identify the trajectory patterns of resourcefulness and explore the predictive factors 
among people after a first ischemic stroke over 12 months. The findings can provide a theoretical basis for the 
development of longitudinal resourcefulness training programs for stroke survivors and provide further strategies for 
improving their quality of life. This study aimed to identify patterns of resourcefulness trajectories over a 12-month 
period in individuals post-first ischemic stroke and to ascertain baseline factors predictive of these trajectory patterns.
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Methods
Design and Setting
This was a prospective longitudinal study of first-time ischemic stroke patients followed up 12 months. All the data was 
from the First Affiliated Hospital of Zhengzhou University, one of the National Advanced Stroke Center of China, which 
treated around 9600 ischemic stroke patients annually, and about 2800 were first-time ischemic stroke patients (within 7 
days after onset). Moreover, this National Advanced Stroke Center was a data collection subcenter of the China National 
Stroke Screening and Prevention Project (CNSSPP). It was responsible for following up at least 2000 stroke patients 
(follow-up 1, 3, 6, 9, and 12 months after discharge) every year and reporting the data through the information platform. 
To control for confounding factors, this study used GPower to calculate the necessary sample size and randomly selected 
it from the pool. This study followed the STROBE statement checklist.26

Participants
The inclusion criteria were: (1) over 18 years old, (2) clinically diagnosed first-time ischemic stroke by a qualified 
neurology physician, (3) stroke event within 14 days, (4) ability to communicate, (5) remained in hospital for at least 3 
days due to their stroke. People were excluded if they: (1) score below 20 on the Mini-Mental State Examination 
(MMSE) which indicated the existence of cognitive impairment; (2) Score ≥4 on the Modified Rankin Scale (mRS), 
which demonstrated severe disability; (3) stroke recurrence or other existing major diseases that seriously affect physical 
function during the follow-up period; and (4) participation in other studies.

Sample size was calculated by GPower 3.1. Test family was “F-test” and Statistical test was “ANOVA: Repeated 
measures, within factors”. Type of power analysis was “A priori: Computer required sample size”. Other relevant 
indicators were Effect size f=0.25, α err prob=0.05, Power (1-β err prob)=0.95, Number of group=1, Number of 
measurements=6, Corr among rep measures=0 and Nonsphericity correction ε=0.2. Accordingly, the total number of 
sample size was 176. Considering the 10% loss of samples, the target 196 stroke patients were followed up in this study. 
Finally, 12 people were lost during follow-up. Therefore, 182 individuals completed three or more follow-ups and were 
included in the final analysis, providing a response rate of 93.81%.

Variables and Measurements
Individual Level Variables
Social-demographic information, such as age, gender, education, spouse, monthly income, dwelling areas, BMI, and 
history of smoking and alcohol were obtained using a self-administered questionnaire.

Disease-related characteristics, such as TOAST (Trial of ORG 10172 in Acute Stroke Treatment) type, thrombolysis/ 
ectomy, homocysteine, and complications were obtained from the medical records. Stroke severity was also obtained 
from the medical records based on the National Institute of Health Stroke Scale (NIHSS)27 and Modified Rankin Scale 
(mRS),28 which are used widely in China to evaluate stroke severity.

General Self-Efficacy Scale (GSES) was used to assess an individual’s ability to control and dominate one’s actions 
with a confident attitude. GESE was originally developed by German health psychologists Jerusalem and Schwarzer and 
has been widely used in many countries.29 The scale had 10 items and a single dimension. Likert 4-level scoring method 
is adopted, from “not true at all” to “exactly true”, with a score of 1 to 4 points. The total score is obtained by adding the 
scores of each item, ranging from 1 to 40. The higher the score, the higher the self-efficacy. The Chinese version of 
GSES was first applied and verified by Zhang and Schwarzer30 in Hong Kong cultural background and proved to have 
good reliability and validity.

Family Level Variable
General Family Functioning Subscale (FAD-GF) is a 12-item General Functioning (GF) subscale of the McMaster 
Family Assessment Device (FAD).31 It was used to evaluate family function, including problem-solving, communication, 
familial roles division, affective responsiveness, and emotional involvement, reflecting the role of family interactions in 
patient recovery and well-being to recognize the dynamic interplay between survivors and their families. Using Likert 
4-level scoring method, the scores from “strongly disagree” to “strongly agree” are 1 to 4, respectively. The higher the 
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score, the better the family function. The scale has been translated into Chinese and applied to Chinese population with 
good reliability and validity.32

Social Level Variable
Social Support Rate Scale (SSRS) was used to assess social support level, and it was developed by Chinese scholars 
Xiao.33 It was a 10-item and three dimensions, including objective support, subjective support, and utilization of social 
support. Items 1–4 and 8–10 use a Likert 4-level scoring method that ranges from “cannot get support” to “get sufficient 
support” and are scored from 1 to 4. Item 5 counts the total score of five questions: A, B, C, D, and E, with a total score 
of 1–4 points for each question from “None” to “full support”. If items 6 and 7 were answered with “no source”, scored 
0, if answered with “those from the following sources”, scored the number of the listed sources. The higher the total 
score, the better the social support. It has been proven to have good reliability and validity and has been widely used in 
many studies.34

Resourcefulness
Resourcefulness Scale (RS)© was used to assess the skills constituting resourcefulness and it was developed by 
Zauszniewski and translated into Chinese by Lai.13 It included 28 items and two subscales, namely personal resourceful-
ness and social resourcefulness. The RS uses a 6-point Likert scale from “extremely non-descriptive of one’s behavior” 
to “extremely descriptive;” scores range from 0 to 5 on each item. Total RS scores range from 0 to 140, with higher 
scores indicating better resourcefulness. This scale has shown good reliability and validity and has been used widely in 
the Chinese context.12

Ethics
This study was approved by the Ethical Committee of Zhengzhou University (No.2020-KY-459) and was conducted 
according to the principles outlined in the Declaration of Helsinki.35 All participants were informed about the study at the 
beginning of the survey and written informed consent was obtained from all of them. The principles of benefit, 
confidentiality, fairness, and no harm were followed throughout the study. Permission for use of all study measures 
not in the public domain was obtained.

Data Collection
This study was conducted from January 2020 to December 2021. The participants were followed up for 12 months and 
questionnaire surveys were conducted while they were still in the hospital (Preparing for discharge, Baseline, T1), at 1 
month (T2), at 3 months (T3), at 6 months (T4), at 9 months (T5) and 12 months (T6) (±1 week) after discharge. When 
the participants had stable vital signs, baseline data (Individual level, family level, social level, and outcome variables) 
were collected after the introduction by nursing staff and informed consent was gained. The participant’s contact 
information and home address after discharge were also collected at T1 so that the investigators could contact the 
participants to conduct the follow-up surveys. The researcher used the special follow-up telephone of the stroke center or 
via WeChat to investigate T2-T6 time points of patients’ resourcefulness level (outcome variable) after discharge. Those 
who could not be contacted ≥ 3 times at a follow-up time point were regarded as lost to follow-up. Attrition was recorded 
for those who have lost to follow-up ≥ 3 times.

Data Analysis
SPSS version 21.0 (IBM Corporation, Armonk, NY, USA) and Mplus version 8.0 were used for data analysis. 
A descriptive analysis was conducted for each independent variable. The frequency and percentage of descriptive 
variables are presented in tables and figures. Averages and standard deviations are employed to characterize the central 
tendency and variability of the data. Logistic regression was undertaken to examine the predictive capacity of one or 
more independent variables of the dependent variable, elucidating the interrelations among the variables. GMM and 
LCGM were carried out by using Mplus. P<0.05 was defined as a statistically significant difference.
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Trajectory patterns of resourcefulness are judged through unconditional LCGM and GMM. LCGM does not allow 
individual variation in the development track within the group, so the variance of growth factor is set to 0. The single- 
category model is set as the baseline model, the number of categories of the model is gradually increased, the fitting 
indicators of each model are compared, and then the best model is determined according to the actual clinical situation. 
Fitting indicators include the Akaike information criterion (AIC), Bayesian information criterion (BIC), Sample- size 
adjusted BIC (aBIC), Entropy, Lo-Mendell-Rubin adjusted likelihood ratio test (LMRT), and Bootstrapped likelihood 
ratio test (BLRT). AIC, BIC, and aBIC are mainly indicators used to evaluate the quality between different models, and 
the lower values indicate better model fit. Entropy is a measure of classification accuracy with higher values indicating 
better classification quality. The LMRT and BLRT are tests of significance between two models with k classes against k-1 
classes; a significant p-value indicates that the k class is better.

Finally, univariable analysis (x2 test) and multivariable analysis (Logistic regression) were used to explore the 
predictive effect of baseline data on trajectory patterns of resourcefulness from the three levels of society, family, and 
individual.

Results
Characteristics of the Samples
Among the 182 participants, ages ranged from 23 to 87, and the mean value was 58.02 years (SD=11.65). The mean 
scores of GSES, FAD-GF, SSRS were 2.236 (SD=0.91), 28.29 (SD=8.37), and 28.38 (SD= 10.66), respectively. Total 
scores on RS ranged from 53 to 96, with a mean value of 76.31 years (SD=13.63). Scores on the NIHSS were from 0 to 
20, with a median value of 3. The detailed socio-demographic and clinical characteristics of the sample are presented in 
Table 1.

Table 1 Characteristics of the Sample (n=182)

Variables n (%) Variables n (%)

Age (years) Monthly Income (CNY)
<40 13(7.1) <3000 77(42.3)

40–60 86(47.3) 3000 −5000 63(34.6)

>60 83(45.6) >5000 42(23.1)
Gender Dwelling areas

Male 131(72.0) Rural areas 116(63.7)

Female 51(28.0) Urban areas 66(36.3)
Spouse NIHSS

Have 169(92.9) <6 114(62.6)

No 13(7.1) ≥6 68(37.4)
Education mRS

Middle school or less 55(30.2) <2 75(41.2)

High school 54(29.7) ≥2 107(58.8)
Professional education 44(24.2) Thrombolysis/ectomy
Undergraduate or more 29(15.9) Yes 28(15.4)

Obesity (BMI >26 kg/m2) No 154(84.6)
Yes 57(31.3) Complications
No 125(68.7) <3 109(59.9)

History of smoking ≥3 73(40.1)
Yes 59(32.4) TOAST
No 123(67.6) Large-artery atherosclerosis 133(73.1)

History of alcohol use Cardioembolism 13(7.1)
Yes 46(25.3) Small-artery occlusion 17(9.3)

No 136(74.7) Other/unknown 19(10.4)
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Trajectory Patterns of Resourcefulness
Taking the resourcefulness scores of the stroke survivors at 6-time points as observation variables, data from 182 subjects 
who met the inclusion criteria were included in the model. As shown in Table 2, when the extracted categories are 
increased from 1 to 3, AIC BIC and aBIC decreased and the entropy value gradually increased. LMRT and BLRT were 
statistically significant. When the four categories were increased to five categories, AIC and aBIC increased slightly, the 
BIC continued to decline, and the entropy value also decreased. The model showed no further improvement and the 
LMRT and BLRT values were not statistically significant. To determine the optimal model, the GMM was tested. When 
the extracted categories were increased from 1 to 3, the AIC, BIC, and ABIC decreased, and the entropy value gradually 
increased. The LMRT was not statistically significant, but the BLRT was statistically significant. When the four 
categories were increased to five categories, the AIC continued to decline, the BIC and aBIC increased slightly, and 
the entropy value also increased. The LMRT and BLRT were not statistically significant. The three categories of LCGM 
were finally determined based on the comprehensive statistical indicators and clinical practice.

Trajectory patterns of resourcefulness were classified into three latent classes, and the probabilities of three classes 
were class 1 (38.9%, n=71), class 2 (41.2%, n=75), and class 3 (19.9%, n=36). Three latent longitudinal classes were 
further labeled based on trajectory characteristics of resourcefulness and clinical symptom characteristics. As revealed in 
Figure 1, class 1 had a high level of resourcefulness,36,37 with the lowest score of resourcefulness in 3 months after 
discharge (T3) and the highest score in 12 months after discharge (T6). The average scores in this group ranged between 
88.63 and 108.23 and were therefore labeled “ high-stable class”. The average scores of Class 2 were at a moderate level 
from 70.33 to 89.26,36,37 which gradually increased from hospitalization (T1) to 1 month after discharge (T2), gradually 
decreased from 1 month after discharge (T2) to 6 months after discharge (T4) and fluctuated increased from 6 months 
after discharge (T4) to 12 months after discharge (T6). Therefore, it was named “fluctuation class”. Class 3 reported a fair 
level of resourcefulness and the average scores were from 60.49 to 69.68 in 12 months,36,37 and it was therefore labeled 
the “low-stable class”.

Univariable Analysis of the Trajectories of Resourcefulness
According to different classes determined by LCGM, univariable analysis was used to identify possible predictors. Class 
3 and class 2 were combined for the subsequent analyses because class 3 had a relatively small sample size, and the 
average scores of both classes reflected similar levels of resourcefulness defined by Zauszniewski et al.36 Additionally, 
combining these two classes might emphasize the resourcefulness patterns exhibited by the majority of patients at 
specific points in their disease progression or rehabilitation process, thereby allowing for a more focused interpretation of 
how resourcefulness fluctuates throughout different stages of patient care. The name of combined class 2 and class 3 was 
“Group 2-lower resourcefulness group”, and class 1 was considered as “Group 1-higher resourcefulness group”. 
Subsequent data are further analyzed based on this classification. Baseline data, including personal, family, and social 
three-dimensional variables, were included in the x2 test. The results showed that differences in dwelling areas (x2=6.805, 
p=0.009), education (x2=44.865, p=0.000), monthly income (x2=13.063, p=0.001), NIHSS scores (x2=44.730, 

Table 2 Fit Indices of LCGM and GMM for Resourcefulness (n=182)

Model Classes AIC BIC aBIC Entropy LMRT P-value BLRT P-value Mixing Ration

LCGM 1 8561.446 8596.690 8561.852 – – – 1

2 8032.562 8077.418 8033.078 0.890 0.006 <0.001 0.445/ 0.555
3 7795.789 7850.257 7796.416 0.899 0.018 <0.001 0.389/ 0.412/ 0.199

4 7645.590 7879.670 7646.328 0.878 0.051 <0.001 0.319/0.044/0.270/0.368

5 7494.168 7967.860 7495.016 0.853 0.242 <0.001 0.104/0.044/0.236/0.286/0.330
GMM 1 7282.105 7326.962 7282.622 – – – 1

2 7202.727 7257.195 7203.354 0.849 0.011 <0.001 0.951/0.049

3 7184.548 7248.628 7185.285 0.928 0.141 <0.001 0.9230/0.0495/0.0275
4 7184.536 7258.229 7185.385 0.822 0.776 0.263 0.0385/0.0495/0.725/ 0.187

5 7177.220 7260.524 7187.179 0.828 0.257 0.235 0.005/0.522/0.0385/0.385/0.0494
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p=0.000), mRS scores (x2=51.788, p=0.000), Hcy (x2=9.345, p=0.002), GSES (x2=56.933, p=0.000), FAD-GF 
(x2=41.305, p=0.000) and SSRS (x2=52.373, p=0.000) were statistically significant, and the other variables were not 
statistically significant as shown in Table 3.

Figure 1 Trajectories patterns of resourcefulness of 12 months.

Table 3 Univariable Analysis of the Trajectories of Resourcefulness

Variables Group 1  
(Class 1, n=71)

Group 2  
(Class 2 and class 3, n=111)

x2 P

Age (years) 0.036 0.982

18–40 5(7.0) 8(7.2)

40–60 33(46.5) 53(47.7)
>60 33(46.5) 50(45.1)

Gender 0.001 0.972

Male 51(71.8) 80(72.1)
Female 20(28.2) 31(27.9)

Spouse 1.901 0.386

Have 65(91.5) 104(93.7)
No 6(8.5) 7(6.3)

Dwelling areas 6.805 0.009
Rural areas 37(52.1) 79(71.2)
Urban areas 34(47.9) 32(28.8)

Education status 44.865 0.000
Primary school or less 11(15.5) 44(39.6)
Middle school 10(14.1) 44(39.6)

High school 29(40.8) 15(13.5)
Undergraduate or more 21(29.6) 8(7.3)

(Continued)
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Multivariate Analysis of the Trajectories of Resourcefulness
As presented in Table 4, the logistic analysis indicated that education, NIHSS, mRS, GSES, FAD-GF, and SSRS were 
significant predictors, but dwelling areas, monthly income, and Hcy were not significant. Higher education (OR=0.404), 
higher scores on the GSES (OR=0.276), FAD-GF (OR=0.344), and SSRS (OR=0.358) were predictive factors of higher 

Table 3 (Continued). 

Variables Group 1  
(Class 1, n=71)

Group 2  
(Class 2 and class 3, n=111)

x2 P

Obesity (BMI >26 kg/m2) 2.944 0.086
Yes 17(23.9) 40(36.0)

No 54(76.1) 71(64.0)

History of smoking 0.109 0.741
Have 22(31.0) 37(33.3)

No 49(69.0) 74(66.7)

History of alcohol use 0.000 0.985
Have 18(25.4) 28(25.2)

No 53(74.6) 83(74.8)

Monthly income (CNY) 13.063 0.001
<3000 20(29.0) 57(51.4)

3000 −5000 26(37.7) 37(33.3)

>5000 25(33.3) 17(15.3)
NIHSS 44.730 0.000
<6 66(93.0) 48(44.1)

≥6 5(7.0) 63(55.9)
mRS 51.778 0.000
<2 53(74.6) 23(20.7)

≥2 18(25.4) 88(79.3)
Thrombolysis/ectomy 0.656 0.418

Yes 9(12.7) 19(17.1)
No 62(87.3) 92(82.9)

Complications 1.928 0.165

<3 47(66.2) 41(55.9)
≥3 24(33.8) 70(44.1)

TOAST 1.765 0.623

Large-artery atherosclerosis 53(74.6) 80(72.1)
Cardioembolism 6(8.5) 7(6.3)

Small-artery occlusion 5(7.0) 12(10.8)

Other/unknown 7(9.9) 12(10.8)
Homocysteine (μmol/L) 9.345 0.002
≤15 32(45.1) 26(23.4)

>15 39(54.9) 85(76.6)
GSES 56.933 0.000
1–2 16(22.5) 88(79.3)

3–4 55(77.5) 23(20.7)
FAD-GF 41.305 0.000
12–24 13(18.3) 60(54.1)

25–36 20(28.2) 38(34.2)
37–48 38(53.5) 13(11.7)

SSRS 52.373 0.000
<20 13(18.3) 70(63.1)
20–40 18(25.4) 30(27.0)

>40 40(56.3) 11(9.9)

Notes: The bold x2 and P in the table indicate that the corresponding variables have statistical significance.
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resourcefulness. Higher scores on the NIHSS (OR=6.672) and mRS (OR=21.418) were predictive factors of lower 
resourcefulness. Individuals who had higher NIHSS scores and mRS scores were 6.672 and 21.418 times more likely to 
report lower levels of resourcefulness compared with group 1 (higher resourcefulness) than those who did not, 
respectively.

Discussion
This is the first reported longitudinal study to use LCGM with people who had first-time ischemic stroke and to identify 
different trajectory patterns of resourcefulness and their predictive factors. The findings have shown the applicability of 
this approach for current and future nursing research. LCGM /GMM has been extensively applied in statistical analysis 
for several decades, proving to be powerful tools in exploring latent longitudinal classes using individuals’ self-reports of 
resourcefulness and automatically identifying and marking different patterns of trajectories. It has the potential to assist 
health care professionals in identifying who and when a person may be at high risk for demonstrating fewer resourceful-
ness skills. The approach is also highly valuable for clinical nursing practice, as it provides a clear focus for healthcare 
providers to begin to develop targeted interventions designed to promote and sustain high levels of resourcefulness for 
specific subgroups at different time points, which can ultimately reduce their risk of depression.

Three trajectory patterns of resourcefulness were found, namely Class 1(high-stable class), Class 2 (fluctuation class), 
and Class 3 (low-stable class), and they were consistent with previous studies,36,37 where the range of RS cut scores 
indicated very low to very high need to learn resourcefulness skills. The total scores of resourcefulness within the three 
trajectory patterns were relatively low during hospitalization and then gradually increased until one month after 
discharge. This shows that through systematic treatment and health education during hospitalization, all patients may 
gradually reach the state of adaptation. This is consistent with Selye’s stress and adaptation theory, that is, after the 
stressor acts on the individual, the individual will produce a series of physical and mental reactions to adapt to the 
stressor to maintain the individual’s homeostasis.38 The total score of resourcefulness in the three longitudinal classes 
began to decrease from 1 month after discharge, class 1 fell to the lowest at 3 months after discharge, and then gradually 
increased, class 2 and class 3 fell to the lowest at 6 months, and then fluctuated increased. The possible reason was that 
with disease progression, financial burden, fear of recurrence, and caregivers’ exhaustion, the patient’s stress level began 
to rise again.39 The study showed that the cumulative recurrence rates of stroke patients were 7.7% in 3 months, 9.5% in 
6 months and 22.9% in 1 year.40 This suggests that health practitioners should provide relevant interventions at least 1 
month after discharge to promote the increase in resourcefulness and continue to do interventions at 3, 6, 9, and 12 
months after discharge to promote the improvement and stability of resourcefulness.

Table 4 Predicting Three Trajectory Patterns of Resourcefulness

Predictors B(SE) Wald(x2) P OR(95% CI)

Dwelling areas −0.269(0.752) 0.128 0.720 0.764 (0.175, 3.336)
Education status −0.905(0.426) 4.521 0.034 0.404 (0.175, 0.932)

Monthly income 0.490(0.484) 1.022 0.312 1.632 (0.632, 4.215)

NIHSS 1.898(0.680) 7.798 0.005 6.672 (1.761, 25.282)
mRS 3.064(0.695) 19.452 < 0.001 21.418 (5.488, 83.590)

Homocysteine 1.199(0.624) 3.686 0.055 3.316 (0.975, 11.276)

GSES −1.287(0.624) 4.245 0.039 0.276 (0.081, 0.939)
FAD-GF −1.066(0.389) 7.522 0.006 0.344 (0.161, 0.738)

SSRS −1.026(0.400) 6.588 0.010 0.358 (0.164, 0.785)

Notes: Group 1 (include class 1) was used as the reference group, Group 2 (include Class 2 and Class 3). OR 
=odds ratio; CI = confidence interval. Dwelling areas (1= Rural areas, 2 = Urban areas). Education status 
(1=elementary school or less regularly, 2= middle school, 3=high school, 4=undergraduate or more). Monthly 
income (1=<3000, 2=3000-5000, 3≤5000). NIHSS, National Institute of Health Stroke Scale (1=<6, 2=≥6). 
mRS, Modified Rankin Scale (1=<2, 2=≥2). Homocysteine (1=≤15, 2≤15). GSES, General Self-Efficacy Scale 
(1=1-2, 2=3-4). FAD-GF, General Family Functioning Subscale (1=12-24, 2=25-36, 37–48). SSRS, Social 
Support Rate Scale (1=<20, 2=20-40, 3≤40.
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The logistic regression analysis of the predictors of the trajectory patterns of resourcefulness demonstrated that people 
with higher education were more likely to be more resourceful. This finding is similar to one previous study that showed 
people who had higher education were usually more skilled and self-disciplined in maintaining and promoting health 
behaviors and finally reaching a good adaptive state.41 People who had higher scores on the NIHSS and mRS were more 
likely to have lower resourcefulness. Simultaneously, Zhao et al42 pointed out that reducing the degree of disability of 
patients with acute ischemic stroke and carrying out active functional recovery training play a positive role in promoting 
resilience and activity of daily living. Most importantly, the findings also explained that people with high scores of self- 
efficacy, family function, and social support had greater resourcefulness. Hohl and his team43 reported that individuals 
with high self-efficacy have personal resources to cultivate their ability to choose and build an environment that promotes 
successful adaptation and therefore may have a stronger motivation for self-help and help-seeking. A relevant study also 
showed that better family function could enhance people’s self-confidence and ability to deal with difficulties and 
conflicts.44 One study found that social support may be the most useful therapy and it enables individuals to actively seek 
external help and use available resources to promote the adoption of positive coping strategies.45 In addition, it can also 
provide emotional incentives for individuals and increase or maintain their self-worth.46

This study explores the factors influencing the ability to acquire resources across three levels of the socio-ecological 
model: individual, family, and society. The findings indicate that individuals with higher education levels have a greater 
capacity to acquire resources, whereas higher NIHSS and mRS scores are associated with a lower capacity. At the family 
level, strong family functioning supports individuals in dealing with challenges. In society, robust social support provides 
individuals with additional resources and encourages the adoption of coping strategies. In particular, although homo-
cysteine was not shown to be a meaningful predictor in regression analysis, a prospective study47 found that elevated 
homocysteine levels were independently positively associated with depression or vascular dementia in women with mild 
acute ischemic stroke or TIA. Thus, future research should examine homocysteine levels as biochemical biomarkers for 
indicating a risk for low resourcefulness.

There are some limitations in this study: first, considering that the physical dysfunction of participants may affect 
their activities of daily living, and thus limit their capacity for self-help and help-seeking, patients with mRS ≥ 4 were not 
included in this study. However, such patients suffer from great physical and mental stress due to limited activities of 
daily living and therefore need special consideration in future research. Second, due to the limitations of objective 
conditions (research time and investigator resources), the total sample size included in this study is small, resulting even 
smaller sample size for each longitudinal trajectory class. In the x2 test and regression analysis, class 2 and class 3 were 
combined, which may have reduced the statistical power and had an impact on the results. Large-sample multicenter 
research should be pursued in future research. Third, the follow-up time of this study is 12 months. However, stroke is 
a chronic disease, which needs continuous follow-up and dynamic intervention.

Conclusion
This study employed LCGM and GMM to identify and explore trajectory patterns of resourcefulness over a 12-month 
period following a first-time ischemic stroke, classifying the participants into three significant trajectory patterns, and 
identifying their predictive factors in initial ischemic stroke. The high-stable group maintained a consistent level of 
resourcefulness; the fluctuation class demonstrated variable resourcefulness across time points; and the low-stable class 
persistently reported lower levels of resourcefulness throughout the study. Findings suggest that systematic treatment and 
health education provided during hospitalization positively impact resourcefulness initially, in line with Selye’s stress and 
adaptation theory. However, this study also identified critical time points post-discharge—specifically, one month, three 
months, and six months—where resourcefulness tends to decline and interventions may be most beneficial. This study 
highlights the need for targeted interventions to support stroke survivors, particularly after discharge when they are 
vulnerable to decreases in resourcefulness. Interventions should be tailored to improve self-efficacy, strengthen family 
function, and enhance social support which are critical factors for resourcefulness.

In conclusion, this study sheds light on the dynamic nature of resourcefulness post-stroke and underscores the 
importance of personal, familial, and social factors as predictors of these trajectories. These insights can inform 
healthcare professionals in delivering continuous and customized care to stroke survivors, fostering their adaptive 
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capacity, and potentially mitigating the risk of subsequent adverse psychological outcomes such as depression, has great 
clinical significance for the health promotion of health and well-being in individuals with ischemic stroke patients. Future 
research should aim to expand the sample size, including participants with a broader range of disabilities, investigate 
additional predictors like biochemical markers, and extend the follow-up period to characterize the long-term trajectories 
of resourcefulness post-stroke more fully.
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