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Abstract
Purpose: To clarify the changes in causal factors related to depression 
over time among stroke survivors living at home since discharge 
using structural equation model analysis.
Methods: This was a longitudinal study using secondary data from 
the Stroke Recovery in Underserved Population database. This 
study used the Functional Independence Measure and the Center 
for Epidemiologic Studies Depression Scale to assess based on data 
collected at three time points: at discharge, 3 months after discharge, 
and 12 months after discharge. Structural equation modelling 
analysis was performed after conducting exploratory factorial and 
confirmatory factorial analysis.
Results: The results of factorial and structural equation modelling 
analysis showed that all factor loadings and model fits were acceptable. 
Upon comparing the three times points, the structural equation model 
related to depression changed. At discharge, depressive symptoms 
were mainly impacted by personal relationships; at three months 
after discharge, they were mainly impacted by physical symptoms; 
at 12 months after discharge, they were mainly impacted by living 
activities and cognitive function. Locomotion and three items related 
to depressive symptoms commonly appeared at all three time points.
Conclusion: The factors related to depression symptoms change 
over time post discharge. Therefore, this study suggests that an 
effective rehabilitation for ensuring that stroke survivors living at 
home can experience high quality of life should focus, at the physical 
level, on activities with gaps between performance and capability for, 
for example, locomotion and sphincter control; at the psychological 
level, on ensuring that stroke survivors have access to appropriate 
personal relationships without stress, and intervenors should consider 
survivors’ depressive symptoms at each relevant time point.
Keywords: Depression; Stroke; FIM; CESD; Home dwelling
Introduction
   Post-stroke depression (PSD) is a common symptom in people with 
stroke (stroke survivors). Moreover, depression is one of the many

factors that contribute to suicide risk [1-4]; indeed, it has the highest 
suicide rate within one year from the onset of PSD [5,6]. In the 
addition, symptoms of PSD have a high incidence and are related to 
factors such as the unexpected development of stroke, the stress of 
cerebrovascular accident itself, and the reduction in the survivors’ 
quality of life (QOL) [7,8]. Age, gender, cultural background, and 
dysfunction after stroke are some of the many factors related to 
PSD [8,9]. Age, especially being 65 years old or over, has a stronger 
relationship with depression in stroke survivors compared to gender 
differences [10,11]. This age, of 65 years old or over, is in the range of 
age of stroke onset; additionally, the onset of PSD, which is frequently 
between two weeks and three months after stroke, overlaps with the 
stroke recovery period [12,13]. Furthermore, depression symptoms 
can be related to instrumental activities of daily living (IADL), that 
is the tasks required for independent living [14,15]. The goal of 
rehabilitation, in and of itself, can also contribute to the development 
of depression sometimes [16].
   Compared with stroke survivors without PSD, those with PSD have 
a higher mortality rate and lower QOL [17]. They need more time to 
be independent compared to those without PSD [18,19]. In addition, 
PSD impacts the functions of recovery related to home living 
[20,21]. Stroke survivors have a high rate of returning to home living 
after discharge, living for a long-time after post stroke. Still, many 
stroke survivors experience the losses or changes of their previous 
roles in their homes, and this tends to contribute to PSD. Stroke is 
also associated with a high risk of falls at home, and reports show 
that survivors who experienced more than two falls had symptoms 
of depression [22-25].
   As aforementioned, there is many of evidence showing that various 
factors contribute to the risk of developing PSD [17,18]. Thus, for 
stroke survivors to stay at home for a long-time and maintain a high 
QOL, it is important to consider PSD and how early preventative 
measures in stroke rehabilitation and continued treatment after 
discharge can be incorporated. This brings forth the need to 
investigate and consider social interaction and physical function
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in the home living environment. However, to our knowledge, few 
longitudinal studies have investigated causal relationships among the 
factors related to PSD in dwelling after discharge. This study, thus, 
aimed to clarify and comprehend the changing causal factors related 
to PSD among home-living stroke survivors using the structural 
equation model (SEM) analysis. The research also aimed to consider 
potential influential factors that can help maintain the QOL of home-
living stroke survivors at high levels.
Participants and Methods
Participants and Data Collection
   The Stroke Recovery in Underserved Populations 2005-2006 
(SRUP) study collected data on patients with stroke that were 
treated at inpatient rehabilitation services, at medical facilities 
across the United States during 2005 and 2006 [28]. The present 
study is a secondary data from the SRUP. The data set underwent a 
confidentiality review and was altered when necessary to limit the 
risk of disclosure. Therefore, the need for informed consent was 
waived owing to a) the retrospective and observational design of 
the study and b) the use of secondary data. The SRUP's aimed to 
investigate the contribution of emotional and social factors to stroke 
recovery. An observational follow-up study with the cooperation of 
eleven medical facilities was performed to clarify the interaction 
of social and emotional factors with physical recovery after stroke. 
The data was collected at 3 time points: discharge, 3 months after 
discharge, and 12 months after discharge. Incomplete data (i.e., did 
not include information for all three time points) was excluded, 
resulting in data from 504 participants were included in the analyses. 
The data regarding the following factors was extracted as general 
information: age (55 or above over), sex, stroke diagnosis, stroke 
type, length of stay in hospital, number of comorbidities, number of 
stroke symptoms, home setting, and information regarding household 
members.
   The Functional Independence Measure (FIM) was also used as 
an outcome and physical recovery measure and the Center for 
Epidemiologic Studies - Depression (CESD) scale to evaluate 
depressive symptoms [29]. The FIM consists of 13 motor function 
and 5 cognitive function items, and is widely used to evaluate the 
disability level of stroke survivors [30]. Scores range from 0 to 126, 
with a higher score indicating a higher recovery level. The CESD 
scale has 20 items measuring 4 positive and 16 negative emotions. 
Scores range from 0 to 60 and lower score indicating a lower level 
of depressive symptoms. The cut-off score in the CESD scale for 
depression symptoms is 16 or above.
Statistical Analysis
   First, correlation analysis was performed to evaluate the relationship 
between datasets. The differences between data then collected at 
each of the three time points were assessed using the Friedman test 
to evaluate their characteristics and, if the results were significant, 
a Conover’s post-hoc test was conducted. This was followed by an 
exploratory factorial analysis (EFA) to select the appropriate number 
of minimum latent variables from the data. The EFA method was 
applied and maximum likelihood estimation and promax rotation 
were used based on the assumption that there were correlations 
among factors.
   The EFA was screened using the Kaiser-Myer-Olkin (KMO) 
measure of sample adequacy and Bartlett’s test of sphericity for 
factorability. The exclusion condition on the factor loading was 
set at < 0.4. The number of factors that needed to be retained was 
based on the Kaiser rule and a scree plot. This was followed by a 
confirmatory factorial analysis (CFA) to evaluate the appropriate 
explanatory model fit of the extracted data from the results of the 
EFA. The additional fit measures were used comparative fit index 
(CFI; range 0 - 1, recommended values ≥ 0.95), goodness-of-fit index 
(GFI; range 0 - 1, recommended values ≥ 0.90), root-mean-square 
error of approximation (RMSEA; range 0 - 1, recommended values 
≤ 0.06), and the standardized RMS residual (SRMR; range 0 - 1, 

recommended values ≤ 0.08) were used as additional fit measures 
[31,32]. A poor model fit is indicated when more than three indexes 
showed disagreement values.
   Finally, structural equation modeling (SEM) analysis was 
preformed to assess causal relationships between latent variables 
based on the result of the CFA. The modification indices (mi) value 
was set over 10 as the modification condition of the analyzed SEM. 
The same measures used with the CFA method were used to assess 
the adequacy of the model fit. The statistical significance level was 
set at < 0.05. Statistical analyses were conducted using Jeffreys's 
Amazing Statistics Program (JASP, version 0.16.1) created by a 
group of researchers at the University of Amsterdam.
Results
   The study included data from 504 patients aged 55 years or more 
who were admitted to an inpatient medical rehabilitation facility 
and for whom there was complete information at each of the 3 times 
point (Group-D; at discharge, Group-3M; 3 months after discharge, 
Group-12M; 12 months after discharge). The gender division in the 
data was almost equal, with slightly more female participants (52%; 
Fig. 1). 75.3% of the participants identified their race as white, and 
98.1% were living at home before at admission for stroke treatment. 
The most prevalent type of stroke was ischemic (74.6%), followed 
by hemorrhagic (16.5%), and hemiplegia (80%). The type of 
hemiplegia was same as both right and left (40%). Stroke patients 
with complications accounted for 56% of the group, and the number 
of complications were mainly two or three. The percentages of 
depression score measured to be above 16 in Group-D, Group-3M, 
and Group-12M were 24.6%, 21%, and 16.1%, respectively. At each 
of the three time points, the average of total CESD score was 9 to 
10. Friedman's test found significant results for each item in multiple 
group comparison. However, Conover’s post-hoc test found that it 
was not significant in comparing between Group-3M and Group-
12M were not significant, except for the three items of three items, 
self-care, sphincter control, and locomotion.
Exploratory Factorial Analysis and Confirmatory Factorial 
Analysis
   The extracted latent variables were extracted at discharge were 
named “depressive symptoms” (DS), “personal relationships” (PR), 
and “living activities” (LA). Extracted latent variables at 3 months 
later from discharge were similar to the model of at discharge; 
however, physical symptoms (PS) were added. Extracted latent 
variables at 12 months were “interaction function” (IF) and LA.
   CFA was conducted to assess the validity of the latent variables 
and each item based on the results of EFA at three times point. The 
results of CFA based on each EFA showed that all the factor loadings 
and the model fits were acceptable: at time of discharge, CFI = 1.000, 
TLI = 1.000, RMSEA = 0.000, GFI = 0.993, SRMR = 0.021 (Table 
2-a); at 3 months after discharge, CFI = 0.972, TLI = 0.957, RMSEA 
= 0.063, GFI = 0.994, SRMR = 0.033 (Table 2-b); at 12 months after 
discharge, CFI = 0.986, TLI = 0.977, RMSEA = 0.065, GFI = 0.999, 
SRMR = 0.036 (Table 2-c).
Structural Equation Modeling Analysis
   The model fit of SEM at discharge (SEM-D) had three latent 
factors; “depressive symptoms” (DS-D), “personal relationships” 
(PR-D), “living activities” (LA-D). The fit of the model was good, 
considering the following values: CFI = 1.000, TLI = 1.000, RMSEA 
= 0.000, GFI = 0.992, SRMR = 0.018  (Fig. 2-a). For the SEM at 
3 months later (SEM-3), there were four latent factors: “depressive 
symptoms” (DS-3M), “personal relationships” (PR-3M), “living 
activities” (LA-3M), “physical symptoms” (PS-3M). The model fit of 
SEM-3 was as follows: CFI = 0.972, TLI = 0.957, RMSEA = 0.063,
GFI = 0.944, SRMR = 0.033.  For the SEM at 12 months later (SEM-
12), there were three latent factors: “depressive symptoms” (DS-
12M), “living activities” (LA-12M) “interaction function” (IF-12M). 
The model fit of SEM-12 was as follows: CFI = 0.986, TLI = 0.989, 
RMSEA = 0.065, GFI = 0.999, SRMR = 0.036. 
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Fig. 1. Flowchart of the data sampling with reason for exclusion SRUP, Stroke Recovery in Underserved 
Populations 2005-2006.

Group-D Group-3M   Group-12M
Age 72.4±9.3 - -       
LOS 19.5±9.2 - -       

Female, %, (n) 52.6 (n=265) - -       
DUKE FSSQ 50.8±6.6 51.3±6.4 51.0±6.7 N.S

CESD total score 10.1±10.3 10.2±8.9 9.2±8.6 †,a
Depression, %, (n) 24.6 (n=124) 21.0 (n=106) 16.1 (n=81) †,a

Mortor FIM 59.5±16.4 74.0±16.8 74.7±17.4 †,a
Self care 28.3±7.9 35.6±8.2 35.7±8.6 †

Sphincter control 9.8±3.6 12.5±2.8 12.8±2.8 †
Transfer 13.4±3.9 16.8±3.9 7.0±3.9 †,a

Locomotion 7.9±3.0 9.0±3.7 9.3±3.7 †
Cognitive FIM 25.4±7.1 32.4±4.1 32.5±4.3 †,a
Commucation 10.5±2.9 12.9±1.7 13.0±1.8 †,a

Social cognition 14.9±4.5 19.5±2.5 19.5±2.7 †,a

Hypertension positive, %, (n) 78.2 (n=394) -  -

Complications negative, %, (n) 54.0 (n=272) - -

Table 1. Descriptive characteristics of subject (n=504) and the resulis of Friedman's test

Group-D, at discharge; Group-3M, at 3 months later from discharge; Group-12M, at 
12 months later from discharge; LOS, length of stay at hospital; DUKE, Duke-UNC 
Functional Social Support Questionnaire; CESD, Center for Epidemiologic Studies 
Depression Scale; FIM, Functional Independence Measure.
*P<0.05; †P<0.01by Friedman's test. Bold, all groups was showed a significant 
difference by Conover’s post-hoc test; a, showed a significant difference excepting 
Group-3M vs Group-12M by Conover’s post-hoc test.
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Factor 1 Factor 2 Factor 3 Uniqueness
Q-No.6 0.89 0.22
Q-No.3 0.86 0.28
Q-No.18 0.79 0.33
Self care 0.85 0.28

Locomotion 0.80 0.37
Living with -0.53 0.71

Q-No.19 0.78 0.41
Q-No.15 0.75 0.42

Table 2. The results of Exploratory factor analysis and Confirmatory factorial 
analysis with Promax rotation
a) At discharge

Factor 1 Factor 2 Factor 3 Uniqueness
Q-No.6 0.95 0.25
Q-No.3 0.90 0.32
Q-No.18 0.79 0.32
Q-No.20 0.63 0.48
Q-No.7 0.59 0.63
Q-No.1 0.57 0.58
Q-No.19 0.82 0.37
Q-No.15 0.77 0.40

Locomotion 0.76 0.47
Sphincter control 0.72 0.45

(b) At 3 months later from discharge

Factor 1 Factor 2 Factor 3 Uniqueness
Q-No.6 0.87 0.24
Q-No.18 0.85 0.25
Q-No.3 0.73 0.49
Q-No.14 0.72 0.51
Q-No.10 0.66 0.53
Q-No.17 0.61 0.62
Transfer 0.89 0.25

Sphincter control 0.75 0.45
Locomotion 0.71 0.53

Social cognition 0.70 0.45
Communication 0.686 0.494

(c) At 12 months later from discharge

CFI = 0.972, TLI = 0.957, RMSEA = 0.063, GFI = 0.994, SRMR = 0.033 by CFA

CFI = 1.000, TLI = 1.000, RMSEA = 0.000, GFI = 0.993, SRMR = 0.021 by CFA

CFI = 0.986, TLI = 0.977, RMSEA = 0.065, GFI = 0.999, SRMR = 0.036 by CFA
Q-No.1, I was bothered by things that usually don’t bother me; Q-No.3, I felt that 
I could not shake off the blues even with help from my family & friends; Q-No.6, 
I felt depressed; Q-No.7, I felt that everything I did was an effort; Q-No.10, I felt 
fearful; QNo.15, People were unfriendly; Q-No.17, I had crying spells; Q-No.18, I 
felt sad; QNo.19, I felt that people disliked me
CFI, comparative fit index; TLI, tucker-lewis index; RMSEA, root-mean-square 
error of approximation; GFI, goodness-of-fit index; SMRM, standardized root-
mean-square residual; CFA, confirmatory factorial analysis.
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Figure 2. The structural model of factors related to depression  at each time point (standardized path coefficients)
†P<0.01. Q-No.1, I was bothered by things that usually don’t bother me; Q-No.3, I felt that I could not shake off the 
blues even with help from my family & friends; Q-No.6, I felt depressed; Q-No.7, I felt that everything I did was an 
effort; Q-No.15, People were unfriendly; Q-No.17, I had crying spells; Q-No.18, I felt sad; Q-No.19, I felt that people 
disliked me; Q-No.20, I could not get going.

       Chi-square test (15.44, p = 0.56), CFI = 1.000, TLI = 1.000, RMSEA = 0.000, GFI = 0.992, SRMR =0.018.

       Chi-square test (36.95, p = 0.096), CFI = 0.995, TLI = 0.992, RMSEA = 0.027, GFI = 0.998, SRMR =0.021.

      Chi-square test (33.28, p = 0.007), CFI = 0.993, TLI = 0.989, RMSEA = 0.046, GFI = 0.999, SRMR = 0.025.
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   Nonetheless, another SEM indicated the possibility to improve 
the adequacy of the model fit, except for SEM-D. Particularly, the 
item “I felt sad” was related with PR-3M, and then SEM-3M was 
recalculated; the results are as follows: CFI = 0.995, TLI = 0.992, 
RMSEA = 0.027, GFI = 0.998, SRMR = 0.021. These results led 
for the previous SEM-3M to be replaced by the recalculated model  
(Fig. 2-b).  
   SEM-12M was recalculated after it made a correlation between the 
factors of transfer and locomotion; the results for the SEM-12M were 
slightly improved by this procedure, giving the following values: CFI 
= 0.993, TLI = 0.989, RMSEA = 0.046, GFI = 0.999, SRMR = 0.025. 
Therefore, the recalculated SEM-12M was applied (Fig. 2-c)
Discussion
   This study aimed to clarify the causal factors related to PSD in 
stroke survivors using SEM analysis at three time points (at discharge, 
3 months after discharge, and 12 months after discharge). These 
time points were compared to investigate how the SEM changed 
overtime. Three central findings emerged. First, the LA factor, which 
comprised three items (sphincter control, transfer, and locomotion), 
impacted the DS factor at all three time points. Second, SEM in this 
study changed over time. At discharge, “personal relationships” 
were an important factor; 3 months later, “physical symptoms” were 
influential,”; and 12 months later, “living activities” and “cognitive 
function” were important. Finally, the sub-items of the DS factor 
were the same across all time points; that is, “I felt that I could not 
shake off the blues even with the help of my family and friends,” “I 
felt depressed,” and “I felt sad”.
   Sub-items of the DS factor that were included in the SEM analysis 
were relevant to depression, and the same three sub-items were related 
to the DS factor at all time points, although the CESD scale has 14 
negative items. Moreover, these items had a high relevance. Thus, the 
extracted three items are likely important for PSD prevention, and 
intervening in them (i.e., “I felt that I could not shake off the blues 
even with the help of my family and friends,” “I felt depressed,” and 
“I felt sad,”) may be one of  the strategy to  prevent from PSD.
   The SEM-D comprised three factors: PR-D, LA-D and DS-D. 
Studies suggest that the human and environmental resources (e.g., 
caregiving capacity and the home environment) in the home setting, 
which are insufficient when compared with the corresponding 
resources provided in the hospital [33], can make it difficult for 
people with stroke to live at home. Thus, stroke patients make feeling 
of loss and compromises because of these limitations. Furthermore, 
caregivers often experience both physical and mental fatigue because 
of the long-term care that stroke survivors require [34,35]. Stroke 
survivors may also often face greater difficulties to perform activities 
of daily living at home compared with at the hospital, and they may 
feel a sense of embarrassment because of this. Family caregivers 
may also lack the necessary knowledge, skills, or experience to 
offer relevant support. Therefore, both stroke survivors and their 
caregivers/families often feel as if they are burdening each other, and 
they may need to restructure their lifestyle and home environment  
after the patient is discharged. Consequently, to maintain stroke 
survivors living at home, it may be important to consider what stroke 
survivors feel ever since the onset of the period after discharge and 
their staying at home; "People were unfriendly" and "I felt that 
people disliked me" in PR-D factor, from the early phases of staying 
at home post discharge.
   Additionally, the level of FIM scores in SEM-D was lower 
compared with other time points. Locomotion, which appears in the 
LA-3D factor, was an activity that had a gap between performance 
and capability in ADL [36,37]. Moreover, the LA-D factor showed 
a negative relation to living with other household members. At the 
point of discharge, stroke survivors’ functional level tends to be 
low and they tend to depend on family caregivers. Thus, the LA-D

factor might be lower if stroke survivors have too-great a level of 
dependence on their caregivers. Stroke survivors with a lower FIM 
require extensive caregiving, which can affect a stroke survivor’s 
sense of personal dignity and self-esteem. Then, in an attempt to 
avoid negative emotions, stroke survivors may find it difficult to ask 
for the care they need. Additionally, stroke survivors may experience 
different forms of psychological pressure (e.g., a sense that one keeps 
making troubles for or placing high loads on caregivers) within the 
context of their long-term caregiving relationships, which could then 
lead to the development of inappropriate personal relationships. As 
the LA-D factor impacted both the DS-D and PR-D factors, it is 
suggested that these other two factors are preventable or relievable 
by interventions (e.g., by avoiding excessive care given to survivors 
and encouraging their independence) focused on the LA-D factor at 
the onset of survivors’ lives at their homes after discharge.
   The SEM-3M had four factors (PS-3M, LA-3M, PR-3M and DS-
3M), with the PS-3M and LA-3M factors having had a positive 
impact and the PR-3M factor a negative impact. This suggests that 
stroke survivors developed PSD symptoms as their living activities 
and personal relationships were improving and as physical symptoms 
could be observed. Moreover, responses to “I felt sad” were related 
to the PR-3M factor. From the point of view of physical function, 
survivors had improved their status at three months after discharge 
compared with that at discharge. This finding of this study is similar 
to that in prior studies, as stroke recovery improves during this period 
after discharge [38-40]. Thus, the results of the score of each FIM 
item in SEM-3M in this study suggested moving toward recovery 
when compared with the score in SEM-D. Normally, improvements 
in FIM scores would mean a positive impact in stroke survivors’ 
psychological health. However, as aforementioned, improvements in 
the LA-3M factor in this particular case made DS-3M scores go up, 
thus negatively impacting the DS-3M factor. Sphincter control, as a 
sub-item in the LA-3M factor, is an activity with gaps similar to those 
for locomotion, and could be considered as a highly personal and 
private issue. Moreover, sphincter control was higher relation than 
locomotion to LA-3M factor, and it was considered to be a serious 
problem for stroke survivors. When dealing with sphincter control 
issues, which is a common problem among them after their hospital 
discharge and may even require continued care despite the overall 
recovery, stroke survivors may experience a sense of embarrassment 
and mental distress. Stroke survivors realize that ongoing issues 
with sphincter control can greatly increase caregiver burden and 
consequently, they blame themselves, which negatively affects 
their self-esteem [35]. This makes stroke survivors realize that their 
situation will remain unchanged, which increases their stress, though 
LA-3M factor improved.
   In general, it is believed that improvements in personal relationships 
positively impacts people’s psychological health. However, as with 
the LA-3M factor, improvements in the PR-3M factor negatively 
impacted the DS-3M factor. In the PR-3M factor, the sub-item “I 
felt sad” was included, something that did not occur in the SEM-D. 
Researchers have described that the role of sadness is primarily to 
promote self-protection and avoid unpleasant experiences [41]. 
The PR-3M factor was related to the PS-3M factor, suggesting that 
survivors experienced some level of stress or sadness since discharge,
causing them to have reduced motivation and leading to a negative 
psychological status. Thus, stroke survivors might have experienced 
an annoying physical symptom related to the PR-3M factors, which 
means that improving the PR-3M factor provides some sort of load 
to the minds of stroke survivors, indicating that improvements in the 
PR-3M factor causes their stress. In response to these findings, it 
would be important to intervene in activities that have gaps between 
performance and capability, as well as make arrangements to try 
and ensure that stroke survivors have access to appropriate personal 
relationships, so that they do not experience much stress as of 3 
months after discharge.
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   Three factors emerged in SEM-12M: LA-12M, IF-12M and DS-
12M factor. Compared with at 3 months later, at 12 months after 
discharge, it was assumed that stroke survivors and their caregivers 
had gained a better understanding of the care needed and had 
developed better relationships. Thus, it was assumed that PR-12M 
would not emerge as central in SEM-12M. Functional recovery was 
mostly unchanged compared with at three months after discharge. 
Stroke recovery tends to improve sharply until three months from 
stroke onset, and only moderately thereafter [38-40].
   The results of the current study correspond to these prior assertions, 
as stroke survivors in this study seemingly fully realized the progress 
of recovery until six months after discharge; then, the progress 
became slower and it was assumed that they could not realize much.  
The results of the current study correspond to these prior assertions, as 
stroke survivors in this study seemingly fully realized the progress of 
recovery until six months after discharge; then, the progress became 
slower and it was assumed that they could not realize much. This 
slowdown could make patients less hopeful about further recovery 
and lead to negative thought patterns. Furthermore, compared with 
healthy older adults, stroke survivors may find it harder to remain 
active in their community and experience more limitations in their 
social interactions [42-44]. Thus, in general, stroke survivors’ social 
cognition score has been found to be lower. Moreover, it has been 
reported that stroke survivors who live in their community for 
more than one year after discharge from an acute ward experience 
limitations in their social interactions [45-47]. Social interaction is 
related to QOL and poor QOL can lead to depression symptoms. 
Actually, prior researchers have described that providing support 
for people to engage in social interaction is a form of depression 
prevention [48]. Other scholars further demonstrated that limited 
communication leads stroke survivors to experience a reduced self-
esteem [49], and limited activities could cause QOL reductions among 
stroke patients [50,51]. Together, the findings of this study and past 
research suggest that it could be necessary to consider approaches to 
improving the motor and interaction functions of stroke survivors as 
of 12 months after discharge.
   This study had some limitations. First, this study could not reflect 
the influences of tertiary items on depression symptoms, as it 
was based on a secondary item in the FIM. Moreover, the impact 
of hobbies could not be considered for the SEM because the start 
time and continuation of hobbies are both unclear. However, hobby 
activities may impact QOL and interventions on individual self-care 
could contribute to stroke survivors to continue living at their homes. 
Therefore, future research should investigate the modeling between 
depression and these factors.
Conclusion
   This study compared three time points in stroke recovery using 
SEM analysis and clarified the changing relationships between 
causal factors and depressive symptoms for stroke patients living 
at home. When comparing the three time points, the causal factors 
related to depressive symptoms changed overtime. Personal 
relationships weremainly impacted upon discharge. While physical 
symptoms were influential 3 months later, living activities and 
cognitive function were important at 12 months later. Locomotion 
and three items related to the DS factor were found to be common at 
all three time points. Therefore, this study suggests that an effective 
rehabilitation should focus, at the physical level, on activities with 
gaps between performance and capacity ability, like locomotion and 
sphincter control ; at the psychological level, on ensuring that stroke 
survivors have access to appropriate personal relationships without 
stress, and should consider stroke survivors’ depressive symptoms at 
each relevant time point. Further research should comprehensively 
consider the association between depression, hobby activities, and 
individual self-care.
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