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Abstract: This study aimed to explore the quality and stability of post-acute care for patients with
stroke, including their functional outcomes, mental health and medical care in Taiwan during the
COVID-19 pandemic. In this retrospective case—control study—based on propensity score matching—
we assessed 11 patients admitted during the pandemic period (in 2021) and 11 patients admitted
during the non-pandemic period (in 2020). Functional outcomes, including the scores of the modified
Rankin Scale, Barthel Index, EuroQoL-5 Dimension, Lawton-Brody instrumental activities of daily
living, Berg Balance Scale, 5-metre walking speed and 6-min walking distance, were determined.
Data on the length of acute care, length of post-acute care, destination after discharge and 14-days
readmission were used to evaluate the quality of medical care. The Wilcoxon signed-rank test was
used to compare functional performance before and after rehabilitation. The pandemic group showed
no significant improvement in the scores of EuroQoL-5 Dimension, a self-reported health status
assessment (p = 0.13), with the anxiety or depression dimension showing a negative effect (r = 0.21).
Post-acute care programmes can efficiently improve the functional performance of patients with
stroke during the COVID-19 pandemic in Taiwan. Mental health should therefore be simultaneously
maintained while rehabilitating physical function.

Keywords: post-acute care; stroke; rehabilitation; functional outcome; mental health; anxiety; depres-
sion; COVID-19

1. Introduction

Since 2019, the world has witnessed people struggle against COVID-19 daily. Taiwan,
which has a population of 23.5 million, was able to successfully resist the COVID-19
outbreak throughout 2020 [1]. Unexpectedly, a COVID-19 outbreak occurred in Taiwan in
May 2021. Based on the Taiwan Center for Disease Control’s ‘Pandemic Alert Standards
and Response Measures’, the government announced that Taiwan would be placed on
third-level alert status starting 19 May 2021. The epidemic alert status is divided into levels
1,2, 3 and 4, with higher levels corresponding to stricter control measures. From May 19,
the government mandated the wearing of facial masks in public, cessation of gatherings
involving more than 5 people indoors and 10 people outdoors and maintaining physical
distance. To prevent excessive load on medical resources, non-essential medical activities,
such as general health examinations, medical cosmetics and rehabilitation therapy, were
discouraged. However, certain individuals, such as patients with stroke, still required
urgent medical intervention and hospitalisation.

Stroke survivors usually experience severe functional loss, which reduces physical
activity and social participation and increases socioeconomic burden [2,3]. In a recent
review study, a decrease in emergency care for ischemic stroke was observed during the
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COVID-19 outbreak, leading to an increase in disability and deaths, which will impose
additional economic burdens on the healthcare system and society [4]. Timely inpatient
rehabilitation can effectively reduce the mortality and disability rates and decrease sub-
sequent socioeconomic burdens [5-7]. Therefore, physicians should actively engage in
rehabilitation interventions following the stabilisation of the patient’s medical condition
after the acute phase. In 2014, the Taiwan National Health Insurance Administration
launched its post-acute care cerebrovascular disease (PAC-CVD) programme [8], which
emphasises high-intensity inpatient rehabilitation facilities (IRFs, 3-5 times daily) and a
medical referral system for long-term care after discharge from community hospitals [8].
The PAC programme utilises per diem reimbursement, which differs from fee-for-service,
to reduce daily expenditure [8]. A study showed that the length of stay (LOS) of PAC-CVD
patients in Taiwan is slightly more than 1 month [9]. Despite the lack of recent data indi-
cating whether patients with stroke have high COVID-19 infection rates, factors such as
old age, obesity, smoking, hypertension, cardiovascular disease and diabetes have been
strongly associated with increased infection rates in these patients [10-13]. Research has
suggested that low levels of physical activity are associated with the risk of COVID-19,
severe illness from COVID-19 and COVID-19-related death [14]. Therefore, motor function
recovery may prevent COVID-19 and death.

Besides physical function, mental health requires attention. A recent study showed
that people experienced substantial psychological impact in the form of stress, anxiety
and depression during the COVID-19 outbreak [15]. The PAC programme significantly
improves the motor function status, activities of daily living, quality of life, oral function
and mental health of patients with stroke [8,16,17]. Since 2014, the PAC programme has
never experienced an infectious disease outbreak. This study therefore aimed to investigate
the quality and stability of the PAC-CVD programme in terms of improving functional
outcomes and mental health status during the COVID-19 pandemic.

2. Materials and Methods
2.1. Study Design and Patients

The study population comprised all patients admitted with stroke to the PAC ward of
a regional hospital that has expertly provided PAC service for >5 years. The patients were
categorised into two groups: a non-pandemic group (admitted in 2020) and a pandemic
group (admitted between mid-May to early August of 2021). The inclusion criteria of the
PAC-CVD programme were as follows [16]: (1) admitted within 30 days after acute onset of
cerebrovascular disease; (2) no deterioration in blood pressure, heart rate, body temperature
and neurological condition for more than 72 h; (3) moderate-to-moderately-severe motor
dysfunction, modified Rankin Scale (mRS) scores of 3—4 [18] and (4) basic cognition, learning
ability and willingness. The covariates included patient demographics (age and sex),
clinical attributes (stroke type, hypertension, coronary artery disease, diabetes mellitus,
hyperlipidaemia and previous stroke), common risk factors (smoking and drinking) and
pre-rehabilitation functional status. Ultimately, 11 patients in the pandemic group were
compared with 11 patients in the non-pandemic group. All PAC patients completed the pre-
rehabilitation and discharge-rehabilitation assessments. The study protocol was approved
by the institutional review board of Taiwan Municipal An Nan Hospital-China Medical
University (TMANH110-REC032). Before enrolment, all participants provided written
informed consent.

2.2. Functional Status Instruments and Chart Review

The mRS, Barthel Index (BI), EuroQoL-5 Dimension (EQ-5D), Lawton-Brody instru-
mental activities of daily living (IADL), Berg Balance Scale (BBS), 5 m walking speed
(BMWS) and 6-min walking distance (6MWD) were used to assess functional performance.
mRS scores of 0, 1, 2, 3, 4, 5 and 6 correspond to no symptoms, no significant disability,
slight disability, moderate disability, moderately severe disability, severe disability and
death, respectively [19]. The BI scores indicate functional disability for activities of daily
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living, ranging from 0 (completely dependent) to 100 (independent) [20]. The EQ-5D, a
self-reported health status assessment, comprises five dimensions corresponding to mo-
bility, self-care, routine activities, pain or discomfort and anxiety or depression as part of
a total health state, with higher scores indicating more severe or frequent problems [21].
The IADL, which comprises eight items corresponding to making phone calls, shopping,
preparing food, housekeeping, laundering, taking pills, using transportation and managing
finances, is used to evaluate how patients engage in activities of daily living [22]. The BBS,
which comprises 14 items, is used to evaluate functional balance, with each item rated
from 0 (poor balance) to 4 (good balance) [23]. The SMWS assesses longitudinal changes
in walking speed after stroke [24]. The 6MWD evaluates walking ability, with studies
suggesting that accomplishing a distance of >205 m better defines community ambulation
ability compared with walking speed [25].

The following patient data were obtained from medical records: age, sex, type of
stroke, comorbidities (hypertension, coronary artery disease, diabetes mellitus and hyper-
lipidaemia), previous stroke, common risk factors (smoking and drinking), length of acute
care, length of post-acute care, total score for each functional status measure before and
after rehabilitation, readmission after 14 days and destination after discharge.

2.3. Public Health Policies for Rehabilitation

The patient and caregiver needed to have a negative polymerase chain reaction (PCR)
test 3 days before being transferred to the regional hospital. Isolation equipment was worn,
and an ambulance was used for transfers between hospitals to reduce the risk of exposure
to infection. During hospitalisation, the patients were admitted to a ward dedicated to
patients with stroke, accompanied by the same caregiver, and were instructed to avoid
leaving the hospital arbitrarily. Family visits were limited to online video calls. Both the
patients and caregivers were required to monitor their body temperature daily. Rehabili-
tation interventions were conducted in a separate room, with the equipment thoroughly
disinfected after use. The stroke patient engaged in a highly intensive PAC programme,
defined as a high frequency of rehabilitation (3-5 times daily), including physical therapy,
occupational therapy, and speech therapy [8,26]. This significantly increased the period of
contact with different healthcare workers. Healthcare workers were at high risk of infection
during the COVID-19 pandemic, following WHO’s recommendations for the frequent
washing of soiled hands or the use of sanitizer for unsoiled hands to help reduce the spread
of diseases [27]. The medical staff, including doctors, nurses, physical therapists, occupa-
tional therapists and speech therapists, were required to receive at least the first dose of the
COVID-19 vaccine, report contact and cluster history and record their body temperature
daily. Population-based measures, including the wearing of face masks, personal hygiene
and appropriate physical distancing, were strictly implemented during rehabilitation [28].

2.4. Statistical Analysis

Statistical analysis was conducted using SPSS version 26.0 (IBM Corp., Armonk, NY,
USA). Baseline clinical and descriptive statistics were utilised to depict the patients” de-
mographics. To prevent non-comparability between the groups due to distortions in the
estimation of the treatment effect, propensity score matching (PSM) was estimated using
a multivariable logistic regression model adjusted for observed covariates, assigning one
matched control for each patient admitted in 2020 according to the patient-level minimised
systematic differences in baseline characteristics when comparing both groups [29-31]. The
calliper matching method was used for PSM between the non-pandemic group and the
pandemic group, and the match tolerance was set “0.2” for 1:1 matching. The independent
samples t-test and Mann-Whitney U test were performed to determine whether signifi-
cant differences existed between the groups, with data presented as means and standard
deviations, proportions or medians. The Wilcoxon signed-rank test was used to compare
functional performance before and after rehabilitation, with data presented as medians
and interquartile ranges. Effect sizes (ES) were estimated to determine the magnitude of



Int. |. Environ. Res. Public Health 2022, 19, 162

40f11

change in the functional outcome scores. A clinically meaningful effect was defined as an
absolute value ES of >0.1, with an ES of >0.1, >0.3 and >0.5 indicating a small, moderate
and large effect, respectively [32]. All tests were two-sided, and a p-value of <0.05 indicated
statistical significance.

3. Results

Eighty-eight patients were admitted to the PAC programme at a regional hospital
during the non-pandemic period of 2020, among whom three dropped out due to working
medical conditions and another three requested withdrawal due to personal reasons.
Therefore, 82 patients completed the programme and all evaluations during the non-
pandemic period. During the pandemic period in 2021, when Taiwan entered the third-
level alert status, 12 patients were admitted to the PAC programme. One patient dropped
out due to the family’s request. Ultimately, 11 patients completed the programme and
all evaluations during the pandemic period. Before performing PSM, the non-pandemic
group (n = 82) was significantly older than the pandemic group (n = 11) (p < 0.05). No
significant differences in the male:female ratio, clinical attributes, common risk factors and
pre-rehabilitation functional status were observed between the groups. After performing
PSM, the non-pandemic (n = 11) and pandemic groups (1 = 11) had no significant difference
in age, sex, clinical attributes, common risk factors and pre-rehabilitation functional status
scores (Table 1).

Table 1. Patients’ characteristics before and after propensity score matching (PSM).

Before Propensity Score Matching

After Propensity Score Matching

Pandemic Group

Non-Pandemic Non-Pandemic

Pandemic Group

Variables _ Group SMD 4 _ Group SMD P
(=11 (n =82) (n=1D (n=11)

Demographics Mean (SD) or 1 (%) Mean (SD) or n (%)

Age, years 53.64 (15.85) 63.44 (14.65) 0642  0.04% 53.64 (15.85) 5291 (17.71) 0.043 0.92

Sex  Female 2 (18.2%) 26 (31.7) 0.320 0.33 2 (18.2%) 2 (18.2%) 0 1.0

Male 9 (81.8%) 56 (68.3%) 9 (81.8%) 9 (81.8%)
Clinical Attributes
Stroke Type 0.120 0.71 0 1.0
Ischemiic 9 (81.8%) 63 (76.8%) 9 (81.8%) 9 (81.8%)

Hemorrhagic 2 (18.2%) 19 (23.2%) 2 (18.2%) 2 (18.2%)

Hypertension 10 (90.9%) 78 (95.1%) 0.152 057 10 (90.9%) 10 (90.9%) 0 1.0
Corogf;éfertery 3 (27.3%) 20 (24.4%) 0.067 0.84 3 (27.3%) 3 (27.3%) 0 1.0
Diabetes Mellitus 2 (18.2%) 29 (35.4%) 0.382 0.22 2 (18.2%) 1(9.1%) 0.252 0.56
Hyperlipidemia 6 (54.5%) 35 (42.7%) 0.235 0.46 6 (54.5%) 6 (54.5%) 0 1.0
Previous Stroke 3 (27.3%) 17 (21.5%) 0137 063 3 (27.3%) 2 (18.2%) 0.206 0.63

Common Risk Factors
Smoking 6 (54.5%) 16 (19.5%) 0.753 0.05 6 (54.5%) 6 (54.5%) 0 1.0
Drinking 3 (27.3%) 12 (14.6%) 0.289 0.29 3 (27.3%) 3 (27.3%) 0 1.0
Pre-rehabilitation Functional Status
Mean Median  Mean Median Mean Median  Mean Median
6D) (QR) (D) (QR) MP 6D) (QR) (D) (QR) MP
3.55 4 3.65 4 3.55 4 3.64 4
mRS 052 (G4 (048 (4 00 02 o) @ay  ©5) e OS5 067
50.91 50 48 50 50.91 50 50 55
Bl (1512) (4065 (20.58) (35-61) 0132 066 570y 4065) (1817) (do0-0) 00> 095
8.82 8 8.95 8 8.82 8 8.64 8
EQ-5D (125  (8-10)  (1.45) (8-10) 009% 077 455 (3100 (103 (g9 0157 08
1.09 1 1.24 1 1.09 1 1.36 2
IADL @04 (02 @119 (02 OB 06 gy 02 @03 (0 021 031
115
22.73 20 18.04 22.73 20 22.45 23
EBS (1613)  (536)  (14.49) 3562‘5) 0306 032 (1513) (536) (1371) (9-38) 0019 09

SD: standard deviation; mRS: modified Rankin Scale; BI: Barthel Index; EQ-5D: EuroQoL-5 Dimension; IADL:
Lawton-Brody instrumental activities of daily living; BBS: Berg Balance Scale; SMD: standardized mean difference.
Values are expressed as mean (SD), median and interquartile range (IQR), or n %. * Statistically significant
(p <0.05).
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After PAC intervention, the non-pandemic group showed significant improvements in
all functional status measures (admission versus before discharge), including mRS, BI, EQ-
5D, IADL, BBS, 5SMWS and 6MWD. The pandemic group showed significant improvements
in most measures of functional status after PAC intervention, including mRS, BI, IADL,
BBS, 5SMWS and 6MWD. EQ-5D scores were not significantly different in the pandemic
group (p = 0.13) (Table 2).

Table 2. Total score for each functional status measure before and after the PAC program in both groups.

Pandemic Group (n =11) Non-Pandemic Group (n = 11)
Measures
Before PAC After PAC 4 Before PAC After PAC P

mRS 4 (3-4) 3(2-4) 0.02 * 4 (3-4) 2 (2-3) 0.01*
BI 50 (40-65) 80 (60-100) <0.01* 55 (40-60) 85 (70-95) <0.01*
EQ-5D 8 (8-10) 8 (6-9) 0.13 8 (8-9) 7 (5-8) <0.01*
IADL 1(0-2) 4 (0-5) 0.02* 2 (0-2) 3(24) <0.01*
BBS 20 (5-36) 52 (30-56) <0.01* 23 (9-38) 44 (27-50) <0.01*
5MWS 0(0-0.21) 0.56 (0.13-1.22)  <0.01* 0 (0-0) 0.42 (0-0.48) 0.01*%
6MWD 0 (0-100) 130 (40-416) <0.01* 0 (0-0) 150 (0-230) 0.01*

PAC: post-acute care; mRS: modified Rankin Scale; BI: Barthel Index; EQ-5D: EuroQoL-5 Dimension; IADL:
Lawton-Brody instrumental activities of daily living; BBS: Berg Balance Scale; SMWS: 5-m walking speed; 6MWD:
6-min walking distance. Values are expressed as median and interquartile range (IQR), i.e., 4 (3—4) means the
median is 4 and the interquartile range is from 3 to 4. * Statistically significant (p < 0.05).

The magnitude of change in the functional outcome scores was expressed in ES. In
the non-pandemic group, BBS and BI had the largest training effect (ES: 0.63, large effect),
whereas mRS (ES: 0.53, large effect) had the smallest training effect. In the pandemic
group, BBS (ES: 0.63, large effect) had the largest training effect, whereas EQ-5D (ES: 0.32,
moderate effect) had the smallest training effect. The largest difference between both groups
was in EQ-5D (ES1-ES2: 0.23; ES1 and ES2 indicate the change in functional outcomes in
the pandemic and non-pandemic groups, respectively), whereas the smallest difference
between the groups was in BBS (ES1-ES2: 0). No significant difference in mRS, BI, IADL,
BBS, 5SMWS and 6WMD was observed between the groups (Table 3).

Table 3. Differences in effect size (ES) in each functional status measure before and after the PAC
program: comparison between different groups.

M Pandemic Group (n = 11) Non-Pandemic Group (n = 11)
easures
Before PAC After PAC ES1 Before PAC After PAC ES2 ES1-ES
mRS 4 (3-4) 3 (24) —0.50 4 (3-4) 2(2-3) —0.53 0.03
BI 50 (40-65) 80 (60-100) 0.57 55 (40-60) 85 (70-95) 0.63 —0.06
EQ-5D 8 (8-10) 8 (6-9) —0.32 8(8-9) 7 (5-8) —0.55 0.23
IADL 1(0-2) 4 (0-5) 0.52 2 (0-2) 3(24) 0.61 —0.09
BBS 20 (5-36) 52 (30-56) 0.63 23 (9-38) 44 (27-50) 0.63 0
5MWS 0 (0-0.21) 0.56 (0.13-1.22) 0.57 0 (0-0) 0.42 (0-0.48) 0.54 0.03
6MWD 0 (0-100) 130 (40-416) 0.57 0 (0-0) 150 (0-230) 0.54 0.03

PAC: post-acute care; mRS: modified Rankin Scale; BI: Barthel Index; EQ-5D: EuroQoL-5 Dimension; IADL:
Lawton-Brody instrumental activities of daily living; BBS: Berg Balance Scale; SMWS: 5-m walking speed; 6MWD:
6-min walking distance; ES, effect size. Values are expressed as median and interquartile range (IQR), i.e., 4 (3—4)
means the median is 4 and the interquartile range is from 3 to 4. ES1 and ES2 indicate the change in functional
outcome in pandemic and non-pandemic groups, respectively. ES1-ES2 indicates the difference between both
two groups.

The five dimensions (mobility, self-care, usual activities, pain or discomfort and
anxiety or depression) of the EQ-5D manifest the patients’ self-reported mental health
status. The pandemic group showed no significant difference in the five dimensions of
patient self-expression after PAC intervention, with the self-care dimension having the
largest absolute ES value (ES:0.4, moderate effect) and mobility, pain or discomfort and
anxiety or depression having the smallest absolute ES value (ES:0.21, small effect; anxiety
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or depression showed a negative real number). In the non-pandemic group, significant
differences in three dimensions (mobility, p < 0.01; self-care, p = 0.04; usual activities,
p < 0.01) were observed after PAC intervention, with mobility and usual activities having
the largest absolute ES value (ES: 0.56, large effect) and pain or discomfort having the
smallest absolute ES value (ES: 0.21, small effect). The largest difference between the groups
was in the anxiety or depression dimension (ES1-ES2: 0.51), whereas the smallest difference
was in the pain or discomfort dimension (ES1-ES2: 0) (Table 4).

Table 4. The five dimensions in EQ-5D before and after PAC program: comparison between

different groups.
Dimensions Pandemic Group (n =11) Non-Pandemic Group (n = 11)
Before PAC  After PAC P ES1 Before PAC  After PAC 4 ES2 ES1-ES

Mobility 2 (2-2) 2(1-2) 032 —-0.21 2(2-2) 1(1-2) <0.01*  —0.53 0.35
Self-Care 2(2-2) 2 (1-2) 0.06 —0.40 2(2-2) 2 (1-2) 0.04* —0.43 0.03

Usual Activities 2 (2-3) 2 (2-3) 0.08 —0.37 2 (2-3) 2(1-2) <0.01*  —0.56 0.19

Pain or Discomfort 1(1-1) 1(1-1) 032 —-0.21 1(1-1) 1(1-1) 0.32 -0.21 0

Anxiety or Depression 1(1-1) 1(1-1) 0.32 0.21 1(1-1) 1(1-1) 0.16 —-0.30 0.51

PAC: post-acute care; EQ-5D: EuroQoL-5 Dimension; ES, effect size. ES1 means the change in functional outcome
in the pandemic group; ES2 means the change in functional outcome in the non-pandemic group. ES1-ES2
indicates the difference between the two groups. Values are expressed as median and interquartile range (IQR),
i.e., 4 (3-4) means the median is 4 and the interquartile range is from 3 to 4. * Statistically significant (p < 0.05).

The quality of medical care, which was assessed using acute care LOS, PAC LOS, desti-
nation after discharge, readmission after 14 days and 6MWD > 205 m, did not significantly
differ between the groups (Table 5).

Table 5. Quality of medical care in both groups.

Pandemic Group Non-Pandemic Group

(n=11) (n=11) P
Acute Care LOS, day 16.09 (6.49) 15.36 (4.34) 0.76
PAC LOS, day 32.73 (10.97) 36.64 (12.40) 0.44

Destination after Discharge 1

Household 10 (91%) 10 (91%)
Nursing Home 1 (9%) 1 (9%)

Readmission in 14 days Yes 0 (0%) 0 (0%) 1

6MWD > 205 4 (36%) 3 (27%) 0.66

LOS: length of stay; PAC: post-acute care; 6MWD: 6-min walking distance. Values are expressed as mean (SD) or
n %.

4. Discussion

This study explored the quality and stability of post-acute care for patients with stroke,
including their functional outcomes, mental health and medical care, in Taiwan during the
COVID-19 pandemic. The present study was the first to assess the mental health of PAC pa-
tients using the self-reported EQ-5D during the COVID-19 pandemic. The pandemic group
showed no significant improvement in EQ-5D scores, and EQ-5D scores had the largest
difference between the pandemic and non-pandemic groups. The PAC-CVD programme
serves as a transitional phase between discharge from medical institutions and returning
home or enrolment in long-term care systems [33]. This programme aims to reduce the
disability and medical costs of patients with stroke and promote the rehabilitation of their
functional ability. Most previous studies focused on the functional recovery of patients with
stroke while ignoring their mental health [26,34]. Further analysis of the five dimensions of
EQ-5D showed that anxiety or depression tended to be more severe during the pandemic.
Estimates have shown that approximately 20% to 25% of patients develop anxiety disorders
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after stroke [35], which affects their quality of life [36]. A depressed or dysphoric mood af-
fects approximately 30% of stroke survivors [37], reducing the motivation for rehabilitation
and promoting poorer functional outcomes or even increased risk for suicide [38,39]. Ina
recent study, although depression did not significantly worsen, higher rates of anxiety were
observed in patients with stroke during the COVID-19 pandemic [40]. After reviewing
our patients’ medical records, we found that the 11 patients were not diagnosed with
post-stroke depression during the pandemic. However, those who experienced stroke
during the COVID-19 pandemic may have exhibited some degree of anxiety or depressive
symptoms, especially the younger patients. The mean age of the patients included in our
study was 53 years, which was significantly younger than that in previous studies [9,26].
This difference may be attributed to the following reasons: as the risk for more severe
COVID-19-associated outcomes increases with age, most patients aged >65 years chose to
return home or preferred home-based rehabilitation instead of inpatient rehabilitation [13].
Telerehabilitation could potentially be taught and practiced at home during the COVID-19
pandemic via cell phones and Skype, or even be combined with modern technology, in-
cluding virtual reality (VR) and robotic assistance [41,42]. Considering that rehabilitation
is less effective in those aged >65 years than in those aged <65 years, patients and their
families had a relatively negative perception of rehabilitation during the pandemic and
showed reduced willingness to undergo the PAC programme [17]. Young and middle-aged
patients were considered to have a longer lifespan, to be more productive, to be the source
of household income and to have greater motivation for participating in rehabilitation [17];
the medical staff perceived younger patients with stroke who engaged in high-intensity
rehabilitation to have good recovery benefits and actively persuaded them to undergo
the PAC programme. COVID-19 has led to serious losses in many economies around the
world, especially among low-income populations, causing a sharp rise in unemployment
and poverty rates [43]. Besides physical anxiety, younger patients who were the source of
household income perceived the COVID-19-related panic [15] and the lower household
income caused by physical disabilities or the pandemic as stressors [44]. On the contrary,
the different level of financial assets was associated with disability in stroke patients. Lower
household income reflected a higher level of disability and increased the gap in partici-
pation and activities [45]. In addition to the huge financial burden of the long-term care
of stroke, the burden of caregivers was intensive, especially the family caregiver during
the COVID-19 pandemic [46]. The Taiwan government adopted strict social distancing
measures and prevented excessive load on medical resources during the COVID-19 pan-
demic, resulting in the suspension of certain medical services such as rehabilitation centres.
In addition to the provision of essential daily care, the family caregiver also assumed the
additional role of a rehabilitation therapist at home, which caused not only physical but
psychological burdens [46].

The PAC programme mainly emphasises physical function recovery and psychological
intervention. Although it can improve mental health, psychological problems were only
revealed during the outbreak. During the pandemic, the public experienced anxiety, stress,
fear, uncertainty and insecurity [47], indicating the need for more psychological support
among patients with stroke, who are considered a vulnerable population. Thus, the PAC
phase helps in the early recognition of psychological problems and the provision of timely
interventions. This may be attributed to the clinical staff’s adjustment of the patient-
personalised plan, assessment of mental health status and treatment of patients during this
transitional phase, which would prepare them for their return to society. The clinical staff
may even extend their service until after discharge from the hospital, following up patients
during outpatient rehabilitation or through telephone.

This study revealed that during the outbreak, PAC-CVD patients showed no signif-
icant difference in functional recovery improvement compared with those included in
previous studies under common conditions. No significant improvement was observed
in the self-reported dimensions of mobility, self-care and usual activities during the out-
break. Evidence has shown that depressive syndrome is associated with lower general
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health perception and that physical functional disability affects the quality of life [48].
The lower general health perception may impede improvements in medical condition
and the recovery of motor function. Thus, this programme is robust and effective in
rehabilitating functional abilities among post-stroke patients during infectious disease
outbreaks; psychological problems promote a vicious circle between physical and mental
health. This suggests the importance of monitoring mental health status and preventing
negative psychological consequences.

Case managers in institutions should be involved in the referral process. During
this COVID-19 wave, they play an important role, including preparation before transfer,
confirming negative PCR tests 3 days before admission and contacting the institution to
which the patient is to be transferred before discharge. We found no significant difference in
acute LOS between both groups. Besides medical treatment for acute stroke at the medical
centre, including the preparation of the PAC programme for referral to the regional hospital,
the acute LOS could indicate the timeliness and continuity of the PAC programme during
the pandemic. The similar PAC LOS in both groups under the per diem reimbursement
system suggests no increase in economy with efficient functional recovery during the
pandemic. None of the patients were hospitalised within 14 days, and most returned home
after discharge from the regional hospital. Previous studies determined the destination of
the patients after discharge, which is important for our research considering the young age
of our cohort. Nearly 30% of these young patients demonstrated a 6 MWD > 205 m after
high-intensity rehabilitative interventions, which could indicate their ability for community
ambulation [25].

This article was drafted during the period wherein Taiwan had been downgraded
to second-level alert, which may have decreased the level of mental stress among the
patients with stroke. Future research should focus on changes in psychological conditions
to provide more substantial guidance for medical institutions. Fighting a pandemic is
akin to running a marathon—one must never lower their guard. The end of the pandemic
cannot be predicted. However, all individuals should adjust to the changes, even patients
with stroke.

This study has some limitations. First, the sample size was small and was obtained
from a single centre, which was one of the institutions in southern Taiwan with the greatest
number of PAC cases. Notably, the hospitalisation period coincided with the small-scale
cluster infection of COVID-19 in this district. Adopting a strict medical isolation public
health policy in the case of limited medical capacity and maintaining the quality of the
PAC-CVD programme are challenging. This study was expected to raise the awareness of
the physical and psychological health of stroke patients during the COVID-19 pandemic,
although the small sample size may not represent a macro-level analysis. Second, this
was a retrospective study that reviewed medical records, observed phenomena and made
clinical recommendations. Third, only PAC-CVD cases were enrolled due to the medical
load reduction policy.

5. Conclusions

This study highlighted the quality and stability of the PAC-CVD programme for
patients with stroke in medical care and improving functional outcomes. The PAC-CVD
programme focuses on the recovery of the motor function of stroke patients, but COVID-19
has increased people’s health awareness and psychological pressure. While restoring the
motor function of the patients, attention should also be paid to their mental health and the
provision of psychological support. This study also raised awareness of the huge burden
on the economy and rehabilitation care for stroke patients during the COVID-19 pandemic.
In addition to verifying the efficiency and stability of the PAC-CVD programme during
the pandemic, this study could serve as a reference for framing public health policies for
rehabilitation institutions.

Author Contributions: Conceptualization, H.-Y.C. and Y.-W.T.; methodology, H.-Y.C.; formal analy-
sis, H.-Y.C. and C.-L.S.; resources, C.-T.Y.; data curation, H.-Y.C.; writing—original draft preparation,



Int. |. Environ. Res. Public Health 2022, 19, 162 9of 11

H.-Y.C. and Y.-W.T.; writing—review and editing, H.-Y.C., Y.-W.T. and Y.-C.L.; supervision, Y.-W.T.
All authors have read and agreed to the published version of the manuscript.

Funding: The research funding was provided by An Nan Hospital, China Medical University, Tainan,
Taiwan (Funding Number: ANHRF108-14).

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Research Ethics Committee of Tainan Municipal
An-Nan Hospital, China Medical University, Tainan, Taiwan (protocol code: TMANH110-REC032, 8
October 2021).

Informed Consent Statement: Patient consent was waived due to a retrospective study of medical
records in this research.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We appreciate the participants of the PAC programme, which provides valuable
clinical information to clinical therapists for planning rehabilitation programmes.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

Cheng, H.Y,; Chueh, Y.N.; Chen, C.M,; Jian, S.W.,; Lai, S.K; Liu, D.P. Taiwan’s COVID-19 response: Timely case detection and
quarantine, January to June 2020. J. Formos. Med. Assoc. 2021, 120, 1400-1404. [CrossRef]

Sturm, ].W.; Dewey, H.M.; Donnan, G.A.; Macdonell, R.A.; McNeil, ].J.; Thrift, A.G. Handicap after stroke: How does it relate
to disability, perception of recovery, and stroke Subtype? The north North East Melbourne Stroke Incidence Study (NEMESIS).
Stroke 2002, 33, 762-768. [CrossRef]

Mukherjee, D.; Patil, C.G. Epidemiology and the global burden of stroke. World Neurosurg. 2011, 76, S85-590. [CrossRef]
Hernandez, K.; Paredes, D.; Lenz, R. A Scoping Review of Consequences of Untreated Stroke: Economic Bur den Due to
COVID-19? Value Health 2021, 24, S218. [CrossRef]

Kalra, L.; Langhorne, P. Facilitating recovery: Evidence for organized stroke care. J. Rehabil. Med. 2007, 39, 97-102. [CrossRef]
Lin, I.H.; Tsai, H.T.; Wang, C.Y.; Hsu, C.Y,; Liou, T.H.; Lin, Y.N. Effectiveness and superiority of rehabilitative treatments in
enhancing motor recovery within 6 months poststroke: A systemic review. Arch. Phys. Med. Rehabil. 2019, 100, 366-378. [CrossRef]
Liao, W.L.; Chang, CW.; Sung, PY.; Hsu, W.N.; Lai, M.W.; Tsai, S.W. The Berg balance scale at admission can predict community
ambulation at discharge in patients with stroke. Medicina 2021, 57, 556. [CrossRef]

Wang, C.Y.; Chen, Y.R;; Hong, J.P; Chan, C.C.; Chang, L.C.; Shi, H.Y. Rehabilitative post-acute care for stroke patients delivered
by per-diem payment system in different hospitalization paths: A Taiwan pilot study. Int. ]. Qual. Health Care 2017, 29, 779-784.
[CrossRef]

Chiu, C.C,; Wang, J.J.; Hung, C.M,; Lin, H.F; Hsien, H.H.; Hung, K.W.; Chiu, H.C,; Jennifer Yeh, S.C.; Shi, H.Y. Impact of
multidisciplinary stroke post-acute care on cost and functional status: A prospective study based on propensity score matching.
Brain Sci. 2021, 11, 161. [CrossRef]

Lee, SW.; Yang, ] M.; Yoo, IL.K.; Moon, S.Y.; Ha, EXK.; Yeniova, A.O.; Cho, ].Y,; Kim, M.S.; Shin, ].I; Yon, D.K. Proton pump
inhibitors and the risk of severe COVID-19: A post-hoc analysis from the Korean nationwide cohort. Gut 2021, 70, 2013-2015.
[CrossRef]

Lee, SW.; Yang, ].M.; Moon, S.Y.; Yoo, L.K.; Ha, EK.; Kim, S.Y.; Park, UM.; Choi, S.; Lee, S.H.; Ahn, YM.; et al. Association
between mental illness and COVID-19 susceptibility and clinical outcomes in South Korea: A nationwide cohort study. Lancet
Psychiatry 2020, 7, 1025-1031. [CrossRef]

Mehra, M.R;; Desai, S.S.; Kuy, S.; Henry, T.D.; Patel, A.N. Retraction: Cardiovascular disease, drug therapy, and mortality in
COVID-19. N. Engl. ]. Med. 2020, 382, 2582. [CrossRef]

CDC COVID-19 Response Team. Preliminary estimates of the prevalence of selected underlying health conditions among patients
with coronavirus disease 2019—United States, February 12-March 28, 2020. MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 382-386.
[CrossRef] [PubMed]

Lee, SSW.,; Lee, ].; Moon, S.Y; Jin, H.Y,; Yang, ].M.; Ogino, S.; Song, M.; Hong, S.H.; Abou Ghayda, R.; Kronbichler, A.; et al.
Physical activity and the risk of SARS-CoV-2 infection, severe COVID-19 illness and COVID-19 related mortality in South Korea:
A nationwide cohort study. Br. J. Sports Med. 2021, 1-13. [CrossRef] [PubMed]

Wang, C.; Pan, R.; Wan, X.; Tan, Y;; Xu, L.; Ho, C.S.; Ho, R.C. Immediate psychological responses and associated factors during
the initial stage of the 2019 coronavirus disease (COVID-19) epidemic among the general population in China. Int. ]. Environ. Res.
Public Health 2020, 17, 1729. [CrossRef]

Hsieh, C.Y.; Tsao, W.C.; Lin, R.T.; Chao, A.C. Three years of the nationwide post-acute stroke care program in Taiwan. J. Chin.
Med. Assoc. 2018, 81, 87-88. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jfma.2020.10.023
http://doi.org/10.1161/hs0302.103815
http://doi.org/10.1016/j.wneu.2011.07.023
http://doi.org/10.1016/j.jval.2021.04.1092
http://doi.org/10.2340/16501977-0043
http://doi.org/10.1016/j.apmr.2018.09.123
http://doi.org/10.3390/medicina57060556
http://doi.org/10.1093/intqhc/mzx102
http://doi.org/10.3390/brainsci11020161
http://doi.org/10.1136/gutjnl-2020-323672
http://doi.org/10.1016/S2215-0366(20)30421-1
http://doi.org/10.1056/NEJMc2021225
http://doi.org/10.15585/mmwr.mm6913e2
http://www.ncbi.nlm.nih.gov/pubmed/32240123
http://doi.org/10.1136/bjsports-2021-104203
http://www.ncbi.nlm.nih.gov/pubmed/34301715
http://doi.org/10.3390/ijerph17051729
http://doi.org/10.1016/j.jcma.2017.09.003
http://www.ncbi.nlm.nih.gov/pubmed/29033109

Int. |. Environ. Res. Public Health 2022, 19, 162 10 of 11

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Wang, C.Y.; Miyoshi, S.; Chen, C.H.; Lee, K.C.; Chang, L.C.; Chung, ].H.; Shi, H.Y. Walking ability and functional status after
post-acute care for stroke rehabilitation in different age groups: A prospective study based on propensity score matching. Aging
2020, 12, 10704-10714. [CrossRef] [PubMed]

Broderick, J.P.; Adeoye, O.; Elm, J. Evolution of the Modified Rankin Scale and its use in future stroke trials. Stroke 2017, 48,
2007-2012. [CrossRef]

Banks, J.L.; Marotta, C.A. Outcomes validity and reliability of the modified Rankin scale: Implications for stroke clinical trials: A
literature review and synthesis. Stroke 2007, 38, 1091-1096. [CrossRef] [PubMed]

Wolfe, C.D.; Taub, N.A.; Woodrow, E.J.; Burney, P.G. Assessment of scales of disability and handicap for stroke patients. Stroke
1991, 22, 1242-1244. [CrossRef]

Rabin, R.; de Charro, F. EQ-5D: A measure of health status from the EuroQol Group. Ann. Med. 2001, 33, 337-343. [CrossRef]
Lawton, M.P; Brody, E.M. Assessment of older people: Self-maintaining and instrumental activities of daily living. Gerontologist
1969, 9, 179-186. [CrossRef] [PubMed]

Chou, C.Y,; Chien, C.W.; Hsueh, L.P; Sheu, C.E; Wang, C.H.; Hsieh, C.L. Developing a short form of the Berg Balance Scale for
people with stroke. Phys. Ther. 2006, 86, 195-204. [CrossRef] [PubMed]

Salbach, N.M.; Mayo, N.E; Higgins, ].; Ahmed, S.; Finch, L.E.; Richards, C.L. Responsiveness and predictability of gait speed and
other disability measures in acute stroke. Arch. Phys. Med. Rehabil. 2001, 82, 1204-1212. [CrossRef] [PubMed]

Fulk, G.D.; He, Y,; Boyne, P.; Dunning, K. Predicting home and community walking activity poststroke. Stroke 2017, 48, 406—411.
[CrossRef]

Chien, S.H.; Sung, PY.; Liao, W.L.; Tsai, SW. A functional recovery profile for patients with stroke following post-acute
rehabilitation care in Taiwan. J. Formos. Med. Assoc. 2020, 119, 254-259. [CrossRef]

Keni, R.; Alexander, A.; Nayak, P.G.; Mudgal, J.; Nandakumar, K. COVID-19: Emergence, spread, possible treatments, and global
burden. Front. Public Health 2020, 8, 216. [CrossRef]

Summers, J.; Cheng, H.Y;; Lin, H.H.; Barnard, L.T.; Kvalsvig, A.; Wilson, N.; Baker, M.G. Potential lessons from the Taiwan and
New Zealand health responses to the COVID-19 pandemic. Lancet Reg Health West. Pac. 2020, 4, 100044. [CrossRef]

D’Agostino, R.B., Jr. Propensity score methods for bias reduction in the comparison of a treatment to a non-randomized control
group. Stat. Med. 1998, 17, 2265-2281. [CrossRef]

Rosenbaum, P.R.; Rubin, D.B. The central role of the propensity score in observational studies for causal effects. Biometrika 1983,
70, 41-55. [CrossRef]

Wang, C.Y.; Hsien, H.H.; Hung, K.W,; Lin, H.E; Chiou, H.Y;; Yeh, S.J.; Yeh, Y.J.; Shi, H.Y. Multidiscipline stroke post-acute care
transfer system: Propensity-score-based comparison of functional status. . Clin. Med. 2019, 8, 1233. [CrossRef] [PubMed]
Cohen, ]. Statistical Power Analysis for the Behavioral Sciences; Routledge: Oxford, UK, 1988.

Lai, C.L.; Tsai, M.M.; Luo, ].Y,; Liao, W.C.; Hsu, P.S.; Chen, H.Y. Post-acute care for stroke—A retrospective cohort study in Taiwan.
Patient Prefer. Adherence 2017, 11, 1309-1315. [CrossRef] [PubMed]

Huang, H.C,; Tsai, J.Y.; Liu, T.C.; Sheng, W.Y.; Lin, T.C.; Lin, C.W.; Lee, .H.; Chung, C.P. Functional recovery of stroke patients
with postacute care: A retrospective study in a northern medical center. J. Chin. Med. Assoc. 2019, 82, 424-427. [CrossRef]
[PubMed]

Campbell Burton, C.A.; Murray, J.; Holmes, J.; Astin, F.; Greenwood, D.; Knapp, P. Frequency of anxiety after stroke: A systematic
review and meta-analysis of observational studies. Int. J. Stroke 2013, 8, 545-559. [CrossRef]

Polikandrioti, M.; Goudevenos, J.; Michalis, L.K.; Koutelekos, J.; Kyristi, H.; Tzialas, D.; Elisaf, M. Factors associated with
depression and anxiety of hospitalized patients with heart failure. Hellenic ]. Cardiol. 2015, 56, 26-35.

Ayerbe, L.; Ayis, S.; Wolfe, C.D.; Rudd, A.G. Natural history, predictors and outcomes of depression after stroke: Systematic
review and meta-analysis. Br. J. Psychiatry 2013, 202, 14-21. [CrossRef]

Subramanian, S.K.; Chilingaryan, G.; Sveistrup, H.; Levin, M.E. Depressive symptoms influence use of feedback for motor
learning and recovery in chronic stroke. Restor. Neurol. Neurosci. 2015, 33, 727-740. [CrossRef]

Eriksson, M.; Glader, E.L.; Norrving, B.; Asplund, K. Poststroke suicide attempts and completed suicides: A socioeconomic and
nationwide perspective. Neurology 2015, 84, 1732-1738. [CrossRef]

Ahmed, Z.M.; Khalil, M.F; Kohail, A.M.; Eldesouky, I.F,; Elkady, A.; Shuaib, A. The prevalence and predictors of post-stroke
depression and anxiety during COVID-19 pandemic. ]. Stroke Cerebrovasc. Dis. 2020, 29, 105315. [CrossRef]

Knepley, K.D.; Mao, ].Z.; Wieczorek, P.; Okoye, F.O.; Jain, A.P,; Harel, N.Y. Impact of telerehabilitation for stroke-related deficits.
Telemed. e-Health 2021, 27, 239-246. [CrossRef]

Marotta, N.; Demeco, A.; Moggio, L.; Ammendolia, A. Why is telerehabilitation necessary? A pre-post COVID-19 comparative
study of ICF activity and participation. J. Enabling Technol. 2021, 15, 117-121. [CrossRef]

Martin, A.; Markhvida, M.; Hallegatte, S.; Walsh, B. Socio-economic impacts of COVID-19 on household consumption and
poverty. Econ. Disasters Clim. Change 2020, 4, 453-479. [CrossRef] [PubMed]

Ciciurkaite, G.; Marquez-Velarde, G.; Brown, R.L. Stressors associated with the COVID-19 pandemic, disability, and mental
health: Considerations from the Intermountain West. Stress Health 2021, 1-14. [CrossRef] [PubMed]

Marotta, N.; Ammendolia, A.; Marinaro, C.; Demeco, A.; Moggio, L.; Costantino, C. International Classification of Functioning,
Disability and Health (ICF) and correlation between disability and finance assets in chronic stroke patients. Acta Bio Med. Atenei
Parm. 2020, 91, €2020064.


http://doi.org/10.18632/aging.103288
http://www.ncbi.nlm.nih.gov/pubmed/32482912
http://doi.org/10.1161/STROKEAHA.117.017866
http://doi.org/10.1161/01.STR.0000258355.23810.c6
http://www.ncbi.nlm.nih.gov/pubmed/17272767
http://doi.org/10.1161/01.STR.22.10.1242
http://doi.org/10.3109/07853890109002087
http://doi.org/10.1093/geront/9.3_Part_1.179
http://www.ncbi.nlm.nih.gov/pubmed/5349366
http://doi.org/10.1093/ptj/86.2.195
http://www.ncbi.nlm.nih.gov/pubmed/16445333
http://doi.org/10.1053/apmr.2001.24907
http://www.ncbi.nlm.nih.gov/pubmed/11552192
http://doi.org/10.1161/STROKEAHA.116.015309
http://doi.org/10.1016/j.jfma.2019.05.013
http://doi.org/10.3389/fpubh.2020.00216
http://doi.org/10.1016/j.lanwpc.2020.100044
http://doi.org/10.1002/(SICI)1097-0258(19981015)17:19&lt;2265::AID-SIM918&gt;3.0.CO;2-B
http://doi.org/10.1093/biomet/70.1.41
http://doi.org/10.3390/jcm8081233
http://www.ncbi.nlm.nih.gov/pubmed/31426354
http://doi.org/10.2147/PPA.S136041
http://www.ncbi.nlm.nih.gov/pubmed/28814838
http://doi.org/10.1097/JCMA.0000000000000076
http://www.ncbi.nlm.nih.gov/pubmed/30893265
http://doi.org/10.1111/j.1747-4949.2012.00906.x
http://doi.org/10.1192/bjp.bp.111.107664
http://doi.org/10.3233/RNN-150508
http://doi.org/10.1212/WNL.0000000000001514
http://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105315
http://doi.org/10.1089/tmj.2020.0019
http://doi.org/10.1108/JET-11-2020-0047
http://doi.org/10.1007/s41885-020-00070-3
http://www.ncbi.nlm.nih.gov/pubmed/32838120
http://doi.org/10.1002/smi.3091
http://www.ncbi.nlm.nih.gov/pubmed/34382736

Int. |. Environ. Res. Public Health 2022, 19, 162 11 of 11

46.

47.

48.

Lee, ].J.; Tsang, W.N.; Yang, S.C.; Kwok, ].Y.Y.; Lou, VW.,; Lau, K K. Qualitative study of Chinese stroke caregivers’ caregiving
experience during the COVID-19 pandemic. Stroke 2021, 52, 1407-1414. [CrossRef]

Zakeri, M.A.; Maazallahi, M.; Ehsani, V.; Dehghan, M. Iranian psychosocial status during and after COVID-19 outbreak mandatory
quarantine: A cross-sectional study. J. Commun. Psychol. 2021, 49, 2506-2516. [CrossRef]

Yoon, S.; Kim, H.Y.; Kim, S.R. A prediction model of health-related quality of life in young adult patients with stroke. J. Clin.
Nurs. 2021, 30, 2023-2035. [CrossRef]


http://doi.org/10.1161/STROKEAHA.120.032250
http://doi.org/10.1002/jcop.22647
http://doi.org/10.1111/jocn.15755

	Introduction 
	Materials and Methods 
	Study Design and Patients 
	Functional Status Instruments and Chart Review 
	Public Health Policies for Rehabilitation 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

