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Abstract
Background
24-hour movement behavior, including Physical activity (PA), Sedentary behavior (SB), and sleep, is independently associated with health after stroke. Few studies have explored 24-hour movement behavior patterns in stroke survivors and their transitions, as well as the health implications of the transitions. This study aimed to explore the different subgroups and stability of 24-hour movement behavior patterns in people after stroke and the relationship of profile transitions with physical function and health-related quality of life (HRQoL).

Methods
In this study, 131 people with first-ever stroke were investigated at one week (T1), one month (T2), three months (T3), and six months (T4) after discharge. The participants were asked to wear a wristband smartwatch for 7 consecutive days during each pe riod to collect 24-hour exercise data. After each period, their physical function and HRQoL were assessed. Latent profile analysis (LPA) identified typologies of 24-hour movement behaviors, and latent transition analysis (LTA) examined the stability and change in these profiles over time. The relationship of transition types with physical function and HRQoL was analyzed using a generalized linear regression model.

Results
108 participants were categorized into 3 latent profiles of 24-hour movement behavior: “Active, Non-sedentary, and Short sleep,” “Active and Sedentary,” and “Inactive and Sedentary.” The LTA results indicated that the proportion of participants with the “Active, Non-sedentary, and Short Sleep” profile and “Active and Sedentary” profile staying in the original latent profile was high. However, participants in the “Inactive and Sedentary” profile showed a high probability of transitioning to “Active and Sedentary” profile (T1→T2: 65.2%; T2→T3: 76.3%; T3→T4: 51.7%;T1→T4: 54.2%). Transition types are associated with physical function and HRQoL.

Conclusions
The results demonstrated substantial transitions in 24-hour movement behaviors within 6 months of rehabilitation after discharge, associated with later physical function and HRQoL. Furthermore, the participants’ sedentary behavior was highly stable within 24-hour movement behaviors, necessitating prompt diagnosis and intervention.
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Background
According to the Global Burden of Disease Study [1], stroke is the second leading cause of death and the third leading cause of disability worldwide. There are reportedly more than 80 million people living with stroke worldwide [2]. International guidelines suggest that people with stroke should engage in at least 150 min of moderate-intensity physical activity (PA) per week [3]. People after stroke are also recommended to reduce sedentary behavior (SB), although evidence is insufficient to quantify an SB threshold [3]. However, people after stroke often grapple with varying degrees of physical and psychosocial sequels, such as dyskinesia [4], post-stroke fatigue [5], and depression [6], which can result in physical inactivity. A significant proportion of people after stroke fail to meet guidelines and their daily steps are lower than age-matched controls [7]. Moreover, people after stroke tend to spend more time in the sedentary state compared to their age-matched peers [8]. Studies have shown that PA has the potential to influence functional recovery, cardiometabolic health and health-related quality of life (HRQoL) in people after stroke [9–13]. Sedentary behavior also associated with cardiovascular health in people after stroke [14]. Additionally, people typically experience sleep disorders after stroke, with 40% of them reporting insomnia [15, 16]. Post-stroke sleep disorders are also associated with poor functional outcomes and quality of life [15]. However, these studies have mainly dealt with the independent relationship between a specific health outcome in people after stroke and any one of PA, SB and sleep. They have failed to acknowledge that individuals have a certain and unchanging amount of time in a day, and any changes in the time allocated to one behavior will unavoidably affect the time spent on other behaviors [16]. There are limitations in considering the effect of either behavior of the 24-hour cycle on health in isolation. A new term, “24-hour movement behaviors”, which includes PA, SB, and sleep, has been recently agreed upon internationally. As a result, some countries have revised 24-hour movement guidelines to encompass a full day’s movement behaviors [17–19].
However, few studies have explored 24-hour movement behaviors in people after stroke under this perspective. Wondergem et al. conducted a study using accelerometer to investigate the movement behavior of people after stroke during waking time 2 weeks after discharge. They identified three patterns of movement behaviors: sedentary exercisers, sedentary movers, and sedentary prolongers [20]. Then, they conducted a two-year longitudinal study and found that patterns of movement behavior 2 weeks after discharge were associated with physical function [21], and 35% of participants’ movement behavior patterns changed within the first two years, of whom 63% deteriorated to a movement behavior pattern with higher health risks [22]. This suggests that movement behavior patterns in people after stroke are associated with health outcomes, and their patterns of movement behavior may deteriorate over time. However, these studies only investigated movement behaviors during wakefulness in people with stroke, ignoring sleep as a specific form of activity. Moreover, they did not explore the relationship between transitions in movement behavior patterns and health. Little is known about the association between transitions in 24-hour movement behavior patterns in people after stroke and health outcomes.
Latent profile analysis (LPA) is a person-centered analysis that focuses on the heterogeneity of individual responses, classifying individuals into common profiles to identify different subgroups [23]. LPA has been widely used in recent years to identify cross-sectional patterns and longitudinal changes in movement behavior in different populations [24–26]. However, to the best of our knowledge, no previous study applied LPA to examine the types of 24-hour movement behaviors patterns among people after stroke. The adoption of the LPA approach allows for simultaneous examination of PA, SB, and sleep in people after stroke, rather than treating each behavior separately. This approach provides insights into how different subgroups of people after stroke allocate their time to PA, SB, and sleep, thereby enabling the development of targeted interventions. Furthermore, latent transition analysis (LTA), as an extension of LPA, can be employed to examine the transition patterns of the 24-hour movement behavior profile in people after stroke [27]. By understanding the evolution of patients’ 24-hour movement behaviors, we can better predict their recovery trajectories and tailor prevention and intervention strategies. This approach was particularly valuable in our study, as we aimed to (1) identify the different latent profile types of 24-hour movement behaviors in people after stroke after discharge; (2) explore the stability of different latent profiles over time; (3) explore the relationship of transitions in 24-hour movement behavior profiles with physical functioning and HRQoL.

Methods
Participants and study design
This was a prospective, longitudinal study of 24-hour movement behaviors in people after stroke. The study was approved by the Medical Ethics Research Committee of the First Affiliated Hospital of Soochow University (No.2022518). The participants were selected from 517 patients with stroke who visited the authors’ neurology department from September 2022 to June 2023. The inclusion criteria were as follows: clearly diagnosed first-ever stroke; aged ≥ 18 years old; able to get out of bed independently; normal language conversation and comprehension; the participant or their family members must have a smartphone and know how to use WeChat; and willingness to participate in this study. The exclusion criteria included: affliction with severe cardiac, pulmonary, neurological, musculoskeletal, or psychiatric disorders; unfit to participate in the study due to therapeutic and other factors; and severe sequelae and comorbidities (e.g., heart failure). Participants were recruited if they met all inclusion criteria and had none of the exclusion criteria.
First, 140 people after stroke who met the criteria were recruited, and finally 131 patients consented to participate in this study. The participants filled out a demographics form before discharge. Then, they were surveyed at home one week (T1), one month (T2), three months(T3), and six months (T4) after discharge. These four time points were selected based on the stroke recovery trajectory, encompassing trajectory onset, initial rehabilitation, continued rehabilitation, and semi-stable phase [28]. The participants were instructed to wear a wristband smartwatch continuously for 7 consecutive days during each survey period, except when they were charging the device or when they were taking a bath and swimming) [29]. At the end of each survey period, the physical function and HLQoL of participants were assessed by completing the Modified Rankin Scale (mRS) and EuroQol Five-Dimensions Five-Level Questionnaire (EQ-5D-5 L) via telephone calls.


Methods
Participants’ characteristics
The authors developed a questionnaire based on the characteristics of patients with stroke, which consisted of sociodemographic and disease-related information. Sociodemographic information included age (years), gender, body mass index (BMI, kg/m2), occupation, smoking history, drinking history, educational attainment, marital status, place of residence, residential status, family per capita monthly income (yuan), and medical insurance. Height and weight were objectively measured to calculate body mass index, and other information was self-reported.
Age was categorized into the < 65 years and ≥ 65 years groups [30]. BMI was categorized into underweight (BMI < 18.5), normal weight (18.5 ≤ BMI <25), and overweight/obese (BMI ≥ 25) [31]. Patients with a history of smoking (smokers) were defined as those who smoked at least one cigarette per day for one year [32]. People with a history of drinking were defined as patients with a history of alcohol intake ≥ 20 g/d for more than 3 years [33]. Education attainment was categorized into elementary school and below, high school/secondary school, post-secondary, and college and above. Marital status was categorized into married and unmarried/divorced/widowed. Place of residence was categorized into rural, county seat, or urban. Residential status was categorized into living alone or living with family. Family per capita monthly income, equal to family monthly income divided by the number of family members, was categorized as <3000, 3000–5000, and >5000. Medical insurance was categorized as urban employee basic medical insurance, urban and rural resident basic medical insurance, and self-financed. Disease-related information, including comorbid chronic disease, days in hospital severity of stroke, physical function recovery and ability to perform activities of daily living (ADL), was obtained from medical records.
A summary comorbidity variable was created based on the presence of hypertension, diabetes mellitus, coronary heart disease, and other chronic diseases. We stratified the hospitalization length into ≤10 days group and>10 days group based on average days in hospital for people with stroke in China [34]. National Institute of Health Stroke Scale (NIHSS) was used to measure the severity of stroke [35]; the total score on this scale ranges between 0 and 42, and higher scores indicate a more severe stroke. Scores 0–4, 5–12, 16–20, and more than 20 represent mild, moderate, moderate to severe, and severe stroke, respectively. In this study, the participants were grouped into two categories: mild (≤ 4) or non-mild (>4). ADL was assessed using the Barthel Index (BI) [36]. The total BI scores can range from 0 to 100, and higher scores indicate higher levels of ADL independence. A BI score of < 40, 40–60, 60–99, and 100 indicates severe dependence, moderate dependence, mild dependence, and no dependence, respectively. In this study, the participants were grouped into two categories: moderate to severe dependence (≤ 60) or mild to no dependence (>60).


Movement behaviors
Data on 24-hour movement behaviors were collected using a smartwatch (VZVK-E80), which was manufactured by a company in Shenzhen, Guangdong Province, China. The smartwatch contained built-in gyroscope, accelerometer, and photoplethysmography sensor, collecting data including daily steps, active hours, sedentary hours, sleep hours, vital signs, and other indicators. Accelerometers exhibited exceptional reliability and precision in measuring movement behavior [37]. Before starting the study, we undertook rigorous calibration and validation procedures to ascertain the device’s accuracy specifically for people after stroke. We evaluated the accuracy of the device across various arm swing conditions in a cohort of 51 people after stroke, comparing it with video monitoring (regarded as the gold standard). The test was conducted during hospitalization and participants wore smartwatch on the left and right wrist and completed a 3-minute walk on a flat surface with different arm swings (free arm swing, restricted arm swing, restricted right arm swing, and restricted left arm swing), respectively. The walking test was repeated the next day with different swing arm modes for repetitive analysis. Compared to video monitoring under conditions of free arm swing, the smartwatch demonstrated an error rate of 2.26%. Moreover, 10 people after stroke wore smartwatches for 24 h and recorded their sleep throughout the day using sleep diaries. The error rate of sleep duration measured by smartwatch was within 5% compared to a paper diary.
Upon discharge, the participants were given instructions by the researchers regarding the correct way to wear and utilize the device. All participants wore the same model smartwatch (VZVK-E80). During the follow-up period, researchers utilized phone calls or WeChat messages to prompt participants to wear their devices. Before and after each stage, researchers proactively communicated with the participants via telephone to distribute and collect devices through mail. Non-wear time intervals were defined as more than 30 consecutive minutes without wearing the device. Researchers verified the wearing time of participants every day at 8:00 PM. For those who wore the device for less than 24 h, researchers conducted follow-up assessment via phone or WeChat regarding their movement behavior during the period when the device was not worn. This ensured that any missing data were accurately filled in, and our dataset comprehensively reflected the participant’s distribution of movement behavior across a full 24-hour cycle. The minimum wear time was determined to be ≥ 3 days and ≥ 8 h per day [38]. Participants were included in subsequent analyses if they met this criterion.

Modified Rankin Scale
The Modified Rankin Scale was used to assess the degree of physical function recovery in people after stroke [39]. The scale comprises six items that classify the patient’s neurological functioning level on a scale of 1 to 6, with scores ranging from 0 to 5. Scores 0, 1, 2, 3, 4, and 5 indicate no symptoms at all, no significant functional impairment despite symptoms, mild disability, moderate disability, moderate to severe disability, and severe disability, respectively; higher scores indicate a lower level of physical function recovery.
EuroQol five-dimensions five-level
The EQ-5D-5 L was used to measure the HRQoL of the participants. It is a set of standardized scales to measure health status, consisting of a short descriptive system and a thermometer-like visual analog scale (VAS) [40]. The descriptive system comprises five dimensions: mobility (MO), self-care (SC), usual activities (UA), pain/discomfort (PD), and anxiety/depression (AD). Each dimension includes five options: no, slight, moderate, severe, and extreme problems/unable. In this study, the EQ-5D health utility values were calculated using a utility value point system developed for Chinese populations [41], with higher health utility values representing higher levels of HRQoL.

Data analysis
All statistical analyses were performed in SPSS 25.0 and Mplus 8.2. Qualitative data were described using frequency and percentage. Differences in baseline information between included and excluded participants were compared by chi-square and Fisher’s exact test.
The mean PA, SB, and sleep per day were derived for each participant. Participants wore the device for varying durations, depending on the day of the week when the data was collected. The data on the PA, SB, and sleep of participants were analyzed using LPA to identify subgroups of 24-hour movement behavior patterns. The selection of the best LPA solution usually depends on the model fit indicators. The model fit indicators mainly include the Akaike Information Criterion (AIC), the Bayesian Information Criterion (BIC), the adjusted Bayesian information criterion (ABIC), Entropy, the adjusted Vuong-Lo-Mendell-Rubin likelihood ratio test (A-LRT), and the bootstrap likelihood ratio test (BLRT). Smaller values of AIC, BIC, and ABIC indicate better model fit. An entropy value greater than 0.80 indicates good clarity of classification [42]. The difference in fit between the K-1 and K- cluster models is determined by the p-value of the A-LRT and BLRT indicators. A significant p-value indicates that the fitting of the K-cluster model is better than that of the K-1 cluster model [43]. The minimum group size was set at 5% of the total sample to ensure representative profile samples [44]. LTA is an extended longitudinal LPA model, which can be used to explore the probabilities of transitions between latent statuses over time [27]. The transition probability refers to the likelihood that people after stroke transitioned to, or stayed in, one latent status from T1 to T2, T2 to T3, T3 to T4 and T1 to T4. Mplus 8.2 was used to conduct LPA and LTA.
We used chi-square and Fisher’s exact test to investigate whether there were differences between profiles in terms of socio-demographic information. Differences in socio-demographic information between transition patterns were also examined. Furthermore, generalized linear regression models were implemented to examine the relationship of transitions in 24-hour movement behavior profiles with the follow-up physical function and HRQoL. The reference was someone who continued to remain in the same profile over time. Age, gender, smoking, and alcohol history were all controlled in these models. A two-tailed P-value < 0.05 was represented as statistical significance.


Results
In total, 131 people after stroke consented to participate in this study. Of these, 108 (82.4%) completed the surveys at four time points: one week, one month, three months and six months (flowchart and reasons for refusal are presented in Fig. 1). The data showed that 61 participants (56.48%) were under 65 years old and 67 of them (62.04%) were male. Table 1 presents the demographics of the participants. There was no statistical difference between the included and excluded participants in terms of demographics (p > 0.05).
Data from each of these participants met the minimum wear time criteria at each time point. The average wear time of the smartwatch and the average values for each behavior at each time are shown in Table 2.

[image: ]
Fig. 1Study flowchart



Table 1Comparison of baseline characteristics between the included and excluded participants n (%)


	Characteristic
	Included (N = 108)
	Excluded (N = 23)
	X2
	P

	Age (years)
	 	 	0.149a
	0.699

	 ≤ 65
	61 (56.48)
	14 (60.87)
	 	 
	 > 65
	47 (43.52)
	9 (39.13)
	 	 
	Gender
	 	 	0.463a
	0.496

	 Male
	67 (62.04)
	16 (69.57)
	 	 
	 Female
	41 (37.96)
	7 (30.43)
	 	 
	BMI (kg/m2)
	 	 	1.851c
	0.395

	 < 18.5
	3 (2.78)
	1 (4.35)
	 	 
	 18.5–25
	48 (44.44)
	13 (56.5)
	 	 
	 ≥ 25
	57 (52.78)
	9 (39.13)
	 	 
	Occupation
	 	 	0.128a
	0.72

	 Employed
	38 (35.19)
	9 (39.13)
	 	 
	 Retirement/ Unemployed
	70 (64.81)
	14 (60.87)
	 	 
	Smoking history
	 	 	0.333a
	0.564

	 Smoker
	40 (37.04)
	10 (43.48)
	 	 
	 Non-smoker
	68 (62.96)
	13 (56.52)
	 	 
	Drinking history
	 	 	0.072a
	0.788

	 Drinker
	36 (33.33)
	7 (30.43)
	 	 
	 Non-drinker
	72 (66.67)
	16 (69.57)
	 	 
	Education
	 	 	1.210c
	0.757

	 Elementary school and below
	29 (26.85)
	8 (34.78)
	 	 
	 High school/secondary school
	48 (44.44)
	11(47.83)
	 	 
	 Post-secondary
	20 (18.52)
	3 (13.04)
	 	 
	 College and above
	11 (10.19)
	1 (4.35)
	 	 
	Marital status
	 	 	0.001b
	0.975

	 Married
	97 (89.81)
	20 (86.96)
	 	 
	 Unmarried/Divorced/Widowed
	11 (10.19)
	3 (13.04)
	 	 
	Place of residence
	 	 	4.195c
	0.119

	 Rural
	14 (12.96)
	7 (30.43)
	 	 
	 County seat
	5 (4.63)
	0
	 	 
	 Urban
	89 (82.41)
	16 (69.57)
	 	 
	Residential status
	 	 	0.003c
	0.716

	 Live alone
	5 (4.63)
	1 (4.35)
	 	 
	 Live with families
	103 (95.37)
	22 (95.65)
	 	 
	Family per capita monthly income(yuan)
	 	 	0.624c
	0.686

	 < 3000
	9 (8.33)
	1 (4.35)
	 	 
	 3000 ~ 5000
	74 (68.52)
	18 (78.26)
	 	 
	 > 5000
	25 (23.15)
	4 (17.39)
	 	 
	Medical insurance
	 	 	0.686c
	0.797

	 UEBMI
	10 (9.26)
	3 (13.04)
	 	 
	 URRBMI
	96 (88.89)
	20 (86.96)
	 	 
	 Self-financed
	2 (1.85)
	0
	 	 
	Chronic disease
	 	 	1.624c
	0.627

	 0
	3 (2.78)
	0
	 	 
	 1
	79(73.15)
	17 (73.91)
	 	 
	 2
	19 (17.59)
	3 (13.04)
	 	 
	 ≥ 3
	7 (6.48)
	3 (13.04)
	 	 
	Days in hospital
	 	 	0.583a
	0.445

	 ≤ 10
	76 (70.37)
	18 (78.26)
	 	 
	 > 10
	32 (29.63)
	5 (21.74)
	 	 
	Physical function recovery (mRS)
	 	 	0.708a
	0.4

	 No to mild disability (0–2)
	84 (77.78)
	16 (69.57)
	 	 
	 Moderate to severe disability (>2)
	24 (22.22)
	7 (30.43)
	 	 
	Stroke severity (NIHSS)
	 	 	0.035a
	0.851

	 Mild (≤ 4)
	40 (37.04)
	9 (39.13)
	 	 
	 Non-mild (> 4)
	68 (62.96)
	14 (60.87)
	 	 
	Activities of daily living (BI)
	 	 	1.168b
	0.194

	 Mild to no dependence (> 60)
	104 (96.30)
	20 (86.96)
	 	 
	 Moderate to severe dependence (≤ 60)
	4 (3.70)
	3 (13.04)
	 	 

Notes: achi-square tests, bContinuity Adjusted chi-square test, cFisher’s exact test
BMI, Body Mass Index calculated as weight in kilograms divided by height in meters squared, UEBMI Urban Employee Basic Medical Insurance, URRBMI Urban and Rural Resident Basic Medical Insurance, mRS Modified Rankin Scale, NIHSS National Institute of Health Stroke Scale, BI Barthel Index.




Table 2Wear time and values of each behavior at each time point mean (standard deviation)


	Time
	Wear time
	24-hour movement behavior

	PA
	SB
	Sleep

	T1
	22.53(1.99)
	8.12(3.13)
	8.21(2.40)
	7.67(1.25)

	T2
	21.96(3.16)
	9.45(2.98)
	7.32(2.28)
	7.24(1.57)

	T3
	22.63(2.32)
	9.84(2.39)
	7.24(2.09)
	6.92(1.10)

	T4
	22.48(2.28)
	10.14(2.44)
	6.77(2.15)
	7.09(1.37)




Profiles of 24-hour movement behaviors in people after stroke
The number of latent profiles for 24-hour movement behaviors increased progressively from 1 to 5 at each of the four points of time (Table 3). At T1, the AIC, BIC, and aBIC values of the 3-solution were smaller, the entropy was greater than 0.9, and the A-LRT and BLRT also suggested that the 3-solution was significantly better than the 2-solution. The AIC, BIC, and aBIC were smaller for the 4-solution, but the A-LRT in the 4-solution was not significant, suggesting that the fitting metrics for the 4-solution were not significantly improved compared to the 3-solution. As a result, the 3-solution was selected as the final solution at T1. At T2, AIC, BIC, and aBIC decreased with the increasing number of profiles. A-LRT revealed that the model fit was not significantly improved by including profiles in addition to the 2-solution. Conflicting model fit metrics are not uncommon; in these cases, it is recommended to assess the substantive significance and coherence of candidate models [45]. A closer inspection of the 3–5 solution showed that models containing more than 3 profiles produced classes that were similar to those already present, albeit to a slightly different extent. Therefore, the 3-solution was selected as the final solution at T2. Although A-LRT showed that the 2- and 4-solution fitted better at T3. BLRT demonstrated that an increased number of profiles resulted in a more optimal fit. Similar to the patterns identified at T2, a closer examination of the 3-, 4-, and 5-solution indicated that the new classes, beginning with the 3-profile model, exhibited a generally similar pattern of recognition to the existing classes. Considering the consistency, simplicity, and practicality of the model, the 3-solution was considered the final model at T3. A combination of all indicators at T4 suggested the 3-solution as the best model. The AIC, BIC, and aBIC values exhibited a decreasing trend as the number of profiles increased, suggesting an improvement in the model fit with the increasing number of profiles. The A-LRT analysis indicated that the 3-solution was not inferior to the 4-solution. Additionally, the entropy measure supported the notion that the 3-solution was superior to the 4-solution.Table 3Model fit of LPA of movement behavior


	Time
	Solution
	AIC
	BIC
	aBIC
	Entropy
	A-LRT
	BLRT

	T1
	1-solution
	1412.819
	1428.911
	1409.953
	 	 	 
	2-solution
	1303.208
	1330.029
	1298.432
	0.825
	0.0133
	<0.001

	3-solution
	1240.621
	1278.171
	1233.935
	0.904
	0.0113
	<0.001

	4-solution
	1217.43
	1265.709
	1208.834
	0.908
	0.1766
	<0.001

	5-solution
	1194.101
	1253.108
	1183.595
	0.902
	0.4375
	<0.001

	T2
	1-solution
	1439.01
	1455.103
	1436.144
	 	 	 
	2-solution
	1362.745
	1389.566
	1357.969
	0.918
	0.0019
	<0.001

	3-solution
	1321.772
	1359.321
	1315.086
	0.881
	0.6106
	<0.001

	4-solution
	1294.175
	1342.454
	1285.579
	0.856
	0.0599
	<0.001

	5-solution
	1270.752
	1329.759
	1260.245
	0.9
	0.1741
	<0.001

	T3
	1-solution
	1296.281
	1312.374
	1293.416
	 	 	 
	2-solution
	1212.957
	1239.778
	1208.181
	0.789
	0.013
	<0.001

	3-solution
	1169.369
	1206.919
	1162.683
	0.825
	0.2529
	<0.001

	4-solution
	1131.333
	1179.611
	1122.736
	0.898
	0.0337
	<0.001

	5-solution
	1106.842
	1165.849
	1096.336
	0.929
	0.0178
	<0.001

	T4
	1-solution
	1354.43
	1370.523
	1351.564
	 	 	 
	2-solution
	1277.402
	1304.223
	1272.626
	0.808
	0.0155
	<0.001

	3-solution
	1229.203
	1266.753
	1222.517
	0.889
	0.0373
	<0.001

	4-solution
	1212.648
	1260.927
	1204.052
	0.884
	0.6893
	<0.001

	5-solution
	1194.023
	1253.03
	1183.516
	0.871
	0.3633
	<0.001


Abbreviations: AIC the Akaike information criterion, BIC the Bayesian information criterion (BIC), aBIC the adjusted Bayesian information criterion (aBIC), A-LRT the adjusted Vuong-Lo-Mendell-Rubin likelihood ratio test, BLRT Bootstrapped Likelihood Ratio Test (BLRT)



Mean values of PA, SB and sleep for each profile at each time point are presented in Figure 2. After the profile-based examination of the characteristics of movement behavior patterns, profiles 1, 2, and 3 were named “Active, Non-sedentary, and Short sleep”, “Active and Sedentary”, and “Inactive and Sedentary”, respectively. Participants in Profile 1 showed a higher level of PA than those in other profiles, and SB was lower than the other subgroups at all four points of time, at about 4-6 hours. In addition, participants in Profile 1 slept less than those in other profiles (below 7 hours). Therefore, the 1-profile model was named “Active, Non-sedentary, and Short Sleep”. Given that the participants in Profile 2 and Profile 3 had a sleep duration of approximately 7-9 hours at the four points of time, their sleep duration falls within the range considered normal [46]. Therefore, the naming of subgroups was mainly based on PA and SB. Profile 2 was named “Active and Sedentary”, which was defined by a mean physical activity time greater than 7 hours and sedentary time greater than 7 hours. Profile 3 was characterized by a lower duration of PA (2-7 hours) and a higher duration of SB (over 9 hours) than the other subgroups at all four points of time; therefore, it was named “Inactive and Sedentary”.
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Fig. 2Latent profile of 24-hour movement behaviors. PA: Physical Activity; SB: Sedentary Behavior 
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Fig. 3The percentage in each of the three profiles and transition probabilities from T1 to T2, T2 to T3, and T3 to T4. Profile 1: “Active, Non-sedentary and Short sleep”; Profile 2: “Active and Sedentary”; Profile 3: “Inactive and Sedentary” 



Transitions between 24-hour movement behavior profiles in people after stroke
We next assessed the stability of the 24-hour movement behavior profiles at four time points by conducting LTA. Table 4 shows the transitional probabilities of movement behavior from T1 to T2, T2 to T3, and T3 to T4. The diagonal of the transition matrix represents the probability that a participant will remain in the original profile. The proportions and transitional patterns of people after stroke in each profile at T1, T2, T3, and T4 are shown in Fig. 3. Participants in the “Active, Non-sedentary, and Short Sleep” profile were highly likely to stay in the original latent profile, especially within one month (T1→T2, 85.9%). The probability of participants in the “Active and Sedentary” profile staying in the original profile was also high, although the probabilities decreased over time, with T1→T2 (74.5%), T2→T3 (66.3%), and T3→T4 (56.3%). However, those in the “Inactive and Sedentary” profile exhibited a higher probability of transitioning to “Active and Sedentary” after discharge.Table 4Transition probabilities for the 24-hour movement behavior patterns


	 	Profile 1
	Profile 2
	Profile 3

	T1→T2

	Profile 1
	0.859
	0.000
	0.141

	 Profile 2
	0.180
	0.745
	0.075

	 Profile 3
	0.097
	0.652
	0.252

	T2→T3

	 Profile 1
	0.429
	0.290
	0.281

	 Profile 2
	0.247
	0.663
	0.090

	 Profile 3
	0.231
	0.763
	0.005

	T3→T4

	 Profile 1
	0.524
	0.441
	0.035

	 Profile 2
	0.365
	0.563
	0.072

	 Profile 3
	0.105
	0.517
	0.378

	T1→T4

	 Profile1
	0.531
	0.417
	0.052

	 Profile2
	0.265
	0.666
	0.069

	 Profile3
	0.359
	0.542
	0.099


Profile 1: “Active, Non-sedentary and Short Sleep”; Profile 2: “Active and Sedentary”; Profile 3: “Inactive and Sedentary”



In addition, we investigated the stability of the 24-hour movement behavior profiles from T1 to T4 since there may be a greater magnitude of change in 24-hour movement behaviors over this period. The transitional probabilities of 24-hour movement behavior patterns from T1 to T4 are shown in Table 4. The results were similar from T1 to T2, T2 to T3, and T3 to T4. From T1 to T4, participants in the “Active, Non-sedentary and Short sleep” and “Active and Sedentary” profile were highly likely to stay in the original latent profile. However, from T1 to T4, participants in the “Inactive and Sedentary” profile were less likely to stay in the original latentprofile.

Socio-demographic characteristics of 24-hour movement behavior profiles and transition status
Socio-demographic characteristics of each profile at four time points are described in Supplementary file table S1. There was a statistically significant difference in the place of residence and residential status among the profiles at T2. In terms of the place of residence, profile 1 had the highest proportion of rural (28%) and county seat (8%) and the lowest proportion of urban (64%). Conversely, profile 2 had the lowest proportion of rural participants (5.9%) and the highest proportion of urban participants (89.7%), p=0.022. While most people after stroke lived with family across all profiles, profile 1 had the highest proportion of participants who lived alone (16%). In addition, all participants in profile 3 lived with their families (100%), p=0.021. There was a statistically significant difference in the age group among the profiles at T3. Profile 1 had the highest proportion of people after stroke who were ≤ 65 years (77.4%) and the lowest proportion of people who were ＞65 years (22.6%). Profile 2 had the highest proportion of participants who were ＞65 years (53.1%) and the lowest proportion of participants who were ≤ 65 years (46.9%). No significant differences were observed between profiles of 24-hour movement behavior in terms of other socio-demographic characteristics at four time points (p＞0.05).  Socio-demographic characteristics of participants in different transition statuses, including stable, favorable transition and unfavorable transition are described in Supplementary file table S2. A significant difference in educational attainment was observed among different transition statuses from T2 to T3 (p = 0.023). Participants who belonged to unfavorable transition had the highest proportion of high school/secondary school (70%). In comparison, people after stroke who belonged to favorable transition had the highest proportion of post-secondary (22.6%) and college and above (22.6%). There were no significant differences in other socio-demographic characteristics among different transition statuses (p＞0.05).

Relationship of transitions in 24-hour movement behavior patterns with physical function and HRQoL
The latent statusof“Active, Non-sedentary and Short Sleep”at T1 and the latent status of“Inactive and Sedentary” at T2 and T3 were removed from the analysis because they contained a very small number of participants. As shown in Tables 5 and 6, when the participants who remained in the same profile over time were selected as the reference group, the different transition patterns were associated with physical function and HRQoL. In terms of physical function, participants who shifted from “Inactive and Sedentary” to “Active and Sedentary” and “Active, Non-sedentary, and Short Sleep” from T1 to T2 had better physical function (β=-0.824, p＜0.001; β=-0.779, p=0.032)participants who shifted from
“Active, Non-sedentary and Short Sleep”to “Inactive and Sedentary”from T2 to T3 had worse physical function (β=0.894, p=0.004); participants who shifted from “Inactive and Sedentary” to “Active, Non-sedentary, and Short Sleep” from T1 to T4 had better physical function (β=-0.936, p=0.028). In terms of HRQoL, participants who shifted from “Inactive and Sedentary” to “Active and sedentary”from T1 to T2had better HRQoL (β=0.138, p=0.01); participants who shifted from
“Active and Sedentary” to “Inactive and Sedentary” from T3 to T4 and T1 to T4 had worse HRQoL (β=-0.077, p=0.017; β=-0.121, p=0.001). Participants who shifted from “Inactive and Sedentary” to “Active, Non-sedentary and Short Sleep” from T1 to T4 had better HRQoL (β=0.069, p=0.04).Table 5Relationship of transitions in 24-hour movement behavior patterns with physical function


	Outcome
	Time
	 	Profile 1
	Profile 2
	Profile 3

	β
	P
	β
	P
	β
	P

	Physical Function (mRS)
	T1 to T2
	Profile 1
	/
	/
	/
	/
	/
	/

	Profile 2
	−0.106
	0.555
	REF
	 	−0.366
	0.222

	Profile 3
	−0.779
	0.032*
	−0.824
	<0.001***
	REF
	 
	T2 to T3
	Profile 1
	REF
	 	0.452
	0.16
	0.894
	0.004**

	Profile 2
	0.18
	0.24
	REF
	 	0.459
	0.059

	Profile 3
	/
	/
	/
	/
	/
	/

	T3 to T4
	Profile 1
	REF
	 	0.474
	0.135
	0.992
	0.238

	Profile 2
	−0.316
	0.159
	REF
	 	0.871
	0.052

	Profile 3
	/
	/
	/
	/
	REF
	 
	T1 to T4
	Profile 1
	/
	/
	/
	/
	/
	/

	Profile 2
	−0.243
	0.32
	REF
	 	0.987
	0.06

	Profile 3
	−0.936
	0.028*
	−0.744
	0.056
	REF
	 

*P < 0.05; **P < 0.01; ***P < 0.001; Profile 1: “Active, Non-sedentary and Short sleep”; Profile 2: “Active and Sedentary”; Profile 3: “Inactive and Sedentary”


Table 6Relationship of transitions in 24-hour movement behavior patterns with HRQoL


	Outcome
	Time
	 	Profile 1
	Profile 2
	Profile 3

	β
	P
	β
	P
	β
	P

	Health-Related Quality of Life
	T1 to T2
	Profile 1
	/
	/
	/
	/
	/
	/

	Profile 2
	0.027
	0.479
	REF
	 	−0.004
	0.946

	Profile 3
	0.149
	0.105
	0.138
	0.01*
	REF
	 
	T2 to T3
	Profile 1
	REF
	 	−0.061
	0.166
	−0.043
	0.307

	Profile 2
	0.032
	0.171
	REF
	 	−0.055
	0.141

	Profile 3
	/
	/
	/
	/
	/
	/

	T3 to T4
	Profile 1
	REF
	 	−0.031
	0.217
	−0.024
	0.716

	Profile 2
	0.031
	0.056
	REF
	 	−0.077
	0.017*

	Profile 3
	/
	/
	/
	/
	/
	/

	T1 to T4
	Profile 1
	/
	/
	/
	/
	/
	/

	Profile 2
	0.021
	0.23
	REF
	 	−0.121
	0.001**

	Profile 3
	0.069
	0.04*
	0.049
	0.116
	REF
	 

*P < 0.05; **P < 0.01; ***P < 0.001; Profile 1: “Active, Non-sedentary and Short sleep”; Profile 2: “Active and Sedentary”; Profile 3: “Inactive and Sedentary”; HRQoL: Health-Related Quality of Life





Discussion
This study employed an individual-centered approach to examine the heterogeneity, similarities, and variations of 24-hour movement behaviors in people after stroke during rehabilitation using objective 24-hour movement behavior data collected by wristband smartwatches. Three distinct profiles of 24-hour movement behaviors were identified, and transitions between profiles of 24-hour movement behaviors over time were associated with HRQoL and physical function. To the best of our knowledge, this is the first study of 24-hour movement behavior patterns in people after stroke. This study identified three patterns of 24-hour movement behavior among people after stroke: “Active, Non-sedentary, and Short Sleep,” “Active and Sedentary,” and “Inactive and Sedentary.” Over time, there was an increase in the number of participants who were classified as “Active, Non-sedentary, and Short Sleep,” while the percentage of participants categorized as “Inactive and Sedentary” decreased.This shows that people after stroke tend to improve their movement behavior patterns over time during the six months after discharge, which is consistent with the findings of van der Laag et al. [22]. Our study also found that people after stroke who are “Active and Sedentary” accounted for more than half of the sample at each of the four points of time. Our study supports the finding of Fini et al [7], who reported that the PA duration of people after stroke was higher in the chronic phase than in the subacute phase; however, they exhibited a long sedentary time, regardless of the disease phase. The majority of our participants engaged in adequate PA, yet prolonged sedentary behavior was still observed. Prolonged SB was independently associated with the increased risk of cardiometabolic problems [47]; therefore, future studies are recommended to prioritize and apply interventions aimed at reducing sedentary time among people suffering from stroke.  Transition analyses at each stage demonstrated that the participants who were in the “Active, Non-sedentary, and Short Sleep” profile had very high stability of movement behavior patterns over the month. However, from one to three months and three to six months, there was a 57.1% and 47.6% likelihood of shifting to a more unfavorable movement behavior pattern during wakefulness. Interventions for this subgroup need to focus on maintaining the levels of PA and SB, especially within the first month after discharge. In contrast, the stability of movement behavior patterns among participants categorized as “Active and Sedentary” remained high over a six-month period, whereas those in the "Inactive and Sedentary" group exhibited lower stability and a greater tendency to transition into the “Active and Sedentary”. This can be attributed to the gradual recovery of physical functions in people after stroke after discharge as they continue to recover from the disease, allowing previously inactive individuals to gradually increase their PA. However, they were highly likely to remain sedentary, possibly due to the low knowledge of people after stroke about the negative effects and health risks of SB [48]. To reduce the risk of cardiovascular diseases in people with stroke who have a sedentary lifestyle, it is important to promptly and effectively decrease their sedentary time. However, no evidence of effective interventions has been found on SB among people after stroke [49]. More high-quality studies are needed to help people after stroke become less sedentary in the future. PA can be categorized as light physical activity (LPA) and moderate-to-vigorous physical activity (MVPA) [50]. MVPA is essential for improving the health of people after stroke, but stroke-induced disability may limit participation in MVPA for people after stroke. LPA is more accessible than MVPA and more likely to be part of daily life. Consequently, it may be easier to encourage people after stroke to break SB with LPA. We found statistically significant differences in the sociodemographic characteristics among the latent profiles and transition patterns. When comparing profile 2 or 3 to profile 1, there was a higher proportion of old people (＞65 years), urban, and living with families. Our findings are consistent with the findings of previous studies where older age was associated with long sedentary time and physical inactivity [6, 51]. However, the relationship between residential status and movement behavior in this study was inconsistent with that observed in previous studies [51]. This may be due to different socio-cultural backgrounds. In addition, when comparing favorable transitions to unfavorable transitions, there was a higher proportion of education equivalent or more than post-secondary. This highlights the importance of education in identifying different transition patterns. Educational intervention may be an effective measure to promote the shift to favorable movement behavior patterns in people after stroke.
Transitions in 24-hour movement behavior patterns 6 months after discharge were significantly associated with changes in physical function. This suggests that increasing PA and decreasing SB in the early stages of rehabilitation can significantly improve functional outcomes in people after stroke, which is consistent with the findings of previous studies [12, 13, 52]. Healthcare professionals should focus on the interrelationship between 24-hour movement behaviors and how they change over time. However, the relationship between transitions in 24-hour movement behavior patterns and physical function was inconsistent in this study. The study results demonstrated a relationship between improvement in movement behavior during wakefulness and a decline in physical functioning three months after discharge, although the relationship was not statistically significant. To explain this result, it can be stated that PA intensity has been associated with functional recovery [53], and the guidelines recommend adequate MVPA for people after stroke [3]. However, this study did not refine PA into LPA and MVPA, which may have influenced the results. Alternatively, the effects of movement patterns on functional outcomes may decrease as people after stroke mostly regain their physical abilities within six months after discharge.
Previous studies indicated that exercise initiated within six months after discharge can moderately improve the HRQoL of people after stroke [10], consistent with our findings. Specifically, HRQoL was higher among people after stroke who shifted from “Inactive and Sedentary” to “Active and Sedentary”. People after stroke who shifted from “Active and Sedentary” to
“Inactive and Sedentary” had lower levels of HRQoL. However, neither people after stroke who shifted to “Active, Non-sedentary and Short sleep” profile nor those who shifted from “Active, Non-sedentary and Short sleep” profile to other profiles did not have a significantly higher or lower level of HRQoL. This finding should be interpreted cautiously. Engagement in regular exercise can increase strength, endurance, and cardiorespiratory fitness, all of which can improve HRQoL [10, 54]. However, motor deficits explain only 17.5-24.1% of the EQ-5D variance [55]. In addition to mobility, quality of life encompasses multiple aspects, such as pain and anxiety. People after stroke in “Active, Non-sedentary and Short sleep” profile follow a better movement behavior pattern when awake, but their sleep duration is short. Short sleep (<7h) is associated with increased depression, fatigue, and anxiety [56], which can negatively affect HRQoL [57, 58]. Nevertheless, future studies are recommended to further explore the effects of transitions between profiles of 24-hour movement behavior on people after stroke. Future updates to the exercise guidelines for people after stroke should also specify how patients allocate their time to sleep, PA, and SB to achieve optimal health benefits.
Limitations and prospects
Due to device limitations, this study did not differentiate between MVPA and LPA, as well as the purpose of sedentary time, resulting in incomplete information regarding potential profiles. The smartwatch we used could not differentiate between standing and PA, potentially overestimating PA. To address this limitation, future studies should utilize more precise equipment or integrate equipment with questionnaires to furnish more detailed and accurate insights into PA and SB. Secondly, the limitations of this study should also be considered when interpreting the results. Since the study sample represented only people after stroke admitted to a single hospital in China, the study findings should be cautiously generalized to other populations. As a result, more studies with larger and more diverse samples are needed to explore the 24-hour movement behavior patterns of people after stroke and to discover more potential patterns. In addition, future studies should further explore the antecedents and consequences of shifting movement behavior patterns in people after stroke.


Conclusions
The 24-hour movement behavior of people after stroke in this study was diverse and showed varying levels of stability over time. Later physical function and HRQoL were also correlated with the transitions between profiles of 24-hour movement behaviors. This study provides information to help individuals with unhealthy 24-hour movement behavior patterns receive more targeted interventions. The study findings also highlighted the importance of promptly identifying and addressing sedentary issues, which exhibit a significant level of consistency over time.

Acknowledgements
We would like to thank all of the participants that have taken part in the project.

Authors’ contributions
XP and LX were involved in the design of this study and in seeking funding for it. YZ, LY, LC, WYZ, and JXL assisted with the data collection and cohort maintenance. YZ and LY contributed to the conceptualization and analysis plan. YZ performed the analysis and drafted the initial manuscript. All authors made critical comments on drafts of the paper. All authors read and approved the final manuscript.

Funding
This work was supported by the National Natural Science Foundation of China (No. 72104168); Suzhou 32nd Batch of Science and Technology Development Plan (Medical and Health Technology Innovation) (2021) (No. SKY2021036, SKJY2021066). The funder had no role in the design, analysis, or writing of this article.

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

Declarations
Ethics approval and consent to participate
The study was approved by the Medical Ethics Research Committee of the First Affiliated Hospital of Soochow University (No.2022518). Informed consent was sought from all potential participants prior to any and all involvement in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Collaborators GS. Global, regional, and national burden of stroke and its risk factors, 1990–2019: a systematic analysis for the global burden of Disease Study 2019. Lancet Neurol. 2021;20(10):795–820.


	2.
Gorelick PB. The global burden of stroke: persistent and disabling. Lancet Neurol. 2019;18(5):417–8.PubMed


	3.
Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br J Sports Med. 2020;54(24):1451–62.PubMed


	4.
Alsubiheen AM, Choi W, Yu W, Lee H. The Effect of Task-oriented activities training on Upper-Limb function, Daily activities, and Quality of Life in Chronic Stroke patients: a Randomized Controlled Trial. Int J Environ Res Public Health. 2022;19(21):14125.PubMedPubMedCentral


	5.
Duncan F, Kutlubaev MA, Dennis MS, Greig C, Mead GE. Fatigue after stroke: a systematic review of associations with impaired physical fitness. Int J Stroke. 2012;7(2):157–62.PubMed


	6.
Thilarajah S, Mentiplay BF, Bower KJ, Tan D, Pua YH, Williams G, et al. Factors Associated with Post-stroke Physical activity: a systematic review and Meta-analysis. Arch Phys Med Rehabil. 2018;99(9):1876–89.PubMed


	7.
Fini NA, Holland AE, Keating J, Simek J, Bernhardt J. How physically active are people following stroke? Systematic review and quantitative synthesis. Phys Ther. 2017;97(7):707–17.PubMed


	8.
English C, Healy GN, Coates A, Lewis L, Olds T, Bernhardt J. Sitting and activity time in people with stroke. Phys Ther. 2016;96(2):193–201.PubMed


	9.
Gunnes M, Indredavik B, Langhammer B, Lydersen S, Ihle-Hansen H, Dahl AE, et al. Associations between Adherence to the physical activity and Exercise Program Applied in the LAST study and functional recovery after stroke. Arch Phys Med Rehabil. 2019;100(12):2251–9.PubMed


	10.
Ali A, Tabassum D, Baig SS, Moyle B, Redgrave J, Nichols S, et al. Effect of Exercise interventions on Health-Related Quality of Life after Stroke and transient ischemic attack: a systematic review and Meta-analysis. Stroke. 2021;52(7):2445–55.PubMed


	11.
English C, Janssen H, Crowfoot G, Bourne J, Callister R, Dunn A, et al. Frequent, short bouts of light-intensity exercises while standing decreases systolic blood pressure: breaking up sitting time after stroke (BUST-Stroke) trial. Int J Stroke. 2018;13(9):932–40.PubMed


	12.
Mariana de Aquino Miranda J, Mendes Borges V, Bazan R, José Luvizutto G. Sabrysna Morais Shinosaki J. Early mobilization in acute stroke phase: a systematic review. Top Stroke Rehabil. 2023;30(2):157–68.PubMed


	13.
Hokstad A, Indredavik B, Bernhardt J, Langhammer B, Gunnes M, Lundemo C, et al. Upright activity within the first week after stroke is associated with better functional outcome and health-related quality of life: a Norwegian multi-site study. J Rehabil Med. 2016;48(3):280–6.PubMed


	14.
Borschmann KN, Ekinci EI, Iuliano S, Churilov L, Pang MY, Bernhardt J. Reducing sedentary time and fat mass may improve glucose tolerance and insulin sensitivity in adults surviving 6 months after stroke: a phase I pilot study. Eur Stroke J. 2017;2(2):144–53.PubMedPubMedCentral


	15.
Mayer-Suess L, Ibrahim A, Moelgg K, Cesari M, Knoflach M, Högl B, et al. Sleep disorders as both risk factors for, and a consequence of, stroke: a narrative review. Int J Stroke. 2024;19(5):490–8.PubMed


	16.
Luo Y, Yu G, Liu Y, Zhuge C, Zhu Y. Sleep quality after stroke: a systematic review and meta-analysis. Medicine. 2023;102(20):e33777.PubMedPubMedCentral


	17.
Tremblay MS, Carson V, Chaput J-P, Connor Gorber S, Dinh T, Duggan M, et al. Canadian 24-Hour Movement Guidelines for Children and Youth: an integration of physical activity, sedentary Behaviour, and Sleep. Appl Physiol Nutr Metab. 2016;41(6 Suppl 3):S311–27.PubMed


	18.
Ross R, Chaput J-P, Giangregorio LM, Janssen I, Saunders TJ, Kho ME, et al. Canadian 24-Hour Movement guidelines for adults aged 18–64 years and adults aged 65 years or older: an integration of physical activity, sedentary behaviour, and sleep. Appl Physiol Nutr Metab. 2020;45(10):S57–102. (Suppl. 2)).PubMed


	19.
Okely AD, Ghersi D, Hesketh KD, Santos R, Loughran SP, Cliff DP, et al. A collaborative approach to adopting/adapting guidelines - the Australian 24-Hour Movement guidelines for the early years (birth to 5 years): an integration of physical activity, sedentary behavior, and sleep. BMC Public Health. 2017;17(Suppl 5):869.PubMedPubMedCentral


	20.
Wondergem R, Veenhof C, Wouters EMJ, de Bie RA, Visser-Meily JMA, Pisters MF. Movement behavior patterns in people with First-ever stroke. Stroke. 2019;50(12):3553–60.PubMedPubMedCentral


	21.
Wondergem R, Pisters MF, Wouters EJM, de Bie RA, Veenhof C, Visser-Meily JMA. The course of physical functioning in the first two years after stroke depends on peoples’ individual movement behavior patterns. Int J Stroke. 2022;17(1):83–92.PubMed


	22.
van der Laag PJ, Wondergem R, Pisters MF. Movement behavior patterns composition remains stable, but individuals change their movement behavior pattern over time in people with a first-ever stroke. Eur Rev Aging Phys Act. 2022;19:11.PubMedPubMedCentral


	23.
Marsh HW, Lüdtke O, Trautwein U, Morin AJS. Classical latent Profile Analysis of Academic Self-Concept dimensions: synergy of person- and variable-centered approaches to theoretical models of Self-Concept. Struct Equation Modeling: Multidisciplinary J. 2009;16(2):191–225.


	24.
Mooney SJ, Joshi S, Cerdá M, Kennedy GJ, Beard JR, Rundle AG. Longitudinal patterns of physical activity among older adults: a latent transition analysis. Am J Epidemiol. 2018;187(7):1549–58.PubMedPubMedCentral


	25.
Parker K, Cleland V, Dollman J, Gatta JD, Hatt J, Timperio A. A latent transition analysis of physical activity and screen-based sedentary behavior from adolescence to young adulthood. Int J Behav Nutr Phys Act. 2022;19(1):98.PubMedPubMedCentral


	26.
Yamamoto N, Maruyama K, Saito I, Tomooka K, Tanigawa T, Kawamura R, et al. Latent profile analysis approach to the relationship between daily ambulatory activity patterns and metabolic syndrome in middle-aged and elderly Japanese individuals: the Toon Health Study. Environ Health Prev Med.2023;28:57. https://​doi.​org/​10.​1265/​ehpm.​23-00110.


	27.
Collins LM, Lanza ST. Latent class and latent transition analysis: with applications in the social, behavioral, and health sciences. Wiley; 2009.


	28.
Kirkevold M. The unfolding illness trajectory of stroke. Disabil Rehabil. 2002;24(17):887–98.PubMed


	29.
Tudor-Locke C, Burkett L, Reis JP, Ainsworth BE, Macera CA, Wilson DK. How many days of pedometer monitoring predict weekly physical activity in adults? Prev Med. 2005;40(3):293–8.PubMed


	30.
Lin J, Tu S, Lin J, Zhou Y, He X, Jia J. Correlation between somatosensory and motor function in stroke patients of different age groups and thoughts on full-cycle Rehabilitation: a Multicenter cross-sectional study. Chin Gen Pract. 2024;27(23):2838–45.


	31.
World Health Organization. Physical status: The use of and interpretation of anthropometry, Report of a WHO Expert Committee. 1995;854:1–452. PMID: 8594834.


	32.
Verlato G, Accordini S, Nguyen G, Marchetti P, Cazzoletti L, Ferrari M, et al. Socioeconomic inequalities in smoking habits are still increasing in Italy. BMC Public Health. 2014;14:879.PubMedPubMedCentral


	33.
Tan G, Liu M, Lei C, Chen Y, Hao Z. Influencing factors analysis of hemorrhagic transformation in non-thrombolysis patients after acute cerebral infarction. Chin J Cerebrovasc Dis. 2015;12(08):409–14.


	34.
Wu D, Lin H, Xia S, Yi F. Analysis of hospitalization expenses and influencing factors in stroke patients. Chin J Clin Ration Drug Use. 2019;12(10):31–2.


	35.
Brott T, Adams HP, Olinger CP, Marler JR, Barsan WG, Biller J, et al. Measurements of acute cerebral infarction: a clinical examination scale. Stroke. 1989;20(7):864–70.PubMed


	36.
Wade D, Collin C, The Barthel ADL. Index: a standard measure of physical disability? Int Disabil Stud. 1988;10(2):64–7.PubMed


	37.
Rowlands AV, Mirkes EM, Yates T, Clemes S, Davies M, Khunti K, et al. Accelerometer-assessed physical activity in Epidemiology: are monitors Equivalent? Med Sci Sports Exerc. 2018;50(2):257–65.PubMed


	38.
Evenson KR, Wen F, Hales D, Herring AH. National youth sedentary behavior and physical activity daily patterns using latent class analysis applied to accelerometry. Int J Behav Nutr Phys Act. 2016;13:55.PubMedPubMedCentral


	39.
Banks JL, Marotta CA. Outcomes validity and reliability of the modified Rankin scale: implications for stroke clinical trials: a literature review and synthesis. Stroke. 2007;38(3):1091–6.PubMed


	40.
Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al. Development and preliminary testing of the new five-level version of EQ-5D (EQ-5D-5L). Qual Life Res. 2011;20(10):1727–36.PubMedPubMedCentral


	41.
Luo N, Liu G, Li M, Guan H, Jin X, Rand-Hendriksen K. Estimating an EQ-5D-5L value set for China. Value Health. 2017;20(4):662–9.PubMed


	42.
Nylund KL, Asparoutiov T, Muthén BO. Deciding on the number of classes in latent class analysis and growth mixture modeling: a Monte Carlo simulation study. Struct Equation Modeling: Multidisciplinary J. 2007;14(4):535–69.


	43.
Lubke G, Muthén BO. Performance of factor mixture models as a function of model size, covariate effects, and class-specific parameters. Struct Equ Model. 2007;14(1):26–47.


	44.
Wang D, Liu C, Zhang X, Liu C. Identifying antibiotic prescribing patterns through Multi-level Latent Profile analyses: a cross-sectional survey of Primary Care Physicians. Front Pharmacol. 2020;11:591709.PubMedPubMedCentral


	45.
Masyn KE. Latent class analysis and Finite Mixture modeling. In: Todd DL, editor. The Oxford Handbook of Quantitative Methods in psychology: Vol.2: statistical analysis. Oxford: Oxford University Press; 2013. pp. 551–611.


	46.
Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, et al. National Sleep Foundation’s updated sleep duration recommendations: final report. Sleep Health. 2015;1(4):233–43.PubMed


	47.
Biswas A, Oh PI, Faulkner GE, Bajaj RR, Silver MA, Mitchell MS, et al. Sedentary time and its association with risk for disease incidence, mortality, and hospitalization in adults: a systematic review and meta-analysis. Ann Intern Med. 2015;162(2):123–32.PubMed


	48.
Fitzsimons CF, Nicholson SL, Morris J, Mead GE, Chastin S, Niven A. Stroke survivors’ perceptions of their sedentary behaviours three months after stroke. Disabil Rehabil. 2022;44(3):382–94.PubMed


	49.
Saunders DH, Mead GE, Fitzsimons C, Kelly P, Wijck F, Verschuren O, et al. Interventions for reducing sedentary behaviour in people with stroke. Cochrane Database Syst Rev. 2021;2021(6):CD012996.PubMedCentral


	50.
Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR, Tudor-Locke C, et al. 2011 Compendium of Physical activities: a second update of codes and MET values. Med Sci Sports Exerc. 2011;43(8):1575–81.PubMed


	51.
Choi Y-A, Lee JS, Park JH, Kim YH. Patterns of physical activity and sedentary behavior and their associated factors among nondisabled stroke survivors. Maturitas. 2022;158:10–5.PubMed


	52.
Askim T, Bernhardt J, Salvesen O, Indredavik B. Physical activity early after stroke and its association to functional outcome 3 months later. J Stroke Cerebrovasc Dis. 2014;23(5):e305–12.PubMed


	53.
Gothe NP, Bourbeau K. Associations between physical activity intensities and physical function in stroke survivors. Am J Phys Med Rehabil. 2020;99(8):733–8.PubMed


	54.
Aguiar LT, Nadeau S, Britto RR, Teixeira-Salmela LF, Martins JC, Faria CDCM. Effects of aerobic training on physical activity in people with stroke: protocol for a randomized controlled trial. Trials. 2018;19(1):446.PubMedPubMedCentral


	55.
van der Ende NAM, den Hartog SJ, Broderick JP, Khatri P, Visser-Meily JMA, van Leeuwen N, et al. Disentangling the Association between neurologic deficits, patient-reported impairments, and Quality of Life after ischemic stroke. Neurology. 2023;100(13):e1321–8.PubMedPubMedCentral


	56.
Dong L, Brown DL, Chervin RD, Case E, Morgenstern LB, Lisabeth LD. Pre-stroke sleep duration and post-stroke depression. Sleep Med. 2021;77:325–9.PubMed


	57.
Guo J, Wang J, Sun W, Liu X. The advances of post-stroke depression: 2021 update. J Neurol. 2022;269(3):1236–49.PubMed


	58.
Gurková E, Štureková L, Mandysová P, Šaňák D. Factors affecting the quality of life after ischemic stroke in young adults: a scoping review. Health Qual Life Outcomes. 2023;21(1):4.PubMedPubMedCentral




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


OEBPS/navigation.xhtml

    
      Contents


      
        		Longitudinal relationship between 24-Hour Movement behavior patterns and physical function and quality of life after stroke: a latent transition analysis


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12966_2024_1689_Fig2_HTML.png
Time (hour)

Time (hour)

a4 T1 Profile] (15%)
—= = Profile2(50%)
124 *. — = Profile3(35%)
/, Bigg.
. N
N
10 , o,
./ LB~ *
84 . ~/ - e~ -
= /
6 -
4 =
4
2 T T |
PA SB Sleep
144 T3 Profile1(29%)
—= — Profile2(59%)
—#* = Profile3(12%)
12
10 =
’ . /*\ .
N .
8 /V\/. il
N T
#* N i
6 -
4 4
2 T T T
PA SB Sleep

Time (hour)

Time (hour)

144 T2 Profile1(23%)
—= — Profile2(63%)
i —* — Profile3(14%)
IK .
10 4 - & Ik -
" py —
$ - 0 9
e S
W e — - — - -
6 -
4 '3
2 T | T
PA SB Sleep
14 T4 Profile1(37%)
—= - Profile2(54%)
12 —# = Profile3(9%)
10 -
- .
- i / b ~. -
8 RS T~%
SEe . )
. Tr—-m=
6 *”
4
2 T | T
PA SB Sleep






OEBPS/css/envelope.png





OEBPS/images/12966_2024_1689_Fig1_HTML.png
Consented and provided background
information
n=131

A 4

Participants at 1 week (T1)

n=131 Not included:
e TUnable to contact (n=4)
. |® Refused further participation (n=3)
"o mvalid numbers of day (n=3)
y ® Hospital stay (n=2)

Participants at 1 month (T2)
n=119

Not included:

Y

Participants at 3 months (T3)
n=112

Y

Refused further participation (n=2)
Unable to contact (n=4)
Hospital stay (n=1)

Not included:

Y

Participants at 6 months (T4)
n=108

Y

Refused further participation (n=2)

o Unable to contact (n=2)






OEBPS/css/sidebar.gif





OEBPS/images/12966_2024_1689_Fig3_HTML.png
T1 T2 i T4

Profile 3 35% 14% 12% 9%
< \
Profile 2 % 63% EE 54%
> 4
Profile 1 %%EL 37%
Transition ) | -
SIObAINEES [ oy 20-39 | 40-59 | 60-79 | 80-100






