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Abstract

Objective: The present study examined device-measured physical activity levels and sedentary 

behavior participation during different times of the day (i.e., morning, midday, and evening) in 

adults with multiple sclerosis (MS) who differed in fatigue status.

Design: Cross-sectional, survey.

Setting: Remote survey study managed by a university-based research laboratory.

Participants: A population-based sample of 1,000 participants with MS were sent recruitment 

materials by the North American Research Committee on Multiple Sclerosis.

Main Outcome Measures: Participants (N=218) completed the Fatigue Severity Scale (FSS) 

as a measure of fatigue severity and were divided into subgroups of fatigued (FSS score ≥4) and 

non-fatigued (FSS score <4). Participants wore an ActiGraph GT3X+ on the non-dominant hip for 

seven days for measuring physical activity(i.e., light physical activity[LPA], moderate-to-vigorous 

physical activity[MVPA], steps) and sedentary behavior.

Results: Fatigued participants engaged in less MVPA(F(1,216)=18.5, p<0.001), fewer 

steps(F(1,216)=27.8, p<0.001) and more sedentary time (F(1,216)=8.2, p=0.005) than non-

fatigued participants. Regardless of group, the highest levels of LPA(F(1.7,355.7)=72.9, p<0.001) 

and MVPA(F(1.8,395.3)=23.0,p<0.001) occurred in the morning and middle of the day, with the 

lowest levels in the evening. Regardless of group, the highest levels of sedentary behavior occurred 

in the evening with similar levels in the morning and evening(F(1.6,354.5)=84.3,p<0.001). 

Regardless of group, participants had more steps in the middle of the day followed by the morning 

and then the evening(F(1.8,383.9)=84.7,p<0.001).
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Conclusions: Our results suggest that physical activity timing should be considered in future 

development and delivery of behavior interventions that focus on increasing physical activity and 

reducing sedentary behavior among adults with MS who have fatigue.
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Introduction

Multiple sclerosis (MS) is an inflammatory, neurodegenerative disease of the central nervous 

system with a prevalence of nearly 1 million adults in the United States1 and 2.8 million 

people worldwide.2 Fatigue is reported by 81% of adults with MS3 making it one of the 

most common consequences of this disease. Fatigue is further burdensome based on its 

association with outcomes of physical and cognitive function, anxiety, depression, sleep 

dysfunction, and quality of life.4–6 This makes fatigue a common target of symptom 

management in MS,7 and physical activity represents a promising approach for managing 

fatigue in adults with MS,8–11 yet the presence of fatigue likely influences engagement in 

approaches for symptom management such as physical activity.

Adults with severe MS-related fatigue participate in lower levels of physical activity and 

higher levels of sedentary behavior than people with MS without fatigue.12 This is alarming 

as adults with MS participate in significantly lower levels of physical activity than healthy 

controls, wherein one study estimated that only 20% of adults with MS meet public health 

guidelines for daily rates of health-promoting physical activity.13 Overall, adults with MS, 

particularly those with severe MS-related fatigue, may not be engaging in sufficient levels of 

physical activity necessary for managing the symptom of fatigue.

The low rates of physical activity participation in adults with fatigue may be associated 

with a reactionary reduction of activity levels resulting from or in anticipation of fatigue 

(i.e., those with higher levels of fatigue may avoid or limit activity to prevent an increase 

in fatigue symptoms). Adults with MS-related fatigue are often encouraged to utilize energy 

conservation strategies, and these focus on prioritization and optimization of available 

energy for more important tasks/activities. Although energy conservation methods may 

provide short-term benefits for fatigue symptoms,14 one study reported that use of activity 

pacing strategies in adults with MS-related fatigue was associated with lower physical 

activity levels overall.15 Perhaps people with MS who use energy conservation strategies 

may be limiting physical activity participation in response to the anticipation of increased 

fatigue, and this may reduce the likelihood of experiencing the beneficial effects of physical 

activity on MS-related fatigue.

The timing of physical activity participation may further be an important consideration, as 

fatigue may increase throughout the course of the day. One study indicated that fatigue 

levels are highest in the middle of the day (i.e., 12:00–13:00) and afternoon (i.e., 15:00–

16:00) compared with in the morning; however, that study reported no significant effect of 

time of day on walking capacity, and this suggests that while fatigue levels may increase 

during the day, walking capacity remains stable.16 To date, we are unaware of a study that 
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has examined rates of physical activity and sedentary behavior across different time periods 

of day in persons with MS who have elevated levels of fatigue. The examination of physical 

activity patterns throughout the day in those with and without MS-related fatigue may 

inform the design and delivery of behavioral interventions targeting an increase in physical 

activity and a reduction in sedentary behavior in adults with MS, particularly for managing 

fatigue.

The present study examined device-measured physical activity levels and sedentary behavior 

participation during different times of the day (i.e., morning, midday, and evening) among 

adults with MS who differed in levels of fatigue. Based on the aforementioned literature, we 

expected that participants with fatigue would participate in less daily physical activity and 

more daily sedentary behavior than non-fatigued participants.12 We further anticipated lower 

physical activity in the middle of the day and afternoon when fatigue may be higher than in 

the morning when fatigue levels may be lower.16

Methods

Participants

The present study consisted of a secondary analysis of data from a larger study examining 

patterns of sedentary behavior in adults with MS.17 That study recruited persons with 

MS nationally through the North American Research Committee on Multiple Sclerosis 

(NARCOMS) patient registry. NARCOMS sent recruitment materials to a random sample of 

1,000 people who had completed the fall 2017 survey. Interested persons (N=296) contacted 

the research team and were assessed for the inclusion criteria: 18 years of age or older, 

diagnosis of MS, and member of the NARCOMS registry. Of those who returned materials 

(N=275), 218 persons with MS completed all relevant study procedures and were included 

in the current study. No formal sample size calculations were performed.

Fatigue Severity

The Fatigue Severity Scale (FSS) is a nine-item questionnaire assessing the impact of fatigue 

on motivation, exercise, physical function, completing tasks, and interference with work, 

family or social life over the past four weeks.18 The items are rated on a Likert scale from 

1 (strongly disagree) to 7 (strongly agree) and individual item scores are averaged into an 

overall severity score, whereby lower scores indicate less fatigue in everyday life. Of note, 

FSS scores of four or above are indicative of severe MS-related fatigue,4, 19 and participants 

were divided into subgroups of fatigued (FSS≥ 4) and non-fatigued (FSS< 4).

Device-measured Activity Participation

An ActiGraph GT3X+ accelerometer worn on a belt around the waist during waking 

hours for a seven-day period provided device-measured outcomes of physical activity and 

sedentary behavior. The GT3X+ model of ActiGraph accelerometer has acceptable accuracy 

in MS across a range of walking speed and levels of neurological disability, including 

persons who walk with canes or rollators.20 Raw data were processed and scored by trained 

staff with the ActiLife software as band-pass filtered and vector magnitudes of the x, y, 

and z axes were digitally integrated as counts per minute and presented as an average of 

Cederberg et al. Page 3

Arch Phys Med Rehabil. Author manuscript; available in PMC 2023 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the valid days.21 Daily wear time was estimated using the Troiano 2007 algorithm in the 

ActiLife software, and participants recorded the times they wore the monitor in a diary daily 

for verifying wear time. A day of wear was considered valid if there was a minimum of 10 

hours (i.e., 600 minutes) of total wear time without continuous zeros exceeding 30 minutes, 

and participants with 1 or more valid days of data in each time period (i.e., morning, 

midday, evening) were included in the analyses. We further processed data per hour of each 

valid day of wear time and aggregated the total of each hour into time period buckets of 

morning (i.e., 6:00 AM-11:59 AM), midday (i.e., 12:00 PM-5:59 PM), and evening (i.e., 

6:00 PM-11:59 PM),22 wherein an hour of wear was included in analysis if the monitor 

registered a minimum wear time of 30 minutes within the given hour.

Step counts.—Step count data were processed without the low frequency extension (LFE) 

available in ActiLife, as there is evidence to suggest that steps in free-living conditions are 

overestimated using the LFE filter with this model of ActiGraph.23 Step counts are presented 

as the daily average (steps/day) and total steps in each time-of-day period averaged for the 

seven-day period.

Physical activity and sedentary behavior.—Data from the accelerometers were 

processed with LFE and quantified as average minutes per day of sedentary time, light 

physical activity (LPA), and moderate-to-vigorous physical activity (MVPA), based on MS-

specific cut-points.24 We further quantified the total minutes of LPA, MVPA, and sedentary 

time in each time-of-day period and then calculated the percentage of time spent in each 

time-of-day period (i.e., morning, midday, evening) as a function of wear time by dividing 

the total minutes in each time period by the total wear time in that time period (e.g., 

percentage of morning LPA = minutes of morning LPA / minutes of morning wear time × 

100).

Demographics and Clinical Characteristics

Participants completed a questionnaire for demographic and clinical characteristics (i.e., age, 

gender, race, employment status, MS type, and disease duration) and provided a list of 

medications, including any MS-related disease-modifying treatments (DMTs). Participants 

further completed the single-item, self-reported Patient Determined Disease Steps (PDDS) 

scale as a valid measure of disability status.25

Procedure

The procedure was approved by the University’s Institutional Review Board and all 

participants provided written informed consent. Participants were mailed a packet containing 

the informed consent document, questionnaires, accelerometer and wear time log, as well 

as a pre-stamped and pre-addressed envelope for return service. Participants completed the 

questionnaires and wore the monitor for a seven-day period. Participants returned a copy of 

the signed informed consent along with the study materials through the United States Postal 

Service. All participants were remunerated upon completion of the study.
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Statistical Analyses

All data were analyzed in SPSS Version 26 (IBM Corporation, Armonk, NY), and all 

analyses were interpreted with an a priori p-value of 0.05. Descriptive statistics are reported 

as mean and standard deviation (SD) for continuous variables, median and interquartile 

range[IQR] for ordinal variables, and number and percentage for dichotomous variables. We 

examined frequency distributions and conducted Shapiro-Wilks analysis for establishing 

normality of the variables, whereby a p-value of >0.05 was indicative of a normal 

distribution. There were no missing data. We examined differences in demographic and 

clinical characteristics between fatigue severity subgroups (i.e., non-fatigued and fatigued) 

with independent samples t-tests for normally distributed continuous variables, Mann 

Whitney-U tests for non-normally distributed continuous variables, and Chi-squared tests 

for dichotomous variables, whereby an a priori alpha level of 0.05 indicated a significant 

difference between groups. We further conducted two-way mixed-factor analysis of variance 

(ANOVA) with group (i.e., fatigued and non-fatigued) as the between-subjects factor and 

time (i.e., morning, midday, and evening) as the within-subjects factor on the dependent 

variables of wear time, LPA, MVPA, steps, and sedentary time.

Results

Participants

The summary of participant demographic and clinical characteristics for the overall sample 

(N=218) and fatigue severity subgroups is presented in Table 1. The sample had an 

average age of 59.3 ± 10.1 years and was primarily female (82%), Caucasian (96%), and 

unemployed (61%). Regarding clinical characteristics, the sample primarily had relapsing-

remitting MS (70%) with an average disease duration of 19.9 ± 9.3 years, a median PDDS 

score of 3 [IQR=4], and 84% of participants reported taking a DMT. Regarding fatigue, 

67% (n=146) of the sample classified as fatigued (FSS≥ 4) and the fatigued group had 

significantly higher disability (p<0.001) compared with the non-fatigued group (n=72); there 

were no other significant differences between groups in demographic or clinical variables. 

We did not control for PDDS (disability) in the analyses, as fatigue and disability were 

strongly correlated and the control of disability would likely attenuate the differences in 

fatigue groups, as the control of FSS (fatigue) would attenuate differences in physical 

activity between disability groupings.

Accelerometer Wear Time

The summary of accelerometer wear time during different times of the day for the overall 

sample and by fatigue severity subgroups is presented in Table 2. There was no significant 

group by time-of-day interaction (F(1.3,278.5)=0.2,p=0.690), but there were significant 

effects of time-of-day (F(1.3,278.5)=97.9,p<0.001) and group (F(1,216)=5.2,p=0.024) for 

accelerometer wear time (Figure 1a). The fatigued group wore the monitor for significantly 

less time than the non-fatigued group, and both groups wore the monitor for significantly 

more time in the middle of the day than in the morning and evening periods. We therefore 

performed additional analyses of physical activity and sedentary time outcomes based on 

percentages of wear time, as this accounts for differences in wear time between groups and 

across time-of-day periods.
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Step Counts

The summary of total step counts daily and during different times of day for the overall 

sample and by fatigue severity subgroups is presented in Table 2. There was a significant 

group by time-of-day interaction for daily steps (F(1.8,383.9)=4.9,p=0.010), whereby there 

was a steeper decrease in steps from midday to evening for the non-fatigued group compared 

with the fatigued group (Figure 1b). There was a significant effect of time-of-day on daily 

steps (F(1.8,383.9)=84.7,p<0.001), whereby both groups had more steps in the middle of the 

day followed by in the morning than in the evening. There was a significant effect of group 

for steps (F(1,216)=27.8,p<0.001), whereby the fatigue group had significantly fewer steps 

compared with the non-fatigued group.

Physical Activity Timing

The summaries of physical activity participation in total minutes and as a percentage 

of wear time for the overall sample and by fatigue subgroups are presented in Table 

2 and Table 3, respectively. There was no significant group by time-of-day interaction 

for percentage of time in LPA (F(1.7,355.7)=0.7, p=0.461), but there was a significant 

interaction for percentage of time in MVPA (F(1.8,395.3)=6.2, p=0.003), whereby there was 

a progressive decrease in MVPA across the day in the non-fatigued group compared with 

more consistent levels in the fatigued group. There was a significant effect of time-of-day 

for percentage of time in LPA (F(1.7,355.7)=72.9, p<0.001) and percentage of time in 

MVPA (F(1.8,395.3)=23.0, p<0.001), whereby both groups spent significantly more time 

in LPA and MVPA in the morning and middle of the day than in the evening. There was 

no significant effect of group for percentage of time in LPA (F(1,216)=2.7, p=0.100), but 

a significant effect of group for percentage of time in MVPA (F(1,216)=18.5, p<0.001), 

whereby the fatigued group spent significantly less time in MVPA compared with the 

non-fatigued group. Percentage of time spent in LPA and MVPA during different times of 

day for the fatigued group and non-fatigued group are visually presented in Figure 2a–b.

Sedentary Behavior Timing

The summaries of sedentary time in total minutes and as a percentage of wear time 

for the overall sample and by fatigue subgroups are presented in Table 2 and Table 3, 

respectively. There was no significant group by time-of-day interaction for percentage of 

time in sedentary time (F(1.6,354.5)=0.01, p=0.980). There was a significant effect of time-

of-day (F(1.6,354.5)=84.3, p<0.001), whereby both groups spent significantly more time in 

sedentary behavior in the evening than in the morning and in the middle of the day. There 

was a significant effect of group for percentage of time in sedentary time (F(1,216)=8.2, 

p=0.005), whereby the fatigued group spent significantly more time sedentary than the 

non-fatigued group. Percentage of sedentary time during different times of day for the 

fatigued group and non-fatigued group is visually presented in Figure 2c.

Discussion

The present study examined device-measured physical activity and sedentary behavior in 

adults with MS who were fatigued and non-fatigued as a function of time of day. Our 

primary results indicate: (a) fatigued participants engaged in less MVPA, more sedentary 
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time and took fewer steps than non-fatigued participants; (b) the highest levels of LPA and 

MVPA occurred in the morning and middle of the day, with the lowest levels in the evening; 

(c) the highest levels of sedentary behavior occurred in the evening with similar levels in the 

morning and middle of the day; and (d) participants had more steps in the middle of the day 

followed by the morning and then the evening. These results suggest that physical activity 

and sedentary behavior timing should be considered in future development and delivery 

of physical activity interventions as the timing of physical activity may be impactful for 

improving this behavior in adults with MS who present with fatigue.

The primary novel findings of the present study suggest that the highest levels of physical 

activity (i.e., LPA, MVPA, and step counts) occur in the morning and middle of the day 

and, correspondingly, the highest levels of sedentary behavior occurred in the evening. 

Interestingly, adults without fatigue had a steeper decrease in MVPA and daily steps across 

the day, whereas adults with fatigue had similar levels of MVPA in the morning and 

midday and then a progressive decrease in the evening. These results suggest that those 

with fatigue may be practicing activity pacing (i.e., prioritizing available energy for tasks/

activities) during the day and minimizing activity in the evening. This is consistent with the 

notion that fatigue worsens as the day progresses.16, 26 Thus, if fatigue levels are highest 

in the middle of day and evening, participants may be less likely to engage in physical 

activity and more likely to engage in sedentary behavior in an effort to conserve energy. 

On the other hand, participants may have increased fatigue in the evening and may not 

have enough energy to engage in activity later in the day after engaging in higher levels of 

activity in the morning and middle of the day. Indeed, a recent study reported that adults 

with MS respond to an increase in perceived fatigue by reducing physical activity levels.27 

That study further examined the association between physical activity and fatigue severity 

within different times of the day and reported that higher levels of physical activity in the 

morning and evening were associated with lower fatigue severity during those time points, 

but higher levels of physical activity in the middle of the day were associated with higher 

fatigue severity.27 Collectively, these findings suggest that the physical activity levels and 

fatigue severity across different times of the day have a dynamic, bi-directional relationship. 

Importantly, the pattern of decreased activity and higher levels of sedentary behavior in the 

evenings was observed in both participants with and without fatigue, suggesting that reduced 

activity in the evening may not be related to fatigue severity alone. Future research should 

examine the relationship between physical activity timing and fatigue severity in adults with 

MS as increasing physical activity, particularly in the evenings when participation is lower, 

may be an important target for managing fatigue severity.

Our results further suggest that fatigued participants engage in less MVPA and more 

sedentary time with fewer total daily steps than non-fatigued participants. These findings are 

consistent with a previous study that demonstrated significant differences in the proportion 

of time spent in physical activity and sedentary between groups of fatigued and non-fatigued 

adults with MS.12 However, that study further indicated a diminution of significance 

between groups when controlling for disability status and employment status. Therefore, 

significant differences between fatigued and non-fatigued adults with MS may be related to 

the significant difference in disease severity between groups, whereby those with a higher 

disability status may have more impaired physical function and participate in less activity 
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throughout the day. Future research should examine the role of other MS-related symptoms 

and consequences in the relationship among physical activity, sedentary behavior and fatigue 

as a function of time-of-day for a more comprehensive understanding of fatigue in MS.

Study Limitations

The present study is not without limitations. The cross-sectional study design precludes any 

inferences on causality and longitudinal studies are necessary to determine the directionality 

of the relationship between fatigue and physical activity and sedentary behavior across 

the day. There was no formal sample size calculation and a relatively small proportion 

of potential participants (i.e., 218 of 1000 recruited) completed data collection that may 

increase the risk of participation or outcome bias. We did not include additional outcomes 

that may be associated with physical activity participation as a result of higher disability 

status (e.g., physical function), and we did not control for disability in the analyses based 

on the dynamic, bidirectional association between disability and fatigue. Our measure of 

fatigue severity was obtained over the previous month and physical activity and sedentary 

behavior was measured over the previous week; this may limit our ability to compare these 

outcomes. Additionally, fatigue severity averaged over the previous month may not provide 

important detail regarding fatigue severity fluctuation from day-to-day or fluctuation within 

a day; this could be overcome in future research using experience sampling methodology 

along with accelerometry. We did not exclude participants who were using medications to 

manage fatigue, which may influence variability in fatigue throughout the day.

Conclusions

The present study describes physical activity and sedentary behavior participation in adults 

with MS as a function of fatigue over the course of the day. Our primary novel findings 

suggest that, regardless of fatigue group, the highest levels of physical activity are in 

the morning and middle of the day and the highest levels of sedentary behavior occur 

in the evening. These results suggest that physical activity timing may be an important 

target for behavioral interventions that focus on increasing physical activity and reducing 

sedentary behavior in adults with MS with severe fatigue. Clinicians and researchers 

utilizing behavioral interventions for increasing physical activity and reducing sedentary 

behavior may consider encouraging an increase in physical activity and step count levels 

during different time points throughout the day, particularly when levels of physical activity 

are low and sedentary time is high.
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DMTs disease-modifying therapies

FSS Fatigue Severity Scale

IQR interquartile range

LFE low frequency extension

LPA light physical activity

MS multiple sclerosis

MVPA moderate-to-vigorous physical activity

NARCOMS North American Research Committee on Multiple Sclerosis

PDDS Patient Determined Disease Steps

SD standard deviation
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Highlights

• Fatigued adults engaged in less MVPA, more sedentary time and took fewer 

steps

• The highest levels of LPA and MVPA occurred in the morning and middle of 

the day

• The highest levels of sedentary behavior occurred in the evening

• Participants had the most steps in the middle of the day
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Figure 1: Wear time and step counts during different times of day in adults with multiple 
sclerosis based on fatigue severity groups. Values are mean and standard error of the mean.
Accelerometer data during different times of day in adults with multiple sclerosis separated 

into fatigued (solid line) and non-fatigued (dashed line) groups. Figure 1a represents the 

total accelerometer wear time in minutes and Figure 1b represents total step counts during 

each time of day. Values are mean and standard error of the mean.
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Figure 2: Physical activity and sedentary behavior as a function of wear time during different 
times of day in adults with multiple sclerosis based on fatigue severity groups. Values are mean 
scores and standard error of the mean.
Physical activity and sedentary behavior as a function of wear time during different times 

of day in adults with multiple sclerosis separated into fatigued (solid line) and non-fatigued 

(dashed line) groups; (a) percentage of time spent in light physical activity, (b) percentage 

of time spent in moderate-to-vigorous physical activity, and (c) percentage of time spent 

sedentary. Values are mean scores and standard error of the mean.
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Table 1:

Participant characteristics for the overall sample and fatigue severity subgroups

Variable Overall Sample
(N=218)

Non-Fatigued
(n=72)

Fatigued
(n=146) p-value

Age (years) 59.3 ± 10.1 60.5 ± 9.1 58.7 ± 10.6 0.297*

Gender (n (%) Female) 179 (82%) 58 (81%) 121 (83%) 0.674

Race (n (%)) 0.458

Caucasian 209 (96%) 69 (96%) 140 (96%) —

Latino/Latina 4 (2%) 1 (1%) 3 (2%) —

Black/African American 2 (1%) 0 (0%) 2 (1%) —

Employed (n (%)) 84 (39%) 34 (47%) 50 (35%) 0.082

MS Type (n (%)) 0.339

Relapsing-remitting MS 153 (70%) 53 (74%) 100 (69%) —

Secondary Progressive MS 38 (17%) 12 (17%) 26 (18%) —

Primary Progressive MS 24 (11%) 5 (7%) 19 (13%) —

MS Disease Duration (years) 19.9 ± 9.3 20.4 ± 8.5 19.7 ± 9.7 0.515*

PDDS (median [IQR]) 3 [4.0] 1.0 [3.0] 3.0 [4.0] <0.001

DMT Use (n (%)) 184 (84%) 60 (83%) 124 (85%) 0.935

FSS Score 4.6 ± 1.7 2.5 ± 0.9 5.6 ± 0.8 <0.001*

Notes: Values are presented as mean ± standard deviation unless otherwise specified; Non-fatigued based on an FSS score of < 4; Fatigued 
based on an FSS score ≥ 4; *] Mann-Whitney U test; MS Multiple Sclerosis; PDDS Patient Determined Disease Status; DMT Disease-modifying 
Therapy; FSS Fatigue Severity Scale.

Arch Phys Med Rehabil. Author manuscript; available in PMC 2023 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cederberg et al. Page 15

Table 2:

Physical activity and sedentary behavior participation overall and by time of day in the overall sample and by 

fatigue severity subgroups.

Variable Overall Sample
(N=218)

Non-Fatigued
(n=72)

Fatigued
(n=146)

Wear Time (min/day) 802.2 ± 204.5 846.7 ± 281.2 780.2 ± 149.7

Morning Wear Time (min) 229.7 ± 92.3 244.8 ± 100.8 222.3 ± 87.2

Midday Wear Time (min) 339.8 ± 86.3 358.7 ± 119.9 330.5 ± 62.1

Evening Wear Time (min) 232.6 ± 117.7 243.2 ± 160.1 227.4 ± 90.0

Steps 3975.4 ± 2946.1 5388.0 ± 3780.4 3278.8 ± 2124.2

Morning Step Counts 1313.0 ± 1235.9 1852.1 ± 1582.6 1047.2 ± 918.6

Midday Step Counts 1869.0 ± 1441.2 2484.0 ± 1857.9 1565.7 ± 1066.6

Evening Step Counts 793.4 ± 929.4 1051.9 ± 1297.6 665.9 ± 647.2

LPA (min/day) 241.7 ± 94.7 267.9 ± 119.3 228.8 ± 77.2

Morning LPA (min) 74.3 ± 39.3 82.3 ± 42.9 70.4 ± 36.9

Midday LPA (min) 108.5 ± 45.5 119.2 ± 58.2 103.2 ± 36.9

Evening LPA (min) 58.9 ± 39.8 66.4 ± 50.8 55.2 ± 32.5

MVPA (min/day) 15.9 ± 21.3 25.0 ± 29.3 11.5 ± 14.2

Morning MVPA (min) 5.5 ± 9.1 9.5 ± 13.3 3.6 ± 5.1

Midday MVPA (min) 7.8 ± 11.1 11.6 ± 15.0 5.9 ± 7.9

Evening MVPA (min) 2.6 ± 6.6 3.9 ± 9.4 2.0 ± 4.6

Sedentary Time (min/day) 540.5 ± 159.0 541.6 ± 188.9 539.9 ± 142.7

Morning Sedentary (min) 148.2 ± 66.6 148.2 ± 61.9 148.3 ± 69.1

Midday Sedentary (min) 221.9 ± 64.6 222.8 ± 83.1 221.4 ± 53.5

Evening Sedentary (min) 170.3 ± 90.3 170.6 ± 118.2 170.2 ± 73.1

Notes: Values are presented as mean ± standard deviation; Non-fatigued based on an FSS score of < 4; Fatigued based on an FSS score ≥ 4; LPA 
light physical activity; MVPA moderate-to-vigorous physical activity.
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Table 3:

Physical activity and sedentary behavior as a function of wear time overall and by time of day in the overall 

sample and by fatigue severity subgroups.

Variable Overall Sample
(N=218)

Non-Fatigued
(n=72)

Fatigued
(n=146)

Daily LPA 29.9 ± 9.4 31.3 ± 10.3 29.1 ± 8.9

Morning LPA 32.6 ± 11.3 33.6 ± 11.3 32.1 ± 11.3

Midday LPA 31.8 ± 10.4 33.3 ± 11.7 31.1 ± 9.6

Evening LPA 25.2 ± 10.6 27.2 ± 11.1 24.2 ± 10.2

Daily MVPA 1.9 ± 2.5 2.8 ± 3.4 1.4 ± 1.7

Morning MVPA 2.3 ± 3.8 3.8 ± 5.7 1.5 ± 2.0

Midday MVPA 2.2 ± 3.2 3.3 ± 4.3 1.7 ± 2.3

Evening MVPA 1.1 ± 2.3 1.4 ± 2.9 0.9 ± 1.9

Daily Sedentary 68.1 ± 10.8 65.1 ± 12.5 69.5 ± 9.6

Morning Sedentary 64.9 ± 12.9 62.0 ± 14.2 66.4 ± 12.0

Midday Sedentary 65.7 ± 12.2 62.7 ± 14.5 67.2 ± 10.6

Evening Sedentary 73.5 ± 11.8 70.7 ± 12.9 74.9 ± 11.0

Notes: Values are presented as mean ± standard deviation of the percentage of wear time. Fatigue groups were based on an FSS score of < 4 as 
non-fatigued and FSS score ≥ 4 as fatigued; LPA light physical activity; MVPA moderate-to-vigorous physical activity.
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