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Abstract
Background—The purposes of this study were to (1) describe physical activity of adult manual
wheelchair users as measured by wrist actigraphy and two self-report measures, (2) compare
exercisers and nonexercisers on measures of physical activity, and (3) examine the relationships
between three activity measures.

Methods—Fifty manual wheelchair users wore an activity monitor and completed a physical
activity record for 7 days. At the completion of this period, a questionnaire that included the
Physical Activity Scale for Individuals with Physical Disabilities, stage of exercise question, and
demographic and health questions was completed.

Results—Mean daily hours spent in bed or asleep was 9.1, mean hours of light intensity activity
was 12.5, mean hours of moderate intensity activity was 1.3, and mean hours of strenuous activity
was 0.33. Thirty-eight percent did not report any strenuous activity, and 56% reported less than
the 150 minutes weekly of moderate or strenuous activity required to meet public health
guidelines. There was variability in both self-reported and objectively measured physical activity.
Regular exercisers were not significantly different from nonexercisers on objective measures of
physical activity. Measured physical movement was weakly correlated with recall of physical
activity or exercise.

Conclusion—Many wheelchair users do not meet public health guidelines for physical activity,
but they are not a homogeneous group in intensity and frequency of physical activity. Multiple
measurement methods can provide insights into the nature, intensity, and duration of physical
activity that is more complex due to variations in abilities and ways of moving.
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Promotion of physical activity for people of all ages and abilities is a national public health
priority [1]. Since 1995, U.S. public health guidelines for the frequency, intensity, and type
of physical activity required to improve and maintain health have targeted “healthy” adults
(aged 18-65 years). The most recent recommendations specify moderate-intensity aerobic
(cardiovascular endurance) physical activity for a minimum of 30 minutes 5 days each week
(150 minutes/week) or 20 minutes of strenuous activity at least 3 days each week [2]. In
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addition muscle strengthening or muscle endurance activities are recommended at least
twice weekly [2]. Recent recommendations for older adults include adults aged 50 to 64
with limitations in function that affect movement ability [3]. These recommendations
include modification of the intensity of aerobic and strengthening activity, addition of
flexibility activities, performing activities known to be therapeutic for the specific
impairment, and a tailored program with goals for frequency and duration similar to those
for adults without functional limitations [3].

Healthy People 2010 described disparities in physical activity levels between adults with
disabilities (AWD) and adults without disabilities (AWOD) in meeting public health
guidelines. A significantly smaller proportion of AWD engaged in moderate activity for at
least 30 minutes 5 times/week (23% of AWD, 33% of AWOD), and a smaller proportion
engaged in vigorous activity for at least 20 minutes 3 times/week (12% of AWD, 16% of
AWOD). There was also a significantly greater proportion of AWD who reported no leisure-
time physical activity (56% AWD, 36% AWOD) [4]. The Behavioral Risk Factor
Surveillance System (BRFSS) conducted national surveys of adults in 2001 and 2004 and
found ongoing physical activity disparities between older AWD and AWOD (60% AWOD
not meeting guidelines compared with 70% AWD), and among younger adults, 25.3% of
AWD were completely inactive compared with 13.4% of AWOD [5,6].

It is well known that inactivity has adverse health effects. A period of bed rest will set off a
cascade of adverse physiological effects including muscle deconditioning and atrophy,
slowing of the metabolic rate, loss of bone density, and decreased control over blood
pressure [7]. Too little activity over a prolonged period raises risks for heart disease,
diabetes, obesity, sleep apnea, chronic pain, depression, and colon cancer [8]. Conversely,
there is strong evidence that regular physical activity is associated with decreased risks of
cardiovascular disease, thromboembolic stroke, hypertension, type 2 diabetes mellitus,
osteoporosis, obesity, colon cancer, breast cancer, anxiety, depression and cognitive decline
[2,3].

People with disabilities, especially those with mobility impairments, are at very high risk for
the health problems associated with disuse [8,9]. Physical inactivity may also play a major
role in contributing to the secondary conditions related to primary impairments and
disabilities (depression, anxiety, pain, pressure ulcers, spasticity, urinary tract infections,
contractures, fractures, etc.) and reduction in quality of life [10,11]. Demonstrated health
and fitness benefits of moderate physical activity for people with disabilities include
improvements in strength, stamina, cardiovascular fitness, coordination, posture, weight
control, immune function, and circulation [12]. Psychological, functional, and quality of life
benefits have also been demonstrated, including reduced depression and anxiety, improved
self-esteem and body image, reduced need for medical care, and greater community
participation [12].

Mobility-limiting impairments are the most prevalent type of disability reported in the U.S.
[13-15]. Approximately 2.2 million people use wheelchairs or other wheeled mobility
devices to compensate for mobility limitations, and 90% of these report using manual
wheelchairs [15]. People with mobility impairments report a greater number of secondary
conditions associated with their primary disability than do ambulatory people with
disabilities [15]. It has been suggested that using a wheelchair may not provide enough
physical activity to promote health and necessitates a “low exercise” lifestyle due to use of
smaller amounts of muscle mass compared with walkers. Although mobility impairments
and wheelchair use do change the characteristics of physical activity (types and ways of
moving), there is comparative evidence that physically activity wheelchair users are
healthier than inactive wheelchair users [16]. There is also epidemiologic evidence that
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higher levels of activity decrease mortality risks for people with mobility-limiting conditions
[17].

Previous studies describing the physical activity of adults with mobility impairments have
mainly relied on self-report measures and epidemiologic surveys. Surveys of adults with
disabilities document low levels of self-reported physical activity, including lack of
unstructured leisure time physical activity, sports, recreation, or aerobic exercise [5,18-22].
These survey studies have included some wheelchair users, but none have specifically
focused on the wheelchair-using population. The survey measures used are mostly validated
for an ambulatory population [5,20]. General population instruments can be problematic for
wheelchair users because most focus on walking and other ambulatory activities. They may
not accurately measure light intensity activity and may underestimate wheelchair activity.

Despite general awareness that most population-based self-report measures are unable to
adequately represent the lower end of the continuum of physical activity [23] and that
disability-appropriate measures or motion sensors with accelerometer technology may be
more appropriate measuring tools to do so, there have been few studies using these methods.
Self-report measures of physical activity for people with disabilities have been initially
evaluated [24-26] and used to survey adults with disabilities [19] and to measure physical
activity changes as the result of intervention programs [27].

Electronic physical activity monitors with accelerometer technology have been shown to be
more sensitive than other measures in detecting variability in activity levels, especially when
activity levels may be low. Many studies provide evidence that electronic monitors are valid
and reliable indicators of physical activity in ambulatory populations with disabling
conditions [28-31]. Recent evidence suggests that an electronic monitor can be used to
quantify the physical activity of wheelchair users [32-35] and suggests that such measures of
physical activity may be a proxy for energy expenditure [30,32].

As a consequence of these measurement limitations and disparity of measures across studies,
it is still not clear whether self-report and objective measures of activity in wheelchair users
are giving equivalent information and if wheelchair users are meeting public health
guidelines for physical activity. The primary aim of this study was to describe community-
based free-living physical activity of adult manual wheelchair users as measured by wrist
actigraphy and two types of self-report instruments. Secondary aims were (1) to compare
exercisers and nonexercisers on measures of physical activity and (2) to examine the
relationships between the three activity measures. This report is part of a larger study of
physical activity description and correlates in manual wheelchair users. Results on correlates
of physical activity in wheelchair users are reported elsewhere [36].

Methods
Study Design

This study used a cross-sectional descriptive design.

Participants
The sample consisted of adults who reported using a manual wheelchair for at least 80% of
their mobility. Participants had conditions causing a locomotor impairment including
diagnoses such as spinal cord injury (SCI), multiple sclerosis (MS), brain injury,
amputation, cerebral palsy (CP), spina bifida, stroke, post-polio, and other neuro-muscular
conditions. Inclusion criteria included ability to move independently using one or both arms
to propel a manual wheelchair and no current pressure ulcers or hospitalizations within the
past month. All participants were able to read or speak English. Participants were recruited
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through bulletin board postings and newsletter advertisements in community centers, clinics,
and disability-focused organizations. Informed consent was obtained from each participant
using forms and process approved by the University of Washington Human Subjects
Division, the institutional review board providing oversight of the protection of human
subjects and research ethics.

Instruments
Actigraphy—Objective measurement of physical activity was done using an
accelerometry-based, activity monitor (Actiwatch; Mini Mitter Respironics, Inc., Bend, OR,
USA). This small, lightweight, wrist-worn monitor allows unimpeded movement of the
wearer during measurement of long-term gross motor activity. The monitor contains an
accelerometer that is sensitive to motion in all directions. Information about motion
direction and speed are integrated to produce an electrical current with variable magnitude
and duration. The electrical current data are stored in the monitor as “activity counts.” A
single activity count represents 0.000175 gram force unit, or .0017 N. Time between
sampling units (epochs) can be set between 15 and 900 seconds depending on the total
length of the monitoring period desired. For this study, epoch length was set at 15 seconds,
allowing the greatest sensitivity for low intensity activity. The unit has a 64 K memory and
can store data for a recording period of up to 44 days. Data are downloaded to a PC via a
reading device connected to a serial port. After downloading, data in the form of activity
counts were imported initially into Excel (Microsoft) spreadsheets for data reduction and
then into SPSS for analysis. Interinstrument reliability of the six monitors used in this study
was high (r = 0.96, p = .000), and there were no significant differences between monitors
when data collected for 15-minute periods were compared via one-way analysis of variance.
Data from all days on which the activity monitor was worn at least 90% of the day were
included, and all 15-minute periods on those days when participants were wearing the
device were analyzed. Data were converted to mean activity counts/hour by selecting all
periods for which complete data were available, determining the mean counts for each
period, and multiplying by 4 to calculate the hourly mean. Average daily activity counts
were calculated by multiplying the hourly mean by 24 hours. Activity counts while awake
were calculated by removing 15-minute periods when the participants were asleep and
averaging activity counts over the hours identified as being awake. In our previous studies of
wheelchair users with SCI, actigraphy counts were moderately and significantly associated
with self-reported physical activity (r = 0.60, p < .01) [33].

Physical activity record—The physical activity record (PAR) used in this study was
based on the instrument created by Bouchard et al. [37]. The form provides a grid with
spaces to record average activity intensity for each 15-minute period of the day. Activity
intensities are recorded using a single number representing activities of various intensities.
For example, moderate activities are recorded as a level 5 with examples provided of
“pushing chair on level surface, moderate housework, arm ergometry with light resistance,”
etc. This format has been tested with ambulatory adults and children [37], demonstrating
moderately strong correlations with physical work capacity (r = 0.70, p < .001 in adults, r =
0.80, p < .001 in children) and percent body fat (r = 0.30, p < .01) in adults, providing
indirect validation of the PAR. This instrument was used in our previous study measuring
activity in wheelchair users [36]. Test-retest reliability has been reported in previous studies
(r = 0.91 in children and r = 0.97 in adults, both p < .05) [7]. The activities listed and
grouped by their degree of strenuousness are those known to be common in the daily lives of
people who use wheelchairs. Although energy expenditure for wheelchair propulsion is
generally considered to be approximately equal to walking at corresponding speeds, actual
energy expended by wheelchair users is highly variable depending on wheelchair
characteristics, environmental conditions, and efficiency of movement due to the user’s
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underlying physical condition [38]. Given the lack of a standardized index of metabolic
costs of various activities for wheelchair users, the placement of activities in categories was
based on categorizations developed for the general population [39]. In addition, the activity
intensity groupings were similar to that of Sugimoto et al. [29] to classify low levels of
activity in greater detail. Time spent in activities of different intensities was calculated by
multiplying each 15-minute segment labeled with a given intensity by 15 minutes to get
minutes/week, divided by 60 to get hours/week, then divided by 7 (or number of complete
days) to get hours/day.

Physical Activity Scale for Individuals with Physical Disabilities—Recall of
physical activity over the past week was measured with the Physical Activity Scale for
Individuals with Physical Disabilities (PASIPD) [24]. This 13-item recall questionnaire
assesses time spent in physical activity of various intensities over a 7-day period. Possible
scores range from 0 to 199.5 with larger numbers representing greater activity. Internal
consistency validity Cronbach’s α in this sample was .70. In samples of people with a
variety of disabilities PASIPD scores have been shown to discriminate those who were
active from those who were not ( p < .05) and those with excellent or good from those with
fair or poor self-rated health ( p < .05) [24] and to correlate significantly with physical
activity measured by actigraphy (r = 0.30, p < .01) [26].

Stage of exercise behavior—Exercise stage was measured by a single question
establishing current stage of readiness for exercise. Definition and description of regular
exercise was provided followed by five choices defining current exercise behavior. These
choices were (1) “I don’t plan to start exercising” (Pre-Contemplation), (2) “I plan to start
within 6 months” (Contemplation), (3) “I am currently exercising occasionally but not
regularly” (Preparation), (4) “I have been exercising regularly for less than 6 months”
(Action), and (5) “I have been exercising regularly for more than 6 months” (Maintenance).
Those selecting option 1, 2, or 3 were considered to be nonexercisers, and those selecting
option 4 or 5 were classified as exercisers. This question is consistent with the staging
algorithm recommended by Reed and colleagues [40]. Stage as selected in this question has
been shown to be significantly associated with a 7-day physical activity recall questionnaire
in a general population sample [41] and with exercise self-efficacy and exercise barriers in a
large sample of people with disabilities [8].

Demographic and general health information—Additional data about age, sex,
employment status, education, marital status, racial/ethnic group, medical diagnoses, and
length of time using a wheelchair were collected.

Procedures
People who called to inquire about the study were screened for inclusion criteria. Enrollment
was done during a home visit by the study principal investigator or a trained research study
assistant. During a 1-hour home visit, study participants were instructed in procedures for
wearing the activity monitor and completing the PAR. Participants wore the activity monitor
and completed the PAR for 7 days. At the completion of this 7-day period, a questionnaire
including the PASIPD, stage of exercise question, and demographic and health questions
was completed. Participants were enrolled consecutively between July 2004 and October
2005.

Data analysis
Variables were analyzed with descriptive statistics and tests of skewness and kurtosis.
Bivariate zero-order Pearson correlations coefficients were used to examine the relationships
between various measures of activities. Comparisons between demographic and diagnostic
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subgroups and between exercisers and nonexercisers were done using t-tests to compare
group means. Exploratory analyses of seasonal activity effects were done using one-way
ANOVA. All analyses used two-tailed tests of significance, α = .05. The method of mean
substitution was used for missing items.

Results
Demographics

Fifty people agreed to participate in the study. Participants were 27 men and 23 women who
were between the ages of 18 and 74 (mean age 46.3 years, SD 13.6 years). Forty-eight of 50
enrolled participants completed all study procedures including demographic variables.
Forty-two percent (n = 20) of participants were never married, 25% (n = 12) were married or
living with a partner, 29% (n = 14) were separated or divorced, and 4% (n = 2) were
widowed. The majority of the sample was Caucasian (79%, n = 38), with 8% (n = 4)
Alaskan/American Indian, 6% (n = 3) African American, 2% (n = 1) Asian, 2% (n = 1)
Pacific Islander, and 2% (n = 1) Hispanic ethnicity. Almost half of the sample was
unemployed (48%, n = 23). Mean years of education were 14.5 years (SD 2.5 years). The
length of time using a wheelchair varied from 1 to 690 months (mean 138.5 months, SD
142.5 months). The most common diagnosis leading to the use of a wheelchair was spinal
cord injury (50%), although multiple other diagnoses were reported (Table 1).

Forty of the 50 participants wore the actigraph for the entire 7-day monitoring period, and
another 9 people completed at least 4 of the 7 days of actigraphy monitoring and were
included in actigraphy analyses. Across the sample, the mean percentage of total time the
actiwatch was worn was 94%. One participant was removed from analyses due to activity
counts that were more than 3 SDs above the mean and were associated with a diagnosis of
Parkinson’s disease with periods of severe involuntary movements and whole body spasms.
Forty-nine of 50 participants completed the questionnaire and there were very few missing
survey data (<1%).

Physical activity description
Mean daily activity counts across the sample were 323,000 (SD 119,000) with a wide range
of individual daily counts (111,000 to 615,000). Activity counts per hour when participants
were not in bed or asleep ranged from 6,264 to 38,312 (mean 19,797; SD 7,434).

Scores on the PASIPD varied from 0.17 to 93.3 (mean 22.5; SD 20.4), again demonstrating
wide variability. Mean daily activity scores from the activity record were 216 (SD 31),
ranging from 135 to 278 (Table 2).

Activity record scores indicating the average activity intensity for each 15-minute period of
the day were used to examine the average amount (and %) of time spent in different activity
intensities on a daily basis. Mean daily hours spent in bed or asleep was 9.1 (SD 1.96)
(38.5%); mean hours of light intensity activity was 12.5 (SD 2.71) (52.5%); mean hours of
moderate intensity activity was 1.3 (SD 1.31) (5.5%); and mean hours of strenuous activity
was 0.33 (SD 0.45) (1%). Across the sample, data on 2.5% of daily activity were not
recorded (Fig. 1). Nineteen participants (38%) did not report any strenuous activity and 28
(56%) reported less than the 150 minutes weekly of moderate or strenuous activity required
to meet public health guidelines.
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Seasonal variation in activity
Of the 48 participants, 10 were measured during the winter months, 6 were measured during
spring, 18 were measured during summer, and 14 were measured during autumn. One-way
ANOVA on all measures of activity showed no significant seasonal variation.

Comparison of subgroups
Males were compared with females, people aged 46 or older were compared with those aged
45 or younger, and people with SCI, who comprised half the sample, were compared with
those with other diagnoses on activity measures (Table 3). There were no significant
differences between males and females or those with SCI versus other diagnoses. There was
a significant difference between the older and younger groups on the PASIPD score (t =
2.63, p = .012). Differences on the other measures did not reach the level of significance;
however, the data did consistently demonstrate that younger people were more active than
older people.

Comparison of exercisers and nonexercisers
Regular exercisers (participants who endorsed either the Action or Maintenance stages of
exercise behavior, n = 24) were compared with nonexercisers or irregular exercisers
(endorsing either Precontemplation, Contemplation, or Preparation stages, n = 24) (Table 4).
Regular exercisers had significantly greater scores on the total PASIPD (t = −2.49, p = .016)
and the moderate and vigorous sports subscales (t = −3.14, p = .003 and t = −2.67, p = .011,
respectively) but were not significantly different on the PASIPD housework subscale or
activity counts or daily activity scores.

Comparison of measurement methods
Activity record scores for each 15-minute time period compared to actigraphy counts for
corresponding periods were moderately correlated. For individuals, correlations ranged from
r = 0.404 to 0.829, with a mean of 0.675. Across the sample, mean daily activity counts
during periods of activity correlated moderately with mean daily scores during periods of
activity (r = .506, p = .000). Mean activity counts for each corresponding recorded activity
record score (i.e., each 15-minute time period) increased incrementally with each higher
score and differences between counts/score were significant ( p = .000) (Figure 2).

Total scores on the PASIPD were weakly correlated with daily activity counts (r = 0.193, p
= .188) and total daily activity record scores (r = 0.267, p = 0.67). The housework subscale
scores on the PASIPD were significantly correlated with daily activity record scores (r =
0.358, p = .013).

Discussion
Results of this study support the findings of previous studies documenting low levels of self-
reported physical activity in adults with disabilities. The majority of this sample of adult
manual wheelchair users (56%) reported not meeting the public health guidelines for 150
minutes of moderate physical activity weekly. However, the percentage not meeting
guidelines is much smaller than the 70% previously reported by AWD who were 50 years of
age or older [5]. This may be because this sample was on average younger than age 50
(mean 46.3 years) and included individuals as young as 18. It is also possible that using a
disability-specific measure of physical activity provides a more accurate indication of how
much physical activity a wheelchair user actually does. However, the results may also
provide a hopeful indication that more wheelchair users are finding ways to be physically
active and incorporating regular physical activity into their daily lives. Without a
comparison group of ambulatory individuals, it is not possible to confirm if this represents
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progress toward decreasing the disparity in physical activity between AWD and AWOD or
if it simply represents progress across the entire population in reducing the problem of
inactivity.

An important finding is that the number of hours spent in bed and doing light intensity
activity is, on average, greater than those reported in the general population. Given the
nature of many of the medical diagnoses that limit mobility and necessitate the use of a
wheelchair, health care providers and people with these conditions who may not be aware of
the benefits of activity may expect that greater time spent resting and/or sleeping is
necessary for energy conservation and prevention of pain and fatigue. But, given the known
deleterious effects of bed rest (muscle deconditioning and atrophy, decreased metabolic rate,
decreased bone density, blood pressure instability, etc.), it is quite possible that this
increased amount of time in bed is actually detrimental to health. Health care providers and
physical activity intervention planners might want to target the amount of time spent in bed
as a logical first step toward encouraging greater physical activity in people with mobility
impairments.

We could locate only one other published study that measured physical activity over a 7-day
period in ambulatory adults using wrist actigraphy [42]. This study described self-reported
and actigraphically measured activity of 27 women with heart transplants. Methods were
similar to this study, and the same type and model of actigraph was used. Surprisingly, mean
daily activity counts in these ambulatory women were 280,000 (SD 52,000), less than that in
these manual wheelchair users. It might be that these women were more inactive than
healthy adults due to their physical limitations as a result of having had a heart transplant.
However, it is possible that ambulatory activity requires less effort than wheelchair activity
and that this sample of wheelchair users may actually be moving more frequently and
intensively than ambulatory individuals and that their reports of low activity levels may not
be as low as is commonly thought when compared to activity of other populations. The
greater time spent in bed may be compensation for the extra effort required to accomplish
daily activities or due to advice from health professionals and beliefs that rest will improve
pain and fatigue.

A small previous study using actigraphy to measure physical activity in four ambulatory
individuals with rheumatoid arthritis showed very little variation between individuals in
levels of physical activity over 4 days [43]. In contrast, this larger sample of wheelchair
users with mixed diagnoses had wide variability in both self-reported and objectively
measured physical activity. This wide variability was demonstrated across all three
measures. Also, in our sample, people who exercised differed significantly from people who
did not exercise in self-reported activity, specifically in self-reported moderate and vigorous
sports. But, there were no significant differences between exercisers and non-exercisers in
objectively measured activity. These two findings together illustrate that, despite similarities
in the mode of ambulation, wheelchair users are actually widely variable in physical activity
frequency, intensity, and duration. In this sample, all participants were able to self-propel a
manual wheelchair, but some people required assistance for other activities of daily living
such as transfers, dressing, and bathing and some could stand for brief periods whereas
others could not. The fact that objectively measured activity was not greater in individuals
who exercised or participated in sports suggests that there may be types of activity other
than exercise that are of equal intensity or duration as a regular program of exercise that
require equal or greater amounts of energy expenditure. There is no way to determine what
those activities are from the data in this study because specific activities being done were not
recorded.
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In this study, measured physical movement was only weakly correlated with the recall of
physical activity or exercise as measured by the PASIPD. Studies in various ambulatory
populations have also found low correlations of accelerometry-based monitor outputs with
recall measures [43,44]. One past study with a similar size sample of individuals with
physical disabilities who were not wheelchair users showed a somewhat stronger correlation
between the PASIPD and an accelerometer (r = 0.30) [6]. Possible explanations for the
lower correlation in this study include limitations of the PASIPD and variability in ways of
moving among the participants. The PASIPDs Cronbach’s α in this sample was only .70,
adequate but not strong. The PASIPD seems to be a better measure of exercise and sports
participation than a measure of household and self-care activities. This is supported by the
significant difference between self-identified exercisers and nonexercisers on the PASIPD
total score and moderate and vigorous sports subscales in this sample. Actigraphy is more
accurate in measuring all activity, including low intensity activities and involuntary
movements that are more commonly reported by wheelchair users. Thus, the poor
correlation of the two measures may be due to lack of sensitivity of the PASIPD to capture
the full range of wheelchair users’ physical activity. It might also explain a stronger
correlation in an ambulatory population with possibly less variability in ways of moving.

What continues to be missing from all studies measuring physical activity in wheelchair
users is a reliable method to determine the amount of energy consumed during various
activities and activity intensities. Energy expenditure equations can be derived for
ambulatory individuals based on body weight and gender, but the ability to derive such
equations for people with mobility limitations is difficult due to the unlimited variability of
active body muscle mass, ways of moving, and potential for involuntary movements such as
muscle spasms, myoclonus, and tremors. Individuals can be measured using calorimetry, but
generalizing from individuals to a larger population is not possible.

Study strengths and limitations
To our knowledge, this is the first study to describe physical activity in wheelchair users
using both objective and subjective measures of activity. Participants were quite adherent to
the 7-day study protocol, and most of them were able to wear the activity monitor 24 hours/
day for all 7 days. However, the findings should be interpreted cautiously due to the small
sample. These participants who volunteered to be in the study may not be representative of
the larger population of wheelchair users. They also may have changed their usual behavior
in response to being in the study. Measuring physical activity history would have improved
the study. Given that some people had used a wheelchair for years and others were relatively
new to wheelchair use, assessing previous levels of activity would have added important
information. Another limitation is that this study did not examine characteristics of the
manual wheelchairs used by study participants or the appropriateness and fit of the
wheelchair for the individual. Wheelchair fit and “fine-tuning” of the wheelchair and person
interface are likely to be important determinants of physical activity participation for
wheelchair users [45].

Conclusion
Manual wheelchair users continue to report levels of physical activity that do not meet
public health guidelines of 150 minutes per week required to improve and maintain health.
They also report spending more time in bed and in light intensity activity than do
ambulatory individuals. But this study suggests that a greater percentage of wheelchair users
may be meeting guidelines now than previously reported. Measuring physical activity in this
population continues to be problematic, and despite the use of multiple measures,
measurement instruments <comment > OK as edited?</comment>can only provide a partial
picture of actual physical activity. However, using multiple measurement methods can
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provide insights into the nature, intensity, and duration of physical activity, which are
complicated by variations in abilities and ways of moving. Future research employing
multiple measurement methods is needed. However, although physical activity is more
complex, it should not be overlooked by health care providers in counseling patients or by
planners of targeted physical activity interventions. A logical place to begin intervention in
this population would be to reduce the time spent in bed and doing light intensity activity.
Reducing inactivity is a good first step for promoting greater physical activity for wheelchair
users.
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Figure 1.
Average daily time spent in activity of various intensities. Mean time spent in bed or asleep
= 9.1 hrs. (38.5%). Mean time spent in light intensity activity = 12.5 hrs. (52.5%). Mean
time spent in moderate activity = 1.3 (5.5%). Mean time spent in strenuous activity = .3
(1%).
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Figure 2.
Mean counts per activity intensity score. Score 1 = Sleeping, lying down. Score 2 = Sitting
and resting, reading, watching tv. Score 3 = Very light activities (desk work, eating,
brushing teeth). Score 4 = Light activities (driving, light housework, showering). Score 5 =
Moderate activities (pushing chair on level, moderate housework, arm ergometry). Score 6 =
Strenuous activities (wheeling on hills, sports, rowing, wheeling on uneven ground).
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Table 1

Sample description by gender and primary diagnosis

Diagnosis Female Male Total

Spinal cord injury 9 16 25

Multiple sclerosis 3 1 4

Amputation 2 2 4

Stroke 2 1 3

Brain injury 2 1 3

Spina bifida 2 0 2

Post-polio 1 0 1

Cerebral palsy 0 1 1

Other 2 5 7

Total 23 27 50

(46%) 27

(54%) 50

(100%)
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Table 2

Summary physical activity data

Variable N Mean (SD) Range

Mean daily activity counts 48 323,204 (119,017) 111,269-615,362

Mean activity counts/hour
 while awake

48 19,797 (7,434) 6,264-38,312

Mean activity scale score
 (PASIPD)

48 22.5 (20.4) 0.17-93.3

Mean daily activity record
 score

48 216 (31) 135-278
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