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Abstract

Objectives: to determine the concurrent validity of a physical activity diary for measuring physical activity level and total
energy expenditure in hospitalized stroke patients.

Method: Sixteen stroke patients kept coded activity diaries and wore SenseWear Pro2 multi-sensor activity monitors during
daytime hours for one day. A researcher observed the patients and completed a diary. Data from the patients’ diaries were
compared with observed and measured data to determine total activity (METs*minutes), activity level and total energy
expenditure.

Results: Spearman correlations between the patients’ and researchers’ diaries revealed a high correlation for total
METs*minutes (r;=0.75, p<<0.01) for sedentary (rs=0.74,p<<0.01) and moderate activities (r;=0.71,p<<0.01) and a very high
correlation (r;=0.92, p<0.01) for the total energy expenditure. Comparisons between the patients’ diaries and activity
monitor data revealed a low correlation (rs 0.29) for total METs*minutes and energy expenditure.

Conclusion: Coded self-monitoring activity diaries appear feasible as a low-tech alternative to labor-intensive observational
diaries for determining sedentary, moderate, and total physical activity and for quantifying energy expenditure in
hospitalized stroke patients. Given the poor correlation with objective measurements of physical activity, however, further
research is needed to validate its use against a gold-standard measure of physical activity intensity and energy expenditure.
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Introduction monitors include their objectivity and the fact that they do not

rely on cognitive/memory skills. Activity monitoring also allows
The importance of physical activity promoting health has been

well documented. Increased daily physical activity reduces
cardiovascular risk for people with and without disabilities [1,2].
Stroke patients have reduced levels of physical activity due to the
nature of their impairments. Several observational studies have
described decreases in the activity patterns of sub-acute and

the possibility of testing a large sample, and recording continu-
ously for long periods under free-living conditions [7]. Commonly
reported major shortcomings include the loss of data due to
noncompliance and the failure of activity monitors due to
malfunctioning or loosening of the equipment [6,11-13]. In
addition, hemiparetic gait disturbances and/or arm movements

chrom'c strok.e patlent's [27%]' There is cons1dera'ble mterest causes unreliable recordings in accelerometry systems [9,10,14].
exploring valid and reliable instruments for evaluating the level of

daily physical activity and in identifying physical activity patterns
to guide intervention strategies.

A variety of objective methods have been used to measure daily
physical activity in stroke patients, including activity monitors [5—

Pedometer are prescribed as a less expensive and simple
alternative for taking objective measurements of physical activity
in stroke patients [8,15]. Pedometers tend to undercount steps
during slower gaits when the device is placed on the hip. In
hemiparetic gait, speed accelerations at the hip were often of

7] and pedometers [8710]-. Activity monitors based on acce%— insufficient magnitude to be registered [8]. A knee-worn pedom-
erometry, measure acceleration, as expressed in energy expendi- eter has recently been recommended for detecting all walking
ture and/or ambulatory movement. Advantages of activity activities in stroke patients, with the exception of high intensity
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walking [10]. One explanation might be that, in hemiparetic gait,
the knee joint shows more vertical acceleration, thus bringing the
lever arm in contact with the electrical component of the device.
Pedometers detect only the number of steps and provide no
information about energy expenditure or the type and intensity of
activities performed by patients.

Other methods for determining physical activity in stroke
patients include observation [16], physical activity questionnaires
[17-19] and activity diaries [20,21]. Observational methods
require a researcher to observe a patient at set intervals over a
specified period, in order to produce reliable data [16,22]. This
method is time consuming and costly, and it is therefore less
applicable in clinical settings. Activity questionnaires and diaries
have the advantage of low cost and suitability for comparison
between populations. Questionnaires are the most frequently used
instruments in epidemiological studies for estimating physical
activity and energy expenditure [17-19]. Although they save time,
these questionnaires rely on retrospective information and honest
reporting, and they do not allow for cognitive deficit. Question-
naires with greater detail are used for assessing the duration,
frequency, and intensity of activity. Because of their complexity,
however, they often result in lower compliance and lower validity
[23]. Although questionnaires with less detail are easier to use,
they are often less accurate, and they do not assess various
dimensions of physical activity [24]. In stroke research, activity
diaries are most commonly used as secondary outcome measure-
ments, given the difficulty of recording activities due to patients
impairments [6]. In healthy participants; a categorized three-day
physical activity diary was used as an alternative method for
assessing various dimensions of physical activity. Each day
was divided into 96 15-minute intervals. The participants
were asked to grade their activity into nine categories
(cat.] =sleeping, cat.2 =sitting, cat.3 =standing, cat.4 =walking
mnside, cat.5 = walking outside, cat.6 9 =low, moderate, high, and
very high intensity activity, respectively) [25]. Participants were
asked to choose one dominant activity for each 15-minute period.
This type of diary has been described as being time efficient, easy
to learn, inexpensive, reliable, and reasonably valid [20,26,27].
One disadvantage of the three-day diary is that it underestimates
activities of short duration, as it records only the major activity
performed during each 15-minute period was recorded [20].
Researchers have noted that participants are unable to keep with
the diary if periods of 5-10 minutes periods are used. Another
difficulty involves the limited choice in activities. Researchers have
concluded that the diary is an alternative method for evaluating
individual physical patterns and that it is suitable for clinical
practice in healthy participants.

For stroke patients, a tool is needed that combines the
advantages of the three-day categorized-activity diary with greater
detail information about the type and intensity of activities and the
position in which the activities are executed, in order to provide
accurate information with minimal effort, thus being useful in
clinical settings. In stroke patients, activities of short duration
occur rarely, if at all. The short time intervals recommended in the
Bouchard study are therefore not preferable. Moreover, therapy in
rehabilitation centers is often scheduled in 30-minutes blocks.
Keeping the diary can help patients to become more aware of
their physical activities, possibly strengthening their motivation to
adopt a more active lifestyle. To this end, a simplified coded
physical-activity diary was developed in which stroke patients
choose the dominant activity in performed 30-minute time interval
from a pre-defined list of activities, all linked to simple codes. This
minimizes writing, making it possible for patients with writing
problems to complete the diary. The time was adjusted to the pace
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of hospitalized stroke patients, who perform fewer activities within
30-minute time interval in a rehabilitation center.

To our knowledge, no study in stroke research has investigated
the use of a coded self-monitoring activity diary to determine both
total energy expenditure and intensity level of various activities,
compared against criterion standards of observations and activity
monitoring. In the present study the concurrent validity of an
activity diary was evaluated in hospitalized stroke patients. We
specifically compared self-monitoring diaries to observational
diaries and activity-monitor outcomes.

Methods

Ethics Statement

The protocol was reviewed and approved by the Medical Ethics
Committee of the Antwerp University Hospital, Belgium
(no. B30020084906). Patients received oral and written informa-
tion about the design of the study; they provided written consent
and agreed to the publication of the research data.

Participants

Stroke patients were recruited on a voluntary basis from an
inpatient rehabilitation center in Belgium. Inclusion criteria were
as follows: (1) a first-ever stroke as defined by the World Health
Organization, (2) stroke less than six months ago, (3) ability to
move independently with or without a walking aid and (4)
understand and carry out simple instructions. Patients were
excluded if they were not medically stable, as described by the
American College of Cardiology Foundation/American Heart
Association [28].

Design

On the first day demographic and clinical data were collected,
including age, gender, duration and type of stroke, height, weight
and the degree of loss of function (Rivermead Motor Assessment,
Gross function [29]). The patients also had an introductory session
with the equipment on this day. The SWP2A was placed on the
non-hemiplegic arm and patients were told not to take off the
monitor until the end of the study period. They also received
instructions on completing the diary. The following day, all
patients were asked to complete a daytime activity diary
simultaneously, in addition to wearing an SWP2A.

After receiving instructions on completing the diary, each
patient entered one activity diary independently, while another
diary was completed by an observer, both between 8:00 AM and
8:00 PM. This timeframe was selected because patients were
considered most active between these hours in rehabilitation
centers. The patients were asked to list their main activities for
each half hour. A researcher observed each patient once every 20
minutes, completing the observer activity diary independently.
The following day, both diaries and the activity monitors were
collected. Missing data in the patients’ diaries were completed
based on the recollections of the interviewer, independently of the
observer. To test for concurrent validity, the patients’ diaries were
compared against two criterion measurements, the observers’
diaries and the activity-monitor data.

Assessment

The coded activity diary was developed based on two existing
activity diaries [24,30]. The simplified seven-day physical-activity
diary has provided valid estimates of physical activity in working
women [30] and non-obese free-living adults [24], thus allowing
the assessment of total daily energy expenditure and physical
activity level. As stroke patients often demonstrate writing
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impairment and concentration difficulties, codes were used to
indicate activities. The newly developed activity diary consisted of
bundled sheets of paper, each containing a table with four
columns:1) time, 2) activity 3) position and 4) intensity of the
activity (T'ableS1). For each activity, patients were asked to record
one number reflecting the main activity of the past 30 minutes.
The main activity was defined as the activity that had taken the
most time within the a 30-minute period. If two activities were
performed for the same amount of time, participants were asked to
report the most intense activity. The activity number was chosen
from a list of 63 codes divided into six categories of activities: self-
care, household tasks, work, therapy, leisure and home activities,
and activities related to mobility and transport (TableS2).
Additional numbers could be added for activities that were not
included in the list. To avoid mistakes in recall, patients were
instructed to complete the diary each time at the end of the 30-
minute period. They were also instructed to record the position
(lying, sitting or standing) in which each activity was performed.
Finally the perceived intensity of each activity was rated along a
rating scale of 6-20 [31]. Taking into account position and
intensity, activities were converted in METs values, using the
Compendium of Physical Activities Tracking Guide [32]. To
calculate METs*minutes, Mets values were multiplied by 30
minutes. Mean METSs values were subdivided into four levels,
corresponding to sedentary (=1 METs), light (>1 - <3 METs),
moderate (36 METSs) and vigorous activity (>6 METs) [33,34].
In order to obtain energy expenditure in kcal/30 min, the
following formula was wused: [(METSs-valuex3.5xpatient’s
weight)/200] x30minutes [35]. These results were multiplied by
24 to calculate energy expenditure over 12 hours (kcal/12 h).

According to the users manual the SenseWear Pro2
Armband (SWP2A) (HealthWear BodyMedia, Pittsburgh, PA,
USA) should be worn on the right upper arm. For this study,
however, it was worn on the non-hemiplegic upper arm positioned
on the triceps muscle halfway between the acromion and the
olecranon. The SWP2A was programmed using a computer
interface, taking into account the participants’ age, gender, height,
weight, smoking habits and handedness prior to testing. This
SWP2A contains two accelerometers, a galvanic skin response
sensor, a heat flux sensor, a skin temperature sensor and a near-
body ambient temperature sensor from which the data were stored
minute by minute between 8:00 AM and 8:00 PM. Using a
proprietary algorithm (Bodymedia, Sense Wear 6.1) the data were
converted into Metabolic Equivalents minutes (METs*mi-
nutes) and energy expenditure. It has been validated for
measuring energy expenditure in 50 healthy and diabetic
participants against double-labeled water [36] and in 23 partic-
ipants during light-intensity stepping in a Whole Room Calorim-
eter [37].

Statistical Analysis

All data were analyzed using SPSS (version 20.0,SPSS Inc.,
Chicago). Descriptive statistics were calculated for patient
characteristics. Normality was verified with the Kolmogorov-
Smirnoff test. Because most of the data were not normally
distributed, non-parametric statistics were used.

In order to study concurrent validity, a Spearman correlation
coefficient (r,) was calculated to evaluate the relationship between
the patient’s diary and the observer’s diary and between the
patient’s diary and the SWP2A. Values less than 0.30 were taken
to indicate poor correlations, with values between 0.30 and 0.50
indicating low correlations, between 0.50 and 0.70 moderate
correlations, between 0.70 and 0.90 high correlations and greater
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than 0.90 very high correlations [38]. Statistical significance was
set at p<0.05.

To visualize the level of agreement between the patient’s self-
monitoring diary and both criterion standards (observer’s diary;
SWP2A) the values of the criterion standard were plotted against
the difference between the two methods, thus providing an
indication of agreement. The median and percentiles 25 and 75
were calculated.

Results

Descriptive Statistics

The research sample consisted of 16 patients with a mean age of
68 years (£11) and mean time since stroke of 78 days (*53). Four
patients used no walking aids. Table 1 provides a description of the
demographic and clinical characteristics of the patients. No data
points were missing after recollection the diaries. When activities
were missing, they were retrospectively added during the following
day. Out of the 63 codes, the numbers which were frequently used
were related to self-care (19.53%), therapy related activities
(17.71%), resting in bed or in (wheel)chair (12.24%), watching
television (9.38%), and talking (8.60%).

Almost every activity number was mentioned in the diaries
except brushing hair, performing handicraft, and driving a car. A
few new codes (N=4) were listed, such as reading, smoking,
resting in a (wheel)chair or in bed. Mostly activities were executed
in sitting (84.1%) and standing position (9.9%). It concerned
sedentary activities. Patients noted that help was required in
26.3% of all activities.

Table 2 provides summary of the results for METs*minutes and
energy expenditure per 12 hours, as collected through the activity
diaries of the patient and observer, as well as through activity
monitoring. None of the patients performed vigorous activities.

Concurrent Validity

The correlation for METs*minutes in the diaries of the patients
and the observers diaries was 0.75 (p<<0.001), thus indicating a
high correlation (Table 3). High correlations were also revealed for
sedentary (r;=0.74,p<<0.01) and moderate (r;=0.71,p<<0.01)
activity levels. A low and non-significant correlation was found
for the activity category “light”. When the patients’ activity diaries
were compared to the SWP2A, the correlation coefficients were
not significant.

Graphic analysis indicated a good level of agreement between
both diaries (median value of the difference =85.50; P25 = 3.00;
P75=141.75) (Figure 1). Data points were clustered around zero.
Less agreement was found between the patients’ diaries and the
SWP2A (median value of the difference = 352.24; P25 =242.44;
P75=601.46) (Figure 2). Lower total METs*minutes for all
patients was observed in comparison with the patients’ diaries.
Visual inspection revealed no systematic bias.

Comparison of the data from the two diaries, revealed a very
high correlation (r;=0.92, p<<0.01) for energy expenditure, as
measured between 8:00 AM and 8:00 PM (Table 3). Comparison
between the patients’ diaries and the SWP2A revealed a poor
correlation (ry;=0.29, p<0.01) with regard to energy expenditure.

Graphic analysis of the data concerning total energy expendi-
ture indicated good agreement between the two diaries (median
of the difference=91.90; P25=2.57; P75=194.51)
(Figure 3). Most of the data were clustered around the zero point.
The SWP2A underestimated energy expenditure for all patients,
in comparison to the diaries completed by the patient (median
value of the difference =507.27; P25=301.05; P75=23804.44)
(Figure 4).

value
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Table 1. Demographic and clinical characteristics of included
patients.

Characteristics Stroke=16
Age at stroke onset, mean (y)=SD 68.31+10.95
Gender female, n (%) 7(43.8)
Height, mean (m)=SD 1.69+00.17
Weight, mean (kg)=SD 67.83+12.39
BMI, mean (kg/m?)+SD 25.42+05.08
Time since stroke, median (d)(IQR) 62.50(47.25)
Stroke type

Ischemic, n (%) 9(56.3)

Hemorrhagic, n (%) 7(43.8)
Side of hemiparesis, right, n (%) 10(62.5)
Disability stroke

RMA-GF, median (IQR) 7(5-11)

FAC, median (IQR) 3(2-5)
Mobility

No use of walking aids in ADL, n (%) 4(25)

Abbreviations: d =days, SD= standard deviation, % = percentage, RMA-GF =
Rivermead Motor Assessment Gross Function, FAC= Functional Ambulation
Categories, n= number, IQR = Interquartile Range.
doi:10.1371/journal.pone.0098735.t001

patients.

Validity of a Physical Activity Diary in Stroke

Discussion

This study assessed the concurrent validity of a coded self-
monitoring activity diary for measuring activity level and total
energy expenditure in hospitalized stroke patients. The diary
generated valid results in comparison to the diary kept simulta-
neously by an observer, as used to determine sedentary physical
activity (<1METs), moderate physical activity (3-6 METSs) and
total physical activity over 12 daytime hours. A very high
correlation between the two diaries was observed for total energy
expenditure during daytime hours. Poor correlations were
observed, however, when comparing the diary to the SWP2A
for measuring activity level and energy expenditure.

A high correlation was found between the two diaries, when
measuring sedentary and moderate physical activities during daytime
hours, while a low correlation was found for light activities. One
possible explanation is that activities in the levels of sedentary and
moderate activities are more easily recalled than are light activities.
Sedentary activities include activities in very low intensity (e.g.,
sleeping or sitting quietly), which are often longer in duration.
Moderate activities are more intense (e.g., such as physical therapy
or occupational therapy), and they are well reported in the daily
schedules of rehabilitation centers. The lack of a good correlation
between the two diaries with regard to light physical activities could
be that these relatively brief activities (e.g., talking, grooming,
reading) of limited duration which are often less planned and
remembered than are activities of other levels. Another explana-
tion might have to do with outliers. The scores entered by two

Table 2. METs*minutes and Energy Expenditure values measured by two activity diaries and an Activity monitor in 16 stroke

METs*minutes Median Minimum Maximum P25 P75
Diary patient

Sedentary 342.00 120.00 420.00 247.50 378.00

Light 457.50 270.00 960.00 367.50 502.50

Moderate 397.50 300.00 1125.00 390.00 570.00

Vigorous / / / / /

Total 1227.00 1134.00 1740.00 1184.25 1437.00
Diary researcher

Sedentary 379.50 150.00 474.00 284.25 419.25

Light 405.00 225.00 765.00 300.00 603.75

Moderate 405.00 180.00 705.00 390.00 480.00

Vigorous / / / / /

Total 1176.00 1080.00 1515.00 1123.50 1299.75
Activity monitor

Sedentary 293.52 116.96 538.31 209.24 437.95

Light 521.82 5.88 768.17 345.30 57541

Moderate 70.96 0.00 32643 27.09 216.62

Vigorous / / / / /

Total 896.16 486.74 1246.07 839.57 1026.45
Energy Expenditure Median Minimum Maximum P25 P75
Diary patient 1604.93 977.55 1927.80 1361.59 1610.44
Diary researcher 1473.78 967.26 1875.83 1249.63 1749.23
Activity monitor 965.33 728.12 1450.70 867.49 1056.56

doi:10.1371/journal.pone.0098735.t002
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Abbreviations: P25-P75 = percentile 25-75. Metabolic Equivalents (METs)-values: Diary: METs- values per activity based on Compendium of Ainsworth?®x30 minutes,
subdivided in sedentary activity (=1 METs), light activity (>1-<3 METs), moderate activity (3-6 METSs), vigorous activity (>6 METs). Activity monitor: calculated by
SenseWear Pro 2 armband. Energy expenditure kilocalories (kcal/12 h)-values: Diary: kcal/12 h calculated by ((METs valuereported per activity x3.5 xpatients weight)/
200 x30minutes)®*x24. Activity monitor: kcal/12 h calculated by SenseWear Pro 2 armband.
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Table 3. Spearman Rank Correlations between Patient’s diary versus Researcher’s Diary and versus Activity monitor in 16 stroke
patients for physical activity (METs*minutes) and energy expenditure.

METs*minutes Diary patient-Diary researcher

Diary patient-Activity monitor

Sedentary 0.74(p =0.001)**
Light 0.37 (p=0.162)

Moderate 0.71 (p=0.002)**
Vigorous /
Total 0.75 (p=0.001)**

0.16 (p=0.567)
0.11 (p=0.691)
0.22 (p=0.410)
/

0.15 (p=0.590)

Energy expenditure Diary patient-Diary researcher

Diary patient-Activity monitor

Total 0.92 (p =0.000)**

0.29(p =0.276)

Abbreviations: **= p<0.01.
doi:10.1371/journal.pone.0098735.t003

patients differed excessively from those entered by the other
patients and by the observers. When the Spearman correlation
was recalculated excluding the data from these two patients, a
moderate correlation for light activities was observed (ry=0.63,
p<<0.05). The correlations for sedentary and moderate levels,
however, remained slightly higher. Moderate activity is considered
an important activity level in stroke rehabilitation, as it may be
sufficient to produce a significant reduction in stroke risk [2,39].
With regard to total energy expenditures, comparison of the two
diaries revealed a very high correlation. These results thus indicate
that self-reported coded-activity diaries constitute a potentially
valuable method for use in clinical settings, but that they should be
explored further in relation to an objective “gold standard”.
Comparisons of the patients’ diaries to the SWP2A data
revealed poor correlations. In general, the activity monitor
reported lower values for 12-hour energy expenditure than did
either diary. One explanation might be that the activity diary over-
estimated the energy expenditure and the time in moderate
activity as time intervals were long and only one activity was
allowed to be reported every 30 minutes. This would suggest a
need to shorten the time intervals in which activities are reported.
The SWP2A has not been validated to measure energy
expenditure against a “gold standard” method in stroke patients,
who have inefficient gait patterns causing higher cost of energy for

given activity. As such the SWP2A may have underestimated total
energy expenditure and time in moderate physical activity. It
would be advisable to develop patient-specific algorithms to
accurately use the SWP2A in stroke patients.

This study is the first study to use a coded self-monitoring
activity diary to assess physical activity in stroke patients. Because
understanding the instructions of the diary requires a certain level
of comprehension, patients with severe cognitive deficits were
excluded. No inconvenience was reported. This study showed no
missing data points, because all missing activities were collected by
an interviewer through recollection, and the previously completed
periods facilitated this. We estimate that less than 10% of the
activities were missing in the diaries. Missing data often concerned
periods during which patients performed sedentary and light
physical activities (e.g., reading, resting, watching television) of
long duration (<3 METSs). Also evening activities were sometimes
forgotten, which could be attributed to the fact that nursing care
started at this time moment. In many cases, only one 30-minute
period was completed. Patients started filling in the diaries when a
new activity started. Considering the fact that the missing activities
were filled in at the next day and the type of missing activities were
easy to remember and low in percentage, we think that this diary is
well applicable in stroke patients.
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Figure 1. Comparing total Mets*minutes in 16 stroke patients: observational diary versus patient diary. Total Mets*minutes of observer
activity diary was compared with diary of stroke patients. Broken horizontal lines represent percentiles 25 and 75, bold solid lines represent the
median value of difference. Data analysis showed a good level of agreement between both diaries, data points clustering around zero
(Median = 85.50; P25 =3.00; P75 =141.75). An underestimation of total METs*minutes for all patients is noted in comparison with the patient’s diary.

Visual inspection revealed no systematic bias.
doi:10.1371/journal.pone.0098735.g001
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Figure 2. Comparing total Mets*minutes in 16 stroke patients: activity monitor versus patient diary. Total Mets*minutes of activity
monitor was compared with diary of stroke patients. Broken horizontal lines represent percentiles 25 and 75, bold solid lines represent the median
value of difference. Data analysis showed no good level of agreement between patient diary and the activity monitor (Median = 352.24; P25 =242.44;

P75 =601.46). Visual inspection revealed no systematic bias.
doi:10.1371/journal.pone.0098735.9g002

Completing the diary can be a tool for helping patients and
family/caregivers reflect on the types of activity level, possibly
leading to increases in the activity level. When evaluating the
clinical relevance of the results of this study, it is important to note
the lack of severe stroke patients in the research sample. Also in
this study, no activities were categorized as vigorous by any of the
three measurement tools. This is not surprising as acrobic exercises
are seldom integrated as part of neuro-motor rehabilitation
programs despite evidence supporting the importance [3].
Previous research strongly suggests that aerobic training is
necessary in stroke rehabilitation, however, and that it should be
supplemented with strength-developing exercises for both lower
limbs [40—42].

Further research is required before the self-monitoring coded-
activity diary can be implemented into clinical practice. Studies
with objective criterion standards, (e.g., such as doubly labeled
water or indirect calorimetry) and the development and exami-
nation of a digitized version are recommended. It might also be
advisable to delete the fourth column of the diary, where the
perceived intensity of an activity was marked on a rating scale of

6-20. This seemed difficult for patients to fill in. Also this could not
be retrospectively added. Also it might be recommendable to
shorten the time intervals in which activities are reported, to
collect data for periods longer than one day, to ask patients about
inconvenience filling in the diary, and provide an additional day to
familiarize patients with the process of completing a diary.

Conclusions

Coded self-monitoring activity diaries appear feasible as a low-
tech alternative to labor-intensive observational diaries for
determining sedentary, moderate, and total physical activity and
for quantifying energy expenditure in hospitalized stroke patients.
Given the poor correlation with the objective measurement of
physical activity, however, further research is needed to validate its
use against a gold standard measure of physical activity intensity
and energy expenditure (e.g., doubly labeled water or indirect
calorimetry).
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Figure 3. Comparing energy expenditure in 16 stroke patients: observational diary versus patient diary. Energy expenditure (kcal/12 h)
of observer activity diary was compared with diary of stroke patients. Broken horizontal lines represent percentiles 25 and 75 value, bold solid lines
represent the median value of difference. Data analysis showed good agreement between both diaries (Median=91.90; P25=2.57; P75=194.51).

Most data are clustered around the zero point.
doi:10.1371/journal.pone.0098735.9g003
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Figure 4. Comparing energy expenditure in 16 stroke patients: activity monitor versus patient diary. Energy expenditure (kcal/12 h) of
observer activity diary was compared with diary of stroke patients. Broken horizontal lines represent percentiles 25 and 75 value, bold solid lines
represent the median value of difference. The activity monitor is underestimating data for all patients in comparison to the diary filled in by the

patient (Median=507.27; P25=301.05; P75=2804.44).
doi:10.1371/journal.pone.0098735.9004

Supporting Information

Table S1  Activity diary.

(DOCX)

Table 82 Scheme of codes that are used to fill in the activity
diary.

(DOCX)

Acknowledgments

This project was supported by the Department of Health Care Sciences of
the Artesis University College Antwerp, the Faculty of Medicine and
Health Sciences of the University of Antwerp, the Faculty Rehabilitation

References

1. Hamilton MT, Hamilton DG, Zderic TW (2007) Role of low energy
expenditure and sitting in obesity, metabolic syndrome, type 2 diabetes, and
cardiovascular disease. Diabetes 56: 2655-2667.

2. Wendel-Vos GC, Schuit AJ, Feskens EJ, Boshuizen HC, Verschuren WM, et al.
(2004) Physical activity and stroke. A meta-analysis of observational data.
Int J Epidemiol 33: 787-798.

3. De Wit L, Putman K, Dejaeger E, Baert I, Berman P, et al. (2005) Use of time by
stroke patients: a comparison of four European rehabilitation centers. Stroke 36:
1977-1983.

4. Alzahrani MA, Ada L, Dean CM (2011) Duration of physical activity is normal
but frequency is reduced after stroke: an observational study. Journal of
physiotherapy 57: 47-51.

5. Green LB (2007) Assessment of habitual physical activity and paretic arm
mobility among stroke survivors by accelerometry. Top Stroke Rehabil 14: 9-21.

6. Hale LA, Pal J, Becker I (2008) Measuring free-living physical activity in adults
with and without neurologic dysfunction with a triaxial accelerometer. Arch
Phys Med Rehabil 89: 1765-1771.

7. Gebruers N, Vanroy C, Truijen S, Engelborghs S, De Deyn PP (2010)
Monitoring of physical activity after stroke: a systematic review of accelerometry-
based measures. Arch Phys Med Rehabil 91: 288-297.

8. Carroll SL, Greig CA, Lewis SJ, McMurdo ME, Snichotta FF, et al. (2012) The
use of pedometers in stroke survivors: are they feasible and how well do they
detect steps? Arch Phys Med Rehabil 93: 466-470.

9. Macko RF, Haeuber E, Shaughnessy M, Coleman KL, Boone DA, et al. (2002)
Microprocessor-based ambulatory activity monitoring in stroke patients. Med
Sci Sports Exerc 34: 394-399.

10. Vanroy C, Vissers D, Cras P, Beyne S, Feys H, et al. (2013) Physical activity
monitoring in stroke: SenseWear Pro2 Activity accelerometer versus Yamax
Digi-Walker SW-200 Pedometer. Disabil Rehabil: 1-9.

11. Uswatte G, Foo WL, Olmstead H, Lopez K, Holand A, et al. (2005) Ambulatory
monitoring of arm movement using accelerometry: an objective measure of
upper-extremity rehabilitation in persons with chronic stroke. Arch Phys Med
Rehabil 86: 1498-1501.

12. Michael KM, Allen JK, Macko RI" (2005) Reduced ambulatory activity after
stroke: the role of balance, gait, and cardiovascular fitness. Arch Phys Med
Rehabil 86: 1552-1556.

PLOS ONE | www.plosone.org

Sciences and Physiotherapy of the KU Leuven. The authors are grateful to
the Rehabilitation Center, Campus Sint-Ursula at Herk-de-Stad, Belgium
for the opportunity to conduct this study with their patients. We also thank
Debby Calluy for helping to recruit participants, to Sim Sannen for
language editing and to Kristien Wouters for statistical support. A special
word of gratitude goes to the patients and their family for participating in
this study.

Author Contributions

Conceived and designed the experiments: CV YV PC HF ST MM DV.
Performed the experiments: CV. Analyzed the data: CV YV PC HF ST
DV. Contributed reagents/materials/analysis tools: PC DV. Wrote the
paper: CV YV HF DV. Recruting patients: CV MM.

13. Chen KY, Bassett DR Jr (2005) The technology of accelerometry-based activity
monitors: current and future. Med Sci Sports Exerc 37: $490-500.

14. Haeuber E, Shaughnessy M, Forrester LW, Coleman KL, Macko RF (2004)
Accelerometer monitoring of home- and community-based ambulatory activity
after stroke. Arch Phys Med Rehabil 85: 1997-2001.

15. Melanson EL, Knoll JR, Bell ML, Donahoo WT, Hill JO, et al. (2004)
Commercially available pedometers: considerations for accurate step counting.
Prev Med 39: 361-368.

16. Kramer SF, Cumming T, Churilov L, Bernhardt J (2013) Measuring activity
levels at an acute stroke ward: comparing observations to a device. Biomed Res
Int 2013: 1-8.

17. Washburn RA, Zhu W, McAuley E, Frogley M, Figoni SF (2002) The physical
activity scale for individuals with physical disabilities: development and
evaluation. Arch Phys Med Rehabil 83: 193-200.

18. Rimmer JH (1999) Health promotion for people with disabilities: the emerging
paradigm shift from disability prevention to prevention of secondary conditions.
Phys Ther 79: 495-502.

19. Baecke JA, Burema ], Frijters JE (1982) A short questionnaire for the
measurement of habitual physical activity in epidemiological studies. Am J Clin
Nutr 36: 936-942.

20. Bratteby LE, Sandhagen B, Fan H, Samuelson G (1997) A 7-day activity diary
for assessment of daily energy expenditure validated by the doubly labelled water
method in adolescents. Eur J Clin Nutr 51: 585-591.

21. Wickel EE, Welk GJ, Eisenmann JC (2006) Concurrent validation of the
Bouchard Diary with an accelerometry-based monitor. Med Sci Sports Exerc
38: 373-379.

22. Bernhardt J, Dewey H, Thrift A, Donnan G (2004) Inactive and alone: physical
activity within the first 14 days of acute stroke unit care. Stroke 35: 1005-1009.

23. Conway JM, Seale JL, Jacobs DR Jr, Irwin ML, Ainsworth BE (2002)
Comparison of energy expenditure estimates from doubly labeled water, a
physical activity questionnaire, and physical activity records. Am J Clin Nutr 75:
519-525.

24. Kocebnick C, Wagner K, Thielecke F, Moeseneder J, Hochne A, et al. (2005)
Validation of a simplified physical activity record by doubly labeled water
technique. Int J Obes (Lond) 29: 302-309.

June 2014 | Volume 9 | Issue 6 | €98735



26.

27.

28.

29.

30.

31.

32.

33.

. Bouchard C, Tremblay A, Leblanc C, Lortie G, Savard R, et al. (1983) A

method to assess energy expenditure in children and adults. Am J Clin Nutr 37:
461-467.

Rush EC, Valencia ME, Plank LD (2008) Validation of a 7-day physical activity
diary against doubly-labelled water. Ann Hum Biol 35: 416-421.
Machado-Rodrigues AM, Figueiredo AJ, Mota J, Cumming SP, Eisenmann JC,
et al. (2012) Concurrent validation of estimated activity energy expenditure using
a 3-day diary and accelerometry in adolescents. Scand J Med Sci Sports 22:
259-264.

Gibbons R], Balady GJ, Bricker JT, Chaitman BR, Fletcher GF, et al. (2002)
ACC/AHA 2002 guideline update for exercise testing: summary article: a report
of the American College of Cardiology/American Heart Association Task Force
on Practice Guidelines (Committee to Update the 1997 Exercise Testing
Guidelines). Circulation 106: 1883-1892.

Lincoln N, Leadbitter D (1979) Assessment of motor function in stroke patients.
Physiotherapy 65: 48-51.

Speck BJ, Looney SW (2006) Self-reported physical activity validated by
pedometer: a pilot study. Public Health Nurs 23: 88-94.

Borg G (1970) Perceived exertion as an indicator of somatic stress.
Scand J Rehabil Med 2: 92-98.

Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, et al. (2000)
Compendium of physical activities: an update of activity codes and MET
intensities. Med Sci Sports Exerc 32: S498-504.

Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, et al. (1995) Physical
activity and public health. A recommendation from the Centers for Disease

PLOS ONE | www.plosone.org

34.

36.

37.

38.

39.

40.

41.

42,

Validity of a Physical Activity Diary in Stroke

Control and Prevention and the American College of Sports Medicine. JAMA
273: 402-407.

Meeus M, Van Eupen I, Willems J, Kos D, Nijs J (2010) Is the International
Physical Activity Questionnaire-short form (IPAQ-SF) valid for assessing
physical activity in Chronic Fatigue Syndrome? Disabil Rehabil 33: 9-16.

. Borms J, Van Assche E, Pion J (1999) Fysicke activiteit en voeding. Bloso

(Brussel): 239 p.

St-Onge M, Mignault D, Allison DB, Rabasa-Lhoret R (2007) Evaluation of a
portable device to measure daily energy expenditure in free-living adults.
Am ] Clin Nutr 85: 742-749.

Wetten AA, Batterham M, Tan SY, Tapsell L. (2013) Relative Validity of Three
Accelerometer Models for Estimating Energy Expenditure During Light
Activity. J Phys Act Health Feb 8.

Hinkle DE, Wiersma W, Jurs SG (1988) Applied Statistics for the behavioral
sciences. Boston: Houghton Mifflin Company second edition: p117-121.
Wannamethee SG, Shaper AG (1999) Physical activity and the prevention of
stroke. J Cardiovasc Risk 6: 213-216.

Pang MY, Eng ]JJ, Dawson AS, Gylfadottir S (2006) The use of aerobic exercise
training in improving aerobic capacity in individuals with stroke: a meta-
analysis. Clin Rehabil 20: 97-111.

Stoller O, de Bruin ED, Knols RH, Hunt KJ (2012) Effects of cardiovascular
exercise early after stroke: systematic review and meta-analysis. BMC Neurol 12:
45.

Baert I, Vanlandewijck Y, Feys H, Vanhees L, Beyens H, et al. (2012)
Determinants of cardiorespiratory fitness at 3, 6 and 12 months poststroke.

Disabil Rehabil 34: 1835-1842.

June 2014 | Volume 9 | Issue 6 | €98735



