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Introduction. The aim of the present study was to determine the closeness of agreement between a self-reported and an objective
measure of physical activity in low back pain patients and healthy controls. Beyond, influencing factors on overestimation were
identified. Methods. 27 low back pain patients and 53 healthy controls wore an accelerometer (objective measure) for seven
consecutive days and answered a questionnaire on physical activity (self-report) over the same period of time. Differences between
self-reported and objective data were tested byWilcoxon test. Bland-Altman analysis was conducted for describing the closeness of
agreement. Linear regressionmodelswere calculated to identify the influence of age, sex, and bodymass index on the overestimation
by self-report. Results. Participants overestimated self-reported moderate activity in average by 42min/day (𝑝 = 0.003) and
vigorous activity by 39min/day (𝑝 < 0.001). Self-reported sedentary time was underestimated by 122min/day (𝑝 < 0.001).
No individual-related variables influenced the overestimation of physical activity. Low back pain patients were more likely to
underestimate sedentary time compared to healthy controls. Discussion. In rehabilitation and health promotion, the application-
oriented measurement of physical activity remains a challenge. The present results contradict other studies that had identified an
influence of age, sex, and body mass index on the overestimation of physical activity.

1. Introduction

Lack of physical activity is a primary contributor to many
chronic diseases [1–3] and evidence on the positive effects
of physical activity on health is proven [4]. As such, the
importance of promoting physical activity is a major field in
rehabilitation and health promotion and has created a need
for precise, economic, and practicable tools formeasuring the
physical activity level of a person [5].

Assessing physical activity is very complex due to sev-
eral aspects. First, physical activity encompasses any bodily
movement produced by skeletal muscles that requires energy
expenditure and therefore is not related to sports only [6].The
increasingly recognized lifestyle physical activities especially

in daily routine like workplace and leisure time activities or
active mobility, respectively, are difficult to assess and hardly
fully observable [7]. Second, the instruments applied, on the
one hand, are supposed to show valid and reliable results
and, on the other hand, need to be practicable to ensure
compliance of the participants. The available instruments for
measuring physical activity can be distinguished in three cat-
egories according to their precision and practicability [8, 9]:
reference methods, objective measures, and subjective mea-
sures (see Figure 1).

Reference methods, for example, direct observation and
indirect calorimetry, are of high precision and high cost;
self-report instruments (e.g., questionnaires, physical activity
diaries) are considered to be practicable and low in cost but
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First category
(reference methods)

(i) Doubly labeled water
(ii) Indirect calorimetry

(iii) Direct observation

Second category 
(objective measures)

(i) Accelerometer
(ii) Heart rate telemetry 
(iii) Pedometry

Third category 
(subjective measures)

(i) Self-report questionnaires
(ii) Diaries

(iii) Structured interviews 
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Figure 1: Measurement of physical activity (modified according to Müller et al. [8] and Beneke and Leithäuser [9]).

rather imprecise. Between these extremes, objective measures
like accelerometers or pedometers are appraised for medium
precision and cost as well as medium practicability.

While reference methods are mainly applied in basic
research, objective instruments, especially accelerometers,
are an accepted measurement tool in application-oriented
studies. Nevertheless, the use of accelerometers still requires
a high extent of participant cooperation and compliance.
Besides, accelerometers often are too expensive to be widely
used in physical activity studies [7]. In consequence, assessing
physical activity by self-report questionnaire is of high rel-
evance not only in surveys but also in application-oriented
studies.

Several studies showed that self-reported physical activity
tends to be overestimated compared to objective measure
but, up to now, no clear trends of overestimation could be
identified [10, 11]. Regarding sedentary time, studies showed
a tendency for underestimation by self-report measures [12–
14]. In this regard, low back pain patients seem to have even
more problems estimating their physical activity levels than
healthy controls [15].

Besides the scientific perspective, the misperception of
self-reported physical activity is an important aspect in the
practice of rehabilitation and health promotion. Mispercep-
tion, especially the overestimation of one’s own physical
activity, is described as a potential barrier of behavior change
[16]. In consequence, the question arises regarding what
factors are associated with the agreement of subjective and
objective physical activity.

The present paper aims to explore the closeness of
agreement of self-reported and objective physical activ-
ity (question 1) and explores influencing factors on the

overestimation of moderate and vigorous physical activity
(question 2) as well as influencing factors on the underesti-
mation of sedentary time (question 3).

2. Material and Methods

The present study was an additional substudy within the
scope of two different main studies on physical activity
promotion. In brief, both studies, the Movement Coaching
study and the Make Move study, aimed at target-group
specific physical activity promotion. While the main study
of Movement Coaching (October 2012 to September 2015)
focused on persons undergoing rehabilitation because of low
back pain, the main study of Make Move focused on healthy
vocational students (September 2013 to December 2014).

TheMovement Coaching study and theMake Move study
were conducted in compliance with the Helsinki Declaration
and were approved by the Ethics Committee of the German
Sport University Cologne, each.

Movement Coaching is registered in the German Clinical
Trials Register (DRKS00004878) and the study protocol has
already been described elsewhere [17]. For further informa-
tion onMake Move, see Frick et al. [18].

2.1. Sample. For the present evaluation, participants were
recruited from the two different main studies (Movement
Coaching and Make Move). Eligible participants from each
study were invited to participate in our associated additional
study on the association of self-reported and objective phys-
ical activity. During an information seminar, we informed
the participants that we investigated the physical activity
behavior during daily routine.
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Inclusion criteria were (1) being a participant of the
Movement Coaching or the Make Move study, (2) distance
to the study site in Cologne, Germany, <100 km, and (3)
inpatient rehabilitation being completed (for participants
from theMovement Coaching study).

Exclusion criteria were (1) limited mobility, (2) post-
traumatic conditions within the last three months (e.g., an
accident), (3) a surgery within the last three months, (4) age
over 65 years, and (5) insufficient knowledge of the German
language.

All participants provided informed consent. For the
present evaluation, participants’ data were collected in May
and June 2014 (Movement Coaching) and from September to
October 2013 (Make Move), respectively.

2.2. Study Design. The present study was conducted in a
cross-sectional design. During the information seminar, the
participants were instructed to wear an accelerometer for the
next seven days and to complete a questionnaire on physical
activity during the last week at the last day (seventh day).
Participants were instructed to remove accelerometers for
sleeping time and water activities only. All participants were
indicated to continue their habitual daily routine.

2.3. Instruments Measuring Physical Activity. Self-reported
physical activity was operationalized by the Global Physi-
cal Activity Questionnaire (GPAQ) [19, 20], which collects
information on the intensity (moderate, vigorous) and the
area of life (workplace, leisure time, and transportation) of
physical activity during the last seven days as well as daily
sedentary time. The GPAQ was originally designed to assess
physical activity by interview but the comparability between
self- and interviewer-administration modes of the GPAQ
had been shown [21]. Compared with accelerometer data,
the GPAQ provided low-to-moderate validity and generally
acceptable evidence of reliability [22]. In comparison with
the International Physical ActivityQuestionnaire, concurrent
validity and reliability were moderate [20].

We evaluated self-reported minutes per week of total
vigorous physical activity,minutes per week of totalmoderate
physical activity, and sedentary time per day.

To obtain objective physical activity, a triaxial accelerom-
eter (Actigraph GT3X+) was applied. Actigraph had been
previously validated for adults against heart rate telemetry
(𝑟 = 0.66–0.82) [23], indirect calorimetry (𝑟 = 0.66–0.88)
[23, 24], and the doubly labeledwatermethod (𝑟 = 0.26–0.58)
[25]. Participants were instructed to wear the accelerometer
on the right waist during waking hours for one week,
removing them whilst showering, bathing, and swimming.
Data were collected with a sample rate of 30Hz and saved in
30-second epochs.

Before evaluation, the accelerometer data was processed
using the Freedson and Troiano algorithms to obtain valid
data on the duration and intensity of physical activity [26,
27]. According to the Freedson algorithm [26], intensity
cut-points were set at 0–99 counts per minute (CPM) for
sedentary behavior, 100–1951 CPM for light intensity, 1952–
5724 CPM for moderate intensity, and >5725 CPM for
vigorous intensity. Days with less than ten hours of recorded
data were excluded from further evaluation.

For each participant, daily averages were calculated to get
comparable units of objective data (daily average = (time of
intensity specific activity)/(number of days with valid data))
and self-reported data on moderate and vigorous physical
activity (daily average = (time of intensity specific activity)/7).

2.4. Further Variables. Besides self-reported and objective
physical activity, the study group (healthy controls versus low
back pain), sex (men versus women), age (years), and body
mass index (kg/m2) were assessed. Furthermore, we assessed
the objective physical activity status (active versus inactive).
To differentiate active from physically inactive participants,
objective accelerometer data were classified: according to
the recommendations on health-enhancing physical activity
[28], we defined participants showing ≥30min moderate
and/or vigorous physical activity/day as “active” and partic-
ipants showing <30min moderate and/or vigorous physical
activity/day were defined as “inactive.”

2.5. Statistical Analysis. First, descriptive statistics (means,
standard deviations, numbers, and percentages) were used
to describe demographic characteristics and participants’
objective and self-reported physical activity data. Differences
between groups (healthy controls versus low back pain) were
tested using Mann-Whitney 𝑈 test and differences between
self-reported and objective physical activity data (Actigraph
versus GPAQ) were tested using the Wilcoxon signed-rank
test.

The closeness of agreement between the two methods
(question 1) was assessed using Bland-Altman plots [29],
with the 𝑥-axis representing Actigraph data and the 𝑦-axis
representing the difference between GPAQ and Actigraph
(GPAQ-Actigraph) as value for the closeness of agreement
of both methods. Additionally, participants’ self-reports were
classified as overestimation, underestimation, or realistic
estimation when those values were higher than, lower than,
or agreeing with the accelerometer data.

To identify independent variables associated with overes-
timation of moderate and vigorous physical activity, respec-
tively, (question 2) aswell as the underestimation of sedentary
time (question 3), multiple linear regression models were
calculated.

Overestimation of moderate physical activity was calcu-
lated by subtracting the objective moderate physical activ-
ity/day (measured by accelerometer) from the total moder-
ate subjective moderate physical activity/day (measured by
GPAQ). Overestimation of vigorous physical activity was
calculated by subtracting the objective vigorous physical
activity/day (measured by accelerometer) from the total
vigorous subjectivemoderate physical activity/day (measured
by GPAQ). Underestimation of sedentary time was calcu-
lated by subtracting the sedentary time/day (measured by
accelerometer) from sedentary time/day measured by GPAQ.

To identify influencing factors on the overestimation of
moderate and vigorous physical activity, respectively, the
sample was restricted to participants that overestimated
self-reported physical activity. To explore associated factors
with the underestimation of sedentary time, the sample was
restricted to participants that underestimated self-reported
sedentary time.
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Make Move study
(sample: 
healthy vocational students)
(n = 53)

Movement Coaching study
(sample: 
low back pain patients six
months after rehabilitation)
(n = 27)

Total sample
(n = 80)

Excluded (n = 2)
(i) Missing GPAQ data

(n = 1)
(ii) Missing Actigraph data 

(n = 1)

Analysed
(n = 78)

Figure 2: Flow-chart.

Table 1: Sample description.

Total sample
(𝑛 = 78)

Healthy controls
(𝑛 = 53)

Low back pain
patients (𝑛 = 25) 𝑝

Sex: female, 𝑛 (%) 31 (40%) 23 (43%) 8 (32%) 0.3371

Age (years), mean (SD) 30.7 (±15.3) 20.7 (±3.1) 51.8 (±6.9) <0.0012∗

Body mass index (kg/m2), mean (SD) 25.8 (±5.2) 24.1 (±4.5) 29.4 (±4.9) <0.0012∗
1Chi-square test; 2Mann-Whitney 𝑈 test; ∗statistically significant at the significance level 𝑝 < 0.05.

Two different models were calculated. In the first model
(model 1), sociodemographic and anthropometric variables
(age, sex, and body mass index) and the study group (healthy
controls versus low back pain) were included.

In model 2, self-reported workplace physical
activity (min/week), self-reported leisure time physical
activity (min/week), self-reported transportation activity
(min/week), and objective achievement of the World Health
Organization’s recommendations on health-enhancing
physical activity (≥30min physical activity/day versus
<30min physical activity/day) were additionally included.

The principal assumptions of linear regression were
tested. In all regression models, participants with missing
values in dependent or independent variables were excluded.

For all statistical tests, significance level was set at 𝑝 <
0.05. All analyses were run with IBM SPSS Statistics 22.

3. Results

Informed consent was given by 80 participants who were
assessed for eligibility. Two participants were excluded from
the analysis due to incomplete self-reported or accelerometer

data. 78 types of data were analysed. Figure 2 shows the flow
diagram illustrating the progress through the phases of the
present study.

3.1. Sample Description. Detailed sample description of the
Make Move study (healthy controls) can be found in Rudolf
et al. (2015) [30].

The sample of the present evaluation included 53 healthy
controls and 27 low back pain patients (see Table 1). Overall,
31 (40%) participants were female and the mean age was 30.7
(±15.3) years.The low back pain patients and healthy controls
had statistically significant difference in age (𝑝 < 0.001) and
bodymass index (𝑝 < 0.001). In average, the healthy controls
were significantly younger and showed a lower body mass
index.

3.2. Descriptive Results on Subjective and Objective Physical
Activity. Table 2 shows the descriptive results on objective
and self-reported physical activity. The significance values
on differences between the two groups as well as between
the objective and self-reported physical activity data are
presented.
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Table 2: Descriptive results on objective and self-reported physical activity.

Total sample
(𝑛 = 78)

Healthy
controls
(𝑛 = 53)

Low back pain
(𝑛 = 25) 𝑝

2

Sedentary time (min/day)
Objective physical activity (Actigraph) (mean (SD)) 577 (±103) 591 (±108) 547 (±85) 0.153
Self-reported physical activity (GPAQ) (mean (SD)) 454 (±214) 528 (±196) 298 (±160) <0.001∗

𝑝
1

<0.001∗ 0.009∗ <0.001∗

Moderate physical activity (min/day)
Objective physical activity (Actigraph) (mean (SD)) 43 (±19) 44 (±19) 41 (±20) 0.676
Self-reported physical activity (GPAQ) (mean (SD)) 85 (±88) 69 (±75) 120 (±105) 0.050
𝑝
1 0.003∗ 0.153 0.004∗

Vigorous physical activity (min/day)
Objective physical activity (Actigraph) (mean (SD)) 2 (±2) 2 (±2) 1 (±3) 0.030∗

Self-reported physical activity (GPAQ) (mean (SD)) 41 (±62) 38 (±54) 47 (±79) 0.706
𝑝
1

<0.001∗ <0.001∗ 0.009∗
1Wilcoxon signed-rank test for assessment differences; 2Mann-Whitney𝑈 test for group differences; ∗statistically significant at the significance level 𝑝 < 0.05.

In low back pain patients and healthy controls both,
objective and self-reported daily sedentary time was much
higher than objective and self-reported moderate and vig-
orous physical activity. In regard to self-reported sedentary
time (healthy controls: 528 (±196); low back pain: 298 (±160);
𝑝 < 0.001) and objective vigorous physical activity (healthy
controls: 2 (±2); low back pain: 1 (±3); 𝑝 = 0.030),
statistically significant group differences between the healthy
controls and the low back pain patients could be proved.
Though the objective data indicated no group differences
(healthy controls: 591 (±108); low back pain: 547 (±85);
𝑝 = 0.153), low back pain patients (298min/day) reported
statistically significant lower sedentary time than healthy
controls (528min/day) (𝑝 < 0.001).

In healthy controls as well as low back pain patients,
the objective and self-reported physical activity data were
statistically significantly different in vigorous physical activity
and sedentary time. Thereby, self-reported physical activity
was significantly higher and self-reported sedentary time
was statistically significantly lower than the accelerometer
assessed data. Solely self-reported and objective data of
moderate physical activity in healthy controls showed no dif-
ference (𝑝 = 0.153). Regarding the total sample, participants
overestimated self-reported moderate activity (𝑝 = 0.003)
and vigorous activity (𝑝 < 0.001). Self-reported sedentary
time was significantly underestimated (𝑝 < 0.001) (Table 2).

3.3. Closeness of Agreement of Self-Reported and Objective
Physical Activity. Figure 3 illustrates the closeness of agree-
ment for the physical activity data for the total sample. In
terms of moderate and vigorous physical activity as well
as sedentary time, the plots showed a high range for the
limit of agreement (see Figure 3) and statistically significant
misperception (see Table 2).

Sedentary time showed the highest range for the limits
of agreement (−503min/day to 258min/day) and therefore
lower closeness of agreement between self-reported and

objective data than moderate (−138min/day to 222min/day)
and vigorous physical activity (−83min/day to 161min/day).

The Bland-Altman plots on the closeness agreement in
moderate and vigorous physical activity showed a slight
trend towards a closer agreement in higher objective physical
activity as difference values get closer to zero (see Figure 3).

Table 3 shows the number of participants, over- and
underestimating physical activity or sedentary time. While
sedentary time was underestimated by most of the low back
pain patients (𝑛 = 21; 84%) and the healthy controls
(𝑛 = 35; 66%), moderate and vigorous physical activity were
overestimated in most cases. Solely vigorous physical activity
was estimated correctly by 15 participants (low back pain:
𝑛 = 6; 24%; healthy controls: 𝑛 = 9; 17%).

3.4. Influencing Factors on the Overestimation of Moderate
andVigorous Physical Activity. Neither the individual-related
variables (age, sex, and bodymass index) nor the study group
(healthy controls versus lowback pain) showed an association
with the overestimation of moderate or vigorous physical
activity in model 1 and model 2.

Explained variation of model 1 (moderate: 𝑅2 = 0.069;
vigorous: 𝑅2 = 0.004) increased to 82% (moderate physical
activity) and 78% (vigorous physical activity), when self-
reported physical activity data in different areas of life were
included (model 2). Thereby, higher self-perceived physical
activity at the workplace and during leisure time led to an
increase in overestimation of moderate (see Table 4) as well
as vigorous physical activity (see Table 5).

3.5. Influencing Factors on the Underestimation of Sedentary
Time. In line with the overestimation of moderate and
vigorous physical activity, individual-related variables (age,
sex, and body mass index) were not associated with the
underestimation of sedentary time. However, an association
with the study group could be proved (see Table 6).



6 BioMed Research International

−200

−100

0

100

200

300

400

0 20 40 60 80 100

D
iff

er
en

ce
 in

 m
od

er
at

e p
hy

sic
al

 ac
tiv

ity
 (G

PA
Q

-A
G

)
(m

in
/d

ay
)

Moderate physical activity (AG) (min/day)

Moderate physical activity 

+1,96 SD
222,2

Mean
42,0

−1,96 SD
−138,2

(a)

−150
−100
−50

0
50

100
150
200
250
300
350

0 2 4 6 8 10 12D
iff

er
en

ce
 in

 v
ig

or
ou

s p
hy

sic
al

 ac
tiv

ity
 (G

PA
Q

-A
G

)
(m

in
/d

ay
)

Vigorous physical activity (AG) (min/day) 

Vigorous physical activity 

+1,96 SD
160,6

Mean
39,0

−1,96 SD
−82,6

(b)

−800

−600

−400

−200

0

200

400

600

0 200 400 600 800 1000

D
iff

er
en

ce
 in

 se
de

nt
ar

y 
tim

e (
G

PA
Q

-A
G

)
(m

in
/d

ay
)

Sedentary time (AG) (min/day)

Sedentary time

+1,96 SD
258,1

Mean
−122,2

−1,96 SD
−502,5

(c)

Figure 3: Bland-Altman plots for moderate physical activity, vigorous physical activity, and sedentary time. AG = Actigraph, GPAQ =Global
Physical Activity Questionnaire; 𝑛 = 78.

Table 3: Classification of over- and underestimation.

Sedentary time
(min/day)
(𝑛 = 78)

Moderate physical activity
(min/day)
(𝑛 = 78)

Vigorous physical activity
(min/day)
(𝑛 = 78)

Total sample
Overestimation of self-reported physical activity, 𝑛 (%) 22 (28%) 41 (53%) 42 (54%)
Correct estimation of self-reported physical activity, 𝑛 (%) 0 0 15 (19%)
Underestimation of self-reported physical activity, 𝑛 (%) 56 (72%) 37 (47%) 21 (27%)

Low back pain
Overestimation of self-reported physical activity, 𝑛 (%) 4 (16%) 16 (64%) 12 (48%)
Correct estimation of self-reported physical activity, 𝑛 (%) 0 0 6 (24%)
Underestimation of self-reported physical activity, 𝑛 (%) 21 (84%) 9 (36%) 7 (28%)

Healthy controls
Overestimation of self-reported physical activity, 𝑛 (%) 18 (34%) 25 (47%) 30 (57%)
Correct estimation of self-reported physical activity, 𝑛 (%) 0 0 9 (17%)
Underestimation of self-reported physical activity, 𝑛 (%) 35 (66%) 28 (53%) 14 (26%)
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Table 4: Influencing factors on the overestimation of moderate physical activity.

𝑁 = 41 Beta SE 95%-CI 𝑝

Model 1
Age (years) 3.584 2.390 [−1.263; 8.431] 0.142
Sex: “men” versus “women” 15.262 26.611 [−38.708; 69.232] 0.570
Body mass index (kg/m2) 2.514 3.370 [−4.320; 9.348] 0.460
Study group: “healthy controls” versus “low back pain” 76.427 79.996 [−85.813; 238.667] 0.346

Model 2
Age (years) 1.102 1.089 [−1.117; 3.320] 0.319
Sex: “men” versus “women” 3.382 12.673 [−22.432; 29.196] 0.791
Body mass index (kg/m2) −0.656 1.580 [−3.873; 2.562] 0.681
Study group: “healthy controls” versus “low back pain” −1.436 36.858 [−76.512; 73.640] 0.969
Self-reported workplace physical activity (min/week) 0.072 0.007 [0.057; 0.087] <0.001∗

Self-reported leisure time physical activity (min/week) 0.060 0.010 [0.040; 0.081] <0.001∗

Self-reported transportation activity (min/week) 0.126 0.016 [0.093; 0.158] <0.001∗

Objective achievement of the WHO recommendations:
“≥30min physical activity/day” versus “<30min physical
activity/day”

−23.444 14.060 [−52.083; 5.196] 0.105

Dependent variable: overestimation of self-reported moderate physical activity (GPAQ/day-accelerometer/day); ∗statistically significant at the significance
level 𝑝 < 0.05; model 1: 𝑅2 = 0.069; model 2: 𝑅2 = 0.820.

Table 5: Influencing factors on the overestimation of vigorous physical activity.

𝑁 = 42 Beta SE 95%-CI 𝑝

Model 1
Age (years) 0.540 2.190 [−3.899; 4.978] 0.807
Sex: “men” versus “women” −28.289 22.918 [−74.726; 18.147] 0.225
Body mass index (kg/m2) −1.329 2.163 [−5.711; 3.053] 0.543
Study group: “healthy controls” versus “low back pain” −33.590 73.603 [−182.724; 115.544] 0.651

Model 2
Age (years) −0.527 1.137 [−2.843; 1.789] 0.646
Sex: “men” versus “women” 5.320 11.678 [−18.467; 29.107] 0.652
Body mass index (kg/m2) −0.984 1.220 [−3.468; 1.501] 0.426
Study group: “healthy controls” versus “low back pain” −8.524 38.764 [−87.484; 70.436] 0.827
Self-reported workplace physical activity (min/week) 0.059 0.007 [0.045; 0.073] <0.001∗

Self-reported leisure time physical activity (min/week) 0.077 0.009 [0.059; 0.096] <0.001∗

Self-reported transportation activity (min/week) 0.006 0.014 [−0.023; 0.035] 0.680
Objective achievement of the WHO recommendations:
“≥30min physical activity/day” versus “<30min physical
activity/day”

−5.114 13.645 [−32.909; 22.681] 0.710

Dependent variable: overestimation of self-reported vigorous physical activity (GPAQ/day-accelerometer/day); ∗statistically significant at the significance level
𝑝 < 0.05; model 1: 𝑅2 = 0.004; model 2: 𝑅2 = 0.777.

Sedentary time was underestimated in both study groups
(see Table 2) and the adjusted regression models 1 and 2
showed that low back pain patients underestimated sedentary
time more than healthy controls.

In contrast to the overestimation of moderate and vig-
orous physical activity, self-perceived physical activity at the
workplace and during leisure time did not contribute to a
higher explanation of variance of the underestimation of
sedentary time (see Table 6).

4. Discussion

The aim of this study was to explore the closeness of agree-
ment between self-reported and objective physical activity.
Associated factors with the overestimation of physical activity
and the underestimation of sedentary time in low back pain
patients and healthy controls were identified.

Our results showed that sedentary time was signifi-
cantly underestimated and vigorous physical activity was
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Table 6: Influencing factors on the underestimation of sedentary time.

𝑁 = 56 Beta SE 95%-CI 𝑝

Model 1
Age (years) 6.169 3.332 [−0.521; 12.858] 0.070
Sex: “men” versus “women” −12.942 33.948 [−81.095; 55.211] 0.705
Body mass index (kg/m2) 5.597 4.158 [−2.751; 13.945] 0.184
Study group: “healthy controls” versus “low back pain” 375.692 110.393 [154.069; 597.316] 0.001∗

Model 2
Age (years) 6.697 3.505 [−0.354; 13.748] 0.062
Sex: “men” versus “women” −15.665 36.393 [−88.878; 57.549] 0.669
Body mass index (kg/m2) 5.205 4.365 [−3.576; 13.987] 0.239
Study group: “healthy controls” versus “low back pain” 384.219 117.233 [148.377; 620.062] 0.002∗

Self-reported workplace physical activity (min/week) 0.005 0.023 [−0.042; 0.052] 0.825
Self-reported leisure time physical activity (min/week) −0.029 0.084 [−0.199; 0.140] 0.729
Self-reported transportation activity (min/week) 0.013 0.045 [−0.078; 0.104] 0.770
Objective achievement of the WHO recommendations:
“≥30min physical activity/day” versus “<30min physical
activity/day”

40.008 40.106 [−40.674; 120.691] 0.324

Dependent variable: underestimation of self-reported sedentary time (GPAQ/day-accelerometer/day); ∗statistically significant at the significance level𝑝 < 0.05;
model 1: 𝑅2 = 0.295; model 2: 𝑅2 = 0.253.

significantly overestimated in both groups.Moderate physical
activity was only overestimated in low back pain patients.The
adjusted regressionmodel showed that low back pain patients
underestimated sedentary time more compared to healthy
controls. No individual-related variables could be identified
influencing the overestimation of physical activity.

Due to inconsistent definition of over- and underesti-
mation in physical activity research, the comparison of the
present results with other studies is limited. Our results
showed worse awareness of sedentary time per day in low
back pain patients. Also van Weering et al. (2011) pointed
out that low back pain patients appeared to have more
problems in estimating their activity levels compared to
healthy controls. Hence, this study did not focus on sedentary
time specifically [15].

Contrary to other studies that had been identifying an
association of age [16, 31–33], sex [16, 32, 34], and body mass
index [16, 32, 34, 35], the present results could not prove an
influence of age, body mass index, and sex on the closeness
of agreement between self-reported and objective physical
activity.

As the anthropometric characteristics obtained in the
present study did not contribute to explaining the over-
estimation of physical activity, the assumption arises that
misperception of physical activity might mainly be due to the
questionnaire used. By additionally including self-perceived
physical activity in the regression model 2 and its related
strong increase of the variance explanation, the present
results underline the important challenge of measuring self-
reported physical activity precisely [7, 36].

Self-assessment of physical activity depends on the accu-
rate recall of the intensity, frequency, and duration of physical
activity episodes [16]. In our study, participants filled out

the GPAQ, an established questionnaire recommended from
the World Health Organization [19]. The GPAQ assesses
physical activity differentiated for the area of life (workplace,
leisure time, and transportation) and the intensity (moderate,
vigorous). For each area of life and each intensity, in a
first question, the GPAQ asks dichotomously if physical
activity is performed (yes/no). If the answer is yes, the
subsequent second question asks for the number of days per
week on which physical activity is performed (categorical;
Likert scale from 1 to 7). Finally, the third question assesses
the average hours and minutes per day performed (open
question; interval scaled).

According to the present results, the GPAQ seems not
to be valid in measuring the duration of physical activity
as the degree of overestimation was associated with higher
self-reported physical activity. Further research is needed to
identify whether the GPAQ, or comparable questionnaires,
might systematically overestimate physical activity by asking
an open question on the duration of physical activity per
day. This assumption is supported by Olsson et al. (2016)
who point out that questions in the categorical mode provide
stronger validity than open questions [5]. In consequence,
questionnaires like the GPAQ might be appropriate to assess
precisely if physical activity in a certain area of life is
performed at all and how often per week.

Besides the construction of the questionnaire, it needs
to be taken into account that the requirement of a realistic
participant’s self-perception of the duration and intensity
of physical activity is a main challenge in the use of ques-
tionnaires [7]. Self-reported data especially from persons
with low movement experience have to be interpreted very
cautiously. Altschuler et al. (2009) indicate that assessing the
intensity of physical activity by asking questions about an
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increase in breathing or pulse rate, as done in the GPAQ,
offers a large margin of interpretation. In consequence, per-
sons with low fitness level tend to overestimate the objective
intensity of physical activity [37]. The present results tend to
support this assumption.Though not significant, persons not
achieving the World Health Organization’s recommendation
on health-enhancing physical activity tend to overestimate
moderate physical activity compared to persons achieving
WHO recommendations. Further studies should examine to
what extent inactive persons and persons with lowmovement
experience are able to differentiate between moderate and
vigorous intensity of physical activity.

Though current self-report questionnaires may provide
an approximation of physical activity at a population level,
they may not be appropriate to assess precisely the intensity
and duration of physical activity [38].

Also from a practical perspective, the awareness of one’s
own physical activity is an indispensable requirement regard-
ing the individual’s motivation to participate in a physical
activity promotion program and realistic goal setting [39, 40].
The extent to how a person perceives his or her behavior is
predictor of achieving behavioral change. So, the existence
of a gap between what people think to do and what is
actually done is an important aspect in rehabilitation as
well as health promotion. Although it certainly is circular
reasoning, whether the lack of precision of questionnaires
measuring physical activity might be a consequence of the
instrument’s validity or the respondent’s self-awareness, the
present study supports the need for developing self-report
instruments supporting self-awareness of physical activity.

The present study has several limitations. First, the
merged sample of two different main studies needs to be
mentioned. However, we cannot exclude study related effects
like a self-selection bias. As participants in a physical activity
intervention trial are likely to have had more interest in
physical activity than nonparticipant, the results could show a
higher closeness of agreement than in the general population.

It certainly would have been preferable to include more
anthropometric and sociodemographic variables to explore
the association with overestimation. This was not possible
because of the integration of two different main studies.
Besides, the cross-sectional design precludes the establish-
ment of causality.

Another limitation remains regarding the small sample
size of this study and the unequally numbered groups. In our
opinion, it seems important to replicate the studywith a larger
group of participants.

Finally, the algorithms used for the processing of the
Actigraph’s raw data obviously influence the results. The use
of other algorithms with lower cut-points for the classifica-
tion of moderate and vigorous physical activity may result in
smaller deviations and, hence, in differing results.

Despite the limitations mentioned, the present study
has several strengths and therefore contributes substantially
to the challenge of measuring physical activity in applied
researches. As many studies already showed the lack of
agreement between self-report and objective measure, the
present study went beyond and focused on the degree of
overestimation.

Moreover, the present evaluation asserts the degree of
deviation by the Bland-Altmanmethodwhereasmany studies
only used a correlation coefficient to test the association
between self-report and objective measures. The considera-
tion of different target groups in physical activity promotion
was another strength of the study as it gave us the opportunity
to compare low back pain patients with healthy controls.

5. Conclusion

In rehabilitation and health promotion, the application-
oriented measurement of physical activity remains a widely
recognized challenge. The present results showed no associ-
ation between overestimation and individual-related factors
but stressed the need of further research on the development
of self-report instruments to assess physical activity. The
question arises regarding whether the participants have
enough experience and knowledge to classify and quantify
their individual physical activity correctly.
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