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ABSTRACT

KEYWORDS

The main aim of this study was to assess the criterion validity of the Sedentary Behavior
Questionnaire (SBQ) to measure SB in community-dwelling older adults using thigh-measured
accelerometry as the criterion method. 801 participants (75.6 ± 6.1 years old, 57.6% females)
provided valid thigh-based accelerometer data (activPAL/Axivity) and completed the SBQ.
Criterion validity was assessed using Spearman’s Rho coefficients. Bland–Altman plots, including
95% limits of agreement and Intraclass Correlation Coefficient (ICC), were used to assess the
agreement between self-report and device-measured daily SB time. Strength of the association
was examined using multiple linear regression. There was a weak correlation (Rho = 0.25, p < .001)
between self-reported and device-based SB measures. The SBQ under-estimated daily SB time
compared to accelerometry. Our results highlighted an overall weak-to-moderate correlation
between measures, with significant differences between each country’s version. Researchers should
be cautious when using the SBQ to provide an estimation of SB time in older adults.

Sedentary behavior; activpal;
Axivity; older adults

Introduction
Reducing sedentary behavior, defined as any waking
behavior characterized by an energy expenditure ≤1.5
metabolic equivalents (METs) while in a sitting, reclin
ing or lying posture (Tremblay et al., 2017), has been
recognized as an important public health target in older
adults (De Rezende et al., 2014; Sparling et al., 2015).
Older adult populations exhibit the highest levels of
sedentary behavior, spending up to 80% of their waking
hours sitting (Giné-Garriga et al., 2020; Harvey et al.,
2015; Wullems et al., 2016). Researchers have demon
strated that sitting or lying for prolonged periods of time
is negatively associated with health status (Ku et al.,
2018; Wilson et al., 2019). Pavey and colleagues (2015)

highlighted that older women who sat 8 to 11 hours/day
and those who sat ≥11 hours/day had 1.45 and 1.65
times higher risk of all-cause mortality respectively,
compared to older women who sat less than 4 hours
per day. High levels of sedentary behavior have also been
associated with increased levels of social isolation in
older adults (Tully et al., 2019). Though the cost of
sedentary behavior to the UK national health service
has been estimated as £0.8 billion in the 2016–2017
financial year (Heron et al., 2019), the actual burden is
likely to be higher, considering the broader societal costs
associated with sedentary behavior. The negative health
consequences of high levels of sedentary behavior
appear to hold true even for those who meet the physical
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activity recommendations of the World Health
Organization (WHO), of at least 150 minutes per week
of moderate-intensity physical activity, but higher levels
of physical activity may ameliorate this effect (Ekelund
et al., 2016; Katzmarzyk et al., 2009; Keith P. Gennuso
et al., 2013; Patel et al., 2010; Van Der Ploeg et al., 2012;
Van Uffelen et al., 2010).
Accurate measurement of sedentary behavior is
important in order to facilitate rigorous scientific eva
luations of interventions designed to reduce sedentary
behavior. Device-based (e.g. hip-worn ActiGraph accel
erometer; wrist-worn Axivity accelerometer; and thighworn activPAL accelerometer) and self-reported mea
sures (e.g. Sedentary Behavior Questionnaire (SBQ);
Measuring Older Adults Sitting Time (MOST);
International Physical Activity Questionnaire (IPAQ);
LASA Sedentary Behavior Questionnaire) are available.
Self-report questionnaires have been predominantly
used in large scale studies due to low administration

Figure 1. Sample flowchart.

cost and due to providing more information about the
context of behavior (e.g. watching television, reading,
playing computer/video games, driving/riding in a car).
Nevertheless, some limitations such as recall bias and
the underestimation of sedentary time are likely with
self-reported measures (Aguilar-Farías, Brown, Olds
et al., 2014a). The SBQ is a self-report instrument devel
oped to evaluate the amount of time doing nine contextspecific behaviors on weekdays and weekend days. The
English-language version has been validated in over
weight adults (Rosenberg et al., 2010); an adapted
Spanish-language version was validated in patients
with fibromyalgia (Munguía-Izquierdo et al., 2013);
and a Turkish-language version in an adult population
(Bakar et al., 2018). A recent study compared the
Slovenian version of the SBQ (weekdays) against the
activPAL3 micro also in an adult population (Kastelic
& Šarabon, 2019). However, there are currently no stu
dies that have validated the use of the SBQ in older
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adults. There has also been a lack of validation studies of
self-reported sedentary behavior measures in languages
other than in English in older adults.
Authors of a recent study have shown minor differ
ences assessing different physical behaviors, as well as
both sitting and lying, between three different acceler
ometers placed at the thigh (ActiGraph GT3X, activPAL
micro and the Axivity AX3). Researchers suggested that
raw data should be processed and analyzed in an iden
tical manner (Crowley et al., 2019). However, some
limitations for using accelerometers include their high
cost and the added complexity when using them in large
cohort studies, including participant’s responsibility to
wear the device for at least seven days to provide repre
sentative data as shown in previous studies (Hart et al.,
2011). Older adults have reported additional challenges
such as mild skin irritation with continuous wear (Van
Der Berg et al., 2016), forgetting to replace the belt in the
morning after removing it for sleeping and finding the
device uncomfortable (Schrack et al., 2014). Thus, asses
sing the validity of self-report questionnaires such as the
SBQ is especially relevant in the older adult population.
Therefore, the main aim of this study was to assess the
criterion validity of the SBQ to measure sedentary beha
vior in community-dwelling older adults using thigh
and hip accelerometry. Our secondary aim was to vali
date the English, Spanish, German and Danish versions
of the SBQ in the same population.

Materials and methods
Study design & participants
This validation study used a cross-sectional design using
baseline data collected from the SITLESS study. Briefly,
the SITLESS study was a multi-center pragmatic threearmed randomized controlled trial which aimed to
determine whether exercise referral schemes could be
enhanced by self-management strategies to reduce
sedentary behavior, increase physical activity levels and
improve health in the long-term in community-dwelling
European older adults (≥65 years old). Full details of the
study were described elsewhere (Giné-Garriga et al.,
2017). All participants gave their informed consent
prior to participation. From the overall SITLESS parti
cipants (N = 1360), a subsample of 801 participants
(mean age 75.6 ± standard deviation 6.1 years old and
57.6% females) who answered all items in the SBQ and
provided valid thigh-based accelerometry data in the
baseline assessment were included in this validation
study (see Figure 1)
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Measurements & procedures
Sedentary behavior questionnaire (SBQ)
The SBQ version used was previously validated against
self-reported measures by Rosenberg et al. (2010) in
overweight male adults. Data showed an acceptable
intraclass correlation coefficient (ICC) for all items and
the total scale (range = 0.51–0.93), and significant rela
tionships between SBQ items and the International
Physical Activity Questionnaire (IPAQ) sitting time
and body mass index (BMI). The SBQ assessed the
amount of time spent doing nine context-specific beha
viors during weekdays and weekend days, with the ques
tion ‘on a typical weekday or weekend day, how much
time do you spend (from when you wake up until you go
to bed) doing the following?’: watching television; play
ing computer/video games; sitting while listening to
music; sitting and talking on the phone; doing paper
work or office work; sitting and reading a book or
magazine; playing a musical instrument; doing arts and
crafts; and sitting and driving/riding in a car or train.
The possible responses options were: none, 15 minutes
or less, 30 minutes, 1 hour, 2 hours, 3 hours, 4 hours,
5 hours, or 6 hours or more. To obtain daily time sitting
or lying, weekday hours were multiplied by five and
weekend hours were multiplied by two; summed hours
per week were divided by seven and finally multiplied by
60 to give minutes in sedentary behavior per day.
Translation process
The translation and adaptation from English language to
Spanish, German and Danish was completed following
the recommendations of Hambleton (2005). The direct
and inverse translation method in each language was
completed by two independent bilingual translators to
identify any discrepancies between the meaning of the
translation and the original questionnaire. After a final
consensus, researchers and translators generated the
final versions of the questionnaires in Spanish, German
and Danish.
Accelerometry
Participants were asked to wear an accelerometer on
their dominant thigh continuously (24 hours/day) for
seven consecutive days after completion of the SBQ.
Two types of thigh accelerometers were used according
to their availability at each site. The cohorts from Spain
and Germany (n = 372) wore the activPAL3c (PAL
technologies, Glasgow, Scotland) and the cohort from
Northern Ireland and Denmark (n = 429) wore the
Axivity AX3 (AXIVITY Ltd., Newcastle, UK). The
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activPAL (weighing 9 g and measuring 25x45x5mm)
was initialized using activPAL Professional Software
(version 7.2.38.2) with a sampling frequency of 20 Hz
and a g range of ±2 g and the Axivity (weighing 11 g and
measuring 23x32,5x7,6 mm) was initialized using Open
Movement OmGui Software (version 1.0.0.43) with
a sampling frequency of 50 Hz and a g range of ±8 g.
The activPAL and Axivity accelerometers were posi
tioned on the dominant thigh midway between the ante
rior superior iliac spine and the patellar tendon and
attached using a waterproof transparent film (hypoaller
genic Tegaderm foam adhesive dressing, 3 M, USA). For
the purposes of determining accelerometer wear time
for this specific study, participants were also asked to
simultaneously wear the ActiGraph wGT3X-BT +
(ActiGraph LLC, Pensacola, FL, USA) alongside the
thigh accelerometer. The ActiGraph device was placed
on the dominant hip using an elastic belt, just above the
iliac crest, during waking hours only (removed during
nighttime sleep and water-based activities) for seven
consecutive days. The ActiGraph wGT3X-BT (weighing
19 g and measuring 46x33x15 mm) was initialized using
the ActiLife (version 6.13.4) software with a sampling
frequency of 30 Hz and a g range of ±6 g (Robusto &
Trost, 2012).
Data from both thigh-based accelerometers were
pooled together and harmonized. Sedentary behavior
time (i.e. combined sitting/lying time) for the Axivity
AX3 data was classified using the method described by
Skotte et al. (2014). This method uses threshold values of
standard deviation of acceleration, angle and also incli
nation to determine different types of activities, includ
ing sedentary behavior (Skotte et al., 2014). This method
has demonstrated an excellent sensitivity and specificity
(93 to 100%) in semi-standardized and free-living set
tings (Crowley et al., 2019). Sedentary behavior time
from the activPAL was classified by the activPAL
Professional Software (version 7.2.38.2) algorithm
because the activPAL3 uses a lower sampling frequency
compared to the Axivity (i.e. 20 vs 50 Hz). The
activPAL3 also covers a more limited g range (±2 g)
compared to the Axivity (±8 g). The assessment of
daily sedentary behavior time from each thigh-worn
accelerometer was restricted to wear time extracted
from the .agd files generated by the hip-worn
ActiGraph. Wear time information in the .agd files was
identified using the Choi 2011 wear time algorithm
using the ActiLife software (Giné-Garriga et al., 2020).
With a small number of participants, it was observed
that while the ActiGraph had been worn, the thighbased accelerometer had not been worn in conjunction
or suffered from a malfunction. In order to exclude these
days from the analysis, the output derived from the

harmonization process were subsequently manually
cleaned by two authors (JJW and MS). The cleaning
process ensured only valid days were included (at least
four valid days (including one weekend day) and
≥600 minutes/day wear time) as suggested in previous
studies (Migueles et al., 2017). Daily sedentary time,
normalized at a daily level, was then calculated from
the thigh-based monitors once the cleaning process
had been completed.
Additional data
Additional data were included to describe the sample
including age (years), sex (male and female), country
(Northern Ireland, Spain, Germany and Denmark), BMI
(kg/m2; using the Tanita BC 420 bioelectrical impedance
scales and a Seca 213 portable stadiometer) to categorize
weight status (normal and underweight: <25 kg/m2;
overweight: 25–29.9 kg/m2; obese: >30 kg/m2), Short
Physical Performance Battery (SPPB) score to determine
low or high physical function (<10 SPPB score or ≥10
SPPB score, respectively) (Guralnik et al., 1994) and the
Trail Making Test (TMT) (Soukup et al., 1998) time to
determine cognitive (TMT A; intact <78 seconds; defi
cient ≥78 seconds)/executive (TMT B; intact ≤180 sec
onds; mildly reduced ≥181 seconds) function used in
several studies (Bowie & Harvey, 2006; Roy & Molnar,
2013), as well as with an older adult population (Cangoz
et al., 2009).

Statistical analysis
The chosen analytical approach has been guided by
recommendations for validating self-reported behavior
(Welk et al., 2019). Before conducting analyses, all vari
ables where examined for normality using SShapiro–
WilkTest or KKolmogorov–SmirnovTest.
Paired samples t-tests were used to assess the differ
ences in the mean values for daily sitting time between
self-reported and device-measured daily sedentary beha
vior time. Correlations were interpreted as follows: coef
ficient value between ± 0.50 and ± 1: strong positive/
negative linear relationship or correlation; between ±
0.30 and ± 0.49: moderate positive/negative linear rela
tionship or correlation; below ± 0.29: weak positive/
negative linear relationship or correlation (Rumsey,
2005). Criterion validity was assessed using nonpara
metric Spearman’s Rho coefficients.
To assess the agreement between daily sedentary
behavior time measured by the SBQ compared to the
accelerometer estimated sedentary time, Bland–
Altman plots (including the 95% limits of agreement)
and Intraclass Correlation Coefficients (ICC) were
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utilized. The mean difference ± 1.96 x the standard
deviation of the mean difference was added to the plot
to derive the limits of agreement. These limits defined
the interval in which differences between methods
could be expected for 95% of future measurements in
comparable people (Bland & Altman, 2007).
Differences of the two measures were checked to be
normally distributed (Giavarina, 2015). Accelerometer
estimated sedentary time was used as the criterion
measure; a mean difference close to y = 0 was a good
indicator of agreement, as was a confidence interval
encompassing y = 0, thus indicating higher levels of
agreement with the daily sitting time from the SBQ.
We considered wide limits of agreement having
a mean difference of more than 240 minute/day of
sedentary time according to two previous research
studies (Aguilar-Farías et al., 2014b; Gilbert et al.,
2016).
The strength of the association between daily seden
tary time measured by the SBQ compared to the accel
erometer estimated sedentary time was examined using
multiple linear regression with age, gender, country of
origin, BMI, SPPB score and TMT times for cognitive
and executive functioning as adjustment covariates in
the same model.
Additional sub-group analyses were conducted to
explore possible differences in the validity of SBQ in
different languages (English versus Spanish versus
German versus Danish); sex (males versus females);
age groups (young-old: 65 to 74 years versus middleold: 75 to 84 versus oldest-old: >85 years); weight status
(normal and underweight versus overweight versus
obese); physical functioning (low function versus high
function); executive and cognitive functioning (intact
executive/cognitive function versus reduced executive/
cognitive function).
All statistical analyses were performed using IBM
SPSS Statistics 26 (SPSS, Inc, an IBM Company,
Chicago, IL, USA) and the significance level was set
at p< .05.

Results
Out of 850 participants from the SITLESS study who
were asked to wear a thigh accelerometer for seven
consecutive days, 801 participants (57.6% female and
75.6 ± 6.1 years old) provided valid data for the SBQ
and the thigh-based accelerometers. N = 49 participants
were excluded as their data did not meet the prespecified wear time criteria or there were technical pro
blems with data processing.
Demographic characteristics are presented overall
and by country in Table 1. Approximately 75% of the
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overall sample size was overweight or obese. The
German cohort had the highest percentage of partici
pants with low physical function (male: 71.5% and
female: 77.8%) compared to the other three countries
(Table 1). Executive and cognitive functions were simi
lar across German, Danish and Northern Irish partici
pants, but Spanish participants had lower executive and
cognitive function (21.6% and 50.7%, respectively)
(Table 1).
The criterion validity of the self-report daily minutes
spent in sedentary behavior assessed with the SBQ
against accelerometer estimated sedentary behavior is
shown in Table 2. There was a weak correlation
(Rho = 0.25, p < .001) between self-reported and devicebased measures. Overall, participants reported an aver
age of 472.9 ± 168.5 mins/day of sedentary behavior with
the SBQ. Accelerometers measured an average of
545.9 ± 112.9 mins/day from 865.0 ± 68.0 mins/day of
wear time during waking hours. The difference between
self-reported and accelerometers was 72.90 mins/day
(95% CI −85.45, −60.32; p < .001) with the SBQ under
estimating sedentary behavior time compared to the
accelerometer estimated sedentary behavior.
Bland–Altman plots were used to graphically com
pare the differences between device-based and selfreported measurements (Figure 2). Overall, participants
reported lower daily sitting time using the SBQ with
a mean difference of −73.4 mins/day and a wide range
of limits of agreement (LoA) (upper LoA = 278.8 mins/
day, lower LoA = −425.6 mins/day) compared to the
same outcome assessed with the device-based instru
ments. Divided by country, Northern Irish, German
and Danish participants under-reported their time
spent in sedentary behavior with a mean difference of
−60.7, −62.7 and −108.0 mins/day, respectively (range of
upper LoA = 273.4 mins/day, lower LoA = −434.1 mins/
day) (Figure 3). Spanish participants self-reported daily
sitting time using the SBQ with a mean difference of
10.75 mins/day although with a wide range of LoA
(upper
LoA
=
508.1
mins/day,
lower
LoA = −486.6 mins/day) compared to the device-based
measured values (Figure 3). Participants with higher
levels of accelerometer measured sedentary behavior
tended to overreport their sedentary time in the SBQ;
while participants with lower levels of sedentary beha
vior tended to underreport their sedentary time. This
feature can be seen in Figure 3, markedly for Danish and
Northern Irish participants. Overall, ICC data showed
a weak agreement between both measures (ICC = 0.32,
95% CI 0.19, 0.43). Weak agreement between measures
were also found across each language version (Table 2).
Table 3 shows the multiple linear regression model
with daily sedentary behavior time measured with the

178 (52.4)
133 (39.1)
29 (8.5)
28.7 ± 4.1
58 (17.1)
174 (51.3)
107 (31.6)
201 (59.1)
139 (40.9)
75 (22.6)
257 (77.4)
32 (9.7)
299 (90.3)
863.1 ± 69.6

427 (53.3)
307 (38.3)
67 (8.4)
28.5 ± 5.3

200 (25.0)
325 (40.6)
275 (34.4)

515 (64.3)
286 (35.7)

190 (24.2)
596 (75.8)

84 (10.7)
702 (89.3)
865.0 ± 68.0

52 (11.4)
403 (88.6)
866.4 ± 66.9

115 (25.3)
339 (74.7)

314 (68.1)
147 (31.9)

142 (30.8)
151 (32.8)
168 (36.4)

249 (54.0)
174 (37.7)
38 (8.2)
28.5 ± 6.0

Female
461
57.6
75.4 ± 6.1

1.5
98.5
861.8 ± 57.7

1.5
98.5

24.6
75.4

20.0
41.5
38.5

83.1
13.8
3.1
29.2 ± 4.6

100.0
862.6 ± 61.7

8.3
91.7

43.3
56.7

28.3
30.0
41.7

71.7
25.0
3.3
28.6 ± 5.4

Female
60
48
72.9 ± 5.7

N. Ireland
Male
65
52
71.8 ± 5.3

SD = standard deviation; BMI = Body Mass Index; SPPB = Short Physical Performance Battery; TMT = Trail Making Test

N
Gender (%)
Mean age (years ± SD)
Age (years) (%)
65 to 74
75 to 84
≥ 85
Mean BMI (kg/m2 ± SD)
BMI (%)
Normal and underweight (<25)
Overweight (25 to 29.9)
Obese (>30)
SPPB (%)
Low function (<10 SPPB Score)
High function (>10 SPPB Score)
TMT (%)
Executive function
Mildly reduced
Intact
Cognitive function
Deficient
Intact
Average Daily Wear Time
(mins ± SD)

Male
340
42.4
75.8 ± 6.2

N (%)
801
801 (100)
75.6 ± 6.1

All participants

Table 1. Descriptive characteristics of the sample by gender and country.

55.2
44.8

73.4
26.6

18.8
32.8
48.4

42.2
43.8
14.1
29.6 ± 4.9

Female
64
80
77.1 ± 6.4

32.2
67.8
845.0 ± 71.6

Spain

9.1
90.9
860.0 ± 74.1

27.3
72.7

43.8
56.3

18.8
50.0
31.3

18.8
81.3
28.4 ± 4.0

Male
16
20
78.7 ± 4.4

12.3
87.7
857.7 ± 76.1

25.4
74.6

71.5
28.5

10.8
52.3
36.9

59.2
30.8
10.0
29.4 ± 4.4

16.1
83.9
866.6 ± 66.6

31.7
68.3

77.8
22.2

25.3
38.3
36.4

56.2
37.0
6.8
29.3 ± 6.4

Female
162
55.5
74.6 ± 6.0

Germany
Male
130
44.5
74.9 ± 6.4

11.2
88.8
896.4 ± 68.1

30.2
69.8

65.9
34.1

21.9
55.5
27.7

34.1
55.0
10.9
27.6 ± 3.5

4.0
96.9
875.4 ± 65.7

15.4
84.6

65.7
34.3

41.1
28.6
30.3

50.3
40.6
9.1
27.2 ± 6.0

Female
175
57.6
76.3 ± 5.8

Denmark
Male
129
42.4
78.5 ± 5.2
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Table 2. Daily average minutes spent in sedentary behavior overall and by country from the SBQ and activPAL/Axivity [mean ±
standard deviation]; 95% CI; Intraclass Correlation Coefficient (Confidence intervals 95%); Rho Spearman’s correlation; and p value.
N. Ireland (n = 125)
Spain (n = 80)
Germany (n = 292)
Denmark (n = 304)
Total (n = 801)

SBQ
486.6 ± 173.2
472.1 ± 236.0
463.8 ± 149.1
476.2 ± 165.6
472.9 ± 168.5

activPAL/Axivity
547.3 ± 87.9
461.3 ± 121.3
526.5 ± 121.6
583.0 ± 95.7
545.9 ± 112.9

95% CI
−91.02, −30.41
−49.75, 71.26
−82.20, −43.22
−125.48, −88.12
−85.48, −60.32

ICC (95% CI)
0.34 (0.08, 0.53)
0.15 (−0.36, 0.48)
0.36 (0.18, 0.50)
0.32 (0.06, 0.50)
0.32 (0.19, 0.43)

Rho
0.28**
0.06
0.23**
0.30**
0.25**

p value
0.001
0.613
<0.001
<0.001
<0.001

SBQ = Sedentary Behavior Questionnaire; ICC = Intraclass Correlation Coefficient; ** p ≤ 0.001

Figure 2. Overall Bland-Altman plot. solid line shows the mean different between the two measures; dash lines represent the 95% CI.

SBQ and covariates (country, age, gender, BMI, physical
function and executive and cognitive functions) that
predicted the response variable: accelerometermeasured daily sedentary time. The full model predicted
19% of the total variance. The effect modification was
significant in all explanatory variables except for age and
cognitive function (TMT A) (p< .05). After adjusting the
model separately for each country, the model for the
Danish cohort (R2 = 0.23, p< .001), followed by those for
German and Northern Irish participants (R2 = 0.16,
p< .001; R2 = 0.16, p = .003, respectively) were able to
explain the accelerometer-measured daily sedentary
time better than the model for the Spanish cohort
(R2 = 0.10, p= .567).
Criterion validity of each version of the SBQ with the
matching language was analyzed separately (Table 2).
Data from the Danish version showed a moderate cor
relation (Rho = 0.30, p≤ 0.001) and data from the
English, German and Spanish versions showed weak
correlations (Rho = 0.28, p< .001; Rho = 0.23, p< .001
and Rho = 0.06, p= .613, respectively).
Correlations between SBQ and the accelerometer
estimated sedentary time measures across countries
and sub-groups are presented separately. In the
Northern Irish cohort (see Supplementary Material 1),

higher significant associations were found in the female
subgroup (Rho = 0.35, p= .006) and the obese partici
pants (Rho = 0.30, p= .032). Spanish participants (see
Supplementary Material 2) showed no significant asso
ciations divided by subgroups. However, males and par
ticipants with intact executive function showed slightly
higher associations than the other subgroups
(Rho = 0.39, p= .076; Rho = 0.30, p= .223, respectively).
Although associations were weak in the German version,
moderate associations were found in different subgroups
(see Supplementary Material 3). Those groups that
showed slightly higher significant associations were par
ticipants with normal and underweight (Rho = 0.45,
p< .001) and high physical function (Rho = 0.45,
p< .001). The association was weak-to-moderate and
almost equivalent in each Danish subgroup (see
Supplementary Material 4) but showed slightly higher
significant association in female (Rho = 0.39, p< .001)
and the low function participants subgroup (Rho = 0.34,
p< .001).

Discussion
This is the first study to assess the validity of the SBQ in
four different languages (English, Spanish, German and

Figure 3. Bland-Altman plot panel by country. Solid line shows the mean different between the two measures; dash lines represent the 95% CI.
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Table 3. Multiple linear regression model for daily sedentary time measured with accelerometry adjusted by average minutes spent in
sedentary behavior measured with SBQ, center of study, age, gender, BMI, physical function and executive and cognitive functioning in
the same model.
Overall
Model
Average minutes spent in
sedentary time (SBQ)
Center of study
Age
Gender
BMI
Physical function (SPPB Score)
Executive functioning (TMT B)
Cognitive functioning (TMT A)

N. Ireland

Spain

Germany

Denmark

R2 St. Beta p value R2 St. Beta p value R2 St. Beta p value R2 St. Beta p value R2 St. Beta p value
0.19
<0.001 0.16
0.003 0.10
0.567 0.16
<0.001 0.23
<0.001
0.217 <0.001
0.255
0.005
0.066
0.649
0.259 <0.001
0.246 <0.001
−0.222 <0.001
0.005
0.904
−0.280 <0.001
0.076
0.031
−0.107 0.006
−0.147 0.001
0.050
0.260

−0.021
−0.202
0.129
−0.180
−0.026
−0.001

0.839
0.026
0.179
0.095
0.830
0.994

0.092
−0.152
−0.050
0.047
−0.297
0.231

0.528
0.307
0.728
0.782
0.077
0.172

−0.004 0.947
−0.311 <0.001
0.032
0.577
0.014
0.827
−0.054 0.486
0.034
0.656

0.049
0.385
−0.211 <0.001
0.217 <0.001
−0.129 0.032
−0.098 0.126
0.142
0.023

Dependent variable: Daily sedentary time measured with accelerometry
R2 = R Squared; St = Standardized coefficient; SBQ = Sedentary Behavior Questionnaire; BMI = Body Mass Index; SPPB = Short Physical Performance Battery;
TMT = Trail Making Test.

Danish) in an older adult population. Our results
showed an overall weak positive correlation between
the self-reported measures and the accelerometer esti
mated sedentary time. However, whenever each version
of the SBQ with the matching language was analyzed
separately, data of the Danish version showed
a moderate correlation while the English, German and
Spanish versions showed weak correlations. When over
all absolute agreement was assessed, daily minutes in
sedentary behavior of the SBQ with the equivalent vari
able derived from the accelerometer data, suggested
a weak agreement between measures.
Similar to other studies, our findings showed an
underestimation of 72.90 mins/day between selfreported and accelerometer measures. Kastelic and
Šarabon (2019) compared the Slovenian version of
SBQ (weekdays) against the activPAL in an adult
population and showed an underestimation of the
SBQ with a mean difference between measures of
−181 mins/day (Kastelic & Šarabon, 2019). The
Bouchard Activity Record, which is a self-report
instrument used to assess all levels of the physical
activity spectrum from lying and sitting to vigorousintensity activity, detected significantly less time in
sedentary behavior (487.0 ± 194.3 mins/day) than the
activPAL (518.5 ± 147.8 mins/day) (Hart et al., 2011).
Another questionnaire specific to older adults (e.g. the
MOST questionnaire), also underestimated daily
sedentary behavior time by 3.6 hours compared to
accelerometer-based measures (Gardiner et al., 2011).
Self-reported measures appear to have poor accuracy
and generally provide an underestimation of the time
spent in sedentary behavior, especially in older adults
(Celis-Morales et al., 2012). According to Harvey et al.
(2013), 58.9% of the participants (n = 372,550 older

adults from seven countries) included in a metaprevalence analysis of sitting time reported sitting
>4 hours per day, 26.6% reported >6 hours per day
and just 5% reported over 10 h per day; whereas 67% of
these participants were sedentary for more than
8.5 hours per day using objective measures (Harvey
et al., 2013).
The Bland-Altman plot of overall absolute agreement
of daily minutes in sedentary behavior of the different
SBQ versions with the equivalent variable derived from
the accelerometers data showed a mean difference of
−73.45 minutes, and the limits of agreement were
(−425 mins to 278 mins), suggesting an overall weak
agreement (ICC = 0.32, 95% CI 0.19, 0.43). Our study
showed slightly higher agreement between measures
compared to another study that found a ICC = 0.014
(95% CI −0.21, 0.26) (Kastelic & Šarabon, 2019).
In comparison with other studies, our data displayed
slightly higher correlation coefficients than shown in
previous SBQ validation-based studies (Bakar et al.,
2018; Kastelic & Šarabon, 2019; Munguía-Izquierdo
et al., 2013; Rosenberg et al., 2010). Bakar et al. (2018)
used the self-reported IPAQ as a validity criterion (Craig
et al., 2003) showing a weak correlation (Rho between
−0.026 to 0.144 on weekdays and −0.083 to 0.175 on
weekends) (Bakar et al., 2018). However, it is important
to consider that using another subjective measure as
a criterion measure was not ideal. The Slovenian version
of the SBQ (weekdays) showed a weak correlation
(Rho = 0.01) compared to the activPAL among adult
population (Kastelic & Šarabon, 2019). Similarly, the
Spanish version of the SBQ validated among fibromyal
gia patients (Munguía-Izquierdo et al., 2013) showed
a weak correlation (Rho = 0.06) compared with the
SenseWear Pro3 Armband monitor. Rosenberg et al.
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(2010) showed no correlation for males but a higher
association for females (Rho = 0.26) compared to the
ActiGraph accelerometer measure. Similarly, Nelson
et al. (2019) compared the IPAQ sedentary time ques
tion against the ActiGraph device in undergraduate stu
dents and also showed a weak correlation (Rho = 0.26).
However, these validation studies have used hip-worn
accelerometers that are poor at distinguishing between
postures. Our study used well-accepted thigh-based
accelerometry to measure postural changes which
could potentially explain the differences when compared
to the other validation studies.
Underestimation of sedentary behavior in older
adults could be explained due to a lack of awareness of
the many occasions which require time spent sitting
down. Memory capacity may also be reduced in some
older adults, making it difficult to accurately provide
relevant answers for self-reported instruments. A 10item questionnaire developed for older adults (e.g.
LASA Sedentary Behavior Questionnaire), correlated
moderately (Rho = 0.35, p< .001) with total objective
sedentary time (Visser & Koster, 2013). Activities such
as napping, hobbies or talking with friends were
included in this questionnaire and could explain some
of the difference with our results since the SBQ does not
include such activities. Time spent in activities such as
afternoon napping or chatting after eating could poten
tially explain the weak association found in the Spanish
cohort. Despite some studies highlighting poor associa
tions between questionnaire and accelerometrymeasured sedentary behavior, others have shown more
moderate correlations. Aguilar-Farías, Brown, Olds et al.
(2014a) showed a weak-to-moderate correlation
(Rho = 0.28 to 0.33) against the activPAL accelerometer
worn by older adults using one single question on week
days and weekend days: “How many hours each day do
you typically spend sitting down while doing things like
visiting friends, driving, etc.?”.
In the present study, some differences between ver
sions were apparent. For our analysis, the English,
German and Danish versions (Rho = 0.28, 0.25 and
0.30, respectively) showed higher correlations between
self-reported and device-based measures than the
Spanish version (Rho = 0.06). Differences between ver
sions could potentially be explained due to the small
Spanish sample size included in the analysis compared
to the other countries. In the current study, higher
associations in females in the Danish, English and
German versions (Rho = 0.39, 0.35, 0.27, respectively)
were found compared to males except in the Spanish
version (Rho<0.01). Likewise, in Rosenberg et al.’s

(2010), these findings suggest that females report their
sedentary behaviors with greater accuracy.
To accurately self-report sedentary behavior, cogni
tive function, concentration and memory should be
intact (Rikli, 2000). Munguía-Izquierdo et al. (2013)
used the Spanish version of the Mini-Mental State
Examination (Blesa et al., 2001) to screen cognitive
function and excluded those participants with moder
ate-to-severe cognitive decline. In the current study, the
TMT (Soukup et al., 1998) was used to assess cognitive
functions. The low association found between measures
in participants with deficient cognitive function could be
explained due to the small percentage of participants in
this group (10.7% overall). However, our findings sug
gest that self-reported sedentary behavior may not be
suitable for individuals classified in the ‘cognitively defi
cient’ group on the TMT.
Assessing sedentary behavior in older adult popu
lations may be challenging (Wullems et al., 2016). It
is important to accurately measure sedentary beha
vior to determine its association with health status, to
planning effective interventions, and to informing
public health policy makers. Capturing its two pri
mary components (posture and energy expenditure)
can be challenging. Moreover, there are many factors
that can bias the assessment such as an inappropriate
criterion measure (e.g. motion sensors instead of
direct observation), mode of administration (e.g.
interview or self-report), the recall period, and the
population being assessed (e.g. children, adults or
older adults) (Kang & Rowe, 2015). Sedentary beha
vior is not commonly structured and purposive like
physical activity; and it tends to be scattered
throughout the day. This may negatively impact par
ticipants’ ability to recall accurately the amount of
time spent in sedentary
Behaviors (Healy et al., 2011). It may also be challen
ging for researchers and health professionals to design
robust strategies to reduce sedentary behavior based on
total daily sedentary time (e.g. basic summary measures
obtained with objective and self-report instruments).
Because the SBQ describes time in sedentary behavior
in several context-specific behaviors throughout an
entire week (i.e. also including weekend days alongside
weekdays), individualized and targeted interventions
can more effectively target time spent in these sedentary
activities. It is also worth noting that accelerometry
assesses both sitting and lying behaviors whereas the
SBQ asks specifically for sitting time spent in 4/9 con
text-specific activities, three of which could be com
pleted lying down and would not be captured with this
questionnaire (sitting while listening to music; sitting
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and talking on the phone; sitting and reading a book or
magazine; sitting and driving/riding in a car or train).
This would be counted as a limitation of the
questionnaire.
Furthermore, the weak correlation could also be
explained due to the limited sedentary behavior domains
that the SBQ includes, which may not completely align
with some daily common activities that older adults tend
to do in these countries. Outdoor activities such as
playing board games in leisure centers, sitting in a park
or in a bar with friends and having long meals in restau
rants, should be considered in country-specific SBQ
versions due to different environmental conditions
(e.g. weather) and cultures.
This is the first study that has attempted to validate
the SBQ in older adults. Our results provide initial
evidence of the English, Spanish, German and Danish
SBQ versions showing a weak relationship against the
thigh-based accelerometry measures, a well-accepted
criterion standard used to assess sedentary behavior
across many studies. However, given the overall weak
correlation, further research is needed to include other
sedentary behavior-related daily activities older adults
may spend time in to get more accurate estimates of total
daily sedentary time. Napping (in some cultural-specific
domains), eating breakfast, lunch and dinner could be
one of the reasons for under-reporting. Also, the SBQ
includes some questions that may not be suitable for
most older adults, such as playing computer or video
games.
The findings of this study suggest that the SBQ may
not provide a robust estimation of daily sedentary time
in older adults in population-based studies. It is impor
tant to consider that older adult populations have gen
erally tended to underestimate their levels of daily
sedentary time (Celis-Morales et al., 2012; Gardiner
et al., 2011). The under-reporting of sedentary behavior
also suggests that epidemiological studies assessing the
relationship between self-reported sedentary time and
health outcomes may underestimate the true relation
ship. Therefore, it is recommended that researchers and
clinicians should try to concurrently utilize device-based
measures to provide a more accurate estimation of
sedentary behavior as well as questionnaires to evaluate
specific domains of sedentary time in this population.

Strengths and limitations
The large sample size from four different European
countries and the use of thigh-based accelerometry as
a criterion measure should be considered strengths of
this study. However, when criterion validity was
assessed separately by country, the small sample size
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of the Spanish cohort compared to the other countries
should be considered as a limitation that could be
biasing the study results. Additionally, several sub
groups, such as participants over 85 years old or
participants with deficient cognitive function at the
TMT, were low percentage in some cohorts.
Associations between self-reported and objective mea
sures in those groups should be considered an
exploratory analysis due to small sample sizes.
Another limitation was that accelerometers account
for both sitting and lying behaviors whereas the SBQ
specifically assesses sitting time in 4/9 context-specific
behaviors, which could partially explain the weak
correlation between both tools. Finally, being unable
to use the same algorithm to classify sedentary beha
vior time for both the Axivity and activPAL3 was not
ideal.
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