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Abstract

This study aimed to develop a questionnaire for evaluating total sedentary time (ST) and ST with cognitive activity, and to examine
the association between ST and cognitive function among Japanese older adults. The questionnaire to evaluate ST comprised
12 items regarding behavior in specific settings, including 8 items on ST with cognitive activity, in a usual week. Older adults aged
�75 years who participated in a health check-up assessing cognitive function completed the developed questionnaire and sub-
sequently wore an accelerometer and recorded a diary of ST with cognitive activity for a week as validity measures. Cognitive
function was assessed with neuropsychological tests covering 4 domains: memory, attention, executive function, and processing
speed. Fifty-two participants were included in the validity analysis. Spearman’s correlation coefficient indicated fair-to-good
agreement between the questionnaire-measured and the diary-measured time for ST with cognitive activity (r ¼ 0.59,
p < 0.001), but this was not the case for total ST. Bland-Altman plots showed that the questionnaire-measured total ST contained
proportional bias (r ¼ 0.51, p < 0.001). Multiple regression analysis (n ¼ 49) showed longer questionnaire-measured ST with
cognitive activity was significantly associated with better neuropsychological test scores (attention: b ¼ -0.38, p ¼ 0.025;
executive function: b¼ -0.46, p¼ 0.003; and processing speed: b¼ 0.31, p¼ 0.041), while total ST was not associated with better
cognitive performance. The developed questionnaire showed acceptable validity to measure ST with cognitive activity, which was
found to be protectively associated with cognitive function.
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Background

Sedentary behavior is to be avoided by older adults according

to increasing evidence on its association with adverse

geriatric-relevant health outcomes.1 Although most research

has found that excessive sedentary time (ST) is associated

with adverse health outcomes,2 some cohort studies reported

a protective effect of sedentary behavior in specific settings

on certain outcomes, especially mental health aspects such as

cognitive function.3-7 Recently, it has been suggested that

sedentary behavior needs to be classified and reconsidered

in detail by type (e.g., computer use [cognitively active] vs.

watching TV [passive]).1 In turn, evaluating not only total

sedentary time (ST) but ST in specific settings can help to

clarify its influence on older adults’ health.

Sedentary behavior such as reading, using computers, or

doing crosswords were found to be protective factors for cog-

nition.3,4,7 These activities are cognitively demanding and can

therefore be considered as “cognitive activity”.8,9 A variety of

cognitive activities usually performed in a sitting position were

reported to be protective factors for cognitive function.6 How-

ever, these previous studies assessed cognitive activity using a

few items or categorical variables of activity frequency; thus,

the association between detailed ST with cognitive activity and

cognitive function have not been examined. Sedentary older

adults who engage in sedentary activities with cognitive activ-

ity for long periods may be more likely to retain their cognitive

function. To obtain more clear evidence, a questionnaire
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assessment of detailed ST with cognitive activity is therefore

needed.

Some questionnaires have been developed to evaluate

sedentary behavior among older adults in specific settings,

and a few items regarding ST with cognitive activity were

used.10-14 Although these questionnaires included reading or

using a computer, they referred to “hobbies” or “other

sedentary” activities and did not cover other cognitive activ-

ities such as playing board games, doing crossword puzzles,

or playing sudoku.10-14 Given that more concrete and multiple

items were found to improve the accuracy of measurement of

ST with cognitive activity by self-report questionnaire, ST

with cognitive activity should be assessed using more detailed

items.12,15 Therefore, the present study aimed to develop and

validate a questionnaire for evaluating ST with cognitive

activity as well as total ST, and to explore the association of

its measurements with cognitive function among Japanese

older adults.

Materials and Methods

Procedure and Participants

Data collection was conducted as part of a health check-up for

older adults aged 75 years or older in Obu city, Japan. In the

briefing meeting about the results of their health check-ups,

older adults were recruited as participants for this study. All

participants provided informed consent before participation.

This study was conducted in accordance with the guidelines

proposed in the Declaration of Helsinki, and the study protocol

was reviewed and approved by the research ethics committee

of the National Center for Geriatrics and Gerontology.

Cognitive function was assessed at the health check-up, and

other evaluations were conducted during the 2 months after the

health check-up. After the health check-up, participants were

asked to wear an accelerometer and record a diary of ST with

cognitive activity for a week beginning the next day. At the end

of the week, participants mailed the accelerometer and diary to

our institution. To encourage participants’ response, we offered

a 2,000 JPY (19 US D) voucher card to those who completed

the survey. Among the 106 individuals who received the expla-

nation about the study, 72 completed data collection.

Measures

Questionnaire. The developed questionnaire for older adults

assessed total ST and ST with cognitive activity per day. The

questionnaire comprised 12 items regarding sedentary behavior

in specific settings, including 8 items on ST with cognitive activ-

ity, in a usual week (Supplementary file). Based on the recom-

mended procedure,16 the original Japanese questionnaire was

translated into English for future research through forward trans-

lation, back translation, and back translation review by a specia-

lized translation agency (Ulatus, Crimson Interactive Pvt. Ltd.).

The 12 items regarding sedentary behavior in specific set-

tings and validity measures of total ST and ST with cognitive

activity are summarized in Table 1. These items were selected

based on a review of other questionnaires.10-14 Items (3) to (6)

and (8) for ST with cognitive activity in Table 1 referred to

activities with relatively high cognitive demand among 23

everyday activities according to the rankings of cognitive psy-

chologists.17 In addition to these activities, we added “driving

a car,” “paid or nonpaid work,” and “using a computer or

Table 1. Items in the Developed Questionnaire and the Validity Measure.

Questionnaire-measured time Questionnaire items Validity measure

Sedentary time with cognitive
activity

1. Driving a car
2. Working: general desk work, sitting at meetings, etc. (Note: with or

without pay, excluding housework)
3. Reading: books, newspapers, etc.
4. Writing in a diary, keeping household accounts, or writing in other forms
5. Filling in crossword puzzles, Sudoku, or other brain-training games (Note:

including those on computers or smartphones)
6. Playing board games, card games, Japanese chess, Igo (board game),

mahjong, etc.(Note: including those on computers or smartphones)
7. Using a computer or smartphone for purposes such as drafting documents,

searching the internet, etc. [Note: excluding working or playing games
under (2), (5), and (6)]

8. Pictorial work activity: knitting, handicrafts, stamp art, making kokedama
(moss ball), or origami, etc.

Diary of sedentary time
with cognitive activity

Total sedentary time Above (1) to (8) items and
9. Riding and sitting in a train, bus, or car driven by others
10. Eating: either eating at home or out, including drinking tea or eating snacks

at cafes
11. Watching television, videos, or DVDs (Note: excluding the time spent on

other activities like eating)
12. Chatting with family or friends (Note: excluding the time spent on working

or eating)

Accelerometer
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smartphone” to the items on ST with cognitive activity, as

those who engage in these activities have high cognitive

function.18-20

Participants were asked, “When thinking about a typical

week (7 days) and not including special situations, such as

traveling for fun or being hospitalized, how often do you per-

form the following activities while sitting or lying down? For

each activity, please respond with the number of days per week

and the approximate duration per day you perform the

activity.” Although other questionnaires ask participants to

report the ST over the past 7 days,10,12 we asked for the time

in a habitual week to exclude unusual events such as trips or

hospitalizations. We did not separate weekdays and weekends

because another cohort study we conducted showed that most

older adults were not employed6; therefore, we assumed there

were no obvious differences in their activity pattern between

weekdays and weekends. After drafting the questionnaire, we

confirmed the ease of respondence by asking a convenience

sample of 21 older adults in a health class to complete the

questionnaire. The original questionnaire item, “Do nothing

in particular,” was found to be difficult to answer; thus, we

excluded it from the final questionnaire.

Referring to the data cleaning rules for the International

Physical Activity Questionnaire (IPAQ), those who reported

>960 min of total ST were identified as over-reporting, based

on the assumption that individuals spend an average of 8 hours

per day sleeping.21 In order to confirm the test-retest reliability

of the developed questionnaire, we asked individuals in a

research institution (n ¼ 26; mean age, 39.5 + 7.9 years;

women, n ¼ 17; education, 18.0 + 3.1 years) to respond to

the questionnaire across a two-day interval. The test-retest

reliability was evaluated using single-measure intraclass corre-

lation coefficients [ICC (1, 1)] and 95% confidence intervals

(CI), and those who reported >960 min of total ST were not

excluded, to enable us to examine if participants provided

similar responses to the first and second questionnaire. ICC

showed excellent agreement for total ST [ICC (95%CI) ¼
0.96 (0.90–0.98)] and ST with cognitive activity [ICC

(95%CI) ¼ 0.99 (0.98–0.995)].

Accelerometer. The validity of questionnaire-measured total ST

was confirmed by comparison with data from an accelerometer

using a tri-axial monitor, Active style Pro HJA350-IT (ASP;

Omron Healthcare, Kyoto, Japan). The use of the ASP for

identifying sedentary behavior was validated using the Douglas

Bag method in a controlled laboratory setting22,23 and activ-

PAL with a built-in inclinometer in a free-living setting.24 The

ASP measures sedentary behavior as �1.5 metabolic equiva-

lents25 in 60-sec epochs. Participants were instructed to wear

the accelerometer on the right or left side of the waist during

waking hours and to remove it during sleeping and water-based

activities (e.g., bathing or swimming). Non-wear time was set

at intervals of �60 consecutive minutes of 0 metabolic equiva-

lents (METs), with allowance for up to 2 min of observation of

some limited movement (<1.0 METs) within these periods.26

Valid data were defined as including wear time for at least

4 days and 10 or more hours per day.27 In line with a previous

study recommending 5 or more days of monitoring for predict-

ing sedentary behavior in older adults,28 all participants

included in the analysis except for two had 5 or more days

of data.

Diary of sedentary time with cognitive activity. A 7-day diary of ST

with cognitive activity was used as the validity measure for

questionnaire-measured ST with cognitive activity. The format

of the diary was set to record the start and end time of partici-

pants’ engagement in each cognitive sedentary behavior [(1) to

(8) items] during the week. The sum of the recorded time

provided the daily ST with cognitive activity per day. All par-

ticipants who completed the diary had 6 or more days of data

and were thus included in the analysis.

Cognitive function. Cognitive function was assessed using the

National Center for Geriatrics and Gerontology-Functional

Assessment Tool (NCGG-FAT).29,30 Participants were accom-

panied by well-trained staff to ensure that the correct test pro-

tocols were followed. In the present study, cognitive

impairment was assessed based on the following 4 cognitive

domains: memory (word list memory-I [immediate recogni-

tion] and word list memory-II [delayed recall]), attention (an

electronic tablet version of the Trail Making Test part A [TMT-

A]), executive function (an electronic tablet version of the Trail

Making Test part B [TMT-B]), and processing speed (an elec-

tronic tablet version of the Symbol Digit Substitution Task

[SDST]). These tests have acceptable test-retest reliability and

moderate-to-high correlations with scores of widely-used con-

ventional neurocognitive tests among community-dwelling

older adults.29

Statistical Analysis

Data distribution was skewed for questionnaire-measured ST

with cognitive activity (skewness¼ 1.26, kurtosis¼ 1.91, p for

Shapiro-Wilk test < 0.001), while it was normal for

questionnaire-measured total ST (skewness ¼ 0.34, kurtosis

¼ 1.14, p for Shapiro-Wilk test ¼ 0.15). Although the

Shapiro-Wilk test was significant at p < 0.01, the data distri-

bution of the validity measures showed less skewness

(accelerometer-measured total ST: skewness ¼ 0.87, kurtosis

¼ 1.03; diary-measured ST with cognitive activity: skewness¼
0.67, kurtosis ¼ -0.60). In the validity analysis, the difference

and correlation between the questionnaire-measured time and

the validity measure for ST with cognitive activity were exam-

ined using a non-parametric test (Wilcoxon’s test and Spear-

man’s correlation coefficients [r]), while those for total ST

were examined using parametric tests (t-tests and Pearson’s

correlation coefficients [r]). Bland-Altman plots of total ST

and ST with cognitive activity were created to confirm sys-

tematic error between the questionnaire-measured time and

validity measures. Fixed and proportional biases were exam-

ined using limits of agreement and Pearson’s correlation coef-

ficients (r), respectively.
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The associations between questionnaire-measured total ST,

ST with cognitive activity, and cognitive function were exam-

ined using multiple regression analysis. The NCGG-FAT score

was set as the dependent variable, and the questionnaire-

measured total ST and ST with cognitive activity were set as

independent variables. A transformation was used to improve

the normality of the data distribution for ST with cognitive

activity (log [ST with cognitive activity þ 0.5]) (Yamamura,

1999). Although the total ST value contained ST with cognitive

activity, multicollinearity was not considered because there

was not a high correlation between total ST and transformed

ST with cognitive activity (r¼ 0.49, p < 0.001) (Franke, 2010).

The initial model was not adjusted (Model 1), and then adjusted

for age, sex, and educational years (Model 2). All statistical

analyses were performed using SPSS version 25 (IBM, New

York City, NY, USA). The level of statistical significance was

set at p < 0.05 for all analyses.

Results

Participant Characteristics

Among the 72 participants who completed data collection,

those who reported >960 min of total ST (n ¼ 13) and were

missing data for the questionnaire-measured ST with cognitive

activity (n ¼ 7) were excluded, resulting in 52 participants

(mean age, 78.3 + 2.7 years; 46.2% female; 12.2 + 2.2 edu-

cation years) for the validity analysis of ST with cognitive

activity. In addition, participants with missing data for the total

ST validity measure, namely the accelerometer (n ¼ 1), and

questionnaire-measured total ST (n ¼ 2) were excluded, leav-

ing 49 participants for the validity analysis of total ST and the

examination of the association between STs and cognitive

function. No participants had dementia, but 10 out of 52 parti-

cipants (19.2%) showed cognitive decline in one or more

domains identified by test scores below 1.5 standard deviations

of the age- and education-specific mean for healthy older adults

in our cohort database (data not shown). Out of 52 participants,

51 demonstrated memory function over the age- and education-

specific mean.

Validity of Developed Questionnaire

The validity measure had a median (25–75th percentile) of

482.7 min (430.2–585.0) for total ST and 186.2 min (96.1–

294.0) for ST with cognitive activity. Both questionnaire-

measured STs showed no significant differences in the

Wilcoxon’s test when compared with their respective valid-

ity measures (total ST: z ¼ -1.04, p ¼ 0.299; ST with

cognitive activity: z ¼ -1.46, p ¼ 0.145; Table 2). Spear-

man’s coefficient showed a fair-to-good correlation for ST

with cognitive activity between the diary and questionnaire

measures (p ¼ 0.59, p < 0.001), but no correlation was

found for total ST.

Bland-Altman plots are shown in Figure 1. The Bland-

Altman plots of total ST show large positive correlations and

proportional bias between accelerometer- and questionnaire-

measured times (r ¼ 0.51, p < 0.001) (Figure 1a). Participants

with shorter total ST as measured by the accelerometer

underreported their total ST on the questionnaire; conver-

sely, those with longer total ST on the accelerator overre-

ported their total ST. On the other hand, the plots of ST

with cognitive activity showed no systematic error between

diary- and questionnaire-measured times (Figure 1b). The

limits of agreement (mean + 1.96 standard deviations) were

-364.9 to 343.7 min/day for total ST and -244.0 to 195.2 for

ST with cognitive activity.

Associations Between Questionnaire-Measured Time
and Cognitive Function

The descriptive statistics for the questionnaire-measured time

of the 49 participants and the multiple regression analyses for

questionnaire-measured time and cognitive function test scores

are summarized in Table 3 and Table 4, respectively. ST with

cognitive activity was significantly associated with better test

scores after adjustment for age, sex, and educational year

(TMT-A time: b ¼ -0.38, p ¼ 0.025; TMT-B time: b ¼
-0.46, p ¼ 0.003; and SDST score: b ¼ 0.31, p ¼ 0.041), while

total ST was not associated with any test scores.

Table 2. Differences and Correlation between Questionnaire-Measured Time and Validity Measure for Total Sedentary Time and Sedentary
Time with Cognitive Activity.

Mean (SD) Median (25%-75% tile)

P-value for
differencec

Correlation

na
Questionnaire-

measured time, min
Validity

measure, minb
Questionnaire-

measured time, min
Validity measure,

minb Coefficientd p

Total ST 49 493.3 (173.8) 504.0 (100.3) 488.6 (396.8 - 574.6) 482.7 (430.2 – 585.0) 0.683 0.22 0.134
ST with
cognitive
activity

52 178.6 (128.7) 203.0 (117.9) 153.6 (77.3 - 221.8) 186.2 (96.1 – 294.0) 0.145 0.59 < 0.001

Abbreviation: ST, sedentary time.
aThose who had no missing response was included in the analysis.
bValidity measure for sedentary time was accelerometer and for ST with cognitive activity time was a diary.
ct-test was conducted for total ST (t ¼ -0.41), and Wilcoxon’s test for ST with cognitive activity (z ¼ -1.46)
dTotal ST: Pearson’s coefficient (r); ST with cognitive activity: Spearman’s coefficient (r)
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Discussion

The present study developed a questionnaire to evaluate total

ST and ST with cognitive activity among older adults. We

confirmed the validity of the questionnaire and the association

of its measurements with cognitive function. Questionnaire and

diary measures of ST with cognitive activity were correlated.

Questionnaire-measured ST with cognitive activity was also

associated with cognitive function, while questionnaire-

measured total ST was not correlated with accelerometer-

measured ST and included proportional bias and a wide range

of the limits of agreement.

The results of the current study were similar to those of other

studies on the validity of older adults’ total ST as measured by

questionnaire and accelerometer.10-14 The wide range of the

limits of agreement with proportional bias may have been

caused by recall response, which suggests older adults who had

low sedentary levels were likely to underestimate their total ST,

while those who had high sedentary levels were inclined to

overestimate it. On the other hand, the Bland-Altman plots

showed that the questionnaire-measured total ST had small

mean bias (-10.6 min/day) against the accelerometer-measured

ST. In other questionnaires, a large mean bias was reported

(-3.6 h/day to -81.9 min/day).10-14 One reason for the different

results between the present study and other studies may be that

we used a relatively large number of items in the developed

questionnaire (12 items) compared to Clark et al. (2013)31

Figure 1. Bland-Altman plots of total sedentary time (a) and sedentary time with cognitive activity (b). Those who had no missing response and
�960 min of sedentary time were included in the analysis [(a) n ¼ 49; (b) n ¼ 52].

Kurita et al 5
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(5 items) or Gardiner et al. (2011)10 (7 items), which enabled a

more detailed assessment of sedentary behavior and resulted in a

more accurate evaluation of total ST. Another reasonmay be that

Visser and Koster13 and Van Cauwenberg et al.12 used the

ActiGragh GT3X as the validity measure for total ST. The

ActiGragh GT3X is likely to overestimate ST against the ASP

used in the present study and the activPAL3 inclinometer (mean

difference was 63.7 to 89.3 min/day in working adults),24 which

caused large mean bias in other studies. Although it is difficult to

evaluate total ST as a continuous variable using the developed

questionnaire, further research may be able to rank total ST as a

categorical variable (e.g., a tertile or quartile) using the ques-

tionnaire and analyze the association between total ST and var-

ious health outcomes.

Questionnaire-measured ST with cognitive activity had a

significant moderate correlation and no systematic error

against the validity measure, the diary of ST with cognitive

activity. For older adults, ST with cognitive activity may be a

specific activity and therefore easier to precisely recall. The

limits of agreement of ST with cognitive activity showed a

wide range, and some participants were beyond the mean bias

+ 95% CI in the Bland-Altman plot, which may have con-

tained the wrong answer (Figure 1b). Although participants

responded to the questionnaire by themselves in this study,

responding with the support of trained staff is desirable in order

to decrease the likelihood of incorrect responses. These find-

ings suggest that the developed questionnaire has acceptable

validity for evaluating ST with cognitive activity.

Questionnaire-measured ST with cognitive activity was

associated with cognitive function, while questionnaire-

measured total ST was not. This finding regarding ST with

cognitive activity is consistent with the findings of systematic

reviews and meta-analyses that examined cognitive leisure

activities and future risk of cognitive impairment.9 Although

questionnaire-measured ST with cognitive activity was not sig-

nificantly associated with cognitive function in the memory

domain, this may be caused by the fact that almost all partici-

pants had above-average memory score and vary according to

Table 3. Descriptive Statistics for Questionnaire-Measured Time Among Analyzable Sample (n ¼ 49).a

Mean (SD) Median (25% tile - 75% tile) Min - Max

Total sedentary time 493.3 (173.8) 488.6 (396.8 - 574.6) 78.6 - 942.9
Sedentary time with cognitive activity 178.2 (132.0) 154.3 (71.5 - 220.7) 0.0 - 634.3
Driving a car 31 (54.2) 25.7 (0.0 - 38.6) 0.0 – 360.0
Work 7.4 (20.3) 0.0 (0.0 – 0.0) 0.0 - 77.1
Reading 59.5 (50.5) 60.0 (30.0 – 60.0) 0.0 - 274.3
Writing a diary 20.8 (26.5) 15.0 (0.0 – 30.0) 0.0 - 120.0
Doing crosswords 27.7 (61.4) 2.9 (0.0 - 17.1) 0.0 - 240.0
Playing boardgame, card game 8.1 (24.7) 0.0 (0.0 - 0.0) 0.0 - 120.0
Using computer or smartphone 14.9 (25.1) 0.0 (0.0 - 30.0) 0.0 - 90.0
Painting 8.3 (21.8) 0.0 (0.0 - 0.0) 0.0 - 102.9

Riding and sitting in a train 10.7 (25.6) 0.0 (0.0 - 7.1) 0.0 - 137.1
Eating 80 (72.9) 85.7 (30.0 - 105.0) 0.0 – 420.0
TV, video or DVD viewing 161.9 (101.3) 120.0 (90.0 - 240.0) 0.0 – 420.0
Chatting with your family or friends 62.6 (64.4) 51.4 (16.4 - 96.4) 0.0 – 300.0

aValues are min per day.

Table 4. Multiple Linear Regression Analyses on the Contribution of Total Sedentary Time and Sedentary Time with Cognitive Activity to
Cognitive Function (n ¼ 49).a

Word memory score TMT-A time TMT-B time SDST score

b p Adjusted R2 b p Adjusted R2 b p Adjusted R2 b p Adjusted R2

Model 1
Total ST 0.14 0.407 0.038 0.02 0.879 0.087 0.03 0.835 0.20 0.17 0.258 0.163
ST with cognitive activity 0.19 0.257 -0.37 0.026 -0.50 0.002 0.33 0.034

Model 2
Total ST -0.02 0.915 0.151 0.05 0.761 0.149 0.18 0.227 0.330 0.09 0.569 0.292
ST with cognitive activity 0.15 0.351 -0.38 0.025 -0.46 0.003 0.31 0.041
Age -0.33 0.018 0.32 0.023 0.37 0.003 -0.41 0.002
Sex -0.30 0.053 -0.10 0.531 0.25 0.079 0.01 0.956
Education year 0.17 0.337 -0.02 0.929 -0.19 0.227 0.13 0.420

Abbreviation: ST, Sedentary time.
a Significant values (p < 0.05) are indicated by bold. ST with cognitive activity is entered as log-transformed value [log (x þ 0.5)].
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the type of ST with cognitive activity, as other cohort studies

reported late-life cognitive activity was associated with better

memory performance.32,33 Future research could examine the

association between sedentary behavior and cognitive function

in detail using the developed questionnaire.

The main strength of the present study is that it is the first to

develop a questionnaire to evaluate total ST and ST with cog-

nitive activity. In addition, the detailed items of the question-

naire lead to higher validity for assessing total ST compare with

other questionnaires for older adults.10,12,13,15 The main limita-

tion is that the small non-random sample was limited to rela-

tively healthy older adults who could participate in health

check-ups, and there is a possibility that the validity of the

questionnaire varies when used with other populations. In addi-

tion, there were many missing values and overreporting of

sitting time per day. Furthermore, although we instructed par-

ticipants to respond to the questionnaire by themselves, the

respondents should be accompanied by trained staff when com-

pleting the questionnaire to obtain valid data. Moreover, the

validity measure of ST with cognitive activity, namely the

diary, was not an objective method. An ideal method would

be using a wearable camera (e.g., SenseCam34) to make a

videorecording of participants’ activity, but we used a feasible

method considering participants’ burden. Another limitation of

the present study was not performing factor analyses on the

questionnaire. Such a validation study would be an interesting

direction for future research.

In conclusion, the present study involved the development a

questionnaire to evaluate total ST and ST with cognitive activ-

ity among older adults. Our findings suggest that the question-

naire measure of ST with cognitive activity showed acceptable

validity and had an association with cognitive function, while

the measure of total ST had a systematic error. Using the ques-

tionnaire, future research could measure ST with cognitive

activity and calculate the rank of total ST among older adults

simultaneously and examine the detailed association with cog-

nitive function.
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