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Background: Agreement between questionnaires and accelerometers to measure physical 

activity (PA) differs between studies and might be related to demographic, lifestyle, and health 

characteristics, including disability and depressive symptoms.

Methods: We included 1,410 individuals aged 51–94 years from the population-based Rotterdam 

Study. Participants completed the LASA Physical Activity Questionnaire and wore a wrist-worn 

accelerometer on the nondominant wrist for 1 week thereafter. We compared the Spearman 

correlation and disagreement (level and direction) for total PA across levels of demographic, 

lifestyle, and health variables. The level of disagreement was defined as the absolute difference 

between questionnaire- and accelerometer-derived PA, whereas the direction of disagreement 

was defined as questionnaire PA minus accelerometer PA. We used linear regression analyses 

with the level and direction of disagreement as outcome, including all demographic, lifestyle, 

and health variables in the model.

Results: We observed a Spearman correlation of 0.30 between questionnaire- and accelerometer-

derived PA in the total population. The level of disagreement (ie, absolute difference) was 941.9 

(standard deviation [SD] 747.0) minutes/week, and the PA reported by questionnaire was on 

average 529.4 (SD 1,079.5) minutes/week lower than PA obtained by the accelerometer. The 

level of disagreement decreased with higher educational levels. Additionally, participants with 

obesity, higher disability scores, and more depressive symptoms underestimated their self-

reported PA more than their healthier counterparts.

Conclusion: We observed large differences in PA time derived from the LASA Physical Activity 

Questionnaire and the wrist-worn accelerometer. Differences between the methods were related 

to body-mass index, level of disability, and presence of depressive symptoms. Future studies 

using questionnaires and/or accelerometers should account for these differences.
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Introduction
Physical activity (PA) is an important modifiable risk factor in the prevention of diseases, 

including cardiovascular disease, diabetes mellitus, and several types of cancer.1 For 

practical reasons, PA is often measured subjectively by questionnaire.2 However, self-

reported PA can suffer from reporting bias, partially attributable to the cognitive chal-

lenge of estimating the frequency, intensity, and duration of PA.3 Moreover, activities of 

light intensity are hard to recall and might not be reported.4,5 Objective methods, includ-

ing accelerometers, offer a solution to these problems and can give objective estimates 
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on duration and intensity of PA. Therefore, accelerometers 

are increasingly being used in current research.2,6 However, 

when comparing questionnaire data with objective methods 

applied in large populations, major discrepancies emerge.7,8 

The inconsistency might be related to recall bias, which can 

be influenced by population characteristics, such as age, sex, 

and health status.2,9 In addition, the inconsistency might stem 

from the fact that accelerometers cannot measure all PA accu-

rately.10,11 For example, weightlifting and cycling are generally 

underestimated by accelerometers worn on the upper body.12 

Considering the increased use of accelerometers in current 

research,2,6 it is important to understand and quantify how PA 

assessed with questionnaires and accelerometers differs and 

how these differences relate to population characteristics.13

Previous studies have shown that the correlation between 

self-reported and objectively measured PA differs by age, sex, 

ethnicity, socioeconomic status, and level of PA.8,9 However, 

results presented referred to correlation coefficients, which 

are a measure of the extent to which two variables are linearly 

related, but do not take into account their measurement scales. 

As such, these studies did not provide information regarding 

the level of agreement and direction of disagreement of the 

two methods.14 A study that accounted for the direction of 

disagreement between objective and subjective measured PA 

in young adults suggested that overweight adults had a ten-

dency to overestimate the time spent in vigorous PA more than 

normal-weight individuals.15 Information from older adults, a 

population with different PA patterns than younger adults,16 is 

currently lacking. Moreover, the effect of socioeconomic status 

and mental and physical health on the agreement between 

accelerometer and questionnaire remains unclear. Therefore, 

we aimed to quantify the level and direction of disagreement 

between questionnaire-assessed PA and accelerometer-

assessed PA and to investigate if differences in agreement are 

explained by sociodemographic, lifestyle, and health factors.

Subjects and methods
Study population
This paper utilizes data from the Rotterdam Study, a popu-

lation-based cohort designed to examine the onset and risk 

factors of diseases in older adults.17 The Rotterdam Study was 

approved by the medical ethics committee (The Ministry of 

Health, Welfare and Sport of the Netherlands) according to 

the Wet Bevolkingsonderzoek ERGO (Population Study Act, 

Rotterdam Study), executed by the Ministry of Health, Wel-

fare and Sport of the Netherlands. Trained research assistants 

interviewed the participants at home to collect the baseline 

information and individuals visited the research center twice, 

where clinical measurements were obtained.

Participants were invited to wear an accelerometer and 

fill out a PA questionnaire between June 2011 and June 2014 

(wave 1) and between July 2014 and May 2016 (wave 2). 

Participants were included in the analysis if they had valid 

accelerometer data (>1,200 min/day) for at least 4 days, 

including one weekend day. A total of 24 cases were excluded 

because of unreliably high (ie, higher than the mean + three 

times the standard deviation) levels of data on self-reported PA 

(Figure 1). Since the PA questionnaire used in the Rotterdam 

Study did not cover occupational activity, we also excluded 

participants with paid occupation (n=389) or without infor-

mation on occupational status (n=27). Additionally, because 

72 participants participated in both waves, we excluded 

observations from the second wave of these participants to 

avoid clustering of data. In the current analyses, we included 

1,410 adults aged 50+ years with data on both objective and 

subjective PA. All subjects gave written informed consent.

Questionnaire-assessed physical activity
After the home interview, participants received the PA 

questionnaire and were requested to hand in their question-

naire during their first research-center visit. Questionnaire 

PA was assessed with the self-administered LASA Physical 

Activity Questionnaire (LAPAQ), a validated questionnaire 

with reasonably good test–retest reliability (0.65–0.75).18 

Correlations with a pedometer and 7-day diary were 0.56 and 

0.68, respectively.18 The LAPAQ includes questions on the 

frequency and duration of walking, cycling, sports (includ-

ing two open-ended questions in which participants could 

report “other sports” they participated in), gardening, and 

housework. Participants reported how many hours/week they 

had spent in each activity in the previous 2 weeks. Detailed 

information on the assessment of questionnaire-derived PA 

can be found elsewhere.19 We used metabolic equivalent 

of task (MET) to quantify activity intensity. MET values 

were assigned to all activities in the questionnaire, using a 

compendium of activity energy costs.20 Of all other activi-

ties, 18 (3.2%) were not sports and 28 (5.1%) were not in 

the compendium (eg, physiotherapy training, indoor sports, 

revalidation). No MET values were assigned to these activi-

ties, and they were not included in the analyses. Duration in 

total PA was computed by summing time spent in all activities 

mentioned in the questionnaire.

To be able to evaluate whether differences in total PA were 

driven by a particular intensity category (ie, light, moderate, 

or vigorous PA), we categorized activities into three groups. 

Activities with MET values lower than 3 were coded as light-

intensity PA, 3–6 MET was coded as moderate-intensity PA, 

and ≥6 MET was coded as vigorous-intensity PA.21
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Accelerometer-assessed physical activity
At the first center visit, participants were requested to wear 

a triaxial accelerometer (GeneActiv; ActivinsightsLtd, Kim-

bolton, UK) on the nondominant wrist for 7 consecutive days 

and nights. Since the GeneActiv device is waterproof, the 

device can also be worn while bathing and swimming. The 

accelerometer was sampled at 50 Hz and acceleration was 

expressed relative to gravity (1 g = 9.81 m/second2).9,22,23 

Data were extracted from the first wearing day up to 7 days 

later, and all days with ≥1,200 minutes of data were included.

To quantify the acceleration related to registered move-

ment, we calculated the high-pass filtered vector magni-

tude. This approach applies a high-pass filter with a cutoff 

frequency of 0.2 Hz to the acceleration signal, treating 

gravity as a low-frequency component that is filtered out.24 

Accelerometer data were processed in Python (2.6.6) with the 

open-access Pampro software, a program for the systematic 

analysis of PA data collected in epidemiological studies.25 

Nonwear time was defined as all time periods where the 

standard deviation of acceleration in each of the three axes 

Figure 1 Flowchart of participant inclusion in the Rotterdam Study.
Notes: *The Actiwatch (Actiwatch model AW4; Cambridge Technology, Cambridge, UK) is a one-dimensional device and cannot be used to measure physical activity.

3,507 partipants invited to wear an
accelerometer between June 2011 and
June 2014 (wave 1) and between July
2014 and May 2016 (wave 2), of which

482 participants were invited twice

3,989 observations

306 participants declined in wave 1
485 participants declined in wave 2
21 participants declined in both waves

55 observations excluded with a
malfunctioning device
30 participants did not complete one week of
wearing device
157 observations with invalid data, ie, not
having 4 days with >1,200 minutes per day,
including at least one weekend day
8 participants lost their device
29 observations lost due to processing error

188 observations without questionnaire data

389 observations from participants with paid
occupation and 27 from participants without
information on occupational status

72 observations from the second wave, for
participants with data on two visits

24 observations with unreliable questionnaire
data

38 observations for which it was unclear why
no valid data

833 observations excluded from participants that
did not want to participate

729 observations excluded that were obtained
with the Actiwatch*

317 observations excluded that were not valid:

3,156 observations (79%)

2,427 observations

2,110 observations

1,898 observations

1,482 observations

1,410 observations included in the
analyses
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fell below 13 mg for over 1 hour.24 Any nonwear period was 

excluded from analyses. The pattern of nonwear time was 

accounted for by balancing the weighting of the data accord-

ing to the diurnal profile.26

Activity was categorized into sedentary (<48 mg), light 

(48–154 mg), moderate (154–389 mg), and vigorous activity 

(>389 mg), based on a recent validation study in 1,695 middle-

aged adults (mean age 50 years).24 Because not all participants 

wore the watch for 7 days, data were recoded such that our 

measures reflected PA over a 1-week course to match the 

questionnaire data. Average duration in light, moderate, and 

vigorous PA was calculated for weekdays and weekend days. 

Consequently, the weekly accelerometer-assessed total PA was 

calculated as ([5× mean daily duration in total PA on weekdays] 

+ [2× mean daily duration in total PA on weekend days]).

Assessment of factors
Self-reported alcohol use was obtained with a food-frequency 

questionnaire, expressed in grams/day, and categorized in 

tertiles. Socioeconomic status was evaluated by education, 

assessed in consonance with the international standard classi-

fication of education and categorized as primary, lower, inter-

mediate, and higher education.27 Smoking was categorized in 

three categories: current, former, and never. Body-mass index 

(BMI) was calculated using height and weight and defined as 

normal weight (<25 kg/m2), overweight (25–30 kg/m2), and 

obese (≥30 kg/m2). Marital status was defined as living with 

a partner or not. Disability was assessed by activities of daily 

living, from the Stanford Health Assessment Questionnaire 

Disability Index.28 For descriptive purposes, disability was 

defined as a disability score value >0.5 and severe disability as 

a disability score value >1.29 The presence of coronary heart 

disease, diabetes, stroke, and cancer were determined using 

medical records up to the year 2012 to define the number of 

comorbidities. Depressive symptoms were assessed with the 

Center for Epidemiologic Studies Depression (CESD) scale,30 

a self-report scale with 20 items and a maximum score of 60. 

A score of 16 or greater is traditionally accepted as the cutoff 

to define clinical depression,31 and was used for descriptive 

purposes. Cognitive function was assessed with the Mini-

Mental State Examination (MMSE).32 MMSE scores range 

from 0 to 30, with a higher score indicating better cognitive 

performance. We used a cutoff of 26 to categorize participants 

as having a cognitive impairment in our descriptive analysis.33

Statistical analyses
Descriptive statistics were used to characterize the sample. 

The difference in time spent in PA according to questionnaire 

and accelerometer was examined using a paired-samples 

t-test, and the Bland–Altman method was used to visualize 

the level of (dis)agreement between questionnaire- and accel-

erometer-derived PA levels. We assessed the Spearman cor-

relation between questionnaire- and accelerometer-derived 

PA in the total population and separately for the following 

categories: age-group (ie, 50–60 years, 60–70 years, 70–80 

years, >80 years), sex, education, marital status, smoking sta-

tus, BMI category, alcohol consumption, disability, prevalent 

chronic disease, cognitive function, and prevalent depres-

sion. Since the Spearman correlation coefficient is equal to 

the slope of the regression between the ranked values of the 

questionnaire and accelerometer, we used linear regression 

models to obtain correlation coefficients and corresponding 

95% confidence intervals using accelerometer-derived PA as 

the dependent variable.

For our main analyses, we devised two measures of disagree-

ment, in resemblance with previous research.34 First, we com-

puted the level of disagreement, expressed as the absolute time 

difference between questionnaire- and accelerometer-assessed 

PA. Second, we computed the direction of disagreement, indi-

cating whether an individual had the tendency to overestimate 

or underestimate PA, by subtracting accelerometer-assessed PA 

from questionnaire-derived PA levels. To assess the association 

between assessed factors and the level and direction of disagree-

ment, we used linear regression analyses with the level and 

direction of disagreement as outcome variables, including all 

demographic, lifestyle, and health variables, total PA measured 

by the accelerometer, time between interview date and the first 

accelerometer-wear date, cohort, and wave. Age, CESD score, 

disability index, MMSE score, and number of comorbidities 

were used as continuous variables in these analyses. To quantify 

if the association was dependent on the level of PA, b-values 

(95% CI) for the association of accelerometer-derived PA, 

expressed in hours/week, with the level and direction of disagree-

ment were also obtained from these analyses.

We performed several sensitivity analyses. We com-

pared baseline characteristics for those agreeing to wear 

an accelerometer versus those who rejected, and in those 

with paid occupation versus those without paid occupation. 

Next, we examined the level and direction of disagreement 

in each intensity category of PA (light, moderate, and vigor-

ous). Additionally, we repeated the analyses in a population 

also including participants with paid occupation. In these 

analyses, we additionally included occupational status as a 

covariate. Moreover, because accelerometers do not measure 

cycling accurately, we repeated the analyses in those that did 

not report any cycling.
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Our figures contained 49.1% missing data on alcohol use. 

Other covariates had <2% missing data. We imputed missing 

data using Markov chain Monte Carlo multiple imputation 

(n=20 imputations). All analyses were performed using IBM 

SPSS Statistics for Windows (IBM, Armonk, NY, USA) and 

R version 3.2.1 (R Foundation for Statistical Computing, 

Vienna, Austria). Statistical significance was set at P<0.05.

Results
Participants who agreed to wear an accelerometer were 

slightly younger, more often men, and showed a better 

health profile with regard to MMSE score, CESD score, 

and disability score than those who did not agree to wear an 

accelerometer (Table S1). The participants included in our 

study had a mean age of 73.8 (SD 7.6) years, and 742 (52.6%) 

were female (Table 1). The mean (SD) daily wearing time of 

the accelerometer was 23.8 (0.3 hours), and the median time 

difference between the interview and the first accelerometer-

wear date was 8.7 weeks (interquartile range: 5.1–13.7). The 

mean (SD) weekly time spent in PA was 1,579.3 (386.1) 

minutes according to the accelerometer and 1,049.9 (1,108.3) 

minutes according to the questionnaire (P<0.001), indicating 

that overall, total PA was underestimated in the questionnaire. 

This is also visualized in the Bland–Altman plot in Figure S1. 

The Spearman correlation was 0.30 (95% CI 0.25–0.34) in 

the total sample, and differed as a function of education, dis-

ability, smoking status, depressive symptoms, and cognitive 

function (Table 2).

For every 1 hour/week more accelerometer-derived PA, 

the level of disagreement was 30.2 minutes/week more (95% 

CI 23.6–36.7, P<0.001). Independently of PA volume, those 

with intermediate and higher education showed smaller dif-

ferences between the questionnaire PA and accelerometer 

PA than those with primary education (Figure 2). No other 

determinants were associated with the level of disagreement.

For every 1 hour/week more accelerometer-derived PA, 

questionnaire PA was underestimated more by 29.1 minutes 

(95% CI –38.6 to –19.6, P<0.001). Results of regression 

analyses with direction of disagreement are presented in 

Figure 3. Independently of PA volume, obese participants 

underestimated their self-reported PA levels more than 

normal-weight participants (b=–234.3 minutes/week, 95% CI 

–398.2 to –70.5; P=0.002). Additionally, the underestimation 

of self-reported PA in the questionnaire was larger for par-

ticipants with higher disability and CESD scores (Figure 3).

Sensitivity analyses showed that light and vigorous 

PA were underestimated by the questionnaire (mean [SD] 

Table 1 Characteristics of the study population (n=1,410)

Characteristics

Demographic factors
Age (years) 73.8 (7.6)
Female, n (%) 742 (52.6)
Education

Elementary 86 (6.1)
Lower secondary 571 (40.5)
Higher secondary 434 (30.8)
Tertiary 319 (22.6)

Living with partner, n (%) 989 (70.1)
Lifestyle factors
Smoking, n (%)

Never-smoker 471 (33.4)
Former smoker 833 (59.1)
Current smoker 106 (7.5)

BMI, n (%)
Normal weight 418 (29.6)
Overweight 668 (47.4)
Obese 324 (23.0)

Alcohol consumption, n (%)
Low 502 (35.6)
Medium 464 (32.9)
High 444 (31.5)

Health factors
Disability score 0.64 (0.68)
Prevalent cancer, CVD or diabetes, n (%) 635 (45)
MMSE score 28.1 (1.7)
CESD score 5.0 (6.3)
Physical activity variables
Total PA according to questionnaire (minutes/
week)

1,049.9 (1,108.3)

Total PA according to accelerometer (minutes/
week)

1,579.3 (386.1)

Level of disagreement between questionnaire and 
accelerometer

941.9 (747.0)

Direction of disagreement between questionnaire 
and accelerometer

–529.4 (1,079.5)

Time between interview and first accelerometer-
wear date (weeks), median (IQR)

8.7 (5.1–13.7)

Note: Data are presented as mean (SD) unless otherwise stated.
Abbreviations: BMI, body-mass index; CESD, Center for Epidemiologic Studies 
Depression; CVD, cardiovascular disease; IQR, interquartile range; MMSE, Mini-
Mental State Examination; PA, physical activity; SD, standard deviation.

708.4 [484.3] minutes/week and 25.6 [338.1] minutes/week, 

respectively), whereas the level of moderate PA was on 

average overestimated by 204.6 minutes/week (SD 780.8) 

(Table S2). In analyses with light, moderate, and vigorous PA, 

factors associated with the level and direction of disagree-

ment were similar to the main analyses (Tables S3 and S4). 

When comparing those with and without paid occupation, 

we observed that those with paid occupation were younger, 

more highly educated, and showed a better health profile 

regarding CESD score, MMSE score, and disability score 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Epidemiology 2018:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

6

Koolhaas et al

(Table S5). In sensitivity analyses on those with paid occupa-

tion (n=1,823), the level and direction of disagreement were 

larger compared to the main analyses (mean [SD] 971.8 [788] 

minutes/week and –589 [1,104] minutes/week, respectively). 

Factors associated with the disagreement were similar to the 

sample included in the main analyses (Table S6). In those 

not reporting cycling (n=692), factors associated with the 

direction of disagreement were equal compared to the sample 

included in the study (Table S7), although some associations 

were no longer significant.

Discussion
The aim of the current study was to quantify the level and 

direction of disagreement between questionnaire- and 

accelerometer-assessed PA and to investigate if sociode-

mographic, lifestyle, and health factors could explain dif-

ferences in agreement. We found that the overall agreement 

between the LAPAQ and a wrist-worn accelerometer was 

low and that it differed across lifestyle and health variables. 

The level of disagreement was higher in less educated indi-

viduals. In addition, obese individuals, those with a higher 

disability score, and those with more depressive symptoms 

underreported PA more in the questionnaire compared 

to the reference group. Moreover, with higher levels of 

accelerometer-derived PA, the underestimation of PA in the 

questionnaire was more obvious.

The low correlation between accelerometer- and question-

naire-derived PA observed in the current study (r=0.30) was 

similar to results reported in previous studies in older adults,2,9 

but lower than another study using the LAPAQ in 439 adults 

aged 69–92 years (r=0.56).18 This difference might be related 

to study design, as participants in Stel et al wore a pedometer 

directly after filling out the LAPAQ,18 whereas in the current 

study the time between questionnaire- and accelerometer-

assessment had a median value of 8.7 weeks. Moreover, in 

Stel et al,18 participants additionally completed a 7-day diary 

while wearing the pedometer, which might have altered their 

PA patterns, due to increased awareness. Furthermore, in con-

trast to most studies, but similar to the study of Sabia et al,9 

Notes: aMedian reported levels of physical activity across low, medium, and 
high categories were 210, 765 and 1,807 minutes/week, respectively. bMedian 
accelerometer-derived level of physical activity across low, medium, and high 
categories were 1,229, 1,601 and 2,003 minutes/week, respectively.
Abbreviations: BMI, body-mass index; CI, confidence interval; CVD, cardiovascular 
disease; MMSE, Mini-Mental State Examination; PA, physical activity.

Table 2 (Continued)Table 2 Spearman correlation between questionnaire-assessed 
total physical activity and accelerometer-assessed total physical 
activity, according to characteristics of the study population

Total population, factors, 
and physical activity

n Spearman’s r 95% CI

Total population 1,410 0.30 0.25–0.34
Demographic factors
Age-group

50–60 years 62 0.24 0.01–0.48
60–70 years 334 0.26 0.16–0.37
70–80 years 756 0.28 0.21–0.34
>80 years 258 0.24 0.13–0.36

Sex
Male 668 0.32 0.25–0.39
Female 742 0.27 0.20–0.33

Education
Elementary 86 0.46 0.28–0.64
Lower secondary 571 0.27 0.19–0.35
Higher secondary 434 0.28 0.19–0.37
Tertiary 319 0.31 0.21–0.42

Marital status
Living alone 421 0.31 0.27–0.36
Living with someone 989 0.28 0.26–0.31

Lifestyle factors
Smoking

Never-smoker 472 0.28 0.22–0.35
Former smoker 833 0.32 0.29–0.35
Current smoker 106 0.17 0.08–0.26

BMI
Normal weight 418 0.27 0.18–0.36
Overweight 668 0.29 0.21–0.36
Obese 324 0.26 0.16–0.36

Alcohol consumption
Low 502 0.29 0.20–0.37
Medium 646 0.29 0.19–0.40
High 444 0.31 0.21–0.42

Health factors
Disability

Not disabled 743 0.27 0.21–0.34
Disabled 300 0.31 0.26–0.36
Severely disabled 367 0.23 0.14–0.33

Prevalent chronic disease
No prevalent chronic disease 775 0.28 0.21–0.35
Prevalent cancer, CVD, or 
diabetes

635 0.29 0.22–0.36

Cognitive function
MMSE score <26 97 0.43 0.25–0.61
MMSE score ≥26 1,313 0.29 0.23–0.34

Depression
No depression 1,304 0.29 0.27–0.32
Depression present 106 0.33 0.15–0.51

Physical activity
Self-reported PAa

Low 485 0.16 0.07–0.25
Medium 445 0.16 0.07–0.25
High 480 0.10 0.01–0.19

Accelerometer-derived PAb

Low 514 0.23 0.14–0.31
Medium 485 0.08 –0.01 to 0.16
High 411 0.11 0.02–0.20

(Continued)
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our participants wore the accelerometer around the wrist. 

There is general consensus that a wrist-worn accelerometer 

is worse in estimating activity during large-muscle, dynamic 

activities like cycling than a hip-worn device.35 This could lead 

to an underestimation of PA performed solely by the legs.10,11 

Moreover, when the wrist is constrained during PA, eg, when 

carrying a briefcase or groceries, the PA level will likely be 

underestimated.35 Considering the fact that these activities 

are usually of light–moderate activity, the agreement between 

questionnaire and accelerometer might be different for hip-

worn accelerometers for these intensity domains.

However, an advantage of the wrist-worn accelerometer is 

that it allows for 24 hours of data collection per day, includ-

ing during water-based activities, leading to a comprehensive 

overview of daily PA. This is in contrast to hip-worn devices 

that have to be removed during the night and are usually 

not waterproof. However, since the correlation between PA 

derived from questionnaires and accelerometers observed in 

the current study was similar to correlations in studies using 

hip-worn devices,2,9 the high compliance of the wrist-worn 

accelerometers is unlikely to enhance the comparability 

between questionnaire and accelerometer.

In the total population, we found that compared to the 

accelerometer, the questionnaire on average underestimated 

PA levels by 529 minutes/week, equivalent to 76 minutes/day. 

This difference could be explained by missing items on the 

questionnaire that are measured by the accelerometer, including 

climbing stairs, walking within shops, playing with domestic 

animals, and dressing and cleaning oneself. These kinds of 

activities could add up to over 1 hour per day. An additional 

explanation for the underestimation of PA in the question-

naire could be that some activities are of very short duration 

(<1 minute), and thus might not be recalled by the participants 

when filling in the questionnaire, whereas the accelerometer 

accumulates all these small bouts of activity. These two expla-

nations might be especially important for light activity, for 

which we found that in the total population, weekly light PA 

was 708 minutes/week (corresponding to 1.75 hours per day) 

lower according to questionnaires compared to accelerometers 

(Table S3), which is in line with previous evidence.36,37

Figure 2 Factors associated with level of disagreement (ie, absolute difference) between accelerometer and questionnaire physical activity.
Notes: A positive difference indicates a larger absolute difference between the questionnaire and the accelerometer compared to the reference, whereas a negative 
difference indicates a smaller difference. Analyses included all demographics: lifestyle and health variables, total accelerometer-derived physical activity, time between 
interview date and first accelerometer-wear date, cohort, and wave. The coefficient for women was relative to men, and the coefficient for paid occupation relative to those 
without. For continuous variables (age, disability score, number of chronic diseases, MMSE score, and CESD score), values correspond to a 1-unit increase in the determinant.
Abbreviations: BMI, body-mass index; CESD, Center for Epidemiologic Studies Depression; MMSE, Mini-Mental State Examination; PA: physical activity; ref, reference.
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To our knowledge, we are the first to report that more 

depressive symptoms and disability are associated with 

larger underestimation in the questionnaire compared to 

the accelerometer. An explanation could be that those with 

depressive symptoms or disability have a more pessimistic 

estimate of their PA levels than their counterparts. In other 

research domains, depressive symptoms have also been asso-

ciated with reporting bias,38 and it has been suggested that 

individuals suffering from depression process information 

about the self in a maladaptive fashion compared to their 

healthier counterparts.39 For example, in a study on the agree-

ment between self-reported and actigraphy-assessed sleep, 

participants with more depressive symptoms reported lower 

sleep duration than was measured using actigraphy.34 In the 

same study, higher levels of functional disability were associ-

ated with larger absolute differences between self-reported 

and actigraphic sleep, indicating that being disabled might 

affect self-reported levels in domains other than PA as well.

Furthermore, our findings showed that the absolute differ-

ence between questionnaire and accelerometer was highest in 

those with primary education, although there was no differ-

ence between educational groups regarding the direction of 

this disagreement. This indicates that the degree of underre-

porting differs for participants with a low education, which is 

canceled out in the absolute difference between questionnaire 

and accelerometer. Finally, obese individuals underreported 

their total PA more than normal-weight participants, which 

is contradictory to previous research showing overreporting 

of PA in questionnaires.15,40 However, in line with our obser-

vation, a study among 365 young and middle-aged adults 

found that participants who underestimated their PA levels 

were more likely to have a higher BMI.41 In this regard, it is 

possible that those with obesity perceive their PA levels as 

inadequate, because of the belief that they could not have 

been obese with adequate PA levels.41,42

The results of our study may have implications for cur-

rent and future practice on PA measurements. Considering 

the increase in the use of accelerometers in current research, 

researchers need to be aware that results between studies using 

either questionnaires or accelerometers should be compared 

Figure 3 Factors associated with the direction of disagreement between accelerometer and questionnaire physical activity.
Notes: Considering the average direction of disagreement equaled –529.4 minutes/week, positive disagreement indicates less underestimation in the questionnaire. relative 
to the accelerometer. Negative disagreement indicates more underestimation in the questionnaire compared to the accelerometer. Analyses included all demographic, 
lifestyle, and health variables, total accelerometer-derived physical activity, time between interview date and first accelerometer-wear date, cohort, and wave. The coefficient 
for women was relative to men and the coefficient for paid occupation relative to those without paid occupation. For continuous variables (age, disability score, number of 
chronic diseases, MMSE-score, and CESD-score), values correspond with a 1-unit increase in the determinant.
Abbreviations: BMI, body-mass index; CESD, Center for Epidemiologic Studies Depression; MMSE, Mini-Mental State Examination; PA, physical activity.
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with caution. Importantly, the disagreement increased with 

higher levels of accelerometer-derived PA. More detailed 

instructions in the questionnaire may be needed,43 and ques-

tionnaires might need to be improved to capture the overall 

PA pattern of older adults better. To this aim, future studies 

should focus on enhancing the agreement between ques-

tionnaire- and accelerometer-derived PA levels. Moreover, 

individuals working in clinical practice should be aware that 

especially those with worse perceived health might not have 

a realistic view of their PA levels. Asking more thoroughly 

about their activities could provide more information than 

a simple question on whether they perceive their PA as suf-

ficient or not. Furthermore, the large discrepancy between 

accelerometer- and questionnaire-derived PA in those with 

paid occupations found in our sensitivity analysis implies that 

studies using questionnaires in working populations should 

always include occupational PA.

The use of accelerometers could also be improved in 

future studies to measure activities performed solely with the 

lower extremities more accurately. The bias between question-

naire and accelerometer might be reduced by future efforts to 

develop specified algorithms that can identify these activities, 

taking into account their specific rhythm when wearing an 

accelerometer. Moreover, our findings that (perceived) health 

and educational status can influence reported PA stresses the 

importance of taking into account these factors in future studies 

and analyses. Finally, regardless of the (dis)agreement between 

questionnaires and accelerometers, both methods should be 

used simultaneously in research to gain the most information. 

Whereas accelerometers provide an accurate distribution of 

intensity and duration, questionnaires might more accurately 

reflect perceived PA. In order to be able to influence the PA lev-

els of individuals, both sources of information are important. We 

would thus recommend that for all individuals, including those 

with higher BMI, more depressive symptoms, and more dis-

ability, PA be measured using both methods whenever possible.

Our study contains several strengths. We are one of 

the first to examine both the correlation and disagreement 

between PA as derived from questionnaire and a wrist-worn 

accelerometer in a large community-based cohort of older 

adults, using a wide variety of determinants. Moreover, the 

use of a waterproof wrist-worn accelerometer ensured high 

compliance. Consequently, this ensured low nonwear periods 

in which assumptions would have to be made on whether this 

time was spent actively or sedentarily.44,45 As a result, PA is 

generally assessed more precisely.45

However, some limitations also have to be acknowledged. 

First, the PA estimates derived from the accelerometer and 

questionnaire were not obtained in the same week. This 

might have contributed to the low agreement in the current 

study. However, addressing questionnaires and accelerom-

eters simultaneously might make participants more aware of 

their behavior and result in larger agreement than otherwise 

obtained.43 Second, we did not have up-to-date information 

on cancer, cardiovascular disease, or diabetes. Consequently, 

some residual confounding might have been present, which 

can result in bias towards the null. Third, our results are based 

on the difference between the LAPAQ and the wrist-worn 

GeneActiv accelerometer. As such, our findings might not 

be generalizable to other questionnaires or hip-worn acceler-

ometers. Fourth, using accelerometers providing raw output 

in milligravity is relatively new, and thus the cutoff points 

to define activity intensity have not been firmly established. 

Therefore, the use of different cutoffs might shift the distribu-

tion of time spent in light, moderate, and vigorous PA accord-

ing to the accelerometer. Furthermore, we measured PA 

during 1 week, which might not represent overall engagement 

in PA. Additionally, participants that agreed to wear an accel-

erometer were more often men and showed a better health 

profile regarding MMSE score, CESD score, and disability 

score. This might affect generalizability toward the total 

population of older adults. Finally, the current participants 

were from a Dutch population, with relatively high levels of 

PA compared to other Western countries.46 Considering the 

fact that the disagreement in the current study was higher for 

higher levels of accelerometer-derived PA, the disagreement 

between questionnaire- and accelerometer-derived PA might 

be lower in countries with generally lower PA levels.

In conclusion, we observed that correspondence between 

questionnaire- and accelerometer-derived PA is low. In the 

total population, the number of minutes per week spent in 

PA was in general underestimated in the questionnaire. This 

was a consequence of underreporting light PA, whereas 

moderate PA was overreported in the questionnaire. These 

differences were partly explained by BMI, disability, and 

depressive symptoms, as participants with higher BMI and 

more disability and depressive symptoms underestimated 

their self-reported PA more than their healthier counterparts. 

Moreover, the underestimation was larger with higher levels 

of accelerometer-derived PA. Future studies using question-

naires and/or accelerometers to measure PA should be aware 

of these differences.
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approving data requests. Because of restrictions based on 

privacy regulations and informed consent of the participants, 

data cannot be made freely available in a public repository.
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Supplementary materials

Table S1 Characteristics of those who agreed to participate (N=3,156) and those who did not agree to participate (N=833)

Characteristics Did not agree to participate Agreed to participate* P

Age (years) 72.7 (22.7) 70.8 (9.0) <0.001
Women, n (%) 528 (63.6) 1,669 (52.9) <0.001
Education <0.001
Elementary 66 (8.1) 197 (6.3)
Lower secondary 374 (46.0) 1,202 (38.5)
Higher secondary 239 (29.4) 966 (30.9)
Tertiary 134 (16.5) 757 (24.2)
BMI, n (%) 0.06
Normal weight 258 (31.3) 880 (27.9)
Overweight 358 (43.4) 1,507 (47.8)
Obese 209 (25.3) 768 (24.3)
Smoking, n (%) 0.002
Nonsmoker 296 (35.8) 1,048 (33.3)
Former smoker 424 (51.3) 1,800 (57.2)
Current smoker 107 (12.9) 301 (9.6)
Disability score 0.75 (0.87) 0.55 (0.65) <0.001
Living with partner, n (%) 508 (61.4) 2,261 (71.7) <0.001
Currently with job, n (%) 120 (16.7) 599 (20.6) 0.02
Prevalent cancer, CVD, or diabetes, n (%) 352 (42.3) 1276 (40.4) 0.36
MMSE score 27.51 (2.40) 28.12 (1.74) <0.001
CESD score 6.44 (7.30) 5.35 (6.79) <0.001
Total PA according to questionnaire (minutes/week) 970.2 (1,176.5) 1,110.1 (1,486.5) 0.02

Notes: *The study sample of those agreeing to participate also includes participants that wore an Actiwatch device (Actiwatch model AW4; Cambridge Technology, 
Cambridge, UK). Data presented as mean (SD) unless otherwise stated.
Abbreviations: BMI, body-mass index; CESD, Center for Epidemiologic Studies Depression; CVD, cardiovascular disease; MMSE, Mini-Mental State Examination; PA, 
physical activity; SD, standard deviation.

Figure S1 Bland–Altman plot for total physical activity.
Abbreviations: PA, physical activity; SD, standard deviation.
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Table S2 Characteristics of light, moderate, and vigorous PA in the total population

Characteristics Mean (SD)

PA according to questionnaire
Light PA (minutes) 316.1 (473.1)
Moderate PA (minutes) 651.8 (800.8)
Vigorous PA (minutes) 82.0 (338.7)
PA according to accelerometer
Light PA (minutes) 1,024.4 (218.1)
Moderate PA (minutes) 447.3 (139.2)
Vigorous PA (minutes) 107.6 (53.7)
Level of disagreement between questionnaire and accelerometer
Light PA (minutes) 781.6 (354.1)
Moderate PA (minutes) 405.8 (697.6)
Vigorous PA (minutes) 131.0 (312.7)
Direction of disagreement between questionnaire and accelerometer
Light PA (minutes) –708.4 (484.3)
Moderate PA (minutes) 204.6 (780.8)
Vigorous PA (minutes) –25.6 (338.1)

Note: Paired t-tests indicated significant differences between light, moderate, and vigorous physical activity as measured by questionnaire and accelerometer.
Abbreviations: PA, physical activity; SD, standard deviation

Table S3 Factors associated with the level of disagreement between accelerometer and questionnaire PA, according to intensity of PA

Factors Light PA Moderate PA Vigorous PA

b 95% CI P b 95% CI P b 95% CI P

Demographic factors
Age 3.9 –0.82 to 8.5 0.11 –5.3 –15.2 to 4.5 0.29 –3.9 –8.34 to 0.47 0.08
Women –115.0 –156.3 to –73.7 <0.001 –20.2 –107.4 to 7.0 0.65 –43.4 –82.3 to –4.6 0.03
Education

Primary Ref Ref Ref
Lower –18.1 –95.1 to 59.0 0.65 –66.6 –228.2 to 95.1 0.42 –111.3 –183.5 to –39.0 0.003
Intermediate –64.4 –143.5 to 14.6 0.11 –116.6 –282.7 to 49.6 0.17 –121.7 –195.9 to –47.5 0.001
Higher –50.9 –133.4 to 31.6 0.23 –113.6 –286.6 to 59.5 0.20 –114.3 –191.7 to –37.0 0.004

Living with partner –4.1 –45.7 to 37.5 0.85 –64.4 –152.0 to 23.3 0.15 –34.0 –73.2 to 5.2 0.09
Lifestyle factors
Smoking

Never-smokers Ref Ref Ref
Former smokers –10.6 –49.1 to 28.0 0.59 4.2 –77.1 to 85.4 0.92 –25.3 –61.6 to 11.03 0.17
Current smokers 17.3 –54.8 to 89.4 0.64 103.3 –48.6 to 255.3 0.18 –51.8 –119.8 to 16.2 0.14

BMI
Normal weight Ref Ref Ref
Overweight 0.59 –40.6 to 41.8 0.98 –42.1 –128.9 to 44.6 0.34 15.4 –23.3 to 54.2 0.44
Obese 50.0 –0.6 to 100.7 0.053 –78.5 –185.2 to 28.3 0.15 –16.3 –64.0, to 31.5 0.50

Alcohol consumption
Low Ref Ref Ref
Medium 0.9 –47.4 to 49.2 0.97 48.4 –61.2 to 158.0 0.39 –14.9 –58.8 to 29.0 0.51
High 7.0 –44.9 to 58.9 0.79 27.7 –83.0 to 138.4 0.62 –10.0 –55.6 to 35.6 0.67

Health factors
Disability score 29.2 0.60 to 57.8 0.05 –41.3 –101.6 to 19.0 0.18 –26.9 –53.8 to –0.01 0.05
Number of chronic diseases 0.4 –26.3 to 27.09 0.98 1.5 –54.7 to 57.8 0.96 0.2 –25.0 to 25.4 0.99
MMSE score –7.4 –17.9 to 2.99 0.16 11.7 –10.4 to 33.8 0.30 –2.0 –11.79 to 7.8 0.69
CESD score 2.9 –0.05 to 5.76 0.05 –5.3 –11.4 to 0.82 0.09 0.7 –2.02 to 3.46 0.61

Note: Analyses were adjusted for all included demographic, lifestyle, and health variables, total accelerometer-derived physical activity, time between interview date and first 
accelerometer-wear date, cohort, and wave.
Abbreviations: BMI, body-mass index; CESD, Center for Epidemiologic Studies Depression; CI, confidence interval; MMSE, Mini-Mental State Examination; PA, physical 
activity; ref, reference.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Epidemiology 2018:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

14

Koolhaas et al

Table S4 Factors associated with the direction of disagreement between accelerometer and questionnaire PA according to intensity of PA

Factors Light PA Moderate PA Vigorous PA

b 95% CI P b 95% CI P b 95% CI P

Demographic factors
Age –3.2 –9.8 to 3.3 0.33 –5.7 –16.7 to 5.3 0.31 –1.5 –6.3 to 3.3 0.54
Women 177.1 119.3 to 234.9 <0.001 –22.0 –119.8 to 75.8 0.66 –52.7 –94.8 to –10.6 0.01
Education

Primary Ref Ref Ref
Lower 65.9 –41.3 to 173.0 0.23 –64.9 –246.1 to 116.3 0.48 –90.9 –169.3 to –12.5 0.02
Intermediate 71.1 –38.9 to 181.0 0.21 –133.7 –319.9 to 52.4 0.16 –91.7 –172.2 to –11.1 0.03
Higher 81.6 –33.2 to 196.3 0.16 –138.6 –332.6 to 55.5 0.16 –93.6 –177.6 to –9.7 0.03

Living with partner 68.5 10.4–126.5 0.02 –61.5 –159.8 to 36.8 0.22 –26.6 –69.1 to 16.0 0.22
Lifestyle factors
Smoking

Never-smokers Ref Ref Ref
Former smokers –18.0 –71.8 to 35.8 0.51 –0.3 –91.3 to 90.8 1.00 –28.3 –67.7 to 11.14 0.16
Current smokers –26.4 –127 to 74.2 0.61 102.5 –67.9 to 272.9 0.24 –69.5 –143.2 to 4.2 0.06

BMI
Normal weight Ref Ref Ref
Overweight –8.2 –65.7 to 49.2 0.78 –76.2 –173.5 to 21.0 0.12 24.4 –17.7 to 66.4 0.26
Obese –76.0 –146.6 to –5.4 0.04 –147.4 –267.0 to –27.8 0.02 –11.0 –62.8 to 40.9 0.68

Alcohol consumption
Low Ref Ref Ref
Medium –20.2 –91.6 to 51.2 0.58 47.9 –70.6 to 166.5 0.43 –14.8 –62.9 to 33.3 0.55
High 5.4 –68.4 to 79.2 0.89 42.8 –81.7 to 167.3 0.50 –10.7 –59.3 to 37.9 0.67

Health factors
Disability score –43.4 –83.3 to –3.4 0.03 –76.8 –144.4 to –9.2 0.03 –37.7 –67.0 to –8.5 0.01
Number of chronic diseases 8.2 –29.1 to 45.4 0.67 –7.5 –70.6 to 55.5 0.82 0.9 –26.4 to 28.2 0.95
MMSE score 8.3 –6.25 to 22.8 0.26 12.5 –12.3 to 37.3 0.32 –1.7 –12.4 to 8.9 0.75
CESD score –2.8 –6.8 to 1.3 0.18 –9.6 –16.5 to –2.73 0.006 0.3 –2.71 to 3.23 0.86

Note: Analyses were adjusted for all included demographic, lifestyle, and health variables, total accelerometer-derived physical activity, time between interview date and the 
first accelerometer-wear date, cohort, and wave.
Abbreviations: BMI, body-mass index; CESD, Center for Epidemiologic Studies Depression; CI, confidence interval; MMSE, Mini-Mental State Examination; PA, physical activity; 
ref, reference.

Table S5 Characteristics of the study population, stratified by occupational status

Characteristics Without paid occupation With paid occupation* P

Participants 1,410 386
Age (years) 73.81 (7.61) 60.31 (6.17) <0.001
Female, n (%) 742 (52.6) 174 (45.1) 0.01
Education <0.001
Elementary 85 (6.1) 15 (3.9)
Lower secondary 562 (40.5) 94 (24.5)
Higher secondary 428 (30.8) 120 (31.2)
Tertiary 314 (22.6) 155 (40.4)
BMI, n (%) 0.70
Normal weight 418 (29.6) 111 (28.8)
Overweight 668 (47.4) 192 (49.7)
Obese 324 (23.0) 83 (21.5)
Smoking, n (%) 0.005
Never-smoker 471 (33.4) 115 (29.8)
Former smoker 832 (59.0) 222 (57.5)
Current smoker 106 (7.5) 49 (12.7)
Disability score 0.64 (0.68) 0.25 (0.38) <0.001
Living with partner, n (%) 988 (70.1) 323 (83.7) <0.001
Prevalent cancer, CVD or diabetes, n (%) 635 (45.0) 79 (20.5) <0.001
MMSE score 28.10 (1.74) 28.61 (1.28) <0.001
CESD score 5.04 (6.30) 4.24 (5.74) 0.03
Total PA according to questionnaire (minutes/week) 1,049.9 (1,108.3) 970.9 (1,149.9) 0.22
Total PA according to accelerometer (minutes/week) 1,579.3 (386.1) 1,779.2 (396.7) <0.001

Notes: *The reason that the number of participants with paid occupation in the table is lower than the 389 participants mentioned in Figure 1, is because a second 
observation was excluded for three additional participants. Data are presented as mean (SD) unless otherwise stated.
Abbreviations: BMI, body-mass index; CESD, Center for Epidemiologic Studies Depression; CVD, cardiovascular disease; IQR, interquartile range; MMSE, Mini-Mental State 
Examination; PA, physical activity; SD, standard deviation.
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Table S6 Factors associated with level and direction of disagreement between accelerometer and questionnaire PA, including 
participants with paid occupation (n=1,823)

Factors Level of disagreement Direction of disagreement

b 95% CI P b 95% CI P

Demographic factors
Age 0.8 –8.8 to 10.5 0.86 –8.8 –22.4 to 4.8 0.21
Women –66.4 –149.3 to 16.5 0.12 120.0 2.6 to 237.4 0.05
Education

Primary Ref Ref
Lower –176.1 –340.2 to –12.1 0.04 –59.9 –291.8 to 171.9 0.61
Intermediate –268.6 –436.3 to –101 0.002 –115.1 –352.0 to 121.8 0.34
Higher –241.5 –413.9 to –69.0 0.01 –101.9 –345.4 to 141.6 0.41

Paid occupation 185 72.7 to 297.3 0.001 –312.7 –471.5 to –154 <0.001
Living with partner –44.4 –131.9 to 43.1 0.32 1.0 –122.7 to 124.8 0.99
Lifestyle factors
Smoking

Never-smoker Ref Ref 
Former smoker –2.5 –82.2 to 77.3 0.95 –18.3 –131.0 to 94.5 0.75
Current smoker 88.1 –53.1 to 229.4 0.22 –12.6 –212.5 to 187.3 0.90

BMI
Normal weight Ref Ref
Overweight 19.4 –65.6 to 104.5 0.65 –109 –229.2 to 11.1 0.08
Obese 49.2 –55.9 to 154.3 0.36 –260.2 –408.9 to –111.6 0.00

Alcohol consumption
Low Ref Ref
Medium –16.3 –121.5 to 89.0 0.76 –46.3 –191.7 to 99.2 0.53
High –14.6 –116.7 to 87.6 0.78 –28.4 –176.6 to 119.8 0.71

Health factors
Disability score –15.6 –79.3 to 48.1 0.63 –134.7 –224.7 to –44.6 0.00
Number of chronic diseases 19.9 –38.2 to 78.0 0.50 –3.4 –85.44 to 78.7 0.94
MMSE score –4.6 –27.0 to 17.9 0.69 21.6 –10.3 to 53.5 0.18
CESD score 2.4 –3.7 to 8.5 0.44 –12.5 –21.1 to –3.95 0.004

Note: Analyses were adjusted for all included demographic, lifestyle, and health variables, total accelerometer-derived physical activity, time between interview date and 
the first accelerometer-wear date, cohort, and wave.
Abbreviations: BMI, body-mass index; CESD, Center for Epidemiologic Studies Depression Scale; CI, confidence interval; MMSE, Mini-Mental State Examination; PA, 
physical activity; ref, reference.

Table S7 Factors associated with the level and direction of disagreement between accelerometer and questionnaire PA in those not 
reporting cycling (n=692)

Factors Level of disagreement Direction of disagreement

b 95% CI P b 95% CI P

Demographic factors
Age –0.4 –14.1 to 13.3 0.96 –21.2 –40.7 to –1.7 0.03
Women –31.6 –165.1 to 101.9 0.64 94.5 –95.1 to 284.1 0.33
Education

Primary Ref Ref
Lower 3.0 –216.2 to 222.3 0.98 186.0 –124.8 to 496.8 0.24
Intermediate –89.7 –316.3 to 136.9 0.44 10.0 –311.0 to 331.1 0.95
Higher –80.5 –323.1 to 162.1 0.52 129.3 –214.2 to 472.9 0.46

Living with partner –77.8 –203.9 to 48.3 0.23 –132.5 –311.2 to 46.2 0.15
Lifestyle factors
Smoking

Never-smoker Ref Ref
Former smoker 8.4 –113.8 to 130.6 0.89 –15.2 –188.3 to 158.0 0.86
Current smoker 162.4 –47.9 to 372.7 0.13 83.6 –214.5 to 381.7 0.58

(Continued)
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Factors Level of disagreement Direction of disagreement

b 95% CI P b 95% CI P

BMI

Normal weight Ref Ref
Overweight –81.4 –214.0 to 51.2 0.23 –149.3 –337.1 to 38.6 0.12
Obese –14.9 –170.0 to 140.3 0.85 –283.7 –503.4 to –63.9 0.01

Alcohol consumption
Low Ref Ref
Medium 10.4 –154.7 to 175.5 0.90 –27.6 –282.9 to 227.7 0.83
High –42.5 –224.1 to 139.1 0.64 –26.9 –287.8 to 234.0 0.84

Health factors
Disability score 5.0 –74.5 to 84.4 0.90 –91.9 –204.6 to 20.8 0.11
Number of chronic diseases 37.6 –46.6 to 121.8 0.38 49.9 –69.5 to 169.2 0.41
MMSE score 8.3 –23.3 to 39.8 0.61 26.0 –18.7 to 70.7 0.25
CESD score –1.0 –9.5 to 7.6 0.83 –15.3 –27.4 to –3.19 0.01

Note: Analyses were adjusted for all included demographic, lifestyle, and health variables, total accelerometer-derived PA, time between interview date and the first 
accelerometer-wear date, cohort, and wave.
Abbreviations: BMI, body-mass index; CESD, Center for Epidemiologic Studies Depression Scale; CI, confidence interval; MMSE, Mini-Mental State Examination; PA, 
physical activity; ref, reference.

Table S7 (Continued)
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