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Abstract 

 

We aimed to investigate the associations of long-term leisure-time physical inactivity, body 

mass index (BMI) change, and education with sitting time in a 35-year follow-up based on 

self-reports in surveys. Influences of working status in 2011 and familial confounding on the 

associations were tested. Data were based on the population-based Finnish Twin Cohort of 

5232 twins (53–67-year-old, 41% men) with four surveys in 1975-2011. Statistical analyses 

were performed using linear regression with several covariates. The effect of familial 

confounding (genetics and shared environment) was analyzed using a co-twin control design 

which should be interpreted as if familial confounding plays a role, an association should be 

seen among all individuals but not in discordant twin pairs. Compared to those not at work, 

those at work had a longer total sitting time/day. For those at work, higher education was 

associated with more total sitting but with less non-work sitting. Long-term leisure-time 

physical inactivity was associated with more non-work sitting among those at work, whereas 

long-term weight gain with more total and non-work sitting regardless of working status. 

Familial confounding attenuated the associations, except for the association of increasing 

BMI with total and non-work sitting among women at work. To conclude, total sitting time 

was longer among those still at work, but it was also influenced by long-term leisure-time 

physical inactivity, higher education, and an increase of BMI over the years. Public health 

efforts should be targeted to reduce sedentary behavior by promoting life-long leisure-time 

physical activity and weight control. 

 

Key words: Adults, Exercise, Follow-up cohort study, Sedentary behavior, Sitting, Twins, 

Work 
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INTRODUCTION  

Sitting for long periods of time poses a risk for weight gain, cardiovascular diseases, type 2 

diabetes, cancers, and premature death 1, 2. Instead, strong evidence exists that leisure-time 

physical activity (LTPA) is beneficial for health 3. In previous studies, the associations 

between the length of overall daily sedentary time, in terms of sitting time, and an increased 

incidence of many chronic diseases or mortality have been shown to be independent from 

LTPA, suggesting that engagement in LTPA does not necessary protect from the negative 

health effects of long sitting 4. In recent meta-analyses, this evidence has been challenged 1, 2. 

As expected, high amount of LTPA has been associated with less sitting time 5, 6. Previous 

studies have also shown that those with a high amount of work-related sitting do less LTPA 7, 

8. Thus, no systematic consensus exists about protective effect of LTPA in sedentary behavior 

and its negative health consequences. Also whether lower LTPA is associated with a greater 

sitting duration or vice versa merits further studies. Furthermore, associations of LTPA and 

other health behaviors such as weight gain with sitting can be mutual and complex because 

health behaviors tend to vary over time 9, 10.  

Longitudinal studies are warranted to clarify not only the mutual associations between the 

health behaviors and sitting, but also their link with other influential factors such as 

education. Education level is known to be associated both with LTPA and sitting time 11, 12, 

but in a complex way. Evidence exists that those with higher education do more LTPA 

compared to those with lower education 13. On the other hand, more educated adults report 

more daily sitting 5 and long sitting durations are especially common in desk-based work 14, 

15. However, sitting varies across numerous contexts, including work, home, recreation, and 

commuting 16, and actually a majority of sitting is reported to take place elsewhere than at 

work 7, 8. Hence, the role of education on sitting time may differ over domains of sitting.  
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Another factor affecting sitting time is relative body weight, typically assessed as body mass 

index (BMI). Cross-sectional evidence shows higher BMI being associated with longer sitting 

time at work 14 although not in all studies 8. Some longitudinal studies have indicated obesity 

being associated with increased sitting among working age population 17 and higher BMI 

with more sitting among young women 12. Furthermore, high BMI 9, 18 and weight gain 9 have 

been shown to be linked with a lower level of LTPA. On the contrary, long-term regular 

LTPA prevents excess weight gain 10, 19. Overall, the associations between sitting time, 

LTPA, education, and BMI are complex due to their mutually associations. For example, 

those with high education report to sit more 5, but also being more active in LTPA 20, have 

lower BMI 21, and gain less weight during their adulthood 22 compared to those with less 

education. Education also has a strong association with other health behaviors 23, and thus it 

may have an important role as a moderator between sedentary behavior and health. However, 

further knowledge is needed to determine the associations of education, long-term weight 

gain or long-term LTPA with sitting and to assess whether being at work or not would 

modify these associations. 

A further important aspect is that education, BMI, sitting time, and LTPA have moderate to 

strong genetic components 24-27 and may also share genetics and familial background in 

common. Therefore, familial confounding (i.e. genetics and shared environment, mainly in 

the childhood) might influence their associations. Twin studies provide a unique opportunity 

to analyze the effect of  familial confounding 28. Dizygotic (DZ) twin pairs share, on average, 

50% of their segregating genes (as full siblings), whereas monozygotic (MZ) twin pairs are 

virtually identical on the gene sequence level. Both type of twins shares the same social 

background including home and family environment. The interpretation of twin analyses 

implies that if the associations for the whole cohort, when twins are analyzed as individuals, 

clearly attenuate when analyzing the associations among twin pairs then familial confounding 
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plays a role. Instead, if the associations are at about the same level for the whole cohort and 

within DZ twin pairs, but the association diminish within MZ twin pairs, then genetics play a 

role. Thirdly, if the associations remain equally strong both for the whole cohort and for 

within twin pairs, then the associations are independent from familial confounding i.e. 

providing evidence for a direct association. 

The aim of the study was to investigate how long-term LTPA, BMI change, and education 

were associated with total and non-work sitting time among a Finnish adult twin cohort 

followed for 35 years by self-reports in surveys. Our additional aim was to consider the 

possible modifying effect of working status and familial confounding on the associations.  

 

METHODS  

The study was based on the population-based Finnish Older Twin Cohort, with four 

questionnaire-based postal surveys implemented in 1975, 1981, 1990, and 2011 29. In these 

surveys, the participation rates varied from 72% to 89% 10. The study protocol was designed 

and performed according to the principles of the Declaration of Helsinki and was approved 

by the Ethical Committee of the University of Helsinki, Department of Public Health. We 

included individuals born between 1945 and 1957 who were invited to participate in the last 

survey in 2011. In order to follow BMI change and LTPA behavior over the 35-year period 

(1975 – 2011), the analyses were restricted to those 5575 participants who had participated in 

all four surveys. Among them, 321 (6% of the total sample) had missing or incomplete LTPA 

data in at least one survey and were therefore excluded from the analyses. The selection bias 

in the cohort and the sampling bias in restricting the analyses to those participants with 

complete LTPA data have been reported in detail earlier 10, 30, indicating no differences in 

mortality between 1975 and 2011 or in participation in the last survey between those active 

and inactive in their leisure-time physical activity at baseline in 1975. Eight participants had 
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not reported any information about their sitting time, and 14 individuals had missing 

information about their working status in 2011 and were therefore excluded from the 

analyses. The final sample consisted of 5232 participants, including 1587 twin pairs with 

both co-twins in the sample (Table 1).  

Table 1. Percentages, frequencies and means with standard deviations (SD) of characteristics 

in 1981 and leisure-time physical (in)activity (LTPA) for men and women by working status 

in 2011 among 5232 twin individuals.  
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LTPA= leisure-time physical activity, MET= metabolic equivalent of task 

 

 

 

The duration of daily sitting time was queried at one time point, 2011 27. The participants 

reported how many hours (h), on average, they sit per day in different activities: 1) at the 

office or similar places (at work), 2) at home watching television or videos, 3) at home at the 

Characteristics in 1981 

Men (n=2134) Women (n=3098) 

At work in 

2011 

(n = 1082) 

Not at work in 

2011 

(n = 1052) 

At work in 

2011 

(n = 1643) 

Not at work in 

2011 

(n = 1455) 

n % n % n % n % 

Social class (1975)          

Upper white collar 50 5 112 11 39 2 62 4 

Lower white collar   146 14 211 20 525 32 572 39 

Skilled worker 499 46 527 50 466 28 473 33 

Unskilled worker 87 8 81 8 156 10 172 12 

Farmer 57 5 54 5 20 1 52 4 

Other (including students) 239 22 63 6 433 26 124 9 

Marital status         

Married or living together 661 61 781 74 1124 68 1086 75 

Smoking status         

Never-smoker 462 43 356 34 868 54 790 55 

Former smoker  240 22 266 26 367 23 261 18 

Occasional smoker 2 0 9 1 23 1 21 1 

Current daily smoker 378 35 421 40 385 24 383 27 

LTPA         

Active (>1.5 MET-h / day) 597 55 554 53 881 54 720 49 

Inactive (≤1.5 MET-h / day) 485 45 498 47 762 46 735 51 

 Mean SD Mean SD Mean SD Mean SD 

Age (years) 28.4 2.9 32.4 3.4 28.0 2.8 32.1 3.5 

Education (years) 9.4 3.2 8.3 2.9 9.6 3.1 8.4 2.7 

BMI (kg/m^2) 23.0 2.5 24.1 2.8 21.2 2.5 22.3 3.2 

Alcohol consumption (g/day) 9.7 11.4 12.5 13.3 4.1 5.6 4.3 6.8 

Follow-up in 2011         

Total sitting time (min/day) 464 171 311 120 430 151 310 115 

Non-work sitting time (min/day) 294 114   257  92   
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computer, 4) in a vehicle, and 5) elsewhere utilizing four alternatives: a) < 1 hour, b) 1 to <2 

hours, c) 2 to <4 hours, d) ≥4 hours. Daily total sitting time was the sum of the midpoints of 

all sitting activities including sitting at work, using 30 minutes for <1 h, 90 minutes for 1 to 

<2 h, 180 minutes for 2 to <4 h, and 300 minutes for ≥4 h. For analyses, we divided total 

sitting time into work time and non-work time (i.e. the sum of all other reported sitting-time 

domains) for people at work. For participants not at work, total sitting time was thus the same 

as non-work sitting time. Missing information in one or more, but not in all five sitting time 

domains, was allowed in calculating the sum of total and non-work sitting times by replacing 

the missing information on sitting activity with zero.  

Leisure-time physical activity (LTPA) was queried in all four surveys and consisted of 

responses on the frequency (per day, week or month), and duration (per session). The 

intensity of LTPA was queried with “Is your leisure-time physical exercise on average as 

intensive as…,” using four response alternatives: walking (4 metabolic equivalent of task 

[MET]), walking and jogging (6 MET), jogging (10 MET), or running (13 MET). Daily time 

for commuting by physically active means (4 MET) to and from work was also queried. 

Then, the daily MET index for exercising and commuting was calculated by multiplying the 

general intensity of activity and the average duration (per session) and frequency (per month) 

of activities at each time point. For the total LTPA MET index, exercise and commuting 

MET indexes were summed together and converted into MET hours/day (MET-h/day). In 

each survey, everyone was categorized into inactive (≤1.5 MET-h/day) and active (>1.5 

MET-h/day). Further, everyone was assigned to one of seven long-term LTPA categories that 

constructed a pattern of LTPA during the 35-year follow-up presented earlier 10. The LTPA 

questions, MET calculations, categorization of inactive individuals, and the 35-year LTPA 

behavior for this cohort have earlier been reported in detail 10, 27. The intraclass correlations 

between this survey-based MET index and the interview-based MET index has been 0.56 in a 
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subsample of the Finnish Twin Cohort 31. This is in line with previous findings between self-

reported and direct measures of physical activity 32, 33. 

For the statistical analyses, we categorized the LTPA into four classes: broadly inactive (i.e. 

persistently inactive, mainly inactive, and a change from active to inactive), mixed behavior, 

active (mainly active, a change from inactive to active), and persistently active to retain 

power in the statistical analyses. However, for the discordant pair analyses, LTPA was 

dichotomized into broadly inactive (i.e. persistently inactive, mainly inactive, and a change 

from active to inactive) and broadly active (mainly active, a change from inactive to active, 

and persistently active), excluding participants with mixed LTPA behavior. 

Working status was categorized as at work or not at work based on the single question in 

2011 to report their working status. Highest attained education was available in 1981 as years 

of education (range 3–16 years) 30. For sensitivity analyses, we also categorized education by 

the median years of education in the sample (≤7 years vs. ≥8 years). Body mass index (BMI) 

was computed from self-reported weight and height (kg/m2), which were elicited at each 

survey with a high validity of self-reported BMI in 1990 34 and in 2011 (unpublished data, 

under review). The mean BMI change was calculated by subtracting BMI in 1975 from BMI 

in 2011. For sensitivity analyses, we also calculated BMI change from 1975 to 1990.  

Covariates were assessed in 1981, except for socioeconomic status, which was elicited from 

occupation reported in 1975 and consisted of six categories based on the Statistics Finland 

1970 census classification: upper and lower non-manual workers, skilled and unskilled 

manual workers, farmers, and others (including students, conscripts, full-time homemakers, 

and otherwise not classified). Other covariates were age (years), marital status (dichotomized 

as single/divorced/widowed vs. married/cohabiting), alcohol consumption (grams of absolute 

alcohol per day, based on the average consumption of beer, wines, and spirits in the past 
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month), and smoking status (never smoker, former smoker, occasional smoker, current daily 

smoker).  

 

Statistical methods  

The interactions between sex or working status and education, 35-year BMI change, and 35-

year LTPA behavior on total sitting time were tested with a log-likelihood test. Statistically 

significant interaction was found between sitting time and sex (p<0.001) and between BMI 

change 1975–2011 and sex (p=0.024), but not for other associations. Therefore, men and 

women were analyzed together using sex as a covariate in all other analyses except in 

analyzing the associations for BMI change. In addition, significant interactions on total sitting 

time were found between working status and education (p<0.001) and between working 

status and 35-year BMI change (p=0.007). Based on the significance of interaction, all the 

analyses were stratified by working status in 2011 (at work vs. not at work).   

Linear regression models were calculated for regression coefficients with 95% Confidence 

Intervals (CI) for the whole cohort (twins treated as individuals). Analyses were performed 

separately for the total sitting time and the non-work sitting time. First, the regression models 

were adjusted for age and sex. Baseline (1975) BMI was controlled in the analyses of the 

associations of BMI change. Second, we added marital and socioeconomic status, smoking, 

alcohol consumption, and BMI to the models. 

For the final step, we analyzed confounding by familial factors on the associations between 

sitting time and 35-year LTPA, 35-year BMI change and education applying the co-twin 

control design, among two strata of the data (Digital supplement). Pairs concordant for their 

working status, i.e. both were working or neither worked, were identified and within-pair 

analyses between sitting time and the putative exposure were conducted. First, we utilized the 

within pair correlations (Pearson correlation coefficient) for within pair difference in sitting 



12 

times and for the two continuous measures, i.e. education and 35-year BMI change. For the 

35-year LTPA behavior, we used the dichotomous definition of broadly active vs. broadly 

inactive categorization to see the differences in LTPA using the point biserial (i.e. for a 

dichotomous variable vs. continuous one) correlation coefficients.  

Stata SE version 14.1 (StataCorp, College Station, Texas, USA) was used for all analyses. 

Due to the within pair dependence of twin individuals, a cluster option was used to control 

the effect on standard errors 35. 

 

RESULTS 

In 2011, the mean age of the 5252 participants (41% men) was 60 years (range 53–67), and 

BMI was 26.2 (SD 4.3). The proportion of inactive participants was 36%, and 48% were not 

at work in 2011. The sex-specific characteristics in 1981 by working status in 2011 are 

presented in Table 1. The mean sitting times in 2011 were 380 minutes (SD 156 minutes, 

range 30–1110 min) for total sitting in all participants and 272 minutes (SD 103, range 0–870 

min) for non-work sitting among those at work. Men were sitting 15 min more than women 

(mean 389 [SD 167] in men; mean 374 [SD 148] in women) in total and 37 minutes more in 

their free time if they were still at work (Table 1). The mean work-related sitting time was 

173 minutes (SD 116 min) and was similar in both sexes (mean 171 [SD 114] in men; mean 

174 [SD 118] in women). Those who were at work had a longer total sitting time than those 

not at work (difference in means 133 min).  

Sitting time across LTPA categories 

Overall, the proportion of broadly inactive individuals during the 35-year follow-up was 

25%, whereas 18% were persistently active. The proportions of long-term LTPA by work 

status are shown in Table 2. Compared with persistently active participants, inactive 

participants were sitting approximately 16–30 minutes longer per day in 2011. Among those 
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at work in 2011, statistically significant association between physical inactivity and longer 

sitting time was seen only in non-work sitting and the association remained in the fully 

adjusted models. 

Table 2. Linear Regression model coefficients with 95% confidence intervals [CI] for the 

association of 35-year leisure-time physical activity (LTPA) (1975–2011) or education in 

1981 with total and non-work sitting time (in minutes) in 2011 among 5232 twin individuals 

by their working status in 2011.  

35-year LTPA 

Total sitting time (minutes) Non-work sitting time (minutes) 

Model A 

(n=2725) 

Model B 

(n=2635) 

Model A 

(n=2725) 

Model B 

(n=2635) 

At work in 

2011  
% 

B 95% 

CI 

B 95% 

CI 

B 95% 

CI 

B 95% 

CI 

Broadly 

inactive  

20 9.1 -

10.5, 

28.8 

16.2  -3.2, 

35.6 

27.5 15.5, 

39.5 

20.4 8.4, 

32.3 

Mixed  18 15.8 -4.3, 

35.9 

20.4 0.9, 

39.9 

21.3 9.0, 

33.6 

18.0 5.7, 

30.3 

Mainly 

active  

42 6.4 -9.6, 

22.3 

11.3 -4.3, 

27.0 

11.6 2.3, 

20.8 

11.4 2.0, 

20.8 

Persistently 

active  

20 reference - reference - reference  reference - 

 mean       

Education 

in years in 

1981 

9.5 9.9 8.1, 

11.7 

7.5 5.1, 

9.9 

-3.7 -4.9, 

-2.6 

-2.9 -4.4, 

-1.4 

Not at work 

in 2011  

% n=2507 n=2400     

Broadly 

inactive  

31 31.8 17.9, 

45.7 

28.7 14.3, 

43.2 
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Regression coefficients (B) with statistical significance (p-value <0.05) bolded. 

Model A: Age- and sex-adjusted model.  

Model B: Age, sex education in 1981, marital status in 1981, socioeconomic status in 1975, 

smoking status in 1981, alcohol consumption in 1981, and body mass index in 1981 are 

included as covariates in the model.  

 

 

Education and sitting time 

Among those at work in 2011, each additional year of higher education increased the total 

sitting time about 10 minutes (age- and sex-adjusted regression coefficient 9.9 [95% CI 8.1, 

11.7]) (Table 2). The association attenuated but remained statistically significant in the fully 

adjusted model. Regarding non-work sitting time, each year of education was associated with 

3 minutes less sitting among those at work both in age- and sex- and fully adjusted models. In 

the sensitivity analyses, those with higher than median years of education (>7) and at work in 

2011 had 66 minutes longer sitting time (95% CI 54 to 79 min) but had 18 minutes shorter 

(95% CI 10 to 25 min) non-work sitting time compared to those with a lower education level. 

Education was not associated with total sitting time among those not at work in 2011. 

BMI change and sitting time 

During the 35-year follow-up, the mean BMI change was 4.6 kg/m2 (SD 3.7, range -11.6 - 

30.7), being highest among men at work in 2011 (with an average weight gain of 13.8 kg) 

Mixed  19 24.7 9.7, 

39.6 

20.6 5.5, 

35.8 

    

Mainly 

active  

34 14.6 1.9, 

27.4 

10.9 -2.2, 

24.1 

    

Persistently 

active  

16 reference  - reference  -     

 mean n=2507 n=2400     

Education 

in years in 

1981 

8.4 -1.0  -2.6, 

0.6 

0.4  -1.8, 

2.6 
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(Table 3). Each one-unit increase in BMI was associated with an increase of 7 minutes in 

total sitting time for those at work and 3 minutes among those not at work. Among men at 

work, each one-unit increase in BMI was associated with 12 minutes longer total sitting time. 

The associations remained in the fully adjusted models and were at the same magnitude for 

non-work sitting time, except for total sitting time in men not at work. In the sensitivity 

analyses, each one-unit increase in BMI change (1975–1990) was associated with a longer 

total sitting time regardless of working status (age-, sex-, and BMI-adjusted regression 

coefficient 5.8 [95% CI 3.1 to 8.5] for those at work and 3.1 [95% CI 1.0 to5.2] for those not 

at work).  

Table 3. The mean change in weight and in body mass index (BMI) between 1975 and 2011, 

and linear regression model coefficients with 95% confidence intervals [CI] for the 

associations of each BMI unit change during a 36-year follow-up (1975–2011) with total and 

non-work sitting time (minutes) in 2011 among the 5118* twin individuals by their sex and 

working status in 2011. 

BMI by working 

status in 2011 

Mean 36-year ∆ 

weight change in 

kg 

Mean 36-year ∆ 

BMI change 

Total sitting time (minutes) Non-work sitting time (minutes) 

Model A (n =2678) Model B (n =2606) Model A (n =2678) 

At work in 2011  mean 95% CI mean 95% CI B 95% CI B 95% CI B 

Men (n=1066) 13.8 13.2, 14.4 4.4 4.2, 5.6 11.9 8.5, 15.3 11.3 7.9, 14.7 6.7 

Women (n=1612) 12.8 12.3, 13.3 4.9 4.7, 5.0 4.50 2.2, 6.8 4.5 2.3, 6.7 3.9 

Not at work in 2011     n=2440 n=2349  

Men (n=1022) 11.5 10.8, 12.2 3.8 3.6, 4.0 2.3 0.1, 4.6 2.3 -0.02, 4.6  

Women (n=1418) 13.2 12.6, 13.7 5.1 4.9, 5.3 4.0 2.5, 5.6 4.1 2.5, 5.7  

BMI= body mass index (kg/m2). Regression coefficients (B) with statistical significance (p-

value <0.05) bolded. 

*Those who reported information about their weight and height both in 1975 and in 2011.    

Model A: Age, sex, and BMI 1975 adjusted model for all participants, and age and BMI 1975 

adjusted for sex stratified models.  

Model B: Age, sex, BMI 1975, education in 1981, marital status in 1981 and socioeconomic 

status in 1975, smoking status in 1981, alcohol consumption in 1981, and leisure-time 
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physical activity in 1981 are included as covariates in the model. Sex was excluded from the 

full adjusted and sex-stratified models.  

 

 

Familial confounding in the associations 

Overall, the correlation coefficients between total or non-work sitting, and LTPA, education 

and BMI change were weak both for participants and for within pairs differences but pointed 

towards familial confounding in the associations between long-term LTPA behavior or 

education and sitting variables regardless of working status (Table 4). However, among 

women at work, the DZ and MZ correlations were not attenuated compared to the 

participants, which supports the assumption that an increase in BMI would increase both total 

and non-work sitting time. 

Table 4. Correlation coefficients for total sitting time or non-work sitting time and 35-year 

leisure-time physical activity (LTPA) behavior, education in 1981, and 35-year BMI change 

for twin individuals (n=4272)* and within pair differences for full twin pairs (n=1056 pairs)* 

stratified by working status and sex 

Working 

status in 

2011 

Total sitting time Non-work sitting time 

All 

individuals 

Within pair analyses 

** All 

individuals  

Within pair analyses 

** 

All 

pairs  

DZ 

pairs  

MZ 

pairs  

All 

pairs 

DZ 

pairs 

MZ 

pairs 

 35-year LTPA behavior1 

At work n=2236 n=410 n=234 n=161 n=2236 n=410 n=234 n=161 

  Men -0.01 0.06 0.00 0.20 0.07 0.02 0.00 0.11 

  Women 0.04 -0.12 -0.11 -0.12 0.10 -0.15 -0.10 -0.18 

Not at work n=2036 
n = 

356 

n = 

210 

n = 

135 
    

  Men 0.12 -0.07 0.00 0.04     

  Women 0.07 0.00 -0.02 -0.03     

 Education in 19812 

At work n=2725 n=624 n=358 n=239 n=2725 n=624 n=358 n=239 

  Men 0.16 0.01 0.01 0.06 -0.14 -0.17 -0.19 -0.03 

  Women 0.22 0.17 0.22 0.00 -0.10 0.02 0.02 0.03 

Not at work n=2507 
n = 

532 

n = 

314 

n = 

198 
    

  Men -0.04 -0.02 -0.05 0.00     

  Women -0.01 -0.03 -0.04 -0.01     

 35-year BMI change2 
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At work n=2678 n=600 n=341 n=233 n=2678 n=600 n=341 n=233 

  Men 0.20 0.18 0.23 -0.01 0.17 0.20 0.24 0.06 

  Women 0.11 0.10 0.10 0.15 0.15 0.12 0.10 0.15 

Not at work n=2440 n=506 n=293 n=194     

  Men 0.07 0.01 0.07 -0.27     

  Women 0.14 0.04 0.04 0.02     

* From the 5232 individuals and 1587 full twin pairs, those with mixed LTPA behavior have 

been excluded from the analyses.  

**Twin pairs concordant for their working status. Correlations calculated for within pair 

difference in sitting time in 2011 and within pair difference in 35-year leisure-time physical 

activity (broadly active vs. broadly inactive), education in 1981 or in 35-year BMI change.  

Point biserial1 or Pearson2 correlation coefficients. 

 

DISCUSSION 

In this population-based Finnish twin cohort with more than 5000 twin adults (53–67 years of 

age in 2011), the mean total daily sitting time was 6 hours and 20 minutes, constituting on 

average 3 hours of sitting at work, which is at the same level with earlier cross-sectional 

studies 5, 7, 15. However, the stratification by working status sheds further light on the sitting 

duration. With the focus on those at work, the results indicate a longer overall sitting time 

than those not at work. Further, non-work sitting time was 37 minutes longer among men 

than in women. The results also showed that being long-term physically inactive in leisure-

time was associated with longer non-work sitting time, whereas higher education was 

associated with longer total but shorter non-work sitting times among those still at work. 

Moreover, an increase in BMI was associated with a longer overall sitting time regardless of 

working status, and the association was not affected by familial confounding among women. 

In earlier studies, those with high LTPA have been reported to sit less compared to inactive 

persons 5, 6, and this trend was also evident in our study. However, as we had a follow-up 

over three decades for the long-term LTPA, our results add to earlier findings, mainly based 

on cross-sectional settings 5-7, 15. Though long-term physical inactivity was associated with 30 
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minutes longer non-work sitting time in comparison to those being persistently active, long-

term LTPA had only weak associations with total sitting time among those at work. 

In this study, each year of higher education was associated with 10 minutes longer total 

sitting time among participants still at work, supporting earlier findings 14, 15. However, the 

association between higher education and non-work sitting time was the opposite; higher 

education was associated with less non-work sitting. This is in line with earlier studies 

showing higher education being associated with more LTPA 13, and that physically active 

adults report less sitting than less active people 5, 6. This might be useful information from a 

public health perspective suggesting that those with lower education might benefit of 

campaigns to increase physical activity instead of decreasing sedentary behavior during their 

leisure-time 1. 

Another novel finding of this longitudinal study is the association between weight gain and 

sitting time: each one-unit increase in BMI was associated with an increase in total sitting 

time of about 7 minutes in those at work and about 3 minutes in those not at work. Our 

findings support earlier studies showing high BMI and obesity being associated with more 

sitting 12, 17. The co-twin control analyses provided some evidence that an increase in BMI 

has an independent association (i.e. not affected by familial confounding) with both total and 

non-work sitting times among women at work life. Also previous results suggest that 

prevention of weight gain is relevant for sitting behavior 10, 19 and that weight gain in adults is 

associated with a lower level of LTPA 9, 18. Whether the relationship between high BMI and 

weight gain with a longer sitting time is modified by inactivity remains to be established.  

One of the strengths of this study is the use of the co-twin control design, which enables 

investigating the possible effect of familial confounding on the associations. The results of 

the differences within twin pairs (stratified for concordance for working status in this study) 

confirmed the results of the whole cohort, but indicate that familial confounding may play a 
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role in the associations between LTPA, education, BMI (in men), and sitting time as was 

expected due to known influence of genetics in education, BMI, sedentary behavior, and 

LTPA 24-26. However, the strength of the associations between health behaviors, education 

and sitting time (as indicated by correlation coefficients in the within pair analyses) were 

weak, the results of the familial confounding should be interpreted with caution. Further 

strengths of this study are that the Finnish Twin Cohort is representative of the Finnish adult 

population 29 and that the comprehensive surveys were repeated four times, providing a 

unique opportunity to follow the same participants over 35 years and to investigate the long-

term trends of LTPA and BMI development.  

One of the limitations is the self-reported survey data and that covariates were queried in 

1981, i.e. 30 years earlier. This may have affected the observed associations. However, we 

used covariates close to baseline in order to avoid revised causality. Because education is 

commonly known important modifier of health and health behaviors, we used our covariates 

from 1981 when the mean age of the participants was 30 years and by which most of them 

had accomplished their formal education level. Furthermore, we cannot rule out bias due to 

the social desirability of reporting health behaviors 33, 36, 37. For example, the underestimation 

in self-reports of sitting time has been around 20% 5 and adherence to LTPA 

recommendations has been substantially lower measured with accelerometers than based on 

self-reports 33, 37. Therefore, the measurement errors will weaken the found associations. 

However, previous accelerometer-assessed data also included standing and lying positions 

because various domains of sitting could not be extracted from such data. Further, various 

components of non-work sitting cannot be differentiated from accelerometer data even today 

without a questionnaire. In this study, we had the possibility to study different sitting domains 

in different combinations. For simplicity, we combined non-work sitting domains as one 

group. In the literature, working age adults seem to spend one-third to one-half of daily 
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sitting time at work 7, 15, which is in line with our study. However, our survey was limited to 

the response alternative of four hours or more as the highest alternative for sitting at work. 

Even though the highest category was coded to five hours of sitting at work, it is likely that 

the ceiling effect may have affected sitting at work for those working full time in offices or 

desk-based tasks. Further, sitting while commuting can also be included in work-related 

sitting 7, and thus comparing task-based sitting between studies and countries can be 

challenging.  

PERSPECTIVE 

The results of this study have several public health implications. First, long-term physical 

inactivity and increase in BMI are associated with longer sitting duration, and thus life-long 

physical activity should be promoted for all. Various approaches should be used to minimize 

the health risks related to both weight gain and longer sitting time. New evidence has 

emerged that participation in LTPA would diminish at least some of the deleterious effects of 

prolonged sitting 1, 2. Thus, not only interventions to increase LTPA levels but also to shorten 

prolonged sitting or diminish sitting in general both at work and non-work should be 

promoted. Our findings are also in line with earlier studies38, 39 for the importance to assess 

domain‐specific and relative LTPA including sitting time in further studies. 

CONCLUSIONS 

Total sitting time in this cohort of 53–67-year-old adults was longer among those still at 

work. Long-term physical inactivity among those not at work, higher education among those 

still at work, and weight gain among all were associated with longer total sitting time. Among 

women at work, an increase in BMI seems to increase sitting independently of familial 

factors. The difference in total sitting times between those at work and those not at work 
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suggests that wide-ranging public health efforts should be developed to promote life-long 

LTPA and weight control regardless of working status.  

 

Supplemental Digital Content 1.  

Interpretation of the co-twin control design (i.e. within pair analyses) 

 

In this study the within pair analyses has utilized correlations coefficients calculated from the 

differences within twin pairs (a twin and his/ her co-twin). In within pair analyses we are 

interested in how the within correlations behave related to the correlation coefficients 

calculated for the whole cohort (twins treated as individuals). If familial factors play a role, 

the correlations coefficients between sitting and factors of interest (35-year LTPA behavior, 

education in 1981, 35-year BMI change) analyzed for the whole cohort would clearly 

attenuate or change into other direction in analyzing the correlation coefficients related to DZ 

and MZ pairs. The role of genetics can have a role, if the associations would be about at the 

same level for the whole cohort and for within DZ twin pairs, but the association would 

diminish/ change direction in within MZ twin pairs. Lastly, if the associations would remain 

in the same level for the whole cohort and within MZ and DZ pairs, the finding would 

suggest independence from familial factors and reflect a somewhat direct association between 

factor of interest and sitting.  

 

 

REFERENCES: 

1. Ekelund U, Steene-Johannessen J, Brown WJ, Fagerland MW, Owen N, Powell KE, 

Bauman A, Lee IM. Does physical activity attenuate, or even eliminate, the 



22 

detrimental association of sitting time with mortality? A harmonised meta-analysis of 

data from more than 1 million men and women. Lancet 2016;388:1302-10. 

2. Patterson R, McNamara E, Tainio M, de Sa TH, Smith AD, Sharp SJ, Edwards P, 

Woodcock J, Brage S, Wijndaele K. Sedentary behaviour and risk of all-cause, 

cardiovascular and cancer mortality, and incident type 2 diabetes: a systematic review 

and dose response meta-analysis. Eur J Epidemiol 2018;33:811-829. 

3. Piercy KL, Troiano RP. Physical Activity Guidelines for Americans From the US 

Department of Health and Human Services. Circ Cardiovasc Qual Outcomes 

2018;11:e005263. 

4. Biswas A, Oh PI, Faulkner GE, Bajaj RR, Silver MA, Mitchell MS, Alter DA. 

Sedentary time and its association with risk for disease incidence, mortality, and 

hospitalization in adults: a systematic review and meta-analysis. Ann Intern Med 

2015;162:123-32. 

5. Bauman A, Ainsworth BE, Sallis JF, Hagstromer M, Craig CL, Bull FC, Pratt M, 

Venugopal K, Chau J, Sjostrom M. The descriptive epidemiology of sitting. A 20-

country comparison using the International Physical Activity Questionnaire (IPAQ). 

Am J Prev Med 2011;41:228-35. 

6. Bennie JA, Chau JY, van der Ploeg HP, Stamatakis E, Do A, Bauman A. The 

prevalence and correlates of sitting in European adults - a comparison of 32 

Eurobarometer-participating countries. Int J Behav Nutr Phys Act 2013;10:107. 

7. Jans MP, Proper KI, Hildebrandt VH. Sedentary behavior in Dutch workers: 

differences between occupations and business sectors. Am J Prev Med 2007;33:450-4. 

8. Wallmann-Sperlich B, Bucksch J, Hansen S, Schantz P, Froboese I. Sitting time in 

Germany: an analysis of socio-demographic and environmental correlates. BMC 

Public Health 2013;13:196. 

9. Golubic R, Ekelund U, Wijndaele K, Luben R, Khaw KT, Wareham NJ, Brage S. 

Rate of weight gain predicts change in physical activity levels: a longitudinal analysis 

of the EPIC-Norfolk cohort. Int J Obes (Lond) 2013;37:404-9. 

10. Piirtola M, Kaprio J, Waller K, Heikkila K, Koskenvuo M, Svedberg P, Silventoinen 

K, Kujala UM, Ropponen A. Leisure-time physical inactivity and association with 

body mass index: a Finnish Twin Study with a 35-year follow-up. Int J Epidemiol 

2017;46:116-127. 

11. Uijtdewilligen L, Peeters GM, van Uffelen JG, Twisk JW, Singh AS, Brown WJ. 

Determinants of physical activity in a cohort of young adult women. Who is at risk of 

inactive behaviour? J Sci Med Sport 2015;18:49-55. 

12. Uijtdewilligen L, Twisk JW, Singh AS, Chinapaw MJ, van Mechelen W, Brown WJ. 

Biological, socio-demographic, work and lifestyle determinants of sitting in young 

adult women: a prospective cohort study. Int J Behav Nutr Phys Act 2014;11:7. 

13. Mäkinen TE, Sippola R, Borodulin K, Rahkonen O, Kunst A, Klumbiene J, Regidor 

E, Ekholm O, Mackenbach J, Prattala R. Explaining educational differences in 

leisure-time physical activity in Europe: the contribution of work-related factors. 

Scand J Med Sci Sports 2012;22:439-47. 

14. De Cocker K, Duncan MJ, Short C, van Uffelen JG, Vandelanotte C. Understanding 

occupational sitting: prevalence, correlates and moderating effects in Australian 

employees. Prev Med 2014;67:288-94. 

15. Wallmann-Sperlich B, Bucksch J, Schneider S, Froboese I. Socio-demographic, 

behavioural and cognitive correlates of work-related sitting time in German men and 

women. BMC Public Health 2014;14:1259. 



23 

16. Owen N, Salmon J, Koohsari MJ, Turrell G, Giles-Corti B. Sedentary behaviour and 

health: mapping environmental and social contexts to underpin chronic disease 

prevention. Br J Sports Med 2014;48:174-7. 

17. Pedisic Z, Grunseit A, Ding D, Chau JY, Banks E, Stamatakis E, Jalaludin BB, 

Bauman AE. High sitting time or obesity: Which came first? Bidirectional association 

in a longitudinal study of 31,787 Australian adults. Obesity (Silver Spring) 

2014;22:2126-30. 

18. Midlov P, Leijon M, Sundquist J, Sundquist K, Johansson SE. The longitudinal 

exercise trend among older Swedes aged 53-84 years - a 16-year follow-up study. 

BMC Public Health 2014;14:1327. 

19. Gordon-Larsen P, Hou N, Sidney S, Sternfeld B, Lewis CE, Jacobs DR, Jr., Popkin 

BM. Fifteen-year longitudinal trends in walking patterns and their impact on weight 

change. Am J Clin Nutr 2009;89:19-26. 

20. Dai S, Wang F, Morrison H. Predictors of decreased physical activity level over time 

among adults: a longitudinal study. Am J Prev Med 2014;47:123-30. 

21. Hermann S, Rohrmann S, Linseisen J, May AM, Kunst A, Besson H, Romaguera D, 

Travier N, Tormo MJ, Molina E, Dorronsoro M, Barricarte A, Rodriguez L, Crowe 

FL, Khaw KT, Wareham NJ, van Boeckel PG, Bueno-de-Mesquita HB, Overvad K, 

Jakobsen MU, Tjonneland A, Halkjaer J, Agnoli C, Mattiello A, Tumino R, Masala 

G, Vineis P, Naska A, Orfanos P, Trichopoulou A, Kaaks R, Bergmann MM, Steffen 

A, Van Guelpen B, Johansson I, Borgquist S, Manjer J, Braaten T, Fagherazzi G, 

Clavel-Chapelon F, Mouw T, Norat T, Riboli E, Rinaldi S, Slimani N, Peeters PH. 

The association of education with body mass index and waist circumference in the 

EPIC-PANACEA study. BMC Public Health 2011;11:169. 

22. Rohrmann S, Steinbrecher A, Linseisen J, Hermann S, May A, Luan J, Ekelund U, 

Overvad K, Tjonneland A, Halkjaer J, Fagherazzi G, Boutron-Ruault MC, Clavel-

Chapelon F, Agnoli C, Tumino R, Masala G, Mattiello A, Ricceri F, Travier N, 

Amiano P, Ardanaz E, Chirlaque MD, Sanchez MJ, Rodriguez L, Nilsson LM, 

Johansson I, Hedblad B, Rosvall M, Lund E, Braaten T, Naska A, Orfanos P, 

Trichopoulou A, van den Berg S, Bueno-de-Mesquita HB, Bergmann MM, Steffen A, 

Kaaks R, Teucher B, Wareham NJ, Khaw KT, Crowe FL, Illner AK, Slimani N, Gallo 

V, Mouw T, Norat T, Peeters PH. The association of education with long-term weight 

change in the EPIC-PANACEA cohort. Eur J Clin Nutr 2012;66:957-63. 

23. Cohen AK, Syme SL. Education: a missed opportunity for public health intervention. 

Am J Public Health 2013;103:997-1001. 

24. de Geus EJ, Bartels M, Kaprio J, Lightfoot JT, Thomis M. Genetics of regular 

exercise and sedentary behaviors. Twin Res Hum Genet 2014;17:262-71. 

25. Silventoinen K, Jelenkovic A, Sund R, Yokoyama Y, Hur YM, Cozen W, Hwang AE, 

Mack TM, Honda C, Inui F, Iwatani Y, Watanabe M, Tomizawa R, Pietilainen KH, 

Rissanen A, Siribaddana SH, Hotopf M, Sumathipala A, Rijsdijk F, Tan Q, Zhang D, 

Pang Z, Piirtola M, Aaltonen S, Oncel SY, Aliev F, Rebato E, Hjelmborg JB, 

Christensen K, Skytthe A, Kyvik KO, Silberg JL, Eaves LJ, Cutler TL, Ordonana JR, 

Sanchez-Romera JF, Colodro-Conde L, Song YM, Yang S, Lee K, Franz CE, Kremen 

WS, Lyons MJ, Busjahn A, Nelson TL, Whitfield KE, Kandler C, Jang KL, Gatz M, 

Butler DA, Stazi MA, Fagnani C, D'Ippolito C, Duncan GE, Buchwald D, Martin NG, 

Medland SE, Montgomery GW, Jeong HU, Swan GE, Krasnow R, Magnusson PK, 

Pedersen NL, Dahl Aslan AK, McAdams TA, Eley TC, Gregory AM, Tynelius P, 

Baker LA, Tuvblad C, Bayasgalan G, Narandalai D, Spector TD, Mangino M, 

Lachance G, Burt SA, Klump KL, Harris JR, Brandt I, Nilsen TS, Krueger RF, 

McGue M, Pahlen S, Corley RP, Huibregtse BM, Bartels M, van Beijsterveldt CE, 



24 

Willemsen G, Goldberg JH, Rasmussen F, Tarnoki AD, Tarnoki DL, Derom CA, 

Vlietinck RF, Loos RJ, Hopper JL, Sung J, Maes HH, Turkheimer E, Boomsma DI, 

Sorensen TI, Kaprio J. Differences in genetic and environmental variation in adult 

BMI by sex, age, time period, and region: an individual-based pooled analysis of 40 

twin cohorts. Am J Clin Nutr 2017;106:457-466. 

26. Rietveld CA, Medland SE, Derringer J, Yang J, Esko T, Martin NW, Westra HJ, 

Shakhbazov K, Abdellaoui A, Agrawal A, Albrecht E, Alizadeh BZ, Amin N, 

Barnard J, Baumeister SE, Benke KS, Bielak LF, Boatman JA, Boyle PA, Davies G, 

de Leeuw C, Eklund N, Evans DS, Ferhmann R, Fischer K, Gieger C, Gjessing HK, 

Hagg S, Harris JR, Hayward C, Holzapfel C, Ibrahim-Verbaas CA, Ingelsson E, 

Jacobsson B, Joshi PK, Jugessur A, Kaakinen M, Kanoni S, Karjalainen J, Kolcic I, 

Kristiansson K, Kutalik Z, Lahti J, Lee SH, Lin P, Lind PA, Liu Y, Lohman K, 

Loitfelder M, McMahon G, Vidal PM, Meirelles O, Milani L, Myhre R, Nuotio ML, 

Oldmeadow CJ, Petrovic KE, Peyrot WJ, Polasek O, Quaye L, Reinmaa E, Rice JP, 

Rizzi TS, Schmidt H, Schmidt R, Smith AV, Smith JA, Tanaka T, Terracciano A, van 

der Loos MJ, Vitart V, Volzke H, Wellmann J, Yu L, Zhao W, Allik J, Attia JR, 

Bandinelli S, Bastardot F, Beauchamp J, Bennett DA, Berger K, Bierut LJ, Boomsma 

DI, Bultmann U, Campbell H, Chabris CF, Cherkas L, Chung MK, Cucca F, de 

Andrade M, De Jager PL, De Neve JE, Deary IJ, Dedoussis GV, Deloukas P, 

Dimitriou M, Eiriksdottir G, Elderson MF, Eriksson JG, Evans DM, Faul JD, Ferrucci 

L, Garcia ME, Gronberg H, Guethnason V, Hall P, Harris JM, Harris TB, Hastie ND, 

Heath AC, Hernandez DG, Hoffmann W, Hofman A, Holle R, Holliday EG, Hottenga 

JJ, Iacono WG, Illig T, Jarvelin MR, Kahonen M, Kaprio J, Kirkpatrick RM, Kowgier 

M, Latvala A, Launer LJ, Lawlor DA, Lehtimaki T, Li J, Lichtenstein P, Lichtner P, 

Liewald DC, Madden PA, Magnusson PK, Makinen TE, Masala M, McGue M, 

Metspalu A, Mielck A, Miller MB, Montgomery GW, Mukherjee S, Nyholt DR, 

Oostra BA, Palmer LJ, Palotie A, Penninx BW, Perola M, Peyser PA, Preisig M, 

Raikkonen K, Raitakari OT, Realo A, Ring SM, Ripatti S, Rivadeneira F, Rudan I, 

Rustichini A, Salomaa V, Sarin AP, Schlessinger D, Scott RJ, Snieder H, St Pourcain 

B, Starr JM, Sul JH, Surakka I, Svento R, Teumer A, Tiemeier H, van Rooij FJ, Van 

Wagoner DR, Vartiainen E, Viikari J, Vollenweider P, Vonk JM, Waeber G, Weir 

DR, Wichmann HE, Widen E, Willemsen G, Wilson JF, Wright AF, Conley D, 

Davey-Smith G, Franke L, Groenen PJ, Hofman A, Johannesson M, Kardia SL, 

Krueger RF, Laibson D, Martin NG, Meyer MN, Posthuma D, Thurik AR, Timpson 

NJ, Uitterlinden AG, van Duijn CM, Visscher PM, Benjamin DJ, Cesarini D, 

Koellinger PD. GWAS of 126,559 individuals identifies genetic variants associated 

with educational attainment. Science 2013;340:1467-71. 

27. Piirtola M, Kaprio J, Ropponen A. A study of sedentary behaviour in the older 

Finnish twin cohort: a cross sectional analysis. Biomed Res Int 2014;2014:209140. 

28. McGue M, Osler M, Christensen K. Causal Inference and Observational Research : 

The Utility of Twins. Perspectives on psychological science 2010;5:546-556. 

29. Kaprio J. The Finnish Twin Cohort Study: an update. Twin Res Hum Genet 

2013;16:157-62. 

30. Piirtola M, Kaprio J, Kujala UM, Heikkila K, Koskenvuo M, Svedberg P, 

Silventoinen K, Ropponen A. Association between education and future leisure-time 

physical inactivity: a study of Finnish twins over a 35-year follow-up. BMC Public 

Health 2016;16:720. 

31. Waller K, Kaprio J, Kujala UM. Associations between long-term physical activity, 

waist circumference and weight gain: a 30-year longitudinal twin study. International 

journal of obesity 2007;32:353-361. 



25 

32. Prince SA, Adamo KB, Hamel ME, Hardt J, Connor Gorber S, Tremblay M. A 

comparison of direct versus self-report measures for assessing physical activity in 

adults: a systematic review. Int J Behav Nutr Phys Act 2008;5:56. 

33. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical 

activity in the United States measured by accelerometer. Med Sci Sports Exerc 

2008;40:181-8. 

34. Korkeila M, Kaprio J, Rissanen A, Koskenvuo M, Sörensen TI. Predictors of major 

weight gain in adult Finns: stress, life satisfaction and personality traits. Int J Obes 

Relat Metab Disord 1998;22:949-957. 

35. Williams RL. A note on robust variance estimation for cluster-correlated data. 

Biometrics 2000;56:645-646. 

36. Adams SA, Matthews CE, Ebbeling CB, Moore CG, Cunningham JE, Fulton J, 

Hebert JR. The effect of social desirability and social approval on self-reports of 

physical activity. Am J Epidemiol 2005;161:389-98. 

37. Tucker JM, Welk GJ, Beyler NK. Physical activity in U.S.: adults compliance with 

the Physical Activity Guidelines for Americans. Am J Prev Med 2011;40:454-61. 

38. Paivarinne V, Kautiainen H, Heinonen A, Kiviranta I. Relations between subdomains 

of physical activity, sedentary lifestyle, and quality of life in young adult men. Scand 

J Med Sci Sports 2018;28:1389-1396. 

39. Bonomi AG, Plasqui G, Goris AH, Westerterp KR. Aspects of activity behavior as a 

determinant of the physical activity level. Scand J Med Sci Sports 2012;22:139-45. 

 


