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THE ASSOCIATION BETWEEN SEDENTARY BEHAVIOR
IN MIDDLE AGE AND MUSCULAR STRUCTURE AND
FUNCTION AT OLDER AGE

1. RESEARCH AIMS Q p
The aim of this study was to answer a b
these questions:

* How much time do middle-aged people spend in
sedentary behavior?

= Is there an association between sedentary behavior in
middle age and muscular structure and function at
older age?

= study design: a prospective study

= participants: 7 281 individuals who
had data on sedentariness in HUNT2
and were at least 70 years old at
HUNT4

= exposure: sitting time in middle age

* outcome: muscle mass and chair

rise time in older age

statistical analysis: multiple linear

regression & ordinal logistic

regression

* The mean self-reported sitting time was 6.6 (SD 3.3)
hours/day.

The association between sitting time and skeletal
muscle mass was statistically significant (p =0.002)
with a regression coefficient of 0.034(95% CI: 0.009 to
0.059).

The association between sitting time in middle age
and chair rise time at an older age was not
statistically significant (p=0.809) and the OR is 1.00

(95% CI: 0.99 to 1.08).

* The mean self-reported sitting time
in middle-aged Norwegian adults is
more than the average worldwide
sitting time

= A statistically significant association
between sitting time in middle age
and muscle mass in older age but
too small regression coefficient to be
of clinical significance

* No evidence of any association
between sitting time in middle age
and muscular function at an older
age

.
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Abstract

Background: The population of older adults is increasing exponentially. Promotion of
healthy aging and prevention of chronic conditions has become an important issue in
the world more than ever. Sarcopenia is a common condition in the older population
and is defined as low muscle mass, low muscle strength, and/or low physical
performance. Sedentary behavior is one of sarcopenia’s risk factors, and has increased
across the globe, especially among elderly people. The association between sedentary
behavior and sarcopenia has been investigated in several studies, but it has not been
investigated prospectively. The aim of this study is to assess the association between
sedentary behavior in middle aged-people and muscular structure and function at
older age.

Methods A total of 7281 older adults aged = 70 at HUNT4 and having sedentariness data
at HUNT2 were included in this study. Sedentary behavior was assessed in a
questionnaire in HUNT2 and muscle structure and function were assessed through
associated variables including skeletal muscle mass (measured by Inbody 770) and the
short physical performance battery (SPPB) in HUNT4. Linear regression models and
ordinal logistic regression models were used to assess the association between
sedentary behavior in middle aged-people and muscular structure and function at
older age.

Results: The association between sitting time and amount of muscle mass was
statistically significant (p =0.008) with regression coefficient of 0.034 kg/hour (95% CI:
0.009 to 0.058). The association between sitting time and SPPB chair rise sub-score was
not statistically significant (p=0.80%9) and the OR was 1.00 (95% CI: 0.99 to 1.08).

Conclusion: No evidence was found of an association between self-reported sitting
time in middle-aged Norwegian adults and their muscular function at older age. A
statistically significant association was found between sitting time in middle aged
Norwegian adults and their muscle mass at older age after adjusting for age, sex,
smoking status, educational levels, BMI, and physical activity levels. However, as the
regression coefficient was low, this association is considered not be of clinical
relevance.

Keyword: sedentary behavior, muscle mass, SPPB, elderly
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The association between sedentary behavior in middle age and
muscular structure and function at older age

Infroduction

Due to advances in the health care system, the rate of population aging is increasing
exponentially around the world. The world's population aged 60 years and older is
expected to be 2 billion by 2050 (1). The same holds for Norway, where it is estimated
that in 2030, the elderly population will be larger than the children and young
population for the first time, and it is expected that one in five people will be more than
70 years in 2060 (2). The increasing population of older adults can create an
unsustainable burden on social and health care systems, and it is an important
responsibility of governments to provide public services for older people (3). Promotion
of healthy aging and prevention of non-communicable diseases and chronic
conditions has attracted attention of health care systems in the world more than ever
(2).

Sarcopenia is a common condition in the older population and is defined as low
muscle mass, low muscle strength, and/or low physical performance by the European
Working Group on Sarcopenia in Older People (4). Two main categories of sarcopenia
are primary (age-related) and secondary (disease-related) sarcopenia (5). Recognized
causes of primary sarcopenia include loss of motor units that are innervating muscles,
systematic inflammation, decline in anabolic hormones, oxidative stress, and anorexia
of aging coupled with a decrease in physical activity (5). The prevalence of sarcopenia
is increasing, partly because of the growing population of the elderly. The overall
prevalence of sarcopenia has been estimated to be 10% (6). Based on WHO
population data, more than 50 million people are affected currently by sarcopenia,
and more than 200 million people will be affected by sarcopenia over the next 40
years(7). Sarcopenia in aging people is an important issue for public health systems as it
has several consequences including increased physical disability, poor quality of life,
nursing home admission, and increased risk of death (8). Although sarcopenia is well
known as a potential consequence of aging, it also seems to be associated with some
lifestyle factors such as poor diet and low levels of physical activity (9).

Physical activity (PA) is defined as any bodily movement produced by skeletal muscles
that requires energy expenditure above resting levels (10). PA can reduce body fat,
blood pressure, and glycemic levels, increase muscle and bone mass, and preserve
functional capacity and memory (11). There is a large body of evidence suggesting
physical activity as a protective factor for sarcopenia in older adults (12, 13). In
confrast, sedentary behavior is associated with several adverse effects such as
development of various chronic diseases. Sedentary behavior has become an
important focus area for public health. In general, sedentary behavior is defined as an
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activity that requires less than 1.5 METs. Metabolic Equivalent of Task(MET) is defined as
the ratio of oxygen consumed relative to mass, with 1 MET being roughly like energy
expended while sitting quietly (14) in a sitting or reclined position during waking hours
(such as using the computer or watching TV) (15). Sedentary behavior has been shown
to be arisk factor independent of physical activity practice (16). It has been shown that
sedentary behavior is associated with higher levels of deep adipose tissue and visceral
adiposity which can lead to a catabolic effect in muscle by increasing protein
degradation (17), hence it may be that sedentary behavior increases the risk of
sarcopenia . Moreover, mechanical stimuli are essential for protein synthesis in the
muscles. Without loading muscles which provide such stimuli, such as during exercise,
protein degradation may exceed protein synthesis and objective signs of muscle
atrophy will become visible (18).

In the last decades, sedentary behavior time has increased across the globe, and
prevalence of sedentary behavior is especially high among elderly people (11). It has
been shown that 60% of older adults reported sitting for more than 4 hours per day (19);
However, when objectively measured, 67% of older adults were sedentary for more
than 8.5 hours daily (9). Sedentary behavior results in reduced fime participating in
physical activity, (and can reduce the beneficial effects of physical activity on health
and well-being). There is a large body of evidence showing that sedentary behavior is
associated with poor health outcomes and all-cause mortality independently of levels
of activity (19).

There are several studies that have investigated the association between sitting time,
sleeping time and sarcopenia cross-sectionally. A systematic literature review and dose
response meta-analysis carried out in 2019 concluded that both long and short sleep
duration are associated with higher risk of sarcopenia (20). It has been shown that total
daily sitting time is associated with higher risk of sarcopenia, lower percentage lean
mass, and higher total body fat mass. However, more frequent breaks in sitting time are
associated with a 45% reduced risk of having pre-sarcopenia (low muscle mass) (16, 21,
22). On the other hand, there are some studies that have investigated the association
of sedentary behavior in general and sarcopenia. These studies have found that the
prevalence of sarcopenia increased with more time spent in sedentary behavior, and
that more hours per day spent in sedentary behavior is associated with higher odds of
sarcopenia (2, 13, 23).

Furthermore, a population-based cross-sectional study has concluded that an increase
in moderate to vigorous physical activity that replaces sedentary behavior and light
physical activity is associated with a reduction in sarcopenia prevalence and better
performance across its determinants (muscle mass, gait speed and hand grip strength)
(?). Although, sedentary behavior appears to have an important role in sarcopenia, a
key gap in the literature includes the lack of studies that have investigated the



association between sedentary behavior and sarcopenia longitudinally to be able to
infer causal relationships.

There are some studies that indicate that muscle mass and strength vary across the
lifespan, increasing up to ~40 years and beginning to decrease beyond the age of 50
(24). Therefore, maintaining muscle in middle age is of great importance to prevent or
delay sarcopenia (25). The life course approach to sarcopenia prevention may enable
public health to encourage a healthy lifestyle such as less sedentariness but requires
documentations supporting this association.

To the best of our knowledge, the association between sedentary behavior in middle
age and sarcopenia at older age has not been investigated prospectively yet. For this,
long-term population studies fracking the same individuals over a long fime are
necessary. The aim of the current study is to investigate the association between
sedentary behavior in middle age and muscular structure and function at older age
prospectively. To achieve this aim, we use data from The Trgndelag Health Study
(HUNT), which in the fourth wave examined the health status among older adults
through the sub-study HUNT 4 70+. We obtained data about sarcopenia determinants
including muscle mass and muscle function (SPPB) from the fourth wave of this study.
We exiracted the data of sedentary time (sitting and lying time) from the same
participants from the second wave of HUNT study.

Obijectives

The overall objective of the current study is to assess the association between sedentary
behavior in middle aged people and muscular structure and function at older age.
Specifically, this study will investigate the following research questions:

¢ How much time do middle-aged people spend in sedentary behavior?
e Is there an association between sedentary behavior in middle age and muscular
structure and function at older age?

We also evaluated whether sex, age, physical activity levels, highest level of education,
smoking status, and anthropometric characteristics (BMI) had an effect on this
association.



Methods
Study design

The Trendelag Health Study (HUNT) is the largest collection of health data from a
population in Norway and one of the largest population-based health surveys globally.
The study has enrolled about 230 000 participants in four different surveys so far: HUNTI
(1984-1986), HUNT2 (1995-1997), HUNT3 (2006-2008) and HUNT4 (2017-2019).

The current study is a prospective study in which we linked the data from HUNT2 and
HUNT4.

Participants

The number of participants in HUNT2(1995-1997) and HUNT4(2017-2019) was 65 238 and
56 078 respectively. From these, 7 281 participants who had data on sedentariness in
HUNT2 and were at least 70 years old at HUNT4 were included in the current study.
Figure 1 presents a flow diagram outlining the selection process of the analysis dataset
(participant inclusion and exclusion).

participants in HUNT4
n=56 078

Participants who did not

have data on
sedentariness in HUNT2
were excluded

Participants less than 70
years old in HUNT4 were
excluded

Participants who had
data on sedentariness in
HUNT2

n=7 281

Participants who had
complete data on sitting
time and chair rise score

n=6 164

Participants who had
complete data in sitting
time and muscle mass

n=5 388

Figure 1. Flow diagram of the selection process for the analytical sample (inclusion,
exclusion, and the number of participants) from HUNT2 and HUNT4.




Measurements and variables
Sedentary behavior as exposure variable
Sedentary behavior was assessed in a questionnaire in HUNT2 with two questions:

¢ How many hours do you usually spend lying down during a 24-hour period?
e How many hours do you usually spend sitting down during a 24-hour period?

For the current study, we used sitting time as the exposure variable. Answers given
about hours lying down suggested that part of the participants included sleep fime
whereas others did not. Therefore, the current study used only sitting time as the
exposure variable, as this variable is likely less influenced by sleep time.

Muscular structure and function as outcome variables

Muscle structure and function were assessed through associated variables including
skeletal muscle mass and the short physical performance battery (SPPB). In HUNT4,
skeletal muscle mass was measured using the Inbody 770 and muscle function was
estimated using one of the SPPB sub scores. The SPPB includes a 4-meter gait speed test,
10-sec balance ability with feet side-to-side, in semi-tandem and in full fandem, and
time needed to perform 5 rises from a chair. We used the latter sub score as an
indication for muscle function. In this sub test, participants were asked to stand up and
sit down as quickly as possible 5 times without stopping with their arms folded across
their chest. The time needed to complete the task was scored as “0" if the participant
was not able to complete 5 chair rises or completed rises in > 60 sec, “1" if chair rise
time was 16.70 sec or more, “2" if chair rise fime was 13.70 sec to 16.69, “3" if chair stand
time was 11.20 sec to 13.69, and “4" if chair rise fime was 11.19 sec or less.

Covariates

Covariates that could potentially bias the association between the exposure and
outcome variables were recognized with a directed acyclic graph (DAG, see Figure 2),
which provides a visual demonstration of causal assumptions by clarifying the
underlying relations (26).



Figure 2. Directed acyclic graph (DAG) underlining associations between exposure,
outcome variable and potential confounders.

All data on the covariates were collected in HUNT4 except for educational level, which
was not collected in HUNT4 but available in HUNT2. As educational level is unlikely to
change substantially between HUNT2 and HUNT4 in people 70 years and older, we
decide to use educational level from HUNT2 as a covariate. Sociodemographic
variables included age (continuous variable), and sex (female or male). In the original
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data, educational level was categorized as 1: Primary school 7-10 years; continuation
school, folk high school; 2: High school, intermediate school, vocational school, 1-2
years high school; 3: University qualifying examination, junior college, A levels; 4.
University or other post-secondary education, less than 4 vyears, and 5:
University/college, 4 years or more. We re-categorized it to years of education (<10, 10-12,
>13). BMI was calculated as weight divided by the square value of height (kg/m?, used
as a contfinuous variable). The lifestyle factor daily smoking was categorized in 5 levels
in the original data as 0: never smoked; 1: previous smoker; 2: current daily smoker; 3:
current occasional smoker; 4: previous occasional smoker. As the number of
participants was very low in some of the categories, we merged them and categorized
smoking status to never, former, and current smoker. In terms of physical activity levels,
based on the original data, frequency of physical activity was categorized into 1:
never; 2: less than once a week; 3: once a week; 4: 2-3 times a week; and 5: nearly
every day. For this variable as well, we merged categories and divided participants into
active and inactive groups: participants who reported that they exercised 2-3 days a
week or more were considered to be active and participants who reported less than 2-
3 days a week were considered to be inactive. This roughly corresponds to people who
adhere to the WHO guidelines for physical activity and those who do not.

Statistical analysis

Descriptive statistics are presented for all participants and for males and females
separately. The baseline characteristics are presented as percentages for categorical
variables and mean * standard deviation for continuous variables. T-tests and Pearson’s
chi-squared tests were used to evaluate differences between males and females in
continuous and categorical variables, respectively.

The association between sitting time and muscle mass was evaluated using linear
regression models. Crude and adjusted regression coefficients, with 5% confidence
intervals (Cls) were estimated. The following potential confounders were controlled for
by multivariable regression analysis: age, sex, BMI, education, smoking status, and
physical activity level.

Ordinal logistic regression was used to investigate the association between sitting time
and SPPB (chair rise sub-score). The model was adjusted for age, sex, BMI, education,
smoking status, and physical activity level. Results are presented as odds ratios (ORs) of
a category versus a lower category of SPPB (chair rise sub-score) with 95% Cls. Missing
data were handled by using complete case analysis in all analyses.

SPSS version 28 was used to perform all the statistical analyses in this study.

10



Ethical considerations and risk assessment

The study was approved by the Regional Ethical Committee for Medical and Health
Research Ethics, (REK), ref.nr. 2021/285704.

HUNT is licensed as registered data. License number for the HUNT2 and HUNT4 data
collection wave was 15/ 01521-11 / GRA and 17 / 00426-7 /| GRA, respectively. Before
participating in the project, each participant provided informed consent, and they
were informed that they could withdraw from the study at any time without stating a
reason. All collected data is registered and stored in the HUNT Database, and
deidentified before handing over for research. The HUNT Database is a closed data
solution without possibility of connecting to the internet, which safeguards against
hacking.

In the current project, researchers do not have access to any personal data nor to the
identification key (‘koblingsngkkel’). The data needed for the current project is
temporarily stored on NTNU's password-protected servers and deleted at the end of the
project period.

Results

This section consists of three parts. Participants’ characteristics are reported in the first
part, the description of sedentary behavior in middle-aged people in the second part,
and the association between sedentary behavior in middle-aged people and their
muscular structure and function at older age in the third part.

Participants’ characteristics

A total of 7281 older adults with age = 70 at HUNT4 and having sedentariness data at
HUNT2 were included in this study, of which 3302(45.3%) males and 3979(54.7%) females.
Table 1 presents the characteristics of the total study sample and per sex for confinuous
and categorical variables, as well as sex differences as tested by independent samples
t-tests for continuous variables and Pearson’s chi-squared test for categorical variables.
All variables had some missing data. It can be seen in Table 1 that men were slightly
younger, spent more hours in sitting position, had higher educational levels, were more
active, had higher proportion of former smoker and lower proportion of both never and
current smoker than women. There was no clear pattern for BMI.

11



Table 1. Baseline characteristics of included participants overall and by sex.

All Males Females

n Mean (SD) n Mean (SD) n Mean (SD) p-value
Age, years 7281 78.3 (6.4) 3302 | 77.9(6.1) 3979 | 78.6 (6.7) <0.001
BMl, kg/m? 6957 27.2 (4.4) 3173 | 27.3(3.8) 3784 | 27.1(4.8) 0.08

n (%) n(%) n(%)

Education, years | 7113 3245 3868 <0.001
1<10 2957 (41.6%) 1064 (32.8%) 1893 (48.9%)
210-12 2294 (32.3%) 1227 (37.8%) 1067 (27.6%)
3213 1862 (26.2) 954 (29.4) 908 (23.5)
PA level 6644 3082 3562 <0.001
1(inactive) 2143 (32.3%) 944 (30.6%) 1199 (33.7%)
2(active) 4501 (67.7%) 2138 (69.4%) 2363 (66.3%)
Smoking status 6814 3143 3671 <0.001
Never 2721 (39.9%) 1072 (34.1%) 1649 (44.9%)
Former 3439 (50.5%) 1821 (57.9%) 1618 (44.1%)
Current 654 (9.6%) 250 (8.0%) 404 (11.0%)

Sitting time in middle-aged adults

The mean of self-reported sitting time in all participants (n=7 281) was 6.6 + 3.3
hours/day. Figure 3 illustrates the distribution of sitting time by sex. The range of sitting
time was 0 to 20 hours/day in females and 0 to 19 hours/day in males. The average of
sitting time was 7.3 + 3.4 hours/day in males (n=3 302) and 6.1 = 3.0 hours/day in females
(n=3979).

Sex
Male Female

25 25

20 120

sitting time(hoursiday)

800.0 600.0 6000

frequency

Figure3. Distribution of sitting time in males and females.
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Skeletal muscle mass and SPPB chair rise

Among the 5 634 participants who had data on skeletal muscle mass, 2 933 persons
were females and 2 701 were males. The range of skeletal muscle mass in males was
18.0 to 50.8 kg, while it was 13.8 to 37.0 kg in females. The mean of skeletal muscle mass
was 23.16 £ 3.1kg in females and 32.9 + 4.2 kg in males. Figure 4 presents the distribution
of muscle mass by sex.

Sex
Male Female

60.0 160.0

500 1500

400 1400

1300

300

200 1200

Amount of muscle mass (kg)

100 1100

400.0 300.0 200.0 100.0 0o 100.0 2000 300.0 400.0

frequency

Figure 4. Distribution of muscle mass in males and females.

Among the 7 049 participants who had data on the SPPB chair rise test, 3 845 persons
were female and 3 204 persons were male. In the bar chart below (Figureb), it can be
seen that the proportion of participants who received the best score, 4, in the chair rise
test is higher in males than in females. In contrast, the proportion of participants who
received the worst score, 0, in chair rise test was higher in females than males.
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Sex

B Femaie
| [XEH

0 1 2 3 4
Chair rise, SPPB subscore [SPPB]

Figure 5. Proportions of SPPB (chair rise score) in males and females.
Association between sitting time and skeletal muscle mass

The association between sitting time and muscle mass was investigated using linear
regression analysis (CMP statistical method) including only those participants who had
complete data on all relevant variables.

A total of 5 388 participants were included in this analysis, of which 2 792(52%) were
females and 2 596 (48%) were males.

In the first crude model, the association between sitting tfime and amount of skeletal
muscle mass was investigated without adjusting for any potential confounders. The
association was statistically significant (p <0.001) and the regression coefficient was
0.347 kg/hour (95% CI: 0.301 to 0.394). After adjusting for age, sex, BMI, smoking status,
educational level and physical activity level in the second model, the association
between sitting time and amount of skeletal muscle mass was still significant (p = 0.003)
and the regression coefficient was 0.037 kg/hour (95% Cl: 0.012 to 0.062). We checked
the adjusted model to confirm whether the assumptions of the multiple linear regression
model were met or not. For this purpose, we drew a scatter plot with predicted values
of amount of muscle mass and standardized residuals. The plot indicated that there
might be some sex intferactions not accounted for in the model. In the third model, we
considered sex interactions with all continuous variables (age, BMI, sitting time), and
again the association between sitting time and amount of muscle mass was statistically
significant (p =0.002) with regression coefficient of 0.052(?5% CI: 0.019 to 0.086). As the
interaction between sex and sitting time was not significant in the third model, we

14



eliminated it in the fourth model. For checking the assumptions in the final model, we
plotted the standardized residuals against the predicted values of amount of muscle
mass (Figure 6) and we drew a histogram of residuals in order to check the normality of
its distribution (Figure 7). It was acceptable that the assumptions were met.

Table 2. Regression coefficient (B) and 95% CI for sitting time and muscle mass as
outcome for all four linear regression models.

Models Regression coefficient | 95% ClI p-value
(kg/hour)

Model 1 0.347 0.301 to 0.394 <0.001

Model 2 0.037 0.012 to 0.062 0.003

Model 3 0.052 0.019 0 0.086 0.002

Model 4 0.034 0.00% to 0.058 0.008

Model 1: crude without any adjusting
Model 2: Adjusted for age, sex, BMI, smoking status, educational level and physical activity level
Model 3: Model 2 + sex interactions with age, BMI, and sitting time

Model 4: Model 3 without interaction between sex and sitting time

Sex

_IFemale
=
500 | O Male

Standardized Residual for muscle mass

-5.00 |

1500 20.00 1500 30.00 3500 +0.00 45.00

Predicted Value for muscle mass

Figure 6. Standardized residual against predicted value of muscle mass
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600 | Wean = 2 ITE-14
2ad. Dev. = G50
M= 5388

400 |

Frequency

500 -2.50 L] 250 500

Standardized Residual for muscle mass

Figure 7. Histogram of residuals from the model 4 (The black line is the density of the
normal distribution)

Association between sitting time and SPPB chair rise sub-score

The association between sitting time and SPPB chair rise sub-score was investigated
using ordinal logistic regression analysis, including only those participants that had
complete data on all relevant variables. A total of 6 164 participants were included in
this analysis, of which 3 279 participants were female and 2 885 participants were male.

In the first model, the association between sitting fime and SPPB chair rise sub-score was
investigated without adjusting for any potential confounders. The association was
statistically significant (p<0.001) and the OR was 1.06 (95% CI. 1.04 to 1.07). After
adjusting for age, sex, BMI, smoking status, educational level and physical activity level
in the second model, the association between sitting time and SPPB (chair rise sub-
score) was not significant anymore (p = 0.681) and the OR was 1.00 (95% CI: 0.99 to
1.02). We checked the adjusted model to confirm whether the assumptions were met
or not. For this purpose, we checked the linearity of the association between
contfinuous variables with the log-odds of increasing one level in SPPB chair rise scores.
In order to check the linearity, we categorized continuous variables (age, BMI, sitting
time) and put them into the model to check whether the log-Odds have about the
same difference between each other for those categories. The linearity of the
association between BMI could not be assumed, so we categorized BMI as follow:
underweight:  BMI<18.5; normal: 18.5sBMI<25; overweight: 25<BMI<30; and obese:

16



BMI=30. In the third model that was adjusted for BMI as a categorical variable, the
association between sitting time and SPPB chair rise sub-score was not statistically
significant (p=0.809) and the OR was 1.00 (95% CI: 0.99 to 1.08).

Table 3: Odds ratio (OR), 5% CI, and p-value for all three ordinal regression models. The
response variable is SPPB (chair rise sub-score)

Model OR 95% CI p-value
Model 1 1.06 1.04 10 1.07 <0.001
Model 2 1.00 0.99 to 1.02 0.681
Model 3 1.00 0.99 t0 1.02 0.809

Model 1: crude without any adjusting
Model 2: adjusted with BMI as a confinuous variable

Model 3: adjusted with BMI as a categorical variable

Discussion

The aims of this study were to investigate how much time middle-aged people report
that they spend in a sitting position per day, and to examine whether there is an
association between sitting time in middle age and muscular structure and function at
older age. In this study, muscular structure was assessed through amount of muscle
mass which was measured by Inbody 770, and we considered chair-rise fime which was
measured by SPPB as an indication for muscular function.

Sedentary behavior in middle-aged people

The mean of self-reported sitting fime in all participants was 6.6 £ 3.3 hours/day, with a
range of 0 to 20 hours/day across participants. There were 32 participants who reported
0 hours/day sitting time that could be due to being bed bound. The average sitting
time reported in the current study is higher than what reported recently in a scoping
review of worldwide surveillance of self-reported sitting time. This study collected sitting
time data from 62 countries representing 47% of the global adult population , and
found that the daily sitting time was on average 4.7 h/day in adults aged 15-69 years
(27). They also found higher sitting time in higher income countries than middle and
lower income ones (27). This may be due to more people having sedentary
occupations in higher income countries, which could have led to higher sitting fimes in
the present study.

We found in the current study that the middle-aged Norwegian adults spend more time
in a sitting position than in Australian middle-aged women (30), however the average
reported time in sitting position in middle-aged Norwegian older adult was less than 15-
65-year-old aged adults who lived in Latin American countries (31).
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A recent validation study, that aimed to compare self-reported and objectively
measured sedentary time, it was found that self-reported sedentary tfime showed low
correlation with objective data, low precision, and larger random error in comparison to
objectively measured sedentary time. They found that all self-report measures under-
reported sedentary time (28). Furthermore, another study in which objectively
measured and self-reported sitting tfime was compared, showed a low and non-
significant correlation between self-reported and objectively measured sitting time (29).
As the sifting fime which is reported in the current study is self-reported, it can be
considered that it is underreported the actual sitting time in middle-aged people.

Considering adverse the many adverse effects of sitting time and its association with
cardiovascular disease, type 2 diabetes, cancer and all-cause mortality (30), lower
sitting time is preferred and to be recommended to all individuals in any age group, but
partficularly middle-aged adults.

Sitting time and muscle mass

In this population-based study of Norwegian older adults, we found that there is a
statistically significant association between sitting time in middle age and muscle mass
at older age, but the estimated regression coefficient was too small to have be
meaningful. In the regression model, adjustments were made for the sociodemographic
variables age, sex, BMI, smoking status, educational level and physical activity level.

There are several studies that have investigated the association between sitting time
and muscle mass cross-sectionally and found no significant association (2, 16, 21, 31-34).
This observation could be due to sitting time alone is not corresponding to the total
sedentary behavior. Furthermore, the instrument which was used to assess the sitting
time in the current study was a subjective self-reported measure and could have
influenced the results. Another possible explanation for finding too small regression
coefficient might be that physical activity is more related to the amount of muscle mass
than sedentary behavior which is consistent with the significant association between
moderate to vigorous physical activity(MVPA) and muscle mass found by Sanches et al.
(?). They also found that 60 min/day replacement of sedentary behavior by MVPA s
associated with a higher amount of muscle mass (?). In the current study, although we
found a significant association between sitting time and muscle mass, the regression
coefficient was very close to 0 and thus not meaningful, so what we found is in
consistent with those who found no association between sitting time and muscle mass
in their studies.
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Sitting time and muscle function

In this population-based study of Norwegian older adults, we found no evidence of an
association between sitting time in middle-aged people and muscular function at older
age after adjusting for age, sex, BMI, education, smoking status, and physical activity
level.

Consistent with these findings, no significant association was found between self-
reported sedentary behavior and 30 second chair stand test which was adjusted for
age, sex, smoking, diabetes, alcohol consumption, self-reported physical activity, and
lean mass in an earlier Spanish study on adults 655 year-old adults (33). In another
study on Australian community-dwelling older adults, no significant association was
found between self-reported sitting time and 30-second chair stand test, and TUG
(timed up and go test, the time that a person takes to rise from a chair, walk 3 meters at
their normal pace, walk back to the chair and sit down again) after adjusting for
smoking, chronic disease, fat mass, and MVPA (16). Another study on English
community-dwelling older adults found no significant association between TV viewing
time and time to complete 5 chair rises after adjustment for smoking status, alcohol
intake, chronic ill nesses, socioeconomic status, BMI, and self-reported physical activity
(35). Finally, there was no significant association between accelerometer-determined
sedentary behavior and 3-meter gait speed in Spanish older adults (9). The latter was
the only study that assessed sedentary behavior objectively and found no association
between sedentary behavior and muscular function. In confrast, there are some other
studies that did find a significant association between sedentary behavior and
muscular function. Among those, in a study on community dwelling Swedish older
adults, each 1 hour/week increase in accelerometer-determined sedentary behavior
was significantly associated with 4% increase in likelihood of a high TUG (time up & go
test) after adjustment for sex/ BMI, smoking status, and accelerometer-determined
physical activity (32). A significant association was found between accelerometer
determined sitting time with 30 second sit to stand test after adjustment for age, sex,
ethnicity, education, employment status, marital status, vitamin D level, and
prescription medication in a study on community dwelling Australian men and women
(21). And finally, in a study on older adults, they found a significant association between
objectively- measured (combined heart rate and movement monitor) sedentary
behavior and TUG and chair rise speed after adjustment for sex, but after adjustment
for BMI, educational level, smoking status, long term ilinesses, and occupational classes
the association between sedentary behavior and chair rise speed was no more
significant.

Different methods of assessing muscle function and sedentary behavior in different
studies may have resulted in this discrepancy between studies, as all the studies in
which the association between sedentary behavior and muscular function was
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significant used an objective measurement of sedentary behavior which made them
less prone to recall bias and resulted in more precise measurement. It is worth notfing
that these earlier studies have investigated the association cross-sectionally, while we
assessed it prospectively, and this enable us to infer cause-and-effect relationship.

There are several possible factors that could explain the lack of a significant association
in our study. A potential explanation may be that life-style factors can change over the
years. As the follow-up time in this study was almost twenty years, the probability of
changing sedentary behavior during this period is high. It may also be that the
sedentary behavior assessed in this study, sitting time only, does not correspond to and
underestimate the total daily sedentary behavior, since sedentary behavior is defined
as any waking behavior characterized by an energy expenditure equal or less than 1.5
MET, while in a sitting, recline, or lying posture (15).

Strengths and limitations of this study

To the best of our knowledge, this is the first study that has investigated the association
between sedentary behavior and muscular structure and function prospectively over
20 years which makes it less vulnerable to reverse causation. The other strength of this
study is its large representative population-based sample and the inclusion of both men
and women in almost equal numbers allowing us to generalize the results to the whole
Norwegian adults.

The information about sedentary behavior was self-reported and therefore prone to
recall bias. It has been shown that there can be lack of a significant correlation
between self-reported and objectively measured sedentary behavior and that self-
report measures under-report sedentary time (28, 29). Due to the data available we
were unable to adjust our models for diseases and drugs which can affect muscle mass.
In an earlier systematic review, observational evidence was provided the importance
of diet to protect muscle mass and function (36). The data we used did not include
dietary assessment, so the potential role of diet could not be considered in the
investigated associations.

Conclusion

In conclusion, this is the first study that investigated the association between sedentary
behavior and muscular structure and function prospectively over 20 years. We found no
evidence of an association between self-reported sitting time in middle-aged
Norwegian adults and their muscular function at older age. Furthermore, we did find a
statistically significant association between sitting fime in middle-aged Norwegian
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adults and their muscle mass at older age after adjusting for age, sex, smoking status,
educational levels, BMI, and physical activity levels. However, as the regression
coefficient was too low, this association is not considered to be of clinical relevance.
Future epidemiological studies with more repetition of assessing sedentary behavior
during the life and using objective measurement of sedentary behavior are
recommended.
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