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Abstract: Background: Older adults spend most of their waking hours performing sedentary activities. The
influence of these lifestyle patterns on the physical fitness (PF) levels of this population has not yet been
sufficiently investigated. Objective: The aim of the study was to examine whether sedentary behavior (SB) (h'd
Isitting) is associated with PF, and specifically to analyze whether sitting >4 h'd"! is associated with higher risk
of having lower levels of fitness in seniors. Design: EXERNET multi-center study. Participants and Settings:
A representative sample of 3136 non-institutionalized elderly (aged 72.2+5.3 years), from 6 Regions of Spain
were included in the study. Measurements: PF was assessed using 8 different tests from the EXERNET battery.
Lifestyle patterns were collected using a validated questionnaire. ANOVA was used to compare the groups
according to the hours of sitting. Binary logistic regression was used to calculate the association between the
SB and low levels of fitness. Results: For both genders, those who spent sitting >4 h'd! had lower levels of
balance, agility, walking speed and aerobic endurance (p<0.001). Sedentary men also had less strength of lower
extremities (p<0.05), whereas, sedentary women were less flexible in the lower extremities (p<0.001). More
than 4 h'd! sitting was associated, in men, to higher odds for having low strength (lower extremities), agility,
flexibility (lower extremities) and aerobic endurance (p<0.05); and in women, to higher risk of low balance,
strength (lower and upper extremities), flexibility (lower extremities), agility, walking speed and aerobic
endurance (p<0.05). Conclusions: Seniors that sit >4 h’d"! have lower levels of fitness and this behavior is related

with an increased risk of having low levels of PF in this population.
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Introduction

The global average life expectancy has increased by 5 years
between 2000 and 2015, resulting in a significant growth of the
elderly population worldwide (1).

In Spain, like most developed countries, according to data
registered in 2016, the population over the age of 65 years has
increased notably around 18,8% and it is expected to increase
up to 35% in 2065 (2). Moreover, 6% of the Spanish population
is octogenarian and it is also estimated to increase up to 18% in
2065 (2).

The multidimensional process of aging is inherent in humans
and leads to a progressive physical and psychological decline
and also to many social changes (3). Specifically, above the age
of 60 years, aging has been associated with a substantial decline
in global physical performance (4), less functional efficiency
and worse mental functions, all of which affect the degree of
dependence in elderly people (5). Apart from that, nowadays
it is well known that many chronic illnesses and disabilities
increase with age and are associated with low levels of several
components of physical fitness (PF), such as aerobic endurance,
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strength or balance (6).

Although the aging process leads to many changes as
reported above, it is widely proven that lifestyle plays an
important role in ameliorating the age-related conditions. In this
regards, increased levels of physical activity (PA) have been
proposed as one of the key strategies to guarantee a successful
aging (7).

It is known that moderate and regular physical exercise in
older adults are associated with benefits on cardiovascular
fitness (reduction in the decline of peak oxygen consumption
(VO, peak)), prevention of falls, higher bone mineral density or
strength and muscular function (8-10). Moreover, it has benefit
on the primary prevention of stroke, is also associated with a
reduction in cardiovascular diseases (optimization of blood
pressure, lipid profile and type 2 diabetes) and it can produce
changes in body composition (reduction of body fat and age-
related sarcopenia) (11, 12).

Traditionally, a large body of evidence has focused on the
relationship between PA level and health; however, the new
emerging concept of sedentary behavior (SB, defined as sitting,
reclining or lying down posture, during prolonged periods) has
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been demonstrated to be a new risk factor, independently of
the PA level (13-16). There is substantial evidence that shows
the relationship between high volumes of sedentary time and
many detrimental health outcomes, such as the increased risk
of cardiovascular disease or even death (17, 18). In fact, a
recent investigation developed by Rezende et al. (18) reported
that sitting time (>3h'd") is responsible for 3.8% of all-cause
mortality among countries from all over the world, being this
conduct higher in the Western Pacific region (5.7%), followed
by European (4.4%), Eastern Mediterranean (3.3%), American
(3.2%), and Southeast Asian (2.0%).

Other researchers also found an association between sitting
time and cardio-metabolic disorders, negative changes in body
composition such as adiposity and muscle quality or frailty
(15,19-21). Among older adults, long sitting periods have
been also related to geriatric outcomes including physical
status, cognitive function and mental health (22, 23). Although
physical function is of great relevance in seniors, only few
studies have examined the relationship between the amount of
SB per day and PF in this population (24-26).

Some evidence has reported that elderly people are generally
less physically active than younger adults and have more
mobility limitations that increase the amount of time spent on
SB (8). In fact, the results of a recent study shows that over
70% of older adults spend around 8.5 h'd™! sitting (27).

In this alarming scenario, it is necessary to keep in mind the
importance of maintaining high levels of PF throughout aging,
as well as establishing the relationship between SB and the
different components of PF in the elderly.

Therefore, the aims of this study were to examine whether
sedentarism has influence on fitness performance in elderly
men and women and to analyze if sitting time is associated
with higher risk of having low levels of PF in a representative
sample of non-institutionalized Spanish elderly people.

Methods

Participants and design

The present study was performed on a representative
sample of non-institutionalized elderly residing in six different
regions from Spain: Aragén, Madrid, Castilla Ledn, Castilla-
La Mancha, Extremadura and Canarias. The complete
methodology of the elderly EXERNET multi-center study has
been described in detail elsewhere (28).

The exclusion criteria of this cross-sectional study were
refusals, age under 65 years, people living in nursing homes
or not able to care for themselves and those having severe
advanced illnesses (i.e. dementia or cancer). A total of 3136
seniors (724 men and 2412 women; 72.2+5.3 years) were
included in the study. All participants were informed of the
aims, benefits and possible risks derived from participation in
the tests. Afterwards, written informed consent was obtained
from all participants prior to participate in the study.

The ethical guidelines for human research studies as stated

in the Helsinki Declaration were followed throughout the study
and the protocol was approved by the Clinical Research Ethics
Committee of Aragon (18/2008).

Data were collected between June 2008 and November 2009.
Information was collected through personal interviews using a
structured questionnaire followed by an examination to measure
anthropometrics and PF. After the fieldwork participants who
did not fulfill the inclusion criteria were excluded.

Anthropometric measurements

Training workshops were organized to harmonize the
assessment of anthropometrics before starting the study. The
standardization process and reliability of the anthropometric
measurements carried out in the pilot study and during the final
workshop guaranteed the quality of the anthropometrics in the
EXERNET multi-centre study (29). Height was measured to
the nearest millimeter using a portable stadiometer (SECA,
Hamburg, Germany) with 2.10 m maximum capacity and
a 0.001m error margin. Subjects stood with their scapula,
buttocks and heels resting against a wall; the neck was held in
a natural non-stretched position, the heels were touching each
other with the toe tips spread to form 45° angle; and the head
was held straight with the inferior orbital border in the same
horizontal plane as the external auditory tube (Frankfort’s
plane) (30).

Weight was measured using a TANITA BC 418-MA (Tanita
Corp. Tokyo, Japan) with a 200 kg maximum capacity and a
+100g error margin. Individuals removed shoes, socks, and
heavy clothes prior to weighing. Body Mass Index (BMI) was
calculated as weight (kg) divided by squared height (m2).

Active and sedentary behavior variables

The information about active and SB was collected using
a validated self-administrated questionnaire (31), which also
included information about their demographic characteristics,
medication, quality of life and socioeconomic status. The
variables considered in the present study were gender, age,
sitting time (SB) and walking time (active behavior), and this
information was obtained in 100%, 100%, 83.7% and 86.8%
of those interviewed, respectively. Specifically, sitting time
was recorded through the following question: How many
hours do you usually spend sitting per day? The question
covered any activity in which the person had to be sitting (i.e.
watching television, reading, sewing, etc.) and it referred to the
present time. Walking time was recorded through the following
question: How many hours do you usually spend walking per
day? For these questions, each participant had to choose one of
the following answers: <1 h/day, 1-2 h/day, 2-3 h/day, 3—4 h/
day, 4-5 h/day or >5 h/day.

Hours sitting per day were used to classify subjects into:
non-sedentary (<4 h/day) and sedentary (=4 h/day). The cut-off
points to define this SB are based on ROC curves carried out
with the same sample and reported in a previous study (15).

402



J Nutr Health Aging
Volume 23, Number 5, 2019

THE JOURNAL OF NUTRITION, HEALTH & AGINGO©

Physical fitness evaluation

Researchers responsible for the PF measurements were
trained to work according to a standard protocol. The inter-
observer reliability of each assessment was studied in a sample
of 10 elderly from the city of Toledo (32).

PF was assessed using the following eight tests (from the
batteries “Senior Fitness Test” and Eurofit: EXERNET battery)
(33,34).

1. Balance: Flamingo Balance Test. Number of seconds
keeping balance with one foot on the floor and the other resting
on the opposite ankle (maximum 60 s). The test was performed
twice with right and left feet alternatively. The best result
obtained among the four attempts was recorded. This test
measures ability to balance successfully on a single leg, which
is important to walk safely and fall prevention.

2. Strength of lower extremities: Chair Stand Test. Number
of full stands from a seated position that can be completed in 30
s with arms folded across chest. This test, which was performed
once, assesses lower-body strength needed for numerous tasks
such as climbing stairs, walking, and getting out of a chair, tube
or car.

3. Strength of upper extremities: Arm Curl Test. Number
of biceps curls that can be completed in 30 s holding a
hand weight; 2.5 kg for women, 4 kg for men. The test was
performed twice, one with each hand. The average of both
results was recorded. This test evaluates upper-body strength
needed for performing household and other activities involving
lifting and carrying things such as groceries, suitcases and
grandchildren.

4. Flexibility of lower extremities: Chair Sit-and-Reach Test.
From a sitting position at the front of a chair, with leg extended
and hands reaching towards toes, the number of centimeters
(plus or minus) between the extended fingers and the tip of the
toe. The test was performed twice, one with each leg, and the
average of both results was recorded. This test measures lower-
body flexibility, which is important for good posture, normal
gait patterns, and various mobility tasks such as getting in and
out of a bathtub or car.

5. Flexibility of upper extremities: Back Scratch Test. With
one hand reaching over the shoulder and one up the middle
of the back, the number of centimeters between the extended
middle fingers (plus or minus) is measured. The test was
performed twice, one with each hand. The average of both
results was recorded. This test assesses upper-body (shoulder)
flexibility, which is important in tasks such as combing one’s
hair, putting and overhead garments or reaching for a seatbelt.

6. Agility: 8-Foot Up-and-Go Test. Number of seconds
required to get up from a seated position, walk 2.45 m, turn
and return to a seated position. The test was performed twice,
with at least one minute of rest between repetitions. The best
result was recorded. This test evaluates the agility/dynamic
balance important in tasks that require quick maneuvering such
as getting up to attend to something in the kitchen, going to the
bathroom or answering the phone.

7. Walking speed: Brisk Walking Test. Number of seconds
required to walk 30 m. The test was performed twice, with at
least one minute of rest between repetitions. The best result was
recorded. This test measures the speed of walk, important in
tasks that require fast walking such as get the bus or go early to
a meeting.

8. Endurance: 6-Minute Walk Test. Number of meters that
can be walked in 6 min around 46 m track. This test was
performed once and assesses aerobic endurance, which is very
important for walking distances, climbing stairs, shopping, etc.

Gender and age-specific PF levels (percentiles) were
cataloged based on the multicentre EXERNET study reference
values (32), which evaluated the PF level in a representative
sample of the non-institutionalized Spanish elderly population.
In the present study, the 20th percentile of each test was
established in order to classify people with low levels of PF.

Statistical analysis

Data of descriptive statistics and differences between men
and women were analyzed and are presented as means and
standard deviation (means + SD).

The differences in PF depending on sitting time (<4 h/day or
>4 h/day) were analyzed by 2-way ANOVA.

The associations between sit > 4h’d! and the PF level
(categorized by age) were calculated by binary logistic
regression. Odds ratios (OR) with 95% confidence intervals
(CI) obtained from logistic regression are reported for the
studying models. First, we built a model I, which included the
independent sedentary related variable and secondly, we created
a model II, which incorporated walking time (number of hours
per day) as possible confounder. These analyses were carried
out separately by gender.

All analyses were carried out with the Statistical Package
for the Social Sciences (SPSS, Inc. Chicago, USA) Windows
software, version 21.0. Statistical significance was set at
p<0.05.

Results

Descriptive characteristics

Descriptive characteristics and PF parameters (mean + SD)
of the study sample by gender are displayed in Table 1. Height
and weight were higher in men than in women (all p<0.001).
Women had higher BMI than men (p<0.001). No differences
were found in age between genders. There were statistical
differences between genders (p<0.001) for all fitness tests. Men
were better in balance, strength of lower and upper extremities,
agility, walking speed and aerobic endurance, while women
performed better in flexibility of lower and upper extremities.
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Table 1
Descriptive characteristics (anthropometrics and physical
fitness values) by gender

Table 2
Differences in Fitness Test values depending on sitting time
(h'd) stratified by gender

Men Women

N Mean + SD N Mean + SD P
Age (years) 724 724+54 2412 722+53 0.260
Height (cm) 710 1652 +6.7 2357 1528 +59 <0.001
Weight (kg) 702 770+11.0 2335 682+11.0 <0.001
BMI (kg/m2) 702 28135 2335 292+44 <0.001
Balance (s) 690 32.0+230 2297 247 +20.3 <0.001
Strength of lower 693 153+40 2299 143+35 <0.001
extremities (reps)
Strength of wupper 690 17.1£40 2267 162+40 <0.001
extremities (right arm)
(reps)
Strength of wupper 686 172+4.1 2273 164 +4.1 <0.001
extremities (left arm) (reps)
Lower body flexibility 695 -84+12.0 2314 -25+100 <0.001
(right leg) (cm)
Lower body flexibility (left 689 -84 +12.1 2312 -2.1+£100 <0.001
leg) (cm)
Upper body flexibility 695 -160+13.7 2306 -83+11.0 <0.001
(right arm) (cm)
Upper body flexibility (left 694  -19.0+12.7 2301 -130+110  <0.001
arm) (cm)
Agility/Dynamic Balance 697 5515 2314 60x17 <0.001
unit of measurement (s)
Walking speed (s) 634 154+3.7 2211 18.0+4.0 <0.001
Aerobic endurance (m) 630 566.0+98.0 2137 513.0+£91.0 <0.001

Differences in PF values depending on sitting time (less or
more than 4 'd”’)

PF variables of the study sample by gender and sitting time
(h*d"") are shown in Table 2. The group of men and women that
were sedentary (=4h'd") had lower level of balance, agility,
walking speed and aerobic endurance (all p<0.001). Sedentary
men also had less strength of lower extremities (16.0+3.5
vs.14.6+4.0; p<0.05). Moreover, women who sat more than 4
h'd! were significantly less flexible in the lower extremities
(right and left leg; both p<0.001).

Association between sedentary lifestyle and risk of low
fitness

Table 3 presents the Odds Ratio for having low levels of
physical fitness in those sitting =4h’d"', compared with the
elderly who sat less than 4 h'd™!.

In men, more than 4 h of sitting a day was related with
higher risk (1.8, 2.4 and 2.0-fold higher odds) of having low
strength of lower extremities, agility and aerobic endurance,
respectively (all p<0.05), compared to those sitting less than
4h'd' (Model I). In women, this SB increased the risk (1.4,
1.4, 1.5 and 1.6-fold higher odds) of having low fitness in
the following tests: balance, flexibility of left leg, agility and
walking speed, respectively (all p<0.05) (Model I).

< 4h sitting/day = 4h sitting/day
Men

N Mean+SD n Mean = SD P

Balance (s) 372 355+229 210 274=+22.1 <0.001

Strength of lower extremities 370 160+35 212 146+40 0.020

(reps)

Strength of upper extremities 367 17.1£4.0 212 170+40 0.715

(right arm) (reps)

Strength of upper extremities 366 172+40 213 170+40 0.867

(left arm) (reps)

Lower body flexibility (right 371 -82x116 212 -86+124 0915

leg) (cm)

Lower body flexibility (left 370 -80x115 210 -8.6+13.1 0911

leg) (cm)

Upper body flexibility (right 371 -150+137 213 -160+13.7 0.834

arm) (cm)

Upper body flexibility (left 370 -184+127 213 -192+11.1 0.885

arm) (cm)

Agility/Dynamic Balance (s) 373 52+10 214 58«18 <0.001

Walking speed (s) 351 150+2.7 191 160=x4.1 <0.001

Aerobic endurance (m) 355 5794 +845 192 5384+1080 <0.001
Women

Balance (s) 1364 26.0+20.5 568 222195 <0.001

Strength of lower extremities 1367 142 +3.4 570 140+35 0.266

(reps)

Strength of upper extremities 1350  16.1 £+4.0 559 160+38 0.542

(right arm) (reps)

Strength of upper extremities 1350 162 +4.1 561  162+40 0.394

(left arm) (reps)

Lower body flexibility (right 1373  -22+9.8 576  -4.1+10.6 <0.001

leg) (cm)

Lower body flexibility (left 1373 -20+9.8 574  -3.6+10.6 <0.001

leg) (cm)

Upper body flexibility (right 1368  -7.7+10.7 573  -87+10.6 0472

arm) (cm)

Upper body flexibility (left 1365 -12.5+10.7 572 -134+10.7 0.450

arm) (cm)

Agility/Dynamic Balance (s) 1374 6015 576 63+19 <0.001

Walking speed (s) 1329 17.7+3.6 546 18.7+4.1 <0.001

Aerobic endurance (m) 1337  5174+847 533 4956+101.6 <0.001

Associations after adjustment for time spent walking (Model
II) showed similar results. However, men increased also the
risk of having low flexibility in both legs. In women, sitting
time was associated with 1.5, 1.4, 1.3 and 2.0-fold higher odds
of having low levels of strength of lower extremities, strength
of upper extremities (left arm), flexibility of lower extremities
(right leg), and aerobic endurance.
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Table 3
Odds Ratio for having low levels of physical fitness in
sedentary men and women

Men Women

OR 95% CI OR 95% CI
Model I
Balance (s) 1350 0.884 -2.062 1470 1.155-1.856*
Strength of lower extremities 1.870 1.199 - 2.903* 1078 0.832-1.398
(reps)
Strength of upper extremities 0.675 0412 -1.103 0.771  0.588-1.011
(right arm)
Strength of upper extremities 0.839  0.511-1.378 0.801  0.608 - 1.056
(left arm)
Flexibility of lower 1.036 0.672-1.598 1262 0997 - 1.596
extremities (right leg)
Flexibility of lower 1.040 0.677-1.597 1441  1.142-1.818*
extremities (left leg)
Flexibility of upper 1043 0.679-1.603 1.047 0814 -1.347
extremities (right arm)
Flexibility of wupper 1.000 0.644-1.553 0949 0.739-1.218
extremities (left arm)
Agility (s) 2470 1.308 - 4.666* 1.560  1.122-2.169*
Walking speed (s) 1.687 0912-3.120 1.646  1.192-2.272%
Aerobic endurance (m) 2.034 1.324 - 3.124%* 1204 0937 -1.547
Model IT
Balance (s) 1.468 0931-2314 1494  1.183-1.882*
Strength of lower extremities 1.689  1.050 - 2.716* 1477  1.155-1.888*
(reps)
Strength of upper extremities 0971  0.575 - 1.640 1264 0.989-1.615
(right arm)
Strength of upper extremities 1.125  0.662 - 1.914 1.393  1.086 - 1.788%*
(left arm)
Flexibility of lower 1.715 1.092 - 2.695* 1292 1.029 - 1.622*
extremities (right leg)
Flexibility of lower 1.725 1.102 - 2.700* 1234  0.982-1.550
extremities (left leg)
Flexibility of wupper 1.097 0.683-1.762 1.040 0.817-1.325
extremities (right arm)
Flexibility of wupper 1260 0.784-2.023 1211 0957 -1.532
extremities (left arm)
Agility (s) 2300  1.203 - 4.396* 1488  1.073 -2.064*
Walking speed (s) 1249 0.633-2.465 1.928 1401 - 2.653%*
Aerobic Endurance (m) 2205  1.396 - 3.484%* 2.028  1.600 - 2.570%*

Odds Ratio (OR); 95% Confidence Interval (CI). Sedentary men and women (those
who spent sitting =4h’d"'); Model I: included the independent sedentary related variable;
Model II: incorporated walking time as possible confounder; *p<0.05; **p<0.01

Discussion

In this study, we investigated the influence of SB on PF
in seniors. The main results of the present study are that 1)
Self-reported sitting time has a negative influence on PF, both
in men and women. Specifically, seniors who sit less than
4h*d"!' have higher levels of PF in most of the studied tests. 2)
The least affected variables are those that involve the upper

extremities. 3) Men (36%) and women (30%) who sit more than
4h'd! is related with an increased risk of having low levels of
PF independently of walking time and this negative influence is
different between the genders.

Large body of evidence has reported across the years the
beneficial health benefits of PA among older adults, such
as increases in cardio-respiratory performance, benefits on
strength and muscular function, prevention of falls and possible
cognitive benefits with reduction in incidence of dementia (8,
11, 35-37). On the contrary, the absence of regular activity in
seniors has been related to some diseases and disabilities such
as heart disease, stroke, type 2 diabetes, high blood pressure,
metabolic syndrome, some types of cancer or decreases in
cardiorespiratory and muscular fitness (38-40).

It is well known that PA is important for independent living
in older adults; nevertheless, a new concept is emerging,
suggesting that SB has to be considered as a new risk factor for
health independently of the PA level (14, 41). In fact, prolonged
periods in a sitting, reclining or lying posture, have been
related to some health problems such as the risk of developing
cardiovascular disease, metabolic syndrome, cardio-metabolic
biomarkers, increased risk of obesity and in the worst case,
mortality (15, 42, 43). In view of this negative association,
many studies have centered their efforts in trying to understand
whether the adverse consequences to patients health are caused
by SB only, or rather they can also be attributed to too little
PA (44). For instance, in this study we verified that, in Spanish
elderly population, sitting time was negatively associated with
the level of fitness.

Although there is strong evidence about the influence of PA
on fitness performance among older subjects, as reported above,
there is a lack of studies focusing on the influence of SB and PF
in this group of population.

It has been previously reported that the amount of time that
people spend in SB increases with age. Specifically, a recent
systematic review (45) shows that elderly people (=60 years
old) spend an average of 9.4 h a day in SB, that equating to
65-80% of their waking day. Therefore, this characteristic
lifestyle of the elderly population may lead to the development
of certain pathologies and health issues.

As fitness level in older adults has a strong influence on
the capability for maintaining functional independence and
being self-confident (46, 47), and considering that decreases
in muscle strength or walking speed may affect negatively the
ability of older people to perform functional tasks such as raise
and sit in a chair, walk a certain distance (48, 49) or increase the
risk of frailty during the aging process (50) ,among older adults
the highest priority should be to find strategies for maintaining
the functional ability and independence.

In terms of fitness, results from this study showed that long
sitting periods (>4 h'd') have a negative influence on PF level
in seniors, affecting their muscle strength, balance, flexibility,
agility, walking speed and endurance. Thus, our results are in
line with the study carried out by Santos et al. (26) with 312
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older adults over 65 years. They showed that long periods
of time in SB (measured with accelerometers) were related
with worse upper and lower body strength, agility, dynamic
balance and lower flexibility. Moreover, they found a positive
relationship between time spent in moderate-to-vigorous PA
and functional fitness, independently of SB. However, while
Santos et al. found associations between SB and the strength
of upper extremities, in our study we found that this sedentary
pattern was not associated with lower performance in this test.
Our hypothesis is that seniors perform activities with their arms
while they are sitting, and therefore, SB may not affect this PF
component. The discordance between studies could be partially
explained by the number of hours spent in the SB. It is possible
that 4h"d' may not be enough to negatively affect upper body
strength; however, longer time in this sedentary activity could
lead to a lower performance in this test.

Other fitness parameters such as balance and agility
performance progressively decline with age and could be
related with falls, postural control and loss of confidence. To
our knowledge balance, stride length and walking speed are
reduced in older adults indicates a more pronounced postural
sway in this population (51). Cooper et al. (52) observed in a
cohort study with older adults (range 60.3-64.9 years) that SB
was strongly associated with worst standing balance time. In
this regard, we also found a negative association between SB
and agility, in both genders. In fact, sitting more than 4 h°d"’
was related with the risk of being less agile (OR 2.3; 95% 1.20-
4.36; OR 1.4; 95% 1.07-2.06, men and women, respectively),
independent of walking time a day (Model II). Moreover, sitting
more than 4h'd"! is strongly associated with an increased risk
of walking slowly (OR 1.6; 95% 1.19-2.27) and less balance
capacity (OR 1.4; 95% 1.15-1.85) in women. Hence, future
interventions may decrease SB in this population, especially
in women, in order to prevent the risk of having a bad postural
fitness and also to prevent falls.

Accumulating evidence indicates that there is a progressive
decline in the cardiovascular system across the aging process.
Moreover, sedentary lifestyle in elderly produces an accelerated
decline in VO,max (53, 54). In fact, in a recent study carried
with adults and seniors (18-91 years) (55), found an inverse
association between total daily sitting time (=10 h'd") and
cardiorespiratory fitness. Similarly, we found worst values in
aerobic capacity in men and women who were sitting more
than 4 h'd! (p< 0.05). In addition, having an active lifestyle was
associated with a decreased risk of having less aerobic capacity
in seniors (men and women). According to this evidence, long
sedentary periods should be avoided with the goal of maintain
functional independence and quality of life in senior.

In global terms, our findings confirmed that older adults with
prolonged SB (such as sitting down) have a negative influence
in terms of PF level.

Some limitations should be acknowledged. Firstly,
the results could be partially based by the fact that only
independent non-institutionalized elderly were included in

the present study. Results from an institutionalized elderly
population might not be identical. Among the strengths, we
included the multi-centric study design and a large sample size
with a large variety of tests used to measure the PF; however,
there is a limitation related with the large difference between
men and women in sample size.

In conclusion, sitting time is a risk factor for having low
levels of PF in the Spanish seniors, and this association is
independent of the walking time. Overall, we observed that men
and women who spend more than 4 h'd"! in sitting posture, have
less PF than those who were sitting less than 4 hours, especially
in lower extremities. Moreover this sedentary lifestyle was
associated in men, to higher risk of having low strength, agility,
flexibility and aerobic endurance; and in women to higher risk
of low balance, strength, flexibility, agility, walking speed and
aerobic endurance.

Taking into account the findings of the present study, it is
necessary to recommend less time sitting and maybe to create
new policies of health behavior for elderly, focusing on new
strategies of interventions. It is also necessary to incorporate
new programs and activities for implementing changes in
lifestyle, such as interventions aimed to reduce the total volume
of sitting per day and breaking up prolonged periods of sitting
time among this group of population.
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