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Abstract: The search for determinants of adiposity gain in older women has become vitally important.
This study aimed to (1) analyze the adiposity gain based on the participants’ age and (2) determine
the prospective associations of baseline intrapersonal, built environment, physical activity, and
sedentary behavior variables with the adiposity gain in older women. This was a seven-year
prospective study (baseline: 2009 to 2012; follow-up: 2016 to 2019) in older women (n = 178, baseline
age = 62.8 ± 4.1 years). Baseline and follow-up adiposity (bioelectrical impedance) and baseline
physical activity, sedentary behavior (accelerometers), and intrapersonal and built environment
(Neighborhood Environment Walkability Scale questionnaire) variables were included. The body
mass index (BMI) increment tended to be inversely associated with the women’s age (p = 0.062).
At follow-up, 48, 57, and 54% of the women had a relevant increase (d-Cohen > 0.2) in their BMI,
percentage of body fat, and fat mass index, respectively. The women that spent ≥8 h/day being
sedentary were 2.2 times (1.159 to 4.327 CI95%, p < 0.02) more likely to increase BMI (0.82 to
0.85 kg/m2) than non-sedentary women. No built environment variables were associated with
seven-year adiposity gain (all ps > 0.05). A reduction in sedentary time should be promoted for
adiposity gain prevention and health preservation in older women.

Keywords: accelerometer; fat mass; body mass index; neighborhood environment walkability scale

1. Introduction

The ageing of the world’s population will have an important influence on healthcare
in the coming decades [1,2]. The prevalence of older adults who are overweight/obese has
simultaneously considerably increased around the world [3]. Especially after menopause,
women tend to experience a peak in their fat mass gain [4]. Excess adiposity increases
the risk of developing cardiovascular diseases, type 2 diabetes, cancer, or mental diseases,
among other morbidities and conditions in this population [5]. For this reason, we must
detect the determinants, both interpersonal and contextual, of adiposity gain over time in
older adults to enable its prevention or decrease.

Some longitudinal studies have analyzed the associations of intrapersonal (education
and socio-economic information), built environment, and/or physical activity (PA) or
sedentary behavior variables with adiposity in older adults [6–12]. Year after year, studies
of the role of contextual factors in the progression of obesity have acquired increased
importance in the scientific literature [12]. The built environment is defined as the human-
formed, developed, and structured areas such as roads, utilities, or fixtures that form
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the physical characteristics of a place [13]. Although evidence exists on the longitudinal
association between built environment variables and adiposity gain, the vast majority is
focused on weight and body mass index (BMI) gain but not on other adiposity indicators
such as fat mass percentage or fat mass index (FMI) [12]. The majority of the research
examined the association of other environmental variables (e.g., food-related environment,
and greenness) and were developed in middle-age adults [12]. Therefore, evidence of the
longitudinal association of perceived environmental factors and adiposity gain in older
adult populations is scarce [11,12].

Sedentary behavior has increased in the previous years due to changes in technol-
ogy and the environment [10]. Sedentarism is nowadays considered the fourth cause of
mortality around the world, with 3.2 million deaths per year [14]. Although sedentary
behavior is related to a higher risk of metabolic morbidity and mortality, its association
with weight gain during adulthood is unclear [10,15], especially among older adults. The
literature reports different results regarding the longitudinal association between adiposity
and PA. Whereas some of the studies found an inverse association between baseline PA
and adiposity gain [16], others found that PA raised BMI [8], and others did not find
this association at all [6,7]. When this association has been analyzed regardless sex, or in
samples of women, the results differ between studies [8,16,17]. Therefore, this relationship
in this population should be elucidated. Moreover, most of these longitudinal studies used
self-reported PA or sedentary behavior [6–8], which are prone to both inaccurate report-
ing and introducing bias [18]. Conversely, accelerometers are demonstrated to be valid
instruments for PA assessment in older adults [19], and the associations between physical
activity and adiposity seem stronger when physical activity is measured by accelerometer
compared with questionnaire self-reports [20].

Therefore, the aims of the present study were (1) to analyze the increase in adiposity
based on the age of participant women, and (2) to determine a prospective association
of intrapersonal, built environmental and device-measured PA and sedentary behavior
variables at baseline with relevant adiposity gain during a seven-year follow-up period
in older women. Considering previous findings related to movement behaviors in older
adults, we hypothesized that older women being more active and less sedentary at baseline
would be less likely to have a relevant gain in adiposity after the seven-year follow-
up period.

2. Materials and Methods
2.1. Study Design and Population

This study was a prospective investigation in older women in three central European
cities with very similar economic, cultural, and weather conditions. These cities were
Olomouc in the Czech Republic, Katowice in Poland, and Prešov in Slovakia. A detailed
description of the study was published elsewhere [21]. Participants for the baseline stage
(2009 to 2012) were women with mean age 62.8 ± 4.1 years attending the University of the
Third Age. Inclusion criteria for enrolment to the study were being aged 60 years onward,
living independently, and being able to walk without any prosthetic aids. Follow-up stage
assessments were scheduled individually with each participant between 2016 and 2019 to
ensure a seven-year period. Participants were assessed in all measurements both at baseline
and at seven-year follow up. For baseline and follow-up assessments, the participants
were informed that their participation was voluntary and that they could withdraw from
the study at any time. For both stages, they provided written consent. The prospective
study was approved by the Institutional Research Ethics Committee, Faculty of Physical
Culture, Palacký University Olomouc under reference No. 20/2017 and was carried out in
accordance with the Declaration of Helsinki.

Of 409 eligible older women at baseline, 42 died, 72 refused to participate again,
65 were ineligible, and 28 had no valid contact. Thus, the follow-up sample consisted of
202 women. Of these, 19 women did not have valid data from the accelerometer and five
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women did not have valid data from body composition assessment. Hence, 178 women
were included in the final analyses.

2.2. Adiposity Indicators

Percentage of fat mass (FM%), fat mass index (FMI), and BMI were used as indicators
of adiposity. Fat mass was assessed by multi-frequency bioelectrical impedance analysis
using the InBody 720 device (Biospace Co., Ltd., Seoul, Korea) under laboratory conditions
according to the tool manual instruction and as was reported elsewhere [22]. Both at
baseline and follow-up periods, all adiposity indicators were measured one time in the
morning, wearing light-weight clothes and barefoot [22]. The multi-frequency bioelectrical
impedance analysis has been suggested as a valid method for the assessment of adiposity
in our target population, regardless of body weight and physical activity level [23]. The
same device was used to measure body weight to the nearest 0.1 kg. In advance, the
participating women were asked to avoid any vigorous activity for at least 48 h and to
fast for at least 2 h. Body height was measured using the P-375 portable stadiometer to
the nearest 0.1 cm (Trystom, Olomouc, Czech Republic). BMI and FMI were calculated as
weight/height2 and fat mass/height2, respectively.

Then, women were categorized as maintain/decrease or increase in BMI, FM%, or
FMI according to an individual change of <0.2 or ≥0.2 of the Cohen’s d, respectively. A
change of 0.2 was selected as the minimum value for a relevant adiposity increase during
the seven-year follow-up period [24]. A d-Cohen effect size ≥0.2 was usually accepted as a
minimum change and was previously employed by other authors to define the minimum
relevant changes in prospective analyses [25].

2.3. Intrapersonal and Built Environmental Variables

Intrapersonal variables were self-reported and obtained at baseline and follow-up.
Satisfaction with life was obtained from the Satisfaction with Life Scale [26], dichotomized
as high satisfaction or low satisfaction (neutral or dissatisfied). Education level was
dichotomized as primary/secondary education or tertiary degree. Employment status was
categorized as employed, unemployed, or retired. Marital status was dichotomized as
living alone or living with a partner.

A modified and validated culturally adapted abbreviated version of the Neighborhood
Environment Walkability Scale (NEWS-A) questionnaire was used to obtain data about
the perceived environment including categories such as residential density, land use mix
(including both indices of proximity and accessibility), street connectivity, infrastructure
for walking/cycling, neighborhood aesthetics, and traffic and crime safety [27]. For each
environmental category, the final score was transformed into a categorical variable with two
levels: low and high perception of the environment. The cut-off points for these levels were
set according to the median of the sample (land use mix proximity: low < 3, high ≥ 3; land
use mix accessibility: low ≤ 3, high > 3; street connectivity: low ≤ 3, high > 3; infrastructure
for walking/cycling: low ≤ 2.5, high > 2.5; neighborhood aesthetics: low ≤ 2.5, high > 2.5;
traffic and crime safety: low ≥ 2, high < 2; residential density: low < 167, high ≥ 167).

2.4. Physical Activity and Sedentary Behavior

For baseline and follow-up, an ActiGraph GT1M accelerometer (Manufacturing Tech-
nology Inc., Pensacola, FL, USA) was used for PA and sedentary behavior assessment. The
participants were asked to wear the device on their right hip during waking hours for at
least seven consecutive days. The sampling time interval was set to 60 s and non-wear
time was defined using the Troiano algorithm [28]. The inclusion criteria for the final
analyses were ≥10 h of daily wear time and ≥4 days (three workdays and one weekend
day). Counts and step counts were derived for each day from the manufacture’s software
(ActiGraph, LLC, Pensacola, FL, USA). The low frequency filter was not used. For seden-
tary behavior, light intensity PA (LPA), and moderate-to-vigorous PA (MVPA), the cut
offs were defined as <100 [29], 100 to 1951 [30], and ≥1952 counts/min [30], respectively.
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Women having ≥8 h/day of sedentary behavior were classified as sedentary [31]. Accord-
ing to the MVPA, women were categorized as not meeting 150 min/day, meeting 150 to
300 min/day, and exceeding 300 min/day [32]. Moreover, ≥10,000 steps/day was the
cut-off for meeting step-based recommendations [33]. Participation in any organized PA in
a week was self-reported and obtained at baseline.

2.5. Statistical Analysis

The data are presented as means (standard deviations) or absolute and relative preva-
lence (N, %), unless otherwise indicated. Differences between the baseline and follow-up
adiposity indicators were analyzed by the dependent t test.

Before performing analyses, data were examined to detect extreme values and were
winsorized (i.e., ∆BMI = 1, ∆FM% = 1, ∆FMI = 1) to limit their influence on the analyses.
Likewise, dummies from categorical variables were calculated to include them in the
analyses (i.e., MVPA categories). All continuous variables followed a normal distribution
according to the verification of skewness and kurtosis values. The relationship between
women’s age at baseline and adiposity gain was determined using linear regressions.
Logistic regressions were conducted to determine the influence of baseline intrapersonal,
built environment, and device-measured PA and sedentary behavior variables on the
likelihood for a significant increase in BMI, FM%, or FMI during the seven-year follow-
up period. Country (as a dummy variable), age at baseline, follow-up duration, and
accelerometer wear-time (only for device-measured PA and sedentary time variables) were
entered as confounders into all the analyses. All statistical analyses were performed using
version 23.0 of the Statistical Package for the Social Sciences (SPPS Inc., Chicago, IL, USA).
The level of significance was set at α = 0.05.

3. Results

The adiposity, intrapersonal, perceived environmental, and PA and sedentary behavior
baseline characteristics, as well as the adiposity changes of all woman participating in the
study, are described in Table 1. At baseline, 178 women (62.8 ± 4.1 years) participated in
the study, of which 48% had primary education, 71% lived with a partner or were married,
and 73% were retired. Almost half of the woman were sedentary and spent ≥8 h/day
sedentary, whereas more than two-thirds reached ≥150 min/day of MVPA or participated
in organized PA, and more than half accumulated ≥10,000 steps/day. In these women,
the mean of the adiposity gain after seven years was 0.9 ± 1.7 kg/m2, 2.4 ± 3.7%, and
1.0 ± 1.6 kg/m2 for BMI, FM%, or FMI, respectively.

Table 1. Description of the baseline characteristics and adiposity changes of all the women participating in the prospective
seven-year follow-up study.

n Baseline Seven-Year Follow-Up Change (Follow-Up
Minus Baseline)

Age (years) 178 62.8 (4.1)
Adiposity indicators

BMI (kg/m2) 178 26.3 (4.1) 27.2 (4.3) 0.9 (1.7) *
Fat mass (%) 178 34.4 (6.7) 36.6 (6.8) 2.4 (3.7) *
FMI (kg/m2) 178 9.3 (3.1) 10.2 (3.3) 1.0 (1.6) *

Intrapersonal
Low satisfaction with life (N, %) 114 20, 18
Education

Primary (N, %) 178 85, 48
University studies (N, %) 178 93, 52

Family status
Married or living with a partner (N, %) 122 87, 71
Widow or single (N, %) 122 35, 29
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Table 1. Cont.

n Baseline Seven-Year Follow-Up Change (Follow-Up
Minus Baseline)

Employment
Retired (N, %) 176 129, 73
Employed (N, %) 176 36, 21
Unemployed (N, %) 176 11, 6

Perceived environmental
Low density 125 63, 50
Low proximity (N, %) 82 31, 38
Low accessibility (N, %) 74 22, 30
Low street connectivity (N, %) 125 42, 34
Low walking/cycling infrastructure 125 42, 34
Low aesthetics (N, %) 125 52, 42
Low safety (N, %) 125 64, 51
Physical activity and sedentary behavior
Sedentary behavior (min/day) 178 437 (85)
LPA (min/day) 178 369 (83)
MVPA (min/day) 178 41 (24)
Total PA (counts/min) 178 400 (124)
Step count (steps/day) 178 9817 (2976)
Be sedentary (≥8 h ST/day) 178 86, 48
Meet PA recommendations

No: ≤150 min/day MVPA (N, %) 178 39, 22
Yes: 150–300 min/day MVPA (N, %) 178 61, 34
Yes: ≥300 min/day MVPA (N, %) 178 78, 44

Meet step recommendations (N, %) 178 102, 57
Participation in organized PA (N, %) 125 88, 70

Continuous variables were represented as means (standard deviations) and categorical variables as N, % absolute, relative prevalence).
* = Difference between baseline and follow-up p < 0.001 (by dependent t test). Abbreviations: LPA, light physical activity; MVPA,
moderate-to-vigorous physical activity; BMI, body mass index; FMI, fat mass index. Missing data in satisfaction in life, family status,
participation in organized PA and all perceived environmental variables were due to incomplete self-reported data at baseline.

Figure 1 depicts the interindividual variability in BMI, FM%, and FMI changes during
the seven-year follow-up period. During this follow-up period, 85 (48%), 101 (57%), and
96 (54%) of women had a relevant increase in BMI, FM%, or FMI, respectively.
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Figure 1. Distribution of participants according to the change of body mass index, fat mass percentage, and fat mass
index and their classification according to the maintenance or decease (Cohen’s d < 0.2) or a minimum significant increase
(Cohen’s d ≥ 0.2) in the adiposity variables after the seven-year follow-up. Values are absolute and relative prevalence (%).

Figure 2 shows the changes in adiposity in relation to the age of the participants at
baseline. The mean change of adiposity was higher than zero (which indicates an increase)
in all years. Although it was not significant (p < 0.07), the increase in BMI was inversely
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associated with the age of the women; BMI in younger women increased more than in
older women during the seven-year follow-up period.
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The prospective association of intrapersonal, built environmental, or objectively mea-
sured PA and sedentary behavior variables and the likelihood of having a relevant gain
in adiposity during the seven-year follow-up period is shown in Figure 3. We observed
that sedentary women had a >2.2 times higher likelihood (p < 0.02, Figure 3) of having
a relevant BMI gain (0.82 to 0.85 kg/m2) in the seven years than non-sedentary women.
No further intrapersonal, built environmental, or device-measured PA and sedentary be-
havior variables increased the likelihood of a relevant adiposity gain in the seven-year
follow-up period.
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Figure 3. Forest plot showing the likelihood of a minimum relevant increase in body mass index
(circles), fat mass percentage (squares), and fat mass index (triangles) during the seven-year follow-
up according to intrapersonal, environmental, and device-measured PA and sedentary behavior
variables at baseline. Boldfaced values: p < 0.05. Univariate logistic regressions were adjusted by
country (dummy), baseline age, and follow-up duration. PA and sedentary behavior variables were
additionally adjusted for accelerometer wear time. Abbreviations: OR: odds ratio; PA: physical
activity; MVPA: moderate-to-vigorous physical activity.

4. Discussion

The main findings of the present study are that during this follow-up period, approxi-
mately half of women had a relevant increase in BMI, FM%, or FMI, and that sedentary
women (those that had more than eight hours per day of sedentary behavior) were more
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likely to experience a relevant increase in BMI after a seven-year follow-up period. Due
to the increase in adiposity gains and the associated health problems, these results em-
phasize the importance of the development and implementation of strategies aimed to
reduce sedentary behavior to preserve the health of older women. Intrapersonal variables,
built environment, or PA did not demonstrate any prospective associations with adiposity
changes during the seven-year follow-up period.

Women participating in this study gained BMI, FM%, and FMI at seven-year follow-
up, although it attenuated with increasing age. Fat mass and weight gain demonstrated
a trend of increasing through the lifespan until a certain time, somewhere between 60
and 80 years, at which it stabilizes or decreases [34]. In our study, participants were not
yet in a decrease phase, so weight and fat mass gain prevention strategies would have
been needed.

Our findings do not prove that intrapersonal or perceived environmental factors
influenced relevant changes in the adiposity of our sample. The available literature on
this topic evidence a lack of strong associations of environmental factors with obesity indi-
cators, mainly due to methodological limitations such as the lack of longitudinal studies
allowing the inference of causality [35]. A recently published review of longitudinal studies
identified 33 articles examining the neighborhood effects on obesity outcomes in the adult
population [12]. Although the large variety of indicators hampered comparison between
studies and drawing conclusions, 65% of included articles reported non-significant associ-
ations or mixed effects, while only 35% found significant associations. This discrepancy
could be partially explained by methodological differences such as sample characteris-
tics, the instruments used to measure adiposity or intrapersonal/environmental factors,
or the statistical analyses. Therefore, more research with similar approaches should be
performed to elucidate these findings. Specifically, in our study, the fact that our sample
is composed only of women with similar socioeconomic status, high accessibility, street
connectivity, and good walking/cycling infrastructure could explain the lack of influence
in adiposity changes. Importantly, only 4.8% of the longitudinal analyses in this review
included perceived environmental variables in the study of obesity indicators, which was
one of the aims in the present study [12]. Other novelties of our results are the inclusion of
a homogeneous sample of elderly women from three central European countries, knowing
that the vast majority of studies focused on young or middle-aged adults, and the study of
additional adiposity indicators, since 98% of previous articles only included BMI, weight,
or waist circumference [12].

Both sedentary behavior and PA are considered essential to understanding changes in
adiposity over time, especially due to their role in the energy balance [36]. It is therefore
unsurprising to find a huge body of evidence on this topic, although strong debate remains
ongoing about the real effects of sedentary behavior and PA in weight and adiposity gain.
One of the main limitations of previous studies is that the vast majority used self-reported
measures of PA and sedentary behavior, which are generally highly biased [37]. The United
States Physical Activity Guidelines Advisory Committee (PAGAC) recently reviewed the
literature to guide PA intervention in the promotion of weight loss/maintenance and
found only three studies (of a total of 33) using measures of PA via accelerometers or
pedometers [38]. For instance, a validation study comparing PA questionnaires against
accelerometers observed a mean underestimation of 12 min per day of MVPA [39], a
difference that impacts the association with body composition, as demonstrated by recent
studies [20]. All this reinforces the need for further studies investigating the longitudinal
association of device-measured PA with adiposity changes, as we did in our population of
older women.

Recently, an update from the 2018 PAGAC reported limited evidence on the longitudi-
nal association between sedentary behavior and weight status [40]. The available literature
is contradictory, with some authors reporting that sedentary behavior is associated with
increases in adiposity over time [41], others finding no associations with obesity degree
or weight gain [42,43], and others indicating unclear findings [44]. All these studies used
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self-reported sedentary behavior, whereas the only available evidence using device-based
measures, and therefore the most comparable to the present study, found no associations
of sedentary behavior with subsequent weight gain in Norwegian middle-aged adults [45].
Notably, all these studies included a more heterogeneous and younger sample than ours.
Therefore, our results help provide evidence on this topic and suggest that, in a particular
sample of older women from central Europe, those with at least eight hours of sitting time
per day are more likely to experience an increase in their BMI. More research that includes
all the adiposity variables, and not only weight or BMI, should be performed to elucidate
differences in the associations of BMI and the other adiposity variables.

Our results showed no influence of PA on BMI changes after the follow-up period.
With regard to BMI, a recent systematic review included 40 articles that longitudinally
studied the role of overall PA in the prevention of BMI and weight gain in adults of
different ages [46]. These authors found strong evidence of the relationship between
PA and attenuated weight gain, establishing the critical exposure as above 150 min per
week, with special emphasis on MVPA [46]. However, this association demonstrated an
overall attenuation with increasing age, which indicated that PA may be more effective
in weight gain prevention for young and middle-aged adults than for older adults. The
same findings have been observed in two relevant cohort studies, demonstrating that PA
attenuated weight gain in women until 60 to 65 years, a turning point at which PA appears
to be less effective for this purpose [17,47]. Nevertheless, contradictory results exist in
the literature, since not all studies found this attenuation in older adults [16,48,49]. In the
only longitudinal study including device-measured PA in a population of elderly adults,
baseline PA did not predict weight gain in a six-year follow-up period. Overall, the present
study adds to the available literature by suggesting that PA does not influence BMI gain in
older women.

The longitudinal association of PA with other adiposity gain variables has been
considerably less studied in the literature in comparison with body weight, mainly due
to being a less affordable measure. In the present study, we found that the PA level at
baseline was not related to relevant changes in FM% or FMI. Although higher levels of PA
generally prevent fat mass accumulation, most of the available studies focused on young
and middle-aged adults; research on older adults is scarce [41]. Sims et al. [17] found that
higher levels of PA attenuated fat mass gain over a six-year follow-up in women aged
50 to 69 years old, whereas women 70 years old onward demonstrated a fat mass loss
independent of their PA level. Similarly, Ragusso et al. [7] reported that leisure-time PA
did not prevent fat mass accumulation in adults over 65 years old during a follow-up of
three years. Laddu et al. [50] found a relevant role of PA by demonstrating in men over 65
years old that those performing less moderate-intensity activities experienced a significant
increase in fat mass after a five to seven-year period of follow-up. As can be observed,
the literature is contradictory in older adults and further longitudinal studies should be
conducted to elucidate whether PA plays a significant role in the prevention of adiposity
gain at this specific stage of adulthood.

There are several strengths that should be highlighted in the present study. One
of the main strengths is the inclusion of device-based measures of PA and sedentary
behavior through ActiGraph GT1M accelerometer devices, thus overcoming one of the most
common limitations observed in this research [38]. Apart from BMI, we reported additional
adiposity indicators such as fat mass percentage and FMI, which have been less studied
in longitudinal research with environmental and PA factors [12,38]. Changes in adiposity
were classified according to relevant changes (i.e., Cohen’s d), which avoids a substantial
loss of information in comparison with traditional overweight/obese classifications and
provides information about the interindividual variation in our sample [38]. We provided
a multidimensional perspective on this research topic by integrating a wide variety of
intrapersonal, built environmental, and PA and sedentary behavior variables together
that have been related to adiposity gain [51]. Our homogeneous sample of older women
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allowed us to focus on a population that has received less attention in the literature and
that is experiencing a worrying increase in adiposity [52].

However, our findings come with several limitations that should be considered in their
interpretation. First, the observational design of the study, even longitudinal, prevents the
establishment of causality. Second, our analyses only included baseline predictor variables
(i.e., environmental and PA and sedentary behavior), which explain how having a specific
behavior in a time point influences the adiposity gain in the follow-up period (independent
of whether the behaviors change or not in the follow-up period), but not the association
between the changes in both variables. Third, we did not include dual-energy X-ray
absorptiometry (DXA) as the gold standard to measure adiposity, although bioelectrical
impedance was found suitable for our target population [21]. Fourth, accelerometers are
not totally accurate yet in identifying sedentary behavior; there was the possibility that
slight misclassifications were present. Even so, accelerometers are more trustful than
self-reported measures. Fifth, our findings may be confounded by unmeasured factors
such as medication or comorbidities. Lastly, our sample was relatively small and cannot be
considered representative of older women from central European countries. Furthermore,
relevant changes in adiposity were calculated according to this sample, which limits the
extrapolation of our results to other populations.

5. Conclusions

A relevant seven-year increase in adiposity was found in approximately half of older
women. Device-measured sedentary behavior influenced BMI gain over a follow-up period
of seven years in older women from central Europe. The women who were sedentary for
at least eight hours per day were more likely to have a relevant BMI increase during a
seven-year follow-up period. No prospective associations with adiposity changes during
the seven-year follow-up period were found for intrapersonal, built environment, or
PA variables.

The results of this study highlight the importance of performing health strategies
to reduce sitting time in older women to prevent adiposity gain and thereby preserve
their health.

Author Contributions: Conceptualization, J.P., P.M.-G. and M.M.; methodology, J.P.; formal anal-
ysis, P.M.-G. and M.M.; investigation, J.P., M.P., I.Z.-G. and L.T.; resources, J.P.; data curation, J.P.;
writing—original draft preparation, P.M.-G., M.M. and J.P.; visualization, P.M.-G. and M.M.; supervi-
sion, J.P.; project administration, J.P. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by CZECH SCIENCE FOUNDATION, grant number 18-16423S.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Ethics Committee of FACULTY
OF PHYSICAL CULTURE, PALACKÝ UNIVERSITY OLOMOUC (No. 20/2017, date of approval:
13 March 2017)

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available in the Figshare repository,
https://doi.org/10.6084/m9.figshare.14223014.v1.

Acknowledgments: We are thankful to the research personnel at the Institute of Active Lifestyle
for their help with the data collection in the Czech Republic. We would also like to thank all the
participants for their involvement in the study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

https://doi.org/10.6084/m9.figshare.14223014.v1


Int. J. Environ. Res. Public Health 2021, 18, 3074 11 of 12

References
1. World Health Organization. World Report on Ageing and Health; World Health Organization: Geneva, Switzerland, 2015.
2. Handy, D.E.; Castro, R.; Loscalzo, J. Epigenetic Modifications. Circulation 2011, 123, 2145–2156. [CrossRef] [PubMed]
3. Doak, C.M.; Wijnhoven, T.M.A.; Schokker, D.F.; Visscher, T.L.S.; Seidell, J.C. Age standardization in mapping adult overweight

and obesity trends in the WHO European Region. Obes. Rev. 2011, 13, 174–191. [CrossRef]
4. Davis, S.R.; Castelo-Branco, C.; Chedraui, P.; Lumsden, M.A.; Nappi, R.E.; Shah, D.; Villaseca, P. Writing Group of the International

Menopause Society for World Menopause Day 2012. Understanding weight gain at menopause. Climacteric 2012, 15, 419–429.
[CrossRef] [PubMed]

5. Salihu, H.M.; Bonnema, S.M.; Alio, A.P. Obesity: What is an elderly population growing into? Maturitas 2009, 63, 7–12. [CrossRef]
6. Genton, L.; Karsegard, V.L.; Chevalley, T.; Kossovsky, M.P.; Darmon, P.; Pichard, C. Body composition changes over 9 years in

healthy elderly subjects and impact of physical activity. Clin. Nutr. 2011, 30, 436–442. [CrossRef]
7. Raguso, C.A.; Kyle, U.; Kossovsky, M.P.; Roynette, C.; Paoloni-Giacobino, A.; Hans, D.; Genton, L.; Pichard, C. A 3-year

longitudinal study on body composition changes in the elderly: Role of physical exercise. Clin. Nutr. 2006, 25, 573–580. [CrossRef]
[PubMed]

8. Hajek, A.; Lehnert, T.; Ernst, A.; Lange, C.; Wiese, B.; Prokein, J.; Weyerer, S.; Werle, J.; Pentzek, M.; Fuchs, A.; et al. Prevalence
and determinants of overweight and obesity in old age in Germany. BMC Geriatr. 2015, 15, 83. [CrossRef]

9. Owen, N.; Bauman, A.; Brown, W. Too much sitting: A novel and important predictor of chronic disease risk? Br. J. Sports Med.
2008, 43, 81–83. [CrossRef]

10. Thorp, A.A.; Owen, N.; Neuhaus, M.; Dunstan, D.W. Sedentary Behaviors and Subsequent Health Outcomes in Adults: A
Systematic Review of Longitudinal Studies, 1996–2011. Am. J. Prev. Med. 2011, 41, 207–215. [CrossRef] [PubMed]

11. De Araújo, C.A.H.; Giehl, M.W.C.; Danielewicz, A.L.; De Araujo, P.G.; D’Orsi, E.; Boing, A.F. Ambiente construído, renda
contextual e obesidade em idosos: Evidências de um estudo de base populacional. Cad. Saúde Pública 2018, 34, e00060217.
[CrossRef]

12. Letarte, L.; Pomerleau, S.; Tchernof, A.; Biertho, L.; Waygood, E.O.D.; Lebel, A. Neighbourhood effects on obesity: Scoping review
of time-varying outcomes and exposures in longitudinal designs. BMJ Open 2020, 10, e034690. [CrossRef] [PubMed]

13. Centers for Disease Conrtrol and Prevention. Healthy Places-Healthy Places Terminology. Available online: https://www.cdc.
gov/healthyplaces/terminology.htm (accessed on 4 January 2021).

14. World Health Organization. Global Health Risks: Mortality and Burden of Disease Attributable to Selected Major Risks; World Health
Organization: Geneva, Switzerland, 2009.

15. Owen, N.; Healy, G.N.; Matthews, C.E.; Dunstan, D.W. Too Much Sitting: The population health science of sedentary behavior.
Exerc. Sport Sci. Rev. 2010, 38, 105–113. [CrossRef] [PubMed]

16. Hughes, A.V.; Frontera, W.R.; Roubenoff, R.; Evans, W.J.; Singh, M.A.F. Longitudinal changes in body composition in older men
and women: Role of body weight change and physical activity. Am. J. Clin. Nutr. 2002, 76, 473–481. [CrossRef] [PubMed]

17. Sims, S.T.; Kubo, J.; Desai, M.; Bea, J.; Beasley, J.M.; Manson, J.E.; Allison, M.; Seguin, R.A.; Chen, Z.; Michael, Y.L.; et al. Changes
in Physical Activity and Body Composition in Postmenopausal Women over Time. Med. Sci. Sports Exerc. 2013, 45, 1486–1492.
[CrossRef] [PubMed]

18. Ainsworth, B.E.; Caspersen, C.J.; Matthews, C.E.; Mâsse, L.C.; Baranowski, T.; Zhu, W. Recommendations to Improve the
Accuracy of Estimates of Physical Activity Derived From Self Report. J. Phys. Act. Health 2012, 9, S76–S84. [CrossRef] [PubMed]

19. Harris, T.J.; Owen, C.G.; Victor, C.R.; Adams, R.; Ekelund, U.; Cook, D.G. A Comparison of Questionnaire, Accelerometer, and
Pedometer. Med. Sci. Sports Exerc. 2009, 41, 1392–1402. [CrossRef]

20. Guo, W.; Key, T.J.; Reeves, G.K. Accelerometer compared with questionnaire measures of physical activity in relation to body size
and composition: A large cross-sectional analysis of UK Biobank. BMJ Open 2019, 9, e024206. [CrossRef]

21. Cuberek, R.; Pelclová, J.; Gába, A.; Pechová, J.; Svozilová, Z.; Přidalová, M.; Štefelová, N.; Hron, K. Adiposity and changes in
movement-related behaviors in older adult women in the context of the built environment: A protocol for a prospective cohort
study. BMC Public Health 2019, 19, 1–7. [CrossRef]

22. Pelclová, J.; Gába, A.; Tlučáková, L.; Pośpiech, D. Association between physical activity (PA) guidelines and body composition
variables in middle-aged and older women. Arch. Gerontol. Geriatr. 2012, 55, e14–e20. [CrossRef]

23. Gába, A.; Kapuš, O.; Cuberek, R.; Botek, M. Comparison of multi- and single-frequency bioelectrical impedance analysis with
dual-energy X-ray absorptiometry for assessment of body composition in post-menopausal women: Effects of body mass index
and accelerometer-determined physical activity. J. Hum. Nutr. Diet. 2014, 28, 390–400. [CrossRef]

24. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Routledge: New York, NY, USA, 1988.
25. Hecksteden, A.; Pitsch, W.; Rosenberger, F.; Meyer, T. Repeated testing for the assessment of individual response to exercise

training. J. Appl. Physiol. 2018, 124, 1567–1579. [CrossRef] [PubMed]
26. Diener, E.; Emmons, R.A.; Larsen, R.J.; Griffin, S. The Satisfaction with Life Scale. J. Personal. Assess. 1985, 49, 71–75. [CrossRef]
27. Cerin, E.; Saelens, B.E.; Sallis, J.F.; Frank, L.D. Neighborhood Environment Walkability Scale. Med. Sci. Sports Exerc. 2006, 38, 1682–1691.

[CrossRef] [PubMed]
28. Troiano, R.P.; Berrigan, D.; Dodd, K.W.; Mâsse, L.C.; Tilert, T.; Mcdowell, M. Physical Activity in the United States Measured by

Accelerometer. Med. Sci. Sports Exerc. 2008, 40, 181–188. [CrossRef]

http://doi.org/10.1161/CIRCULATIONAHA.110.956839
http://www.ncbi.nlm.nih.gov/pubmed/21576679
http://doi.org/10.1111/j.1467-789X.2011.00943.x
http://doi.org/10.3109/13697137.2012.707385
http://www.ncbi.nlm.nih.gov/pubmed/22978257
http://doi.org/10.1016/j.maturitas.2009.02.010
http://doi.org/10.1016/j.clnu.2011.01.009
http://doi.org/10.1016/j.clnu.2005.10.013
http://www.ncbi.nlm.nih.gov/pubmed/16330136
http://doi.org/10.1186/s12877-015-0081-5
http://doi.org/10.1136/bjsm.2008.055269
http://doi.org/10.1016/j.amepre.2011.05.004
http://www.ncbi.nlm.nih.gov/pubmed/21767729
http://doi.org/10.1590/0102-311x00060217
http://doi.org/10.1136/bmjopen-2019-034690
http://www.ncbi.nlm.nih.gov/pubmed/32213520
https://www.cdc.gov/healthyplaces/terminology.htm
https://www.cdc.gov/healthyplaces/terminology.htm
http://doi.org/10.1097/JES.0b013e3181e373a2
http://www.ncbi.nlm.nih.gov/pubmed/20577058
http://doi.org/10.1093/ajcn/76.2.473
http://www.ncbi.nlm.nih.gov/pubmed/12145025
http://doi.org/10.1249/MSS.0b013e31828af8bd
http://www.ncbi.nlm.nih.gov/pubmed/23439422
http://doi.org/10.1123/jpah.9.s1.s76
http://www.ncbi.nlm.nih.gov/pubmed/22287451
http://doi.org/10.1249/MSS.0b013e31819b3533
http://doi.org/10.1136/bmjopen-2018-024206
http://doi.org/10.1186/s12889-019-7905-8
http://doi.org/10.1016/j.archger.2012.06.014
http://doi.org/10.1111/jhn.12257
http://doi.org/10.1152/japplphysiol.00896.2017
http://www.ncbi.nlm.nih.gov/pubmed/29357481
http://doi.org/10.1207/s15327752jpa4901_13
http://doi.org/10.1249/01.mss.0000227639.83607.4d
http://www.ncbi.nlm.nih.gov/pubmed/16960531
http://doi.org/10.1249/mss.0b013e31815a51b3


Int. J. Environ. Res. Public Health 2021, 18, 3074 12 of 12

29. Gorman, E.; Hanson, H.M.; Yang, P.H.; Khan, K.M.; Liu-Ambrose, T.; Ashe, M.C. Accelerometry analysis of physical activity and
sedentary behavior in older adults: A systematic review and data analysis. Eur. Rev. Aging Phys. Act. 2014, 11, 35–49. [CrossRef]
[PubMed]

30. Freedson, P.S.; Melanson, E.; Sirard, J. Calibration of the Computer Science and Applications, Inc. accelerometer. Med. Sci. Sports
Exerc. 1998, 30, 777–781. [CrossRef]

31. Ross, R.; Chaput, J.-P.; Giangregorio, L.M.; Janssen, I.; Saunders, T.J.; E Kho, M.; Poitras, V.J.; Tomasone, J.R.; El-Kotob, R.;
McLaughlin, E.C.; et al. Canadian 24-Hour Movement Guidelines for Adults aged 18-64 years and Adults aged 65 years or older:
An integration of physical activity, sedentary behaviour, and sleep. Appl. Physiol. Nutr. Metab. 2020, 45, S57–S102. [CrossRef]
[PubMed]

32. Bull, F.C.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Carty, C.; Chaput, J.-P.; Chastin, S.; Chou, R.; et al.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. J. Sports Med. 2020, 54, 1451–1462.
[CrossRef]

33. Tudor-Locke, C.; Craig, C.L.; Brown, W.J.; Clemes, S.A.; De Cocker, K.; Giles-Corti, B.; Hatano, Y.; Inoue, S.; Matsudo, S.M.;
Mutrie, N.; et al. How many steps/day are enough? for adults. Int. J. Behav. Nutr. Phys. Act. 2011, 8, 79. [CrossRef]

34. Buffa, R.; Floris, G.U.; Putzu, P.F.; Marini, E. Body composition variations in ageing. Coll. Antropol. 2011, 35, 259–265. [PubMed]
35. Letarte, L.; Lebel, A.; Waygood, E.; Tchernof, A.; Biertho, L. Longitudinal designs to study neighbourhood effects on the

development of obesity: A scoping review protocol. BMJ Open 2018, 8, e017704. [CrossRef] [PubMed]
36. Galgani, J.; Ravussin, E. Energy metabolism, fuel selection and body weight regulation. Int. J. Obes. 2008, 32, S109–S119.

[CrossRef] [PubMed]
37. Sink, K.M.; Espeland, M.A.; Castro, C.M.; Church, T.S.; A Cohen, R.; Dodson, J.A.; Guralnik, J.M.; Hendrie, H.C.; Jennings, J.M.;

Katula, J.; et al. Effect of a 24-Month Physical Activity Intervention vs Health Education on Cognitive Outcomes in Sedentary
Older Adults. JAMA 2015, 314, 781–790. [CrossRef] [PubMed]

38. Jones, P.R.; Ekelund, U. Physical Activity in the Prevention of Weight Gain: The Impact of Measurement and Interpretation of
Associations. Curr. Obes. Rep. 2019, 8, 66–76. [CrossRef]

39. Baumeister, S.E.; Ricci, C.; Kohler, S.; Fischer, B.; Töpfer, C.; Finger, J.D.; Leitzmann, M.F. Physical activity surveillance in the
European Union: Reliability and validity of the European Health Interview Survey-Physical Activity Questionnaire (EHIS-PAQ).
Int. J. Behav. Nutr. Phys. Act. 2016, 13, 1–10. [CrossRef] [PubMed]

40. Katzmarzyk, P.T.; Powell, K.E.; Jakicic, J.M.; Troiano, R.P.; Piercy, K.; Tennant, B. Sedentary Behavior and Health: Update from the
2018 Physical Activity Guidelines Advisory Committee. Med. Sci. Sports Exerc. 2019, 51, 1227–1241. [CrossRef]

41. Gibbs, B.B.; Gabriel, K.P.; Carnethon, M.R.; Gary-Webb, T.; Jakicic, J.M.; Rana, J.S.; Reis, J.P.; Siddique, J.; Sternfeld, B.; Lewis, C.E.
Sedentary Time, Physical Activity, and Adiposity: Cross-sectional and Longitudinal Associations in CARDIA. Am. J. Prev. Med.
2017, 53, 764–771. [CrossRef]

42. Pulsford, R.M.; Stamatakis, E.; Britton, A.R.; Brunner, E.J.; Hillsdon, M.M. Sitting Behavior and Obesity: Evidence from the
Whitehall II Study. Am. J. Prev. Med. 2013, 44, 132–138. [CrossRef]

43. Van Uffelen, J.G.; Watson, M.J.; Dobson, A.J.; Brown, W.J. Sitting Time Is Associated With Weight, but Not With Weight Gain in
Mid-Aged Australian Women. Obesity 2010, 18, 1788–1794. [CrossRef]

44. Pedisic, Z.; Grunseit, A.; Ding, D.; Chau, J.Y.; Banks, E.; Stamatakis, E.; Jalaludin, B.B.; Bauman, A.E. High sitting time or obesity:
Which came first? Bidirectional association in a longitudinal study of 31,787 Australian adults. Obesity 2014, 22, 2126–2130.
[CrossRef]

45. Ekelund, U.; Kolle, E.; Steene-Johannessen, J.; Dalene, K.E.; Nilsen, A.K.O.; Anderssen, S.A.; Hansen, B.H. Objectively measured
sedentary time and physical activity and associations with body weight gain: Does body weight determine a decline in moderate
and vigorous intensity physical activity? Int. J. Obes. 2017, 41, 1769–1774. [CrossRef]

46. Jakicic, J.M.; Powell, K.E.; Campbell, W.W.; Dipietro, L.; Pate, R.R.; Pescatello, L.S.; Collins, K.A.; Bloodgood, B.; Piercy, K.L.
Physical Activity and the Prevention of Weight Gain in Adults: A Systematic Review. Med. Sci. Sports Exerc. 2019, 51, 1262–1269.
[CrossRef] [PubMed]

47. Lee, I.-M. Physical Activity and Weight Gain Prevention. JAMA 2010, 303, 1173–1179. [CrossRef]
48. Moholdt, T.; Wisløff, U.; Lydersen, S.; Nauman, J. Current physical activity guidelines for health are insufficient to mitigate long-term

weight gain: More data in the fitness versus fatness debate (The HUNT study, Norway). Br. J. Sports Med. 2014, 48, 1489–1496.
[CrossRef]

49. Williams, P.T.; Thompson, P.D. Dose-Dependent Effects of Training and Detraining on Weight in 6406 Runners during 7.4 Years*.
Obesity 2006, 14, 1975–1984. [CrossRef]

50. Laddu, D.R.; Cawthon, P.M.; Parimi, N.; Hoffman, A.R.; Orwoll, E.; Miljkovic, I.; Stefanick, M.L. Trajectories of the relationships
of physical activity with body composition changes in older men: The MrOS study. BMC Geriatr. 2017, 17, 1–10. [CrossRef]
[PubMed]

51. Congdon, P. Obesity and Urban Environments. Int. J. Environ. Res. Public Health 2019, 16, 464. [CrossRef] [PubMed]
52. Greendale, G.A.; Sternfeld, B.; Huang, M.; Han, W.; Karvonen-Gutierrez, C.; Ruppert, K.; Cauley, J.A.; Finkelstein, J.S.; Jiang, S.-F.;

Karlamangla, A.S. Changes in body composition and weight during the menopause transition. JCI Insight 2019, 4. [CrossRef]

http://doi.org/10.1007/s11556-013-0132-x
http://www.ncbi.nlm.nih.gov/pubmed/24765212
http://doi.org/10.1097/00005768-199805000-00021
http://doi.org/10.1139/apnm-2020-0467
http://www.ncbi.nlm.nih.gov/pubmed/33054332
http://doi.org/10.1136/bjsports-2020-102955
http://doi.org/10.1186/1479-5868-8-79
http://www.ncbi.nlm.nih.gov/pubmed/21667542
http://doi.org/10.1136/bmjopen-2017-017704
http://www.ncbi.nlm.nih.gov/pubmed/29371268
http://doi.org/10.1038/ijo.2008.246
http://www.ncbi.nlm.nih.gov/pubmed/19136979
http://doi.org/10.1001/jama.2015.9617
http://www.ncbi.nlm.nih.gov/pubmed/26305648
http://doi.org/10.1007/s13679-019-00337-1
http://doi.org/10.1186/s12966-016-0386-6
http://www.ncbi.nlm.nih.gov/pubmed/27215626
http://doi.org/10.1249/MSS.0000000000001935
http://doi.org/10.1016/j.amepre.2017.07.009
http://doi.org/10.1016/j.amepre.2012.10.009
http://doi.org/10.1038/oby.2009.511
http://doi.org/10.1002/oby.20817
http://doi.org/10.1038/ijo.2017.186
http://doi.org/10.1249/MSS.0000000000001938
http://www.ncbi.nlm.nih.gov/pubmed/31095083
http://doi.org/10.1001/jama.2010.312
http://doi.org/10.1136/bjsports-2014-093416
http://doi.org/10.1038/oby.2006.231
http://doi.org/10.1186/s12877-017-0506-4
http://www.ncbi.nlm.nih.gov/pubmed/28583069
http://doi.org/10.3390/ijerph16030464
http://www.ncbi.nlm.nih.gov/pubmed/30764541
http://doi.org/10.1172/jci.insight.124865

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Adiposity Indicators 
	Intrapersonal and Built Environmental Variables 
	Physical Activity and Sedentary Behavior 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

