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INTRODUCTION

A physically active lifestyle is understood nowadays 
as an important factor for the maintenance of health 

throughout life. In addition to the cardiovascular benefits 
[1,2], there are also psychological [3], cognitive [4], and 
musculoskeletal benefits [2,5,6], which is especially relevant 

for the older adult population.   
Conceptually, someone can be classified as physically ac-

tive based on their living habits if they spend at least 150 
minutes per week, or at least 30 minutes a day, with mod-
erate to vigorous intensity activities [7]. Notwithstanding, 
someone with this profile can simultaneously be classified as 
having sedentary behavior [8,9], since the remaining time of 
the day can be dedicated to activities of low energy expend-
iture ( ≤ 1.5 metabolic equivalent (MET)), such as sitting 
for reading, watching TV, talking, staying in a lying posi-
tion, using a computer [10], which justifies the use of "sitting 
time" as a surrogate term to "sedentary behavior" [11,12].
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Article Information ABSTRACT

History: Objectives: The maintenance of the postural balance is fundamental for the daily living activities, as 
well as for the practice of physical exercise. However, the aging process and sedentary behavior (i.e., 
large sitting time) lead to changes biological systems, impairing postural balance with consequent in-
creased falls risk. On the other hand, physical activity practice is a protective factor against these trends. 
The aim of this study is to investigate the influence of physical activity profile and sedentary behavior 
on postural control in community-dwelling old adults. 

Methods: This is a cross-sectional study including 208 community-dwelling old adults, which were 
stratified as sufficiently or insufficiently physically active and with or without sedentary behavior. Then, 
they were grouped as follow: G1 (sufficiently physically active and without sedentary behavior), G2 
(insufficiently physically active, but without sedentary behavior), G3 (sufficiently physically active, but 
with sedentary behavior), and G4 (insufficiently physically active and with sedentary behavior). 

Results: Stabilometric parameters (sway area, total length of center of pressure [CoP] trajectory, and the 
mean velocity of CP displacement) were obtained to evaluate the postural control. There was signifi-
cant difference between G1 and G4 on mean velocity of CoP displacement (p < 0.05). 

Conclusions: The coexistence of sedentary behavior and insufficient physically active profile seem to 
impact negatively on postural control.
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Differently from the physical activity level classification, 
which has been well established along several years, the term 
"sedentary behavior" has been coined in the recent litera-
ture, and a cutoff point for hours dedicated to low energy 
expenditure activities has been investigated [13]. In terms of 
mortality, specifically in old adults, the study of Pavey et al 
[14] pointed out the cutoff point of 11 hours / day as signifi-
cantly associated mortality in the old adults.

Willoughby & Copeland [8] evaluated the effect of a phys-
ically active lifestyle in 49 women, 50-67 years old, stratified 
according to the adoption of sedentary behavior, and the 
level of physical activity with moderate to vigorous inten-
sity. They investigated cardiovascular outcomes, as well as 
muscle strength and postural control, however, the analysis 
was conducted separately for each classification criteria (i.e., 
physical activety level and sedentary behavior classification). 
The authors concluded that sedentary behavior was an im-
portant risk factor for cardiometabolic disease, whereas a 
lifestyle with more hours spent with activities with moderate 
to high intensity seems to be more important for neuromus-
cular outcomes (ie, muscle strength and postural control).

The approach used by Willoughby & Copeland's [8] is in-
teresting because investigated the physically active lifestyle 
and sedentary behavior in the same sample, but they make 
comparison separately (i.e., subjects sufficiently active vs in-
sufficiently active; subjects with vs without sedentary behav-
ior). In addition, they included women who were still young 
(50-67 years old). At this point it is possible to point out two 
gaps: 1) How much the interaction between insufficient-
ly physical activity level and sedentary behavior, together, 
could impact the postural control from old adults? 2) Since 
aging causes postural control impairment, this analysis in an 
older population (i.e., ≥ 60 years) may bring new knowledge 
to the area of postural control.

In fact, as a result of aging process, the sensorial system 
is impaired (eg, vestibular, visual, proprioceptive), as well as 
the osteomioarticular system [15], compromising the pos-
tural control and consequently the balance, and predispos-
ing the old adults to falls.

Considering the consequences of physical inactivity and 
sedentary behavior, as well as changes in postural control as 
a result of the aging process, the present study aimed to eval-
uate the influence of a physical activity level and sedentary 
behavior, together, on postural control in old adults.

METHODS

All community-dwelling old people (≥ 60 years old) from 
Aiquara, Bahia, Brazil were invited to take part in this sur-
vey study. An extensive health questionnaire, as well as a 
clinical and physical examination, was conducted in 289 
old people that volunteered. Twenty-nine old adults were 
excluded owing to low score (<13 points) in the Mini Men-
tal State Examination (MMSE), and 52 had technical prob-
lems with data collection from variables necessary to meet 
the proposed aim in this study, then, these 208 older adults 
comprised the study sample.

The purpose and procedures of the experiment were ex-
plained, and consent was obtained prior to the commence-
ment of the experiment. All procedures were approved by 
the local ethics committee according to the Declaration of 
Helsinki. Each subject underwent experimental procedures 
under the same instructions and conditions.

Sample stratification

Volunteers were stratified according to two criteria: the 
physical activity level and the sedentary behavior. Both cri-
teria were based on answers obtained in the International 
Physical Activity Questionnaire (IPAQ), adapted for the old 
adults. The IPAQ adapted for the old adults consists of five 
domains and fifteen questions regarding physical activity at 
work, as characteristics of transport, household tasks, recre-
ation and leisure and time spent sitting.

In order to categorize the level of physical activity, the 
data were dichotomized according to the proposed cutoff 
point of ≥150 min/week of moderate and vigorous activity 
(i.e., ≥ 150 min/week, sufficiently active; <150min/week, in-
sufficiently active)[7].

The sedentary behavior was also determined from the 
IPAQ [16], considering the time (hours / day) spent seated 
in different places, including at home, in the live group for 
older adults, doctor's office as well as sitting while resting, 
watching TV, visiting friends and relatives, reading, making 
phone calls, and eating. But it does not include sitting time 
during transportation (e.g., bus or car). The sedentary be-
havior data were dichotomized according to the cutoff point 
of 11 hours/day (i.e., ≥ 11 hours/day, with sedentary behav-
ior, <11 hours/day, without sedentary behavior), consider-
ing the findings of Pavey et al [14] who observed that this 
cutoff point is associated with mortality in the old adults.

In order to analyze together the influence of a physically 
active lifestyle, it was decided to group the old adults into 4 
categories:

Group 1 (G1): Old adults sufficiently active and without 
sedentary behavior (i.e., with a physically adequate lifestyle); 
Group 2 (G2): Old adults insufficiently active, but without 
sedentary behavior; Group 3 (G3): Old adults sufficiently ac-
tive, but with sedentary behavior; Group 4 (G4): Old adults 
insufficiently active and with sedentary behavior (i.e., with 
physically inadequate lifestyle).

The characteristics of the old adults from each of the four 
groups are shown in Table 1.

Stabilometric Measures

Using a piezoelectric force platform (Footwork Pro AM 
CUBE, France) co-ordinates of the body’s center of pressure 
(CoP) were recorded during 30s of quiet barefoot standing 
and sampled at 40 Hz. Volunteers remained with the arms 
relaxed along the body and were asked to keep the feet paral-
lel, separated at the shoulders’ width, and to look to a target 
placed at eye level about 2 meter in front of them [17]. The 
used equipment gives information about the CoP of each 
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foot, allowing measuring the support base width, which was 
used with height to generate an index “height/support base 
width” to normalize the body’s CoP displacements, since 
greater height and smaller support base width trend to in-
crease the amplitude of body’s CoP displacement.
Since diabetes and cataract can influence the postural con-
trol of old adults [18], data of the diagnosis of these clinical 
conditions were obtained from the household survey. Thus, 
age, diabetes, cataract and “height/support base width” in-
dex were used to adjust the parameters stabilometric by ap-
plying a mixed model (mixed model) by SPSS software. This 
procedure aims to adjust the parameters for stabilometric 
potentially intervening factors.
The body’s CoP displacement was analyzed in MATLAB ® 
software with previously developed routines to obtain stabi-
lometric parameters: sway area, total length of CoP trajecto-
ry, and the mean velocity of CP displacement [19].

Statistical analysis
 
The studied variables were checked for its normality us-
ing the Shapiro-Wilk test. Since the variables age, sway 
area, total length of CoP trajectory and mean velocity of 
CoP displacement did not exhibit normal distribution, the 
between-group comparisons were made using the Krus-
kall-Wallis test, followed by the Dunn post-hoc test, when 
necessary. Height and weight were compared with One-way 
ANOVA, followed by Bonferroni post-hoc test, when neces-
sary. Additionally, the between-group comparisons of cate-
gorical variables (sex, diabetes, cataract) were done with the 
Chi-square test. All statistical procedures were performed 
in GraphPad Prism v.7.0 software and the significance level 
was set at p ≤ 0.05.

RESULTS

The sway area, total length of CoP trajectory, and the mean 
velocity of CP displacement from the studied groups are 

presented in figures 1-3. Between-group difference (p<0.05) 
was observed only for the mean velocity of CP displacement 
(Figure 3). The post-hoc analysis indicated that the mean 
velocity of CoP displacement was higher in the G4 (insuf-
ficiently active and with sedentary behavior) (5.19 ± 0.88 
mm/s), when compared to the G1 (sufficiently active and 
without sedentary behavior) (4.85 ± 0.93 mm/s).

DISCUSSION

The present study aimed to evaluate the influence of a phys-
ical activity level and sedentary behavior, together, on pos-
tural control in old adults. For this, we stratified a sample 
of old adults into four groups, according to the concepts of 
physical activity level (sufficiently or insufficiently active) 
and sedentary behavior (with or without sedentary be-
havior). Our results demonstrated that a lifestyle with less 
than 30 minutes per day dedicated to activities of moderate 
to vigorous intensity and with more than 11 hours per day 
dedicated to activities of low energy expenditure (especially 
sitting time) are associated to a pattern of displacement of 
the CoP with greater speed.

The measurement of the mean velocity of CoP dis-
placement is stated as one of the most reliable stabilomet-
ric variables [20], and larger values (i.e., higher velocity of 
CoP displacement) are associated with aging, in healthy or 
pathological conditions [21,22]. In addition, the mean ve-
locity of CoP displacement is the most discriminative vari-
able in terms of the evaluation of postural stability changes 
and age-related risk of falls [23,24,25].

Thus, since the stabilometric data was adjusted for age, 
our results indicated a worse postural control among the old 
adults with a lifestyle with less than 30 minutes per day dedi-
cated to activities of moderate to vigorous intensity and with 
more than 11 hours per day dedicated to activities of low 
energy expenditure, when compared to old adults with an 
opposite lifestyle to this one.

It is interesting to note that old adults who were classi-

Table 1. Characteristics from studied population stratified for its physically active lifestyle

Variables
Groups

P value
G1 G2 G3 G4

Age (years) 70.0±11.0 73.5±9.7 68.0±11.0 75.0±15.5 0.005**
Height (cm) 155.7±8.3 153.4±8.2 157.7±8.3 154.2±8.2 0.062
Weight (Kg) 61.4±12.1 63.6±13.9 68.1±13.5 60.1±15.1 0.034*
BMI (Kg/m2) 25.3±4.2 27.1±5.7 27.3±5.3 25.0±5.2 0.072

Sex
Men 29 (45.3%) 14 (31.8%) 23 (46.9%) 22 (42.3%)

0.449
Women 35 (54.7%) 30 (68.2%) 26 (53.1%) 30 (57.7%)

Diabetes
No 52 (81.3%) 35 (79.5%) 39 (79.6%) 40 (76.9%)

0.954
Yes 12 (18.8%) 9 (20.5%) 10 (20.4%) 12 (23.1%)

Cataract
No 45 (71.4%) 29 (65.9%) 35 (71.4%) 39 (75.0%)

0.809
Yes 18 (28.6%) 15 (34.1%) 14 (28.6%) 13 (25.0%)

G1: Old adults sufficiently active and without sedentary behavior; G2: Old adults insufficiently active, but without sedentary behavior; G3: Old adults 
sufficiently active, but with sedentary behavior; G4: Old adults insufficiently active and with sedentary behavior; (*) ANOVA one-way, descriptive data 
reported as mean±SD; (**) Kruskall-Wallis, descriptive data reported as median±interquartile amplitude.
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fied as sufficiently active, but with sedentary behavior (G3), 
as well as those classified without sedentary behavior, but 
insufficiently active (G2), had intermediate values of mean 
velocity of CoP displacement, when compared to the two ex-
treme groups (i.e., G1 and G4), allowing to suggest that both 
criteria may influence postural control, but the adoption of 
a more adequate lifestyle, as presented by old adults from 
G1, seems to protect against the decline in postural control.

Indeed, the sedentary behavior does not depend on the 
individual's moderate to vigorous physical activity level 
[8,9], and the categorization proposal used here provides a 
way to analyze the influence of lifestyle on biological vari-
ables from older adults.

The used instrument to record physical active lifestyle 
and sedentary behavior, as well as the transversal design of 
the present study, are limitations that should be reported. 

Figure 1. Median ± interquartile range of the sway area of CoP old adults grouped according to the level of physical 
activity and sedentary behavior. 
G1: Old adults sufficiently active and without sedentary behavior; G2: Old adults insufficiently active, but without seden-
tary behavior; G3: Old adults sufficiently active, but with sedentary behavior; G4: Old adults insufficiently active and with 
sedentary behavior.

Figure 2. Median ± interquartile range of the total length of CoP trajectory old adults grouped according to the level 
of physical activity and sedentary behavior. 
G1: Old adults sufficiently active and without sedentary behavior; G2: Old adults insufficiently active, but without seden-
tary behavior; G3: Old adults sufficiently active, but with sedentary behavior; G4: Old adults insufficiently active and with 
sedentary behavior.
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Then, it is suggested that future studies investigate the in-
fluence of physical activity profile and sedentary behavior 
on postural control in community-dwelling old adults using 
accelerometer to infer physical activity profile and sedentary 
behavior in a longitudinal study design, aiming to confirm 
or refute our findings.

CONCLUSIONS 

Our results allowed to suggest that old adults with a lifestyle 
characterized by less than 30 minutes daily dedicated to ac-
tivities of moderate to vigorous intensity and with more than 
11 hours per day dedicated to activities of low energy ex-
penditure exhibit a pattern of CoP displacement with higher 
velocity, which may represent a pattern of postural adjust-
ment typical of aging and diverse pathological conditions, as 
well as prone to falls. 
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