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It is believed that the phenomenon of simultaneous changes in body composition could have a higher negative impact on general
health. Thus, we aimed to investigate the prevalence of concomitant body composition disturbances and evaluate the association
with dietary intake, sedentary behaviour, muscle strength, and performance. This is a cross-sectional study with 218 community-
dwelling adults, aged 63 (59-69) years, both sexes (52% female) recruited from the Health Survey of the City of Sao Paulo.
Assessments include appendicular lean mass (LM), fat mass and bone mineral density (BMD) by DXA, grip strength, time spent
sitting, and dietary intake. Subjects were clustered into 8 groups: (1) normal, (2) osteopenia (OP), (3) low LM, (4) obesity, (5)
OP +low LM, (6) obesity + OP, (7) obesity + low LM, and (8) obesity + OP + low LM. Statistical analyses include ANCOVA, the
chi-square test, and linear regression models. 52 (23%) individuals presented obesity associated with another body composition
change, with 14 (6%) having the combination of the 3 conditions (obesity + OP + low LM). All groups with obesity showed lower
protein intake (p <0.001); however, those with obesity or obesity + low LM spent more time in a sitting position (p = 0.002), and
the group with obesity + OP +low LM had the lowest grip strength. The combination of obesity with low LM and OP presented the
aggravating factor of being associated with lower grip strength. In a context of demographic and nutrition transition, the findings

represent a demand for longitudinal investigations.

1. Introduction

Simultaneous osteopenia/osteoporosis, low lean mass/sar-
copenia, and obesity have been defined as a syndrome,
osteosarcopenic obesity [1]. The diagnosis depends on the
diagnosis of each component, which makes it harder to
establish its prevalence. The prevalence and impact of
osteosarcopenia, which describes low lean mass associated
with reduced bone mineral density (BMD), are well de-
scribed in current literature [2-6]. Such interest emerged
from observations in clinical practice where a higher
prevalence of osteopenia has been observed among older
people with sarcopenia and vice versa. The skeletal muscle
and its strength, as well as BMD, follow a similar path,
showing an imbalance in the bone remodelling and protein
synthesis/degradation ratio with aging, mainly from 50 years

of age. Compared to young muscle and bone, it is estimated
that there is a 30% reduction in these tissues and has been
estimated to occur when patients are aged 75 years [7].
Less commonly described is the extent to which con-
dition obesity and reduced lean mass (sarcopenic obesity)
and obesity with osteopenia as higher body mass index
(BMI) usually reflect higher fat but also higher lean mass [8],
given its recognition as a protective factor for lower BMD.
However, assessing a population of Asian adults, Kim et al.
(2014) [9] observed a positive association between BMD and
muscle mass, while noting that body fat was only positively
related to BMD among eutrophic subjects (BMI < 25 kg/m?).
The findings of Kim et al. suggest that the protective effect of
fat does not extend to obesity. In this way, a state of obesity
with sarcopenia may have a higher negative impact on BMD,
thereby increasing the risk of osteoporosis and fractures [10].
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Obesity, mainly related to aging, is accompanied by a
redistribution of body fat, with increased deposits in the
abdominal area and infiltration into musculoskeletal tissue.
Fat redistribution has an impact on bone and muscle quality,
which may lead to a higher risk of falls, fractures, and frailty
[11, 12]. In addition, the reduction in muscle mass and its
performance is associated with lower physical activity,
leading to a decrease in energy expenditure, as well as in the
stimulus for protein synthesis and bone remodelling. Thus,
the co-occurrence of these conditions represents a vicious
cycle, contributing to the maintenance of obesity, reduced
lean mass, and osteopenia [13].

Beyond aging physiology, both sedentary lifestyle and
unbalanced diet are considered important factors that nega-
tively impact body composition. It has been suggested that low
intake of protein, unsaturated fat (mainly omega 3), calcium,
and vitamin D may mediate obesity, sarcopenia, and osteo-
penia. Such nutrients have been considered diet components
that are potentially involved in the development of the con-
comitant disturbances of body composition [14, 15]. Fur-
thermore, adipose tissue, skeletal muscle, and bone all have
endocrine functions, synthesizing hormones and releasing
cytokines that can also have a paracrine performance [1].

Each change in body composition can compromise the
working capacity of adults, as well as the frailty status and risk
of death among older persons. Thus, the association of such
disturbances is believed to have the potential to increase the
impact on quality of life and general health. However, exploring
concomitant changes in body composition is a relatively recent
development in the literature. It is necessary to evaluate
whether all possible body changes combinations are signifi-
cantly prevalent among different populations and in different
clinical situations. Beyond prevalence, it is also essential to
define the real impact and the characteristics (physiological,
metabolic, socioeconomic, and lifestyle) to better screen in-
dividuals at higher risk for simultaneous body composition
changes and to strategize more effective public health policies
for prevention and treatment.

The objective of this study was to investigate the prev-
alence of concomitant disturbances of body composition
(obesity, low lean mass, and osteopenia) in a sample of
community-dwelling adults, from 50 years of age, and
evaluate the association of such disturbances with dietary
intake, sedentary behaviour, muscle strength, performance,
and sociodemographic characters. The hypothesis was that
an increased number of simultaneous body composition
changes are associated with sedentary lifestyle and unbal-
anced diet (especially in the proportion of macronutrients),
strength, and performance.

2. Materials and Methods

2.1. Design and Study Population. In this cross-sectional
study, participants were recruited from the “Health Survey
of the City of Sao Paulo” (ISA-Capital 2015) [16] and “2015
Health Survey of Sdo Paulo with Focus in Nutrition Study”
(2015 ISA-Nutrition) [17]. Briefly, ISA-Capital 2015 is a
cross-sectional population-based survey composed of a
probabilistic sample of residents of Sdo Paulo City, Brazil,
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which aimed to evaluate health status, lifestyle, and use of
health services. A subsample of the ISA-Capital 2015 was
drawn to compose the 2015 ISA-Nutrition, a household
cross-sectional, population-based survey designed to eval-
uate the association of modifiable lifestyle-related factors
with biochemical and genetic markers, and the environ-
mental factors related to the development of car-
diometabolic disease [17].

For this study, we recruited all participants over 50 years,
of both sexes, who had completed all the assessments of both
ISA-Capital 2015 and 2015 ISA-Nutrition. It was recom-
mended that sample size approximate 240 participants,
considering a study power (f-1) of 80% using the
G = Power software [18]. Ineligibility criteria included
current or recent cancer (self-reported), corticosteroids,
antineoplastic agents and hormonal inhibitors, important
mobility or neurological disorders (e.g., Parkinsonism), and
current or recent pregnancy. All criteria for exclusion are
presented in Figure 1. All procedures performed in the study
were in accordance with the ethical standards of the Ethics
Committee on Research of the Public Health School, Uni-
versity of Sao Paulo (44552815.0.0000.5421) and with the
1964 Helsinki declaration and its later amendments, and
written informed consent was obtained from all the
participants.

2.2. Body Composition Assessment and Clustering. Weight
(kg) and height (m) were obtained, after which, BMI was
calculated. Lean mass, fat mass, and BMD were assessed by
DXA (iDXA Advance; GE Healthcare, Madison, W1, EUA).
Classification is described as follows.

2.3. Lean Mass. A DXA scan of the total body obtained
appendicular lean mass, which was adjusted for BMI and
classified according to the recommendations of the Foun-
dation for the National Institutes of Health (FNIH) [19].
Values < 0.789 for men and <0.512 for women were set as
low lean mass.

2.4. Fat Mass. Obesity was also defined using DXA pa-
rameters. We applied the fat mass index (FMI) [20], in which
total body fat (kg) is adjusted by height squared (m?).
Obesity was determined when FMI was >9kg/m” and
>13 kg/m” in men and women, respectively. Visceral adipose
tissue (VAT, kg) was also assessed (continuous only).

2.5. Bone. DXA scans were performed on the femoral neck
(FN) and lumbar spine (LS; L1-L4). Osteopenia/osteopo-
rosis was defined according to the WHO standard criteria of
having a T-score of less than —1.0 SD in at least one of these
sites [21].

Subjects were clustered into groups, according to the
presence/absence of body composition disturbances,
resulting in 8 groups: (1) normal (without body composition
disturbances), (2) osteopenia/osteoporosis (OP), (3) low
lean mass (low LM), (4) obesity, (5) osteopenia/osteoporosis
plus low lean mass (OP+low LM), (6) obesity plus
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F1GUre 1: Study flowchart.

osteopenia/osteoporosis (obesity + OP), (7) obesity plus low
lean mass (obesity + low LM), and (8) obesity associated with
osteopenia/osteoporosis and low lean mass
(obesity + OP +low LM).

2.6. Physical Performance, Strength, and Sedentary Behavior.
Grip strength was tested using a hand dynamometer
(Jamar®, Jackson, MI, EUA). The best effort from three
attempts with both hands (with 60s of rest between each
attempt) was defined as the grip strength. We recorded gait
speed from participants walking 4 m at their usual pace. The
average of two takes was divided by the distance (4 m) and
considered for analysis.

Sedentary behavior was obtained by employing the long
form of the International Physical Activity Questionnaire
(IPAQ), which includes a question about time spent sitting
at work, at home, while doing course work, and during
leisure time (min/week). Time spent in motorized trans-
portation is not included in this domain.

2.7. Food Intake. Dietary intake assessment was collected by
employing two dietary recall questionnaires performed on
nonconsecutive days. The information was imputed into the
Nutrition Data System for Research (NDSR) software
(version 2014; Nutrition Coordinating Center, University of
Minnesota, Minneapolis, MN, USA). Usual dietary intake
was estimated using statistical modeling techniques incor-
porated into the Multiple Source Method program [22]. For
more information about dietary assessment, see Fisberg et al.
(2018) [17]. For assessing nutrient intake, we considered the
Dietary Reference Intakes determined by the Institute of
Medicine (DRI, IOM) [23, 24].

2.8. Sociodemographic and General Covariates. Additional
variables included smoking habit (yes/no) and habitual al-
cohol consumption (yes/no), race (white/nonwhite), edu-
cational level (<9, 10-12, or =13 years of study), marital
status (married/not married), income per capita (according
to the Brazilian minimal wage in 2015; <US$217.32,



US$217.32-US$651.96, and > US$651.96 per month), and
medications in use (type and number 0, 1-4, and >5). All
information was provided from the standardized protocols
applied during the ISA-Capital 2015.

2.9. Statistical Analysis. Analyses were performed using
Stata Statistical Software, version 13.1 (StataCorp LP, College
Station, TX, USA), and the two-tailed p value of <0.05 was
considered significant. Continuous variables were tested for
normality with the Shapiro-Wilk test, and those not nor-
mally distributed (p <0.05) were standardized to score-z.
Descriptive results are presented as median (interquartile
ranges) and frequencies (%), as appropriated.

Aiming to better explore the differences in continuous
variables among the 8 groups, we performed one-way
ANOVA, adjusted for age and sex (ANCOVA), followed by the
Tukey-Kramer post hoc test. For analysis of the categorical
variables, it was necessary to regroup participants into fewer
groups before performing the chi-squared test, since the
original grouping resulted in some categories with few cases,
making the test unfeasible. We opted to regroup the individuals
as follows: (1) normal, (2) low LM and/or OP, (3) obesity, and
(4) obesity + OP and/or low LM. Considering muscle strength
and performance as the main outcomes, the impact of each
body composition component (body fat, lean mass, and BMD)
on such variables was tested via linear regression models. The
models were performed for male and female separately. All
models were first performed unadjusted (Model 1), then
controlled for the other body composition variables (Model 2),
and for Model 2 plus protein intake (g/kg), time spent sitting
(min/week), and age (years) (Model 3). Multicollinearity and
heteroskedasticity were checked by inspection of the variance
inflation factor (VIF) and Breusch-Pagan test, respectively.

3. Results and Discussion

3.1. Results. Of the 610 adults and older participants of 2015
ISA-Nutrition, 132 were not reached due to changes in
phone number or address, 72 were younger than 50 years,
143 refused to participate for different reasons, and 45 were
excluded, according to the exclusion criteria (Figure 1). Thus,
the final sample consisted of 218 subjects, aged 63 (59-69)
years, with most of them older adults (74%), women (52%),
and white (62%). Among the whole sample, the average time
spent in sedentary activities was 1,260 (735-2,100) min per
week, and dietary assessment showed that at least 25% of the
participants had very low protein intake (<0.7 g/kg) and
high-saturated fat intake (>11% of energy intake). Median
calcium and vitamin D intakes were also below the rec-
ommendations: 535 (382-655) mg/day and 1.5 (0.96-2.2)
ug/day, respectively. Most subjects were married (N=123;
57%), had low educational level (N =115; 53%), a per capita
income of up to 1 minimum wage (N=110; 51%), did not
smoke (N=132; 61%), or usually drink alcohol (N=164;
75%). The prevalence of polypharmacy (>5 drugs) was 21%
(N=46) (data not shown). Body composition assessment
and diagnoses resulted in different prevalence across con-
ditions (Figure 2).
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FIGURE 2: Venn diagram of overlap of the frequencies of osteopenia,
low lean mass, and obesity in the study population. “Normal” circle
represents those without disturbances in body components.

A comparison revealed that VAT, strength, time spent
sitting, and protein intake differed across all 8 groups
(Table 1). The post hoc test showed that those with obesity
(exclusive or associated with another body composition
change) had approximately twofold more VAT than the
groups with proper fat mass (p <0.001; Table 1). Regarding
muscle strength, the groups OP (26.6+9.3kg) and
obesity + OP +low LM (23.5+6.9kg) were weaker than
normal (33+9.7kg) and obesity (33+9.9kg) groups
(p<0.001). Lifestyle habits showed that those with obesity
(2,184 + 1,680 min/week) or obesity + low LM
(2,752 + 1,770 min/week) spent longer time in sitting posi-
tion than those normal for body composition
(1,314 + 866 min/week) and OP (1,350 + 1,055 min/week)
(p =0.002). Additionally, all groups with obesity (obesity;
obesity + OP; obesity + low LM; and obesity + OP + low LM)
had the lowest protein intake by bodyweight (p <0.001)
(Table 1).

For categorical variables, we performed a chi-squared
test with participants allocated in 4 groups: (1) normal, (2)
low LM and/or OP, (3) obesity, and (4) obesity + OP and/or
low LM (Table 2). Analyzing residuals of the test showed that
being female was positively associated with having OP and/
or low LM, while being male was inversely associated with
having such conditions (p = 0.054). We also observed that a
better income (>US$ 651.96/month) was associated with
being obese (p = 0.021).

Table 3 shows the results for linear regression models
designed to test which body composition components can
predict deviations in strength (no significant model was
observed for gait speed). In the male model, in addition to
both LM and total body fat having a significant impact on
strength, only LM retained a positive association with
strength after controlling for protein intake, time spent
sitting, and age. Thus, among males, each 10% increase in
LM resulted in a 12.1% increase in strength (p<0.001).
Among female, fat mass was marginally negatively associ-
ated with strength (p = 0.054) and LM, as well as among
male, was positively associated with changes in strength in
the adjusted model (p = 0.005). There was a 6.9% increase
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TABLE 2: Pearson’ chi-squared test performed to investigate the relationship between the 4 groups and socioeconomic and lifestyle variables.

Variables . G'roups . . . X2 P
Normal (N=33) Low ALM and/or osteopenia (N=100) Obesity exclusive (N=33) Obesity + osteopenia and/or low ALM (N =52)
Sex
Female 13 (11.4) 62 (54.3)* 14 (12.2) 25 (21.9) 763 0054
Male 20 (19.2) 38 (36.5)"* 19 (18.2) 27 (25.9) ’ :
Smoke
Yes 9 (27.27 44 (44.4%) 13 (39.3%) 19 (36.5%) 326 0352
No 24 (72.7%) 55 (55.5%) 20 (60.6%) 33 (63.4%) ) :
Alcohol consumer
Yes 8 (15.0%) 22 (41.5%) 10 (18.8%) 13 (24.5%) 088 0828
No 25 (15.2%) 77 (46.9%) 23 (14.0%) 39 (23.7%) . :
Educational level
<9 years 17 (11%) 60 (52%) 14 (12%) 24 (21%)
10-12 years 10 (20%) 23 (46%) 5 (10%) 12 (24%) 12.17  0.058
>13 years 6 (12%) 16 (31%) 14 (28%) 15 (29%)
Marital status
Married 14 (15%) 46 (49%) 13 (14%) 20 (22%) 096  0.810
Not married 19 (15%) 53 (43%) 20 (16%) 31 (25%) ) .
Race
White 14 (10%) 64 (48%) 21 (16%) 35 (26%) 662 0.084
Nonwhite 19 (23%) 35 (43%) 12 (15%) 16 (19%) . :
Income (US$/month)#
<217.32 13 (19%) 36 (52%) 7 (10%) 13 (19%)
>217.32-651.96 9 (12%) 28 (37%) 12 (16%) 26 (35%)* 149  0.021
>651.96 5 (14%) 14 (40%) 11 (31%)* 5 (14%)
Medications
0 10 (19%) 23 (42%) 11 (20%) 10 (19%)
1-4 17 (14%) 61 (52%) 14 (12%) 26 (22%) 7.89  0.246
>5 6 (13%) 16 (35%) 8 (17%) 16 (35%)
Leisure-time PA
<150 min/week 24 (14%) 76 (44%) 25 (15%) 47 (27%) 539 0145
>150 min/week 9 (20%) 23 (51%) 8 (18%) 5 (11%) ) .

#Income per capita, 1 US$ =3.33 Brazilian reals in 2015. *Positive association in the residual analysis. **Negative association in the residual analysis.

TaBLE 3: Linear regression models for the prediction of body composition components on strength changes.

Model 1 8 (95% IC) p Model 2  (95% IC) p Model 3 = 8 (95% IC) p

Men

LM (kg) 1.05 (0.71-1.39) <0.001 1.45 (1.01-1.89) <0.001 1.21 (0.75-1.67) <0.001

Total BF (kg) 0.11 (-0.05-0.29) 0.183 —-0.26 (—0.46-0.06) 0.009 —-0.15 (-0.38-0.07) 0.186

EN BMD (g/cm2) 3.98 (-7.46-15.44) 0.491 —-0.61 (-11.61-10.38) 0.912 —6.87 (—18.61-4.85) 0.247

LS BMD (g/cm2) —4.15 (-11.91-3.60) 0.290 —3.55 (-11.12-4.01) 0.354 —0.36 (—8.28-7.54) 0.926
Women

LM (kg) 0.34 (0.05-0.63) 0.019 0.78 (0.31-1.24) 0.001 0.69 (0.21-0.16) 0.005

Total BF (kg) 0.01 (-0.08-0.10) 0.824 —-0.19 (-0.33-0.04) 0.011 —-0.15 (-0.31-0.00) 0.054

FN BMD (g/cm2) 4.92 (-2.24-12.09) 0.176 4.09 (—4.65-12.84) 0.356 0.79 (-8.82-10.41) 0.871

LS BMD (g/cm?2) 1.82 (—3.02-6.67) 0.458 —1.15 (-7.08-4.77) 0.700 0.47 (-5.57-6.52) 0.876

LM, lean mass; BF, body fat; FN BMD, femoral neck bone mineral density; LS BMD, lumbar spine bone mineral density. Model 1, simple model for each body
composition variable and strength. Model 2, all body composition variables included in the same model. Model 3, model 2 + protein intake (g/kg) + time spent
sitting (min/week) + age (years). *For men: F (7, 93) =9.41; adjusted R*=0.37 (p<0.001). *For women: F (7, 102) = 3.08; adjusted R*=0.11 (p =0.005).

and a 1.5% decrease in strength for each 10% increase in LM
and in fat mass, respectively.

3.2. Discussion. In this study of 218 individuals, aged 63
(59-69) years, 52 (23%) presented obesity associated with
another body composition change, 14 (6%) of which had the
combination of the 3 conditions (obesity + OP +low LM).

Although an excessive adiposity state by itself has been
associated with higher health risk behavior, its combination
with reduced lean and bone mass led to an additional as-
sociation with lower grip strength (confirming part of the
hypothesis). The results allow us to hypothesize that people
with obesity who show a high level of sedentary behavior and
low protein intake may “evolve” to attain a state of simul-
taneous body composition changes, increasing the chance of
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exhibiting worse grip strength and the consequent estab-
lishment of a vicious cycle.

The prevalence of obesity + OP +low LM in this pop-
ulation of community-dwelling persons from 50 years was
lower than most of previous investigations with osteo-
sarcopenic obesity [14, 25-32], in which it ranged between
10% [29, 30] and 31% [32]. Only Mo et al. (2018) [33] re-
ferred to a similar prevalence among Chinese older females
(7%) and Sasaki et al. (2020) [34] showed an even lower
prevalence (0.9% in older persons from the community and
4.4% in CVD patients). Most of the studies investigating
osteosarcopenic obesity were conducted with Asian pop-
ulations [14, 25-27, 30, 30, 32-34].

In addition to ethnic differences, comparing the prev-
alence of concomitant disturbances of body composition
between studies is hampered by the lack of homogeneity in
the criteria for diagnosing high fat mass and, especially, low
LM [35]. Still, it is important to highlight that despite ap-
plying the terminology osteosarcopenic obesity, most studies
that investigated this syndrome did not adopt current cri-
teria for sarcopenia, since they considered only quantitative
aspects of LM for diagnosis [14, 25-27, 30-33, 36].

In this study, we were careful to not use the term
“sarcopenia” because we considered changes in LM only,
given the low prevalence of people who showed strength
lower than the suggested cutoftfs. However, a dissociated
evaluation of these parameters seems to emerge as a better
approach. Alexandre et al. (2019) [37] showed that, although
there are common predictors of reduced LM and strength
(such as age and malnutrition), other variables have a dif-
ferent impact, depending on the outcome.

The main “impact” of the combination of obesity, low
LM, and OP seemed to be on functional status. As we did in
our study, Ilichi et al. (2015) [31] and Szlejf et al. (2017) [28]
observed lower grip strength among obese females with
concomitant reductions in LM and BMD. The combination
of these 3 conditions also resulted in slower walking speed,
poorer balance [31], and 2 times increased tendency toward
fragility and lower physical test battery score [28]. Similarly,
Huo et al. (2016) [38] determined that sarcopenic obese
individuals had lower BMD, grip strength, slower gait ve-
locity, and poorer balance. In the present study, the linear
models indicated that only LM was associated with strength,
with no impact of BMD and not even of the fat mass (only
marginal among women). In fact, Chain et al. (2020) [39]
have demonstrated among a sample of Brazilian adults
(33-81 years old) that dynapenia (age-related reduction in
muscle strength) alone was not associated with BMD. The
authors also observed that in dynapenic women, a higher fat
mass was actually protective for the reduced BMD. In our
study, fat mass was inversely associated with strength before
undergoing adjustments that included age control. A review
conducted by Tomlinson et al. (2016) [40] suggested that age
classification may impact the relationship between fat mass
and strength, since older obese have showed significantly
lower knee extension isokinetic torque than their younger
obese counterparts [41], requiring more research to assess
what degree aging may impact on any association between
obesity and muscle strength [40].

The impact of aging on body composition is undeniable.
There is a redistribution of body fat, with increases in the
abdominal and visceral area (VAT) and consequent release
of inflammatory cytokines (e.g., TNF-a, IL-1, IL-6, and
CRP). Such inflammatory state has a detrimental impact on
skeletal muscle by the ubiquitin-proteasome proteolytic
pathway [42]. Additionally, with obesity, there is a reduction
in the growth hormone (GH) and an impairment of the
insulin/IGF-1 pathway, anabolic hormones associated with
protein synthesis, and muscle hypertrophy and regeneration
[43]. Thus, the impact could be worse among older persons,
since normal aging implies changes in optimal endocrine
milieu [40] and involves the inflammaging phenomenon
[44].

LM was the only body composition component with a
significant linear relationship with strength among the
participants of our study. Although it seems like an obvious
result, Studenski et al. (2014) [19] in the FNIH Sarcopenia
Project state that “it is clear that we can no longer assume
that there is a direct and strong causal pathway from mass to
strength,” since there are many causes of weakness. How-
ever, a reduction in skeletal muscle tissue in aging is
characterized by replacement of muscle fibers with non-
contractile tissue, such as collagen and fat [45], an increase in
fibrosis, changes in muscle metabolism, oxidative stress, and
degeneration of the neuromuscular junction [46]. In addi-
tion, in older persons, the loss of muscle mass predomi-
nantly affects the type II (fast twitch) muscle fibers, which
are associated with fiber type-specific decline in muscle stem
cells content [47]. Considering such changes, it is expected
for a progressive loss of muscle function over time. Losses in
strength and performance increase the risk of independence
loss and worsened quality of life. In addition, a vicious cycle
can be triggered, in which the inability to perform daily
activities worsens the primary condition.

The simultaneous changes in body composition have
been demonstrated among adults aged from 50 years pre-
viously [14, 28, 32, 33]. Such an early change may be a result
of the association of the natural aging process with bad
lifestyle habits. Recently, dos Santos and Gobbo (2020) [36]
showed that older Brazilian women with obesity +low
LM + osteopenia who remained insufficiently active
throughout of the 24-month follow-up in leisure-time ex-
ercise and locomotion domains presented a higher risk for
functional disability than those without such condition. The
obesity and obesity + low LM groups spent more time sitting
in a given week, suggesting higher levels of sedentary be-
havior. Sedentary behavior includes such activities as
watching television or using computers, tablets, and mobiles,
with minimum energy expenditure (<1.5 MET, metabolic
equivalent of task) [48]. With these activities, there is not
enough stimulus for protein synthesis [49] or bone turnover
[50], and they also contribute to energy imbalance and a
higher risk of obesity [51]. Additionally, the lower protein
intake observed among all groups with obesity is another
common predictor of reduced LM [49] and BMD [52].
Currently, 1.0g-1.5g of protein by bodyweight has been
recommended for older persons aiming to maintain muscle
and bone mass and to optimize functional status.



A diet with higher protein intake and adequate calcium
[53] can minimize an eventual increase in the excretion of
this mineral. It is important to note that calcium is essential
for muscle contraction [54] and bone mineralization [55].
Although there was no significant difference between the
groups, calcium intake was inadequate among the entire
sample, with a median of 535 (382-655) mg. It is estimated
that a minimum of 800-1,000 mg of calcium is required daily
for adults over 50 years to maintain homeostasis [24].

Limitations of the present study include the cross-sec-
tional design, which does not allow for the establishment of
any causal relationship. It was not possible to obtain the
sample size estimated to provide a study power of 80%
(Nestimated = 240 vs. Noptained = 218). In addition, the sample
sizes of the groups were insufficiently homogenous, espe-
cially considering that the group characterized exclusively by
low LM, limiting some statistical analyses. However, it is
important to emphasize that the small number of people
classified with low LM was not a consequence of the criteria
used for diagnosis, as applying the European criteria did not
change the prevalence (data not shown). Our findings are
corroborated by Alexandre et al. (2019) [37] who also
assessed residents of Sdo Paulo (aged 69.8 +0.6 years) and
observed a prevalence of low LM of 5% when using the first
edition of the European Working Group on Sarcopenia in
Older People (EWGSOP) [56] criteria.

Including a sample of community-dwelling people, us-
ing a gold standard methodology for body composition
assessment (DXA), strengthens the results. Additionally, in
our sample, we included not only female but also male
individuals who have not usually been considered in studies
of osteosarcopenic obesity. Adults from 50 age also seem to
be likely to show simultaneous changes in body composi-
tion, which reflects the impact of the lifestyle (especially,
sedentary and protein intake habits). Considering the results
of the present study, there is a need to conduct longitudinal
investigations of the most common or natural direction of
the disturbances in body composition, assessing the impact
of aging and lifestyle together and apart. Standardizing the
criteria to classify low LM (and sarcopenia) and even obesity
(when defined according to body fat and not BMI) is in-
dispensable. Moreover, given the public health context, it is
also imperative to establish practical and less expensive
criteria for screening the risk and diagnosing the changes in
body composition.

4. Conclusions

The findings of this study confirm the physiological plau-
sibility of concomitant obesity, reduced LM and OP in
community-dwelling people. Although obesity itself was
associated with higher level of sedentary behavior and lower
protein intake, the combination of obesity with the other
body composition changes presented the aggravating factor
of being associated with lower grip strength. Thus, in a global
context of demographic and nutritional transition, treating
the simultaneous changes in body composition as an ex-
clusive consequence of aging is very simplistic and can limit
new and relevant findings regarding the potential
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physiological, social, and behavioral factors involved.
Therefore, it is recommended that new studies be designed
that aim to better understand the causes and impacts of
simultaneous body composition changes, and to do so
longitudinally.
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