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Background: Although aging is a process associated with the development of
obesity, metabolic syndrome (MetS), and sarcopenia, the prevalence of these
conditions in older adults from Sdo Paulo, Brazil, is unclear.

Methods: Therefore, the current study aimed to investigate the prevalence of
obesity, sarcopenia, and MetS, both separately and together, in a community-
based sample of older adults from Sdo Paulo, Brazil. Data from the medical records
of 418 older adults of both genders, aged 60 years or older (mean age 69.3+6.5
years), who were not physically active, were used to conduct this retrospective
cross-sectional study. Anthropometric variables were used to determine both body
mass index (BMI) and Conicity index (C index). Sarcopenia and MetS were defined
according to the criteria of the European Working Group on Sarcopenia in Older
People and by the Brazilian Society of Endocrinology and Metabolism, respectively.

Results: Based on BMI, the group of older men (n=91) showed a predominance
of adequate weight (n=49) and the group of older women (n=327) showed a
predominance of obesity (n =181). In association with obesity, while only the group
of older women presented with sarcopenia (n=5), 52 older women and 9 older
men presented with MetS, and two older women presented with sarcopenia + MetS
[prevalence ratio = 0.0385, 95% CI (0.007;0.1924)]. Based on the C index, 58 older
women and 11 older men presented with MetS, while the occurrence of sarcopenia
or MetS + sarcopenia was found in 32 and 5 older women, respectively [prevalence
ratio = 0.0910, 95% CI (0.037;0.2241)].

Discussion: Our results suggest that obesity, as measured by BMI or the C Index, was
more closely associated with the occurrence of MetS than sarcopenia, regardless of
gender, and also that sarcopenic obesity was only found in the group of older women.
Additionally, the prevalence ratio of obesity, sarcopenia, and MetS evidenced using
the C index was 2.3 times higher than the values found using the BMI classification.
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1. Introduction

Population aging is one of the most impactful global changes
in different societies. For instance, in 1991, the number of people
aged 60 and over represented 7.3% of the total population, whereas
in 2025, this group will represent 15%. According to global
projections, the number of older adults could reach 2 billion
in 2050, of the world’s
population (1, 2).

individuals representing 21.5%

Among several characteristics, it is widely accepted that aging or
senescence is a natural, dynamic, progressive, and therefore inevitable
phenomenon in which morphological, functional, biochemical, and
psychological alterations can be observed, resulting from the
interaction of a series of variables, such as genetics, lifestyle, and
diseases (3). With regard to lifestyle, there is convincing evidence that
physical inactivity can promote metabolic syndrome (MetS), which
predisposes to increased risk factors for the development of chronic
diseases and comorbidities associated with aging, such as metabolic
syndrome (4).

According to the World Health Organization (WHO), MetS can
be fundamentally defined by clinical and laboratory data, and its
worldwide prevalence is approximately 25 to 35% (5, 6). The literature
points out that one of the factors that may potentiate the occurrence
of MetS in older adults is the development of obesity associated with
aging (7). The excessive increase in body weight due to the
accumulation of fat in adipose tissue, a fact that characterizes obesity,
varies between 20 and 40% in the older adult population, depending
on the evaluation model used. It has been emphasized that the
increase in the manifestation of obesity in older adults is associated,
among other factors, with a significant reduction in the level of daily
physical activity, which can even lead individuals to become
sedentary (8).

In particular, the decline in physical activity observed in the older
adult population is closely associated with the progressive loss of
skeletal muscle mass, which can vary between 10 and 40%.
Corroborating this information, studies have reported a 30 to 50%
decrease in muscle mass in individuals between the ages of 40 and 80.
This reduction is linked to a significant loss of functional capacity of
approximately 3% per year after the age of 60. According to the
literature, the reduction in skeletal muscle mass and loss of muscle
strength (defined as dynapenia) associated with reduced physical
mobility characterize the occurrence of the geriatric syndrome called
sarcopenia. Sarcopenia is related to clinical outcomes such as loss of
mobility, increased risk of falls, frailty syndrome, cardiovascular
disease, neurodegenerative disease, and osteoporosis, and is also a
predictor of mortality in older adults (9).

Recent epidemiologic studies have highlighted the possible
coexistence of a sarcopenic condition in older adults with obesity, a
situation called sarcopenic obesity (OS), which occurs mainly in
individuals over 55years of age (10).

Since obesity is a prominent factor in both MetS and sarcopenia
in older adults, it is very important to correctly define its occurrence.
According to the WHO, obesity can be defined as abnormal or
excessive fat accumulation that poses a health risk. In addition to the
BMI index, central obesity, which is common in older adults, can
be estimated by the conicity index (C index), proposed by Valdez (11)
in the early 1990s, as an indicator of adiposity and body fat
distribution, especially in older adults (12).

Frontiers in Medicine

10.3389/fmed.2023.1206545

Although it is possible to find reports on MetS and sarcopenia in
the older adult population, studies aimed at comparing different
models of obesity assessment and their association with the
occurrence of MetS and sarcopenia in this population are still scarce
in the literature. Therefore, the aim of the current study was, first, to
evaluate the presence of obesity using two different models and,
second, to correlate the presence of obesity with the manifestations of
MetS and sarcopenia, either alone or together, in older adults.

2. Methods
2.1. Study population

This study has a retrospective cross-sectional design, based on
the medical records of older adults attending the “Centro de
Referéncia do Idoso — Casa do Idoso,” an institution belonging to the
Municipal Social Assistance Office in Sdo José dos Campos City, Sdo
Paulo, Brazil. The sample consisted of 418 individuals of both
genders, aged 60years and older at the time of data collection,
without a diagnosis of chronic degenerative disease, type 1 diabetes,
neoplasm, respiratory, renal, or liver disease, autoimmune, infectious,
and/or neurological disease, and who were not engaged in any
exercise training program.

It is paramount to mention that we obtained data from the
population aged 60years and older because, according to the Brazilian
Ministry of Health, these individuals are considered older adults.
Moreover, in the present study, we did not include older adults who
reported regular engagement in any exercise training program, since it
is widely known that the regular practice of exercise training is beneficial
for everybody, particularly the older adult population, and can improve
several physiological, metabolic, and physical characteristics. In
addition, the older adults who were physically active reported regular
engagement in a wide range of exercise training programs, which
included types, intensities, and modalities that did not allow us to
adequately separate them into one or even two or three groups.

The primary endpoint was the diagnosis of MetS, and the secondary
endpoint was sarcopenia. To assess the associations between MetS and
sarcopenia, the BMI was measured at baseline, and the prevalence of
the association between MetS and sarcopenia was determined for
ranges of BMI. Figure 1 shows the analysis process performed.

2.2. Anthropometric measurements

The older adult participants were clinically evaluated by the same
geriatrician responsible for each “Centro de Referéncia do Idoso — Casa
do Idoso” Data on the age, gender, race, body weight (kg), height (cm),
and waist circumference (cm) of each subject were recorded in the
initial database. Body composition was assessed using body mass index
(BMI), which represents a diagnostic criterion for obesity, and muscle
mass, which was defined using Lee’s equation (13), as shown below.

2.3. Body mass index calculation

Older adults were categorized by BMI, according to the
stratification developed by Adams et al. (14) as follows:
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FIGURE 1
Flow diagram of the study design. BMI, Body Mass Index; C Index, Conicity Index; MetS, Metabolic Syndrome.

underweight=BMI < 18.5kg/m? adequate weight = BMI between 18.5
and 24.9kg/m?* overweight=BMI between 25 and 29.9kg/m? and
obesity =BMI >30kg/m?’.

2.4. Conicity index calculation

The Conicity index (C index) was used to assess the visceral fat
adipose mass as a measure of central adiposity obesity. This index was
chosen because of the ease of interpretation of the values obtained. For
instance, a C index of 1.25 indicates that the individual has a waist
circumference 25% greater than the circumference of a cylinder with
the same height, weight, waist circumference, and human body
density. This index also offers the highest level of discrimination
between MetS and sarcopenia.

The cut-off points were C Index values >1.25 for men and C Index
>1.18 for women (15).

2.5. Assessment of metabolic syndrome

To determine the manifestation of metabolic syndrome (MetS),
the criteria proposed by the Brazilian Society of Endocrinology and
Metabolism were adopted (16), as also discussed in Freitas et al. (4).

2.6. Assessment of sarcopenia

The assessment of the occurrence of sarcopenia followed the
criteria recently presented by the European Working Group on
Sarcopenia in Older People (EWGSOP) (9). Muscle strength was
determined using the handgrip test, with values<29kg for men
and < 17 kg for women indicating low muscle strength. Muscle mass
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was estimated using appendicular skeletal muscle mass (aSMM)
according to Lee’s equation (13), as described below:

aSMM = 0.244 = body weight + 7.8 * height
+ 6.6 * gender —0.098 * age + (race - 3.3)

where body weight was measured in kilograms and height in
meters; regarding gender, a value of 0 was used for women and 1 for
men; regarding race, 0 was used for white people or Hispanics, 1.4 for
African-Americans, and — 1.2 for Asian people. After applying the
equation, the values obtained were divided by the square of the height
(m?) of each subject to calculate the muscle mass index for each
participant. The characterization of the presence of low muscle mass
was defined when the values reached < 7kg/m? for men and <5.5kg/
m’ for women.

2.7. Statistical analysis

Continuous variables were expressed as mean and standard
deviation (X+SD), and the number of subjects with MetS and
sarcopenia was used to express prevalence data.

A McNemar’s test with continuity correction was used to test the
hypothesis of an association between MetS and sarcopenia in the older
adult population based on the BMI classification and C Index. In
addition, both the BMI and C Index were used to compute the
prevalence ratios (Py) for each group of participants (older women
and older men), separated by their BMI and C Index values, showing
an association with MetS and sarcopenia in comparison to those who
did not show an association.

The statistical analysis was carried out using GraphPad Prism
version 10.0 at a significance level of alpha=5.0% (p <0.05).
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TABLE 1 Anthropometric, body composition, and clinical characteristics data of the older adult participants in this study.

Groups Participants
Variables Total . Men . Women .
n =418 (100.0%) n=91(21.7%) n =327 (78.3%)
Age (years) 69.3+6.5 69.9+6.4 69.1+6.6
Weight (kg) 68.9+£13.7 77.0+£16.6 66.9+12.1
Height (cm) 157+9.0 167+7.0 154+6.0
Body Mass Index (BMI, kg/m?) 27.9+4.7 27.4+4.6 28.1+4.8
Waist Size (cm) 92.97+13.8 96.45+13.9 92.12+14.1
Conicity Index (CI) 1.29+0.14 1.31+0.12 1.28+0.15
Appendicular Skeletal Muscle Mass (aSMM, kg/m?) 8.19£1.55 10.13£1.20 7.71£1.21
Handgrip (kg) 23.6+9.1 338+11.8 20.8+5.8
Clinical Aspects 27.9+4.7 274+4.6 28.1+4.8
Type 2 Diabetes 98 (23.4%) 21 (23.08%) 77 (23.5%)
Hypertension 268 (64.1%) 53 (58.24%) 215 (65.8%)
Altered Cholesterol 184 (44.2%) 31 (34.06%) 153 (46.8%)

Values are presented as mean + standard deviation (SD), and the clinical variables represent the number of subjects presenting with each clinical aspect.

TABLE 2 The absolute number (n) and the percentage (%), total and categorized by gender, of subjects with metabolic syndrome (MetS), sarcopenia, or
both (MetS + sarcopenia).

Groups Total n (%) Older men n (%) Older women n (%)
Clinical 418 (100.0) 91(100.0) 327 (100.0)
manifestations NO YES NO YES NO YES
Sarcopenia 371 (88.8%) 47 (11.2%) 91 (100%) 0(0.0%) 280 (85.6%) 47 (14.4%)
MetS 342 (81.8%) 76 (18.2%) 78 (85.7%) 13 (13.3%) 264 (80.7%) 63 (19.3%)
MetS + Sarcopenia 412 (98.6%) 6 (1.4%) 91 (100%) 0(0.0%) 321 (98.1%) 6 (1.8%)
McNemar’s value of p* p=02944 p=00116 p=0.3560 - p=0.5201 p=0.1527

The significant value of p was set at p <0.05.
*McNemar’s test with continuity correction.

3. Results

Table 1 shows the anthropometric, physical, and clinical
characteristics of the older adult participants in the present study, both
pooled (total) and separated by gender.

Table 2 shows the number of participants with or without MetS
and sarcopenia, both pooled (total) and separated by gender, in
addition to their prevalence ratio. It was demonstrated that most of
the subjects did not present with MetS and/or sarcopenia. It is worth
mentioning that the absolute number of older women with MetS was
higher than the value found in the group of older men, and the
proportional occurrence of this syndrome in the group of older
women was almost 1:4 (19.3%), whereas in the group of older men it
was 1:6 (13.3%). In addition, because none of the older men presented
with sarcopenia, the concomitant occurrence of MetS and sarcopenia
was observed only in the group of older women, with a percentage of
1.8%. Interestingly, a McNemar’s test performed on the pooled
subjects (total group) showed a significant value of p, which suggests
an association between the occurrence of sarcopenia and MetS.

Table 3 presents the classification of the participants according to
their BMI values, both pooled (total) and separated by gender.
According to the values found, it is possible to demonstrate that the
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majority of older men were classified as having adequate weight,
while older women were classified as obese. The table also shows the
prevalence of MetS and sarcopenia in the older adult subjects
categorized as underweight, adequate weight, or obese according to
their BMI values. Regarding the group of older men, it was found that
the participants with adequate weight or obesity had MetS, and the
number of older adults with obesity with MetS was almost two times
higher than those with adequate weight. As previously noted, none
of these subjects presented with sarcopenia. However, in relation to
the older women group, the occurrence of MetS was verified in all
groups when separated by their nutritional status. It is important to
point out that the number of older women with MetS increased
concomitantly with the increase in BMI values; thus, the obese
subgroup showed the highest number of individuals with
MetS. Specifically, regarding the occurrence of sarcopenia, the
adequate weight subgroup had the highest incidence of this clinical
condition, followed by the underweight group and the obese group.
Interestingly, the number of older women with MetS and sarcopenia
was similar between the subgroups. Finally, in addition to the
significant p-values shown in McNemar’s analysis, except in the
group of older men with adequate weight, the prevalence ratios
observed in the group of older women with obesity were 17- and
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TABLE 3 The absolute number (n) and the percentage (%) of subjects with or without metabolic syndrome (MetS), sarcopenia, or both (MetS +
sarcopenia), separated by gender and categorized by the BMI classification into underweight (< 18.5 kg/m2), adequate weight (between 18.5 and
24.9 kg/m2), and obese (> 30 kg/m2).

Volunteers (n = 418)

Groups

Underweight n (%) Adequate weight n (%) Obesity n (%)
Clinical Older men @ Older women Older men Older women Older men Older women
manifestations 4 (44) 24 (7.34) 49 (53.85) 122 (37.31) 38 (41.76) 181 (55.35)
Sarcopenia 0(0.0) 16 (4.9) 0(0.0) 26 (7.9) 0(0.0) 5(1.53)
MetS 0(0.0) 2(0.6) 4(4.4) 9(2.75) 9(9.9) 52(15.9)
MetS + Sarcopenia 0(0.0) 2(0.6) 0(0.0) 2(0.61) 0(0.0) 2(0.6)
None 4(100) 8(2.45) 45 (49.45) 90 (27.5) 29 (31.8) 126 (38.53)
McNemar’s value of p* - =0.0022 p=0.1336 p=0.0058 p=0.0077 p=0.0001
Prevalence Ratio - Pr=15 - Pr=0.2343 - Py =0.0385
[95% CI] [0.54;4.16] [0.06;0.86] [0.008;0.22]

The significant value of p was set at p <0.05.
*McNemar’s test with continuity correction.

TABLE 4 The absolute number (n) and percentage (%) of subjects, separated by gender, with C index values above the cut-offs of 1.25 for the older men
group and above 1.18 for the older women group, and who also had or did not have metabolic syndrome (MetS), sarcopenia, or both (MetS +

sarcopenia).

Volunteers (n = 418)

Groups
Older men n (%) Older women n (%)

Clinical manifestations € gz B2 © e Ll

n =68 (74.73) n =284 (86.85)
Sarcopenia 0(0.0) 32(9.8)
MetS 11(12.1) 59 (18.0)
MetS + Sarcopenia 0(0.0) 5(1.5)
None 57 (62.6) 193 (59.0)
McNemar's value of p* p=0.0026 p=0.0064
prevalence ratio Py =0.0910 [95% CI (0.087; 0.2011)]

The significant value of p was set at p <0.05.
*McNemar’s test with continuity correction.

6-fold lower than those found in the underweight and adequate
weight groups, respectively.

Table 4 shows the prevalence of MetS and sarcopenia in both
groups classified as obese according to the C Index cut-off of 1.25 for
men and 1.18 for women. It can be observed that only 11 older men
presented with MetS, whereas 59 older women had been diagnosed
with this syndrome. In addition, while 32 older women had
sarcopenia, only five presented with both MetS and sarcopenia.
Finally, the McNemar analysis showed significant associations
between the outcomes in the two groups of subjects separated by the
respective C Index cut-offs for men and women, and the prevalence
ratio found in the group with older women was approximately 0.09.

Figure 2 summarizes the main data found in the study.

4. Discussion

In the present study, we demonstrated that when MetS was the
primary outcome, among a total of 76 older adults who presented
with this syndrome (Table 2), 63 older women and 13 older men also
presented with obesity based on their BMI classification (Table 3). In
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addition, when sarcopenia was the primary outcome, it was found
that, among the total of 47 older adults who had this clinical
condition (Table 2), only five also had obesity based on BMI
classification (Table 3), and they were found exclusively in the group
of older women. Finally, it was demonstrated that the concomitant
occurrence of MetS and sarcopenia was only observed in six older
women, of whom two were underweight, two were of adequate
weight, and two were obese (Table 3). Beyond these results, we also
showed that, among the total subjects with obesity (n =347),
according to the C index (Table 4), the majority of individuals who
also presented with MetS were in the group of older women (1 =59)
compared to that of older men (n =11). Moreover, in the same
population that presented with obesity, the occurrence of sarcopenia
was detected in 32 older women, while the concomitant occurrence
of MetS and sarcopenia was detected in five older women. It is worth
highlighting that the values of the prevalence ratio (Py) found in the
group of older women classified as obese by the C index, who also
had concomitant MetS and sarcopenia were 2.3 times higher than the
values found in the group of older women classified as obese by the
BMI values who also had concomitant MetS and sarcopenia. In
addition, the significant results obtained in the McNemar test suggest
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I Older men group (21.7%) |

Study population (n = 418, =2 60 years)

| Older women group (78.3%)

| Sarcopenia (14.4%) | | MetS (19.3%) | Sarcopenia + MetS

(1.8%)

| Sarcopenia 0.0%) | I MetS (13.3%) |

By BMI classification By C Index
| By BMI classification | | By C Index | ‘ ‘

—
‘ ‘ Obesity (55.35%) Obesity (86.85%)
| obesity (41.76%) | [ obesity (74.73%) |
MetS (15.9%) | | Sarcopenia (1.53%) | | MetS (18%) | | Sarcopenia (9.8%) I
Sarcopenia + MetS Sarcopenia + MetS
[ Mets(o.o%) |[  Mets(121%) | 0.6%) (1.5%)
— The prevalence ratio of co-occurrence of obesity, sarcopenia, and MetS found using C Index
was 2.3-fold higher than the values found using the BMI classification.
FIGURE 2

Summarized representation of the main results in this study. BMI, Body Mass Index; C Index, Conicity Index; MetS, Metabolic Syndrome.

the existence of a remarkable association between the occurrence of
MetS and sarcopenia in the older adult population of participants in
this study.

According to the WHO, obesity is a disease in which the
accumulation of excess fat in the body can significantly affect
human health. In fact, the prevalence of obesity worldwide is so
high that the WHO considers it to be the global epidemic of the
21st century. Whether or not urgent action is taken to prevent and
treat obesity, it is predicted that more than 50% of the world’s
population will be obese in 2025. In this respect, the WHO reports
that the occurrence of obesity can be defined through the BMI,
and this index can also be used to estimate the prevalence of
obesity in a population (17). However, it should be noted that
although there is a good correlation between BMI and body fat
mass, this index does not consider the variation in body fat
distribution and may not correspond to the same degree of obesity
or associated risks in different individuals and populations.
Therefore, the WHO itself advises that BMI values should
be interpreted with caution (18, 19).

Particularly in the context of clinical practice aimed at older
adults, the evaluation of abdominal obesity by measuring waist
circumference may be putatively considered a more important
anthropometric measure than BMI to assess the risk of mortality.
In agreement with the literature, the presence of visceral obesity is
closely associated with the occurrence of dyslipidemia, arterial
hypertension, endothelial dysfunction, polycystic ovary syndrome,
coronary heart disease, and cerebral vascular disease. In addition,
visceral obesity is also directly related to the development of
insulin resistance and leads to the development of metabolic
syndrome and death (20). In this sense, the use of the C index, as
elaborated by Valdez et al. (11), is configured as an effective
assessment of visceral obesity since it considers the distribution of
central fat. It is paramount to point out that the C index evaluation
not only takes into account weight, height, and waist circumference
but is also based on the proposition that the accumulation of fat
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around the waist similar to “cone figure” in the human body
(11,21).

Pereira et al. (22) demonstrated that the C index showed a better
association with the presence of MetS in both older men and older
women compared to the results obtained with the BMI (22).

As appealing as genetic predisposition may be in determining the
higher accumulation of fat in the body in some individuals, it is well
known that this accumulation can also occur regardless of the
individual’s genetics, and, in these situations, a lifestyle with an
evident excess of energy intake associated with reduced physical
activity leads to fat accumulation, especially in the abdominal
region (18).

Reduced levels of daily physical activity or physical inactivity not
only increase the risk of obesity but also the risk of sarcopenia (8, 9).
With regard to sarcopenia, epidemiologic studies conducted in Brazil
showed a prevalence of 14 and 16% in older men and older women,
respectively (23). Furthermore, sarcopenia is closely associated with
several clinical outcomes, such as loss of mobility, an increased risk of
falls, frailty syndrome, cardiovascular disease, neurodegenerative
disease, and osteoporosis, and is also a relevant predictor of
mortality (9).

Among the various biological processes that induce sarcopenia,
we can highlight the decrease in protein synthesis and/or increase in
protein degradation, loss of neuromuscular integrity, and increased
intramuscular fat content. In fact, the remarkable reduction in muscle
mass observed in sarcopenia can be attributed to some factors, such
as reduced growth hormone release and physical inactivity, which can
influence a lower expression of key proteins involved in protein
synthesis and, consequently, an increase in protein degradation,
leading to muscle atrophy (9, 24).

The data obtained regarding the presence of sarcopenia in the
studied individuals, particularly when stratified by the BMI and C
indexes, revealed interesting results. In this sense, it is important to
note that: (1) the occurrence of sarcopenia was only detected in the
group of older women; (2) most of the older women who presented
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with sarcopenia were classified in the group as having adequate weight
compared to the obese group, according to the BMI; and (3) the
number of older women with obesity, according to the C index, who
presented with sarcopenia was higher than the amount of participants
found in the group of older women with adequate weight and obesity,
both classified according to their BMI. Furthermore, the prevalence
ratio [Pr=0.0910 (95% CI 0.037, 0.2211)] observed in the group of
older women with obesity, according to the C index, compared to the
prevalence ratio [Pr=0.0385 (95% CI [0.0077, 0.1924)] observed in
the group of older women with obesity classified based on BMI, allows
us to putatively suggest that the C index was more effective in defining
the presence of sarcopenia in the older adult population participating
in the study.

Specifically in relation to the association between sarcopenia and
obesity, the literature shows the occurrence of a phenotype known as
sarcopenic obesity (SO), especially during aging (10).

It is widely accepted that the manifestation of SO is related to
genetic, physiological, and environmental factors. However, studies
have demonstrated that some molecular mechanisms associated with
SO are dependent on a dynamic balance between positive and
negative mediating substances for muscle growth and that this
balance impacts the maintenance of mass and skeletal muscle
functions (25). Thus, it has been proposed that the occurrence of an
imbalance in the following factors may lead to sarcopenic obesity: (i)
primary metabolic abnormalities leading to increased systemic and
muscular oxidative stress, with increased inflammation and insulin
resistance; (ii) a consequent decrease in the hormonal balance, which
may putatively stimulate a cascade of negative events, such as an
increase in muscle catabolic potential; (iii) ectopic lipid deposition,
which
dysfunction, causing an increase in oxidative stress, a reduction in

compromises protein turnover; (iv) mitochondrial
the production of ATP, low production of muscle strength, and
resistance to the prolonged exercise; (v) functionally altered muscle
stem cells that can differentiate from adipocytes with a concomitant
increase in inflammation; and (vi) physical inactivity, which is
directly related to the control of positive energy balance, muscle
oxidation, and protein turnover (26, 27).

Since OS translates as a phenotype caused by an imbalance of
several factors, it is worth noting that its occurrence has a deleterious
effect on the life of the individual, as it favors both the increased
incidence of non-communicable chronic diseases and the low quality
of life in these individuals (28). Thus, our observation that the C index
was more sensitive than BMI in detecting the occurrence of OS may
guide further studies to better define its prevalence.

Based on this information, there is no doubt that the manifestation
of sarcopenia and MetS has a negative impact on the quality of life of
the older adult population. Therefore, the concomitant manifestation
of MetS and sarcopenia in the older adult population with obesity
leads to an increased risk of the occurrence of adverse health events
when compared to individuals who do not have both of these
conditions or even those who have only MetS or sarcopenia (29). In
this sense, in the meta-analytic study by Zhang and collaborators (30),
around 35% of the non-obese individuals who presented with
sarcopenia also manifested MetS, whereas only approximately 22% of
the population studied without sarcopenia presented with MetS. In
addition, the same authors also reported the existence of a
significantly positive odds ratio (OR) between MetS and sarcopenia
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in the population studied, particularly in those with adequate
weight (30).

Even though the above information demonstrates that an
association between MetS and sarcopenia can be found in different
populations, which could provide important data for medical
assistance, a recent study highlighted that heterogeneous aspects of
individuals, related to social, biological, and clinical characteristics,
in conjunction with other aspects, such as the location and
conditions in which the evaluations are conducted, represent key
points in the decisions regarding the variables to be used in
epidemiological studies since they undoubtedly impact the results
obtained in a real context, particularly in relation to clinical practice
(31). For instance, in the epidemiological studies that have provided
data on the risk factors associated with the occurrence of both
sarcopenia and MetS, it is possible to observe a large number of
different factors reported in association with a diversity of criteria
used, which inevitably generates greater heterogeneity in the results,
which in turn can preclude the attainment of consistent conclusions
(31-33).

Considering the above, we can emphasize that this study has some
strengths related to the sample size and the robust statistical analysis.
However, some limitations should be pointed out, such as: (i) the lack
of body composition assessment using Dual-energy X-ray
Absorptiometry (DXA), which is considered the gold standard for this
measure, or even bioelectrical impedance analysis (BIA), which is an
alternative and low-cost method often used in a large population; (ii)
the lack of comparison of the data obtained in this study with other
older adult groups who regularly engage in physical exercise; (iii) the
lack of a dietary assessment, which could provide us with relevant
information regarding the dietary habits of the older adult participants
in this study; and (iv) the cross-sectional nature of this study, which
does not allow us to establish cause-and-effect relationships between
the data evaluated.

5. Conclusion

Based on the results obtained in the present study, we were
able to demonstrate that the occurrence of MetS is higher in older
adults who present with obesity, regardless of their gender and the
use of the BMI or C index, which agrees with the literature. In
addition, we also showed interesting results regarding the presence
of sarcopenia, not only because t it was found exclusively in the
group of older women but also by the fact that the highest number
of participants with this clinical condition belonged to the group
with adequate weight and not to the group with obesity,
specifically when BMI was used. Additionally, taking into account
the data obtained in the analysis of the prevalence ratios, as far as
we were able to establish, this is the first study to demonstrate that
the C index was more effective than the BMI in identifying the
prevalence estimates of the occurrence of obesity and the clinical
conditions assessed here (MetS and sarcopenia), both individually
and in combination, in an older adult population. Finally, further
studies are needed, both to confirm the results presented here and
to better understand the use of the C index in relation to the
prevalence of obesity, MetS, and sarcopenia in the older
adult population.
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