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Abstract

Introduction. The published data showed the
importance of metabolic control in preventing complications
in metabolic syndrome (MS) and the role of nutritional
medical therapy in glycemic control and in the control of
dyslipidemia, hypertension, weight loss/normalization (in
overweight or malnourished subjects).

Objectives. This study follows the evolution of
sarcopenic index (SI) and other clinical parameters (body
mass index (BMI), homeostasis evaluation index (HOMA
index)) correlated with MS after diet therapy or diet therapy
combined with sports, in patients with MS.

Patients and methods. Our research was conducted
during 12 months, on 110 patients >18 years of age, with
HOMA index>2, divided into three groups: control group
(CG, N=20), diet therapy group (DTG, N=58), diet therapy
and sports group (DTSG, N=32). HOMA index for insulin
resistance was calculated as the product of resting plasma
insulin (in microunits/milliliter) and plasma glucose (in
millimoles/liter), divided by 22.5. SI was determined using
BIA, as being the ratio between muscle mass and fat mass,
measured in cm*m?

Results. A significant decrease of BMI (p<0.05) in
DTG (from 31.63 to 24.50) and DTSG (from 30.18 to 24.17)
vs. CG was observed (Pearson coefficient r=0.281, p<0.001).
Weight status changed significantly (p<0.05) in the high-risk
patients. There was a significant decrease of HOMA index
(p<0.05) in DTG (from 5.93 to 2.57), DTSG (from 3.93 to
2.23), and in CG an increase was observed (from 3.15 to
3.37).

Conclusion. The best results in the prevention/
treatment of sarcopenia in MS patients were obtained for
DTSG, which benefited from both the positive effect of diet
and physical activity.

Keywords: sarcopenic index, HOMA index,
metabolic syndrome, diet therapeutic intervention, obesity.

INTRODUCTION

Sarcopenia is a much-discussed health
issue recently, although there is little information in
the current literature. Being a component of frailty
syndrome, it indicates a progressive decline in health by
reducing the quality and strength of muscle tissue (1).
Muscle loss and intramuscular fat accumulation may
be associated with metabolic syndrome (MS) through
a complex interaction of factors, including nutritional
intake, physical activity, body fat, pro-inflammatory
cytokines, insulin resistance and mitochondrial
dysfunction (2) as it is presented in Fig 1.

Individuals with sedentary lifestyle and with
varying degrees of obesity present a high risk of losing
muscle mass (3). Especially for these subjects, monitoring
the sarcopenic index (SI) provides important data related
to the effects of diet therapy and physical activity (4).
The evolution of the SI is monitored extremely quickly,
using body composition analysis devices through a non-
invasive, high-precision method.

Signs that characterize the MS (i.e.
visceral obesity, insulin resistance, hyperglycemia,
dyslipidemia, inflammation and hypertension)
(5) favor the onset of type 2 diabetes (6, 7) and
are associated with sarcopenic obesity, a form of
sarcopenia. Physiological changes in the muscles, such
as aging, also lead to a decrease in the SI (8). Normal
aging results in a loss of muscle mass and muscle
strength (sarcopenia). This is caused by a gradual loss
of the regenerative capacity of new satellite muscle
cells and a decrease in the action of growth factors,
which normally maintain a healthy muscle mass (9).

In parallel with the loss of muscle mass due to
aging, there is a redistribution of fat mass, mainly in the
visceral compartment, but also fat deposits are observed
in the skeletal muscle and liver (10). It has been
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Figure 1. The relationship between muscle and adipose tissue. The
mechanism that leads to the development of sarcopenia. (TNF-
alpha: tumor necrosis factor-alpha; IL-6: interleukin-6; MCP1:
monocyte chemoattractant protein-1).

observed that up to 30 years of age, skeletal muscle mass
develops at an increasing rate. However, specialists
have noticed a decrease in muscle mass and function
after this age. If there are no other health problems
that can cause sarcopenia and, implicitly, cachexia (for
example, cancer), it has two reasons: inactive lifestyle
and aging (11). Some internal and extreme factors such
as systemic and muscular oxidative stress, inflammation
and insulin resistance or adiposity, can cause metabolic
disorders. All of these disorders can cause increased
fat storage (12). These increases in fat mass (which are
interconnected) promote catabolic processes, as well
as a state of anabolic resistance to nutrients in skeletal
muscles (13), that can be diminished by introducing
regular physical activity and more importantly, by
changing the diet. Numerous studies have been carried
out in various research centers to determine the causes
of skeletal muscle loss and strength in the elderly (14).
It seems that the total elimination of muscle loss is not
possible by any method (15).

Muscle damage can be caused by reduced
nerve cells responsible for transmitting signals from
the brain to the muscles, decreased ability of the
body to metabolize proteins, inadequate consumption
of nutrients, especially proteins, to support muscle
mass, or dietary errors and decreased hormones levels
(16). Typically, testosterone levels and insulin-like
growth factor, the insulin-like growth factor-1 (IGF-1
hormone) affect muscle growth and muscle mass (17).

A recent study showed that currently 20%
of the population is affected by sarcopenia, and this
percentage is constantly increasing; as well, the increase
in overall life expectancy is a relevant contribution to
this trend. According to statistical data, by 2045 it can
reach 63% of the population (18).

Fat and muscle (and lean tissue in general)
have opposite effects on glucose sensitivity (19).
Therefore, the ratio between the two masses, muscle
mass (appendicular skeletal muscle mass) and fat
mass, is a determining factor for metabolic health and
is the basis for calculating the SI (20). In this study,
the calculation of the SI was performed non-invasively,
using the body bioelectric impedance analyzer (BIA)
(21). Muscles use glucose, while fatty acids derived
from excess adipose tissue inhibit the use of glucose;
therefore, the danger is twofold (10).

Muscle atrophy occurs as a side effect of many
clinical conditions, being influenced by food intake as
well as in case of cachexia and catabolism of muscle
tissue (22, 23).

Cancer, AIDS, heart failure, lung and kidney
disease, severe burns and alcoholism are examples of
conditions determining muscle loss (24). There are
many other neurological disorders that affect muscle
function and can eventually lead to muscle weakness
(stroke, Parkinson’s disease, multiple sclerosis,
myasthenia gravis, etc.) (25).

The aim of this research was to follow the
evolution of some clinical parameters correlated
with MS or with the insulin resistance (component
of MS). Risk factors for insulin resistance are as
follows: sedentarism, obesity, lifestyle, various health
conditions, family history of diabetes and certain
medications. A personalized diet therapy, adapted to
existing disorders, was combined with testing allergic
reactions of IgG type to food, managed according to the
specialized provisions, in order to find the most suitable
formula that improves the verified parameters. These
parameters may indicate the influence of changing
eating habits and the importance of physical activity in
the evolution of MS.

PATIENTS AND METHODS

Study design

The study was performed at SC Echo
Laboratoare SRL, Oradea, Romania, on 110 individuals
diagnosed with MS, who presented to the private
nutrition and diet therapy office to assess nutritional
status during 2018-2020.

The research was conducted in accordance
with the Helsinki Declaration and International
Ethical Guidelines for Good Clinical Practice and
Biomedical Research for Human Subjects, and it was
approved by the Ethical Committee of the Faculty of
Medicine and Pharmacy of the University of Oradea
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(no. 12/01.04.2019). Each patient included in this study
signed an informed consent at his first consultation.

Patients’ inclusion criteria in the study
were considered as follows: age >18 years-old; high
homeostasisevaluation(HOMA)index (>2);diagnostics
of MS or insulin resistance; body composition (the
value of visceral fat, dyslipidemia, BMI, fat mass);
the presence of hypertension. Presence of medical
complications (decompensated diabetes, grade 2 and 3
hypertension, heart failure, kidney failure, thrombosis,
thrombophlebitis) and insulin-dependent diabetes was
considered as exclusion criteria. The evolution of the
SI in patients who underwent diet therapy or sports-
associated diet therapy was compared to that of those
who maintained the same lifestyle. The patients were
divided into 3 groups using a selection method based
on the following considerations:

- their desire to do sports/physical exercises,

- their preference to follow a nutritional therapy,

- each subject’s medical history,

- physical condition after the assessment of
risks and benefits of therapeutic interventions for each
patient.

The groups resulted were named as: diet
therapy group DTG (n=58), diet therapy group and
sports DTSG (n=32) and control group CG (20). The
gender distribution of patients in research groups was
approximately equal.

In all groups, the SI, followed by BIA, was
monitored, depending on sex, age, body mass index
(BMI) reflecting weight status) and HOMA index. The
diet therapy was individualized for each participant
included in the study, being applied in the DTSG group
as a specific one (increasing the muscle mass, with
the increase of the protein intake from 20-25% to 30-
35%, without concomitant increase of the lipid intake).
Carbohydrates were the staple food, accounting for 50-
55% of the daily intake. The recommended proteins
were 85% of vegetable origin and 15% of animal
origin. The physical activity program included aerobic
exercises, with a frequency of 5 times/week, of which,
at least 20 minutes for cardiovascular stimulation. The
protocol consisted of following the adherence to diet
therapy and sports and the evolution of the parameters
was evaluated each month, presenting the results
obtained at 12 months, compared to the initial ones, in
all three groups. BMI was noticed initial, at 6 months,
and at the end of the study.

Clinical investigations
The clinical evaluation was performed with
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a bio-electric impedance body analyzer (Tanita
MC780MA, Germany), using GMON 3.4.1. medical
software, determining the evolution of the clinical
parameters. BIA are devices accepted by the World
Public Health Nutrition Association (WPHNA) that
determine body composition with high accuracy. The
limit of error is 0.1 kg (26). The initial assessment
consisted of noninvasive analyses of weight, BMI,
weight status, SI, visceral fat, presentation of
laboratory results of HOMA index and C-reactive
protein. SI, much discussed in the last decade, is
all the more relevant as the population has a higher
average age, which is associated with a high degree of
sedentary lifestyle. The ratio between the two masses,
muscle mass (appendicular skeletal muscle mass) and
fat mass, is a determining factor for metabolic health,
and is the basis for calculating SI. Until the improved
appearance of medical equipment (bioelectric
impedance devices) based on dual energy X-ray
absorptiometry (DEXA), the determination of the
SI was performed only by invasive analyses (blood
sample), based on the formula:

SI=(serum creatinine value / cystatin C value) x100.

Monthly measurements of the weight were
most important in adjusting the diet according to body
changes, but the evaluation of the results was done only
at 6 and at 12 months, to reduce errors due to minor
monthly changes.

The patient steps on the analyzer with both
feet, barefoot, before physical activity and holds two
electrodes in his hands. BIA evaluates the composition
of the body by passing a current of very low intensity
through the body, assessing the impedance differences
caused by the fact that the fatty and weak tissues
have different electrical properties. Information is
obtained on weight, fat mass, muscle mass, bone mass,
visceral fat, SI, basal metabolism, intracellular water,
extracellular water, angle phase and the predominant
location of both fat and muscle mass.

The use of the BIA method (which is non-
invasive) allows the monitoring of body composition,
easily and quickly. It provides information on numerous
parameters (muscle mass, fat mass, visceral fat, extra- /
intracellular water, bone mass and SI), being useful in
people with uncomplicated MS. Body weight pursued
by BMI alone is not enough, because the ratio between
fat and muscle mass has a major influence on the
evolution of SI, so SI is recognized as a good indicator
for muscle mass increasing.

Regarding paraclinical tests, they involve
checking blood parameters. In the morning, on an
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empty stomach, samples of venous blood are collected
in sterile vacutainers, which are centrifuged. The
obtained serum is separated and stored for one hour in
the incubator (at a constant temperature of 37° Celsius),
being then processed automatically by enzyme-linked
immunosorbent assay (ELISA) method. The blood test
results (which indicate also glucose, insulin and CRP
levels) are printed and read.

Statistical analysis

Statistical analysis was performed using
SPSS Statistics 22. All mean values of the parameters,
standard deviations, frequency intervals and tests of
statistical significance were calculated using the
t-Student method. The distribution of the groups
proved to be similar to the normal one, hypotheses
involving numerical data being used. The Bravais-
Pearson correlation coefficient was used to calculate
an independent indicator of the units of measurement
of the two variables. The value p <0.05 was assigned
to statistical significance. ANOVA with a post-
hoc analysis (Bonferroni) was used to analyze the
differences between the groups, as an additional
analysis of the subgroups.

RESULTS

Demographic and clinical characteristics

At the initial evaluation, the three groups
were relatively homogeneous in terms of clinical and
demographic characteristics, without statistically
significant differences (p>0.05) between the 3 groups,
with amean age of 37.49 (+14.12), the initial ST average
8.49 (x1.56) cm*m? and initial average BMI 30.63
(£7.55). The statistical data are presented in Table 1,
screened for each group. BMI evolution is shown in
Figure 2.

Evolution of the body weight

To verify the effect of the type of intervention
on BMI, the ANOVA statistical test was used for
3 independent groups; F=19.412 was obtained.
So, in the post-test (after 1 year), BMI differs
significantly (p<0.05) in all the three groups (Table
2). BONFERRONI Post Hoc tests indicate significant
differences (p<0.001) between groups as follows:
between CG and DTG (average CG=30.27, average
DTG=24.50), between CG and DTSG p<0.001
(average CG=30.27, mean DTSG=24.17). There are
no significant differences (p>0.05) between BMI at

Table 1. Demographic and clinical characteristics of the patients at the base line

.. GC (N=20) DTG (N=58) DTSG (N=32)
Characteristics N % N % N % p value
Gender
Women 9 45.00 24 41.38 17 53.13
Men 11 55 34 58.62 15 46.87 -0.06
Total 20 100 58 100 32 100
Age
<40 13 65 26 44.83 21 65.63
40-65 6 30 29 50 11 34.37
>65 1 5 3 5.17 0 0 -0.05
Average age 38.3484 38.6552 35.4688

(+ 17.00) (+16.26) (x9.09)

Area of provenience
Urban 15 75 47 81.03 26 81.25
Rural 5 25 11 18.97 6 18.75 -0.04
Total 20 100 58 100 32 100
Clinical parameters
Initial average 30.09 31.63 30.18 0.01
BMI (+ 6.40) (x7.44) (+8.82) e

. . 8.70 8.14 8.10
Initial average Sarcopenic Index (+ 1.5344) (2.10) (* 1.75) -0.09
Weight status
Underweight 0 0 1 1.73 0 0
Normal 2 10 8 13.79 11 34.37
Overweight 12 60 12 20.68 9 28.12 0.01
Obesity grade 1 2 10 20 34.49 5 15.63 ’
Obesity grade I1 1 5 9 15.52 2 6.25
Obesity grade IIT 3 15 8 13.79 5 15.63

Legend: N: Number of patients.
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Figure 2. BMI at the base line, at 6 months, and at the end of the
study in CG, DTG and DTSG.

one year, recorded for DTG and DTSG. This can be
explained by the fact that BMI can be kept at a similar
level, with or without physical activity. Significance
thresholds indicate the following directions: for CG
there is a significant increase in BMI (p<0.004), for
DTG the BMI decreases significantly (p=0.001), and
for DTSG the BMI decreases significantly as well
(t=0.54, p=0.01) (Table 2).

There is a significant increase (p<0.05) in
BMI at CG, between the initial and final stage. In the
case of DTG and DTSG groups, BMI values decrease
significantly during the intervention, as can be seen
from the analysis of means and significance thresholds.

Weight status was monitored throughout the
study, being compared in Table 2, before and after
dietary intervention, respectively diet therapy and

Table 2. Differences in body mass index (BMI), both the sarcopenic and HOMA indexes, visceral fat and C reactive protein (CRP)

Research variables Group N Mean Standard deviation F t p value
BMI
Initial 30.09 6.40
Final GC 200 3007 6.44 -3.28 0.01
Initial 31.63 7.44
Final DTG 58 24 50 305 1041 10.54 0.01
Initial 30.18 8.82 ’
Final DTSG 32 24.17 2.81 5.16 0.01
Final 8.57 1.22
HOMA INDEX
Initial 3.15 1.22
Final GC 20 337 138 229 0.03
Initial 5.93 14.32
Final DTG 38 5 201 251 2.04 0.04
Initial 3.93 2.60
Final DTSG 32 593 158 7.41 0.01
SARCOPENIC INDEX
Initial 8.70 1.53
Final GC 20 g5 158 -0.86 0.39
Initial 8.14 2.10
Final DTG 58 336 173 0.49 -2.16 0.03
Initial 8.10 1.72

DTSG 32 357 12 -2.79 0.01
VISCERAL FAT
Initial 8.10 5.49
Final GC 200 g5 5.60 1.00 0.33
Initial 8.48 6.19
Final DTG 58 6.84 513 . 7.75 0.01
Initial 5.81 4.34 )
Final DTSG 32 475 370 4.32 0.01
CRP
Initial 0.45 0.51
Final GC 200 045 0.51 1.00 1.00
Initial 0.50 0.50
Final DTG 58 027 0.45 058 4.05 0.01
Initial 0.43 0.48 ’
Final DTSG 32 018 0.39 2.39 0.02

Legend: N: Number of patients; CG: Control group; DTG: Diet therapy group;
3 or more independent groups; t: coefficient for the T-Student statistical test.
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Figure 4. Graphical representation of the weight status in both
genders: A.at the base line; B. final.

sports. In this table it can be followed the evolution
of the weight subgroups before and after the dietary
intervention, respectively the percentage of all
participants who changed their weight subgroup during
the study. Significance thresholds indicate the following
directions for weight status (obesity): for CG there is
a significant increase in obesity (p>0.05), for DTG
obesity decreases significantly (p=0.01), and DTSG
obesity decreases less, but significantly (p=0.01), as
can be seen from the data presented in Figure 3. The
results show the effectiveness of diet therapy in terms
of weight change.

It is possible to follow the evolution of the
number of participants included in the 6 subgroups of
the weight status before and after the research period.
Thus, a substantial increase can be observed regarding
the number of subjects in the normal subgroup and a
consistent decrease in the subgroups of obesity grade I,
IT and I11. At the end of the research period, the subgroup
with overweight patients comprises subjects from the
subgroups with all three degrees of obesity (from the
beginning of the research), patients who modified
one, two or even all three weight status subgroups.
For the relationship between the pre-test and post-test

difference in weight status (obesity) according to sex,
the following change was obtained: in DTG, men, those
in the category of obesity grade III (4 patients), at the
end of the study reached the category of overweight.
From those in the category of initial obesity grade II (7
patients), 4 became normal weight and 3 overweight
and of those with initial obesity grade I (5 patients), 4
reached the normal weight category and 1 overweight.

Figures 4 (A and B) show the evolution of
the weight status in DTG and DTSG groups, in both
genders. A slower decrease can be observed, fact that
can be explained by the association with the increase in
muscle mass, observed especially in men.

The evolution of the sarcopenic index

To verify the effect of the type of intervention
on the SI, the ANOVA statistical test was used for all
three independent groups. It was obtained F=0.495, in
post-test (after 1 year) the SI does not differ significantly
(p>0.05) in the three groups. The data were presented
in Table 2. There is a difference, but statistically
insignificant (p>0.05), between the 1st year when SI was
recorded, for DTG and DTSG (p>0.05). Significance
thresholds indicate the following directions: for CG
there is no significant increase in the SI (p<0.397), for
DTG the SI increases significantly (p=0.035), and for
DTSG the SI increases significantly (p=0.009) as well.
In the case of CG, the SI did not change significantly
(p>0.05); instead, for DTG, there was an increase in
the SI, but a smaller one, compared to the group that,
in addition to diet therapy, also practiced physical
exercises. These data are also depicted in the Table 2.

Evolution of metabolic parameters

Significance thresholds indicate the following
directions: for the control group there is a significant
increase in the HOMA index (p<0.033), for the
diet therapy group the HOMA index decreases, but
statistically insignificant (p=0.046), and for the diet
therapy and physical exercises group the HOMA index
decreases significantly (p=0.001).

The MS components modification including
visceral fat and C reactive protein (CRP), where
the significance thresholds indicate the following
directions: for CG there is a slight increase, but without
statistical significance of visceral fat (p=0.330), for
DTG visceral fat decreases significantly (p=0.001)
and for DTSG visceral fat decreases less, but with
statistical significance (p=0.001) and the significance
thresholds indicate the following directions for CRP:
in CG there is no significant change (p>0.05), in DTG
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there is a significant decrease (p=0.001), and in DTSG,
this parameter also decreases significantly (p=0.023).
According to the results presented in Table 2, it was
observed an improvement of the clinical parameters
(i.e. BMI, weight status, SI and visceral fat), but also of
the paraclinical parameters (HOMA index and CRP).

For the relationship between the pre-test and
post-test difference at the SI and the HOMA index, a
Pearson coefficient r=0.281 was obtained, p<0.001,
which indicates a strong positive relationship. The
smaller the difference in the SI, the smaller the
difference in the HOMA index. This relationship,
with statistical significance (p<0.05), results from the
positive value of the Pearson coefficient and from the
value less than 0.05 of the significance threshold.

The relationship between the pre-test and post-
test difference at the SI and BMI determined a Pearson
coefficientr=0.134, whichindicates arelationship without
statistical significance (p>0.05). Correlating an increase
in the difference in the SI can be observed, related to the
decrease in the BMI difference. This relation, without
statistical significance, results from the positive value of
the Pearson coefficient, the significance threshold being
p=0.162. The Pearson coefficient, which shows the
relationship of the pre-test and post-test difference for the
SI and the weight status, is r=0.126, p>0.05, indicating
the positive but statistically insignificant relationship
(p=0.188). A directly proportional relationship cannot
be observed between the two variables throughout the
research period, the SI being directly proportional up to a
point, after which an inversely proportional relationship
is observed.

DISCUSSION

The BMI values observed in the three groups
reveal that in CG there is a significant increase (p<0.05),
which is due to unchanged diet and increased body
weight. In both DTG and DTSG groups, respectively, a
significant decrease (p<0.05) in BMI was noted (smaller
in DTSG), which shows the development of muscle
mass. With the increase in muscle mass, the decrease in
fat mass is not so substantial as to obtain a substantial
decrease in BMI just by simple dietary therapy.

A study published in 2018 looked at the change
in BMI in young people with and without physical
activity, observing that a greater decrease in BMI was
obtained in those who performed sports (which can be
explained by the age of the participants and the lack
of MS, elements indicated also in the present research)
27).
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Another 2018 study, which included young
people in South Africa, concluded that of all parameters,
it is the most important to track the risk factor. In the
control group, a slight increase in visceral fat was
observed, as a consequence of the increase in fat
mass. In the present study, in DTG, a more substantial
decrease in visceral fat was noticed, compared to DTSG
group, which can be associated with MS and special
diet therapy to support physical activity. Thus, a slower
decrease in fat can be observed, but at the same time, an
increase in muscle mass and an improvement in the SI.
It substantially reduces the risk of developing MS and
contributes to improving the quality of life (28).

Sarcopenia and sarcopenic obesity have been
associated with gastric carcinogenesis, according to
a study published in 2019, on patients with MS (29).
Therefore, it is important to follow several parameters,
such as SI, weight status, and abdominal fat.

Because nutrition and diet therapy have not
had, until now, an important place in monitoring the
evolution of MS, specialized studies are of little interest
in diet therapy. A review, published in 2019 (30),
studied the effects of lifestyle change in patients with
diabetes and MS. The results showed the importance of
lifestyle change, with beneficial effects in improving
the quality of life in subjects with diabetes or MS. In
this paper, a significant decrease (p<0.05) in BMI for
DTG compared to CG was obtained. By adjusting the
intake of refined carbohydrates, excess proteins and
lipids, statistically significant (p<0.05) results were
obtained for this category. The reduction in BMI with
an average value of 5.77 (from 30.27, in CG, to 24.5,
in DTG) shows the evolution over a whole weight
category, which means the reduction of fat and visceral
fat, the reduction of muscle mass and the improvement
of basal metabolism, lacking physical activity. BMI
values in CG showed a slight increase, from 30.09 to
30.27, which demonstrates the preservation of wrong
eating habits and a lifestyle that increases the risk of
diseases associated with MS (31), without a balanced
intake of macronutrients. Changes in BMI values at
DTG, at the end of the study period, show a decrease of
7.13 units, which proves the importance of a proper and
balanced diet in terms of protein, fat and carbohydrate
intake. A study published in 2019 in Italy shows the
importance of sleep in diet therapy (32) and another
published research draws attention to the origin of
lipids in diet therapy to achieve significant results
(p<0.05) (33) in subjects with metabolic MS.

Rodriguez de Lima et al. followed a group
of 533 obese adults with MS and concluded the link
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between abdominal adiposity and worsening of MS
(34). They observed an inversely proportional link
between muscle burning and the development of
diseases associated with high health risk (dyslipidemia,
cardiovascular disease). The present research revealed
a decrease of 6.01 units in BMI at DTSG, less than
at DTG. This is explained by increased muscle mass
or toning of existing muscle mass, which prevented
consistent muscle loss. Because of this, the comparative
BMI reduction ratio between DTG and DTSG is 1.12
units more at DTG than at DTSG. The decrease by 6.10
units compared to CG in DTSG proved the effectiveness
of these therapies.

According to some results published in 2007,
79% of the participants showed an improvement in
muscle mass, irrelevant to the involvement of strict
change in diet (35). In another 2018 study, which
looked at the function and structure of skeletal muscle
fibers (which are mainly affected by mitochondrial
dynamics and morphology) it was shown that the
inflammatory markers contribute to age-related muscle
loss (36). More recently, another research concluded
that the combination of diet and physical activity plays
a decisive role in the prevention of sarcopenia (37).

In a review of nutritional influences on
muscle aging, Welch (38) assessed established, less
established and potential nutritional factors involved
in the major biomechanics of age-related muscle loss
(39). Western diets could have increased the risk of
poor physical function through potential effects on the
quality and composition of myofibers and increased
pathophysiological processes involved in sarcopenia
and functional decline, including fat infiltration,
inflammation, oxidative stress and insulin resistance.
Sarcopenia and sarcopenic obesity have been associated
with gastric carcinogenesis, according to a study
published in 2019, in patients with MS (29). That is
why it is important to follow several parameters such as
the SI, weight status, associated with other clinical and
paraclinical parameters. This part still requires future
studies to establish exactly the most conclusive link in
the follow-up of MS.

In conclusion, physical activity increases
muscle mass, which explains a smaller decrease in
body weight, the muscles being heavier, for DTSG.
Diet therapy and diet therapy associated with sports
have been shown to be effective in weight loss, the best
results being obtained at DTSG. In the case of DTG,
patients lost both muscle mass and fat mass. Thus, the SI
is higher for DTSG due to physical activity, being easily
observable that sport has improved the results in this

research group. The SI has a tendency to increase from
a value of 5.06, and to decrease from 15.34 in adults,
which indicates the instability of glycogen either due to
sedentary lifestyle (in the case of low SI), or due to a
high level of sugar (glycemia) in the blood and muscles.
A greater decrease in sarcopenia can be observed in
men than in female, the other parameters having similar
tendencies for both sexes. A significant (p<0.05)
improvement was obtained between the initial and final
stages in most clinical parameters, in both DTG and
DTSG groups. Endurance and cardio workouts, added
to proper, healthy nutrition and aerobic exercise, are the
main tools to prevent and treat sarcopenia in adults with
MS. Dietary intervention has been shown to be effective
in suppressing uncontrolled muscle mass loss, with or
without fat accumulation. Physical activity included
between daily activities also increased the value of SI.
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