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Abstract

Topic: Psychological and stressful social situations, as well as factors of an unhealthy lifestyle (such as insufficient
exercise, weight increase and/or social isolation) are potential causes of MUS (Medically Unexplained Symptoms)
and obesity, usually overlooked by general practitioners. Obesity is often underestimated using BMI, since it does not
reflect the real loss of fat mass after nutritional strategies.

Scope: We analyzed the changes in fat mass (FM) and fat-free mass (FFM) in the presence of decreasing BMI,
using a novel advanced bio-impedance device, BIA-ACC (Bioelectric Impedance Analyzer for Analisi Composizione
Corporea) that measures numerous parameters of body composition.

Methods: 109 patients were enrolled at the center for primary care for a routine check-up, all apparently free of
disease but with problems of excess weight and MUS to varying degrees. The evaluation of the parameters BIA-ACC

was performed at the first visit T, and at follow-up T, after about 2 months of a standard nutritional strategy.

Results: BMI decreased in all patients. FFM, particularly skeletal muscle, was the 1 principal component (PCA1:
58%) that determines the well-being of the patients and a decrease of MUS. The 2™ component (PCA2: 22%) is the
FM. We found 3 different patterns of patient response to BMI reduction: 75.23% showed loss of FM and minimally FFM;
17.43% showed loss of FM with preservation or increase FFM; 7.34% showed loss of FFM alone.

Conclusions: Body composition analysis is a valuable non-invasive tool to monitor patients in the early stages of
immune-metabolic dysregulation when clinical symptoms are not yet evident.

Our results demonstrate the importance of the maintenance of FFM rather than the loss of FM alone during weight
loss therapy. Preservation of skeletal muscle is essential to facilitate the stabilization of loss of only fat and thus to

eliminate the MUS correlated to chronic stress.
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Introduction

The incidence of obesity has burgeoned to epidemic proportions
in the Western world and in Italy: also called “globesity” [1-3]. The
etiology of obesity is multifactorial, with not only genetic influences,
but also environmental (socio-economic, behavioral or psychological
causes) and determines a corresponding increase in both morbidity
and mortality [4-6].

Obesity and being overweight are due to excessive amount of body
fat leading to a greater health risk [1,6]. The ideal body mass index
(BMI) ranges between 18.5 and 25 kg/m?* with values ranging between
25 and 30 kg/m? considered as overweight while BMI over 30 kg/m’
would be considered as obese. Nevertheless, BMI is not able to evaluate
the real loss of fat mass after appropriate nutritional strategies. When
an obese or overweight individual attempts without success to lose
weight, from a practical point of view, this lack of success often triggers
the onset of symptoms known as “vague and non-specific” (or MUS,
Medically Unexplained Symptoms), which typically are the first reason
for the patient to seek health care. After clinical assessment, MUS does
not seem to be explained by a clearly defined cause or diagnosis of a
defined medical disease [7].

MUS may be related to a number of factors, including stressful events
related particularly to social relationships [8]. Among environmental
factors inducing obesity, we can include stress-related disorders [9-11]
which then affect energy regulation between the nervous system, the
immune system, and the adipose tissue (AT) [12-15].

Weight loss involves alteration of energy regulation and neuro-
immuno-endocrine control is the basis of chronic inflammatory
processes, which in turn constitute the common denominator of
chronic pathological disease and an inflammatory response [16,17]. The
role of immuno-endocrine control in obesity has been little investigated
[3,4,6,18-22] and few publications examine variations in body
composition during the stress of weight loss to identify forerunners of
chronic pathologies. Chronic stress activates the immune system thus
consuming energy. In this way many apparently unrelated metabolic
diseases arise because other organs receive no energy-rich fuels from
storage organs. Changes in metabolic pathways lead to objective
symptoms associated with those very conditions: cachectic obesity,
insulin resistance and hyperinsulinemia, dyslipidemia, adipose tissue
increase in inflamed tissues, hypertension and osteopenia [15-17].
Increasing evidence therefore underlines the pathogenic relationship
between stress, obesity and metabolic disease through neuro-immune
activation [6,23,24].

*Corresponding author: Flora Ippoliti, Dipartimento di Medicina Sperimentale,
Sapienza Universita di Roma, Viale Regina Elena 324, 00161, Rome, Italy, E-mail:
flora.ippoliti@uniroma1.it

Received July 18, 2013; Accepted September 11, 2013; Published September
13,2013

Citation: Canitano N, Paci P, Ippoliti F (2013) Emerging Role of the Fat Free
Mass Preservation during Weight Loss Therapy through a Novel Advanced Bio-
Impedance Device (BIA-ACC). J Obes Weight Loss Ther 3: 193.doi:10.4172/2165-
7904.1000193

Copyright: © 2013 Canitano. This is an open-access article distributed under the
terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and
source are credited.

J Obes Weight Loss Ther
ISSN: 2165-7904 JOWT, an open access journal

Volume 3 + Issue 5 » 1000193



Citation: Canitano N, Paci P, Ippoliti F (2013) Emerging Role of the Fat Free Mass Preservation during Weight Loss Therapy through a Novel Advanced Bio-Impedance
Device (BIA-ACC). J Obes Weight Loss Ther 3: 193.doi:10.4172/2165-7904.1000193

Page 2 of 7

Environmental stressors and eating disorders alter adipose tissue
anatomy and physiology, fat distribution and function patterns, though
changes in plasticity. Previous work supports the notion that visceral/
abdominal adipose tissue (VAT or AAT) and subcutaneous adipose
tissue (SAT) both contain white and brown adipocytes, collectively
forming a multi-depot organ called the “adipose organ” [6,25]. VAT
and SAT differ in their cellular composition, molecular properties and
role in regulating metabolism: whereas increases in VAT contribute to
metabolic disease, SAT is considered a weaker risk factor, and in some
cases has a protective effect [26]. Only VAT responds to obesity in a
manner that is consistent with active inflammation whereas no such
changes are detected in micro vessels from subcutaneous fat or skeletal
muscle [25,26]. A fraction of VAT deposits can accumulate especially
with the continuous intake of fatty and sugary foods (“comfort foods”)
[27,28] and this fact is still evaluated with the waist-to-hip ratio (WHR:
waist/hip ratio) [26]. Obesity then is the ultimate consequence of a
chronic positive energy balance, regulated by a complex network of
signals that connects the immuno-endocrine system and the central
nervous system [29-33].

Energy-rich foods increase SAT. When SAT saturates and
adipocytes can no longer proliferate or expand, impaired adipose
tissue expandability may lead to ectopic lipid accumulation in VAT,
liver, muscle and pericardial cells [6,34,35]. Energy dysregulation
favors insulin resistance and metabolic disease [31,34]. Hence the
risk of diabetes and coronary artery disease correlates strongly with
relative visceral adiposity, rather than with BMI per se [35]. A clinically
important finding is that VAT secretes more pro-inflammatory
cytokines than SAT. Therefore waist circumference or waist-to-hip ratio
or both diagnostic measurements are better than BMI as a proxy to
prevent metabolic disease and CVD but are not yet sufficient. Although
the above factors have been studied from a metabolic viewpoint,
the widespread incidence of obesity points to an urgent need to
consider weight loss measures in MUS and to develop tools to inform
nutritionists and general practitioners dealing with MUS patients.

Scope of this work

Obesity is often underestimated using body mass index and waist-
hip ratio that are not able to evaluate the real loss of fat mass after
appropriate nutritional strategies [36,37].

A large part of the adult population, with stressful social situations
and eating disorders, suffers or have suffered on several occasions
from MUS symptoms that can be traced back to a wide variety of
disorders of various kinds, which only rarely allow a precise diagnosis,
keeping frequently within the limits of clinical normality but altered
only slightly, not to the point of being pathological [7,8,37]. To the
best of our knowledge, there have been few studies into the connection
between MUS, inflammation and possible role of the physiological
balance of endocrine, metabolic and immune factors.

Hence we undertook a study of objective parameters that used a
rapid non-invasive analysis of the body composition using the tools
of the BIA-ACC project [38-40]. In Italy, “the BIA-ACC project”
(Bioelectric Impedance Analyzer - Analisi Composizione Corporea)
is a large-scale research project launched in 2004 to redefine the
application of bio impedance measurement in the clinical setting. Body
composition analysis based on the measurement of bio-impedance
is widely used, and has successfully been through several validation
processes in nephrology, nutrition, sports and preventive medicine, yet
much of the potential of this technique is still unknown because of early
compartmentalization of clinical and technical research [38].

Data are furnished to inform the doctor upon the first visit regarding
the state of health of the patient with MUS and obesity and guide
medical therapy. Thus we analyzed, in presence of decreasing BMI, the
changes in Fat Mass (FM) and Fat-free Mass (FFM) in relation to all
the other variables provided by a novel advanced bio-impedance device
that takes advantage from numerous parameters of body composition.
Finally, we attempted to confirm whether repeated body composition
analysis may be an effective method to improve the ability of patients
with MUS to maintain achieved weight loss over a period of time.

Materials and Methods
Patients

Patients enrolled at the center for primary care for a routine check-
up, in collaboration with the Department of Experimental Medicine,
all apparently free of disease but with problems of excess weight were
administered a self-evaluation form to point out MUS.

Inclusion criteria for MUS were: persistent tiredness or fatigue;
mood disorders; insomnia for a long time or night-time awakenings;
anxiety; apathy; melancholic depression; panic attacks; perceived
increases in heart rate at rest; changes in appetite (excessive hunger
or lack of appetite); acidity and stomach pain, feeling of fullness,
bloating after every meal, nausea; irritable bowel; persistent bouts of
constipation; hands and feet always cold; impaired body perspiration
during sleep.

The evaluation of the parameters BIA-ACC was performed both at
the first visit, T, and after weight loss of at least 5% of initial weight
identified as time T , according to a standard nutritional strategy. Of all
the patients with MUS, only those with decreasing BMI were selected
for evaluation with BIA-ACC, resulting in the cohort under study: 109
patients 79 females and 30 males aged between 30 and 70 years. The
protocol was approved by the locally appointed ethics committees and
participants gave written informed consent.

Instrumentation

Bioelectrical impedance analysis, BIA-ACC was performed by a
measurement device by BioTekna, Inc. (Marcon-Venice Italy). This
device applies two alternating currents with two different frequencies at
50 kHz and 1.5 kHz (bi-frequency measurement method). The device
uses a multi-compartment model for body composition (2C, 3C, 4C,
5C). The BIA-ACC tool is applicable to both adults and children of all
ages and both sexes. The patient lies supine on a flat surface that is non-
conducting nor in contact with metallic elements. Two electrodes are
applied on the dorsal surface of the right hand and two electrodes on
the dorsal surface of the right foot.

On established healthy nomograms, BIA-ACC clearly is able to
distinguish healthy from metabolically diseased subjects at multiple
parameters. BIA-ACC consents assessment of potential pathologies
such as chronic inflammation, MUS, stress and neuro-immuno-
regulation, thanks to large clinical data sets collection, which highlight
correlations that were not observed previously. The BIA-ACC system
is designed for connection to remote telematic services: the web
portal DINU (DI NUftrizione) uses a set of mathematical formulation
to expand the BIA-ACC output through new analytical processing
algorithms which are able to point out the strong relationships between
bio impedance-derived parameters and other diagnostics indexes that
are generally gathered by other measurement technologies, including
invasive or expensive ones [38-42].
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Demographics Table N° 109 Patients

TU T1
Male n° 30
Female n° 79
Age range years 30-70

Dietary intake: dissociated carbohydrates at lunch protein at dinner

diet

::Ift')ici activity: fitness, 30% of patients 50% of patients
'\S"yur:pig"nfg')ca”y Unexplained 60% of patients 7.3% of patients
Median follow-up time 2 months
Weight range [kg] 54.6-114.2 53.1-109.2
BMI range [kg/m?] 35-45 20-43

FM range [kg] 14-51 9.6-49.2

AT range [kg] 17-64 12-61.5
AAT range[cm?] 302-839 133.9-801.9
FFM range[kg] 36.3-68.6 34.8-65.6
Muscle FFM range [kg] 9.3-34.3 8.6-29.4
'(\;'I;Jns:;es ::n';'\ef)/( '):M range 0.26-1.01 0.24-1.95
ECW range [L] 11.2-22.4 11-20.2

Table 1: Demographics Table-The Table shows the principal demographic
characteristic of the patients (age, gender, physical activity, etc...) at the time of
enrolment (TO) and the variability range of the principal parameters after a follow-up
of about 2 months (T1).

The supplied parameters are:

BMI (Body Mass Index): It is usually calculated by dividing the
weight of an individual in kilograms by his/her height given in meter
square.

TBW (Total Body Water): Indicates the amount of total body water,
expressed in liters and in percentage compared to the total weight of the
patient, is the overall percentage of body fluids compared to the total
weight of the subject; physiological values are considered those between
60% and 70% (during childhood the value reaches to 77%.

ECW (Extracellular Water): Amount of water present in the
extracellular environment.

ICW (Intracellular Water): Amount of water present in the
intracellular environment, expressed in liters and as a percentage of total
body water (TBW). The ICW and ECW used to assess the relationship
of distribution of body fluids between the intra-and extracellular
compartments, the two values are in the physiological relationship
when the ICW is 60% to 40% and ECW.

FFM (Fat Free Mass): Amount of lean mass present in the body,
expressed in kilograms and in percentage compared to the total weight
of the patient.

FM (Fat Mass): Amount of fat present in the body, expressed in
kilograms and in percentage compared to the total weight of the patient.
FFM and FM represent the percentage of lean body mass and fat mass
compared to the total weight of the subject, in normal conditions the
FM should not exceed 25% of body weight, so the value of the FFM
should constitute at least 75% of the total weight.

BMR (Basal Metabolic Rate): Basal metabolic rate (expressed in
kcal per day).

PA (Phase Angle): The phase angle is a measure, expressed in
degrees, of the relationship between resistance and capacitive reactance.
A very low value indicates a system with damaged cell membranes,

while a very high value indicates a system with intact membranes and a
good cell mass. The value of this parameter has a significant relationship
with the sex of the subject analyzed, hence a difference in the ideal
value of at least 6° for men and at least 5° for women. It is an important
prognostic indicator for monitoring the presence and evolution of
chronic inflammatory processes in the course of stress.

The web portal DINU determines the other BIA-ACC parameters:
TB (Total Body), Na, K, Cl, Ca, Mg, TBP (phosphates), glycogen (Gly),
bone mineral; body cell mass (BCM), active cell mass (ACM), muscle
FFM (skeletal muscle in Kg), muscle ratio (skeletal muscle % of FFM),
muscle FEM/FM ratio ( fitness index); anions protein, extracellular
matrix proteins (ECM) and catabolites in the extracellular fluids;
essential lipids (LE), adipose tissue (AT) and abdominal adipose tissue
(AAT).

Statistical evaluation

All the parameter changes relate to the time of enrollment (T,) and
after weight loss (T,) have been normalized with respect to the mean
value and standard deviation of changes (Z-score normalization). Then,
we performed the Student’s t-tests and bi-hierarchical clustering, using
as distance one minus Pearson’s correlation, to classify both patients
according to variation of the variables and variables according to their
variations in all patients.

The statistical program SAS (Statistical Analysis System) was
used to perform the following tests:

o Student’s t-test to measure the difference in the average values
of the parameter changes from T to T , using as a significance
threshold a p-value<0.05.

o Principal Component Analysis (PCA) is a technique for
simplification of the data used in multivariate statistics
and belongs to factor analysis. The primary purpose of this
technique is the reduction of a greater or lesser number of
variables (representing many features of the phenomenon)
in some latent variables (feature reduction). This is achieved
through a linear transformation of the variables that projects
those originating in a new Cartesian system in which the new
variable with the greatest variance is projected on the first
axis, the new variable, the second dimension for the variance,
second axis and so on. The reduction of complexity occurs
when analyzing the main components that explain most of the
variance of the data.

« ANOVA to compare two or more groups of data comparing
the internal variability in these groups with the variability
between groups. We use these techniques when the explanatory
variables are nominal type as in the case of sex, of sarcopenia
and cardiovascular risk. We used ANOVA to test the correlation
between these variables and the nominal principal components.

Results

Statistical analysis has demonstrated that the variance of the data
around the mean is minimal. Therefore, differences in mean values
between T and T, are significant as described from the 33 parameters
considered. All patients examined at the first visit and after standard
nutritional strategy reduced their weight and consequently their BMI.

In Table 1, we report the values of principal demographic
characteristic of the patients (age, gender, physical activity, etc...) at
the time of enrolment (T,), and the variability range of the principal
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Figure 1: Mean values and standard deviations of measured variables whose
changes between T1 and T0 resulted statistically significant by the student's
t-test (p<0.05).

Figure 2: Hierarchical clustering of measured bio-impedance parameters for
each patient. The patients are plotted on the x-axes while on the y-axes the
measured variables are plotted. The variable changes are normalized with
respect to mean and standard deviation of the changes (z-score normaliza-
tion). Blue color represents small changes with respect to the mean, red color
represents large changes with respect to the mean and white color represents
unchanged values of the variable changes with respect to the mean.

Figure 3: Percentage of the variance resulting from the principal component
analysis performed on the data.

parameters both at the time of enrolment and after a follow-up of about
2 months (T,).

60% of the patients at the first visit indicated the following MUS:
persistent tiredness or fatigue; insomnia or night-time awakenings;
anxiety; apathy; changes in appetite (excessive hunger); feeling of
fullness, bloating after every meal, irritable bowel. At the subsequent
visit (T,) only 7.3% of patients continued to complain about the
persistence of the following MUS: tiredness; insomnia; anxiety.
However it is interesting to note the significant decrease in FM, AT,
and especially AAT in all patients examined an observation that might
be directly related to inflammatory processes that were low-grade but
persistent at the basis of the MUS as in Figure 1.

The results of the cluster analysis are shown in Figure 2 where the red
color represents a greater variation in the parameter changes compared
to the average value; the white color corresponds to parameter changes
equal to the average value; the blue color represents a decrease of the
parameter changes with respect to the average value.

The hierarchical clustering performed on the 33 variables reveals a
clear separation into two groups: one related to the FFM and the other
related to FM. On the basis of this variable classification patients fell into
four groups, (Figure 2) A) FFM and all related components change less
than the average while FM and all related components change greater
than the average; B) FFM and all related components change greater
than the average while FM and all related components change less than
the average; C) FFM and all related components as well as FM and all
related components change greater than the average; D) FFM and all
related components as well as FM and all related components change
less than the average. This result clearly indicates that all patients who
have reduced weight and BMI did not diminish the only FM but the
weight loss has also come at the expense of the FFM.

The principal components analysis (PCA) revealed that the first 4
main components explain nearly all (95%) of the information present
in the original variables differential (delta). This means that there exists
4 “reasons” or factors which explain the variability in the 33 parameters
studied. In particular two explain 80% of these variations (Figure 3).
Correlation analysis between each of the 33 variables with the first two
principal components identifies the first PCA with the FFM (i.e. TBP,
TBMg, TBCa, TBW, BCM, BMR, ACM and skeletal muscle) and the
second (PCA?2) is associated with adipose tissue (i.e. AT, FM, AAT).

This means that FFM and adipose tissue are the main reasons
of the variation of this parameter of the patient cohort. Finally, the
remaining 20% of the parameter variation can be explained by variation
in the third and four principal components that are highly correlated
with stress or inflammation (i.e. K/Mg ratio and the phase angle PA)
and bulffer, respectively (Figure 3).

Given the importance of the FFM, we divided the patients
according to the variation of this parameter, and we retrieved 3 different
subgroups in response to the decrease in BMI (Figure 4):

o Patients who lost FM and FFM, even if the loss of FFM is
minimal (labeled “Others”, corresponding to 75.23% of the
cohort).

o Patients who lost FM but keep constant or increase FFM
(labeled “Top”, 17.43%).

« Patients who lost FEM (labeled “Worse”, 7.34%) with persistent
MUS: tiredness, insomnia, anxiety.

The group “Top” not only increased FFM in general but especially
skeletal muscle mass; in contrast the group “Worse” showed losses in
FFM especially skeletal muscle mass (Figure 5).
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Figure 4: Different groups of patients responding to the decrease in BMI.

Figure 5: Average and standard deviation of the skeletal muscle mass for
“Top” and “Worse” patients inserted in Figure 4.

Regarding cardiovascular risk (CVR), this parameter decreased at
T, in the groups “Top” and “Others” while remaining unchanged in
the group “Worse” (data not shown). Patients who responded better
to nutritional strategy indicated they had changed their lifestyle
introducing a moderate physical activity.

Discussion

The results described in this paper and interpreted in the light of
modern scientific knowledge confirm that weight loss improves all
the parameters that underlie metabolic alteration, obesity with risk of
chronic diseases. In fact, in addition to the total fat and especially visceral
fat we found two variations: firstly decreased extracellular water and
sodium, indicators of edema/inflammation and secondly catabolites of
the extracellular matrix considered “danger signals” that can activate
macrophages through Toll-likeR4 causing neurogenic inflammation
and that determine adipogenesis in mesenchymal precursors [43,44].

Undoubtedly important is the role of bio-psychological connection
between stress and dysregulation of the feeding system that may
explain how many environmental stimuli can affect the destabilization
of the lipostatic system [45,46]. For all these reasons we can explain
why in Italy, as in the Western world (with higher incidence in North
America and Great Britain), the problem of body weight, defined as
being overweight, affects more and more individuals [1,47].

The cause of this situation is twofold: on one hand there is an
increasing availability of food, the other an increasingly sedentary
lifestyle [48,49]. Certain life cycle phases appear to be especially
important for health promotion and disease prevention as the
development of chronic diseases can take several decades. Such
complex health issues often require system-wide, multifactorial, and
multidisciplinary solutions [50].

Our findings are in accordance with the Position Statement of the
Academy of Nutrition and Dietetics which states that primary prevention
is the most effective, affordable method to prevent chronic disease, and

that dietary intervention positively impacts health outcomes across the
life span [50]. In this regard it should be noted that caloric restriction
by a standard nutritional therapy is not accepted by all patients, who
turn to a specialist nutritionist for help. Such lack of success can be
therefore considered a stress [51,52] and recent data indicate that
combined physical activity and dietary intervention was not effective at
improving diet or physical activity level [53]. In fact, in this study, the
largest group, despite having decreased fat mass, has somehow lost part
of lean body mass and this phenomenon is often related to the presence
of stressful processes, such as body dissatisfaction [54], inflammatory
processes, activating the immune system which requires additional
energy from other organs and systems [15-17]. This observation is
more prevalent in the group of patients who responded worst to dietary
restriction in which it is found that the weight loss coincides only with
the loss of lean body mass and sarcopenia with varying degrees of MUS
and cardiovascular risk.

Therefore, a preventive intervention that focusing on lifestyle
modification and energy balance and helps to maintain healthy weight
compared with surgery and medications is thus highly cost-effective.
Standard care with physician advice-giving can cause resistance to
change, especially when the patient has little or no willingness to change
[55]. For this reason we recommend, according to the analysis of body
composition, an appropriate and personalized nutritional protocol for
each individual and to follow subsequent check-ups at brief intervals
[56]. We recall in this regard the recent words of Umberto Veronesi:
“The 4 P that characterize the medicine of the future are Predictive,
Preventive, Personalized and Participatory” [57].

In addition, this study emphasizes another new concept: the role
of the preservation of FFM especially skeletal muscle during weight
loss management. When we compared the parameters most indicative
for stress and inflammation in the 2 groups of patients with different
approach to weight loss: best (Top) and worst (Worse) which is already
possible to distinguish in the dendrogram. Stress and an improper
nutrition result in an altered body composition at the expense of lean
body mass (FFM) composed overwhelmingly of muscle and bone
tissue, alteration of extracellular pH, with a tendency to acidosis that
perpetuate the request of alkalizing buffers mainly to the detriment of
bone. We should recall that the K/Mg ratio stabilizes lean mass and in
patients with index less than 4.3 we found sarcopenia and osteopenia
for probable loss of action potentials aggravated by the presence of
stress.

The activity of the HPA axis is highlighted by the decrease of
TBprotein, TBK, PA with concomitant increase of ECK, ECW. This
phenomenon is at the basis of the MUS concerning psychological
(depression), muscular (fatigue, cramping) gastrointestinal alterations
(reflux, irritable bowel syndrome), are all related to immuno-
metabolic alteration recently described as a new field of study called
“immunometabolism” [58,59]. The loss of skeletal muscle leads to a
decrease of TBK where is contained for the most part. Therefore, the
recovery of TBK can be obtained with the recovery of the skeletal
muscle and proteins [6,15,38,60-63].

Conclusions
This study, although preliminary, suggests three important findings.

i. BMI shows several limitations as indicator of fatness.
Individuals with increased skeletal muscle may have increased
BMI; and individuals with decreased FFM and increased
adiposity may be misclassified by assessment with BMI; this
index does not measure the accumulation of abdominal fat,
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which mainly increases the risk of diabetes, hypertension and
cardiovascular diseases. In addition, BMI is relatively insensible
to body composition changes.

ii. It is well known that psychological stress contributes to
exacerbations of inflammatory conditions accumulating
AAT. Advanced bio-impedance analysis provides a useful,
non-invasive and rapid tool in the clinical setting, especially
in the early stages when the first signs of immune-metabolic
dysregulation are only MUS. It correlates MUS with negative
changes in body composition.

iii. Among all the parameters analyzed it was possible with the
statistical analysis to highlight 4 main components that affect
the variation between the first visit (T ) and subsequent control
(T,). Unexpectedly, the decrease of FM is not as important in
reducing the MUS as the retention or increase of FFM. In fact
our data furnish the Fitness index defined as Muscle FFM/FM
ratio.

Our results emphasize that during weight loss strategy the most
important component is FFM with total body water, phosphates,
calcium and magnesium, and mostly skeletal muscle, followed by
adipose tissue. Only third in importance is the result on phase angle and
K/Mg ratio, which is an indirect indicator of stress and inflammation. In
this regard recently the association of body composition measurements
was evaluated using the same advanced BIA-ACC device with chronic
stress-inflammatory biomarkers in a large Caucasian population of
160,768 subjects [40].

In this way we can identify patients with chronic stress and
inflammation related chronic diseases, such as metabolic syndrome
and its manifestations and sequelae, and distinguish them from lean
or overweight healthy subjects. Therefore, to obtain best results, the
specialist nutritionist should always be concerned more with an
individual nutritional strategy than with caloric restriction alone.
Besides this, during subsequent check-up, patients need to be willing to
accept and be compliant in regards to all requirements of a behavioral
weight loss program including: self monitoring, physical activity,
addressing personal barriers to their own weight loss, committing to
improved diet and lifestyle changes both during and after weight loss,
participation in individual and group sessions, and strategizing how to
maintain lifestyle changes [61-63].

Recent data suggest that muscle contraction induces the release
of cytokine-like molecules namely “myokines” which, like hormones,
counteract inflammation related to AAT by stimulating fat oxidation
[64,65]. In our opinion, BIA-ACC can readily reveal to the patient
himself an objective improvement or worsening of the different sub-
components of body composition during nutritional strategy. In
addition, we suggest the use of BIA-ACC to obtain diagnostic and
prognostic parameters in neuro-immune dysfunctions that induce
chronic diseases. Finally, our work may stimulate further studies related
to the role of the skeletal muscle as a new or additional endocrine
system.

Future Directions

Based on the review of literature, there are still several areas that
could benefit from further research, for example, to evaluate how
patient compliance with published guidelines [50] affects the rate of
weight loss. We are currently studying how different levels of physical
activity affect weight loss. Regular physical activity that allows muscle

contraction through resistance training leading to muscle hypertrophy
rather than aerobic exercise, tailored to suit patient capability and with
increasing intensity, is fundamental to stimulate an optimal restoration
of skeletal muscle mass and immune system, an integral part of the
FFM. This important measure, which is now supported by experimental
work, allows the patient to deal with and better manage the various
daily stressors.
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