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Abstract

Phase angle (PhA) is a recently proposed marker of nutritional status in many clinical conditions. Its use in patients with
obesity presents different critical concerns due to the higher variability of the two measured parameters (resistance, R,
and reactance, Xc) that contribute to the determination of PhA. Controversial is the relation between PhA and BMI that
might vary with graded levels of obesity due to the variation in fat and free fat mass. Obesity is frequently associated
with metabolic, hepatic, cardiovascular and kidney diseases that introduce variations in PhA values, in relation to mul-
timorbidity and severity degree of these diseases. It is reported that the improvement of clinical condition is associated
with a positive change in PhA. Also, the treatment of obesity with weight loss might confirm this effect, but with differ-
ent responses in relation to the type and duration of the intervention applied. In fact, the effect appears not only related
to the percentage of weight loss but also the possible loss of free fat mass and the nutritional, metabolic and structural
modifications that might follow each therapeutic approach to decrease body weight. We can conclude that the PhA could
be used as marker of health status in patients with obesity supporting an appropriate weight loss intervention to monitor
efficacy and fat free mass preservation.
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1 Introduction Organization (WHO) updated its Report on Obesity in the
European region, which highlights overweight and obe-
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< Amelia Brunani

brunani@auxologico.it IRCCS Istituto Auxologico Italiano, Milan, Italy

Raffaella Cancello 2 Laboratory of Biomechanics, Rehabilitation and Ergonomics,
r.cancello@auxologico.it IRCCS, Istituto Auxologico Italiano, Piancavallo Verbania,
Italy

Ettore Brenna

e.brenna@auxologico.it

Simona Bertoli
simona.bertoli@unimi.it

Antonella Zambon
antonella.zambon@unimib.it

Henry C. Lukaski
henry.lukaski@email.und.edu

Paolo Capodaglio
p-capodaglio@auxologico.it; paolo.capodaglio@unito.it

Obesity Unit and Laboratory of Nutrition and Obesity
Research, Department of Endocrine and Metabolic Diseases,

Biostatistic Unit, IRCCS Istituto Auxologico Italiano,
Milano, Italy

Department of Food, Environmental and Nutritional Sciences
(DeFENS), International Center for the Assessment of
Nutritional Status (ICANS), University of Milan, Via Sandro
Botticelli 21, 20133 Milan, Italy

Department of Statistics and Quantitative Methods,
University of Milan-Bicocca, Milan, Italy

Department of Kinesiology and Public Health Education,
University of North Dakota, Grand Forks, USA

Department of Surgical Sciences, Physical Medicine and
Rehabilitation, University of Torino, 10126 Torino, Italy

@ Springer


http://orcid.org/0000-0003-3059-544X
http://crossmark.crossref.org/dialog/?doi=10.1007/s11154-022-09774-1&domain=pdf&date_stamp=2022-12-23

452

Reviews in Endocrine and Metabolic Disorders (2023) 24:451-464

document shows that 59% of European adults and almost 1
in 3 children (29% of males and 27% of females) are over-
weight or suffer from obesity, now considered a disease [1].
Overweight and obesity are in fact among the main causes
of death and disability also in the European Region and
recent estimates suggest that they cause more than 1.2 mil-
lion deaths per year, corresponding to over 13% of total
mortality. Obesity increases the risk of many non-commu-
nicable diseases, including cancer, cardiovascular disease,
type 2 diabetes mellitus, and chronic respiratory disease [2].
Additionally, obesity is associated with an increased risk
of complications and mortality in the case of SARS-CoV-2
infection [3, 4]. The prevalence of obesity in adults in the
European region is higher than in any other WHO region,
except the Americas [5]. Over the last five years to 2022,
obesity rate among adults aged 18 and older has increased
an annualized 1.8% to 33.0 people per 100 individuals [6].
WHO estimates that by 2025, approximately 167 million
people (considering adults and children) will become less
healthy because of overweight or obesity [1, 6].

Obesity is characterized not only by an increase (from
moderate to severe) of body adipose tissue but also by
alterations in the metabolic, structural and functional char-
acteristics of skeletal muscle (i.e. low muscle quality) [7].
Surrogate measures, such as the body mass index (BMI) give
no indication of fat free mass, muscle mass or nutritional
state. Although obesity treatment can begin with a screening
threshold of a BMI>30 Kg/m?, a proper body composition
analysis is important to determine baseline fat mass and fat
free mass (lean soft tissue mass). Different methods are used
for body composition assessments depending on practicality
and feasibility, including bioelectrical impedance analysis
(BIA), anthropometry (skinfold thicknesses, body girths)
and dual-energy X-ray absorptiometry (DXA) [8-10]. BIA
is a simple, inexpensive, quick and non-invasive technique
for assessing body composition and its changes over time.
BIA is used in various clinical settings due to its safety and
cost-effectiveness compared to DXA [11-13]. However, at
present, the routinely use of body composition analysis by
BIA for obesity treatment is still debated. Concerns include
the assumption of constant hydration of the fat free mass
and validity of multiple regression prediction models for fat
free mass. Importantly, the water content of adipose tissue is
appreciable with estimates highly variable (6 to 36%) due to
limited samples and diverse anatomical sampling locations
[14] with a generally accepted value of 15% [15]. Phase
angle is a unique biomarker that discriminates the expanded
ECW in adipose tissue [16]. It is a unique bioelectrical
impedance variable to overcome these limitations because
it accounts for hydration status and cell mass [12]. The PhA
has been related to muscle strength, being higher in athletes
and lower in sarcopenic obese subjects [17, 18]; low PhA
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values are associated with impaired quality of life and poor
prognosis in various chronic diseases [19]. The European
Working Group on Sarcopenia in Older People recently pro-
posed the PhA as a possible indicator of muscle quality [20].

Presently, PhA has limited usefulness in clinical practice
because of a lack of reference values for overweight and
obese populations. Also, variability exists in responses of
PhA to weight loss induced by different diet and physical
activity treatments, different types of bariatric surgery and
the metabolic impact of reducing inflammatory processes.
The aim of this narrative review is to depict the evidence of
importance and applicability of PhA in patient with obesity
and in the treatment of obesity through weight reduction as
well as improvement of metabolic and clinical conditions
associated with obesity.

1.1 What is the physiological meaning of “phase
angle” in patients with obesity?

The use of PhA and its raw BIA components has gained
attention as an alternative to conventional error-prone esti-
mation of body composition. BIA measures whole-body
impedance, the opposition of the body to alternating current
caused by water and electrolytes and consists of two com-
ponents: resistance (R) and reactance (Xc) [21]. Resistance
is the decrease in voltage reflecting conductivity through
ionic solutions. Reactance is the delay in the flow of current
measured as a phase-shift, reflecting dielectric properties
(i.e. capacitance of cell membranes and tissue interfaces).
BIA is not a direct method for body composition assessment
and its accuracy in estimating body composition relies on
the assumption of constant hydration of the fat free mass
sample-specific regression equations [22].

The PhA is calculated with R and Xc values: PhA
(°)=arctangent (Xc/R) x (180°/m); it is related to the dis-
tribution of intracellular and extracellular fluids and integ-
rity of cells membrane [23, 24]. Importantly, from a strictly
mathematical point of view, the values of R differ from those
of Xc by an order of magnitude, therefore, the variability
of Xc will have a significantly greater effect than those of
R in the value of PhA. Biological variations in intracellu-
lar or extracellular fluids and cell membrane integrity are
reflected on R and Xc values, and consequently on PhA. For
this reason, some researchers have already highlighted the
need to adjust for hydration status when measuring PhA.
For instance, the PhA and the extracellular/total body water
(ECW/TBW) ratio were important factors in malnutrition
and predictors of clinical outcomes. The excess of ECW,
unlike the increase in the relative intracellular water (ICW),
is almost always a condition to be avoided. In many scien-
tific studies it is often found that the increase in FM is corre-
lated with an altered distribution of body fluids. Overweight
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Fig. 1 Phase angle distribution in normal-weight subjects and in

patients with overweight/obesity. The PhA ranging from 3.9° to

4.9° and 4.1° to 5.1° in women and men respectively showing

a decrease range when compare to normal-weight (6.7°-7.8° in

women and 7.2°-8.4° in men)[44]. Multiple reasons might be

responsible to this shift including increased adiposity, hyperhy- =

dration, body cell mass, FFM, inflammation and malnutrition o
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and / or obese subjects may have a high percentage of ECW
and an ECW/ICW ratio above 0.85, higher than the aver-
age for the normal weight population (about 0.70-0.75) [25,
26]. This condition is partly proven by the fact that the adi-
pose tissue itself has a higher ECW / ICW ratio than mus-
cular mass. In fact, while FFM has an average ECW/ICW
ratio of about 0.80, adipose tissue can achieve an ECW/
ICW ratio of up to about 3.7 [27 Wang J.] Consequently,
a high percentage of FM can help increase the percentage
of ECW. The ECW/ICW ratio could be particularly altered
when the extra adipose tissue is present in the abdominal
area or as a result of different mechanisms, such as water
retention, total body water (TBW) in excess caused by an
altered regulation of the state of hydration, edema (gener-
ally present in the lower limbs), hormonal responses related
to adipose tissue, insulin resistance, high triglyceride levels,
low HDL cholesterol levels, metabolic syndrome, malnutri-
tion [28, 29]. The high ratio of ECW/ICW could also reflect
a state of cellular dehydration or any physiological shifts of
intracellular towards the extracellular water (such as when
an inflammatory state or a stressful condition at the cellu-
lar level is present in the body). A high ECW/ICW ratio in
overweight and/or obese subjects may also be associated
with impaired metabolic regulation, glucose intolerance,
reduced lipolysis and increased risk of diabetes. A systemic
inflammatory condition, such as that found in obese individ-
uals is responsible for these changes. Research has shown
that isotonic and endurance physical activity can promote
an increase in ICW, a signal for an increase in cell mass,
muscle mass, basal metabolic rate, strength and improve-
ment of the immune system. Conversely, low values of the
ECW / ICW ratio (<0.60) can be used to detect any risk
conditions or the presence of dehydration.

The alterations in the PhA associated with disease,
malnutrition, and physical inactivity could be justified by
modifications in FFM that have been commonly shown in
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patients with obesity. However, even in situations when
FFM loss has not occurred, extracellular fluid expansion
can lead to an increase in the ECW/ICW ratio, for example
in sepsis and the early phases of malnutrition leading to a
decrease in the PhA [30-32]. It is important to note that the
resistance measure (R) refers to the compartments of fluid
and electrolyte-containing tissues (e.g. soft tissue mass),
which offer greater resistance to the passage of this current
[33], is higher in obesity and produces a reduction in PhA.
On the other side, reactance is decrease for cellular injury,
cachectic or inflammatory conditions such as in neoplastic
or immunological diseases. Furthermore, it is suggested that
BCM in obesity presents modification in selective perme-
ability [34] due to a subclinical inflammation condition by
different cytokine production by adipose tissue and also an
increased production of reactive oxygen species (ROS) that
oxidize lipids and proteins, including those in the cell mem-
brane, which decreases cellularity [35]. All these conditions
interfere with phase angle values, as summarized in Fig. 1.

The PhA of healthy individuals can vary between 6° and
7° with a possible cut-off value at a value of 6.96° [24, 32];
in athletes it may reach value > 8.5° [36]. Reported high val-
ues may exceed 8° whereas values < 6° reflect a poor clini-
cal prognosis [36, 37]. As reported in a systemic review by
DiVincenzo et al. [38], the PhA of individuals with obesity
presents a large range of values with no range of normal val-
ues. This variability may be explained by a combination of
factors including diverse underlying clinical conditions and
the different technologies in BIA instruments and electrode
placement.

1.1.1 Importance of gender and ethnic differences
Gender is a determinant of PhA values. Women tend to have

lower PhA values than men [24] largely due to lesser Xc
values attributed to reduced fat free mass [39]. Additionally,
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an increased adipose tissue mass, which includes substan-
tial water content (~20%), is associated with larger TBW
and reduced R [24]. Ethnic differences reflect the variance
in percentage of FM for the same BMI. In a study with 3
ethnic groups, the lower PhA was reported in Japanese com-
pared with Germans in all age groups and it was depended
by higher ECW/TBW ratio, with a lower skeletal muscle
mass (SMM)/FFM [40]. A higher PhA for Mexicans in com-
parison with Germans is in accordance with differences in
the height, which is highly correlated with fat free mass, in
all groups [40].

1.1.2 Age, Height and PhA

A physiological change of PhA occurs with age. Findings
indicate a general trend for PhA to decline with aging due
to reduction of the parallel reactance with the loss of muscle
mass and a concurrent increase in resistance associated with
the decline in TBW at the expense of increasing in adipose
tissue [19, 41]. The association of a deficit in muscle strength
and a reduction in total muscle mass with aging is defined
sarcopenia [42]. Phase angle has been associated with func-
tional tests, such as gait speed and hand grip strength, in
older women [43], and explained by the decline of Xc and
the deleterious changes in electric properties of skeletal
muscle with aging [32]. Multiple linear regression analy-
sis revealed that age, skeletal muscle mass index (SMI),
and muscle quality (evaluated by handgrip strength, HG)
were independently associated with PhA in both sexes [44].
Recently, the cut-off PhA values are reported for predicting
sarcopenia: 5.95°, 5.04°, 5.02°, and 4.20° in young male,
elderly male, young female, and elderly female participants,
respectively [44]. In a recent review, PhA was decreased in
sarcopenic subjects [38]. Among different studies, the abso-
lute values of PhA and the frequencies of sarcopenia might
depend of gender, age and the clinical condition of the
individual (e.g. COPD, cirrhosis, kidney transplant, cancer
patients) probably in relation to nutritional state. The cut-off
values of PhA varied from 4.05 to 5.05, possible because of
the methods used for their identification. A significant asso-
ciation between PhA and functional test performance (e.g.
six minutes walking test-6MWT) in older female adults,
regardless of the potential confounding effects related to
body composition [45]. A direct relation has been found
with the muscle mass and strength [17, 18], as physical
activity level influences body composition and seems to be
positively associated with high PhA values [19]. Nescolarde
et al. [46] showed that Xc and PhA decrease after an acute
muscle injury.

Excess adiposity is one component of the specific con-
dition termed sarcopenic obesity [42]. These patients pres-
ent an increased ratio of intramuscular and intermuscular
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fat infiltration and a decreased ratio of muscle mass to total
body mass related with metabolic abnormalities, low
strength, and decreased mobility. The frequency of this
condition is variable, ranging from 11 to 28%. In women
with obesity, PhA was positively correlated with ultrasound-
determined muscle area, muscle circumference, muscle
echo intensity, serum albumin and total protein concentra-
tions [47]. PhA was shown to be inversely correlated with
body fat % (r=-0.74; p<0.001), and positively correlated
with peak oxygen uptake (r=0.50; p<0.001) and lower- and
upper-body maximal strength (r=0.65; r=0.70; p<0.001,
respectively). Thus, PhA was proposed as a clinically tool
to screen the physical fitness and functional status of adults
with obesity [39].

Few studies demonstrated, in multivariate regression
analysis, that height exerted largest impact on PhA followed
by body weight and muscle mass [40]. Since height and
weight are representatives of somatic development reflect-
ing skeletal and muscular growth and collectively they
increase percentage of FFM and thus influence resistance
and PhA.

1.1.3 Influence of BMI on PhA

Conflicting data describe the relationship between PhA
and BMI. Reports indicate a positive [41] and a negative
correlation [42] and other findings no effects were evident
[43]. Bosy-Westphal et al. [32] showed that PhA tended
to increase with BMI up to 35 kg/m* and then decreased
when BMI was > 35 kg/m?; in both genders PhA was nega-
tively associated with BMI values>40 kg/m?. Our group
described in a wide cohort of patients with obesity a pro-
gressive decrease in PhA, in men and women both [44].
In particular, a reduction starting from a BMI of 40 kg/m?
then becoming highly significant for BMI values higher
than 50 kg/m?, demonstrating the effect of adiposity excess
and the low cellular integrity in case of extremely increased
BMI (high resistance, low reactance). Thus, these data con-
firm that PhA in obesity is affected by multiple variables:
sex, age, FM, FFM, hydration status, and nutritional state
that directly influence resistance and reactance and not to
BMI alone. It is notable that the increase in % fat, particular
visceral FM, was associated with a reduction in PhA [24,
39, 40, 42, 45], probably for the alterations in the cell size,
the permeability of the cell membrane, or differences in the
distribution of fluids in the tissues, specifically an increase
in ECW/ICW [46]. The parameter that most affects the PhA,
in normal weight and normally hydrate adults, is FFM [30],
in particular the skeletal muscle mass. Skrzypek et al. [45]
confirmed, in a normal weight population, that PhA was
positively correlated with muscle mass as well as with mus-
cle strength. In fact, not only muscle mass is important, but
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also muscle quality due to fibre composition, metabolism,
aerobic capacity, insulin resistance, and fat infiltration/fibro-
sis as in patients with obesity [45].

1.2 Phase angle in patients with obesity and
different associated clinical conditions

Phase angle has been studies as a prognostic marker in
several clinical conditions (e.g. cancer, kidney and cardiac
diseases, HIV infection, etc.) and in diseases frequently
associated with obesity such as metabolic dysfunction, insu-
lin-resistance, inflammation and disability, and in the devel-
opment of chronic diseases such as diabetes, dyslipidaemia
and cardiovascular diseases; moreover, the possibility to
monitor the progression of metabolic or cardiovascular risk
factors with PhA changes is very promising (see Sect. 4).
The metabolic syndrome (MS) includes risk factors associ-
ated with heart disease, obesity, and diabetes. In a recent
study [46] only the waist circumference was associated with
lower PhA values. For the glucose, non-HDL-C, triglyc-
erides, CRP, HOMA-IR and uric acid levels there was no
association with PhA in the adjusted models. Furthermore,
women with obesity and a low PhA tertile had high fat mass
with high levels of glucose, HOMA, IL-6 and leptin, which
are risk factors for atherosclerosis and cardiovascular dis-
ease in obese patients [47]. Low values of PhA were found
in adults with higher prevalence of hyperuricemia, that
increases oxidative stress and a proinflammatory state even
after adjustment for waist circumference, hyperglycemia
and arterial hypertension but not with physical activity [48].

In patients with diabetes, Buscemi et al. [49] observed a
negative correlation between fasting plasma glucose level
and PhA that was inversely related to the ECW/TBW ratio
because hyperglycaemia induces an osmotic effect and
higher resistance value. Pillon et al. [50] showed that in
diabetes there is reduced ability to exchange potassium due
to a decreased active cell mass. Therefore, the smaller PhA
could be considered marker for the catabolic state in people
with diabetes [51, 52]. An important application is the eval-
uation of nutritional state in diabetic chronic kidney disease
patients. These patients present a hyper-hydration and a sig-
nificant association with glomerular filtration rate (eGFR)
and albumin level with undernutrition (PhA<4.17°) [53].
The loss of muscle mass was also significantly related to
the eGFR decline [54]. Recently Barrea et al. [55] reported,
in a group of patients with PCOs, two significant results:
PhA was negatively associated not only with the inflamma-
tory status but also with the hyperandrogenemia in BMI-
matched controls than suggest PhA as an endocrine marker
of the severity of the PCOs. In the second study [56] the
same Authors reported that PhA is significant low in patients
with metabolically unhealthy obese (MUO) characterizes by

highest percentage of severe obesity, low adherence to the
Mediterranean diet, high CRP levels and frequency of MS
diagnosis; for this data PhA was considered in the definition
of relative prognostic value of MUO-PCOS phenotype [56].
Thus, decreased PhA values apparently are a consequence
of metabolic perturbations associated with a pro-inflamma-
tory state and its effects on body composition.

The presence of the metabolic dysfunction-associated
fatty liver disease (MAFLD) and non-alcoholic steato-
hepatitis (NASH) range from 70 to 80% of patients with
obesity and diabetes with a possible progression in fibrosis
and cirrhosis. The accumulation of hepatic fatty acid within
the liver, cause MAFLD and is associated to hepatic insu-
lin resistance and an increase in pro-inflammatory media-
tors (IL-6, high sensitivity C-reactive protein and TNF-a)
[57]. In patients with MAFLD but without fibrosis and
severe steatosis, PhA rises proportionally to the increase in
fat mass and BMI and decreases in advanced liver fibro-
sis [58]. A previous study reported that PhA values were
significantly higher in well-nourished patients than in mal-
nourished patients, characterized by both increased ECM
and decreased BCM, but no statistically significant correla-
tion was found between PhA, R and Xc values and Child-
Pugh score [59]. Positive correlation with albumin levels
suggested PhA as an indicator of nutritional status [59, 60].

Obesity is associated with a high risk of heart failure (HF)
caused by both fluid retention (excessive fat mass) with car-
diac overload and also malnutrition (“cardiac cachexia”,
with loss of muscle mass and systemic inflammatory in adi-
pose tissue). The PhA showed lower values in patients in
New York Heart Association (NYHA) classes I1I-IV than in
those in classes I-1I and is an independent predictor of mor-
tality in HF patients. Relative Plasma Volume Status (“intra-
vascular” congestion) was the major determinant (20% of
PhA variability), while peripheral oedema and BNP plasma
levels (markers of congestion) explained 12% and 2% of
variability, respectively [61]. High values in central venous
pressure (i.e. expansion of plasma volume) were associated
to downward displacement of the impedance vector, and
lower phase angle value on the R/Xc graph [62].

A direct role of obesity in kidney injury has been dem-
onstrated. The Obesity-Related Glomerulopathy should be
defined as a special form of focal-segmental glomerulo-
sclerosis with cellular fat load and perivascular fat depot as
well as so-called fatty kidney with fat depot in the perirenal
and renal sinus. The clinical consequences are the higher
prevalence of urinary albumin excretion, sub-nephrotic
syndrome, nephrolithiasis, increased risk of developing
CKD. Furthermore, obesity is frequently associated with
hypertension, MS, insulin resistance, diabetes and ath-
erogenic dyslipidemia that contribute to renal damage
through mechanisms that include inflammation, oxidative
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stress, renin-angiotensin-aldosterone system up-regulation,
increased sympathetic activity, and endothelial dysfunction
[63]. Fluid overload and protein-energy wasting are com-
mon in patients with end-stage renal disease and lead to a
poor prognosis. The PhA was found to be positively associ-
ated with a geriatric nutritional risk index, lean tissue index
and albumin while over-hydration/ECW showed an inverse
correlation [64].

Obesity and particularly central adiposity are potent risk
factors for obstructive sleep apnoea syndrome (OSAS) [65].
The severity of the diseases (measured with AH Index) was
positive related with ECW% while negative correlation was
demonstrated with PhA and MM%. A possible explanation
is an overnight rostral fluid displacement from the legs inde-
pendent of body weight with an increase of cardiovascular
risk again [66].

The aging process and the progression of obesity-related
disease are characterized by increased levels of inflamma-
tory mediators such as IL-6, TNF-0, and acute phase CRP
as well as increased production of reactive oxygen species
(ROS) and inhibition of antioxidant enzymes. It is reported
an inverse relation between PhA and inflammatory biomark-
ers (IL-6, TNFa, and CRP) and the significant positive rela-
tion with antioxidant enzymes and the total radical-trapping
antioxidant (TRAP), regardless of age, number of diseases,
and body composition in older women [67]. A possible
explanation is that an increase in inflammatory biomarkers is
the first response to tissue and cellular injury while low lev-
els of oxidative stress participate in the regulation of cellular
activities such as cell growth [68]. Barrea et al. [69] demon-
strated, in both sexes with large range of BMI, that smaller
PhA was associated with higher CRP levels, independently
of age, physical activity, anthropometric measurements, and
adherence to the Mediterranean diet; this indicated PhA as
a marker of meta-inflammation. The PhA was assessed in
patients with HIV infection in new diagnosis with unin-
tentional weight loss or low percentage of CD4" T cell. In
patients with controlled viremia but decreased in cellular
integrity (nutritional decline, or CD4+% < 15%), PhA is
used for monitoring intensive nutrition therapy (body pro-
tein stores). The combination antiretroviral therapy (cART)
regimens, with less toxicity on metabolic parameters, regis-
tered an increase in patients with obesity. They present PhA
lower than healthy, HIV-uninfected groups, higher percent-
age of body fat mass and lower percent lean mass but PhA
is not correlated with mortality risk. It is also possible that
obese individuals with HIV maintain adequate cellular mass
for survival even when general cellular degradation that
reflects a systemic reaction to infection, results in a declin-
ing PhA [70].

Different epidemiologic studies showed, in patients with
COVID-19 infection, an association between increased
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BMI and the severity of the disease and mortality. On the
contrary, low PhA (<3.95°), independent of age, sex, BMI,
and comorbidities, is a significant predictor of mortality
risk in COVID-19 [71] and is associated with an increase
in disease severity, reflected by the need for intensive care
unit admission, morbidity and mortality [72]. Low PhA
showing a situation of inflammation and cell injury asso-
ciated with SARSCoV-2 infection, indicating a deteriorat-
ing nutritional status with higher state of hydration (ECW
and hydration percentage) and decreased BCMI, associated
with proinflammatory and immune response (CRP, lympho-
cytes, CRP/pre-albumin) [71]. In post-Covid rehabilitation,
recovery of malnutrition state might be monitoring with the
increasing PhA values [73].

1.3 Weight loss and phase angle changes

Weight loss is the main outcome of obesity treatment. It
induces an improvement of the clinical condition with a
prevention of associated obesity disease appearance and
progression, a reduced risk of development of disability and
reduction in mortality risk. To induce weight loss, differ-
ent strategies might be performed, starting from lifestyle
modifications to bariatric surgery procedures depending of
the obesity grading. In the last years a close attention to the
kinetics of weight loss was studied, in order to depict and
reduce the risk of sarcopenia (loss of quantity and quality
of muscle mass) that could be associated to the loss of body
FM. Monitoring PhA change during weight loss appear as
a useful marker to evaluate the risk of malnutrition or the
recovery of health status (improvement of metabolic param-
eters and decrease of inflammation).

1.3.1 Nutritional intervention

No data are available on the effects diet-induced (hypoca-
loric) weight loss alone on PhA in obesity. The PhA has
been previously investigated in patients with obesity after
three sequential 10-day cycles of ketogenic enteral nutrition
(a total of 205-270 calories/daily) with rapid weight loss
(-6.4 kg). Results obtained at day 50, after the 3 treatment
cycles, evidenced significant decreases in FM. This effect
might be due to the reduction in lipogenesis and increased
lipolysis typical of ketogenic diets. Lean mass decreased
less than expected probably due to the assumption of leu-
cine that stimulate downstream control of protein synthesis.
PhA decreased in association with the greater weight loss
[74]. On the contrary, Barrea et al. [75] reported that PhA
increased during the active stage of VLKCD, very early
and independently of weight loss amount (mean weight loss
reported as -7.3 kg) and with a significant increase of Xc.
We can speculate that ketogenic diet might change different
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parameters: reduction in ECW, insulin-resistance on cell
surface, interlukine production. These data, and the mecha-
nisms involved, need to be better investigated in wider
cohorts and in longer temporal follow-up.

1.3.2 Physical activity

Patients with obesity generally have sedentary behaviour
and the body composition and the response to physical
activity, cannot be comparable with general population
nor athletes, since they present reduced muscle mass and/
or functional deficit, “obesity sarcopenia”, comparable to
elderly patients. The physical activity level influences body
composition and seems to be positively associated with
PhA values, as found among non-institutionalized physi-
cally active elderly subjects with high phase angle values
[19]. The application of different weekly resistance train-
ing frequencies performed over a 24 weeks exercise pro-
gram produce a significant reduction in body weight, waist
circumference, and FM% in both group but PhA increased
only in the group that performed the training program at a
higher weekly frequency [76]. The hypothesis suggested is
an increase in reactance and a reduction in the ECW/ICW
relationship due to weight loss. Ribeiro et al. [77] showed
improvements in PhA following resistance training exer-
cises carried out 3 times a week in obese women. In their
study, after 8 weeks of training in obese old women, a sig-
nificant increase in FFM, ICW and PhA were observed [78]
as in old normal weight women [79]. This finding is prob-
ably reflected in the increase in muscle mass, a tissue that
holds a large amount of ICW, resulting in better electrical
conductivity and, thus, a concomitant increase in PhA. Oth-
ers cellular mechanisms might be involved if we considering
that exercise results in a greater reduction in CRP, IL-6, and
TNF-a when accompanied by a reduction in BMI or FM%
in overweight/obese individuals [80]. Furthermore, studies
have shown that PhA increases after a training period or is
higher in active subjects compared to less active ones, sug-
gesting that many of the exercise-induced systemic adapta-
tions can impact cell integrity and functionality [78, 81, 82].

1.3.3 Lifestyle modification

A comprehensive program of lifestyle modification (diet,
exercise, and behaviour therapy) is considered the first
option for patients with obesity and overweight. The aim
of this program is a 5-10% reduction in initial body weight
that is associated with clinically meaningful improve-
ments in several CVD risk factors, including the preven-
tion of type 2 diabetes [83]. No data were available for PhA
changes after lifestyle intervention program in patients with
obesity. For this reason, we evaluated the PhA changes in a

Table 1 Changes in Body Impedance Analysis before and after 6
months of lifestyle intervention in a cohort (N =61) of outpatients with
overweight and/or obesity

Before (T0) After (6
Months)

Mean SD Mean SD p-value
BMI (Kg/m?) 29.24 543 27.08 499 0.020
Weight (kg) 80.85 17.51 74.81 1540 0.040
R(Q) 482.05 70.73 487.72 71.87 ns
Xc () 46.33 757 5041 854 0.006
PhA (°) 5.54 089 594 090 0.010
FM (%) 30.68 925 26.81 8.05 0.015
FFM (%) 6932 925 73.19 8.05 0.012
ECW (%) 4823 450 4628 4.17 0.011
ICW (%) 51.77 450 5372 4.17 0.010
ECW/ICW (L) 0.48 0.09 047 0.09 ns

BMI: body mass index; R(resistance); Xc (reactance); PhA (Phase
angle); FM (fat Mass); FFM (free fat mass); ECW (extra cellular
water); ICW (intra cellular water). Significant p-value<0.05 (paired
T test)

group of patients with obesity (mean age 53yrs) following
a lifestyle program for weight management (mean baseline
BMI: 29,2 Kg/m?) that reached a mean body weight loss
—6.3% after six months follow up (Table 1), mean PhA was
5.54° at baseline, and 5.94° after 6 months with a significant
increase of Xc values (unpublished data).

1.3.4 Intensive Rehabilitation program

The combination of nutritional intervention and physical
activity in intensive rehabilitation program on PhA was
not previously reported. In line with analysis reported in
Sect. 4.3 we checked body impedance changes in a cohort
of inpatients with obesity and different comorbidities (dia-
betes, dyslipidaemia, hypertension, heart failure, COPD,
OSAS, hepatic steatosis, osteoarticular diseases). Patients
were admitted in Clinical Rehabilitation Unit for hypoca-
loric diet (15% of energy deficit of resting energy expendi-
ture) + physical activity (about 2 h/day of aerobic activity for
five days/week) during a mean 28days period. We selected
patients that obtained a weight loss over 5% of initial body
weight (mean values 6,50%), we have a data setting of 1,081
subjects, mean age 53 +13.9yrs (18-50yrs 38%, 51-70yrs
51% and 70 +yrs 10%). Mean PhA was 4.34° at admission
and 4.41° at discharge with a significant increase of Xc val-
ues (Table 2) (unpublished data).

1.3.5 Bariatric surgery
Some studies were performed to evaluated the shift on PhA
after bariatric surgery. In a recent review, DiVincenzo O et

al. [38] found 8 eligible papers (4 with LSG, 2 RYGB and 1
LGB) comparing values before and from 6 weeks to 2 years
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Table 2 Changes in Body Impedance Analysis before and after 28
days of intensive multidisciplinary rehabilitation program in a cohort
(N=1081) of inpatients with obesity

Before (T0) After (28 days)

Mean SD Mean SD p-value
BMI (Kg/m?) 4428 725 4143 6.76  0.0001
Weight (kg) 123.74 2429 115.79 22.60 0.0001
R (Q) 453.67 72.85 477.72 72.01 0.0001
Xc (Q) 3485 11.57 37.10 11.43 0.0001
PhA (°) 4.34 .11 441 1.07  0.0119
FM (%) 46.23 726 46.07 749 ns
FEM (%) 5377 726 5393 749 ns
ECW (%) 4271 378 4268 3.55 ns
ICW (%) 5729 378 5732 355 ns

ECW/ICW (L) 0.76 021 0.75 0.14 ns

BMI: body mass index; R(resistance); Xc (reactance); PhA (Phase
angle); FM (fat Mass); FFM (free fat mass); ECW (extra cellular
water); ICW (intra cellular water). Significant p-value <0.05 (paired
T test)

after surgery and recovery [84-91]. The greatest decrease
in PhA values was observed in patients with the highest
loss of body weight following RYGB or LSG either after
24 months [89] or after 6 months [87, 88]. Teixeira et al.
[91] reported that the decline of PhA after RYGB was nega-
tively associated with weight loss and positively with the
decrease of BMI, skeletal muscle mass, FM, and visceral
fat area. The authors observed that, in six out of the eight
selected papers PhA decreased by 1-20%, independently
of the type of surgery (RYGB o LSG) [84-91]. To under-
stand the mean of these changes, raw BIA variables (R and
Xc) need to be considered. Unluckily, at present these data
are not reported. Previous studies with tritiated or bromide
water dilution analysed fluid change distribution after bar-
iatric surgery. Mazariegos M et al. [28] reported that total
body water, ECW and ICW decreased in LSG and in RYGB
group but the ECW/ICW ratio remained unchanged in the
LSG group, and significantly increased in the RYGB. They
conclude that malassorbitive surgical procedures cause a
further increase in ECW/ICW ratio, possibly through mild
malnutrition not detectable by conventional serum markers
of nutritional state, which implies that the ECW/ICW ratio
might be an early marker of nutritional state worsening. Fur-
thermore, Levitt et al. [92] show that ECW/ICW was sig-
nificantly increased above normal before surgery (RYGB),
and it increased slightly after surgery. These changes are
consistent with the expected physiological changes in body
composition after surgery. More recently, using imped-
ance analysis, during 6 months of follow-up after RYGB
surgery [84], a significant decrease in TBW accounting
for a decrease in ICW, mismatching with a non-significant
decrease of BCM and body cell mass index, was observed.
In another study [87], TBW, ECW and ICW significantly
decreased in patients with RYGB and LSG after 6 months

@ Springer

but no difference was reported between two groups. In the
absence of other measurements of muscle quality, there is
no obvious explanation for the involving of FFM or MM,;
explanations suggested a worsening of nutritional status
[86] and another two an increased risk of developing mal-
nutrition [87, 88], with no comments in the others. In other
groups of RYGB patients, the reduction in body weight and
BMI, body fat mass, FFM as well as BCM, PhA and SM
Index were significantly different for follow-up periods of
1-2 or Syears after surgery [93-95]. The reduction of BCM
results in an increase of the ECM/BCM Index, indicating
malnutrition. According to these results, FFM and skeletal
muscle mass reduction occurs frequently after bariatric sur-
gery and mainly during the first year after surgery with an
increase risk to develop sarcopenia. In a previous study in
RYGB and the LSG treated patients, there was a significant
reduction of BMI, FM, FFM, PhA and CPR after 6 months
in both groups, not significantly different. Only in RYGB
group a decreased in advanced oxidation protein products,
was registered. In the interpretation of the results it is sug-
gested that BMI reduction in the RYGB group support a
concomitant decrease of lipid oxidative damage, whereas
in the LSG group, changes in BIA parameters—PhA, resis-
tance, and reactance—suggest inverse changes in protein
oxidative damage [90]. In a small study of women who
underwent RYGB, PhA reduction was accompanied by a
significant decrease in body weight and BMI after 3 months
then PhA remained stable after 6 months.

Friedrich et al. [86] compared one-year changes in body
composition following sleeve gastrectomy (LSG) and mul-
tidisciplinary weight loss program (MIP). They found a
more significant reduction in PhA with LSG than with MIP
after 6 months with no significant difference in weight and
total water loss between the two groups. Fat mass loss at 6
months was not different in the two groups while BCM was
significant higher in MIP and result in an increased also in
ECM/BCM index. Cell proportion, which is defined as the
percentage of cells within the BCM, is thought to indicate
the individual nutritional and training status. This parameter
deteriorated significantly in the LSG group, but was pre-
served in the MIP group within 12 months, whereas both
treatments resulted in a decrease in basal metabolic rate. It is
suggested that LSG is a risk for worsened nutritional status
with notable evidence for protein—energy malnutrition.

Pre-operative PhA values also has prognostic value. Vas-
silev et al. [85] reported that high admission PhA values
before bariatric surgery (127 RYGB and 46 LSG) predicted
a successful weight loss reduction with surgery; further-
more, preoperative PhA values were correlated with FM
reduction and preservation of FFM in early phase, 6 and 18
weeks, or in follow up, 6-9-12 months after surgery. Gerken
et al. [89] similarly reported beneficial effects of increased
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Fig.2 Cause of change in PhA
values in patients with obesity
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PhA in 198 patients 24 months after LSG or RYGB inter-
ventions. Preoperative PhA had a moderate/weak relation
with total weight loss after RYGB and with loss of excess
weight after both LSG and RYGB.

2 Discussion

Clinical use of PhA in obesity can be an important marker
to describe health status but with some observations. As a
screening tool, PhA values vary widely in individual who
are overweight and obese but a low PhA value is common
compared to healthy gender-matched adults (Fig. 2). Dis-
parities in body composition and hydration status contribute
to this variability in PhA values. BMI is a weak moderator
of PhA distribution among individuals with excess adipos-
ity with BMI > 35 kg/m? indicative of excessive fat accumu-
lation and overhydration. Fat free mass, muscle mass and
altered ECW/ICW are the major factors affecting PhA in
these patients. It is dubious to define PhA cut-off in obe-
sity due to the multiple factors that contribute to obesity
pathophysiology that directly impacts Xc and R. Obesity
is a complex metabolic disorder with a multifactorial ori-
gin. It is associated with hyperglycaemia and hyperinsu-
linemia, hyperlipidaemia, hyperleptinemia from adipose
tissue, endothelial dysfunction also with alteration in renin—
angiotensin system, mitochondrial dysfunction from muscle
activity, chronic low grade of inflammation with alteration
in cytokines production, vitamins and minerals deficiencies
derived from unhealthy eating behaviour that contribute to
an increase oxidative stress [96]. Any of these mechanisms
can contribute to a pro-inflammatory state that might induce
fluid disturbances, adversely affect the integrity of cell
metabolism and promote loss of cells. Identification of indi-
viduals with low PhA is important for the clinical practice
physician to identify individuals at increased risk of mor-
bidity and mortality [97], to treat critical clinical condition.

Monitoring PhA changes during weight loss appear as
a useful marker to evaluate the risk of malnutrition (exces-
sive loss of FFM or protein deficit) and recovery of health
status (improvement of metabolic parameters, decreased
inflammation and oxidative stress). At present inconsistent
findings of changes in PhA after surgical interventions for
weight loss do not allow any conclusion. We need standard-
ized protocols to well define PhA changes during weight
loss and in particular after bariatric surgery.

3 Conclusion

The integrity of the cell membrane and the abundance of
lean mass coincide with health and their recovery and con-
servation constitute the highest goal in all therapies, espe-
cially in obesity. The data here reported demonstrate that
the PhA is a good indicator of health, because it measures
the integrity of the cells and, therefore, their functionality. In
general, high PhA values indicate a good healthy state, while
low values should be investigated, in relation to the clini-
cal history of the patient. In pathological subjects, the PhA
tends to have low values and is actually used as an indicator
of poor nutritional status, prognosis and increased mortal-
ity risk. Phase angle values are influenced by age, gender,
height, ethnicity and BMI. The data in the literature high-
light the possibility of using the PhA as new cellular health
markers during weight loss phases. Furthermore, the PhA
could be used as a prognostic marker for clinical conditions
associated with obesity (such as fluid overload as in HF,
worsening of diabetes and its complications, inflammatory
state etc.) and to monitor some diagnoses linked to inflam-
matory, metabolic or endocrine alterations. It is essential to
increase research on PhA to develop new therapeutic strate-
gies for obesity and obesity complication treatment in the
near future. For instance, when studying body composition
it is now crucial to well define the population used (from
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overweight to obesity and morbid obesity, and taking into
account age and sex, inflammation degree and therapies),
monitoring and reporting the PhA values and its variations
with weight loss, to well define the effects of new pharma-
cological treatments (such as GLP-1 agonists), lifestyle and
physical activity program (aerobic exercise combined with
short bouts of resistance training), nutritional intervention
and bariatric surgery procedures on body composition. The
focus on PhA and body composition is of utmost importance
also for the establishment of weight maintenance protocols
after weight loss.

Abbreviations

6MWT Six minutes walking test

BCM Body cell mass

BIA Bioelectrical impedance analysis

BMI Body mass index

BNP B-type natriuretic peptide

cART Combination antiretroviral therapy

COVID-19  Corona Virus Disease-2019

CAT Catalase

CKD Chronic kidney disease

COPD Chronic obstructive pulmonary disease

CRP C-reactive protein

CVD Cardiovascular diseases

DXA Dual energy X-ray absorptiometry

ECW Extracellular water

eGFR Glomerular filtration rate

FM Fat mass

FFM Free fat mass

HF Heart failure

HG Hand grip

HOMA-IR  Homeostatic model assessment of insulin
resistance

ICW Intracellular water

IL-6 Interleukin-6

LSG Laparoscopic sleeve gastrectomy

LGB Laparoscopic gastric banding

MAFLD Metabolic-associated fatty liver disease

METs Metabolic equivalent of task

MS Metabolic syndrome

MIP Multidisciplinary weight loss program
MHO Metabolic health obesity

MUO Metabolic unhealth obesity
NASH Non-alcoholic steatohepatitis
OSAS Obstructive sleep apnea syndrome
PCOS Polycystic ovary syndrome

PhA Phase angle

R Resistance

RYGB Roux-en-Y gastric bypass

ROS Reactive oxygen species

SMI Skeletal mass index

@ Springer

SMM Skeletal muscle mass

TBW Total body water

TNF o, Tumor necrosis factor-o
TRAP Total radical-trapping antioxidant
TWL Total weight loss

VLKCD Very low caloric diet

Vo, Oxygen consumption

WHO World Health Organization

Xc Reactance
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