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Abstract: Prader–Willi syndrome (PWS) is the most common genetic inherited obesity syndrome. 
Obesity-related complications, mostly related to chronic low-grade systemic inflammation (LGI), 
are the commonest cause of mortality and morbidity in PWS adults. Phase angle (PhA) is an easy 
tool to screen a state of LGI in healthy subjects and in subjects with obesity and is obtained from 
bioelectrical impedance analysis (BIA). The aim of this study was to validate the PhA in PWS adults 
as a potential biomarker of LGI. In this single-center, cross-sectional study, fifteen PWS adults (six 
males, aged 19–41 years, and body mass index (BMI) 31.0–68.0 Kg/m2) and fifteen control subjects 
matched by gender, age, and BMI were evaluated. PhA values were significantly lower (p < 0.001), 
while high-sensitivity C-reactive protein (hs-CRP) levels were significantly higher (p < 0.001) in PWS 
adults compared with controls (p < 0.001), without a gender difference in the latter. After adjustment 
for gender, BMI, and waist circumference, significant correlation was found between PhA and hs-
CRP levels (r = −0.69, p = 0.01). At the ROC analysis, the threshold value of PhA predicting the 
highest hs-CRP levels above the median value was found at PhA ≤ 4.8° (p = 0.01; AUC, 0.82; standard 
error, 0.12; 95% CI, 0.58 to 1.00). These results suggest that PWS adults had a significant higher 
degree of LGI compared with their counterparts. Moreover, our finding suggest that PhA is a valid 
biomarker of LGI also in PWS adults.  

Keywords: Prader–Willi syndrome; phase angle; obesity; chronic low-grade inflammation; 
nutritionist 

 

1. Introduction 

Prader–Willi syndrome (PWS) is the most common genetic inherited obesity syndrome, due to 
an imprinting disorder resulting from the loss of paternally derived alleles located on 15q11–q13. 
PWS prevalence is approximately one in 10,000 to 30,000 births without gender-related differences in 
incidence [1,2]. The PWS subjects presented at birth hypotonia, feeding difficulties, and retarded 
psychomotor development, with obsessive-compulsive characteristics and hyperphagia starting in 
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early childhood. These patients develop during childhood a severe obesity, which is combined with 
multiple endocrine and metabolic disturbances, such as hypogonadotropic hypogonadism and 
growth hormone deficiency [3]. All these clinical conditions lead to a serious deterioration of the 
quality of life in adulthood [1]. The most important medical approaches to improve the 
pathophysiological characteristics of PWS are represented by restricting total energy intake and 
promoting physical activity and growth hormone replacement therapy as soon as possible [1]. 
Despite these medical strategies, the excess body weight represents a significant health issue in both 
young and adults with PWS and it is considered the main cause of morbidity and mortality in these 
subjects [1]. Of interest, very recently, Pacoricona Alfaro DL et al. assessed the causes of death 
(including cardiovascular, severe infection, respiratory, gastrointestinal, sudden death, and other 
causes) in French patients with PWS (both children and adults) from 2004 to 2014. Over these 11 years 
of study, the death toll was 104 patients with a median age at death of 30 years. PWS patients under 
2 years accounted for 70% of deaths, and 17 deaths occurred in PWS patients greater than 18 years 
old. No gender difference was reported for both cause and age of death. More than 50% of the deaths 
in PWS patients (both children and adults) were due to respiratory causes [4]. 

Obesity, mainly visceral obesity, is well established for causing chronic low-grade systemic 
inflammation (LGI) (also noted as meta-inflammation). Meta-inflammation is characterized by 
infiltration and activation of pro-inflammatory macrophages that produce and secrete a variety of 
pro-inflammatory cytokines and chemokines, including high-sensitivity C-reactive protein (hs-CRP) 
levels [5,6], which contribute to the initiation and progression of several metabolic disorders, 
including cardiovascular diseases [6]. 

Some studies reported that PWS patients, compared with subjects without PWS, presented 
higher hs-CRP levels, widely recognized as a marker of LGI and a predictor of obesity and 
cardiovascular disease [6–9]. In PWS patients, it is often difficult to perform blood sampling due to 
their poor compliance, thus making the diagnosis of LGI based on biochemical parameters not always 
possible. 

 In healthy subjects and subjects with obesity, phase angle (PhA), a parameter obtained from 
bioelectrical impedance analysis (BIA), has been validated as an easy tool to detect LGI [10–12]. 
Indeed, PhA is equal to the arctangent of the ratio of net reactive current to the resistive current 
obtained by BIA instruments. PhA can be considered an excellent indicator of the physical state and 
cellular integrity as well as of the water distribution between the intracellular (ICW) and extracellular 
water (ECW) compartments [13,14]. It is well known the significant association between cellular 
health and inflammation [15], thereby higher PhA values suggest a greater quantity of intact cell 
membranes, whereas smaller PhA suggests cell death or decreased cell integrity [16]. Consequently, 
the PhA represents an important prognostic index for monitoring the presence and evolution of 
chronic inflammatory processes [17], including obesity [18,19].  

Nevertheless, to the best of our knowledge, no studies to date have assessed PhA as potential 
marker of LGI in PWS adults. Therefore, the aim of this study was to evaluate if PhA could be used 
as screening tool of LGI also in the context of PWS, validating it by already validated inflammation 
marker (hs-CRP levels).  
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2. Material and Methods 

This was a cross-sectional observational, single-center study performed from October 2016 to 
January 2020 at the Department of Clinical Medicine and Surgery (Endocrinology and Metabolic 
Diseases Unit) Federico II Medical School, University of Naples (Italy).  
The study was carried out according to the Code of Ethics of the World Medical Association 
(Declaration of Helsinki) regarding human experimentation. The local Ethical Committee had 
previously approved the protocol of study (n. 173/16). After a thorough explanation of the protocol, 
every enrolled subject provided an informed consent. The written informed consent of participants, 
who were not capable to understand and give their written informed consent, was provided and 
signed by their legal guardian. 

Recruitment strategies included 30 individuals, 15 PWS adults and 15 non-PWS adults. In 
particular, patients had a genetically confirmed diagnosis of PWS by a positive methylation test after 
attending the Unit of Endocrinology and Metabolic Diseases of the same Department. Control 
subjects were Caucasian volunteers with obesity coming from the same geographical area around 
Naples metropolitan area, Campania, Italy. In both groups, all female individuals were assessed 
between the third and fifth day of the menstrual cycle (in the early follicular phase), while 
participants of the control group reported to be not pregnant or breastfeeding. All PWS patients in 
our cohort were previously treated with recombinant human growth hormone treatment during 
childhood, as previously reported [20], having stopped treatment at least 2 years before the start of 
the study. The following exclusion criteria have been applied in order to make the sample more 
homogeneous: 

• Age <18 years and >45 years;  
• Smokers; 
• Subjects who habitually practiced physical activity, defined as an aerobic exercise 

lasting at least 30 min/day; 
• Presence of type 2 diabetes mellitus according to the American Diabetes Association 

criteria or use of hypoglycemic drugs; 
• Individuals with implanted devices such as pacemakers or defibrillators, because of 

the theoretical possible interference;  
• Current therapy with anti-obesity drugs; 
• Chronic diseases that could interfere with fluid homeostasis (chronic inflammatory 

diseases, liver or renal chronic diseases) based on a complete medical examination 
and laboratory investigations.  

The power sample was estimated by the differences of means ± standard deviations (SD) of PhA 
in PWS adults and controls (4.5 ± 0.8 vs. 5.6 ± 0.3, p < 0.001). When considering the number of cases 
needed in each group was seven, the group size was set at 15, there was a type I (alpha) error of 0.05 
(95%), and a type II (beta) of 0.05, and the calculated power size was 95%. The calculation of sample 
size and power were performed while using Sample Size Calculator Clinical Calc [21]. 

The anthropometric parameters were assessed wearing light clothes and without shoes by the 
same nutritionist according to the International Society for the Advancement of Kinanthropometry 
of 2006 (ISAK 2006) [22–24]. Body mass index (BMI) was calculated using the following formula: 
weight (kg) divided by height squared (m2), kg/m2. A wall-mounted stadiometer (Seca 711; Seca, 
Hamburg, Germany) was used to measure height, while a calibrated balance beam scale (Seca 711; 
Seca, Hamburg, Germany) was used to assess weight. According to World Health Organization’s 
criteria, the degrees of obesity were established [25]. Using a nonstretchable measuring tape, the same 
nutritionist evaluated waist circumference [26].  

As previously reported [27–29], the very same nutritionist performed the BIA according the 
European Society of Parental and Enteral Nutrition (ESPEN) [14], placing electrodes on the hand and 
the ipsilateral foot, according to Kushner [30], and using a BIA (101 RJL, Akern Bioresearch, Florence, 
Italy) phase-sensitive system (an 800 µA current at a single frequency of 50 kilohertz) [31]. The fat 
mass was evaluated through the prediction equation in PWS adults developed by Bedogni et al. 
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[32,33] for female patients and by Gray et al. [34] for male patients, as also previously reported by 
Lazzer et al. [35].  

More information on anthropometric measurements and body composition determination can 
be found in the Supplementary Materials.  

Serum hs-CRP levels were analyzed with Siemens Healthcare Diagnostics (Marburg, Germany) 
with a nephelometric assay with CardioPhase high sensitivity. The intra- and inter-assay coefficients 
of variation were <7%. 

Statistical Analysis 

The data distribution was evaluated by Kolmogorov–Smirnov test, and the abnormal data (age, 
weight, waist circumference, resistance (R), reactance (Xc), PhA, total body water (TBW), ICW, ECW, 
fat mass (FM)), were normalized by logarithm. Skewed variables were back-transformed for 
presentation in tables and figures. Results are expressed as mean ± SD, and categorical variables are 
expressed as a percentage. Differences between PWS adults and controls (Weight, R, Xc, PhA, TBW, 
ICW, ECW, FM, fat-free mass (FFM), and hs-CRP levels) were analyzed by Student’s paired t-test. 
Gender differences in PhA between PWS adults and control group were analyzed by Student’s 
independent t-test. The correlations among PhA, age, BMI, waist circumference, and BIA parameters 
were assessed, and the Pearson r correlation coefficients were estimated. In addition, a partial 
Pearson’s correlation analysis was carried out after adjusting for gender, BMI, and waist 
circumference as potential confounding factors. A multiple regression analysis model (stepwise 
method), expressed as R2, Beta (β), and t, with PhA as dependent variable was used to estimate the 
predictive value of hs-CRP levels, Xc, ICW, ECW, ECW/ICW ratio, and FFM. Receiver operator 
characteristic (ROC) curve analysis was carried out in order to identify sensitivity and specificity, 
area under the curve (AUC), and confidence interval (CI), as well as cut-off value of PhA in detecting 
the lowest decrease in hs-CRP levels. Test AUC for ROC analysis was also calculated, and we entered 
0.88 for AUC ROC and 0.5 for null hypothesis values. An Alfa α level of 0.05 (type 1 error) and a β 
level of 0.2 (type II error) were used as the cut-off values for statistical significance. Variables with a 
variance inflation factor >10 were excluded in order to avoid multicollinearity. Values ≤5% were 
considered statistically significant. Data were collected and analyzed using the MedCalc® package 
(Version 12.3.0 1993–2012, Mariakerke, Belgium).  

3. Results 

This cross-sectional, observational, single-center study evaluated 30 individuals. Fifteen PWS 
adults and fifteen controls were matched for gender, age, and BMI. In particular, in PWS adults and 
control group, nine (60%) subjects were females, age was 28 ± 6.8 vs. 30 ± 6.9 years, p = 0.66; and BMI 
was 43.8 ± 10.7 vs. 43.9 ± 8.8 kg/m2, p = 0.21. No differences were evident in the two groups for waist 
circumference (123.4 ± 27.8 vs. 112.6 ± 18.6 cm, p = 0.25). Weight and body composition parameters of 
the study population evaluated by BIA are showed in Table 1. Significant higher values of ECW/ICW 
ratio were found in PWS adults compared with controls (p < 0.001), while lower values of Xc, and 
PhA, were detected in PWS adults compared with control group. 

Table 1. Weight and body composition parameters of the study population assessed by bioelectrical 
impedance analysis in PWS adults and control group. 

Parameters PWS adults 
n= 15 

Control group 
n = 15 

 
*p-value 

Weight (kg) 104.4±34.4 120.5±26.3 0.12 
R (Ω) 445.6±63.7 466.3±53.3 0.28 
Xc (Ω) 35.1±9.4 45.8±4.5 0.001 
PhA (°) 4.5±0.8 5.6±0.3 <0.001 

TBW (Lt) 42.7±12.2 43.6±4.7 0.79 
ICW (Lt) 19.3±5.7 22.9±2.9 0.06 
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ECW (Lt) 23.4±7.4 20.7±1.8 0.18 
ECW/ICW ratio 1.2±0.3 0.9±0.1 <0.001 

FM (Kg) 49.9±24.3 61.6±22.6 0.10 
FFM (Kg) 54.5±13.7 58.9±5.8 0.29 

Significant higher values of ECW/ICW ratio were found in PWS adults compared with controls (p < 
0.001), while lower values of Xc, and PhA, were found in PWS adults compared with control group. 
Results are expressed as mean ± SD. Age, weight, waist circumference, R, Xc, PhA, TBW, ICW, ECW, 
and FM were logarithmically normalized and transformed and back-transformed for presentation in 
the table. Differences between groups were analyzed by paired Student’s t test. *A p-value in bold 
type denotes a significant difference (p < 0.05).PWS, Prader–Willi syndrome; R, resistance; Xc, 
reactance; PhA, phase angle; TBW, total body water; ICW, intracellular water; ECW, extracellular 
water; FM, fat mass; FFM, fat-free mass. 

Figure 1 shows PhA in PWS adults and control group, according to gender. A clear gender 
difference in PhA was evident only in the control group, with higher PhA in males compared with 
females (p < 0.001). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Difference in PhA in PWS adults and control group, according to gender. A clear gender 
difference in PhA was evident only in the control group, with higher PhA in males compared with 
females (p < 0.001). PWS, Prader–Willi syndrome; PhA, phase angle. *A p-value <0.05 means a 
significant difference. 

Stratifying the study population by gender, no statistically significant difference was evident in 
fat mass among male PWS adults and control (53.9 ± 33.6 vs. 73.3 ± 23.9, p = 0.24) and female PWS 
adults and control (47.2 ± 17.7 vs. 53.8 ± 19.2, p = 0.40).  

PWS adults presented higher hs-CRP levels compared with non-PWS adult counterparts (p < 
0.001), as reported in Figure 2.  

 
 
 
 
 



Nutrients 2020, 12, 2065 6 of 16 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Difference in hs-CRP levels in PWS adults and control group. PWS adults presented higher 
hs-CRP levels compared with non-PWS adult counterparts (p < 0.001). PWS, Prader–Willi syndrome; 
hs-CRP, high-sensitivity C-reactive protein. *A p value <0.05 means a significant difference. 

Correlation Analysis 

Simple correlations and correlations adjusted for gender, BMI, and waist circumference among 
PhA and hs-CRP levels with age and anthropometric measurements in PWS adults are reported in 
Table 2. After adjustment for covariates, significant correlations were found between PhA and hs-
CRP levels with ICW, and ECW/ICW ratio. In addition, PhA was also negatively associated with hs-
CRP levels (r = −0.71, p = 0.003). The same correlation analyses were carried out in control group and 
are reported in supplementary Table S1.
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Table 2. Correlations, simple and after adjustment for gender, BMI, and waist circumference, among PhA and hs-CRP levels with age and anthropometric measurements 
in PWS adults. 

Parameters. PhA (°) 
n = 15 

hs-CRP levels (ng/mL) 
n = 15 

 Simple 
correlations 

Adjusted 
for gender, BMI,  

waist circumference 
Simple correlations Adjusted  

for gender, BMI, waist circumference 

 r *p-value r *p-value r *p-value r *p-value 
Age (years) 0.03 0.92 0.18 0.58 0.21 0.46 0.18 0.59 
BMI (kg/m2) −0.56 0.03 - - 0.64 0.01 - - 

Waist circumference (cm) −0.51 0.04 - - 0.74 0.002 - - 
ICW (Lt) 0.17 0.54 0.88 <0.001 0.33 0.23 −0.77 0.004 
ECW (Lt) −0.56 0.03 −0.75 0.01 0.77 0.001 0.28 0.38 

ECW/ICW ratio −0.99 <0.001 −0.99 <0.001 0.67 0.01 0.68 0.01 
FM (Kg) −0.60 0.02 −0.18 0.57 0.66 0.01 −0.01 0.96 

 
PhA and hs-CRP levels were correlated with anthropometric measurements and most BIA parameters. After adjustment for covariates, significant correlations were found 
between PhA and hs-CRP levels with ICW, and ECW/ICW ratio. Age, weight, waist circumference, PhA, ICW, ECW, and FM were logarithmically normalized and 
transformed and back-transformed for presentation in the table. Correlations among variables were performed using Pearson r correlation coefficients. *A p-value in bold 
type denotes a significant difference (p < 0.05). PhA, phase angle; hs-CRP, high-sensitivity C-reactive protein; BMI, body mass index; ICW, intracellular water; ECW, 
extracellular water; FM, fat mass. 
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Figure 3 reports the correlation between PhA and hs-CRP levels, after adjustment for gender, 
BMI, and waist circumference. This negative association remained also after adjustment for 
covariates (p = 0.01). Similarly, even in the control group, PhA was negatively associated with hs-CRP 
levels (r = −0.58, p = 0.02), but unlike PWS adults, this correlation was lost after adjustment for 
covariates (r = −0.28, p = 0.38).  

 
Figure 3. The correlation between PhA and hs-CRP levels, after adjustment for gender, BMI, and waist 
circumference in PWS adults. PhA showed also a negative association with hs-CRP levels (r = –0.71, 
p = 0.003), and as shown in the figure, this negative association remained also after adjustment for 
covariates (p = 0.01). PhA, phase angle; hs-CRP, high-sensitivity C-reactive protein. *A p-value <0.05 
means a significant difference 

To compare the relative predictive power of hs-CRP levels, BMI, waist circumference, and BIA 
parameters associated with the PhA in PWS adults, we performed a multiple regression analysis 
using a model that included hs-CRP levels, BMI, waist circumference, ECW, and ECW/ICW ratio. 
Using this model, ECW/ICW ratio was entered at the first step (p < 0.001), followed by hs-CRP levels 
(p = 0.02). BMI, waist circumference, and ECW were excluded from the analysis. Results are reported 
in Table 3.  
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Table 3. Multiple regression analysis models (stepwise method) with the PhA as dependent variable 
to estimate the predictive value of hs-CRP levels, BMI, waist circumference, and BIA parameters in 
PWS adults. 

Parameters Multiple Regression analysis 
 R2 β t *p value 

ECW/ICW ratio 0.98 −0.94 −26.8 <0.001 
hs-CRP levels 0.99 0.08 −2.5 0.02 

Excluded variables: BMI, waist circumference, and ECW. 
*A p-value in bold type denotes a significant difference (p < 0.05). 

At the ROC analysis, the threshold value of PhA predicting the highest hs-CRP levels above the 
median value (3.68 ng/mL) was found at PhA ≤4.8° (p = 0.01; AUC, 0.82; standard error, 0.12; 95% CI, 
0.58 to 1.00; Figure 4) in PWS adults.  

 
Figure 4. ROC for value of PhA predictive of the highest hs-CRP levels above the median value (3.68 
ng/mL). At the ROC analysis, the threshold value of PhA predicting the highest hs-CRP levels (above 
the median value 3.68 ng/mL) was found at PhA ≤4.8° (p = 0.01; AUC, 0.82; standard error, 0.12; 95% 
CI, 0.58 to 1.00). PhA, phase angle; hs-CRP, high-sensitivity C-reactive protein. *A p-value in bold 
type denotes a significant difference (p < 0.05). 
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4. Discussion 

The main finding of this research is the negative correlation between PhA and hs-CRP levels in 
PWS adults which allows nutritionists and clinicians to evaluate LGI without the need of a blood 
sample.  

In our study, PWS adults showed smaller PhA and higher hs-CRP levels compared with control 
group matched for gender, age, and BMI. It is known that PhA is larger in males than in females [36]; 
however, while we also confirm this difference in our control group, there were no gender differences 
in the PhA in PWS adults. In addition, in agreement with previous evidence [11,18,37–41], both PhA 
and hs-CRP levels were negatively and positively associated with BMI and waist circumference, 
respectively. Of interest, the most important result of the present study is the negative correlation 
between PhA and hs-CRP levels, independently of gender, BMI, and waist circumference. Finally, 
based on the ROC curve analysis, the most sensitive and specific cut-off for the PhA to predict the 
highest hs-CRP levels was ≤4.8°. To the best of our knowledge, to date, this is the first study validating 
PhA as marker of inflammation in PWS adults. 

PhA, obtained from BIA, has been used as a marker of nutritional status and as an indicator of 
cell membrane function in several populations [10]. In particular, smaller PhA is considered a marker 
for decreased cell membrane integrity or related to cell death [16], whereas larger PhA suggests a 
large number of intact cell membranes [10,42]. The tissue injury, and consequently, the cell membrane 
integrity disarrangement, is a well-known condition related to the inflammatory status [43]. Evidence 
in different clinical inflammatory conditions, including polycystic ovary syndrome [44], psoriasis 
[45,46], hidradenitis suppurativa [27], and obesity [19], showed a strong association between PhA 
and inflammatory markers, including hs-CRP levels [47,48]. The alterations of PhA also depend on 
age and gender, in particular, PhA is higher in males than females and decreases with aging [42]. Our 
data demonstrated that, unlike in the healthy subjects [11,36], in our group of PWS adults there was 
no evidence of gender-related or age-related differences in PhA. In fact, different PhA values in males 
and females are expected considering the different body cell mass and muscle mass [49,50]. This led 
us to speculate that LGI characterizing obesity and PWS adults could likely hinder the effects of 
gender and age on PhA in PWS adults. 

Of interest, both PhA and inflammatory biomarker hs-CRP levels are related to body 
composition [11–13], especially FM [51–53].  

Serum hs-CRP levels are elevated in individuals with overweight and obesity, especially visceral 
obesity, which is viewed as an LGI disease [54–56]. In particular, hs-CRP is one of the most important 
inflammatory markers and it is used as a common marker of obesity-related LGI [57] and is an 
independent cardiovascular risk predictor due to its direct involvement in the different phases of 
atheroma plaque formation [58]. Of interest, visceral adipose tissue seems to be the greatest target for 
leukocyte infiltration and also a source of inflammatory cytokines such as CRP levels [59,60]. In 
particular, CRP stimulates the production of pro-apoptotic cytokines including interleukin-1β (IL-
1β), tumor necrosis factor-α (TNFα), and reactive oxygen species [61,62] and inflammatory mediators 
via the activation of Fc-γ receptors [63]. Nevertheless, our results reported that independently of BMI 
and waist circumference, the relationships between PhA and hs-CRP levels persist significantly, 
suggesting that PhA could be a relevant predictor of this marker in PWS adult. Nevertheless, this 
result needs to be confirmed in larger and prospective clinical trials.  

Additionally, the negative association between PhA and inflammation state in PWS adult could 
be an indirect effect of oxidative stress. In fact, high hs-CRP levels are associated to increased free 
radicals [64], which can cause cellular damage [65], and consequently could decrease PhA values. 
Although in our study we have not evaluated specific oxidative stress markers, and this conclusion 
remains only speculative. Therefore, our data suggest that PhA values were negatively associated 
with a pro-inflammatory state and that PhA may be a useful tool for indirectly evaluating it, 
independently of the of BMI and waist circumference. 

In our results, we also found a correlation between PhA and hs-CRP levels with ECW/ICW ratio, 
regardless of gender, BMI, and waist circumference.  



Nutrients 2020, 12, 2065 11 of 16 

 

PhA is negatively correlated to the ECW/ICW in healthy adults [13]. In fact, an increased 
ECW/ICW due to a rapid and early transfer of fluids from the ICW to the ECW compartment along 
with cell mass reductions is associated with smaller PhA. Thus, the inverse correlation reported 
between PhA and hs-CRP levels can be at least partly interpreted considering that the inflammatory 
response is the first defense against chemical and biological damage and for repair of tissue damage, 
so an exaggerated, disproportionate, or prolonged inflammatory state can determine tissue damage 
[66]. This LGI is closely linked to the development of several metabolic and cardiovascular diseases, 
also in PWS adults [67–69]. In our results, we reported that the hs-CRP levels were higher in PWS 
adults than in the control group, and this is in agreement with other studies performed in PWS adults 
[7,8,70,71]. Based on these results, we speculate that the PWS adults with the highest values of hs-
CRP levels as inflammatory marker were those with lower cellular health, expressed as a smaller 
PhA. Reinforcing this result, we performed complementary analyzes to explore the association 
between ECW/ICW ratio and hs-CRP levels, as inflammatory biomarker. We found a negative 
correlation between ECW/ICW ratio with hs-CRP levels, regardless of gender, BMI, and waist 
circumference. The tight relation between ECW volume expansion and LGI [72–74], which involves 
a lower PhA, may partially determine the negative association of PhA with hs-CRP levels and 
ECW/ICW ratio. However, several studies have been carried out to date to elucidate the role of PhA 
as a prognostic and nutritional tool, and also as an indicator of health status in different clinical 
conditions [10]. Therefore, although our results can not demonstrate a causal link, they suggest that 
PhA could be a marker of LGI in PWS adults. 

Some limitations should be illustrated in the present study. First, being a cross-sectional study, 
the cause–effect association between PhA and LGI can not be determined.  

Second, only one inflammatory marker, hs-CRP levels, was evaluated. Although hs-CRP is 
reported to be the most reliable unspecific biomarker of inflammatory state, we did not analyze other 
pro-inflammatory inflammatory markers such as TNF-α, which seems to be more associated with 
cell plasma membrane instability [75]. However, we point out that this was the first study reporting 
in PWS adults the relationship between PhA values and inflammation assessed by plasma hs-CRP 
levels, independently of BMI and waist circumference. 

Third, the sample size was relatively small, and this is because PWS is considered a rare disease. 
Nevertheless, we have estimated the sample size using 95% statistical power, calculated by the 
differences of means of PhA in PWS adults and controls.  
However, in order to prevent any drop out, we enrolled double the number of patients required by 
sample size calculations for each group (15 patients for each group), matching controls for gender, 
age, and BMI.  
Furthermore, being a monocentric study, patients and controls shared the same geographical area 
with the same effect of latitude and, likely, similar food availability and dietary consumption 
patterns, which allowed us to improve the homogeneity of the study sample.  

Fourth, the proposed cut-off point of PhA for identifying the highest hs-CRP levels should be 
used with caution until an appropriate cross-validation is performed and the results of clinical trials 
in larger population samples are made available. 

A strong point of our research is the significant association between PhA with hs-CRP levels 
after adjusting for relevant covariates, in particular, gender, BMI, and waist circumference, 
considering the power influence of these factors on PhA [11,76]. In addition, only the very same 
expert nutritionist performed and interpreted anthropometric measurements and BIA with the aim 
of minimizing inter-operator variability. 

5. Conclusion 

In summary, in the present study, we reported for the first time (i) smaller PhAs and higher 
ECW/ICW ratio as an expression of increased LGI in PWS adults compared with control group 
matched for gender, age, and BMI; (ii) in PWS adults, there were no age and sex differences in the 
PhA as was observed in the control group, thus leading us to speculate that the generalized 
inflammatory state characterizing obesity and PWS adults could likely hamper the effects of gender 
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and age on PhA in PWS adults; (iii) a direct association between PhA and hs-CRP levels, 
independently of gender, BMI, waist circumference. As possible translational applications, these 
findings suggest that the identification of a specific cut-off value for PhA might help in identifying 
PWS adults at high risk of LGI who could benefit from a more detailed clinical evaluation. Since PWS 
adults have poor compliance due to their psychiatric disorders and most of the time is difficult to 
collect blood sampling, making the biochemical diagnosis of LGI not always possible, PhA could be 
a potential useful noninvasive biomarker of LGI, meeting the unmet needs in this population. In 
conclusion, our findings highlight the importance of nutritional assessment by a qualified nutritionist 
in adults with PWS, not only for providing nutritional advice but also to screen for LGI and to identify 
subjects in which to perform further biochemical assessments. 
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