
Results: 

• In elderly subjects, UnAG was reduced (p<0.01) in overweight-obese
compared to lean.

• In multiple regression analysis, UnAG was associated (P<0.01) with BMI
independently of potential confounders, including gender, metabolic
and inflammatory markers.

• In logistic regression analysis, lower basal UnAG but not AG predicted
(p<0.05) low MM-index independently of BMI, gender and metabolic
confounders.
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Conclusions: 

• In elderly subjects from a North-East Italy general population cohort, unacylated ghrelin is lower in overweight-
obese compared to lean individuals and, at variance from AG, it predicts 5-year muscle mass independently
from BMI.

• The current results suggest that lower UnAG may specifically contribute to lower muscle mass in obese elderly
individuals.

Background: 
Rationale: 
Aging is associated with skeletal muscle loss, which
may be paralleled by increased fat mass, both
contributing to frailty and related healthcare and social
costs. Unacylated ghrelin (UnAG) is an emerging
modulator of skeletal muscle metabolism with
potential muscle-anabolic actions, and plasma UnAG
decreases with overweight-obesity [body mass index
(BMI)> 25 kg/m2] in general population cohorts.
Potential associations between UnAG, overweight-
obesity and muscle mass (MM) in elderly humans are
currently unknown.

Results: 

Methods: 
Study Population: The MoMa study cohort was recruited in the municipalities of

Montereale Valcellina and Maniago, Pordenone, in the Friuli-Venezia Giulia
Region in North-East Italy. A random sample of 2500 18-69 year-old residents in
the two municipalities was invited in the years 2008-2010. Among participants
450 randomly selected elderly individuals (age>65y, M/F: 179/271) were included
in this study. 133 representative subjects were then recalled for 5-year follow-up
evaluation.
The study protocol was approved by the competent Pordenone Hospital Ethics
Committee and by the Comitato Etico Unico Regionale FVG, and each subject gave
written informed consent to participate.

Clinical data: The study protocol included collection of clinical history, medical
examination and blood sampling after a 10-12 hour overnight fast. All variables
were measured in duplicate.

• Body Weight (BW) and height were measured and recorded to the nearest 0.1 kg
and 0.5 cm, respectively.

• Waist circumference (WC) was measured on bare skin during midrespiration at
the natural indentation between the 10th rib and iliac crest to the nearest 0.5 cm.

• Blood pressure was measured by standard clinical Hg sphygmomanometer.

Body Composition
Body composition was measured by multifrequence bioimpedance analysis
(BIA101, Akern, Italy). Muscle mass data was calculated using manufacturer's
proprietary software (BodyGram 3.0, Akern, Italy) and expressed ad percentage of
body weight.

Plasma Measurements:
• Plasma triglycerides, high-density lipoprotein (HDL) cholesterol, glucose, insulin

were measured using standard methods at the Pordenone Hospital Laboratory.
• High sensitivity C Reactive Protein (hsCRP) was measured by ELISA (DRG,

Germany).
• Plasma total and acylated ghrelin were measured using radioimmunoassay (Linco,

St Charles, MO, USA), following manufacturer’s recommendations. Unacylated
ghrelin was calculated by subtracting the acylated fraction from the total
hormone levels.

• Plasma cytokine levels were measured using magnetic bead based xMAP
technology (Millipore, Billerica, MA, USA) with a Magpix reader (Luminex, Austin,
TX, USA).

Derived parameters and anthropometric indexes:
• BMI = body weight [kg] / height [m2]

• MMI = muscle mass [kg] / height [m2]
Low MM-index was defined as 2 standard deviations lower than average MM-
index in young (18-39) reference subjects from the same population study.

• HOMA = (Fasting Plasma Glucose [mg/dL] x Fasting Plasma Insulin [µU/mL])/405
• MAP = (systolic blood pressure + 2 x dyastolic blood pressure)/3
Statistical analysis – Data distributions for continuous variables was assessed by

Shapiro-Wilk test and appropriate transformations used for non normal data.
Comparisons between groups were performed by Student’s t-test for unpaired
data. Associations between ghrelin profile and BMI were evaluated according to
Spearman. Association strengths were compared using the method of Meng,
Rosenthal and Rubin. Independency from other potential confounding factors, as
identified by univariate association analysis, was tested by stepwise multiple
regression and the test was validated by assessing the normality of residuals.
Prediction of 5-year low muscle mass index was tested by logistic multiple
regression. P values <0.05 were considered statistically significant. Analysis was
performed by SPSS v.17 software. Continuous variables are presented as
mean±standard deviation unless otherwise specified.

Table 2: Association analysis for potential confounders.
Association between Body Mass Index (BMI) and sex, age,
Waist Circumference (WC), plasma high sensitivity C
Reactive Protein (hsCRP), Tumor Necrosis Factor α (TNFα),
Interleukin 10 (IL-10), triglycerides, High density
lipoprotein (HDL) cholesterol, glucose, insulin,
Homeostatic Model Assessment (HOMA) for insulin
resistance, Mean Arterial Pressure (MAP) in the whole
study group (n=450).

Table 1: Clinical and Biochemical profile
Numerosity, sex, age, Body Mass Index (BMI), Waist Circumference (WC), plasma
high sensitivity C Reactive Protein (hsCRP), Tumor Necrosis Factor α (TNFα),
Interleukin 10 (IL-10), triglycerides, High density lipoprotein (HDL) cholesterol,
glucose, insulin, Homeostatic Model Assessment (HOMA) for insulin resistance,
Mean Arterial Pressure (MAP) in the whole study group and in lean,
overweight/obese and subjects undergoing 5-year follow-up subgroups. Results
are reported as Mean ± SEM. *p<0.05 and **p<0.01 vs. whole study group.

Table 3: Multiple regression analysis.
Multiple linear regression analyses between total (TG), acylated (AG) and unacylated ghrelin (UnAG)
plasma levels and Body Mass Index (BMI) in the whole study group (n=450) in different statistical
adjustment models. B: Coefficient, SE: Standard Error; t: t-value.

Figure 2: Association study. Association between plasma ghrelin forms and Body Mass Index (BMI) in the whole study group (n=450). Different letters near regression
line indicate p<0.001 in association strength comparison.

*

Data adjustments:
Model 1: sex, BMI
Model 2: Model 1 + Triglycerides, HDL-Cholesterol, Glucose, Mean Arterial Pressure, high sensitivity C Reactive Protein
(hsCRP),
Tumor Necrosis Factor α (TNFα).

Table 4: 5-year low muscle mass prediciton analysis.
Multiple logistic regression analyses between total (TG), acylated (AG) and unacylated
ghrelin (UnAG) plasma levels and matching of low muscle mass diagnostic criteria at 5-
year follow-up in the population subgroup undergoing 5-year follow-up evaluation (n =
133) in different statistical adjustment models. B: Coefficient, SE: Standard Error; z: Wald
test.

Figure 1: Ghrelin plasma
profile in lean and
overweight/obese
subgroups.
Total, acylated and
unacylated ghrelin plasma
levels in lean (n=190) and
overweight/obese (Ow-Ob,
n=260) subgroups. Data are
expressed as mean ±
standard error. *p<0.05,
**p<0.01 vs. lean.
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** ***

Data adjustments:
Model 1: sex, BMI
Model 2: Model 1 + Triglycerides, HDL-Cholesterol, Glucose, Mean Arterial Pressure, high sensitivity C Reactive
Protein (hsCRP), Tumor Necrosis Factor α (TNFα).
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