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ABSTRACT. Morbidly obese subjects are charac-
terized by multiple endocrine abnormalities and 
these are paralleled by unfavorable changes in 
body composition. In obese individuals, either 
24-h spontaneous or stimulated GH secretion is 
impaired without an organic pituitary disease and 
the severity of the secretory defect is proportion-
al to the degree of obesity. The GHRH+arginine 
(GHRH+ARG) test is likely to be the overall test of 
choice in clinical practice to differentiate GH defi-
ciency (GHD) patients. Similarly to other provoca-
tive tests, GHRH+ARG is influenced by obesity 
per se. Therefore, a new cut-off limit of peak GH 
response of 4.2 µg/l in obese subjects has been re-
cently assumed. The aim of the present study was 
to investigate the reciprocal influence between 
decreased GH secretion and body composition 
in a group of 110 morbidly obese subjects, us-
ing the new cut-off limit of peak GH response to 
GHRH+ARG test for these subjects. In our study, 
GHD was identified in 27.3% of the obese sub-
jects, without gender difference. In GDH obese 

subjects body mass index (BMI), waist circumfer-
ence, waist-to-hip ratio (WHR), fat mass (FM), and 
resistance (R) were higher while reactance (Xc), 
phase angle, body cell mass (BCM), IGF-I, or IGF-I 
z-scores were lower than in normal responders 
(p<0.001). In all obese subjects, GH peak levels 
showed a negative correlation with age, BMI, 
waist circumference and FM, and a positive cor-
relation with IGF-I. In the stepwise multiple linear 
regression, waist circumference and FM were the 
major determinants of GH peak levels and IGF-I. 
In conclusion, using the new cut-off limit of peak 
GH response to GHRH+ARG test for obese sub-
jects, about 1/3 morbidly obese subjects were 
GHD. GHD subjects showed a significantly dif-
ferent body composition compared with normal 
responders, and the secretory defect was cor-
related to different anthropometric variables 
with waist circumference and FM as the major 
determinants. 
(J. Endocrinol. Invest. 29: 536-543, 2006)
©2006, Editrice Kurtis

INTRODUCTION

Morbidly obese subjects are characterized by multi-
ple endocrine abnormalities and these are paralleled 
by relevant and unfavorable changes in body com-
position, ie increased visceral fat, and decreased 
body free fat mass (FFM) (1-3).
In obese subjects, either 24-h spontaneous GH se-
cretion or stimulated GH release is impaired, includ-

ing GH secretion in response to all traditional phar-
macological stimuli acting on the hypothalamus, 
such as insulin-induced hypoglycemia or arginine 
(ARG), and to direct somatotrope stimulation by 
exogenous GHRH (4-7). 
However, it is widely accepted that the GH response 
to the provocative test is influenced by obesity per 
se (8) and that the GH deficiency (GHD) in obesity 
may be a functional reversible status (2, 4, 5). Never-
theless, the severity of the secretory defect has been 
reported to be proportional to the degree of obesity, 
the entity of this alteration being inversely propor-
tional to the increase in body fat (9). In this context, 
there is evidence that in adult patients with hypopi-
tuitarism, the severity of GHD measured as peak GH 
after the combined GHRH-ARG test is correlated 
with the degree of bone loss (10), the abnormality of 
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lipid profile (11), the severity of cardiac impairment 
(12) and changes in body composition (13). 
The GHRH+ARG is a potent and reproducible test, 
which is unaffected by gender and aging, and it is 
likely the overall test of choice in clinical practice. A 
GH response of 9 µg/l or less with a GHRH+ARG test 
was diagnostic for severe GHD (14). However, this 
cut-off limit of peak GH response to GHRH+ARG 
test in lean subjects is not reliable in obese individu-
als (8, 15). In fact, the GH response to GHRH+ARG 
test, similarly to other provocative tests, is influenced 
by obesity per se and a new cut-off limit of peak GH 
response of 4.2 µg/l in obese subjects has been re-
cently assumed (16).
The aim of this study was to investigate the recipro-
cal influence between decreased GH secretion and 
body composition in a group of morbidly obese 
subjects, investigating the GH secretion with the 
GHRH+ARG using the new cut-off limit of peak GH 
response to GHRH+ARG test for obese subjects, 
and evaluating body composition by conventional 
bioelectrical impedance analysis (BIA) and imped-
ance vector analysis (BIVA).

MATERIALS AND METHODS
Subjects 
This study includes 110 subjects (85 females and 25 males) with 
clinically significant obesity [body mass index (BMI) 41.6±4.6 
kg/m²], aged 32.1±11.9 yr. The subjects were consecutively 
recruited among over 150 morbidly obese subjects referred 
to the Endocrinology Unit of the Department of Molecular and 
Clinical Endocrinology and Oncology, from 2003-2004, and the 
selection was based on the following criteria: 1) the absence 
of diabetes mellitus, liver or renal failure, cancer, and acute or 
chronic inflammatory diseases based on a complete medical 
examination and laboratory investigations; 2) none of the sub-
jects was chronically treated with any type of medication; 3) the 
absence of other pituitary secretory deficiencies, specifically: 
a) diabetes insipidus was ruled out by normal urine volume 
(<2.5-3 l/24 h) with normal urine osmolality (>300 mmol/kg); 
b) normal adrenal function was demonstrated by early-morn-
ing (at 09:00 h) cortisol concentrations >80 µg/l, 24-h urinary 
free cortisol levels >30 µg/24-h and normal response of cortisol 
to low dose ACTH test (1 µg ev); c) the absence of secondary 
hypothyroidism was demonstrated by normal free T4 (fT4) (>8 
ng/l) concentrations with normal TSH levels; d) the absence of 
secondary hypogonadism was demonstrated by: i) in pre-men-
opausal women with a normal menstrual pattern (ie at least 10 
menstrual periods in the previous year, the last <60 days before 
the 1st examination), normal estradiol levels (>20 pg/ml) with 
normal FSH and LH levels; ii) in men by normal testosterone 
levels (>3 µg/l) with normal FSH and LH levels.
Obese subjects were given a standardized interview to obtain 
information about the duration of obesity, eating patterns, smok-
ing habits and physical exercise. In particular, subjects were also 
asked to make a daily record of the amount of physical activity (no 
exercise; ≤2-3 h/week; ≥2-3 h/week). 

The duration of obesity was defined as the time interval since sig-
nificant obesity had occurred. The estimation of dietary intake was 
assessed by Winfood (Medimatica software medico 1999, Rome, 
Italy). The daily calorie intake and diet composition were calcu-
lated during a personal interview, using a detailed food-frequency 
questionnaire of 130 foods and beverages (17). 
Hormonal investigations were performed during the early follicu-
lar phase, 5-7 days after spontaneous menses. 
Informed consent was obtained from all subjects in accordance 
with institutional guidelines, and the study design was made in 
accordance with the Helsinki II declaration. 

Anthropometry
All anthropometric measurements were made with the subjects 
wearing only underwear without shoes. Standing height was 
measured to the nearest cm using a wall-mounted stadiometer. 
Body weight (bw) was determined to the nearest 50 g using a 
calibrated balance beam scale. BMI was calculated as weight (kg) 
divided by height squared (m2) and used as an index for obesity. 
Measurements of the waist circumference were taken at the mid 
point between umbilicus and xiphoid, and for hip circumference 
at the widest point around the hips. The waist-to-hip circumfer-
ence ratio (WHR) was thereafter calculated.

Methods 
Serum GH levels were measured by immunoradiometric assay 
(IRMA) using commercially available kits (HGH-CTK-IRMA, Sorin, 
Saluggia, Italy). The sensitivity of the assay was 0.2 µg/l. The intra- 
and interassay coefficients of variations (CV) were 4.5 and 7.9%, 
respectively. Plasma IGF-I was measured by IRMA after ethanol 
extraction. The sensitivity of the assay was 0.8 µg/l. The normal 
IGF-I range in 20-40, 41-60, and over 60-yr-old subjects was 110-
494, 100-300, and 78-260 µg/l, respectively. The intra-assay CV 
were 3.4, 3.0, and 1.5% for low, medium, and high points on the 
standard curve, respectively. The interassay CV were 8.2, 1.5, and 
3.7% for low, medium, and high points on the standard curve, 
respectively. 
The GHRH+ARG was performed according to Ghigo et al. (14): 
ARG (arginine hydrochloride, Salf, Bergamo, Italy) was admin-
istered at a dose of 0.5 g/kg, up to a maximal dose of 30 g, 
slowly infused from time 0 to 30 min, while GHRH (1-29, Geref, 
Serono, Rome, Italy) was given at a dose of 1 µg/kg as iv bolus 
at time 0. Blood samples were taken every 15 min from –15 up 
to 90 min. In a normal lean population (14-16), the GH response 
after GHRH+ARG was classified as severe GHD when the GH 
peak was ≤9 µg/l, partial GHD when the GH peak was 9.1-16.5 
µg/l, and normal when the GH peak was ≥16.5 µg/l. However, 
according to recent findings described by Biller et al. (15) and 
by Corneli et al. (16), where the GH peak cut-off for differentiat-
ing GHD patients and controls is 4.1 and 4.2 µg/l, respectively, 
in obese subjects and where BMI affects the GH response to 
the GHRH+ARG test, we classified our obese subjects as severe 
GHD when the GH peak was ≤4.2 µg/l, and normal responders 
when the GH peak was higher than this cut-off point. For this 
reason all of the following data were analyzed according to a 4.2 
µg/l cut-off point.

Conventional bioelectrical impedance analysis
Body composition was determined by conventional BIA and by 
BIVA. Resistance (R) and reactance (Xc) were measured by a single 
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investigator with a single-frequency 50 kHz bioelectrical imped-
ance analyzer (BIA 101 RJL, Akern Bioresearch, Firenze, Italy) ac-
cording to the standard tetrapolar technique, with the subject in 
supine position and the electrodes placed on the dorsal surface of 
the right foot and ankle, and right wrist and hand. The body com-
position was calculated from bioelectrical measurements and an-
thropometric data by applying the software provided by the man-
ufacturer, which incorporated validated predictive equations for 
total body water (TBW), fat mass (FM) and FFM, and extra-cellular 
water (ECW) (18, 19). Soft tissue hydration of individual subjects 
was evaluated by BIA vector analysis. R and Xc were normalized 
by the height of subjects (R/H and Xc/H) and the resulting vec-
tors were plotted on a graph reporting the gender-specific 50th, 
75th, and 95th tolerance ellipses of similar vectors calculated from 
a reference healthy population (20). According to the RXc graph 
method, vectors falling within the reference gender-specific 75th 
tolerance ellipse indicated normal hydration, short vectors (below 
the lower pole of the 75th tolerance ellipse) indicated over-hydra-
tion and long vectors (above the upper pole of the 75th tolerance 
ellipse) indicated under-hydration (21). The vector position was 
also compared with the fat-fluid linear threshold discriminating 
between short vectors from either edematous or obese subjects 
falling out of the lower pole of the reference 75% tolerance el-
lipse, with vectors from obese subjects without edema expected 
to fall above the fat-fluid threshold and vectors from edematous 
patients that expected to fall below the fat-fluid threshold (21). 
The length of the vector was calculated as |Z|=√[(R/H)2+(Xc/H)2] 
and the phase angle of the vector as the arctan of Xc/R.

Statistical analysis
Values are given as mean±SD. Repeated analysis of variance 
(ANOVA) measures with the Bonferroni test for multiple compari-
sons was used for paired data. The Pearson bivariate correlation 
analysis was used to compute the correlation between variables. 
The stepwise multiple linear regression was performed to evalu-
ate the relative importance of age and the parameters of body 
composition on the peak GH after GHRH+ARG and IGF-I. In this 
analysis, we entered only those variables that had a p value <0.05 
in the univariate analysis.
Data were stored and analysed using the SPSS program (Statisti-
cal Package for Social Science, release 11.01; SPSS Chicago, IL, 
USA). p values <0.05 were considered statistically significant.

RESULTS

The dietary intake based on an interview-adminis-
tered questionnaire and the body composition of 

the study subjects were reported in Tables 1 and 2, 
respectively. No subjects stated they took exercise 
regularly. The soft tissue hydration, according to the 
RXc graph method, showed that no subject vectors 
were below the boundary line threshold discriminat-
ing between the obese and the oedematous, indicat-
ing a normal hydration. All vectors fell in the lower left 
quadrant, out of the boundary line of 75th tolerance 
ellipse, as expected in morbidly obese subjects with 
normal hydration. When subjects were considered as 
a whole, peak GH levels were 12.2±6.5 µg/l. Accord-
ing to peak GH levels at 4.2 µg/l, GHD was identified 
in 27.3% of the subjects (Table 2). No differences 
emerged in dietary intake between GHD obese sub-
jects and normal responders (Table 1). GHD obese 
subjects showed a significantly higher age compared 
with normally responding obese subjects (Table 2). 
However, none of the obese subjects was over the 
age of 60. In GDH obese subjects BMI, waist and hip 
circumference, WHR, FM, and R were significantly 
higher, while Xc, phase angle, body cell mass (BCM), 
IGF-I, or IGF-I z-scores were lower when compared 
with normally responding obese subjects (Table 2). 
In all of the obese subjects, GH peak levels showed 
a significant negative correlation with age, BMI 
and FM, and a positive correlation with IGF-I (Fig. 
1, 2). GH peak showed also a negative correlation 
with waist and hip circumference as well as WHR 
(r=–0.567, r=–0.285, and r=–0.303, respectively; 
p<0.001). 

Gender difference
According to gender, males showed a dietary intake 
significantly higher than females (Table 1). No dif-
ferences were found in the GH peak or GHD preva-
lence (females: 28.2 vs males: 24%, respectively; 
p=ns) as well as in age, BMI, IGF-I or IGF-I z-scores 
(Table 3). As found in the normal population, male 
obese subjects showed significantly increased FFM 
and TBW compared to females, while FM was sig-
nificantly lower (Table 3). No differences in waist and 
hip circumference and WHR were evident between 
males and females.

Table 1 - Dietary intake based on interviewer-administered questionnaire in 110 morbidly obese patients according to gender and to GH 
peak values after GHRH+arginine (ARG) test [ GH deficiency (GHD), GH peak values <4.2 µg/l].

Females
(85)

Males
(25)

Normal responders
(80)

GHD
(30)

p-values

Energy intake, MJ/die 11.4±1.6 12.7±0.8* 11.7±1.5 11.7±1.7 p<0.001

Total carbohydrate, % energy 51.9±6.7 49.7±4.5 51.4±6.5 51.3±7.2 ns

Total fat, % energy 32.7±5.5  35.8±4.8* 33.7±5.6 32.7±5.1 p<0.05

Total protein, % energy 17.5±3.3 18.6±3.2 17.1±3.2 18.1±3.4 ns





©2006, Editric
e Kurtis

J. Endocrinol. Invest. 29: 536-543, 2006
©2006, Editrice Kurtis.

N O T   P R I N TA B L E

©2006, Editric
e Kurtis

J. Endocrinol. Invest. 29: 536-543, 2006
©2006, Editrice Kurtis.

N O T   P R I N TA B L E

540

S. Savastano, C. Di Somma, A. Belfiore, et al. GHD and body composition in obese subjects

541

length of the impedance vector indicated a normo-
hydration status for all of the subjects in our study 
group (21, 22). Therefore, it is possible to rule out 

that subtle variations of the hydration of soft tissues 
can propagate errors in the prediction of body com-
position from the reference methods to the predic-
tive equations used in conventional BIA. 
It is well-known that altered GH axis in obesity is 
paralleled by changes in body composition, ie, in-
creased visceral fat, and decreased lean body mass 
and bone mineral density, closely resembling those 
reported to occur in organic GHD patients. The 
insulin tolerance test (ITT) has been considered the 
gold standard GH stimulation test in the diagnosis of 
GHD; however, the combined GHRH+ARG test has 
recently been the most commonly used alternative 
test to ITT (14, 23-26). In this context, it is widely ac-
cepted that the GH response to the provocative test 
is influenced by obesity per se (2, 4-8), and that GHD 
in obesity may be a functional reversible status. 
In fact, recently, BMI has been shown to affect the 
GH response to the GHRH+ARG test (8, 15, 16). 
Biller et al. (15), by comparing five different GH 
stimulation tests for diagnosing GHD in adults, 
reported a GH peak cut-off point after GHRH+ARG 
to differentiate GHD patients and controls at 4.1 
µg/l. This result was recently confirmed by Corneli 
et al. (16) in an Italian cohort of lean, overweight 
and obese subjects, and a cut-off limit of 4.2 µg/l in 
obese individuals was assumed. In our study group, 
we confirm that using more restrictive criteria, GHD 
is present in about 1/3 obese subjects. In this con-
text, it is possible to conclude that the combined 
GHRH+ARG test with the recently assumed 4.2 
µg/l cut-off value is also reliable enough to detect 
GHD in morbidly obese subjects without evident 
hypopituitarism; moreover, it can differentiate this 

Table 3 - Anthropometry, body composition, by bioelectrical 
impendance analysis (BIA), electrical variables, by bioelectrical 
impendance vector analysis (BIVA), and endocrine parameters in 
morbidly obese subjects according to gender.

Females Males p values

No. 110 85 25

Age (yr) 32.7±11.9 30.2±12.3 ns

BMI (kg/m²) 42.0±4.9 40.1±3.0 ns

Waist (cm) 119.9±8.9 116.7±10.1 ns

Hip (cm) 131.5±8.5 128.0±4.9 ns

WHR ratio 0.91±0.79 0.91±0.65 ns

FM (kg) 53.5±11.6 42.9±12.5 p<0.001

FFM (kg) 60.3±7.3 78.5±8.9 p<0.001

R (Ohm) 423.9±62.6 412.4±54.2 ns

Reactance (Ohm) 51.9±9.2 48.6±4.9 ns

Phase angle (°)   7.2±1.0   7.1±0.8 ns

BCM (kg) 38.1±9.9 40.5±8.2 ns

TBW (l) 44.3±5.2 57.5±8.5 p<0.001

GH peak levels 
(µg/l)

12.5±6.7 11.4±5.5 ns

IGF-I (µg/l) 178.6±66.7 197.0±69.8 ns

IGF-I z-scores –0.8±0.8 –0.3±0.8 ns

BMI: body mass index; WHR: waist-to-hip ratio; FM: fat mass; FFM: free FM; 
R: resistance; TBW: total body water; BCM: body cell mass.

Table 4 - Results of the stepwise multiple linear regression analysis. 

β-coefficient t p-values

Morbidly obese subjects

GH peak

Waist –0.30  –3.69 0.000

FM –0.27  –2.56 0.012

BMI –0.08 1.46 0.146

Age –0.18 –1.53  0.130

GH peak

Waist –0.04 –4.36 0.000

FM –0.02 –1.75 0.085

BMI –0.03 0.99 0.325

Age –0.00 –0.41 0.663

BMI: body mass index; FM: fat mass.
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subgroup from a larger group of morbidly obese 
subjects where only a variable degree of GH secre-
tory defects may be present as the consequences 
of their altered metabolic balance, ie free fatty acid 
metabolism (27-29).
Iranmanesh et al. (30) reported that both GH secre-
tion and clearance in men were proportional to the 
degree of obesity. Therefore, it was of some interest 
to investigate in morbidly obese subjects too wheth-
er or not a similar relationship was present between 

the severity of the GH secretory defect evaluated by 
the GHRH+ARG test and the degree of obesity or, 
alternatively, with anthropometric differences, such 
as the abdominal fat distribution. In this contest, we 
observed that either waist circumference or WHR 
were significantly higher in GHD obese group than 
in normal responder obese group, thus suggesting 
that an increased visceral fat area in GHD could be 
important in influencing the reduction in stimulated 
GH secretion. However, the positive correlation be-
tween WHR and indices of visceral fat distribution 
assessed by computerized tomography evidenced 
in normal weight subjects are less evident in obese 
subjects. Therefore, WHR cannot be considered as a 
reliable index of visceral/sc fat distribution in obese 
individuals, particularly if they are females (31). In our 
study group, the peak GH levels showed a significant 
inverse correlation with age, BMI, waist circumfer-
ence, and FM (32). However, at multiple regression 
analysis waist circumference and FM were the major 
determinants of GH peak. In this context, our data 
are in line with the evidence that in adult patients 
with hypopituitarism, the severity of GHD measured 
as peak GH after the combined GHRH+ARG test is 
correlated with the degree of bone loss, abnormality 
of lipid profile or severity of cardiac impairment, and 
changes in body composition (10-13). 
The presence of the highly significant effect of FM 
on GH secretory defect suggests that, similarly to the 
relevance of FFM in the assessment of levothyroxine 
dosage in the treatment of thyroid diseases (33), not 
only BMI but also body composition variables, such 
as FM, might be employed to calculate the amount 
of recombinant human GH to be administered. 
Apart from BMI and age, the diagnostic capability 
of different provocative tests in detecting GHD in 
obese subjects has also been reported to be influ-
enced by many other potentially confounding ef-
fects, such as gender, sleep, nutritional status, stress 
and physical exercise. To investigate the relevance 
of gender and reduce the influence of different con-
founding variables, we evaluated the GH secretory 
response separately in female and male morbidly 
obese subjects with comparable BMI, age, physical 
exercise and nutritional status. As expected, male 
and female obese subjects showed significantly dif-
ferent anthropometric variables, such as FM, FFM 
and TBW. However, the GH peak or GHD prevalence 
were the same in both sexes. The lack of the well-
known gender influence (34, 35) on GH response 
might not be surprising, taking into account that 
both male and female subjects were affected by a 
severe and long-standing obesity responsible for a 
deep impairment of the normal GH secretion. The 
evidence of significant correlation between GH peak 

Fig. 2 - Correlation between peak GH response to the GHRH+arginine 
(ARG) test and body mass index (BMI), waist circumference and fat 
mass (FM). 
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levels and FFM in females and not in males, suggests 
some speculations. In particular, body composition 
in morbidly obese males, with particular regard to 
FFM, might be influenced by different anabolic 
mechanisms other than GH, nutrition, or physical 
exercise. Moreover, unexplored variables, such as 
androgens, should be taken into account. 
In conclusion, we demonstrated that, using the 
more restrictive cut-off limit of peak GH response 
to GHRH+ARG test for obese subjects proposed 
by Biller et al. and Corneli et al. (15, 17), in our study 
group of morbidly obese subjects 27.3% were GHD. 
According to this threshold, GHD subjects compared 
with normal responders showed a significantly differ-
ent body composition. Moreover, the secretory de-
fect evaluated by the GHRH+ARG test is correlated 
not only to BMI, but also to different anthropometric 
variables, and waist circumference and FM were the 
major determinants. 

ACKNOWLEDGMENTS 
This study was partially supported by a grant from SERONO Italy.

REFERENCES
 1. Kopelman PG. Hormones and obesity. Baillieres Clin Endo-

crinol Metab 1994, 8: 549-75. 

 2. Pasquali R, Vicennati V, Gambineri A, Pagotto U. Hormones 
and pathophysiology of obesity. Eat Weight Disord 2001, 6 
(3 Suppl): 9-20.

 3. Aronne LJ, Segal KR. Adiposity and fat distribution outcome 
measures: assessment and clinical implications. Obes Res 
2002, 10 (Suppl 1): 14S-21S.

 4. Scacchi M, Pincelli AI, Cavagnini F. Growth hormone in 
obesity. Int J Obesity 1999, 23: 262-71.

 5. Giustina A, Veldhuis JD. Pathophysiology of the neuroregu-
lation of growth hormones secretion in experimental ani-
mals and the human. Endocr Rev 1998, 19: 717-97.

 6. Franco C, Bengtsson BA, Johannsson G. Visceral obesity 
and the role of the somatotropic axis in the development of 
metabolic complications. Growth Horm IGF Res 2001, 11 
(Suppl A): S97-102. 

 7. Maccario M, Tassone F, Grottoli S, Rossetto R, Gauna C, 
Ghigo E. Neuroendocrine and metabolic determinants of 
the adaptation of GH/IGF-I axis to obesity. Ann Endocrinol 
(Paris) 2002, 63: 140-4. 

 8. Qu XD, Gonzalo TGI, Al Sayed MY, et al. Influence of body 
mass index and gender on GH responses to GHRH plus 
Arginine and Insulin tolerance test. J Clin Endocrinol Metab 
2005, 90: 1563-9. 

 9. Veldhuis JD, Iranmanesh A, Ho KK, Waters MJ, Johnson 
ML, Lizarralde G. Dual defects in pulsatile growth hormone 
secretion and clearance subserve the hyposomatotropism 
of obesity in man. J Clin Endocrinol Metab 1991, 72: 51-9. 

 10. Colao A, Di Somma C, Pivonello R, et al. Bone loss is cor-
related to the severity of growth hormone (GH) deficiency in 
adult patients with hypopituitarism. J Clin Endocrinol Metab 
1999, 84: 1919-24.

 11. Colao A, Cerbone G, Pivonello R, et al. The growth hormone 
(GH) response to arginine plus GH releasing hormone test 
is correlated to the severity of lipid profile abnormalities in 
adult patients with GH deficiency. J Clin Endocrinol Metab 
1999, 84: 1277-82. 

 12. Colao A, Di Somma C, Cuocolo A, et al. The severity of 
growth hormone deficiency correlates with the severity of 
cardiac impairment in 100 adult patients with hypopituitar-
ism: an observational, case-control study. J Clin Endocrinol 
Metab 2004, 89: 5998-6004.

 13. Murray RD, Adams JE, Shalet SM. Adults with partial growth 
hormone deficiency have an adverse body composition. J 
Clin Endocrinol Metab 2004, 89: 1586-91. 

 14. Ghigo E, Aimaretti G, Gianotti L, Bellone J, Arvat E, Ca-
manni F. New approach to the diagnosis of growth hormone 
deficiency in adults. Eur J Endocrinol 1996, 134: 352-6.

 15. Biller BM, Samuels MH, Zagar A, et al. Sensitivity and spe-
cificity of six tests for the diagnosis of adult GH deficiency. J 
Clin Endocrinol Metab 2002, 87: 2067-79.

 16. Corneli G, Di Somma C, Baldelli R, et al. The cut-off limits 
of the GH response to GH-releasing hormone-arginine test 
related to body mass index. Eur J Endocrinol 2005, 153: 
257-64.

 17. Hu FB, Rimm E, Smith-Warner SA, et al. Reproducibility and 
validity of dietary patterns assessed with a food-frequency 
questionnaire. Am J Clin Nutr 1999, 69: 243-9.

 18. Kushner RF. Bioelectrical impedance analysis: A rewiew 
of principles and applications. J Am Coll Nutr 1992, 11: 
199-209.

 19. Kotler DP, Burastero S, Wang J, et al. Prediction of body cell 
mass, fat-free mass, and total body water with bioelectrical 
impedance analysis: effect of race, sex, and disease. Am J 
Clin Nutr 1996, 64: 489S-97S.

 20. Piccoli A, Rossi B, Pillon L, Bucciante G. A new method for 
monitoring body fluid variation by bioimpedance analysis: 
The RXc graph. Kidney Int 1994, 46: 534-9.

 21. Piccoli A, Brunani A, Savia G, et al. Discriminating between 
body fat and fluid changes in the obese adult using bioim-
pedance vector analysis. Int J Obes 1998, 22: 97-104. 

 22. Savastano S, Belfiore A, Guida B, et al. A Role of dehydroe-
piandrosterone-sulphate levels on body composition after 
laparoscopic adjustable gastric banding in premenopausal 
morbidly obese women. J Endocrin Invest 2005, 28: 509-15.

 23. Growth Hormone Research Society Consensus guidelines 
for the diagnosis and treatment of adults with growth 
hormone deficiency: summary statement of the Growth 
Hormone Research Society Workshop on Adult Growth 
Hormone Deficiency. J Clin Endocrinol Metab 1998, 83: 
379-81.

 24. Fisker S, Jorgensen JO, Christiansen JS. Variability in growth 
hormone stimulation tests. Growth Horm IGF Res 1998, 8 
(Suppl A): 31-5. 



©2006, Editric
e Kurtis

J. Endocrinol. Invest. 29: 536-543, 2006
©2006, Editrice Kurtis.

N O T   P R I N TA B L E

©2006, Editric
e Kurtis

J. Endocrinol. Invest. 29: 536-543, 2006
©2006, Editrice Kurtis.

N O T   P R I N TA B L E

542

S. Savastano, C. Di Somma, A. Belfiore, et al. GHD and body composition in obese subjects

543

 25. Aimaretti G, Corneli G, Razzore P, et al. Comparison be-
tween insulin-induced hypoglycemia and growth hormone 
(GH)-releasing hormone+arginine as provocative tests for 
the diagnosis of GH deficiency in adults. J Clin Endocrinol 
Metab 1998, 83: 1615-8. 

 26. Aimaretti G, Baffoni C, Di Vito L, et al. Comparisons among 
old and new provocative tests of GH secretion in 178 normal 
adults. Eur J Endocrinol 2000, 142: 347-52. 

 27. Imaki T, Shibasaki T, Shizume K, et al. The effect of free fatty 
acids on growth hormone (GH)-releasing hormone-medi-
ated GH secretion in man. J Clin Endocrinol Metab 1985, 
60: 290-3.

 28. Casanueva FF, Villanueva L, Dieguez, et al. A free fatty acids 
block growth hormone (GH) releasing hormone-stimulated 
GH secretion in man directly at he pituitary. J Clin Endocri-
nol Metab 1987, 65: 634-42.

 29. Maccario M, Procopio M, Loche S, et al. Interaction of free 
fatty acids and arginine on growth hormone secretion in 
man. Metabolism 1994, 43: 223-6.

 30. Iranmanesh A, Lizarralde G, Veldhuis JD. Age and relative 
adiposity are specific negative determinants of the frequen-
cy and amplitude of growth hormone (GH) secretory bursts 

and the half-life of endogenous GH in healthy men. J Clin 
Endocrinol Metab 1991, 73: 1081-8. 

 31. Busetto L, Baggio MB, Zurlo F, Carraro R, Digito M, Enzi G. 
Assessment of abdominal fat distribution in obese patients: 
anthropometry versus computerized tomography. Int J 
Obes Relat Metab Disord 1992, 16: 731-6.

 32. Maccario M, Ramunni J, Oleandri SE, et al. Relationships 
between IGF-I and age, gender, body mass, fat distribution, 
metabolic and hormonal variables in obese patients. Int J 
Obes 1999, 23: 612-8.

 33. Santini F, Pinchera A, Marsili A, et al. Lean body mass is a 
major determinant of levothyroxine dosage in ht e treat-
ment of thyroid diseases J Clin Endocrinol Metab 2005, 90: 
124-7. 

 34. Veldhuis JD. Gender differences in secretory activity of the 
human somatotropic (growth hormone) axis. Eur J Endocri-
nol 1996, 134: 287-95.

 35. van den Berg G, Veldhuis JD, Frolich M, Roelfsema F. An 
amplitude-specific divergence in the pulsatile mode of 
growth hormone (GH) secretion underlies the gender dif-
ference in mean GH concentrations in men and premeno-
pausal women. J Clin Endocrinol Metab 1996, 81: 2460-7. 


