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Abstract
Background The aim of this observational study was to
determine, in a retrospective analysis, whether growth
hormone (GH) and insulin-like growth factor-1 (IGF-1) at
baseline or changes in the GH/IGF-1 axis after laparoscopic
adjustable gastric banding (LAGB) is associated with
weight loss and body composition changes in severely
obese nondiabetic patients.
Methods Weight loss (expressed as percent excess weight
loss [EWL%]), anthropometry, body composition by bioelectrical impedance analysis (BIA), serum IGF-1, and GH
peak after GH-releasing hormone (GHRH) plus arginine
(ARG) test were measured and expressed as standard
deviation scores (SDS) of reference values in 104 women
and 36 men, age (mean ± SD) 34±11 and 30.2±11 years,
and BMI 44±5.7 and 39±3.2, respectively, before and
6 months after LAGB.
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Results After LAGB, 25% of women and 22.5% of men had
GH deficiency, while 30.8% of women and 33.3% of men
had IGF-1 deficiency or insufficiency. The median EWL was
36.8% in women and 40.0% in men. In both genders,
percent decrease of waist circumference, EWL, and fat mass
(FM) and percent increase of fat-free mass (FFM) was
greater in patients with normal GH secretion and IGF-1
levels. The GH peak after GHRH + ARG, IGF-1 levels, and
IGF-1 SDS were inversely correlated with EWL% (r=−0.50,
r=−0.53, and r=−0.42, respectively; p<0.0001) and percent
FM (r=−0.41, r=−0.36, and r=−0.35, respectively; p<
0.0001). In stepwise linear regression analysis, the GH peak
after GHRH + ARG was the major determinant of EWL%
(p<0.0001) and FM (p=0.001).
Conclusions The efficacy of LAGB was greater in the
patients with a normal GH response to GHRH + ARG and
with normal IGF-1 levels. The percent of FM, FFM, and
EWL were significantly correlated with the GH response to
GHRH + ARG and with IGF-1 levels.
Keywords Obesity . Fat mass . Fat-free mass . GH . IGF-I .
LAGB

Introduction
There is a strict link between deficiency of growth hormone
(GH) secretion and obesity [1–6]. On one hand, adult patients
with GH deficiency (GHD) characteristically develop
increases in abdominal obesity, total cholesterol, triglycerides,
and fibrinogen levels and a decrease in HDL cholesterol
levels, so depicting the “metabolic syndrome” [7–12]. On the
other hand, obese patients have multiple endocrine abnormalities that parallel changes in body composition, i.e.,
increased visceral fat and decreased fat-free mass (FFM) [3–
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5, 13, 14]. In obese patients, either 24-h spontaneous GH
secretion or stimulated GH release or both are impaired,
including GH secretion in response to all traditional
pharmacological stimuli acting on the hypothalamus, such
as insulin-induced hypoglycemia or arginine (ARG), and/or
targeting directly the somatotrophs by exogenous GHreleasing hormone (GHRH) [15–17].
Although GH secretion in obesity may be suppressed as
a consequence of increased energy intake and is reversible
[18], it has nonetheless been speculated that reduced GH
secretion may further maintain overweight because of the
absence of potent lipolytic GH actions.
In fact, changes in GH and insulin-like growth factor-1
(IGF-1) secretion modify the response to surgery in obesity.
Edén Engström et al. [19] investigated a well-characterized
group of severely obese patients before and after weight
reduction by Roux-en-Y gastric bypass (RYGBP) surgery
and examined their basal levels of GH and IGF-1 in relation
to body mass index (BMI) and markers of insulin
sensitivity. RYGBP resulted in a decreased BMI from 45±
6 to 35±6 and 32±6 kg/m2 at 6 and 12 months, respectively;
GH and IGF-1 increased at 6 months in women and at
12 months in both sexes by >300% and 11%, respectively.
Despite some drawbacks in the study design, these results
are interesting since they demonstrated that surgically
induced weight loss only partially restores GH secretion.
In agreement with other authors [3, 4, 14], we reported
that the GH secretory status influences body composition in
obese patients [20]. In another prospective study that we
conducted in 72 premenopausal obese women undergoing
laparoscopic adjustable gastric banding (LAGB), we found
that, 6 months after surgery, when the initial catabolic state
should have already been overcome, 19.4% of 72 female
patients were still diagnosed as GH-deficient and IGF-1deficient (according to age normative ranges) and another
19.4% normalized their GH response to the GHRH + ARG
test, but IGF-1 levels were still below normal ranges [21].
Interestingly, percent change of excess weight loss (EWL
%) and fat mass (FM) lost were higher in 61.1% patients
who normalized their GH/IGF-1 axis after LAGB than in
the remaining 38.9% who did not. An important pathophysiological finding was that postoperative IGF-1 levels
were the strongest determinant of percent changes of FM,
FFM, and EWL in stepwise linear regression analysis [21].
In the present observational retrospective study, we
extended our previously published database of 72 severely
obese premenopausal women [21] to all our eligible
patients who underwent LABG in order to determine the
potential negative effect of persistently reduced GH and
IGF-1 levels on loss of body weight and changes of body
composition. We found that the prevalence of persisting GH
and/or IGF-1 levels below the normal range 6 months after
surgery was associated with a significantly reduced EWL%.
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Patients and Methods
Inclusion Criteria
For the purpose of this study, the inclusion criteria were: (1)
age between 16 and 60 years to limit the influence of age
on the GH/IGF-1 axis; (2) normal glucose tolerance during
standard oral glucose tolerance test to minimize any effects
of glucose homeostasis on IGF-1 variability [22, 23]; and
(3) inclusion criteria for bariatric surgery proposed by the
1991 National Institutes of Health Consensus Development
Panel Report [24].
Exclusion Criteria
(1) Liver or renal failure, cancer, and acute or chronic
inflammatory diseases were excluded by a complete
medical examination and laboratory investigations; (2)
chronic treatment with any type of medications, including
oral contraceptives or hormone replacement therapy; (3)
organic pituitary deficiency [25]; (4) bulimia nervosa
according to DSM-IV; (5) ulcers demonstrated by esophagogastroduodenoscopy; (6) soft tissue overhydration,
preliminarily evaluated by the BIA Vector by using the
BIVA software [26], as previously reported [20, 21].
Patients
Out of 254 moderately and severely obese patients coming
to our department since January 1, 2003 to December 31,
2007 and subjected to LAGB 6 months before admission,
140 patients (104 women and 36 men with baseline BMI of
43.1±5.4 kg/m2 and postoperative BMI of 35.6±4.8 kg/m2)
with a mean age of 32.9±11.5 years (range 16–57 years)
were included. Ten women were postmenopausal, while all
premenopausal women were studied during the early
follicular phase, 5–7 days after spontaneous menses.
Patients were evaluated under standardized conditions after
an overnight fast and were referred to our outpatient clinic.
Study Design
This is an observational, retrospective study. In the present
study, we extended our previously published database of 72
severely obese premenopausal women [21] to all our
eligible patients who underwent bariatric surgery. Then
we combined the data having used the identical study
protocol [21]. All patients gave their written informed
consent to undergo every investigation mentioned in the
study and they also agreed that their data would be used for
scientific purposes. The study design was made in
accordance with the Helsinki II Declaration for Study on
human experimentation.
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The main outcome measures were percent loss of excess
body weight (EWL%), changes in FM, FFM, serum IGF-1,
and GH peak after GHRH + ARG test, compared to
normative, reference values. A secondary objective was
determining relationships between GH/IGF-1 axis and
EWL% and changes in FM and FFM.
Study Protocol
In the 2 weeks preceding LAGB and 6 months after, the
following parameters were measured:
1. Anthropometric measurements, performed with the
subjects shoeless, wearing only underwear.
2. Standing height was measured to the nearest centimeters using a wall-mounted stadiometer. Body
weight was determined to the nearest 50 g using a
calibrated balance beam scale. BMI was calculated as
weight (in kilograms) divided by the height squared
(in square meters) and used as an index for obesity.
Waist circumference was defined as the largest
circumference of the mid-abdomen. Ideal body weight
(IBW) was calculated according to Lorenz' formula
½IBW ¼ in women; heightðcmÞ  100  ðheightðcmÞ
150=2Þ; in men; height ðcmÞ  100  ðheightðcmÞ
150=4Þ and was used to determine excess weight.
3. Body composition was determined by conventional
bioelectrical impedance analysis (BIA) and by bioelectrical impedance vector analysis (BIVA) applying the
software provided by the manufacturer [26]. Resistance
(R) and reactance (Xc) were measured by a single
investigator with a single-frequency 50-kHz bioelectrical impedance analyzer (BIA 101 RJL, Akern Bioresearch, Florence, Italy) according to the standard
tetrapolar technique. All vectors fell in the lower left
quadrant, outside the boundary line of the 75th
tolerance ellipse, as expected in morbidly obese
patients with normal hydration [27].
4. The GH/IGF-1 axis was evaluated by measuring the
circulating IGF-1 levels and the GH peak after GHRH +
ARG. The GHRH (1–29, Geref, Serono, Rome, Italy) +
ARG (arginine hydrochloride; Salf, Bergamo, Italy) test
was performed according to Ghigo et al. [28]. The GH
response after GHRH + ARG was termed “deficient”
(GHD) when the GH peak was ≤4.2 µg/L and
“sufficient” (GHS) when the GH peak was >4.2 µg/L
[17]. 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 0.02 µg/L. The intra-assay and
inter-assay coefficients of variations (CVs) were 4.5%
and 7.9%, respectively. Plasma IGF-1 was measured by
IRMA after ethanol extraction at Diagnostic System
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Laboratories Inc. (Webster, Texas, USA). The normal
ranges in men aged ≤20, 21–30, 31–40, 41–50, and 51–
60 years old were 180–625, 118–475, 102–400, 100–
306, and 95–270 µg/l, respectively, whereas in women
they were 151–530, 118–450, 100–390, 96–288, and
90–250 µg/l, respectively [29]. The sensitivity of the
assay was 0.8 µg/l. The intra-assay CVs were 3.4%,
3.0%, and 1.5% for low, medium, and high points of the
standard curve, respectively. The inter-assay CVs were
8.2%, 1.5%, and 3.7% for low, medium, and high points
of the standard curve. The z score or standard deviation
score (SDS) for age and gender was also calculated
according to our population reference values [29]. For
the purpose of this study, IGF-1 levels were classified as
“normal” when higher than −2 SD and “deficient” when
lower than −2 SD [30]. However, a subanalysis was also
performed in those patients having an IGF-1 SDS
between −1.5 and −2 SD to investigate a possible role
of insufficient IGF-1 levels.
5. A questionnaire to investigate eating pattern, smoking
habits, and physical exercise (no exercise; ≤2–3 h/week;
≥2–3 h/week) was administered to all patients. Dietary
intake was assessed by Winfood® (Medimatica software
medico 1999, Rome, Italy) and described elsewhere [20,
21, 31].

LAGB All patients were operated at the Department of
Surgery, S. Giovanni Bosco Hospital, Naples. The adjustable gastric banding device (Lap-Band™ System; Inamed
Health, Santa Barbara, CA, USA) [32] was inserted
laparoscopically according to Angrisani [33]. To minimize
postoperative vomiting, the band was left completely
unfilled at surgery [34]. The band was gradually inflated
after weight stabilization (<4 kg of weight lost in the last
month). At discharge, patients were instructed to follow a
solid diet of “permitted” foods and a list of rules
specifically developed for patients with gastric restriction
[34]. After LAGB, to reduce any expected nutrition-driven
influence on body composition and GH/IGF-1 axis, we
used a well-balanced mildly hypocaloric diet with healthy
food choices in all our patients coupled with conservative
postoperative band management, as also previously
reported [21]. In particular, previous investigations showed
that nitrogen balance was not maintained in obese patients
when energy intake was restricted to less than 4.6 MJ/day
[35]. Thus, the diet was adapted for an energy intake of
5.7 MJ/day (55% carbohydrate, 25% fat, 20% protein, 30 g
fiber) and moderate–intensity activity (brisk walking for
30–45 min/day) has been encouraged. Compliance was
monitored by weekly telephone consultations and monthly
control of food in which participants kept a record of their
daily food intake. The repeated dietary assessments
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demonstrated good nutritional compliance with behavioral
changes of dietary and activity habits. Individual requirements were estimated from resting metabolic rate and
physical activity pattern. Resting energy expenditure was
measured by indirect calorimetry.
The study was approved by the Ethical Committee of the
University of Naples Federico II School of Medicine, Italy.
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IGF-1 insufficiency 17.1%). There were more women in this
series and they were more obese than the men. Women had
higher BMI, excess body weight (EBW), and FFM and lower
FM than men. These differences did not depend on age since
the number of cases above 50 years was similar in the two
groups (seven and three, respectively; p=0.96).
Efficacy of LAGB

Statistical Analysis
The statistical analysis was performed by the StatDirect
Statistical Software (version 2.6.2 of April 23, 2007,
Cheshire, UK; http://www.statsdirect.com/update.htm).
Data distribution was analyzed by the Kolmogorov–
Smirnov test. Values are given as the mean ± SD unless
otherwise specified.
From a first analysis, we realized that our cohort was
significantly represented by women who were more obese
than the men (Table 1). Therefore, to avoid gender
interference, the subsequent analysis was performed in
women and men separately. According with the median
values of EWL recorded 6 months after LAGB, the patients
were classified as having a greater (group A) or lower
(group B) EWL than the median for women and men.
Then, the prevalence of GH and/or IGF-1 deficiency was
calculated in the two groups. Comparison between these
two groups was performed by Student's t test for unpaired
data. We also determined whether baseline conditions were
associated with EWL post-LAGB according with baseline
GH and IGF-1 status. Comparison among different age and
BMI groups was performed by the Kruskal–Wallis test
followed by the Dunn's test for all pairs of columns.
Pearson's correlation (the 95% confidence interval [95%CI]
for r) was used to investigate the correlation between
postsurgery GH peak after GHRH and IGF-1 levels as raw
data and SDS. Furthermore, we first corrected for age,
BMI, waist circumference, and FM variables the correlation
between EWL, GH peak, and IGF-1 SDS. After, to analyze
the major determinant of EWL between GH peak and IGF1 SDS, we performed a multiple regression analysis with
backward selection. Two-sided p values of <0.05 were
considered to be significant.

Results

All patients completed the study and there were no
postoperative complications. The composition of the diet
corresponded to dietary prescriptions in all cases but none
of the patients reported exercising regularly.
Median EWL% was 37 in women vs 40 in men (Table 2;
not significant). The absolute EWL was greater in women,
reflecting their higher preoperative BMI.
When considering the characteristics before LAGB, in
the female population, the patients achieving a higher EWL
were younger and less obese, both in terms of BMI, EBW,
and waist circumference, than those achieving a lower
EWL. In contrast, in the male series, the patients achieving
a higher EWL were similar for anthropometric and body
composition measurements as those achieving a lower
EWL. In agreement with the EWL%, a significant
reduction of waist circumference was only observed in the
women while in the men no difference was observed and,
similarly, no difference in the percent FM and FFM was
noted (Table 2). Both in women and in men, the prevalence
of postsurgery GHD was higher in the patients achieving a
lower EWL% (Table 2). As for IGF-1 deficiency or
insufficiency, there were no statistically significant differences in either sex. When the patients with IGF-1
deficiency and insufficiency were grouped together, a
greater EWL% was associated with higher prevalence of
normal IGF-1 levels only in women (n=3 vs 14; p=0.008)
with a borderline significant finding in men (n=1 vs 6;
p=0.092).
Efficacy of LAGB According to Presurgery GH and IGF-1
Secretory Status
In both men and women, while the percent decrease in
BMI, waist circumference, EWL, and FM and the increase
in percent FFM were significantly greater in patients with
abnormal preoperative GH and IGF-1 secretion, BMI was
significantly higher only in patients with abnormal preoperative GH secretion (Tables 3 and 4).

Patients' Profile Before Surgery
Before LAGB, 42 patients (30%) were diagnosed with GHD
and ten (7.1%) were diagnosed with IGF-1 deficiency with
no difference between women and men (Table 1). Another 14
patients (10%) had IGF-1 insufficiency (overall prevalence of

Efficacy of LAGB According to Postsurgery GH and IGF-1
Secretory Status
In women (Table 5), 25% of the patients were diagnosed as
GHD and 30.8% (16.3) were IGF-1 deficient or insuffi-
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Table 1 Patients' profile before
LAGB

According to the GH response
after GHRH + ARG, GH deficiency was diagnosed when the
GH peak is ≤4.2 µg/L. IGF-1
deficiency was diagnosed when
the IGF-1 concentrations have
an SD score <−2 for age and
gender; IGF-1 insufficiency
when the IGF-1 concentrations
have SD scores <−1.5 to −2.0
for age and gender

Number
Age (years)
BMI (kg/m2)
Waist circumference (cm)
Excess body weight (kg)
FM (%)
FFM (%)
Peak GH response (µg/L)
GH deficiency [n (%)]
IGF-1 (µg/L)
IGF-1 (SDS)
IGF-1 deficiency [n (%)]
IGF-1 insufficiency [n (%)]

cient. Concordance between GH and IGF-1 secretion
failure was observed only in 16 of 26 patients (57.6%).
While BMI did not differ in patients with normal or
abnormal GH and IGF-1 secretion, the percent decrease in
BMI, waist circumference, EWL%, and percent FM and
increase of percent FFM was significantly greater in
patients with normal GH secretion and normal IGF-1 levels
(Table 3). Only in GHD women, the percent decrease of
waist circumference was significantly lower than that
recorded in those with a normal GH secretion (Table 3).
In men (Table 6), 22.5% of the patients were diagnosed
as GHD and 33.3% were IGF-1 deficient or insufficient.
Concordance between GH and IGF-1 secretion failure was
observed in seven of eight patients (87.5%). BMI and waist
circumference were significantly lower in patients with
normal than in those with abnormal GH and IGF-1
secretion; the percent decrease in both parameters was
significantly greater in patients with normal GH secretion
but did not reach significance as related to IGF-1 secretion.
EWL%, percent FM, and increase of percent FFM were

Women

Men

p value

104
33.8±11.4
44.±5.7
119.0±7.9
57.1±13.2
50.6±5.4
49.3±5.4
10.0±6.9
34 (32.7)
160.9±70.0
−0.68±0.93
9 (8.6)
8 (7.7)

36
30.2±11.3
39±3.2
113.5±3.5
44.1±10.0
55.9±8.8
44.3±8.8
10.8±5.3
8 (22.2)
192.1±64.2
−0.60±0.76
1 (2.8)
6 (16.7)

<0.0001
0.104
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.528
0.330
0.020
0.643
0.49
0.2

significantly greater in the patients with normal GH
secretion and normal IGF-1 levels (Table 3). As for net
loss of kilograms of excess body weight, it was higher in
patients with a normal IGF-1 secretion.
Correlation Study
In the entire series, 6 months after LAGB, a significant direct
correlation was found between EWL% and the GH peak
after GHRH + ARG (r=0.50; 95%CI=0.36–0.61; p<0.0001;
Fig. 1 top), IGF-1 levels (r=0.53; 95%CI=0.40–0.64; p<
0.0001) and IGF-1 SDS (r=0.42; 95%CI=0.27–0.55; p<
0.0001; Fig. 1 bottom) but not with changes from baseline of
GH peak (r=−0.02; 95%CI=−0.18 to 0.15; p=0.84) and
IGF-1 levels (r=0.13; 95%CI=−0.03 to 0.29; p=0.12).
Similarly, the GH peak after GHRH + ARG (r=−0.41;
95%CI=−0.54 to −0.26; p<0.0001), IGF-1 levels (r=−0.36;
95%CI=−0.49 to −0.20; p<0.0001), and IGF-1 SDS (r=
−0.35; 95%CI=−0.48 to −0.19; p<0.0001) were significantly inversely correlated with percent FM. Multiple regression

Table 2 Results of anthropometry and body composition by BIA before LAGB, according to the median gender-related percent decrease of
excess body weight lost (EWL)
Women (n=52)

Age
BMI (kg/m2)
Waist circumference (cm)
Excess body weight (kg)
FM (%)
FFM (%)
Prevalence of GH deficiency [n (%)]
Prevalence of IGF-1 deficiency [n (%)]
Prevalence of IGF-1 insufficiency [n (%)]

Men (n=18)

EWL <37%

EWL >37%

p value

EWL <40%

EWL >40%

36.3±11.9
46±6.1
121.3±7.6
63±13.2
50.6±5.0
49.4±5.0
27 (51.9)
7 (13.5)
7 (13.5)

31.4±10.5
42±4.2
116.6±7.6
51±10.3
50.7±5.8
49.3±5.8
7 (13.5)
2 (3.8)
1 (1.9)

0.028
<0.0001
0.002
<0.0001
0.925
0.925
<0.0001
0.16
0.066

32.3±13.4
39±3.2
112.6±8.2
47±9.5
57.5±9.1
42.4±9.1
7 (38.9)
1 (5.6)
5 (27.8)

27.5±6.7
38±3.2
114.4±4.3
42±10.1
54.2±8.3
46.3±8.3
1 (5.6)
0 (0.0)
1 (5.6)

p value
0.18
0.17
0.41
0.13
0.27
0.27
0.045
1.000
0.180
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Table 3 Results of anthropometry and body composition by BIA in 104 women after LAGB, according to the presurgery prevalence of GH
deficiency, IGF-1 deficiency, or IGF-1 insufficiency

n (%)
BMI
kg/m²
Percent change
Waist circumference
cm
Percent change
Excess body weight loss
kg
Percent change
FM (%)
FFM (%)
a

IGF-1 deficient/insufficienta

IGF-1 normal

17 (16.3)

87 (83.7)

0.009
<0.0001

37±2.8
−15.2±3.2

36±5.7
−19.4±4.8

0.41
<0.0001

103.2±8.0
−12.9±6.9

<0.0001
0.003

114.4±8.0
−7.5±3.9

105.9±9.7
−13.3±7.1

0.001
0.05

22±5.5
41.7±12.2
41.3±10.2
58.7±10.2

0.010
<0.0001
0.009
0.009

17±2.8
31.4±7.4
48.3±7.1
51.7±7.1

22±5.7
40.4±12.2
41.8±9.8
58.2±9.8

<0.0001
0.002
0.008
0.008

GHD

GHS

34 (32.7)

70 (67.3)

38±4.8
−16.3±4.2

35±5.3
−19.8±4.7

116.3±7.7
−8.7±5.7
19±5.4
32.7±8.9
46.5±7.4
53.5±7.4

p value

p value

Of the 17 patients who were IGF-1 deficient/insufficient, nine had clear deficiency and eight had insufficiency

analysis revealed that the postoperative GH peak after
GHRH + ARG was the major determinant of EWL% (p<
0.0001) and FM (p=0.001; Table 7).

Discussion
Our results at 6 months demonstrate that weight loss after
LAGB, a well-established and beneficial bariatric procedure to cure moderately and severely obese patients, was
greater in subjects with an intact preoperative response of
GH to GHRH + ARG in the presence of normal serum IGF1 levels corrected for age and sex. EWL%, an important
outcome indicator, was significantly correlated with GH
peak. Similar findings were made regarding FM and FFM

measured by BIA. In multivariate analysis, GH peak
contributes about 25% of the variance in EWL%, whereas
serum IGF-1 contributed 18% in our study population. We
detected a prevalence of 22–25% of severe GHD in men
and women, and a 31–33% prevalence of low levels of
serum IGF-1 that we arbitrarily considered below −1.5 SD
from the mean.
At baseline in our study population, women had higher
BMI, EBW, and FFM and lower FM than men, likely
reflecting the possibility that a number of different
parameters, such as endocrine variables, nutritional habits,
or exercise training, might account for obesity phenotypic
variability. In particular, obesity-related male hypogonadism with increased aromatase activity and testosterone/
estradiol shunt [36], female hyperandrogenism, hypothala-

Table 4 Results of anthropometry and body composition by BIA in 36 men after LAGB, according to the presurgery prevalence of GH
deficiency, IGF-1 deficiency, or IGF-1 insufficiency

n (%)
BMI
kg/m2
Percent change
Waist circumference
cm
Percent change
Excess body weight loss
kg
Percent change
FM (%)
FFM (%)
a

IGF-1 deficient/insufficienta

IGF-1 normal

7 (19.4)

29 (80.6)

0.002
0.023

35±1.8
−10.0±6.0

33±2.7
−14.3±3.2

0.028
0.12

103.6±5.8
−8.3±3.7

<0.0001
0.045

114.0±8.8
−5.2±4.1

103.9±5.9
−8.2±3.7

0.001
0.63

17±4.8
40.7±9.3
47.9±8.7
52.1±8.7

0.14
0.001
<0.0001
<0.0001

13±7.8
26.0±12.9
62.5±7.0
37.5±7.0

17±4.8
40.4±9.2
48.4±9.0
51.6±9.0

0.052
0.002
0.001
0.001

GHD

GHS

8 (22.2)

28 (77.8)

36±2.0
−10.6±5.8

33±2.5
−14.3±3.2

113.8±5.8
−5.2±3.8
14±7.8
26.8±12.1
62.5±6.5
37.5±6.5

p value

Of the seven patients with abnormal IGF-1 levels, one had clear deficiency and six had insufficiency

p value
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Table 5 Results of anthropometry and body composition by BIA in 104 women after LAGB, according to the postsurgery prevalence of GH
deficiency, IGF-1 deficiency, or IGF-1 insufficiency

n (%)
BMI
kg/m2
Percent change
Waist circumference
cm
Percent change
Excess body weight loss
kg
Percent change
FM (%)
FFM (%)
a

IGF-1 deficient/insufficienta

IGF-1 normal

32 (30.8)

72 (69.2)

0.079
<0.0001

37±4.0
−16.3±3.7

36±5.8
−19.7±4.9

0.33
<0.0001

104.9±9.2
−13.2±7.0

<0.0001
<0.0001

112.9±7.7
−7.4±4.1

105.0±9.9
−13.3±7.1

<0.0001
0.49

22±5.9
41.0±12.4
41.0±9.7
58.9±9.7

0.004
<0.0001
0.003
0.003

19±4.3
34.1±8.9
47.8±6.9
52.2±6.9

22±5.8
40.8±12.2
40.8±10.0
59.2±10.0

0.0005
0.0006
<0.0001
<0.0001

GHD

GHS

26 (25.0)

78 (75.0)

37±3.4
−15.8±3.2

35±5.7
−19.6±4.9

115.1±8.1
−6.5±2.5
19±3.7
31.9±7.1
48.8±7.0
51.2±7.0

p value

p value

Of the 32 patients with abnormal IGF-1 levels, 15 had clear deficiency and 17 had insufficiency

mus–pituitary–adrenal axis hyperactivation, or GH hyposecretion might be sufficient to explain per se obesity
phenotypic variability. This state, on turn, might have a
great influence on body composition, especially in a
nonexercise-trained obese male population, such as generally Southern Italy male obese population is reported to be
[37]. Adams et al. also reported a marked difference in the
BMI–percent fat relation observed in men and women
across the entire range of BMI [38]. In line with this
evidence, when comparing men and women body composition according to the gender-related EWL (Table 2), the
percent FM differences are reduced in the subgroup of
subjects with EWL higher than median values (p=0.054).
In previous studies, we already reported that the GH
response to GHRH + ARG was significantly correlated

with body composition before and after LAGB [20, 21] and
that the patients who normalized their GH response to
GHRH + ARG had a higher EWL% and a better body
composition profile [21]. Similarly, in the latter study, we
had already observed the persistence of low IGF-1 levels in
association with an overall restoration of the GH response
to the pharmacological stimulus. The same findings have
been noted as well as by other authors after biliopancreatic
diversion [39] or after RYGBP [19]. In the first case,
however, low IGF-1 levels could be interpreted as a
consequence of the catabolic state induced by malabsorptive surgical procedures, in analogy with other different
catabolic conditions [40, 41]. Conversely, in patients
undergoing RYGBP, a mixed restrictive and malabsorptive
intervention, about one third of the patients had impaired

Table 6 Results of anthropometry and body composition by BIA in 36 men after LAGB, according to the postsurgery prevalence of GH
deficiency, IGF-1 deficiency, or IGF-1 insufficiency

n (%)
BMI
kg/m2
Percent change
Waist circumference
cm
Percent change
Excess Body Weight Loss
Kg
Percent change
FM (%)
FFM (%)
a

IGF-1 deficient/insufficienta

IGF-1 normal

12 (33.3)

24 (66.7)

0.002
0.023

34.8±2.2
−16.3±3.7

32.7±2.7
−15.0±2.5

0.026
0.22

103.6±5.8
−8.3±3.7

<0.0001
0.045

110.1±8.1
−6.6±4.0

103.8±6.5
−8.1±3.8

0.016
0.28

13.7±7.8

17.1±4.8

0.14

13.1±6.8

18.0±4.3

0.012

26.8±12.1
62.5±6.5
37.5±6.5

40.7±9.3
47.9±8.7
52.1±8.7

0.001
<0.0001
<0.0001

28.3±12.6
57.8±10.3
42.2±10.3

42.2±7.5
47.9±8.7
52.1±8.7

<0.0001
0.005
0.005

GHD

GHS

8 (22.2)

28 (77.8)

35.9±2.0
−10.6±5.8

32.7±2.5
−14.3±3.2

113.8±5.8
−5.2±3.8

p value

Of the 12 patients with abnormal IGF-1 levels, four had clear deficiency and eight had insufficiency

p value
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Fig. 1 Correlation between excess body weight lost and GH peak
after GHRH + ARG (top) and IGF-1 levels expressed as SDS (bottom)

fasting glucose or diabetes before surgery [19]. A number
of well-known factors had been reported to interfere with
IGF-1 metabolism, such as age, gender, obesity, weight
loss, malnutrition, or an altered glucose metabolism [22, 23,
42–44]. Therefore, it was of some interest to report the
persistence of low IGF-1 levels in a group of severely obese
patients with normal glucose tolerance after a nonmalabsorptive surgical procedure followed by a careful postoperative monitoring of their calorie intake [21]. Our previous
study, however, had the limitation that it included women
only. As significant gender differences exist in GH

secretory status, the present retrospective study was
designed to investigate the influence of the GH and IGF-1
secretory status on body composition in a larger number of
moderately and severely obese patients, including both
females and males. In that, this study extended our previous
observations and confirms the discrepancy between the GH
response to the pharmacological stimulus and circulating
IGF-1 levels, further supporting a role for GH/IGF-1 axis as
a maladaptive epiphenomenon of obesity. In this study, the
IGF-1 reference ranges differ slightly from those that we
reported in our previous series [21]. In particular, we used
−1.5 SD as arbitrary cutoff to define a new category of
obese patients with IGF-1 insufficiency, in analogy with the
definition of partial GHD and in line with the clinical
consequences of this condition, particularly on body
composition [30]. In our previous study, however, IGF-1
was the major determinant of body composition changes. In
the present investigation, conversely, the major determinant
of EWL% and FM was the GH peak after GHRH + ARG,
in line with previous evidence on the severity of clinical
abnormalities in adult GHD [9, 10, 45]. In this context, the
presence of the well-known dimorphism in GH secretion
might have likely accounted for this difference. As in our
previous study, however, diabetic patients were excluded
from the analysis and all data were obtained 6 months after
surgery, when weight is considered to be relatively
stabilized after the initial acute negative energy balance.
The possibility that subtle, unrecognized failures of the
GH/IGF-1 axis negatively influence the response to any
surgical procedure for obesity, including LAGB, is highly
likely. A general opinion is that weight loss normalizes the
GH response to all stimuli [3, 4, 18]. However, IGF-1
secretion has been reported to show a long-lasting
impairment, likely due to the actual caloric intake and thus
reflecting the postoperative state of semistarvation. Our
data demonstrate that a proportion of patients, that is
approximately 25% in our cohort, had persistent abnormalities in the GH/IGF-1 axis. Therefore, semistarvation might
certainly have contributed to lower IGF-1 levels, but at the
same time GH secretion should have increased by inducing
a kind of regulatory GH resistance state. This is not the
finding we reported in our patients as the GH stimulation
test does not fully support the existence of a specific (or
isolated) GH resistance only. However, although low GH

Table 7 Results of the multiple regression analysis
Outcome

Parameters

β

r

t

p value

Percent excess body weight loss

GH peak after GHRH + ARG
IGF-1 SDS
GH peak after GHRH + ARG
IGF-1 SDS

0.49
1.97
−0.38
−1.67

0.32
0.14
−0. 28
−0.13

4.01
1.68
−3.36
−0.58

<0.0001
0.0946
0.001
0.12

Percent FM

OBES SURG (2010) 20:211–220
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values might be merely of a regulatory nature, just as low
T3 values in sick, nonthyroid illness patients are regulatory
and not true hypothyroidism, the finding itself as well as
any other consequence of this on body composition and
surgical outcome have never been reported so far. In light
of this, our results are original and suggest another
mechanism to interpret data related to surgical outcome in
severely obese subjects.
In conclusion, in the current study, we clearly demonstrated that the EWL% and changes in FM and FFM
6 months after LAGB were significantly associated with
GH peak after GHRH + ARG and/or deficient/insufficient
IGF-1 levels. Therefore, our data indicate that patients
undergoing LAGB may require a preliminary study of the
endocrine profile with special attention to the GH axis, using
the GHRH + ARG test and a measurement of IGF-1 levels.
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