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We have recently presented experimental evidence indicating that insulin has a physiologic inhibitory effect on growth 
hormone (GH) release in healthy humans. The aim of the present study was to determine whether in obesity, which is 
characterized by hyperinsulinemia and blunted GH release, insulin contributes to the GH defect. To this aim, we used a 
simplified experimental protocol previously used in healthy humans to isolate the effect of insulin by removing the 
interference of free fatty acids (FFAs), which are known to block GH release. Six obese subjects (four men and two women; age, 
30.8 --- 5.2 years; body mass index, 36.8 --- 2.8 kg/m 2 [mean - SE]) and six normal subjects (four men and two women; age, 
25.8 -+ 1.9 years; body mass index, 22.7 -+ 1.1 kg/m 2} received intravenous (IV) GH-releasing hormone (GHRH) 0.6 i~g/kg under 
three experimental conditions: (1) IV 0.9% NaCI infusion and oral placebo, (2) IV 0.9% NaCI infusion and oral acipimox, an 
antilipolytic agent able to reduce FFA levels (250 mg at 6 and 2 hours before GHRH), and (3) euglycemic-hyperinsulinemic 
clamp (insulin infusion rate, 0.4 mU • kg -1 • min-1). As expected, after placebo, the GH response to GHRH was lower for obese 
subjects versus normals (488 -+ 139 v 1,755 -+ 412 i~g/L • 120 min, P < .05). Acipimox markedly reduced FFA levels and 
produced a mild reduction of insulin levels; under these conditions, the GH response to GHRH was increased in both groups, 
remaining lower in obese versus normal subjects (1,842 -+ 360 v4,871 -+ 1,286 i~g/L • 120 min, P < .05). In both groups, insulin 
infusion yielded insulin levels usually observed under postprandial conditions and reduced circulating FFA to the levels 
observed after acipimox administration. Again, the GH response to GHRH was lower for obese subjects versus normals 
(380 -+ 40 v 1,075 -+ 206 f~g/L • 120 min, P < .05), and in both groups, it was significantly lower than the corresponding 
response after acipimox. In obese subjects, as previously reported in normals, the GH response to GHRH was inversely 
correlated with the mean serum insulin (r = - . 70 ,  P < .01). In conclusion, our data indicate that in the obese, as in normal 
subjects, the GH response to GHRH is a function of insulin levels. The finding that after both the acipimox treatment and the 
insulin clamp the obese still show higher insulin levels and a lower GH response to GHRH than normal subjects suggests that 
hyperinsulinemia is a major determinant of the reduced GH release associated with obesity. 
Copyright © 1999 by W.B. Saunders Company 

T HERE IS EXPERIMENTAL evidence that free fatty acids 
(FFAs) and insulin participate in the physiological control 

of growth hormone (GH) release. We have previously shown in 
healthy humans that the pharmacologic blockade of lipolysis by 
acipimox enhances the GH response to GH-releasing hormone 
(GHRH), mediated by the acute reduction of circulating FFA 
levels and the removal of their negative feedback on GH 
release. 1 More recently, we observed that when FFA levels are 
decreased by an insulin infusion yielding circulating insulin 
levels of 150 to 200 pmol/L (commonly observed during the 
day), the GH response to GHRH is significantly lower than that 
observed after acipimox, 2 indicating that, insulin per se, indepen- 
dently of FFA, exerts an inhibitory effect on GH release. 

Obesity is characterized by high circulating FFA and insulin 
levels, 3,4 and blunted GH release. 5,6 A GH response to GHRH 
similar to that observed in normal subjects can be restored after 
pharmacologic blockade of lipolysis by acipimox, 6 suggesting 
that the excess of FFA has a crucial role in determining the 
altered GH release associated with obesity. However, when 
lipolysis is blocked to a similar extent by acipimox in normal 
and obese subjects, the GH response to GHRH still remains 
higher in the former compared with the latter group. 6 This may 
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reflect the effect of circulating insulin levels, which, albeit 
slightly reduced by acipimox in both groups, still remain higher 
in the obese compared with normal subjects, notwithstanding 
the similarly low FFA levels. To elucidate the role that elevated 
insulin levels may play, independently of FFA, in the pathogen- 
esis of the reduced GH release associated with obesity, in obese 
subjects we performed the same protocol previously used to 
study the FFA/GH/insulin interplay in normal subjects. 2 In the 
present study, the GH response to GHRH of obese subjects was 
evaluated at low and similar FFA levels obtained either by 
acipimox administration or by insulin infusion and compared 
with that of normal control subjects under the same conditions. 

SUBJECTS AND METHODS 

Subjects and Experimental Procedures 

Six obese subjects (four men and two women: age, 30.8 _+ 5.2 years; 
body mass index, 36.8 _+ 2.8 kg/m 2 [mean-+ SE]) and six normal 
control subjects properly matched for sex and age (four men and two 
women; age, 25.8 -+ 1.9 years. P > .05 v obese subjects; body mass 
index, 22.7 _+ 1.1 kg/m 2, P < .05 v obese subjects) were studied after 
provision of written informed consent. The normal control subjects 
were from a previous study. 2 The protocol of the current study was 
approved by the Ethics Committee of the Istituto Scientafico San 
Raffaele. All subjects were m good health and had a normal routine 
laboratory examination, normal endocrine fnnctiom and normal glucose 
tolerance after an oral glucose load (75 g) and were taking no 
medication. 

According to a randomized crossover protocol, at 1-week intervals, 
all obese and normal control subjects underwent three GHRH tests (0.6 
gg/kg intravenously [IV], corresponding to the 50-gg dose reported m 
Lanzi et al, 2 at 1:00 PM) durmg (1) IV 0.9% NaC1 infusion (12'00 noon 
to 3:00 PM), with placebo administered orally at 7:00 and 11:00 AM, (2) 
IV 0.9% NaC1 infusion (12:00 noon to 3:00 PM), with acipimox 
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(Pharmacia Upjohn, Milan, Italy) 250 mg administered orally at 7:00 
and 11:00 AN, and (3) 0.4 mU- kg 1. rain 1 euglycemic msnhn clamp 
started at 11:00 AM in obese subjects and 12:00 noon m normal controls 
and continued until 3:00 PM, with placebo administered orally at 7:00 
and 11.00 AM. The rate of insulin infusion was chosen to obtain 
steady-state serum insulin levels comparable to those reached physiologi- 
cally in obese and normal subjects during the day, ie, under postprandial 
conditions. 4 In obese subjects, the lnsuhn infusion was started earlier (at 
I1:00 AM), because when it was started at 12:00 noon as in normal 
subjects, it was not consistently able to decrease plasma FFA levels by 
the time of GHRH injection ( 1:00 PM) as required by the protocol. 

All subjects were fasted overnight, and the tests were performed in 
the recumbent position. Blood samples for evaluation of plasma FFA, 
serum insulin (immunoreactive insulin [1RI]), and serum GH were 
drawn at - 120 minutes (only in obese subjects during insulin clamp), 
- 6 0  minutes, and immediately before GHRH administration (time 0) 
and at 10, 15. 30. 45, 60, and 120 minutes after, via an indwelling 
catheter inserted into a forearm vein at least 1 half-hour before 
beginning the sampling period. The euglycemic insulin clamp was 
performed as previously reported] 

Assays 

Plasma FFA levels were measured by a spectrophotometric method 
adapted to the Cobas-Fara 2 instrument (Roche, Basel, Switzerland) 
using kits supphed by Italfarmaco (Milano, Italy). Irltraassay and 
interassay coefficients of variation (CVs) were 2.3% and 3.1%, 
respectively. Serum IRI levels were measured by radmimmunoassay 
(RIA) using kits supplied by IncStar (Stillwater. MN). The minimum 
sensiUvity of the assay was 13 pmol/L, and the intraassay and interassay 
CVs were 3.9% and 8.9%, respectively. Serum GH levels were 
measured by RIA using kits supplied by Farmos Diagnostic (Turku, 
Finland). The minimum sensitivity of the assay was 0.2 gg/L, and the 
median intraassay and interassay CVs for a GH concentration of 0.2 to 
50 ~tg/L were less than 9% and 10%, respectively. Blood glucose levels 
were measured by a glucose oxidase method (Beckman Glucose 
Analyzer II; Beckman Instruments, Fullerton, CA). 

Calculations and Statistical Analysis 

Each variable is expressed as the mean ± SE at each time point. The 
integrated GH response to GHRH (GHA area under the curve 0 to 120 
minutes) was calculated by the trapezoidal method. Statistical analysis 
for mtragroup comparisons was performed by Student's t test for paired 
data. Intergroup comparisons were performed by Student's t test for 
unpaired data. Pairwise linear regression analysis was performed 
between GH2~ areas and mean serum IRI levels. P values less than .05 
are considered statistically significant. 

RESULTS 

The results obtained in normal control subjects during the 
tests with aciplmox and the insulin clamp have been reported 
previously? In the present report, they are presented again for 
the sake of comparison to the data for obese subjects studied 
under the same conditions. Figure 1 shows plasma FFA, serum 
IRI, and serum GH levels before and after GHRH injection in 
obese subjects and normal controls. The tests with placebo are 
shown for both groups as a reference for the reader. For 
statistical analysis, only tests with acipimox and the insulin 
clamp were considered, since under these conditions, obese and 
normal control subjects showed similar plasma FFA levels and 
different circulating 1RI levels. The mean plasma FFA, serum 
IRI, and GHA area during 2 hours after GHRH injection (0 to 
120 minutes) are presented in Fig 2. 

After acipimox, obese subjects and normal controls showed 
similarly low plasma FFA levels (0.05 -+ 0.01 v 0.04 -+ 0.01 
g/L, NS), whereas the mean serum IRI level was higher m the 
obese compared with the normal controls (51 + 22 v 12 _+ 2 
pmol/L, P < ,01). The GH response to GHRH was lower in the 
former compared with the latter group (1,842 _+ 360 v 
4,871 _+ 1,286 ~tg/L • 120 rain, P < .05). Mean blood glucose 
levels (0 to 120 minutes) were similar in the two groups (obese v 
normal controls, 4.5 _+ 0.03 v 4.4 4- 0.1 retool/L, NS). Insulin 
infusion produced serum IRI levels of 350 to 500 pmol/L in 
obese subjects (420 ___ 68 pmol/L, P < .01 v acipimox) and 150 
to 200 pmol/L in normal controls (194 + 19 pmol/L, P < .01 v 
acipimox and v obese subjects during insulin clamp). In both the 
obese and normal control subjects, insulin infusion reduced 

plasma FFA levels (0.04 _+ 0.01 and 0.01 + 0.01 g/L, respec- 
tively, NS) to the range observed in the two groups after 
acipimox. The GH response to GHRH was significantly lower 
for obese subjects versus normal controls (380 _+ 40 v 
1,075 + 206 pg/L.  120 rain, respectively, P < .01), and in both 
groups, it was significantly lower than the corresponding 
response after acipimox (P < .01). During the insulin clamp, 
mean blood glucose levels (0 to 120 minutes) were similar in 
obese subjects and normal controls (4.8-+ 0.02 v 4.6-+0.1 
mmol/L, NS). In both groups, they were slightly higher than the 
levels obtained after acipimox, and this difference was statisti- 
cally significant due to the very low dispersion of data in the two 
tests (P < .05 in obese and P < .01 in normal controls). 

In obese subjects, similar to the previous report in normal 
subjects, 2 at low FFA levels (ie, during tests with either 

acipimox or insulin infusion), a significant negative regression 
was observed between the mean serum IRI levels and the GH 
response to GHRH (GHA area, r = - .70 ,  P < .01). No correla- 
tions were found between the mean blood glucose levels and the 
GH response to GHRH under the same experimental conditions. 

DISCUSSION 

Obesity is characterized by high circulating FFA and insulin 
levels and blunted GH release. GH release similar to that of 
normal subjects can be restored by an acute reductmn of 
circulating FFA levels induced by acipimox, a pharmacologic 
agent able to block lipolysis. 6,8 However, when hpolysis is 
blocked to a similar extent by acipimox, the GH response to 
GHRH remains lower for obese subjects versus normals. 6 The 
data from the present study suggest that the reduced GH release 
observed in obese subjects also at low FFA levels may reflect 
circulating insulin levels that are significantly higher versus the 
levels in normal subjects. In fact, both after acipimox and 
during the insulin clamp, obese subjects at similarly low FFA 
and comparable glucose levels showed higher insulin levels and 
lower GH responsiveness to GHRH than normal controls. 
Furthermore, as in normals. 2 the GH response to GHRH of 
obese subjects was significantly lower during the insulin clamp 
versus after acipimox and was inversely related to circulating 
insulin levels. Also, blood glucose levels were slightly higher 
during the insulin clamp than after acipimox, but, in our 
opinion, the minimal (although statistically significant) changes 
observed across the tests render their impact on GH release 
irrelevant. It is also of note that no correlations were found 
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Fig 1. Plasma FFA, serum IRI, and serum GH levels in 6 obese subjects and 6 normal controls (1) after placebo administration and during 0.9% 
NaCI infusion, (2) after acipimox administrat ion and during 0.9% NaCI infusion; and (3) after placebo administrat ion and during hyperinsulinemic- 
euglycemic insulin clamp. Each t ime point represents the mean _+ SE, Data after placebo and during NaCI infusion are presented only as a 
reference for the reader. Pla., placebo; Acx, acipimox; 15:00 h = 3:00 PM. 

between the GH response to GHRH and blood glucose levels in 
both the obese and the normal subjects. In the absence of the 
interference of FFA and considering the role of blood glucose 
negligible under these experimental conditions, our data docu- 
ment a pathophysiological rote for hyperinsulinemia in the 

reduced GH release associated with obesity. In fact, the insulin 
levels reached in this study are commonly observed during the 
day, eg, at nighttime or during fasting (acipimox) and under 
postprandial conditions (insulin clamp). 4 In this regard, by 
comparing the results of the present study and those of a 
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Fig 2. Mean plasma FFA and serum tRI levels and mean GH~ area within the interval 0-120 minutes after GHRH injection in the 3 tests. Each 
value represents the mean -+ SE. Acx, acipimox; pla., placebo; Con., normal control subjects; Ob., obese subjects. *P < .05 or less. 

previous report, 6 clear evidence is apparent. In obese subjects, 
the acute reduction of FFA levels by acipimox results in GH 
release similar to that of normal subjects after placebo, despite 
insulin levels that remain mildly elevated. In contrast, at 
similarly low FFA levels but higher insulin levels (as during the 
euglycemic insulin clamp), the GH response to GHRH of obese 
subjects remains significantly lower than that of normal subjects 
after placebo (comparison not shown). Taken together, these 
data suggest that the elevation of both FFA and insulin 
contributes to the reduced GH release associated with obesity. 
Particularly, high FFA levels seem to have a major role under 
conditions of mild hyperinsulinemia (eg, nighttime and fasting), 
while at higher circulating insulin levels (eg, under postprandial 

conditions), insulin action becomes predominant. Experimental 
data support a possible negative effect of peripheral insulin on 
GH release, occurring both at the level of the pituitary or 
(predominantly) the hypothalamus. 9-12 A thorough discussion 
on this topic can be found in a previous report from our group. 2 

In conclusion, our data indicate that in obese subjects, GH 
responsiveness to GHRH, among other factors including circu- 
lating FFA, is a function of circulating insulin levels. The 
finding that after both acipimox and the insulin clamp obese 
subjects still show higher insulin levels and a lower GH 
response to GHRH than normal subjects suggests that hypenn- 
sulinemia (mild or severe depending on the time of day) plays a 
relevant role in the reduced GH release associated with obesity. 
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