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Abstract: The results of these studies suggested that the growth hormone might play a role in the 
management of visceral fat accumulation associated with HIV. Analysis of the treatment effect sizes in 
the published studies show that the effects of various doses of rhGH on trunk fat fit a dose-response 
characteristic. 
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INTRODUCTION 

 
 Nutritional alterations are common in HIV 
infection. The types of nutritional abnormalities 
encountered in clinical practice differ as a function of 
antiretroviral therapy. Nutritional alterations in the pre-
HAART era were characterized by disproportionate 
losses of lean body mass and skeletal muscle. 
Nutritional alterations in patients on HAART more 
commonly demonstrate fat redistribution and metabolic 
alterations without depletion of lean mass, a condition 
termed lipodystrophy[1]. Growth hormone therapy has 
been applied in both situations, though with different 
rationales.  At the time of publication of this review, 
growth hormone is FDA approved for the treatment of 
AIDS wasting and is not FDA approved for the 
treatment of HIV-associated lipodystrophy or related 
conditions. 
 
Effect of growth hormone therapy in HIV-associated 
wasting: Recombinant human growth hormone (rhGH) 
has been applied in HIV-infected individuals for the last 
12 years. The original application was as a treatment for 
HIV-associated wasting, which was defined as an 
involuntary weight loss of greater that 10% of body 
weight. The rationale for therapy was that HIV-
associated wasting was associated with substantial 
depletion of body cell mass[2], while treatment with 
hypercaloric feedings, whether by oral, enteral, or 
parenteral routes, was associated with a predominant 
gain in fat and no restoration of body cell mass[3]. A 12 
week, randomized, double-blind, placebo-controlled 
trial of rhGH, using a pharmacologic dose of 6 mg per 
day, demonstrated significant weight gain, that was 
comprised of about a 3 kilogram gain in lean mass 
associated with a fall of just under 2 kg of fat, the latter 
measurements made by a variety of body composition 
techniques[4]. Thus, measurement of weight change 
underestimated the anabolic effect that accompanies 
rhGH therapy. About one half of the gain was in 
extracellular volume while one half was in intracellular 

volume, the latter representing the true anabolic effect. 
The increase in lean mass was associated with the 
increase in work output, as measured by maximum 
voluntary effort on a treadmill. A subsequent study did 
not confirm a significant increase in body weight 
compared to placebo therapy[5]. Unfortunately, body 
composition studies were not performed in that study. 
However, therapy was found to be associated with 
improvements in quality of life. Gelato and colleagues 
studied AIDS patients with wasting syndrome and 
noticed that there was resistance to the anabolic effects 
of rhGH, thus providing a rationale for the 
supraphysiologic doses being used[6]. 
 The effectiveness of rhGH as therapy of HIV-
associated wasting was reevaluated in the HAART era 
by performing a randomized, double-blind, placebo-
controlled trial[7]. Once again, wasting was defined as a 
weight loss >10%. The results of this study, which 
compared 6 mg daily to 6 mg on alternate days, also 
showed an increase in lean body mass and a decrease in 
body fat by DXA scanning and by multi-frequency 
bioelectrical impedance analysis (Fig. 1), as well as an 
improvement in mean exercise output, in this study 
done by cycle ergometery. This study also documented 
improvements for quality of life in response to rhGH 
therapy. While the patients in this study had much 
higher CD4 lymphocyte counts than those in the 
previous study[4], subjects in both studies had 
undergone comparable weight loss, in most cases 
accompanied by low levels of lean body mass. The dose 
of 6 mg daily led to greater increases in lean body mass 
than the same dose given on alternate days, though both 
doses had similar effects on exercise capacity.  
 The use of rhGH in the treatment of HIV-
associated wasting has diminished as the impact of this 
complication has declined sharply in the face of 
HAART therapy. Cost considerations in relation to 
expected benefits also have limited its use clinically. Its 
application also has been confounded by a lack of a 
strict definition of wasting. There is evidence that the 
criterion   of   an   involuntary   weight   loss of >10% is  
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Fig. 1: Effect of rhGH on lean body mass, as determined 

by multifrequency bioelectrical impedance 
analysis, in HIV-infected subjects with >10% 
weight loss[7]. Both 6 mg/day and 6 mg on 
alternate days led to an increase in lean body 
mass compared to placebo, with a greater effect 
seen at the higher dosage. N=203 placebo, 
N=206 rhGH on alternate days, N=178 on 6 mg 
rhGH daily, p<0.001 

 
neither sensitive nor specific for detecting protein 
energy malnutrition[8,9] 
 
Effect of rhGH given during acute opportunistic 
infections: Studies in both the pre-HAART and 
HAART eras have evaluated the use of rhGH during 
acute opportunistic infections, with the rationale that 
such therapy might decrease the acute loses of lean 
mass that occur during disease complications. Paton 
and colleagues studied 20 HIV- infected patients with 
pneumocystis pneumonia, cytomeglovirus infection, or 
serious bacterial infections[10]. Subjects received 6 mg 
per day of rhGH for 2 weeks, then were followed for an 
additional 4 weeks. Therapy significantly increased 
lean body mass and decreased body fat, while the 
placebo had no effect. Some positive effects on grip 
strength and quality of life were noted. However, the 
benefits disappeared soon after therapy was 
discontinued.  
 Schambelan and colleagues also evaluated the use 
of rhGH during acute infections, in this case in the 
HAART era and in comparison to the effects of a 
cytokine inhibitor, thalidomide[11]. Subjects received 6 
mg per day for 4 weeks and then were followed for a 
total of 8 weeks. The results of this study showed that 
rhGH-treated subjects had an insignificant increase in 
body weight compared to baseline results, but 
significant increases in lean body mass and decreases in 
body fat contents. In contrast, thalidomide had no 
significant effects on body composition. No significant 
differences in viral load, CD4 lymphocyte count, or 
serious adverse events were found in the rhGH, 
thalidomide, or placebo groups. 
 
Growth hormone and visceral fat content: HIV-
associated lipodystrophy is a constellation of signs and 

symptoms, which include an alteration of body fat 
distribution, notably a decrease in the content of 
subcutaneous fat and an increase in the sizes of the 
visceral and other upper body adipose tissue 
compartments, plus the frequent coexistence of 
dyslipidemia and insulin resistance[12]. Visceral fat 
accumulation is seen in about 30% of patients. While 
the triad of visceral fat accumulation, dyslipidemia and 
insulin resistance are well appreciated in general 
medicine, where they are often known as the metabolic 
syndrome, their sudden appearance during the therapy 
of a viral infection was unexpected. Their presence has 
led to great concern about the possibility of accelerated 
atherosclerosis in affected patients and investigations 
are underway to specifically examine this possibility[13].  
 The results of many studies indicate that growth 
hormone secretion and the content of visceral adipose 
tissue act in a mutually antagonistic manner. Growth 
hormone deficiency whether by trauma, tumor, surgery 
or congenital deficiencies all are associated with 
accumulation of visceral fat content and replacement 
therapy reduces visceral fat content[14,15]. In addition 
growth hormone secretion, as measured by overnight 
sampling methods, is low in non-HIV infected 
patients[16]. In such subjects, replacement therapy also 
reduces visceral fat content. There are multiple 
associations between growth hormone deficiency and 
cardiovascular risk beyond simple visceral fat 
accumulation. Patients with growth hormone deficiency 
also have been show to be insulin resistant, to have 
dyslipidemia, an increased prevalence of hypertension, 
elevated levels of prothrombotic factors in plasma and 
indeed, evidence of accelerated atherosclerosis[17].  
 Johannsen and colleagues evaluated the effect of 
growth hormone therapy in men with abdominal 
obesity. They performed a prospective, randomized, 
double-blind, placebo-controlled trial in 30 men with a 
waist-to-hip ratio of >0.95[16]. The subjects were treated 
with either growth hormone at 1mg per day, or placebo, 
for 9 months. Measurements were made at baseline, 6 
weeks, 6 months and 9 months. The investigators found 
that GH treated subjects remained weight stable, though 
body fat decreased by 9% and lean mass rose. The 
losses of visceral fat were greater, in relative terms, 
than the losses of subcutaneous fat. Insulin resistance 
was increased by 6 weeks after the initiation of therapy, 
but returned to baseline values by 9 months. Therapy 
also was associated with a decrease in diastolic blood 
pressure. Of note, adverse events were noted in about 
half of patients and appeared related to fluid retention. 
 
Studies of growth hormone in HIV-associated 
lipodystrophy: Reitschel and colleagues evaluated 
overnight growth hormone in HIV-infected men with 
and without lipodystrophy, as well as in controls[18]. 
Growth hormone secretion was lower in the HIV-
infected group than in the controls. Furthermore, 
growth hormone secretion varied inversely with 
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visceral fat content. The difference in growth hormone 
secretion was shown to be related to a decrease in pulse 
amplitude, rather than pulse frequency. These results 
suggest that the interrelationships between visceral fat 
and growth hormone secretion are similar in HIV-
infected and non-HIV infected individuals.  
 A series of investigator-initiated studies were 
performed and the results reported between 1999- 2002. 
Torres and colleagues noted an effect of growth 
hormone on patients with buffalo hump using a dose of 
6mg per day[19]. Wanke and colleagues[20], Nguyen and 
colleagues[21] and Mauss and colleagues[22] also 
demonstrated decreases in trunk fat and visceral fat in 
response to rhGH doses of 6 mg per day. Lo and 
colleagues[23] evaluated the effects of 3 mg per day, 
both on body composition and insulin resistance and 
corroborated Johannsen’s finding[16] that insulin 
resistance rose early in the course of treatment, then 
returned to baseline with prolonged therapy.  
 Engelson and colleagues studied the effects of 
rhGH at both 6 mg per day and 4 mg every other day (2 
mg per day) on body composition, insulin resistance 
and serum lipids during 6-month treatment periods[24]. 
The dose of 6 mg per day led to a 45% drop in visceral 
fat content along with a 10% gain in lean mass. Side 
effects were frequent and mostly related to fluid 
retention. However, 10% of the study subjects 
developed diabetes and a number of other adverse 
events were noted, including the diagnosis of cancers in 
3 subjects, though any relationship of the cancers to 
rhGH use is speculative. In a sub-study of this trial, He 
and his colleagues examined the relationship between 
the insulin resistance, as measured by the integrated 
insulin concentrations during oral glucose tolerance 
tests and subcompartments of visceral fat[25]. The 
investigators noted that omental fat drains into the 
portal vein and the liver, whereas retroperitoneal fat 
drains into the inferior vena cava and hypothesized that 
there also may be metabolic difference between the 2 
subcompartments. The baseline contents of 
omental/mesenteric fat and retroperitoneal fat were 
determined separately and compared to measures of 
insulin resistance by multiple regression. 
Omental/mesenteric fat but not retroperitoneal fat was 
statistically related to insulin resistance.  
 Based on these preliminary findings, a randomized, 
phase II/III, multi-center, double-blind, placebo-
controlled trial of rhGH was undertaken[26]. The target 
population for this study was the subgroup of HIV-
lipodystrophy characterized by visceral fat 
accumulation, termed HIV Adipose Redistribution 
Syndrome, or HARS. The study, which initially 
involved about 240 subjects, included three 
randomizations. The first randomization was a 12-week 
comparison of 4 mg/day, 4 mg every other day and 
placebo. The primary endpoints of this study were 
visceral fat content, as determined by single slice CT 
scanning at the level of L4-L5 and trunk/limb fat ratio, 

as determined by dual X ray absorptiometry (DXA). 
Secondary endpoints included other body composition 
measures, parameters of glucose and lipid metabolism 
and quality of life. A second randomization, covering 
from 12-24 weeks, provided pilot information about 
possible long term strategies and included drug 
discontinuation from 4 mg/day, dose reduction from 4 
mg to 2 mg/day and drug continuation at 2 mg/day, 
while subjects initially receiving placebo were given 4 
mg/day. After another 12 weeks in which all subjects 
received growth hormone, a third randomization was 
performed and subjects received either 1 mg or 2 mg 
per day of rhGH for an additional 6 months as an 
expanded trial of maintenance therapy. 
 Eligibility criteria included documented HIV 
infection in the presence of HAART. For screening 
purposes, excess VAT was determined by 
anthropometric criteria; in men a waist circumference 
greater than 88.3 cm and a waist-to-hip ratio greater 
than 0.95, in women, a waist circumference greater than 
75.3 cm and a waist-to-hip ratio greater than 0.90. The 
subjects could not be diabetic, or even glucose 
intolerant on oral glucose tolerance testing. In contrast, 
therapy with lipid-lowering agents was permitted. The 
average age of the group was about 45 and about 13% 
of subjects were female. The mean CD4+ lymphocyte 
count was in the mid 400s, while the mean body mass 
index was about 27, the latter representing about 20% 
body fat. There was marked increased in trunk fat and 
in visceral fat the latter about 4 times than seen in a 
control population[27]. 
 The results of this study showed that both doses of 
rhGH led to a statistically significant decrease in 
visceral fat on CT scanning, (Fig. 2a). Significant 
decreases in trunk fat and trunk-to-limb fat ratio also 
were seen at both doses of rhGH. As expected, the 
relative and absolute losses of trunk fat were greater 
than the losses of limb fat.  
 After the second randomization, further studies 
showed significant regain of visceral fat with dose 
interruption and retention of the therapeutic effects with 
dose reduction and dose continuation. Observations to 
week 60, after the third randomization, in subjects 
receiving either 1 mg or 2 mg per day showed a 
significant net effect of between 1-1.5 kg of trunk fat, 
compared to baseline values. 
 Safety analyses demonstrated significant 
improvements in both total and non-HDL cholesterol 
concentrations in patients receiving 4 mg daily and 4 
mg on alternate days. The benefits were maintained 
with dose reductions and dose continuation, but not 
with drug discontinuation and significant decreases in 
total and non-HDL cholesterol were maintained in 
subjects receiving either 1 mg or 2 mg per day. Studies 
of glucose metabolism showed that both 4 mg daily and 
4 mg of rhGH on alternate days significantly increased 
both fasting and 120 minute glucose and insulin 
concentrations. As seen with other studies, the increase  
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Fig. 2a: Effect of rhGH on body fat distribution, as 

determined by single slice CT scans, in HIV-
infected individuals with HARS[26]. Doses of 4 
mg daily and on alternate days led to 
significant losses of both VAT (p<0.001) and 
SAT (p<0.001 for 4 mg DD and p<0.05 for 4 
mg AD), compared to placebo therapy. N=53 
placebo, N=56 on 4 mg on alternate days, 
N=59 on 4 mg daily. Data as change n cm2. 

 
 

 
 
Fig. 2b: Effect of rhGH on trunk and limb fat, as 

determined by DXA scanning[26]. Both 4 mg 
daily and on alternate days led to a decrease in 
trunk fat, with the daily dose also promoting 
loss of limb fat, as compared to baseline. The 
observed effects were greater with the higher 
dose of rhGH. N=76 placebo, N=79 on 4 mg 
on alternate days, N=82 on 4 mg daily 

 
in insulin resistance found by 12 weeks had disappeared 
by the 6-month follow-up.  
 This study also systematically evaluated quality of 
life. A measurement of distress related to body image 
found that the appearance of the belly was the most 
discouraging body site to the subjects who entered the 
trial. While rhGH therapy at 4 mg per day decreased the 
level of distress from all parts of the body, except for 
the face, the measured improvement in the appearance 
of the belly was the greatest, quantitatively. The level 
of  distress  related  to  the  appearance  of the belly also  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Effect of different doses of rhGH on trunk fat, 

as determined by DXA scanning and 
expressed as kg change/month. This graph is a 
compilation of data from several studies. 
Numbers in parentheses represent the various 
published studies[1,23,24,,26,28,29] 

 
decreased significantly on the 4 mg alternate day dose. 
A second registration trial is underway.  
 Recently, two studies utilizing 1 mg doses of rhGH 
have been published and have shown some body 
composition and metabolic effects[28,29]. 
 
Effect of growth hormone releasing factor: A phase 
2, double-blind, placebo-controlled, study of a growth 
hormone releasing factor analog for 12 weeks has been 
reported[30]. The rationale is that growth hormone, while 
effective in reducing visceral fat content and serum 
cholesterol concentrations, it has toxicity including 
increased insulin resistance as well as elevated 
concentrations of serum IGF-1, with worries about long 
term adverse outcomes. Growth hormone releasing 
factor is more physiologic than growth hormone in that 
it allows for feedback inhibition at the level of the 
pituitary gland. On the other hand, feedback inhibition 
might limit the benefits of therapy. 
 The eligibility criteria for this study were similar as 
for the studies of rhGH. The drug was administered at 
two doses, 1 mg and 2 mg. The results of this study 
demonstrated a significant fall in trunk fat of 1.4 kg, by 
DXA scanning. In contrast, the change in visceral fat 
content did not reach statistical significance when 
compared to placebo, though it did when compared to 
baseline values. In contrast to rhGH, there was no 
significant rise on insulin resistance with therapy. 
While serum IGF-1 concentrations increased 
significantly, mean values remained within the normal 
range. There were no changes in quality of life, though 
abdominal symptoms decreased.  
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CONCLUSION 
 
 In addition to questions and safety and efficacy, 
there are three major unresolved issues. The first has to 
do with definitions that are clinically applicable 
methods of diagnosing visceral fat accumulation as well 
as monitoring its response during treatment. However, 
it is clear we are not just treating a body compartment 
but rather a factor related to cardiovascular risk but an 
understanding of how to put this information in a 
management scheme is elusive a present. In the event 
that therapy is chosen, the optimal induction dose still 
needs definition, as does the overall question of 
whether or not induction is needed in the face of long-
term maintenance therapy. Finally, the appropriate 
maintenance dose for long-term therapy needs to be 
defined.  
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