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ATIENTS WITH HUMAN IMMUNOdeficiency virus (HIV) infection treated with antiretroviral
therapy frequently develop
changes in body composition including abdominal obesity and metabolic
complications of dyslipidemia and insulin resistance, predisposing this patient population to increased cardiovascular risk.1 Growth hormone (GH)
secretion is reduced in patients with HIV
and abdominal fat accumulation2,3; and
relative GH deficiency (GHD), based on
response to GH-releasing hormone
(GHRH) plus arginine testing, is observed in approximately one-third of
such patients.3 Relative GHD is common among patients with HIV and lipodystrophy and is observed most often in men with HIV and abdominal fat
accumulation. The proportion of patients with HIV and relative GHD was
shown to range from 37% to 39% among
men and to be 16% among women with
abdominal fat accumulation, based on
responses to GHRH plus arginine testing of 7.5 ng/mL in prior studies.3,4

Context Antiretroviral therapy can be associated with visceral adiposity and metabolic complications, increasing cardiovascular risk, and reduced growth hormone (GH)
secretion may be a contributing factor.
Objective To investigate the effects of low-dose physiological GH administration on body
composition, glucose, and cardiovascular parameters in patients with human immunodeficiency virus (HIV) having abdominal fat accumulation and relative GH deficiency.
Design, Setting, and Patients A randomized, double-blind, placebo-controlled
trial of 56 patients with HIV, abdominal fat accumulation, and reduced GH secretion
(peak GH ⬍7.5 ng/mL) conducted at a US academic medical center between November 2003 and October 2007.
Intervention Patients were randomly assigned to receive either subcutaneous GH or
matching placebo titrated to the upper quartile of normal insulinlike growth factor 1 (IGF-1)
range for 18 months. Starting dose was 2 µg/kg/d and increased to maximum dose of
6 µg/kg/d (average dose, 0.33 mg/d).
Main Outcome Measures Change in body composition assessed by computed tomographic scan and dual-energy x-ray absorptiometry. Secondary outcomes included glucose, IGF-1, blood pressure (BP), and lipids. Treatment effect was the difference in the change between GH and placebo groups, using all available data.
Results Fifty-five patients (26 with GH and 29 with placebo) were included in the
safety analyses and 52 patients (25 with GH and 27 with placebo) were included in
the efficacy analyses. Visceral adipose tissue area (treatment effect [last-value-carriedforward analysis {n=56}, −19 cm2; 95% confidence interval {CI}, −37 to −0.3 cm2],
−19 cm2; 95% CI, −38 to −0.5 cm2; P=.049); trunk fat (−0.8 kg; 95% CI, −1.5 to
−0.04 kg; P=.04); diastolic BP (−7 mm Hg; 95% CI, −11 to −2 mm Hg; P=.006); and
triglycerides (−7 mg/dL, P=.002) improved but 2-hour glucose levels on glucose tolerance testing increased in the GH group vs the placebo group (treatment effect,
22 mg/dL; 95% CI, 6-37 mg/dL; P=.009). The IGF-1 levels increased (treatment effect,
129 ng/mL; 95% CI, 95-164 ng/mL; P⬍.001). Adverse events were not increased
for GH vs placebo (23%; 95% CI, 9%-44% vs 28%; 95% CI, 13%-47%; P=.70).
Conclusions In HIV-associated abdominal fat accumulation and relative GH deficiency, low-dose GH received for 18 months resulted in significantly reduced visceral
fat and truncal obesity, triglycerides, and diastolic BP, but 2-hour glucose levels on
glucose tolerance testing were increased.
Trial Registration clinicaltrials.gov Identifier: NCT00100698
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In patients not infected with HIV but
having GHD, fat mass, particularly visceral fat,5,6 lipid levels,7,8 and cardiovascular disease rates9 are increased, and GH
administration significantly improves
body composition with reduction in visceral fat,6,10 cholesterol level,6,11-13 and inflammatorymarkers.13 PatientswithGHD
are often insulin resistant,14,15 and longterm GH therapy can potentially improve
glucose homeostasis despite an initial deterioration of insulin sensitivity.16-18
Among patients with HIV and abdominal obesity, treatment with supraphysiological doses of GH (2-4 mg/d)
during 12 weeks decreased visceral fat
but was associated with significant GHrelated adverse events, including peripheral edema, arthralgias, and increased blood glucose.19,20 In a small,
open-label pilot study of men with HIV
and fat accumulation,21 lower doses of
GH (1 mg) over 6 months decreased
truncal fat. In our study, we identified
patients with HIV, abdominal fat accumulation, and relative reduction in GH
secretion, a group that is likely to benefit from GH administration. We determined whether low-dose physiological
GH would improve body composition,
lipids, and other metabolic parameters
and be safely tolerated in this group in
an 18-month randomized, doubleblind, placebo-controlled trial.
METHODS
Participants

Patients with HIV and evidence of lipodystrophy were recruited to the
study, which was conducted at Massachusetts General Hospital via community advertisement, HIV support and
advocacy groups, and infectious disease or primary care physician referral, between November 2003 and March
2006. The last patient finished the 18month visit in October 2007. Inclusion criteria included (1) ages 18 to 60
years; (2) previously diagnosed HIV infection; (3) stable antiretroviral regimen for at least 12 weeks before enrollment; (4) waist-to-hip ratio of more
than 0.9 for men and more than 0.85
for women; (5) evidence of either increased abdominal girth, relative loss
510

of fat in the extremities, or relative loss
of fat in the face that occurred in the
context of antiretroviral therapy; and
(6) relative GHD, defined as stimulated peak GH response to GHRH plus
arginine testing of less than 7.5 ng/mL
(to convert to micrograms per liter,
multiply by 1.0).3 Exclusion criteria included (1) use of GH, antidiabetic
agents, megesterol acetate, or other anabolic agents within 3 months of enrollment; (2) diabetes mellitus; (3) a hemoglobin level of less than 9.0 g/dL (to
convert to grams per liter, multiply by
10.0), a creatinine level of more than
1.4 mg/dL (to convert to micromoles
per liter, multiply by 88.4), or a prostate-specific antigen level of more than
4 ng/mL (to convert to micrograms per
liter, multiply by 1.0); (4) positive betahuman chorionic gonadotropin (betahCG); (6) carpal tunnel syndrome; and
(7) active malignancy or history of malignancy. Participants with history of pituitary disease or radiation treatment
were excluded. Men with documented hypogonadism on testosterone repletion therapy were permitted
to participate and 29% of the participants were men receiving testosterone at baseline. Testosterone levels
were not available for this study.
Race and ethnicity were determined
by the participants using categories provided by the investigators. These data
were collected because racial differences exist in outcome measures assessed, including visceral adipose tissue (VAT). 22 A subset of patients
represented in the screening data were
examined in a prior study characterizing the role of sex and race in GH dynamics in patients with HIV infection.4
The study was approved and annually
reviewed by the Massachusetts General Hospital institutional review board.
Participants provided written informed
consent and gave permission for the results of the study to be published.
Study Procedures

Following a 12-hour overnight fast, GH
response to GHRH plus arginine stimulation, glucose and creatinine levels, complete blood cell count, prostate-specific
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antigen, urine pregnancy test, and anthropometric measurements were assessed at screening. Medical and antiretroviral history were obtained. Eligible
participants returned for a baseline visit,
followed by safety visits at 2 weeks
and months 1, 3, 9, and 15, which consisted of assessment of fasting glucose,
insulinlike growth factor 1 (IGF-1), interim history, physical examination,
and urine beta-hCG. Interval assessment visits were performed at months
6, 12, and 18.
During the baseline visit and visits
at months 6, 12, and 18, the following
data were collected after a 12-hour overnight fast: (1) anthropometric measurements; (2) 75-g oral glucose tolerance test results; (3) levels of glucose,
insulin, IGF-1, adiponectin, and hemoglobin A1c; lipid profile (total cholesterol, high-density lipoprotein [HDL]
cholesterol, and triglyceride level); CD4
cell count; and HIV viral load level;
(4) single-slice abdominal computed
tomographic scan; (5) whole-body
dual-energy x-ray absorptiometry scan;
(6) Medical Outcomes Study HIV
Health Survey (MOS-HIV) questionnaire data; (7) carotid ultrasound; and
(8) urine beta-hCG.
An 18-month extension phase to determine the effects of GH withdrawal
and to offer treatment to those patients receiving placebo followed the
randomization phase. The primary
analysis was performed after the initial 18-month period. Extension phase
data will be available in June 2009.
Intervention, Randomization,
and Blinding

After baseline testing was completed,
participants were randomly assigned to
receive either daily subcutaneous injections of recombinant human GH
(Serostim; EMD Serono, Rockland, Massachusetts, an affiliate of Merck KGaA,
Darmstadt, Germany) or identical placebo. Placebo was manufactured by
EMD Serono. Randomization was performed by the Massachusetts General
Hospital Research Pharmacy by using a
permuted block algorithm with block
sizes randomly varying from 4 to 8 and
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stratified by sex. The participants, study
investigators, and study staff were
blinded to randomization assignment.
The starting dose of study medication was 2 µg/kg/d and was titrated up
to a maximum dose of 6 µg/kg/d. Dose
titrations were performed at each visit
after baseline, based on an algorithm to
achieve IGF-1 in the upper quartile of
the age-adjusted normal range, but not
beyond the upper limit of normal. This
algorithm was chosen to maximize GH
dosing but keep it within the physiological range. Study investigators were
blinded to IGF-1 results and dose recommendations were made by an independent physician. To maintain the
blinded nature of the study, the physician monitoring the IGF-1 levels recommended a parallel change in a randomly selected patient treated with
placebo for each change recommended in a patient treated with GH.
Participants received instruction on
self-administration of the study medication by study investigators. Study
drug administration was witnessed at
the baseline visit to ensure proper technique. Adherence history as assessed by
patient injection log was performed every 3 months.
Safety

Participants with fasting glucose of
more than 200 mg/dL (to convert to
millimoles per liter, multiply by 0.0555)
during study participation were discontinued and participants with fasting glucose of more than 150 mg/dL underwent a 25% dose reduction. One
participant in the placebo group with
fasting glucose of more than 200 mg/dL
was discontinued at the 2-week visit.
In addition, 1 participant in the placebo group and 1 participant in the GH
group underwent a 25% dose reduction due to fasting glucose of more than
150 mg/dL. A data and safety monitoring board (DSMB) met every 3 months
to monitor adverse events in the study.
The DSMB did not review efficacy data.
All adverse events were reported to the
DSMB and to the institutional review
board according to institutional requirements.

GH Assessment

The cutoff of peak GH response to
GHRH plus arginine of less than 7.5
ng/mL was used to define relative GHD
because it achieved optimal discrimination between patients infected with
HIV with lipodystrophy and abdominal fat accumulation and healthy controls of similar body mass index (BMI,
calculated as weight in kilograms divided by height in meters squared) in
a prior study.3
Outcome Measures

Body Composition Analysis. Abdominal VAT and subcutaneous adipose tissue
(SAT) areas were assessed by crosssectional abdominal computed tomographic scan as previously reported.23
Dual-energyx-rayabsorptiometrywasperformed as previously described.23
Carotid Ultrasound. Carotid intimamedia thickness (IMT) was assessed
and analyzed every 6 months according to a standard protocol as previously reported.24
Biochemical Assays. Growth hormone concentration was measured by
RIA (Corning Nichols, San Juan Capistrano, California). Before November
2005, IGF-1 was measured by chemiluminescence immunoassay (Nichols
Institute, San Clemente, California).
Due to a hospital-wide assay conversion, IGF-1 was measured by a chemiluminescent immunometric assay
(DPC, Los Angeles, California) after
November 2005. Internal crossvalidation demonstrated close correlation between assays (R2 =0.94). Serum
insulin levels were measured by RIA
(DPC). Adiponectin was measured by
RIA (Linco Research, St Charles, Missouri). The CD4 cell count was performed by using flow cytometry (Becton Dickinson Immunocytochemistry
Systems, San Jose, California) and assessment of HIV viral load was conducted by using AMPLICOR HIV-1 Test
(Roche Diagnostics, Indianapolis, Indiana), with lower limit of detection of
400 copies/mL. Lipid, hemoglobin A1c,
and glucose levels were measured by
using standard techniques at Massachusetts General Hospital.
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Quality of Life. Quality of life was
assessed by the MOS-HIV Health Questionnaire, where the score ranged from
0 to 100, with a higher number indicating better quality of life.25,26
Statistical Analysis

The primary end point of our study was
change in body composition, measured as change in visceral fat (VAT)
and secondarily as change in fat distribution (trunk to extremity fat). Sample
size was calculated based on trunk-tolower extremity fat ratio due to availability of published data for low-dose
GH during 18 months in patients with
GHD13 and lack of data on VAT using
long-term physiological GH in patients with HIV. To detect a prespecified difference of 0.026 in change during 18 months in trunk-to-lower
extremity fat ratio between the GHtreated group vs placebo-treated group
with a 2-sided ␣=.05 and 90% power,
a sample size of 45 patients was needed.
The change in trunk-to-lower extremity fat ratio of 0.026 represented approximately 50% of the change observed in a prior long-term study of lowdose GH in patients not infected with
HIV.13 A dropout rate of 20% to 25%
was planned and 56 patients were
recruited.
The safety and primary efficacy
analyses were performed by using all
available data, including partial data
available in patients who discontinued the study. The safety population for
whom safety, IGF-1, and glucose were
evaluated included all participants
(n=55) who received at least 1 dose of
study drug. For efficacy, including VAT
and secondary end points, the population (n = 52) included all participants
who had at least 1 postbaseline visit at
6 months, the first interim visit to assess efficacy. The per-protocol population consisted of all participants who
completed the protocol (n=48). Completers and noncompleters were similar at baseline in demographics, body
composition, IGF-1, triglycerides, and
2-hour glucose levels. The rates of any
adverse event, serious adverse events,
and GH-related adverse events did not
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differ between the groups (P ⬎.40 for
each comparison).
Baseline characteristics for continuous variables were presented by using
means and 95% confidence intervals
(CIs) unless otherwise specified, and
comparison between the 2 groups at
baseline was performed by using the t
test for continuous variables and the 2
test for categorical variables. The treatment effect (net difference between the
change in GH and placebo, and 95% CI
[calculated by using the model-based
standard error of the adjusted treatment effect estimate]) was determined by using repeated-measures
mixed-effects analysis of covariance, adjusting for age, sex, race, study drug
dosage, as well as baseline testosterone, protease inhibitor, and nucleoside reverse transcriptase inhibitor use.
Baseline data on use of antihypertensive and lipid-lowering medications as
well as smoking were included as additional covariates in the analysis of
change in carotid IMT. Use of antihypertensive medication was included as

a covariate in the analysis of change in
blood pressure (BP), and use of lipidlowering medications was included as
a covariate in the analysis of change in
lipid end points. The treatment effect
was examined by the statistical significance of the group (GH vs placebo) ⫻
time interaction effect. For each participant, available data for months 6, 12,
and 18 were pooled and compared with
baseline to obtain an aggregate change
over the duration of treatment. This approach was chosen over a slope analysis as the data did not typically show a
linear time dependency and changes occurring by 6 months were generally
maintained over the duration of the
study. To fit the random intercept
mixed-effects model with exchangeable correlation structure for the repeated measurements, we used the SAS
proc mixed procedure (SAS Institute
Inc, Cary, North Carolina).
Secondary analyses also using repeated-measures mixed-effects analysis of covariance were performed in the
per-protocol population (n=48) and also

in a subset limited to men only (n=49).
In addition, a repeated-measures model
in which missing data were imputed by
using a last-value-carried-forward approach was performed for the primary
end point, VAT.
No adjustment was made for multiple
comparisons in secondary end points in
the primary analysis. In secondary analyses, a Bonferroni correction was applied
to account for multiple end points within
each category (eg, body composition, lipids, and biochemical and cardiovascular
parameters). Results did not change for
themajorityofstatisticallysignificantsecondary end points (trunk-to-lower extremity ratio, triglyceride level, IGF-1,
2-hourglucose,diastolicBP)byusingthis
correction.
Extreme values of increased triglycerides were observed in 3 patients and
therefore the Wilcoxon rank sum test
was used for pooled data from months
6, 12, and 18 following the absence of
statistical difference at baseline.
In the screening population and baseline analysis, correlation of peak GH re-

Figure 1. Study Participant Enrollment and Discontinuation
192 Patients assessed for eligibility
136 Excluded
125 Did not meet growth hormone
inclusion criteria
7 Refused to participate
4 Excluded for other reasons

56 Randomized

27 Randomized to receive growth hormone
26 Received intervention as randomized
1 Withdrew before receiving study drug

29 Randomized to receive placebo
29 Received intervention as randomized

1 Withdrew before 6-mo visit
(lost interest [month 3])
4 Withdrew between 6- and
18-mo visit
1 Rectal cancer (month 6)
1 Moved (month 9)
1 Lost to follow-up (month 15)
1 Lost interest (month 15)

512

2 Withdrew before 6-mo visit
1 Hyperglycemia (week 2)
1 Lost interest (month 3)

21 Completed trial

27 Completed trial

25 Included in primary analysis for efficacy
2 Excluded (did not have ≥ 1 postbaseline
visit assessment at 6 mo)

27 Included in primary analysis for efficacy
2 Excluded (did not have ≥ 1 postbaseline
visit assessment at 6 mo)

26 Included in safety analysis
1 Excluded (did not receive study drug)

29 Included in safety analysis
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sponse to GHRH plus arginine testing
with metabolic parameters was assessed by using the Spearman , because peak GH levels were not normally distributed.
All reported P values were 2-sided
and P⬍.05 was considered statistically significant. Statistical analyses
were performed by using SAS version
9 and SAS JMP statistics version 5.1
(SAS Institute Inc).
RESULTS
Screening Data

One hundred ninety-two patients with
HIV were screened for the study between November 2003 and March 2006
(FIGURE 1). Data were available for 191
patients from GH stimulation testing.
The mean age of the population was 45
years (95% CI, 44-46 years). The population had a mean BMI of 26.6 (95% CI,
25.9-27.2), and participants were 74%
white and 84% men.
The mean peak GH response to GHRH
plus arginine testing was 21.2 ng/mL
(95% CI, 17.5-24.9 ng/mL). The peak
GH response correlated significantly and
inversely with triglycerides (=−0.37,
P⬍.001), total cholesterol (=−0.22,
P=.004), systolic BP (=−0.23, P=.002),
and diastolic BP ( = −0.17, P = .02).
When controlling for age, sex, BMI, and
protease inhibitor and lipid-lowering
medication use, peak GH response remained an independent predictor of fasting triglyceride concentration (␤=−1.12
mg/dL [to convert to millimoles per liter, multiply by 0.0113] change in triglyceride levels per ng/mL [1 µg/L]
change in peak GH, P=.03). A total of
33% of participants screened demonstrated a peak GH response to GHRH
plus arginine of less than 7.5 ng/mL.
Results of Interventional Study

Fifty-six patients enrolled in the study.
Baseline characteristics of the study
population were similar between the
groups (TABLE 1). Twenty-seven participants were allocated to receive GH,
of whom 21 (78%) completed the trial;
and 29 participants were allocated to
receive placebo, of whom 27 (93%)
completed the trial (Figure 1). The dis-

Table 1. Baseline Characteristics of Study Participants at Randomization a

Age, y
Male sex, No. (%)
Race/ethnicity, No. (%)
White
Black
Hispanic
Weight, kg

26 (96)

BMI
Waist circumference, cm
Waist-to-hip ratio
Viral load [log10(copies of RNA/mL)]
CD4 cells/µL b
Protease inhibitor use
No. (%)
Duration, y
NRTI use
No. (%)
Duration, y
NNRTI use
No. (%)
Duration, y
Smoking, No. (%)
Current smoker c
History of smoking
Testosterone use, No. (%)
Lipid-lowering medication use, No. (%)
Antihypertensive medication use, No. (%)

Placebo
(n = 29)
47.4 (45.1-49.7)
26 (90)

23 (85)
2 (7)
2 (7)
89.1 (82.9-95.3)

22 (76)
3 (10)
4 (14)
87.5 (82.6-92.5)

29.1 (27.4-30.8)
102.9 (98.6-107.2)
1.02 (1.00-1.05)
2.8 (2.6-3.0)
554 (442-666)

28.3 (26.7-29.9)
101.9 (98.0-105.9)
1.01 (0.99-1.03)
2.8 (2.5-3.0)
657 (542-773)

14 (52)
2.6 (1.2-3.9)

15 (52)
2.1 (1.0-3.2)

25 (93)
2.8 (1.9-3.6)

29 (100)
3.2 (2.2-4.2)

13 (48)
2.9 (1.7-4.0)

14 (48)
3.4 (2.3-4.6)

6 (23)
14 (52)
10 (37)
10 (37)
10 (37)

8 (28)
17 (59)
6 (21)
15 (52)
8 (28)

Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; NRTI,
nucleoside reverse transcriptase inhibitor; NNRTI, nonnucleoside reverse transcriptase inhibitor.
a Data are reported as mean (95% confidence interval) unless otherwise indicated. P ⬎ .05 for all baseline comparisons by t test for continuous variables and 2 test for categorical variables.
b For growth hormone group, n = 26.
c Patients were self-identified as current smokers but did not provide information on packs per day.

continuation rates were not statistically different between the groups
(P = .10). Significant changes in antiretroviral medication class and antihypertensive and lipid-lowering medications were not observed between the
groups during the study. Baseline use
of antiretroviral drugs in each major
class and individual drugs were not substantially different between the groups.
Commonly used medications (⬎15%
study population) overall and in the GH
and placebo groups included lamivudine, 71% (59% and 83%, respectively); tenofovir, 52% (56% and 48%,
respectively); ritonavir, 38% (37% and
38%, respectively); zidovudine, 34%
(30% and 38%, respectively); efavirenz, 29% (26% and 31%, respectively); abacavir, 20% (30% and 10%,
respectively); nevirapine, 20% (22% and
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Growth Hormone
(n = 27)
46.7 (43.6-49.9)

Characteristics

17%, respectively); atazanavir, 18%
(19% and 17%, respectively); and lopinavir, 18% (15% and 21%, respectively). Specifically, there was no statistically significant difference in
stavudine use (15% in the GH group vs
17% in the placebo group, P=.80).
Dosing

During the course of the 18-month
study, the mean dose of GH was 3.7 µg/
kg/d (95% CI, 3.3-4.1 µg/kg/d; average dose, 0.33 mg/d; 95% CI, 0.290.38 mg/d) and the mean dose of
placebo was 3.8 µg/kg/d (95% CI, 3.54.1 µg/kg/d; average dose, 0.33 mg/d;
95% CI, 0.30-0.36 mg/d) (FIGURE 2).
Parallel-dose adjustments for placebo
were made and dosing was similar between the groups. Similar dosing was
also observed in the per-protocol popu-
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lation. Adherence logs were returned
in 79% of patients in the placebo group
compared with 74% of patients in the
GH group (P = .64). Adherence, assessed via self-completed patient log,
was 94% in the GH group compared
with 95% in the placebo group, per returned logs.
Body Composition and IGF-1

Visceral adipose tissue area decreased
significantly in the GH group compared with the placebo group (treatment effect, −19 cm2; 95% CI, −38 to
−0.5 cm2; P=.049) (FIGURE 3), which
corresponds with a percentage change
in VAT of −8.5% in the GH group and
Figure 2. Dosage of Growth Hormone (GH)
vs Placebo Titrated Over 18 Months

Dose, µg/kg/d

6
5
4
3
2
Placebo

1

GH

0
0 1

3

6

9

12

15

18

23
27

23
27

21
26

Months

No. of
patients
GH
Placebo

26
28

26
28

25
27

24
27

No statistical significance for each time point was found.
Error bars indicate standard error of mean. Numbers of
patients assessed at 2 weeks were 26 for GH and 29 for
placebo.

−1.6% in the placebo group. The effect
size for VAT was similar in secondary
analyses (per-protocol analysis [n=48],
−17 cm2; 95% CI, −37 to 3 cm2; lastvalue-carried-forward analysis [n=56],
−19 cm2; 95% CI, −37 to −0.3 cm2; and
analysis excluding women [n=49], −21
cm2; 95% CI, −41 to −2 cm2). The mean
percentage reduction in VAT among the
patients treated with GH was −8.5%
(standard error of mean, 2.7%), whereas
the median reduction was −13.4%. Variability in response was indicated by the
interquartile range of responses of
−22.3% to 4.6%.
Trunk-to-lower extremity fat ratio
(treatment effect, –0.4; 95% CI, –0.6 to
–0.2; P⬍.001) and trunk fat (treatment
effect, –0.8 kg; 95% CI, –1.5 to –0.04 kg;
P=.04) decreased in the GH group compared with the placebo group (TABLE 2).
Abdominal SAT area and extremity fat
did not change. Lean mass increased
significantly in the GH group compared
with the placebo group (treatment effect,
1.3 kg; 95% CI, 0.2-2.3 kg; P=.02).
IGF-1 increased with GH treatment
compared with placebo treatment
(treatment effect, 129 ng/mL; 95% CI,
95-164 ng/mL; P⬍.001) (Figure 3 and
Table 2). Similar changes for IGF-1
were observed in the per-protocol
analysis. Change in VAT correlated with
baseline VAT (r = –0.30, P = .03) and
change in IGF-1 (r=–0.31, P=.03).

Figure 3. Effects of Growth Hormone (GH) vs Placebo Treatment on Visceral Adipose Tissue
Area and Insulinlike Growth Factor 1 Levels Over 18 Months
Visceral Adipose Tissue

Insulinlike Growth Factor 1
300

0
–10

ng/mL

Change, cm2

10

–20

200
100

–30

Placebo

–40
Baseline

6

12

18

0 1

3

6

Months
No. of
patients
GH
Placebo

25
27

GH

0

25
27

9

12

15

18

23
26

23
27

20
27

Months

23
27

20
27

26 26
29 28

26
28

25
26

24
27

For visceral adipose tissue area, P⬍.05 for effect over 18 months; and for insulinlike growth factor 1 levels,
P⬍.001 for effect over 18 months. Error bars indicate standard error of mean. Insulinlike growth factor 1 data
presented for safety population, for all visits, including safety visits. Numbers of patients assessed at 2 weeks
were identical to those assessed at 1 month.
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Lipids

Triglycerides decreased (treatment
effect, –7 mg/dL; P=.002), whereas total
cholesterol and HDL cholesterol were
unchanged in the GH group compared with the placebo group (Table 2).
Glucose, Insulin, and Adiponectin

The 2-hour oral glucose tolerance test
glucose level increased in the GH group.
Similar changes were observed in the
per-protocol analysis. Fasting blood
glucose, fasting insulin, hemoglobin A1c,
and adiponectin did not change in the
GH group compared with the placebo
group (Table 2). In participants in the
GH group, fasting blood glucose levels (10 mg/dL; 95% CI, 2-18 mg/dL vs
5 mg/dL; 95% CI, 2-8 mg/dL) and
2-hour glucose levels (32 mg/dL; 95%
CI, 2-62 mg/dL vs 10 mg/dL; 95% CI,
–9 to 30 mg/dL) tended to increase
more in participants with baseline impaired fasting glucose (n=7) vs without
impaired fasting glucose (n = 17), respectively. Similar results were observed in the per-protocol population.
In contrast, change in IGF-1 was not
related to change in 2-hour glucose level
(r=–0.19, P=.37). Similar results were
observed in the per-protocol analysis
(r =–0.18, P=.44).
Cardiovascular Parameters

Diastolic BP (treatment effect, –7 mm Hg;
95% CI, –11 to –2 mm Hg; P=.006) decreased with GH, while the change in systolicBPwasnotstatisticallydifferentcompared with placebo (treatment effect, –6
mmHg;95%CI,–13to1mmHg;P=.09).
Carotid IMT did not change in the GH
group compared with the placebo group
(treatment effect, –0.004 mm; 95% CI,
–0.035 to 0.026 mm; P=.78). The 2-hour
glucose level was significantly related to
carotid IMT at 18 months (r=0.38,
P=.009), but not at baseline (r=0.07,
P=.58).
Safety Parameters
and Quality of Life

At baseline, there was no significant relationship between CD4 cell count and
IGF-1 (=–0.05, P=.71), although there
was a trend in the relationship be-
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tween CD4 cell count and peak GH response to GHRH plus arginine (=0.25,
P = .06). No effects of GH treatment
were observed on HIV viral load or CD4
cell count (Table 2). Change in quality of life, measured by the quality of
life domain of the MOS-HIV survey, did
not differ between the GH and placebo groups (Table 2).

Adverse Events

Adverse events were not significantly increased in the GH group compared with
the placebo group (TABLE 3). A total of
23% of participants in the GH group experienced potentially GH-related adverse events compared with 28% of participants in the placebo group. Four
serious adverse events occurred in the

GH group, which included rectal cancer, hospitalization for confusion and
transaminitis (thought to be related to
progression of HIV), hip fracture requiring surgery, and appendicitis requiring
surgery. None of these events was considered related to GH treatment. One serious adverse event was noted in the placebo group (anal cancer).

Table 2. Effects of Growth Hormone vs Placebo on Body Composition, Lipid Profiles, Biochemical Parameters, and Cardiovascular and
Immune Function a
Growth Hormone
Mean (95% CI)

Placebo

Aggregate
Change,
Month 18
Mean
(n = 21)
(SEM)

Mean (95% CI)
Month 6
(n = 27)

Month 12
(n = 27)

Aggregate
Change,
Month 18
Mean
(n = 27)
(SEM)

204
(172-236)

200
(167-233)

195
(165-226)

203
(169-238)

−4 (4)

−19
(−38 to −0.5)

.049

196
(144-248)

200
(141-259)

197
(137-257)

203
(138-267)

4 (4)

1
(−14 to 16)

.89

0.2 (0.2)

−0.8
(−1.5 to −0.04)

.04

0
(−0.4 to 0.4)

.94

Baseline
(n = 25)

Month 6
(n = 25)

Month 12
(n = 23)

Baseline
(n = 27)

241
(201-281)

217
(180-254)

220
223
(173-266) (182-263) c

−22 (6)

SAT, cm2

183
190
(140-225) c (144-236) c

190
177
(142-238) (120-233) c

4 (4)

Trunk fat, kg

13.1
14.5
13.9
13.4
13.1
−0.5 (0.2)
12.9
13.2
12.9
(12.3-16.6) (11.5-16.3) (11.1-15.6) (10.7-15.6)
(10.8-14.9) (11.0-15.4) (10.6-15.2) c (10.8-15.4)

Treatment
Effect
(95% CI)

P
Value b

Body Composition
VAT, cm2

Extremity fat, kg

7.4
(5.9-8.9)

7.6
(6.0-9.2)

7.5
(6.2-8.8)

7.2
(5.7-8.7)

0.3 (0.1)

6.7
(4.9-8.5)

6.9
(5.0-8.9)

7.0
(4.9-9.2) c

7.2
(5.1-9.3)

0.3 (0.1)

Trunk-to-lower
extremity
fat ratio

3.8
(3.2-4.4)

3.5
(3.0-4.0)

3.3
(2.8-3.7)

3.5
(2.9-4.0)

−0.4 (0.1)

3.7
(3.3-4.1)

3.7
(3.3-4.2)

3.7
(3.3-4.2) c

3.7
(3.3-4.2)

0 (0)

−0.4
⬍.001
(−0.6 to −0.2)

Lean mass, kg

66.4
67.7
66.5
65.8
(62.4-70.5) (63.3-72.0) (61.9-71.1) (60.7-70.9)

0.8 (0.3)

66.8
66.4
66.6
66.2
−0.5 (0.3)
(64.0-69.6) (63.5-69.3) (63.6-69.6) c (63.2-69.3)

1.3
(0.2 to 2.3)

.02

BMI

29.2
29.5
29.1
28.5
(27.5-31.0) (27.6-31.5) (27.4-30.7) (26.7-30.4)

0.2 (0.2)

28.1
28.3
28.3
28.3
(26.5-29.8) (26.4-30.2) c (26.3-30.2) (26.4-30.3)

0.1
(−0.4 to 0.6)

.67

Triglycerides,
mg/dL

183
(142-244)

−7 a

.002

3 (1)

1
(−2 to 5)

.46

−6 (4)

3
(−11 to 17)

.64

−25 (8)

129
(95 to 164)

⬍.001

0.1 (0.1)

Lipid Levels
169
169
186
−7
(137-238) (131-234) c (121-219) (−43 to 41)
43
(38-47)

44
(39-49) c

204
(156-317)

215
(168-362)

4 (1)

39
(35-43)

41
(37-44)

−1 (3)

194
(178-209)

197
243
0
(154-333) c (164-308) c (−56 to 51)

HDL
cholesterol,
mg/dL

40
(36-44)

Total
cholesterol,
mg/dL

189
(172-207)

191
184
183
(173-209) (169-199) c (165-201)

IGF-1, ng/mL

146
(122-170)

260
(227-292)

267
236
(220-314) (195-278) c

Fasting blood
glucose,
mg/dL

94
(89-100) c

99
(92-106)

101
(93-109)

102
(93-110)

6 (1)

89
(85-93)

92
(89-95)

94
(90-99)

96
(92-99)

5 (1)

2
(−3 to 7)

.39

2-h glucose,
mg/dL

156
155
138
(121-156) c (130-181) c (129-181)

158
(132-184)

16 (5)

137
(121-153)

132
(120-144)

130
(112-148)

136
(117-155) c

−4 (4)

22
(6 to 37)

.009

43
(40-47)

43
(38-47) c

43
(39-48) c

189
184
189
(171-207) (167-201) c (172-206) c

Biochemical Parameters

Fasting insulin,
µIU/mL

109 (11)

159
145
133
(136-182) (128-161) c (118-149) c

125
(110-139)

14
(10-18)

14
(9-19) c

15
(11-18)

14
(8-19)

0 (1)

10
(6-14)

13
(8-18)

23
(−1 to 47)

11
(8-14) c

6 (4)

−5
(−19 to 10)

.51

Hemoglobin
A1c, %

5.5
(5.3-5.6) c

5.6
(5.4-5.9)

5.7
(5.4-6.0)

5.7
(5.4-5.9)

0.2 (0.1)

5.3
(5.1-5.5)

5.4
(5.2-5.6)

5.5
(5.3-5.7)

5.6
(5.3-6.0)

0.2 (0.1)

0.1
(−0.1 to 0.2)

.47

Adiponectin,
µg/mL

4.4
(3.3-5.5)

5.6
(4.1-7.1) c

5.2
(4.3-6.0)

5.1
(4.3-5.8)

1.0 (0.3)

4.0
(3.0-5.0)

4.4
(3.2-5.6)

4.6
(3.3-5.8)

4.7
(3.5-5.8) c

0.5 (0.1)

0.5
(−0.4 to 1.4)

.27

−0.003
(0.009)

−0.004
(−0.035 to
0.026)

.78

Cardiovascular Parameters
Carotid IMT,
mm

0.763
(0.7190.806)

0.777
(0.7170.838)

0.751
(0.6890.813) c

0.754
(0.6830.824) c

0.003
(0.008)

0.725
(0.6830.766)

0.739
(0.6950.783) c

0.715
(0.6720.759)

0.717
(0.6720.762) c

Systolic BP,
mm Hg

129
(121-138)

126
(119-132)

125
(118-131)

121
(114-128)

−5 (2)

121
(116-127)

122
(116-127)

122
(118-126)

124
(118-130)

1 (2)

−6
(−13 to 1)

.09

Diastolic BP,
mm Hg

80
(77-84)

79
(75-82)

79
(75-82)

76
(72-80)

−3 (1)

72
(68-76)

75
(72-78)

77
(74-80)

76
(73-80)

4 (1)

−7
(−11 to −2)

.006
(continued)
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Table 2. Effects of Growth Hormone vs Placebo on Body Composition, Lipid Profiles, Biochemical Parameters, and Cardiovascular and
Immune Function a (cont)
Growth Hormone
Mean (95% CI)
Baseline
(n = 25)

Month 6
(n = 25)

Month 12
(n = 23)

Placebo

Aggregate
Change,
Month 18
Mean
(n = 21)
(SEM)

Mean (95% CI)
Baseline
(n = 27)

Aggregate
Change,
Month 18
Mean
(n = 27)
(SEM)

Month 6
(n = 27)

Month 12
(n = 27)

647
675
(525-769) c (511-840) c

Treatment
Effect
(95% CI)

P
Value b

15 (21)

−30
(−97 to 37)

.38

0 (0.2)

0
(−0.4 to 0.3)

.91

1
(−9 to 12)

.78

Immune Function
CD4 cells/µL

579
552
579
(459-699) d (454-651) c (470-687)

532
(440-625)

−19 (13)

661
(539-784)

690
(519-861)

0 (0.1)

2.8
(2.5-3.0)

NA

NA

2.8
(2.5-3.1)

64
(56-72)

61
(54-68)

57
(49-66)

63
(56-69)

Viral load [log10
(copies of
RNA/mL)]

2.8
(2.6-3.0)

NA

NA

2.8
(2.6-3.0)

Quality of life
score
(MOS-HIV) e

66
(58-75)

68
(59-78)

62
(51-73)

59
(46-72)

−4 (3)

−4 (3)

Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; BP, blood pressure; CI, confidence interval; HDL, high-density lipoprotein;
HIV, human immunodeficiency virus; IGF-1, insulinlike growth factor 1; IMT, intima-media thickness; MOS-HIV, Medical Outcomes Study HIV Health Survey; NA, not applicable; SAT,
subcutaneous adipose tissue; VAT, visceral adipose tissue.
SI conversions: To convert triglycerides to mmol/L, multiply by 0.0113; to convert total and HDL cholesterol to mmol/L, multiply by 0.0259; to convert IGF-1 to nmol/L, multiply by
0.131; to convert glucose to mmol/L, multiply by 0.0555; to convert insulin to pmol/L, multiply by 6.945.
a Baseline results are reported for all participants for whom at least 1 follow-up result was obtained. Treatment effects are reported as net difference between the change in growth
hormone and placebo. For triglycerides, results are reported as median (interquartile range) using the Wilcoxon rank sum test. The 95% CI could not be calculated for triglycerides
given the use of a nonparametric analysis. All baseline comparisons are P ⬎ .05 by t test (analysis of variance), except for diastolic BP.
b Aggregate change over 18 months for growth hormone vs placebo. See the “Statistical Analysis” section for description of statistical methods used.
c Number of patients analyzed was 1 less than the total number (ie, n = 20 for VAT with growth hormone at month 18).
d n = 23.
e Scale of 0 to 100, with higher number indicating better quality of life. For growth hormone group, n = 23 at baseline and month 6; n = 19 at month 12; n = 17 at month 18; and for
placebo group, n = 25 at baseline and month 6; and n = 24 at months 12 and 18.

Table 3. Summary of Adverse Events
Growth Hormone
(n = 26)

Adverse Events
No. with any adverse event

Placebo
(n = 29)

No. of
Patients
(95% CI)

% of
Patients
(95% CI)

11 (6-16)

42 (23-63) 19 (13-24) 66 (46-82)

No. of
Patients
(95% CI)

% of
Patients
(95% CI)

P
Value a
.08

No. with discontinuation-related
adverse event

1 (0-5)

4 (0-20)

1 (0-5)

No. with serious adverse event

4 (1-9)

15 (4-35)

6 (2-11)

23 (9-44)

Tingling/paresthesia

3 (0-8)

12 (2-30)

1 (0-5)

3 (0-18)

.24

Carpal tunnel syndrome

1 (0-5)

4 (0-20)

1 (0-5)

3 (0-18)

.94

Adverse events potentially attributable to
growth hormone

3 (0-18)

.94

1 (0-5)

3 (0-18)

.11

8 (3-14)

28 (13-47)

.70

Arthralgia

1 (0-5)

4 (0-20)

2 (0-7)

7 (1-23)

.62

Swelling

1 (0-5)

4 (0-20)

0 (0-3)

0 (0-12)

.22

Hyperglycemia

1 (0-5)

4 (0-20)

2 (0-7)

7 (1-23)

.62

Malignancy

1 (0-5)

4 (0-20)

1 (0-5)

3 (0-18)

.94

Hypertension

0 (0-3)

0 (0-13)

1 (0-5)

3 (0-18)

.25

Abbreviation: CI, confidence interval.
a By 2 test.

COMMENT
In our study, physiological GH administration significantly reduced
visceral fat and truncal obesity, triglycerides, and diastolic BP and was welltolerated. However, GH increased the
2-hour postchallenge glucose level in
patients with HIV-associated abdominal fat accumulation and relative GHD
during a long treatment period of 18
months.
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The screening data demonstrate significant inverse correlations between
peak GH response to GHRH plus arginine stimulation testing and important metabolic parameters. Taken together, these data suggest that reduced
GH secretion is associated with metabolic abnormalities in patients with HIV
and abdominal fat accumulation.
Growth hormone is an anabolic hormone and has lipolytic effects, increas-
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ing the mobilization of triacylglycerols from adipose tissue. 27 Growth
hormone inhibits lipoprotein lipase in
adipose tissue,28,29 reduces de novo lipogenesis in the liver,30 and increases
overall fat oxidation rates,31 which may
contribute to its positive effects on lipids. Consistent with these known physiological effects of GH, we found that GH
administration in patients with HIV and
relative GHD (1) decreased abdominal visceral fat and trunk fat, (2) increased lean body mass, and (3) reduced triglycerides. Furthermore, the
change in VAT correlated significantly with the change in IGF-1. In contrast, we found a sparing of abdominal
SAT and extremity fat at the low doses
used, which is important in patients infected with HIV who frequently experience lipoatrophy of subcutaneous fat.
Indeed, our patients had relatively low
extremity fat at baseline despite marked
central fat accumulation. In contrast,
higher doses of GH in patients with HIV
decreased both SAT and VAT.19 The
relative decrease in VAT achieved in our
study is less than with high-dose GH,
but more than observed in most studies of exercise and dietary modification32 and insulin sensitization strategies in patients with HIV. 33,34 It is
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unknown if improved GH secretion
with reduction in visceral fat contributes to the metabolic benefits of
lifestyle intervention and other strategies to reduce VAT in the HIV population.
Previous studies of GH in patients
with HIV did not select for patients with
reduced GH response to standardized
stimulation testing, were significantly
shorter in duration, and used supraphysiological doses of GH, resulting in
IGF-1 levels several-fold above the normal range.19,20,35 In contrast with prior
studies using 2 to 4 mg/d, we used a
physiological dose of 0.33 mg/d. Although prior trials demonstrated a more
marked improvement in VAT than observed in our study, patients experienced considerable GH-related adverse events. A small pilot study of
intermediate-dose (1 mg/d) GH decreased truncal obesity and was associated with transient glucose intolerance. 21 In our study, we selected
patients who demonstrated decreased
GH secretory capacity at baseline and
found low-dose GH to be welltolerated. Growth hormone–related adverse events were not increased in the
GH treatment group compared with the
placebo group.
Growth hormone has been shown to
improve insulin sensitivity assessed by
hyperinsulinemic euglycemic clamp in
HIV-negative men with abdominal obesity after 9 months of treatment.16 We
found a worsening of 2-hour postchallenge glucose in our study. This finding may underscore the heightened risk
of GH administration for altered glucose homeostasis in patients with HIVassociated visceral fat accumulation and
insulin resistance. Although GH acutely
exerts insulin-antagonistic effects in the
liver and peripherally, prolonged treatment with GH in HIV-negative individuals with abdominal obesity has
been postulated to improve insulin sensitivity due to a reduction in VAT and
subsequent reduction in free fatty acids in the portal circulation.16,17 In a
study using GH with a dose of 3 mg/d
in patients with HIV,35 the effect of GH
on insulin-mediated glucose disposal

worsened in the first month, then subsequently improved to baseline values
by 6 months. Our study showed a consistent difference over time and no pattern of initial worsening and subsequent improvement (data not shown).
Glucose levels tended to deteriorate
more with GH treatment in participants with impaired fasting glucose at
baseline. No relationship was observed between change in IGF-1 and
glucose, suggesting that baseline glucose status, potentially more than IGF-1
level achieved, determines abnormal response to GH.
Another strategy to influence the GH
axis in patients with HIV is the use of
GHRH.23,36,37 In a recent study,37 GHRH
(1-44) (tesamorelin), decreased VAT
and improved total cholesterol, HDL
cholesterol, triglycerides, and adiponectin without worsening of glucose
levels. However, tesamorelin is not yet
available for clinical use. In that study,
VAT decreased by 15% during 6 months
in response to tesamorelin, while VAT
decreased by approximately 9% during 18 months in our study. Mean
IGF-1 increased to a similar degree in
both studies (109 ng/mL with tesamorelin37 and 109 ng/mL with low-dose
GH). The potential mechanisms to explain the relative potency of GHRH
compared with GH to reduce VAT despite a similar increase in IGF-1 remain unknown but may relate to physiological effects of GHRH to increase
endogenous GH pulsatility, not
achieved with GH. At the same time,
glucose homeostasis was not altered by
the GHRH analogue but was worsened by low-dose GH for the same increase in IGF-1. Further research is
needed to investigate these important
differences in these 2 strategies to increase GH in the HIV population.
In our study, we found an improvement in diastolic BP in the GH group,
which is consistent with results from
Johannsson et al16 who had previously
demonstrated that GH improved diastolic BP in abdominally obese men
without HIV. However, diastolic BP was
higher in the GH group than placebo
group at baseline, and the significant
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decrease in the GH group may in part
represent regression to the mean.
Previous studies in patients not infected with HIV and having severe GHD
have shown increased carotid IMT at
baseline and improvement in carotid
IMT38-40 with GH administration. Baseline carotid IMT was not increased in
our participants compared with agematched healthy controls, and thus significant reductions in response to GH
would be less likely. Our data also suggest that increased glucose levels resulting from GH may limit the salutary effects of GH on carotid IMT in the
HIV population.
In contrast with the recent findings
of Napolitano et al 41 using a much
higher dose of GH (3.0 mg/d for first 6
months and then 1.5 mg/d for second
6 months), we did not find an increase in CD4 cell count with GH administration. Furthermore, we did not
assess thymic output or volume. The
CD4 cell count was higher at baseline
in our study than that found in Napolitano et al.41 We did not observe a relationship between baseline IGF-1 and
CD4 cell count, but there was a near significant association between peak GH
response to GHRH plus arginine testing and CD4 cell count at baseline. Further studies on the effects of low-dose
physiological GH on T cell dynamics
are needed.
Our study has some limitations, including a modest effect size for the primary end point, VAT. However, the
change in VAT we observed (–22 cm2
within the GH group, –19 cm2 treatment effect relative to placebo) with GH
was comparable in magnitude to that
achieved with other strategies, including lifestyle modification, to reduce abdominal adiposity in patients without
HIV.42-44 Furthermore, the treatment
effect observed in our study represented the novel effects of truly physiological dosing in the HIV population. In considering strategies to reduce
visceral fat in patients with HIV infection, the US Food and Drug Administration (FDA) considers a reduction of
8% in visceral fat to be clinically significant for the use of GH.45 In our
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study, the mean and median reductions in visceral fat in patients treated
with GH were –8.5% and –13.4%, respectively, and thus likely to be considered clinically relevant. The study
cannot be generalized to patients with
HIV and normal GH secretion, but a
third of patients with HIV and abdominal fat accumulation will have reduced GH secretion as measured by response to standardized stimulation
testing.3 Furthermore, FDA approval of
GH dosing in patients without HIV and
having GHD is based on response to
standardized GH stimulatory testing,
and thus our paradigm is appropriate
to select patients for study of longterm, low-dose physiological GH. Approximately 30% of the men were using
testosterone at baseline, but the percentage using testosterone was not different between the groups. We controlled for sex and testosterone use in
all analyses and the results were recapitulated in secondary analyses limited to men.
In conclusion, low-dose physiological GH in patients with HIV, abdominal fat accumulation, and reduced GH
secretion improved body composition, triglycerides, and diastolic BP
without significant adverse events but
worsened 2-hour postchallenge glucose. Data from our randomized, placebo-controlled trial involving a long
duration of observation inject a note of
caution into the debate regarding the
use of GH therapy in the HIV population. Large doses are highly effective to
reduce VAT, but result in supraphysiological IGF-1 and many GH-related
adverse events. Low-dose physiological GH is well-tolerated and results in
significant but more modest reduction in VAT, but is nonetheless associated with increased glucose levels.
Therefore, the therapeutic window to
achieve an optimal risk-benefit ratio of
GH in individuals with HIV, abdominal fat accumulation, and insulin resistance may be very narrow and difficult to achieve. Growth hormone is not
yet FDA-approved for the treatment of
abdominal fat accumulation in patients with HIV. Other more potent
518

strategies to safely increase GH and reduce VAT, including the use of GHRH,
may be more beneficial. In addition,
strategies using diet, exercise, and lifestyle change may be more costeffective in the long run than GH, particularly in patients with HIV, visceral
adiposity, and insulin resistance, in
whom changes in glucose may be counterproductive.
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