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Abstract
Objective—We previously reported improved body composition and cardiovascular risk markers
plus a small decrease in glucose tolerance with GH administration vs. placebo for 6 months to
abdominally obese premenopausal women. The objective of this study was to determine whether
the effects of GH treatment on cardiovascular risk markers, body composition, and glucose
tolerance in obese women persist 6 months after GH withdrawal.

Design and patients—Fifty abdominally obese premenopausal women completed a trial of
rhGH vs. placebo for 6 months; 39 women completed a subsequent 6-month withdrawal
observation period.

Measurements—IGF-I, body composition by CT, 1H-MRS and DXA, serum cardiovascular
risk markers, oral glucose tolerance test (OGTT)

Results—IGF-I standard deviation scores (SDS) within the GH group were −1.7±0.1
(pretreatment), −0.1±0.3 (after 6 months of GH) and −1.7±0.1 (6 months post-GH withdrawal).
Six months after GH withdrawal, total abdominal and subcutaneous adipose tissue, total fat, trunk
fat, trunk/extremity fat, hsCRP, apoB, LDL, and tPA were higher than at the 6-month (GH
discontinuation) timepoint (p≤0.05). All body composition and cardiovascular risk markers that
had improved with GH returned to baseline levels by 6 months after GH discontinuation, as did
fasting and 2-hour OGTT glucose levels.

Conclusion—The effects of GH administration to abdominally obese premenopausal women
have a short time-course. The beneficial effects on body composition and cardiovascular risk
markers, and the side effect of altered glucose tolerance returned to pretreatment levels after GH
withdrawal. There was no suppression of endogenous IGF-I levels, which returned to baseline
after GH withdrawal.
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Introduction
Abdominal adiposity is associated with impaired growth hormone (GH) secretion (1) and
unfavorable cardiovascular risk marker and body composition profiles, including elevated
high-sensitivity C-reactive protein (hsCRP), increased fat mass and decreased lean mass (2,
3). Several studies have demonstrated that GH treatment in individuals with adult-onset GH
deficiency due to pituitary disease improves cardiovascular risk makers (4) and body
composition (5–9) but can also cause abnormalities in glucose homeostasis (6). We recently
reported results from a 6-month randomized, double-blind, placebo-controlled study, which
demonstrated that GH treatment in abdominally obese premenopausal women improved
body composition and cardiovascular risk markers, accompanied by a mild increase in both
fasting and 2-hour glucose after oral tolerance test (OGTT) (10). These results are consistent
with other studies in other obese populations, including obese men and post-menopausal
women(11–14).

Important questions regarding GH treatment include: whether the beneficial effects of GH
persist following GH withdrawal, whether GH-related effects reverse, and whether
withdrawal of GH results in a rebound effect in which body composition overshoots
pretreatment levels. In adults with adult-onset GH deficiency (GHD) due to pituitary
disease, studies have shown that the effects of GH administration on cardiovascular risk
markers and function do not persist following cessation of GH treatment (4, 15); however,
results with regard to effects on body composition are conflicting. Both persistence and
reversal of body fat reduction and increases in lean mass after GH withdrawal have been
demonstrated (16, 17). In adults with HIV lipodystrophy treated with GH at treatment doses
(18), and in healthy men with abdominal adiposity treated with supraphysiologic doses of
GH (9), the beneficial effects of decreased visceral adiposity reversed after GH withdrawal,
and in the HIV study visceral adiposity rebounded to higher levels than had been observed
pretreatment. In addition, in one study, GH-induced insulin resistance rapidly reversed after
GH withdrawal in adults with GHD (19).

We hypothesized that six months after withdrawal of GH therapy, the cardiovascular and
body composition benefits and altered glucose homeostasis would reverse to pre-treatment
levels with no rebound effect.

Subjects and Methods
Subjects

The inclusion and exclusion criteria have been previously stated (10). Briefly,
premenopausal women ages 18–45 with BMI ≥ 25 kg/m2 waist circumference >88 cm, IGF-
I level below the median for age-matched reference range, who were otherwise healthy were
recruited through community advertisements. Seventy-nine women were randomized, fifty
women completed the 6-month GH vs placebo trial, and thirty-nine women completed the 6-
month withdrawal period.

Protocol
This was a single center, double-blind, randomized, placebo-controlled, parallel study
performed on the Massachusetts General Hospital Clinical Research Center. The study was
approved by the Partners Healthcare institutional review board. After full explanation of the
purpose and nature of all procedures, written consent was obtained from each subject. The
trial is registered at ClinicalTrials.gov, number NCT00131378. Subjects were randomized to
recombinant human GH (Nutropin®, Genentech, Inc., South San Francisco, CA) or placebo
for six months. Subsequently, subjects were followed for six months after study medication
(GH or placebo) withdrawal (Figure 1). The starting dose of GH was 4 mcg/kg/d and was
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titrated by an independent unblinded investigator to target an IGF-I level in the upper half of
the normal age-matched reference range. An independent data and safety monitoring board
periodically reviewed the safety data, and drop criteria included a positive pregnancy test,
fasting plasma glucose ≥ 7.0 mmol/L, or 2-hour oral glucose tolerance test (OGTT) glucose
≥ 11.1 mmol/L during the first six months. Study subjects were instructed not to modify
exercise or eating habits during the duration of the study. Level of activity, including
exercise, was assessed using the Paffenbarger questionnaire, a self-administered
questionnaire that measures current levels of activity. Physical activity remained unchanged
during the withdrawal period (p=0.8). The Massachusetts General Hospital research
pharmacy dispensed active or placebo study drug, which were identical in appearance, to
maintain double-blinding. The results of the 6-month GH vs placebo trial have been reported
(10). This manuscript reports the results of the subsequent 6-month withdrawal period.

Statistical Analysis
This study reports measurements performed at baseline, 6 months, and 12 months. A
repeated measured analysis of variance was fit with terms for time and treatment×time, other
than baseline. Two contrasts were estimated. The first tested for a treatment effect at 12
months and the second tested for a treatment effect on the difference between the 12-month
and 6-month measurement. Probability value ≤ 0.05 was used to identify significance. Data
are presented as mean±SEM.

Methods
IGF-I (solid-phase enzyme-labeled chemiluminescent immunometric assay, Immulite 2000
automated immunoanalyzer, Siemens Medical Systems, Erlangen, Germany; coefficient of
variation (cv) < 5%), GH (immunoradiometric assay, Diagnostic Systems Laboratories Inc.,
Webster, TX; minimum detection limit 0.01 µg/L, cv < 6%), hsCRP (latex particle-enhanced
immunoturbidmetric assay, Hitachi 911 analyzer, Roche Diagnostics, Indianapolis; cv <
6%), and other laboratory values were measured on blood samples drawn after an overnight
fast. A 75-g, 2h OGTT was performed.

Body composition was assessed by computed tomography (CT), proton magnetic resonance
spectroscopy (1H-MRS), and dual-energy x-ray absorptiometry (DXA.). CT at the level of
the 4th lumbar vertebra was used to determine abdominal total adipose tissue (TAT), visceral
adipose tissue (VAT), and subcutaneous adipose tissue (SAT). CT of the mid-thigh was used
to determine thigh muscle cross-sectional area (cv < 1% for fat and muscle area) (20). 1H-
MRS of calf muscle for intramyocellular lipids (IMCL) and liver for intrahepatic lipids
(IHL) (3.0 Tesla MRI, Siemens Trio, Siemens Medical Systems, Erlangen, Germany; cv =
6% for IMCL and 8% for IHL) was performed as previously described (21, 22). DXA
(Hologic QDR-4500, Hologic Inc, Waltham, MA; precision 1.7% for fat mass and 2.4% for
fat-free mass) was used to measure fat and lean mass compartments.

Carotid intima-media thickness (IMT) (HDI 5000 ultrasound system, Philips Medical
Systems, Bothwell, WA) was measured by a single, blinded, cardiologist with average cv
4.7%, as previously described (10). Mean IMT was determined by semiautomated edge
detection software over the distal 1-cm segment of the right and left carotid arteries.

Results
Subjects

Fifty women completed the six-month randomized trial (n=28 in GH, n=22 in placebo), and
thirty-nine women completed the subsequent six-month period after GH withdrawal (n=21
in GH, n=18 in placebo). At baseline, the mean age of subjects was 36±0.8 years, mean BMI
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was 34.9±0.6 kg/m2 (range 25.1–49.7 kg/m2), mean waist circumference was 109.6±1.4 cm,
and mean IGF-I SDS was −1.7±0.05.

GH dosing and IGF-I levels
Mean IGF-I and SDS levels are shown in Figure 2. At baseline, IGF-I and SDS levels were
comparable between the two groups. At 6 months, mean IGF-I was 265.1±23.0 µg/L
(p<0.0001) and SDS was −0.13±0.27 (p<0.0001). At 12 months (six months after GH
withdrawal), both absolute levels of IGF-I and IGF-I SDS were comparable to pretreatment
levels, with no evidence of suppression of the GH axis. At 12 months, mean IGF-I was
137.8±9.8 µg/L in the GH group and 107.2±7.3 µg/L in the placebo group (p=0.11) with a
mean SDS −1.67±0.10 in the GH group and −1.99±0.09 in the placebo group (p=0.11).

Body Composition
Following 6 months of GH withdrawal, body composition parameters that had improved
with GH (decrease in TAT, SAT, trunk fat, and increase in thigh muscle and lean mass in
GH vs placebo) returned to baseline levels at 12 months (p>0.05). TAT (p=0.05), SAT
(p=0.01), total fat (p=0.001), trunk fat (p<0.001), and trunk/extremity fat (p=0.03) increased
compared to the 6-month visit. There was no significant change in IMCL, IHL, VAT, and
BMI during the 6-month treatment and 6-month withdrawal periods in the GH group vs.
placebo (p=0.2 to 0.9). BMI, thigh muscle area, TAT, and trunk fat over the 12-month
period (first 6 months receiving GH vs. placebo and subsequent 6 months receiving no study
drug) are shown in Figure 3.

Cardiovascular Risk Markers
Following 6 months of GH withdrawal, cardiovascular risk markers which had decreased
following 6 months of GH treatment compared to placebo, increased compared to the 6-
month visit: tPA (p=0.01), apoB (p=0.002), LDL (p=0.05). All cardiovascular risk marker
outcome measures that had improved with GH returned to pretreatment levels at 12 months
by repeated-measures analysis of variance (p>0.05). hsCRP and apoB are shown in Figure 4.
There was no significant change in serum cholesterol, triglycerides and carotid IMT, during
the 6-month treatment and 6-month withdrawal periods in the GH group vs placebo (p=0.1
to 0.9).

Glucose Parameters
GH administration was associated with an increase in fasting and 2-hour OGTT glucose
compared with placebo during 6 months of GH administration with four subjects having 2-
hour OGTT glucose levels > 11.1 mmol/L. Three of these subjects underwent follow-up
OGTTs at 9 months, which demonstrated normalization of glucose levels. No subjects had
fasting glucose levels ≥ 7.0 mmol/L at any point during the study. All glucose parameters
that had increased with GH returned to pre-treatment levels at 12 months by repeated-
measures analysis of variance (p>0.05). Fasting glucose and 2-hour OGTT glucose are
shown in Figure 5.

Discussion
Our study demonstrates that in women with abdominal adiposity, 6 months of GH treatment
does not exert long-term effects on the GH axis, cardiovascular risk markers, body
composition, or glucose tolerance, following cessation of GH treatment. We previously
reported results from a 6-month randomized, placebo-controlled study, which demonstrated
that GH treatment in abdominally obese premenopausal women improved body composition
and a number of cardiovascular risk markers. This included a decrease in total abdominal
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adipose tissue (TAT), subcutaneous abdominal adipose tissue (SAT), trunk fat, tissue
plasminogen activator (tPA), apolipoprotein B (apoB), low-density lipoprotein (LDL), and
high-sensitivity C-reactive protein (hsCRP), and an increase in thigh muscle and total lean
mass(10). This was accompanied by a mild increase in both fasting and 2-hour glucose after
oral tolerance test (OGTT). After 6 months of GH withdrawal, both IGF-I and IGF-I SDS
returned to pre-treatment levels, with no evidence of GH axis suppression. All body
composition and cardiovascular risk measures, which had improved with GH administration,
reversed with GH withdrawal. In addition, GH-induced glucose intolerance also reversed
after GH withdrawal.

Published data regarding whether GH exerts lasting effects after its discontinuation are
conflicting. In a crossover study, 34 adults with GHD secondary to pituitary disease were
randomized to receive GH or no GH treatment for 6 months and then crossed over to the
other intervention. Improvements observed with GH administration reversed 6 months after
GH withdrawal, with an increased total cholesterol/HDL ratio and increased hsCRP
compared with the 6-month on-treatment levels (4). However, other studies have suggested
that body composition effects associated with GH administration may last beyond the
duration of the GH treatment. In a study of adults with GHD, GH treatment was
administered for 18 months, followed by 6 months of GH withdrawal. In a crossover study,
40 males with GHD were randomized to GH or placebo for 18 months, followed by an 18-
month crossover period. Although improvements to body fat percentage and lean mass
observed during GH administration reversed during the 18-month placebo period, lean mass
remained significantly higher compared to pre-treatment levels, suggesting a persistent
effect of the prior GH treatment on this parameter (17). However, a study of GH withdrawal
in a different population demonstrated very different results – that of a possible rebound
effect on fat mass. In a crossover study of adults with HIV and lipodystrophy randomized to
GH versus placebo for 18 months, visceral adipose tissue mass – which had decreased
during the 18-month treatment period – increased to higher than pre-treatment levels 18
months after withdrawal (18). One might hypothesize that a higher GH dose might be more
likely to result in prolonged effects. The mean dose administered in our study was higher
than would have been expected to increase IGF-I levels within the normal range, based on
data in hypopituitary patients(23). Nevertheless, the mean IGF-I SDS after 6 months of our
study was −0.1, suggesting that we did not over-replace GH. The apparent discrepancy may
reflect noncompliance in a portion of the patients, resulting in high apparent doses that were
not self-administered reliably. In a study of adults with abdominal adiposity who received 6
months of supraphysiologic GH followed by 6 months of GH withdrawal, the beneficial
effects of decreased visceral adiposity also reversed (9). From these studies, we cannot
determine definitively whether dose affects length of GH effect. It should also be noted that
we studied only women with IGF-I levels in the lower half of the normal range, and it is
unknown whether our findings extend to obese women with higher endogenous IGF-I levels.
Whether the apparently conflicting results of published studies are related to differences in
populations studied (including degree of relative GH deficiency), doses of growth hormone
and/or length of time of GH treatment and/or withdrawal remains unknown.

There are few published data regarding effects of GH withdrawal on glucose homeostasis. A
recent study suggests that effects of GH are rapidly reversible. In a crossover study, 8 males
with GHD on stable GH treatment were studied with hyperinsulinemic-euglycemic clamps
after a 3-day period of GH withdrawal and were then randomized to no GH treatment or GH
infusions. Although glucose infusion rates increased during GH administration, glucose
infusion rates five hours after GH discontinuation were similar to those of controls,
suggesting that GH-induced insulin resistance is rapidly reversible (19). These data are
consistent with our data in which abnormalities in glucose homeostasis reversed after GH
withdrawal.
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In conclusion, our study suggests that the effects of GH administration to abdominally obese
premenopausal women have a short time-course. The beneficial effects on body composition
and cardiovascular risk outcome measures, and the side effect of altered glucose tolerance,
reverse after GH withdrawal; all return to pretreatment levels. Importantly, there was no
indication of suppression of endogenous GH levels below pre-treatment concentrations, as
IGF-I levels returned to baseline after withdrawal of GH therapy.
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Figure 1.
Overview of study design. Obese premenopausal women were randomized to GH vs placebo
for 6 months followed by a 6-month withdrawal period. This study reports the data from the
6-month withdrawal period.
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Figure 2.
Mean IGF-I (panel A) and IGF-I SDS (panel B) levels (± SEM) in women randomized to
growth hormone (solid diamonds) or placebo (open diamonds) for the first six months,
followed by 6-month withdrawal of study medication. p by repeated measures ANOVA
between the two groups.
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Figure 3.
Mean body mass index (panel A), thigh muscle cross-sectional area (panel B), total
abdominal adipose tissue (panel C), and trunk fat (panel D) (± SEM) in women randomized
to growth hormone (solid diamonds) or placebo (open diamonds) for the first six months,
followed by 6-month withdrawal of study medication. p by repeated measures ANOVA
between the two groups.
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Figure 4.
Mean high-sensitivity C-reactive protein (panel A) and apolipoprotein B (panel B) (± SEM)
in women randomized to growth hormone (solid diamonds) or placebo (open diamonds) for
the first six months, followed by 6-month withdrawal of study medication. p by repeated
measures ANOVA between the two groups.
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Figure 5.
Mean fasting glucose (panel A) and 120-minute oral glucose tolerance test glucose (panel B)
levels (± SEM) in women randomized to growth hormone (solid diamonds) or placebo (open
diamonds) for the first six months, followed by 6-month withdrawal of study medication. p
by repeated measures ANOVA between the two groups.
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