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Growth Hormone Decreases Visceral Fat and
Improves Cardiovascular Risk Markers in Women with
Hypopituitarism: A Randomized, Placebo-Controlled
Study
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Karen K. Miller, and Anne Klibanski
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Context: Data regarding gender-specific efficacy of GH on critical endpoints are lacking. There are
no randomized, placebo-controlled studies of physiological GH therapy solely in women.

Objective: Our objective was to determine the effects of physiological GH replacement on car-
diovascular risk markers and body composition in women with GH deficiency (GHD).

Design: This was a 6-month, randomized, placebo-controlled, double-blind study.
Setting: The study was conducted at the General Clinical Research Center.
Study Participants: 43 women with GHD due to hypopituitarism were included in the study.

Intervention: Study participants were randomized to receive GH (goal mid-normal serum IGF-1) or
placebo.

Main Outcome Measures: Cardiovascular risk markers, including high-sensitivity C-reactive pro-
tein, tissue plasminogen activator, and body composition, including visceral adipose tissue by
cross-sectional computed tomography, were measured.

Results: Mean daily GH dose was 0.67 mg. The mean IGF-1 sb score increased from —2.5 = 0.3 to
—1.4 = 0.9 (GH) (P < 0.0001 vs. placebo). High-sensitivity C-reactive protein decreased by 38.2 +
9.6% (GH) v5.18.2 = 6.0% (placebo) (P = 0.03). Tissue plasminogen activator and total cholesterol
decreased, and high-density lipoprotein increased. Homeostasis model assessment-insulin resis-
tance and other markers were unchanged. Body fat decreased [—5.1 += 2.0 (GH) vs. 1.9 = 1.0%
(placebo); P = 0.002] as did visceral adipose tissue [-9.0 = 5.9 (GH) vs. 4.3 + 2.7% (placebo); P =
0.03]. Change in IGF-1 level was inversely associated with percent change in visceral adipose tissue
(r=—-0.61; P=0.002), total body fat (r = —0.69; P < 0.0001), and high-sensitivity C-reactive protein
(r = —0.51; P = 0.003).

Conclusions: Low-dose GH replacement in women with GHD decreased total and visceral adipose
tissue and improved cardiovascular markers, with a relatively modest increase in IGF-1 levels and
without worsening insulin resistance. (J Clin Endocrinol Metab 93: 2063-2071, 2008)

espite the established use of GH therapy in men and women
with GH deficiency (GHD), data regarding gender-spe-
cific efficacy on critical endpoints are lacking. There are no ran-
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domized, placebo-controlled trials of physiological GH therapy
solely in women. GH appears to have a greater effect on body
composition in men than women (1), but whether this is attrib-

Abbreviations: GHD, GH deficiency; HbA,, glycosylated hemoglobin; PAI, plasminogen
activator inhibitor; SDS, sb score.
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utable to inadequate dosing in women or differential gender ef-
fects is unknown. Studies demonstrating a positive effect of GH
on cardiovascular risk markers have been performed predomi-
nantly in men. Cardiovascular disease is the leading cause of
mortality in women (2), and, therefore, data regarding the car-
diovascular effects of GH therapy in women may have important
implications.

Cardiovascular mortality is increased in adults with hypo-
pituitarism, and women are affected disproportionately more
than men (3-7). A number of putative etiologies for the excess
mortality associated with hypopituitarism have been proposed,
including GHD (8, 9) and untreated gonadotropin deficiency (6).
The GHD syndrome is associated with a cluster of cardiovascu-
lar risk factors, including central adiposity (10-12), increased
visceral fat (13), insulin resistance (14), dyslipoproteinemia (3,
15), and decreased plasma fibrinolytic activity (16). Moreover,
increased arterial intima-media thickness, and an increased prev-
alence of atherosclerotic plaques and endothelial dysfunction
have been reported in hypopituitary patients with both child-
hood and adult onset GHD (17-22). We have reported higher
levels of IL-6 and high-sensitivity C-reactive protein in women
with hypopituitarism compared with controls, independent of
age and body mass index, suggesting that chronic inflammation
may be involved in the pathogenesis of atherosclerosis in this
population (23). However, isolating the effects of GHD from
confounding factors, including obesity and other hormone de-
ficiencies, in cross-sectional studies is difficult.

We reported decreases in high-sensitivity C-reactive protein
and IL-6 levels after GH administration to GH-treated hypopi-
tuitary men with GHD (24). Although beneficial changes in lip-
ids and lipoproteins have been reported in some studies of men
with GHD (25), we did not observe such effects in our random-
ized, placebo-controlled study (24). Other groups have reported
favorable changes in cardiovascular risk markers in other path-
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ways, including the fibrinolytic system (26), in response to GH
administration in patients with hypopituitarism. Most published
studies of the effects of GH therapy on cardiovascular risk mark-
ers in hypopituitary adults have been open label (18, 27, 28),
have studied only men (18), or have included a small number of
women, and in all but one of these (1), data on the effects of GH
therapy in women have not been reported separately (26-33).
The aim of this study was to determine whether physiological
GH replacement has beneficial effects on cardiovascular risk
markers and body composition in women with GHD secondary
to pituitary disease. Therefore, we investigated the effect of long-
term physiological GH administration on high-sensitivity C-re-
active protein, serum lipids, tissue plasminogen activator, solu-
ble E-selectin, insulin resistance, and visceral fat mass in women
with GHD in a randomized, placebo-controlled study.

Subjects and Methods

Study participants

The study was an investigator-initiated, single-center, randomized,
placebo-controlled, double-blind, 6-month study of GH or placebo
treatment. A total of 43 women with histories of pituitary and/or hypo-
thalamic disease and GHD were recruited for the study. Clinical char-
acteristics at baseline are shown in Table 1. Potential study participants
were considered GH deficient based on GH response to a GHRH-argi-
nine stimulation test (n = 24) or insulin tolerance test (n = 9), or an IGF-1
level more than two sb below the age-specific normal range in a patient
with at least two documented anterior pituitary hormone deficiencies
(34) (n = 10). Complete GHD was defined as a GH peak of less than 5
ng/ml on stimulation (n = 25), and partial GHD was defined as a GH
peak of 5-9 ng/ml (n = 8) (35). The degree of GHD in the 10 patients
diagnosed on the basis of low IGF-1 levels was unknown. Insulin toler-
ance and GHRH-arginine tests were performed as previously described
(36). Subjects on thyroid hormone, gonadal steroid, and/or cortisol re-
placement therapy were required to have been receiving stable replace-

TABLE 1. Baseline clinical characteristics
GH group Placebo group P value
No. of patients 20 23
Type of pituitary disease
Prolactinoma 6 4 0.33
Cushing'’s disease 5 5 0.81
Nonfunctioning adenoma 4 4 0.83
Craniopharyngioma 3 4 0.83
Empty sella 0 3 0.06
Rathke’s cleft cyst 1 0 0.21
Congenital GHD 0 1 0.28
Pituitary stalk lesion 0 1 0.30
TSH-secreting adenoma 0 1 0.26
Sheehan’s syndrome 1 0 0.21
Hypogonadal 13 14 0.78
Hypoadrenal 14 7 0.009
Hypothyroid 16 14 0.17
Tobacco use 4 1 0.14
Estrogen use 9 9 0.13
Age (yr) 45 (26-66) 47 (24-62) 0.41
BMI (kg/m?) 30.2 (22.0-51.3) 28.9 (18.7-40.9) 0.22
IGF-1 ng/ml) 52 (25-127) 58 (25-117) 0.47
IGF-1 SDS -2.5(-3.0to —1.9) -2.5(-3.0t0 —1.7) 0.22

Data are presented as number or median (range). BMI, Body mass index; SDS, Standard deviation score.

20z udy 01 U0 3sanb Aq 6228652/£902/9/€6/2101ME/Wad(/Wod dno-olwapede//:sdiy Wolj papeojumoq



J Clin Endocrinol Metab, June 2008, 93(6):2063-2071

ment doses for at least 3 months before entry into the study. Exclusion
criteria included history of acromegaly, growth of pituitary or hypotha-
lamic mass during the 12 months before enrollment, active Cushing’s
disease within 1 yr of enrollment, history of malignancy (except for
nonmelanoma skin cancer), hemoglobin less than 10.0 gm/dl, alanine
aminotransferase/aspartate aminotransferase more than three times the
upper limit of normal, creatinine level more than 2.5 mg/dl, congestive
heart failure (New York Heart Association’s Class II-1V), unstable cor-
onary artery or cerebrovascular disease within 1 yr of entry into the
study, diabetes mellitus (fasting glucose = 126 mg/dl or 2-h oral glucose
tolerance test glucose = 200 mg/dl), active carpal tunnel syndrome, GH
therapy within 1 yr of entry into the study, pregnancy, or breast-feeding.
Subjects age 40 and older were required to have screening mammograms
within 1 yr of their baseline visits. The study was conducted in the Gen-
eral Clinical Research Centers of the Massachusetts General Hospital
and Massachusetts Institute of Technology. The study was approved by
the Partners Healthcare and Massachusetts Institute of Technology In-
stitutional Review Boards, and all subjects gave written informed
consent.

Protocol

After baseline evaluation, subjects were randomized to receive daily
sc placebo or recombinant human GH (Genotropin; Pfizer, Inc., New
York, NY) for 6 months. Randomization was stratified for age (age = 50
vs. < 50vyr),use of oral estrogen, and degree of GHD (complete vs. partial
GHD). Starting GH dose was determined a priori as follows. For study
participants 50 yr or older who were not receiving oral estrogen, the
starting dose was 3 ug/kg-d. For women younger than 50 yr and not
receiving oral estrogen, the starting dose was 5 ug/kg-d. Women younger
than 50 yr, who were receiving oral estrogen or had childhood-onset
GHD, regardless of estrogen status, were started at 6 ug/kg-d. GH or
placebo was self-administered sc daily at bedtime. Six individuals were
randomized but did not complete the 6-month study. Of the six, two
study participants dropped out of the study before starting study med-
ication, two discontinued within 1 wk of starting (one because of an
elevated baseline blood glucose, which had not been elevated at screen-
ing, and the other due to an elevated incidentally discovered carcinoem-
bryonic antigen level), and two dropped out after the 3-month visit (car-
pal tunnel syndrome, medication noncompliance).

Follow-up visits were performed at 1, 3,4.5, and 6 months after study
entry. IGF-1 levels were measured at each follow-up visit. A health care
professional that did not interact with study participants was unblinded
to randomization assignments to monitor IGF-1 levels and determine
dose adjustments. IGF-1 levels were targeted to be in the mid- to upper-
normal age-appropriate range. To maintain blinding of all study staff
and participants, one subject receiving placebo was sham “dose-ad-
justed” when a dose adjustment was made for a participant receiving
GH. Individualized downward dose titration was performed for indi-
viduals experiencing side effects.

Fasting oral glucose tolerance testing was performed by administer-
ing 75 g oral glucose, and measuring glucose and insulin at baseline and
every 30 min for 2 h. Fat-free mass and fat mass were measured by
dual-energy x-ray absorptiometry using a Hologic QDR-4500 densi-
tometer (Hologic Inc., Waltham, MA), with an accuracy error for body
fat mass of 1.7%, and for fat-free mass of 2.4% (37). Abdominal adipose
distribution, including cross-sectional total abdominal fat, sc fat, and
intra-abdominal fat compartments, was determined in duplicate using
single-slice quantitative computed tomography scans at the level of L4
using 10-mm thick axial images (General Electric RP High Speed Helical
Computed Tomography Scanner; General Electric, Milwaukee, WI) and
graphical analysis software (General Electric Advantage Windows Work
Station Version 2.0; General Electric). Technical factors for the scanning
were as follows: 80 kVp, 70 mA, and 2-sec scan time. Caloric intake was
assessed by 4-d self-documented food records that each included three
weekdays and 1 weekend day. Each food record was reviewed by a
registered dietician and then analyzed using a computerized database
(Nutrition Data System for Research, version 5.0-35, 2006; Nutrition
Coordinating Center, University of Minnesota, Minneapolis, MN). In-
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direct calorimeter assessments (V... 29N Sensor Medics; Vyasis Health-
care, Loma Linda, CA) were obtained in subjects after a 12-h fast and at
least 24-h abstention from physical activity of moderate or greater in-
tensity. Resting energy expenditure and respiratory quotient were cal-
culated from the substrate oxidation rates (38).

Biochemical analysis

Serum and plasma samples were collected and stored at —80 C. Se-
rum IGF-1 levels were measured by Immulite 2000 automated immu-
noanalyzer (Diagnostic Products Corp., Los Angeles CA), a solid-phase,
enzyme-labeled chemiluminescent immunometric assay, with an inter-
assay coefficient of variation of 3.7% (at an IGF-1 level of 75 ng/ml) to
4.2% (at an IGF-1 level of 169 ng/ml). High-sensitivity C-reactive pro-
tein was measured using a latex particle enhanced immunoturbidimetric
assay on the Hitachi 917 (Equal Diagnostics, Exton, PA), with an inter-
assay coefficient of variation for high-sensitivity C-reactive protein less
than 5.08%. Tissue plasminogen activator was measured by an ELISA
assay (American Diagnostica, Greenwich, CT). The assay has a sensi-
tivity of 1 ng/ml, and interassay coefficients of variation at concentra-
tions of 6.5 and 14.9 ng/ml of 4.9 and 4.2%, respectively. Soluble E-
selectin was measured by ELISA (R&D Systems, Inc., Minneapolis,
MN), with an interassay coefficient of variation of 5.0% at a concen-
tration of 21.9 ng/ml and a sensitivity of 0.1 ng/ml. Homocysteine was
measured by an enzymatic assay on the Hitachi 917, with an interassay
percent coefficient of variation of less than 4.0%. Insulin was measured
by solid-phase RIA (Diagnostic Products), with an intraassay percent
coefficient of variation of insulin at a concentration of 17 uIU/ml of
9.3%. Homeostasis model assessment-insulin resistance has been vali-
dated as an accurate measurement of insulin resistance and was calcu-
lated as: insulin (wIU/ml) X glucose (mmol/liter)/22.5 (39-41). Ho-
meostasis model of assessment-g cell index is a measure of B cell function
and was calculated as insulin [(pIu/ml) X 20]/[glucose (mmol/L) — 3.5)]
(39). Total cholesterol, high-density lipoprotein, triglycerides, and low-
density lipoprotein were measured using previously described methods
(42).

Statistical analysis

JMP statistical discoveries software (version 4.0.2; SAS Institute Inc.,
Cary, NC) was used for statistical analysis. All variables were tested for
normality using the Shapiro-Wilk test. Results are expressed as mean and
SEM, except for Table 1, in which results are median (range). Means were
compared with ANOVA for normally distributed variables. For non-
normally distributed variables, nonparametric comparisons were per-
formed using the Wilcoxon test. Univariate regression models were con-
structed to determine whether change in IGF-1 levels predicted changes
in the endpoints studied. Statistical significance was defined as a two-
tailed P value less than 0.05.

Results

Endocrine data

The mean daily starting dose of GH was 0.41 mg, and the
mean daily dose at 6 months was 0.67 mg (range 0.23-1.10).
Mean IGF-1 increased by 82.7 = 72.0 (sp) ng/ml to 142.0 = 64.8
ng/ml in the GH group and decreased slightly (by 0.7 = 12.7
ng/ml) in the placebo group (P < 0.0001) (Fig. 1). The IGF-1 sp
score (SDS) increased from —2.5 = 0.3 to —1.4 *= 0.9 over 6
months in the GH group compared with —2.3 = 0.5 to —2.3 =
0.4 in the placebo group (P = 0.0001). No patient had a 6-month
IGF-1 level above the normal range.

Cardiovascular risk markers
Cardiovascular risk marker data are presented in Table 2.
Mean baseline high-sensitivity C-reactive protein was 10.4 + 2.0

20z udy 01 U0 3sanb Aq 6228652/£902/9/€6/2101ME/Wad(/W0d dno-olwapede//:sdiy Wolj papeojumoq



2066 Beauregard et al. GH Decreases Visceral Fat

A

180 -
160 -
140 -
120 -
100
80

60

IGF-1 (ng/ml)

40 -

20 4

6 months
Placebo

Baseline Baseline 6 months

Growth Hormone

J Clin Endocrinol Metab, June 2008, 93(6):2063-2071

Placebo Growth hormone

Baseline 6 months

Baseline

IGF-1 SDS

-3.0 -

FIG. 1. Mean IGF-1 (Panel A) and IGF-1 SDS (Panel B) increased in the GH group compared with placebo. *, P < 0.0001.

mg/liter in the GH group and 6.9 = 1.4 mg/liter in the placebo
group (P = 0.3), with 68 % of subjects in the “high-risk” category
(high-sensitivity C-reactive protein level > 3.0 mg/liter) for fu-
ture cardiovascular risk (43). Mean high-sensitivity C-reactive
protein decreased by 38.2 = 9.6 % in subjects receiving GH com-
pared with 18.2 = 6.0% in the placebo group (P = 0.03) (Fig.
2A). Tissue plasminogen activator decreased by a mean 13.0 =
4.6% in the GH group and increased a mean 1.1 * 5.2% in the
placebo group (P = 0.02) (Fig. 2B). There was no change in
homocysteine or soluble E-selectin.

Body composition

Mean body weight decreased in the group that received GH
compared with placebo (—1.1 = 0.7 vs. 1.3 £ 0.5 kg; P = 0.01)
over 6 months. Body composition data are presented in Table 2.
Mean body fat, as measured by dual energy x-ray absorptiom-
etry, decreased 5.1 = 2.0% in the group that received GH and

increased 1.9 = 1.0% in the placebo group (P = 0.002) (Fig. 3A),
with a decrease in visceral fat mass, as measured by cross-sec-
tional computed tomography, of 9.0 = 5.9% in the GH group
compared with a gain of 4.3 + 2.7% (P = 0.03) in the placebo
group (Fig. 3B). These differences remained significant after con-
trolling for the presence or absence of adrenal insufficiency at
baseline (P = 0.005 for percent change in body fatand P = 0.04
for percent change in visceral fat mass). Waist to hip ratio also
decreased in the GH compared with placebo group (—1.0 = 0.8
vs. 2.4 = 1.2%; P = 0.04) (Fig. 3C). Mean resting energy ex-
penditure increased in the group receiving GH compared with
placebo (13.1 = 3.8 vs. 0.8 = 3.1%; P = 0.02) (Fig. 3D). There
was no significant change in sc fat (measured by cross-sectional
computed tomography) and no change in fat-free mass (mea-
sured by dual-energy x-ray absorptiometry). Change in mean
caloric intake was similar in the two groups [115 = 107 (GH) vs.
—116 = 96 (placebo) kcal/d; P = 0.1].

TABLE 2. Percent change in body composition and cardiovascular risk marker variables
Placebo GH P value comparing %

Baseline % Change Baseline % Change change
Total body fat (kg) 329=*25 1910 36.0 £ 3.0 -51=x20 0.002
Subcutaneous fat (mm?) 36,264 * 3,000 -1.8=+27 40,602 = 4,399 -56=*+26 0.41
Visceral fat (mm?) 15,424 = 1,745 43 +27 46.1 = 16.9 -9.0*x59 0.03
Total fat-free mass (kg) 46.1 = 1.7 1.7 0.8 474 +1.9 1.7*x0.8 1.00
Waist to hip ratio 0.87 = 0.01 2412 0.89 = 0.02 -1.0=*+0.8 0.04
Total cholesterol (mg/dl) 203.3+94 3.8+25 203.4 +10.4 -3.1x17 0.04
HDL (mg/dl) 55.8 + 4.3 —=10.1 £ 2.1 52.6 = 3.7 04 x27 0.004
LDL (mg/dl) 119.5 = 8.3 6.1 =32 122.8 £ 9.1 —-04*+35 0.18
Triglycerides (mg/dl) 153.6 £ 17.7 152 +7.9 137.7 £ 15.8 —-3.0 £ 9.1 0.14
hsCRP (mg/liter) 69+14 —182 £6.0 104 =20 —38.2*+96 0.03
Homocysteine (wMol/liter) 6.3 0.3 —26*36 7.2 =05 —-86=*+49 0.32
sE-selectin (ng/ml) 51984 3.7*=11.0 37.3£5.0 349 =149 0.10
tPA (ng/ml) 125*+15 1.1x52 12.0 = 3.0 —13.0*+ 46 0.02
Fibrinogen (mg/dl) 301.7 £ 14.0 0.7 =45 303.3 £ 14.3 96 *+52 0.21
Fasting glucose (mg/dl) 85.5 *+ 2.1 1315 81725 39+1.6 0.59
Insulin (ulU/ml) 122 1.6 10.3 £ 86 13.0 34 265+ 138 0.31
HOMA-IR 2.7 *+04 12.9 = 10.1 2.8 *+0.7 32.3+15.8 0.30
HOMA-B 202.3 £32.0 254 =187 213.2 £43.8 26*+90 0.68
Resting energy expenditure (kcal/d)  1,401.7 + 68.3 0.8 = 3.1 1,382.0 £ 70.6 13.1 £ 3.8 0.02
Respiratory quotient 0.89 = 0.02 —-0.70 = 1.89 0.88 = 0.01 —-1.95 =+ 1.59 0.63
Total caloric intake (kcal) 1,637.3 £96.5 -40=*52 1,687.8 + 134.3 75+72 0.20

Data are presented as mean = SEM. HDL, High-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; HOMA-IR, homeostasis model assessment-insulin

resistance; LDL, low-density lipoprotein; sE-selectin, soluble E-selectin; tPA, tissue plasminogen activator. Significant P values are bolded.
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FIG. 2. Panel A, Mean high-sensitivity C-reactive protein (hsCRP)
decreased more in the GH then in the placebo group (—38.2 + 9.6% vs.
—18.2 = 6.0%, P = 0.03). Panel B, Mean tissue plasminogen activator
(tPA) decreased in the GH compared with placebo group (=13.0 + 4.6%
vs. +1.1 = 5.2%; P = 0.02). *, P < 0.05.

Lipids and lipoproteins

Mean total cholesterol decreased and high-density lipopro-
tein increased in the GH group [total cholesterol: —3.1 = 1.7
(GH) vs. 3.8 = 2.5% (placebo), P = 0.04; high-density lipopro-
tein: 0.4 = 2.7 (GH) vs. —10.1 % 2.1% (placebo), P = 0.004],
with nonsignificant decreases in low-density lipoprotein and
triglycerides.

Glucose metabolism

There was no difference in fasting glucose, fasting insulin,
homeostasis model assessment-insulin resistance, homeostasis
model assessment-B, or glycosylated hemoglobin (HbA,_.) be-
tween groups at baseline, nor was there any change in these
variables over 6-month GH administration compared with pla-
cebo. No patient randomized to receive GH had a 2-h glucose
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level more than 200 mg/dl at the 6-month visit (vs. one patient in
the placebo group). One patient in the GH group had an elevated
HDbA . at the 6-month visit (vs. two in the placebo group).

Association of changes in study endpoints with increase
in IGF-1 levels

Change in IGF-1 level was strongly inversely associated with
change in high-sensitivity C-reactive protein (r = —0.51; P =
0.003) (Fig.4A), but not tissue plasminogen activator. Change in
IGF-1 level was strongly inversely associated with percent
change in visceral fat mass (r = —0.61; P = 0.002) (Fig. 4B) and
total body fat mass (r = —0.69; P < 0.0001). There was a trend
toward an inverse association between change in IGF-1 level and
percent change in body weight (r = —0.33; P = 0.06) and waist
to hip ratio (r = —0.30; P = 0.1). Change in IGF-1 level was not
associated with percent change in high-density lipoprotein or
total cholesterol.

Adverse effects

The dose of GH was reduced when significant side effects
occurred. There were six dose reductions for edema and/or ar-
thralgias, and two for symptoms suggestive of carpal tunnel syn-
drome in the group receiving GH. One woman in the GH group
was dose-reduced because of an IGF-1 level above the third quar-
tile (but still in the normal range). Two women in the GH group
temporarily discontinued GH, one due to headaches and one
during follow-up for an abnormal mammogram. One woman in
the GH group discontinued the study after 3 months due to the
development of carpal tunnel syndrome signs and symptoms.
One woman in the placebo group was “dose-reduced” due to
edema.

Discussion

We undertook this placebo-controlled, randomized study to ex-
amine the effects of 6-month GH replacement on cardiovascular
effects in women with hypopituitarism and report that a modest
mean increase in IGF-1 decreases visceral fat, high-sensitivity
C-reactive protein, total cholesterol, and tissue plasminogen ac-
tivator but does not increase fat-free mass. This was achieved at
the low mean GH dose of 0.67 mg daily, resulting in no deteri-
oration of fasting insulin, glucose, or measures of insulin resis-
tance. Epidemiological studies have demonstrated that hypopi-
tuitarism confers an increased risk of cardiovascular events as
well as death, and GHD has been hypothesized to be a contrib-
utory factor (8, 9). The mechanisms underlying the effects of
GHD and GH on the cardiovascular system may include effects
on inflammatory pathways. GH is a cytokine (44-46), and we
have shown that when GH replacement is administered to GH-
deficient men, high-sensitivity C-reactive protein and IL-6 de-
crease compared with controls (24). In a study of men and
women combined, a 41% decrease in high-sensitivity C-reactive
protein was subsequently demonstrated (29). However, there
have been no studies examining inflammatory effects solely in
women. A metaanalysis has suggested possible beneficial effects
on lipidsand lipoproteins (25), and studies have shown effects on
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FIG. 3. Panel A, Mean body fat, as measured by dual-energy x-ray absorptiometry, decreased in the GH compared with placebo groups (—5.1 = 2.0% vs.
1.9 = 1.0%). Panel B, Mean visceral adipose tissue (VAT), as measured by cross-sectional computed tomography, decreased in the GH compared with

placebo groups (—9.0 = 5.9% vs. +4.3 = 2.7%). Panel C, Mean waist to hip ratio (WHR) decreased in the GH compared with placebo groups (—1.0 = 0.8
vs. +2.4 = 1.2%). Panel D, Mean resting energy expenditure increased in the GH compared with placebo groups (13.1 = 3.8 vs. 0.8 * 3.1%). *, P < 0.05.

other pathways, including clotting factors (26), but these studies
have focused primarily on men. When women have been in-
cluded, they have composed the minority of study subjects, re-
sults from both sexes have been pooled for analyses, and/or data
for the subset of women studied have not been presented (26—
33). An exception is a study by Burman et al. (1), who performed
arandomized, placebo-controlled study of GH administration in
21 men and 15 women. Although randomization was not strat-
ified for sex, results were analyzed separately for each sex and
compared. Women did not lose as much body fat as men and, in
contrast to men, demonstrated no beneficial effects on serum
lipids, lipoproteins, or clotting factors; lipoprotein(a) increased
in both men and women. However, inflammatory markers were
not studied; therefore, gender-specific effects on these endpoints
are not established. Moreover, in both healthy (47) and hypop-
ituitary (48) women, IGF-1 levels are lower for a given level of
GH secretion than in their male counterparts. Therefore, women
with hypopituitarism may have a relatively more severe IGF-1
deficiency than men despite a similar degree of hypopituitarism
and GHD, and GHD, therefore, may have a more significant
impact on cardiovascular health in hypopituitary women than
men. Because hypopituitarism carries a greater risk of mortality
in women than in men (4, 6, 7), investigation into the patho-
physiology of atherosclerosis in women with hypopituitarism
may have important clinical implications.

We report that low-dose GH administration results in a de-
cline in high-sensitivity C-reactive protein compared with pla-
cebo in hypopituitary women with GHD. Inflammation plays a
central role in the pathophysiology of atherosclerosis (49). Each
atherosclerotic lesion represents a different stage of a chronic

inflammatory process in the arterial wall, and markers along the
inflammatory cascade have predicted the risk of cardiovascular
events (50). Among these, high-sensitivity C-reactive protein,
which is produced by the liver and is a downstream, late-stage
marker of inflammation at all levels of the inflammatory ath-
erosclerotic pathway, is one of the best validated (51). Prospec-
tive studies have demonstrated that increased levels of high-sen-
sitivity C-reactive protein are more strongly predictive of the
future risk of coronary events than low-density lipoprotein cho-
lesterol (52), and measurement of high-sensitivity C-reactive
protein adds considerable value to total and high-density li-
poprotein cholesterol in the prediction of cardiovascular risk
(53). GH has important immunomodulatory effects (44-46),
and the current findings in hypopituitary women are in concert
with those from one randomized, placebo-controlled study in
men (24) and one in men and women combined (29). Our finding
of a mean 20% reduction in high-sensitivity C-reactive protein
levels in hypopituitary women with GHD, 68% of whom had
high-sensitivity C-reactive protein levels in the highest risk cat-
egory, may imply that multiple steps in the inflammatory path-
way are affected by GH treatment and may have significant clin-
ical implications. Large prospective studies would be needed to
determine whether the reduction in high-sensitivity C-reactive
protein levels results in decreased cardiovascular event rates in
hypopituitary women with GHD.

An improvement in tissue plasminogen activator levels was
also shown in the current study, suggesting a beneficial effect on
the fibrinolytic system. Pro-thrombotic markers, including fi-
brinogen and PAI-1, are elevated in hypopituitary patients with
GHD (16), and Johansson et al. (26) demonstrated decreases in
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PAI-1, tissue plasminogen activator, a-2-antiplasmin, and pro-
tein C, but not antithrombin, or factors VII or VIII in 17 hypo-
pituitary adults, eight of whom were women. We demonstrated
a decrease in tissue plasminogen activator levels in hypopituitary
women receiving GH compared with placebo. This supports a
positive effect of GH replacement on clotting factors in women
with GHD due to hypopituitarism.

Similar to many other studies of GH replacement, we dem-
onstrated a decrease in total cholesterol. However, there was no
significant improvement in low-density lipoprotein levels to
which to attribute this reduction. The mean high-density li-
poprotein level declined in the placebo group by a mean 10% but
remained stable in the GH-treated group, suggesting a possible
small beneficial effect on high-density lipoprotein. Therefore, the
effects on lipids and lipoproteins of 6-month GH replacement in
women with hypopituitarism were modest. We did not show an
effect of GH on soluble E-selectin, suggesting that GH does not
act on adhesion, or homocysteine at the IGF-1 levels achieved.
The latter finding is in contrast to our findings in men (54).

We demonstrate a decline in body fat, primarily due to a
significant decrease in visceral fat mass, in women with hypo-
pituitarism treated with GH compared with placebo, as has been
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shown in men (55, 56). We also report a decrease in weight in
women receiving GH compared with placebo, which we did not
find in a randomized, placebo-controlled study of GH replace-
ment in men with hypopituitarism (56). A decrease in weight
would be expected to be associated with a decline in resting
metabolic rate. However, in the GH-treated subjects, a decline in
weight was accompanied by an increase in resting metabolic rate.
Moreover, the decrease in weight does not appear to be a func-
tion of decreased energy intake because the total caloric intake
was similar in the GH- and the placebo-treated subjects. In con-
trast to published effects in GH-deficient males, GH adminis-
tration did not result in increases in fat-free mass, and a net
decrease in weight in the GH group was observed. Whether these
differences reflect gender-specific effects of GH or a dose effect
is unclear. Further studies to determine whether higher doses of
GH resulting in a larger change in serum IGF-1 levels, commen-
surate with those achieved in most studies in men, would result
in an increase in fat-free mass in women with GHD should be
performed.

Insulin resistance is a well-established risk factor for the de-
velopment of cardiovascular disease and can be exacerbated
acutely by GH administration, whereas chronic effects appear to
be neutral or positive (24, 57, 58). A metaanalysis suggested that
women may experience less of a deleterious effect on glucose
than men (25). In our study there was no effect of GH admin-
istration on fasting glucose, homeostasis model assessment-in-
sulin resistance, or HbA . in women treated for 6 months. Thus,
the beneficial effects of GH on decreasing visceral fat and high-
sensitivity C-reactive protein do not appear to be negated by a
worsening of insulin resistance.

Our data indicate that GH replacement decreases visceral fat
mass, high-sensitivity C-reactive protein, and tissue plasminogen
activator in hypopituitary women with GHD, and suggest that
GH may modulate inflammatory pathways involved in the
pathogenesis of atherosclerosis. This may be particularly impor-
tant for women with hypopituitarism, who are at increased risk
for cardiovascular events. These favorable changes occurred de-
spite administration of low doses of GH, resulting in relatively
modest increases in IGF-1 levels, and was associated with few
side effects, and no worsening of insulin resistance.

Acknowledgments

We thank the nurses and bionutritionists, Massachusetts General Hos-
pital, Massachusetts Institute of Technology General Clinical Research
Centers, and the patients who participated in the study.

Address all correspondence and requests for reprints to: Karen K. Miller,
Neuroendocrine Unit, Bulfinch 457B, Massachusetts General Hospital,
Boston, Massachusetts 02114. E-mail: KKMiller@partners.org.

This work was supported in part by an investigator-initiated research
grant from Pfizer and by the National Institutes of Health Grant MO1
RRO1066.

* C.B. and A.L.U. contributed equally to this work and should both
be considered first authors.

Disclosure Statement: C.B., A.L.U., A.E.S., L.N., and K.K.M. have
nothing to declare. A.K. receives grant support from Pfizer. B.M.K.B.
receives grant support from and consults for Pfizer, Eli Lilly, and Novo

Nordisk.

20z udy 01 U0 3sanb Aq 6228652/£902/9/€6/2101ME/Wad(/W0d dno-olwapede//:sdiy Wolj papeojumoq



2070 Beauregard et al. GH Decreases Visceral Fat
References
1. Burman P, Johansson AG, Siegbahn A, Vessby B, Karlsson FA 1997 Growth

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

hormone (GH)-deficient men are more responsive to GH replacement therapy
than women. J Clin Endocrinol Metab 82:550-555

. American Heart Association 2007 Heart and stroke statistical update. Dallas:

Dallas Tx American Heart Association

. Rosen T, Bengtsson BA 1990 Premature mortality due to cardiovascular dis-

ease in hypopituitarism. Lancet 336:285-288

. Bulow B, Hagmar L, Eskilsson J, Erfurth EM 2000 Hypopituitary females have

a high incidence of cardiovascular morbidity and an increased prevalence of
cardiovascular risk factors. J Clin Endocrinol Metab 85:574-584

. Wuster C, Slenczka E, Ziegler R 1991 [Increased prevalence of osteoporosis

and arteriosclerosis in conventionally substituted anterior pituitary insuffi-
ciency: need for additional growth hormone substitution?]. Klin Wochenschr
69:769-773 (German)

. Tomlinson JW, Holden N, Hills RK, Wheatley K, Clayton RN, Bates AS,

Sheppard MC, Stewart PM 2001 Association between premature mortality
and hypopituitarism. West Midlands Prospective Hypopituitary Study Group.
Lancet 357:425-431

. Bates AS, Van’t Hoff W, Jones PJ, Clayton RN 1996 The effect of hypopitu-

itarism on life expectancy. J Clin Endocrinol Metab 81:1169-1172

. Erfurth EM, Bulow B, Eskilsson J, Hagmar L 1999 High incidence of cardio-

vascular disease and increased prevalence of cardiovascular risk factors in
women with hypopituitarism not receiving growth hormone treatment: pre-
liminary results. Growth Horm IGF Res 9(Suppl A):21-24

. Besson A, Salemi S, Gallati S, Jenal A, Horn R, Mullis PS, Mullis PE 2003

Reduced longevity in untreated patients with isolated growth hormone defi-
ciency. ] Clin Endocrinol Metab 88:3664-3667

Cuneo RC, Salomon F, McGauley GA, Sonksen PH 1992 The growth hormone
deficiency syndrome in adults. Clin Endocrinol (Oxf) 37:387-397

De Boer H, Blok GJ, Voerman HJ, De Vries PM, van der Veen EA 1992 Body
composition in adult growth hormone-deficient men, assessed by anthropom-
etry and bioimpedance analysis. ] Clin Endocrinol Metab 75:833-837
Binnerts A, Deurenberg P, Swart GR, Wilson JH, Lamberts SW 1992 Body
composition in growth hormone-deficient adults. Am J Clin Nutr 55:918-923
Weaver JU, Monson JP, Noonan K, John WG, Edwards A, Evans KA, Cun-
ningham J 1995 The effect of low dose recombinant human growth hormone
replacement on regional fat distribution, insulin sensitivity, and cardiovascular
risk factors in hypopituitary adults. J Clin Endocrinol Metab 80:153-159
Johansson JO, Fowelin J, Landin K, Lager I, Bengtsson BA 1995 Growth
hormone-deficient adults are insulin-resistant. Metabolism 44:1126-1129
RosenT,Eden S, Larson G, Wilhelmsen L, Bengtsson BA 1993 Cardiovascular
risk factors in adult patients with growth hormone deficiency. Acta Endocrinol
(Copenh) 129:195-200

Johansson JO, Landin K, Tengborn L, Rosen T, Bengtsson BA 1994 High
fibrinogen and plasminogen activator inhibitor activity in growth hormone-
deficient adults. Arterioscler Thromb 14:434-437

Markussis V, Beshyah SA, Fisher C, Sharp P, Nicolaides AN, Johnston DG
1992 Detection of premature atherosclerosis by high-resolution ultrasonog-
raphy in symptom-free hypopituitary adults. Lancet 340:1188-1192

Pfeifer M, VerhovecR, Zizek B, Prezelj J, Poredos P, Clayton RN 1999 Growth
hormone (GH) treatment reverses early atherosclerotic changes in GH-defi-
cient adults. ] Clin Endocrinol Metab 84:453-457

Evans LM, Davies JS, Goodfellow J, Rees JA, Scanlon MF 1999 Endothelial
dysfunction in hypopituitary adults with growth hormone deficiency. Clin
Endocrinol (Oxf) 50:457-464

Capaldo B, Patti L, Oliviero U, Longobardi S, Pardo F, Vitale F, Fazio S, Di
Rella F, Biondi B, Lombardi G, Sacca L 1997 Increased arterial intima-media
thickness in childhood-onset growth hormone deficiency. ] Clin Endocrinol
Metab 82:1378-1381

Borson-Chazot F, Serusclat A, Kalfallah Y, Ducottet X, Sassolas G, Bernard
S, Labrousse F, Pastene J, Sassolas A, Roux Y, Berthezene F 1999 Decrease in
carotid intima-media thickness after one year growth hormone (GH) treatment
in adults with GH deficiency. J Clin Endocrinol Metab 84:1329-1333
Leonsson M, Hulthe J, Oscarsson J, Johannsson G, Wendelhag I, Wikstrand
J, Bengtsson BA 2002 Intima-media thickness in cardiovascularly asymptom-
atic hypopituitary adults with growth hormone deficiency: relation to body
mass index, gender, and other cardiovascular risk factors. Clin Endocrinol
(Oxf) 57:751-759

Sesmilo G, Miller KK, Hayden D, Klibanski A 2001 Inflammatory cardiovas-
cular risk markers in women with hypopituitarism. J Clin Endocrinol Metab
86:5774-5781

Sesmilo G, Biller BM, Llevadot J, Hayden D, Hanson G, Rifai N, Klibanski A
2000 Effects of growth hormone administration on inflammatory and other

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

J Clin Endocrinol Metab, June 2008, 93(6):2063-2071

cardiovascular risk markers in men with growth hormone deficiency. A ran-
domized, controlled clinical trial. Ann Intern Med 133:111-122

Maison P, Griffin S, Nicoue-Beglah M, Haddad N, Balkau B, Chanson P 2004
Impact of growth hormone (GH) treatment on cardiovascular risk factors in
GH-deficient adults: a metaanalysis of blinded, randomized, placebo-con-
trolled trials. J Clin Endocrinol Metab 89:2192-2199

Johansson JO, Landin K, Johannsson G, Tengborn L, Bengtsson BA 1996
Long-term treatment with growth hormone decreases plasminogen activator
inhibitor-1 and tissue plasminogen activator in growth hormone-deficient
adults. Thromb Haemost 76:422-428

Serri O, St-Jacques P, Sartippour M, Renier G 1999 Alterations of monocyte
function in patients with growth hormone (GH) deficiency: effect of substi-
tutive GH therapy. J Clin Endocrinol Metab 84:58-63

Yuen KC, Frystyk J, White DK, Twickler TB, Koppeschaar HP, Harris PE,
Fryklund L, Murgatroyd PR, Dunger DB 2005 Improvement in insulin sen-
sitivity without concomitant changes in body composition and cardiovascular
risk markers following fixed administration of a very low growth hormone
(GH) dose in adults with severe GH deficiency. Clin Endocrinol (Oxf) 63:
428-436

Bollerslev J, Ueland T, Jorgensen AP, Fougner KJ, Wergeland R, Schreiner T,
Burman P 2006 Positive effects of a physiological dose of GH on markers of
atherogenesis: a placebo-controlled study in patients with adult-onset GH
deficiency. Eur J Endocrinol 154:537-543

Boger RH, Skamira C, Bode-Boger SM, Brabant G, von zur Muhlen A, Frolich
JC 1996 Nitric oxide may mediate the hemodynamic effects of recombinant
growth hormone in patients with acquired growth hormone deficiency. A
double-blind, placebo-controlled study. J Clin Invest 98:2706-2713

Christ ER, Cummings MH, Albany E, Umpleby AM, Lumb PJ, Wierzbicki AS,
Naoumova RP, Boroujerdi MA, Sonksen PH, Russell-Jones DL 1999 Effects
of growth hormone (GH) replacement therapy on very low density lipoprotein
apolipoprotein B100 kinetics in patients with adult GH deficiency: a stable
isotope study. J Clin Endocrinol Metab 84:307-316

Kvasnicka J, Marek J, Kvasnicka T, Weiss V, Markova M, Stepan J, Umlau-
fova A 2000 Increase of adhesion molecules, fibrinogen, type-1 plasminogen
activator inhibitor and orosomucoid in growth hormone (GH) deficient adults
and their modulation by recombinant human GH replacement. Clin Endocri-
nol (Oxf) 52:543-548

Hansen TK, Fisker S, Dall R, Ledet T, Jorgensen JO, Rasmussen LM 2004
Growth hormone increases vascular cell adhesion molecule 1 expression: in
vivo and in vitro evidence. ] Clin Endocrinol Metab 89:909-916

Hartman ML, Crowe BJ, Biller BM, Ho KK, Clemmons DR, Chipman JJ,
HyposCCS Advisory Board: U.S. HyposCCS Study Group 2002 Which pa-
tients do not require a GH stimulation test for the diagnosis of adult GH
deficiency? J Clin Endocrinol Metab 87:477-485

Aimaretti G, Corneli G, Razzore P, Bellone S, Baffoni C, Arvat E, Camanni F,
Ghigo E 1998 Comparison between insulin-induced hypoglycemia and growth
hormone (GH)-releasing hormone + arginine as provocative tests for the di-
agnosis of GH deficiency in adults. J Clin Endocrinol Metab 83:1615-1618
Biller BM, Samuels MH, Zagar A, Cook DM, Arafah BM, Bonert V, Stavrou
S, Kleinberg DL, Chipman JJ, Hartman ML 2002 Sensitivity and specificity of
six tests for the diagnosis of adult GH deficiency. J Clin Endocrinol Metab
87:2067-2079

Koutkia P, Canavan B, Breu J, Torriani M, Kissko ], Grinspoon S 2004
Growth hormone-releasing hormone in HIV-infected men with lipodystrophy:
a randomized controlled trial. JAMA 292:210-218

Cunningham JJ 1990 Calculation of energy expenditure from indirect calo-
rimetry: assessment of the Weir equation. Nutrition 6:222-223

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC
1985 Homeostasis model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man. Diabetologia
28:412-419

Bonora E, Targher G, Alberiche M, Bonadonna RC, Saggiani F, Zenere MB,
Monauni T, Muggeo M 2000 Homeostasis model assessment closely mirrors
the glucose clamp technique in the assessment of insulin sensitivity: studies in
subjects with various degrees of glucose tolerance and insulin sensitivity. Di-
abetes Care 23:57-63

Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sullivan G, Quon MJ
2000 Quantitative insulin sensitivity check index: a simple, accurate method
for assessing insulin sensitivity in humans. J Clin Endocrinol Metab 85:2402—
2410

Kratz A, Ferraro M, Sluss P, Lewandrowski K 2004 Case records of the Mas-
sachusetts General Hospital. Weekly clinicopathological exercises. Labora-
tory reference values. N Engl ] Med [Erratum (2004) 351:2461] 351:1548—
1563

Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon 3rd RO,

20z udy 01 U0 3sanb Aq 6228652/£902/9/€6/2101ME/Wad(/Wod dno-olwapede//:sdiy Wolj papeojumoq



J Clin Endocrinol Metab, June 2008, 93(6):2063-2071

44,

45.

46.

47.

48.

49.

50.

51.

Criqui M, Fadl YY, Fortmann SP, Hong Y, Myers GL, Rifai N, Smith Jr SC,
Taubert K, Tracy RP, Vinicor F, Centers for Disease Control and Preven-
tion, American Heart Association 2003 Markers of inflammation and car-
diovascular disease: application to clinical and public health practice: a
statement for healthcare professionals from the Centers for Disease Control
and Prevention and the American Heart Association. Circulation 107:499—
511

Inoue T, Saito H, Fukushima R, Inaba T, Lin MT, Fukatsu K, Muto T 1995
Growth hormone and insulinlike growth factor I enhance host defense in a
murine sepsis model. Arch Surg 130:1115-1122

Geffner M 1997 Effects of growth hormone and insulin-like growth factor Ton
T- and B-lymphocytes and immune function. Acta Paediatr Suppl 423:76-79
Jarrar D, Wolf SE, Jeschke MG, Ramirez RJ, DebRoy M, Ogle CK, Papacon-
staninou J, Herndon DN 1997 Growth hormone attenuates the acute-phase
response to thermal injury. Arch Surg 132:1171-1175

Landin-Wilhelmsen K, Lundberg PA, Lappas G, Wilhelmsen L 2004 Insulin-
like growth factor I levels in healthy adults. Horm Res 62(Suppl 1):8-16
SpanJP, Pieters GF, Sweep CG, Hermus AR, Smals AG 2000 Gender difference
in insulin-like growth factor I response to growth hormone (GH) treatment in
GH-deficient adults: role of sex hormone replacement. J Clin Endocrinol
Metab 85:1121-1125

Ross R 1999 Atherosclerosis—an inflammatory disease. N Engl ] Med 340:
115-126

Libby P, Ridker PM 1999 Novel inflammatory markers of coronary risk:
theory versus practice. Circulation 100:1148-1150

Ridker PM 1999 Evaluating novel cardiovascular risk factors: can we better
predict heart attacks? Ann Intern Med 130:933-937

52.

53.

54.

55.

56.

57.

58.

jcem.endojournals.org 2071

Ridker P, Rifai N, Rose L, Buring J, Cook N 2002 Comparison of C-reactive
protein and low-density lipoprotein cholesterol levels in the prediction of first
cardiovascular events. N Engl ] Med 347:1557-1565

Ridker PM, Glynn R], Hennekens CH 1998 C-reactive protein adds to the
predictive value of total and HDL cholesterol in determining risk of first myo-
cardial infarction. Circulation 97:2007-2011

Sesmilo G, Biller BM, Llevadot J, Hayden D, Hanson G, Rifai N, Klibanski A
2001 Effects of growth hormone (GH) administration on homocyst(e)ine lev-
els in men with GH deficiency: a randomized controlled trial. ] Clin Endocrinol
Metab 86:1518-1524

Bengtsson BA, Eden S, Lonn L, Kvist H, Stokland A, Lindstedt G, Bosaeus I,
Tolli J, Sjostrom L, Isaksson OG 1993 Treatment of adults with growth hor-
mone (GH) deficiency with recombinant human GH. ] Clin Endocrinol Metab
76:309-317

Baum HB, Biller BM, Finkelstein JS, Cannistraro KB, Oppenhein DS, Schoen-
feld DA, Michel TH, Wittink H, Klibanski A 1996 Effects of physiologic
growth hormone therapy on bone density and body composition in patients
with adult-onset growth hormone deficiency. A randomized, placebo-con-
trolled trial. Ann Intern Med 125:883-890

Svensson J, Fowelin J, Landin K, Bengtsson BA, Johansson JO 2002 Effects of
seven years of GH-replacement therapy on insulin sensitivity in GH-deficient
adults. J Clin Endocrinol Metab 87:2121-2127

Fowelin J, Attvall S, Lager I, Bengtsson BA 1993 Effects of treatment with
recombinant human growth hormone on insulin sensitivity and glucose me-
tabolism in adults with growth hormone deficiency. Metabolism 42:1443—
1447

20z udy 01 U0 3sanb Aq 6228652/£902/9/€6/2101ME/Wad(/W0d dno-olwapede//:sdiy Wolj papeojumoq



