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I. Introduction

H DEFICIENCY in the human adult most commonly
results from pituitary or peripituitary tumors and
their treatment (1). The majority of these tumors are benign,

Received July 25, 1997. Accepted October 15, 1997.

Address all correspondence and requests for reprints to: GRS Secre-
tariat, Medical Department M, Aarhus Kommunehospital, DK-8000,
Aarhus C, Denmark.

and in a large series, pituitary adenoma was the commonest
cause of adult hypopituitarism (2). The incidence of adult-
onset (AO) GH deficiency is not known, but indirect esti-
mates based on the incidence of pituitary tumors suggest an
incidence of 10 people/million annually. In contrast, child-
hood-onset (CO) GH deficiency is most commonly idiopathic
and is not necessarily associated with other pituitary hor-
mone deficiencies.

The limited supplies of pituitary-derived GH restricted
research into the use of GH in adults and limited knowledge
of the role of GH after the cessation of linear growth. An early
study, in which a 35-yr-old hypopituitary adult reported
increased vigor, ambition, and well-being after GH replace-
ment, suggested that GH may have biological actions in
adulthood (3). More recent evidence suggests that adults
with hypopituitarism have reduced life expectancy (2, 4),
possibly related to GH deficiency (5). The availability of
recombinant GH has led to intensive investigation of the
effects of GH in health and disease, and over the past decade,
numerous studies have focused on the effects of GH replace-
ment in the adult with GH deficiency.

The first placebo-controlled trials of GH replacement in the
GH-deficient adult were reported in 1989 (6, 7). These and
subsequent investigations have led to the recognition of a
specific clinical syndrome in adults with long standing GH
deficiency. This syndrome is associated with characteristic
symptoms, signs, and investigative findings. The main fea-
tures are listed in Table 1. Many studies have assessed the
effects of GH replacement on these symptoms and signs. The
majority of these data has resulted from both formal ran-
domized placebo-controlled trials and smaller open studies.
Consistently, these studies have demonstrated that adults
with GH deficiency are both physically and psychologically
less healthy than their age-matched peers, and that GH re-
placement results in substantial and sustained benefits. This
review details the important features resulting from GH de-
ficiency and summarizes the information, available up to the
beginning of 1997, relating to the effects of GH replacement.

II. Body Composition

In vitro and in vivo studies have shown that GH is anabolic,
lipolytic, and has an antinatriuretic action (8-10). Each of
these properties has an impact on body composition. Most of
the studies investigating body composition have referred to
a two-compartment model consisting of fat mass and lean
body mass (LBM).
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TABLE 1. The clinical features of GH deficiency in adults

Background
Need for GH treatment as a child
Known pituitary pathology * previous treatment
Full conventional pituitary hormone replacement
Symptoms
Abnormal body composition
Reduced lean body mass
Increased abdominal adiposity
Reduced strength and exercise capacity
Impaired psychological well-being
Reduced vitality and energy
Depressed mood
Emotional lability
Impaired self-control
Anxiety
Increased social isolation
Signs
Overweight with predominantly central (abdominal) adiposity
Thin, dry skin; cool peripheries; poor venous access
Reduced muscle strength
Reduction exercise performance
Depressed affect, labile emotions
Investigations
Stimulated GH level below 3 ug/L
Low or low-normal serum IGF-I
Elevated serum lipids, particularly LDL cholesterol
Reduced lean body/increased fat mass
Reduced bone mineral density

A wide range of techniques has been used to assess body
composition and have been reviewed by de Boer et al. (11).
They all rely on assumptions derived from healthy subjects,
e.g. constant hydration state of lean body, constant intracel-
lular potassium concentration, or a constant fat-free extra-
cellular compartment. These assumptions may not be valid
in AO GH deficiency. Nevertheless, despite the methodolog-
ical differences, the findings from these studies are strikingly
similar. In addition, recent studies using computerized to-
mography (CT) (12) and magnetic resonance imaging (MRI)
(13) have confirmed the previous findings.

A. Body composition in adults with GH deficiency compared
with that in healthy controls

1. Lean Body Mass (LBM). Reduced LBM is an important
feature of AO GH deficiency. Initial studies demonstrated a
mean reduction in LBM of 7-8%, corresponding to approx-
imately 4 kg lean tissue (6). Subsequent studies have con-
firmed these results (12, 14-16).

2. Fat mass. Salomon et al. (6) were the first to demonstrate
that fat mass was higher by a mean of 7% in GH-deficient
patients compared with predicted values based on age, sex,
and height. Using a wide range of measurement techniques,
this figure has been confirmed by other investigators (15,
17-22).

The fat mass distribution has been assessed in a number
of studies by waist/hip ratio, skin fold thickness (6, 17, 21),
CT scan (12), and MRI (13) with consistent results. The excess
fat accumulates in a central (abdominal) distribution, mostly
in the visceral component. In epidemiological studies, this
abdominal distribution has been associated with an in-
creased risk of mortality and morbidity from cardiovascular
disease.

3. Fluid volume. Studies employing a radioisotope dilution
technique and bioimpedance measurements indicate that to-
tal body water is reduced in AO GH deficiency (20, 21). This
is mainly due to a reduction in extracellular water (ECW) (15,
23, 24). Recent studies suggest that reduced plasma volume
(PV) (24) and total blood volume (25) contribute to the re-
duced ECW.

B. Effect of GH replacement

The studies investigating the effect of GH on body com-
position are summarized in Table 2. The range of the GH
dose used in these trials was 0.1-0.5 IU/kg-week (5-25

pg/kg-day).

1. Lean Body Mass. In all reported studies, LBM has been
shown to increase by a mean of 2-5.5 kg with GH replace-
ment treatment (6, 7, 12-17, 21, 26-32). This has been equally
observed in patients with AO and CO GH deficiency (33).
Skeletal muscle, the most prominent component of LBM, has
been demonstrated to increase in a parallel manner. GH
treatment results in significant increases in thigh muscle
cross-sectional area (14, 28).

2. Fat mass. GH replacement therapy has resulted in a mean
reduction in fat mass of approximately 4-6 kg in GH-defi-
cient adults (6, 7, 12-17, 21, 26-32). A recent study suggests
that this reduction occurs similarly in both CO and AO GH
deficiency (33). Anthropometric measurements indicate that
the most important change occurs in the abdominal region
(6). In addition, studies using CT (12) and MRI (13) have
shown that the reduction in abdominal fat mass is mainly
due to a reduction in visceral fat mass.

3. Fluid volume. In studies using radionuclide dilution meth-
ods and bioimpedance analysis, GH therapy resulted in an
increase in total body water (12, 33-35), particularly in ECW
within 3-5 days (22, 24, 26, 36). A short term study failed to
demonstrate an increase in PV after 2 weeks of GH treatment
(36), but a longer study has shown that an increase in PV
occurs after at least 3 weeks of GH replacement therapy (24).
In a recent study, GH therapy resulted in an 400-mL increase
in total blood volume after 3 months of treatment (35).

The well known antinatriuretic effect of GH appears to
involve a direct action of GH and/or insulin-like growth
factor I (IGF-I) on renal tubular sodium reabsorption,
but there is also evidence for an activation of the renin-
angiotensin system (24, 36).

II1. Bone Mineral Density (BMD) and Bone
Metabolism

A. Epidemiological data

A radiological study of 36 adults with long standing GH
deficiency demonstrated that 17% had reduced vertebral
height, consistent with vertebral fracture, and a further 19%
had features of osteopenia (37). In a retrospective study (38),
the fracture rate in 89 adult patients with GH deficiency was
significantly higher (24.1% vs. 11.8%) than that in a control
population (n = 390). These data suggest that adults with GH
deficiency are at increased risk of osteoporotic fractures.
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