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treated patients34. The overall risk of developing dia-
betes mellitus is not increased during GH replacement
therapy, although GHD patients with low baseline
insulin sensitivity are at increased risk8,34. In a two year
study, GH replacement therapy given at a low titrat-
ed dose resulted in modest increment in mean fasting
glucose and mean glycated haemoglobin, both of which
remained within the reference range35. In this study a
weak but significant correlation was found between
the increment in HbA1c and pretreatment BMI.

Cardiovascular function

Patients with hypopituitarism receiving conven-
tional hormonal replacement therapy excluding GH
have a mortality rate twice that of age and sex-matched
normal subjects, a difference attributable to an in-
creased number of cardiovascular events and impli-
cating GHD as an etiological factor3. Loss of GH se-
cretion is an early event in the development of pitu-
itary deficiency and it can therefore be assumed that
the majority of patients with hypopituitarism are also
GH deficient. Both GH and IGF-I receptors are ex-
pressed in the heart and these hormones may be in-
volved in the developmental growth and maintenance
of the structure of the heart36,37. Their effects can be
either direct, acting on the endothelial cells, or indi-
rect modifying established risk factors linked to ath-
erosclerosis38,39 GHD in adults is associated with a dis-
turbed lipoprotein pattern, higher incidence of hyper-
tension, abnormal body composition, impaired glu-
cose homeostasis, hypercoaguability, increased inti-
ma-medial thickening and arterial intimal plaque for-
mation, premature atherosclerosis, impaired cardiac
function and a decrease in exercise capacity39-41. Pa-
tients with GHD also have increased sympathetic
nerve activity, probably of central origin, leading to
hypertension, contributing further to the increased
cardiovascular mortality42. Nitric oxide generation has
been found to be low and endothelium dependent
vasodilatation is impaired in GHD adults and im-
proves with GH replacement therapy43,44. These chang-
es result in an increased atherogenic propensity and
may contribute to premature cardiovascular mortali-
ty1. Interestingly, in one study treatment with GH nor-
malized the intima-media thickness of the common
carotid artery within 6 months and that of the carotid
bifurcation within 3 months45. Factors that accelerate
atherosclerosis in GHD adults are outlined in Table 3.

Adult GHD, particularly of childhood onset, leads

Table 3. Risk Factors For Atherosclerosis Associated With Adult
Growth Hormone Syndrome

Increased visceral fat

Increased insulin resistance

Increased LDL-cholesterol and ApoB

Decreased HDL-cholesterol

Higher incidence of hypertension

Increased carotid intima-medial thickness

Decreased nitric oxide generation � Impaired endothelium depen-
dent vasodilation

Hypercoaguability (­ plasminogen activator inhibitor, ­ fibrinogen)

Increased inflammatory markers of vascular disease (­ CRP)

to a reduction in the mass of both ventricles and im-
paired cardiac performance with low heart rate (hy-
pokinetic syndrome)46. These alterations are particu-
larly evident during physical exercise and may con-
tribute to the reduced exercise capacity of GHD pa-
tients, in addition to the reduced muscle mass and
strength47. A short term placebo controlled study dem-
onstrated that GHD adults had significant cardiac
impairment (reduced left ventricular mass index, re-
duced left ventricular systolic function associated with
decreased fractional shortening and rate-adjusted
mean velocity of circumferential fibre shortening)48.
Treatment with recombinant GH for 6 months result-
ed in normalization of echocardiographic findings,
while six months after cessation of therapy, cardiac
function had returned to pretreatment levels48. In an-
other study of thirty adults with acquired GHD, car-
diac output increased by 30 to 40% and total periph-
eral resistance decreased by approximately 30% dur-
ing GH therapy43. Six months of GH replacement have
been shown to increase left ventricular mass, stroke
volume and cardiac output, and reduce peripheral
vascular resistance in GHD adults49. A sustained ef-
fect on cardiac performance has been reported to be
maintained up to 3 years after commencement of GH
therapy1. It is important, however, to monitor the long-
term cardiovascular effects of GH replacement as the
correct physiological GH replacement regimen is not
known, whereas persistently elevated IGF-I levels are
related to excess cardiovascular mortality in acrome-
galic patients46.

Quality of life (QoL) and well-being

GHD in adults causes distress and poor well-be-
ing50. Patients with adult GHD feel less energetic and




