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Growth hormone (GH) is listed in the 2008 Prohibited List (http://www.wada-ama.org/
rtecontent/document/2008_List_En.pdf) because of its theoretical potential to
enhance sports performance, its violation of the spirit of sports, and the health risks
that it poses to athletes. Doping with GH is a well-known problem in the world of sports
and its abuse has increased since the availability of recombinant GH in the late 1980s.
Its increasing popularity stems from its anabolic and lipolytic properties, and the difficulty of detection.1 There is anecdotal evidence that GH is abused in doses of
between 5 to 15 times that of the daily production rate.2,3 Despite large doses being
administered, the evidence of a beneficial effect on performance is weak.
Fitness correlates positively with GH status4,5 and physical training increases levels
of GH and insulin-like growth factor I (IGF-I) in healthy subjects.6–9 The maximum peak
of GH is detected at the end of prolonged exercise9 with a minor gender difference in
the timing of the peak GH response, which occurs earlier in female athletes.6 The link
between GH and exercise suggests a physiologic role of GH in the regulation of
physical health.
This article examines effects of GH on physical performance in the state of GH deficiency and in healthy adults, and also examines the health risks posed by long-term
abuse.
GROWTH HORMONE DEFICIENCY
Consequences of Growth Hormone Deficiency on Body Composition

The effects of GH replacement in GH-deficient adults provide a useful model to understand its role in adult life. GH deficiency (GHD) results in a reduction of lean body
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mass, muscle atrophy, and an increase in fat mass and central abdominal obesity.10
GH has a regulatory role in optimizing body composition through its anabolic and lipolytic actions.11 These effects are demonstrated when patients with GHD are replaced
with GH. GH reverses muscle atrophy and reduces central and total body fat
mass.12,13 In adults with GHD, long-term GH replacement reduces fat mass by up
to 20% and increases lean body mass (LBM) by about 3% to 7%, depending on
the GH dose and the duration of treatment.13–17
Consequences of Growth Hormone Deficiency on Muscle Strength

Muscle strength is also reduced in patients with GHD.18 The reduced muscle mass
and strength could be an effect of reduced muscle cross-sectional area in GHD
patients.19 It could also be caused by a reduction in the power generated per muscle
area,20 suggesting that contractile properties and neural activation might be additional
factors determining the reduction in muscle strength in adult GHD patients. Most open
studies report that GH replacement increases muscle strength in GHD subjects but
the effect is not uniform.18 Some double-blind placebo-controlled studies show that
GH replacement increases certain aspects of muscle strength,21 whereas other
studies report no beneficial effect.22 A recent meta-analysis of nine randomized
placebo-controlled studies of mean duration 6.7 months showed that short-term
GH replacement does not significantly improve muscle strength in GHD patients.23
However, Jorgensen and colleagues24 reported an improvement in isometric knee
flexion by 10% and extension by 7% after 12 months of GH treatment. After 3 years
of GH replacement, the improvement in muscle strength was maintained but remained
only 66% that of healthy subjects.25 Other studies also show a small although
persistent increase in muscle strength.26 Therefore, with long-term GH replacement
a certain degree of improvement in muscle strength can be expected.
Consequences of Growth Hormone Deficiency on Exercise Capacity

In addition to reduced muscle strength, aerobic exercise capacity is impaired in GHdeficient adults. Aerobic exercise capacity is typically measured by assessing
maximal oxygen consumption while exercising at maximum capacity (VO2max).
VO2max is reduced in GHD patients by about 20% compared with predicted VO2max
for age, gender, and height.18 Cuneo and colleagues27 in 1991 reported a 17%
increase in VO2max after 6 months of GH replacement compared with only 6%
increase in the placebo group. After 5 years of GH replacement, VO2max was maintained at the level close to that of expected VO2max for age and gender.28 Nass
and colleagues29 have shown in a double-blind placebo-controlled 6-month study
that GH replacement in GHD adults increased VO2max, maximal power output, and
exercise time compared with placebo-treated patients. However, when VO2max
was expressed per kilogram lean body mass, there were no effects of GH compared
with placebo, suggesting that increase in VO2max may depend on changes in muscle
mass from the GH supplementation.29 A meta-analysis by Widdowson and Gibney30
of 11 randomized placebo-controlled studies shows that GH replacement improves
VO2max and maximal power output in GH-deficient subjects independent of GH dose.
Several factors may contribute to the reduced exercise capacity in GHD. Respiratory muscle weakness31 and a reduction in cardiac function, such as left ventricular
ejection fraction and diastolic filling at rest, have been reported in patients with GH
deficiency.32 In addition, GHD is associated with an increase in plasma viscosity
and a reduction in plasma volume that may affect oxygen delivery and availability to
the tissues, rendering reduction in aerobic exercise capacity.33,34 Central effects,
such as reduction in general well-being, may also contribute to the reduced exercise
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capacity in GH-deficient patients.18 Thus, following GH replacement, upon improvement
of cardiorespiratory function and quality of life, exercise capacity may improve as well.
In summary, replacement of GH in GH deficiency improves some aspects of
exercise capacity but causes no further increase in muscle mass or strength, beyond
that expected for healthy adults of the same age and gender.
HEALTHY ADULTS
Protein Metabolism

There is unequivocal evidence that GH induces a protein anabolic effect in healthy
adults. This is supported by tracer studies at the tissue and the whole body levels.
An increase in whole body protein synthesis upon treatment with GH is clearly demonstrated in untrained men.35 In a placebo-controlled study, Healy and colleagues36
reported that GH treatment significantly reduced whole body protein oxidation, thus
reducing irreversible protein loss, and increased protein synthesis rate in trained
men. A program of resistance exercise also increased protein synthesis in muscle35
and, in a further study, the effect of resistance training was shown to be maintained
for up to 24 hours after exercise.37 On a whole body level, protein oxidation is also
stimulated during exercise.36 When GH was administered for 4 weeks, it resulted in
a smaller increase in protein oxidation compared with that induced by 30 minutes of
exercise alone, with concurrent stimulation of protein synthesis.36 Thus, GH may
conserve protein during exercise. However, administration of GH for 12 weeks in
combination with training did not have an additional effect on muscle protein metabolism when compared with placebo treatment.35 Thus, there is little evidence that
supra-physiologic doses of GH administration confer an additional protein anabolic
effect over and above that induced by exercise in healthy adults.
Although GH induces whole body protein synthesis in untrained men, this effect
appears to be lost in highly trained athletes. When Yarasheski and colleagues38
administered high-dose GH (40 mg/kg/d for 14 days) to experienced athletes during
weight-training routines, they found no change in whole body protein synthesis.
This finding suggests that GH administration modifies protein metabolism in untrained
individuals but is unlikely to induce a major anabolic stimulus to skeletal muscle in
highly trained athletes despite substantial increase in IGF-I levels.
Body Composition

There is good evidence that GH supplementation increases LBM in athletes. The LBM
is heterogeneous, comprising an inert compartment of extracellular water (ECW) and
a functional cellular compartment of mostly muscle, the body cell mass. Most
methods for evaluation of LBM, such as dual-energy x-ray absorptiometry (DXA), do
not distinguish lean solid tissue from fluid. Therefore, change in LBM measured by
DXA alone does not distinguish between changes in muscle mass and ECW. ECW
can be quantified separately using techniques such as bromide dilution39 and when
subtracted from the LBM, can be used to provide an estimate of body cell mass.
In a systematic review on the effects of GH recently undertaken by Liu and
colleagues,40 GH increased LBM by an average of 2.1 kg by meta-analysis of nine
studies involving an average treatment duration of 4 weeks. What is not clear is
whether increase in LBM reflects an increase in muscle mass or increase in fluid retention. Moller and colleagues41 have reported that 2 weeks of GH treatment in healthy
men increased ECW, but not intracellular water, a measure of body cell mass. Another
study showed that GH treatment for 1 month reduced body fat by 7% and increased
ECW by 10%.42 As no significant increase in intracellular water was found, the
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increase in lean body mass by 5% is likely accounted for by an increase in ECW
volume. In a double-blind placebo-controlled study from our group, growth hormone
for 8 weeks significantly increased LBM as estimated by DXA by about 2.5 kg.43
However, there was a concomitant expansion of the ECW volume by 2 L as estimated
by concurrent bromide dilution. The data provide strong evidence that fluid retention
accounts for most of the increase of LBM induced by GH.
EFFECTS OF GROWTH HORMONE ON PHYSICAL PERFORMANCE IN HEALTHY ADULTS

The effect of GH on physical performance in healthy adults has not been studied rigorously. Most of the studies available have evaluated GH effects in small groups of
subjects and almost exclusively in men (Table 1). Liu and colleagues40 have also
undertaken a systematic review of the effects of GH on various measures of athletic
performance, such as muscle strength and endurance. Twenty-seven studies
comprising a total number of 303 physically fit participants with mean age of 27 years
and mean body mass index (BMI) of 24 kg/m2 were considered suitable for analyses.
Participants from 7 studies received GH as only one injection but 20 of the studies
used GH treatment for an average of 20 days with average daily dose of 36 mg/kg.
Change in strength was evaluated in two studies and exercise capacity outcomes
were measured in six studies. The authors concluded that claims that GH enhances
physical performance are not supported by the scientific literature.40 However, they
stressed that more research is required to conclusively determine the effect of GH
on athletic performance. Recently, there has been evidence for improved physical
performance following short-term GH administration in a single-blind study; however,
this study was undertaken using the specific model of abstinent anabolic androgenic
steroid dependents.48
Here we review double-blind placebo-controlled studies evaluating the effect of GH
on physical performance in healthy subjects including that of a large double-blind
placebo-controlled study from our center. The information is summarized in Table 1.
Effects of GH in this section are discussed according to different measures of physical
performance, namely muscle strength and power, and aerobic and anaerobic exercise
capacity.
Effects on Muscle Strength

There is little information on the effects of GH on muscle strength in healthy adults.
Only three studies have appropriately evaluated muscle strength and none showed
any improvement after GH treatment (see Table 1).35,43,44 In one study involving eight
athletes, 6 weeks of GH treatment revealed no positive effect on maximal voluntary
strength of biceps and quadriceps muscles.44 Similarly, in a large group of recreational
athletes, our group has recently reported that both muscle strength, assessed by dead
lift dynamometer, and muscle power, assessed by jump height, were not affected by
GH treatment.43 Athletes often administer a cocktail of performance-enhancing drugs,
which contains androgens and GH. However, we showed in healthy trained men, that
co-administration of testosterone with GH in pharmacologic doses for 8 weeks also
failed to improve muscle strength or power.43
Exercise is the most potent stimulant for improving muscle strength. Exercise has
been shown to increase GH secretion; however, it is not known whether GH may
add to the beneficial effect of exercise on muscle strength. It can be postulated that
when GH administration is combined with exercise, it may increase muscle strength
more than exercise alone. However, this is not supported by a study in healthy
untrained men, which showed that addition of GH to resistance exercise training for
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Table 1
GH effect on physical performance in healthy subjects
Study Type

Subjects

GH Dose

Treatment Duration

Outcome Measures

Yarasheski
et al, 199235

Double-blind placebocontrolled parallel
study

18 untrained men

40 mg/kg/d for
5 d/wk 1 resistance
exercise

12 weeks

Muscle strength
improved with
exercise, but similar in
placebo and GH
groups

Deyssig
et al, 199344

Double-blind placebocontrolled parallel
study

22 lean men (power
athletes)

30 mg/kg/d

6 weeks

No effect on biceps and
quadriceps strength

Lange et al, 200245

Double-blind placebocontrolled cross-over
study

7 highly trained men

2.5 mg

4 hours pre-exercise

Bicycling speed did not
change, but GH
prevented 2 subjects
from completing the
exercise protocol;
VO2max did not
change

Irving et al, 200446

Randomized withinsubject design of 5 GH
and 1 placebo studies

9 fit lean men

10 mg/kg

0.75 to 3.75 hours
pre-exercise

VO2max reduced
without a drop-off in
power output

Berggren et al, 200547

Double-blind placebocontrolled parallel
study

30 active volunteers
(15 men, 15 women)

33 mg/kg/d
67 mg/kg/d

4 weeks

VO2max, power output,
muscle mass did not
change

Meinhardt
et al, in press43

Double-blind placebocontrolled parallel
study

96 recreational
athletes (63 men,
33 women)

2 mg/d

8 weeks

VO2max, muscle
strength, power did
not change;
anaerobic sprint
capacity increased
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12 weeks did not further improve muscle strength compared with that achieved by
training alone.35 Taken together, these studies show that in healthy subjects, muscle
strength and power do not improve after administration of GH in supraphysiological
doses.
Effects on Aerobic Exercise Capacity

Aerobic exercise capacity is assessed by measuring VO2max, which depends not only
on muscle function, but also on cardiorespiratory function and on motivation. Several
studies have found no significant effect of GH on VO2max in healthy adults, as
reviewed by Liu and colleagues.40
In a study involving 30 healthy young men and women, Berggren and colleagues47
found no significant effect on VO2max or on maximum achieved power output during
exercise after 4 weeks of GH treatment at two different doses, approximately 5 to 10
times daily production rate. There was no relationship between changes in IGF-I and
changes in oxygen uptake or maximum achieved power output.47 This negative
finding has been confirmed by our recent large study in 96 recreationally trained
athletes (see Table 1). GH administration for 8 weeks did not significantly change
VO2max in either men or women, and co-administration of testosterone also failed
to increase VO2max in men.43
It has been shown that acute GH administration may be detrimental. Irving and
colleagues46 reported that acute administration of GH reduced oxygen uptake during
exercise but did not affect total work and ratings of perceived exertion. In addition,
administration of GH 4 hours before exercise reduced performance in well-trained
young adults.45 Two subjects were unable to complete the 90-minute moderate- to
high-intensity exercise after receiving the GH treatment.45
These findings differ from the beneficial effects of GH replacement in enhancing
exercise capacity in GHD subjects. The duration of GH administration in studies in
athletes may have been too short, and treatment for months or years may be required
to show beneficial effect on physical performance, however observations in acromegaly suggest this is unlikely. Prolonged excess of GH in acromegaly causes myopathy with hypertrophic, but functionally weaker muscles,49,50 and significantly lower
VO2max is observed in acromegaly patients, to that predicted for healthy sedentary
adults of the same age, gender, and height.51 Importantly, reduction in IGF-I following
treatment of acromegaly correlates with improvement in exercise capacity.51
Thus, GH administration in healthy adults does not induce a stimulation of aerobic
exercise capacity.
Effects on Anaerobic Exercise Capacity

There is little published evidence on assessment of GH effects on anaerobic capacity.
Anaerobic capacity assesses the ability to generate a relatively high power output of
brief duration and represents capacity to exercise using predominately anaerobic
sources of energy, derived from phosphocreatinine degradation and glycogenolysis.
It is usually measured by the Wingate test, which is a 30-second all-out sprint capacity
test.
We have recently shown a novel enhancing effect of GH on muscle performance
that is dependent on the anaerobic metabolism.43 This is the first study assessing
the effect of GH on anaerobic capacity in healthy men and women. Eight weeks of
GH improved sprint capacity by about 6%. The effect was slightly greater in men
when co-administered with testosterone, with the increase approaching 9%. This
study provides the first evidence that growth hormone enhances anaerobic exercise
capacity.43
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In summary, there is no evidence from double-blind placebo-controlled studies that
GH enhances muscle strength or aerobic capacity in trained adult athletes despite
evidence for an anabolic effect of GH in GH-deficient patients (see Table 1). However,
there is evidence from a recent study that GH improves anaerobic exercise capacity.
POTENTIAL BENEFITS OF GROWTH HORMONE ADMINISTRATION IN ELITE ATHLETES

There are no published studies on the effects of GH treatment in elite athletes and it is
unlikely that these studies will ever be conducted for ethical reasons. Even if these
studies were undertaken, it is unlikely they could be sufficiently powered to detect
differences of 0.5% to 1.0% in physical performance, the small differences that separate Olympic champions from other finishing positions (http://en.beijing2008.cn/).
Another factor that may influence performance relates to the potential psychological
effect of any substance administration, namely the placebo effect. A positive effect
of placebo treatment has been found in many conditions, such as pain and movement
disorders, and depression.52 Placebo treatment may modulate pain pathways,
increase endogenous opioids and neurotransmitters, and influence the neuroendocrine and immune systems.52,53 In addition, placebo has been shown to increase physical performance and pain endurance, and reduce muscle fatigue perception.53–55
Finally, there is the possibility that GH may be beneficial in accelerating recovery
from soft tissue injury. This is based on the known effects of GH on connective tissue
formation, as indicated by an increase in collagen turnover markers.56,57 Animal
studies show that tendons heal faster after treatment with IGF-I.58 Thus, the increase
in IGF-I, which parallels GH treatment, may have potential beneficial effects on
recovery from injury in athletes, although evidence from human studies are lacking.
GROWTH HORMONE SIDE EFFECTS

Saugy and colleagues3 have reported that athletes may be using GH in dosages
ranging from approximately 10 to 25 IU per day three to four times a week. These
doses are approximately 5 to 10 times the daily production rate, and are higher
than dosages used in most studies of GH administration. There are side effects
from GH that arise from its antinatriuretic, metabolic, and growth-promoting properties. Most of the acute side effects reported in trials in healthy adults arise from fluid
retention (Fig. 1). These include edema, ‘‘pins and needles,’’ carpal tunnel syndrome,
and arthralgias.40,42,57 Other side effects, including sweating, fatigue, and dizziness,
have been reported after GH administration in healthy subjects.40,60 However, serious
side effects, including diabetes, may arise from its anti-insulin properties, especially
with high doses.61 The severity of these adverse effects may be worsened by concurrent abuse of anabolic steroids, which could have synergistic effects with GH, such as
effects on fluid retention62 and on the myocardium.63,64
Excess levels of GH negatively affect cardiac function. The effects of two doses
(0.03 or 0.06 mg/kg/d) of GH on cardiac output and morphology were examined in
a group of 30 young healthy men and 30 women treated for 4 weeks.59 Although
the lower dose of GH did not significantly affect echocardiographic parameters, the
higher dose increased cardiac output and left ventricular mass index. The accompanying increase in left ventricular wall thickness indicates that GH induces concentric
left ventricular remodeling.59 The effect of massive doses of anabolic androgenic
steroids without or with GH on left ventricular mass was studied by Karila and
colleagues63 in 20 male power athletes. They found a significant association between
androgenic steroids dose and left ventricular mass increase. Concomitant treatment
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Fig. 1. Summary of side effects reported in seven double-blind placebo-controlled trials in
healthy subjects of GH administration for 4 to 12 weeks with median GH dose of 40 mg/
kg/day.35,36,42,43,47,56,59 Data are presented as a range of percent of the subjects reporting
side effects after treatment with GH (black bars) and placebo (gray bars).

with GH further increased left ventricular mass and was associated with concentric
remodeling.63
The potential health risks of chronic abuse of GH can be gleaned from acromegaly,
which presents with cardiac, metabolic, and articular complications with increased risk
of malignant neoplasms and shortened life expectancy. Systolic and diastolic functions are impaired in acromegaly.65 Morphologic studies of the heart in acromegaly
report ventricular hypertrophy with increased fibrosis and extracellular collagen, which
coexists with myofibrillar derangement, myocyte necrosis, and lymphomononuclear
infiltration, resembling a pattern of myocarditis.5,65 The incidence of hypertension,66
as well as cardiovascular and cerebrovascular mortality is increased in acromegaly.67
GH impairs insulin action and hepatic and peripheral insulin sensitivity.68–70 Therefore, prolonged and sustained use of GH conveys a state of insulin resistance, predisposing to the development of diabetes. Indeed, diabetes is found in up to 40% of
patients with untreated acromegaly.4,66 There is also some evidence that prolonged
use of GH may be associated with increased risk of neoplasms.67,71 The incidence
of colon polyps, thyroid nodules, and prostate hypertrophy is increased in acromegaly. Whether this translates into increase in cancer risk is not clear.72 However,
the mortality rate of colon cancer is significantly increased in patients with acromegaly
compared with the control population,72 suggesting that a milieu of GH excess accelerates the growth of malignancy.
GH excess induces dysregulated growth of cartilage, causing arthralgia.73 These
changes in articular cartilage are irreversible. This is exemplified by a study in a group
of patients cured of acromegaly, in whom the authors reported radiological evidence
of osteoarthritis in 99% and clinical osteoarthritis in 63%.74
Life expectancy is reduced in acromegaly, which is normalized by achieving disease
control. Overall standardized mortality rates are approximately two times higher than
in the general population, relating to an average reduction in life expectancy of
approximately 10 years.67
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In summary, many of the acute side effects of GH arise from fluid retention. The
features of the acromegaly indicate the potential health risks of chronic abuse of
GH, which include cardiac complications, arthralgia, insulin resistance, and increased
risk of diabetes and malignancy. Finally, a potential risk is that of abusers acquiring
fatal Creutzfelt-Jakob disease from the use of cadaveric pituitary-derived GH that is
still available on the black market because of the high cost of recombinant human
GH (rhGH).75
SUMMARY

Contrary to improvements in exercise capacity by GH replacement in GH-deficient
adults, the evidence suggests that in healthy adults, muscle strength, power, and
aerobic exercise capacity are not enhanced by GH administration. Recent data indicate that GH may improve a selective aspect of performance, that of anaerobic exercise capacity. There are, however, serious adverse effects of long-term abuse of GH,
including fluid retention, carpal tunnel syndrome, arthralgias, myalgias, insulin resistance, and increased risk of diabetes, cardiomyopathy, and malignancy. Thus, there
are serious health risks and potential increase in mortality rate from prolonged use
of GH in healthy adults.
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