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There has been limited research and evidence that GH
enhances physical performance in healthy adults or in
trained athletes. Even so, human growth hormone (GH)
is widely abused by athletes. In healthy adults, GH
increases lean body mass, although it is possible that
fluid retention contributes to this effect. The most recent
data indicate that GH does not enhance muscle strength,
power, or aerobic exercise capacity, but improves anaerobic exercise capacity. In fact, there are adverse effects of
long-term GH excess such that sustained abuse of GH
can lead to a state mimicking acromegaly, a condition
with increased morbidity and mortality. This review will
examine GH effects on body composition and physical
performance in health and disease.
GH abuse in athletes
Doping with GH is a well-known problem in the world of
sports and GH abuse has increased since the availability of
recombinant GH in the late 1980 s. Human GH (hGH) is
abused by athletes in the hope of improving their performance and to shorten recovery after injury. The increasing
popularity of GH among athletes stems from its anabolic
and lipolytic properties, and the difficulty of detection [1].
Exogenous hGH is indistinguishable from the GH produced in the pituitary gland, and given the short half-life
of hGH (approx 25 min), the window of detection is fairly
small. The test implemented for hGH is based on the GH
isoform approach [2] and is a major breakthrough in the
fight against doping with hGH. The test is based on immunological detection and differentiation between pure 22
kDa recombinant GH from a mixture of GH isoforms
secreted from the pituitary gland. New tests have recently
been developed using a GH marker approach which
increases the window for detection of doping with hGH
[3,4]. This approach is based on detecting changes in the
blood levels of GH-dependent markers, such as IGF-I and
collagen peptides.
GH is listed in the 2010 Prohibited List (http://www.
wada-ama.org/rtecontent/document/2010_Prohibited_
List_FINAL_EN_Web.pdf) because of its theoretical potential to enhance sports performance and because of the
health risks that it poses. Abuse of GH can start at a young
age. An early survey of 10th grade boys in the US indicated
that 5% had taken GH, with more than half using GH in
conjunction with steroids [5]. A web-based survey reported
use of GH together with anabolic androgenic steroids by
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25% of steroid users [6]. There is anecdotal evidence that
hGH is abused in doses ranging from approximately 10 to
25 IU per day, 3–4 times per week, equating to 5–15-fold
above the daily production rate [7,8]. Ironically, despite the
large doses being administered, the evidence for a beneficial effect on physical performance is weak.
There are limited and conflicting data on the effects of
GH on body composition and physical function in healthy
adults, despite strong evidence of benefit in adults with GH
deficiency. This review will examine the consequences of
GH deficiency, the impact of replacement, and the effects of
GH supplementation in healthy adults on protein metabolism, body composition and physical function including
muscle strength, aerobic and anaerobic exercise capacity.
The review will also examine the health risks posed by
long-term hGH abuse.
Role of GH in adult life
The effects of GH replacement in GH-deficient adults
provide a good model for understanding its role in adult
life. In adults with GH deficiency (GHD) there is deterioration of cardiovascular health, physical performance and
general well-being. GHD results in a reduction of lean body
mass, and an increase in fat mass (FM) and central abdominal obesity [9] arising from a loss of anabolic and
lipolytic activity [10]. GH replacement returns body composition to normal [11,12]. In adults with GHD, GH replacement results in a reduction in FM by up to 20% and an
increase in lean body mass (LBM) by up to 7% [12–16].
Adults with GHD have reduced protein synthesis compared with healthy controls [17]. Short-term GH replacement in GHD adults results in a reduction in protein loss,
whereas the anabolic effects associated with long-term
replacement appear to be related to increased partitioning
of amino acids for protein synthesis [15,18–20]. Thus, GH
plays an important role in optimizing fat and protein
metabolism, and body composition in adult life.
Adults with GHD have reduced muscle strength [21]
characterized by a reduction in muscle mass [22] and in
contractile properties [23]. The evidence suggests that
short-term GH replacement increases muscle strength in
GHD subjects, but the effect varies widely between studies
[21,24,25]. A recent meta-analysis of nine randomized
placebo-controlled studies observed no significant improvement in muscle strength following GH replacement
over a mean duration of 6 mo [26]; over 12 mo there was an
improvement in muscle strength by up to 10% [27]. After 3
yr of GH replacement, the improvement in muscle strength

1043-2760/$ – see front matter ß 2011 Elsevier Ltd. All rights reserved. doi:10.1016/j.tem.2011.02.005 Trends in Endocrinology and Metabolism, May 2011, Vol. 22, No. 5

171

Review
was maintained, but at only 66% that of healthy controls
[28]. Other studies also show small but persistent increase
in muscle strength after 5 yr of GH replacement [29].
Therefore, long-term GH replacement in excess of 12 mo
seems to be required for improved muscle strength.
In addition to reduced muscle strength, aerobic exercise
capacity, typically measured as VO2max, is impaired in
GH-deficient adults. VO2max is reduced in GHD patients
by about 20% of predicted VO2max for age, gender and
height [21]. In a double-blind placebo-controlled study, GH
replacement for 6 mo increased VO2max, maximal power
output and exercise time compared to placebo-treated
patients [30]. In another 6 mo study VO2max increased
by 17% compared to only 6% in a placebo group [31]. After 5
yr of GH replacement VO2max was maintained to the level
close to the expected VO2max for age and gender [32].
Meta-analysis of 11 randomized placebo-controlled studies
showed that GH replacement improves VO2max and maximal power output in GH-deficient subjects, with no association between GH dose and the degree of improvement
[33]. Thus, aerobic capacity is impaired in GH deficiency
and restored by replacement therapy.
Several factors could contribute to the reduced exercise
capacity observed in GHD. Respiratory muscle weakness
[34] and a reduction in cardiac function, such as left
ventricular ejection fraction and diastolic filling at rest,
occur in patients with GH deficiency [35]. In addition, GHD
is associated with an increase in plasma viscosity and a
reduction in plasma volume that can affect oxygen delivery
and availability to the tissues [36,37]. Central effects, such
as reduction in general well-being, as assessed by a standardized quality-of-life questionnaire, could also contribute to the reduced exercise capacity in GH-deficient
patients [21]. Thus, following GH replacement, upon improvement of cardiorespiratory function and general wellbeing, exercise capacity could improve as well. In summary, replacement of GH in GH-deficient patients improves
aerobic exercise capacity, although whether this is due to
the direct effect on muscle function or on other factors
influencing cardiovascular function, well-being and motivation, remains to be seen.
GH, exercise and fuel utilization
The link between GH and exercise suggests a physiological role of GH in the regulation of physical health. Fitness
correlates positively with GH status. Physical training
increases levels of GH and IGF-I in healthy subjects [38–
41]. A peak of GH concentration is detected at the end of
exercise [41] with a minor gender difference in the timing
of the peak GH response, which occurs earlier in female
athletes [39]. Even though exercise increases GH secretion, it is not known whether GH mediates in part the
beneficial effect of exercise on muscle strength. It is
possible that GH administration combined with exercise
could increase muscle strength beyond that of 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 12 wk did not
further improve muscle strength compared to that
achieved by training alone [42]. Thus, GH offers no benefit to the major gain in muscle strength achieved through
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physical training. The corollary is that the effects of
physical training on muscle strength far outweigh any
putative effect of GH.
Exercise requires the use of metabolic fuels, such as
glucose and fatty acids (FA). FA and pyruvate, a substrate
of glucose derived through glycolysis, are utilized in the
tricarboxylic acid cycle (TCA) cycle to produce ATP via the
mitochondrial respiratory chain. GH could improve exercise performance through increased delivery of fuels, in
other words GH increases plasma free FA and glycerol
levels, reflecting its lipolytic effects [43]. Thus, administration of GH to athletes could increase the availability of
FAs to exercising muscle, sustaining the ability to exercise.
GH also elevates blood glucose levels through several
mechanisms [44,45]. This could increase the amount of
pyruvate derived from glucose to be used for ATP synthesis. However, gene-expression studies in muscle show that
GH administration downregulates genes governing oxidative mitochondrial energy production [46]. This finding
suggests that pyruvate utilization for ATP synthesis is
inhibited by GH. This is supported by a finding that GH
reduces pyruvate dehydrogenase [47], an enzyme that
converts pyruvate to acetyl-CoA, a substrate for the TCA
cycle. Thus, GH administration could be predicted to increase cell pyruvate content without stimulating oxidative
mitochondrial energy production. In the cytoplasm, pyruvate can also be reduced to lactate, a process indicative of
anaerobic metabolism. Indeed, GH augments the increase
in lactate levels during exercise in young men [47]. The
view that lactate impairs muscle force and contractility has
been challenged [48]. There is strong evidence that lactate
enhances muscle excitability during intensive exercise. It
is an active metabolite that can move between cells and
tissues where it can be recycled as a fuel through conversion to pyruvate and glucose [48,49]. Collectively, the data
suggest that GH enhances glucose utilization and promotes anaerobic metabolism. Thus, during exercise, rising
GH levels could shift utilization of metabolic fuels, such as
glucose, to enhance certain aspects of exercise capacity.
GH regulation of protein metabolism in healthy adults
GH exerts protein anabolic effects. This is supported by
tracer studies at the tissue and whole-body levels. An increase in whole-body protein synthesis upon treatment with
GH is clearly demonstrated in healthy young men [42]. GH
reduces whole-body protein oxidation, indicating a proteinsparing effect [50]. During exercise, GH administration
results in a smaller increase in protein oxidation compared
to that induced by exercise alone [50]. Thus, GH could
conserve protein during exercise. Although the whole-body
protein anabolic effect is enhanced with GH administration
in men undertaking resistance training, GH did not have
any additional effect on quadriceps muscle protein-synthesis rate [42]. While GH induces whole-body protein synthesis in untrained men, this effect appears to be lost in highly
trained athletes. When a high dose of GH (40 mg/kg/d) was
administered for 2 wk to experienced athletes during
weight-training routines, no change in whole-body protein
synthesis was found [51]. There is further recent evidence
from molecular studies that GH might not stimulate muscle
protein synthesis. Administration of GH in healthy young
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Table 1. Effects of GH administration in GHD and healthy adults
GH administration to GHD adults

GH administration to healthy adults

Reduced
Increased
Increased
Increased

Reduced
Increased
Increased
No change

Reduced (if GH given shortly before the exercise)
No change

VO2max
Anaerobic exercise

Increased
Increased (long-term therapy),
no change (short-term therapy)
Increased
Not known

Perceived quality of life
Sleep requirements
Ability to concentrate
Fatigue
Cardiac output

Increased
Reduced
Increased
Reduced
Increased

Not known
Not known
Reduced
Increased
Not known

Body Composition
Fat mass
LBM
Extracellular water
Body cell mass
Physical performance
Ability to exercise
Muscle strength

No change
Increased

The summary of evidence from original studies, reviews and meta-analyses [10,21,25,26,33,42,43,47,53,59,60,86].

men significantly increased collagen synthesis but not myofibrillar protein synthesis, as assessed by mRNA expression
in skeletal muscle biopsies [52]. These findings suggest that
GH stimulation of whole-body protein metabolism is unlikely to reflect a major anabolic stimulus in skeletal muscle,
especially in highly trained athletes.
Effects of GH on body composition in healthy adults
As in adults with GH deficiency, GH exerts significant
effects on body composition in healthy adults (Table 1).
A meta-analysis indicated a small but overall non-significant reduction in fat mass by 0.9 kg in normal subjects with
an average duration of GH administration of 4 wk [43]. In
recreational athletes, 8 wk of GH treatment resulted in a
mean 10% fall of fat mass versus placebo [53], confirming
the observations of previous studies.
The LBM consists of extracellular water (ECW) and a
functional cellular compartment predominantly composed
of muscle, the body cell mass. There is strong evidence that
GH increases LBM. A systematic review reported that GH
increases LBM by an average of 2.1 kg in normal subjects
[43]. Our recent double-blind randomized placebo-controlled study for 8 wk in recreational athletes demonstrated that treatment with GH (2 mg/d) increased LBM in men
by 2.9 kg and in women by 2.5 kg versus placebo [53]. Most
of the increase in LBM was accompanied by a concomitant
expansion of the ECW volume – by 2.4 l in men and by 1.2 l
in women. The increase in ECW is consistent with the
known antinatriuretic properties of GH and is also supported by other studies reporting that GH administration
increases ECW [54,55]. After removing the ECW component from the LBM measurement, no significant increase
in body cell mass after GH administration was observed
[53]. The data provide strong evidence that fluid retention
accounts for most of the increase of LBM induced by GH.
There is anecdotal evidence that many athletes dope
with a cocktail of performance enhancing drugs. It is wellknown that the effect of GH on LBM is potentiated by
androgens [56,57]. This is supported by our recent study of
recreational athletes in whom combined administration of

GH and testosterone resulted in a significantly greater
increase in LBM compared to either hormone alone [53].
Furthermore, following combined GH and testosterone
treatment in men there was a significant increase in body
cell mass of 6% (absolute increase 2.3 kg) versus placebo
[53]. Thus, combined administration of GH and testosterone could increase the functionally active compartment of
LBM.
In summary, GH significantly increases LBM and
decreases fat mass in healthy adults. The evidence suggests that fluid retention accounts for most of the increase
in LBM induced by GH, rather than an increase in muscle
mass, although there is evidence for an increase in body
cell mass following combined administration of GH and
testosterone.
Effects of GH on physical performance in healthy adults
The effect of GH on physical performance in healthy adults
has not been extensively studied. Systematic review was
performed of 27 studies comprising 303 physically fit participants in whom the effects of GH on various measures of
athletic performance were analyzed, such as muscle
strength and endurance [43]. From these data, the study
concluded that claims that GH enhances physical performance are not supported by the scientific literature, but
noted that limited evidence is available regarding the
effects of GH on key athletic performance outcomes, such
as muscle strength, power, and aerobic exercise capacity
[43]. 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, who could be in a metabolic state
exhibiting a modified response to GH [58]. Here we review
double-blind placebo-controlled studies evaluating the
effects of GH on physical performance in healthy subjects.
Effects of GH in this section will be discussed according to
different measures of physical performance, namely muscle strength and power, aerobic and anaerobic exercise
capacity.
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Table 2. The effects of GH on physical performance in healthy adults
Study

Participants

GH dose

Double-blind placebo-controlled
cross-over study

7 highly trained
men

2.5 mg

Placebo-controlled, randomized
within subject design

9 fit lean men

10 mg/kg

0.75–3.75 h
pre-exercise

Double-blind placebo-controlled study

30 active volunteers
(15 men, 15 women)

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

4 wk

Double-blind placebo-controlled study

18 untrained men

40 mg/kg/d for 5 d/wk

12 wk of
GH combined
with exercise

Double-blind placebo-controlled study

22 lean highly
trained men
96 recreational athletes
(63 men, 33 women)

30 mg/kg/d

6 wk

2 mg/d

8 wk

Double-blind placebo-controlled study

Effects on muscle strength
Few data are available on the effects of GH on muscle
strength in healthy adults (Table 2). To the best of our
knowledge, only three placebo-controlled studies have
evaluated muscle strength [42,53,59]. GH administration
for 12 wk combined with exercise did not enhance muscle
strength compared to exercise alone [42]. Similarly, 6 wk of
GH treatment revealed no positive effect on maximal
voluntary strength of biceps and quadriceps muscles in
8 subjects tested [59]. In the largest study of nearly 100
recreational athletes by our group, both muscle strength,
assessed by dead lift dynamometer, and muscle power,
assessed by jump height, were not affected by GH (2 mg/d)
for 8 wk [53]. In these trained men, coadministration of
testosterone with GH in pharmacological doses also failed
to improve muscle strength or power [53]. These studies
show that, in healthy adults, administration of GH does
not significantly improve muscle strength and power.
Effects on aerobic exercise capacity
Aerobic exercise capacity 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 [43]. Only two studies have investigated
effects of longer-term GH administration on VO2max in
healthy adults. In a study involving 30 healthy young men
and women, no significant effect was observed on VO2max
or on maximum achieved power output during exercise
after 4 wk of GH treatment [60]. There was also no relationship between changes in IGF-I and changes in oxygen
uptake or maximum achieved power output [60]. Our
recent study of 96 recreationally-trained male and female
athletes showed that GH administration for 8 wk did not
significantly change VO2max [53]. Furthermore, GH coadministration with testosterone failed to increase VO2max
in men [53]. There was no significant correlation between
the change in IGF-I and VO2max. Thus, GH administration in healthy adults does not increase aerobic exercise
capacity.
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Treatment
duration
4 h pre-exercise

Outcome measures

Ref

VO2max did not change;
GH prevented two subjects
from completing the
exercise protocol
VO2max reduced,
no change in
power output
VO2max, power output,
muscle mass did
not change
Muscle strength
improved with exercise,
but similar improvement
in placebo and GH groups
No effect on biceps and
quadriceps muscle strength
VO2max, muscle strength,
power did not change;
anaerobic exercise
capacity increased

[47]

[86]

[60]

[42]

[59]
[53]

Effects on anaerobic exercise capacity
Anaerobic capacity assesses the ability to generate a relatively high power output of brief duration and represents
the capacity to exercise using predominately anaerobic
sources of energy derived from phosphocreatinine degradation and glycogenolysis. It is usually measured by the
Wingate test, a 30 s all-out sprint capacity test; however
the effect of GH on this aspect of performance has not
previously been assessed. We identified a novel enhancing
effect of GH on muscle performance that is dependent on
the anaerobic metabolism [53]. Sprint capacity increased
significantly with GH in the group of men and women
combined by 3.9%, and in men coadministered GH and
testosterone by 8.3%, compared to placebo. The stimulation of sprint capacity was no longer present 6 wk after GH
discontinuation [53]. This study provides the first evidence
that GH enhances anaerobic exercise capacity. Thus, GH
treatment could improve ability to derive acute energy
requirements from anaerobic metabolism.
In summary, there appears to be no evidence that GH
enhances muscle strength, power, or aerobic capacity in
trained adult athletes. However, GH does increase anaerobic exercise capacity when administered alone and to a
greater extent when combined with testosterone. Thus,
despite the wide abuse of GH by athletes, there is little
support of performance benefit except for an effect on
anaerobic exercise capacity. It is not known how an improvement in Wingate performance translates to performance in the sporting field. It is conceivable that the
approximately 4% increase in measure of sprint capacity
that we observed could translate to an improvement of
0.4 s in a 10 s sprint over 100 m [53].
Potential benefits of GH in elite athletes
Although there is no evidence from randomized placebocontrolled studies for significant effects of GH on physical
performance in healthy adults, other than the data on
anaerobic exercise capacity, the possibility remains
that there still are potential benefits of GH in athletes.
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Anecdotal evidence suggest that during early stages of
acromegaly, GH excess might initially improve physical
performance, increasing tolerance for hard training and
shortening recovery time after exercise [61]. There is also
evidence that GH can 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 synthesis markers [4,62]. Animal
studies show that tendons heal faster after treatment with
IGF-I, which increases following GH administration [63].
Evidence from human studies has been provided by the
recent demonstration of increased matrix collagen synthesis in skeletal muscle and tendon by up to sixfold in a
placebo-controlled study of 14 d of GH administration in
healthy young men [52]. The increased synthesis in
muscle and tendon collagen suggests that GH could be
important in strengthening the supporting connective tissue of muscle.
Finally, there could also be a psychological effect of
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 in
depression [64]. Placebo treatment can modulate pain
pathways, increase endogenous opioids, and influence
the neuroendocrine and immune systems [64,65]. In addition, placebo has been show to increase physical performance and pain endurance, and reduce muscle-fatigue
perception [65–67]. In our recent study of GH administration [53], athletes in the placebo group who believed they
were on active treatment not only had a perceived improvement on performance but also in some actual measures of
physical performance [68]. The results suggest that, for
some people, the placebo effect could be responsible, at
least in part, for the perceived athletic benefit of doping
with GH.

Adverse effects of GH
Although the evidence for increase in physical performance
is poor, there are adverse effects associated with GH use
(Figure 1). The side-effects from GH arise from its antinatriuretic, metabolic and growth-promoting properties.
Most of the acute side-effects reported in healthy adults
arise from fluid retention. These include edema, ‘pins and
needles’, carpal tunnel syndrome and arthralgias [4,43,55].
Other side-effects including sweating, fatigue and dizziness have been reported after GH administration in
healthy subjects [43,69]. However serious side-effects, including diabetes, could arise from its anti-insulin properties, especially with high doses of GH [70]. The severity of
these adverse effects could be worsened by concurrent
abuse of anabolic steroids, which could have synergistic
effects with GH, such as effects on fluid retention [71] and
on the myocardium [72,73]. High doses of GH negatively
affect cardiac function, accompanied by an increase in left
ventricular wall thickness [74]. Concomitant administration of anabolic androgenic steroids with GH results in a
significant increase in left ventricular mass associated
with concentric remodeling [72].
The high doses of GH abused by athletes are potentially
devastating, as evidence shows from studies of patients
with acromegaly. Prolonged excess of GH in acromegaly
causes myopathy with hypertrophic but functionally
weaker muscles [75,76]. Acromegaly often presents with
hypertension [77], cardiac [78,79], metabolic and articular
complications [80,81], with increased risk of diabetes
[77,82] and malignant neoplasms [83–85]. The incidence
of cardiovascular and cerebrovascular mortality is increased [84]. In acromegaly, overall standardized mortality rates are approximately twofold higher than in the
general population, relating to an average reduction in
life expectancy of around 10 yr [84].
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Figure 1. Summary of side-effects reported in double-blind placebo-controlled studies in healthy subjects of GH administration for 4–12 wk with median GH dose of 40 mg/
kg/d [42,50,53,55,60,62,74]. Data are presented as a range of percent of the subjects reporting side-effects during GH and placebo administration.
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The abuse of GH carries a significant health risk which
could be even greater when taken as a cocktail with other
substances. It is not possible to quantify the degree of harm
because of the covert nature of drug-abuse culture and the
ethical difficulties of undertaking research in this area.
Educational programs highlighting the dangers of drug
abuse have been established by organizational and governance bodies and is an approach strongly endorsed by the
World Anti-Doping Agency.
Concluding remarks
In healthy adults, GH treatment reduces fat mass and
increases lean body mass; however, it seems that fluid
retention accounts for most of the increase in lean body
mass. 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 might improve a
selective aspect of performance, the anaerobic exercise
capacity. There could be other potential benefits for athletes such as accelerating recovery from injury.
The anaerobic energy system has been a neglected area of
fitness research which has focused heavily on aerobic capacity. The discovery that GH improves sprint capacity provides evidence justifying its prohibition in sports. However
the physiological significance could extend beyond the sporting arena. The anaerobic energy system is an essential
component of survival and function, underpinning all physical activities of daily living. The initiation of all movement
and the sustainability of muscle power are dependent on the
anaerobic energy system. Fatigue after a short duration of
physical activity (e.g. stair climb, lifting objects) is a hallmark of anaerobic incapacity. It is conceivable that GH
might play a role in improving physical rehabilitation or
physical function and independence in the frail based on its
positive effects on the anaerobic energy system.
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