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this study was to conduct a systematic review to evaluate the effects of GH on body

Design: A systematic computerized literature search of the PubMed database was

conducted by two independent reviewers. Inclusion criteria were individuals over the
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University of Glasgow

age of 16 years with a genetic diagnosis of PWS who had received GH therapy, to-
gether with assessment of body composition, bone health or cardiovascular health.
Results: Twenty full-text papers met the inclusion criteria, encompassing 364 unique
patients. No differences in body mass index (BMI) were noted, although 2 studies re-
ported increased BMI after GH cessation. Data demonstrated statistically significant
increases in lean body mass and reductions in percentage fat mass. Studies reported
inconsistent effects of GH on cholesterol and echocardiography parameters. No stud-
ies reported differences in bone mineral density, although one reported improved
bone geometry. Minor adverse events including pretibial oedema, headache and tran-
sient impaired glucose tolerance were reported in 7 studies.

Conclusions: These data suggest that GH is safe and well tolerated in adults with
PWS, with evidence of improvement in body composition. Further longitudinal stud-
ies are still required to investigate the effects of GH on bone and cardiovascular
health. Where GH is used in adults with PWS, this should be managed by a specialist

multidisciplinary team with regular monitoring initiated.
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1 | INTRODUCTION errors.® Children with PWS have altered body composition, with

generally lower lean body mass (LBM) and higher fat mass (FM) per-
Prader-Willi syndrome (PWS) is a condition with a prevalence of centages than healthy individuals.*® Patients with PWS have hy-
between 1 in 10,000 and 1 in 30,000, which can arise from dele- perphagia, reduced muscle mass and exercise capacity, which can
tion of the paternal chromosome 15 (del15q11-g13), maternal uni- lead to obesity, further exacerbating the abnormal body composi-
parental disomy of chromosome 15 (UPD15) or genetic imprinting tion and resulting in a high rate of comorbidities including metabolic
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syndrome and hepatic steatosis.> A high incidence of osteoporosis
at younger ages is also observed in PWS patients, and it is estimated
that between 60% and 90% of these individuals become osteopo-
rotic in their lifetime with high rates of associated scoliosis requiring
intervention.’

The high incidence of obesity in PWS contributes to the de-
velopment of many cardiovascular risk factors, including the de-
velopment of type 2 diabetes mellitus (T2DM), abnormal lipid
profiles and high blood pressure (BP).% Adults with PWS are also
known to have higher rates of electrical and structural cardiac
abnormalities than healthy adults, with evidence of microvascular
dysfunction.®

Growth hormone levels are low in 60%-100% of children with
PWS, and GH replacement therapy has been licensed for use in
children since 2000.” Although PWS children tend to have short
stature, the indication for GH therapy is not to primarily increase
height, but rather to help to improve body composition and in-
crease LBM, which may subsequently reduce hypotonia and there-
fore increase muscle and motor function.” More recently, studies
have even demonstrated higher vocabulary |Q scores in paediatric
PWS patients treated with GH compared with non-GH groups.10
In previously treated young adults with PWS, approximately 1 in 7
demonstrated GH insufficiency on GHRH-arginine testing, but none
fulfilled the consensus criteria for adult GHD.*

A meta-analysis published in 2012 demonstrated that GH may
improve body composition in adults with PWS.22 In addition, a pre-
vious review by our group suggested that continuous GH use is ben-
eficial in adolescents.'® However, currently GH use in adulthood is
not licensed unless there is confirmed GHD. Consequently, when
transitioning to adult endocrine services, GH therapy is likely to be
discontinued.

The aim of this systematic review was to update the current liter-
ature by summarizing the findings of all studies exploring GH use in
adults with PWS, and its effects on body composition, bone and car-
diovascular health. As a secondary objective, the safety of using GH
in adults and data regarding the reported side effects for patients on
treatment were also collated.

2 | METHODS

2.1 | Types of studies
A systematic search of the literature was conducted for all studies
examining GH treatment in adults with PWS, including those with or

without a control group and with or without placebo.

2.2 | Types of participants

For inclusion in the review, studies had to include participants with
a genetically verified diagnosis of PWS and who were aged 16 years
or older.

2.3 | Types of interventions
Studies were included where any dose of growth hormone was given

for any period.

2.4 | Types of outcome measures

Primary outcomes included changes in bone health, cardiovascular
health and body composition from baseline and during GH treat-
ment, as well as after cessation of GH treatment. For body composi-
tion, we looked at change in LBM (kg), body mass index (BMI) and
FM (%). Bone health parameters included bone mineral density and
bone geometry. Cardiovascular health parameters included BP, cho-

lesterol and triglyceride levels and echocardiography data.

2.5 | Search methods for identification of studies
The PubMed database was searched for all studies (from 1960 to
March 2020), using an advanced search for the terms ‘Growth hor-
mone’ OR ‘GH’ AND ‘Prader-Willi syndrome’ OR ‘Prader Willi’ OR
‘PWS’. We did not impose language restrictions. We also reviewed
the references lists of all studies included.

2.6 | Data collection and analysis
Two authors independently reviewed the titles, abstracts and bod-
ies of all studies identified by the search, to identify which met the
above inclusion criteria. After independent evaluation, the authors
convened and discussed articles included. Disagreements were
evaluated by a third author. Figure 1 demonstrates the numbers of
papers considered at each stage.

In total, 20 studies were deemed to be eligible for inclusion
from 546 titles identified from the initial search, as demonstrated
in Figure 2.

2.7 | Data extracted

Two authors independently extracted the data from the studies that
met the inclusion criteria and quality standards. Data extracted in-
cluded the following: authors, year and location of studies, type of
study, use of controls, number of participants (sex, age), dose and
duration of GH treatment (including length of follow-up), adverse
events and the relevant parameters addressed in each study.

2.8 | Quality review

Assessment of bias was undertaken using the Cochrane Risk of Bias
Assessment tools for non-randomized and randomized studies of
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FIGURE 1 Flow diagram demonstrating selection of papers

interventions.***> This was performed independently by two re-
viewers. Disagreements were resolved by a third reviewer. The qual-

ity assessment is demonstrated in Table S1.

3 | RESULTS

The characteristics of the studies included in our analysis are sum-
marized in Table 1. A total of 20 papers were selected as relevant. Of
the 20 papers excluded for having irrelevant outcomes in the body
of the text, nine were primarily paediatric cohorts and it was impos-
sible to extract data specific to adults. Two addressed determination
of GH deficiency in adulthood but not the effects of GH.'*” One
study demonstrated an increase in BMI in adulthood after cessation
of GH in childhood but not the effects during treatment,'® and one
showed that in childhood, GH treatment reduced BMI differences
between UPD and deletion genotypes.19 Two papers demonstrated

t,20’21

increased mental and cognitive function with GH treatmen and

one showed that PWS patients rated their quality of life and mental

Duplicates removed
n=9

Records excluded
n=522

Full text papers excluded
n=3

health higher after initiation of GH treatment in adulthood com-
pared with before.?? One study showed that GH treatment did not
affect levels of interleukin-6 and C-reactive protein.?® One study in-
vestigated oxytocin and ghrelin levels in PWS patients on GH treat-
ment. 2* One study validated the use of DXA scanning to accurately
determine visceral adiposity in PWS patients but not bone health.?
One study demonstrated increased fasting and 2-hour glucose levels
during OGTT at different BMI groups, but these were not the effects
of GH specifically.?

In total, the included studies investigated 424 participants with
PWS, of whom 51% were male. Of note, 60 (14%) of these individ-
uals were recruited to more than one published study,?”%® leaving
364 unique patients included. The median (range) age of participants
across the studies was 26.2 (17, 42) years. GH doses varied and in
some studies were prescribed according to weight or body surface
area, but the median (range) dose of GH used in the studies was ap-
proximately 0.8 mg/day (0.5, 1.0) and the median (range) duration
of GH treatment was 1 (0.5, 5) years. The median (range) length of
follow-up in the studies was 2 (1, 6) years.
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FIGURE 2 Reasons for exclusion of papers

Investigation of GH sufficiency was reported in 17 studies (85%),
encompassing 326 participants. Of these, 157 (48%) had evidence

of GH insufficiency using dynamic function testing, most commonly

),26:28:30.34-38 jnqlin tol-

)39

using a GHRH and arginine test (n = 9 studies
erance test (n = 1 study)®® or L-dopa stimulation test (n = 1 study
with the type of test unreported in the rest. Growth hormone cut-
offs ranged from 4.1 pg/L to 10 pg/L depending on the test and local
assay. Two studies used a low IGF-1 as a marker for GH insufficiency,
encompassing 22 patients (7%).

Sex steroid replacement was reported in 13 (65%) studies, with
106 (25%) of the included participants in this study receiving con-
comitant sex steroid therapy.

3.1 | Primary outcomes

18 of the 20 (90%) papers included measurements of body composi-
tion, 8 (40%) included measurements of cardiovascular health, and
5 (25%) studied bone health. We evaluated each of these param-
eters separately. The statistically significant results are summarized
in Table 2.

3.2 | Body composition

Body composition was evaluated as: BMI (kg/m2), LBM (kg) and FM
(%). BMI was included in 16 of the 18 papers discussing body com-
position. In 2 papers, there was a statistically significant increase in
BMI after discontinuation of GH treatment.®**® Koizumi et al (2018)

L §

INCLUDED: N = 2n|

looked at the effects of discontinuation of GH treatment on body
composition of PWS patients, and determined that BMI increased
and LBM decreased as a result of the change.40 Similar effects were
obtained by Kuppens et. al (2016) in their crossover study of PWS
participants; they found that when the GH treatment group switched
to placebo group, their fat mass increased by 21.5% (p = .001).
They also showed a positive effect of resuming GH therapy, with
the overall LBM being higher and FM lower in the GH-treated group
compared with placebo; this was a result reproduced by most of the
studies looking into body composition, as shown in Table 2.

One study showed a lower BMI in the GH-treated group (not sig-
nificant),?” and 13 studies showed no statistically significant change
in BMI. LBM is evaluated in 15 studies, with all showing LBM in-
creased with GH treatment (12 statistically significant). FM was eval-
uated in 16 studies and decreased in all (12 statistically significant).

In addition to increased LBM, there seemed to be a functional
increase in muscle strength in GH-treated PWS adults, as shown by
Lafortuna et al (2014), where grip muscle strength increased by 13%
(p < .001) and exercise endurance by 17% (p < .05) in PWS patients
after 24 months of GH treatment.®” Sode-Carlsen et al (2011) also
showed a rise in peak expiratory flow by 12% (p < .001) that they
attributed to increased skeletal muscle function.?’

3.3 | Cardiovascular health

Eight studies assessed the effect of GH treatment on cardiovascular
health. Of these, two investigated the effects of GH on echocar-
diography, demonstrating statistically significant increases in left
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Number of
adverse events

Number of

Author, year participants (M:F)

Butler et al, 2013 11 (5:6) 5

Sode-Carlsen 39 (19:24) 5
etal, 2011

Sode-Carlsen 46(21:25) 8
et al, 2010

Gondoni et al, 12 (7:5) 3
2008

Mogul et al, 2008 30 (N/A) 5

Hoybye et al, 17 (9:8) 8
2004

Hoybye et al, 17 (9:8) 8
2003

Abbreviation: N/A, not applicable.

ventricle (LV) mass and reduced right ventricular ejection fraction
(RVEF) and a trend towards reduced left ventricular ejection fraction
(LVEF).34%

Two studies*®*! demonstrated improvements in cholesterol
levels, with reduced LDL and increased HDL cholesterol, whilst
two other studies did not.***? Two studies reported increased car-
diorespiratory exercise capacity.®*® BP was reported in 9 of 20
(45%) studies, with none demonstrating any statistically significant

changes 29,30,33-35,37-39.42 during GH treatment or after cessation.*°

3.4 | Bone health

Five studies evaluated bone health, with none reporting statistically
significant alterations in bone mineral density.3>3¢%74943 One of the
studies reported improved bone geometry, namely a statistically sig-

nificant increase in bone size and strengthf%

This study compared
the effects of sex steroids and GH on bone geometry in 13 females
and 1 male on sex hormone replacement for a mean duration of
8 + 5 years. This study also investigated the effects of concurrent sex
steroids and found sex steroids impaired bone cross-sectional area,
cortical area and the bending breaking resistance index, whereas GH
had no effect on these parameters. The combination of GH and sex

steroids does not seem to statistically affect bone density.36

3.5 | Adverse events

Of the 20 studies, 7 (35%) did not mention adverse events. Of the
studies, where adverse events were addressed, 7 (54%) reported ad-
verse events in 172 participants. Of this cohort, none reported any

TABLE 3 Adverse events associated
with GH treatment

Details of adverse events

Pretibial oedema (n = 1);
impaired glucose
tolerance (n = 4)

Headache (n = 2); pretibial
oedema (n = 2); carpal
tunnel syndrome (n = 1)

Headache (n = 1); nausea

(n = 1); pretibial oedema
(n=7)

Pretibial oedema (n = 1)

Pretibial oedema (n = 1)

Pretibial oedema (n = 3);
impaired glucose
tolerance (n = 5)

Pretibial oedema (n = 3);
impaired glucose
tolerance (n = 5)

major adverse events; however, there were 43 minor adverse events
reported. Eleven (26%) of these were oedema, mostly in lower leg in
the first month of treatment?8-30:38:3%41. 5 e (2%) reported nausea,?®
and one (2%) developed carpal tunnel syndrome.?’ Three (7%) par-
ticipants experienced headaches.?®?’ These data are summarized in

Table 3.

3.6 | Diabetes and glucose tolerance

Due to the well-known links between glucose tolerance and GH, as
a secondary outcome we evaluated the effects of GH therapy in the
included studies by looking at oral glucose tolerance test (OGTT)
results and HbA1c levels. Thirteen (65%) papers included glucose
control and development of diabetes mellitus. Ten of these studies
(77%) showed that no patients on GH therapy developed new dia-
betes mellitus or impaired glucose tolerance (IGT).***> Some studies
showed an increase in fasting glucose, which was not statistically
significant and was well within the normal range.?”3032-353741 Other
studies also reported increases in HOMA-IR and fasting insulin, but
these were transient.®® Studies by Sode-Carlsen et al showed that
among 12 patients with IGT after 1 year of GH treatment,?® 3 re-
verted to normal glucose tolerance, whilst 3 progressed to overt dia-

betes at 2 years of GH treatment.?’

4 | DISCUSSION

The twenty papers included in this study used different methods of
measuring each of our primary outcomes, which made it difficult to
compare the outcomes. The heterogeneity of these studies and their
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methods used did not allow for a meta-analysis of the results, and
thus, trends in each of the primary outcomes were stated instead.

Due to the rarity of PWS, there was a large disparity in the char-
acteristics of the participants. In addition, each study individually
had only a small number of patients, increasing potential risk of bias.
This may be secondary to the relatively small number of PWS pa-
tients likely to be treated at each centre and the difficulties that may
be encountered in terms of recruiting and consenting adult PWS pa-
tients to studies. In addition, it may be secondary to the high variabil-
ity of PWS phenotypes and genotypes. However, this highlights the
need for this review, as the papers combined provide a total number
of 364 unique patients, allowing identification of reliable trends to
guide evidence-based clinical practice and making this the largest
review of GH in adults with PWS to date. Most of the studies had
similar outcomes and were in agreement with each other, suggesting
reliable and reproducible results. Additionally, the disparity of the
phenotypes gives a more realistic picture of this cohort of patients
and those seen in clinical practice.

Conclusions must be taken into consideration along with the
fact that most of the patients included in the studies had some evi-
dence of GH deficiency or insufficiency, as evidenced by low levels
of IGF-1 or confirmed GHD on stimulation testing. These data may
therefore not be representative of PWS patients who have normal
hypothalamic-pituitary axis function. In addition, the median age of
the participants in these studies was only 26.2 (17, 42) years and it
was not possible to separate the patient populations in the studies
to determine whether there were differences between younger or
older patients. These issues highlight a need for further trials in older
patients with PWS and also long-term data.

4.1 | Body composition

Results showed that in most studies, GH therapy has a positive ef-
fect on body composition, with statistically significant benefits in
LBM and FM with LBM. LBM consists primarily of skeletal muscle.
This is metabolically active and an important regulator of physical
strength, mobility, stamina and balance resulting in healthy muscle
ageing.‘“’

The fact that there was no overall effect on BMl is important to
note, as this may have an impact on how patients are followed up in
clinic whilst on GH treatment. We propose that BMI measurements
would therefore not be sufficient to determine the efficacy of the

treatment.

4.2 | Cardiovascular health

Only 8 papers included cardiovascular health as outcomes in the in-
vestigation of the effects of GH in adults with PWS. Cardiopulmonary
disorders remain a leading cause of death in individuals with PWS,
particularly in those with the maternal disomy 15 subtype compared
with the deletion subtype.?’ Echocardiography and non-invasive

vascular ultrasounds have been undertaken and tolerated well by
patients with PWS, and are simple investigations to perform in this
higher risk patient group8 so these should be considered in any stud-
ies investigating the effects of GH in PWS.

Indeed, the limited echocardiographic data associated with GH
in PWS are contrasting. A meta-analysis into the cardiac effects
of GH treatment in adults with GHD has previously shown that
GH treatment resulted in positive effects on left ventricular mass,
stroke volume, intraventricular septum thickness, left ventricular
posterior wall diameter and left ventricular end-diastolic diameter.*®
It is therefore unusual that in individuals with PWS, increased left
ventricular mass and a trend towards reduced left ventricular ejec-
tion fraction are demonstrated, although these improve with body
composition.®*%® Individuals with PWS differ from typical GHD pop-
ulations, in that evidence of increased cardiac collagen deposition,
perturbation of sympathetic nervous system, impaired autonomic
regulation, impaired cardiorespiratory response to hypoxia and in-
creased risk of sleep apnoea have all been described, all of which
may contribute to vascular change.®® These data therefore suggest
that in PWS adults receiving GH, cardiovascular monitoring should
be initiated as routine.

Fortunately, no major adverse cardiovascular events were re-
ported in any patients included in these studies and there were no
adverse effects on blood pressure. The data regarding improve-
ments in cholesterol are contrasting, with no clear differences in the
methodologies of papers to explain statistically significant changes
in some over others.®?*? Further studies are therefore required to

investigate the effects of GH on cholesterol.

4.3 | Bone health

Studies showed that GH therapy did not have a significant effect on
BMD, although one study showed improved bone geometry. These
results may reflect the short duration of follow-up of the studies,
as changes in BMD are more likely to occur over a longer time pe-
riod. As such, studies of longer duration are required to convincingly
demonstrate the effects of GH on BMD. LBM has consistently been
reported to be positively associated with bone mass and bone min-
eral density, although this may reflect direct mechanical effects of
muscle on bone, genetic factors or lifestyle factors.* Therefore, by
improving LBM, this may have a positive effect on bone health in the
longer term when combined with exercise. In future studies regard-
ing bone health, it may be useful to explore the effects of LBM, ex-
ercise and diet in Prader-Willi syndrome and assess effects on BMD

longer term.

4.4 | Adverse events and glucose tolerance

The reported prevalence of adverse events was low between the
studies. This is of particular note given the doses of GH used in these
studies were relatively high, averaging 0.8 mg/daily compared with
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the recommended starting dose of 0.1-0.2 mg/day,’ albeit accept-
able side effect profiles were reported. Current consensus guide-
lines suggest that where GH is used on adults with GH, the dose
should be titrated according to the an IGF-1 level of between 0 and
+2 SDS for age-mated controls, to enable maximal benefit with mini-
mal risk of side effects.” Children with PWS are more sensitive to GH
therapy and tend to have higher IGF-1 levels, although bioactivity is
similar; therefore, using normal reference ranges for IGF-1 for moni-
toring may not be ideal.”®

That said, it is known that GH treatment can lead to impaired
glucose tolerance. Cutfield et al found that children treated with
GH were 6 times more likely to develop T2DM than their non-GH-
treated counterparts.®® In general, the majority of the included
studies did not show impaired glucose tolerance with GH therapy;
however, non-significant increases in fasting glucose were recorded,
but these all remained in the normal range. One group showed the
progression of 3 patients from IGT to overt DM during GH therapy;
however, this may be due to lifestyle factors, rather than GH therapy

alone,?%2°

and a recent study, published after this systematic search,
confirmed that fasting glucose and insulin levels remained stable
after 3 years of GH therapy.®? Hoybye (2004) suggested that GH
treatment should be combined with lifestyle changes and exercise,
in order to reduce the negative outcomes on glucose tolerance.*°
This further supports previous recommendations that transition to
adult services should be supported by a multidisciplinary team, in-

cluding a dietitian.*®

4.5 | Recommendations

The data from the 20 studies included in this systematic review sug-
gest that GH therapy in adults with PWS is likely to result in favour-
able outcomes, particularly with regard to body composition. Most
of the studies focused mainly on body composition and indirect car-
diovascular health factors, and few focused on direct cardiovascular
health and bone health; therefore, more studies are required look-
ing at these parameters. The duration of follow-up in the studies
included was also relatively short, so longer-term longitudinal stud-
ies are recommended to confirm the effects of GH in this group of
patients.

In the meantime, GH therapy appears to be well tolerated and
should be considered in adults with PWS but only in specialist cen-
tres with access to a multidisciplinary team. Where GH therapy is
used in adults, regular monitoring should be initiated, with particu-
lar emphasis on echocardiograms, oral glucose tolerance tests and

IGF-1 and cholesterol measurements.

5 | CONCLUSION

The use of GH therapy in adults has shown favourable outcomes,
particularly in body composition, without significant changes in
bone and cardiovascular health in the short term. No major adverse

events were seen, and therefore, overall the use of GH therapy in
adults has been shown to be beneficial and safe. As a result of this,
we would recommend the use of GH therapy in PWS adults, sup-
ported by a multidisciplinary team to monitor their progress and
record any side effects. It is, however, essential that longitudinal
studies on GH in PWS be conducted to confirm these findings in pa-
tients receiving long-term GH. As such, we would recommend that
where GH is prescribed for adults with PWS, data should also be
collected regarding efficacy and safety in a systematic way to ensure

that such these important data are available.
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