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Abstract

Context: Features of Prader-Willi syndrome (PWS) overlap with features of growth
hormone (GH) deficiency, like small hands and feet, short stature, increased body fat,
and low muscle mass and strength. In children with PWS, GH treatment (GHt) improves
physical health and cognition. GHt has become the standard of care in PWS children, but
in adults this is not yet the case.

Objective: This work aims to provide an overview of the current knowledge on GHt in
PWS adults.

Methods: Medline, Embase, and the Cochrane Central Register of Controlled Trials
databases were searched. Study selection included randomized clinical trials (RCTs) and
nonrandomized (un)controlled trials (NRCTs) that reported data for adults with PWS,
who received GHt for at least 6 months. Data on body composition, body mass index
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(BMI), cardiovascular end points, bone, cognitive function, quality of life, and safety

were extracted.

Results: Nine RCTs and 20 NRCTs were included. Body composition improved during
12 months of GHt with an increase in mean (95% Cl) lean body mass of 1.95 kg (0.04
to 3.87 kg) and a reduction of mean (95% Cl) fat mass of -2.23% (-4.10% to —0.36%).
BMI, low-density lipoprotein cholesterol levels, fasting glucose levels, and bone mineral
density did not change during GHt. There were no major safety issues.

Conclusion: GHt appears to be safe and improves body composition in adults with
PWS. Because poor body composition is closely linked to the observed high incidence of
cardiovascular morbidity in adults with PWS, improving body composition might reduce
cardiovascular complications in this vulnerable patient group.

Key Words: Prader-Willi syndrome, growth hormone, body composition, cardiovascular

Prader-Willi syndrome (PWS) is a rare and complex de-
velopmental disorder caused by the lack of expression of
paternally inherited genes on chromosome 15q11 to q13
(1). The incidence of PWS is around 1:16.000 to 21.000
live births (2, 3). PWS is associated with low muscle mass,
intellectual disability, and hypothalamic dysfunction (1, 4).
Hypothalamic dysfunction results in an insatiable appetite,
disturbed thermoregulation, abnormal pain perception,
and pituitary hormone deficiencies (1, 4, 5).

Mortality in adults with PWS is high (3%) (6, 7) com-
pared with non-PWS adults with an intellectual disability
(8). More than half of mortality is caused by cardiopul-
monary pathology (7, 9).

Cardiovascular morbidity and mortality are the result of
a complex interplay between hypotonia and hyperphagia
that, combined with pituitary hormone deficiencies and a
strong behavioral phenotype, results in a poor body com-
position of high fat and low muscle mass (10). This induces
cardiovascular risk factors like morbid obesity, hyperten-
sion, hypercholesterolemia, and type 2 diabetes mellitus
(T2DM). Therefore, improving body composition is key in
preventing cardiovascular morbidity and mortality.

Theoretically, body composition could be improved by
vigorous exercise. However, this is hard to achieve because
of hypotonia and (severe) behavioral issues. Another prom-
ising way to improve body composition in adults with PWS
is growth hormone (GH) treatment (GHt).

Features of PWS overlap with features of GH deficiency,
like small hands and feet, short stature, increased body fat,
and low muscle mass and strength (1). It is generally ac-
cepted that GH deficiency in adults with PWS is due to
hypothalamic dysfunction (11). Burnett et al showed that
individuals with PWS have prohormone convertase 1 defi-
ciency (12). Because prohormone convertase 1 deficiency
results in impaired prohormone processing, GH deficiency
in individuals with PWS might be the result of impaired
growth hormone-releasing hormone (GHRH) processing.

The reported prevalence of GH deficiency in adults with
PWS ranges between 0% and 38% (13, 14). However, this
is probably an underestimation of the true prevalence as
there are no adequate tests to confirm this diagnosis in
patients with PWS (13, 15). The 2 provocative tests most
often used to diagnose GH deficiency are the insulin toler-
ance test (ITT) and the GHRH-arginine test (16). However,
the GHRH-arginine test is unreliable when GH deficiency
is caused by hypothalamic dysfunction, which is the case
in patients with PWS (17). The ITT is a sensitive and spe-
cific test for GH deficiency of hypothalamic origin (16),
but it is often contraindicated in adults with PWS because
of the presence of cardiovascular disease and epilepsy.
Furthermore, for ITT, 2 different intravenous catheters
are needed, which is often impossible in adults with PWS
because of obesity and disturbed vascularization (18, 19).
Moreover, hypoglycemia has to be induced, which is espe-
cially dangerous in patients with an intellectual disability.
Additionally, the ITT may have some ethical concerns be-
cause most adults with PWS have an intellectual disability
and therefore may not fully understand the purpose of the
ITT and why they feel bad when they get hypoglycemic.

In children with PWS, several large placebo-controlled
trials, cohort studies, and a recent meta-analysis have
shown that GHt causes improvements in physical health
and cognition, and might improve quality of life (QoL)
(20-27). The improvements were seen both in PWS chil-
dren with proven GH deficiency, as well as in PWS children
without proven GH deficiency. This indicates that GHt is
useful for individuals with PWS regardless of their GH
status (28, 29).

GHt has become the standard of care in PWS children,
even in those who do not have proven GH deficiency (28).
However, for adults this is not the case.

In adults with PWS, GHt may have a beneficial effect
on body composition by increasing lean body mass (LBM)
and decreasing fat mass (FM) (30, 31). Furthermore, it may
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improve muscle strength, endurance, metabolic health,
cognition, and QoL (31-35). GHt can potentially also de-
crease cardiovascular mortality by reducing the cardiovas-
cular risk profile. However, there have been some concerns
regarding the safety of GHt in adults with PWS (28).

Recently, the global community of PWS experts has
advocated for approval of GHt in adults with PWS (36).
Although several review articles on GHt in PWS have been
published, a meta-analysis is crucial to stress the import-
ance of GHt in adults with PWS.

In this systematic review and meta-analysis, we provide
a concise overview of the current knowledge on effective-
ness and safety of GHt in adults with PWS.

Materials and Methods

This systematic review and meta-analysis has been per-
formed according to the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guide-
lines (37). The meta-analysis is registered in PROSPERO
(International Prospective Register of Systematic Reviews)
with number CRD42019140295.

Search Strategy

Two separate searches were conducted in the databases
MEDLINE (via PubMed and ALL OVID), Embase, and
the Cochrane Central Register of Controlled Trials. The
full search strategy is included in Supplementary Table S1
(38). Data collection was finished by February 2020 and
updated by December 2020. There were no restrictions on
language or period. References of articles and relevant re-
views identified through the search were further searched
to find additional eligible studies.

All articles were evaluated independently by 3 reviewers,
first by title and abstract, and then by full text. The full text
of selected articles was assessed for data extraction and
bias evaluation. A characterization matrix was constructed
with the following variables: author, publication year, study
design, country, age, number of participants, period, dosage
of GHt/placebo, and outcome measurements.

Eligibility Criteria

We included all original research articles describing adults
with genetically confirmed PWS, regardless of genetic sub-
type, with or without proven GH deficiency, who partici-
pated in GH studies performed in adulthood that were
either RCTs (double-blinded or not) or nonrandomized
(un)controlled studies (NRCTs; cohort and before-after
studies). We excluded reviews, protocols, case reports, con-
ference abstracts, data from unpublished research, and

incomplete articles. We also excluded studies with fewer
than 6 months of GHt. The analyzed outcome measure-
ments are described in Table 1.

Study Selection and Data Extraction

Identification, screening, and eligibility assessments were
performed independently by 3 reviewers (A.R., C.P., and
K.P.) in an unblinded, standardized manner. Disagreements
between reviewers were discussed with a fourth researcher
(L.d.G.). Extraction of variables was performed independ-
ently by 2 researchers. The corresponding or principal
study authors were contacted to clarify data if needed. In
case different studies assessed the same outcome param-
eter in the same study population, the study with the most
participants was selected for the analysis of that outcome
parameter.

Risk of Bias and Data Quality Assessment

Risk of bias was evaluated separately by 2 reviewers
(A.R. and C.P.). The Cochrane Collaboration Risk of Bias
2.0 tool was used for RCTs to evaluate study limitations
(39). The ROBINS-I tool was used for NRCTs (40). The
possibility of publication bias was assessed by evaluating
a funnel plot (Begger test) for asymmetry. GRADE consid-
erations (study limitations, consistency of effect, impreci-
sion, indirectness and publication bias) were used to assess
the data quality for each outcome and to draw conclusions
about the quality of evidence.

Statistical Analysis

Data were analyzed with Cochrane Review Manager
(version 5.4; The Nordic Cochrane Centre) and R ver-
sion 3.6.0 (41, 42). Meta-analyses were performed sep-
arately for RCTs and NRCTs when data were available
in at least 3 studies that investigated the same outcome
and had a comparable study design. Data are presented
as pooled mean difference and 95% CI. Inverse variance
weighting was used to pool the data based on the number
of participants, mean, and SD of the individual studies.
Studies that did not report data in terms of means
and their respective SDs were recalculated, if possible.
Because of different lengths of follow-up, meta-analyses
were only performed for outcomes at 12 months of
follow-up. Outcomes at different follow-up times are
shown in scatterplots in the supplementary data (38).
Inconsistency (the proportion of total variation across
studies due to heterogeneity) of effects across interven-
tions were measured with the I” statistic. To obtain ad-
equate results, a random-effects model was used if I* was
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Table 1. Analyzed outcome measurements

Body composition: lean body mass in kilograms and total body fat mass in percentage as measured by dual-energy x-ray absorptiometry

Body mass index (in kg/m?)

Cardiovascular end points: low-density lipoprotein cholesterol levels in milligrams per deciliter, thromboembolisms, and cardiovascular

function (defined as structural and functional cardiovascular features)

Bone: BMD in grams per centimeters squared (g/cm?) and BMD SDS, bone strength, and geometry, and markers of bone formation,
bone resorption, and bone regulation. For readability, we use the term BMD both for BMD in g/cm? and BMD SDS in the text. The

distinction between the 2 is made in the tables in “Results.”

Cognitive function: all types of validated questionnaires (such as WISC-III, WAIS-III, Stanford-Binet test)

Quality of life: evaluated by different instruments

Adverse events: glucose metabolism (glycemia, HOMA-IR, glycated hemoglobin A, ), peripheral edema, sleep apnea, and mortality.

Abbreviations: BMD, bone mineral density; HOMA-IR, homeostatic model assessment of insulin resistance; SDS, SD score; WAIS-III, Wechsler Adult Intelligence

Scale; WISC-III, Wechsler Intelligence Scale for Children-III.

greater than 50%, and a fixed-effects model was used
if I* was less than 50%. For the random-effects model,
the between-study variance (t*) was estimated with the
DerSimonian-Laird estimator.

P values less than .05 were considered statistically
significant.

Results

For search 1, we identified 12135 records through database
screening and 29 records through other sources (cross-
references). After deduplication, 717 records remained.
For search 2, we identified 1314 records through data-
base screening, of which 701 remained after deduplication.
A.R. and K.P. evaluated the titles and abstracts of search
1 (717 records). C.P. evaluated the titles and abstracts of
search 2 (701 records). After this, we combined search 1
and search 2 and assessed the full text of 140 articles. We
excluded 111 articles that did not meet the eligibility cri-
teria. We included 29 articles in this systematic review and
meta-analysis, of which there were 9 RCTs and 20 NRCTs
(Fig. 1). Study characteristics and outcomes of the included
articles are described in Table 2.

Body Composition

Randomized clinical trials

Five RCTs assessed LBM, 5 FM, and 3 body mass index
(BMI) (30, 43-46). Kuppens et al (2016a) (45) and
Kuppens et al (2016b) (46) assessed the same study popu-
lation, as did Sode-Carlsen et al (2010) (30) and Jorgensen
et al (2013) (44). Therefore, only Kuppens et al (2016b)
and Sode-Carlsen et al (2010) are included in the analysis.
The open-label part of the study by Hoybye et al (2003)
(43) is included in the meta-analyses of the NRCTs. Meta-
analyses for LBM, FM, and BMI were not possible because
of extreme heterogeneity in study design and reported data
among the RCTs. Their findings are summarized in Table 3.

All participants in the study by Kuppens et al (2016b) were
on GHt at the time of inclusion, whereas the other studies
included only adults with PWS who had not been treated
with GH for at least 12 months.

All studies found improvements in body composition
with a reduction of FM (range, 2.90- to 4.20-kg reduc-
tion) and an increase in LBM (range, 1.50- to 2.25-kg in-
crease). BMI slightly decreased in 2 studies, although not
significantly.

Nonrandomized (un)controlled studies

Twelve NRCTs studied LBM, FM, and BMI (34, 35, 47-
58). Bertella et al (2007) (34), Marzullo et al (2007) (48),
Gondoni et al (2008) (49), Lafortuna et al (2014) (35), and
Marzullo et al (2015) (55) (partly) assessed the same study
population, as did Damen et al (2020a) (56) and Damen
et al (2020b) (57), and Sode-Carlsen et al (2011) (51) and
Jorgensen et al (2014) (53). Therefore, only Lafortuna et al
(2014), Damen et al (2020a), and Jorgensen et al (2014)
are included in the meta-analyses. Hoybye et al (2007) (47)
contained the same study population as the open-label part
of Hoybye et al (2003) (43) and was therefore excluded
from the meta-analyses. Because Hoybye (2015) (58) and
Longhi et al (2015) (54) were cross-sectional studies, these
studies were also excluded from the meta-analyses.

GH treatment resulted in a significant improvement of
1.95kg (95% CI,0.04 to 3.87 kg) in LBM compared to base-
line for 12 months of follow-up with a low quality of evi-
dence according to GRADE considerations (Fig. 2; Table 4).
Compared to baseline, the percentage of FM decreased sig-
nificantly by =2.23% (95% CI, -4.10% to -0.36%) during
12 months of GHt, with a low quality of evidence (Fig. 3;
Table 4). BMI decreased nonsignificantly by —0.04 kg/m?
(95% CI, —1.45 to 1.38 kg/m?) during 12 months of GHt
compared to baseline, with a low quality of evidence
(Fig. 4; Table 4). Changes in LBM, FM, and BMI at dif-
ferent follow-up times compared to baseline are shown in
Supplementary Fig. S1 (38).
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Search 1

Search 2

Records identified through
database searching:

- Embase (n = 648)

- Medline ALL (n = 474)

- Cochrane (n = 93)

Records identified through
cross-references (n = 29)

Records identified through
database searching:
- Embase (n = 821)
- Medline (n = 493)

Records identified through
other sources (n = 0)

A4 A4

Records after duplicates
removed (n = 717)

\ 4

Titles and abstracts

A4 A4

Records after duplicates
removed (n = 701)

\ 4

Titles and abstracts

screened (n = 717)

A4

Records excluded
(n = 577)

screened (n = 701)

A4

Records excluded
(n =561)

Records after combining search 1
and search 2 (n = 140)

Full-text a

rticles _
assessed (n = 140) o

Full-text articles excluded (n = 111)
- Reviews or conference papers
(n = 34)

- Effect or safety of GH treatment
is not assessed
(n=13)

Included articles (n=3)
- RCTs (n =9)
- NRCTs (n = 20)

- GH treatment for < 6 months

- No GH-treated adults with PWS
(n =61)

Figure 1. Flowchart of screened articles. Abbreviations: GH, growth hormone; NRCTs, nonrandomized (un)controlled studies; PWS, Prader-Willi syn-

drome; RCTs, randomized clinical trials.

Longhi et al (2015) compared LBM, FM, and BMI
between GH-treated and GH-untreated adults with
PWS in a cross-sectional study (54). They found an im-
proved body composition in GH-treated adults com-
pared to GH-untreated adults, with an increase in LBM
(mean = SD: 44.6 = 8.3 kg in GH-treated vs 37.5 = 8.1 kg
in GH-untreated; P = .01) and a reduction of FM (mean = SD:
50.1 + 6.3% in GH-treated vs 51.8 = 6.7% in GH-untreated;
P > .05). BMI was slightly higher in GH-treated adults com-
pared to GH-untreated adults (mean = SD: 41.6 = 10.8 kg/
m* vs 41.1 = 12.4 kg/m%; P > .05). Hoybye (2015) showed
that long-term GHt for 15 years resulted in a mean = SD
LBM of 71.1 = 8.4%, mean = SD FM of 28.6 = 8.5%, and
mean = SD BMI of 30.6 = 7.7 kg/m* (58). Jorgensen et al
(2014) reported FM only in kilograms and was therefore
excluded from the meta-analysis for FM (%) (53). They
found a significant reduction of FM after 12 months of GHt

(mean = SD: 27.5 + 13.4 kg at 12 months vs 29.6 = 12.5 kg
at baseline; P < .05).

Cardiovascular End Points (Lipids, Cardiac
Function, and Thromboembolisms)

Randomized clinical trials

Three RCTs studied low-density lipoprotein (LDL) choles-
terol levels in adults with PWS (30, 33, 43). However, a
meta-analysis was not possible for LDL cholesterol because
of extreme heterogeneity in study design and reported
data. Study findings are summarized in Table 5. Only Sode-
Carlsen et al (2010) reported a significant decrease in LDL
cholesterol during 12 months of GHt compared to placebo
(30). The other studies found similar LDL cholesterol levels
in adults who received GHt and in adults who received pla-
cebo (33, 43).
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GH treatment Baseline Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% ClI 1V, Fixed, 95% CI ABCDEFG
Damen et al (2020a) 40.7 7.5 43 39.8 7.8 43 34.9% 0.90[-2.33t04.13] — POOOe® ©
Hoybye et al (2003) 40.6 6.6 17 38.4 8.7 17 13.6% 2.20[-2.99to 7.39] — T ([ I T
Butler et al (2013) 423 9.1 11 40 9 11 6.4% 2.30[-5.26 t0 9.86] @@ @
Lafortuna et al (2014) 48 7.6 15 456 8.5 15  11.0% 2.40([-3.37t0 8.17] I — P 0000 ©
Jorgensen et al (2014) 42.2 8.8 35 395 7.8 39  25.2% 2.70[-1.11to 6.51] I e — $ SPEGG®
Mogul et al (2008) 45.5 12.6 30 42.7 12.6 30 9.0% 2.80[-3.58t09.18] E e@e00@
Total (95% CI) 151 155 100.0% 1.95[0.04 to 3.87] s

Heterogeneity: Chi? = 0.66, df = 5 (P =.98); I = 0%
Test for overall effect: Z = 2.00 (P =.05)

-10 -5

5 10
Favors no GH (baseline) Favors GH

Figure 2. Forest plot of the effect of 12 months of growth hormone treatment on lean body mass (kg) in nonrandomized (un)controlled studies.
Abbreviations: GH, growth hormone; IV, inverse variance. Risk of bias legend: A, confounding; B, selection; C, intervention; D, intervention deviation;

E, missing data; F, outcome; G, reported results.

GH treatment Baseline Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% Cl ABCDEFG
Hoéybye et al (2003) 46.8 11.1 17 49.4 10.3 17 6.8%  -2.60 [-9.80 to 4.60] [ I I
Mogul et al (2008) 40 7.1 30 42.8 6 30 31.7% -2.80[-6.13t0 0.53] — PREGOGE
Butler et al (2013) 48.5 7.3 11 51.2 7 11 9.8%  -2.70[-8.68 t0 3.28] R PDOGS ©©
Lafortuna et al (2014) 52.8 4.9 15 55.8 4.9 15  28.5%  -3.00[-6.51 to 0.51] —— P ©0000¢©
Damen et al (2020a) 39.4 8.8 43 39.6 9.6 43 23.2%  -0.20[-4.09 to 3.69] . — PP +
Total (95% CI) 116 116 100.0% -2.23[-4.10 to -0.36] L =
Heterogeneity: Chi? = 1.38, df = 4 (P =.85); I* = 0% + } }

Test for overall effect: Z = 2.33 (P =.02)

-10 -5 0 5 10
Favors GH Favors no GH (baseline)

Figure 3. Forest plot of the effect of 12 months of growth hormone treatment on fat mass (%) in nonrandomized (un)controlled studies. Abbreviations:
GH, growth hormone; 1V, inverse variance. Risk of bias legend: A, confounding; B, selection; C, intervention; D, intervention deviation; E, missing

data; F, outcome; G, reported results.

GH treatment Baseline Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% ClI 1V, Fixed, 95% ClI ABCDEFG
Héybye et al (2003) 353 9.9 17 35 95 17  4.7% 0.30[-6.22t0 6.82] i [T T T
Mogul et al (2008) 32.6 8.8 30 33.7 9.9 30 8.9% -1.10[-5.84 to 3.63] I E— Peee0ce@
Sode-Carlsen et al (2011) 28.4 7.3 39 28.9 10.2 39 12.9% -0.50[-4.44 to 3.44] e E— +rFFFF
Butler et al (2013) 376 6.6 11 377 6.6 11  6.6% -0.10[-5.62t0 5.42] e 2666 66
Lafortuna et al (2014) 446 6.6 15 45 4.7 15 11.9% -0.40[-4.50 to 3.70] e E— + POOOCO©
Damen et al (2020a) 253 44 43 25 46 43 55.1% 0.30[-1.60 to 2.20] —— 2@eee @
Total (95% CI) 155 155 100.0% -0.04 [-1.45 to 1.38] +

Heterogeneity: Chi? = 0.41, df = 5 (P = 1.00); I = 0%
Test for overall effect: Z = 0.05 (P =.96)

-10 -5 0 5 10
Favors GH Favors no GH (baseline)

Figure 4. Forest plot of the effect of 12 months of growth hormone treatment on body mass index in nonrandomized (un)controlled studies.
Abbreviations: GH, growth hormone; IV, inverse variance. Risk of bias legend: A, confounding; B, selection; C, intervention; D, intervention deviation;

E, missing data; F, outcome; G, reported results.

Nonrandomized (un)controlled studies

Eight NRCTs studied LDL cholesterol levels, 2 cardiac
function, and 1 thromboembolism (35, 48, 50-52, 55, 57,
58). Because Marzullo et al (2015) (55), Lafortuna et al
(2014) (35), and Marzullo et al (2007) (48) assessed the
same study population, only Lafortuna et al (2014) is
included in the meta-analysis. Hoybye (2015) (58) pro-
duced a cross-sectional study and therefore was excluded
from the meta-analysis. Twelve months of GHt resulted
in a nonsignificant decrease of -3.52 mg/dL (95% CI,
-10.86 to 3.82 mg/dL) in LDL cholesterol levels com-
pared to baseline (Fig. 5). The risk of bias and grade of
certainty were low (see Table 4). Change in LDL chol-
esterol levels at different follow-up times compared to
baseline is shown in Supplementary Fig. S2 (38). Hoybye
(2015) reported a mean = SD LDL cholesterol level
of 2.4 + 0.8 mmol/L for PWS adults who were treated
with GH for a mean duration of 15.4 years (58). The

findings on cardiac function and thromboembolisms are
summarized in Table 5. Marzullo et al (2015) found that
48 months of GHt increased the left ventricular mass
with preservation of systolic and diastolic function (59).
Furthermore, Manzardo et al (2019) reported that GHt
might protect against the development of thromboembol-
isms (60).

Bone

Randomized clinical trials

Bone mineral density (BMD) was assessed in 2 RCTS
(44, 61). The findings of these RCTs are summarized in
Table 6. None of the studies that assessed the efficacy of
12 months of GHt on BMD found any significant differ-
ence when compared with placebo. Jorgensen et al (2013)
also assessed the relation between GHt and bone formation
and resorption markers (see Table 6) (44). They found an
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Table 4. GRADE of evidence

Mean difference (95% CI) with GH

Overall certainty of evidence

Indirectness Imprecision  Publication bias

Inconsistency

Risk of bias

No. of participants, No. of studies

Lean body mass, kg

MD 1.95 higher (0.04 higher to 3.87 higher)

®pO0 Low

Not serious Not serious  Not serious  None

Not serious

151, 6 observational studies

Fat mass, %

MD 2.23 lower (4.10 lower to 0.36 lower)

@O0 Low

None

Not serious  Not serious

Not serious

Not serious

116, 5 observational studies

Body mass index, kg/m*

MD 0.04 lower (1.45 lower to 1.38 higher)

®dOO Low

None

Not serious  Not serious Not serious  Not serious

155, 6 observational studies
LDL cholesterol, mg/dL

MD 3.52 lower (10.86 lower to 3.82 higher)

®dO0O Low

None

Not serious  Not serious

Not serious

Not serious

136, 5 observational studies

Fasting glucose, mmol/L

MD 0.20 higher (0.01 lower to 0.28 higher)

Not serious  None ®0O00O Very low

Not serious Serious

Not serious

151, 6 observational studies

Glycated hemoglobin A, , mmol/mol

MD 0.78 higher (4.04 lower to 5.60 higher)

@000 Very low

Not serious Serious Not serious  None

Not serious

80, 3 observational studies

HOMA-IR index

MD 0.48 higher (0.23 higher to 0.73 higher)

Serious Not serious  None @OOO Very low

Serious

Not serious

151, 6 observational studies

Abbreviations: GH, growth hormone; HOMA-IR, homeostatic model assessment of insulin resistance; LDL, low-density lipoprotein; MD, mean difference.

increase of the bone formation markers PINP (N-terminal
propeptide of type I procollagen) and osteocalcin during
12 months of GHt.

Nonrandomized (un)controlled studies

Three NRCTs assessed BMD (52, 54, 62). Their findings
are described in Table 6. None of the studies reported sig-
nificant differences in BMD during 12 months of GHt. Two
studies looked at differences in BMD between GH-naive
individuals and individuals who were treated with GH
(either in the past or at the time of assessment). One of
the studies, by Khare et al (62), found that GH-treated in-
dividuals had a higher BMD than GH-untreated individ-
uals, whereas Longhi et al (54) reported no differences in
BMD between GH-treated and GH-untreated individuals.
Longhi et al also studied the effect of GHt on bone geom-
etry and bone strength (see Table 6) (54). They found that
GH-treated individuals had a better bone geometry and
higher bone strength than GH-untreated individuals. One
study assessed the relation between GHt and bone regula-
tory markers (see Table 6) (63). They reported that GHt
results in decreased levels of RANKL (receptor activator of
nuclear factor-kB ligand) and increased levels of the regula-
tory marker OPG (osteoprotegerin).

Cognition and Quality of Life

Randomized clinical trials

Two RCTs assessed cognition, and one assessed QoL (Table
7) (32, 45). Compared to placebo, Hoybye et al (2005)
found that GHt had a positive effect on subtests for ex-
ecutive functions (trail making) and mental speed (reaction
time) during 6 months of GHt (32). However, continuation
of GHt for 12 months (open-label) resulted in significant
improvements only in coding and mental speed (reaction
time). After 18 months of open-label GHyt, significant im-
provements in block design, and subtests for mental speed
(reaction time) and motor speed and motor fluency (finger
tapping) were reported. Kuppens et al (2016a) found that
cessation of GHt did not result in cognitive deterioration
(45). For QoL, Hoybye et al (2005) found no effect of GHt
(32). However, they showed that individuals with PWS al-
ready had a very positive self-image before GHt, which
makes the potential effect of GHt on QoL much smaller.

Nonrandomized (un)controlled studies

One NRCT assessed cognition, and 2 NRCTs QoL (see
Table 7) (34, 52, 64). Butler et al (2019) reported higher
vocabulary IQ in GH-treated individuals compared to
GH-untreated individuals (64). For QoL, one study found
a positive effect of GHt (34), whereas the other study found
no effect of GHt (52).
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General Safety and Effects on Glucose
Metabolism

General safety

Five RCTs and 14 NRCTs assessed safety during GHt (30,
33, 35, 43, 46-53, 55-58, 65-67). The reported adverse
events are described in Table 8. Marzullo et al (2007) (48),
Gondoni et al (2008) (49), Lafortuna et al (2014) (35), and
Marzullo et al (2015) (55) (partly) assessed the same study
population, as did Damen et al (2020a) (56) and Damen
et al (2020b) (57), and Sode-Carlsen et al (2011) (51) and
Jorgensen et al (2014) (53). Therefore, only Lafortuna et al
(2014), Damen et al (2020b), and Jorgensen et al (2014)
are included in the meta-analyses. Hoybye et al (2007) (47)
contained the same study population as the open-label part
of Hoybye et al (2003) (43) and was therefore excluded
from the meta-analyses. Because Hoybye (2015) (58) was
a cross-sectional study, this study was also excluded from
the meta-analyses.

Effects on glucose metabolism

Because GH counteracts the effects of insulin on glucose
and lipid metabolism, one of the major concerns when
starting GHt is impaired glucose tolerance. Therefore, we
address this side effect separately.

Randomized clinical trials

Two RCTs studied fasting glucose levels, 1 glycated hemo-
globin A (HbA, ), and 1 homeostatic model assessment of
insulin resistance (HOMA-IR) index during GHt (30, 46).
Only Kuppens et al (2016b) found an increase in fasting
glucose levels during 12 months of GHt compared to pla-
cebo (mean difference: 0.2 mmol/L; P = .01) (46). However,
glucose levels remained within the reference range. The
other RCT did not find any significant differences in fasting
glucose, HbA, , and HOMA-IR index during GHt (30).

Nonrandomized (un)controlled studies

Eleven NRCTs studied fasting glucose levels, 5 HbA ,
and 10 HOMA-IR index during GHt (35, 47-53, 55-57).
Fasting glucose levels and HOMA-IR index were also
studied in the open-label part of the study by Hoybye et al
(2003) (43). GHt resulted in a nonsignificant increase of
0.20 mmol/L (95% CI, -0.01 to 0.41 mmol/L) in fasting
glucose levels compared to baseline for 12 months of follow
up (Fig. 6). Compared to baseline, HbA _ remained similar
during 12 months of GHt (increase of 0.78 mmol/mol;
95% CI, —-4.04 to 5.60 mmol/mol; Fig. 7). Hoybye (2015)
reported that HbA,_ levels remained within the reference
range (mean = SD: 41 = 12 mmol/L; reference range, 27 to
42 mmol/L) after GHt for 15 years (58). For HOMA-IR,
12 months of GHt resulted in a significant increase of

0.48 (95% CI: 0.23 to 0.73) compared to baseline (Fig. 8).
Changes in fasting glucose, HbA, , and HOMA-IR at dif-
ferent follow-up times compared to baseline are shown in
Supplementary Fig. S3 (38).

Discussion

We performed a meta-analysis and systematic review
of studies that investigated the effect of GHt in adults
with PWS. Our results confirm that GHt during adult-
hood can improve body composition by increasing LBM
and decreasing FM. We found that GHt is safe for adults
with PWS.

Contrary to LBM and FM, BMI did not change during
GHt. The most probable explanation is the increase in LBM
along with a reduction of FM, which might result in similar
weight before and after GHt and hence no change in BMI,
despite the improved body composition. Another possible
explanation for this is that most participants were already
on caloric restriction prior to inclusion and remained on
this restriction during the study period. Studies that evalu-
ated the effects of cessation of GHt were not included in
this systematic review and meta-analysis. These effects
were studied by Koizumi et al (2018) (68) and Oto et al
(2014) (69), who reported an increase in FM and BMI, re-
spectively, after cessation of GHt for 6 months. Butler et al
(2013) also showed an increase in FM and BMI and reduc-
tion of LBM after 12 months of GHt cessation (52). Only
Hoybye (2015) (58) compared GH-naive participants and
participants who continued GHt started during infancy,
childhood, or adolescence. They showed that after a mean
duration of 15.4 years of GHt, the effects on LBM, FM,
BMI, and LDL cholesterol were similar between the groups.
For other studies, differences between GH-naive and GH
nonnaive participants could not be evaluated separately.
The potential effect of GHt might be smaller in individuals
who were previously treated with GH. However, improve-
ments in body composition were seen both in studies that
included only GH-naive participants and in studies that in-
cluded participants who were previously treated with GH.
This suggests that both groups benefit from GHt.

Improvements in body composition would be expected
to increase exercise capacity, with increased muscle strength
and physical fitness. This was shown by Sode-Carlsen et al
(2010 and 2011) (30, 51) and Lafortuna et al (2014) (35),
who studied muscle volume and strength. They found that
24 months of GHt significantly improved muscle volume,
quality, and strength. Furthermore, Gondoni et al (2008)
(49) and Lafortuna et al (2014) (35), who measured exer-
cise tolerance with a motorized treadmill stress test in partly
the same population, showed that exercise tolerance also
improved during GHt for 12 and 24 months, respectively.
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Table 6. Continued

Limitations/remarks

Result

Qutcome parameter

Author

Bone geometry and bone strength

GH treatment could either be cur-

Individuals who were treated with GH (either past or at time of assessment) had,

Outer diameter, mm; inner di-

Longhi et al

NRCTs

rent or past (during childhood).

compared to GH-untreated individuals, a bigger outer diameter (7.8 = 0.7 and

ameter, mm; MI; CSA, mm?;
CA, mm?; BBRI, mm?>. All

(2015)
(54)

No information on missing data.

.004) and inner diameter (3.8 = 0.8 and 3.3 = 0.6, respec-

7.2 0.5, respectively; P

.000), and consequently a higher CSA (49.2 = 8.9 and 40.4 = 6.6, respec-

.005), CA (36.9 = 6.5 and 31.9

tively; P

parameters were evaluated at

=.02), MA (12.3 = 4.8

4.9, respectively; P

E

tively; P

level of second metacarpal bone

.03), and BBRI (467.3 = 123.6 and 357.3 = 74.2, respectively;

.008). No difference in MI between GH-treated and GH-untreated individuals

(0.6 = 0.1 and 0.5 = 0.1, respectively; P > .05).

and 8.9 + 3.1; P

P

at its narrowest site.

Abbreviations: BBRI, bending breaking resistance index (bone strength); CA, cortical area; CSA, total cross-sectional area; BMAD (, lumbar spine bone mineral apparent density; BMC, bone mineral content; BMD , femoral

hip

neck bone mineral density; BMD,_ , total hip bone mineral density; BMD , lumbar spine bone mineral density; BMD,, total body bone mineral density; GH, growth hormone; MA, medullary endocortical area; MI, metacarpal

index; NRCTs, nonrandomized (un)controlled studies; NTX, cross-linked n-telopeptides of type I collagen; OPG; osteoprotegerin; PINP, N-terminal propeptide of type I procollagen; RANKL, receptor activator of nuclear

factor-kB ligand; RCTs, randomized clinical trials; SDS, SD scores (Z score).

“This study compares continuation of GH treatment with cessation of GH treatment, and restart of GH treatment with cessation of GH treatment.

Bone formation markers: PINP, osteocalcin. Bone resorption marker: NTX. Bone regulatory markers: RANKL, OPG, sclerostin.

Butler et al (2013) used accelerometers to measure the in-
tensity and duration of exercise per day (52). They found
that the number and duration of moderate to vigorous
bouts of exercise per day improved during 12 months of
GHt. These studies indicate that GHt improves exercise
capacity. However, only a small number of studies used
standardized tests to measure muscle strength and exercise
tolerance. Therefore, more research is needed to confirm
the effects of GHt on exercise capacity.

LDL cholesterol did not change during GHt. With re-
spect to cardiac function, Marzullo et al (2015) reported
that 4 years of GHt increased the left ventricular mass
with preservation of systolic and diastolic function (55).
However, more research is needed and close monitoring of
the cardiac function is indicated. Since reduction of cardio-
vascular risk due to improvements in body composition by
GHt takes many years, long-term studies are needed to con-
firm the impact of GHt on cardiovascular risk. Manzardo
et al (2019) reported that individuals with PWS who had
been treated with GH had less often thromboembolisms
than individuals who had never been treated with GH (60).
This suggests that GHt might protect against the develop-
ment of thromboembolisms. However, it must be noted that
the GH-untreated group consisted of older participants
than the GH-treated group. In addition, participants in the
GH-untreated group less frequently received multidiscip-
linary care. Because both factors can influence the occur-
rence of thromboembolisms, the observed effect of GHt on
the development of thromboembolisms might be spurious.

The results of studies assessing the effect of GHt on
bone suggest that, regardless of the effect on BMD, there
might be a positive effect on bone geometry, bone strength,
and the maintenance of bone mass (44, 54, 63). However,
it must be noted that most studies did not correct for sex
hormone replacement. As sex hormones are known to
play an important role in the development and mainten-
ance of bone, this might have given spurious results (70).
Additionally, in most studies participants were treated with
GH for 12 or 24 months. Only Longhi et al (2015) had a
longer follow-up time of mean = SD 7.2 2.5 years (54).
Although they did not find any difference in BMD between
GH-treated and GH-untreated individuals, we cannot rule
out that a longer duration of GHt may improve BMD.
Therefore, more long-term research is needed to elucidate
the role of GHt on bone, with correction for sex hormone
replacement.

The studies that assessed the effect of GHt on cogni-
tion and QoL were not conclusive. Some studies found
improvements in cognition and QoL, whereas others did
not (32, 34, 45, 52, 64). However, different instruments
were used across the studies, which makes it hard to com-
pare the results. Furthermore, most studies were small and
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GH treatment Baseline Mean Difference Mean Difference Risk of Bias

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% ClI 1V, Fixed, 95% CI ABCDEFG
Mogul et al (2008) 117.4 36.1 30 119.4 39.4 30 14.7% -2.00[-21.12t017.12] 1 206G
Sode-Carlsen et al (2011) 107.5 23.6 37 118 31 37  34.2% -10.50[-23.05 to 2.05] I POOOOPO®
Butler et al (2013) 95 29.8 11 108 26.9 11 9.6% -13.00[-36.72 to 10.72] S — POO® A
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Figure 5. Forest plot of the effect of 12 months of growth hormone treatment on low-density lipoprotein cholesterol levels (mg/dL) in nonrandomized
(un)controlled studies. Abbreviations: GH, growth hormone; IV, inverse variance. Risk of bias legend: A, confounding; B, selection; C, intervention; D,

intervention deviation; E, missing data; F, outcome; G, reported results.
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Figure 6. Forest plot on the effect of 12 months of growth hormone treatment on fasting glucose levels (mmol/L) in nonrandomized (un)controlled
studies. Abbreviations: GH, growth hormone; 1V, inverse variance. Risk of bias legend: A, confounding; B, selection; C, intervention; D, intervention

deviation; E, missing data; F, outcome; G, reported results.
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Figure 7. Forest plot on the effect of 12 months of growth hormone treatment on glycated hemoglobin A, (mmol/mol) in nonrandomized (un)con-
trolled studies. Abbreviations: GH, growth hormone; IV, inverse variance. Risk of bias legend: A, confounding; B, selection; C, intervention; D, inter-

vention deviation; E, missing data; F, outcome; G, reported results.
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Figure 8. Forest plot on the effect of 12 months of growth hormone treatment on homeostatic model assessment of insulin resistance in

nonrandomized (un)controlled studies. Abbreviations: GH, growth hormone; IV, inverse variance. Risk of bias legend: A, confounding; B, selection;
C, intervention; D, intervention deviation; E, missing data; F outcome; G, reported results.

short-term studies, which might result in less potential for
improvements in cognition and QoL. A study by Dykens
et al (2017) among children and young adults with PWS
showed that IQ might improve if GHt is started early (age
< 1 year), in a period of important brain development, and
with longer duration of treatment (71). For QoL, a major

drawback is that there are no validated instruments to
quantify QoL in individuals with an intellectual disability,
which makes it impossible to reliably assess the effect of
GHt on QoL in adults with PWS. Another limitation is that
questionnaires were repeatedly administered, which might
give spurious results because participants and/or the proxy
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Table 8. Reported adverse events during growth hormone treatment in adults with Prader-Willi syndrome

Outcome parameter

Result

RCTs

Sleep apnea

Peripheral edema

Glucose metabolism
OGTT

Diabetes mellitus

Fasting glucose

HbA, , mmol/mol

HOMA-IR index

Metabolic
syndrome

Others

Donze et al (2019) reported GH treatment did not increase AHI, CAL or OAI (P > .35) compared
to placebo in young adults previously treated with GH (65). Also after stratification for sex and
genotype, differences in AHI, CAI and OAI remained nonsignificant (P > .23 for sex; P > .14 for
genotype). Compared to baseline (regardless of GH treatment or placebo) AHI, CAI, and OAI did
not change during study period (P > .18). Regardless of GH treatment or placebo, 2 participants
fulfilled criteria of obstructive sleep apnea.

In the study by Hoybye et al (2003), 3 participants developed edema during GH treatment, which
reversed in 2 participants after reducing GH dose (43). The other participant had chronic edema
and needed intensified diuretic treatment after 10 mo of GH treatment. Sode-Carlsen et al
(2010) reported progression of pretibial edema in 7 participants treated with GH, compared to
§ participants treated with placebo (30). Five other GH-treated participants reported to have
less pretibial edema after 12 mo of GH treatment compared to baseline. In the placebo group, 4
participants had progression of preexisting pretibial edema.

OGTT was studied in 3 RCTs (30, 43). In the study by Hoybye et al (2003), 5 participants had IGT
after 12 mo of GH treatment compared to 1 at baseline (43). According to Sode-Carlsen et al
(2010), 7 participants developed IGT during 12 mo of GH treatment, compared to 2 participants
during placebo treatment (30). Kuppens et al (2017) reported no differences in OGTT between
GH treatment and placebo for 12 mo (33).

Presence of diabetes mellitus was studied in 3 RCTs (30, 33, 43). Sode-Carlsen et al (2010) reported 1
participant withdrew from GH treatment within first 6 mo because of progression of preexistent
diabetes mellitus (30). In the other studies, none of the participants developed diabetes mellitus
(33, 43).

Kuppens et al (2016b) (46) and Sode-Carlsen et al (2010) (30) studied glucose levels. Only Kuppens et
al (2016b) found an increase in fasting glucose levels during 12 mo of GH treatment compared to
placebo (mean difference: 0.2 mmol/L; P = .01). However, glucose levels remained within reference
range.

No differences in HbA reported (30).

No differences in HOMA-IR index reported (30).

No differences in the presence of metabolic syndrome were reported (33).

Sode-Carlsen et al (2010) reported 1 participant experienced a few isolated instances of headache and
nausea within 2 mo of treatment (30). In the study by Kuppens et al (2016b), 7 participants had a
viral respiratory tract infection during GH treatment, compared to 10 participants during placebo

(46).

NRCTs

Sleep apnea
Peripheral edema

Glucose metabolism
OGTT

Hoybye (2015) reported that 1 individual developed sleep apnea during 14 y of GH treatment (58).

Gondoni et al (2008) (49) and Bertella et al (2007) (34) reported transient edema in 3 participants
within the first month of GH treatment, which reversed in all participants after temporary re-
ducing the GH dose. In the study by Mogul et al (2008), 5 participants had mild progression of
preexisting ankle edema and 1 participant withdrew from the study because of myalgias associated
with lower leg swelling (50). Sode-Carlsen et al (2011) reported that 2 participants developed dis-
crete pretibial edema, whereas 4 participants had regression of pretibial edema (51). In the study
by Butler et al (2013), one patient developed mild lower leg edema within the first month of GH
treatment, which stabilized during the rest of the treatment period (52).

OGTT was studied in 4 NRCTs (47, 51, 57, 67). Hoybye et al (2007) found no differences in OGTT
between baseline and 6 y of GH treatment (47). In the study by Sode-Carlsen et al (2011), §
participants developed IGT during 2 y of GH treatment (51). However, in 3 participants with
preexisting IGT the glucose tolerance normalized during GH treatment. Fintini et al (2016)
found 15% of adults who were currently on GH treatment developed altered glucose tolerance,
compared to 39.6% of adults who never received GH treatment (67). Damen et al (2020b) showed
that the prevalence of IGT did not change significantly during 3 y of GH treatment (57).
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Table 8. Continued

Outcome parameter Result

Diabetes mellitus

Presence of diabetes mellitus was studied in 9 NRCTs (35, 47, 50-53, 57, 58, 66). In the study by

Sode-Carlsen et al (2011), 3 patients with preexisting IGT developed diabetes mellitus during 2 y

of GH treatment (51). Part of this study population was also analyzed by Jorgensen et al (2014)

(53). They reported that 1 individual developed diabetes mellitus during 2 years of GH treatment.

Tsuchiya et al (2011) showed that the prevalence of diabetes mellitus was higher in GH-untreated
individuals than in GH-treated individuals (41.2% in GH-untreated vs 9.7% in GH-treated;

P <.05) (66). In the study by Damen et al (2020b), 1 participant developed diabetes mellitus
during 3 y of GH treatment (57). In the study by Hoybye (2015), 4 participants developed diabetes
mellitus during 15 y of GH treatment. However, all were probably due to increase in weight as a

result of nonadherence to lifestyle advice (58). In the other studies, none of the participants devel-

oped diabetes (35, 47, 50, 52).
12 mo of GH treatment resulted in a nonsignificant increase of 0.20 mmol/L (95% CI, -0.01 to 0.41

Fasting glucose

mmol/L) in fasting glucose levels compared to baseline.

HbA, , mmol/mol

12 mo of GH treatment resulted in a nonsignificant increase of 0.78 mmol/mol (95% CI, —4.04 to

5.60 mmol/mol) compared to baseline.

HOMA-IR index

12 mo of GH treatment resulted in a significant increase of 0.48 (95% CI, 0.23 to 0.73) compared to

baseline.
Metabolic Presence of metabolic syndrome variables did not significantly change during GH treatment (50, 57).
syndrome
Others Sode-Carlsen et al (2011) reported headache in 2 participants and carpal tunnel syndrome in 1 partic-

ipant (51). Hoybye (2015) reported renal insufficiency in 1 participant (58).

Abbreviations: AHI, apnea-hypopnea index; CAI, central apnea index; GH, growth hormone; HbA , glycated hemoglobin A, ; HOMA-IR, homeostatic model

assessment of insulin resistance; IGT, impaired glucose tolerance; NRCTs, nonrandomized (un)controlled studies; OAIL, obstructive apnea index; OGTT, oral glu-

cose tolerance test; RCTs; randomized clinical trials.

can remember the questionnaires, which can influence their
answers, regardless of GHt.

GHt was safe both for GH-naive adults with PWS and
for adults who were previously treated with GH. Few ad-
verse events were reported. Our results revealed that GHt
does not increase the risk of glucose metabolism deterior-
ation. No significant increase in HbA,  or fasting glucose
was found, not even after 3 years of GHt (57). HbA
even remained within the reference range after 15 years
of GHt (58). A small significant increase in HOMA-IR
was seen during 12 months of GHt. However, HOMA-IR
levels remained below the threshold for insulin resistance
(2.77) (72) in all studies, except for that by Lafortuna et al
(2014), who reported elevated HOMA-IR in 5 participants
at baseline and 6 participants at 12 months of GHt (35).
Marzullo et al (2015), who assessed the same study popu-
lation, showed that HOMA-IR levels were, cumulatively,
subordinated to BMI (p =0.70, P <.0001) and FM%
(p =0.41, P <.05) (55). Furthermore, HOMA-IR levels did
not change even during 3 years of GHt (57). Only 8 partici-
pants developed T2DM during GHt in the selected articles,
of whom 3 had preexistent impaired glucose tolerance (51,
57, 58). Cross-sectional studies by Tsuchiya et al (2011)
(66) and Fintini et al (2016) (67) corroborate these find-
ings. Fintini et al (2016) showed that of 110 GH-treated
participants (40 previously and 70 currently treated) only

13 (11.8%) developed altered glucose metabolism and just
2 T2DM (67). Furthermore, the prevalence of altered glu-
cose metabolism was statistically higher in participants
who never received GHt (39.6%) than in GH-treated
(15%) participants. This was also seen for the prevalence of
T2DM (41.2% in GH-untreated and 9.7% in GH-treated
individuals), as showed by Tsuchiya et al (2011) (66). Based
on these findings, we may speculate that impaired glu-
cose metabolism and insulin resistance during GHt could
be mainly due to weight gain rather than to GH admin-
istration. This was also corroborated by Hoybye (2015),
who showed that all participants who developed T2DM
increased in weight because of nonadherence to lifestyle
advice (58). The beneficial effect of GHt on maintaining a
healthier body composition might counterbalance the po-
tential effect of GH treatment on glucose homeostasis.
Several systematic reviews on GHt in adults with PWS
have been published in recent years. The most recent sys-
tematic review by Frixou et al (2020) included an overview
of the effects of GHt on body composition, cardiovascular
end points, and bone (73). Similarly to our findings, they
concluded that GHt improves body composition and is safe
in adults with PWS. In addition to the systematic review by
Frixou et al (2020), we also present data on cognition and
QoL. There was no recent meta-analysis on GHt in adults
with PWS. The most recent meta-analysis, showing positive
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effects on body composition and maintenance of BMI, was
published in 2012 (31). Because important new data have
been published since then, we felt it was important to con-
duct a new meta-analysis. Furthermore, we provide an ex-
tensive overview of the safety and reported adverse events.

However, some limitations remain. Only a small number
of studies (9 RCTs, 20 NRCTs) assessed the effects of GHt
in adults with PWS. Therefore, meta-analysis was not pos-
sible for the RCTs. Besides, few data were available for the
effects of GHt on bone, cognition, QoL, and cardiovascular
end points. Last, most of the included studies did not dif-
ferentiate between individuals with proven GH deficiency
and individuals without proven GH deficiency. Therefore,
subgroup analyses were not possible.

In conclusion, the results of the present meta-analysis
confirm that GHt improves body composition in adults
with PWS, without safety concerns. Because poor body
composition plays a key role in the high cardiovascular
morbidity of adults with PWS, improving body compos-
ition might reduce cardiovascular complications in this vul-
nerable patient group.
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