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Abstract
Purpose In adults, growth hormone deficiency (GHD) has
been associated with low bone mineral density (BMD), an
effect counteracted by growth hormone (GH) replacement.
Whether GH is beneficial in adults with age-related bone
loss and without hypopituitarism is unclear.
Methods We conducted a systematic literature search using
Medline, Embase and the Cochrane Register of Controlled
Trials. We extracted and analyzed data according to the
bone outcome included [bone mineral content (BMC),
BMD, and bone biomarker, fracture risk]. We performed a
meta-analysis when possible.
Results We included eight studies. Seven randomized 272
post-menopausal women, 61–69 years, to GH or control, for
6–24 months, and the eighth was an extension trial. Except
for one study, all women received concurrent osteoporosis
therapies. There was no significant effect of GH, as com-
pared to control, on BMD at the lumbar spine (Weighted
mean difference WMD=−0.01 [−0.04, 0.02]), total hip

(WMD= 0 [−0.05, 0.06]) or femoral neck (WMD= 0
[−0.03, 0.04]). Similarly, no effect was seen on BMC. GH
significantly increased the bone formation marker pro-
collagen type-I carboxy-terminal propeptide (PICP) (WMD
= 14.03 [2.68, 25.38]). GH resulted in a trend for increase
in osteocalcin and in bone resorption markers. Patients who
received GH had a significant decrease in fracture risk as
compared to control (RR= 0.63 [0.46, 0.87]). Reported
adverse events were not major, mostly related to fluid
retention.
Conclusion GH may not improve bone density in women
with age-related bone loss but may decrease fracture risk.
Larger studies of longer duration are needed to further
explore these findings in both genders, and to investigate
the effect of GH on bone quality.

Keywords Bone mineral density ● Fracture ● Growth
hormone ● Meta-analysis ● Osteoporosis

Introduction

Growth hormone (GH) is a peptide hormone that plays a
central role in bone metabolism, both directly and indir-
ectly, through the local and systemic production of insulin-
like growth factor-1 (IGF-1) [1, 2]. The importance of GH
in bone physiology is illustrated in patients with growth
hormone deficiency (GHD), who have low bone mineral
density (BMD) and increased fracture risk [3–7]. We have
shown in a previous meta-analysis that GH replacement
in adults with GHD for more than 12 months improved
BMD [8].
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Whether GH therapy can increase BMD and decrease
fracture risk in adults with age-related bone loss who do not
have organic GHD remains an unanswered question. The
rationale for such therapy is that GH secretion by the
pituitary, measured as IGF-1, normally declines with aging
[9–11]. Serum IGF-1 levels were significantly lower in
postmenopausal women referred for osteoporosis screening
and in men with idiopathic age-related osteoporosis, than in
healthy controls. In addition, serum IGF-1 levels positively
correlated with BMD [12, 13], and decreased IGF-1 has
been associated with an increased risk of osteoporotic
fractures [14, 15].

The role of GH treatment in this patient population has
been evaluated, albeit with conflicting results. In a rando-
mized placebo-controlled trial in women with post-
menopausal osteoporosis with the longest follow-up of 3
years, GH therapy resulted in increased bone mineral con-
tent (BMC) by 14% as compared to controls [16], a result
that was not reproduced in another trial of similar design
[17]. Available systematic reviews did not specifically
evaluate our population of interest. Yang et al. addressed
the effect of GH therapy on bone only in patients with hip
fractures [18]. Another systematic review studied the effect
of GH on multiple outcomes, including BMD, in healthy
elderly, who were not specifically selected to have osteo-
porosis at study entry [19]. A more recent meta-analysis
evaluated the anabolic role of GH in elderly with bone loss,
however included healthy individuals with normal BMD
and individuals on hemodialysis who have secondary bone
loss. Moreover, it included certain trials with GH therapy
for a short period (less than six months) [20].

In the present study, we investigated the possible ana-
bolic role of GH as a treatment for osteoporosis. We con-
ducted a systematic review and meta-analysis of available
prospective controlled studies examining the efficacy and
safety of GH therapy, as compared to placebo or conven-
tional osteoporosis therapies, on bone densitometric end-
points, bone turnover markers, and fracture risk in adults
with age-related osteopenia or osteoporosis.

Patients and methods

Literature search

We conducted a systematic search of the literature for
controlled prospective and randomized studies up to
November 2015. The online search included the databases
MEDLINE (1946 to present), EMBASE (1947 to present)
and the Cochrane Register of Controlled Trials. No lan-
guage or year of publication limitation was used. The search
was performed using the keywords and MESH terms rele-
vant to the growth hormone intervention (growth hormone,

human growth hormone, somatotropin, somatropin, soma-
totrophin and somatrophin, GH, hGH, h-GH, rhGH, r-hGH,
rh-GH, Genotropin, Humatrope, Norditropin, Nutropin,
Omnitrope, Saizen, Serostim, Tev-tropin, and Zorbtive) and
to the study population (osteoporosis, postmenopausal
osteoporosis, osteopenia, bone density, bone loss, bone
demineralization, bone fractures, broken bone and low bone
mineral density or content) and the Boolean functions AND,
OR. We also performed a manual search of the references of
both original and review articles collected.

In the present meta-analysis, we included all controlled
prospective and randomized human studies examining the
effects of GH in postmenopausal women and men above
age 50 years, who had osteoporosis or osteopenia. We
excluded studies involving patients with organic GHD and
those with secondary causes of osteoporosis (such as end-
stage renal disease or glucocorticoids), since the effect of
GH on bone in those patient populations has been either
defined or is likely confounded by other factors. We also
excluded studies where the length of treatment was less than
6 months, as there would be no expected benefit within such
a short treatment interval, based on individual trials and
meta-analysis in patients with GHD [8].

The selection of outcome measures was done based on
the Core Outcome Measures in Effectiveness Trials
(COMET) initiative, and included clinical health status
outcomes, namely bone fractures; and intermediate out-
comes, namely bone densitometry (BMD and BMC) and
bone turnover biomarkers [21, 22].

Data abstraction and analysis

Two authors screened, independently and in duplicate,
retrieved abstracts and articles for eligibility, based on our
pre-defined inclusion and exclusion criteria. Similarly, they
extracted data from retained articles using a pre-specified
data collection form. They abstracted data with regards to
study design, year of publication and number of subjects
included and number withdrawn. They also extracted data
on the study subjects’ demographics, their underlying bone
disease and on the GH intervention, as well as on the study
funding source.

The primary outcome was predefined as the mean dif-
ference in BMD measured using dual-energy X-ray
absorptiometry (DXA) after treatment with GH vs. com-
parator. Secondary outcomes included mean difference in
BMD measured using double photon absorptiometry
(DPA), mean difference in BMC using DXA and single
photon absorptiometry (SPA). It also included the risk ratio
in fracture incidence, the mean difference between groups in
individual bone turnover biomarkers, the risk difference in
incidence of adverse events and in all-cause mortality.
When the outcome of interest was not available in the text,
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the corresponding author was contacted by email. When the
missing data could not be obtained (no reply or unavail-
ability of records), the absolute values were retrieved from
graphs [17, 23]. We also contacted by email the corre-
sponding authors of three studies with inconsistent data [16,
17, 24]. Two of the three contacted authors answered and
provided updated findings [16, 24]. We did not receive an
answer to our query regarding one trial’s outcome [17]. That
study was therefore excluded with regards to that specific
outcome [17].

Data synthesis

For the purpose of analysis, studies were combined
according to the outcome measured and, in the case of bone
densitometric endpoints (BMD, BMC), according to the
bone site studied (lumbar spine, femoral neck, total hip, and
forearm) and to the densitometric technique used. When at
least two publications were available for an outcome, a
meta-analysis was conducted for data synthesis. Two
included studies reported data on the same patient popula-
tion at different time points, one being the non-randomized
extension of the other [16, 25]. Each was then included with
regards to its most recent published outcome. Both studies
were not included together for the same outcome. The
presence of duplicate publications is thus highly unlikely.

Two trials randomized participants to more than two
intervention groups; in one trial [24], participants were
randomly assigned to four treatment groups. Each pair-wise
comparison was included separately in our meta-analysis
(GH vs. placebo as one pair, and GH plus calcitonin vs.
placebo plus calcitonin as another pair). In another trial
[16], participants were randomized to one of two GH
intervention groups or to a placebo control group. The study
outcomes for the two GH groups were pooled together.

Statistical analysis

Outcomes were combined in meta-analysis using a random-
effects model. This model yields a conservative estimate of
the overall effect size. Choice of this model over a fixed-
effect model was made based on the included studies that
presumably show a certain level of heterogeneity and within
study variability [26].

Using a random-effects model, a weighted mean differ-
ence (WMD) with a 95% confidence interval (CI) was
obtained for each of the primary and secondary continuous
outcomes, representing the summary effect. For the
dichotomous outcome of fracture incidence, a risk ratio was
derived as the summary effect.

Evaluation for heterogeneity among included studies was
done using the chi-squared test (Chi2) and I2 [26]. Values of
30, 50, and 75% were considered as indicative of moderate,

substantial and considerable amount of heterogeneity,
respectively [26]. We assessed the risk of bias of the
included randomized studies using the Cochrane Colla-
boration’s tool for assessing risk of bias (89). The risk of
publication bias was not assessed with a funnel plot due to
the small number of trials (n= 3) addressing the primary
outcome [26].

Subgroup analysis and meta-regression were pre-planned
but were not performed due to the small number of studies
included.

The analysis was conducted using RevMan (version 5.3).
Data are presented as mean± SD, mean and 95% CI or
mean and range, as appropriate. Unless otherwise stated, P
values < 0.05 were considered statistically significant.

Results

Study selection

The initial literature search identified 7664 citations, 6025
of which were retained after duplicate removal (Fig. 1).
Through the initial title and abstract screen, 5967 articles
were excluded that were clearly referring to animal studies,
different interventions or study populations and the full text
articles of the remaining 58 citations were retrieved. One
article was excluded due to unavailability and 49 were
excluded after review, leaving 8 articles for inclusion, 1 of
which being the follow-up to an earlier study with new
outcomes. Among the remaining eight studies, three studies
included data on BMD measured by DXA, two studies had
BMC by DXA, three studies reported BMD or BMC by
SPA, one study utilized DPA for bone densitometric end-
points, five articles published values of bone biomarkers
and three studies reported fractures (one being a 10 year
follow-up report) (Fig. 1).

Study characteristics

Five out of eight included studies were randomized, pla-
cebo-controlled, with four being double blind. Among the
remaining three studies, two were randomized controlled
and one was controlled. Studies reporting BMD by DXA
were all randomized, double blind, and placebo-controlled.

Baseline demographic and clinical characteristics of
study participants are detailed in Table 1. A total of
272 subjects were included in 7 studies, 22 of whom
withdrew during follow-up. There were 210 subjects in
studies reporting BMD and 142 subjects in studies reporting
BMC. There were 233 participants in trials reporting data
on bone biomarkers and 239 were part of studies reporting
on fracture outcomes.
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The mean age of study participants ranged from 60.7 to
71 years and their mean body mass index (BMI) from 24.4
to 25.3 kg/m2 in individual studies. All included studies
involved women. Three studies reported on subjects’
interval since menopause, which ranged from 5 to 17 years
[17, 23, 27]. In three trials, baseline IGF-1 levels were
described as being normal for age [16, 17, 23].

One trial was conducted in women with osteopenia [24].
The remaining six studies included participants with
osteoporosis, 5 of which had at least one vertebral fracture
[17, 23, 27–29] and one study having 56% of women with
an osteoporotic fracture [16].

In addition to the GH or placebo intervention, six studies
maintained participants on calcium, with daily doses ran-
ging between 500 and 1200 mg [16, 17, 23, 24, 28, 29]. One
study reported the use of vitamin D at a dose of 400 IU daily
[16]. With the exception of one trial [17], participants in all
studies received concurrent therapies for osteoporosis

(along with GH or placebo) including pamidronate, sex
steroid replacement therapy and salmon calcitonin. There
was a wide range of GH treatment regimens initiated in
included trials. The two most recent studies used daily
dosing with GH (0.3–0.83 mg/d) [16, 17]. Two studies had
patients on GH administered three times weekly [23, 28].
The remaining three studies used cycles of 7 days or
2 months of GH therapy [24, 27, 29]. Two studies used
weight-based dosing regimens [23, 24], while the rest used
fixed dosing. All included trials used recombinant human
GH, except for the two oldest studies that prescribed human
GH [28, 29]. Treatment duration ranged between 6 and
24 months. One extension study examined fracture data
after 10 years [25].

Risk of bias assessment

Results for risk of bias assessment, by domain and study,
for the primary outcome BMD are shown in Fig. 2. All
studies were considered at an unclear risk for reporting bias
(no protocol registration available) and at low risk for
detection bias. Results for other types of bias were mixed,
ranging namely between low and unclear risk of bias
(Fig. 2).

Efficacy endpoints

Effect of GH therapy vs. comparator on bone densitometric
endpoints

At the lumbar spine (LS), the total hip (TH), and the
femoral neck (FN), there was no significant difference in
BMD between women treated with GH (n= 93) for a
duration ranging between 12 and 24 months and women on
placebo (n= 71) (Fig. 3a, b, c). There was no evidence of
heterogeneity among subgroups for the three comparisons.

DPA was only used in the measurement of BMD in one
trial with no significant difference observed between treat-
ment groups [27].

There was no difference in BMC measured by DXA at
the LS and the FN between women treated with GH and
placebo groups (Figs. 3d, e). Similarly, no difference was
observed in BMC measured by SPA at the distal forearm
(Fig. 3f).

Effect of GH therapy vs. comparator on bone biomarkers

The effect of GH therapy on bone biomarkers is summar-
ized in Fig. 4.

We found a significant increase in the bone formation
marker procollagen type I carboxy-terminal propeptide
(PICP) at the end of the study period (WMD= 14.03, 95%
CI [2.68, 25.38], P= 0.02) in the GH group as compared to

Fig. 1 Flow diagram of study selection

42 Endocrine (2018) 59:39–49



T
ab

le
1

C
ha
ra
ct
er
is
tic
s
of

su
bj
ec
ts
in

st
ud

ie
s
in
cl
ud

ed
in

th
e
m
et
a-
an
al
ys
is

P
ar
tic
ip
an
ts

O
st
eo
po
ro
si
s/
O
st
eo
pe
ni
a

In
te
rv
en
tio

n
O
ut
co
m
e

F
ir
st
au
th
or

(y
ea
r)

S
tu
dy

de
si
gn

A
ge

(y
ea
rs
)

Y
ea
rs
si
nc
e

m
en
op
au
se

B
M
I
(k
g/

m
2
)

N
o.

su
bj
ec
ts
/

N
o.

w
ith

dr
aw

n

Y
rs

si
nc
e

di
ag
no
si
s

P
ri
or

th
er
ap
y

C
on
cu
rr
en
t

th
er
ap
y

N
um

be
r/
si
te

of
fr
ac
tu
re
s

D
is
ea
se

de
fi
ni
tio

n
B
as
el
in
e

T
-s
co
re

A
pp
ro
xi
m
at
e

m
ea
n
ta
rg
et

G
H

do
se

[I
U
/d

(m
g/

d)
],
re
gi
m
en

C
on
tr
ol

D
ur
at
io
n

of th
er
ap
y

(m
)

O
ut
co
m
e

as
se
ss
ed

F
un
di
ng

A
lo
ia

et
al
.

[2
8]

R
,C

64
.3
±
7.
3

N
A

25
.2
±
4.
5

25
/0

N
A

N
A

C
a
10
00

m
g/
d,

C
T
10
0
M
R
C

U
4*
/w

A
ll
≥
1
V
F
x
(3
.4
±
2.
15
)

V
F
x
(L
os
s
of

he
ig
ht
>
25
%
)

N
A

hG
H

6/
d
(2
/d
),

3*
/w

C
T

24
B
M
C

FA
(S
PA

),
F
ra
ct
ur
es

G
H

(N
at
io
na
l

P
itu

ita
ry

A
ge
nc
y)
,
C
T

(A
rm

ou
r

P
ha
rm

ac
eu
tic
al
s)

A
lo
ia

et
al
.

[2
9]

R
,C

62
.4
±
6.
7

N
A

N
A

14
/0

N
A

N
A

C
a
10
00
–
12
00

m
g/
d,

C
T
10
0

M
R
C
U

cy
cl
ic

A
ll
≥
1
V
F
x
(3
.0
5
±
1.
85
)
V
F
x
(L
os
s
of

he
ig
ht
>
25
%
)

N
A

hG
H
7/
d
(2
.3
/d
),

cy
cl
ic

(h
G
H

2
m
,
C
T
3
m
,
re
st

3
m

fo
r
3
cy
cl
es
)

C
T

24
B
M
C

FA
(S
PA

),
F
ra
ct
ur
es

G
H

(N
at
io
na
l

P
itu

ita
ry

A
ge
nc
y)
,
C
T

(A
rm

ou
r

P
ha
rm

ac
eu
tic
al
s)

E
rd
ts
ie
ck

et
al
.
[2
3]

R
,

D
B
,

P
C

63
.1

(5
5–
74
)

17
.2

(5
–
30
)

25
.3

(1
9–
32
.5
)

23
/2

N
A

N
A

C
a
el
em

en
ta
l

50
0
m
g/
d
(i
f

di
et
ar
y
C
a
<

10
00

m
g/
d)
,

P
am

id
ro
na
te

15
0
m
g/
da
y

A
ll
≥
1
V
F
x

V
F
x
(c
lin

ic
al

as
se
ss
m
en
t)

N
A

rh
G
H

0.
06
25
/

kg
,
up

to
4

(0
.0
2/
kg
),
3*
/w

P
la
ce
bo

6
B
M
C

L
S
,F
N

(L
un
ar
),
F
A

(S
PA

),
B
on
e

m
ar
ke
rs

E
li
L
ill
y
(p
ar
tly

)

G
on
ne
lli

et
al
.
[2
7]

R
,
P
C

61
.2
±
5.
6

11
.8
±
7.
5

24
.4

30
/4

0
no
ne

C
T
50

IU
/d

cy
cl
ic

A
ll
≥
1
V
F
x

V
F
x

N
A

rh
G
H
12
/d

(4
/d
),

cy
cl
ic
(r
hG

H
7d
,

C
T
21
d,
re
st
61
d

fo
r
8
cy
cl
es
)

P
la
ce
bo

24
B
M
D

(D
P
A
),

B
on
e
m
ar
ke
rs

_

H
ol
lo
w
ay

et
al
.
[2
4]

R
,

D
B
,

P
C

69
.2
±
6.
6

N
A

N
A

84
/1
2

0
E
st
ro
ge
n
41
%

C
a
50
0
m
g/
d,

H
R
T
41
%
,±

C
T
10
0
U
/d

0
B
M
D

L
S
T

sc
or
e
<
−
1

N
A

rh
G
H

0.
06
/k
g/
d

(0
.0
2
m
g/
kg
/d
),

cy
cl
ic

(r
hG

H
7

d,
C
T
5d
,
re
st

44
d
C
a
fo
r
12

cy
cl
es
)

P
la
ce
bo

24
B
M
D

L
S
,
T
F
,

F
N

(H
ol
og
ic
),

B
on
e
m
ar
ke
rs

M
ed
ic
at
io
ns

pr
ov
id
ed

by
su
pp
lie
rs

S
aa
f
et

al
.

[1
7]

R
,

D
B
,

P
C

67
.8
±
4.
4

(6
0–
74
)

≥
5

24
.6
±
3.
2

(2
0.
2–
33
.2
)
16
/4

N
A

C
a/
M
V

C
a
50
0
m
g/
d

A
ll
≥
1
V
F
x,

2
hi
p
F
x,

1
sh
ou
ld
er

F
x,

7
w
ri
st
F
x

B
M
D
<
1
g/
cm

2
in

ul
tr
ad
is
ta
l
ra
di
us

&
pr
es
en
ce

of
1–
4

V
F
x
(L
os
s
of

he
ig
ht
>
15
%
)

−
2.
8
±

0.
72

(T
B
)
rh
G
H

1.
5
(±

0.
3)
/d

(0
.5
/d
)

R
an
ge

0.
9–
2.
7/
d

(0
.3
–
0.
9/
d)

P
la
ce
bo

12
B
M
D

L
S
,F
N

(L
un
ar
),
B
on
e

m
ar
ke
rs

S
w
ed
is
h
M
ed
ic
al

R
es
ea
rc
h

C
ou
nc
il
+

fo
un
da
tio

ns

L
an
di
n-

W
ilh

el
m
se
n

et
al
.
[1
6]

R
,

D
B
,

P
C

60
.7
±
5.
7

N
A

N
A

80
/0

1.
9
±
2.
3

H
R
T

C
a
75
0
m
g/
d,

D
40
0
U
/d
,
H
R
T

56
%

w
ith

V
F
x

B
M
D
L
S
T
sc
or
e
<

−
2.
5

−
2.
7
(L
S
)
rh
G
H

1/
d
(0
.3
3/

d)
or

2.
5/
d

(0
.8
3/
d)

P
la
ce
bo

18
B
M
D
/B
M
C

L
S
,F
N

(L
un
ar
),
B
on
e

m
ar
ke
rs
,

F
ra
ct
ur
es

P
ha
rm

ac
ia

U
pj
oh
n
&

G
ot
eb
or
g

U
ni
ve
rs
ity

K
ra
nt
z
et
al
.

[2
5]

C
71

±
6

N
A

24
.6
±
3.
2

20
0/
6

11
.9
±
2.
3

H
R
T
(4
1%

st
op
pe
d)
,

bi
sp
ho
sp
ho
na
te
s

(2
3%

),
te
ri
pa
ra
tid

e
(3
%
)

C
a
75
0
m
g/
d,

D
40
0
U
/d
,
H
R
T

56
%

w
ith

V
F
x

B
M
D
L
S
T
sc
or
e
<

−
2.
5

−
2.
7
(L
S
)
N
A

C
on
tr
ol

P
op
ul
at
io
n
N
A

F
ra
ct
ur
es

_

D
at
a
ar
e
sh
ow

n
as

m
ea
n
±

S
D

or
m
ea
n
(r
an
ge
)
if
no

t
ot
he
rw

is
e
sp
ec
ifi
ed

R
ra
nd

om
iz
ed
,D

B
do

ub
le
-b
lin

d,
P
C
pl
ac
eb
o-
co
nt
ro
lle
d,

C
co
nt
ro
lle
d,

N
A
no

ta
va
ila
bl
e,
B
M
I
bo

dy
m
as
s
in
de
x,

C
a
ca
lc
iu
m
,M

V
m
ul
tiv

ita
m
in
,H

R
T
ho

rm
on

e
re
pl
ac
em

en
tt
he
ra
py

,C
T
ca
lc
ito

ni
n,

M
R
C
m
ed
ic
al
re
se
ar
ch

co
un

ci
l,
V
F
x
ve
rt
eb
ra
l
fr
ac
tu
re
,B

M
D
bo

ne
m
in
er
al
de
ns
ity

,L
S
lu
m
ba
r
sp
in
e,
F
N
fe
m
or
al
ne
ck
,T

B
to
ta
l
bo

dy
,G

H
gr
ow

th
ho

rm
on

e,
hG

H
hu

m
an

gr
ow

th
ho

rm
on

e,
rh
G
H

re
co
m
bi
na
nt

hu
m
an

gr
ow

th
ho

rm
on

e,
D
da
y,
W

w
ee
k,
M

m
on

th
,B

M
C
bo

ne
m
in
er
al
co
nt
en
t,
F
A
fo
re
ar
m
,S
P
A
si
ng

le
-p
ho

to
n
ab
so
rp
tio

m
et
ry
,L

S
lu
m
ba
r
sp
in
e,
F
N
fe
m
or
al
ne
ck
,D

P
A
du

al
-p
ho

to
n

ab
so
rp
tio

m
et
ry
,
T
F
to
ta
l
fe
m
ur

Endocrine (2018) 59:39–49 43



placebo. A trend in favor of GH was observed among the
rest of the bone biomarkers, but did not attain statistical
significance.

Effect of GH therapy vs. comparator on fracture risk

A statistically significant 37% decrease in the risk of all
fractures (combined) was observed with GH treatment as
compared to control at the latest follow-up period (RR=
0.63, 95% CI [0.46, 0.87], P= 0.004), with no hetero-
geneity among included studies (Fig. 5a). This significant
effect was not maintained when the trial by Krantz et al.
with long-term follow-up, was removed in a sensitivity
analysis [25]. No significant difference in the occurrence of
vertebral fractures was observed (Fig. 5b).

Adverse events and mortality

Adverse events related to GH therapy included well-
recognized side effects occurring as a consequence of
fluid retention, including peripheral edema, myalgias,
arthralgias, and carpal tunnel syndrome. The frequency and
severity of events were not systematically reported. When
described, symptoms were usually transient and mostly
relieved by decreasing the GH dose. In five out of seven
studies, changes in glucose metabolism were actively
examined (as fasting blood sugar in five studies and as
glycosylated hemoglobin, HbA1c, in one study) in the study
population with no significant changes observed.

No mortality was reported during the study period in
included studies; however, most studies were of short
duration. In the 10-year follow-up on the Landin-
Wilhelmsen trial, 8% of women on GH died, as compared
to 12% in the control population. No death could be directly
attributed to GH [25].

Discussion

In the present systematic review and meta-analysis, we
included a limited number of studies addressing our out-
comes of interest. Combining the results of three rando-
mized trials examining the effect of GH on LS and FN
BMD, we observed no significant difference with GH
therapy as compared to placebo. Four trials examined the
effect of GH on fracture risk, one of which had a 10-years
follow-up extension. A significant decrease in the risk of
fracture was only observed when the findings of the long-
term study on fracture risk were included in the meta-
analysis. A trend towards an increase in bone biomarkers
was observed when combining endpoints of four trials
addressing this outcome. The trend reached statistical sig-
nificance only for the marker PICP.

The absence of a significant change in BMC and BMD
may be the result of the short duration of GH therapy in
included studies. Growth hormone replacement has been
found to increase bone turnover and expand the bone
remodeling space, a process that results in an initial
decrease or no change in BMC and BMD among patients
with organic GHD, followed by a subsequent time-related
increase in bone densitometric endpoints. This is illustrated
in the observed non-significant increase in both bone for-
mation and bone resorption biomarkers in this review and in
the published literature, reflecting a state of increased bone
turnover [30]. In our previous meta-analysis on GHR in
GHD, a significant increase in BMC and BMD was only
observed after a minimum of one year of therapy [8]. In the
study by Saaf et al. no significant change in BMD was
observed during the 12-month trial duration. It was only in
patients who were maintained on a second additional year
of GH therapy that a significant increase from baseline was
observed in LS BMD [17]. Whether older patients treated
with GH, such as our patient population, may require a
longer duration of therapy in order to result in significant
increases in bone mass remains unanswered but may be
postulated. The reason being that remodeling efficiency
presumably decreases with aging, and as such, agents such
as GH, that work through expansion of new remodeling
space may require a longer treatment duration in order to
demonstrate efficacy [24, 31].

The observed limited efficacy of GH therapy on bone
density may also be secondary to the fact that eligible

Fig. 2 Risk of bias assessment across studies evaluating bone mineral
density (BMD). Light grey shading and (+) sign represent a low risk
of bias; White shading and (?) sign represent an unclear risk of bias;
Dark grey shading and a (−) sign represent a high risk of bias
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Fig. 3 Growth hormone (GH) effect vs. control on bone densitometric endpoints (BMD and BMC). Effect of GH vs. control on a BMD at the
lumbar spine b BMD at the total hip. c BMD at the femoral neck. d BMC at the lumbar spine. e BMC at the femoral neck. f BMC at the forearm
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studies included only women. A differential effect of GH
replacement in men and women has been described in
GHD. Indeed, in our previous meta-analysis, in gender-
related subgroup analysis, the increase in BMD was only
significant in men [8]. In an uncontrolled trial in 29 men
with idiopathic osteoporosis, intermittent or continuous
treatment with GH over a period of 24 months resulted in
increased BMC and BMD [32]. One possible explanation
for this dichotomous effect is the need for women on oral
estrogen to receive higher treatment doses than men,
because of an inhibitory effect of oral estrogen on GH-
induced IGF-1 synthesis in the liver [33]. In the two largest
included trials, GH was administered concomitantly with
estrogen replacement therapy, either in the whole study

population or in 41% of participants [16, 24]. Both oral and
transdermal estrogen replacement were used in one of these
two studies. The need for a higher dose of GH in that case
was not specifically addressed and might have affected
observed results.

The majority of included studies in this review (5/7)
involved concomitant treatment with GH and an anti-
resorptive agent. It has been postulated that the use of anti-
resorptive agents, such as bisphosphonates, may counteract
the mechanism of action of GH through blunting of the
expected increase in bone turnover. In the included trial by
Erdtsieck et al. treatment with a combination of GH and
pamidronate was less effective on BMC than therapy with
the bisphosphonate alone [23]. An analogy to this approach

Fig. 4 Growth hormone (GH) effect vs. control on bone turnover biomarkers. Effect of GH vs. control on a Osteocalcin. b PICP (procollagen type
I carboxy-terminal propeptide). c Total urinary pyridinolines. d CTX (C-telopeptide cross-link of type I collagen)
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can be made regarding the combination of parathyroid
hormone (PTH), another anabolic agent, with bispho-
sphonates in osteoporosis. In a randomized trial in men with
osteoporosis, BMD increased significantly more in patients
treated with PTH alone than in those treated with alen-
dronate alone or with a combination of both agents, an
effect that was potentially attributable to attenuation of
PTH-induced increase in bone formation by concurrent
bisphosphonate therapy [34].

A concerning characteristic of included studies is the use
of different GH doses and treatment regimens, which might
have diluted the observed results. In our prior meta-analysis
on GH replacement in GHD, no significant association was
obtained between the treatment dose and the change in
BMD. However, a positive association was observed
between on-therapy IGF-1 level, a reflection of GH action,
and change in BMD [8]. In all included studies in the
present meta-analysis, a significant increase from baseline
in serum IGF-1 level was observed in parallel to GH
administration, with a quick return to baseline after treat-
ment cessation. Whether these reversible changes in IGF-1
levels might have mitigated bone densitometric endpoints in
trials where GH was administered cyclically is plausible. In
two trials, GH was given for 1 week every 49–82 days and,
as such, the change in IGF-1 was limited to this short
treatment period [24, 27].

Despite a non-significant change in bone densitometric
endpoints, the current meta-analysis showed a significant
decrease in fracture risk with GH therapy, albeit largely
driven by a single study. This differential effect of GH on

bone-related endpoints might reflect a beneficial effect on
bone that is not detected by measuring bone density. It is
conceivable, but remains speculative, that GH could
decrease fracture risk by improving aspects of bone quality.
However, the impact of GH on bone quality is not clearly
defined and requires further investigation. In a prospective
trial studying the link between osteoporotic fractures and
serum IGF-1 in postmenopausal women, decreased serum
IGF-1 levels predicted a higher risk of fractures indepen-
dently of BMD, and, as such, systemic IGF-1 was suggested
to carry an important role in maintaining bone strength and
bone quality. The mechanism of such an effect remains,
however, unclear [14]. The differential effect of GH on
fracture risk may also reflect differences between studies
evaluating this outcome, as compared to trials including
bone densitometric endpoints. An important distinguishing
trial is the 10-year follow-up study by Krantz et al. reporting
long-term fracture risk with GH [25], suggesting the need
for extended follow-up in order to observe clinically sig-
nificant results in osteoporosis trials. This trial, however,
has significant caveats; the actual randomized trial extended
for only 18 months [16]. The actual Krantz study compared
the initial GH treatment group to a control group of age-
matched postmenopausal women. The two groups differed
in their BMI, level of physical activity and their use of
osteoporosis therapies. In the GH group, at the end of fol-
low-up, 59% of women were on sex steroid replacement,
23% were started on bisphosphonates and 3% were on
teriparatide. Meanwhile, in the control group, at the end of
the study, 8% were on estrogen and the use of other

Fig. 5 Growth hormone (GH) effect vs. control on fracture risk. Effect of GH vs. control on a fracture risk, b vertebral fracture risk
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osteoporosis therapies reached 4% [25]. The groups were
thus not matched with regards to their disease status and
therapy, which might have affected and interacted with any
potential effect of GH treatment on bone.

Any potential use of GH as a therapeutic agent has to
take into account its potential safety. The safety of GH
replacement has been recently appraised by international
professional societies involved with such treatment [35]. In
the consequent position paper, aggregate evidence did not
support an association between GH and all-cause mortality,
and data on cancer risk were reassuring. The reviewed lit-
erature again recognized that the most common side effects
related to GH were musculoskeletal symptoms associated
with fluid retention, potential for exacerbation of obstructive
sleep apnea, and increased risk of glucose intolerance and
diabetes mellitus in individuals at higher risk [35]. The
safety of GH treatment in the absence of organic deficiency,
however, cannot be extrapolated from studies of GH
replacement. More data on the safety of GH therapy in this
population are clearly needed.

In conclusion, GH treatment, based on available evi-
dence, has not been shown to be effective in improving
BMD in women with age-related bone loss. It may however
decrease fracture risk, without observed major adverse
events. Existing literature suffers from significant caveats.
Randomized controlled trials of sufficient size and duration
may help elucidate the effects of a stable extended regimen
of recombinant GH therapy in men and women with age-
related osteoporosis on bone density, bone micro-
architecture and long-term fracture risk.
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