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Summary

There are only few studies concerning about long-term effect of
growth hormone (GH) replacement therapy on bone mineral
density and bone microstructure. To assess effect of GH
replacement therapy on bone mineral density (BMD) and
trabecular bone score (TBS) in adult GH deficient (AGHD)
subjects over period of 10 years. From 2005 to 2018,
a prospective study of AGHD patients was conducted in national
referral center for treatment of GHD. All patients received
subcutaneous recombinant human GH in an IGF-1-normalizing
regimen once a day. Lumbar spine (L-spine) and total hip (TH)
BMD using Hologic densitometers were measured at baseline and
every two years during treatment with rhGH. TBS was derived
from L1-L4 DXA using iNsight® software (Medimaps, France) at
each time point. Periods of measurement were baseline, year 2;
4; 6; 8 and 10. In total, 63 patients (38 males, 25 females, mean
age 25.1£16 years) were included in the study. After 10 years of
GH treatment, IGF-1 significantly increased (~35 %), with
greatest increase at year 2. During 10-year follow-up, L-spine
BMD increased approximately of 7 % (NS). TH BMD increase of
11 % during follow-up (p=0.0003). The greatest increment of
BMD was achieved at year 6 on both sites, L-spine (+6 %) and
TH BMD (+13 %) (p<0.05). There was no significant change of
TBS during whole follow-up. In this study, sustaining positive
effect of GH replacement therapy on bone density in subjects
with adult GH deficiency over 10 years of follow-up was
observed. The study did not show effect on TBS, as indirect
measure of trabecular bone microarchitecture.
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Introduction

Growth hormone (GH) affects bone metabolism
directly by binding to the GH receptor (GHR) or
indirectly by insulin-like growth factor-1 (IGF-1). The
anabolic effect of RH and IGF-1 is manifested by
stimulation of bone proliferation, wherein linear bone
growth is
pre-chondrocytes. In addition, osteoclasts are activated,

promoted by activation of epiphyseal

stimulating thus bone resorption (Appelman-Dijkstra
et al. 2014). This effect of GH is necessary to achieve
peak bone mass (PBM) and appropriate trabecular bone
microarchitecture  during adolescence and early
adulthood. PBM is highest after growth and later in life,
bone mass declines (Kuzma et al. 2019). IGF-1 together
with RH plays a key role in the regulation of bone
remodeling, longitudinal bone growth in childhood and
appositional growth in adulthood. IGF-1 is thought to
play a greater role in regulating bone size than RH
(Lindsey and Mohan 2016).

A high prevalence of fractures has been
observed in adult GH deficiency (AGHD), including GH
deficiency with onset in childhood and adulthood.
(Kristensen et al. 2012). Patients with child onset of
GHD have a lower BMD in adulthood than patients with
the adult onset of GHD, explained by insufficient PBM
and the risk of bone fractures in these patients is higher in
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individuals with BMD below 1 SD for a given age.
(Saggese et al. 1996).

The effect of GH replacement therapy on BMD
in patients with AGHD was not observed in short-term
studies. An increase in BMD is observed only in studies
longer than 12-24 months (Clanget et al. 200la,
Elbornsson et al. 2012a, Elbornsson et al. 2012¢, Kuzma
et al. 2014). GH replacement therapy 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. However, studies on the
long-term effect of GH replacement therapy on BMD
vary in the results.

One of the longest studies concerning the effect
of RH treatment on bone to date, bone mineral content
(BMC) and lumbar spine (LS) BMD were significantly
higher after 15 years of treatment than before treatment
and the largest increase was during the first 7-10 years,
which may be explained by an increase in bone formation
(Elbornsson et al. 2012a). In the metanalysis of Barake et
al. (2018) authors among women with GHD and
concurrent osteoporosis treatment did not proved GH
replacement therapy effect on BMD in comparison to
placebo but suggested GH replacement therapy effect on
fracture risk reduction. Thus, effect of GH on bone
microstructure could play a key role in fracture risk. In
the most recent study (Yang et al. 2020), GHRT in
9 AOGHD subjects for 24 weeks led to increase of
vBMD, cortical area and cortical thickness, as assessed
by high resolution peripheral quantitative computed
tomography (HR-pQCT) - a “gold standard” method for
bone quality assessment. However, trabecular parameters
were not improved. In the longer studies with trabecular
bone score (TBS), an indirect measure of trabecular bone,
controversial results were obtained (Kuzma et al. 2014,
Allo Miguel et al. 2016).

In this study, long-term GH replacement therapy
and its effect on BMD and TBS in patients with AGHD
was assessed.

Patients and methods

From 2005 to 2018, a prospective study of GHD
patients was conducted in national referral center for
treatment of GHD. The study protocol was reviewed and
approved by Comenius University and University Hospital
research boards. The regional medical ethics committees in

each center approved the study. All patients signed
informed consent prior to the conduct of any study
procedure. The diagnosis of GHD was confirmed by
stimulation testing using the insulin tolerance test with
hypoglycemia (ITT) according to current Endocrine
(Molitch et al.  2006), which
recommend a cutoff value for stimulated GH in ITT of

3 ug/l.

Society guidelines

Study inclusion criteria were as follows:

1. Subjects with AO-GHD diagnosed according to
the current guidelines of the Endocrine Society
regardless of gender or etiology.

2. Stable
deficiencies, if present.

replacement for other pituitary

3. No present or history of treatment for
osteoporosis with any antiresorptive drug.

4. No signs of pituitary tumor on pituitary gland
MRI performed at the time of GHD diagnosis.

Growth hormone supplementation

All patients received subcutaneous recombinant
human GH (rhGH) in an IGF-1-normalizing rhGH
replacement regimen once a day. The initial thGH dose
was 0.2 or 0.3 mg and the dose was titrated according to
the IGF-1. the average dose during follow-up was
0.35mg/day. A stable dose was reached at approximately
month 6. Patients were treated for other pituitary
deficiencies, and the efficacy of that treatment was
monitored twice yearly) by

regularly  (mostly

measurement of target hormone levels.

Outcome measures

Basic anthropometric measurements of height,
weight, waist circumference, and body mass index (BMI)
were assessed at baseline and at month 24 of treatment
with thGH. IGF-1 levels were assessed at every visit by
theenzyme-labeled chemiluminescent immunometric
assay in commercial laboratory. The IMMULITE" 2000
assay (interassay variability CV: 2.4-4.7 %) was used
from 2005 to 2008 and the IMMULITE® 2500 assay
(interassay variability CV: 2.4-4.7 %) was used from
2008. Given the two different IGF-1 standards, IGF-1
was calculated as the IGF-1 SDS score (Z-score) from
areference population, which is used by laboratory
method.

Bone measures
Lumbar spine (LS), at L1-L4. and total hip (TH)
BMD were measured at baseline and every two years
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during treatment with thGH. BMD was measured using
Hologic densitometers (Discovery and Horizon). When
densitometry device was changed a cross calibration was
performed to maintain continuity control of DXA scans.
TBS was derived from L1-L4 DXA using iNsight®
software (Medimaps, France) at each time point in
retrospective manner.

All outcomes were measured at baseline, year 2;
4; 6; 8 and 10.

Statistical analysis

The statistical analysis was performed using the
Analyse-It® for Microsoft Excel v5.40.2 software.
Numeric data were expressed as means +/- standard
deviations (SDs). The statistical significance of
differences in TBS and BMD between different time
points was tested by paired t-test. Between-group
variances were assessed by one-way ANOVA or
independent sample T-test. The BMD and TBS values
were approximately normally distributed according to

gender in a normality test.

Etiology of GHD

Other
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Fig. 1. Etiology of GHD

Results

Baseline characteristics

According to inclusion criteria, 63 patients
(38 males, 25 females, mean age 25.1+16 years) were
included in the study group. The basic demographic and
baseline characteristics are shown in Table 1. Most of the
subjects, 28 (44 %) had 3 other pituitary deficiencies.

Average IGF-1 at baseline was 111.45+74.02 ug/l with

greater values among males in comparison to females
(127.49 vs 83.8. p<0.05). Males had higher values of TH
BMD and TBS than females (p<0.05). The most prevalent
etiology of GHD was pituitary hypoplasia and pituitary
adenoma (Fig. 1).

Follow-up

After 10 years of rhGH treatment, IGF-1
significantly increased (~35 %), with greatest increase at
year 2 (Fig. 2). During follow up, up to 4™ year initial
trend to increase in body weight and BMI was observed.
Later, body weight and BMI decreased and remained
stable for
gradually decreased during whole follow-up (Fig. 3).

whole follow-up. Waist circumference

p=0.02

190 |
180
170
__160
=
Fso0
< 140
(L)
=130
120
110 I

100
baseline 2 4 6 8 10
Time period (years)

Fig. 2. IGF-1 levels during follow-up. Initial higher increase of
IGF-1 is associated with rhGH replacement start.

Change in bone measures
BMD
increased approximately of 7 % (NS). The greatest

During 10-year follow-up L-spine
increment of L-spine BMD was observed during baseline
and year 6 (+11 %; p<0.001), followed by decline in
next 4 years (Fig. 4a). TH BMD increase of 11 % during
follow-up (p<0.001 with greatest increment at year 6
(13 %; p=0.001) was observed. Increment of TH BMD
was significant during whole follow-up (Fig. 4b). TBS
increase of 1.5 % was observed. There was no significant

change of TBS during whole follow-up (Fig. 4c).

Discussion

GH replacement has demonstrated its efficacy in
reducing cardiovascular morbidity and mortality (Rosén
et al. 1993), improving lipid profile (de Boer et al. 1994),
changing body composition (Colson et al. 2006) and
increasing quality of life (Arwert et al. 2005b). Prior
studies document that GH treatment improves BMD
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(Biermasz et al. 2001, Clanget et al. 2001b, Davidson
et al. 2004, Arwert et al. 2005a, Rota et al. 2008,
Conway et al. 2009, Jorgensen et al. 2011, Elbornsson
et al. 2012b, Elbornsson et al. 2012d) and reduces
fracture risk (Finkelstein et al. 1992, Rosen et al. 1997).
However, only few studies are longer than 5 years of
follow-up.

In this of GH
replacement therapy in IGF-1 normalizing regimen,

study, during ten years
significant effect on BMD was observed. BMD increase
of 7% and 11 % at L-spine and TH was observed,
respectively. The greatest increase in BMD on both sites
at 6 year was achieved. However, no effect on TBS
during follow-up was proven. Interestingly, significant
positive effect on body composition, as represented by

decrease in BMI, weight and waist circumference was

observed.
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Fig. 3. Change in anthropomoetric measures during follow-up.

Although, significant improvement in BMD was
observed in studies up to 24 months of duration, (Clanget
et al. 2001a, Elbornsson et al. 2012a, Elbornsson et al.
2012¢, Kuzma et al. 2014) longer studies vary in results
on different measured sites. However, a similar pattern
with greatest increase after 5-7 years of GH replacement
therapy followed by plateau was observed (Gotherstrom
et al. 2007, Elbornsson et al. 2012a, Appelman-Dijkstra
et al. 2014) in accordance to results presented in this
study.

This can be explained by the fact that the GH
dose was gradually adjusted during the studies and it can
be assumed that the GH dose at the end of the study was
not sufficient to maintain the increase in BMD. In a study
of the 15 years GH replacement therapy effect they
reached BMD values as at the beginning of treatment
(Elbornsson et al. 2012a) supporting the fact that patients
with the best response to treatment, i.e. with the most
pronounced increase in BMC and BMD, also had the
greatest increase in serum IGF-1 and received the highest
doses of rhGH.

The positive effect of GH on BMD in the lumbar
spine may not be associated with the same increase in
bone microarchitecture (Allo Miguel et al. 2016). At
present, the prevailing opinion is that bone quality is
more important in the development of fractures than
BMD, and microarchitecture, geometry and mineral
composition of the bone matrix are considered to be the
primary determinants of bone strength (Lindsey and
Mohan 2016, Kuzma et al. 2017).

The gold standard in the evaluation of bone
quality is currently bone biopsy, which is subsequently
evaluated by histomorphometry and high-resolution
peripheral quantitative CT (HR-pQCT) (McCloskey et al.
2016). The disadvantages of these tests are invasiveness
(in the case of a bone biopsy) and availability. However,
there are also methods that use a commonly available
bone densitometer (DXA) and can provide information
on bone microarchitecture (McCloskey et al. 2016). One
of the most commonly used is the trabecular bone score
(TBS) method. More recently, DXA scans can also be
used to assess bone microarchitecture in the proximal
femur, the method is called 3D-Shaper (formerly
3D-DXA). TBS provides us with information on
trabecular bone microarchitecture, and in some forms of
secondary osteoporosis, TBS appears to be a more
sensitive marker of fracture than BMD.

GH and IGF-1 are considered positive predictors
of bone microarchitecture, while GH is a positive
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determinant of trabecular thickness and IGF-1 is
a positive predictor of cortical bone structure (Bredella
et al. 2012). On the contrary, the results of biopsies from
the study from 2005 suggest that RH affects cortical bone
more. In another study of men with AO-GHD treated
with GH, there was a significant increase in BMD over
five years, but the increase in TBS was only negligible.
Qualitative evaluation by histomorphometry showed
endosteal and periosteal formation, from which it can be
concluded that RH had a greater effect on cortical bone
than on trabecular bone (Bravenboer et al. 2005)
(Bravenboer et al. 1996).

In the subset of 32 AGHD subjects in our
previous study after 2 years of GH replacement therapy

a significant increase in TBS was proven (Kuzma et al.
2014). In contrast, in a study by Allo Miguel et al. after
seven years of RH treatment, there was no increase in
TBS, but with increase of L-spine BMD (Allo Miguel
et al. 2016). Although, study is significantly limited in
the number of patients, including only 18 patients with
AO-GHD (Allo Miguel et al. 2016), the results are very
similar to our study. Some information, albeit only
short-term, brings the most recent study with HR-pQCT
in 9 AOGHD treated with rhGH for 24 weeks.
An improvement in cortical area, but not trabecular bone
was observed. Clearly, the effect on bone structure is not
only the result of RH treatment, but also of other factors
such as the treatment of hypogonadism, secondary

Table 1. Baseline study group characteristics. Differences between males and females.

Baseline characteristics All (N=63) Males (n=38) Females (n=25)
Age (vears) 25.1£16 23.76 + 14.86 27.04 £17.72
weight (kg) 79.81 £ 15.99 81.9+14.18 75.91 +18.83
height (cm) 169.1 £11.2 17571 £7.18 159.06 = 8.70
waist circum. (cm) 96.45 +11.03 97.75+9.12 95+13.25
BMI (kg/m2) 27.34 +5.30 26.44 £ 4.55 29.04 £ 6.29
IGF1 (ug/l) 111.45+74.02 127.49 = 79.38* 83.84 + 55.43*
TSH (mlIU/I) 3.83+19.80 5.66+2521 0.93+1.47
fT4 (1U/]) 14.68 £5.58 14.43£4.92 15.07 £ 6.57
ACTH (ng/l) 21.08 +15.81 22.24 £15.28 19.57 £ 16.97
LH (1U/]) 3.83+6.54 2.48 +£3.98 5.80+8.88
FSH (1U/]) 5.77+12.56 2.75+4.11 10.21 £ 18.54
PRL (ug/l) 45.98 £ 198.51 15.32 £ 17.62 90.28 £ 309.36
NofAO/CO - GHD 35/28 21/17 14/11
Isolated GHD (number) 2 2 0

N of pts with 1 other (than GHD) 11 6 5
pituitary deficiency

N of pts with 2 other (than GHD) 15 5 10
pituitary deficiencies

N of pts with 3 other (than GHD) 28 21 7
pituitary deficiencies

N of pts with panhypopituitarism 7 4 3

BMD LS (g/cmé) 0.9660 +0.1774 0.9584 +0.1090 0.9789 +0.2637
BMD TH (g/cmé) 0.8906 +0.1341 0.9324£0.1117 * 0.8071 £0.1439*
TBS 1.38+0.09 1.43+0.05 * 1.35+0.10*
vitamin D (ug/l) 23.92+11.13 24.98 £9.01 21.64 +15.57
Ca (mmol/l) 2.38+0.11 2.39+0.13 2.37+0.06

P (mmol/l) 1.26 £ 0.18 1.26 +£0.18 1.25+0.17
PTH (pmol/l) 5.42 + 4281 3.87+£1.63 7.55+6.84

* p <0.05 males vs. Females. Continous data are expressed as value = SD.



S66 Vartiuga et al.

Vol. 70

p=0,01

$=0,0008

baseline

=
=)
= @

=

L-spine BMD (g/cm2)
[¥e)
wu

o
©

o
1%
@

1
Tlme period {vears) ¢

= |
1.37 ‘

1.35

TBS

2 4 6

Time period (years)

baseline

10

Total hip BMD (g/cm2)

p=00014

1.05

=0.0004

»=0:007

baseline

0.95
0.9
0.85

0.8

Time perlod (vea rs)

0.75

Fig. 4. Change in bone measures during treatment with rhGH. a) L-spine BMD b) TH BMD c) TBS

adrenal insufficiency and central hypothyroidism, which
are often associated with RH deficiency. Vitamin D status
is also considered an important factor influencing bone
metabolism in GHD (Kuzma et al. 2016), although the
results of studies evaluating the relationship between
vitamin D and bone metabolism vary.

This
as sample size and absent control group. However, the

study has several limitations, such
follow-up is exceptionally long and patients were
regularly closely monitored in referral center, which
allowed us to keep the group homogenous.

In conclusion, this study showed sustaining

positive effect of GH replacement therapy on BMD in
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