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CLINICAL STUDY

Effect of growth hormone on bone status in growth hormone-
defi cient adults
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Abstract: Background: Growth hormone defi ciency (GHD) is associated with reduced bone mineral content and 
increased risk of osteoporotic fractures. Reduced peak bone mass might explain the low bone mineral density 
(BMD) among patients with childhood onset GHD (CO-GHD) whilst the cause of osteopenia in adult-onset GHD 
(AO-GHD) is not fully understood.
Objectives: Prospective multicentric study to asses bone status in GHD adults after two years of recombinant 
growth hormone replacement treatment.
Methods: In 94 GHD adults (49 men; Ø 34.5 yrs) we have measured BMD and bone markers (CTX, osteocal-
cin) during two years of rhGH treatment (at baseline, after 3 and 6 months, and after 1 and 2 years). Patients 
were adequately substituted for GHD and other pituitary defi ciencies.
Results: We have observed an increase in BMD-lumbar spine: n=42, 0.8155 →0.9418 g/cm2, p<0.0001; femo-
ral neck n=41; 0.8468 →0.9031; p= 0.0004; BMD-whole body 1.0179 →1.0774; p=0.0003. We have compared 
gender difference: BMD-L-spine by 15.8 % in men (n=21) and by 5.6 % in women (n=19) (p= 0.008); BMD-
femoral neck increased by 11.03 % in men and by about 3.0 % in women (p=0.032). In women, the initial de-
crease in BMD was recorded after 3 months. CO-GHD adults yielded a higher increase in BMD -L-spine (16.6 
%, p=0.022). A correlation exists between IGF-I levels and BMD in lumbar spine (1st year: R=0.348, p=0.026; 
2nd year: R= 0.33, p=0.0081) and between IGF-I and osteocalcin (1st year: R=0.383; p=0.0038).
Conclusion: Two-year therapy with recombinant human growth hormone improved bone status. IGF-I appears 
to be a good indicator of rhGH effect on bone (Tab. 3, Fig. 9, Ref. 36). Text in PDF www.elis.sk.
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Growth hormone defi ciency (GHD) is characterized by chang-
es in body composition (BC) such as increased total fat mass, de-
creased lean body mass (LBM), decreased bone mass, as well as 
increased prevalence of cardiovascular risk factors and diminished 
cardiac function (1). Growth hormone (GH) has an anabolic effect 
on bone in vitro as well as in vivo (2).Those effects are mediated 
by insulin-like growth factor I (IGF-I) which is produced mostly 
by the liver. GH and IGF-I are important regulators of bone ho-
meostasis throughout life (3). GH excess, as in acromegaly, has 
been shown to result in increased bone turnover and bone mineral 
density (2, 29). Defi ciencies in both, childhood and adulthood are 
associated with reduced bone mineral content. Reduced peak bone 
mass might explain the low bone mineral density (BMD) among 
patients with childhood GHD (CO-GHD), but the cause of os-
teopenia in adult-onset GHD (AO-GHD), is not fully understood 

(4). Many authors have observed low BMD in hypopituitarism, 
especially in growth hormone-defi cient patients. The magnitude 
of bone mass reduction is more marked in adult patients with 
CO-GHD than in adult patients with AO-GHD (19). Most adults 
with acquired GHD have a combination of pituitary hormones 
defi cits. As a consequence, many of these patients take hormone 
replacements that can themselves infl uence the bone metabolism. 
These problems can be obviated by studying patients with isolated 
GHD (IGHD). However, this disease is rare, and IGHD children 
are often no longer defi cient when re-tested as adults (20). The 
bone remodeling takes time (each cycle is around four months), 
and GH treatment longer than 18 months is needed to induce bone 
mineralization and new bone (8). 

Aim of the study

Prospective multicentric study to asses the bone status in GHD 
adults in response to 2 years of recombinant growth hormone re-
placement treatment.

Subjects and methods

A total of 94 adults (Ø age 34.5 yrs), 49 men (Ø age: 34.02 
yrs) and 45 women (average age: 35.2 yrs), with growth hormone 
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defi ciency of adult onset (AO, n=67) and childhood onset (CO, 
n=27) were investigated. Patients were investigated at three cen-
ters for treatment of growth hormone defi ciency in Slovakia: 5th 
Internal Clinic of Comenius University and University Hospital, 
Bratislava, National Institute of Endocrinology and Diabetology, 
Ľubochňa and 1st Department of Internal Medicine of P.J. Šafárik, 
University Hospital of L. Pasteur, Košice. 

The diagnosis of GHD was performed by stimulation testing 
by means of insulin tolerance test with hypoglycemia (ITT) with 
regard to valid clinical practice guideline of Endocrine Society for 
Evaluation and Treatment of Adult Growth Hormone-Defi ciency 
(cut off value of stimulated GH in ITT was 5.1 μg/l) (21). The 
patients were divided in 5 groups based on the cause of hypopitu-
itarism as follows: postoperative (n=61), congenital (n=10), idio-
pathic (n=17), postradiative (n=5) and infl ammatory GHD (n=1). 
Other axis defi ciencies are in the Table 1. 

All patients were daily administered with a subcutaneous dose 
of recombinant growth hormone (average doses: baseline 0.25 mg, 
6th month 0.36 mg, 1st year 0.407 mg, 2nd year 0.41 mg) and ad-
equately treated for other defi ciencies. The patients were monitored 
on regular out-patient basis for target hormone levels. To prove 
adequate growth hormone replacement treatment we determined 
the therapeutic range of IGF-I levels (Tab. 2).

At baseline and after 2 years of treatment with rhGH, aAn-
thropometric measurements have been performed including body 
height (cm), body weight (kg), waist circumference, and body 
mass index (BMI). 

Laboratory methods
Measurements of IGF-I levels were provided by an imuno-

radiometric assay. The assay was established at baseline, after 6 
months and 1 and 2 years. 

Osteocalcin (OC), marker of osteoformation was established 
by electrochemoluminiscency (ECLIA) in nanograms per millili-
ter. Normal range of OC is 6.5–42.3 ng/ml. 

Carboxy-terminal collagen crosslinks (CTX, ICTP), marker of 
osteoresorption was also measured by ECLIA in nanograms per 

milliliter. Normal range was 0.12–0.74 ng/ml. Both bone mark-
ers were established at baseline, after 3 and 6 months, and after 
1 and 2 years. 

All patients were monitored for levels of serum calcium (S-Ca) 
at baseline, and after 1 and 2 years. It was in reference range of 
2.10–2.55 mmol/l (mean –S-Ca 2,342 mmol/l) during the whole 
observed period. Forty-one patients were treated with oral calcium 
(average dose 1000 mg/day). Also, vitamin 25-OH-D3 levels were 
monitored during the same periods and it was in reference range 
of 30–80 μg/l (mean 25-OH-D3 level was 61.3 μg/l). Thirty-four 
patients also took oral vitamin D3 (dose 800 IU/day). 

Bone mineral density (BMD) measurement
BMD was measured by Hologic Discovery W .S/N81513 

device in g per cm2. All measurements were performed continu-
ously. BMD was determined in total body, lumbar spine (L2–L4) 
and proximal femur. Periods of measurement were at baseline, 
after 3 and 6 months and after 1 and 2 years of growth hormone 
replacement. Data were expressed as T-score in grams per cm2. 
The T-score represents the number of standard deviations below 
the average for a young adult at peak bone density.

Statistics
Statistic software Medcalc Version 9.6.2.0 was used to de-

termine the results. Student’s two-tailed paired t-test was used to 
assess changes over a two-year period. ANOVA model was used 
to compare two groups clustered on parameter (gender, onset of 
defi ciency, etc.). We accepted the level of signifi cance at p≤0.05.

Results 

Anthropometric characteristics
Table 3 shows basic anthropometric characteristics of patients 

in the study group.

Change in BMD after two years of treatment with rGH
After two years of rhGH treatment we have proven an in-

crease in whole-body BMD (n=19, Mean baseline-2. year: 1.0179–
1.0774, p=0.0003). Similarly, there was an increase in BMD in 
femoral neck (n=41; 0.8468–0.9031, p=0.0004) and lumbar spine 
(n=42, 0.8155–0.9418, p<0.0001) (Fig. 1). We have recorded an 
initial decrease in BMD in L-spine as well as in BMD in femoral 
neck after 3 months of rGH therapy. It was similar after 1 year of 
treatment (Fig. 2).

Number of other defi ciencies Number of patients
0 12
1 8
2 15
3 41
4 17

Table 1: Total number of other pituitary defi ciencies (thyroidal, go-
nadal, adrenocortical axis and antiduretic hormone) in study group. 
Average number of other pituitary defi ciencies was 2,46. 

 N Mean 95% CI
IGF I month 0 94 148,412 122,527 - 140,393
IGF I month 12 94 154,560 131,023 - 142,000
IGF I month 24 94 158,727 126,492 - 144,077
IGF I month 6 94 173,312 138,679 - 167,875

Table 2: The survey of GF-I levels during rGH treatment period as 
comparison adequacy of treatment. All levels were in reference range 
of IGF-I.

 Mean Minimum Maximum Difference 
P value

BMI  baseline 27,913 17,700 47,300
BMI 2.year 28,080 17,730 49,600 P=0,18
Weight baseline 77,532 36,300 138,000
Weight 2.year 78,368 37,800 135,000 P=0,04
Waist circum. baseline 93,667 69,000 131,000
Waist circum. 2.year 96,500 69,000 133,000 P=0,31
Height baseline 166,381 134,000 195,000
Height 2.year 166,854 134,000 195,000 P=0,09

Table 3: Basic anthropometric characteristics in the study group.
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When we compared groups of men (n=23) and women (n=19) 
for BMD in L-spine we have recorded that BMD increased after 
2 years of treatment (men by more than 15.8 %, women more 
than 5.6 %, p=0.008) (Fig. 3). A similar situation has occurred in 
BMD in femoral neck. In group of men (n=20), the increase was 
by about 11.03 % and in women (n=21) by about 3.0 % (p=0.032) 
(Fig. 4). It was obvious in both groups that the initial decrease in 
BMD after 3 months of rhGH treatment was shown preferably 
in women. While comparing BMD of whole body by gender, no 
signifi cant result was shown. 

Comparing two groups based on onset of GHD we have proven 
that BMD of lumbar spine increased more in group with childhood 

onset of GHD (CO-GHD, 16.6 %, p=0.022) compared to group 
with adult onset of GHD (AO-GHD, 7.5 %, p=0.022) (Fig. 5). No 
signifi cant difference in BMD of femoral neck between these two 
groups has been shown.

When we were comparing patients by number of other pitu-
itary defi ciencies, non-signifi cant (p=0.23) difference of BMD was 
shown between subgroups after two years of treatment. There was 
a higher increase in patients with three other defi ciencies (increase 
by 14.5 %) and isolated GHD (increase by 12.4 %). Also, a non-
signifi cant difference in BMD (p=0.18) was observed in groups 
divided by cause of hypopituiarism. A higher increase was sug-
gested in patients with congenital (by 18.7 %) and idiopathic (by 
14.7 %) GHD.

Change in bone markers after two years of treatment with rGH
Carboxy-terminal collagen crosslinks (CTX), marker of bone 

resorption was increasing during the fi rst year of GH replacement 
treatment (mean 3 mth 0.807, mean 6 mth 1.21, mean 1 year 1.34; 
p<0.0001). After one year, i.e. in the second half of treatment, CTX 
was slightly decreasing (mean 2 yr 1.07; p<0.0001) (Fig. 6). On 
the other hand, the levels of osteocalcin, marker of bone formation, 
were rising during the whole 2-year treatment (p<0.0001) (Fig. 7).

Correlation between IGF-I and BMD
At baseline, a signifi cant negative correlation between IGF-

I and BMD of whole body (R= –0.448, p=0.031) has been ob-
served. A positive correlation was noticed between IGF-I levels 
and BMD of lumbar spine after 1 year (R=0.348, p=0.026) (Fig. 
8) and 2 years (R=0.33, p=0.0081) (Fig. 9) of replacement therapy. 
A positive correlation was noticed in BMD of femoral neck after 
2 years (R=0.453, p=0.0002) and BMD of whole body (R=0.349, 
p=0.04) of rhGH treatment. A negative signifi cant correlation was 
observed also between IGF-I and osteocalcin after 1 year (R= 
–0.383; p=0.0038).

1,0179

0,8468 0,8155

+9,4 %

+9,3 % +8,6 %

baseline 2.year

BMD whole body BMD femoral neck BMD lumbar spine

Fig. 1. Increase in BMD of whole body, femoral neck and lumbar 
spine after two years of treatment with recombinant human growth 
hormone.
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Fig. 2. Development of BMD of femoral neck and lumbar spine.
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Discussion

Therapy with rhGH benefi ts many body functions, decreases 
cardiovascular morbidity and mortality, improves lipid profi le, 
body composition, and life quality as well as affects bone remod-
eling. The effect of rhGH on bone is intensively discussed for the 

past few years but there have been only fi ve studies conducted 
comparing the effect on bone in GHD adults with similar or big-
ger numbers of patients in study group (15, 17, 30, 31, 32). In our 
prospective study, we have observed 94 patients from three endo-
crinological centers. We must emphasize that all BMD measure-
ments were provided by one type of device (Hologic Discovery) 
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Fig. 4. a) Change in BMD femoral neck per gender (M – men, W – women). b) Development of BMD of femoral neck per gender.
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Fig. 5. Comparison of BMD in L-spine between AO-GHD and CO-
GHD adults.
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Fig. 7. Change in osteocalcin levels after two years of treatment with 
recombinant GH.
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and laboratory assays were evaluated by the same technique. The 
treatment of adult patients suffering from growth hormone defi -
ciency had a positive effect on BMD. Patients with adult GHD 
were treated with recombinant human growth hormone (average 
dose 0.35mg per day) applied subcutaneously. After two years we 
have observed an increase in BMD in femoral neck, lumbar spine 
and whole body. The highest increase in BMD was recorded in 
lumbar spine. The initial decrease in BMD occurred after three 
months of rhGH therapy. This displays the initial maximal ef-
fect of growth hormone on bone resorption. The effect of rhGH 
on bone remodeling is biphasic; the maximum effect on bone 
resorption is brought out after 3 months, and that on bone forma-
tion after 6 months (12). As some studies have shown, the initial 
reduction in BMD takes place after 6–12 months of therapy with 
recombinant human growth hormone (rhGH). As therapy contin-
ues, BMD becomes normal or even higher compared to that at the 
beginning of therapy (5, 27). The sixth month of rhGH therapy is 
referred to as ‘transition point’ (28) because at that time the bone 
formation alternates bone resorption to its maximum effect. When 
comparing men and women, a higher increase was observed in the 
group of men (grew by 15.8 % in lumbar spine and by 11.03% in 
femoral neck). Male and female patients with GHD may display 
different responses to rhGH in terms of changes in bone turnover 
and BMD (22, 23, 24). In men, bone formation and resorption 
increase within 1 month of rhGH treatment, whereas in women, 
the increase occurs after 3 months (6, 7, 9) as shown in our study. 
The increase in markers of bone resorption precedes the change 
in bone formation markers by about 9 months (9). Our fi ndings 
support those of few other studies. The early change in bone re-
modeling may lead to a greater increase in BMD in males than 
in females, in whom only stabilization of BMD is achieved (10, 
11, 12, 13). One of the factor explaining this gender difference 
is hypogonadism, but minimum of studies exist (25, 26). How-
ever, in our study, patients with hypogonadism were adequately 
substituted for this hormonal defi ciency. Recent study of Rossini 
et al (25) confi rms that bone responsiveness to GH replacement 
in GHD adults varies as function of gender even after controlling 
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Fig. 9. Correlation between IGF-I and BMD in lumbar spine after 
two years.

for potential confounders, and highlights the importance of other 
cofactors that may affect the interaction between GH replacement 
therapy and bone remodeling. More interesting fi ndings were 
made in our study. Patients with CO-GHD have shown a higher 
increase in BMD than patients with AO-GHD (grew by 16.6 %). 
There is a time difference in the increase in BMD between CO-
GHD and AO-GHD. Patients with childhood-onset GHD gener-
ally display an increase in BMD after 6 to 12 months of rhGH 
therapy, whereas patients with adult-onset GHD require 18 to 
24 months of rhGH to exhibit a change in BMD (14). This fact 
could be a suffi cient reason to explain different results between 
AO-GHD and CO-GHD in our work. Despite other research, in 
which patients with other pituitary diseases (previous Cushing’s 
disease or hyperprolactinemia) have shown a delayed effect in 
growth hormone replacement compared to patients with non-
functioning pituitary adenoma (15), in our study, it appears that 
not only patients with isolated GHD, but also patients with defi -
ciencies of three other pituitary hormones seem to benefi t from 
rhGH therapy and have adequate increase in BMD. The potential 
reason for non-signifi cance of this fi nding lies in the limited sam-
ple size in subgroups. In our study, the marker of bone formation, 
osteocalcin, was increasing during the whole two years, whereas 
CTX showed a decrease after one year of treatment with rhGH. 
One recent study has compared different functions of osteocalcin 
and CTX (16). The authors studied 20 individuals (10 men) with 
IGHD at baseline, after 6 months of depot GH treatment, and 6 
and 12 months after discontinuation of GH. The increase in osteo-
calcin (OC) was more signifi cant during treatment and its reduc-
tion was slower after GH discontinuation than in CTX (16). IGF-I 
as main mediator of GH function plays an important role also in 
bone remodeling. Our fi ndings confi rm that a positive correlation 
exists between IGF-I levels and BMD. We have observed that 
there exists also a negative correlation between these two param-
eters at the baseline (in not treated adults). It was also confi rmed 
by Rota et al (17) who found a signifi cant correlation between 
plasma IGF-I levels and T-score at the lumbar spine and femoral 
neck, serum OC and urinary Ntx (cross-linked N-telopeptides of 
type I collagen) levels. A multiple correlation analysis revealed 
that the T-score at the lumbar spine, but not at the femoral neck, 
was more strongly predicted by plasma IGF-I levels (17). To re-
sume, the replacement therapy with rhGH leads to an increase in 
bone turnover, as determined by changes in biochemical markers 
of bone resorption and bone formation (18). Patients with GHD 
have also an increased incidence of vertebral deformities, sug-
gesting an increased incidence of vertebral fractures (33). The 
prevalence of bone fractures is related to the degree of GHD and 
seems not to be affected by the presence of other pituitary hor-
mone defi ciencies or by hormonal replacement therapy (34, 35, 
36). In our study, no osteoporotic fracture has been noticed, prob-
ably due to a limited number of patients in study group. Our study 
has demonstrated that therapy with recombinant human growth 
hormone can lead to increased BMD in lumbar spine and femoral 
neck. This increase in bone mineral density can protect patients 
from future osteoporotic fracture. Another proof that rhGH im-
proves bone mineral content lies in an increase in bone markers 
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with a sustained higher activity of bone formation markers. Apart 
from its importance in monitoring the adequate treatment, IGF 
–I appears to be a good indicator of the effect of rhGH on bone. 

Conclusion

In our multicentre prospective study, it has been observed that 
two-year therapy with recombinant human growth hormone leads 
to an increase in BMD and markers of bone formation as well as 
to a decrease in clinical fractures and markers of bone resorp-
tion. Based on these fi ndings, we believe that the therapy with 
recombinant human growth hormone is the most physiological 
treatment modality in secondary osteoporosis in growth hormone-
defi cient adults.
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