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Summary
Objective—Growth hormone (GH) influences bone mass maintenance. However, the consequences
of lifetime isolated GH deficiency on bone are not well established. We assessed the bone status and
the effect of 6 months of GH replacement in GH-naïve adults with IGHD due to a homozygous
mutation of the GHRH-R gene.

Patients and methods—We studied 20 individuals (10 men) with IGHD at baseline, after six
months of depot GH treatment, and six and 12 months after GH discontinuation. Quantitative heel
ultrasound (QUS) was performed and serum osteocalcin (OC) and cross-linking telopeptide of type
I collagen (ICTP) were measured. QUS was also performed at baseline and one year later in a group
of 20 normal control individuals (CO), who did not receive GH treatment.

Results—At baseline, the IGHD group had lower QUS than CO (T-score: IGHD = -1.15 ± 0.9 vs.
C = -0.07 ± 0.9 p< 0.001). GH treatment improved this parameter, with improvement persisting for
one year post-treatment (12 months: IGHD = -0.59 ± 0.9 p< 0.05). GH also caused an increase in
serum OC (baseline vs. pGH, p< 0.001) and ICTP (baseline vs. pGH p< 0.01). The increase in OC
was more marked during treatment and its reduction was slower after GH discontinuation than in
ICTP.

Conclusions—These data suggest that lifetime severe IGHD is associated with significant
reduction in QUS parameters, which are partially reverse by short-term depot GH treatment which
induces a biochemical pattern of bone anabolism that persists for at least 6 months after treatment
discontinuation.
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Introduction
There is evidence that the GH-IGF-I axis plays a pivotal role in maintaining bone health, and
that its lack may predispose to loss of bone1,2 and to fractures3. Serum IGF-I levels have been
shown to correlate with bone mineral density (BMD) in various conditions associated with
bone mass loss4,5, and GH deficiency (GHD) is associated with low BMD6,7. Although there
is evidence of beneficial effect of long-term GH treatment on bone, there is no consensus on
the most appropriate treatment length. While some studies indicate that stabilization of bone
mass occurs after 5 years of treatment8, others suggest that the gain continues for up to 10
years9.

Most adults with acquired GHD have a combination of pituitary hormones deficits1,2,10,11.
As a consequence, many of these patients take hormone replacements that can themselves
influence bone metabolism. These problems can be obviated by studying patients with isolated
GHD (IGHD). However, this disease is rare12, and IGHD children are often no longer deficient
when re-tested as adults13. We have identified a large extended pedigree with approximately
100 IGHD individuals (over several generations) residing in Itabaianinha County, in the
Brazilian state of Sergipe14,15. All the affected individuals carry a homozygous null mutation
(IVS1+1G→A) in the GHRH receptor (GHRHR) gene (GHRHR). The adult patients have
proportionate severe short stature (−4 to −8 SD score for height) and otherwise normal pituitary
function. Previously, a small number of subjects with a different mutation in the same gene
were reported to have low BMD but near-normal volumetric BMD, leading to the conclusion
that IGHD has little impact on bone mineralization16.

The objective of the present study was to assess the bone status of IGHD adults from
Itabaianinha, and the response to six months of GH therapy. Although dual-energy x-ray
absorptiometry (DXA) is commonly used to determine bone density, it is not suitable for field
research. We therefore used quantitative ultrasound (QUS). This method predicts fracture
risk17,18, is safe, easy to use, portable, and radiation-free, rendering it an ideal tool use in a
rural area as the one where our subjects live.

Subjects and Methods
Subjects

The study group included 20 IGHD adults, 10 men 46.1 ± 14.3 years and 10 women 47.7 ±
15, 3 years (5 in menopause) from the Itabaianinha kindred recruited by advertising in the local
health clinic and by word of mouth. They were all homozygous for the IVS1+1G→A
GHRHR mutation. None had previously received GH replacement therapy. GHD was
diagnosed as reported previously 14.

A control group (CO) consisted of 20 normal subjects, 10 men 47.1±16.0 years, and 10 women
45.8 ± 16.7 years (4 in menopause) residing in the same community and of similar
socioeconomic level as the IGHD group, matched to for age and body mass index (Table 1).
They were recruited from volunteers for a study aimed to analyze the phenotype of individuals
heterozygous for the GHRH-R mutation. All the CO subjects were homozygous for the wild
type allele. The CO group served to control the quality of the measurement of bone
ultrasonography. The subjects were selected with exclusion of individuals with history of
osteometabolic disease, alcohol abuse, smoking, hepatic or renal disease, or using medications
known to interfere with mineral metabolism (anabolic steroids, glucocorticoids,
anticonvulsants, diuretics or medication for the treatment of osteoporosis).
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Experimental design
Twenty IGHD individuals were treated with depot GH (Nutropin depot, Genentech®, South
San Francisco, CA, USA) administered every two weeks for 6 months. Blood samples were
collected and QUS was performed at baseline and at 6 month intervals throughout the 18
months of the study: baseline, post GH (pGH) and at 12 and 18 months (6 mo and 12mo)
washout periods. The initial and final GH doses were 0.33 and 0.38 mg/kg in women and 0.25
and 0.35 mg/kg in men. Dosing was based on published data showing increase in GH and
IGF-1 lasting 14-17 days in adults after a single 0.25 or 0.5 mg/kg dose19. A similar starting
dose (0.3 mg/kg) was used in a trial that showed efficacy of this preparation in adults20.
Titration of the dose according to serum IGF-I levels could not be done due to the limited drug
availability (whose manufacturing was discontinued before the start of this study). After the
4th injection, the same dose (1 vial, 13.5 mg) was administered to all subjects, corresponding
to an average of 27.1 and 25 μg /kg/day in women and men, respectively. None of the female
subjects was taking oral or transdermal estrogen therapy, which, in addition to influence bone
metabolism, may cause resistance to GH21. Injections were given subcutaneously at the
subject's residence by the same operator. Side effects were all of mild intensity and transient,
and included local pain and large joint pain in 25% of the patients, muscle pain and headache
in 10% of individuals. Both the University of Sergipe and the Johns Hopkins University
Institutional Review boards approved these studies, and all subjects gave written informed
consent.

Methods
Height and weight standard deviation scores were calculated using UK standards22. Blood
was collected in the morning between 7:00 and 9:00, after a 10-12 hour fast, and samples were
kept in an ice-chilled container until centrifugation. Serum aliquots were stored at −40° C until
the time of measurements, all carried out in a single assay.

IGF-I was measured in duplicate by the DSL-5600 immunoradiometric method (IRMA)
(Diagnostic Systems Laboratories, Webster, TX, USA). Osteocalcin was measured by
DSL-7600 IRMA. Serum levels of the C-terminal cross-linking telopeptide of type I collagen
(ICTP) were measured by radioimmunoassay (Orion Diagnostic, Oy, Espoo, Finland). The
intra-assay coefficients of variation for the determination of IGF-I, osteocalcin and ICTP were
4.5% 6.4% and 8.2%, respectively.

Heel QUS was performed with rigorous standardization of subject positioning using the
Achilles Insight device (Lunar/GE, Madison, WI, USA). This is a water-based system that uses
transmission of an US wave in a temperature-controlled water bath (37° C) through the heel.
QUS measures the stiffness by the equation: stiffness = (0.67 × coefficient of Ultrasound Broad
Band attenuation in dB/MHz + 0.28 × speed of sound in m/second) − 420. Stiffness index (SI)
was expressed as the percentage of the values obtained by the manufacturer in a young adult
population. The exams were performed following manufacturer's instructions. The menu of
the apparatus allows choosing the reference population, and a normal South American
population was chosen as reference. The coefficient of variation of the stiffness measurement,
using the equation of Gluer et al 23, was 2.84%.

Laboratory and bone QUS data were analyzed statistically by the Multilevel test (random and
fixed effects) and regression models were constructed using the PROC MIXED software (SAS
version 8.0, San Diego, CA, USA)24. The data regarding physical characteristics (weight,
height, BMI and stature Z-score) were analyzed by the parametric Student t-test. The level of
significance was set at 5% in all analyses.
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Results
Table 1 shows that the groups were matched for age, sex and BMI, although weight and height
were, as expected, lower in the IGHD group. The Z-score for height was -6.0 SD for the IGHD
and 0.1 SD for the control group (p< 0.001).

Basal stiffness values (IGHD = 78.15 ± 14.47 vs. C = 94.30 ± 16.54 %, p< 0.05) and T-scores
(IGHD = -1.15 ± 0.88 vs. C= -0.07 ± 0.91 SD, p<0.001) were significantly lower in the IGHD
group when compared to normal controls (Figure 1).

Trough (2 weeks after last injection) serum IGF-I increased significantly from basal (0.13 ± 0
nmol/L, -3.1 ± 0.54 SDS) to the end of 6 months GH treatment (3.53 ± 2.81 nmol/L, −2.59 ±
0.62 SDS p< 0.001), without normalization, and returned to basal values at 6 months (0.13 ±
0.32 nmol/L. −3.1 ± 0.54 SDS) and 12 months (0.13 ± 0 nmol/L, −3.1 ± 0.54) of washout. The
increase of IGF-I at 6 months of GH treatment in comparison to basal was significant in both
sexes (females: median difference = 4.58 nmol/L, p = 0.006 and males: median difference =
1.83 nmol/L, p = 0.036), indicating no GH resistance in our female group.

After six months of treatment (pGH), the ultrasonometric parameters tended to increase
(stiffness: pGH = 84.45 ± 16.30, T-score= -0.78 SD). This trend towards T score elevation was
maintained for 6 and 12 months after the end of treatment. Thus the T-score value became
significantly higher at these time points compared to baseline (Basal= -1.15 vs. 6mo= -0.69
vs. 12mo= -0.59 SD, p< 0.05) (Figure 1). At 6mo the T-score of the IGHD group was not
different from the CO group in the same interval.

GH replacement caused a marked elevation of the biochemical remodeling parameters.
However, while the increase OC was about 3.5 times (Basal = 2.05 ± 1.69 vs. pGH= 7.36 ±
2.38 nmol/L, p< 0.001), the increase in ICTP was less marked (Basal = 6.95 ± 4.35 vs. pGH=
12.48 ± 6.90 μg/L, p< 0.001) (Figure 2). A difference was also observed in the reduction of
these metabolites after GH discontinuation. While the fall in OC was slow, remaining
significantly higher than baseline at 6mo (4.65 ± 2.56 nmol/L, p< 0.001), ICTP fell more
rapidly, returning to baseline at 6 mo (T12= 4.91 μg/L).

Discussion
Most previous studies have shown that GHD is associated with a moderate reduction of bone
mass in adults 8-10,25, 26. However, GHD is frequently associated with multiple pituitary
hormones deficits, whose replacement cannot fully mimic physiological secretion. Particularly,
prednisone doses as low as 2.5 mg/day can lead to bone loss27. Similarly, thyroid hormone
replacement may not be accurate, as in hypopituitary patients one cannot rely on TSH to guide
dosing, and even mild hyperthyroidism may reduce BMD28.

In contrast, any abnormality observed in the IGHD subjects can be attributed to GHD. We
found that the adult IGHD subjects have reduced QUS T scores compared to controls, and that
six months of GH treatment induced positive changes, that reached significance after 6 months
from the completion of treatment. In addition, GH led to a predominant state of bone anabolism,
and the beneficial effects continued for at least 6 months after the end of treatment.

An important aspect to be considered in the present study is the influence of stature, i.e., bone
length, on the measurement of the structural parameters of the skeleton. It has been well
established that the measurement of areal BMD by DXA underestimates bone mass in
individuals with short stature and overestimates it in high stature29-31. Indeed, when
Maheshwari et al.16 studied 4 young males with IGHD due to a GHRH-R mutation, they found
reduced areal, but normal volumetric bone density. Although some studies have indicated that
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size may influence the results of bone ultrasonomtery32,33, QUS instruments from different
manufacturers have significant differences in their calibration methods and analysis software
as well as in the design of the transducers34. Cheng et al.34 verified that heel width influences
Achilles assessments and that calcaneal length and soft tissue thickness have a substantial effect
on measurements performed with another QUS devices, the Sahara (Hologic, Bedford, MA).
Nevertheless, it should be emphasized that we observed that GH therapy had a positive effect
on QUS parameters, supporting a probable causative effect of GHD on reduced bone
ultrasonometry. It is also important to remember that Maheshwari et al. studied young males,
at the time of peak bone mass. It is possible that congenital IGHD does not influence peak
mass, but causes bone loss after peak mass is attained. Indeed, reduced bone density occurs in
a mouse model of GH deficiency (little mouse) that carries a homozygous mutation on the
same gene (GHRH-R) as our patients. Interestingly, in this model, the magnitude of the effect
of GH replacement on BMD varies at different ages35. On the other hand, it is important to
keep in mind that we have no report from the Itabaianinha community that indicates that the
GHD subjects have an increased incidence of fractures.

Previous studies have reported contradictory results regarding the changes in BMD caused by
GH replacement. Some have shown a tri-phasic course, with an initial loss, a gain after the first
year of treatment, and subsequent stability after 5 years of treatment8. Others have reported a
gain that persisted for about five 26 and ten years of treatment9. Our data are not directly
comparable to those obtained in these studies if we consider that DXA and QUS, although both
correlate with the fracture risk36-38, evaluate different aspects of bone structure39-40. Two
studies have assessed the effect of GH replacement on bone by ultrasonography. They showed
a period of 6 months decline followed by 6 years of gradual improvement8, 36. In both studies
the site for assessment was the phalanx, and the patients had acquired GHD. In addition,
although we could not obtain peak levels (all the study subjects live in a very rural area, and
we could only meet them to inject the GH depot), it is likely that in our study even peak serum
IGF-I did not reach normal values. It is therefore possible that submaximal GH replacement
has a preferential or earlier effect on bone anabolism when compared to more intense treatment.
In addition, the depot formula delivers GH with a pharmacokinetic that is different from daily
injections.

Similar to other studies that have aimed to evaluate GH influence on bone, we did not
supplement the individuals with calcium and vitamin D (VD)9. However, we have not detected
VD deficiency in individuals living in rural areas of Brazil, even in those with unfavorable
socioeconomic conditions (i.e. patients with leprosy)41,42. Solar exposure is naturally
responsible for about 80% of the supply of 25(OH)D. All subject were rural workers, exposed
to the sun throughout the year, as the annual average temperature in the state of Sergipe (tropical
climate) is around 26°C (78.8°F), making VD deficiency unlikely.

Recent studies suggested that low bone mass in GHD may also be consequence of abnormalities
in PTH circadian rhythm together with reduced parathyroid gland and target-organ
sensitivity43. Further, it seems that GH treatment can restore PTH sensitivity in kidney
decreasing calcium wasting44. In the present study, we have not evaluated calcium intake or
elimination.

The experimental design of a 6-month period of treatment followed by one year of washout
revealed interesting aspects. Treatment discontinuation caused return of ICTP to baseline by
the first wash out visit (6 mo), while the effect on OC continued for at least six months,
suggesting a prolonged anabolic effect. Accordingly, we observed an ascending curve of
ultrasonometric T-score values, which persisted until the 2 month washout. The mechanism
of this continued effect is to be determined, but it is unlikely to be related to persistence of GH
as shown in pharmacokinetic studies with depot injections45.
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Our results suggest that a relatively short-term treatment may be beneficial on bone of
individuals with lifelong IGDH. This is particularly important if we consider the cost of
treatment and its potential adverse effects on other parameters46. It is important to notice that
we used a long-acting preparation, which results in sustained GH elevation. This may raise
concerns for side effects, by analogy to acromegaly, in which serum GH levels are not always
high, but never dip to the very low levels seen in normal individuals47. The anabolic effect of
GH on bone tissue persists in acromegalic individuals even after remission48. Further studies
are needed to test whether this mean of GH delivery results in a more positive impact on bone
tissue than the daily treatment.

In summary, we have shown that subjects with lifetime IGHD have lower heel QUS T scores
than age-matched controls, and that a 6-month treatment with a submaximal dose of depot GH
increases T scores and induces a biochemical pattern of bone anabolism that persists for at least
6 months after treatment discontinuation.
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Figure 1.
Values of quantitative ultrasound parameters (A: T-score; B: stiffness) of normal control
individuals (CO) obtained at baseline and after one year (no intervention), and of GH deficient
(GHD) individuals obtained at baseline, after 6 months of treatment with depot GH (pGH) and
6 months (6mo) and 12 months (12mo) after treatment discontinuation. +p < 0.001 for CO vs.
GHD at baseline; ++p <0.04 for CO vs. GHD at baseline; +++p < 0.04 CO vs. GHD at 6mo;
# p < 0.04 for GHD at 6mo vs. baseline and 12mo vs. baseline.
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Figure 2.
Serum osteocalcin and cross-linking telopeptide of type I collagen (ICTP) in GH deficient
individuals (GHD) obtained at baseline, after 6 months of treatment with depot GH (pGH) and
6 months (6mo) and 12 months (12mo) after treatment discontinuation. *p< 0.001 for pGH vs.
baseline; **p< 0.001 for 6mo vs. baseline; ***p< 0.001 for 12mo vs. pGH; ****p< 0.001 for
6mo vs. pGH. *****p< 0.01 for 12mo vs. 6 mo.
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Table 1
Clinical characteristics of the individuals in the control group (CO) and in the group with isolated growth hormone
deficiency (IGHD). Values are means ± SD. BMI=body mass index.

CO (n = 20) IGHD (n = 20) p

Sex (M/F) 10/10 10/10 1

Post-menopause 4/10 5/10 0.754
Age (years) 46.5 ± 16.0 46.1 ± 14.5 0.94
Weight (kg) 67.3 ± 14.7 36.8 ± 4.0 <0.001
Height (cm) 167.3 ± 9.5 123.9 ± 5.7 <0.001

Height Z-score 0.10 ± 1.3 -6.06 ± 0.5 <0.001
BMI (Kg/m2) 23.9 ± 3.4 23.9 ± 3.4 0.97
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