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Abstract

Objective: Discontinuation of growth hormone therapy (rhGH) upon completion of linear

growth may adversely affect bone mineral density and content (BMD/BMC) in adolescents

with childhood-onset GH deficiency (CO-GHD) and predisposition to osteoporosis. Although

the benefits of weight-dependent somatropin high doses over bone gain are established, lit-

tle is known about fixed low doses. We analyzed the impact of non-weight-based low-dose

somatropin on bone accrual during the transition among CO-DGH patients, treated since

childhood.

Methods: Lumbar spine (LS) and whole-body (WB) BMD and BMC were measured at baseline and

after 18 months in 54 adolescents (age: 16.8§ 1.6 years). They were retested and reclassified as

GH sufficient (GHS, n = 28) and GH insufficient. The last group was later randomized to use rhGH

(GH on; n = 15) or no treatment (GH off, n = 11) in this single-center open-label study. The aver-

age dose of rhGH was 0.5§ 0.18 mg/day.

Results: When comparing the groups, the GH off group had a lower percentage change in LS BMD

than the GHS (0.53 % § 5.9 vs. 4.42 % § 4.1, respectively, p< 0.04). However, in the analysis of

the GH on and off subgroups, the LS BMC percentage change was higher in the GH on (11.02 % §

10.12 vs. 2.05 % § 10.31, respectively, p< 0.04).
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Conclusion: Non-weight-based low-dose somatropin withdrawal for 18 months limits bone

accrual in LS of CO-DGH subjects in transition, predisposing them to osteoporosis in adult life.

© 2024 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1 Introduction

2 Osteoporosis is a systemic disease that compromises bone
3 microarchitecture and leads to, bone fragility. It constitutes
4 one of the main public health problems since after the age
5 of 50 years, 30 % of the population will suffer some type of
6 fracture with a high mortality rate.1

7 Childhood and adolescence are fundamental periods for
8 the development of peak bone mass via the gradual incre-
9 ment of bone tissue and bone formation, two processes that

10 predominate over bone resorption.2 The main action of
11 growth hormone (GH) is to promote linear growth by increas-
12 ing protein synthesis and osteoblastic activity,3 which makes
13 treating GH-deficient adolescents quite challenging. Recom-
14 binant human GH (rhGH) was initially approved for treating
15 childhood-onset GH-deficient children (CO-DGH) to help
16 these children reach a greater height. When the final height
17 was reached, it was then customary to discontinue the treat-
18 ment.4 This transition phase corresponds to the period that
19 extends from puberty to the age of 30 years when peak bone
20 mass is reached.5 Several trials have shown that GH actions
21 are far more complex than merely stimulating linear growth,
22 with effects promoting lean mass accrual and bone minerali-
23 zation. Robust evidence indicates that peak bone mass
24 acquired in childhood and adolescence is the major determi-
25 nant of fracture risk later in adulthood.6 This finding has led
26 to questions about discontinuing rhGH therapy and the
27 necessity of reassessment of the persistence of GH defi-
28 ciency in transition, which can manifest as osteoporosis in
29 GH-deficient adults (AO-DGH).4,5,7,8 Previous trials have
30 examined rhGH therapy in CO-GHD adolescents who were
31 treated since childhood using different protocols with con-
32 troversial benefits.9-11 Most of these studies that showed
33 bone mineral increase from 14 to 20 years of age occurred at
34 higher weight-dependent doses; thus, little is known about
35 fixed low doses12,13 in younger subjects.
36 This study aimed to assess the impact of low non-weight-
37 dependent rhGH dose concerning bone accrual in CO-GHD
38 adolescents, who have been treated since childhood. The
39 findings could be important for preventing osteoporotic frac-
40 tures later in adulthood by optimizing peak bone mass in this
41 vulnerable population.

42 Methods

43 Participants

44 This prospective, randomized, open-label, single-center
45 study included adolescents aged 14 to 20 years at the Transi-
46 tion Outpatient Clinic of Instituto da Criança, Hospital das
47 Clínicas, Sao Paulo University Medical School. Participants
48 were recruited between May 2017 and April 2021.

49Inclusion and exclusion criteria

50Inclusion criteria

51We selected subjects with GH deficiency in childhood who
52had been treated with a mean dose of 0.03 mg/kg/day, six
53times a week, for at least three consecutive years before
54entering the study6. Participants transitioned when their
55final height was reached, which was defined as growth veloc-
56ity < 2 cm/year and bone age greater than 14 years in girls
57and 16 years in boys. All participants were fully pubertal,
58which was defined as either spontaneous menarche in girls
59or Tanner IV in boys. If puberty was medically induced, girls
60were treated with cyclic estrogen/progesterone therapy
61and boys with 200 mg of testosterone cypionate monthly.
62Those with hypothyroidism and adrenal insufficiency were
63treated with levothyroxine and corticosteroids, respec-
64tively.

65Exclusion criteria

66Patients were excluded if they had chronic diseases, such as
67chronic renal failure, type 1 diabetes mellitus, bone dis-
68eases, complex syndromes associated with GH deficiency,
69and chronic use of corticosteroids, which could alter bone
70mass.

71Clinical evaluation

72After reaching the final height, treatment with rhGH was
73interrupted for one to three months so that serum levels of
74somatomedin C (insulin-like growth factor (IGF-I]), C-termi-
75nal collagen type I peptide (CTX-I), calcium, phosphorus,
76alkaline phosphatase (AP), and 25(OH)D could be measured.
77Bone mineral density (BMD), bone mineral content (BMC),
78whole-body (WB), and lumbar spine (LS) Z-scores were mea-
79sured using dual-energy X-ray absorptiometry (DXA). Scores
80were adjusted for sex, age, and height (Hologic, Discovery
81W, software 13.5.2.1). BMD and BMC percentage changes
82were calculated. Low bone mass was considered in cases of
83LS and WB Z-scores � - 2 SD for sex, age, and height.14 Per-
84sistence of GH deficiency was defined by baseline IGF-I val-
85ues lower than � - 2 SD for age and sex, or a GH of less than
865mg/L based on the peak insulin tolerance test (ITT) as pre-
87viously described.13 An ITTwas performed when IGF-I values
88were between �2 SD and the mean. Those participants who
89were considered insufficient were allocated into two sub-
90groups using an urn with a paper to each arm. The randomi-
91zation was simple at a 1:1 ratio: those who discontinued
92rhGH (GH off) and those who restarted rhGH at a dose of
930.5 mg/day (GH on), six times a week.13 The dose was read-
94justed according to IGF-I concentrations to keep it close to
95the mean reference values for age and sex.6 The insufficient
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96 groups were, then, compared to the sufficient subjects (GHS
97 group) After 12 and 18 months of follow-up, all groups’ IGF-I
98 and bone marker values were compared. The percentage
99 changes in LS and WB BMD and BMC were compared at base-
100 line and after 18 months. The enrollment process, follow-
101 up, and allocation of participants to the intervention arm
102 were conducted by VM Kuba throughout the study.

103 Patient information

104 We collected several sets of data: age (years), gender,
105 height (cm), weight (kg), etiology of hormone deficiency,
106 and mean dose of rhGH. Weight was measured using an elec-
107 tronic Filizola scale with a precision of 100 g, and height was
108 measured using a Harpenden Holtain wall stadiometer with
109 a precision of 1 mm.15

110 All patients were asked about their daily calcium intake
111 (mg/day) in each appointment, and instructed to make nec-
112 essary adjustments so that their daily intake would be
113 1300 mg/day. If this intake was insufficient, we prescribed
114 calcium carbonate. We also supplemented cholecalciferol if
115 serum concentrations of 25(OH)D were less than 20 ng/mL.16

116 The participants were instructed to do regular physical
117 activity for 150 min weekly. IGF-I, AP, calcium, and phospho-
118 rus were measured using a colorimetric method (Cobas C,
119 Roche Hitachi). 25(OH)D was measured by chemoimmunoas-
120 say (Cobas E-411, Abbott Park), IGF-I was measured by
121 chemiluminometry (IDS, Immunodiagnostics Systems), and
122 CTX-I was measured using electrochemiluminometry
123 (Elecsys beta-cross Laps/Cobas serum E-411, Roche Diagnos-
124 tics).

125 Ethics approval

126 The individuals’ identities were protected, and they only
127 participated in the study after the adolescents and their
128 guardians signed informed consent forms. Approval was
129 obtained from the Research Ethics Committee of the Univer-
130 sity of S~ao Paulo (no. 1511,705), and the study was regis-
131 tered at the WHO Brazilian Clinical Trial Registry REBEC
132 (number UTN U1111- 1280�7723).

133 Statistical analysis

134 With a 5 % significance level and 80 % power, a sample of 42
135 participants was estimated so that a reduction of one Z-
136 score in the LS or WB BMD could be detected. Assuming a
137 dropout rate of 20 %, we planned to recruit 48 participants.
138 After separating the groups between GH deficient and suffi-
139 cient, the BMD and BMC percentage changes were used for
140 comparison A Student's t-test was used to compare variables
141 with a normal distribution, which were expressed as mean §

142 stand deviation. A Kruskall�Wallis test was used for those
143 variables without normal distribution, which were expressed
144 as median with a 95 % confidence interval. For comparison
145 between the three groups, a one-way analysis of variance
146 (ANOVA) was used, and between BMD and BMC of GH on and
147 GH off subgroups, a Student's t-test was applied. The level

148of significance was set at p< 0.05. Med Calc software ver-
149sion 20.110 was used for data analysis.

150Results

151Patient characteristics

152Of the 70 patients recruited, 67 were included in the study,
15334 were reclassified as GH sufficient (GHS), and 33 were GH
154deficient. Of these, 16 were randomized to discontinue
155rhGH (GH off group), and 17 to restart it (GH on group).
156Fifty-four patients completed the study (28 patients in GHS,
15715 patients in GH off, and 11 patients in GH on). As Supple-
158mentary Figure 1 demonstrates, poor adherence was the
159most common reason for dropping out (five patients in GH
160and two in GHS). Only one subject in the GH off group
161dropped out of the study because he moved to another state
162The mean participant age was 16.8§ 1.6 years. Fifty per-
163cent were White (27/54), and 51.9 % (28/54) were male.
164Weights and heights were similar between GH on and GH off
165(58§ 10.7 kg and 164.58 cm versus 53.4§ 15.3 kg and
166160.3§ 11.8 cm, respectively). The average dose of rhGH
167used by GH was 0.5§ 0.18 mg/day. In GHS, 100 % had idio-
168pathic and isolated GH deficiency in childhood, in the GH on
169the group, 54.5 % (6/11) had multiple pituitary hormone
170deficiency, and 45.5 % had isolated GHD. In the GH off group,
17127 % (4/15) had multiple pituitary hormone deficiencies,
17253.3 % had isolated GHD, and 20.0 % (2/15) had two hormone
173deficiencies (Table 1). In the LS BMD group, 18.5 % of partici-
174pants had a baseline z � - 2, and in the WB, 25.9 % (14/54)
175had a baseline z � - 2.

176Clinical changes

177As shown in Table 2, when comparing the three groups after
17818 months, a significant difference in the percentage change
179in the LS BMD between GH off and GHS (0.53 % § 5.9 and
1804.42 % § 4.1, respectively; p< 0.04) was noted. No differen-
181ces in percentage changes in WB BMD among groups were
182observed (4.30 %, 1.90 %, and 3.80 % for GH on, GH off, and
183GHS, respectively; p> 0.05).
184In the analysis of the GH on and GH off subgroups, the
185percentage change of LS BMC was significantly higher in GH
186on (11.02 % § 10.12 % and 2.05 % § 10.31 % for GH on and GH
187off, respectively; p< 0.04, F test = 0.736), as shown in
188Table 3. Although the AP values were similar in the GH off
189and GH on groups throughout the study, the evolution of
190CTX-I was different as it decreased over 12 months in GH off
191and GHS (p< 0,05), but not in the GH on group (Table 4).
192The GHS had IGF-I values higher than both the GH off and GH
193on groups at baseline (338.8§ 69.3, 155.0 [95 % CI
19444.0�235.0] and 150.82§ 72.1 ng/dL; p< 0.01 for GHS, GH
195off, and GH on groups, respectively) and at 12 months
196(319.8§ 77.5, 179.0 [95 % CI 33.0�290.0, p< 0.001) and
197193.6§ 62.09 ng/dL, p< 0.01, and at 18 months
198(309.6§ 79.1,169.0 [95 % CI 34.0�287.0] and
199174.73§ 52.4 ng/dL; p< 0.01). No adverse events were
200observed.

ARTICLE IN PRESS
JID: JPED [mSP6P;December 18, 2024;15:14]

3

Jornal de Pediatria xxxx;xxx(xxx): xxx-xxx



201 Discussion

202 Our results indicate that somatropin withdrawal for 18
203 months limited the bone gain in the lumbar spine of CO-
204 GHD adolescents in transition who had undergone treat-
205 ment since childhood. The BMC increased by 11.01 % in
206 those who were on somatropin at a non-weight-based
207 dose versus a non-significant increase of 2.02 % in those
208 who discontinued it. Furthermore, the GH off group also

209had much lower BMD than that of the GHS (0.5 % and
2104.42 %, respectively). Most studies that showed bone min-
211eral accrual used higher weight-based doses.17-20 Some
212were retrospective,21,22 and not all of them had a control
213group.22,23 As far as we know, our study is the first study
214to perform non-weight-based low-dose somatropin in a
215younger cohort with a mean age of 16.8 years as most
216research with this treatment regimen has been in popula-
217tions over 18 years of age.20,24,25

Table 2 Absolute values and percentage variations at baseline and after 18 months of lumbar spine BMD between groups in the

transition phase.

LS BMD (g/cm2) GH on

(n = 11)

GH off

(n = 15)

GHS

(n = 28)

Baseline

95 % CI

0.839§ 0.11

(0.776�0.914)

0.836§ 0.11

(0.774�0.899)

0.883§ 0.14

(0.828�0.939)

18 months

95 % CI

0.867§ 0.09

(0.803�0.928)

0.848§ 0.11

(0.785�0.928)

0.922§ 0.14

(0.866�0.978)

% Variation

95 % CI

p

3.90§ 5.0

(0.5 �7.3)

> 0.05 vs S

0.53§ 5.9

(�2.7 � 3.8)

> 0.05 vs GH on

4.42§ 4.1

(2.8 � 5.9)

* < 0.04 vs GH off

Statistical analysis: One-way analysis of variance (ANOVA) and Turkey-Kramer multiple comparison tests.

Table 1 Demographic characteristics and etiology of the groups in the transition phase.Q2 X X

Data Group

GHS (N = 28) GH On (N = 11) GH Off (N = 15) p

Sex

Male 17 (60.7 %) 9 (81.8 %) 9 (60 %) 0.4479

Female 11 (39.3 %) 2 (18.2 %) 6 (40 %)

Ethnicity

African 14 (50 %) 5 (45.5 %) 8 (53.4 %) 1.000

Descent

Caucasian 14 (50 %) 6 (54.5 %) 7 (46.6 %)

Weight - median (IQR) 49.50

(42.55�57.17)

58.7

(52.0�65.6)

54.80

(42.45�65.10)

0.297

Height - median (IQR) 156.2

(152.6�162.6)

165.0 (162.2�169.2) 162.0

(156.1�165.2)

0.0886

Initial etiology Isolated *GHD 28 (100 %) 5 (45.5 %): 8 (53.3 %):

�1 medulloblastoma - 1 midline defect

- 3 idiopathic - 3 idiopathic

- 1 empty sela - 2 pituitary hypoplasia

*GHD +

another hormone

deficiency

- 1 ectopic neuro pituitary

- 1 empty sela 3 (20 %)

- 2 GHD + hypogonadism (13 %)

- 1 GHD + ADH deficiency (6.7 %)

*Multiple pituitary hormone

deficiency

6 (54.5 %): 4 (27 %)

- 1 pituitary stalk

translocation

- 1 absent pituitary stalk

2 pituitary - 1 pituitary hypoplasia

- 1 craniopharyngioma

1 ectopic neuro-pituitary

*GHD: GH deficiency - hypoplasia

- 2 septo - optic dysplasia

- 1 craniopharyngioma

GHD, GH deficiency.

Statistical analysis: One-way analysis of variance (ANOVA) and Fisher test for categorical variables.
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218 The impact of several interventions on bone mass is quite
219 variable due to the heterogeneity of study designs, rhGH
220 doses used in childhood and the transition period, duration
221 of treatment breaks, and differences in body development
222 that normally occur in adolescence.17,24,26

223 The somatropin doses used during childhood and the tran-
224 sition period may have influenced our results. Mauras et al.
225 showed no gain in CO-DGH patients with a mean age of
226 15.8 years after two years of treatment at 20mg/kg/day
227 during the transition. However, this population had already
228 been using 40mg/kg/day since childhood. Such treatment
229 could have optimized bone accrual during growth before
230 reaching the final height, leaving the Z-score equal to or
231 greater than the average for sex and age.27 Diverging from
232 this study, our cohort was treated with an average dose of
233 30mg/kg/day in childhood; 18.5 % reached the transition
234 presenting baseline spine BMD Z-score of � �2, and 25.9 %

235(14/54) in the WB. In another survey, although the rhGH
236dose was the same in childhood as ours, no bone loss was
237reported after two years of withdrawal during the transition
238period. However, these patients were treated longer since
239the average age of entry into the study was 19 years, thus
240explaining the greater acquisition of bone mass.23

241Regarding the duration of treatment withdrawal, the
242results are conflicting. Fors et al. found no loss two years
243after discontinuation,23 while Drake et al. still detected it
244after one year.18 Nevertheless, it is noteworthy that the pop-
245ulation of the first study was older than that of the last one
246when the treatment break occurred (mean age of 19 versus
24717 years old). These different results can both be explained
248by a persistent action of rhGH on bone mass after with-
249drawal when the final height is reached. It is believed that
250somatropin triggers a cycle of long-lasting bone remodeling,
251even if the patient is no longer exposed to it, but to be
252effective, treatment reinstitution has to be done between
25314 and 17 years of age, which was done in our cohort. There-
254fore, it seems that not only the duration of the pause but
255also the age at which somatropin is restarted influences
256bone accrual.
257Although the reference values for the markers of bone
258turnover (AP and CTX) are not well established in the pediat-
259ric group, they may indicate an increase in early bone forma-
260tion or resorption.28,29 Despite similar AP values in both GHD
261groups, a decrease in CTX-I at 12 months in those who dis-
262continued treatment occurred, suggesting a decrease in
263bone remodeling. On the other hand, in the group that
264restarted it, both markers were stable until 18 months,
265which indicates that even at a low dose, somatropin was effi-
266cient in maintaining bone mineral accrual. Concerning GHS,
267a reduction in both markers at 12 months occurred, suggest-
268ing an adaptive response of the bone to the abrupt

Table 3 Absolute values and percentage variations at

baseline and after 18 months of lumbar spine BMC between

GH on and GH off subgroups in the transition phase.

LS BMC

(g)

GH on

(n = 11)

GH off

(n = 15)

p

Baseline

95 % CI

45.62§ 10.21 44.44§ 13.12

18 months

95 % CI

49.90§ 10.54 44.91§ 12.96

#% Variation

95 % CI

11.01§ 10.12 2.02§ 10.31 * < 0.04

# F test for equal variances = 0.736 (95 % IC= �17.865 -

�0.117).

Table 4 Evolution of bone markers values at baseline, 12 and 18 months of the groups in the transition phase.

Data GH off

(n = 15)

GH on

(n = 11)

GHS

(n = 28)

AP (U/L)

Baseline

95 % IC

107.0

(59.0�288.0)

106.0

(70.0�190.0)

128.6§ 42.3

12 months 91.0 96.0 104.2§ 31.5

95 % CI

p

(46.0�292.0)

> 0.5

(56.0�168.0)

> 0.5 > 0.5

18 months

85.0 85.0 93.3§ 27.6

95 % IC

P

(47.0 �390.0)

> 0.05

(63.0�160.0)

> 0.05 > 0.05

CTX-I (ng/mL)

Baseline 1.0 1.12§ 0.31 1.48§ 0.6

95 % CI (0.62 - 2.49)

12 months 0.89 1.04§ 0.59 1.50§ 0.5

95 % CI

p

(0.48 �2.37)

* < 0.05 > 0.05 * < 0.05

18 months 0.81 1.03§ 0.42 1.13§ 0.4

95 % CI

p

(0.24- 2.19)

> 0.05 > 0.05 > 0.05

Statistical analysis: Nonparametric repeated measures (ANOVA).
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269 withdrawal of the treatment, which remained stable, thus
270 ensuring bone accrual. This finding is in line with those
271 describing DXA results after 18 months of follow-up which
272 showed a gain in spine BMC in those who maintained rhGH in
273 comparison to those who did not (11.01 % and 2.2 %, respec-
274 tively) in addition to spine BMD in GHS (4.42 % versus 0.5 in
275 the GH off group). These results are similar to those of Bar-
276 oncelli et al., who observed that the peak spine BMD
277 occurred one to three years after the final height was
278 reached and was delayed in the CO- GHD compared to that
279 in GH-sufficient subjects. This finding showed that GH/IGF-I
280 plays an important role in both the acquisition and mainte-
281 nance of bone mass in the spine in GHD.30

282 In this study, the adequate daily intake of calcium and
283 vitamin D was ensured in all participants, so no interference
284 of these factors with the expected outcomes occurred.
285 Another strength relates to the study’s prospective
286 design, which included GH on and off-insufficient groups.
287 Lee et al. followed adolescents who restarted rhGH at
288 around 18 years of age. As there was a Z-score increase only
289 in the femur BMD, the lack of response in LS and a GHD off
290 group made it difficult for them to attribute this improve-
291 ment to treatment reinstitution.22 The analysis of BMD Z-
292 score in conjunction with percentage change also made the
293 DXA more sensitive for diagnosing the bone accrual in our
294 research. Analysis of the Z-score alone may have limited the
295 conclusions of others, who did not find any increase in bone
296 accrual after rhGH reinstitution.22,27

297 This study has some limitations. The study was a one-cen-
298 ter study in which 54 individuals mainly from the State of
299 Sao Paulo were followed for 18 months, which requires cau-
300 tion when extrapolating the results to other regions of the
301 country. We would like to comment that despite the large
302 dispersion of the percentage change values in LS BMC in this
303 sample of GHD groups, statistical tests showed that a normal
304 distribution was found, and this variability was similar in the
305 two groups as demonstrated by F test for variances
306 (p = 0.735). This finding explains the statistical significance
307 of the difference between the means, even with a high stan-
308 dard deviation value. Finally, we could not follow the evolu-
309 tion of bone mass and osteo-metabolic profiles since the
310 beginning of treatment in childhood as the cohort arrived at
311 the transition outpatient clinic after reaching their final
312 heights.
313 Most guidelines recommend assessing bone mass using
314 DXA during the transition period, and then, only two to
315 five years after suspending or restarting rhGH.12,13 They
316 also advise discontinuing the treatment in those who pres-
317 ent isolated GHD or in those with an additional pituitary
318 hormone deficiency. However, as many CO-DGH patients
319 reaching the transition have a low bone mass, we suggest
320 that DXA and bone markers be performed during rhGH
321 treatment at the beginning of puberty and during the
322 transition. If the spine z score is <�2 after reaching the
323 final height, the treatment should be maintained until the
324 end of peak bone mass regardless of GHD etiology, and
325 then monitored using semi-annual measurements of bone
326 markers and an annual DXA.
327 In conclusion, somatropin withdrawal limits one from
328 reaching peak spine BMD in CO-GHD in transition, suggesting
329 that the treatment should continue, especially in those with
330 low bone mass.
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