J Korean Med Sci. 2022 Mar 21;37(11):e90
https://doi.org/10.3346/jkms.2022.37.e90
eISSN 1598-6357-pISSN 1011-8934

JKMS

Original Article

Endocrinology,
Nutrition & Metabolism

‘ '.) Check for updates ‘

Received: Oct 28, 2021
Accepted: Feb 20, 2022
Published online: Mar 15, 2022

Address for Correspondence:

Jeesuk Yu, MD, PhD

Department of Pediatrics, Dankook University
College of Medicine, 119 Dandae-ro, Dongnam-
gu, Cheonan 31116, Republic of Korea.

Email: dryujs@dankook.ac.kr

© 2022 The Korean Academy of Medical
Sciences.

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

ORCID iDs

Han Hyuk Lim
https://orcid.org/0000-0002-5297-5913
Yoo Mi Kim
https://orcid.org/0000-0002-8440-5069
Gyung Min Lee
https://orcid.org/0000-0003-2209-9542
Jaehong Yu
https://orcid.org/0000-0003-1323-508X
Heon-Seok Han
https://orcid.org/0000-0003-0012-2545
Jeesuk Yu
https://orcid.org/0000-0003-0020-2000

Trial Registration
ClinicalTrials.gov Identifier: NCTO1604395

https://jkms.org

Growth Responses During 3 Years of
Growth Hormone Treatment in Children
and Adolescents With Growth Hormone
Deficiency: Comparison Between
Idiopathic, Organic and Isolated
Growth Hormone Deficiency, and
Multiple Pituitary Hormone Deficiency

Han Hyuk Lim
Heon-Seok Han

,' Yoo Mi Kim @,' Gyung Min Lee
,Yand Jeesuk Yu @ ®

,2 Jaehong Yu ©,3

'Department of Pediatrics, Chungnam National University College of Medicine, Daejeon, Korea
?Lee Gyung Min Pediatric Clinic, Daejeon, Korea

3Joey Children’s Hospital, Daejeon, Korea

“Department of Pediatrics, Chungbuk National University College of Medicine, Cheongju, Korea
*Department of Pediatrics, Dankook University College of Medicine, Cheonan, Korea

ABSTRACT

Background: The study aimed to compare the growth responses to 3 years of growth
hormone (GH) treatment in children and adolescents with GH deficiency (GHD) according to
idiopathic, organic, isolated (IGHD), and multiple pituitary hormone deficiency (MPHD).
Methods: Total 163 patients aged 2-18 years (100 males and 63 females; 131 idiopathic and
32 organic GHD; 129 IGHD and 34 MPHD) were included from data obtained from the LG
Growth Study. Parameters of growth responses and biochemical results were compared
during the 3-year GH treatment.

Results: The baseline age, bone age (BA), height (Ht) standard deviation score (SDS), weight
SDS, mid-parental Ht SDS, predicted adult Ht (PAH) SDS, and insulin like growth factor-1
(IGF-1) SDS were significantly higher in the organic GHD patients than in the idiopathic GHD
patients, but peak GH on the GH-stimulation test, baseline GH dose, and mean 3-year-GH
dosage were higher in the idiopathic GHD patients than in the organic GHD patients. The
prevalence of MPHD was higher in the organic GHD patients than in the idiopathic GHD
patients. Idiopathic MPHD subgroup showed the largest increase for the AHt SDS and APAH
SDS during GH treatment, and organic MPHD subgroup had the smallest mean increase
after GH treatment, depending on AIGF-1 SDS and AIGF binding protein-3 (IGFBP-3) SDS.
The growth velocity and the parental-adjusted Ht gain were greater in the idiopathic GHD
patients than the organic GHD patients during the 3-year GH treatment, which may have
been related to the different GH dose, AIGF-1 SDS, and AIGFBP-3 SDS between two groups.
Multiple linear regression analysis revealed that baseline IGF-1 SDS, BA, and MPH SDS in
idiopathic group and baseline HT SDS in organic group are the most predictable parameters
for favorable 3-year-GH treatment.
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Conclusion: The 3-year-GH treatment was effective in both idiopathic and organic GHD
patients regardless of the presence of MPHD or underlying causes, but their growth outcomes
were not constant with each other. Close monitoring along with appropriate dosage of GH
and annual growth responses, not specific at baseline, are more important in children and
adolescents with GHD for long-term treatment.

Trial Registration: ClinicalTrials.gov Identifier: NCT01604395

Keywords: Growth Hormone Deficiency; Combined Pituitary Hormone Deficiency;
Growth Hormone; Child; Adolescent

INTRODUCTION

Short stature is one of the most common causes of referral to a pediatric endocrinologist.
Growth hormone deficiency (GHD) is a rare cause of short stature. It is important to
diagnose and treat GHD because earlier treatment with recombinant human growth
hormone is highly effective for increasing the final adult height (Ht) or genetic target Ht.2,3
The Ht response can vary between individualized strategies for growth hormone (GH)
replacement according to the initial chronological age, Ht, and severity of GHD.# And
several studies have shown that the growth response after 1 year of GH treatment is the most
important predictor of a treatment’s success.3,56

GHD is classified as idiopathic and organic GHD. Organic GHD can be caused by congenital
abnormalities of the hypothalamic—pituitary axis, such as pituitary agenesis or hypoplasia
with/without genetic defects or can be acquired because of pituitary trauma, tumor, surgery, or
intracranial irradiation.?8 The peak GH levels to the GH-stimulation test and growth outcomes
after GH treatment can differ between idiopathic and organic GHD. Milner et al.? and Herber
et al.10 demonstrated that patients with organic GHD show less response to GH treatment than
those with idiopathic GHD and are more likely to be combined with other pituitary hormone
deficiencies. They suggested that different protocols should be used for idiopathic and organic
GHD to ensure successful responses to GH treatment in children and adolescents.

However, despite over 30 years of GH treatment to Korean children with short stature, the best
predictors of a successful growth response remain unclear, and there are few data on whether
the outcomes of GH treatment differ in Korean children with GHD according to causes of GHD
and additional pituitary hormone deficiencies. The aim of this study was to identify differences
in clinical outcomes and their predictors of the growth response during 3 years of GH treatment
in children and adolescents with GHD, focusing on both idiopathic and organic GHD or both
isolated GHD (IGHD) and multiple pituitary hormone deficiency (MPHD).

METHODS

Patients

Clinical data for 1,091 participants aged 2-18 years who had been diagnosed with GHD

and treated with GH between 2011 and 2018 contained in the LG Growth Study (LGS) were
reviewed. The LGS is a multicenter, noninterventional, observational cohort study of Korean
children and adolescents with GHD!! and was registered at ClinicalTrials.gov (identifier:

https://doi.org/10.3346/jkms.2022.37.e90 2/13
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Idiopathic GHD (n = 995)
Organic GHD (n = 96)
From enrolled participant in LGS

—>| Unmatched criteria: idiopathic GHD (n =192), organic GHD (n = 5) |

—>| Undefined causes of idiopathic GHD (n = 67), organic GHD (n = 14) |

—>| Undescribed baseline auxology: idiopathic GHD (n = 40), organic GHD (n = 0) |

—>| Without starting GH within 1 month from baseline: idiopathic GHD (n = 122), organic GHD (n = 6)

Valid baseline data Valid 1year data Valid 2 year data Valid 3 year data
Idiopathic GHD (n =574) |> Idiopathic GHD (n=350) (»{ Idiopathic GHD (n=232) (> Idiopathic GHD (n = 256)
Organic GHD (n =71) Organic GHD (n = 51) Organic GHD (n = 46) Organic GHD (n = 41)

v v v v

With all valid data during the follow-up period
Idiopathic GHD (n = 131), Organic GHD (n = 32)

9 (5.5%)

11 (6.8%)

23 (14.1%) | |diopathic IGHD

| Organic IGHD
M Idiopathic MPHD
M Organic MPHD

120 (73.8%)

Fig. 1. Summary of participants. (A) Participants were selected as those with complete and valid data during the
follow-up period from all participants enrolled in the LGS. (B) Participants were divided into four subgroups;
idiopathic IGHD, idiopathic MPHD, organic IGHD, and organic MPHD.

LGS = LG Growth Study, GHD = growth hormone deficiency, IGHD = isolated growth hormone deficiency, MPHD =
multiple pituitary hormone deficiency.

NCTO01604395). Excluded from the analyses were 446 patients who had unmatched GHD
criteria, inappropriate auxological or biochemical data at the baseline, or did not start

GH treatment within 1 month after GH diagnosis, and 482 patients who had missing data
during the follow-up period. Finally, 163 patients with GHD (131 with idiopathic GHD and 32
with organic GHD; 100 boys and 63 girls) whose data for the 3 years of GH treatment were
complete and valid were enrolled in the study (Fig. 1).

Definition of GHD

GHD was defined as a serum peak GH concentration < 10 ng/mL12,13 on a combined GH-
stimulation test with at least two different stimuli.}15 Idiopathic GHD was defined as short
stature (less than third percentile) at the baseline, delayed bone age (BA), and no known
causes such as those related to genetics, medications, previous chronic illness, low birth
weight (Wt) for gestational age, trauma, or specific pathological findings in brain images.
Organic GHD was defined as the presence of any congenital pituitary disorder, brain
infection, head trauma, brain tumor, intracranial irradiation history, or other abnormal
brain image findings. IGHD indicated the presence of GHD only without any additional
pituitary hormone deficiencies. MPHD was defined as deficiency in > 1 more pituitary
hormone in addition to GHD, including thyroid stimulating hormone deficiency (TSHD),
adrenocorticotropic hormone deficiency (ACTHD), hypogonadotropic hypogonadism (LH/

https://doi.org/10.3346/jkms.2022.37.e90 3/13
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FSHD), or central diabetes insipidus (CDI) based on the medication records contained in the
LGS data.

Data collection

Baseline data were collected from the LGS register for chronologic age, sex, Ht, Wt, BA,
pubertal status, parental Ht, GH response to the GH-stimulation test, insulin like growth
factor-1 (IGF-1), insulin like growth factor-binding protein-3 (IGFBP-3), dosage of GH
treatment, concomitant medications, and medical illness. Annual changes in the clinical
variables (designated as A here) were obtained every 12 + 1 months during the 3 years of
GH therapy. The standard deviation score (SDS) values for Ht, Wt, body mass index (BMI),
and mid-parental height (MPH) were calculated using the 2017 growth reference for Korean
children and adolescents.16 BA and predicted adult height (PAH) was determined using the
Greulich and Pyle atlas and Bayley—Pinneau method, respectively.l7 All laboratory analyses
were carried out according to local standard procedures of each enrolled institution, not
central laboratory. Serum levels of IGF-1 and IGFBP-3 were converted to SDSs based on
normative data for Korean population.18

Statistical analysis

All variables were presented as mean + standard deviation (SD) for continuous variables.
The changes in GH dose and GV were calculated by analysis of covariance with age, sex, and
the presence of puberty onset. Significant differences between two groups according to
other pituitary hormone deficiencies were identified using the x* test and analysis variance.
The independent t-test or Wilcoxon rank-sum test was used to compare the auxological

and biochemical data between the idiopathic and organic GHD groups. Tukey’s multiple-
comparison test was used to compare the mean * SD between the four subgroups: idiopathic
IGHD, idiopathic MPHD, organic IGHD, and organic MPHD. Multivariate linear regression
with variance inflation factor was used to identify the baseline parameters associated with
the changes in the 3-year growth response (AHt SDS and AGV). To avoid bias of duplication,
variance inflation factors over 10 were excluded. The different lowercase on each bar indicate
significant differences between subgroups. Pvalues < 0.05 were considered to be significant.
All statistical analyses were performed using SAS software (version 9.4; SAS Institute, Cary,
NC, USA).

Ethics statement

The study protocols were performed after approval by the Institutional Review Board of

the Chungnam National University Hospital, Daejeon, South Korea, and written informed
consent was obtained from patient participants and their legitimate guardians (IRB No. 2013-
08-024).

RESULTS

Baseline auxological and biochemical characteristics

Among total 131 idiopathic GHD patients and 32 organic GHD patients, male patients were
63.4% (83/131 patients) in idiopathic GHD group and 53.1% (17/32 patients) in organic GHD
group, respectively. Auxological and biochemical characteristics did not differ between

boys and girls in the idiopathic and organic GHD groups, except for the higher MPH SDS in
boys with idiopathic GHD and the lower MPH SDS and higher initial GH dose in boys with
organic GHD. 58 patients (85.3%) among 68 patients having documents about assessing their

https://doi.org/10.3346/jkms.2022.37.e90 4/13
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Table 1. Auxological and biochemical characteristics in participants

Parameters

Idiopathic GHD Organic GHD P value®
Total Male Female Pvalue? Total Male Female Pvalue?
(N=131) (n=183) (n=48) (N=392) (n=17) (n=15)

CA, yr
BA, yr

CA-BA, yr

Ht SDS

Wt SDS

BMI SDS

MPH SDS

PAH SDS
Prepubertal®

Ht SDS-MPH SDS
IGF-1 SDS
IGFBP-3 SDS

Peak GH level on GHST, pg/L
Initial GH dose, mg/kg/week

7.50+92.91 7.57+3.18 7.38+2.40 0.926 9.72+3.58 9.53+3.51 9.93+3.76 0.761 0.001
5.45+9.92 5.51+3.95 533+230 0.698 7.24+3.73 7.09+3.29 7.47+4.53 0.821 0.018
1.89+0.99 1.92+1.04 1.83+0.92 0.631 2.04+1.28 2.18+1.25 1.82+1.37 0.520 0.530

-2.84+0.75 -2.77+0.72 -2.96+0.80 0.232 -2.21+1.50 -2.54+1.33 -1.83+1.64 0.201 0.043

-1.95+1.12 -2.04:0.94 -1.80+1.37 0.340 -1.17+1.49 -1.57+1.01 -0.70+1.82 0.129 0.011

-0.31+1.22 -0.49:+1.11 0.01+1.35 0.055 0.06+1.23 -0.20+0.85 0.35:+1.53 0.243 0.099

-0.75+0.77 -0.61+0.70 -0.98+0.84 0.013 0.09+0.59 -0.06+0.51 0.22+0.64 0.243 <0.001

-1.81£1.10 -1.66+1.07 -2.10+1.13 0.205 -0.33+2.02 -0.20+2.21 -0.59+1.87 0.770 0.031

44 (86.2) 17 (85.0) 27(87.1)  0.832 14 (82.4) 7 (70.0) 7(100) 0.110 0.693

-2.04+0.90 -2.06+0.83 -2.01+1.04 0.821 -2.32:0.94 -2.28+1.08 -2.35:0.84 0.862 0.179

-0.71+0.92 -0.67+0.90 -0.78+0.98 0.992 -0.45=92.78 -0.03+3.50 -0.92+1.79 1.000 0.045

-0.44+1.75 -0.31+1.54 -0.70+2.12 0.373 -0.45+3.03 -0.51+3.72 -0.38+1.92 0.306 0.270
6.47+92.54 6.58+2.46 6.28+2.69 0.683 2.92+2.42 92.96:2.74 218209 0.925 <0.001
0.23+0.05 0.23+0.05 0.23+0.04 0.494 0.20+0.07 0.23+0.06 0.17+0.07 0.017 0.026

Mean GH dose during 3 yr of GH treatment, 0.23+0.04 0.23+0.04 0.23+0.04 0.736 0.19+0.06 0.22+0.04 0.17+0.07 0.034 0.001

mg/kg/week

Values are presented as number (%) or mean + standard deviation.

GHD = growth hormone deficiency, CA = chronological age, BA = bone age, Ht = height, SDS = standard deviation score, Wt = weight, BMI = body mass index,
MPH = mid-parental height, PAH = predicted adult height, IGF-1 = insulin like growth factor-1, IGFBP-3 = insulin like growth factor-binding protein-3, GH = growth
hormone, GHST = growth hormone stimulation test.

P values are calculated with independent t-test or Wilcoxon rank sum test: *male vs. female; °IGHD vs. OGHD.

“This variable was analyzed from only available participants: IGHD (n = 51) and OGHD (n = 17).

https://jkms.org

pubertal status were prepubertal status. The mean age at diagnosis in patients with organic
GHD was significantly older (9.72 + 3.58 years) than that in patients with idiopathic GHD
(7.50 £ 2.91 years) (P= 0.001). The baseline values for BA, Ht SDS, Wt SDS, MPH SDS, PAH
SDS, and IGF-1 SDS were significantly higher in the organic GHD group than in the idiopathic
GHD group. The peak GH concentration on the GH-stimulation test, initial GH dose, and
mean GH dose during 3 years were higher in the idiopathic GHD group than in the organic
GHD group (Table 1).

Clinical characteristics and growth outcomes in children and adolescents
with idiopathic and organic GHD according to additional pituitary hormone
deficits

In 163 GHD patients, 20.9% of patients (34/163 patients) were diagnosed with MPHD (Fig. 1B).
The prevalence of MPHD was higher in the organic GHD group than in the idiopathic GHD
group (71.9% vs. 8.4%, respectively, P < 0.001). In the MPHD patients, the organic GHD
group had significantly more additional pituitary hormone deficiencies than idiopathic GHD
group (P=0.045). The TSH deficiency (19.6%, 32/163 patients) was most prevalent in MPHD
patients. However, the distribution of specific concomitant pituitary hormone deficiencies
did not differ significantly between the idiopathic and organic GHD groups (Table 2). The
number of additional pituitary hormone deficiencies was not associated with any baseline
growth parameters in both the idiopathic and organic GHD groups (data not shown).

The AHt SDS and APAH SDS increased significantly after GH treatment in all subgroups (P <
0.001) except that the AHt SDS and APAH SDS after 2 years of GH treatment were not higher
than the baseline values in patients with organic MPHD. Of all four subgroups, patients with
idiopathic MPHD showed the largest increase for the AHt SDS and APAH SDS during GH
treatment, and those with organic MPHD had the smallest mean increase after GH treatment
(Fig. 2A and B) (P < 0.001). These similar responses in AIGF-1 SDS and AIGFBP-3 SDS were
also showed during GH treatment (Fig. 2C and D).

https://doi.org/10.3346/jkms.2022.37.e90 5/13
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Table 2. Differences in pituitary hormone deficiency between the idiopathic and organic GHD groups

GHD types Total (N =163) Idiopathic GHD (n=131) Organic GHD (n = 32) P value®
Isolated GHD vs. MPHD <0.001
Isolated GHD 129 (79.1) 120 (91.6) 9(28.1)
MPHD 34(20.9) 11 (8.4) 23 (71.9)
No. of MPHD 0.045
GHD + 1 pituitary deficiency 10 (6.1) 6 (4.6) 4(12.5)
GHD + 2 pituitary deficiencies 6(3.7) 3(2.9) 3(9.4)
GHD + 3 pituitary deficiencies 9(3.7) 1(0.8) 8 (25.0)
GHD + 4 pituitary deficiencies 9 (5.5) 1(0.8) 8(25.0)
Types of MPHD (except GHD) 0.283
TSHD 32(19.6) 10 (7.6) 292 (68.8)
ACTHD 26 (16.0) 5(3.8) 21 (65.6)
(o] 21 (12.9) 92 (1.5) 19 (59.4)
LH/FSHD 13 (8.0) 2 (1.5) 12 (37.5)

All values are presented as measured number (percentage).

GHD = growth hormone deficiency, MPHD = multiple pituitary hormone deficiency, TSHD = thyroid stimulating
hormone deficiency, ACTHD = adrenocorticotropic hormone deficiency, CDI = central diabetes insipidus, LH/FSHD
= hypogonadotropic hypogonadism.

2p values are calculated with y* test.

—O— Idiopathic IGHD
—e— Idiopathic MPHD
=~ Organic IGHD
—#— Organic MPHD

APAH SDS

-1 T T T T -4 T T T T
0 1 2 3 0 1 2 3
GH treatment, yr GH treatment, yr
C D
10 ~ .
[%2)
9] o
2 z —O— Idiopathic IGHD
o s —e— Idiopathic MPHD
% § —— Organic IGHD
< —m— Organic MPHD
GH treatment, yr GH treatment, yr

Fig. 2. Growth responses according to idiopathic vs. organic GHD and isolated vs. MPHD in children and adolescents
with GHD during the 3 years of GH treatment. (A) AHt SDS, (B) APAH SDS, (C) AIGF-1SDS, and (D) AIGFBP-3 SDS.
The values are presented as mean + 95% confident interval. The different lowercase letters on the bars indicate
significant differences between subgroups.

Ht = height, SDS = standard deviation score, PAH = predicted adult height, IGF-1 = insulin like growth factor-1,
IGFBP-3 = insulin like growth factor-binding protein-3, IGHD = isolated growth hormone deficiency, MPHD =
multiple pituitary hormone deficiency.

P <0.01; P < 0.001.

Changes in clinical and laboratory measures of growth during the 3-year GH
treatment

Comparison of growth velocity and GH dosage between idiopathic and organic GHD patients
The GV was higher in the idiopathic GHD group than in the organic GHD group. The respective

https://doi.org/10.3346/jkms.2022.37.e90 6/13
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Table 3. Changes in growth velocity and mean GH dosage after GH treatment in the idiopathic and organic GHD groups

GH therapy Total Idiopathic GHD  Organic GHD Pvalue?
(N =163) (n=131) (n=32) Non-adjusted Age-adjusted Sex-adjusted Puberty-adjusted All adjusted
Growth velocity (cm/year)
1styear 8.84+2.21 9.28 + 1.87 7.30+2.58 <0.001 0.009 <0.001 <0.001 0.003
2nd year 7.48 +1.94 7.76 = 1.70 6.33+2.43 0.001 0.009 <0.001 <0.001 0.001
3rd year 6.66+1.88 6.69+1.70 6.52 + 2.54 0.880 0.644 0.517 0.088 0.925
Mean GH dose (mg/kg/week)
1st year 0.22 £ 0.05 0.23 +0.04 0.20 + 0.06 0.021 0.206 <0.001 <0.001 <0.001
2nd year 0.22 + 0.04 0.23 +0.04 0.20 + 0.06 0.007 0.207 <0.001 0.001 0.001
3rd year 0.22 + 0.05 0.23 +0.04 0.19 + 0.06 0.001 0.249 <0.001 0.001 0.001

GH = growth hormone, GHD = growth hormone deficiency.
2Non-adjusted P values are calculated with independent t-test or Wilcoxon rank sum test, and others are analyzed by analysis of covariance with covariates
including age, sex, and puberty.

GV rates (cm/year) during the 3-year-treatment for idiopathic GHD vs. organic GHD group were
9.28 vs. 7.30 in the first year (P=0.003), 7.76 vs. 6.33 in the second year (P=0.001), and 6.69 vs.
6.52 in the third year (P= 0.925). These changes in GV remained significant after adjustment
for age, sex, and pubertal status during the first and second years, and the total treatment
period. The mean GH doses during 1st year, 2nd year, and 3rd year in idiopathic GHD group
were significantly greater than those in organic GHD group after adjustment for age, sex, and
pubertal status (Table 3).

Comparison of growth and biochemical outcomes between idiopathic and organic GHD
patients

The BA was significantly accelerated after GH treatment. The ABA was the highest after the
first year of GH treatment: 2.88 years in the idiopathic group (P < 0.001) and 2.90 years in
the organic GHD group (P=0.001). The ABA then decreased to about 1.2 years during the
third year of treatment. The ABA was 4.01 years during the 3 years of GH treatment and did
not differ significantly between groups. The BMI-SDS did not change significantly during
follow-up period in either group. In both groups, the AHt SDS was the highest after 1 year

of GH treatment and decreased gradually thereafter. The mean AHt SDS was larger in the
idiopathic GHD group than that in organic GHD group during the first year (0.84 vs. 0.48, P=
0.001) and second year (0.44 vs. 0.29, P=0.013), but not during the third year (0.25 vs. 0.39,
P=0.046). The Ht SDS in idiopathic GHD group at baseline was lower than in organic GHD
group, but increased more after GH treatment. As a result, the Ht SDSs were not different
between two groups during GH treatment. However, after adjusting for the patients’ genetic
growth potential, we evaluated the Ht SDS—-MPH SDS. The Ht SDS—-MPH SDS was always
significantly higher in the idiopathic GHD group than in the organic GHD group during

the 3 years of GH treatment. The IGF-1 SDS (1.04 + 1.79 in idiopathic GHD; 0.59 + 1.83 in
organic GHD) and IGFBP-3 SDS (0.59 +1.70 in idiopathic GHD; 0.36 + 2.36 in organic GHD)
increased after 1year of GH treatment and remained at a high level during the 3 years. These
values did not differ significantly between the idiopathic and organic GHD groups in the first
and third years, but differed significantly during the second year of treatment (Fig. 3).

Factors contributing to the growth response after the 3-year GH treatment
We evaluated the baseline factors contributing to the AHt SDS and AGV after 3 years of GH
treatment (Table 4 and Supplementary Tables 1 and 2). In the multivariate linear regression
analysis, the initial BA (4= -0.058, R = 0.094, P=0.002) and IGF-1 SDS (£#=-0.209, R* =
0.157, P< 0.001) remained significantly associated with AHt SDS in patients with idiopathic
GHD. The Ht SDS (/= -0.415, R* = 0.679, P= 0.045) correlated significantly with AHt SDS in
patients with organic GHD. The initial MPH SDS (/= 0.964, R? = 0.066, P = 0.016) in patients

https://jkms.org https://doi.org/10.3346/jkms.2022.37.e90 7/13
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Fig. 3. Growth responses to the 3-year GH treatment in children and adolescents with idiopathic or organic GHD. (A) ABone age, (B) ABMI SDS, (C) AHt SDS,

(D) Ht SDS, (E) Ht SDS minus MPH SDS, (F) IGF-1SDS, and (G) IGFBP-3 SDS. All values are presented as mean + 95% confident interval. The different lowercase
letters indicate significant differences between groups.

GH = growth hormone, GHD = growth hormone deficiency, BMI = body mass index, SDS = standard deviation score; Ht = height, MPH = mid-parental height, IGF-1
= insulin like growth factor-1, IGFBP-3 = insulin like growth factor-binding protein-3.

"P<0.05; ""P<0.01; ""P < 0.001.

Table 4. The baseline parameters predicting AHt SDS and AGV after 3 years of GH treatment in patients with idiopathic or organic GHD

Parameters Idiopathic GHD (n = 131) Organic GHD (n = 32)
Parameter I's Pvalue R2 Parameter IS P value R?
AHt SDS IGF-1 SDS -0.209 <0.001 0.157 HT SDS -0.415 0.045 0.679
BA -0.058 0.002 0.094
AGV MPH SDS 0.964 0.016 0.066 HT SDS -2.963 0.022 0.241

GHD = growth hormone deficiency, Ht SDS = height standard deviation score, GH = growth hormone, BA = bone age, IGF-1 SDS = insulin like growth factor-1
standard deviation score, GV = growth velocity, MPH = mid-parental height.
2parameter estimate; “Partial variability.

with idiopathic GHD and Ht SDS (= -2.963, R* = 0.241, P= 0.022) in patients with organic
GHD were associated with 3-year-AGV, respectively.

DISCUSSION

Our study showed that 3-year GH treatment improved GV and Ht SDS in all 4 subgroups.

GHD can present as IGHD or MPHD. Severe GHD is associated with lower peak stimulated GH
levels,19 which are strong predictors of permanent GHD in adulthood. The peak stimulated
GH has been reported to differ significantly between subgroups: organic GHD > idiopathic
GHD; MPHD > IGHD. %19 Moreover, organic GHD at diagnosis was five times more likely than
idiopathic GHD to co-occur with MPHD and to progress from IGHD to MPHD.19 In our study,
the peak stimulated GH concentrations were 6.5 pug/L and 2.2 nug/L, and the prevalence rates of
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MPHD were 8.4% and 71.9% in idiopathic and organic GHD groups, respectively. In addition,
organic MPHD patients showed the tendency of more additional pituitary hormone deficiencies
than idiopathic MPHD patients. However, the relative frequencies of the types of pituitary
deficiencies did not differ between these two groups: TSHD > ACTHD > CDI > LH/FSHD. In

a previous study, LH/FSHD is the second most frequent additional deficiency in patients with
MPHD, but its prevalence should be repeated in late prepuberty because diagnosing LH/FSHD
is difficult in young children.20 In fact, our frequency of LH/FSHD might be underestimated
because 86% of enrolled patients were in prepubertal.

We evaluated whether the number of additional pituitary hormone deficiencies in GHD
patients is associated with the growth response to GH. In the KIGS study, the growth
response to GH treatment did not differ between the MPHD and IGHD groups.2! Maghnie
et al.22 also reported that adult Ht was similar in patients with IGHD and MPHD. However,
Reiter et al.23 and Huang et al.24 found a slightly better outcome for near-adult Ht in people
with idiopathic MPHD than in those with idiopathic IGHD. Blethen et al.25 also observed
that children with severe idiopathic GHD had the best response to GH treatment. In our
subgroup analysis, the 3-year growth outcomes revealed the largest AHt SDS in idiopathic
MPHD subgroup compared with the idiopathic IGHD or organic GHD subgroup, and that
the smallest AHt SDS was in the organic MPHD subgroup. These outcomes may have been
related to the AIGF-1 and AIGFBP-3 during GH treatment. In particular, because the most
common cause of organic GHD is a brain tumor,26:27 most physicians are concerned about
secondary malignancy or tumor recurrence because of GH overuse. Therefore, the LGS data
showed the use of lower doses of GH in patients with organic GHD, especially in those with
severe GHD or organic MPHD.

In this study, the growth outcomes, AHt SDS and GV (cm/year), were highest in the first year
(0.84 and 8.84) and then decreased with time (0.44 and 7.48 in the second year, and 0.25
and 6.66 in the third year). These results correlated highly with the AIGF-1 levels during GH
treatment. These trends are similar to those reported earlier.23,28 In Australian children with
IGHD, the AHt SDS was about three times higher in the first year (0.92) than in the second
(0.32) and third (0.30) years.2? Cutfield and Lundgren3? reported a median AHt SDS of
0.7-0.9 cm/year depending on the AIGF-1 in the first year of GH treatment in patients with
idiopathic or organic GHD. In another study, the GV (cm/year) in patients with organic GHD
was 8.6 in the first year, 7.2 in the second year, and 5.9 in the third year of GH treatment, and
was lower than those with idiopathic GHD after adjustment for age and BA.31 Our findings
are consistent with those of these earlier studies.

In our study, AHt SDS in the first year was lower in patients with organic GHD than in those
with idiopathic GHD and as reported in other international studies. However, the AHt SDS
values in the second and third years decreased less in the organic GHD group than in the
idiopathic GHD group, which resulted in the same Ht SDS values after the 3-year GH treatment
in both groups. It is uncertain whether the final adult Ht will differ between the idiopathic

and organic GHD two groups. One study found that the final adult Ht was similar in children
with idiopathic and organic GHD.32 Another study reported that children with idiopathic GHD
grew more than those with organic GHD.23 Although the AHt SDS during the first 3 years of
GH treatment did not differ between the idiopathic and organic GHD groups in our study, the
parental-adjusted Ht, Ht SDS—-MPH SDS, was significantly higher in the idiopathic GHD group
than in the organic GHD group. This suggests that the growth outcomes to GH treatment in
idiopathic GHD patients may be better than in organic GHD patients.
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Hughes et al.29 suggested that younger age at the initiation of GH affects the GV in the

first year of GH treatment. Reiter et al.23 observed that the MPH SDS and the first-year

GV correlated strongly positively with AHt. In a study using KIGS data for children with
MPHD, Darendeliler et al.21 found that higher birth Wt, taller parents, and taller Ht before
GH treatment were significant predictors of a good response to GH. In a Korean study,

Choi et al.27 reported that a larger baseline Ht SDS—MPH SDS in the idiopathic GHD group
and younger baseline BA and larger baseline Ht SDS-MPH SDS in the organic GHD group
correlated positively with increased final adult Ht. Moreover, the lower IGF-1 SDS at baseline
was associated with the higher increment during treatment in short non-GHD group.33 In
our study, younger BA, lower IGF-1 SDS, and higher MPH SDS in the idiopathic GHD patients
and greater Ht SDS in the organic GHD patients at the beginning of GH treatment were
significant predictors of the growth response to the 3-year-GH treatment. Our results suggest
that the familial genetic status and the severity of GHD at diagnosis may be more important
to determine the long-term growth responses, and which were similar to above studies.21,23,27

Our study has some limitations. We could not evaluate the underlying disorders in the
patients with organic GHD and could not adjust for the possible presence of untreated GHD
patients or normal healthy children because the LGS contains only observational data for
GHD patients. Moreover, our biochemical data such as IGF-1, IGFBP-3, and GH levels may
have exhibited interlaboratory variability. The wide variations of IGF-1 SDS and IGFBP-3 SDS
on 2-year-GH treatment were showed in organic GHD patients, which might be resulted from
small sample sized subgroups with missing data. However, A strength of our study is that it

is the first multicenter study of the responses to 3-year GH treatment in Korean children and
adolescents with GHD and the first to compare between patients with idiopathic and organic
GHD and between those with IGHD and MPHD.

In conclusion, GH treatment of children with GHD was effective for achieving linear growth,
particular in those with idiopathic MPHD and during the first year of treatment. The growth
response to GH was lower in patients with organic MPHD. Despite similar IGF-1 levels,

the APAH was higher in the idiopathic GHD group than in the organic GHD group. More
close monitoring along with appropriate dosage of GH and current changes, not specific
parameters at baseline, might be more important in children and adolescents with GHD for
long-term treatment.
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patients with organic GHD by univariate and multivariate regression analysis
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