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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 ΔHt SDS and ΔPAH 
SDS during GH treatment, and organic MPHD subgroup had the smallest mean increase 
after GH treatment, depending on ΔIGF-1 SDS and ΔIGF 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, ΔIGF-1 SDS, and ΔIGFBP-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.1 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.4 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.3,5,6

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.7,8 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.9 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 GHD11 and was registered at ClinicalTrials.gov (identifier: 
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NCT01604395). 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.14,15 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/
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Idiopathic GHD (n = 995)
Organic GHD (n = 96)

From enrolled participant in LGS

Valid baseline data
Idiopathic GHD (n = 574)

Organic GHD (n = 71)

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

Total
163

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 1 year data
Idiopathic GHD (n = 350)

Organic GHD (n = 51)

Valid 2 year data
Idiopathic GHD (n = 232)

Organic GHD (n = 46)

Valid 3 year data
Idiopathic GHD (n = 256)

Organic GHD (n = 41)

A

B

Idiopathic IGHD

Organic MPHD
Idiopathic MPHD
Organic IGHD

9 (5.5%)

120 (73.8%)

11 (6.8%)

23 (14.1%)

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.
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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 Δ 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.17 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 χ2 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 (ΔHt SDS and ΔGV). To avoid bias of duplication, 
variance inflation factors over 10 were excluded. The different lowercase on each bar indicate 
significant differences between subgroups. P values < 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 
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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 ΔHt SDS and ΔPAH SDS increased significantly after GH treatment in all subgroups (P < 
0.001) except that the ΔHt SDS and ΔPAH 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 ΔHt SDS and ΔPAH 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 ΔIGF-1 SDS and ΔIGFBP-3 SDS were 
also showed during GH treatment (Fig. 2C and D).
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Table 1. Auxological and biochemical characteristics in participants
Parameters Idiopathic GHD Organic GHD P valueb

Total  
(N = 131)

Male  
(n = 83)

Female  
(n = 48)

P valuea Total  
(N = 32)

Male  
(n = 17)

Female  
(n = 15)

P valuea

CA, yr 7.50 ± 2.91 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
BA, yr 5.45 ± 2.92 5.51 ± 3.25 5.33 ± 2.30 0.698 7.24 ± 3.73 7.09 ± 3.29 7.47 ± 4.53 0.821 0.018
CA-BA, yr 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
Ht SDS −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
Wt SDS −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
BMI SDS −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
MPH SDS −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
PAH SDS −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
Prepubertalc 44 (86.2) 17 (85.0) 27 (87.1) 0.832 14 (82.4) 7 (70.0) 7 (100) 0.110 0.693
Ht SDS–MPH SDS −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
IGF-1 SDS −0.71 ± 0.92 −0.67 ± 0.90 −0.78 ± 0.98 0.992 −0.45 ± 2.78 −0.03 ± 3.50 −0.92 ± 1.79 1.000 0.045
IGFBP-3 SDS −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
Peak GH level on GHST, μg/L 6.47 ± 2.54 6.58 ± 2.46 6.28 ± 2.69 0.683 2.22 ± 2.42 2.26 ± 2.74 2.18 ± 2.09 0.925 < 0.001
Initial GH dose, mg/kg/week 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, 
mg/kg/week

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

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: amale vs. female; bIGHD vs. OGHD.
cThis variable was analyzed from only available participants: IGHD (n = 51) and OGHD (n = 17).



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 
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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 valuea

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 (2.3) 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) 22 (68.8)
ACTHD 26 (16.0) 5 (3.8) 21 (65.6)
CDI 21 (12.9) 2 (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.
aP values are calculated with χ2 test.
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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) ΔHt SDS, (B) ΔPAH SDS, (C) ΔIGF-1 SDS, and (D) ΔIGFBP-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.



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 ΔBA 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 ΔBA then decreased to about 1.2 years during the 
third year of treatment. The ΔBA 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 ΔHt SDS was the highest after 1 year 
of GH treatment and decreased gradually thereafter. The mean ΔHt 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 1 year 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 ΔHt SDS and ΔGV after 3 years of GH 
treatment (Table 4 and Supplementary Tables 1 and 2). In the multivariate linear regression 
analysis, the initial BA (β = −0.058, R2 = 0.094, P = 0.002) and IGF-1 SDS (β = −0.209, R2 = 
0.157, P < 0.001) remained significantly associated with ΔHt SDS in patients with idiopathic 
GHD. The Ht SDS (β = −0.415, R2 = 0.679, P = 0.045) correlated significantly with ΔHt SDS in 
patients with organic GHD. The initial MPH SDS (β = 0.964, R2 = 0.066, P = 0.016) in patients 
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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  

(N = 163)
Idiopathic GHD  

(n = 131)
Organic GHD  

(n = 32)
P valuea

Non-adjusted Age-adjusted Sex-adjusted Puberty-adjusted All adjusted
Growth velocity (cm/year)

1st year 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.
aNon-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.



with idiopathic GHD and Ht SDS (β = −2.963, R2 = 0.241, P = 0.022) in patients with organic 
GHD were associated with 3-year-ΔGV, 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.7,19 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 μg/L and 2.2 μg/L, and the prevalence rates of 
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Fig. 3. Growth responses to the 3-year GH treatment in children and adolescents with idiopathic or organic GHD. (A) ΔBone age, (B) ΔBMI SDS, (C) ΔHt SDS, 
(D) Ht SDS, (E) Ht SDS minus MPH SDS, (F) IGF-1 SDS, 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 ΔHt SDS and ΔGV after 3 years of GH treatment in patients with idiopathic or organic GHD
Parameters Idiopathic GHD (n = 131) Organic GHD (n = 32)

Parameter βa P value R2b Parameter βa P value R2b

ΔHt 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

ΔGV 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.
aParameter estimate; bPartial variability.



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.21 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 ΔHt SDS in idiopathic 
MPHD subgroup compared with the idiopathic IGHD or organic GHD subgroup, and that 
the smallest ΔHt SDS was in the organic MPHD subgroup. These outcomes may have been 
related to the ΔIGF-1 and ΔIGFBP-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, ΔHt 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 ΔIGF-1 levels during GH 
treatment. These trends are similar to those reported earlier.23,28 In Australian children with 
IGHD, the ΔHt SDS was about three times higher in the first year (0.92) than in the second 
(0.32) and third (0.30) years.29 Cutfield and Lundgren30 reported a median ΔHt SDS of 
0.7–0.9 cm/year depending on the ΔIGF-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, ΔHt 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 ΔHt 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 ΔHt 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 ΔHt. 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 ΔPAH 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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Supplementary Table 1
The baseline parameters predicting ΔHt SDS and ΔGV after 3 years of GH treatment in 
patients with idiopathic GHD by univariate and multivariate regression analysis

Click here to view
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Supplementary Table 2
The baseline parameters predicting ΔHt SDS and ΔGV after 3 years of GH treatment in 
patients with organic GHD by univariate and multivariate regression analysis

Click here to view

REFERENCES

 1. Lindsay R, Feldkamp M, Harris D, Robertson J, Rallison M. Utah Growth Study: growth standards and the 
prevalence of growth hormone deficiency. J Pediatr 1994;125(1):29-35. 
PUBMED | CROSSREF

 2. Boguszewski MCS. Growth hormone deficiency and replacement in children. Rev Endocr Metab Disord 
2021;22(1):101-8. 
PUBMED | CROSSREF

 3. Pozzobon G, Partenope C, Mora S, Garbetta G, Weber G, Barera G. Growth hormone therapy in children: 
predictive factors and short-term and long-term response criteria. Endocrine 2019;66(3):614-21. 
PUBMED | CROSSREF

 4. Kriström B, Aronson AS, Dahlgren J, Gustafsson J, Halldin M, Ivarsson SA, et al. Growth hormone 
(GH) dosing during catch-up growth guided by individual responsiveness decreases growth response 
variability in prepubertal children with GH deficiency or idiopathic short stature. J Clin Endocrinol Metab 
2009;94(2):483-90. 
PUBMED | CROSSREF

 5. Bakker B, Frane J, Anhalt H, Lippe B, Rosenfeld RG. Height velocity targets from the national cooperative 
growth study for first-year growth hormone responses in short children. J Clin Endocrinol Metab 
2008;93(2):352-7. 
PUBMED | CROSSREF

 6. Ranke MB, Lindberg A; KIGS International Board. Observed and predicted growth responses in 
prepubertal children with growth disorders: guidance of growth hormone treatment by empirical 
variables. J Clin Endocrinol Metab 2010;95(3):1229-37. 
PUBMED | CROSSREF

 7. Child CJ, Blum WF, Deal C, Zimmermann AG, Quigley CA, Drop SL, et al. Development of additional 
pituitary hormone deficiencies in pediatric patients originally diagnosed with isolated growth hormone 
deficiency due to organic causes. Eur J Endocrinol 2016;174(5):669-79. 
PUBMED | CROSSREF

 8. Straetemans S, Roelants M, Thomas M, Rooman R, De Schepper J. Reference curve for the first-year 
growth response to growth hormone treatment in prepubertal children with idiopathic growth hormone 
deficiency: validation of the KIGS first-year growth response curve using the Belgian Register for the 
Study of Growth and Puberty Problems. Horm Res Paediatr 2014;81(5):343-9. 
PUBMED | CROSSREF

 9. Milner RD, Russell-Fraser T, Brook CG, Cotes PM, Farquhar JW, Parkin JM, et al. Experience with human 
growth hormone in Great Britain: the report of the MRC Working Party. Clin Endocrinol (Oxf ) 1979;11(1):15-38. 
PUBMED | CROSSREF

 10. Herber SM, Dunsmore IR, Milner RD. Final stature in brain tumours other than craniopharyngioma: 
effect of growth hormone. Horm Res 1985;22(1-2):63-7. 
PUBMED | CROSSREF

 11. Chung S, Yoo JH, Choi JH, Rhie YJ, Chae HW, Kim JH, et al. Design of the long-term observational cohort 
study with recombinant human growth hormone in Korean children: LG Growth Study. Ann Pediatr 
Endocrinol Metab 2018;23(1):43-50. 
PUBMED | CROSSREF

 12. Wyatt DT, Mark D, Slyper A. Survey of growth hormone treatment practices by 251 pediatric 
endocrinologists. J Clin Endocrinol Metab 1995;80(11):3292-7.
PUBMED

 13. Korean Society of Pediatric Endocrinology. Pediatric Endocrinology. 3rd ed. Paju, Korea: KOONJA Publishing 
Inc.; 2014.

 14. Murray PG, Dattani MT, Clayton PE. Controversies in the diagnosis and management of growth hormone 
deficiency in childhood and adolescence. Arch Dis Child 2016;101(1):96-100. 
PUBMED | CROSSREF

11/13

Efficacy of 3-Year-GH Treatment in Children With GH Deficiency

https://doi.org/10.3346/jkms.2022.37.e90https://jkms.org

https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2022.37.e90&fn=jkms-37-e90-s002.doc
http://www.ncbi.nlm.nih.gov/pubmed/8021781
https://doi.org/10.1016/S0022-3476(94)70117-2
http://www.ncbi.nlm.nih.gov/pubmed/33029711
https://doi.org/10.1007/s11154-020-09604-2
http://www.ncbi.nlm.nih.gov/pubmed/31423546
https://doi.org/10.1007/s12020-019-02057-x
http://www.ncbi.nlm.nih.gov/pubmed/19001519
https://doi.org/10.1210/jc.2008-1503
http://www.ncbi.nlm.nih.gov/pubmed/18000092
https://doi.org/10.1210/jc.2007-1581
http://www.ncbi.nlm.nih.gov/pubmed/20097713
https://doi.org/10.1210/jc.2009-1471
http://www.ncbi.nlm.nih.gov/pubmed/26888628
https://doi.org/10.1530/EJE-15-1203
http://www.ncbi.nlm.nih.gov/pubmed/24686034
https://doi.org/10.1159/000358330
http://www.ncbi.nlm.nih.gov/pubmed/229995
https://doi.org/10.1111/j.1365-2265.1979.tb03043.x
http://www.ncbi.nlm.nih.gov/pubmed/4029881
https://doi.org/10.1159/000180073
http://www.ncbi.nlm.nih.gov/pubmed/29609449
https://doi.org/10.6065/apem.2018.23.1.43
http://www.ncbi.nlm.nih.gov/pubmed/7593441
http://www.ncbi.nlm.nih.gov/pubmed/26153506
https://doi.org/10.1136/archdischild-2014-307228


 15. Rhee N, Oh KY, Yang EM, Kim CJ. Growth hormone responses to provocative tests in children with short 
stature. Chonnam Med J 2015;51(1):33-8. 
PUBMED | CROSSREF

 16. Kim JH, Yun S, Hwang SS, Shim JO, Chae HW, Lee YJ, et al. The 2017 Korean National Growth Charts for 
children and adolescents: development, improvement, and prospects. Korean J Pediatr 2018;61(5):135-49. 
PUBMED | CROSSREF

 17. Bayley N, Pinneau SR. Tables for predicting adult height from skeletal age: revised for use with the 
Greulich-Pyle hand standards. J Pediatr 1952;40(4):423-41. 
PUBMED | CROSSREF

 18. Hyun SE, Lee BC, Suh BK, Chung SC, Ko CW, Kim HS, et al. Reference values for serum levels of insulin-
like growth factor-I and insulin-like growth factor binding protein-3 in Korean children and adolescents. 
Clin Biochem 2012;45(1-2):16-21. 
PUBMED | CROSSREF

 19. Blum WF, Deal C, Zimmermann AG, Shavrikova EP, Child CJ, Quigley CA, et al. Development of 
additional pituitary hormone deficiencies in pediatric patients originally diagnosed with idiopathic 
isolated GH deficiency. Eur J Endocrinol 2013;170(1):13-21. 
PUBMED | CROSSREF

 20. Stanhope R, De Luca F, Delemarre-Van de Waal HA, Liotta A, Norjavaara E, Salvatoni A, et al. Multiple 
pituitary hormone deficiency: management of puberty for optimal auxological results. J Pediatr Endocrinol 
Metab 2001;14 Suppl 2:1009-14. 
PUBMED | CROSSREF

 21. Darendeliler F, Lindberg A, Wilton P. Response to growth hormone treatment in isolated growth 
hormone deficiency versus multiple pituitary hormone deficiency. Horm Res Paediatr 2011;76 Suppl 1:42-6. 
PUBMED | CROSSREF

 22. Maghnie M, Ambrosini L, Cappa M, Pozzobon G, Ghizzoni L, Ubertini MG, et al. Adult height in patients 
with permanent growth hormone deficiency with and without multiple pituitary hormone deficiencies. J 
Clin Endocrinol Metab 2006;91(8):2900-5. 
PUBMED | CROSSREF

 23. Reiter EO, Price DA, Wilton P, Albertsson-Wikland K, Ranke MB. Effect of growth hormone (GH) 
treatment on the near-final height of 1258 patients with idiopathic GH deficiency: analysis of a large 
international database. J Clin Endocrinol Metab 2006;91(6):2047-54. 
PUBMED | CROSSREF

 24. Huang YH, Wai YY, Van YH, Lo FS. Effect of growth hormone therapy on Taiwanese children with growth 
hormone deficiency. J Formos Med Assoc 2012;111(7):355-63. 
PUBMED | CROSSREF

 25. Blethen SL, Compton P, Lippe BM, Rosenfeld RG, August GP, Johanson A. Factors predicting the 
response to growth hormone (GH) therapy in prepubertal children with GH deficiency. J Clin Endocrinol 
Metab 1993;76(3):574-9.
PUBMED

 26. Stanley T. Diagnosis of growth hormone deficiency in childhood. Curr Opin Endocrinol Diabetes Obes 
2012;19(1):47-52. 
PUBMED | CROSSREF

 27. Choi IJ, Hwang JS, Shin CH, Yang SW. Factors affecting on final adult height and total height gain in 
children with idiopathic and organic growth hormone deficiency after growth hormone treatment. J 
Korean Pediatr Soc 2003;46(8):803-10.

 28. Rachmiel M, Rota V, Atenafu E, Daneman D, Hamilton J. Final height in children with idiopathic growth 
hormone deficiency treated with a fixed dose of recombinant growth hormone. Horm Res 2007;68(5):236-43.
PUBMED

 29. Hughes IP, Harris M, Choong CS, Ambler G, Cutfield W, Hofman P, et al. Growth hormone regimens 
in Australia: analysis of the first 3 years of treatment for idiopathic growth hormone deficiency and 
idiopathic short stature. Clin Endocrinol (Oxf ) 2012;77(1):62-71. 
PUBMED | CROSSREF

 30. Cutfield WS, Lundgren F. Insulin-like growth factor I and growth responses during the first year of growth 
hormone treatment in KIGS patients with idiopathic growth hormone deficiency, acquired growth 
hormone deficiency, turner syndrome and born small for gestational age. Horm Res 2009;71 Suppl 1:39-45. 
PUBMED | CROSSREF

 31. Vassilopoulou-Sellin, Klein MJ, Moore BD 3rd, Reid HL, Ater J, Zietz HA. Efficacy of growth hormone 
replacement therapy in children with organic growth hormone deficiency after cranial irradiation. Horm 
Res 1995;43(5):188-93. 
PUBMED | CROSSREF

12/13

Efficacy of 3-Year-GH Treatment in Children With GH Deficiency

https://doi.org/10.3346/jkms.2022.37.e90https://jkms.org

http://www.ncbi.nlm.nih.gov/pubmed/25914878
https://doi.org/10.4068/cmj.2015.51.1.33
http://www.ncbi.nlm.nih.gov/pubmed/29853938
https://doi.org/10.3345/kjp.2018.61.5.135
http://www.ncbi.nlm.nih.gov/pubmed/14918032
https://doi.org/10.1016/S0022-3476(52)80205-7
http://www.ncbi.nlm.nih.gov/pubmed/22032863
https://doi.org/10.1016/j.clinbiochem.2011.10.003
http://www.ncbi.nlm.nih.gov/pubmed/24088548
https://doi.org/10.1530/EJE-13-0643
http://www.ncbi.nlm.nih.gov/pubmed/11529397
https://doi.org/10.1515/jpem-2001-s214
http://www.ncbi.nlm.nih.gov/pubmed/21778748
https://doi.org/10.1159/000329161
http://www.ncbi.nlm.nih.gov/pubmed/16684828
https://doi.org/10.1210/jc.2006-0050
http://www.ncbi.nlm.nih.gov/pubmed/16537676
https://doi.org/10.1210/jc.2005-2284
http://www.ncbi.nlm.nih.gov/pubmed/22817812
https://doi.org/10.1016/j.jfma.2011.06.011
http://www.ncbi.nlm.nih.gov/pubmed/8445013
http://www.ncbi.nlm.nih.gov/pubmed/22157400
https://doi.org/10.1097/MED.0b013e32834ec952
http://www.ncbi.nlm.nih.gov/pubmed/17396034
http://www.ncbi.nlm.nih.gov/pubmed/21950731
https://doi.org/10.1111/j.1365-2265.2011.04230.x
http://www.ncbi.nlm.nih.gov/pubmed/19153504
https://doi.org/10.1159/000178036
http://www.ncbi.nlm.nih.gov/pubmed/7782048
https://doi.org/10.1159/000184276


 32. Karavanaki K, Kontaxaki C, Maniati-Christidi M, Petrou V, Dacou-Voutetakis C. Growth response, 
pubertal growth and final height in Greek children with growth hormone (GH) deficiency on long-term 
GH therapy and factors affecting outcome. J Pediatr Endocrinol Metab 2001;14(4):397-405. 
PUBMED | CROSSREF

 33. Kriström B, Lundberg E, Jonsson B, Albertsson-Wikland K; study group. IGF-1 and growth response to 
adult height in a randomized GH treatment trial in short non-GH-deficient children. J Clin Endocrinol Metab 
2014;99(8):2917-24. 
PUBMED | CROSSREF

13/13

Efficacy of 3-Year-GH Treatment in Children With GH Deficiency

https://doi.org/10.3346/jkms.2022.37.e90https://jkms.org

http://www.ncbi.nlm.nih.gov/pubmed/11327373
https://doi.org/10.1515/JPEM.2001.14.4.397
http://www.ncbi.nlm.nih.gov/pubmed/24823461
https://doi.org/10.1210/jc.2014-1101

	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
	INTRODUCTION
	METHODS
	Definition of GHD
	Data collection
	Statistical analysis
	Ethics statement

	RESULTS
	Clinical characteristics and growth outcomes in children and adolescents with idiopathic and organic GHD according to additional pituitary hormone deficits
	Changes in clinical and laboratory measures of growth during the 3-year GH treatment
	Factors contributing to the growth response after the 3-year GH treatment

	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Table 2

	REFERENCES


