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Objectives: Growth hormone (GH) therapy’s capacity to increase height

velocity and height at the end of the study in children with idiopathic short

stature (ISS) is controversial. We aimed to investigate the height standard

deviation score (SDS) and height velocity of patients with ISS in Korea who

received GH treatment.

Methods: We retrospectively reviewed and performed linear mixed model and

survival analyses on data from 12 tertiary hospitals in Korea, including subjects

diagnosed with ISS from January 2009 to September 2019, treated with GH

therapy for more than 6 months, and who were at a pre-pubertal state at the

time of diagnosis.

Results:We included 578 children (330 boys and 248 girls). The mean daily dose

of GH in this study was 0.051mg/kg, which was lower than the approved dose in

Korea of 0.062 - 0.067 mg/kg. Height SDS was higher in patients who started

treatment before the age of 6 years. The probability of reaching the target SDS

(-1 SDS) from the beginning of treatment to 2–3 years after its start was higher in

children starting treatment before the age of 6 years. The hazard ratio to reach
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the target SDS (-1 SDS) when using automatic pen or electronic devices was

1.727 times higher than that when using the needle and syringe device.

Conclusion: ISS patients should start GH treatment at an early age, and even

lower-than-recommended drug doses may be effective. The selection of

automatic pen or electronic device can have a positive effect on reaching

the target height SDS.
KEYWORDS

ISS (idiopathic short stature), growth hormone, height velocity, Korean ISS (idiopathic
short stature) patients, dose of growth hormone, GH device type
Introduction

Idiopathic short stature (ISS) is generally defined as a

condition in which height is not within the normal range and

is below –2.0 standard deviation score (SDS) for the

corresponding age and gender in a population without

endocrinologic, nutritional, or chromosomal abnormalities (1–

4). ISS differs from growth hormone deficiency (GHD) in that

peak growth hormone levels are normal (5). Although the causes

of short stature have been identified in some children, about

60%–80% of these children are considered as ISS without a

definitive diagnosis (1, 2, 4, 6–11).

Recombinant human growth hormone (rhGH) was first

approved in the United States in 1985 for the treatment of

pediatric GHD and has been used worldwide since (4). The

indications for GH treatment have gradually extended from

GHD to non-GH-deficient short stature, such as Turner

syndrome, chronic renal insufficiency, short children born

small for gestational age, Noonan syndrome, and ISS (4, 12).

The use of rhGH for ISS was approved in United States in 2003,

and in Korea in 2009, while it has not been approved in Europe

and Japan (13–18). In Korea, GH treatment for ISS patients is

not covered by public health insurance, so the treatment is

considered as the 2nd option due to its high cost (2, 4, 5, 19, 20).

Since the heterogeneous nature of nature of the ISS patient

population, suggesting multiple potential pathophysiological

mechanisms, it remains difficult to estimate the efficacy of GH

for ISS patients worldwide, including that in Korea.

Additionally, research results on the effects of the appropriate

dosage of GH treatment for ISS patients and factors affecting the

growth rate of children with ISS are still controversial (6, 15, 19,

21–24).

Therefore, we aimed to investigate the characteristics and

treatment pattern of patients with ISS in Korea who received GH

treatment, as well as identify the factors affecting their height

SDS and height velocity.
02
Subjects and methods

Data were collected through the retrospective review of

medical records from 12 nationwide tertiary hospitals in Korea

from 2019 to 2021. Hospitals participating in this study

represent hospitals that treat and manage patients with ISS in

Korea, judging from their geographical distribution, number of

patients treated, and clinical experience and academic

achievements of physicians. Before patient enrollment, the

study protocol was approved by the 12 institutional review

boards of participating institutions. (Approval number: AJIRB-

MED-OBS-19-395)

As all patients who met the inclusion and exclusion criteria

were enrolled during the observation period, a separate sample

size calculation was not required. Patients who were diagnosed

with ISS between January 2009 and September 2019, those who

were treated for more than 6 months with any GH product

prescribed in Korea, and those who were at prepubertal stage

during diagnosis were enrolled. ISS was defined using a practical

definition, that is, height below the 3rd percentile in the absence

of any endocrine, metabolic, or other disease that might explain

the short stature according to the investigator. In addition, we

enrolled all patients with ISS who underwent GH provocation

test or combined pituitary function test and other tests during

hospitalization. After the start of GH treatment, patients without

additional measurement of height or with chromosomal

abnormalities, malnutrition, growth disorders, or low birth

weight were excluded from the study.

A total of 578 children (330 boys and 248 girls) who started

GH treatment between the ages of 4 and 14 years were included

in the analysis. We collected the ISS diagnosis date, treatment

start date, birth week, chronological age, bone age, height,

weight, parental height, insulin like growth factor 1 (IGF-1),

IGF binding protein 3 (IGFBP-3), and treatment pattern of

subjects. Descriptive analysis was performed to identify the

baseline characteristics of study subjects. Continuous variables
frontiersin.org
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were reported as mean and standard deviation and categorical

variables were reported as frequency and proportion. SDS was

calculated as follows: SDS = (patient’s measured value − mean

value for age and sex − matched normal subjects)/(SD of the

values for age and sex-matched normal subjects).

The normality of data was checked using the Shapiro–Wilk

test. To compare treatment outcomes (baseline vs. treatment

period), we conducted McNemar’s test and paired t-test or

Wilcoxon’s signed-rank test according to the normality of

data. Linear mixed model analysis was performed to identify

factors affecting the height outcome of children with ISS.

Survival analysis was performed to identify the variables

affecting patients’ achievement of target height SDS (-1 SDS).

All statistical analyses were performed using SAS 9.4 (SAS Inc.,

Cary, NC, USA).
Results

Children’s baseline characteristics

At the start of the treatment, the children’s chronological age

was 7.54 ± 2.43 years and bone age was 6.08 ± 2.55 years. The

mean height SDS of boys was −2.48 ± 0.57 and that of girls
Frontiers in Endocrinology 03
was −2.58 ± 0.73. The mean weight SDS of boys was −1.95 ± 0.84

and that of girls was −1.92 ± 0.93 (Table 1). The mean peak GH

level of children was in the normal range (18.421 ± 7.90 ng/ml)

and IGF-1 SDS was −0.60, which was lower than that of peers

with the same age and gender (Table 1). The proportion of

patients who used each device for GH treatment was similar

between needle and syringe, automatic pen, and electronic

devices (Table 1).
Effect of GH therapy on height outcomes

When treatment was continued, the children’s height SDS

increased, and this change was statistically significant compared

to the baseline height SDS. For boys, the height SDS measured at

the start of treatment was −2.48 ± 0.57, and the height SDS after

3 years of treatment was −1.02 ± 0.81. The girls’ height SDS

showed a similar trend to that of boys (the girl’s height SDS

measured at the start of treatment was −2.58 ± 0.73, and that

measured after 3 years was −1.12 ± 0.79) (Tables 2, 3).

For both boys and girls, the group starting treatment before

6 years of age had the highest height SDS among the three

groups (group 1: baseline age ≤ 6; group 2: 7 ≤ baseline age ≤ 9

for boys, 7 ≤ baseline age ≤ 8 for girls; group 3: baseline age ≥ 10
TABLE 1 Baseline characteristics before treatment.

Total(n = 578)* Boys(n = 330)* Girls(n = 248)*

Mean sd Mean sd Mean sd p-value

Birth week (week) 38.72 2.06 38.71 2.09 38.74 2.03 0.9899

Birth weight (kg) 3.03 0.40 3.10 0.42 2.94 0.36 <.0001

Midparental height 163.87 7.22 169.34 3.57 156.65 3.53 <.0001

Peak GH (ng/ml) 18.42 7.90 18.47 7.65 18.36 8.24 0.4289

Baseline age (year) 7.54 2.43 7.56 2.59 7.52 2.21 0.7136

Height (cm) 112.13 12.95 112.58 13.53 111.54 12.14 0.5413

Height SDS −2.52 0.65 −2.48 0.57 −2.58 0.73 0.0029

Weight (kg) 20.26 5.93 20.62 6.50 19.77 5.04 0.3426

Weight SDS −1.93 0.87 −1.95 0.84 −1.92 0.93 0.6223

BMI (SDS) −0.59 1.00 −0.62 1.02 −0.54 0.98 0.3090

Bone age (year) 6.08 2.55 5.90 2.58 6.33 2.50 0.0270

Bone Age − Chronological Age (year) –1.44 1.04 −1.64 1.01 −1.16 1.03 <.0001

IGF-1 SDS −0.60 0.94 −0.56 0.98 −0.65 0.89 0.4421

IGFBP-3 (SDS) −0.02 2.09 0.09 2.04 −0.17 2.16 0.0991

GH dose (mg/kg) 0.051 0.077 0.051 0.076 0.052 0.080 0.5620

Treatment device Rate (%) Rate (%) Rate (%) 0.7548

Needle & Syringe 50.35 50.91 49.60

Automatic Pen or
Electronic Device

49.65 49.09 50.40
fronti
Baseline = Start of treatment.
Midparental height = Mothers height + Fathers height)/2 ± 6.5 cm.
GH dose (mg/kg): Dosage of GH per day/weight(kg).
*The sample size may be different for each variable.
p-value obtained using Wilcoxon’s signed-rank test according to the normality test.
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for boys, baseline age ≥ 9 for girls) (Figures 1A, B). This may

mean that it is important for GH treatment to be started early

and at an appropriate time.

The height velocity of children participating in this study up

to 1 year after the start of GH treatment was 11.19 ± 5.24, and

the average SDS of the height velocity was 1.22 ± 1.06. These

results were similar to those of previous studies (height velocity
Frontiers in Endocrinology 04
of 6 months to 1 year treatment (cm/year): 7.57 ± 0.30 to 10.85 ±

2.34, growth velocity SDS: 1.47 ± 0.70) (4, 23, 25–27).

Additionally, the height velocity was the highest in group 1

until 2 years of GH treatment, but the height velocity of group 3

was the highest after 3 years from the start of treatment. These

results may have been influenced by puberty in the group 3, who

started treatment at a relatively old age (Figures 2A, B).
TABLE 2 Comparison of treatment outcomes: Boys.

Treatment period (year) Baseline
(n = 330)*

Treatment period ≤
1(n = 330)*

1 < Treatment
period ≤ 2(n = 218)*

2 < Treatment
period ≤ 3(n = 99)*

Treatment period >
3(n = 62)*

Mean (sd) Mean
(sd)

p-
value**

Mean
(sd)

p-
value**

Mean
(sd)

p-
value**

Mean
(sd)

p-
value**

Age (year) 7.56(2.59) 8.02(2.56) <.0001 8.35(2.25) <.0001 9.24(2.42) <.0001 10.56(2.44) <.0001

Height SDS −2.48(0.57) −1.93(0.58) <.0001 −1.42(0.62) <.0001 −1.11(0.69) <.0001 −1.02(0.81) <.0001

Weight SDS −1.95(0.84) −1.56(0.73) <.0001 −1.18(0.75) <.0001 −0.93(0.82) <.0001 −0.75(0.91) <.0001

BMI SDS −0.62(1.02) −0.64(0.82) 0.005 −0.59(0.82) 0.0001 −0.53(0.87) 0.016 −0.37(0.93) 0.4256

Bone age (year) 5.90(2.58) 6.32(2.54) <.0001 7.17(2.59) <.0001 8.50(2.72) <.0001 10.09(2.76) <.0001

Bone Age − Chronological Age
(year)

−1.64(1.01) −1.39(1.03) 0.0002 −1.72(1.05) <.0001 −0.79(0.97) <.0001 −0.54(1.19) <.0001

IGF-1 (SDS) −0.56(0.98) 0.62(1.28) <.0001 0.97(1.4) <.0001 1.4(1.79) <.0001 1.34(1.67) <.0001

IGFBP-3 (SDS) 0.09(2.04) 2.78(2.66) <.0001 3.27(2.88) <.0001 3.00(3.17) <.0001 1.79(3.23) 0.0078

GH dose (mg/kg) 0.05(0.08) 0.05(0.06) <0.0001 0.04(0.06) 0.0463 0.04(0.01) 0.5919 0.05(0.07) 0.4867

Treatment device Rate (%) Rate (%) 0.2568 Rate (%) 0.2059 Rate (%) 0.5637 Rate (%) 0.6547

Needle & Syringe 50.91 51.67 55.24 53.26 61.22

Automatic Pen or
Electronic Device

49.09 48.33 44.76 46.74 38.78
fro
* The sample size may be different for each variable.
** p-value: compared with baseline.
TABLE 3 Comparison of treatment outcomes: Girls.

Treatment period (year) Baseline
(n = 248)*

Treatment period ≤
1 (n = 248) *

1 < Treatment
period ≤ 2
(n = 162)*

2 < Treatment
period ≤ 3 (n = 88)*

Treatment period
> 3 (n = 45)*

Mean (sd) Mean
(sd)

p-
value**

Mean
(sd)

p-
value**

Mean
(sd)

p-
value**

Mean
(sd)

p-
value**

Age (year) 7.52 (2.21) 7.98 (2.18) <.0001 8.44 (2.06) <.0001 8.92 (1.97) <.0001 10.03 (1.78) <.0001

Height SDS −2.58 (0.73) −2.04 (0.69) <.0001 −1.59 (0.66) <.0001 −1.25 (0.69) <.0001 −1.12 (0.79) <.0001

Weight SDS −1.92 (0.93) −1.62 (0.84) <.0001 −1.28 (0.83) <.0001 −1.02 (0.84) <.0001 −0.97 (0.89) <.0001

BMI SDS −0.54 (0.98) −0.64 (0.86) <.0001 −0.59 (0.84) <.0001 −0.52 (0.89) 0.0029 −0.57 (0.8) 0.0754

Bone age (year) 6.33 (2.5) 7.23 (2.49) <.0001 7.78 (2.41) <.0001 8.93 (2.34) <.0001 10.15 (1.83) <.0001

Bone age − Chronological age
(year)

−1.16 (1.03) −0.67 (1.02) <.0001 −0.49 (1.00) <.0001 −0.17 (1.08) <.0001 0.14 (0.93) <.0001

IGF-1 (SDS) −0.65 (0.89) 0.53 (1.14) <.0001 0.61 (1.09) <.0001 0.65 (1.1) <.0001 0.20 (1.03) <.0001

IGFBP-3 (SDS) −0.17 (2.16) 2.30 (2.78) <.0001 2.97 (2.55) <.0001 2.66 (2.99) 0.0002 2.02 (2.82) 0.1444

GH dose (mg/kg) 0.05 (0.08) 0.05 (0.06) <0.0001 0.05 (0.05) 0.192 0.05 (0.06) 0.0511 0.05 (0.05) 0.002

Treatment device Rate (%) Rate (%) 0.5271 Rate (%) 0.0143 Rate (%) 0.1025 Rate (%) 0.3173

Needle & syringe 49.6 48.57 50.00 54.22 53.66

Automatic pen or electronic device 50.4 51.43 50.00 45.78 46.34
* The sample size may be different for each variable.
** p-value: compared with baseline.
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Factors affecting height outcomes

As a result of multivariate analyses, the height SDS of boys

was 0.224 lower than that of girls (p = 0.002), and the height SDS

was as high as 0.685 when treatment was continued for 3 years or

longer compared to when the treatment period was less than 1

year (p < 0.001) (Table 4).

For boys, when treatment was started after the age of 10, the

height SDS was 0.429 times lower than that when treatment

was started before the age of 6 years (p = 0.001). The height

SDS increased the most when treatment was maintained for 2 to

3 years (p < 0.001), and for girls, the height SDS value increased

the most when treatment was continued for 3 years or longer

(p < 0.001) (Tables 5, 6).

The hazard ratio to reach the target SDS (-1 SDS) when using

the automatic pen type or electronic device type is 1.727 times
Frontiers in Endocrinology 05
higher than that when using the needle and syringe device

(Appendix Table 1). Furthermore, this result was more

pronounced in boys (hazard ratio: 2.092, Appendix Tables 1-1,

1-2).

According to Kaplan–Meier plots, the probability of

reaching the target SDS (-1 SDS) from the beginning of

treatment to 2–3 years after the start of treatment for children

who started treatment before 6 years of age was higher than that

for children who started treatment after the age of 7 (Figure 3).
Discussion

This was the first multi-center 10-year study on Korean

pediatric patients with ISS to identify clinical characteristics and

patterns of GH treatment and determine factors associated with
A B

FIGURE 1

(A) Change in height SDS during treatment by age group: Boys. (B) Change in height SDS during treatment by age group: Girls. SDS, standard
deviation score “x” denotes the duration of GH treatment (e.g., a value of 0 on the x-axis is the start time of GH treatment).
A B

FIGURE 2

(A) Change in height SDS velocity during treatment by age group: Boys. (B) Change in height SDS velocity during treatment by age group: Girls.
SDS, standard deviation score, “x” denotes the duration of GH treatment (e.g., a value of 0 on the x-axis is the start time of GH treatment).
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height outcomes. We found that the height at the end of this

study SDS is higher when GH treatment starts at an early age

and when administered for 3 years or more, as opposed to less

than 1 year. The average peak GH at baseline of children in this

study was 18.42 (ng/ml), showing the characteristics of ISS

pediatric patients with normal GH levels. This was consistent

with the results of previous studies, in which the peak GH values

of subjects at the time of ISS diagnosis were above 10 ng/ml,

which were within a normal range (12.01–20.90 ng/ml) (21, 28).

Regarding the administered dose, the mean daily dose in this

study was 0.051 mg/kg, which was lower than the GH dose with

regulatory approval of 0.062 - 0.067 mg/kg for patients with ISS

in Korea.

From an efficacy point of view, the group who started before

6 years of age had the highest height SDS results after GH
Frontiers in Endocrinology 06
treatment for both boys and girls. There was a difference in

height velocity according to age at the start of GH treatment, and

the height velocity SDS was the highest for children who started

GH treatment before the age of 6 years until 2 years of GH

treatment (treatment duration 1). These results suggest that the

treatment start age has a significant effect on the height velocity.

Moreover, the height SDS of children showed a tendency to

steadily increase while treatment was continued, as shown in

Figures 1A, B. The average height SDS of children included in

this study at the start of treatment was −2.52 ± 0.65, which was

similar to that in other previous studies (−2.72 to −2.17) (4, 5, 21,

23, 28, 29). When GH treatment had started, boys’ height SDS

increased by 0.55 and girls’ height SDS increased by 0.54 within

1 year of starting the treatment. If GH treatment had been

continued for more than 3 years, the height SDS at the 3rd year

increased by 1.46 compared to baseline in both boys and girls

(height SDS, boys: −2.48–−1.02, girls: −2.58–−1.12). These

results were consistent with those of previous studies in which

the height SDS increased by 0.40 to 0.57 from 6 months to the 1st
TABLE 4 Multivariate analysis (linear mixed model): ALL.

Dependant variable: Height SDS
Coef SE p-value

Intercept −3.207 0.865 0.0002

Time-fixed covariates*

Gender

Girls Ref . .

Boys −0.224 0.069 0.0015

Baseline age (year)

Baseline age ≤6 Ref . .

7 < Baseline age ≤ 9 boys
7 < Baseline age ≤ 8 girls

−0.187 0.056 0.0011

Baseline age ≥10 boys
Baseline age ≥9 girls

−0.380 0.090 <.0001

Birth week (week) 0.005 0.010 0.6456

Bone age (year) 0.039 0.014 0.0060

Baseline height SDS 0.776 0.035 <.0001

Birth weight (kg) 0.045 0.052 0.3863

Midparental height 0.017 0.005 0.0007

Peak GH (ng/ml) 0.001 0.002 0.5635

Time-varying covariates**

Treatment Period (year)

Baseline<treatment period ≤ 1 Ref . .

1 < Treatment period ≤ 2 0.350 0.044 <.0001

2 < Treatment period ≤ 3 0.671 0.064 <.0001

Treament period > 3 0.685 0.092 <.0001

Treatment device type

Needle & syringe type Ref . .

Automatic pen type or electronic device type 0.024 0.035 0.4915

GH dose (mg/kg) 0.075 0.304 0.8044

IGF-1 SDS 0.121 0.015 <.0001

IGFBP-3 SDS 0.026 0.006 <.0001
GH dose (mg/kg) = dosage of GH per day/weight (kg).
* time-fixed covariate: only measured at baseline.
** time-varying covariate: measured at baseline and follow-up time.
Variables using value of previous visit: treatment device type, GH dose, bone age, IGF-1,
IGFBP-3.
TABLE 5 Multivariate analysis (linear mixed model): Boys.

Dependant variable: Height SDS

Coef SE p-value

Intercept −2.281 1.153 0.0495

Time-fixed covariates*

Baseline age

Baseline age ≤ 6 Ref . .

7 ≤ Baseline age ≤ 9 −0.267 0.070 0.0003

Baseline age ≥ 10 −0.429 0.127 0.0011

Birth week (week) 0.013 0.013 0.3098

Bone age (year) 0.034 0.018 0.0632

Baseline height SDS 0.786 0.046 <.0001

Birth weight (kg) 0.051 0.063 0.4160

Midparental height 0.009 0.006 0.1585

Peak GH (ng/ml) 0.003 0.003 0.2291

Time-varying covariates**

Treatment period (year)

Baseline < treatment period ≤ 1 Ref . .

1 < Treatment period ≤ 2 0.325 0.058 <.0001

2 < Treatment period ≤ 3 0.654 0.081 <.0001

Treament period >3 0.463 0.138 0.0012

Treatment device

Needle & syringe Ref . .

Automatic pen or electronic device 0.027 0.043 0.5270

GH dose (mg/kg) −2.321 2.639 0.3819

IGF-1 SDS 0.084 0.019 <.0001

IGFBP-3 SDS 0.028 0.008 0.0009
fronti
GH dose (mg/kg) = Dosage of GH per day/weight (kg).
* time-fixed covariate: only measured at baseline.
** time-varying covariate: measured at baseline and follow-up time.
Variables using value of previous visit: treatment device type, GH dose, bone age, IGF-1,
IGFBP-3.
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year after GH treatment and by 0.96–1.05 at the 3rd year (4, 5,

30–32).

When considering both GH dose and the efficacy results

comprehensively, GH treatment efficacy in this study was

enough compared with that of previous studies, although the

average GH dose in this study was lower than the recommended

GH treatment dose. This revealed that the GH dose

administered in a Korean clinical setting is lower than the

recommended dose (29, 30, 33, 34) and that effective

treatment is possible even without prescribing a high dose of

GH to children with ISS. Although the dose initially approved in

Korea (0.067 mg/kg/day, 0.37 mg/kg/week, 0.40 mg/kg/week) is

lower that the dose recommended in international guidelines

(0.47 mg/kg/week), the phenomenon of administering less than

the approved dose for patients with ISS was also seen in previous

Korean studies by Nam HK et al. in 2019 and Jeong HR et al. in

2014, which showed significantly improved growth outcomes

even with low doses (35–40). In this study, the age at which GH

treatment was started, duration of treatment, midparental
Frontiers in Endocrinology 07
height, baseline height SDS, IGF-1 SDS, and IGFBP-3 SDS

were factors that affected the height outcomes of children with

ISS. Remarkably, these factors have been identified in previous

studies. Although the midparental height and the pediatric

patients’ height and hormone status at the time of treatment

cannot be altered, there were definite factors that could affect

growth outcomes. It is emphasized that obtaining an accurate

and early diagnosis and the early initiation of treatment are very

important factors for better growth outcomes in ISS patients (4,

5, 23, 41, 42). Moreover, an important factor influencing the

achievement of the target SDS in ISS patients is medication

adherence. Parents of ISS children may feel sadness, guilt, and

frustration for administering drugs to their children with a

needle syringe, so the appropriate device type may help

increase dosing compliance (27, 32, 43, 44). Treatment devices

with improved dosing convenience and reduced pain, such as

automatic pen and electronic device, can be helpful toward

reaching the target SDS (12, 18).

The results presented above have a number of limitations.

First, due to the nature of the noninterventional, multicenter,

retrospective study, we could not control the time of visit of

patients with ISS equally and we could not divide the patients

into prepubertal and postpubertal groups. Second, because

this study did not collect information on whether the GH was

administered correctly daily or weekly according to the

approved regimen, it is difficult to confirm patient

compliance. Third, this study was conducted from 2009 to

2019 using Korea’s basic definition of ISS, so using the ISS

diagnosis method from a more diverse and updated

perspective was difficult. In addition, patients diagnosed

with ISS were recruited on the discretion of the physicians

at each hospital at the time, so patients could not be recruited

according to strict and identical diagnostic criteria. Fourth,

owing to the retrospective nature of this study, patients with

ISS could not be continuously followed up until adulthood.

Finally, considering the lack of research on patients with ISS

in Korea, the study results were compared with those of

previous studies in other countries where the average adult

height may differ substantially from those of ethnic Koreans.

ISS is still used as a diagnostic label today, however, it is not a

definitive diagnosis. While clinical and hormonal diagnostic

techniques remain important, it is the emergence of genetic

investigations that have led to numerous molecular discoveries

in ISS subjects. The issue now is when to do some of the genetic

screening, more target single gene, gene panel and array or whole

exome or whole genome testing. Clinical evaluation, hormonal

investigation and genetic sequencing are required to assess ISS

subjects and should complement each other to identify the

pathogenesis in poorly growing patients including ISS (45–53).

Although there were some limitations, this study contributes

to understanding the characteristics and determining the timing

and method of GH treatment in Korean pediatric patients

with ISS.
TABLE 6 Multivariate analysis (linear mixed model): Girls.

Dependant variable: Height SDS

Coef SE p-value

Intercept −3.971 1.373 0.0045

Time-fixed covariates*

Baseline age

Baseline age ≤6 Ref . .

7 ≤ Basline age ≤ 8 −0.057 0.094 0.5486

Baseline age ≥9 −0.244 0.132 0.0696

Birth week (week) −0.006 0.015 0.6937

Bone age (year) 0.033 0.022 0.1380

Baseline height SDS 0.764 0.054 <.0001

Birth weight (kg) 0.060 0.091 0.5099

Midparental height 0.024 0.007 0.0025

Peak GH (ng/ml) 0.002 0.004 0.6197

Time-varying covariates**

Treatment period (year)

Baseline < treatment period ≤ 1 Ref . .

1 < Treatment period ≤ 2 0.413 0.069 <.0001

2 < Treatment period ≤ 3 0.769 0.104 <.0001

Treament period > 3 0.897 0.134 <.0001

Treatment device

Needle & syringe Ref . .

Automatic pen or electronic device 0.006 0.056 0.9204

GH dose (mg/kg) 0.100 0.329 0.7625

IGF-1 SDS 0.177 0.023 <.0001

IGFBP-3 SDS 0.024 0.010 0.0236
GH dose (mg/kg) = Dosage of GH per day/weight (kg).
* time-fixed covariate: only measured at baseline.
** time-varying covariate: measured at baseline and follow-up time.
Variables using value of previous visit: treatment device type, GH dose, bone age, IGF-1,
IGFBP-3.
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Additionally, as shown in Figure 1A, the height SDS of

group 2 decreased at the 4th year than at the 3rd year after

treatment, which may be influenced by various biases. First,

since the number of patients who received GH for more than 3

years in this study was very small, the trend of the graph is

easily changed by a small number of patient results. Second,

the possibility that the patients’ compliance with GH

decreased with long-term administration cannot be ignored.

Third, some patients in group 2 entered puberty after 3 years

of treatment and the influence of puberty may have affected

the graph (31).

In conclusion, ISS remains heterogeneous. Evaluating short

stature in children using history, physical and laboratory

examinations, and imaging and genetic studies is critical.

Identifying biomarkers of rhGH response is also crucial. This

study suggests that treatment for ISS should be started at an early

age and that even if GH is administered at a dose lower than the

approved one, its therapeutic effect can be sufficient. We

highlight that using the automatic pen or electronic device

instead of needle and syringe might have a positive influence

on treatment effects.
Frontiers in Endocrinology 08
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FIGURE 3
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reaching −1 SDS): boys. (C) Kaplan–Meier plot (survival probability: probability of not reaching −1 SDS): girls. SDS, standard deviation score.
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APPENDIX FIGURE 1

(A) Change in height SDS during treatment – boys. (B) Change in height

SDS during treatment– girls “x” denotes the duration of GH treatment
(e.g., a value of 0 on the x-axis is the start time of GH treatment).

APPENDIX FIGURE 2

(A) Change in height SDS velocity during treatment – boys. (B) Change in

height SDS velocity during treatment – girls “x” denotes the duration of
GH treatment (e.g., a value of 0 on the x-axis is the start time of

GH treatment).
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