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Background: This study aimed to investigate the impact of pegylated recombinant human growth
hormone (PEG-rhGH) replacement therapy on glucose and lipid metabolism in children with growth
hormone deficiency (GHD).

Methods: A total of 17 children with a growth hormone deficiency were treated with PEG-rhGH (trade
name Juyi’ Erchun) via subcutaneous injection once a week before sleep for 3 months. The doses given
were 0.2 and 0.15 mg/(kg-week). The injection sites included the upper arm, the front of the thigh, and the
periumbilical area of the abdominal wall. Follow-ups were conducted every 3 months after the treatment
to detect the metabolic indexes of the children’s blood glucose and blood lipids. Growth and development
indexes, thyroid function, and other indexes were also detected regularly. The glucose and lipid metabolism
indexes of each child, including fasting blood glucose, glycosylated hemoglobin, fasting insulin, total
cholesterol, triglycerides, high-density lipoprotein (HDL), and low-density lipoprotein (LDL), were
measured before the treatment and every three months after the treatment. The total detection time was
3-30 months.

Results: No significant differences in fasting blood glucose, glycosylated hemoglobin, fasting insulin,
total cholesterol, triglycerides, HDL, and LDL were detected after the treatment when compared with
measurements taken before the treatment (P>0.05).

Conclusions: PEG-rhGH replacement therapy may have no significant impact on glucose and lipid
metabolism in children with GHD. However, this conclusion needs to be verified through studies with larger

samples and long-term follow-up periods.
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Introduction

Growth hormone deficiency (GHD), also known as pituitary
dwarfism, refers to growth and development disorders
caused by the partial or complete lack of growth hormone
(GH) synthesized and secreted by the adenohypophysis
(anterior pituitary), structural abnormalities, receptor
defects, etc. In children, the most common manifestations
of the disease include a height below the third percentile,
or two standard deviations lower than average, on the
growth curve for their age and gender (thereby meeting
the short stature standard) (1). The causes of GHD can be
divided into two categories: (I) secondary GHD, in which
the condition is secondary to other diseases or injuries,
such as brain injury, a tumor, or brain surgery, and (II)
congenital GHD, which is caused by genetic defects or
primary/idiopathic GHD. Even with these causes removed,
it is difficult to achieve spontaneous recovery in the state of
GHD, so patients need to be supplemented with drugs.

At present, the treatment of GHD includes recombinant
human growth hormone (thGH) replacement therapy (2,3).
A short-term GH compliance questionnaire completed by
200 children of short stature demonstrated that 188 had
received short-term rhGH treatment and 179 had received
rhGH treatment for more than a year. However, only 48.9%
of the children had good compliance (their treatment plans
were strictly followed and the number of missed injections
between two follow-up visits was between zero and five),
while children with discontinuous treatment (the number of
missed injections between two follow-up visits was between
6 and 10) accounted for 18.6% and 32.4% missed up to 30
injections (4). A previous study conducted in New Zealand
assessed the relationship between compliance with rhGH
treatment and improved height. The results demonstrated
that poor compliance significantly reduced the therapeutic
effect, whereas good and excellent treatment compliance
had higher growth rates and insulin-like growth factor 1
(IGF-1) levels; the growth rate was therefore negatively
correlated with the number of missed injections. The
findings also showed that patient compliance gradually
decreased during the treatment (5). Therefore, a new thGH
injection—pegylated recombinant human growth hormone
(PEG-rhGH)—emerged. Its active component is a covalent
conjugate of rhGH and branched polyethylene glycol
(PEG). PEG, with a high molecular weight, has low toxicity
and can therefore increase the molecular weight of rhGH,
prolong its half-life, and make GH produce a long-term
pharmacological effect in vivo. The treatment only needs to
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be given once a week to achieve the therapeutic effect and
reduces the risk of the injection to ensure its efficacy (6).

Subcutaneous injection of short-acting rhGH before
sleep every day simulates the normal peak of human GH
secretion, but PEG-rhGH only needs to be injected once
a week. Whether this therapy will affect the glucose and
lipid metabolisms in the human body still needs to be
confirmed. In the present study, the changes in glucose
and lipid indexes before and after the use of PEG-rhGH
in children with GHD in the outpatient department of the
hospital were recorded, the results of which are reported
below. We present the following article in accordance with
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-871).

Methods
Subjects

A total of 17 children with GHD who were treated in
the hospital between February 2015 and November 2018
were enrolled in the study. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by the Ethics Committee
of Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology and informed
consent was taken from all the patients. We declared that
materials described in the manuscript, including all relevant
raw data, will be freely available to any scientist wishing to
use them for non-commercial purposes, without breaching
participant confidentiality.

The inclusion criteria were patients with a definite
diagnosis of GHD, patients with a height lower than
the third percentile—or two standard deviations—of the
growth curve for their age and gender, patients with a bone
age that fell behind by more than a year, patients with
absent adolescent development, patients with a GH peak
value after GH provocation tests with two drugs of less than
10 pg/L, patients with no contraindication of PEG-rhGH,
and patients with complete clinical data. The blood lipid
and blood glucose levels of all patients were measured.

Research methods

The selected children were treated with PEG-rhGH (trade
name Juyi’ Erchun) via subcutaneous injection once a week
before sleep. The doses given were 0.2 or 0.15 mg/(kg-week).
The injection sites included the upper arm, the front of the
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thigh, and the periumbilical area of the abdominal wall.
The treatment lasted for over 3 months. Follow-ups were
conducted every 3 months after treatment to detect the
metabolic indexes of the children’s blood glucose and blood
lipids. Growth and development indexes, thyroid function,
and other indexes were also detected regularly.

Observation indexes

Before the treatment and every three months thereafter,
the glucose and lipid metabolism indexes of each child,
including fasting blood glucose, glycosylated hemoglobin,
fasting insulin, total cholesterol, triglycerides, high-density
lipoprotein (HDL), and low-density lipoprotein (LDL),
were measured. The total detection time was 3-30 months.
The detection methods used were:
% Fasting blood glucose: hexokinase method;
% Glycosylated hemoglobin: high-performance liquid
chromatography;
% Fasting insulin: chemiluminescence;
< Total cholesterol: oxidase method;
% 'Triglycerides: glycerophosphate oxidase method;
%  HDL: chemical modification of enzymes;
%  LDL: selective melt method.

Statistical analysis

Data were statistically analyzed using SPSS 19.0. Glycolipid
metabolism indexes were normally distributed and
expressed as mean * standard deviation. Data before and
after the treatment were compared using a paired sample
t-test. P<0.05 was considered statistically significant.

Results
General patient data

Of the 17 children included in this study, 9 were male and
8 were female. The median age was 7 (range, 4-10 years).
The children’s gender, age, height (before and after
treatment), dosage, treatment time, and monthly growth are
presented in Table 1.

Blood lipid and blood glucose indexes after treatment

After administering the treatment, there were no significant
differences found in fasting blood glucose, glycosylated
hemoglobin, fasting insulin, total cholesterol, triglycerides,
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HDL, and LDL when compared with measurements taken
before treatment (P>0.05) (Table 2).

Discussion

Short stature is the most prominent clinical manifestation
of GHD and the main reason for visits to the doctor about
the condition. The damage caused by short stature cannot
be underestimated: it causes both physical differences and
psychological trauma, which itself may lead to other clinical
manifestations, such as introverted personality, emotional
instability, and severe physical and mental diseases (e.g.,
learning disabilities, social barriers, depression, and autism).
It can, therefore, affect a child’s quality of life in adulthood
(7-9). As such, recovering a child’s final height is vital
for ameliorating the psychological impacts of GHD and
promoting positive growth. At present, the treatment that
can be implemented to reach this goal includes exogenous
rhGH replacement therapy. The new PEG-rhGH, however,
can prolong the half-life of thGH, meaning the GH has a
long-term pharmacological effect in the body. Further, this
treatment only needs to be administered once a week to
achieve the therapeutic effect, so the risk of injection can be
reduced and the efficacy can be ensured (6).

GH can promote the growth of a patient’s bones directly:
it promotes IGF-1 synthesis by acting on the liver growth
hormone receptor, which encourages bone growth. IGF-1
can also inhibit the release of pituitary GH via negative
feedback. Serum IGF-1 concentration and serum growth
hormone levels are roughly balanced within 24 hours.
Therefore, GH itself has the physiological function of
regulating glucose and lipid metabolism, an effect that
is mainly achieved through the action of IGF-1. IGF-1
is a polypeptide, similar to insulin in structure and
function, that can promote cell proliferation and growth
and antagonize cell apoptosis. GH can activate insulin-
sensitive lipase, promote fat decomposition, enhance fatty
acid oxidation, provide energy, and reduce the fat content of
tissues, especially in the limbs. It can also inhibit the uptake
and utilization of glucose in skeletal muscles and adipose
tissue, reduce the consumption of glucose, and increase the
level of blood glucose (10).

There is no definite theory about lipid metabolism in
children with GHD. One previous study found that the
blood lipid levels of children with GHD was the same as
those of children without GHD (11), whereas another study
found that the blood lipid levels of children with GHD
were significantly higher than those of a control group (12).
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Table 1 Basic information growth hormone deficiency (GHD) children
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Numoer  Gender Age vememom) (ot weamemom)  gowthon)
1 Boy 6 years and 5 months 107.8 0.15 112.9 (6 m) 0.85
2 Girl 5 years and 3 months 99.7 0.20 122.0 (33 m) 0.68
3 Girl 8 years and 9 months 112.7 0.15 126.4 (18 m) 0.76
4 Boy 5 years and 6 months 106.1 0.20 130.0 (30 m) 0.80
5 Boy 7 years and 11 months 114.6 0.20 133.6 (27 m) 0.70
6 Boy 5 years and 1 month 92.0 0.15 100.8 (6 m) 1.47
7 Boy 6 years and 4 months 111.0 0.20 135.0 (30 m) 0.80
8 Girl 8 years 118.0 0.15 124.3 (6 m) 1.05
9 Girl 10 years and 4 months 128.0 0.20 129.0 83 m) 0.33
10 Boy 7 years and 7 months 115.2 0.20 132.7 (24 m) 0.73
11 Girl 5 years and 10 months 105.3 0.18 117.0 24 m) 0.49
12 Girl 4 years and 5 months 93.0 0.15 123.4 (42 m) 0.72
13 Girl 10 years 121.9 0.15 128.0 (9 m) 0.68
14 Boy 9 years and 6 months 121.5 0.15 126.1 (6 m) 0.77
15 Boy 10 years and 7 months 129.5 0.15 134.9 (9 m) 0.60
16 Girl 6 years 107.4 0.20 116.2 (12 m) 0.73
17 Boy 10 years and 6 months 125.7 0.20 145.0 (33 m) 0.58

m indicates total months of treatment at end of treatment.

However, whether there was an abnormality or not, the
blood lipid levels of the children were decreased to different
degrees after administering the rhGH treatment (13,14).
In the present study, after only 21 months of treatment, the
children’s LDL levels had changed from the levels observed
before the treatment (P=0.045), and there was no significant
change in the blood lipids before and after the treatment
(P>0.05). This may be related to the small number of
patients in this study.

RhGH regulates glucose metabolism through three
insulin-sensitive organs: the liver, adipose tissue, and muscle.
It can increase blood glucose by activating the glucose—
fatty acid cycle to increase unesterified fatty acids, thereby
inhibiting the oxidation of glucose in the peripheral tissues.
Furthermore, rhGH treatment reduces the sensitivity of
the liver tissue to insulin and accordingly increases the
glycogen output of the liver and increases blood glucose (15).
Although rhGH can reduce a patient’s sensitivity to insulin,
this change is reversible: it can return to a normal level
after stopping the treatment and has no significant effect
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on the patient’s blood glucose level. Sensitivity to insulin
often occurs in children with GHD and easily develops into
fasting hypoglycemia (16). In severe patients, it can lead
to brain damage caused by recurrent hypoglycemia. After
rhGH treatment, the symptoms of hypoglycemia and the
decrease in fasting blood glucose are improved: the present
study revealed that there was no significant change in blood
glucose after PEG-rhGH treatment (P>0.05).

The physiological lipid-lowering effect of GH is
relatively verified: it can induce hepatocytes and myocytes
to produce GH mediators and can also directly activate the
target cells to produce physiological effects. The result is
that it can promote fat decomposition, increase unesterified
fatty acids and triglycerides, reduce total cholesterol and
low-density lipoprotein cholesterol (LDL-C), and can
increase lipoprotein in a short time. Adult patients with
GHD often experience an increase in the arteriosclerosis
index due to abnormal lipid metabolism, which increases
the risk of cardiovascular disease (17). Reasonable rhGH
treatment can improve the disorder of lipid metabolism,
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Table 2 Changes of growth hormone deficiency (GHD) indicators in different treatment periods
Changes
Index treB:tfnc:I:nt 3months 6 months 12 months 15 months 18 months 21 months 24 months 27 months 30 months
(n=17) (n=17) (n=13) (n=8) (n=8) (n=8) (n=8) (n=7) (n=7) (n=5)

FPG 4.73+0.51 4.70£0.42 4.80+0.40 4.51+0.41 4.91+£0.27 4.81+0.40 4.88+0.50 4.60+0.58 4.70+0.43 4.70+0.24
HBA1C 5.33+0.33 5.31+0.30 5.18+0.35 5.29+0.31 5.23+0.28 5.29+0.37 5.43+0.35 5.34+0.26 5.33+0.42 5.42+0.37
INS1 211+1.59 2.53+1.62 3.30+2.16 4.09+3.74 5.06+4.49 5.13+3.11 6.77+3.63 5.12+4.51 4.34+2.59 8.07+2.72
TC 3.98+0.62 3.95+0.81 3.96+0.53 4.41+0.69 4.20+0.96 4.12+0.76 3.68+0.53 3.79+0.81 3.97+0.63 3.84+0.85
TG 0.68+0.19 0.75+0.20 0.75+0.29 0.72+0.16 0.73+0.22 0.65+0.12 0.60+0.12 0.70+0.14 0.74+0.25 0.67+0.27
HDL 1.568+0.33 1.59+0.29 1.61+0.38 1.55+0.19 1.48+0.32 1.46+0.24 1.38+0.24 1.40+0.20 1.44+0.15 1.34+0.16
LDL 2.09+0.56 1.96+0.54 1.97+0.43 2.45+0.62 2.32+0.81 2.29+0.66 2.01+0.49* 1.59+0.84 2.21+0.76 2.2+0.75

FPG, fasting blood glucose; HBA1C, glycosylated hemoglobin; INS1, fasting insulin; TC, total cholesterol; TG, triglyceride; HDL, high-density
lipoprotein; LDL, low-density lipoprotein. *P=0.045, the remaining unmarked P values >0.05.

reduce the arteriosclerosis index, decrease the mortality
rate and the risk of cardiovascular disease, and improve a
patient’s quality of life (18,19).

The limitations of the present study were such that the
sample size was very small, so the clinical significance of
this study is limited and it is at high risk of false-negative
findings. There is also little clinical significance for the
follow-up data because few cases completed the follow up.

Conclusions

This study was a retrospective analysis, and no long-term
clinical follow-up analysis was performed. The sample
size was small and the course of treatment was between
3 months and 2.5 years. However, its findings suggest
that PEG-rhGH has no significant effect on glucose and
lipid metabolism in children with GHD. The influence
of medications on blood glucose and blood lipid levels
was affected by medication time and dosage. The study’s
findings also suggest that children with GHD need long-
term or even life-long treatment. Overall, the treatment’s
effect on the metabolism needs further study and discussion
to provide a scientific basis for rational clinical drug use.
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