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Background: Recombinant human growth hormone (rhGH) was approved for the therapy of pediatric 
patients with growth hormone deficiency (GHD) by the Food and Drug Administration (FDA) of the United 
States in 1985. This study aims to evaluate the effects of rhGH therapy on thyroid function in pediatric 
patients with GHD.
Methods: A total of 55 pediatric patients, who had been diagnosed with GHD and received rhGH therapy 
for 6–24 months, and who could regularly come to our hospital for outpatient visits from May 1, 2014 to 
April 30, 2017, were selected for the study. All of the patients were treated for at least six months, among 
which 44 patients were treated for 12 months, and 32 patients were treated for 18 months, and 16 patients 
were treated for 24 months. 
Results: (I) During the course of the rhGH therapy, none of the patients had a free thyroxine (FT4) level 
lower than the normal lower limit. (II) The FT4 level decreased during the course of the therapy, when 
compared to the level at baseline, and the difference was statistically significant after 24 months of therapy. In 
the puberty group, the FT4 level had significantly decreased by the 12th month of therapy, when compared to 
the baseline, but there was no significant change in the FT4 and thyroid-stimulating hormone (TSH) levels 
at the remaining observation time points of treatment.
Conclusions: Growth hormone (GH) replacement therapy may affect the metabolism of the thyroid 
hormone in pediatric patients with GHD. During the course of treatment, the changes in thyroid function 
in pediatric patients with GHD should be regularly monitored in order to identify any abnormal thyroid 
function in its early stages.
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Introduction

Recombinant human growth hormone (rhGH) was 
approved for the therapy of pediatric patients with GHD 
by the Food and Drug Administration (FDA) of the United 
States in 1985. The main goal of this therapy is to increase 
the height of pediatric and adolescent patients and get their 
final height as close as possible to their genetic target height. 
Its effectiveness and safety have been comprehensively 
evaluated (1,2) and widely recognized. However, the dose of 
the GH therapy has to be individualized since the age, bone 
age, and height of patients with GHD at the beginning of 
therapy are closely correlated to their expected height in 
adulthood and, thus, affects the necessary duration of the 
therapy. 

The organs in the endocrine system can interact with 
each other. It has been reported that the axis of GH/
insulin-like growth factor 1 (IGF-1) and the axis of the 
hypothalamus pituitary thyroid (HPT) are interrelated, and 
that the secretion and effect of IGF-1, IGF binding protein 
3 (IGFBP-3) and GH are influenced by the axis of the 
HPT (3,4). Furthermore, the GH/IGF-1 axis can change 
the growth and function of the thyroid gland and lead to 
changes in thyroid hormone metabolism in peripheral 
tissues (3-5). 

However, at present, there are differences in the results 
of experimental and clinical studies concerning the effects 
of rhGH therapy on thyroid function. Notably, emerging 
lines of evidence have shown that there is a relationship 
between GH and the hypothalamic-pituitary-thyroid axis 
(3,6). It has also been reported that the GH/IGF-1 axis 
could change the function of the thyroid gland and alter the 
metabolism of thyroid hormone in peripheral tissues (4).  
A study by Akin et al. (7) highlighted that GH therapy in 
children with idiopathic GHD does not induce central 
hypothyroidism, but in children with multiple pituitary 
hormone deficiencies, GH therapy usually shows up the 
presence of central hypothyroidism.

GH replacement therapy appears to have a controversial 
effect on thyroid function in pediatric patients with GHD, 
and the majority of studies have only followed up patients 
for 3–12 months after GH therapy has begun. Thus, 
the present study aims to observe the changes in thyroid 
function in pediatric patients with GHD during GH 
replacement therapy by conducting a retrospective analysis 
of the case data of pediatric patients with GHD in our 
hospital. 

We present the following article in accordance with the 

MDAR checklist (available at http://dx.doi.org/10.21037/
tp-20-401).

Methods

Study subjects

Pediatric patients who were admitted to the Pediatric 
Endocrine Ward of our hospital and diagnosed as GHD, 
between May 2014 and April 2017, were enrolled in the 
present 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 Tongji Hospital 
(NO.: 2014-120) and informed consent was taken from all 
the patients. 

The inclusion criteria were as follows: (I) patients 
whose height was lower than the average height of normal 
children of the same age and same gender by two standard 
deviations, or below the 3rd percentile at the time of the 
visit (the average height and standard deviation of normal 
children of the same age and same gender was based on the 
height data in a physical development survey of children 
0–18 years of age in nine cities in China in 2005); (II) 
patients with growth retardation and an annual growth 
rate of <5 cm/year; (III) patients with symmetrical short 
stature but normal intellectual development; (IV) patients 
with a peak serum GH level of <10 ng/mL in the two drug 
(insulin and clonidine) GH stimulation test; (V) patients 
with a bone age two years lower than their real age; (VI) 
patients of either gender who were 6–15 years of age at 
the time of the visit; (VII) patients with normal blood 
glucose regulation function i.e., fasting blood glucose  
< 5 . 6  m m o l / L  a n d  p o s t p r a n d i a l  b l o o d  g l u c o s e  
<7.8 mmol/L; and, (VIII) patients who had never received 
GH therapy before visiting our hospital.

The exclusion criteria were as follows: (I) patients with 
multiple pituitary hormone deficiencies; (II) patients with 
hepatic and renal dysfunction (ALT >2 times the normal 
upper limit, and Cr greater than the normal upper limit); 
(III) patients positive for anti-HBc, HBsAg and HBeAg 
in the viral detection of hepatitis B; (IV) patients with 
diabetes mellitus or with organic diseases including severe 
cardiac, pulmonary, and renal diseases, with blood system 
diseases, malignant tumors, or with systemic infection, low 
immune function, and nutritional metabolic disorders; (V) 
patients with other types of growth and developmental 
abnormalities, such as Turner syndrome, hypothyroidism, 
and other genetic metabolic diseases, and bone development 
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disorders.
According to the above inclusion and exclusion criteria, 

55 pediatric patients with GHD were included in our 
retrospective analysis of the effects of rhGH therapy on 
thyroid function. All of the patients were treated for at 
least six months, 44 were treated for 12 months, 32 were 
treated for 18 months, and 16 patients were treated for  
24 months. In terms of gender, 37 patients were male 
and 18 were female. The male-to-female ratio was, thus, 
2.06:1.00. Their average age was 8.99±2.43 years old, and 
44 of them were assigned to the pre-puberty group, while 
the remaining 11 patients were assigned to the puberty 
group.

Data collection

All the pediatric patients were required to have a 
comprehensive physical examination and related laboratory 
tests every 2–3 months after the first visit, or from the 
beginning of the rhGH therapy. The physical examinations 
included the measurement of height and weight using 
the same tool and performed by a specially assigned staff 
member (taking the average value of three measurements), 
the recording of the growth rate, and the evaluation of 
the development of secondary sexual characteristics using 
Tanner’s staging. A routine blood test was done, and hepatic 
and renal function and levels of thyroid hormone and 
serum IGF-1 were examined under fasting conditions for 
all patients. A left wrist X-ray was taken every six months 
to one year in order to evaluate the bone age before 
and after the rhGH therapy. On the first visit, related 
laboratory examinations also included the two-drug (insulin 

and clonidine) stimulation test of GH as well as imaging 
tests, such as the analysis of bone age, and pituitary MRI 
examinations, to determine whether a pituitary disease was 
present. The relevant clinical data are presented in Table 1.

Detection of serum thyroid hormone levels

The detection of thyroid hormone was performed as 
follows: 2 mL of venous blood was collected before 
the patient had eaten in the morning, and the serum 
was separated. Then, the TSH and FT4 levels were 
measured by chemiluminescent immunoassay. Following 
t h e  m a n u f a c t u r e r ’s  i n s t r u c t i o n s  f o r  S I E M E N S 
IMMULITE2000 Total T4 and BECKMAN COULTER 
Access TSH, we detected the concentration of T4 and 
TSH using the IMMULITE 2000 XPi system. According 
to the reference limit of thyroid hormone in the Pediatric 
Metabolism Laboratory of our hospital, the normal range 
of FT4 was 0.8–1.9 ng/dL, while the normal range of TSH 
was 0.6–4.5 mIU/L.

Evaluation methods

(I) The thyroid hormone levels (TSH and FT4) in the 55 
pediatric patients with GHD were recorded before therapy, 
and at 6, 12, 18, and 24 months after rhGH therapy had 
begun and any changes observed. (II) The 55 pediatric 
patients with GHD were divided into two groups, according 
to their puberty state before treatment: a puberty group and 
a pre-puberty group. The changes in the level of thyroid 
hormone in these two groups were observed during the 
treatment.

Table 1 The items of the clinical data in the present study

Forms of investigating Investigation items Details

Questionnaire General data Sex, birth data, first-visit age

Previous and family history Birth information, history of trauma and surgery, family history, 
genetic metabolic history, parental height

GH treatment Beginning and ending dates of treatment, the dosage of GH

Physical examination General data Height, weight

Youth development Tanner stages based on secondary sexual characters

Laboratory examination Thyroid Function TSH level, FT4 level

Growth and development index Serum IGF-1 level

Imagiological examination Left wrist positive position imaging Bone age determination
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Statistic analysis

SPSS 19.0 software was used to perform a statistical 
analysis of the data collected. The measurement data, which 
included the demographic indicators and laboratory test 
indicators, were expressed as mean ± standard deviation 
(x ± SD). Variance analysis, Pearson correlation analysis, 
multiple linear regression analysis, a chi square test, a t-test, 
and other statistical methods were used to analyze the data. 
P<0.05 was considered statistically significant.

Results

Changes in thyroid function before and after the 
commencement of rhGH therapy in pediatric patients with 
GHD

A total of 55 pediatric patients with good compliance 
(patients who could regularly visit our hospital, and had 
complete follow-up data), who were diagnosed with GHD 
and received rhGH therapy in our hospital, were included 
in the present study. The average therapeutic dosage of 
rhGH was 0.16±0.014 U/kg·d, which was administered 
subcutaneously 30 minutes before bedtime every night. The 
changes in TSH and FT4 levels in pediatric patients with 
GHD at baseline and during the GH replacement therapy 
are presented in Table 2.

During the course of the rhGH therapy, none of the 
pediatric patients had a FT4 level lower than the lower 
limit of a normal TSH. Three pediatric patients in the pre-
puberty group had a transient TSH value higher than the 
upper limit of a normal TSH at the 6th, 12th and 18th month, 
but this returned to the normal level.

Compared with the baseline value of 1.86±0.61 mIU/L, 
the TSH level of 2.36±0.98 mIU/L was significantly higher 

at six months after the rhGH therapy, and the difference 
was statistically significant (P=0.000). Furthermore, the 
TSH level at the 12th, 18th and 24th month was 2.08±0.77, 
2.29±0.77 and 2.29±0.92 mIU/L, respectively, which was 
still higher than that at baseline, and the difference was 
statistically significant (P=0.036, P=0.004 and P=0.025, 
respectively). When comparing the levels of FT4, it was 
found that after six months of rhGH therapy, the level 
of FT4 was 1.19±0.18 ng/dL, which was lower than the 
baseline value (1.21±0.14 ng/dL), but the difference was 
not statistically significant (P>0.05). At the 12th, 18th and 
24th month, the level of FT4 continued to fall (1.18±0.18, 
1.16±0.15 and 1.12±0.17 ng/dL, respectively), and the 
difference was statistically significant (P=0.041, P=0.044 and 
P=0.013, respectively).

A comparison of the thyroid function of the puberty group 
and pre-puberty group of pediatric patients with GHD 
before and during the course of rhGH therapy 

The 55 patients were divided into two groups according to 
the development of their secondary sexual characteristics 
at baseline: a pre-puberty group and a puberty group. 
Forty-four pediatric patients were assigned to the pre-
puberty group, and these patients had an average age of  
8.36±2.21 years old. Eleven pediatric patients were 
assigned to the puberty group, and their average age was  
11.50±1.53 years old. As presented in Table 3, the thyroid 
functions of patients in these two groups were all within 
the normal range at baseline, while the TSH level of 
patients in the pre-puberty group was 1.91±0.62 mIU/L, 
which was higher than that of patients in the puberty group  
(1.63±0.54 mIU/L), but the difference was not statistically 
significant (P=0.178). The level of FT4 in the puberty 

Table 2 The changes in TSH and FT4 levels in pediatric patients with GHD at baseline, and at 6, 12, 18 and 24 months after rhGH replacement 
therapy (x ± SD)

Items TSH (mIU/L) t value P value FT4 (ng/dL) t value P value

Baseline (n=55) 1.86±0.61 1.21±0.14

6-month treatment (n=55) 2.36±0.98* −4.843 0.000 1.19±0.18 0.780 0.439

12-month treatment (n=44) 2.08±0.77Δ −2.169 0.036 1.18±0.18# 2.105 0.041

18-month treatment (n=32) 2.29±0.77* −3.114 0.004 1.16±0.15# 2.098 0.044

24-month treatment (n=16) 2.29±0.92Δ −2.496 0.025 1.12±0.17# 2.824 0.013

Compared with the baseline, *TSH level increased after rhGH treatment, P<0.01; compared with the baseline, ΔTSH level increased after 
rhGH treatment, P<0.05; compared with the baseline, #FT4 level after rhGH treatment decreased, P<0.05.
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group was 1.24±0.14 ng/dL, which was higher than that in 
the pre-puberty group (1.21±0.14 ng/dL), but the difference 
was also not statistically significant (P=0.465).

As illustrated in Table 3, pediatric patients in the pre-
puberty group exhibited a significant increase in TSH after 
six months of rhGH therapy, and it remained higher than 
that at the baseline level at the 12th, 18th and 24th month 
of rhGH therapy. However, the levels of FT4 continued 
to fall during the course of therapy when compared to the 
baseline level and had significantly dropped after 24 months 
of therapy. In the puberty group, the levels of FT4 had 
only fallen at the 12th month of therapy, but there were no 
significant changes in the levels of FT4 and TSH at the 
remaining observation time points.

Discussion

It was found that during the course of the rhGH therapy, 
none of the enrolled pediatric patients had FT4 levels lower 
than the lower limit of a normal FT4. Three pediatric 
patients in the pre-puberty group had a transient TSH 
value higher than the upper normal limit at the 6th, 12th and 
18th month, but this returned to normal. Compared with 
the levels at baseline, the TSH levels of the patients were 
significantly higher at the 6th month of rhGH therapy and 
remained significantly higher at the 12th, 18th and 24th month 
of therapy. Although the TSH and FT4 levels of pediatric 
patients in the present study increased during the treatment 
period, the time points were different from those reported 
in the relevant literature, which may be related to the dose 
of the GH therapy, the number of pediatric patients, and 
the individual differences of the patients. The investigators 
intend to expand the sample size, include the detection and 
analysis of FT3 levels, and explore the changes in thyroid 
hormone in pediatric patients according to their puberty 
status, in the future, in order to better understand the 
changes in thyroid function in pediatric patients with GHD 
during rhGH therapy. 

In 2003, Giavoli et al. (8) conducted a 12-month 
follow-up study of rhGH therapy in 20 pediatric patients 
with idiopathic GHD (IGHD), but with normal thyroid 
function, and six pediatric patients with multiple pituitary 
hormone deficiencies (MPHD); four patients had central 
hypothyroidism and received levothyroxine (L-T4) 
replacement therapy. The results revealed that during the 
therapy, the levels of FT4 in both groups fell significantly 
(P<0.01), and the levels of FT4 in four pediatric patients 
with MPHD dropped to the level of hypothyroidism. 
However, there was no statistical significance in the changes 
in TSH level. Zheng (9) investigated the changes in thyroid 
function in 72 pediatric patients with GHD, who were 
treated with rhGH for six months in 2016. The average age 
of the patients was 10.3±2.4 years old. The results showed 
that the TSH and FT4 levels of the patients had fallen 
slightly after three months of treatment. After six months of 
therapy, the two levels showed no significant changes when 
compared with those at baseline, and these above changes 
were not statistically significant.

In the present study, pediatric patients with GHD 
were divided into two groups, according to their puberty 
development stage at baseline: a pre-puberty group and 
a puberty group. The thyroid functions of the patients in 
these two groups were within the normal range at baseline. 

Table 3 The changes in TSH and FT4 levels in pediatric patients 
with GHD at baseline, and during the course of rhGH replacement 
therapy, between the puberty group and pre-puberty group

Items Pre-puberty group Puberty group

Baseline

Cases 44 11

TSH (mIU/L) 1.91±0.62 1.63±0.54

FT4 (ng/dL) 1.21±0.14 1.24±0.14

After 6-month treatment

Cases 44 11

TSH (mIU/L) 2.47±1.00** 1.96±0.78

FT4 (ng/dL) 1.19±0.19 1.23±0.12

After 12-month treatment

Cases 35 9

TSH (mIU/L) 2.15±0.76* 1.79±0.79

FT4 (ng/dL) 1.18±0.19 1.17±0.16*

After 18-month treatment

Cases 28 4

TSH (mIU/L) 2.42±0.72** 1.36±0.24

FT4 (ng/dL) 1.15±0.15 1.25±0.09

After 24-month treatment

Cases 13 3

TSH (mIU/L) 2.36±0.99* 1.99±0.45

FT4 (ng/dL) 1.13±0.17* 1.11±0.16

*compared after treatment with the baseline, there was 
statistical significance (P<0.05); ** compared after treatment 
with the baseline, there was significant difference (P<0.01).
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The TSH level of patients in the pre-puberty group was 
slightly higher than that of patients in the puberty group 
(1.91±0.62 vs. 1.63±0.54 mIU/L), and the FT4 level of 
patients in the puberty group was slightly higher than 
that of patients in the pre-puberty group (1.24±0.14 vs.  
1.21±0.14 ng/dL). However, these differences were not 
statistically significant (P=0.178 and P=0.465, respectively). 

The above results were not consistent with those 
reported in the relevant literature. This was considered to 
be related to the differences in study subjects, the number of 
patients, and the individual differences of the patients. Wu 
et al. (10) divided pediatric patients with short stature into 
two groups, according to their puberty status: a developed 
group and an undeveloped group. There were 104 pediatric 
patients in each group, 61 males and 43 females. Their 
results showed the level of FT3 in the developed group 
was significantly higher than in the undeveloped group, 
and the difference was statistically significant. The level of 
FT4 of the developed group was slightly lower than that of 
the undeveloped group, and the level of TSH of the male 
patients in the developed group was slightly lower than that 
of male patients in the undeveloped group, but there was 
no significant difference in the level of FT4 and TSH in 
female patients. In a study conducted by Marwaha et al. (11), 
the thyroid hormone levels of 1,021 boys (5–18 years old) 
and 1,113 girls (5–19 years old) in India were compared, 
according to gender and the stage of development. The 
results revealed that the level of FT3 rose with puberty, and 
this remained unchanged or slightly decreased after Tanner 
stage III, while the level of FT4 fell with puberty, and 
remained relatively stable from Tanner stage III onwards. 
The TSH levels in boys dropped at puberty, but remained 
basically unchanged in girls.

Changes in thyroid hormone levels during the treatment 
of IGHD were also observed in the puberty group and pre-
puberty group in the present study. Our results indicated 
that the level of TSH in these two groups had significantly 
increased (P=0.000) at six months after the beginning 
of rhGH therapy, and remained higher at 12, 18 and  
24 months (P=0.047, P=0.002 and P=0.036, respectively) of 
therapy, when compared to the level at baseline. The level 
of FT4 continuously fell during the course of therapy, when 
compared to the level at baseline, and this was statistically 
significant after 24 months of treatment (P=0.046). The 
level of FT4 in the puberty group was significantly lower 
than that at baseline only at the 12th month of therapy 
(P=0.044), but there was no significant change in the levels 

of FT4 and TSH at the remaining observation time points 
of the therapy. 

In 2005, Seminara et al. (12) conducted a 24-month 
follow-up study of rhGH therapy in 19 pre-puberty pediatric 
patients with IGHD. Their results showed that after  
12 months of rhGH treatment, the level of FT4 had slightly 
decreased, but it had significantly increased after 24 months 
of therapy. However, the level of TSH did not significantly 
change during the treatment. In 2018, Witkowska-Sędek E 
et al. (13) investigated the changes in thyroid function in 117 
pediatric patients with IGHD during 1–4 years of rhGH 
therapy. The average age of the patients was 9.8±3.5 years 
old. They were grouped according to their pre-treatment 
puberty status. The results showed significant changes in 
TSH and FT4 levels in pre-puberty pediatric patients after 
rhGH therapy. When compared to pre-treatment, the 
TSH level had slightly increased after six months of rhGH 
therapy, but the difference was not statistically significant. 
The TSH level had significantly increased (P<0.01) after 
one year of treatment, but the TSH level had no significant 
change after another year of treatment. The level of 
FT4 had significantly decreased at six months of rhGH 
therapy (P<0.01), and remained lower than that before the 
treatment at one year (P<0.01) and two years of therapy 
(P<0.01). However, there was no significant change in the 
TSH and FT4 levels of the puberty pediatric patients when 
compared to the levels before treatment.

At present, there are differences in experimental and 
clinical research results regarding the effects of rhGH 
therapy on thyroid function in pediatric patients with GHD. 
This is likely to be due to the differences in the diagnostic 
criteria of GHD, the inclusion and exclusion criteria, the 
duration of GH therapy, the dose of the GH therapy, and 
the hormone measurement methods and research designs 
of different studies. Some studies have reported that rhGH 
therapy can significantly reduce the concentration of TT4 
and FT4 (14-17) and significantly increase the level of 
triiodothyronine (T3) (14-16). Furthermore, some studies 
have indicated no significant changes in thyroid hormone 
concentration during the rhGH therapy (18). In addition, 
the concentration of TSH during the course of therapy 
might not change (7,8,12,15), or it may decrease (19). 
According to the related literature, the possible causes of the 
changes in thyroid function in pediatric patients with GHD 
during rhGH therapy might be the following: (I) at the 
peripheral level, GH mediates the increased extrathyroid 
transformation of T4 to T3. This is supported by research 
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results that have revealed that during rhGH therapy, the 
level of anti-T3 decreases and/or the T3/T4 ratio increases 

(19-24). The monoiodization (activation pathway) of T4 to 
T3 is co-catalyzed by deiodinase type 1 (D1) and deiodinase 
type 2 (D2), while the inactivation pathway of T4 to RT3 
is mediated by deiodinase type 3 (D3). The human GH 
receptor is expressed in many organs and tissues, and one 
or more deiodinases are mainly expressed in the following 
organs or tissues: D1 in the liver and kidneys; D2 in the bone 
and muscle; and, D1, D2 and D3 in the brain. For untreated 
pediatric patients with GHD, the transformation of T4 to 
T3 decreases, while RT3 increases (7). This suggests that 
endogenous GH plays a physiological role in the peripheral 
metabolism of thyroid hormones. However, the activation 
pathway controlled by GH in the human body remains to 
be confirmed; (II) at the central level, due to the increase in 
peripheral deiodination from T4 to T3 (20-22,24-26), the 
secretion of somatostatin increases, or the release of TSH is 
inhibited through the negative feedback mechanism of T3 
in the thyroid gland (3,27); (III) in addition to the deficiency 
in GH, central hypothyroidism also occurs in pediatric 
patients with MPHD; and, (IV) there are signs of latent 
hypothyroidism of the hypothalamus in pediatric patients 
before treatment (28).

Conclusions

GH replacement therapy may affect the metabolism 
of thyroid hormones in pediatric patients with GHD. 
Meanwhile, compared with puberty IGHD pediatric 
patients, pre-puberty pediatric patients may be more likely 
to exhibit changes in thyroid hormone levels during rhGH 
therapy. Furthermore, it is necessary to regularly monitor 
the changes in thyroid function during the course of rhGH 
therapy, in order to identify and correct any abnormal 
thyroid function in the early stages and maximize the effect 
of the clinical treatment.
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