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Abstract
Purpose  Few studies have focused on thyroid function in children with isolated pituitary hypoplasia (IPH). The purpose of 
this study was to investigate thyroid function in children with short stature accompanied by IPH and evaluate the values of 
thyroid function for the diagnosis of IPH.
Methods  This was a retrospective observational study. A total of 100 children with short stature accompanied by IPH were 
enrolled. Among them, 68 children presenting with isolated growth hormone deficiency (IGHD) were chosen as the IPH 
group. Sixty-eight age-matched and sex-matched IGHD children without pituitary abnormalities were chosen as the con-
trol group. Clinical, hormonal, and imaging parameters were analyzed. The diagnostic value of thyroid function for IGHD 
children with IPH was evaluated.
Results  Children in the IPH group had significantly lower height standard deviation score (HSDS), HSDS-target height 
standard deviation score (THSDS), free thyroxine (FT4), insulin-like growth factor-1 standard deviation score (IGF-1SDS), 
and pituitary height than the control subjects (p = 0.027, p = 0.033, p < 0.001, p = 0.03, and p < 0.001, respectively). The 
value of the area under the curve (AUC) was 0.701 (95% CI 0.614–0.788, p < 0.001) when the cut-off value for FT4 
was ≤ 16.43 pmol/L and the sensitivity and specificity were 72.1 and 61.8%, respectively. FT4 levels were positively corre-
lated with FT3, GH peak, and IGF-1 SDS levels in all children with short stature accompanied by IPH (p < 0.001, p = 0.009, 
and p = 0.01, respectively).
Conclusion  IGHD children with IPH had lower FT4 levels than IGHD children without pituitary abnormalities. FT4 levels 
may have diagnostic value for IGHD children with IPH.
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Introduction

The causes of short stature are various. Further medical inves-
tigation should be considered when a patient’s height is two 
standard deviations (SD) below the mean height for age and 
sex (less than the 3rd percentile). The pituitary gland is impor-
tant in controlling growth and development and in regulat-
ing the functions of the other endocrine glands. Abnormal 
pituitary development is an important cause of short stature 
in children. Pituitary hypoplasia is defined as pituitary height 
greater than 2 SD below that of the age-matched and sex-
matched population [1]. Pituitary hypoplasia may present as 
isolated pituitary hypoplasia (IPH) or in association with other 
pituitary anomalies, such as pituitary stalk interruption syn-
drome (PSIS), this disorder being characterized by a classic 
triad of a very thin or absent pituitary stalk, anterior pituitary 
hypoplasia or aplasia, and an ectopic posterior pituitary. In 
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contrast, IPH shows only a morphogenetic defect and is not 
accompanied by the other morphologic abnormalities found 
in PSIS. The most frequent pituitary abnormality is IPH [2], 
which usually presents with isolated growth hormone defi-
ciency (IGHD). PSIS often presents with multiple pituitary 
hormone deficiency (MPHD). The incidence of IPH has been 
observed to be higher than that of PSIS among patients with 
growth hormone deficiency (GHD) accompanied by hypotha-
lamic-pituitary abnormalities [3]. However, IPH also affects 
thyroid function in addition to growth hormone (GH) levels 
[4]. Moreover, it was reported that 5.1% of patients with IGHD 
at baseline eventually developed MPHD during the course of 
follow-up [3].

Early diagnosis and appropriate treatment are impor-
tant for children with IPH, with magnetic resonance imag-
ing (MRI) often proving to be a useful diagnostic tool for 
detecting abnormalities of hypothalamic-pituitary struc-
tures. However, MRI scans are not always effective in IGHD 
children for several reasons. First, pituitary shape and size 
vary among normal subjects of identical age and gender 
and even in the same subject at different stages [5]. Thus, 
it is difficult to distinguish between IPH and a pituitary 
with delayed development using MRI. Second, in IGHD 
children with growth hormone-releasing hormone receptor 
(GHRHR) mutations, pituitary MRI is generally normal at 
a young age [6], the height of the anterior pituitary tending 
to increase during puberty [7]. The size of the anterior pitui-
tary in patients with gene mutations usually evolves over 
time. Third, MRI scans are reviewed by different radiolo-
gists, which may lead to inconsistent results, while IPH may 
be neglected by radiologists [8]. It is therefore important 
to find indicators that can be combined with MRI for the 
diagnosis of IPH.

Most studies that have examined the GH-insulin-like 
growth factor 1 (IGF-1) axis in GHD children with pitui-
tary hypoplasia showed that GH secretion is closely related 
to pituitary height [1, 8]. There are many studies in children 
with complex pituitary hypoplasia such as PSIS [4, 9]. How-
ever, 63% of IPH patients showed normal GH levels [1]. Few 
studies have focused on the hypothalamic-pituitary-thyroid 
(HPT) axis and on the significance of thyroid function in 
children with IPH. Therefore, the purpose of this study was 
to investigate thyroid function in children with short stature 
accompanied by IPH and to evaluate the value of thyroid 
function for the diagnosis of IPH.

Materials and methods

Study subjects

This was a retrospective observational study. The study 
included children with short stature accompanied by IPH 

and was conducted from 2014 to 2018 in our Department 
of Pediatric Endocrinology, Linyi People’s Hospital, Linyi, 
Shandong Province, China. A total of 100 children who ful-
filled the following criteria were enrolled: height less than 
the 3rd percentile and pituitary height less than − 2 SD com-
pared to the age-matched and sex-matched population [10]. 
Patients with autoimmune thyroid disease and other sys-
temic illnesses and endocrinological diseases were excluded. 
No patient had received any thyroid hormone replacement 
therapy. Among children with short stature accompanied by 
IPH, 68 children presented with IGHD (39 boys and 29 girls; 
mean age, 6.30 ± 3.83 years) and 15 children presented with 
MPHD (10 boys and 5 girls; mean age, 6.92 ± 5.76 years), 
while 17 children showed no pituitary hormone deficiencies 
(12 boys and 5 girls; mean age, 4.85 ± 3.19 years). Most of 
the children with short stature accompanied by IPH pre-
sented with IGHD and were chosen as the IPH group. Sixty-
eight age-matched and sex-matched IGHD children with-
out pituitary abnormalities (42 boys and 26 girls; mean age, 
6.96 ± 3.18 years) were enrolled as controls (control group).

Study protocol

The following parameters were collected at baseline: birth 
history, chronological age (CA), height, height standard 
deviation score (HSDS), parental heights, target height 
standard deviation score (THSDS), HSDS-THSDS, weight, 
body mass index (BMI), BMI standard deviation score 
(BMISDS), free triiodothyronine (FT3), free thyroxine 
(FT4), thyrotropin (TSH), IGF-1, IGF-1 standard deviation 
score (IGF-1SDS), GH peak, bone age (BA), BA-CA, and 
pituitary height. Clinical, hormonal, and imaging param-
eters were compared between the IPH group and the control 
group. The diagnostic value of thyroid function for IGHD 
children with IPH was evaluated. The correlations between 
thyroid hormones and other parameters in all children with 
short stature accompanied by IPH were analyzed.

Levothyroxine sodium treatment was added when the 
FT4 level was below the lowest third of the normal range 
(≤ 15.2 pmol/L) at baseline and during follow-up. Thyroid 
function was reassessed every 3 months after recombinant 
human GH (rhGH) therapy. The following data of children 
in the two groups who underwent rhGH treatment and were 
followed up for 1 year were recorded: first-year height 
velocity, first-year HSDS gain, and the number of children 
without thyroxine therapy whose FT4 level was more than 
15.2 pmol/L. The study was approved by the Ethics Commit-
tee of the Linyi People’s Hospital. All participants’ parents 
gave informed written consent.
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Methods

Height and weight were measured to the nearest 0.1 cm 
and 0.1 kg, respectively, with the subject dressed only in 
light underwear without shoes. Target height was calculated 
using the following equation: target height = [father’s height 
(cm) + mother’s height (cm) + 13  cm (boys) or − 13  cm 
(girls)]/2. BMI was calculated as weight in kilograms 
divided by height in meters squared. HSDS, THSDS, and 
BMISDS were calculated based on Chinese standards [11].

Serum FT3, FT4, and TSH levels were measured with an 
automated chemiluminescent immunoassay system (Advia 
Centaur, Siemens, Healthcare Diagnostics, USA). Refer-
ence ranges were 3.5–6.5 pmol/L for FT3, 11.5–22.7 pmol/L 
for FT4, and 0.35–5.5 mIU/L for TSH. The sensitivity of 
FT3, FT4, and TSH was 0.3 pmol/L, 1.3 pmol/L, and 0.001 
mIU/L, respectively. The intra-assay and inter-assay coeffi-
cients of variation were less than 3.0 and 4.0%, respectively. 
Serum IGF-1 level was measured by chemiluminescence 
assay (IMMULITE 2000, Siemens, Healthcare Diagnos-
tics, USA). Sensitivity was 20 ng/mL. The intra-assay and 
inter-assay coefficients of variation were less than 4.0 and 
4.0%, respectively. IGF-1 SDS was calculated according to 
a matched normal population of the same age and gender to 
minimize the confounding effects of age and sex [12]. Serum 
GH level was measured using chemiluminescence assay 
(Cobas E170, Roche Diagnostics, Germany). The sensitiv-
ity of GH was 0.1 ng/mL. The intra-assay and inter-assay 
CVs for the assays were < 4.0 and < 5.0%, respectively. GH 
secretion was determined at 0, 30, 60, 90, 120, and 150 min 
after two stimulation tests (arginine test and levodopa test). 
GH peak > 10 ng/mL should be considered normal.

BA was determined by radiograph of the left hand and 
wrist according to the method of Greulich and Pyle. BA-CA 
was calculated. Pituitary MRI was performed using a 3.0-T 
scanner (Siemens, Erlangen, Germany) in the sagittal and 
coronal planes on T1-weighted and T2-weighted imaging 
with 3-mm slice thickness. The height of the pituitary gland 
was recorded.

Statistical analysis

Normality of variable data was assessed using the Kolmogo-
rov–Smirnov test. All measurement data were normally dis-
tributed. Normally distributed variables were expressed as 
the mean ± standard deviation (mean ± SD). Two independ-
ent-sample t tests were used to compare differences between 
the IPH group and the control group. Categorical variables 
were compared using the chi-square test. A receiver oper-
ating characteristic (ROC) curve was constructed and the 
area under the curve (AUC) was calculated to predict the 
presence of IPH. Pearson’s correlations were used for para-
metric variables. Paired data before and after treatment were 

analyzed with parametric tests (paired t tests). Data analy-
sis was performed using the standard computer software 
SPSS version 19.0 (SPSS Inc. Chicago, USA). A two-tailed 
p-value < 0.05 was considered statistically significant.

Results

Gestational age, modes of delivery, and small for gestational 
age (SGA) data were recorded. In the IPH group and the 
control group, the proportion of full-term age was 97.1 and 
95.6%, and preterm age was 2.9 and 4.4%, respectively; 
the proportion of vaginal delivery was 54.4 and 58.8%; 
cesarean section delivery was 44.1 and 39.7%; emergency 
delivery was 1.5 and 0%; breech delivery was 0 and 1.5%, 
respectively; and the proportion of SGA was 11.8 and 8.8%, 
respectively. There were no significant differences in the 
proportion of gestational age, modes of delivery, and SGA 
between the two groups (all p > 0.05). In all children with 
short stature accompanied by IPH (61 boys and 39 girls; 
mean age, 6.14 ± 4.08 years), the proportion of full-term 
age was 95.0%, preterm age was 5.0%, vaginal delivery was 
55.0%, cesarean section delivery was 43%, emergency deliv-
ery was 1.0%, footling breech delivery was 1.0%, and SGA 
was 16.2%.

In the IPH group, the patients had significantly 
lower HSDS, HSDS-THSDS, FT4, IGF-1SDS, and 
pituitary height than the control subjects (p = 0.027, 
p = 0.033, p < 0.001, p = 0.03, and p < 0.001, respec-
tively). There were no significant differences in sex, 
age, BA, BA-CA, THSDS, BMISDS, FT3, TSH, and 
GH peak between the IPH group and the control group 
(all p > 0.05) (Table 1). In all children with short stature 
accompanied by IPH, the mean HSDS was − 2.72 ± 1.07, 
mean THSDS was − 0.51 ± 0.76, mean HSDS-THSDS 
was − 2.21 ± 1.22, mean BMISDS was − 0.28 ± 1.29, mean 
BA 4.74 ± 3.60 years, mean BA-CA was − 1.41 ± 1.68 year, 
mean FT3 level was 5.98 ± 1.09 pmol/L, mean FT4 level 
was 15.59 ± 3.49 pmol/L, mean TSH level was 3.07 ± 1.43 
mIU/L, mean GH peak level was 6.66 ± 5.47 μg/L, and mean 
IGF-1SDS was − 1.46 ± 2.06. At baseline, FT4 levels below 
the lowest third of the normal range were found in 38 chil-
dren with short stature accompanied by IPH (38.0%). The 
relations between all parameters were analyzed. FT4 levels 
were positively correlated with FT3, GH peak, and IGF-
1SDS levels (p < 0.001, p = 0.009, and p = 0.01, respectively) 
(Fig. 1).

ROC curves were used to evaluate FT4 and IGF-1SDS for 
the identification of IPH. The AUC indicated the clinical use-
fulness of FT4 and IGF-1SDS diagnostic power. The value 
of the AUC was 0.701 (95% CI 0.614–0.788, p < 0.001), 
when the cut-off value for FT4 was ≤ 16.43 pmol/L and the 
sensitivity and specificity were 72.1 and 61.8%, respectively 
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(Fig. 2). The value of the AUC for IGF-1SDS was 0.583 
(95% CI 0.487–0.679, p = 0.096).

In the IPH group, 10 children did not receive rhGH ther-
apy and 10 children were lost to follow-up. Forty-eight chil-
dren completed the first-year follow-up. In the control group, 
there were 17 children who did not receive rhGH therapy and 
six children who were lost to follow-up. Forty-five children 
completed the first-year follow-up. At baseline, the num-
ber of FT4 levels ≤ 15.2 pmol/L in the IPH group (n = 19) 
was higher than that in the control group (n = 8) (p = 0.021). 
After 3 months, 6 months, 9 months, and 12 months of rhGH 
therapy, the number of children without thyroxine therapy 

whose FT4 > 15.2 pmol/L in the IPH group was lower than 
that in the control group (p = 0.021, p = 0.011, p = 0.002, 
and p = 0.009, respectively). There were two children (4.2%) 
who developed secondary hypothyroidism in the IPH group 
during the first-year rhGH therapy. Central hypothyroidism 
was not found in the control group. First-year height velocity 
and first-year HSDS gain showed no significant difference 
between the two groups (both p > 0.05) (Table 2).

Discussion

In this study, we investigated clinical, hormonal, and imag-
ing parameters in the IPH group and the control group, 
evaluated the diagnostic value of FT4 for the identification 
of IGHD children with IPH, and analyzed the correlations 
between FT4 level and other parameters in 100 children with 
short stature accompanied by IPH. We found that IGHD 
children with IPH exhibited a lower level of FT4 than IGHD 
children without pituitary abnormalities. The cut-off value 
of FT4 level for the diagnosis of IPH was no more than 
16.43 pmol/L. Sensitivity and specificity were 72.1 and 
61.8%, respectively. Serum FT4 levels were positively cor-
related with serum GH peak and IGF-1 levels.

In a prior study, no apparent differences in breech presen-
tation, cesarean section, or birth weight SDS were reported 
between GHD children with IPH and without pituitary 
abnormalities, although the author did not provide statisti-
cal data [13]. Our data also demonstrated that there was no 
significant difference in birth history between the IPH group 
and the control group. Molecular defects in genes may shed 
light on the pathogenesis of IPH [14].

Deal et al. reported that patients with IPH had lower lev-
els of baseline HSDS, HSDS-THSDS, IGF-1SDS, and GH 
peaks than patients with idiopathic GHD [3]. Our findings 
are consistent with those of their study, with the exception 
of the peak value of GH. There was no difference in the peak 
value of GH between the IPH group and the control group. 
This may be due to inherent differences in subjects. In their 
study, 24.4% of patients with IPH had MPHD. However, 

Table 1   Comparison of IGHD children with IPH and without pitui-
tary abnormalities

Data are presented as mean ± standard deviation. The comparisons 
were performed using two independent-sample t tests and the chi-
square test. *P < 0.05 is considered statistically significant
IPH isolated pituitary hypoplasia; CA chronological age; BA bone 
age; HSDS height standard deviation score; THSDS target height 
standard deviation score; BMI SDS body mass index standard devia-
tion score; FT3 free triiodothyronine; FT4 free thyroxine; TSH thy-
rotropin; GH peak growth hormone peak; IGF-1 SDS insulin-like 
growth factor-1 standard deviation score

Parameters IPH group
N = 68

Control group
N = 68

P

Male/female 39/29 42/26 0.485
CA (yr) 6.30 ± 3.83 6.96 ± 3.18 0.274
BA (yr) 5.04 ± 3.53 5.85 ± 2.90 0.145
BA-CA (yr)  − 1.26 ± 1.43  − 1.11 ± 1.18 0.514
HSDS  − 2.54 ± 0.95  − 2.25 ± 0.49 0.027*
THSDS  − 0.48 ± 0.78  − 0.54 ± 0.69- 0.606
HSDS-THSDS  − 2.06 ± 1.10  − 1.71 ± 0.81 0.033*
BMI SDS  − 0.17 ± 1.16  − 0.24 ± 1.04 0.705
FT3 (pmol/L) 6.19 ± 0.79 6.12 ± 0.77 0.365
FT4 (pmol/L) 16.31 ± 2.13 18.16 ± 2.53  < 0.001*
TSH (mIU/L) 3.24 ± 1.62 2.70 ± 1.61 0.051
GH peak (μg/L) 5.25 ± 2.32 5.77 ± 2.45 0.209
IGF-1 SDS  − 1.23 ± 1.54  − 0.74 ± 1.05 0.030*
Pituitary height (cm) 2.72 ± 0.56 4.15 ± 0.91  < 0.001*

Fig. 1   Correlations between 
FT4 level and GH peak and 
IGF-1 SDS levels. FT4 level 
was positively correlated with 
GH peak level (r = 0.258, 
p = 0.009) and IGF-1 SDS level 
(r = 0.255, p = 0.01), respec-
tively. FT4 free thyroxine, GH 
peak growth hormone peak, and 
IGF-1 SDS insulin-like growth 
factor 1 standard deviation score
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there was no child who had MPHD in our IPH group. Chil-
dren with MPHD have more severe GHD [15]. In addition, 
discrepancies between GH and IGF-1 secretion have been 
found in many studies. GH sensitivity is different in individ-
uals, and the results of GH provocation tests are not always 
consistent with GH secretion [16].

FT4 levels may be helpful in distinguishing congeni-
tal central hypothyroidism from mild congenital thyroidal 
hypothyroidism [17]. Structural hypothalamic-pituitary 
abnormalities could affect the function of the HPT axis, 
resulting in central hypothyroidism, which is characterized 

by insufficient TSH secretion and low levels of thyroid hor-
mones. In this case, FT4 concentrations are low, whereas 
TSH concentrations may be low, normal, or even slightly 
elevated. The FT4 level is more sensitive than the TSH level 
in the assessment of central hypothyroidism [18]. However, 
in most patients with central hypothyroidism, thyroid func-
tion may range from mild to moderately severe. FT4 levels 
may also be at a low-normal level in central hypothyroidism 
[19]. In our study, FT4 levels in the IPH group were lower 
than those in the control group within the normal range. 
It has been reported that central hypothyroidism should be 
taken into account in patients with pituitary abnormalities 
when FT4 levels decrease by more than 20% along with low 
or normal TSH levels during follow-up [20]. In addition, 
low FT4 levels at initiation of rhGH therapy are a predic-
tor of the presence of structural pituitary abnormalities and 
the diagnosis of MPHD in children with IGHD [21]. Our 
results revealed an additional role of FT4, pointing strongly 
to the predictive value of FT4 for the early diagnosis of IPH. 
References for serum FT4 level at baseline and targets of 
serum FT4 level during rhGH therapy in IGHD children 
have not been defined [22], nor, importantly, those in IGHD 
children with IPH. The present study demonstrated that the 
cut-off value of FT4 ≤ 16.43 pmol/L was adequate for the 
early diagnosis of IPH, thus providing a preliminary refer-
ence for clinical practice.

Positive correlations were found between FT4 level and 
values of GH peak and IGF-1 in this study, our findings 
being consistent with those of previous reports [23]. Pitui-
tary hypoplasia can affect both the GH-IGF-1 axis and HPT 
axis, thereby interfering with GH and TSH secretion and 
resulting in decreased IGF-1 and FT4 levels [24]. Moreover, 
thyroid hormone can stimulate the expression of the IGF-1 
receptor, presenting with low IGF-1 levels in hypothyroid-
ism [25]. FT4 level was not correlated with pituitary height 
in our study. This is probably because thyrotropes are the 
least abundant cell type, amounting to approximately 5–8% 
of all the anterior pituitary cells, and are rarely completely 
depleted [26].

Fig. 2   ROC curve for FT4 level in predicting IPH. The value of the 
AUC was 0.701 (95% CI 0.614–0.788, p < 0.001) when the cut-off 
value for the FT4 was ≤ 16.43 pmol/L and the sensitivity and speci-
ficity were 72.1% and 61.8%, respectively. Abbreviations: ROC: 
receiver operating characteristic; AUC: area under the curve; FT4: 
free thyroxine; IPH: isolated pituitary hypoplasia

Table 2   Changes in FT4 level 
and height during the first year 
of rhGH therapy

The comparisons were performed using two independent-sample t tests and the chi-square test. *P < 0.05 is 
considered statistically significant
FT4 free thyroxine; rhGH recombinant human growth hormone; IPH isolated pituitary hypoplasia; SDS 
standard deviation score

Parameters IPH group
N = 48

Control group
N = 45

P

Patients without thyroxine therapy after 3 months (n) 29 37 0.021*
Patients without thyroxine therapy after 6 months (n) 24 34 0.011*
Patients without thyroxine therapy after 9 months (n) 19 32 0.002*
Patients without thyroxine therapy after 12 months (n) 18 29 0.009*
First-year height velocity (cm) 8.94 ± 1.85 8.52 ± 1.92 0.291
First-year height SDS gain 0.39 ± 0.46 0.55 ± 0.39 0.097
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Deal et al. also reported that the ratio of males to females 
was approximately 2:1 in patients with pituitary abnor-
malities, with 24.4% of patients exhibiting MPHD. In their 
study, the mean levels of HSDS were − 2.7 (− 3.5 to − 2.1), 
HSDS-THSDS was − 2.4 (− 3.3 to − 1.6), GH peak was 4.2 
(1.3 to 6.5), and IGF-1SDS was − 2.4 (− 4.5 to − 1.5). First-
year growth velocity was 8.5 (6.7 to 10.5) cm and first-year 
HSDS gain was 0.5 (0.2 to 0.9) [3]. In our study, the ratio 
of boys to girls with IPH was 61:39, similar to that of other 
reports [27]. The incidence of children with IPH who exhib-
ited MPHD was 15.0%, while it was 9.1% in another report 
[28]. Mean values of HSDS, HSDS-THSDS, GH peak, and 
IGF-1SDS in our study were slightly higher than those in 
the above studies, as our series included children with IPH 
who showed normal GH secretion. First-year growth veloc-
ity was 8.94 ± 1.85 cm, similarly to their result, while first-
year HSDS gain (0.39 ± 0.46) was slightly lower than that in 
their study, this possibly being due to higher height gain in 
children with MPHD than in children with IGHD [3].

rhGH therapy increases the conversion of T4 to T3, lead-
ing to hypothyroidism [29]. Growth hormone deficiency may 
mask central hypothyroidism. It was reported that 41% of 
patients tended to present with new deficiencies within the 
first year of rhGH treatment. The conversion time lasted up 
to 6 years (mean 2.1 ± 0.93 year). Central hypothyroidism 
was the most frequently recorded new deficiency (25.0%), 
followed by central hypogonadism (13.0%) and hypoadrenal-
ism (12.0%) [30]. In the present study, there were only two 
children (4.2%) with central hypothyroidism during the first 
year of rhGH therapy in the IPH group. One reason was that 
thyroxine was added when the FT4 level was below the low-
est third of the normal range during our follow-up. Another 
possible explanation was that our duration of follow-up was 
relatively short [31].

However, our study has some potential limitations. First, 
pituitary height may not fully reflect the degree of pituitary 
hypoplasia. The volume of the pituitary could not be meas-
ured in this study due to the limited equipment conditions. 
Second, the follow-up time was relatively short. Third, this 
was a retrospective study. Many patients did not receive 
rhGH therapy and were lost to follow-up.

Conclusion

In conclusion, our results showed that IGHD children with 
IPH had lower FT4 levels than IGHD children without pitui-
tary abnormalities. The cut-off value of FT4 ≤ 16.43 pmol/L 
was adequate for the early diagnosis of IPH. FT4 levels were 
positively correlated with GH peak and IGF-1 levels. It was 
thus determined that FT4 has predictive value for the early 
diagnosis of IPH. In future studies, larger prospective and 

well-controlled clinical trials are required to further confirm 
our current findings.
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