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Objective: Evaluate GH status in CO-GHD subjects after completion of linear growth, and report the auxological outcomes
of rhGH treatment.

Material and Method: Twenty-four CO-GHD subjects (14 with IGHD and 10 with MPHD), treated with rhGH for a period
of 6.6x3.1 years were re-evaluated for their capacity of GH secretion by performing insulin tolerance test (ITT). Ht SDS at
final height was compared with Ht SDS at the start of the treatment and MPH SDS.

Results: Thirty-eight percent (9 in 24) of CO-GHD subjects had normal GH secretion on retesting. All subjects were
diagnosed as isolated GHD during childhood. In contrast, all MPHD subjects during childhood period had GH
insufficiency on retesting. GH insufficient subjects had higher total cholesterol level than those with GH sufficiency (214£51
vs. 174£36 mg/mL, p = 0.03). rhGH treatment significantly increased Ht SDS of -2.0x1.1 at the start of the treatment to
-0.6%1.3 at the end of the treatment (p<0.01) and -0.8%1.2 at GH retesting (p<0.01).

Conclusion: GH retesting is recommended in subjects with IGHD during the childhood period. However, rhGH treatment
can enhance the final height in both GH sufficient and insufficient subjects on retesting.
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Recombinant human GH (rhGH) treatment
has been widely accepted to improve final adult height
in children with various growth disorders especially
in those with GHD. Diagnosis of childhood-onset
growth hormone deficiency (CO-GHD) depends on
auxological data and subnormal growth hormone (GH)
response during various GH provocative tests. Previous
studies have shown that a large number of patients
with CO-GHD progress to have normal GH secretion
on GH retesting when they reached their final adult
height; they probably needed no GH treatment(®. The
percentage of having normal GH secretion depends
on the cut-off level of the GH applied during the GH
provocative test in each study. During the transitional
period, which is usually a period from mid to late
adolescence until six to seven years after the
achievement of the final height, GH secretion is
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physiologically declining. However, once the diagnosis
of GHD is confirmed, replacement with GH may be
needed throughout the adult life. In the present study,
we aimed to describe the GH status and final height
outcome of GH treatment in CO-GHD subjects who
had been treated with thGH until they reached their
final adult height.

Material and Method

This retrospective study recruited all CO-
GHD subjects who were treated with thGH until they
reached their final height at the Endocrine Unit,
Department of Pediatrics, Chulalongkorn University,
Bangkok, Thailand. Clinical and auxological data of
all subjects at the start of the treatment and their final
heights were retrieved from medical record. CO-GHD
subjects were diagnosed by pediatric criteria of peak
GH that was lower than 10 ng/mL in two standard GH
provocative tests [insulin tolerance test (ITT) and
clonidine test]. Persisting GHD at the final height was
diagnosed according to the consensus statements on
the management of GH-treated adolescent in the
transition to adulthood by the cutoff point of 5 ng/mL
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during ITT®. The height was transformed to height
standard deviation score (Ht SDS), using the National
Growth Data of Thai Children. Mid parental height
(MPH) was calculated, using the formula of (father
height + mother height + 13)/2 for boys and (father
height + mother height - 13)/2 for girls. The final adult
height was determined when the height velocity was
less than 2 cm/year or the bone age was more than
14 in girls, and more than 17 in boys. Ht gain was a
difference between final HtSDS and Ht SDS at the start
of'the treatment. Serum GH, insulin-like growth factor
(IGF)-1, and IGF binding protein (IGFBP)-3 levels
were measured by the enzyme-linked immunosorbent
assay (ELISA), Immulite 1000, Siemens, USA. Intra
and interassay coefficient variations are 6% and 5.8%
for GH assay, 3.6% and 6.6% for IGF-I assay and 4.2%
and 8.6% for IGFBP-3 assay. Lipid profile was sent
to the Central Laboratory of King Chulalongkorn
Memorial Hospital. The results were presented as
mean * SD. T-test was used in this study and a statistical
significant was considered if p-value <0.05.

The present study had been approved by
the Ethic Committee, the Faculty of Medicine,
Chulalongkorn University. This study was performed
without any sources of fund.

Results

Twenty-four subjects (15 males, 9 females),
who were diagnosed as having CO-GHD at a mean
age of 8.942.9 years and had been treated with thGH
subcutaneous injection (25-30 pg/kg/day, 6 days/week)
for a mean period of 6.6+3.1 years, were recruited into
this study. GH retesting was evaluated in all subjects
after discontinuation rhGH treatment and reaching
their final adult height.

At time of start rhGH treatment

Fourteen subjects had isolated GH deficiency
(IGHD), and 10 had multiple pituitary hormone
deficiencies (MPHD). In the IGHD group, five had
idiopathic causes, two had small pituitary gland,
two had GHD after surgery for tumor removal, and
five had no MRI performed on. In the MPHD group,
five were due to post-surgical tumor removal, one was
due to post tuberculosis meningitis, two were due to
small pituitary gland with ectopic posterior pituitary
(EP), one was due to EP, and one had no imaging
performed. GHD was diagnosed by two GH provocative
tests (insulin tolerance test and clonidine test). Peak
GH during ITT was 2.7+2.6 ng/ml and during clonidine
test was 4.1+2.7 ng/mL (Fig. 1). Clinical and auxological
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data of these subjects are demonstrated in Table 1. A
mean age of GH discontinuation was 16.2+1.9 years
in male and 14.3+£0.9 years in female. After GH
discontinuation, all subjects were followed-up until
reaching their final adult height; then the GH status
was re-evaluated.

GH retesting

The capacity of GH secretion by GH retesting
was re-evaluated at the mean of 17.6+£2.9 years by
performing ITT. A mean peak GH at retesting was
8.4%12.3 ng/mL (Fig. 1). According to consensus
statements on the management of GH-treated
adolescents in the transition to adulthood, nine subjects
(38%) had normal GH secretion on retesting. Fifteen
of them (62%) remained GH insufficient. Among the
GH sufficient subjects, all were isolated CO-GHD. Ten
in 15 subjects (67%) who remained GH insufficient
were in MPHD at the childhood onset. Among
isolated CO-GHD children, five (36%) remained GH
insufficient, two were due to idiopathic causes, two
were due to post-surgical tumor removal, and one had
no MRI performed on. In addition, all subjects with
MPHD at CO-GHD remained GH insufficient on

GH provocative test
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Fig.1  Mean of peak GH during provocative test at

CO-GHD and at retesting.
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Table 1. Clinical and auxological data of isolated growth hormone deficiency (IGHD) and multiple pituitary hormone

deficiency (MPHD) subjects at the start of the treatment with recombinant human GH (rhGH)

Total (n = 24) IGHD (n = 14) MPHD (n = 10)
Sex (male:female) 15:9 9:5 6:4
Age at start thGH (year) (mean £ SD) 8.9+2.9 8.313.1 9.7£3.0
MRI pituitary 5 normal pit. MRI 5 post-op tumor removal
2 small pit. 2 small pit with EP
2 post-op tumor removal 1 EP
5 not performed 1 post TB meningitis
1 not performed
Ht SDS at start hGH (mean £ SD) -2.0£1.1 -2.1+1.1 -1.9£1.6
Body mass index (BMI) (kg/m?) (mean + SD) 17.6+4.8 17.1+4.1 18.3+5.1
MPH SDS (mean * SD) -0.1£0.9 -0.4+0.8 0.3£1.1
Peak GH (ITT) (ng/mL) (mean + SD) 2.7£2.7 3.612.6 0.9£1.0
Peak GH (clonidine) (ng/mL) (mean £ SD) 4.1£2.7 4.9£1.5 2.1£3.4

Ht SDS = height standard deviation score; MPH = mid parental height; ITT = insulin tolerance test; pit. = pituitary;

MRI = magnetic resonance imaging; EP = ectopic pituitary, TB = tuberculosis

Table 2. Clinical and auxological data in growth hormone (GH) sufficient and GH insufficient subjects on retesting

GH sufficient group GH insufficient group p-value
peak GH > 5 ng/ml (n =9) peak GH <5 ng/mL (n = 15)
Age at retesting (year) 17.0£1.4 18.1£3.2
CO-GHD
IGHD 9 (100%) 5(33%)
Normal pit MRI =3 Normal pit MRI =2
Small pit =2 Post-op tumor =2
Not performed = 4 Not performed = 1
MPHD 0 (0%) 10 (67%)
Post-op tumor =5
EP=1
Small pit with EP =2
Post TB meningitis = 1
Not performed = 1
Ht SDS at start thGH -2.0£1.0 -2.1+1.4 NS
Ht SDS at stop rhGH -0.7£0.8 -0.5+1.7 NS
Ht SDS at retesting -1.7£0.7 -0.5£1.6 NS
MPH SDS -0.4£0.9 0.0£1.0 NS
Ht gain SDS 1.0£0.7 1.5£1.3 0.04
Total cholesterol (mg/dL) 174£36 214+£51 0.03
Triglyceride (mg/dL) 79£18 132499 NS
HDL-cholesterol (mg/dL) 5949 60+14 NS
LDL-cholesterol (mg/dL) 113£30 136+45 NS
IGF-I (ng/mL) 349+175 182+186 0.025
IGFBP-3 (ng/mL) 5,555+631 4,342+1,830 NS

CO-GHD = childhood onset GHD; HDL = high-density lipoprotein; LDL = low-density lipoprotein; IGF-I = insulin-like

growth factor I; IGFBP-3 = IGF binding protein 3; NS = not significant
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Table 3. Ht SDS in IGHD (n = 14), MPHD (n = 10), and total (n = 24) at start, stop rhGH treatment and at retesting of
GH status
Ht SDS at start treatment Ht SDS at stop treatment Ht SDS at retesting MPH SDS
mean + SD mean = SD mean = SD mean = SD
Total -2.0£1.1 -0.6+1.3 (p<0.01) -0.8+1.2 (p<0.01) -0.1£0.9 (»p = 0.01)
IGHD -2.141.1 -0.8+1.0 (»p<0.01) -1.3£0.7 (p =0.04) -0.4£0.8 (p<0.01)
MPHD -1.9£1.6 -0.2+1.9 (p<0.01) 0.2+1.4 (p<0.01) 0.3£1.0 (p<0.01)

retesting (Table 2). Height gain was significantly
higher in GH insufficient subjects on retesting.
However, the subjects who remained GH insufficient
had significantly higher cholesterol level and lower
IGF level than those with normal retesting GH.

Outcome of rhGH on height (Table 3)

Treatment with thGH can significantly
improve HtSDS in both IGHD and MPHD subjects as
demonstrated in Table 3. In addition, BMI significantly
increased from 17.64+4.8 at diagnosis to 21.3 £3.4 at
the stop of the treatment (p<0.1) and 22.2 +4.5 kg/m?
on retesting (p<0.1).

Discussion

Benefits of thGH in terms of final adult
height have been wildly accepted. However, some of
them develop normal GH secretion upon reaching the
adult height. Many factors determine the percentage
of persisting GHD of CO-GHD in adult life such as
the presence of pituitary MRI abnormalities, the
severity of GHD, and the cutoff criteria applied in
various studies. A previous study by Maghnie et al®
suggests that subjects with CO-GHD due to congenital
hypothalamic-pituitary abnormalities do not require
further investigation of GH secretion but subjects with
isolated GHD due to normal or small pituitary gland
should receive GH reassessment. In addition, they
reported that more than three quarters of partial GHD
subjects and one quarter of the complete GHD subjects
had normal GH response on retesting. Using the
pediatric criteria, persisting GHD at final height varies
from 12 to 86%-¢®, ITT is considered a gold standard
of the diagnosis of GHD in adulthood. However, a
combined arginine/GH-releasing hormone test or
glucagon test may work as an alternative test if ITT is
contraindicated®. Our study demonstrates that 62% of
the subjects still have GHD after their final height
achievement if we use the cutoff point at 5 ng/mL
according to the consensus. The arbitrary cutoff point
to differentiate between GH sufficient and insufficient
subjects is still a subject of debate. Physiological
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secretion of GH declines after achievement of full adult
maturation. According to the consensus statements,
the cutoff GH level lower than 5 ug/L® during the
transition period and less than 3 ug/L® in adults is
suggestive of GHD diagnosis. However, a cutoff at
1 ug/L was suggested for diagnosis of GHD in
overweight/obese adult'?. In isolated CO-GHD
subjects who became GH sufficient at retesting, two
of them had small pituitary gland, three had normal
pituitary MRI, and four had no MRI performed on and
had no clinical and laboratory evidences of other
pituitary hormones deficiency. In the IGHD subjects,
60% (3 in 5) of subjects with normal pituitary MRI
and all subjects with small pituitary gland had normal
GH secretion on the retesting. A similar result was
demonstrated by Thomas et al who suggested that
isolated GHD children with normal or small pituitary
gland should have GH retesting®.

The number of pituitary hormone deficiency
may predict the outcome of persisting GHD in the
adulthood because MPHD subjects have a higher
proportion of persisting GHD than isolated GHD
subjects as found in our study. This shows that all
MPHD became GH insufficiency at the final height.
A previous study also reported that the severity of
GHD in adults is related to the number of additional
pituitary hormone deficiencies"?.

The syndrome of GHD in adults has already
been established>'¥. The etiology of GHD in adulthood
may be due to previous hypothalamo-pituitary diseases
occurring during either adulthood or childhood. A
significant number of CO GHD became having
normal GH secretion on retesting and this condition
was postulated as “transient GH deficiency”. Therefore,
some of them may not need GH replacement in their
adult life. Nevertheless, one with persisting GHD
during the adulthood may need a continuation of GH
replacement in order to correct metabolic disturbances,
which may occur"*'>, GHD in the adulthood affects
both the body composition and lipid metabolism.
Typically, they are likely to have lean body mass and
increased fat mass accumulating around the visceral
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tissues and the abdomen. Dyslipidemia leading to a
cardiovascular morbidity and mortality can be
demonstrated in this condition such as premature
atherosclerosis, hypertension, and abnormal cardiac
function. Elevated total cholesterol, low-density
lipoprotein cholesterol, and triglyceride with low HDL
cholesterol manifest in adults with GHD. GH treatment
has been reported to reverse all these abnormal lipid
profiles!*!®_ Our study demonstrated that a trend of
dyslipidemia predicting the risk of cardiovascular
morbidity could occur in persisting GHD in the
transition period.

The outcome of GH treatment, in terms of the
final adult height, was similar between GH sufficient
and insufficient groups on retesting. Although rhGH
has been reported in many studies including our study
to improve the final height in subjects with normal GH
status in retesting, no one can clearly explain why they
became normal GH status on retesting. A condition of
transient GH deficiency may reflect inappropriate low
level of sex hormones in the childhood period. A
previous study by Thomas et al® showed that although
HtSDS is small in the start of thGH treatment in
persisting GHD in adult height but the final adult height
was comparable between normal and persisting GHD
groups on retesting. Tauber et al” also demonstrated
that height gain was not different between those who
normalized their test and those who did not.

In conclusion, from the present study, 38%
of childhood-onset GHD became normal GH on
retesting during the transition period. Organic causes
of GHD and MPHD subjects had higher percentage of
persisting GHD in the adult life. All isolated CO-GHD
children are strongly recommended to have GH
retesting when reaching the final height. GH treatment
benefits the final adult height in both subjects with GH
sufficiency and those with GH insufficiency at retesting
and this has no impact on the effectiveness of GH
treatment at childhood-onset GHD. However, abnormal
lipid metabolism, which may predict a cardiovascular
morbidity, is demonstrated in persisting GHD. The
number of subjects in this study was so limited;
therefore, further study to recruit more subject may
clarify this.

What is already known on this topic?

The percentage of GHD children becoming
normal GH secretion after rhGH treatment and
reaching final adult height varies in previous studies
depending on the etiology and cut-off value of GH
provocative test. The number of pituitary hormone

546

deficiency and severity of GH deficiency may predict
outcome of persistent GH in adult period. However,
the consensus statement on the management of the
GH-treated adolescent in the transition to adult care
recommends to use the Cutoff GH level lower than
5 ug/L for diagnosing of GHD.

What this study adds?

The findings in our study suggested that 38%
of CO-GHD became normal GH secretion on retesting
which was similar to other previous studies. To avoid
unnecessary GH treatment in adult life, GH retesting
should be performed in all isolated CO-GHD when
reaching final adult height.
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