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Abstract It remains elusive what factors induce growth
without growth hormone (GWGH) in children after neuro-
surgery of brain tumors. Growth velocity and endocrino-
logical data were compared between the patients with and
without GWGH. We experienced three patients with GWGH
(median, 12 years; 2 germinoma and 1 craniopharyngioma;
three females; group 1) and 11 patients without (12 years; 8
craniopharyngioma, 2 germinoma and 1 medulloblastoma; 7
males; group 2) after neurosurgery. All patients in group 2
received GH replacement therapy. Growth velocity and
endocrinological data were compared. Median height
velocity was normal in group 1 (5.5 cm/year), but low in
group 2 (2.2 cm/year), which improved after GH replace-
ment therapy (7.0 cm/year). Median serum insulin level was
increased in group 1 (87.0 pU/ml, P < 0.05) compared with
normal level in group 2 (10.0 pU/ml). Despite hyperinsuli-
nemia, serum glucose level was normal in group 1. Three of 5
with hyperinsulinemia and 2 of 9 without were obese or
overweight, but the difference was not significant. Current
body mass index and serum levels of IGF-1, IGFBP-3, leptin,
and prolactin were similar between groups. Serum estradiol
was prepuberty level in group 1. Hyperinsulinemia may
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induce GWGH in children with brain tumors after
neurosurgery.
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Introduction

Although growth hormone (GH) deficiency induces short
stature, some patients after neurosurgery of brain tumors,
including craniopharyngioma [1-6] or teratoma [7], show
normal height velocity despite GH deficiency. This has been
recognized as “growth without GH (GWGH)” [8]. However,
its cause remains elusive. High serum levels of insulin,
leptin, or prolactin were found in patients with GWGH after
neurosurgery [1-3]. However, there is only one study in
which hormonal factors were compared between patients
with and without GWGH after neurosurgery of craniopha-
ryngioma [1]. In addition, little is known about what factors
affect GWGH in children with neurosurgery of germinoma.
We determined what factors influence GWGH after neuro-
surgery of brain tumors, including germinoma.

Materials and methods

Between 1999 and 2010, we experienced three children
with GWGH (group 1) and 11 without after neurosurgery
(group 2). Patients in group 2 received GH therapy 1 year
after neurosurgery.

Height velocity and body mass index (BMI) were
measured. When patients reached adult height, height was
measured until the height velocity was <1 cm/year. Data
are expressed as the standard deviation (SD), based on the
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Japanese growth survey [9]. GWGH was defined as the
height velocity of >5 cm/year despite GH deficiency, and
obesity and overweight as the BMI of >30 or >25.

Hormonal measurements were performed more than two
years after the neurosurgery to eliminate the influence of
neurosurgery by itself on insulin secretion [2]. Blood
samples were taken 3 h or more after breakfast. Serum
glucose was measured by the standard laboratory method.
GH, IGF-1, IGFBP-3, leptin, and cortisol were measured
by radioimmunoassay, insulin, ACTH, prolactin, LH, and
FSH using chemiluminescent enzyme immunoassay, and
TSH, free T3, free T4, estradiol, and testosterone by
electrochemiluminescence immunoassay. Informed con-
sent was obtained from all parents of each patient.

Statistical analysis

Data are expressed as median (range). Comparisons of the
data between the groups were made using the Mann—
Whitney U-test and Fisher’s exact test. A P value less than
0.05 was considered significant.

Results

Table 1 shows demographic and clinical characteristic
data. Median follow-up period was 6.8 years. The height
velocity was normal in group 1 (median, 5.5 cm/year). The
growth rate at first and last post-operative years was 5.9
and 3.6 cm/year in case 1, 10.4 and 4.2 cm/year in case 2,
and 4.6 and 6.2 cm/year in case 3, respectively. Case 1
reached the expected final height although she has still
being growing. The height velocity was lower in group 2
before GH therapy (median, 2.2 cm/year, P < 0.05) than
that in group 1, which improved with GH therapy (median,
7.0 cm/year). Cases 9 and 12 had the normal growth rate
during 2-3 years postoperatively, but their growth rate
decelerated thereafter, requiring GH therapy. Two patients
in group 1 were obese or overweight. One and 2 patients in
group 2 were obese and overweight, respectively.

Serum insulin level was increased in group 1, but nor-
mal in group 2 (Table 1). Despite hyperinsulinemia, serum
glucose level was normal in group 1. Three (60%) of 5
patients with hyperinsulinemia (3 in group 1 and 2 in group
2) and 2 (22%) of 9 patients without showed obesity or
overweight. However, the difference was not significant.

Serum IGF-1 level was decreased in all of group 1 and 7
of 9 patients in group 2. Serum IGFBP-3 level was
decreased in all of group 1 and 2 of 5 patients studied in
group 2. However, there was no difference between the
groups in serum levels of IGF-1 and IGFBP-3. No differ-
ence was found between the groups in serum levels of
leptin and prolactin. When data for serum leptin level were

compared between the patients with obesity or overweight
(median, 16.0 ng/ml, range 2.1-63.0 ng/ml) and those
without (median, 9.95 ng/ml, range 2.4-22.3 ng/ml), there
was no difference between the groups. Serum estradiol was
prepuberty level in all patients except two patients in group
2. Serum testosterone was puberty level in three patients of
group 2.

Serum levels of TSH, free T3, free T4, and cortisol were
normal in all patients (data not shown). There was no dif-
ference between the groups in serum levels of ACTH
(median, 0 pg/ml in group 1, versus 1.85 pg/ml in group 2;
normal value; 5.7-33.3 pg/ml), LH (median, 0.07 mIU/ml in
group 1, versus 0.05 mIU/ml in group 2; normal value; male:
0.506-2.455 mIU/ml, female: 0.159-44.42 mIU/ml), and
FSH (median, 0.06 mIU/ml in group 1, versus 0.20 mIU/ml
in group 2; normal value; male: 1.226-10.49 mIU/ml,
female: 1.153—-11.70 mIU/ml).

Discussion

Our study shows that hyperinsulinemia is highly associated
with patients with GWGH compared with those without,
suggesting that hyperinsulinemia may promote GWGH
after neurosurgery of germinoma or craniopharyngioma. In
support of our finding, hyperinsulinemina was found in
GWGH patients after neurosurgery of craniopharyngioma
[1-3, 5] and teratoma [7]. Craniopharyngioma itself and
neurosurgery resulted in the increase of insulin secretion in
patients with GWGH [2]. Although most of our patients
with craniopharyngioma had no hyperinsulinemia, some
patients with normal growth rate for few years postopera-
tively had normal or slightly increased serum insulin level.
These data further support that hyperinsulinemia promote
growth rate. The growth rate gradually decelerated in two
patients with GWGH as previously described [1, 3].
Because of their prepuberty, further follow-up is necessary
to determine whether they reach the expected final height.

The mechanism by which insulin stimulates height
velocity remains elusive. Because insulin receptors have
high homology with IGF-1 receptors, insulin can bind to
IGF-1 receptors although the affinity is less [8], resulting in
accelerated bone growth [10]. Thus, insulin may enhance
bone growth through its binding to receptors of both insulin
and IGF-1 in patients with GWGH. IGF-1 and IGFBP-3
can promote bone growth [8, 10]. Production of IGF-1 is
stimulated by GH, and serum IGFBP-3 level is regulated
by IGF-I and GH [10]. A decrease in serum levels of IGF-1
and IGFBP-3 in both our patients with GWGH and those
without may be attributed to GH deficiency. However, we
found no difference between the groups in serum levels of
IGF-1 and IGFBP-3. Taken together, our data suggest that
GWGH may be dependent on insulin, whereas GH, IGF-1,
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and IGFBP-3 by themselves may play a minor role for
GWGH.

Prolactin and leptin regulate growth and bone formation,
and estradiol induces growth spurt of puberty [8]. How-
ever, there was no difference in serum levels of these
factors between our patients with GWGH and those with-
out, suggesting that prolactin, leptin, or estradiol may play
a minor role for GWGH.

Increased serum levels of insulin and leptin were highly
associated with obesity in patients with germinoma after
neurosurgery [1, 2]. However, we found no difference in
the frequency of hyperinsulinemia between our patients
with obese or overweight and those without. High serum
leptin level was found in only one of our obese patient with
GWGH. These data may suggest a minor role of insulin
and leptin for the development of obesity in patients with
GWGH.

In summary, our study shows that hyperinsulinemia
rather than other hormonal factors may promote GWGH in
children with neurosurgery.
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