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Abstract

Objective: We assessed the characteristics of children initially diagnosed with idiopathic isolated GH deficiency (IGHD) who
later developed additional (multiple) pituitary hormone deficiencies (MPHD).

Design: Data were analyzed for 5805 pediatric patients with idiopathic IGHD, who were GH-naive at baseline and GH-treated
in the multinational, observational Genetics and Neuroendocrinology of Short Stature International Study.

Methods: Development of MPHD was assessed from investigator diagnoses, adverse events, and concomitant medications.
Analyses were performed for all patients and for those who developed MPHD within 4.5 years or had > 3.5 years, follow-up
and continued to have IGHD (4-year cohort).

Results: MPHD developed in 118/5805 (2.0%) children overall, and in 96/1757 (5.5%) in the 4-year cohort. Patients who
developed MPHD had more profound GHD, with decreased height SDS, IGF1 SDS and peak stimulated GH, and greater height
decrement vs target, compared with children who continued to have IGHD (P<0.001 for each variable). Delivery
complications, congenital anomalies, and perinatal/neonatal adverse events occurred more frequently in patients who
developed MPHD. The most frequent additional deficiency was TSH (82 patients overall); four patients developed two
pituitary hormone deficiencies and one developed three deficiencies. Multivariable logistic regression indicated that years of
follow-up (odds ratio 1.55), baseline age (1.17), baseline height SDS (0.69), and peak stimulated GH (0.64) were associated
with the development of MPHD.

Conclusions: MPHD is more likely to develop in patients with more severe idiopathic IGHD. Older baseline age, lower baseline
height SDS, and longer follow-up duration are associated with increased risk of development of MPHD.
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Introduction

Growth failure, with height significantly below normal for
age and gender, is the predominant reason for referring
children to a pediatric endocrinologist. To identify those
patients who have growth hormone deficiency (GHD),
appropriate endocrine tests are performed. Causes of GHD
include congenital lack of somatotrophs, due to pituitary

aplasia or hypoplasia, or loss/destruction of somatotrophs
resulting from hypothalamic—pituitary trauma, tumor,
surgery, or radiation. Children with hypopituitarism,
with multiple pituitary hormone deficiencies (MPHD),
have generally been found to have structural hypothala-
mic/pituitary abnormalities evident on magnetic
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resonance imaging (MRI) (1, 2, 3) or identifiable genetic
causes (3, 4, 5, 6, 7). However, many childhood cases of
GHD are still diagnosed as idiopathic, where the true
cause remains unknown, especially if the diagnostic work-
up does not extend beyond functional testing of GH
secretion.

A large proportion of childhood idiopathic GHD cases
continue to have isolated GHD (IGHD) as their sole
manifestation of hypothalamic-pituitary dysfunction,
regardless of etiology. However, some will later develop
other pituitary deficiencies (8), and patients with such
deficiencies may have serious or even fatal outcomes (9).
It is important, therefore, to know what proportion of
patients will subsequently develop MPHD, what specific
deficiencies and combination of deficiencies will develop,
the likely time course of the additional deficiencies, and
which factors are associated with an increased risk of
developing MPHD.

The multinational Genetics and Neuroendocrinology
of Short Stature International Study (GeNeSIS) was
designed to collect data on patients with short stature of
various etiologies. From this large database, information
on children initially diagnosed by the prescribing endo-
crinologist as having idiopathic IGHD was examined to
gain insight into characteristics of patients who were
subsequently diagnosed with MPHD. In addition, we
examined the time course and possible predictive factors
for patients who progressed to MPHD while being
followed in GeNeSIS. Such evaluations may guide
physicians monitoring children with idiopathic IGHD in
order to implement appropriate testing and therapy.

Subjects and methods
Patients

Patient data were obtained from GeNeSIS, a prospec-
tive, open-label, multinational, observational research
program (ClinicalTrials.gov, NCT01088412). The study
collects information on clinical management and treat-
ment outcomes of pediatric patients with growth
disorders, as documented by the clinician during routine
endocrine practice. Patients who are receiving or who will
start GH (Humatrope; Eli Lilly and Company) may enroll
in GeNeSIS and investigators are encouraged to continue
patients in the study regardless of changes in brand or
discontinuation of GH. Institutional review board
approval was obtained and all applicable regulatory
requirements in the participating countries were followed
for this post-marketing study, which is conducted
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GHD at study entry
GH-naive at baseline, GH-treated during study
n=8627

Idiopathic GHD Organic GHD
n=6172 n=2455
IGHD at baseline MPHD=Yes at MPHD=Unknown MPHD=Unknown
n=5805 baseline at baseline during follow-up
(Population A) n=255 n=26 n=86
4 year follow-up group* IGHD at baseline
n=1757
(Population B)
IGHD during MPHD during IGHD during MPHD during
follow-up follow-up follow-up follow-up
n=5687 n=118 n=1661 n=96
Figure 1

Study disposition showing numbers of pediatric patients
identified as having idiopathic isolated GH deficiency (IGHD)
and who developed multiple pituitary hormone deficiencies
(MPHD) during follow-up under GH treatment. *Population A
included all patients who were considered to have IGHD at
entry to the study; Population B included patients considered to
have IGHD at entry and who either developed MPHD within
4.5 years of follow-up or continued to have IGHD and had at
least 3.5 years of follow-up in the study.

according to the ethical principles of the Declaration of
Helsinki. Written consent for data collection, electronic
processing, and publication were obtained from parents or
guardians of enrolled patients, in accordance with national
requirements.

The growth disorder of patients in GeNeSIS may
be due to a number of etiologies, but for the purpose
of this analysis patients were only included if they
had idiopathic GHD and were GH treatment-naive at
study entry. GeNeSIS is an observational study, with no
specific tests or procedures required. Thus, all information,
including the diagnosis of GHD, deficiency of other
pituitary hormones, and requirements for MRI or other
tests, were as reported by the investigator. Patients with a
non-GHD cause of growth failure or with GHD due to an
organic cause were excluded from the analysis. Organic
GHD included congenital causes such as abnormal
pituitary-hypothalamic development (diagnosed by
MRI) or genetic defects, and GHD acquired as a result of
tumor, radiation, or surgery (Fig. 1). As shown in
Supplementary Table 1, see section on supplementary
data given at the end of this article, the countries with the
greatest numbers of patients with idiopathic IGHD
enrolled were the USA (1935 patients, 31.4%), Germany

www.eje-online.org

Downloaded from Bioscientifica.com at 03/25/2022 02:05:09AM
via free access


http://www.eje-online.org/cgi/content/full/EJE-13-0643/DC1
www.eje-online.org

European Journal of Endocrinology

(1055, 17.1%), and Japan (1039, 16.8%). Patients were
evaluated at baseline and at ~6-month intervals accor-
ding to the discretion of the investigator.

Methods

All data were collected on study case report forms.
At baseline, investigators were asked to indicate the
pituitary hormone status for adrenocorticotrophic hor-
mone (ACTH), anti-diuretic hormone (ADH), luteinizing
hormone/follicle-stimulating hormone (LH/FSH), prolac-
tin (PRL), and thyroid-stimulating hormone (TSH), as
abnormally low, normal, or abnormally high. At each
study visit, investigators were asked to document the
occurrence of primary or secondary hypothyroidism and
other adverse events, pubertal development, and treatment
with concomitant medications, using specific case report
forms. Conditions present before GH therapy were classi-
fied as pre-existing, whilst those that occurred or worsened
after starting GH therapy were classified as adverse
events. Adverse events were categorized according to the
Medical Dictionary for Regulatory Activities (MedDRA,
version 11.0).

The information on pituitary hormone status was
collected on four levels: i) direct assignment by case report
form check-box at baseline; ii) direct assignment by check-
box at any visit (primary or secondary hypothyroidism,
spontaneous or induced puberty); iii) pre-existing medical
condition/adverse event term indicating a pituitary
hormone deficiency (e.g., ACTH deficiency); and
iv) concomitant medication term indicating presumptive
pituitary hormone deficiency (e.g. thyroxine or cortisol),
which were reviewed on an individual patient basis.
If information was inconsistent, direct information
(check-box) was given priority over pre-existing medical
condition/adverse event terms, which were given priority
over concomitant medication terms indicating hormone
replacement therapy. The rationale for this hierarchy was
based on the presumptive reliability of the three methods
of data collection in the case report forms.

Assignment of pituitary hormone deficiency based
upon concomitant medications was performed as follows.
Thyroid hormone replacement at study baseline, without a
pre-existing diagnosis or clear diagnostic evidence of
primary hypothyroidism, was classified as TSH deficiency,
and the patient was thus excluded from analysis as having
baseline MPHD. If thyroid hormone replacement began
after starting GH therapy, and there was no pre-existing
diagnosis of secondary hypothyroidism or other evidence
of TSH deficiency, the TSH status was assigned as unknown
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to avoid misclassifying thyroxine treatment for primary
hypothyroidism as an incident TSH deficiency. Similarly,
cortisol replacement at baseline was counted as ACTH
deficiency, and the patient was excluded from analysis;
during GH therapy, the ACTH status was assigned as
unknown for incident cortisol treatment without other
proof of ACTH deficiency, in order not to misclassify other
possible reasons for cortisol administration as an incident
ACTH deficiency (only one patient in this category).
Estrogen treatment to induce puberty in girls younger
than 14 years of age and testosterone treatment for more
than 1 year to induce puberty in boys were considered as
evidence of LH/FSH deficiency. The age criterion of 14 years
in girls was introduced to be as stringent as possible for
identifying LH/FSH deficiency based on estrogen treat-
ment, because estrogen-containing medication for contra-
ception could not be distinguished from estrogen
replacement for hypogonadotrophic hypogonadism
based on the available data. LH/FSH deficiency was
excluded if the patient entered puberty spontaneously
(Tanner stage 2 or above) or received GNRH agonist or
aromatase inhibitor treatment to delay epiphyseal fusion.
ADH deficiency was assigned if a patient began ADH
agonist treatment during GH therapy and did not have an
event term indicating enuresis.

Any deficiency of ACTH, ADH, LH/FSH, PRL, or TSH in
addition to GHD was classified as MPHD. Three categories
of MPHD status were defined: MPHD=yes (where data
indicated any additional deficiency), MPHD =no (where
data indicated absence of such deficiencies), and MPHD =
unknown (where data were unclear).

Inclusion in this analysis required that patients had
IGHD at baseline (i.e., MPHD =no) and a defined MPHD
status at follow-up (MPHD =yes or no). Patients who had
MPHD or ambiguous pituitary status (MPHD=yes or
unknown) at baseline, or ambiguous pituitary status
(MPHD =unknown) at follow-up, were excluded from
this analysis.

Statistical analysis

It was expected that observations of additional pituitary
hormone deficiencies would increase with time on study.
Therefore, to compare features of patients who did or did
not develop MPHD over a similar period of observation, a
subgroup of patients (Population B; 4-year follow-up
cohort) was defined as those who developed MPHD within
4.5 years from baseline or were followed for >3.5 years
without developing MPHD.
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When more than one stimulation test was used for the
diagnosis of GHD, the higher peak GH value was retained
for analysis; GH concentrations reported as mU/l were
converted to pg/l by dividing by 3. Calculation of height
SDS was based on US general population data (10) for all
patients, except Japanese patients when the calculation
was based on Japanese standards (11). Bone age was
determined by the method of Greulich & Pyle (12) or, if
determined by the Tanner—-Whitehouse method, was
converted to a Greulich-Pyle value as previously described
(13). Bone age SDS was calculated as bone age minus
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chronological age divided by the s.p. for bone age from the
tables of Greulich & Pyle.

The primary comparison was between patients who
continued to have IGHD and those who developed MPHD.
Baseline between-group comparisons used ANOVA for
continuous variables, with pituitary hormone status as
the explanatory variable, and Fisher’s exact test for
categorical variables. Continuous variables are expressed
as mean with s.n., except peak stimulated GH concen-
trations, which were compared after natural logarithmic
transformation to achieve uniformity of variance, and are

Table 1 Characteristics of patients with isolated GH deficiency (IGHD) at baseline, split according to those who developed multiple

hormone deficiency (MPHD) at any time during the study vs those who continued to have IGHD, for all patients (Population A), and for

patients with >3.5 years follow-up without developing MPHD (IGHD) or who developed MPHD in <4.5 years (Population B). Values

are mean +s.o. except for peak GH, which shows median (Q1, Q3); note that GHRH stimulation tests were excluded from the analysis of

peak GH.
MPHD IGHD
n Value n Value P value
Population A
Total n 118 5687
Gender, male/female (%) 118 64.4/35.6 5678 67.0/33.0 0.557
Age at diagnosis of GHD (years) 118 9.6+4.1 5658 10.0+3.5 0.188
Variables at start of GH therapy
Age (years) 118 10.0+4.1 5680 10.4+3.5 0.233
Bone age SDS 87 —2.6+1.8 3744 —2.0£1.5 <0.001
Height SDS 118 —2.9+1.1 5648 —2.440.9 <0.001
Height SDS - target height SDS 109 —25+1.2 5169 —1.8+1.1 <0.001
BMI SDS 118 —0.6+1.9 5589 —0.4+1.6 0.195
Peak GH (ng/l) 111 4.6 (2.0, 8.3) 5415 7.0 (4.6, 9.7) <0.001*
IGF1 SDS 42 —3.6+3.0 1790 —2.2+2.1 <0.001
Variables during GH therapy
Initial GH dose (mg/kg per week) 115 0.22+0.06 5505 0.24+0.08 0.003
First year gain in height SDS 112 0.8+0.7 4592 0.5+0.4 <0.001
First year height velocity (cm/year) 112 9.6+2.9 4598 8.7+2.4 <0.001
First year height velocity SDS 110 3.2+2.8 4576 23122 <0.001
Time on study (years) 118 5.1+3.1 5670 2.6+2.1 <0.001
Population B
Total n 96 1661
Gender, male/female (%) 96 65.6/34.4 1661 67.3/32.7 0.733
Age at diagnosis of GHD (years) 96 10.4+3.9 1659 8.8+33 <0.001
Variables at start of GH therapy
Age at start of GH (years) 96 10.8+43.9 1661 9.24+3.2 <0.001
Bone age SDS 69 —25+1.8 1108 —23+14 0.242
Height SDS 96 —29+1.1 1656 —2.4+0.38 <0.001
Height SDS - target height SDS 89 —24+11 1552 —-1.8+1.0 <0.001
BMI SDS 96 —-0.6+1.8 1632 —-0.7+£1.4 0.753
Peak GH (ug/l) 90 6.2 (2.3, 8.9) 1618 7.7 (5.3, 10.2) <0.001*
IGF1 SDS 37 —3.6£3.2 581 —2.0£2.0 <0.001
Variables during GH therapy
Initial GH dose (mg/kg per week) 94 0.23+0.06 1602 0.234+0.07 0.830
First year gain in height SDS 92 0.7+0.6 1568 0.6+0.4 <0.001
First year height velocity (cm/year) 92 9.5+2.9 1568 8.7+2.1 <0.001
First year height velocity SDS 90 3.0+£25 1566 25+2.1 0.019
Time on study (years) 96 4.2+2.4 5670 5.2+1.7 <0.001

*P value is from analysis of Ln-transformed data.
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presented as median with first and third quartiles (Q1 and
Q3). For patients who developed MPHD during the study,
the time course for specific hormone deficiencies was
analyzed by the Kaplan-Meier method. To identify
predictors of developing MPHD, logistic multiple
regression analysis was performed, with varied sets of
explanatory variables; odds ratio (OR) and 95% CI are
presented. Two-sided P values <0.05 were considered
statistically significant. All analyses were performed
using SAS procedures (version 9.1; SAS Institute, Inc.,
Cary, NC, USA).

Results
Characteristics of analysis populations

Initially, 6172 patients (67% males and 33% females) with
a diagnosis of idiopathic GHD, who were GH-treatment
naive at study entry and who received GH treatment
during the study, were reviewed for their pituitary
hormone status (Fig. 1). Among these 6172 patients, 255
(4.1%) were determined to have MPHD at baseline; MPHD
status was unknown for 26 (0.4%) patients at baseline and
86 (1.4%) during follow-up. MPHD diagnosis at baseline
was determined, in prespecified order of priority, from the
hormone status check-box in 219 of 255 (85.9%) patients,
pre-existing condition/adverse event term in 13 (5.1%)
patients, and documented hormone replacement therapy
in 23 (9.0%) patients. Assignment of MPHD during follow-
up was based on information from the check-boxes in
69.5% of patients, adverse event term in 13.6%, and
hormone replacement medication in 16.9%.

The final study population, with IGHD at baseline and
known MPHD status at follow-up, comprised 5805
patients. Idiopathic GHD was reported as ‘classic’ (low
GH response to stimulation test) for 90.7% and as
neurosecretory dysfunction for 9.3%. Of the 5805
patients, 118 (2.0%) developed MPHD during follow-up,
while 5687 (98.0%) continued to have IGHD (Table 1,
Population A). Of the 118 patients who developed MPHD,
ten were reported to have GHD due to neurosecretory
dysfunction. Age at diagnosis and at start of GH therapy
did not differ between patients who developed MPHD and
those who continued to have IGHD. Patients who
developed MPHD were significantly shorter (height SDS
P<0.001) and had significantly greater height decrement
in relation to target height (P<0.001) at the start of GH.
IGF1 SDS was significantly lower in patients who
developed MPHD and peak GH in stimulation tests was
also significantly lower (P<0.001 for comparison of
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Ln-transformed values). Twenty of the 118 patients who
developed MPHD had stimulated peak GH >10 pg/l.
Patients who developed MPHD had significantly greater
first-year response to GH therapy (height velocity and
height SDS gain, P<0.001). Gestational duration did not
differ (MPHD 39.0+ 1.9 weeks and IGHD 38.8 + 2.5 weeks,
P=0.341), and gestation and birth parameters were
similar. Breech presentation and adverse events at the
time of birth were reported significantly more frequently
for patients who developed MPHD than those who
continued to have IGHD (Table 2, Population A).

Mean (+s.p.) duration of follow-up was longer for the
group who developed MPHD (5.1+3.1 years) compared
with those who continued to have IGHD (2.6+2.1;
P<0.001). Therefore, to compare features of patients who
did or did not develop MPHD over a similar period of
observation, a subgroup of patients (Population B; 4-year
follow-up cohort, Fig. 1) was defined who developed MPHD
within 4.5 years from baseline or were followed for >3.5
years without developing MPHD. Population B comprised
1757 patients (67% males and 33% females), and when
compared with Population A, were slightly younger at
diagnosis and GH initiation (Supplementary Table 2, see
section on supplementary data given at the end of this
article), but other baseline characteristics were similar.

The 4-year follow-up cohort included 96 (5.5%)
patients who developed MPHD and 1661 who continued
to have IGHD. Average follow-up was 4.2+ 2.4 years for
the patients who developed MPHD and 5.2+ 1.7 years for

Table 2 Perinatal and neonatal history of complications in
patients with isolated GH deficiency (IGHD) vs those who
developed multiple pituitary hormone deficiencies (MPHD) at
any time during the study (Population A), and in those who had
>3.5 years follow-up and continued to have IGHD vs those who
developed MPHD in <4.5 years (Population B).

MPHD IGHD
(n (%)) (n (%)) P value
Population A
Total n 118 5687
Congenital anomaly 6 (5.1) 165 (2.9) 0.100
Breech presentation 15 (12.7) 296 (5.2) <0.001
Delivery complications 8 (6.8) 212 (3.7) 0.095
Perinatal asphyxia 10 (8.5) 115 (2.0) <0.001
Neonatal complications 18 (15.3) 328 (5.8) <0.001
Population B
Total n 96 1661
Congenital anomaly 5(5.2) 57 (3.4) 0.335
Breech presentation 12 (12.5) 62 (3.7) <0.001
Delivery complications 6 (6.3) 76 (4.6) 0.428
Perinatal asphyxia 9 (9.4) 32 (1.9) <0.001
Neonatal complications 15 (15.6) 110 (6.6) <0.001
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ACTH status was unknown for two patients with known TSH deficiency, the two
patients with LH/FSH plus TSH deficiencies and the patient with LH/FSH,

TSH plus ADH deficiencies

TSH status was unknown for one patient with ADH deficiency and one patient
with LH/FSH deficiency

One patient started thyroxine and cortisol treatment and was categorized as
MPHD but no pituitary hormone deficiency was specified

/.

B

&

ACTH status was unknown for two patients with known TSH deficiency and
the two patients with LH/FSH plus TSH deficiency

TSH status was unknown for one patient with ADH deficiency

One patient started thyroxine and cortisol treatment and was categorized as
MPHD but no pituitary hormone deficiency was specified

Figure 2

Numbers of patients who entered the study with idiopathic
isolated GH deficiency (IGHD) and subsequently developed the
specified additional pituitary hormone deficiencies at any time
in the study (A) or within 4.5 years of entry (B). All patients were
GH-naive at study entry and first started GH treatment at
enrolment; patients who developed MPHD at any time were
from Population A, and patients who developed MPHD within
4.5 years were from Population B.

those who continued to have IGHD. Age at diagnosis and
age at start of GH therapy were both significantly greater
in patients who developed MPHD vs those who continued
to have IGHD, but bone age did not differ (Table 1,
Population B). Height SDS was lower, the decrement from
target height SDS was greater, and IGF1 SDS and peak
stimulated GH were lower, indicating more severe GHD in
the patients who developed MPHD than in those who did
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not. Of the 96 patients who developed MPHD, 19 had a
peak stimulated GH concentration >10pg/l. The
GH-induced increase in height velocity SDS and first-
year gain in height SDS were both significantly greater in
patients who developed MPHD.

In the 4-year follow-up cohort, gestational dura-
tion did not differ (MPHD 38.4+2.0 weeks and IGHD
38.9 £2.3 weeks). However, breech presentation, perinatal
asphyxia, and neonatal complications all occurred signi-
ficantly more frequently in the patients subsequently
diagnosed with MPHD (Table 2, Population B).

Additional pituitary hormone deficiencies

Of the 118 patients who developed MPHD at any time
during follow-up (Fig. 2A), 112 developed only one
additional deficiency, four developed two additional
deficiencies, and one patient developed three further
deficiencies; for one patient only, classified as MPHD
because of a reported event of hypopituitarism, and
concomitant therapy with thyroxine and cortisol, no
further information was available to specify which
additional hormone/s were deficient. The most frequent
additional pituitary hormone deficiency was TSH
(82 patients, 69%). None of the patients was reported to
have PRL deficiency.

The additional pituitary hormone deficiencies that
developed in the 4-year follow-up cohort (Population B)
are shown in Fig. 2B. Of the 96 patients who developed
MPHD, 91 (94.8%) developed only one additional

100 - PRL
© ACTH
_ ADH
& 75 4
C
k<]
5
2 50 -
@
S LH/FSH
g 251
% TSH
? 0 MPHD
0 25 5.0 75 10.0 12.5 15.0
Time to deficiency (years)
Figure 3

Kaplan—-Meier plot for pediatric patients who initially had
isolated GH deficiency and developed MPHD, showing time of
development of specified additional pituitary hormone
deficiencies and of any pituitary hormone deficiency (MPHD).
Points show censored data for each individual deficiency in
Population A.
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Table 3 Age at growth disorder diagnosis and onset of pituitary deficiency for patients who developed a deficiency additional to
GH deficiency (MPHD) at any time in the study (n=118). Values shown are median (Q1, Q3).

TSH (n=82) LH/FSH (n=28) ADH (n=10) ACTH (n=3)
Age at diagnosis of growth disorder (years) 9.7 (5.8, 12.9) 10.6 (7.6, 13.6) 10.1 (7.7, 11.9) 5.8 (5.3, 6.1)
Age at onset of pituitary hormone 12.7 (9.0, 14.8) 14.6 (14.1, 16.1) 13.3 (11.9, 14.0) 8.0 (7.8, 10.9)
deficiency (years)
Time from GHD diagnosis to onset of 1.9 (0.7, 4.1) 3.3 (2.0, 6.1) 2.4 (0.5, 5.2) 2.4 (2.0, 2.7)

pituitary hormone deficiency (years)

2Patient number included one patient who was reported to have thyroxine and cortisol deficiency but no pituitary hormone deficiency was defined.

hormone deficiency and four patients developed
two additional deficiencies. The additional hormone
deficiency that developed most frequently was TSH
deficiency (70 patients (72.9%)), followed by gonado-
tropin deficiency (18 patients (18.8%), including two
with concomitant TSH deficiency), ADH deficiency (nine
patients (9.4%)), and ACTH deficiency (two patients
(2.1%), both with concomitant TSH deficiency).

The temporal pattern of the development of pituitary
hormone deficiencies additional to GHD is shown in Fig. 3
for all patients who developed MPHD (Population A).
Median age at diagnosis of each additional pituitary
hormone deficiency was 8.0 years for ACTH, 12.7 years for
TSH, 13.3 years for ADH, and 14.6 years for LH/FSH (Table 3).
Median interval from diagnosis of GH deficiency to
additional pituitary deficiency was 1.9 years for TSH, 2.4
years for both ADH and ACTH, and 3.3 years for LH/FSH.

Multivariable logistic regression analysis for factors
potentially predictive of development of MPHD (Supple-
mentary Table 3, see section on supplementary data given
at the end of this article), using the 118 patients who
developed MPHD and 5805 patients who continued to
have IGHD (Population A), indicated the following
significant factors for MPHD development: number of
years of follow-up (OR: 1.55, 95% CI 1.43-1.68); baseline
age in years (1.17, 1.09-1.25); baseline height SDS (0.69,
0.58-0.83); and Ln-transformed peak stimulated GH
concentration (0.64, 0.54-0.88). There were no statistically
significant effects of gender, baseline bone age relative to
chronological age, or baseline height SDS minus target
height SDS. The same factors shown to be significant for the
total study population were similarly significant for the
4-year follow-up cohort (Population B, data not shown).

Discussion

In this large cohort of children originally diagnosed as
having idiopathic IGHD, MPHD developed in 2.0%
overall, and among children followed for a minimum

of 3.5 years MPHD developed in 5.5%. The duration of
follow-up was the strongest predictor of MPHD develop-
ment, and further increases in MPHD are, therefore,
likely with additional follow-up time. Other predictors of
MPHD were higher baseline age and more severe GHD,
as reflected by lower baseline height SDS and peak
stimulated GH; children who developed MPHD also had
a better first-year response to GH therapy. In addition,
breech presentation, perinatal asphyxia, and neonatal
complications were reported significantly more fre-
quently in patients who developed MPHD. The relative
frequency of additional deficiencies that developed in
these patients initially diagnosed with idiopathic IGHD
was TSH greater than LH/FSH, greater than ADH, greater
than ACTH.

Our observations confirm the longstanding rec-
ommendation that indefinite follow-up for additional
pituitary deficiencies is required, even among children
currently diagnosed as idiopathic IGHD in routine clinical
practice (14). The most frequent additional deficiency
observed was TSH deficiency, which may reduce the
response to GH therapy (15). Although incident hypothyr-
oidism within the first year of GH treatment has been
reported to reflect unmasking of pre-existing hypothyr-
oidism in adult GH-deficient patients (16), the evidence in
pediatric patients is more equivocal (17, 18); the increas-
ing prevalence of TSH deficiency with longer follow-up in
our study is more consistent with the evolution of new
deficits. The second most frequent additional pituitary
hormone deficiency was LH/FSH, which occurred about
one-third as frequently as TSH deficiency. This is probably
an underestimate because detection is most likely at the
age of normal puberty and many study patients remained
within the prepubertal age range.

ACTH deficiency was diagnosed during follow-up in
only three patients, of whom two had concomitant
TSH deficiency, consistent with previous observations
(19, 20). However, one patient was diagnosed with
ACTH deficiency as the sole additional deficiency,

www.eje-online.org

Downloaded from Bioscientifica.com at 03/25/2022 02:05:09AM
via free access


http://www.eje-online.org/cgi/content/full/EJE-13-0643/DC1
http://www.eje-online.org/cgi/content/full/EJE-13-0643/DC1
www.eje-online.org

European Journal of Endocrinology

emphasizing the need to remain vigilant for such cases.
The unexpected observation of ADH as the sole additional
deficiency in nine patients may relate to the association of
ADH deficiency and histiocytosis (21), and MRI may
potentially identify the structural lesion in such cases (22).

Patients with additional pituitary deficiencies diag-
nosed during follow-up had a higher incidence of
breech presentation, perinatal asphyxia, and neonatal
complications, and a trend toward greater delivery com-
plications. Historically, these features have been
recognized as more common among children who
present initially with MPHD (23, 24), although they are
typically associated with organic rather than idiopathic
GHD (25, 26). Thus, there appears to be a spectrum of
severity among patients with such perinatal histories, with
the most severe presenting initially with MPHD and the
less severe presenting initially with IGHD and later
progressing to MPHD.

As a group, patients diagnosed with MPHD after
initiation of GH therapy had more severe GHD than
those who continued to have IGHD. Importantly, lack of
severe GHD does not appear to exclude future deve-
lopment of MPHD; ten patients who developed MPHD
were initially diagnosed as having GH neurosecretory
dysfunction and 20 patients had peak GH concentrations
above the generally used diagnostic cut-off for GHD of
10 ug/l (including four of the ten diagnosed with
neurosecretory dysfunction). Thus, approximately one-
quarter of the patients who developed MPHD lacked
evidence of severe GHD at diagnosis.

While this study involved a large cohort of patients,
a limitation was that it was observational and the analyzed
data relied on information provided at the discretion of the
investigators. The approach to define MPHD was deliber-
ately conservative, which may have meant that a small
number of patients could have had pituitary hormone
deficiencies that were undetected at study entry. In
addition, 4% of the patients already had MPHD at baseline
and were excluded from the analyses; some of these could
have had IGHD initially, but developed additional pitu-
itary deficiencies before study entry. MRI prior to initiation
of GH treatment would possibly have alerted the physician
to a greater risk of future additional deficiencies. However,
patients who had received an MRI and in whom an
abnormal pituitary-hypothalamic morphology was
found were classified as organic GHD and were excluded
from this analysis. The patients with idiopathic GHD in
this study either did not receive MRI or had a normal MRI
finding. Therefore, this study should not be interpreted as
indicating the future likelihood of MPHD among patients

Risk factors for MPHD
development
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who have been diagnosed according to the most rigorous
available methods. Rather, this study indicates the prog-
nostic factors and frequency of subsequent MPHD in a large
multinational cohort of idiopathic IGHD patients whose
initial diagnosis was made according to prevailing clinical
practice.

We conclude that future development of MPHD
remains an important risk in patients who are diagnosed
as having idiopathic IGHD. Although the current study
identified both clinical and laboratory features that could
predict greater risk for future MPHD development, there
remained a substantial proportion of patients who
developed MPHD without obvious prognostic factors.
Thus, it remains important to repeatedly look for
additional pituitary hormone deficiencies over an
extended period for all patients. TSH was the most
prevalent additional pituitary hormone deficiency and, if
unrecognized, can impair the response to GH treatment.
ADH as a sole additional deficiency also occurred
and, although not reported as being associated with
histiocytosis in this observational study, we emphasize
that MRI can reveal structural histiocytosis lesions in such
cases. Lastly, the continuing development of additional
pituitary hormone deficiencies highlights the need for
improved early diagnosis, which should include more
thorough evaluation of pituitary function, genetics, and
hypothalamic-pituitary structure by MRI.
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