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Abstract

Background Children initially diagnosed with isolated
GH deficiency (IGHD) have a variable rate to progress to
combined pituitary hormone deficiency (CPHD) during
follow-up.

Objective To evaluate the development of CPHD in a
group of childhood-onset IGHD followed at a single ter-
tiary center over a long period of time.

Patients and methods We retrospectively analyzed data
from 83 patients initially diagnosed as IGHD with a mean
follow-up of 15.2 years. The Kaplan—-Meier method and
Cox regression analysis was used to estimate the temporal
progression and to identify risk factors to development of
CPHD over time.
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Results From 83 patients initially with IGHD, 37 (45 %)
developed CPHD after a median time of follow up of
5.4 years (range from 1.2 to 21 years). LH and FSH defi-
ciencies were the most common pituitary hormone (38 %)
deficiencies developed followed by TSH (31 %), ACTH
(12 %) and ADH deficiency (5 %). ADH deficiency
(3.1 £ 1 years from GHD diagnosis) presented earlier and
ACTH deficiency (9.3 £ 3.5 years) presented later during
follow up compared to LH/FSH (8.3 £ 4 years) and TSH
(7.5 £ 5.6 years) deficiencies. In a Cox regression model,
pituitary stalk abnormalities was the strongest risk factor
for the development of CPHD (hazard ratio of 3.28;
p = 0.002).

Conclusion Our study indicated a high frequency of
development of CPHD in patients initially diagnosed as
IGHD at childhood. Half of our patients with IGHD
developed the second hormone deficiency after 5 years of
diagnosis, reinforcing the need for lifelong monitoring of
pituitary function in these patients.

Keywords Isolated GH deficiency - Follow-up studies -
Disease progression - Combined pituitary hormone
deficiency - Kaplan—Meier estimate

Introduction

Childhood onset GH deficiency (GHD) may be isolated
(IGHD) or combined with other pituitary hormone defi-
ciencies (CPHD). The diagnosis is mainly based on clinical
and auxological parameters as well as failure to respond to
GH stimulation tests [1]. The initial evaluation of patients
with GHD usually comprehends magnetic resonance
imaging (MRI) to evaluate the anatomic integrity of
hypothalamic-pituitary region and laboratory evaluation to
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assess the global pituitary function. Although this first
evaluation is useful to classify patients as IGHD or CPHD
at diagnosis, it does not rule out the development of
additional pituitary hormone deficiencies during follow-up.

This is a major concern as it can cause clinical out-
comes, ranging from decrease in general well-being to life-
threatening conditions [2, 3]. Patients with CPHD at the
diagnosis are usually monitored for the development of
additional pituitary hormone deficiencies throughout life.
Although most patients initially diagnosed as IGHD remain
only with GH deficiency, a considerable number of patients
with IGHD evolve to CPHD [4-8].

Some studies have attempted to define the frequency and
predictors for the progression of IGHD to CPHD [4-12].
However, most of these studies evaluated a small number
of patients with IGHD (n < 26) [5, 9-12], followed by a
relatively short-term period (mean of <4 years) [5-8] or
included only patients with pituitary MRI abnormalities [5,
10-12]. This heterogeneity among studies may explain the
wide variability in the rate of development of CPHD in a
patient first diagnosed as IGHD (median of 16 %, range
from 2 to 94 %) [4-10, 12]. These studies suggested that
specific pituitary MRI findings (ectopic posterior pituitary
and pituitary stalk abnormalities) [4, 6, 7] and the presence
of some genetic defects (such as autosomal dominat GH/
mutations) [7, 13] are variables that increase the proba-
bility of developing additional hormonal deficiencies.

The aim of this study was to evaluate the frequency and
temporal progression of development of CPHD in a large
cohort of childhood-onset IGHD followed at a single ter-
tiary center over a long period of time (average 15 years)
and search for prognostic factors related to development of
CPHD.

Patients and methods
Patients

Approval by the Hospital Ethics Committee and written
informed consent from patients or parents/guardians were
obtained for the study. A retrospective analysis of findings
on clinical, endocrine function and MRI was performed in
245 patients followed between 1979 and 2013 at our GHD
outpatient clinic. Patients with central nervous system
tumors or previous radiation therapy were not included.
Patients who presented as CPHD (n = 108, 73M/35F) or
unknown hormonal status (n = 27) at baseline were
excluded. Patients who developed additional pituitary
deficiency during the first year of follow up were consid-
ered CPHD at diagnosis (n = 7). Among patients with
IGHD at diagnosis (n = 112), 16 were excluded because of
short follow-up (<4 years) and 13 due to lack of data in
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medical records. Thus, 83 patients (44M/39F) with first
diagnosis of IGHD with long-term follow-up (mean of
15.2 years, range from 4.5 to 33.8 years) were selected for
the present study.

Clinical evaluation

All patients were followed during growth period 3 or 4
times a year and later twice a year to assess hormonal
function and clinical status. Evaluations were performed at
the same period of the day and included measurements of
height (measured with a stadiometer), weight (measured
with a digital scale) and pubertal status. Body mass index
(BMI) was calculated as weight (kg) divided by height
(m) squared. Height and body mass index (BMI) were
expressed as SDS [14]. Target height was calculated
[(father’s height + mother’s height 4+ 13 cm for boys or
—13 cm for girls)/2] and expressed as SDS. Height deficit
was calculated by reducing height SDS at diagnosis from
target height SDS. Delivery data were collected and
include type of delivery, fetal presentation at birth and
perinatal insults.

Hormonal assays

GHD was considered when peak GH after clonidine and
hypoglycemia stimulation tests was <5 pg/liter measured
by immunoradiometric assay (IRMA) or <3.2 pg/liter
measured by fluorimetric assay (FIA) in two different
occasions [15]. TSH deficiency was defined by low free T4
or total T4 concomitant with low or normal TSH. Absence
of thyroid antibodies and normal thyroid ultrasound were
obtained when basal TSH levels were slightly elevated to
exclude primary hypothyroidism diagnosis. LH and FSH
deficiencies were defined by absence of pubertal signs or
arrested pubertal development concurrent with low testos-
terone or estradiol and low or inappropriately normal LH
and FSH levels. ACTH deficiency was defined by basal
cortisol below 3.6 pg/dl (100 nmol/liter) or cortisol peak
after hypoglycemia below 18 pg/dl (497 nmol/liter).
Antidiuretic hormone (ADH) deficiency was diagnosed in
patients who had low urinary density and/or osmolarity
associated with urinary volume above 50 ml/kg in 24 h.
GH was measured before and 60, 90, and 120 min after
clonidine stimulation (0.1 mg/mz, po). Glucose, cortisol,
GH, TSH, PRL, LH, and FSH were measured in basal state
and 15, 30, 45, 60, and 90 min after a combined stimula-
tion test (0.1 U/kg insulin, 200 ng TRH, and 100 pg
GnRH, iv). T3, T4, free T4, dehydroepiandrosterone sul-
fate, estradiol (in girls), and testosterone (in boys) levels
were measured at baseline. GH, LH, FSH and prolactin
were measured by IRMA until 1992 and then, by FIA. The
level of cortisol was measured by radioimmunoassay (RIA)
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until 1995 and then, by FIA. The level of TSH, total T4 and
free T4 were measured by RIA until 1998 and then, by
fluorimetric assay (FIA).

Hypothalamic-pituitary MRI

MRI scans were performed in a 1.5 Tesla unit (Signa, GE,
Milwaukee, WI, USA) using Tl1-weighted sagittal and
coronal scans with TR: 350 ms and TE: 20 ms. All images
were analyzed by the same neuroradiologist (C.C.L.) [16].
The coronal images were obtained using 3.0-mm slice
thickness with 10 % gap before and after administration of
0.1 mmol/liter of a paramagnetic contrast (gadolinium). As
new MRI techniques have emerged, updated pituitary
images were requested to homogeneously evaluate the
pituitary anatomy of patients followed for a long period of
time. We considered a normal pituitary stalk when we
identified a normal diameter from the level of the optic
chiasm to its insertion on the pituitary gland. Optic nerves
and midline structures were examined.

Statistical analysis

Results were expressed as mean £ SD. Differences
between patients who remained IGHD and patients who
developed CPHD were tested by ¢ test or Kruskal-Wallis
and Chi square or Fisher exact test, as appropriate. Time to
progression of additional pituitary hormone deficiency was
demonstrated by the Kaplan—-Meier curve. Risk for CPHD
development was evaluated by univariate analysis (log-
rank test) and by multivariate analysis (Cox proportional
hazards regression models). A p value <0.05 was consid-
ered statistically significant. All statistical calculations
were carried out using SPSS (version 18.0.0 SPSS Inc.,
Chicago, IL).

Results
Patients’ characteristics

Clinical characteristics of 83 consecutive patients with
IGHD at diagnosis are shown in Table 1. The cohort was
characterized by a slight preponderance of boys over girls.
The vast majority of patients were prepubertal at baseline
with severe GHD, as shown by the median of highest GH
level obtained in two different stimulation tests being
1.2 pg/L (range 0.1-3.8 pg/L) and the presence of severe
short stature. A history of vaginal breech birth was reported
in 13 % of cases, most of these patients reported perinatal
insult. The patients had a high frequency of consanguinity
(27 %). A genetic etiology was found in 15 patients
(18 %): 6 with GHI mutations (5 inherited by recessive

and one by dominant mode), 5 with GHRHR mutations,
two with HESX] mutations, one with PROP1 deletion and
one with GLI2 mutation. These mutations were described
in previous studies [16-20].

Normal pituitary MRI was found in 19 % of our
patients. Association between ectopic posterior pituitary,
stalk defects and hypoplastic anterior pituitary was the
most frequent finding at pituitary MRI, observed in 43 %
of patients (Fig. 1). The minority of these patients (19 %)
had reported perinatal insult and/or vaginal breech birth.
Only 5 patients of this cohort presented other central ner-
vous system malformations (two with septo-optic dyspla-
sia, one with sphenoidal meningocele, one with dysgenesis
of corpus callosum and one with sphenoidal meningocele
and dysgenesis of corpus callosum).

Development of combined pituitary hormone
deficiency

From 83 patients initially with IGHD, 37 [mean of 44.6 %,
95 % confidence interval (CI) of 33.9 to —55.3 %] devel-
oped CPHD after a median time of follow up of 5.4 years
(3.3 and 9.1 years at 25th and 75th percentiles, respec-
tively; Fig. 2a). The most common additional pituitary
deficiencies were LH/FSH, followed by TSH, ACTH and
ADH (Table 1). This frequency was similar between gen-
ders. Fifteen patients developed only one additional pitui-
tary deficiency besides GHD (LH/FSH = 9, TSH = 5 and
ADH = 1), 12 had two additional deficiencies (LH/FSH +
TSH = 10, TSH + ACTH = 1 and LH/FSH + ADH = 1),
9 patients had three additional deficiencies (LH/FSH +
TSH + ACTH = 8 and LH/FSH + TSH + ADH = 1) and
1 had four additional deficiencies.

Patients that developed CPHD have a female predomi-
nance (p = 0.024) and had a higher frequency of induced
puberty (51 vs. 4.7 %, p <0.001) than patients that
remained IGHD. Both groups of patients had similar
occurrence of perinatal insults, consanguinity history and
clinical characteristics at diagnosis (Table 1).

Normal pituitary MRI was more frequent in patients that
remained IGHD (p = 0.01), whereas stalk abnormalities
(p = 0.002) and anterior pituitary hypoplasia (p = 0.037)
was more frequently observed in patients who developed
CPHD (Fig. 1). Among patients with normal MRI
(n = 16), only 2 developed CPHD, one of them had a
heterozygous autosomal dominant GHI splice site muta-
tion (¢.291 + 1G > T) known to evolve with other pitui-
tary hormone deficiencies [13]. Four patients had mutations
in genes previously associated to CPHD (HESX! two
patients, PROPI and GLI2 one patient each) and all
developed CPHD, except the patient with a heterozygous
GLI2 mutation [19]. None of the 10 patients with mutations
in genes associated with permanent IGHD (5 with GHI
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Table 1 Clinical data,

Whole Remained Developed P
maximum GH peak, pituitary group IGHD CPHD
MRI and follow-up data of 83
patients with isolated GHD at Sex (male:female) 44:39 30:16 14:23 0.024
diagnosis Consanguinity (yes:no) 17:62 12:30 5:32 NS
Delivery data
Vaginal delivery:Caesarian section 46:35 22:22 24:13 NS
Vaginal breech birth (yes:no) 9:71 3:41 6:30 NS
Perinatal insult® (yes:no) 12:76 6:39 6:37 NS
Clinical data at diagnosis
Age (year) 8.7 £ 4.1 85+£4.0 9.0 £ 4.2 NS
Height SDS —4.6 £ 1.5 —46+£14 —4.7 £+ 1.6 NS
Height SDS—target height SDS -34+14 -33+13 —3.6 £ 1.6 NS
BMI SDS —05+14 -05+13 —05+15 NS
Prepubertal:pubertal ratio 65:7 36:4 29:3 NS
Laboratory results at diagnosis
Maximum peak GH (pg/L) 12£1.0 13+ 1.1 1.0 £ 09 NS
Hypothalamic-pituitary MRI
Normal MRI [yes:no, (%)] 16:67 (19 %) 14:32 (30 %) 2:35 (5 %) 0.010
Ectopic posterior pituitary [yes:nob, (%)] 50:33 (60 %) 23:23 (50 %) 27:10 (73 %) 0.057
Abnormal pituitary stalk [yes®:no, (%)] 44:39 (53 %)  17:29 (37 %) 27:10 (73 %) 0.002
Hypoplastic anterior pituitary [yes:no, (%)] 64:19 (77 %) 31:15 (67 %) 33:4 (89 %) 0.037

Other CNS malformations [yes:no, (%)]

Follow-up data
Total duration (years)

Age at the last visit (years)
# Perinatal insult was
considered in the presence of
perinatal anoxia/hypoxia,
perinatal fetal distress, fractures
during birth; ® topic (n = 26) or
not visualized (n = 7); © not
visualized (n = 28), thin
(n = 13) or thick (n = 3)

pituitary hormone deficiency

Time until the diagnosis of second

Development of ADH deficiency [n, (%)]
Development of ACTH deficiency [n, (%)]
Development of TSH deficiency [n, (%)]
Development of LH/FSH deficiency [n, (%)]

5:78 (6 %) 2:44 (4 %) 334 (8 %) NS

152 + 6.8 12.6 + 6.1 183 + 6.3 <0.001

238480  210+£80 273+ 6.6 <0.001
6.5+ 4.4

4 (5 %) 0 4 (11 %)

10 (12 %) 0 10 (27 %)

26 (31 %) 0 26 (70 %)

30 (38 %) 0 30 (82 %)

mutations inherited by recessive mode and 5 with GHRHR
mutations) developed CPHD after a median of 15 years of
follow-up.

Time to event analysis

The temporal progression of new pituitary hormone defi-
ciencies development is illustrated by the Kaplan—-Meier
curve (Fig. 2b). TSH and LH/FSH deficiencies developed
7.5 £ 5.6 and 8.3 £ 4.0 from GHD diagnosis, respec-
tively. ADH deficiency developed earlier (3.1 £ 1.0 years
from GHD diagnosis, p = 0.0001) and ACTH deficiency
developed later (9.3 &£ 3.5 years, p < 0.002) than TSH and
LH/FSH deficiencies. All these deficiencies occurred in a
wide distribution throughout the follow-up, ranging from
1.2 up to 21.2 years, except ADH deficiency, which
occurred between 2.3 and 4.2 years from GHD diagnosis.

In the univariate analysis, the risk of CPHD develop-
ment was significantly greater for patients with vaginal
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breech birth, ectopic posterior pituitary, pituitary stalk
abnormalities and hypoplastic anterior pituitary (Table 2).
In a Cox regression model, the presence of pituitary stalk
abnormalities was the strongest risk factor for the devel-
opment of CPHD in our cohort of IGHD children, with a
calculated risk increased of 3.28 fold (p = 0.002, Fig. 3).
The addition of history of vaginal breech birth to the model
was associated with a small increase in the hazard ratio
(from 3.28 to 3.37, p = 0.009; Table 2).

Discussion

The establishment of risk to develop additional pituitary
deficiencies in patients initially diagnosed as IGHD has a
practical implication for clinical endocrinologists. In the
present study, we described the temporal frequency of
development of CPHD in a cohort of childhood-onset
IGHD followed for an average of 15 years at a single
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A Whole group

Ectopic posterior pituitary

V%V

Normal MRI - n = 16

Hypoplastic
anterior pituitary

Pituitary stalk
abnormalities

B Remained IGHD

Ectopic posterior pituitary

'%9

Normal MRI —n = 14

Hypoplastic
anterior pituitary

Pituitary stalk
abnormalities

C Developed CPHD

Ectopic posterior pituitary

'%9

Normal MRl —n =2

Hypoplastic
anterior pituitary

Pituitary stalk
abnormalities

Fig. 1 Venn diagram illustrating overlap between pituitary MRI
abnormalities—ectopic posterior pituitary, pituitary stalk abnormal-
ities and hypoplastic anterior pituitary in whole group of patients (a),
in patients that remained IGHD (b) and in patients that developed
CPHD (c)

tertiary center. We showed a high prevalence (45 %) of
development of CPHD in our cohort and half of these
patients developed the second hormone pituitary deficiency
after 5.4 years of GHD diagnosis (Fig. 2a). Several studies
exhibited a low frequency of CPHD development (range
from 2 to 9 %) [4, 6-8]. The discrepancy between the
present study and previous ones can be partially explained
by the relatively short period of patients follow up in these
studies (less than 5 years). Additionally, all patients
included in our study were followed in a single center and
were routinely assessed by laboratory and clinical evalua-
tion; both factors increase our sensitivity to detect patients
that developed new pituitary hormone deficiency. In con-
trast, the two large multicenter studies identified hormone

Number of patients

N

0 5 10 15 20 25
Time to second pituitary hormone deficiency (years)

o)
-
o

L

0.8 4

0.6

0.4 -

Deficiency-free distribution

0.2 4

0.0

T T T T T T T T

0 6 12 18 24 30 36 42
Years of follow-up

Fig. 2 a Histogram representing the distribution of patients that
developed a second pituitary hormone deficiency by the years of
follow up. b Temporal pattern of development of specific additional
pituitary hormone deficiencies is demonstrated by a Kaplan—-Meier
curve

deficiency based on case report forms filled out by innu-
merous investigators, probably using different diagnosis
criteria, which may interfere in the rate of detection of new
deficiencies [7, 8]. The progression of techniques employed
in hormone assays and MRI throughout time and their
impact on time of diagnosis of patients are limitations of
this study, but these changes are inherent to long term
follow-up studies.

LH/FSH deficiencies were the most common pituitary
hormone deficiency described in our cohort, followed by
TSH, ACTH and ADH deficiencies (Table 1). Although
most studies described TSH deficiency as the commonest
deficiency [5, 7, 8], these studies had a short follow up and
many patients have not reached pubertal age, therefore, the
diagnosis of LH/FSH deficiencies might have been
underestimated. Corroborating with this supposition, when
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Table 2 Univariate analysis by
log-rank test and multivariate
analysis by Cox regression
showing the relative risk (95 %
CI) for developing CPHD in
patients initially diagnosed as
IGHD

Variables Univariate analysis Multivariate analysis
Hazard 95 % CI P Hazard 95 % CI P
ratio ratio

Female sex 1.91 1.00-3.66 0.051

Vaginal breech birth 6.51 1.64-25.78 0.008 3.37 1.35-8.38 0.009

Perinatal insult 1.75 0.62-4.96 0.292

Consanguinity 0.57 0.27-1.23 0.153

Genetic etiology known to 2.26 0.59-8.70 0.236

cause CPHD

Stalk abnormality 3.00 1.56-5.77 0.001 3.28 1.57-6.88 0.002

Ectopic posterior pituitary 2.03 1.04-3.94 0.037

Hypoplastic anterior pituitary 2.55 1.25-5.21 0.010

Other SNC malformations 3.71 0.65-21.26 0.141

CI confidence interval

100

90

80

Normal pituitary stalk
70

60

50

IGHD distribution (%)

40

Abnormal pituitary stalk

30

20 b 1 1 1 1 1 L
0 5 10 15 20 25 30

Years of follow-up

Fig. 3 Kaplan—-Meier estimates of proportion of patients that
remained IGHD according to presence of pituitary stalk abnormality

we analyzed our data using only the first 5 years of follow
up, we observed that TSH deficiency was the most com-
mon pituitary hormone deficiency (data not shown).

Only one previous study evaluated the temporal pro-
gression of additional pituitary hormone deficiencies in
patients with idiopathic IGHD [8]. In this study, the median
time to development of LH/FSH, ACTH and TSH defi-
ciencies (1.9-3.3 years) was much lower than in our study
(6.4-9.4 years), probably because of the shorter follow up.
Nevertheless, median time to develop ADH deficiency
(2.4 years) [8] was similar to our data (2.9 years), con-
firming that development of ADH deficiency when present,
occurs early during follow up (Fig. 2b). ACTH deficiency
occurred later during follow up in our study, as previously
demonstrated [21].
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Pituitary stalk abnormality was the strongest predictor
for development of CPHD in patients initially diagnosed as
IGHD in our study (Fig. 3a). Most longitudinal studies
exhibited ectopic posterior pituitary and/or pituitary stalk
abnormalities as predictors of CPHD development [4-6].
The ectopic bright signal of posterior pituitary is easier
recognizable than the pituitary stalk, which requires con-
trast agent for an optimal visualization [22]. In our study all
MRI were reviewed by a single neuroradiologist, which
improved the identification of pituitary stalk abnormalities.
Among the 44 patients with pituitary stalk abnormalities
(37 of them also had ectopic posterior pituitary), and 27
developed a second hormone deficiency (Fig. 1). Con-
versely, only 2 of 16 patients with normal MRI developed
an additional hormonal deficiency, including a patient with
an autosomal dominant GHI/ mutation, associated to
development of CPHD [13].

In our cohort, 15 patients (18 %) had an identified
genetic etiology, 5 of these patients had mutations known
to cause CPHD and 80 % developed CPHD; and 10
patients had mutations known to cause IGHD and 100 %
remained IGHD. In a previous study, patients with known
genetic defects had more severe GHD phenotype and were
more frequently diagnosed as CPHD [7]. At the present
time, only a small portion of patients with GHD have an
identified molecular diagnosis. These defects should be
divided in two groups according to the potential to cause
IGHD or CPHD. It is possible that in the near future, with
the identification and characterization of novel genes
associated with GHD, we will be able to better predict the
evolution of patients initially diagnosed as IGHD based on
combined information of MRI and genetic analysis.

In conclusion, our study indicated that a high proportion
of patients initially diagnosed as IGHD developed addi-
tional pituitary hormone deficiency. Our results reinforce
the need for lifelong monitoring of pituitary function in



Pituitary (2015) 18:561-567

567

IGHD patients, since a second pituitary hormone defi-
ciency can develop up to 21 years after GHD diagnosis.
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