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Reappraisal of serum insulin-like 
growth factor-I (IGF-1) measurement 
in the detection of isolated and 
combined growth hormone deficiency 
(GHD) during the transition period
Reavaliação da dosagem sérica do fator de crescimento insulina-
-símile-1 (IGF-1) para o diagnóstico da deficiência isolada e  
combinada de hormônio de crescimento no período de transição 

Cesar L. Boguszewski1, Claudio Silva de Lacerda1, Luiz de Lacerda Filho1,  
Julienne A. R. de Carvalho2, Margaret C. S. Boguszewski2

ABSTRACT
Objective: To evaluate the accuracy of serum IGF-1 in the detection of isolated (IGHD) or combined 
growth hormone deficiency (CGHD) at the transition phase. Subjects and methods: Forty nine patients 
with GHD during childhood [16 with IGHD (10 men) and 33 with CGHD (24 men); age 23.2 ± 3.5 yrs.] were 
submitted to an insulin tolerance test (ITT) with a GH peak < 5 mg/L used for the diagnosis of GHD at the 
transition phase. Pituitary function and IGF-1 measurements were evaluated in the basal sample of the 
ITT. Transition patients were reclassified as GH-sufficient (SGH; n = 12), IGHD (n = 7), or CGHD (n = 30). Re-
sults: Five (31%) patients with IGHD and 32 (97%) with CGHD at childhood persisted with GHD at retes-
ting. One patient with IGHD was reclassified as CGHD, whereas 3 patients with CGHD were reclassified as 
IGHD. Mean GH peak was 0.2 ± 0.3 µg/L in the CGHD, 1.3 ± 1.5 µg/L in the IGHD, and 18.1 ± 13.1 µg/L in the 
SGH group. Serum IGF-1 level was significantly higher in the SGH (272 ± 107 ng/mL) compared to IGHD 
(100.2 ± 110) and CGHD (48.7 ± 32.8) (p < 0.01). All patients reclassified as CGHD, 86% reclassified as IGHD, 
and 8.3% reclassified as SGH had low IGF-1 level, resulting in 97.3% sensitivity and 91.6% specificity in 
the detection of GHD at the transition period; the cutoff value of 110 ng/mL showed 94.5% sensitivity and 
100% specificity. Mean IGF-1 values did not differ in IGHD or CGHD associated with one, two, three, or 
four additional pituitary deficiencies. Conclusion: IGF-1 measurement is accurate to replace ITT as initial 
diagnostic test for IGHD and CGHD detection at the transition phase. Arq Bras Endocrinol Metab. 2013;57(9):709-16
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RESUMO
Objetivo: Avaliar a acurácia da dosagem sérica de IGF-1 no diagnóstico da deficiência de hormônio de 
crescimento isolada (DGHI) ou combinada (DGHC) na fase de transição. Sujeitos e métodos: Quaren-
ta e nove pacientes com DGH na infância [16 DGHI (10 homens) e 33 DGHC (24 homens); idade 23,2 ± 3,5 
anos] realizaram teste de tolerância à insulina (TTI), com pico de GH < 5 mg/L considerado diagnóstico 
de DGH na transição. Função hipofisária e níveis de IGF-1 foram determinados na amostra basal do TTI e 
os pacientes foram reclassificados em GH suficientes (SGH; n = 12), DGHI (n = 7) ou DGHC (n = 30). Re-
sultados: Cinco (31%) pacientes com DGHI e 32 (97%) com DGHC na infância persistiram com DGH no 
reteste. Um paciente com DGHI foi reclassificado como DGHC e três com DGHC como DGHI. Os picos 
médios de GH foram 0,2 ± 0,3 µg/L (DGHC), 1,3 ± 1,5 µg/L (DGHI) e 18,1 ± 13,1 µg/L (SGH). O nível médio 
de IGF-1 foi maior no grupo SGH (272 ± 107 ng/mL) comparado com DGHI (100,2 ± 110) e DGHC (48,7 ± 
32,8) (p < 0,01). IGF-1 baixo foi observado em todos os pacientes reclassificados como DGHC, 86% dos 
DGHI e 8,3% dos SGH, resultando em sensibilidade de 97,3% e especificidade de 91,6% para detecção 
de DGH na transição; valor de corte de 110 ng/mL mostrou 94,5% sensibilidade e 100% especificidade. 
O nível médio de IGF-1 foi similar nos pacientes com DGHI ou DGHC com uma, duas, três ou quatro 
deficiências hipofisárias associadas. Conclusão: A dosagem sérica de IGF-1 mostrou-se acurada para 
substituir o TTI na detecção tanto de DGHI como DGHC na transição. Arq Bras Endocrinol Metab. 2013;57(9):709-16
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INTRODUCTION

G rowth hormone deficiency (GHD) in adults is as-
sociated with increased adiposity, adverse serum 

lipid profile, reduced exercise capacity, reduced bone 
mineral density, reduced insulin sensitivity, decreased 
psychological well-being, and poor quality of life. GH 
replacement therapy is approved for adults with severe 
GHD based on its favorable impact in metabolic indi-
ces, cardiovascular risk factors, body composition, and 
quality of life (1-3). As a consequence, it is now recog-
nized that some patients with childhood-onset GHD 
(CO-GHD) may need to continue GH replacement 
during adulthood to achieve full somatic development 
and to avoid GHD-associated morbidities (4,5). 

The diagnosis of isolated (IGHD) or combined 
GHD (CGHD) in the pediatric population can be 
straightforward in children with severe and preco-
cious growth retardation and a well-defined hypotha-
lamic-pituitary disease, such as genetic defects (PIT-1, 
PROP-1, GH, GHRH-R), congenital hypopituitarism 
or tumors (craniopharyngiomas, pituitary adenomas). 
In this group, there is a high likelihood of GHD per-
sistence in adult life (1-5). This contrasts with the diag-
nosis of idiopathic IGHD, which is usually based on 
arbitrary cutoff levels in GH provocative tests. Studies 
have shown that many children with this diagnosis are 
no longer GHD when retested at the transition pha-
se (6-9), a period arbitrarily defined as starting in late 
puberty and ending with full adult maturation, lasting 
approximately 6-7 years after achievement of final hei-
ght (10). Retesting during the transition phase usually 
involves GH stimulation with insulin-induced hypo-
glycemia and measurement of serum insulin-like gro-
wth factor-1 (IGF-1) levels (1-5).

In adults, severe GHD is defined as a GH peak < 
3 μg/L in the insulin tolerance test (ITT), which is 
the diagnostic test of choice (1,2). However, this cutoff 
point was considered too restrictive for the diagnosis 
of permanent GHD in the transition period, and a GH 
peak < 5 μg/L was proposed as the diagnostic criterion 
(10). Similarly, it has been stated that IGF-1 value ≤ -2 
standard deviation score (SDS) when the patient is off 
GH treatment for at least 4 weeks should be conside-
red sufficient for the diagnosis in patients with a high 
likelihood of persistent GHD (1,2,10). However, the 
guidelines have drawn attention to the need for reasses-
sment of established cutoffs levels in different GH tests 
according to specific parameters. Moreover, important 

questions remain on the normal reference ranges for 
IGF-1 and its diagnostic role in patients with low like-
lihood of permanent GHD (1-5,10).

In the present study, we hypothesized that deter-
mination of serum IGF-1 level would be sufficient 
to detect all patients with IGHD and CGHD in the 
transition phase, eliminating the need for GH-stimu-
lating tests. We reviewed the records of all patients in 
our institution treated with GH for short stature sin-
ce 1996. A cohort of young adult patients, who were 
treated with GH during childhood with diagnosis of 
IGHD or CGHD and were off GH therapy for at least 
6 months, was identified and invited to participate in a 
cross-sectional study. We investigated the prevalence of 
persistent GHD in the transition phase, and examined 
the diagnostic accuracy of serum IGF-1 levels.

PATIENTS AND METHODS

Study protocol

A retrospective analysis of 720 records from patients 
treated with recombinant GH for short stature in the 
Pediatric Endocrine Unit of our institution since 1996 
was carried out [Pediatric Phase]. Medical records were 
reviewed with emphasis on clinical data in the period of 
GH treatment, including etiology, GH tests performed 
for diagnostic purposes, IGHD versus CGHD, weight 
and height before and at the end of treatment, time 
and dose of GH, and the use of other medications. We 
excluded 629 patients who received GH for idiopathic 
short stature, Turner syndrome, intrauterine growth 
retardation, chronic renal failure, and genetic disor-
ders. From the remaining subjects, we selected patients 
for the cross-sectional study based on [1] chronologi-
cal age at the time of the study varying from 18-30 
years; [2] previous therapy with GH for at least 1 year; 
and [3] discontinuation from GH therapy for at least 6 
months. Ninety-one patients who fulfilled these crite-
ria were identified, but forty-two were not localized or 
refused to participate. Thus, the final group consisted 
of 49 patients with CO-GHD who were selected for 
the cross-sectional part of the study [Transition Phase] 
(Figure 1). 

The participants were submitted to clinical assess-
ment, anthropometric analysis, and blood sampling for 
biochemical measurements, including glycemia, IGF-1, 
total and free T4, TSH, cortisol, prolactin, LH, FSH, 
testosterone (males), and estradiol (females). All par-

IGF-1 measurement in the transition period
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IGF-1 measurement in the transition period

Retrospective analysis of 720 records 
from GH treated patients during 

childhood

91 patients

49 patients

IGHD

(n = 16; 10M, 6F)

CGHD

(n = 33; 24M, 9F)

ITT (GHD if GH peak < 5 mg/L)

IGF-1 measurements

Pituitary function (*)

629 excluded:

•	 chronological	age	at	the	time	of	
retesting < 18 or > 30 years 

•		GH	therapy	for	less	than	1	year	or	
discontinued for less than 6 months

•	 GH	therapy	for	non-GHD	conditions	
ISS, Turner syndrome, IUGR, CRF 
and genetic disorders

42 not excluded:

•	not	localized

•	refuse	to	participate

IGHD

(n = 4)

4 Low IGF-1

IGHD

(n = 3)

2

CGHD

(n = 1)

1

CGHD

(n = 29)

29

SGH

(n = 11)

1

SGH

(n = 1)

0

Figure 1. Study protocol. Traced lines refer to the diagnosis made at 
childhood (retrospective analysis of the pediatric phase). The grey area 
shows the cross-sectional part of the study carried out during the 
transition period. Asterisk refers to serum measurements of total and free 
T4, TSH, cortisol, prolactin, LH, FSH, testosterone (males), and estradiol 
(females). ISS, idiopathic short stature; IUGR, intrauterine growth 
retardation; CRF, chronic renal failure; IGHD, isolated growth hormone 
deficiency; CGHD, combined growth hormone deficiency; SGH, sufficient 
of GH; ITT, insulin tolerance test.

ticipants were submitted to an ITT for glucose and GH 
measurements, and a GH peak < 5 mg/L in the pres-
ence of hypoglycemia was considered for diagnosis of 
GHD in the transition phase (6). According to their 
response on the ITT and their pituitary function, pa-
tients were reclassified as GH-sufficient (SGH), isolated 
GHD (IGHD) or combined GHD (CGHD) (Figure 
1). The study was approved by the Ethics Committee 
on Human Research of our institution. The protocol 
was fully explained and an informed consent form was 
signed by all participants.

Insulin tolerance test (ITT) and IGF-1 sampling

ITT was performed between 8 and 9 am, after an over-
night fasting. An IV heparin locked line was placed in 
one forearm vein, and samples for blood glucose, cor-
tisol, and GH were collected at time 0, 15, 30, 45, 60, 
90, and 120 min after soluble insulin IV administration 
(0.1-0.15 IU/kg). The test was considered appropriate 
when blood glucose reached values ≤ 40 mg/dL (2.22 
mmol/L) or values lower than 50% of baseline. Serum 
IGF-1 was determined in the blood sample collected at 
time 0, as well as other biochemical measurements. All 
collected samples were centrifuged at 4°C, and plasma 
was separated and stored at -20°C for subsequent mea-
surements. 

Assays

Glycemia determination was performed automatically 
with a hexokinase catalyzed-glucose oxidase method. 
IGF-1, GH, TSH, LH, FSH, total, and free T4, testos-
terone, estradiol, cortisol, prolactin were measured by 
chemiluminescent immunometric assay (Immulite 2000, 
Diagnostic Products Corporation, Los Angeles, CA, 
USA). The sensitivity of the GH assay was 0.01 µg/L 
using the IRP 98/574. The inter- and intra-assay coef-
ficients of variation were 4.2-6.6 and 2.9-4.6%, respec-
tively, at GH levels of 2.6-17 µg/L. The sensitivity of the 
IGF-1 method was 2.6 nmol/L, with inter- and intra-as-
say coefficients of variation of 7.1% and 3.4%, respectively. 

Statistical analysis

All descriptive statistical results are presented as means 
± SD, unless otherwise stated. The Student t test was 
applied to investigate possible differences between con-
tinuous variables of symmetrical distribution and the 
Mann-Whitney test for those with asymmetric distri-
bution. ANOVA was used for repeated measurements. 
The frequencies of categorical variables were estimated 
by Fisher’s exact test. Correlations were determined by 
Pearson’s correlation coefficient. P-value less than 0.05 
was considered significant. Statistical analyses were per-
formed using Statistica® (Statsoft Inc, Oklahoma, USA).

RESULTS

Pediatric phase – Retrospective analysis

During childhood and adolescence, 16 patients (32.6%, 
10 men and 6 women) were diagnosed with IGHD and 



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

712  Arq Bras Endocrinol Metab. 2013;57/9

33 (67.4%, 24 men and 9 women) were diagnosed with 
CGHD. The CGHD was associated with one pituitary 
deficiency in 6 cases, two in 9 cases, three in 13 cases, 
and four deficiencies in 5 cases. TSH, LH/FSH and 
ACTH deficiencies were present in 30, 26, and 12 pa-
tients, respectively, while 8 patients had central diabetes 
insipidus. In only 4 patients, GHD was secondary to an 
identifiable pathology, including craniopharyngioma, 
Langerhans cell histiocytosis, post-resection of an optic 
nerve glioma, and previous head and neck radiotherapy. 
All the remaining patients had the diagnosis of idiopa-
thic congenital hypopituitarism.

Computed tomography and/or magnetic resonance 
were available for 41 patients. In the CGHD ones, 
twelve abnormalities were found, including anterior pi-
tuitary hypoplasia (n = 10), empty sella (n = 1), Rathke 
cyst (n = 1), post-surgical alterations (n = 1), and ab-
sence of the hyperintense signal of neurohypophysis 
(n = 1), whereas only two alterations were observed in 
patients with IGHD: anterior pituitary hypoplasia (n = 
1) and empty sella (n = 1). At the time of diagnosis, 
median height z-score of the CGHD group was signifi-
cantly lower than that of IGHD group (-4.2 vs. -2.5; 
p < 0.005), with no differences regarding age, weight 
and BMI (Table 1). During follow-up, GH dose did not 
differ between the groups, but the median time of GH 
treatment was significantly higher in the CGHD group 
(4.1 vs. 3 yrs.; p < 0.03). At the end of GH treatment, 
patients with CGHD were older than those with IGHD 
(18.4 ± 2.3 vs. 16.0 ± 1.3 years; p < 0.001), with no 
difference in height z-score (median -1.5, range -4.7 to 
0.81 vs. -1.1, range -5.0 to -0.08) (Table 1).

All patients were submitted to two GH stimulation 
tests at the pediatric phase: ITT and clonidine. In the 
ITT, mean (± SD) GH peak was 1.1 ± 1.4 µg/L in the 
CGHD (GH peak < 3 µg/L in 32 cases and between 
3-5 µg/L in 2 cases) and 3.4 ± 3.8 µg/L in the IGHD 
(GH peak < 3 µg/L in 10 cases, between 3-5 µg/L 
in 1 case and between 5-10 µg/L in 4 cases). In the 
clonidine test, mean GH peak was 1.5 ± 1.5 µg/L in 
the CGHD (GH peak < 3 µg/L in 27 cases, between 
3-5 µg/L in 5 cases and between 5-10 µg/L in 2 cases) 
and 4.9 ± 4.4 µg/L in the IGHD (GH peak < 3 µg/L 
in 4 cases, between 3-5 µg/L in 5 cases, between 5-10 
µg/L in 5 cases and > 10 µg/L in 1 case). 

Transition phase – Cross-sectional study

At the time of retesting, mean age of the women was 
21.4 ± 3.5 yrs. (range 17-27), mean weight was 51.8 ± 

9.7 kg, mean height was 155 ± 6.7 cm, median (range) 
height z-score was -1.1 (-3.8/-0.25), and mean BMI 
was 21.5 ± 3.7 kg/m2. For men, mean age was 23.1 ± 
3.4 yrs. (range 17-31), mean weight was 59.9 ± 12.8 
kg, mean height was 165.2 ± 11.1 cm, median (range) 
height z-score was -1.5 (-4.5/0.5), and mean BMI was 
22.0 ± 4.5 kg/m2. In relation to the end of GH treat-
ment, there was a mean height increment of 5.2 cm in 
men and 3.7 cm in women. After retesting and inter-
pretation of the pituitary function tests, patients were 
reclassified into three groups: SGH, GH peak > 5 µg/L 
(n = 12; 24.5%); IGHD, GH peak < 5 µg/L, and no 
other pituitary deficiency (n = 7; 14.5%); and CGHD, 
GH peak < 5 µg/L plus at least one additional pituita-
ry deficiency (n = 30; 61%) (Figure 1 and Table 2). Of 
the 16 patients with IGHD at childhood, only 5 (31%) 
persisted with GHD, while 11 (69%) had a GH peak > 5 
µg/L in the ITT and did not fulfill the diagnostic criteria 
for GHD in the transition phase. In contrast, thirty-two 
(97%) patients with diagnosis of CGHD at childhood 
had persistent GHD, and only 1 (3%) was reclassified as 
SGH due to a GH peak > 5 µg/L in the ITT.

Table 1. Main features of patients with isolated (IGHD) and combined GH 
deficiency (CGHD) at diagnosis and at the end of GH treatment in the 
pediatric phase 

IGHD (n = 16) CGHD (n = 33) P value

Sex (M:F) 10:6 24:9 NS

Age (yrs.) 10.8 ± 2.8 10.3 ± 3.6 NS

Height (cm) 122.2 ± 16.1 112.6 ± 17.0 NS

Height	(z-score) -2.5 (-6.2/-1.7) -4.2 (-7.9/-2.2) < 0.005

Weight (kg) 26.5 ± 9.8 22.1 ± 8.4 NS

BMI (kg/m2) 17.0 ± 2.9 16.8 ± 2.1 NS

BMI	(z-score) -0,25 (-2,6/3,6) -0,22 (-2,82/1,9) NS

GH peak ITT

< 3 µg/L (n)

3-5 µg/L (n)

> 5 µg/L (n)

11

1

4

31

2

0

GH peak clonidine

< 3 µg/L (n)

3-5 µg/L (n)

5-10 µg/L (n)

> 10 µg/L (n)

5

5

5

1

26

5

2

0

GH therapy (yrs.) 3.0 (1.0/10.5) 4.1 (1.0/10.4) < 0.03

Age at the end of GH 
therapy (yrs.)

16.0 ± 1.3 18.4 ± 2.3 < 0.001

Height	(z-score)	at	
the end of GH therapy

-1.1 (-5.0/-0.08) -1.5 (-4.7/0.81) NS

Values	are	means	±	SD,	except	for	BMI	and	height	z-score,	which	are	presented	as	medians	
and ranges. BMI: body mass index; ITT: insulin tolerance test; NS: not significant.

IGF-1 measurement in the transition period
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Table 2. Main features of patients with isolated (IGHD), combined GH 
deficiency (CGHD) or GH-sufficient (SGH) at retesting in the transition 
phase 

IGHD (n = 7) CGHD (n = 30) SGH (n = 12)

Age (yrs.) 23.4 ± 3.1 24.4 ± 3.5 21.0 ± 2.8*

Height (cm) 154.6 ± 10.8 163.0 ± 11.4 164.3 ± 6.9

Weight (kg) 50.0 ± 11.7 59.9 ± 12.4 55.6 ± 10.5

BMI (kg/m2) 20.8 ± 3.4 22.7 ± 4.8 20.5 ± 2.8

Height	(z-score) -2.3 (-3.6/-0.5) -1.27 (-6.7/0.5) -0.96 (-2.9/-0.2)

GH peak ITT

< 3 µg/L (n)

3-5 µg/L (n)

5-10 µg/L (n)

>10 µg/L (n)

6

1

0

0

30

0

0

0

0

0

3

9

GH peak ITT 
(µg/L)

1.3 ± 1.5 0.2 ± 0.3 18.1 ± 13.1***

IGF-1 (ng/mL) 100.2 ± 110 48.7 ± 32.8 162.1 ± 49.6**

Low IGF-1 (n) 6 30 1

Values	are	means	±	SD,	except	for	height	z-score,	which	is	presented	as	median	and	range.
* p < 0.05; ** p < 0.01; *** p < 0.001 vs. IGHD and CGHD.

At retesting with ITT, mean GH peak was 0.2 ± 
0.3 µg/L in the CGHD, 1.3 ± 1.5 µg/L in the IGHD 
and 18.1 ± 13.1 µg/L in the SGH group (GH peak 
between 5-10 µg/L in 3 cases and > 10 µg/L in 9 
cases). Only one patient was reclassified as GHD had a 
GH peak between 3-5 µg/L, with all others presenting 
a GH peak < 3 µg/L. Among patients reclassified as 
CGHD, one, two, three, or four additional pituitary 
deficiencies were found in 5, 7, 13 and 5 cases, respec-
tively, with 28 having TSH deficiency, 27 with LH/
FSH deficiency, 16 with ACTH deficiency, and 7 with 
diabetes insipidus. 

One patient with diagnosis of IGHD in the pediatric 
phase was reclassified with CGHD (TSH and LH/FSH 
deficiencies) at the transition phase. Eleven patients of 
this group showed normal GH response (SGH) in the 
retest with ITT. In three patients, the initial diagnosis 
of CGHD at childhood was changed to IGHD at tran-
sition: two GHD girls and one GHD boy who received 
estrogens and testosterone, respectively, for assumption 
of associated hypogonadism that was not confirmed in 
the reevaluation. One patient with CGHD was reclas-
sified as SGH: at childhood, he was diagnosed with 
GHD (GH peak ITT = 1.3 µg/L and clonidine = 0.7 
µg/L), central hypothyroidism (normal-low free T4 le-
vels) and diabetes insipidus, secondary to Langerhans 
cell histiocytosis. He was treated with chemotherapy 
for 2 years and received GH for 6 years. At retesting, 
his GH peak was 12 µg/L and his IGF-1 was normal. 

IGF-1 measurements in the transition phase

Mean serum IGF-1 levels in the GHD patients were 
59.6 ± 59.2 ng/mL (IGHD = 100.2 ± 110 ng/mL; 
CGHD = 48.7 ± 32.8 ng/mL), values significantly lo-
wer than those observed in the SGH group (272 ± 107 
ng/mL; p < 0.01) (Table 2 and Figure 2). IGF-1 levels 
were low in 36 of 37 (97.3%) patients with GH peak < 5 
µg/L in the ITT, and in only 1 out of 12 SGH patients 
(8.3%) with GH peak > 5 µg/L. All patients reclassi-
fied as CGHD, 6 of 7 (86%) reclassified as IGHD and 
1 of 12 (8.3%) reclassified as SGH had low IGF-1 level, 
resulting in a sensitivity of 97.3%, specificity of 91.6%, 
positive predictive value of 97.3% and negative predictive 
value of 91.6% in GHD detection in the transition phase. 

From the 16 patients with IGHD at childhood, ele-
ven were reclassified as SGH and IGF-1 level was low 
in only one case; in the remaining five patients, IGF-1 
level was low in all of them (Figure 1). Thus, in patients 
with diagnosis of IGHD at childhood, IGF-1 measure-
ments exhibited 100% sensitivity and 91% specificity in 
GHD detection at transition phase. Of the patients with 
CGHD at childhood, only one was reclassified as SGH, 
and in this case IGF-1 level was normal. Of the remai-
ning 32 patients who persisted with GHD, IGF-1 was 
low in all of them, except in one case (Figure 1). Conse-
quently, the sensitivity and specificity of IGF-1 measure-
ments in the detection of GHD at transition in patients 
with CGHD at childhood was 97% and 100%, respecti-
vely. Mean IGF-1 values did not differ in patients with 
IGHD and those with CGHD associated with one, two, 
three or four additional pituitary deficiencies (Figure 3).

IGHD

500

450

400

350

300

250

200

150

100

50

0

IG
F-

1 
(n

g/
m

L)

#

CGHD SGH

# p < 0.01 vs. IGHD and CGHD

Figure 2. Serum IGF-1 levels at the transition phase in the study groups. 
Horizontal	bars	show	mean	levels	in	each	category	[isolated	GH	deficiency	
(IGHD), combined GH deficiency (CGHD), and GH-sufficient (SGH)]. Dashed 
horizontal	line	indicates	a	cutoff	value	of	110	ng/ml	with	a	sensitivity	of	
94.5% and a specificity of 100% for GHD detection. 

IGF-1 measurement in the transition period
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The lowest serum IGF-1 level observed in patients 
reclassified as SGH was 112 ng/mL. Of the 37 patients 
reclassified as GHD at the transition, 35 (94.5%) pre-
sented with an absolute serum IGF-1 concentration 
below 112 ng/mL (Figure 2). Hence, a serum IGF-1 
level < 110 ng/mL showed a sensitivity of 94.5% and 
specificity of 100% in the detection of GHD at the tran-
sition period.

DISCUSSION

The prevalence of persistent GHD in the transition has 
shown considerable discrepancy among series publi-
shed in the literature, with percentages ranging from 
22% to 74% depending on various factors, including the 
etiology, the type of GH test, cutoff values employed 
in the first test and in the retest, and the presence of 
other pituitary hormone deficiencies (11-14). The im-
portance of this later factor was clearly demonstrated 
in our study, as all but one patient with CGHD at chil-
dhood had persistent GHD at retesting, compared to 
only 31% of those with IGHD. It is worth mentioning 
our patient with CGHD who was reclassified as SGH 
at retesting. He had Langerhans cell histiocytosis, with 
GHD diagnosed at childhood based on abnormal GH 
responses in two distinct tests, plus central hypothyroi-
dism and diabetes insipidus. He received GH therapy 
during 6 years and chemotherapy for 2 years, which 
might explain the return of his pituitary GH secretion, 
although TSH and ADH deficiencies did not recover. 

Spontaneous recovery is also a possibility, although it 
was not observed in a series of eight GHD patients with 
Langerhans cell histiocytosis followed up for 11 years 
(15). Taken together, these cases show that recovery of 
GH secretion is not a common feature in patients with 
CGHD, but it is possible even in the presence of a well-
-established etiology.

ITT was chosen for retesting in the transition phase 
because it is the choice diagnostic procedure recom-
mended by various guidelines (1-3). A statement from 
the European Society of Pediatric Endocrinology ini-
tially suggested a GH peak < 5 μg/L after ITT for the 
diagnosis of GHD at the transition phase (10). Ho-
wever, this cutoff value was arbitrarily adopted from 
data on GH responses in stimulation tests performed 
in normal children at late puberty. Subsequently, ano-
ther statement pointed out that severe GHD in young 
adults should be defined as a peak GH < 6 μg/L after 
ITT (2), as this value showed 96% sensitivity and 100% 
specificity in GHD detection in a small series of 26 pa-
tients with CO-GHD and 39 controls (16). Some years 
later, however, the same group studied a large cohort of 
79 subjects with CO-GHD and suggested that a cutoff 
value of 5.62 μg/L was a more accurate value for pa-
tients with high likelihood of persistent GHD (17). In 
the present study, we have not performed ITT in our 
controls, but from the 12 patients reclassified as SGH, 
three exhibited a peak GH between 5 and 6.1 μg/L, all 
with normal IGF-1 levels. The only SGH patient with 
low IGF-1 in our study had a GH peak of 15.5 μg/L 
after ITT. At the same time, only one patient with per-
sistent GHD had a GH peak between 3 and 5 μg/L, 
with all others exhibiting a GH peak < 3 μg/L – which 
defines severe GHD in older adults (1-3). Consequen-
tly, a cutoff level of 6 μg/L would not make any diffe-
rence in our results, suggesting that a GH peak of 5 
μg/L on ITT is an adequate definition of permanent 
and severe GHD in the transition patients. 

ITT and other GH stimulation tests are cumber-
some procedures that might offer a considerable dis-
comfort for the patient, might require medical su-
pervision, and might be counterindicated in common 
clinical situations (1-3). Furthermore, GH tests have 
been challenged due to problems with reproducibility, 
secretagogue availability, lack of normal range values, 
and costs (18-20). Serum IGF-1 measurement is car-
ried out in a simple blood sample, but it has not been 
considered accurate for the diagnosis of GHD in adults 
due to a considerable overlap with values observed in 
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Figure 3. Serum IGF-1 levels at the transition phase, according to the 
number	of	additional	pituitary	hormone	deficiencies.	Horizontal	bars	show	
mean levels in each category. There was no significant difference among 
the groups.
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healthy subjects (1-5). Such overlap, however, is more 
pronounced in adulthood-onset GHD (AO-GHD), es-
pecially after the fourth decade of life, mainly due to 
the physiological decline in serum IGF-1 levels asso-
ciated with aging (4,21). This was clearly illustrated in 
a study involving 244 CO-GHD patients, in which the 
mean IGF-1 SDS was - 4.69 and 86% of the patients 
presenting serum IGF-1 level < -2 SDS, in contrast 
with only 52% of the older group with AO-GHD (22). 
For this reason, we decided to reappraise the diagnostic 
accuracy of IGF-1 measurement in a cohort of young 
adults who had been diagnosed with IGHD or CGHD 
at childhood, were treated with recombinant GH, and 
were off therapy at the time of retesting. In our study, 
IGF-1 measurement showed a sensitivity of 97.3% and 
specificity of 91.6% in the detection of GHD in transi-
tion patients. In addition, a threshold of 110 ng/mL 
showed 94.5% sensitivity and 100% specificity for the 
diagnosis in our population. In another study carried 
out in Brazil, serum IGF-1 level of 110 ng/mL measu-
red by Immulite represented the - 2 SD of the normal 
reference range for the age range of 21-25 years (23).

In our study, all thirty patients reclassified as having 
CGHD were correctly identified by low serum IGF-1 
level, which was below the threshold value in all cases. 
In patients with structural hypothalamic-pituitary ab-
normalities and high probability of permanent GHD, 
Secco and cols. demonstrated an IGF-1 < -1.78 SDS 
in all of their patients (17). In agreement with these 
findings, a recent update of The Endocrine Society Cli-
nical Practice Guideline on adult GHD (1) stated that 
a low IGF-1 level at least one month off GH therapy 
is sufficient documentation of persistent GHD without 
additional provocative testing in children with struc-
tural lesions, with multiple hormone deficiencies, and 
those with proven genetic causes. 

On the other hand, the role of IGF-1 in replacing 
GH tests for transition patients with low probability of 
permanent GHD, especially those with IGHD, is still a 
matter of debate (1-3). Normal IGF-1 has been repor-
ted in up to 20% in this sub-group of patients (17,22) 
and, according to the current guidelines, it should not 
rule out GHD (1-3). In our study, however, all patients 
with diagnosis of IGHD at childhood who persisted 
with GHD according to the GH responses after ITT, 
exhibited low IGF-1 levels. There were only two discre-
pancies between the GH response after ITT and IGF-1 
level in our cohort of 49 patients. One male patient 
with IGHD at childhood who was reclassified as SGH 

at the transition phase based on his normal GH peak 
of 15.5 μg/L, showed serum IGF-1 level of 112 ng/
mL, while the lowest reference limit for his age was 116 
ng/mL, according to the manufacturer. The other was 
a female patient with CGHD at childhood, reclassified 
as having IGHD in the transition due to a GH peak of 
1.76 μg/L in the ITT, who presented normal serum 
IGF-1 level of 340 ng/mL (reference range was 116-
358). During adolescence, she received estrogens for 
assumption of associated hypogonadism, which was not 
confirmed in adulthood. No other pituitary deficiencies 
were present. It should be kept in mind that, in discre-
pant cases, either the response to GH after ITT or IGF-
1 measurement might give false results, due a variety 
of factors such as age, gender, BMI, nutrition, thyroid 
and gonadal status, reference values, and assay variabi-
lity (23-28). It has been suggested that patients with 
discordant values might have partial GHD (29,30), but 
GH therapy is not usually recommended in these cases 
(1,2,10). 

In summary, our results show that a single determi-
nation of IGF-1 has similar sensitivity and specificity of 
GH response after ITT to detect GHD in the transition 
period (16). Thus, we believe that the determination 
of IGF-1 should replace ITT as initial diagnostic pro-
cedure in detecting both IGHD and CGHD in young 
adults. Clinical judgment must be applied for reques-
ting ITT (or other GH test) in those few cases where 
IGF-1 level is within the normal range and GH therapy 
could be beneficial to the patient.
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