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Context: The GHRH plus arginine (GHRH�Arg) test is a promising alternative to the insulin toler-
ance test (ITT) for diagnosis of adult GH deficiency (AGHD).

Objectives: The objectives of the study were to validate the GHRH�Arg test for diagnosis of AGHD,
using the ITT as comparator and a GH assay calibrated according to recent international recom-
mendations, and to study the repeatability and tolerance of both tests.

Design: This was a multicenter, randomized, open-label, phase III study.

Setting: The study was conducted at 10 French university hospitals.

Subjects: Sixty-nine subjects (38 and 15 with high and low probability of GH deficiency, respectively,
and 16 healthy controls) were randomized: 35 to the GHRH�Arg-GHRH�Arg-ITT test sequence and
34 to the ITT-ITT-GHRH�Arg test sequence.

Interventions: Each subject underwent three tests of GH secretion separated by 24 h or more.

Main Outcome Measures: The primary variable used for response assessments was serum peak GH
response. Test results were compared with the final AGHD diagnosis.

Results: Peak GH responses in the two tests were strongly correlated. A cutoff value of 7.89 �g/liter
for GHRH�Arg corresponding to 3 �g/liter for ITT was calculated. The cutoff value leading to 95%
specificity with the GHRH�Arg test was measured at about 3.67 �g/liter (sensitivity 79.0%). In-
termethod agreement and repeatability were high. Both tests were well tolerated. A preference
for the GHRH�Arg test was expressed by 74% of subjects.

Conclusions: The GHRH�Arg test demonstrated good accuracy and repeatability, was at least as
sensitive as the ITT, and was associated with better subject acceptability. The GHRH�Arg test
represents a good alternative to the ITT for the diagnosis of AGHD. (J Clin Endocrinol Metab 95:
3684–3692, 2010)

The diagnosis of adult GH deficiency (AGHD) is based
on the measurement of endogenous secretion of GH

in response to pharmacological stimulation. Among var-
ious provocative tests of GH secretion, the insulin toler-

ance test (ITT) is considered the gold standard. A GH peak
measurement of 3 �g/liter or less in response to the ITT is
indicative of severe AGHD, and such patients are eligible
for GH replacement (1–3). However, the ITT is said to be
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poor in terms of repeatability, is associated with side ef-
fects, and is contraindicated in certain patient groups
(such as those with coronary heart disease or epilepsy) (4,
5). Also, it is of little use in insulin-resistant subjects.
Among alternative tests, the combined GHRH and argi-
nine (GHRH�Arg) test is widely considered to be the most
promising (4, 6). The test appears to be reproducible and
better tolerated and of similar diagnostic sensitivity/spec-
ificity to the ITT, provided that appropriate cutoff values
are used (6–8).

Proposed cutoff values for the GHRH�Arg test have
varied in different studies (6, 7). This may be explained, in
part, by differences in the control subjects enrolled in the
various studies in terms of age and body mass index (BMI)
because these factors may influence peak GH response. A
second problem stems from variations in GH assays,
which have prevented researchers using universal refer-
ence peak of GH values. Reasons for the heterogeneity of
GH assays include differences in antibody specificity; in-
terference from GH binding proteins; and matrix effects,
which may influence the GH concentration measured in
samples of different nature (such as heparin or EDTA
plasma and serum) (9). A further problem is variation
between the GH preparations used for calibration. Thus,
as a first step to improved standardization of GH assays,
it has been recommended that every GH assay should be
calibrated against an international standard (IS; 98/574)
(10). This recalibration has induced a shift (usually a de-
crease) in the concentrations measured using some GH
assay kits, thus potentially affecting the cutoff values de-
fining GH deficiency (GHD). The present study is the first
to use a GH assay based on recommendations that were
being formulated at the time.

Thepurposeof the studywas tovalidate theGHRH�Arg
test for the diagnosis of AGHD using the ITT as a compar-
ator to allow physicians to assess properly whether the test,
with its advantages in terms of tolerability and simplicity,
could be a better alternative to ITT. Thus, our specific aim
was to determine whether, for the same level of specificity
(95%), the GHRH�Arg test has a sensitivity and repeatabil-
ity comparable with or greater than the ITT. We did this by
modeling the intraindividual relationship between the GH
responses to the two stimuli (modeling study), fixing the de-
cision threshold of the GHRH�Arg test to obtain a speci-

ficity of 95% (validation study), and studying the inter-
method agreement and repeatability of the two tests.

Participants and Methods

Participants
This was a randomized, open-label, parallel-group, phase III

study conducted at 10 hospitals across France between January
2004 and November 2005. Subjects were 18–60 yr of age who
had either not been treated with GH or who had stopped treat-
ment greater than 15 d before randomization. Exclusion criteria
included history of coronary problems (or electrocardiographic
signs indicating an ischemic pathology), cerebrovascular insuf-
ficiency or epilepsy; intolerance to arginine, GHRH, or insulin;
hyperkalemia; diabetes; BMI greater than 40 kg/m2; severe he-
patic, renal, tumoral evolutive affection, or metabolic or respi-
ratory acidosis; immunosuppression; psychiatric disorders; Par-
kinson’s disease or Parkinsonian syndromes treated by L-dopa;
treatment with drugs directly affecting the pituitary secretion of
somatotropin or provoking the release of somatostatin; antimus-
carinic agents; untreated hypothyroidism or treatment with an-
tithyroid synthesis drugs; or pregnancy or breast-feeding.

To maximize the range of peak GH values, three groups of
subjects were included: healthy controls (group A) and subjects
with a high (group B) or low (group C) probability of being GH
deficient. Subjects considered to have a high probability of GHD
were those having at least one of the following criteria: tumor of
the hypothalamo-pituitary region with GH insufficiency; ante-
rior pituitary insufficiency secondary to inflammatory, infec-
tious, or posttraumatic pathology or to a pituitary necrosis, in
which pituitary functional condition had already been docu-
mented and reevaluation of GH secretion was desired; previous
irradiation of the hypothalamo-pituitary region; or known child-
hood-onset organic GH pituitary insufficiency and with associ-
ated pituitary hormone deficiency, excluding prolactin. Subjects
considered to have a low probability of GHD had at least one of
the following criteria: known idiopathic isolated GHD diag-
nosed during childhood and a new GH secretion test desired;
nonoperated microadenoma (�1 cm of diameter); or fortu-
itously discovered intrasellar image (e.g. Rathke’s pouch cyst).

The study was conducted in accordance with the Declaration
of Helsinki (2000) and was approved by the Ethics Committee of
Paris-Sud. Each subject provided written informed consent be-
fore participation in the study.

Study procedures and assessments
After a preinclusion visit, each subject was randomized to one

of two groups (see below) and underwent three diagnostic tests
(carried out during a 3 d hospitalization period or three separate
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outpatient visits), with a minimum interval of 24 h between each
test. Subjects fasted for at least 10 h before each test.

The order in which the tests were administered differed ac-
cording to the randomization group, improving the reliability of
the data. Group 1 included the following: test 1, GHRH�Arg;
test 2, GHRH�Arg; test 3, ITT. Group 2 included the following:
test 1, ITT; test 2, ITT; test 3, GHRH�Arg. The test sequences
were selected to assess repeatability (because each test was re-
peated during the first two sequences) and the agreement be-
tween tests (because both tests were completed by all subjects).

Subjects undergoing the GHRH�Arg test received GHRH
(Gerel; Merck-Serono, Lyon, France), 1 �g/kg administered by
an iv bolus, followed by a 30-min infusion of 0.5 g/kg arginine
(Arginine Veyron; Veyron Laboratories, Marseille, France). Sub-
jects undergoing the ITT test received an iv injection of insulin
solution (Actrapid; NovoNordisk Laboratories, La Défense,
France), 0.05–0.15 IU/kg. The attainment of glycemia (mini-
mum value �40 mg/dl) was verified at each sampling time.

During both tests, blood samples were collected (at t � �15,
0, 15, 30, 45, 60, 90, and 120 min) and sent to a centralized
laboratory for analysis. Serum GH levels were measured using an
automated chemiluminescence-based immunometric assay (Ac-
cess Ultrasensitive human GH; Beckman-Coulter, Fullerton,
CA), using IS 98/574 as the GH calibrant.

At each study visit, safety assessments [adverse events (AEs),
serious AEs, clinical laboratory evaluations, vital signs, and
physical examinations] were performed. Subjects were also
asked to give a global evaluation of tolerability for each test:
using a visual analog scale (VAS), subjects were asked to rate

their appreciation of the test on a scale of 0 (very acceptable) to
100 (not at all acceptable).

Diagnostic test evaluation
The primary variable used for the diagnostic test evaluation

was the serum peak GH response to stimulation. The end points
were the modeling of peak GH response, validation of a
GHRH�Arg cutoff value, and agreement between and repeat-
ability of the ITT and GHRH�Arg tests. The studies performed
to evaluate the tests are summarized in Fig. 1.

Sample size
A sample size calculation indicated that a total of 76 subjects

in groups B (high probability of GHD) and C (low probability of
GHD) was necessary to guarantee, with a 5% margin of error,
that specificity measured at 95% was not less than 90%. To give
the study a sufficiently powerful modeling, 30 subjects in group
A (healthy subjects) were also needed.

Randomization
Before the first test was performed, subjects were centrally

randomized into two groups according to two test sequences
using an interactive voice response system. The randomization
system was designed to achieve balance between the groups with
respect to age, BMI, and GHD etiology.

Statistical analysis
All randomized subjects were included in the diagnostic test

evaluation. Analyses were performed on three different pre-

 Modeling study
• Peak GH values during ITTa 

and GHRH+Arga tests 
compared for each subject

• Correlation analyzed and a 
straight line evaluatedb

• Cut-off value corresponding 
to the 3 µg/L cut-off value 
for the ITT calculated for 
the GHRH+Arg test 
(calculated cut-off) 

 Validation study
• Results from diagnostic test 

evaluation and clinical 
evaluation compared for 
each subjectc,d 

• Specific cut-off value of the 
GHRH+Arg testa calculated 
so that 95% of the subjects 
not clinically affected by 
AGHD declared ‘normal’ in 
the GHRH+Arg test 
(measured cut-off)

• Proportion of subjects with a 
clinical diagnosis of AGHD 
with a positive test 
determined (measured 
sensitivity) 

• Diagnostic accuracy of tests 
assessede (ROC curve 
analysis)

 Agreement study
• Each test declared positive 

or negative

• Results of ITTa and the 
GHRH+Arga tests compared 
to determine number and 
proportion of concordantg 
and discordant casesh 
(inter-method agreement)

• Results of replicate tests 
compared (intra-method 
agreement)

 Repeatability study
• Pairs of values obtained in 

replicate tests analyzedi

 • Mean errors or coefficients 
of variationj calculated

SERUM PEAK GH RESPONSE

FIG. 1. Diagnostic test evaluation. a, First (or only) test. b, In the case of symmetrical distribution of the GH response in the entire modeling
population (inclusive of all three groups) for at least one of the two tests. In the more likely case in which a symmetrical distribution was observed
only for the healthy control group, results of modeling from this population alone could not be extrapolated to pathological subjects. c,
Confirmation or rejection of the AGHD diagnosis for each subject according to standard clinical criteria, such as the presence of other pituitary
deficiencies or some etiologies, e.g. history of craniopharyngioma, which increase the likelihood of GHD (3, 32–34). d, Uncertain cases not used. e,
Method of Hanley and McNeil (35). f, ITT, cutoff value of 3 �g/liter; GHRH�Arg test, measured cutoff value. g, Same conclusion provided by two
tests. h, Opposite results provided by two tests. i, Method of Bland and Altman (36). j, Depending on observed distribution. ROC, Receiver-
operating characteristic.
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defined populations, depending on the end point analyzed: re-
peatability population (all randomized subjects who underwent
the first two tests and had no major protocol deviation); mod-
eling and agreement populations (all randomized subjects who
completed all three tests and had no major protocol deviation);
and validation population (exclusion of subjects with low prob-
ability of GHD).

All data were analyzed using the software SAS System version
8.2 (SAS Institute, Cary, NC).

Statistical evaluations included the Student t and the Wilcoxon-
Mann-Whitney tests (continuous variables) or the �2 and Fisher’s
exact tests (categorical and ordinal variables). All tests were two
tailed and the level of significance was set at 5%.

Results

Study participants
Data were collected from 10 hospitals between January

2004 and November 2005. The study was prematurely
terminated due to an interruption in the supply of GHRH.

The numbers of subjects screened and randomized to
the different subgroups and included in the analysis pop-
ulations are summarized in Fig. 2. A total of 69 subjects
(16 in group A, 38 in group B, and 15 in group C) were
randomized: 35 to group 1 and 34 to group 2. The num-

bersof subjects recruited togroupsAandCwerebelowthe
target numbers for inclusion (30 and 38, respectively).

Within each randomization group, the etiology of the
GHD groups was balanced, i.e. groups 1 and 2 included a
similar number of healthy controls and subjects with high
or low probability of GHD. A total of 34 subjects (49.3%)
had at least one protocol deviation (33 minor, one major).

Demographic characteristics were homogeneous within
randomization and etiology of GHD groups (Table 1). Sub-
jects were mainly male (58.0%) and white (94.2%). Some
subjects presented with other pituitary hormone deficiencies
indicative of hypopituitarism: 13 of 69 (18.8%) with corti-
cotropic deficiency; 11 of 69 (15.9%) with gonadotropic
deficiency; and nine of 69 (13.0%) with decreased thyro-
tropic function. For all patients with deficiencies, adequate
replacement was stable for at least 3 months. BMI was less
than 25 kg/m2 in 25 subjects and 25 kg/m2 or greater in 43
subjects. Apart from weight, demographic characteristics
were homogeneous within BMI subgroups.

Diagnostic test evaluation

Modeling study
For the ITT, the mean first peak GH responses were 11.9,

0.9, and 8.4 �g/liter for subjects in groups A, B, and C, re-
spectively. The corresponding values for the GHRH�Arg
test were 26.1, 3.2, and 14.1 �g/liter. For both tests, the
difference between the three etiological groups was signifi-
cant (P � 0.001).

Overall, peak GH responses were higher with the
GHRH�Arg test than with the ITT. With the exception of
responses to the GHRH�Arg test in group A, the first peak
GH responses measured in the modeling population were
not normally distributed. In correlation analyses, the peak
response in the GHRH�Arg test vs. the peak response in the
ITT was plotted for each subject (Fig. 3A) and a strong pos-
itive link found (r � 0.7). A regression equation was used to
propose the following model: GHRH�Arg peak GH
value � 3.60 � (1.43 � ITT peak GH value). According to
this model, the GHRH�Arg test cutoff value corresponding
to the usual 3 �g/liter cutoff value for severe GHD in the ITT
was 7.89 �g/liter. The relationship between the peak GH
responses with the two tests in each of the three etiological
groups is shown in Fig. 3B.

The first peak GH response was not significantly dif-
ferent when the study population was split by age and sex
(data not shown). When subjects were categorized by BMI
(�25 or �25 kg/m2), the first GH peak in the ITT was
similar between subgroups (P � 0.211). However, in the
GHRH�Arg test, the first GH peak was significantly
lower for subjects with high BMI (8.9 ng/ml for BMI �25
kg/m2 vs. 13.7 ng/ml for BMI �25 kg/m2; P � 0.024).

Assessed for
eligibility

n = 73

Randomized 
n = 69

Groups A/B/C: 
n = 16/38/15

Excluded 
n = 4

Exclusion criteria (n = 3)
Consent withdrawal (n = 1)

Group 2 
n2 = 34

Groups A/B/C: 
n = 8/19/7

Group 1 
n1 = 35

Groups A/B/C: 
n = 8/19/8

Safety population 
n = 69

(n1 = 35; n2 = 34)

Repeatability population 
n = 68

(n1 = 34; n2 = 34)

Modelling and
agreement  population 

n = 68
(n1 = 34; n2 = 34)

Validation 
population 

n = 53
(n1 = 26; n2 = 27)

Group 1: Test sequence = GHRH+Arg–GHRH+Arg–ITT
Group 2: Test sequence = ITT–ITT–GHRH+Arg
n1 = number of subjects in Group 1; n2 = number of subjects in Group 2
Group A: healthy controls; Group B: high probability of GHD; Group C: low probability of GHD

Subjects with low
probability of GHD

(Group C)
n = 15

Excluded 
n = 1

Major protocol 
deviation (n = 1)

Excluded 
n = 1

Consent
withdrawal (n = 1)

FIG. 2. Patient flow diagram.
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Validation study
The cutoff value leading to a specificity of 95% (i.e.

95% of all subjects not clinically suffering from AGHD
declared normal by the test) ranged between 3.67 and 4.96
�g/liter for the GHRH�Arg test and between 5.17 and
6.46 �g/liter for the ITT.

The sensitivity and specificity associated with different
cutoff values for the two tests are shown in Table 2. Both
tests recognized all healthy controls as healthy controls
(specificity 100%) (if cutoff values of 3.67 �g/liter for the
GHRH�Arg test and 5.17 �g/liter or 3 �g/liter for the ITT
were used). However, sensitivity (the ability to identify
subjects with AGHD) was higher with the ITT.

No statistical difference between the receiver-operating
characteristic curves of each test was detected. The dis-TA
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FIG. 3. Global peak GH response modeling: plot of individual peak
GH response to the ITT against peak response to the GHRH�Arg test
for all subjects (A): GHRH�Arg peak � 3.6043 � 1.4278 * ITT peak;
R2 � 0.484; Spearman correlation coefficient (SCC) � 0.88; and each
of the three etiological groups in the modeling population (B), high
probability of GHD: GHRH�Arg peak � 1.2718 � 2.527 * ITT peak;
R2 � 0.531; SCC � 0.79; low probability of GHD: GHRH�Arg peak �
6.0728 � 0.9552 * ITT peak; R2 � 0.352; SCC � 0.43; healthy
control: GHRH�Arg peak � 21.1138 � 0.4217 * ITT peak; R2 �
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crimination ability of the ITT and the GHRH�Arg test
was therefore not significantly different (data not shown).

Agreement study
In the evaluation of intermethod agreement, the

GHRH�Arg test and the ITT gave identical results (i.e.
either both gave a positive result or both gave a negative
result) for 60 of the 68 subjects in the agreement popula-
tion (88.2%). According to the classification of Landis
and Koch (11), the agreement between the two tests was
substantial [kappa value � 0.77 and significantly different
from 0 (P � 0.001)].

In the evaluation of intramethods agreement, there was
100% agreement between the first and second GHRH�Arg
tests with a cutoff value of 3.67 �g/liter.

AgreementbetweenthefirstandsecondITTwasobtained
in 31 subjects (91.2%) using a cutoff value of 3 �g/liter and
33 subjects (97.1%) using a cutoff value of 5.17 �g/liter.

According to the classification of Landis and Koch (11),
the agreement between the first and the second test was
deemed as almost perfect [kappa value � 1 and 0.82 for
the GHRH�Arg test and the ITT, respectively, and sig-
nificantly different from 0 for both tests (P � 0.001)].

Repeatability study
Among the subjects who had the ITT as first and second

tests, the mean (SD) GH response was 5.7 (7.7) �g/liter and
6.3 (9.0) �g/liter, respectively. The corresponding figures
for those who had the GHRH�Arg test as first and second
tests were 11.4 (13.1) �g/liter and 11.4 (14.5) �g/liter,
respectively. Within-subject coefficients of variation were
21.5% for the ITT and 17.4% for the GHRH�Arg test. A
greater dispersion of values for the ITT was also observed
in each subgroup (groups A, B, or C).

The first and second peak GH levels for each test are
presented in Fig. 4A. A better repeatability of the

GHRH�Arg test compared with the ITT was evident, par-
ticularly at low GH peak values.

Results of the repeatability analysis are presented in
Fig. 4B. The overall repeatability of both tests using this
method was judged to be good (difference between rep-
licate measurements �2 SD) for 91.2% of subjects in
both tests. Results remained comparable across groups
A, B, and C.

Safety

Adverse events
The number of subjects who reported at least one AE [38

of 69 subjects (55.1%) during a GHRH�Arg test and 47 of
69 subjects (68.1%) during an ITT] was not significantly
different between the two tests (P � 0.081). However, the
number of AEs was lower during the GHRH�Arg tests
[75 of 183 events (41.0%) vs. 108 of 183 events (59.0%)
in the ITTs].

A greater proportion of subjects experienced AEs that
were considered to be related to the test product for the
GHRH�Arg test [34 of 69 subjects (49.3%) compared
with 13 of 69 subjects (18.8%) for the ITT (P � 0.001)].
AEs considered to be test product related that occurred in
more than 5% of subjects included hot flush, feeling hot,
dysgeusia, and headache (GHRH�Arg test) and hyperhi-
drosis (ITT test).

One serious AE occurred: after insulin injection, the
subject presented with a general malaise and loss of con-
sciousness. This was considered to be probably related to
the test. The subject recovered on receiving treatment with
30% glucose and completed the study.

One AE led to the dropout of a subject during the study:
mild paresthesia lasted from the first to the second test
(both were GHRH�Arg tests) and was not considered to
be related to treatment.

TABLE 2. Measured sensitivity and specificity with different cut points for the GHRH�Arg test and ITT (validation
population)

Validation population
(n � 53)

AGHD
(n � 38)

Healthy controls
(n � 15)

Sensitivity
(%)

Specificity
(%)

With a 3.67-�g/liter cutoff for GHRH�Arg test (measured cutoff)
GHRH�Arg test positive (value �3.67 �g/liter) 30 (TP) 0 (FP) 78.95 100.00
GHRH�Arg test negative (value �3.67 �g/liter) 8 (FN) 15 (TN)

With a 7.89 �g/liter cutoff for GHRH�Arg test (calculated cutoff)
GHRH�Arg test positive (value �7.89 �g/liter) 32 (TP) 2 (FP) 84.21 86.67
GHRH�Arg test negative (value �7.89 �g/liter) 6 (FN) 13 (TN)

With a 3 �g/liter cutoff for ITT (usual cutoff for severe GHD)
ITT positive (value �3 �g/liter) 34 (TP) 0 (FP) 89.47 100.00
ITT negative (value �3 �g/liter) 4 (FN) 15 (TN)

With a 5.17 �g/liter cutoff for ITT (measured cutoff for GHD)
ITT positive (value �5.17 �g/liter) 36 (TP) 0 (FP) 94.74 100.00
ITT negative (value �5.17 �g/liter) 2 (FN) 15 (TN)

FN, False negative; FP, false positive; TN, true negative; TP, true positive.

J Clin Endocrinol Metab, August 2010, 95(8):3684–3692 jcem.endojournals.org 3689

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/95/8/3684/2596625 by guest on 18 April 2024



Acceptability
Acceptance for the GHRH�Arg test was higher than

for the ITT, as demonstrated by lower scores on the VAS.
The mean (SD) evaluations for the GHRH�Arg tests were
14.2 (12.6) at visit 1, 16.8 (19.8) at visit 2, and 11.7 (17.6)
at visit 3. For the ITTs, mean (SD) evaluations at visits 1, 2,
and 3 were 25.4 (23.3), 24.5 (19.6), and 35.7 (26.9), re-
spectively. At each visit, the VAS score was significantly
higher for the ITT than the GHRH�Arg test (P � 0.05).
Overall, 74.2% of responders (49 of 66) gave the
GHRH�Arg test a lower VAS score than the ITT.

Discussion

This multicenter study was designed to validate the diag-
nostic stimulation test for AGHD based on the adminis-
tration of GHRH and arginine, using the ITT as a com-
parator. Cutoff values for the diagnosis of AGHD were
both calculated (modeling study) and measured (valida-
tion study). The tests were judged to have comparable
accuracy, with little difference in discrimination ability,
and good intermethod agreement was observed. The re-
peatability of the GHRH�Arg test was good, with better
intramethod agreement than the ITT.

Overall, the GHRH�Arg test induced larger peak GH
responses than the ITT. Accordingly, absolute values of in-

trapair differences appear larger for the
GHRH�Arg test and the GHRH�Arg
method may be considered more repeat-
able than the ITT; this conclusion is sup-
ported by the coefficients of variation for
the two tests.

The quality of the model proposed
here (R2 � 0.484) was questionable be-
cause not all of the assumptions of lin-
ear regression were met: the peak GH
value for the overall population did not
follow a normal distribution, and the
variance around the regression line was
not equal across the data. The measured
cutoff value of 3.67 �g/liter was there-
fore probably more reliable than the
calculated value. The cutoff values mea-
sured in the present study are close to
those obtained in previous studies (6, 7).

In the current study, the lower value
for a specificity of 95% was 5.17 �g/
liter for the ITT. This is in agreement
with previous studies, which demon-
strate that a cutoff value of 3 �g/liter
defines severe GHD, whereas a cutoff
value of 5 �g/liter defines GHD. Using

receiver-operating characteristic curve analysis, Biller et
al. (6) reported that balance between high sensitivity and
high specificity was achieved with a cutoff level of 5.1
�g/liter. Aimaretti et al. (12) demonstrated that 3.8 and
5.3 �g/liter represented the first and third centile limits of
the peak GH response in normal subjects.

Although the GH response to both tests was positively
correlated, the GHRH�Arg test provided a more potent
stimulus of GH secretion than the ITT, as reported pre-
viously (6, 7). The mean first peak GH response to the
GHRH�Arg test was significantly higher for group A
(26.1 �g/liter) compared with subjects in group C (14.1
�g/liter) and group B (3.2 �g/liter) (P � 0.001). These
values were higher than those observed with the ITT (0.9
�g/liter for group B and 11.9 �g/liter for group A).

Both tests recognized all healthy controls as healthy
controls (specificity 100%) if a cutoff value of 3.67 �g/
liter was used for the GHRH�Arg test. However, sensi-
tivity (ability to identify subjects with AGHD) was better
with the ITT, for both a 3- and a 5.17-�g/liter cutoff value
(89.5 and 94.7% vs. 79.0% for the GHRH�Arg test).
This is because GHRH is a very potent stimulus of GH
secretion, which acts on the pituitary (in contrast with
hypoglycemia, which stimulates the somatotropic axis at
the level of the hypothalamus). GHRH may thus be able
to elicit a substantial peak GH response in patients with

2nd peak GH value (ng/mL)

ITT A

1s
t p

ea
k 

G
H

 v
al

ue
 (n

g/
m

L)

60

50
55

45
40
35
30
25
20
15
10

5
0

0 5 10 15 20 30 40 50 6035 45 5525
2nd peak GH value (ng/mL)

GHRH+Arg test

ITT GHRH+Arg test

1s
t p

ea
k 

G
H

 v
al

ue
 (n

g/
m

L)

60

50
55

45
40
35
30
25
20
15
10

5
0

0 5 10 15 20 30 40 50 6035 45 5525

Average peak GH response (ng/mL)

B

D
iff

er
en

ce
 in

 p
ea

k 
G

H
 re

sp
on

se
 (n

g/
m

L)

20

15

10

5

0

–5

–10

–15

–20
0 10 20 30 40 50 60

Mean+2SD

Mean

Mean–2SD

High probability of GHD
Low probability of GHD
Healthy control

Group
High probability of GHD
Low probability of GHD
Healthy control

Group

Average peak GH response (ng/mL)

D
iff

er
en

ce
 in

 p
ea

k 
G

H
 re

sp
on

se
 (n

g/
m

L)

20

15

10

5

0

–5

–10

–15

–20
0 10 20 30 40 50 60

Mean+2SD

Mean

Mean–2SD

FIG. 4. Test repeatability: first and second peak GH response to the ITTs and the GHRH�Arg
tests (A); Bland-Altman analysis of repeatability (repeatability population) (B).
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partial GHD (13, 14) or radiation-induced GHD second-
ary to hypothalamic dysfunction, rather than pituitary
dysfunction (15–17). Furthermore, it is possible that, by
providing GHRH, subjects with GHD may be misclassi-
fied as normal using the GHRH�Arg test. It has previ-
ously been shown that combined administration of
GHRH and GH-releasing peptide-6 was able to elicit a
clear GH response in subjects for whom the ITT failed to
elicit a GH response (18).

We also evaluated repeatability and agreement be-
tween tests. Agreement and repeatability of both tests
were very high; this provides reassurance that the classi-
fication of a given patient as normal or abnormal is re-
producible, eitherwhen thepatient is tested twiceusing the
same method or when tested using two different methods.
This was somewhat unexpected for the ITT, for which
intraindividual reproducibility was previously considered
to be poor (19–22) but expected for GHRH�Arg because
reproducibility is a well-known advantage of this test (23).

The GH response to the GHRH�Arg test was not in-
fluenced by age or sex, as demonstrated in previous studies
(24, 25). However, BMI had a significant effect on the first
peak GH response, with a lower value in subjects with a
BMI 25 kg/m2 or greater, as reported previously (26–30).

Both tests were well tolerated and no unexpected AEs
occurred. The AEs experienced (mainly hot flush/feeling
hot) have been reported in the literature (6). The high rate
of AEs is likely to be related to the protocol because AEs
were recorded in a manner more similar to a clinical trial
than routine clinical practice. Despite a higher incidence of
related AEs using the GHRH�Arg test, patients consid-
ered the tolerability of the test to be significantly better
than the ITT, as has been reported previously (6). In a
wider sense, the overall safety of the GHRH�Arg test is
favorable, given that the ITT is contraindicated in certain
patient groups.

One of the strengths of this study is that it is the first to
comply with the recent European recommendations for
GH assays (10). In an attempt to standardize GH assays
used for diagnostic testing, a recent European consensus
statement has recommended that every GH assay should
be calibrated against a new international standard, IS 98/
574 (10). These recommendations are to be extended
worldwide in the very near future.

One potential criticism is the limited number of healthy
controls, which may have decreased the power of the
study. This did not prevent us performing all the descrip-
tive statistics that were necessary; moreover, because the
results are very similar to those reported already, the con-
clusions are unlikely to be significantly weakened. Our
recruitment of healthy controls was hampered by an in-
terruption in the supply of GHRH and the premature ter-

mination of the study. Although this form of GHRH is no
longer supplied (31), similar forms are available (i.e.
GHRH Ferring summary of product characteristic, http://
emc.medicines.org.uk/document.aspx?documentId�664),
and scientific institutions are trying to make the product
available for routine diagnosis of AGHD.

In conclusion, results from this phase III randomized
study show that the GHRH�Arg test represents a good
alternative to the ITT for the diagnosis of AGHD. Fur-
thermore, the GH cutoff limits were calculated using an
assay that was calibrated according to the recent recom-
mendations for GH assays. The GHRH�Arg diagnostic
test has good accuracy and repeatability and is at least as
sensitive as the ITT, provided that appropriate cutoff lim-
its are applied. Moreover, subjects considered it more ac-
ceptable than the ITT.
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