Growth Hormone after Oral Glucose Overload: Revision of
Reference Values in Normal Subjects

ABSTRACT

The evaluation of growth hormone (GH) secretion continues to be important in ac-
romegaly and the nadir GH (n-GH) level in the oral glucose tolerance test (OGTT) is
the gold standard for the demonstration of secretory autonomy of this hormone.
n-GH levels < 1 pg/L are defined as normal suppression but, using current assays,
n-GH < 1 pg/L is detected in patients with untreated acromegaly and this value
seems to be much lower in normal subjects. The objective of the present study was
to evaluate n-GH levels in the OGTT in normal subjects using three different assays
(GH ICMA Immulite; GH IRMA DSL and GH IFMA AutoDelfia). Two-hundred appar-
ently healthy subjects (120 women) ranging in age from 18 to 70 years and with a
BMI > 18.5 and < 27 kg/m?, who used no medications and presented normal glyce-
mia, blood count, albumin, creatinine, TSH, SGOT, SGPT and bilirubin were studied.
Serum samples were obtained before and 30,60,90 and 120 min after oral adminis-
tration of 75 g glucose. The test was repeated after 4 weeks in 157 participants, with
the same protocol being used in 79 and 78 receiving an overload of 100 g glucose.
n-GH cut-off values (97.5th percentile) were higher in women than in men (GH-IF-
MA: 0.30 versus 0.11 pg/L; GH-ICMA: 0.60 versus 0.25 pg/L; GH-IRMA: 0.20 versus
0.10 pg/L, respectively). No correlation was observed between n-GH and age or
BMI. A difference was only observed when comparing women < 35 years (n = 40)
versus > 35 years (n = 80), with higher values in the former (n-GH cut-off in this
subgroup: GH-IFMA 0.40 versus 0.26 pg/L, GH-ICMA 0.74 versus 0.50 pg/L, GH-IR-
MA 0.25 versus 0.15 pg/L). A good correlation was observed between the assays (r
= 0.9-0.96), however, the highest values were always obtained with the Immulite
assay. Test repetition with 75 g oral glucose showed a variation in n-GH < 10.2%
(GH-IFMA), < 13.4% (GH-ICMA) and < 11% (GH-IRMA) in 95% of the subjects. This
variation was similar when the test was repeated with 100 g glucose. A good cor-
relation was observed between n-GH in the first and second test (r = 0.83-0.92). We
suggest the following n-GH reference values: for men, 0.14 pg/L for the GH IRMA
DSL and GH IFMA AutoDelfia kits and 0.25 pg/L for the GH ICMA Immulite kit; for
women, 0.25 pg/L, 0.40 pg/L and 0.70 pg/L, respectively. (Arq Bras Endocrinol Metab
2008; 52/7:1139-1144)
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RESUMO

Hormonio de Crescimento Depois da Intolerancia a Glicose: Revisao dos Valores
Normais de Testes.

A avaliacao da secre¢do do hormonio de crescimento (GH) permanece importante
na acromegalia e o nadir do GH (n-GH) no teste de tolerancia oral a glicose (TTOG)
é o padrao-ouro na demonstracdo da autonomia secretoéria deste horménio. Con-
sidera-se supressao normal valores < 1 pug/L, mas, com os ensaios atuais, n-GH <
1 ug/L é encontrado em pacientes com acromegalia nao-tratada; e em individuos
normais este valor parece ser bem menor. O objetivo do estudo foi avaliar o n-GH
no TTOG em individuos normais, usando trés ensaios diferentes (GH ICMA Im-
mulite, GH IRMA DSL e GH IFMA AutoDelfia). Duzentos voluntarios aparentemente
saudaveis (120 mulheres) com idade entre 18 e 70 anos e indice de massa corporal
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(IMC) > 18,5 e < 27 kg/m?, que nao usavam medicamentos e apresentavam hemo-
grama, glicemia e dosagens séricas de albumina, creatinina, TSH, TGO, TGP e
bilirrubinas normais, foram estudados. Amostras de soro foram obtidas antes e
30, 60, 90 e 120 minutos apdés administragao oral de 75 g de glicose. O teste foi
repetido apds quatro semanas em 157 participantes, com o mesmo protocolo
sendo usado em 79 pacientes e sobrecarga oral de 100 g de glicose nos outros 78.
Os valores de corte do n-GH (percentil 97,5) foram maiores em mulheres que nos
homens (GH-IFMA: 0,30 versus 0,11 pg/L; GH-ICMA: 0,60 versus 0,25 pg/L; GH-IRMA:
0,20 versus 0,10 pg/L, respectivamente). Nenhuma correlacédo foi observada entre
n-GH e idade ou IMC. Uma diferenca foi vista apenas quando foi comparado mu-
lheres < 35 anos (n = 40) versus > 35 anos (n = 80), com valores maiores nas
primeiras (valor de corte do n-GH neste subgrupo: GH-IFMA 0,40 versus 0,26 ug/L,
GH-ICMA 0,74 versus 0,50 pg/L, GH-IRMA 0,25 versus 0,15 pg/L). Houve boa cor-
relagao entre os ensaios (r = 0,9-0,96), mas valores maiores foram sempre obtidos
com o kit Immulite. A repeticdo do teste com 75 g de glicose oral mostrou variagao
no n-GH < 10,2% (GH-IFMA), < 13,4% (GH-ICMA) e < 11% (GH-IRMA) em 95% dos
individuos. Esta variagao foi similar quando o teste foi repetido com 100 g de gli-
cose. Uma boa correlagdo foi observada entre o n-GH no primeiro e segundo
testes (r = 0,83-0,92). Sugere-se os seguintes valores de referéncia para o n-GH:
para homens, 0,14 ug/L para os kits GH IRMA DSL e GH IFMA Auto Delfia e 0,25
pg/L para o kit GH ICMA Immulite; para mulheres, 0,25 pug/L, 0,40 pg/L e 0,70 pug/L,
respectivamente. (Arq Bras Endocrinol Metab 2008; 52/7:1139-1144)

Descritores: Acromegalia; Teste de tolerancia oral a glicose; Hormonio de cresci-

mento; Valores de referéncia

INTRODUCTION

he evaluation of growth hormone (GH) secretion

is still important for the acromegaly management.
For the diagnosis of the disease, elevated IGE-1, al-
though highly specific, does not circumvent the GH
suppression test after an oral glucose overload (1-3).
In addition, elevated and non-suppressed levels of GH
permit the diagnosis of acromegaly in the rare cases
with normal IGF-1. Treatment is not only aimed at
normalization of IGF-1 but also at the control of GH
secretion (1,3), considering that a more consistent
correlation with mortality is observed for GH levels
rather than IGF-1 (3,4). Finally, technical problems
with the assays and the need for specific population
reference values limit the use of IGF-1 as a single bio-
chemical parameter to define patients’ management
with acromegaly without considering concomitant
GH levels.

The nadir GH (n-GH) level in the oral glucose to-
lerance test (OGTT) is the gold standard for the de-
monstration of its secretory autonomy, a characteristic
of untreated or active acromegaly (3). At present, va-
lues < 1 ng/L are considered to indicate normal sup-
pression, although data validating this cut-oft have not
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been presented in the Cortina Consensus (2). A change
in this parameter has been proposed (2) in view of the
fact that, using news assays, an n-GH < 1 pg/L, i.e.,
suppressed according to the current criterion (1), can
be found in patients with untreated acromegaly (5,6),
whereas in normal individuals this value does not exce-
ed 0.30 pg/L (2).

Many studies evaluating n-GH present flaws may
compromise the suggested cut-off values. In this res-
pect, preanalytical factors include relatively small sam-
ples, especially comparing the subgroups (such as
gender and age); and poorly detailed information about
the exclusion of potential interfering factors, whether
these factors were only identified by clinical examina-
tion or by minimal laboratory investigation. In addi-
tion, the protocol used is not always the currently
recommended (measurement of GH at baseline and
30, 60,90 and 120 min after 75g of oral glucose) (1,3),
with some studies using 100 g glucose (5-8) and occa-
sionally omitting the collection at 30 (7,9), 90 (10) or
120 min (8), with the possibility that these modifica-
tions may affect the results. As an analytical factor, the
use of standards which were not calibrated with highly
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purified preparations of 22-kDa GH as currently re-
commended has been observed (5,9-14). In addition,
little is known about the reproducibility of n-GH.

In view of the above considerations and the need
for a specific cut-off for each assay, the objective of the
present study was to evaluate n-GH levels in the OGTT
in normal subjects using three assays used in Brazil.

METHODS

Subjects

Two hundred ninety-two subjects apparently healthy
(absence of diabetes, kidney or liver disease and thyroid
dysfunction), eutrophic, and not using any medications
(including anovulatory agents, estrogens or corticoste-
roids) were initially evaluated. Pregnant women were
excluded. In the case of women before menopause,
only those with regular menstrual cycles were evalua-
ted. All subjects were submitted to laboratory investi-
gation and only those with fasting glycemia < 100 mg/
dL and 2 h post-dextrose < 140 mg/dL, normal blood
count and normal serum levels of albumin, creatinine,
TSH, SGOT, SGPT and bilirubin were selected for the
study. This group consisted of two-hundred volunteers
(120 women and 80 men) ranging in age from 18 to
70 years (median of 44 years) with a body mass index
(BMI) > 18.5 and < 27 kg/m? (median of 24.2 kg,/m?
for men and 23.3 kg/m? for women).

The study and its respective protocol were appro-
ved by the Ethics Committee of our institution and in-
formed consent was obtained from all subjects.

Study protocol

Serum samples were obtained before and 30, 60, 90 and
120 min after oral administration of 75g glucose (1,3).
The samples were collected in the morning after an ap-
proximately 10-h fast, with the subject resting for 20 min
before and during the test. Premenopausal women were
evaluated during the follicular phase of the menstrual
cycle (3rd to 8th day). The serum samples were stored
frozen at — 80°C in multiple aliquots until the time for
analysis. In n-GH reproducibility evaluation, 157 partici-
pants agreed to repeat the test after 4 weeks. The same
protocol was used in 79 of these subjects, whereas in 78
the oral glucose overload was changed to 100 g.

Assays

In order to have the results taken in Brazil accepted,
assays at the main Brazilian neuroendocrinology cen-
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ters were used (GH IFMA AutoDelfia, Wallac OY,
Turku, Finland; GH ICMA Immulite, Diagnostic Pro-
ducts Corporation, Los Angeles, CA and GH IRMA,
Diagnostic Systems Laboratories, Inc., Webster, TX).
The values obtained with the three assays at our labora-
tory for 20 replicates of human serum containing 0
ng/L GH (standard O of the IRMA DSL kit) were <
0.05 pg/L (analytical sensitivity). The standards provi-
ded by the kits were calibrated to the WHO (World
Health Organization) 2nd International Standard (IS)
98 /574 (Immulite), 1st IS 88,/624 (IRMA DSL) and
1st International Reference Preparation (IRP) 80,505
(AutoDelfia). The results are expressed as ng/L (14).
The authors state that the choice of the commercial kits
was solely based on the fact that they are used in Brazil
and that there was no conflict of interests.

Statistical analysis

The cut-off was defined as the 97.5% percentile of the
values found. Statistical analysis was performed using
the SPSS, version 14, and MedCalc, version 9, progra-
ms. The Spearman correlation test was used to analyze
the correlation between GH levels in the three assays,
between n-GH in the first and second test, and betwe-
en n-GH and age, BMI, peak glycemia and glycemic
elevation during the OGTT. The nonparametric
Kruskal-Wallis test and the parametric Shapiro-Wilk
test were used to compare GH values obtained in the
different assays or between groups. P values < 0.05
were considered to be statistically significant.

RESULTS

The correlation between assays was good (r = 0.9-0.96,
p < 0.001). However, the highest values were always
obtained with the Immulite kit (Figure 1). In 20 sam-
ples with a GH concentration ranging from 0.10 to 0.5
pg/L (mean of 0.28 for GH-IFMA, 0.30 for GH-IC-
MA and 0.26 ng/L for GH-IRMA), the highest intra-
assay variation was 7%, 9.4% and 7.8%, respectively.
The n-GH cut-off values were higher in women
than in men (GH-IFMA: 0.30 versus 0.11 pg/L; GH-
ICMA: 0.60 versus 0.25 ng/L; GH-IRMA: 0.20 ver-
sus 0.10 ng/L, respectively (p < 0.01 for all assays),
as were the maximum values found (GH-IEMA: 0.47
versus 0.14 ng/L; GH-ICMA: 0.85 versus 0.30 ng/L;
GH-IRMA: 0.30 versus 0.12 pg/L, respectively). No
n-GH values > 1 ng/1. were observed. None of the
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Figure 1. A.Mean glucose levels during an OGTT. B. Mean GH
levels during an OGTT in women. C.Mean GH levels during an
OGITT in men.

assays detected a correlation between n-GH levels and
age or BMI. A difference was only observed when
comparing women < 35 years (n = 40) versus > 35 years
(n = 80), with higher values in the former (n-GH cut
off in this subgroup: GH-IFMA 0.4 ng/L versus 0.26
pg/L, GH-ICMA 0.74 pg/L versus 0.50 pg/L and
GH-IRMA 0.25 pg/L versus 0.15 pg/L (p < 0.05 for
all assays). The maximum value detected by each assay
was also observed in this subgroup (young women).
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The time of the test necessary to reach n-GH in each
assay is shown in Table 1 and mean GH levels during
an OGTT in Figure 1.

Table 1. Percentage distribution of patients according to the
amount of fime necessary to reach n-GH.

Assay Undetectable 30 min 60 min 90 min 120
basal GH min

GH- 1% 23% 47% 97%  100%

ICMA

GH-IFMA 3% 29% 55% 96%  100%

GH- 4% 26% 54% 96%  100%

IRMA

The reproducibility of n-GH in the OGTT was
good. In the 79 subjects who performed the second
test with 75 g glucose 4 weeks later, comparison of
n-GH between the first and second test showed a varia-
tion < 10.2% (GH-IFMA), < 13.4% (GH-ICMA) and <
11% (GH-IRMA) in 95% of them. The correlation be-
tween n-GH in the first and second test was good (r =
0.86-0.91, p < 0.001). The variation was < 9.2% (GH-
IFMA), < 14% (GH-ICMA) and < 9.8% (GH-IRMA)
em 95% of the 78 participants in which the test was
repeated using 100g glucose. In these cases, the corre-
lation between n-GH in the first and second test was
also good (r = 0.83-0.92, p < 0.001). Also regarding
the influence of glucose overload on GH suppression,
we observed no correlation between n-GH and peak
glycemia or the amplitude of glycemic elevation in the
357 tests analyzed for any of the assays.

DISCUSSION

The present study confirms that normal n-GH levels
during the OGTT are lower than 1 ng/L when current
assays are used (1). In addition, the study shows that
cut-off values vary according to the assay used, in agre-
ement with the findings of Markkanen et al. (11) and
Arafat et al. (15), a fact that impairs the adoption of a
universal cut-oft value (2). The main reasons for the
discrepancies between results are the heterogeneity of
GH molecules, the use of monoclonal or polyclonal an-
tibodies, the interference from GH binding protein
and other matrix components, and the use of different
standard preparations to calibrate GH assays.

Among the variables that may influence n-GH le-
vels in healthy subjects, gender, age and BMI are the
most studied. A difference between genders was obser-
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ved in the present study, with women showing higher
n-GH levels than men as reported in most studies
(8,11-13,15-17). Although GH secretion decreases
progressively with age (about 14% per decade) (2), we
found no correlation between n-GH and this variable,
in agreement with other investigators (7,8,11,12,16).
What is observed is that young and young adult wo-
men present higher n-GH levels and require a distinct
cut-off, as previously reported by Costa et al. (13) and
Gullu etal. (17). In the series of Arafat et al. (15) invol-
ving 213 subjects (147 women) which demonstrated
an inverse correlation between age and n-GH, lower
values were in fact observed from the fifth decade of life
on. The influence of BMI, which was found to be ne-
gatively correlated in two important studies (10,15),
was not confirmed in the present study, similar to the
findings of other series (7, 8,12,16,17). However, since
we did not evaluate obese patients, it is possible that
these patients in fact present even lower n-GH levels
than those observed in the present study, especially in
the case of a BMI > 35-40 kg/m? (15).

We compared our results to those reported in other
studies using the same assays (Table 2). Freda et al. (7)
reported a cut-oft of 0.14 pg/1 for men (n = 26) using
the GH IRMA DSL kit. When using the GH IFMA
AutoDelfia kit, all men of our series (n = 80) and of two
other studies (11,12) (n = 50) presented n-GH levels <
0.14 pg/L. Using the GH ICMA Immulite kit, an
n-GH concentration > 0.25 png/L was observed in only
2 /80 men of our study and was practically not detected
by other investigators (11,15) (n = 91). For women,
Freda et al. (7) suggested a cut-oft of 0.14 pg/L (n =
20) when using the GH IRMA DSL kit, in agreement
with that observed by us in 80 adult women, but sli-
ghtly lower than the value demonstrated in the present
study for young and young adult women (0.25 png/L)
(n = 40). When using the GH IFMA AutoDelfia kit,
only 1/120 women of this study and 1,/28 of another
series (12) presented n-GH levels > 0.40 ng/L. Howe-
ver, higher values have been reported by Markkanen et
al. (11) for 3/38 women, a difference that we could
not explain based on the characteristics of the subjects

Table 2. n-GH values suggested with present results together
with those reported in other studies using the same assays.

IRMA (mg/L) IFMA (mg/L) ICMA (mg/L)

DSL kit Auto Delfia kit  Immulite kit
Men 0,14 0,14 0,25
Women 0.25 0,40 0,70

Arg Bras Endocrinol Metalb 2008;52/7

or analytical variables. Using the GH ICMA Immulite
kit, an n-GH concentration > 0.70 pg/L was observed
in only 2/120 women of this study and in 2/147 of
the series of Arafat et al. (15), whereas Markkanen et al.
(11) found values > 1 pg/L in 2 /35 women. Differen-
ces in age and BMI do not explain the higher values
reported in the last study, but the fact that the prepara-
tion used for calibration of the standards did not con-
sist of > 95% purified 22-kDa GH, as used in the present
study and in the series of Arafat et al. (15), may explain
this difference.

The lack of an association between peak glycemia
and amplitude of glycemic elevation with n-GH sug-
gests that the administration of 75 or 100 g glucose
yields the same results. This fact is supported by the
demonstration that the variation in n-GH and the cor-
relation between the first and second values were the
same when the second test was performed with one or
the other quantity of glucose.

The definition of new normal n-GH values has clinical
relevance. First, it would facilitate the diagnosis of acrome-
galy in cases of elevated IGF-1 and n-GH < 1 png/L (5,6),
the latter compatible with adequate suppression according
to the current consensus and, therefore, excluding the di-
sease (1). Although < 1 pg/L, in these patients n-GH is
almost always above the values found in normal individu-
als, characterizing the absence of suppression (5,6).

In treated acromegalic patients, the laboratory fin-
ding of elevated IGF-1 and n-GH > 1 ng/L characterizes
“uncontrolled disease” (1); redefinition of the cut-off va-
lue does not change this interpretation. The same applies
to the discordance of normal IGF-1 and n-GH > 1 ng/L.
However, the knowledge that normal n-GH levels are lo-
wer than has been imagined (1) supports the view that
levels > 1 pg/L are clearly altered. The data compiled
from recent series (9,10,13,15,17-21) show that approxi-
mately 30% of patients with elevated IGF-1 have n-GH <
1 png/L. About 90% of these subjects present n-GH levels
above those found in normal individuals; thus, the appa-
rent discordance results in most cases from an equivocal
definition of normality since with the application of new
cut-off values for n-GH the latter and IGF-1 would be
altered. The same data (9,10,13,15,17-21) reveal that
about 25% of patients who are today regarded as being in
remission (normal IGF-1 and n-GH < 1 ng/L (1) would
present altered GH secretion after redefinition of the nor-
mality cut-off and, although presenting n-GH <1 ng/L

and normal IGF-1, these patients would be at a higher -

risk of progressing to elevated IGF-1 (21).
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At present, no distinction could be seen between
n-GH corresponding to normal suppression (used for
diagnosis) and n-GH used to define remission in trea-
ted acromegalic patients (1,3,21). However, follow-up
studies of treated acromegalic patients may show that
n-GH values associated with clinical remission and con-
trol of morbidity and mortality do not necessarily cor-
respond to normal suppression (12).

The present results, together with those reported
in other studies using the same assays, suggest the follo-
wing n-GH reference values for the GH kits most used
in Brazil (Table 2): for men, 0.14 pg/L for the GH
IRMA DSL and GH IFMA Auto Delfia kits and 0.25
pg/L for the GH ICMA Immulite kit; 0.25 ng/L,
0.40 pg/L and 0.70 pg/L, respectively, for women,
with slightly higher values being observed in young
women. Irrespective of age, BMI or gender, n-GH > 1
prg/L almost always indicates abnormal GH secretion.
In addition, the present study shows that the GH sup-
pression test with oral glucose is reproducible and also
suggests that centers using the protocol of 100 g glu-
cose administration may move to 75 g for the sake of
standardization (1,3).

Dr. Pedro Weslley Rosario participa de pesquisas patrocinada
pela Novartis Oncologia e Genzyme. No other potencial conflict
of interest relevant to this article was reported.
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