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Background: The aim of this study was to assess the clinical differences between acromegalic patients with microadenoma and pa-
tients with macroadenoma, and to evaluate the predictive value of growth hormone (GH) levels for early detection of macroadenoma.
Methods: We performed a retrospective analysis of 215 patients diagnosed with a GH-secreting pituitary adenoma. The patients were
divided into two groups: the microadenoma group and the macroadenoma group, and the clinical parameters were compared between
these two groups. The most sensitive and specific GH values for predicting macroadenoma were selected using receiver operating
characteristic (ROC) curves.

Results: Compared with the microadenoma group, the macroadenoma group had a significantly younger age, higher body mass in-
dex, higher prevalence of hyperprolactinemia and hypogonadism, and a lower proportion of positive suppression to octreotide. How-
ever, there were no significant differences in the gender or in the prevalence of diabetes between the two groups. The tumor diameter
was positively correlated with all GH values during the oral glucose tolerance test (OGTT). All GH values were significantly higher in
the macroadenoma group than the microadenoma group. Cut-off values for GH levels at 0, 30, 60, 90, and 120 minutes for optimal
discrimination between macroadenoma and microadenoma were 5.6, 5.7, 6.3, 6.0, and 5.8 ng/mL, respectively. ROC curve analysis
revealed that the GH value at 30 minutes had the highest area under the curve.

Conclusion: The GH level of 5.7 ng/mL or higher at 30 minutes during OGTT could provide sufficient information to detect mac-
roadenoma at the time of diagnosis.
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INTRODUCTION

Acromegaly is associated with significant morbidity and mor-
tality due to excess growth hormone (GH) secretion and in-

creased circulating insulin-like growth factor 1 (IGF-1) concen-
trations [1]. Acromegaly is most frequently caused by a GH-se-
creting pituitary adenoma. Neurosurgery is considered as the
first-line treatment for acromegalic patients and the efficiency
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of this treatment ranges between 61% to 91% for all microade-
noma cases. However, because surgical success depends on the
tumor size, location, and initial GH concentration, the efficiency
of neurosurgical treatment in macroadenoma cases is lower and
is reported to be between 23% to 53% [2,3]. In general, larger
tumors are associated with higher GH and IGF-1 levels than
smaller tumors [4]. Rieger et al. [5] reported that GH levels pri-
or to surgery appeared to be an important indicator of tumor in-
vasiveness, and thus, GH levels should be considered as a prog-
nostic factor that can be used to plan adjuvant tumor treatment.
Until now, the predictive value of glucose-suppressed GH levels
for detection of macroadenoma has not been evaluated.

The preoperative clinical and biochemical characteristics of
215 acromegalic patients were reviewed, and the differences
between patients with microadenoma and those with macroad-
enoma were the focus of this study. The study also evaluated
the possible predictive value of GH levels for early detection of
macroadenoma using the oral glucose tolerance test (OGTT) at
the time of diagnosis.

METHODS

Patients

A retrospective study was conducted at the Samsung Medical
Center, Seoul, Korea and 254 patients who had been diag-
nosed with acromegaly between 1994 and 2008 were included
in this study. Of the 254 patients, 39 were excluded from the
study for the following reasons: incomplete records of bio-
chemical analysis (28 patients) and previous pituitary surgery
or radiotherapy (11 patients). The study population therefore
consisted of 215 patients who initially had been diagnosed
with acromegaly. None of these patients had received any
treatment for acromegaly. Magnetic resonance imaging (MRI)
was used to detect and measure pituitary adenomas. The pa-
tients were divided into a microadenoma group and a mac-
roadenoma group, and an adenoma size of 10 mm was used to
classify patients. Thirty-two patients presented with microade-
noma at the time of acromegaly diagnosis and 183 patients
presented with macroadenoma. The baseline clinical charac-
teristics, OGTT and octreotide suppression test (OST) results
were evaluated. Clinical parameters and hormone levels were
compared between the two groups of study patients.

Biochemical parameters
The diagnosis of acromegaly was based on a plasma GH con-
centration >1 ng/mL after oral administration of 75 g glucose,
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in association with a raised IGF-1 concentration for age and
sex. The OST was performed by injecting 100 pg octreotide
subcutaneously and measuring serum GH levels 0, 1, 2, and 5
hours after octreotide administration. A 50% decrease in the
lowest GH level over basal GH level was regarded as a posi-
tive suppression of octreotide. Hyperprolactinemia was de-
fined as a serum prolactin (PRL) level greater than 20 ng/mL.
Hypogonadism was defined by a testosterone concentration
less than 8 nmol/L in males. In females, hypogonadism was
defined by a serum estradiol concentration less than 70 nmol/
L or by the absence of a normal menstrual cycle in premeno-
pausal women or inadequate response to a luteinizing hor-
mone (LH)-releasing hormone test. Thyroid stimulating hor-
mone (TSH) deficiency was defined as low or inappropriately
normal TSH with a free T4 level below the reference range.

Adrenocorticotropic hormone (ACTH) deficiency was
defined as an insufficient increase in cortisol levels after
an insulin tolerance test.

The insulin tolerance test was performed using a blood sample
that was collected after an overnight fast. Next, insulin (0.1 to 0.2
U/kg) was injected between 9:00 AM and 10:30 AM to achieve
blood glucose levels less than 40 mg/dL and until symptoms of
hypoglycemia developed. Blood samples were taken from the
patients at 0, 30, 60, and 90 minutes after injection.

Diabetes mellitus (DM) was diagnosed according to the
American Diabetes Association 2003 criteria [6]. Several mod-
els have been applied to estimate the insulin sensitivity and se-
cretion based on plasma glucose and insulin concentrations re-
corded during the OGTT. To measure basal insulin secretion,
homeostasis model assessment for f-cell function (HOMA-)
was calculated as follows: HOMA-B=fasting insulin (mU/L)
B/[fasting glucose (mg/dL)/18-3.5]. A homeostasis model was
used to assess insulin resistance (HOMA-IR). HOMA-IR was
calculated as follows: HOMA-IR =fasting insulin (mU/L)X
fasting glucose (mg/dL)/405 [7]. The previously recorded fast-
ing glucose and insulin values were used to calculate the quan-
titative insulin-sensitivity check index (QUICKI). QUICK=1/
[log (Io)*+log (Go)], where Iy is fasting insulin (WU/mL) and Go
is fasting glucose (mg/dL) [8].

The relationship between tumor diameter and GH values
was investigated during OGTT. Additionally, the most sensi-
tive and specific GH values (cutoff values) for predicting mac-
roadenoma were determined. Positive predictive value (PPV)
and negative predictive value (NPV) for macroadenoma pre-
dictions were calculated using two-by-two tables.

www.e-enm.org A5




E n M Park JY, et al.

Assays

Serum GH levels were measured by immunoradiometric assay
(IRMA), using commercially available kits (Daiichi, Tokyo,
Japan). The sensitivity of the assay was 0.1 ng/mL. The intra-
and interassay coefficients of variation (CVs) were less than
1.4% and 1.3%, respectively. Serum IGF-1 concentrations were
determined by an IRMA (Immunotech, Marseille Cedex,
France). The sensitivity of the assay was 2 ng/mL. The intra-
and interassay CVs were less than 6.3% and 6.8%, respective-
ly. Expected values based on age were: 21 to 30 years, 232 to
385 ng/mL; 31 to 40 years, 177 to 382 ng/mL; 41 to 50 years,
124 to 310 ng/mL; 51 to 60 year, 71 to 263 ng/mL. The serum
levels of PRL, TSH, ACTH, cortisol, LH, and follicle stimulat-
ing hormone were measured using commercial methods.

Statistical analysis
Study groups were compared using the independent sample ¢
test or Mann-Whitney U test. Pearson chi-square test and Fish-

er exact test were applied as appropriate. Data in the tables are
presented as mean®SD. Correlation coefficients between tu-
mor diameter and biochemical parameters were calculated by
measuring the Spearman coefficients. Receiver operating char-
acteristic (ROC) curves were used to select the most sensitive
and specific GH values (cutoff values) for detecting macroade-
nomas. The statistical software packages used for this study
were SPSS version 12 (SPSS Inc., Chicago, IL, USA) and
GraphPad Prism version 4 (GraphPad Software, La Jolla, CA,
USA). A P<0.05 was considered statistically significant.

RESULTS

The final study population consisted of 215 patients (110
males and 105 females). Sellar MRI revealed a pituitary mi-
croadenoma in 32 patients (14.9%) and pituitary macroadeno-
mas in 183 patients (85.1%). The clinical, biochemical, and
hormonal characteristics in each group are shown in Table 1.

Table 1. Clinical, Biochemical, and Hormonal Data for 215 Acromegalic Patients
Variable Total (n=215) Microadenoma (n=32) Macroadenoma (n=183) P value
Age, yr 4294123 49.0+13.2 41.94+11.9 0.002
Sex, male/female 110/105 12/20 98/85 NS
Height, cm 167.5+£10.3 163.4+11.2 168.3£9.9 0.013
Weight, kg 72.5£13.1 66.7+11.4 73.5£13.1 0.006
BMI, kg/m? 25.7£3.0 249+2.1 25.8+3.1 0.032
Basal GH level, ng/mL 33.6x115.1 6.5+5.0 38.81£124.9 <0.001
Tumor diameter, mm 16.9+7.8 7.6x1.9 18.5+£7.3 <0.001
IGF-1 level, ng/mL 1,087.5+520.3 891.3+£395.9 1,121.7£532.7 0.025
Hyperprolactinemia, % 322 10.0 359 0.005
Diabetes mellitus, % 333 34.5 33.1 NS
Fasting glucose, mg/dL 113.3£51.8 111.4+46.5 113.7£52.9 NS
Fasting insulin, pU/mL 16.4+12.8 18.3£25.8 16.1£9.1 NS
Fasting C-peptide, ng/mL 3.0+1.7 3.4+32 3.0+1.3 NS
HOMA-B 183.08+144.3 188.4£209.5 182.3+132.9 NS
HOMA-IR 44£39 53£7.8 43+2.7 NS
QUICKI 0.32£0.04 0.35£0.08 0.32£0.03 NS
Suppression by OST, % 66.2 86.4 62.2 0.028
Pituitary hormone deficiency

Hypogonadism, % 12.6 0 14.8 0.048

Hypothyroidism, % 14.3 16.7 13.9 NS

Hypocortisolism, % 44.6 34.6 46.2 NS
Values are expressed as mean=+SD.
NS, not significant; BMI, body mass index; GH, growth hormone; IGF-1, insulin-like growth factor 1; HOMA-IR, homeostasis model for the assess-
ment of insulin resistance; QUICKI, quantitative insulin-sensitivity check index; OST, octreotide suppression test.
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Table 2. Correlation Coefficients between Tumor Diameter
and Biochemical Parameters

Parameter p P value
GH 0 min* 0.537 <0.001
GH 30 min* 0.540 <0.001
GH 60 min* 0.473 <0.001
GH 90 min* 0.506 <0.001
GH 120 min* 0.482 <0.001
IGF-1 0.101 0.169

GH, growth hormone; p, Spearman’s correlation coefficient; IGF-1,
insulin-like growth factor 1.
‘During oral glucose tolerance test.

Patients with macroadenoma were significantly younger in
age (P=0.002) and had greater height (P=0.013), weight
(P=0.006), and body mass index (P=0.032) than those with
microadenoma. Gender was not significantly different be-
tween the two groups. The mean basal GH and IGF-1 levels
were significantly more elevated in the group with macroade-
noma (P<0.001 and P=0.025, respectively). Hyperprolac-
tinemia was more prevalent in the group with macroadenoma
(P=0.005), but there was a higher proportion of patients with
microadenoma (P=0.028) that had positive octreotide sup-
pression. There were no significant differences in the preva-
lence of DM, glucose levels, fasting insulin levels, fasting C-
peptide, HOMA-B, HOMA-IR, and QUICK between these
two groups. In regards to pituitary axis insufficiency, hypogo-
nadism was observed only in the group with macroadenoma,
and there were no differences between the two groups in the
incidence of hypothyroidism and hypocortisolism.

There was a positive correlation between tumor diameter
and all GH values during OGTT (P<0.001), but there was no
correlation between tumor diameter and IGF-1 (P=0.169)
(Table 2). When patients who presented with macroadenoma
and microadenoma were analyzed separately, the positive cor-
relation between tumor diameter and GH values during OGTT
was maintained in the macroadenoma group (GH 0 minute,
p=0.375, P<0.001; GH 30 minutes, p=0.364, P<0.001; GH
60 minutes, p=0.279, P=0.001; GH 90 minutes, p=0.336, P<
0.001; GH 120 minutes, p=0.294, P<0.001). However, the
correlation between tumor diameter and GH values during
OGTT was shown to no longer be statistically significant in
the microadenoma group (GH 0 minute, p=0.114, P=0.563;
GH 30 minutes, p=-0.169, P=0.4; GH 60 minutes, p=—0.229,
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Fig. 1. Growth hormone (GH) levels during oral glucose tolerance
test in patients with microadenoma and macroadenoma, *P< 0.001
vs. microadenoma.

P=0.240; GH 90 minutes, p=—0.219, P=0.272; GH 120 min-
utes, p=—0.138, P=0.484).

The GH levels after ingestion of oral glucose are shown in
Fig. 1. The GH values measured at each time were significantly
higher in the macroadenoma group compared to the microade-
noma group (GH 0 minute, 27.8£20.7 ng/mL vs. 6.4%5.0 ng/
mL; GH 30 minutes, 28.5+£30.5 ng/mL vs. 5.6+4.4 ng/mL;
GH 60 minutes, 31.4+31.8 ng/mL vs. 6.4+4.6 ng/mL; GH 90
minutes, 28.81£25.2 ng/mL vs. 6.6+4.8 ng/mL; GH 120 min-
utes, 29.3+25.8 ng/mL vs. 6.2+4.9 ng/mL; P<0.001).

To investigate the efficacy of GH values in predicting the
presence of macroadenoma in acromegalic patients, the sensi-
tivity, specificity, PPV, and NPV were calculated at each time-
point after oral glucose was administered (Table 3). Cutoff
values for GH at 0, 30, 60, 90, and 120 minutes for predicting
macroadenoma from GH-secreting pituitary adenoma were
5.6,5.7,6.3, 6.0, and 5.8 ng/mL, respectively. The appropriate
cutoff value for GH at 30 minutes was 5.7 ng/mL (sensitivity
91.7%, specificity 71.4%, PPV 94.3%, NPV 62.5%) (Fig. 2).

DISCUSSION

The aim of this study was to demonstrate the clinical and bio-
chemical differences between acromegalic patients that pre-
sented with microadenoma and patients with macroadenoma
and to ascertain whether measuring GH levels after glucose
loading can predict tumor size at the time of diagnosis.

The onset of acromegaly frequently occurs during the fourth
decade of life [1]. However, the age at diagnosis in macroade-
nomas and microadenomas remains controversial. Etxabe et
al. [9] claim that patients with invasive tumors tend to present
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Table 3. Predicting Macroadenoma Using the Growth Hormone Oral Glucose Tolerance Test Cutoff Value
GH 0 min® GH 30 min® GH 60 min* GH 90 min* GH 120 min®
Cutoff, ng/mL 5.6 5.7 6.3 6.0 5.8
Sensitivity, % 90.9 91.7 89.4 89.0 90.5
(85.2-94.5) (86.1-95.2) (83.5-93.4) (82.9-93.1) (84.7-94.3)
Specificity, % 70.0 71.4 70.0 67.9 69.0
(50.8-82.7) (52.9-84.7) (50.8-82.7) (49.3-82.1) (50.1-82.7)
PPV, % 93.9 94.3 93.8 93.5 93.7
(88.8-96.8) (89.2-97.1) (88.5-96.7) (88.2-96.6) (88.5-96.7)
NPV, % 58.8 62.5 55.6 543 58.8
(42.4-73.6) (45.3-77.1) (39.6-70.5) (38.2-69.5) (42.2-73.6)
AUC 0.88 0.90 0.89 0.88 0.88
(0.82-0.95) (0.85-0.96) (0.84-0.94) (0.82-0.94) (0.82-0.95)
Values are expressed as 95% confidence intervals.
GH, growth hormone; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve.
*During oral glucose tolerance test.

0.8 |

5.7 ng/mL

0.6

Sensitivity

0.4

AUC, 0.90

0.0 1 1 1 1 J
0.2 0.4 0.6 0.8 1.0

1-Specificity
Fig. 2. Receiver operating characteristic (ROC) curve showing
macroadenoma prediction using the growth hormone (GH) level at
the 30 minutes interval during the oral glucose tolerance test. The
cutoff value for GH level at 30 minutes was 5.7 ng/mL, and the

area under the ROC curve was 0.90 (95% confidence interval, 0.85
to 0.96). AUC, area under the curve.

with disease at a later age, while other studies reported oppo-
site findings [10,11]. In our study, the mean age of macroade-
noma and microadenoma onset support the latter view. In ad-
dition, our study showed that patients with macroadenomas
had significantly higher random GH and IGF-1 levels. This
observation might reflect that patients with macroadenoma,
who also tend to have severe GH levels, were diagnosed at an
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carlier age.

Colao et al. [12] reported the prevalence of diabetes in acro-
megalic patients at around 19% to 56%, depending on the spe-
cific population. Out of the 215 acromegalic patients included
in this study, DM was identified in 33.3% of the patients, which
is 3.5 times higher than in the general Korean population (9.1%)
[13]. IR is considered to be the main pathogenic factor of gly-
cemic abnormalities in acromegaly. Excessive GH levels in-
duce IR by impairing the ability of insulin to both suppress liv-
er glucose production and stimulate glucose utilization [3]. No
significant differences in HOMA-, HOMA-IR, and QUICKI
were noted between the microadenoma and macroadenoma
groups. Clemmons et al. [14] found a positive correlation be-
tween the degree of carbohydrate intolerance and serum con-
centrations of GH and IGF-1 in patients with acromegaly. In
contrast, Rodrigues et al. [15] showed that acromegalic patients
with and without diabetes had similar absolute GH and IGF-1
levels. According to our results, the glucose tolerance status
was similar among subjects with microadenomas and macroad-
enomas, although both GH and IGF-1 levels were significantly
higher in patients with macroadenoma. The precise mechanism
underlying increased glucose and IR caused by an excess of
GH is not fully understood in acromegalic patients. GH is
known to stimulate the proliferation of B-cells [16]. Kasayama
et al. [17] reported that impaired B-cell function is important in
determining glucose tolerance in acromegalic patients. There-
fore, both IR and pancreatic B-cell dysfunction appear to be in-
volved in the pathogenesis of glucose homeostasis abnormali-
ties. A recent study reported that DM is more common among
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patients with macroadenomas [11]; however, there was no sig-
nificant difference in the prevalence of diabetes between the
two groups in our study. One possible explanation for the dis-
crepancies among these results might be the independent factor
of age or diabetes duration. The younger age distribution in the
macroadenoma group could affect the glucose tolerance status
and prevalence of diabetes. However, the duration of diabetes
was not investigated in this study.

Hypogonadotropic hypogonadism was found in 14.8% of
the patients with macroadenomas but was not found in any of
the patients with microadenomas. Gonad function impairment
is a common clinical finding with acromegaly [18]. As previ-
ously reported, ganadotropin deficiency can be related to a tu-
mor mass, hyperprolactinemia, or excess GH/IGF-1 [10,19,20].
In our study, 20 patients (74%) with gonadal dysfunction had
no mass that affected gonadal function (lateral and/or down-
ward macroadenoma development; no suprasellar expansion
compressing the pituitary stalk; normal pituitary visible in each
case). Hypogonadism was also found to be more common in
the macroadenoma group; however, there was no significant
correlation between hypogonadism and hyperprolactinemia
(P=0.058). Hypogonadal patients tended to have slightly high-
er concentrations of both GH and IGF-1 levels, but this finding
was not statistically significant. These data suggest that excess
GH/IGF-1 may interfere with gonadal function, as has been
suggested in the study by Colao et al. [20].

Our study demonstrated that there is a positive relationship
between GH levels and tumor diameter in patients with acro-
megaly. The basal IGF-1 level was significantly higher in the
macroadenoma group than in the microadenoma group, how-
ever, no significant association was observed between tumor
diameter and IGF-1 levels. These results are likely influenced
by the serum IGF-1 concentrations, which plateau at very high
GH concentrations [21]. Therefore, GH levels may be more
predictive values of disease severity. Based on this hypothesis,
an ROC curve was created that shows the most sensitive and
specific GH cutoff value for predicting macroadenoma. Among
the GH values studied, the GH value measured at 30 minutes
after OGTT was found to be the best predictor for macroadeno-
ma in patients with acromegaly. The appropriate cutoff value
for GH at 30 minutes was 5.7 ng/mL and yielded a 91.7% sen-
sitivity, 71.4% specificity, 94.3% PPV, and 62.5% NPV. The
overall predictive power of GH was not very high; however,
OGTT is routinely used to diagnose acromegaly and is a rela-
tively simple test to perform, and it is an accurate and readily
available test in outpatient clinics. Colao et al. [22] found that
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patients with higher baseline GH and IGF-1 levels and larger
tumors at the time of diagnosis required higher doses of soma-
tostatin analogues (SSA). Furthermore, clinicians may opt for
SSA as the primary choice of adjuvant medical treatment for
active disease. Therefore initial GH levels, especially GH lev-
els found at 30 minutes, could be considered a useful additional
parameter to predict macroadenoma at the time of acromegaly
diagnosis.

One of the limitations of this study was the retrospective de-
sign. There were fewer patients in the microadenoma group
than the macroadenoma group, and it was difficult to secure a
large study sample size because of the rareness of an acromeg-
aly diagnosis. Third, subjects were recruited from a single ter-
tiary care center in Korea and the GH and IGF-1 results and tu-
mor size measurements were performed at the same center.

In conclusion, the present study demonstrated the differenc-
es between microadenoma and macroadenoma in acromegalic
patients. Compared to patients with microadenoma, the patients
with macroadenoma were significantly younger and had higher
BMI, a higher prevalence of hyperprolactinemia and hypogo-
nadism, and a lower proportion of positive suppression to oc-
treotide. However, there were no statistically significant differ-
ences in the gender or in the prevalence of diabetes between
two groups. In addition, the study provides insight into GH
levels during OGTT. A GH level of 5.7 ng/mL or higher, found
at 30 minutes, was the most useful predictor for detecting mac-
roadenoma. Based on these results, clinicians could check GH
levels at the 30 minutes time interval during OGTT. Finally, the
results indicate that GH levels can be used to diagnose mac-
roadenoma and this method could be applied to establish early
treatment plans at the time of an acromegaly diagnosis.
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