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Context: A paradoxical GH response to oral glucose (OG) is often found in acromegaly. However,
the clinical characteristics of patients with acromegaly and a paradoxical GH response to OG (OG
responders) remain unclear.

Objective: The aim of the present study was to define the clinical characteristics of OG responders
with acromegaly.

Design: Retrospective study.

Setting: Hospitalized care at Osaka University Hospital.

Patients and Methods: Of 63 patients with acromegaly admitted to our hospital from January 2006
to January 2017, 19 were classified as OG responders and 44 as nonresponders. The clinical
characteristics of these groups were compared.

Results: Before surgery, OG responders had substantially greater IGF-1 SD scores than
nonresponders (P , 0.05), although no difference was found in basal GH levels between the
two groups (P 5 0.46). Regarding glucose metabolism, 120-minute plasma glucose and
immunoreactive insulin after OG administration and hemoglobin A1c were significantly greater in
OG responders than in nonresponders (P , 0.01, P , 0.05, P , 0.05, respectively). GH levels during
octreotide or bromocriptine testing were decreased more significantly in OG responders than in
nonresponders (P , 0.05, P , 0.05, respectively). The proportion of pituitary tumors with
hypointensity on T2-weighted MRI was significantly greater in OG responders than in
nonresponders (P , 0.05). The difference in IGF-1 and parameters of glucose metabolism
described disappeared between the two groups after surgery.

Conclusions: The paradoxical GH response reflected the clinical characteristics, especially IGF-I level,
glucosemetabolism, and drug efficacy in acromegaly. A paradoxical GH response, in addition to the
nadir GH levels, to OG load is potentially useful for evaluation of the clinical characteristics of
acromegaly. (J Clin Endocrinol Metab 104: 1637–1644, 2019)
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Aparadoxical response of GH to TRH, CRH,
gonadotrophin-releasing hormone, and oral glucose

(OG) administration is often observed in patients with
acromegaly (1, 2). We reported previously that the TRH
paradoxical response reflects a small tumor volume, high
IGF-1 levels, a high octreotide response, and densely
granulated pattern of cytokeratin staining (1).

The OG tolerance test (OGTT) is among the tests used
for the diagnosis of acromegaly. In some patients with
acromegaly, the GH levels will increase (paradoxical GH
response) reproducibly in OGTT (3–5). The mechanism
of this paradoxical response in acromegaly has been
considered to be mediated by glucose-dependent insuli-
notropic polypeptide (GIP), a peptide released after OG
administration (6). Regazzo et al. (7) recently demon-
strated the expression of gastric inhibitory polypeptide
receptor (GIP-R) in GH-secreting tumor cells and used
somatotropinoma-derived primary cultures to demon-
strate that the OG load-induced paradoxical GH re-
sponse was associated with the GIP/GIP-R pathway.

ACTH-independent macronodular adrenal hyper-
plasia expresses aberrant receptors, such as GIP-R and
vasopressin V1 receptor in adrenal nodular lesions.
Food intake stimulates GIP secretion from the intestine,
and adrenal aberrant GIP-R expression causes hyper-
cortisolism owing to enhanced adrenal responsiveness
to GIP. Thus, it has been suggested that patients with
acromegaly and an OG-induced paradoxical GH re-
sponse might secrete higher levels of GH by glucose in
food than without it. However, the clinical significance
of the OG-induced paradoxical GH response in acro-
megaly remains unclear.

The aim of the present study was to elucidate the
clinical characteristics of patients with acromegaly and
an OG-induced paradoxical GH response.

Subjects and Methods

Subjects
The present retrospective study recruited 64 patients with

untreated acromegaly who had been hospitalized at Osaka
University Hospital from January 2006 to January 2017. The
diagnosis of acromegaly was determined by acromegalic fea-
tures, nadir serum GH levels .1 ng/mL after a 75-g OG load,
serum IGF-I levels greater than the upper limit of normal, and
identification of a pituitary tumor on MRI (8). The size of the
pituitary tumor with a cystic lesion could not be measured
precisely in one patient, who was thus excluded from the
present study. Accordingly, the study subjects were 63 patients
with acromegaly (32 women and 31 men), with a median age of
52 years [interquartile range (IQR), 42 to 60 years], disease
duration of 9 years (IQR, 4.5 to 14), and body mass index of
23.7 kg/m2 (IQR, 21.9 to 25.5). Acromegaly was recognized in
our patients, not only by acral and soft tissue overgrowth (n =
18), but also by pituitary incidentaloma discovered on an

imaging study performed for unrelated reasons (n = 21), ac-
romegalic comorbidities (n = 20; i.e., diabetes mellitus, hy-
pertension, goiter, sleep apnea syndrome, colon polyp), and
severe heart failure (n = 4). The human ethics committee of
Osaka University approved the present study (approval no.
16136), which was performed in accordance with the Decla-
ration of Helsinki.

Endocrinological evaluation
Fasting basal serum GH and IGF-I levels were measured

during the no-treatment state and $3 months after pituitary
surgery and administration of somatostatin receptor ligands
(SRLs) to remove the effect of such treatment. GH was mea-
sured before and 30, 60, 90, and 120 minutes after a 75-g OG
load. The GH paradoxical response to the OG load (OG re-
sponders) was defined as a 30% increase in the serum GH level
after the OG load relative to the pretest basal GH level (3). The
response to 50 mg of subcutaneous octreotide or 2.5 mg of oral
bromocriptine administration was also evaluated and expressed
as a percentage: (basal GH level 2 nadir GH level)/basal GH
level. The serum GH levels were measured before and 1, 2, 4, 6,
8, 12, and 24 hours after octreotide or bromocriptine admin-
istration. The control criteria of acromegaly after pituitary
surgery were defined by normal serum IGF-1 levels and random
GH levels. Plasma glucose (PG), immunoreactive insulin (IRI),
and hemoglobin A1c (HbA1c) were also measured as param-
eters associated with glucose metabolism.

The serum GH level was measured using an immuno-
radiometric assay kit (Daiichi Radioisotope Laboratories,
Tokyo, Japan) until April 2007. Subsequently, the level was
measured by a chemiluminescent enzyme immunoassay kit
(Access hGH kit; Beckman Coulter, Tokyo, Japan). The
immunoradiometric assay kit has a sensitivity of 0.05 ng/mL,
with an interassay coefficient of variation (CV) of 1.0% to
2.8% and intra-assay CV of 1.6% to 2.4%. The corresponding
values of the latter kit were 0.002 ng/mL, 2.0% to 14.4%, and
1.5% to 11.3%. The measured values were adjusted using a
correlation formula estimated by a linear regression model of
the two methods. The GH level (A) for the former kit was
converted to the GH values (B) for the latter using the following
formula: B = (0.93 3 A) 2 0.43. The correlation coefficient of
the regression model was 0.99. The IGF-I level was measured
using an immunoradiometric assay kit (Daiichi Radioisotope
Laboratories), with sensitivity of 10 ng/mL and inter- and intra-
assay CV of 2.2% to 2.6% and 1.1% to 2.4%, respectively. The
IGF-1 SD score was based on the findings from a previous study
(9). The PG and IRI were determined using the glucose oxidase
method and chemiluminescent enzyme immunoassay, re-
spectively. HbA1c was measured using HPLC.

Evaluation of pituitary tumor on MRI scans
We measured the maximum diameter of the pituitary tumor

onMRI scans. The lateral extension of the tumor was classified
into five categories according to the Knosp grade (10) and T2-
weighted MRI signal intensity. The intensity was assessed using
density measurement. Based on a previous study (11), we de-
fined T2-weighted hypointensity on the pituitary tumor as a
signal intensity lower than that of the white matter. The T2-
weighted hyperintensity on the tumor represented a signal in-
tensity greater than that of the gray matter. The T2-weighted
isointensity on the tumor was also defined as the signal intensity
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that was both greater than that of the white matter and lower
than that of the gray matter.

Immunohistochemical evaluation
Immunohistochemical studies were performed using the

DAKO Autostainer Link 48 system (EnVision FLEX Mini
kit, High pH; Dako A/S, Glostrup, Denmark). The sections
were incubated with anti-prolactin (Atlas), anti-cytokeratin
(CAM5.2; Dako A/S) and anti–Ki-67 (MIB1; Dako A/S) anti-
bodies. Diaminobenzidine (Dako A/S) was used as the chro-
mogen. A licensed pathologist (E.M.) evaluated the staining
results. The results from the immunohistochemical studies were
determined using the 2017 World Health Organization clas-
sification of pituitary tumors and granulated pattern. Patients
without preoperative SRL treatment were evaluated by im-
munohistochemical staining (n = 46). Except for five non-
responders and one responder, most of the patients had a Ki-67
index of ,1%.

Statistical analysis
Data of the clinical features are presented as the median and

IQR (first and third quartiles). Differences between groups were
analyzed using the x2 test and Wilcoxon test. P , 0.05 was
considered to denote statistical significance. JMP Pro software,
version 14.0.0, for Window (SAS Institute, Cary, NC) was used
for all analyses.

Results

Clinical characteristics of OG responders
and nonresponders

The clinical characteristics of the OG responders (n =
19) and nonresponders (n = 44) are shown in Table 1.
The age, sex, body mass index, and disease duration of
the OG responders were not different from those of the
OG nonresponders. Regarding the findings at diagno-
sis, a greater number of OG nonresponders had had
acromegaly diagnosed by pituitary incidentaloma than
had OG responders [18 of 44 (40.9%) vs 3 of 19
(15.8%); P , 0.05]. In contrast, the prevalence of acral
and soft tissue overgrowth was greater in OG responders
than in OG nonresponders [9 of 19 (47.4%) vs 9 of
44 (20.5%); P , 0.05]. The prevalence of acromegalic
comorbidities was not different between the OG re-
sponders and nonresponders. No differences was found
in the World Health Organization pathological classifi-
cation between the OG responders and nonresponders
(P = 0.33; Table 1). Also, the densely granulated patterns
of the OG responders were not different from those of
the OG nonresponders, although a high proportion of
somatotropinoma with a densely granulated pattern was
found in the OG responders [20 of 32 (62.5%) vs 12 of
14 (85.7%); P = 0.10; Table 1]. Both groups achieved
comparable control rates with surgery [8 of 18 (44.4%)
vs 21 of 42 (50.0%); P = 0.69]. The GH paradoxical

response to the OG load had disappeared after surgery in
13 of the 15 OG responders.

GH levels and IGF-1 SD scores in OG responders
and nonresponders

The GH levels and IGF-1 SD scores in OG responders
and nonresponders are listed in Table 2. No difference
was found in the preoperative basal GH levels between
the two groups (10.62 ng/mL; IQR, 4.72 to 16.30; vs
7.39 ng/mL; IQR, 3.92 to 16.13; P = 0.46). After surgery,
the basal GH levels and the decrease in the basal GH
levels tended to be lower in theOG responders than in the
nonresponders [0.76 ng/mL (IQR, 0.18 to 1.34) vs
1.14 ng/mL (IQR, 0.49 to 2.82), P = 0.07;210.65 ng/mL
(IQR, 215.79 to 25.06) vs 24.62 ng/mL (IQR, 211.60
to22.36), P = 0.07, respectively]. The decreased ratio of
basal GH levels of the OG responders was also more
substantial than that of the OG nonresponders [293.7
(IQR,298.3 to281.6) vs284.0 (IQR,293.5 to251.6);
P , 0.05]. The preoperative IGF-1 SD scores were sig-
nificantly greater statistically in the OG responders than
in the OG nonresponders [8.3 (IQR, 6.4 to 10.9) vs 6.4
(IQR, 4.1 to 8.7); P, 0.05]. However, no difference was
found in the IGF-1 SD scores after surgery between
the two groups [0.30 (IQR, 20.43 to 2.88) vs 0.65
(IQR, 20.08 to 2.15); P = 0.69]. The DIGF-1 SD score
(IGF-I SD score after surgery 2 IGF-I SD score before
surgery) was substantially lower in the OG responders
than in the OG nonresponders [27.80 (IQR, 29.48
to 25.3) vs 25.25 (IQR, 27.00 to 23.38); P , 0.005].

Glucose metabolism in OG responders
and nonresponders

The parameters of glucose metabolism in OG re-
sponders and nonresponders are listed in Table 3. The
fasting PG and IRI levels before and after surgery were
not different between the two groups (before, P = 0.39
and P = 0.86; after, P = 0.71 and P = 0.47, respectively).
In contrast, the 120-minute PG and 120-minute IRI after
OG load before surgery were significantly greater in
the OG responders than in the OG nonresponders
[120-minute PG, 168 mg/dL (IQR, 135 to 202) vs
114 mg/dL (IQR, 141 to 160); P, 0.01; 120-minute IRI,
84.0 mU/mL (IQR, 68.9 to 107.0) vs 46.4 mU/mL (IQR,
32.0 to 103.0), P , 0.05; respectively]. However, these
differences in the 120-minute PG and 120-minute IRI
disappeared after surgery (P = 0.89 and P = 0.58, re-
spectively). The D120-minute IRI (120-minute IRI after
surgery 2 120-minute IRI before surgery) was signifi-
cantly greater in the OG responders than in the OG
nonresponders [260.8 mU/mL (IQR, 237.4 to 264.4)
vs 221.5 mU/mL (IQR, 29.5 to 247.9); P , 0.05]. The
HbA1c was significantly greater in the OG responders
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than in the OG nonresponders before surgery, and
such differences disappeared after surgery [before, 5.9%
(IQR, 5.7% to 6.2%) vs after, 5.6% [IQR, 5.4% to
6.1%]; P = 1.00, respectively). The DHbA1c (HbA1c
after surgery 2 HbA1c before surgery) was significantly
greater in the OG responders than in the OG non-
responders [20.4% (IQR,20.3% to21.6%) vs20.1%
(0% to 20.3%); P , 0.005].

Response to octreotide and bromocriptine in OG
responders and nonresponders

A significantly greater suppression rate of GH was
noted in theOG responders than in theOGnonresponders
in both octreotide and bromocriptine tests [291.0%
(IQR, 293.9% to 286.8%) vs 283.9% (IQR, 292.5%

to266.7%), P , 0.05, Fig. 1A; 276.7% (IQR, 287.0%
to 244.2%) vs 256.7% (IQR, 270.6% to 235.2%);
P , 0.05, Fig. 1B].

Radiological findings in OG responders
and nonresponders

No differences were found in the pituitary tumor size
and the Knosp grade between the OG responders and
nonresponders [tumor diameter, 13.2 mm (IQR, 10.8 to
17.4] vs 16.7 mm (IQR, 10.8 to 23.7), P = 0.10, Table 1;
Knosp grade, P = 0.61]. Also, they did not have a dif-
ferent ratio of microadenoma [OG responders, 10 of 44
(22.7%); OG nonresponders, 3 of 19 (15.8%); P = 0.53;
Table 1]. In contrast, a significantly greater proportion of
T2-weighted hypointensity was noted for the pituitary

Table 1. Clinical Characteristics of OG Nonresponders and Responders

Characteristic OG Nonresponders OG Responders P Value

Patients 44 19
Sex 0.85
Female 22 10
Male 22 9

Age, y 52 (42–58) 48 (39–63) 0.95
Body mass index, kg/m2 23.6 (21.8–25.2) 24.1 (22.5–27.8) 0.19
Disease duration, y 8 (5–15) 10 (4–13.5) 0.80
Findings at diagnosis
Acral and soft tissue overgrowth 9/44 (20.5) 9/19 (47.4) ,0.05
Pituitary incidentaloma 18/44 (40.9) 3/19 (15.8) ,0.05
Acromegalic comorbidities 13/44 (29.6) 7/19 (36.8) 0.57
Severe heart failure 4/44 (9.1) 0/19 (0) 0.08

Prevalence of acromegalic comorbidities
Diabetes mellitus 12/44 (27.3) 4/19 (21.1) 0.60
Hypertension 14/44 (31.8) 7/19 (36.8) 0.70

Radiological findings
Tumor diameter, mm 16.7 (10.9–23.7) 13.2 (10.8–17.4) 0.10
Microadenoma/total, % 10/44 (22.7) 3/19 (15.8) 0.53
Knosp grade 0.61
0 17 9
1 14 7
2 6 2
3 7 1

MRI signal intensity ,0.05
Hypointensity 15 14
Isointensity 9 2
Hyperintensity 20 3

Preoperative SRL treatment 10/44 (22.7) 4/19 (21.1) 0.88
WHO pathological classificationa 0.33
Densely granulated type 1/32 (3.1) 2/14 (14.3)
Sparsely granulated type 4/32 (12.5) 0/14 (0)
Mammosomatotroph type 9/32 (28.1) 4/14 (28.6)
Mixed somatotroph-lactotroph type 17/32 (53.1) 8/14 (57.1)
Plurihormonal type 1/32 (3.1) 0/14 (0)

Granulated patterna 0.10
Densely granulated type 20/32 (62.5) 12/14 (85.7)
Sparsely granulated type 12/32 (37.5) 2/14 (14.3)

Postoperative control rate of acromegalyb 21/42 (50.0) 8/18 (44.4) 0.69

Data presented as number of patients, median (IQR), or n/N (%).

Acromegalic comorbidities (diabetes mellitus, hypertension, goiter, sleep apnea syndrome, and colon polyp).
aData were used in 56 cases without preoperative SRL treatment.
bData were used in 60 cases with surgery.
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tumors of the OG responders than of the OG non-
responders (P , 0.05; Table 1).

Discussion

The present study has outlined the clinical characteristics
of patients with acromegaly who showed a response to
OG. Before surgery, the OG responders had substantially
greater IGF-1 SD scores and 120-minute PG and
120-minute IRI after the OG load compared with the OG
nonresponders, despite no differences in basal GH levels.
The difference in IGF-1 SD scores, 120-minute PG, and
120-minute IRI between the two groups disappeared
after surgery. Other features of the OG responders
included a greater suppression rate of GH by octreotide
and bromocriptine and a greater proportion of T2-
weighted hypointensity on pituitary tumors, relative to
the OG nonresponders. Taken together, the paradoxical
GH response after the OG load seemed to reflect the
pathophysiological characteristics of acromegaly.

GH is known as the main regulator of IGF-1. The
results of the present study suggest that the high IGF-1 SD
scores reflect a paradoxical GH response to every meal
containing glucose in OG responders compared with OG
nonresponders. A recent study demonstrated that the OG
load-induced paradoxical GH response was associated
with the GIP/GIP-R pathway (4). High serum GH and
IGF-1 levels cause acromegaly-related complications,
including as cardiovascular (12) and cerebrovascular
(13) diseases, impaired glucose metabolism (13, 14),
hypertension (15), sleep apnea syndrome (16), and ar-
thritic disorders (17), and are associated with mortality
(18). Therefore, OG responders might experience more
severe complications than OG nonresponders owing to
the induction of GH secretion after every meal because of
glucose in food.

The discrepancy between the GH and IGF-1 levels has
been previously reported in patients with acromegaly
(19). Our results showed that the paradoxical GH re-
sponse to the OG load was associated with a discrepancy
between the basal GH and IGF-1 levels in acromegaly.
The GH level was increased by every meal and resulted in
higher IGF-1 levels compared with the basal GH levels. In
this sense, the IGF-I levels are determined, not only by the
basal GH, but also by the GH levels during the day.
Therefore, the presence of a discrepancy between the
basal GH and IGF-1 levels in patients with acromegaly
could be potentially used as a marker of a paradoxical
GH response to OG load.

Regarding the glucose metabolism, the OG responders
had higher 120-minute PG and 120-minute IRI on the
OGTT and HbA1c compared with OG nonresponders.
Based on these results, OG responders could be con-
sidered to have glucose intolerance. A previous study also
demonstrated that IGF-I was related more strongly than
GH to insulin resistance and glucose intolerance (20).
Therefore, higher IGF-1 levels and glucose intolerance in
OG responders in our study were consistent with the
findings of the previous study. In contrast, no substan-
tial difference was found in the fasting PG and IRI be-
tween the two groups. This might have been due to the
lack of difference in basal GH levels. Thus, glucose in-
tolerance in OG responders was observed only after OG
administration.

Of the 15 OG responders, 13 did not respond to OG
after surgery. We also found no differences in the IGF-1
SD score, 120-minute PG, and 120-minute IRI between
the two groups after surgery. These results indicate that
the paradoxical GH response to the OG load reflects the
pathophysiological severity of acromegaly. Of the 13 OG
responders, 7 lost the postoperative paradoxical GH
response despite uncontrolled acromegaly. Regazzo et al.

Table 2. GH Levels and IGF-1 SD Scores in OG Nonresponders and Responders

Variable OG Nonresponders OG Responders P Value

Basal GH level, ng/dL
Preoperative 7.39 (3.92 to 16.13) 10.62 (4.72 to 16.30) 0.46
Postoperative 1.14 (0.49 to 2.82) 0.76 (0.18 to 1.34) 0.07
Decrease after surgerya 24.62 (211.60 to 22.36) 210.65 (215.79 to 25.06) 0.07
% Decrease after surgery 284.0 (293.5 to 251.6) 293.7 (298.3 to 281.6) ,0.05

GH levels in OGTT, ng/dL
Median 6.23 (3.46 to 16.16) 14.39 (7.18 to 23.25) ,0.05
Maximum 7.77 (4.27 to 18.87) 23.45 (9.74 to 32.70) ,0.005

IGF-1 SD score
Preoperative 6.4 (4.1 to 8.7) 8.3 (6.4 to 10.9) ,0.05
Postoperative 0.65 (20.08 to 2.15) 0.30 (20.43 to 2.88) 0.69
Decrease after surgerya 25.25 (27.00 to 23.38) 27.80 (29.48 to 25.3) ,0.005
% Decrease after surgery 286.8 (2101 to 264.3) 296.4 (2105.3 to 269.3) 0.42

Data presented as median (IQR).
aDecrease after surgery: preoperative minus postoperative.
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(7) showed that the GIP promoter is regulated by IGF-1
but not GH in a dose-dependent manner. These results
suggested that the decrease in IGF-I levels after surgery
might affect the GIP levels and paradoxical GH response.
Because the detailed mechanism regarding the disap-
pearance of the paradoxical GH response after surgery is
unclear, further studies are necessary to establish the real
mechanism of the paradoxical GH response.

Our results showed that OG responders had a greater
suppression rate of GH by octreotide and bromocriptine
and a greater proportion of T2-weighted hypointensity
on pituitary tumors than OG nonresponders. The par-
adoxical GH response was related to OG load-induced
GIP stimulation (7). In the OG responders, octreotide
might inhibit GH secretion by suppressing GIP secretion
in the jejunum and by directly inhibiting GH secretion
on somatotropinoma (21). In ACTH-independent
macronodular adrenal hyperplasia with adrenal tumor
expressing GIP-R, the efficacy of SRL was reported (22).

The T2-weighted hypointensity on the pituitary tumor
was associated with a densely granulated pattern in
immunohistochemistry of somatotropinoma and the
effectiveness of long-acting SRL, although no difference
was found in the proportion of the granulated pattern
between the OG responders and nonresponders (11, 23).
These results suggest that OG responders could show a
good response to long-acting SRL. Our results also
showed that a dopamine agonist might be more effective
in OG responders than in OG nonresponders. The tumor
size, somatostatin receptor subtype, Ki-67, gsp muta-
tions, MRI signal intensity, densely granulated pattern,
and paradoxical response to TRH are known biomarkers
for the response to SRL (1, 24). We suggest that the
paradoxical GH response to anOG load is more useful to
predict the effectiveness of SRL than these biomarkers,
because the OGTT is always conducted for these patients
and is necessary for the diagnosis of acromegaly. Eval-
uation of the paradoxical GH response to the OG load

Table 3. Glucose Metabolism in OG Nonresponders and Responders

Variable OG Nonresponders OG Responders P Value

Fasting PG (mg/dL)
Preoperative 98 (90–106)a 100 (94–108)b 0.39
Postoperative 91 (86–101)c 91 (84–97)d 0.71
Decrease after surgerye 5 (0–13)c 11 (4–21)d 0.11

Fasting IRI (mU/mL)
Preoperative 9.7 (6.1–13.2)f 10.2 (6.8–11.2)g 0.86
Postoperative 4.9 (3.0–6.9)f 3.9 (3.1–4.8)d 0.47
Decrease after surgerye 2.0 (0.2–4.3)f 5.3 (3–6.4)f 0.51

120-Min PG in OGTT, mg/dL
Preoperative 114 (141–160)a 168 (135–202)b ,0.01
Postoperative 106 (88–139)c 99 (86–154)d 0.89
Decrease after surgerye 25 (0–62)c 51 (12–102)d 0.30

120-Min IRI in OGTT, mU/mL
Preoperative 46.4 (32.0–103.0)h 84.0 (68.9–107.0)g ,0.05
Postoperative 20.4 (14.2–41.1)c 25.0 (14.9–41.8)d 0.58
Decrease after surgerye 21.5 (9.5–47.9)c 60.8 (37.4–64.4)d ,0.05

HbA1c, %
Preoperative 5.6 (5.4–6.1)i 5.9 (5.7–6.2)b ,0.05
Postoperative 5.5 (5.4–5.7)j 5.5 (5.3–5.8)k 1.00
Decrease after surgerye 0.1 (0–0.3)l 0.4 (0.3–1.6)k ,0.005

Data presented as median (IQR).
aPatients, n = 33.
bPatients, n = 17.
cPatients, n = 23.
dPatients, n = 12.
eDecrease after surgery: preoperative minus postoperative.
fPatients, n = 11.
gPatients, n = 16.
hPatients, n = 31.
iPatients, n = 32.
jPatients, n = 26.
kPatients, n = 8.
lPatients, n = 25.
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might optimize preoperative treatment and help in the
selection of individualized therapeutic regimen for
patients with acromegaly. For example, treatment with
SRL and dopamine agonists might be recommended
for OG responders. In contrast, GH receptor antago-
nists and radiotherapy might be more suitable for OG
nonresponders.

In conclusion, we have demonstrated in the present
study that the paradoxical GH response reflected the
clinical characteristics, in particular, the IGF-I levels,
glucose metabolism, and drug efficacy, in acromegaly.
Assessment of the paradoxical GH response, in addition
to the nadir GH levels to anOG load, is recommended for
evaluation of the clinical characteristics of acromegaly.
Physicians should carefully interpret the GH levels after
OG load.
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