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Abstract

Background and purpose: Impaired glucose tolerance and
overt diabetes mellitus are frequently associated with acro-
megaly. The aim of this study was to find out whether these
alterations could be reversed after transsphenoidal surgery.
Material and methods: Two hundred and thirty-nine acrome-
galic patients were studied before and 6-12 months after
transsphenoidal surgery. Diagnosis of active acromegaly was
established on the basis of widely recognized criteria. In each
patient, glucose and insulin concentrations were assessed dur-
ing the 75 g oral glucose tolerance test (OGTT). To estimate
insulin resistance, we used homeostasis model assessment
(HOMA-IR) and the quantitative insulin sensitivity check
index (QUICKI).

Results: At the moment of diagnosis, diabetes mellitus was
present in 25% of the acromegalic patients. After surgery,
the prevalence of diabetes mellitus normalized to the level
present in the general Polish population. We found a statis-
tically significant reduction after surgery in plasma glucose
levels both fasting (89.45 * 13.92 mg/dL vs. 99.12 *
17.33 mg/dL, » < 0.001) and during OGTT. Similarly,
a prominent reduction in insulin secretion was found after
surgery compared to the moment of diagnosis (15.44 *
8.80 mIU/mL vs. 23.40 = 10.24 mIU/mL, p < 0.001).

Streszczenie

Watep i cel pracy: Nietolerancja glukozy oraz cukrzyca czesto
wspotwystepuja z akromegalia. Celem badania byla ocena
wplywu przezklinowego wyciecia gruczolaka przysadki na
zaburzenia gospodarki weglowodanowej 1 insulinooporno$é
u chorych na akromegalie.

Materiat i metody: Kolejnych 239 chorych na akromegalie
zostato ocenionych przed operacjg oraz 6-12 miesiecy po
przezklinowym wycigciu gruczolaka przysadki. Rozpozna-
nie akromegalii potwierdzono na podstawie powszechnie
uznanych kryteriéw. U kazdego pacjenta oznaczono gluko-
z¢ 1 insuling na czczo oraz w teScie doustnego obciazenia
glukoza (oral glucose tolerance test — OGTT). Insulinoopor-
no$¢ oceniono, wyliczajac wskazniki: HOMA-IR (homeosta-
sis model assessment) oraz QUICKI (guantitative insulin sensi-
trvity check index).

Wyniki: W momencie rozpoznania choroby cukrzyca byta
obecna u 25% oséb z akromegalia. Po przezklinowej resek-
¢ji gruczolaka czgsto$¢ wystepowania cukrzycy istotnie si¢
zmniejszyla, osiagajac czesto$¢ wystgpowania cukrzycy
w ogdlnej populacji polskiej. U pacjentéw po operacji
stwierdzono istotne zmniejszenie glikemii na czczo oraz
w OGTT (89,45 + 13,92 mg/dl vs 99,12 = 17,33 mg/dl;
2 < 0,001). Obserwowano réwniez znaczace zmniejszenie
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After transsphenoidal surgery, there was a significant reduc-
tion in HOMA-IR (3.08 vs. 6.76,p < 0.0001) and a sig-
nificant increase in QUICKI (0.32 vs. 0.29,» < 0.001).
There were no statistically significant differences after surgery
in fasting glucose and insulin levels between patients with
controlled and inadequately controlled disease.
Conclusions: We conclude that in acromegalic patients glu-
cose homeostasis alterations and insulin sensitivity can be
normalized after transsphenoidal surgery, even if strict bio-
chemical cure criteria are not fulfilled.

Key words: acromegaly, insulin resistance, impaired fastin,
€y galy, » Imp g
glucose, impaired glucose tolerance, diabetes mellitus, trans-
sphenoidal surgery.

Introduction

Acromegaly is a rare and insidious disease caused
by growth hormone (GH) and insulin-like growth
factor 1 (IGF-1) hypersecretion and is characterized
by disabling symptoms and relevant comorbidities that
contribute to premature death observed in this condi-
tion [1-5]. Increased mortality is mainly due to a speci-
fic cardiomyopathy [6] that is worsened by the coexi-
stence of several cardiovascular risk factors, such as
abnormal glucose metabolism [7], insulin resistance
[8], systemic hypertension [9], and abnormal lipid pro-
file [10]. It is well established that GH plays an impor-
tant role in the regulation of metabolism and body com-
position and that excessive secretion of GH may cause
insulin resistance [8]. The increased cardiovascular
morbidity and mortality associated with acromegaly may
be partly a consequence of increased insulin resistance
that frequently accompanies GH excess. In recent years,
it has been reported that patients with acromegaly and
coexisting hypertension and diabetes mellitus have the
most severe alteration of cardiac function [11]. The pre-
valence of diabetes mellitus in acromegaly ranges from
19% to 56% in different series. Similarly, the prevalen-
ce of the most well-known intermediate form of altered
glucose metabolism, referred to as impaired glucose tole-
rance (IGT), ranges from 16% to 46% [12-15].

The objectives of treatment include the normalization
of GH/IGF-1 secretion and the control of pituitary
tumour growth and acromegaly-related comorbidities to
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wydzielania insuliny na czczo (15,44 = 8,80 mIU/ml vs
23,40 = 10,24 mIU/ml; p < 0,001) i w OGTT. U pacjen-
tow po przezklinowym wycigciu gruczolaka przysadki wska-
znik insulinooporno$ci HOMA-IR byt istotnie mniejszy
(3,08 vs 6,765 p < 0,0001), natomiast wskaznik insulino-
wrazliwosci QUICKI znaczaco wigkszy (0,32 vs 0,29;
2 < 0,001) w poréwnaniu z momentem rozpoznania choro-
by. Nie zaobserwowano istotnej réznicy w stezeniu glukozy
1insuliny na czczo u pacjentéw po doszezetnej i niedoszezet-
nej operacji gruczolaka przysadki.

Whioski: W badaniu stwierdzono, ze po przezklinowej resek-
¢ji somatotropowego gruczolaka przysadki zaburzenia tole-
rancji glukozy ulegaja normalizacji nawet u pacjentéw, kt6-
rzy nie spelniajg biochemicznych kryteriéw wyleczenia
z choroby.

Stowa kluczowe: akromegalia, insulinooporno$¢, niepra-
widlowa glikemia na czczo, nieprawidlowa tolerancja gluko-
zy, cukrzyca, przezklinowa resekcja gruczolaka.

improve quality of life and reduce mortality from acro-
megaly to the level in the general population [16]. To
date, among available management options, transsphe-
noidal surgery is the first-line treatment in most cases of
acromegaly [17]. It is still uncertain whether surgical
treatment can reverse acromegalic comorbidities such as
glucose homeostasis abnormalities and insulin resistance.

The aim of the present study was to assess the effect
of surgical treatment on glucose metabolism and insu-
lin resistance in acromegalic patients.

Material and methods

In this retrospective study, 239 consecutive acrome-
galic patients (age range: 22-79 years) who were diagno-
sed at our department between 1995 and 2008 were
studied before and 6-12 months after surgical treatment
of somatotropinoma. All patients were operated on by
two neurosurgeons from the same medical centre.
The diagnosis of active acromegaly was established on
the basis of elevated plasma GH above 1 ug/L. during
the 75 g oral glucose tolerance test (OGTT) and eleva-
ted plasma IGF-1 above the normal range for age and
gender. According to Melmed and others, acromegaly is
considered to be controlled after surgery if random GH
concentrations are no greater than 2.5 ug/L in the pre-
sence of normal IGF-1 levels for age and gender [17].
According to the Acromegaly Consensus Statement, nadir
GH during OGTT no greater than 1 pg/L is also an
option to evaluate disease control [16]. Inadequately con-
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trolled disease after surgery was defined when nonsup-
pressible GH during the oral glucose load and/or eleva-
ted IGF-1 levels were found. All patients with persistent
hypopituitarism received appropriate adrenal, thyroidal,
and gonadal hormonal replacement therapy, if necessary.

In each patient, glucose and insulin concentrations
were assessed fasting and after 30, 60, 90, and
120 min of the 75 g OGTT at diagnosis and after
surgery. The abnormalities in plasma glucose concen-
trations were categorized according to recent WHO
criteria [18]. Diabetes mellitus (DM) was diagnosed
when fasting glucose was above 126 mg/dL at two
consecutive measurements or when glucose concentra-
tion was at least 200 mg/dL. two hours after OGTT.
Impaired glucose tolerance (IGT) was diagnosed when
fasting glucose was less than 126 mg/dL, and was at least
140 mg/dL. and below 200 mg/dL. two hours after
OGTT. Impaired fasting glucose (IFG) was diagnosed
when fasting glucose levels were between 100 and
126 mg/dL.

Insulin resistance was investigated on the basis
of simple indices derived from fasting insulin and glu-
cose values; 1.e., the homeostasis model assessment
(HOMA-IR) = fasting insulin (uIU/mL) X fasting
glucose (mmol/L.)/22.5 [19] and the quantitative in-
sulin sensitivity check index (QUICKI) = 1/[log
(fasting insulin, uIU/mL) + log (fasting glucose,
mg/dL)] [20].

Statistical analysis

The assumption of normality was verified using
the Shapiro-Wilk test. Variables are presented as mean
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Fig. 1. Prevalence of impaired fasting glucose (IFG), impaired glucose toleran-
ce (I6T) and diabetes mellitus (DM) in acromegaly before and after surgery
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+ standard deviation or median (and range) if not nor-
mally distributed. One-sample Student’s t-test was used
to compare examined parameters before and after
surgery in acromegalic patients. The marginal homo-
geneity test was used to determine differences in distri-
bution of categorical variables before and after surgery.
The areas under the response curve (AUC) for gluco-
se and insulin during OGTT were estimated according
to the trapezoidal method. Differences were considered
statistically significant at p < 0.05. Statistical analysis
was performed using Stata 9.0 software.

Results

Women constituted the majority (65%) of the stu-
died group. The female to male ratio was nearly 2 to 1.
The mean age at the moment of diagnosis was 44.75
(SD 13.95) years. The duration of the disease since
the onset of the first symptoms was 7.61 (SD 4.98)
years. Normoglycaemia existed in 47% of acromegalic
patients. Most of the patients (53%) had glucose meta-
bolism alterations. Among these glucose tolerance abnor-
malities, we found IFG in 19%, IGT in 9%, and
overt DM in 25% of the cases (Fig. 1). There was no
statistically significant difference in gender, duration
of the disease, basal plasma GH, IGF-1, or fasting insu-
lin concentrations between normoglycaemic patients and
those with glucose tolerance impairments. As we pro-
ved recently, the best predictor of glucose homeostasis
impairments was the age of the patients [21].

Glucose metabolism and prevalence of glucose
homeostasis abnormalities after surgery

After transsphenoidal surgery, 57% of patients had
biochemically controlled disease and 43% of the cohort
had either inadequately controlled disease or discre-
pancies between GH and IGF-1 levels. We found a sta-
tistically significant decrease in fasting plasma glucose
in patients after surgery (89.45 * 13.92 mg/dL vs.
99.12 = 17.33 mg/dL,, p < 0.001). Glucose levels in
patients after surgical treatment were also significantly
reduced during OGTT compared to the baseline
(p < 0.05) (Fig. 2). The entire glucose response curve
during OGTT showed a significant decrease in surgi-
cally treated patients (p < 0.001) (Fig. 3).

Fasting plasma glucose was slightly lower in the gro-
up of patients completely cured after surgery compared
to the group of patients that did not meet the cure cri-
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Fig. 2. Effect of transsphenoidal surgery on plasma glucose and insulin concentrations in patients with acromegaly. (A) Plasma glucose and (B) insulin concentrations
fasting and during oral glucose tolerance test (OGTT) before and 6-12 months after surgery. Values are expressed as means + standard deviations
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Fig. 3. Effect of transsphenoidal surgery on area under the curve (AUC) for (A) glucose and (B) insulin in acromegalic patients before and 6-12 months after surgery.

Values are expressed as means + sfandard deviations

teria; however, there was no statistically significant dif-
ference (p = 0.056) (Fig. 4).

The percentage of patients with normoglycaemia was
greater after surgery (77% vs. 47%, p < 0.001). Among
the glucose homeostasis abnormalities, we found fewer
patients with IFG (8% vs. 19%), IGT (7% vs. 9%),
and DM (8% vs. 25%) (p < 0.001) (Fig. 1).

Insulin secretion and sensitivity after surgery

As we suspected, fasting plasma insulin levels decre-
ased significantly and similarly to fasting glucose levels
in patients after surgery (15.44 = 8.80 mIU/L vs. 23.40
* 10.24 mIU/L, p < 0.001) (Fig. 2). After surgery,
there was no statistically significant difference in fasting
insulin levels between patients with completely and in-
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adequately controlled disease (Fig. 4). There was a sta-
tistically significant decline in insulin secretion after the
oral glucose load (p < 0.001) (Fig. 2), which was also
confirmed when the total area under the insulin respon-
se curve was calculated (» < 0.001) (Fig. 3). Compa-
red to the baseline, the insulin resistance index HOMA-
IR was significantly lower (3.08 vs. 6.76, p < 0.0001)
and the insulin sensitivity index QUICKI was signifi-
cantly higher (0.32 vs. 0.29,» < 0.001) in patients after
surgical treatment (Fig. 5).

Discussion
This study investigated the metabolic effects of neu-

rosurgical treatment in acromegalic subjects. Trans-
sphenoidal surgery is the treatment of choice in most
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Fig. 5. Effect of transsphenoidal surgery on insulin resistance in patients with acromegaly. (A) HOMA-IR and (B) QUICKI indices in acromegalic patients before and

6-12 months after surgery. Values are expressed as means + standard deviations

cases of somatotropinomas [16,17]. Determinants of
surgical remission include the experience of the neuro-
surgeon, tumour size, and degree of invasiveness. In
patients with intrasellar microadenomas, surgical remo-
val provides biochemical control in 75-95% of patients.
Control rates are lower in patients with macroadenomas,
but even in these cases surgical removal provides bio-
chemical control in 40-68% of patients [17]. In our
cohort, 57% of patients were biochemically controlled
after transsphenoidal surgery.

Many studies have shown increased mortality of
acromegalic patients compared to the general popula-
tion [2-4, 22]. The latest metaanalysis estimated an
overall 72% increase in mortality in acromegaly compa-
red to the general population. It should be emphasized
that the major cause of early mortality in acromegaly is
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cardiovascular disease [4,23], which is also the major
cause of mortality in patients with insulin resistance and
diabetes mellitus [24,25]. Insulin resistance that leads
to glucose intolerance is one of the most important con-
tributory factors to cardiovascular diseases in acrome-
galy [8]. It is known that patients with acromegaly and
coexisting hypertension and diabetes mellitus have
the most severe alterations of cardiac function [11].
Therefore, investigation of a possible reversible impact
of surgery on glucose tolerance and insulin resistance
has major clinical implications.

To date, very few reports exist on the effects of neu-
rosurgery on glucose metabolism and the results have
been conflicting [26-29]. Our study revealed that glu-
cose homeostasis alterations are present in $3% of the
cases at the moment of diagnosis. Among these abnor-
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malities, diabetes mellitus was diagnosed in 25% of
the patients, which is almost three-fold higher than in
the general Polish population. According to the Inter-
national Diabetes Atlas, diabetes mellitus is present in
around 9% of the Polish population between 20 and
79 years of age [30]. After surgery, most patients were
normoglycaemic (77% vs. 47%). Diabetes mellitus after
surgery was found in a significantly lower percentage of
patients (8%), which is similar to the prevalence in the
general Polish population. The incidence of pre-diabe-
tic conditions was also significantly lower compared to
the moment of diagnosis (IFG: 8% vs. 19%, 1GT: 7%
vs. 9%). In this study, we observed a statistically signi-
ficant reduction in plasma fasting glucose 6-12 months
after surgery, which was accompanied by a decrease
in insulin secretion both fasting and during OGTT.
This is in agreement with the results of the study by
Jaffrain-Rea and others who found normalization of glu-
cose abnormalities in all cases among 31 patients with
acromegaly who were assessed before and six months
after successful transsphenoidal surgery [26]. Consi-
stently with this investigation, we also observed a signi-
ficant reduction in insulin levels both fasting and after
the glucose load as well as a prominent improvement in
insulin sensitivity evaluated by the HOMA-IR and
QUICKI indices. Similar results were obtained by
Ronchi and others, who compared a group of acrome-
galics treated with long-acting somatostatin analogues
to those who were cured by surgery. In a group of sur-
gically treated patients, they found a significant reduc-
tion in plasma glucose and insulin levels and improve-
ment in insulin sensitivity after a median observation
time of 80 months compared to the baseline [28].

The above-mentioned results are in contrast to what
Colao and others found in a five-year observational
study in which the long-term effects of different thera-
peutic modalities on glucose homeostasis were investi-
gated [27]. In a group of 30 acromegalic patients who
were successfully treated with surgery, they found
a reduction only in fasting insulin levels and the
HOMA-IR insulin resistance index, but no significant
reduction in fasting glucose levels. Improvement in insu-
lin sensitivity was also reported in past research using
the ‘gold standard method’, i.e., the euglycaemic hyper-
insulinaemic clamp, but the results were based only on
a very small number of patients [29].

What is of great clinical interest is that we did not
observe any statistically significant difference in fasting
glucose and insulin levels between patients with com-
plete biochemical remission and those who did not meet
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the cure criteria after transsphenoidal surgery. This is
in agreement with what was previously described by
Damjanovic and others that even incomplete disease
control after surgery can result in improvement of the
insulin resistance and cardiac indices assessed by echo-
cardiography [31].

Conclusions

We concluded that in acromegalic patients glucose
homeostasis alterations and insulin sensitivity can be
normalized after transsphenoidal surgery of somatotro-
pinoma even if strict biochemical cure criteria are not

fulfilled.
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