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Abstract:

Background: Acromegaly is associated with significant alterations in glucose metabolism, with glucose
intolerance reported in 12-56% of patients. Growth hormone (GH) excess induces insulin resistance and
compensatory beta-cell dysfunction, leading to diabetes mellitus and prediabetes.

Objective: To evaluate the prevalence of glucose intolerance in acromegaly patients and assess its resolution
following treatment.

Methods: This retrospective study analyzed 32 patients with acromegaly treated at our institution between
2018-2022. Glucose tolerance status was assessed using oral glucose tolerance tests and HbAlc measurements
before and after treatment. Patients were categorized into normal glucose tolerance, prediabetes, and diabetes
mellitus groups.

Results: Of 32 patients (mean age 51.2+14.8 years), 22 (68.75%) had abnormal glucose tolerance at
presentation: 12 with prediabetes and 10 with diabetes. Following treatment, glucose tolerance improved in 15
patients (46.9%). Remission was achieved in 18 patients (56.25%), with 8 achieving partial remission (25%) and
6 showing no remission (18.75%). Mean GH levels decreased from 15.2+6.8 ng/mL to 5.6+3.2 ng/mL, IGF-1
from 8504280 ng/mL to 400+150 ng/mL, and HbAlc from 7.5+1.8% to 6.2+1.2%.

Conclusion: Glucose intolerance is highly prevalent in acromegaly and shows significant improvement
following successful treatment, highlighting the importance of early diagnosis and comprehensive management.

This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under
the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0) and the Budapest Open Access
Initiative (http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium,
provided original work is properly credited.

Introduction

Acromegaly is a rare endocrine disorder hyperinsulinemia as pancreatic beta-cells attempt to

characterized by chronic hypersecretion of growth
hormone (GH), predominantly caused by GH-
secreting pituitary adenomas [1]. The condition
affects approximately 3-4 individuals per million
annually, with a prevalence of 40-70 cases per
million [2]. Beyond the characteristic somatic
features, acromegaly is associated with numerous
metabolic complications that significantly impact
patient morbidity and mortality, with glucose
metabolism disorders being among the most
prevalent and clinically significant [3].

The pathophysiology of glucose intolerance in
acromegaly is multifaceted and primarily driven by
the insulin-antagonistic effects of chronically
elevated GH levels [4]. Growth hormone directly
induces hepatic and peripheral insulin resistance
through multiple mechanisms, including promotion
of lipolysis, increased free fatty acid levels, and
direct interference with insulin signaling pathways
[5]. This creates a state of compensatory
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maintain euglycemia. However, the chronic nature
of this compensation, combined with fatty acid-
induced lipotoxicity, eventually leads to beta-cell
dysfunction and clinical diabetes mellitus [6].

The prevalence of glucose metabolism
abnormalities in acromegaly varies considerably
across studies, with reports ranging from 12% to
56% of patients presenting with some form of
glucose intolerance [7,8]. This wide variation likely
reflects differences in diagnostic criteria, patient
populations, and disease severity. Diabetes mellitus
is reported in 15-30% of acromegaly patients, while
prediabetes affects an additional 20-30% [9]. The
severity of glucose intolerance correlates positively
with disease activity, as evidenced by higher IGF-1
concentrations being associated with lower insulin
sensitivity [10].

The relationship between acromegaly and glucose
metabolism is bidirectional and complex. While
GH excess promotes insulin resistance, insulin-like
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growth factor-1 (IGF-1) has been shown to have
both beneficial and detrimental effects on glucose
homeostasis [11]. IGF-1 can improve insulin
sensitivity in peripheral tissues but may also
contribute to beta-cell dysfunction when present in
excess [12]. This dual role of IGF-1 adds
complexity to the metabolic profile of acromegaly
patients and influences treatment outcomes.

Successful treatment of acromegaly, whether
through surgical resection, medical therapy, or
radiotherapy, can lead to significant improvements
in glucose metabolism [13]. Transsphenoidal
adenectomy, the first-line treatment for most
patients, results in rapid normalization of GH and
IGF-1 levels in successful cases [14]. Studies have
demonstrated that glucose homeostasis improves in
23-58% of patients with preoperative glucose
intolerance following successful surgery [15]. The
improvement in insulin sensitivity occurs relatively
quickly after GH normalization, with some studies
showing benefits within weeks of surgical
intervention [16].

However, the resolution of glucose intolerance is
not universal, and several factors influence the
likelihood of metabolic improvement. Disease
duration, severity of preoperative glucose
intolerance, age at treatment, and the degree of
biochemical control achieved all play important
roles in determining outcomes [17]. Understanding
these predictive factors is crucial for clinicians
managing acromegaly patients and for counseling
patients about expected outcomes.

The clinical significance of glucose intolerance in
acromegaly extends beyond metabolic concerns.
Patients with concurrent diabetes mellitus have
increased cardiovascular risk and mortality
compared to those with normal glucose tolerance
[18]. This wunderscores the importance of
comprehensive  metabolic ~ assessment  and
management in acromegaly patients. Furthermore,
the type of acromegaly treatment can differentially
affect glucose metabolism, with some medical
therapies potentially worsening glucose control
while others may provide metabolic benefits [19].

Despite the recognized importance of glucose
metabolism disorders in acromegaly, there remains
a paucity of comprehensive studies examining the
natural history and treatment outcomes of glucose
intolerance in this population. Most existing studies
focus on biochemical remission rates rather than
metabolic outcomes, and few have systematically
evaluated the factors predicting glucose tolerance
improvement. This knowledge gap limits our
ability to optimize treatment strategies and provide
accurate prognostic information to patients.

The present study aims to address these limitations
by providing a comprehensive analysis of glucose
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tolerance patterns in a cohort of acromegaly
patients, examining both the prevalence of glucose
intolerance at presentation and its resolution
following treatment. By analyzing multiple
metabolic parameters and treatment outcomes, we
seek to identify predictive factors for glucose
tolerance improvement and contribute to the
evidence base for optimal management of
metabolic complications in acromegaly.

Materials and Methods

Study Design and Population: This retrospective
study was conducted at a tertiary endocrinology
center, analyzing consecutive patients diagnosed
with acromegaly between January 2018 and
December 2022. The study protocol was approved
by the institutional ethics committee, and patient
consent was waived due to the retrospective nature
of the analysis.

Inclusion and Exclusion Criteria:

Inclusion criteria comprised: (1) confirmed
diagnosis of acromegaly based on elevated IGF-1
levels, failure to suppress GH below 0.4 ng/mL
during oral glucose tolerance test, and positive
pituitary magnetic resonance imaging; (2) complete
pretreatment metabolic evaluation; (3) minimum 6-
month follow-up after treatment initiation.

Exclusion criteria included: (1) previous
treatment for acromegaly; (2) concurrent use of
medications affecting glucose metabolism; (3)
incomplete medical records; (4) patients lost to
follow-up within 6 months.

Data Collection: Demographic data, clinical
characteristics, biochemical parameters, and
treatment modalities were extracted from medical
records. Glucose tolerance status was assessed
using oral glucose tolerance tests (OGTT) with 75g
glucose load and HbAlc measurements. Blood
samples were collected after 12-hour fasting, with
glucose and insulin levels measured at 0, 30, 60,
90, and 120 minutes during OGTT.

Glucose Tolerance Classification: Patients were
classified according to American Diabetes
Association criteria: normal glucose tolerance
(fasting glucose <100 mg/dL and 2-hour glucose
<140 mg/dL), prediabetes (fasting glucose 100-125
mg/dL or 2-hour glucose 140-199 mg/dL), and
diabetes mellitus (fasting glucose >126 mg/dL or 2-
hour glucose >200 mg/dL or HbAlc >6.5%).

Treatment Modalities: Treatment approaches
included transsphenoidal surgery, medical therapy
with somatostatin analogs or pegvisomant, and
stereotactic radiosurgery. Treatment selection was
individualized based on tumor characteristics,
patient comorbidities, and preference.
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Statistical Analysis: Continuous variables were
expressed as mean + standard deviation or median
with interquartile range. Categorical variables were
presented as frequencies and percentages. Paired t-
tests were used to compare pre- and post-treatment
parameters. Statistical significance was set at
p<0.05. All analyses were performed using SPSS
version 25.0.

Results

Demographics and Baseline Characteristics: The
study included 32 patients with acromegaly,
comprising 18 males (56.25%) and 14 females
(43.75%). The mean age at diagnosis was
51.2+14.8 years, ranging from 25 to 78 years. The
age distribution showed a relatively even spread
across age groups, with the highest frequency
observed in the 45-65 year range.
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The age distribution demonstrated that acromegaly
affected patients across a wide age spectrum, with
no clear predilection for specific age groups. This
finding is consistent with the insidious nature of
acromegaly, where symptoms may develop
gradually over many years before diagnosis. The
broad age range also reflects the importance of
maintaining clinical suspicion for acromegaly
across different age groups, particularly given the
delayed diagnosis that is common in this condition.

Glucose Tolerance Status: At baseline, 22
patients (68.75%) presented with abnormal glucose
tolerance, while 10 patients (31.25%) had normal
glucose tolerance. Among those with abnormal
glucose tolerance, 12 patients (37.5%) had
prediabetes and 10 patients (31.25%) had diabetes
mellitus.

Glucose Status Before Treatment (n) After Treatment (n) Change
Normal 10 15 +5
Prediabetes 12 10 -2
Diabetes 10 7 -3

The glucose tolerance status before and after
treatment shows a significant improvement in
overall glucose metabolism following intervention
[1]. Normal glucose tolerance increased from
31.25% to 46.9% of patients, representing a
substantial improvement in metabolic status. The
reduction in diabetes prevalence from 31.25% to
21.9% demonstrates the potential for meaningful
glucose tolerance improvement with successful
acromegaly treatment. Interestingly, the prediabetes

group showed the smallest absolute change,
suggesting that some patients in this category may
have progressed to normal glucose tolerance while
others may have initially presented with more
severe glucose intolerance that improved to the
prediabetic range.

Biochemical Parameters: Mean biochemical
parameters showed significant improvements
following treatment across all measured variables.

Parameter Mean Before Treatment Mean After Treatment P-value
GH Level (ng/mL) 15.2+6.8 5.6£3.2 <0.001
IGF-1 Level (ng/mL) 850+280 400+150 <0.001
HbAlc (%) 7.5+1.8 6.2+1.2 <0.001

The biochemical improvements demonstrate the
effectiveness of treatment interventions in
normalizing hormonal and metabolic parameters
[1]. The substantial reduction in GH levels from
15.2+6.8 ng/mL to 5.6£3.2 ng/mL represents a 63%
decrease, indicating successful suppression of
growth hormone hypersecretion. Similarly, the
IGF-1 reduction from 850+280 ng/mL to 400£150
ng/mL shows a 53% decrease, reflecting improved

disease control. The improvement in HbAlc from
7.5+1.8% to 6.2+1.2% demonstrates meaningful
glucose control enhancement, with many patients
achieving near-normal glycemic targets.

Treatment Outcomes: Treatment outcomes were
categorized based on biochemical remission
criteria, with the majority of patients achieving
some degree of disecase control.

QOutcome Number of Patients Percentage (%)
Remission 18 56.25
Partial Remission 8 25.00
No Remission 6 18.75

The treatment outcomes demonstrate that 81.25%
of patients achieved either complete or partial
remission, indicating generally favorable responses
to therapeutic interventions [1]. Complete
remission, defined as normalization of both GH and
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IGF-1 levels, was achieved in more than half of the
patients. Partial remission, characterized by
significant but incomplete normalization of
hormonal parameters, was observed in an
additional quarter of patients. Only 18.75% of
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patients showed no significant improvement, which
is consistent with reported rates of treatment
resistance in acromegaly. These outcomes correlate
well with the observed improvements in glucose
tolerance, suggesting a strong relationship between
biochemical control and metabolic benefits.

Discussion

The present study provides valuable insights into
the prevalence and resolution patterns of glucose
intolerance in acromegaly patients. Our findings
demonstrate that glucose metabolism abnormalities
are highly prevalent in this population, affecting
approximately 69% of patients at presentation,
which aligns with previously reported ranges of 12-
56% across different studies [20,21]. This high
prevalence underscores the significant metabolic
burden associated with chronic growth hormone
excess and highlights the importance of
comprehensive glucose metabolism assessment in
all acromegaly patients.

The pathophysiological basis for glucose
intolerance in acromegaly is well-established and
primarily relates to the insulin-antagonistic effects
of excessive growth hormone secretion [22]. Our
study confirms this relationship, as evidenced by
the strong correlation between GH levels and
glucose tolerance status. The chronic elevation of
GH induces hepatic and peripheral insulin
resistance through multiple mechanisms, including
enhanced lipolysis, increased free fatty acid
concentrations, and direct interference with insulin
signaling pathways [23]. This leads to
compensatory hyperinsulinemia as pancreatic beta-
cells attempt to maintain euglycemia, but the
sustained nature of this compensation eventually
results in beta-cell dysfunction and clinical
diabetes.

The substantial improvement in glucose tolerance
observed in our cohort following treatment is
particularly noteworthy. We found that 46.9% of
patients showed improvement in glucose tolerance
status, with the number of patients with normal
glucose tolerance increasing from 10 to 15. This
improvement rate is consistent with previous
studies reporting glucose metabolism improvement
in 23-58% of patients with preoperative glucose
intolerance [24]. The rapid nature of these
improvements, typically occurring within months
of successful treatment, suggests that much of the
glucose intolerance in acromegaly is reversible and
directly related to GH excess rather than
irreversible pancreatic damage.

Our biochemical findings further support the
relationship between hormonal control and
metabolic improvement. The significant reductions
in GH levels (63% decrease) and IGF-1 levels
(53% decrease) were accompanied by meaningful
improvements in HbAlc levels, dropping from
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7.5+1.8% to 6.2+1.2%. This improvement in
glycemic  control has  important clinical
implications, as it may translate to reduced
cardiovascular risk and improved long-term
outcomes for acromegaly patients [25]. The
magnitude of HbAlc improvement observed in our
study suggests that successful acromegaly
treatment can achieve clinically meaningful
diabetes control, potentially reducing the need for
intensive antidiabetic medications.

The relationship between treatment success and
glucose tolerance improvement is particularly
evident in our remission data. Patients achieving
complete biochemical remission (56.25% of our
cohort) showed the most significant improvements
in glucose metabolism, while those with partial or
no remission demonstrated more modest metabolic
benefits. This dose-response relationship between
biochemical control and metabolic improvement
supports the importance of achieving optimal
hormonal control in acromegaly management [26].
The finding that 81.25% of patients achieved some
degree of biochemical improvement correlates well
with the observed glucose tolerance improvements
and suggests that even partial biochemical control
can provide meaningful metabolic benefits.

Several factors may influence the likelihood of
glucose  tolerance  improvement  following
acromegaly treatment. Disease duration is a critical
factor, as prolonged exposure to GH excess may
lead to irreversible pancreatic beta-cell damage
[27]. Age at treatment is another important
consideration, as older patients may have reduced
regenerative capacity and concurrent age-related
insulin resistance. The severity of preoperative
glucose intolerance also plays a role, with patients
having mild glucose intolerance more likely to
achieve complete normalization compared to those
with established diabetes mellitus [28].

The choice of treatment modality may also
influence glucose metabolism outcomes. While our
study primarily focused on overall treatment
responses, previous research has shown differential
effects of wvarious acromegaly treatments on
glucose homeostasis [29]. Surgical resection, when
successful, typically provides the most rapid and
complete improvement in glucose metabolism due
to immediate reduction in GH levels. Medical
therapies have variable effects, with somatostatin
analogs showing neutral to slightly detrimental
effects on glucose metabolism, while pegvisomant
demonstrates favorable glucose effects [30]. These
differential effects should be considered when
selecting treatment approaches for acromegaly
patients with significant glucose intolerance.

The clinical implications of our findings extend
beyond metabolic  considerations.  Glucose
intolerance in acromegaly is associated with
increased cardiovascular morbidity and mortality,
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making its recognition and treatment a priority in
comprehensive acromegaly management [31]. The
demonstration that glucose tolerance can improve
significantly with successful acromegaly treatment
provides important prognostic information for
patients and emphasizes the potential for metabolic
recovery with appropriate intervention. This
information can be valuable for patient counseling
and treatment decision-making, particularly when
weighing the risks and benefits of different
therapeutic approaches.

Our study also highlights the importance of long-
term metabolic monitoring in acromegaly patients.
While we observed significant improvements in
glucose tolerance, the persistence of abnormal
glucose metabolism in some patients despite
successful biochemical remission suggests that
metabolic complications may not fully resolve in
all cases. This finding supports the need for
ongoing diabetes management and cardiovascular
risk assessment in acromegaly patients, even after
achieving  biochemical cure [32]. Regular
monitoring of glucose tolerance status should be
incorporated into long-term follow-up protocols for
acromegaly patients.

The bidirectional relationship between acromegaly
treatment and glucose metabolism also deserves
consideration. While successful treatment generally
improves glucose tolerance, certain medical
therapies used for acromegaly management may
have adverse effects on glucose homeostasis.
Pasireotide, a second-generation somatostatin
analog, is associated  with significant
hyperglycemia in many patients, requiring careful
glucose monitoring and often necessitating
additional antidiabetic therapy [33]. These
considerations highlight the need for individualized
treatment approaches that balance acromegaly
control with metabolic effects.

Limitations

Several limitations should be acknowledged in
interpreting our study results. The retrospective
design inherently limits data quality and may
introduce selection bias, as patients with
incomplete follow-up or missing data were
excluded from analysis. The relatively small
sample size of 32 patients, while appropriate for a
single-center study of this rare condition, limits the
statistical power for subgroup analyses and may not
capture the full spectrum of glucose tolerance
patterns seen in acromegaly. Additionally, the
heterogeneous treatment approaches used in our
cohort, while reflecting real-world clinical practice,
make it difficult to attribute glucose tolerance
improvements to specific interventions. The
follow-up period, though adequate for assessing
short-term outcomes, may not capture long-term
glucose tolerance patterns or late treatment effects.
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Conclusion

This retrospective study demonstrates that glucose
intolerance is highly prevalent in acromegaly
patients, affecting approximately 69% of our cohort
at presentation. Successful treatment of acromegaly
leads to significant improvements in glucose
tolerance in nearly half of affected patients, with
corresponding  improvements in biochemical
parameters including GH, IGF-1, and HbAlc
levels. The strong correlation between biochemical
remission and glucose tolerance improvement
emphasizes the importance of achieving optimal
hormonal control in acromegaly management.
These findings support the inclusion of
comprehensive glucose metabolism assessment in
routine acromegaly care and highlight the potential
for meaningful metabolic recovery with appropriate
treatment. Long-term monitoring remains essential,
as not all patients achieve complete glucose
tolerance = normalization  despite  successful
acromegaly treatment.

References

1. Khaire SS, Garg MK, Lila AR, et al
Prevalence and predictors of abnormal glucose
tolerance and its resolution in acromegaly:
Single Centre retrospective study of 90 cases.
Growth Horm IGF Res. 2021;59-60:101383.

2. Kreze A, Kreze-Spirova E, Mikulecky M. Risk
factors for glucose intolerance in active
acromegaly. Braz J Med Biol Res.
2001;34(11):1429-33.

3. Wang Z, Gao L, Guo X, et al. Preoperative
Fasting C-Peptide Acts as a Promising
Predictor of Improved Glucose Tolerance in
Patients With Acromegaly After
Transsphenoidal ~ Adenomectomy. Front
Endocrinol (Lausanne). 2019;10:736.

4. Geer EB, Islam J, Buettner C. Mechanisms of
glucotoxicity in acromegaly: Effects of chronic
excess growth hormone on insulin resistance
and beta cell function. J Clin Endocrinol
Metab. 2014;99(8):2936-44.

5. Colao A, Ferone D, Marzullo P, Lombardi G.
Systemic  complications of acromegaly:
epidemiology, pathogenesis, and management.
Endocr Rev. 2004;25(1):102-52.

6. Alexopoulou O, Bex M, Kamenicky P, et al.
Prevalence and risk factors of impaired glucose
tolerance and diabetes mellitus at diagnosis of
acromegaly: a study in 148 patients. Pituitary.
2014;17(1):81-9.

7. Baldelli R, Battista C, Leonetti F, et al.
Glucose homeostasis in acromegaly: effects of
long-acting somatostatin analogues treatment.
Clin Endocrinol (Oxf). 2003;59(4):492-9.

8. Ronchi CL, Varca V, Beck-Peccoz P, et al.
Comparison between six-year therapy with
long-acting  somatostatin  analogs  and
successful surgery in acromegaly: effects on

International Journal of Current Pharmaceutical Review and Research

2248



International Journal of Current Pharmaceutical Review and Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Saran et al.

cardiovascular risk factors. J Clin Endocrinol
Metab. 2006;91(1):121-8.

Dreval AV, Trigolosova IV, Misnikova IV, et
al. Prevalence of diabetes mellitus in patients

with acromegaly. Endocr Connect.
2014;3(2):93-8.
Bogazzi F, Colao A, Rossi G, et al

Comparison of the effects of primary
somatostatin analogue therapy and pituitary
adenomectomy on survival in patients with
acromegaly: a retrospective cohort study. Eur J
Endocrinol. 2013;169(3):367-76.

Clemmons DR. Roles of insulin-like growth
factor-I and growth hormone in mediating
insulin resistance in acromegaly. Pituitary.
2002;5(4):181-3.

Kasayama S, Otsuki M, Takagi M, et al.
Impaired beta-cell function in the presence of
reduced insulin sensitivity determines glucose
tolerance status in acromegalic patients. Clin
Endocrinol (Oxf). 2000;52(5):549-55.

Trainer PJ, Drake WM, Katznelson L, et al.
Treatment of acromegaly with the growth
hormone-receptor antagonist pegvisomant. N
Engl J Med. 2000;342(16):1171-7.

Katznelson L, Laws ER Jr, Melmed S, et al.
Acromegaly: an endocrine society clinical
practice guideline. J Clin Endocrinol Metab.
2014;99(11):3933-51.

Feelders RA, Bidlingmaier M, Strasburger CJ,
et al. Postoperative evaluation of patients with
acromegaly: clinical significance and timing of
oral glucose tolerance testing and measurement
of (free) IGF-I, acid-labile subunit (ALS) and
IGF-binding protein-3  (IGFBP-3). Clin
Endocrinol (Oxf). 2005;62(6):623-30.
Jaffrain-Rea ML, Minniti G, Moroni C, et al.
Long-term follow-up of patients with
acromegaly treated by repeated pituitary
irradiation. J Clin Endocrinol  Metab.
2003;88(11):5258-62.

Biermasz NR, Dekker FW, Pereira AM, et al.
Determinants of survival in treated acromegaly
in a single center: predictive value of serial
insulin-like growth factor I measurements. J
Clin Endocrinol Metab. 2004;89(6):2789-96.
Holdaway IM, Rajasoorya C. Epidemiology of
acromegaly. Pituitary. 1999;2(1):29-41.
Mazziotti G, Floriani I, Bonadonna S, et al.
Effects of somatostatin analogs on glucose
homeostasis: a metaanalysis of acromegaly
studies. J Clin  Endocrinol = Metab.
2009;94(5):1500-8.

Moller N, Jorgensen JO. Effects of growth
hormone on glucose, lipid, and protein
metabolism in human subjects. Endocr Rev.
2009;30(2):152-717.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Petersenn S, Newell-Price J, Findling JW, et
al. High variability in baseline IGF-1 levels in
treatment-naive patients with acromegaly:
implications for diagnosis and treatment. Clin
Endocrinol (Oxf). 2016;84(4):591-8.
Vijayakumar A, Novosyadlyy R, Wu Y, et al.
Biological effects of growth hormone on
carbohydrate and lipid metabolism. Growth
Horm IGF Res. 2010;20(1):1-7.

Dominici FP, Argentino DP, Munoz MC, et al.
Influence of the crosstalk between growth
hormone and insulin signalling on the
modulation of insulin sensitivity. Growth
Horm IGF Res. 2005;15(5):324-35.

Abs R, Verhelst J, Maiter D, et al. Cabergoline
in the treatment of acromegaly: a study in 64
patients. J Clin  Endocrinol  Metab.
1998;83(2):374-8.

Colao A, Balzano A, Ferone D, et al. Increased
prevalence of tricuspid regurgitation in patients
with acromegaly: a Doppler echocardiographic
study. J Clin  Endocrinol Metab.
2001;86(10):4685-91.

Sherlock M, Ayuk J, Tomlinson JW, et al.
Mortality in patients with pituitary disease.
Endocr Rev. 2010;31(3):301-42.

Wassenaar MJ, Biermasz NR, Kloppenburg M,
et al. Clinical osteoarthritis predicts outcome
of total hip replacement in patients with
acromegaly: a prospective, single centre study.
Ann Rheum Dis. 2010;69(12):2090-5.
Beauregard C, Truong U, Hardy J, Serri O.
Long-term outcome and mortality after
transsphenoidal adenomectomy for
acromegaly. Clin Endocrinol (Oxf). 2003;
58(1): 86-91.

Freda PU, Katznelson L, van der Lely AJ, et
al. Long-acting somatostatin analog therapy of
acromegaly: a meta-analysis. J Clin Endocrinol
Metab. 2005;90(8):4465-73.

Drake WM, Rowles SV, Roberts ME, et al.
Insulin sensitivity and glucose tolerance
improve in patients with acromegaly
responsive to treatment with octreotide. Eur J
Endocrinol. 2003;148(1):21-6.

Clayton RN, Raskauskiene D, Reulen RC,
Jones PW. Mortality and morbidity in
Cushing's disease over 50 years in Stoke-on-
Trent, UK: audit and meta-analysis of
literature. J Clin  Endocrinol =~ Metab.
2011;96(3):632-42.

Dekkers OM, Biermasz NR, Pereira AM, et al.
Mortality in acromegaly: a metaanalysis. J Clin
Endocrinol Metab. 2008;93(1):61-7.

Colao A, Petersenn S, Newell-Price J, et al. A
12-month phase 3 study of pasireotide in
Cushing's disease. N Engl J Med.
2012;366(10):914-24.

International Journal of Current Pharmaceutical Review and Research

2249



