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Chapter 7
Acromegaly and Diabetes
Mellitus: Special Considerations

Lindsay Fourman and Lisa B. Nachtigall

Case Presentation

A 49-year-old man with a history of bipolar disorder, diabetes mel-
litus type 2 (DM2), hypertension, and hyperlipidemia presented to
the hospital with psychosis and profound functional decline. The
endocrinology team was consulted when he was noted to have ran-
dom blood glucose of 526 mg/dL and 2+ urine ketones.

The patient reported a 10-year history of DM2 without any
known complications. His blood glucose had been poorly con-
trolled in recent months due to medication nonadherence in the
setting of his psychiatric illness with an outpatient hemoglobin
Alc (HbAlc) > 14%. He also reported the gradual worsening of
his glycemic control over several years despite uptitration of anti-
hyperglycemic agents by his primary care physician. His medica-
tion regimen at the time of admission was metformin, pioglitazone,
canaglifiozin, and dulaglutide. Family history was notable for a
mother with DM2 but no other endocrine diseases.

On exam, his body mass index (BMI) was 30.2 kg/m? with blood
pressure 134/87 mm Hg and pulse 94 beats per minute. The patient was
noted to have frontal bossing, mandibular prognathism, macroglossia,
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soft tissue swelling of the hands, and acanthosis nigricans of the poste-
rior neck. Upon further questioning, he indicated that he had noted
coarsening of his facial features, enlargement of his hands and feet,
headaches, and increased diaphoresis over at least 10 years. However,
he interpreted these signs and symptoms of acromegaly in the context
of his psychiatric illness, believing that they were manifestations of a
“curse” that had been placed upon him by his wife’s family.

Given the patient’s poor glycemic control with impaired insulin
secretion as evidenced by 2+ urine ketones, he was started on a
combination of short- and long-acting insulin that was increased
to 100 units per day. Metformin was continued, but the patient’s
other antihyperglycemic agents were stopped to avoid polyphar-
macy. Serum insulin-like growth factor 1 (IGF-1) was 620 ng/
mL (normal, 52-328 ng/mL), which was 3.7 standard deviations
above his age- and sex-adjusted mean. All other hormonal axes
were within normal limits. Pituitary magnetic resonance imag-
ing (MRI) showed a 3 cm sellar and suprasellar mass consistent
with a pituitary macroadenoma that displaced the optic chiasm
and invaded the right cavernous sinus. Diffuse calvarial thickening
also was noted. Formal visual field testing demonstrated bitempo-
ral hemianopsia.

My Management

(a) Transsphenoidal surgery by an experienced pituitary surgeon
was recommended in order to debulk tumor in the setting of
optic chiasm displacement.

(b) Postoperatively, blood glucose was closely monitored with
insulin dose reductions made accordingly.

(c) A first-generation long-acting somatostatin analog (octreotide
LAR) was recommended in order to control residual tumor
postoperatively.

(d) Blood glucose was closely observed in the context of octreo-
tide therapy initiation as levels may rise or fall.
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Assessment and Diagnosis

DM?2 is a complication of acromegaly that is associated with an
increased risk of cardiac disease [1] and mortality [2]. Concurrent
diabetes also poses unique considerations for clinicians in terms of
diagnosis and management of acromegaly.

The reported prevalence of DM2 in acromegaly has been highly
variable with estimates ranging from 16 to over 50% [3, 4]. Patients
with acromegaly have been shown to be at a higher risk of DM2
than the general population or non-acromegalic individuals with
traditional diabetes risk factors [3, 5]. Increased BMI [5, 6], older
age [5, 6], and family history of DM2 [6] all have been associated
with impaired glucose tolerance in acromegaly, as in the general
population. Longer pituitary disease duration [5] and higher IGF-1
(rather than GH) [6, 7] also predict disturbances in glucose homeo-
stasis. In our patient, hyperglycemia may have been an early mani-
festation of GH excess since the onset of his DM2 dates back to
when his acromegaly symptoms began. Additionally, the gradual
rise in IGF-1 as his tumor grew over time may have accounted for
the progressive deterioration of his glycemic control in recent
years. His susceptibility to DM2 was likely further enhanced by
his personal history of obesity (BMI 30.2 kg/m?) and his family
history of DM2. Notably, the endocrine consult team had been
called to manage hyperglycemia, which led to the evaluation for
acromegaly. Acromegaly should be considered in the differential
diagnosis of disturbed glucose homeostasis and has been discov-
ered incidentally in 0.6% of hospitalized patients with DM?2 [8].

GH excess in acromegaly leads to DM2 by creating a state of insu-
lin resistance. In a study using hyperinsulinemic-euglycemic clamp,
acromegalic patients were shown to have defects in both hepatic and
extrahepatic insulin action [9]. Extending these findings, GH was later
shown to antagonize downstream mediators of insulin signaling
including phosphoinositide (PI) 3-kinase [10]. GH also indirectly
impairs insulin action by bringing about a rise in free fatty acids
through the stimulation of lipolysis [11]. While insulin resistance is
the primary disturbance in acromegaly, hyperglycemia only develops
when pancreatic § cells can no longer keep up with the increased
demand to secrete insulin. Several studies have shown that insulin
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resistance is similar among acromegalic patients irrespective of DM2
status, whereas a decline in f cell function was a distinguishing fea-
ture among individuals with prediabetes and diabetes [6, 12]. At the
time of his hospital presentation, our patient had evidence of impaired
f-cell function as evidenced by positive urine ketones although formal
testing of insulin secretion (e.g., C-peptide) had not been obtained.

While IGF-1 is the preferred screening test for acromegaly [13],
cases of acromegaly in the setting of poorly controlled DM2 have
been described in which IGF-1 was falsely within the normal range.
In these patients, IGF-1 subsequently rose to an abnormal value
only once glycemic control was achieved with insulin therapy [14,
15]. For patients in whom IGF-1 is equivocal, GH suppression with
oral glucose tolerance testing (OGTT) may be assessed [13].
However, an oral glucose load in diabetic individuals may fail to
cause normal GH suppression such that false-positive results may
occur [13, 16]. An OGTT also may be contraindicated for safety
reasons among individuals with chronic hyperglycemia [17], and
there is insufficient data to support the reliability of the OGTT to
suppress GH while on insulin. Despite these considerations, our
patient had a clearly elevated IGF-1, prompting his pituitary MRI
without the need for further hormonal testing.

Management

Acromegalic patients with comorbid DM?2 often experience improved
glycemic control following treatment of GH excess. Transsphenoidal
surgery by an experienced surgeon is the treatment of choice in acro-
megaly for macroadenomas with local mass effect [13]. In one longi-
tudinal study, 51% of acromegalic patients with baseline impaired
glucose tolerance or DM2 experienced normalization of glucose
homeostasis following surgical cure. In this study, individuals whose
blood glucose derangements persisted had the most impaired p-cell
function preoperatively [18]. Given the rapid decline in GH levels
with surgery, close monitoring of blood glucose is required to avoid
hypoglycemia, particularly in those receiving insulin or antihyper-
glycemic agents that may require dose adjustment.
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While polyuria following resection of a pituitary adenoma
commonly is attributed to diabetes insipidus (DI) [19], the differ-
ential diagnosis for postoperative diuresis in a diabetic acrome-
galic patient is broad. Resolution of soft tissue edema (i.e., diuresis
of third-space fluid) is common following surgical control of acro-
megaly; a negative fluid balance on postoperative day 2 is predic-
tive of a lower postoperative GH level [20]. Poor glycemic control
due to surgical stress and/or the administration of intraoperative
steroids also may result in polyuria. Thus, in acromegalic patients
with comorbid DM2, concurrent sodium and glucose should be
measured at regular intervals postoperatively, and signs/symptoms
of DI besides polyuria should be assessed prior to the administra-
tion of desmopressin.

For patients in whom surgery is not appropriate or who have
persistent disease despite surgical intervention, medical therapy
with somatostatin analogs or the growth hormone receptor anatgo-
nist is the treatment of choice [13]. The first generation somatosta-
tin analogs (octreotide LAR and lanreotide) target somatostatin
receptor subtype 2 and to a less extent receptor subtype 5 that are
present in the pituitary and pancreas. Thus, though these agents
may improve glucose homeostasis by reducing GH excess, they
alternatively may exacerbate blood glucose levels by suppressing
insulin secretion. Reassuringly, in a large meta-analysis of acro-
megalic patients, while fasting insulin decreased significantly with
somatostatin analog treatment, marginal increases in fasting blood
glucose and HbA 1c were not significant. On the other hand, among
the subset of patients with baseline DM2 or impaired glucose tol-
erance, glycemic control was noted to worsen in 25% of individu-
als [21].

Pasireotide is a second-generation somatostatin analog with
affinity primarily for somatostatin receptor subtype 5 that may be
used as an alternative to first-generation agents. In addition to inhib-
iting insulin secretion [22], pasireotide has been shown to reduce the
secretion of glucagon-like peptide-1 (GLP-1) [23]. In a phase III
clinical trial among medically naive patients with acromegaly, long-
acting pasireotide was associated with more hyperglycemic events
(29% vs. 8%) and new diagnoses of DM2 (19% vs. 4%) compared
to long-acting octreotide [24]. Another phase I1I study of pasireotide
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in acromegalic patients inadequately controlled on first-generation
somatostatin analogs found that individuals with baseline DM2 or
prediabetes were at increased risk of hyperglycemia-related adverse
events compared to those with normal glucose tolerance [25].
Pegvisomant, a human GH receptor antagonist, has been shown to
have more favorable effects on glucose homeostasis and may be an
alternative for patients who develop progressive hyperglycemia in
response to somatostatin analogs [13].

In acromegalic patients with comorbid DM2, glycemic control
should be optimized prior to the initiation of somatostatin analog
therapy, particularly in those who are high risk or who will receive
pasireotide. Metformin has been recommended as the first-line
agent to treat pasireotide-related hyperglycemia in patients with
Cushing’s disease [26]. A mechanistic study in healthy controls
also has suggested that glucagon protein-1 (GLP-1) receptor ago-
nists and dipeptidyl peptidase (DPP-4) inhibitors may be particu-
larly efficacious to treat hyperglycemia on pasireotide, perhaps
since these agents specifically target the GLP-1 pathway [22].

Outcome

Our patient’s elevated IGF-1 and macroadenoma on pituitary imag-
ing were diagnostic of acromegaly. Given displacement of the optic
chiasm, surgery was recommended as the first-line treatment
option. However, in the context of the patient’s recent psychiatric
hospitalization, he was reluctant to undergo surgery and instead
preferred medical therapy in the short term. Octreotide LAR 20 mg
IM monthly was initiated. His blood glucoses were controlled prior
to the initiation of therapy and were monitored following treatment
initiation without a change in his insulin requirement.

One month after hospital discharge, the patient consented to and
underwent transsphenoidal surgery with uncomplicated removal of
sellar tumor. Residual tumor was noted in the right cavernous sinus
on postoperative MRI. Pathology demonstrated pituitary adenoma
that stained positive for GH with a Ki-67 proliferation rate of 0.5%.
Somatostatin analog therapy was held for approximately two months
following surgery to determine the bioactivity of residual disease at
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which time IGF-1 was 520 ng/mL (z-score 3.2). Accordingly, octreo-
tide LAR was reinitiated at 30 mg IM monthly. Following three
doses, IGF-1 partially downtrended to 407 ng/mL (z-score 2.5), and
octreotide LAR was further uptitrated to 40 mg IM monthly. Three
months later (7 months postoperatively), IGF-1 was 298 ng/mL
(z-score 1.7), suggesting biochemical control on maximal octreotide
therapy.

In the days following surgery, the patient experienced a noticeable
diuresis with no hyperglycemia or change in serum sodium or thirst,
consistent with mobilization of third-space fluid. The patient’s blood
glucose was monitored closely, and his insulin was downtitrated
from 100 to 40 units daily within the first postoperative month.
Following the reinitiation of octreotide, he experienced a marked
reduction in headaches, diaphoresis, and soft tissue swelling that par-
alleled the biochemical improvement in his IGF-1. Insulin was fur-
ther downtitrated and then discontinued while on maximum-dose
octreotide, and DM2 subsequently was managed with metformin
alone. With IGF-1 within the normal range, HbAlc was 6.9%.

In summary, control of GH excess in our patient corresponded
to a remarkable reduction in his insulin resistance. Accordingly,
despite the high dose of insulin that he needed preoperatively,
insulin therapy was no longer required once biochemical control
was achieved. As expected, our patient’s DM2 did not resolve
entirely with acromegaly treatment given that he had evidence of
baseline f-cell dysfunction on initial presentation.

Clinical Pearls and Pitfalls

e DM2 is a common complication of acromegaly that is
associated with heart disease and increased mortality.

* Acromegaly should be considered in the differential diag-
nosis of DM2, in the appropriate clinical context.

e Risk factors for impaired glucose tolerance in acromeg-
aly include older age, increased BMI, family history of
DM2, longer disease duration, and higher IGF-1.

e Poorly controlled DM2 may complicate the workup of
acromegaly by leading to IGF-1 false negatives and OGTT
false positives.
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e Surgical or medical treatment of acromegaly may result

in a reduction in insulin resistance such that decrease
or discontinuation of antihyperglycemic agents may be
appropriate.

e Somatostatin analogs, particularly pasireotide, may para-

doxically worsen glycemic control despite improving GH
excess.

* Postoperative polyuria in an acromegalic patient with

comorbid DM2 may represent diabetes insipidus, diuresis
of third-space fluids, or hyperglycemia.

e Pretreatment p-cell dysfunction predicts persistent abnor-

malities in glucose homeostasis despite acromegaly cure.

References

. Colao A, Baldelli R, Marzullo P, Ferretti E, Ferone D, Gargiulo P, et al.

Systemic hypertension and impaired glucose tolerance are independently
correlated to the severity of the acromegalic cardiomyopathy. J Clin
Endocrinol Metab. 2000;85:193-9.

. Rajasoorya C, Holdaway IM, Wrightson P, Scott DJ, Ibbertson

HK. Determinants of clinical outcome and survival in acromegaly. Clin
Endocrinol. 1994;41:95-102.

. Dreval AV, Trigolosova IV, Misnikova IV, Kovalyova YA, Tishenina RS,

Barsukov IA, et al. Prevalence of diabetes mellitus in patients with acro-
megaly. Endocr Connect. 2014;3:93-8.

. Arosio M, Reimondo G, Malchiodi E, Berchialla P, Borraccino A, De

Marinis L, et al. Predictors of morbidity and mortality in acromegaly: an
Italian survey. Eur J Endocrinol. 2012;167:189-98.

. Fieffe S, Morange I, Petrossians P, Chanson P, Rohmer V, Cortet C, et al.

Diabetes in acromegaly, prevalence, risk factors, and evolution: data from
the French Acromegaly Registry. Eur J Endocrinol. 2011;164:877-84.

. Alexopoulou O, Bex M, Kamenicky P, Mvoula AB, Chanson P, Maiter

D. Prevalence and risk factors of impaired glucose tolerance and diabe-
tes mellitus at diagnosis of acromegaly: a study in 148 patients. Pituitary.
2014:17:81-9.

. Niculescu D, Purice M, Coculescu M. Insulin-like growth factor-I cor-

relates more closely than growth hormone with insulin resistance and glu-
cose intolerance in patients with acromegaly. Pituitary. 2013;16:168-74.



10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

Acromegaly and Diabetes Mellitus: Special Considerations 67

. Suda K, Fukuoka H, Iguchi G, Hirota Y, Nishizawa H, Bando H, et al. The

prevalence of acromegaly in hospitalized patients with type 2 diabetes.
Endocr J. 2015;62:53-9.

. Hansen I, Tsalikian E, Beaufrere B, Gerich J, Haymond M, Rizza

R. Insulin resistance in acromegaly: defects in both hepatic and extrahe-
patic insulin action. Am J Phys. 1986;250:E269-73.

del Rincon JP, lida K, Gaylinn BD, McCurdy CE, Leitner JW, Barbour
LA, et al. Growth hormone regulation of p85alpha expression and phos-
phoinositide 3-kinase activity in adipose tissue: mechanism for growth
hormone-mediated insulin resistance. Diabetes. 2007;56:1638—46.
Higham CE, Rowles S, Russell-Jones D, Umpleby AM, Trainer
PJ. Pegvisomant improves insulin sensitivity and reduces overnight free
fatty acid concentrations in patients with acromegaly. J Clin Endocrinol
Metab. 2009;94:2459-63.

Kasayama S, Otsuki M, Takagi M, Saito H, Sumitani S, Kouhara H,
et al. Impaired beta-cell function in the presence of reduced insulin sen-
sitivity determines glucose tolerance status in acromegalic patients. Clin
Endocrinol. 2000;52:549-55.

Katznelson L, Atkinson JL, Cook DM, Ezzat SZ, Hamrahian AH, Miller
KK, et al. American Association of Clinical Endocrinologists Medical
guidelines for clinical practice for the diagnosis and treatment of acromeg-
aly—2011 update: executive summary. Endocr Pract. 2011;17:636-46.
Lim DJ, Kwon HS, Cho JH, Kim SH, Choi YH, Yoon KH, et al.
Acromegaly associated with type 2 diabetes showing normal IGF-1 levels
under poorly controlled glycemia. Endocr J. 2007;54:537—41.
Wijayaratne DR, Arambewela MH, Dalugama C, Wijesundera D,
Somasundaram N, Katulanda P. Acromegaly presenting with low insulin-
like growth factor-1 levels and diabetes: a case report. ] Med Case Rep.
2015;9:241.

Melmed S, Casanueva F, Cavagnini F, Chanson P, Frohman LA, Gaillard
R, et al. Consensus statement: medical management of acromegaly. Eur
J Endocrinol. 2005;153:737-40.

. Rosario PW, Calsolari MR. Safety and specificity of the growth hormone

suppression test in patients with diabetes. Endocrine. 2015;48:329-33.
Kinoshita Y, Fujii H, Takeshita A, Taguchi M, Miyakawa M, Oyama K,
et al. Impaired glucose metabolism in Japanese patients with acromegaly
is restored after successful pituitary surgery if pancreatic {beta}-cell func-
tion is preserved. Eur J Endocrinol. 2011;164:467-73.

Loh JA, Verbalis JG. Diabetes insipidus as a complication after pituitary
surgery. Nat Clin Pract Endocrinol Metab. 2007;3:489-94.

Zada G, Sivakumar W, Fishback D, Singer PA, Weiss MH. Significance
of postoperative fluid diuresis in patients undergoing transsphenoidal
surgery for growth hormone-secreting pituitary adenomas. J Neurosurg.
2010;112:744-9.

Mazziotti G, Floriani I, Bonadonna S, Torri V, Chanson P, Giustina
A. Effects of somatostatin analogs on glucose homeostasis: a metaanalysis
of acromegaly studies. J Clin Endocrinol Metab. 2009;94:1500-8.



68

22.

23.

24.

25.

26.

L. Fourman and L. B. Nachtigall

Breitschaft A, Hu K, Hermosillo Resendiz K, Darstein C, Golor
G. Management of hyperglycemia associated with pasireotide (SOM230):
healthy volunteer study. Diabetes Res Clin Pract. 2014;103:458-65.
Henry RR, Ciaraldi TP, Armstrong D, Burke P, Ligueros-Saylan M,
Mudaliar S. Hyperglycemia associated with pasireotide: results from
a mechanistic study in healthy volunteers. J Clin Endocrinol Metab.
2013;98:3446-53.

Colao A, Bronstein MD, Freda P, Gu F, Shen CC, Gadelha M, et al.
Pasireotide versus octreotide in acromegaly: a head-to-head superiority
study. J Clin Endocrinol Metab. 2014;99:791-9.

Gadelha MR, Bronstein MD, Brue T, Coculescu M, Fleseriu M, Guitelman
M, et al. Pasireotide versus continued treatment with octreotide or lanreo-
tide in patients with inadequately controlled acromegaly (PAOLA): a ran-
domised, phase 3 trial. Lancet Diabetes Endocrinol. 2014;2:875-84.
Colao A, De Block C, Gaztambide MS, Kumar S, Seufert J, Casanueva FF.
Managing hyperglycemia in patients with Cushing's disease treated with
pasireotide: medical expert recommendations. Pituitary. 2014;17:180-6.



	Chapter 7: Acromegaly and Diabetes Mellitus: Special Considerations
	Case Presentation
	My Management
	Assessment and Diagnosis
	Management
	Outcome
	References


