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Abstract

Objective: Increased frequency of nodular thyroid disease has
been reported in acromegalic patients. Recent studies have also
demonstrated an increased co-existence of nodular thyroid di-
sease with Cushing’s disease and prolactinoma. In this study, we
evaluated the frequency and outcomes of nodular thyroid disease
in each type of functional pituitary adenoma.

Material and Methods: A total of 232 patients diagnosed with
acromegaly (n=138), prolactinoma (n=59) or Cushing’s disease
(n=35) were included in this retrospective observational study. The
frequency of nodular thyroid disease, fine-needle aspiration re-
sults, and the frequency of papillary thyroid carcinoma were com-
pared in each group. Factors related to nodule development were
evaluated in functional pituitary adenoma patients with or without
nodules.

Results: Nodular thyroid disease frequency was higher in pati-
ents with acromegaly (69%) compared to those with prolactinoma
(36%) or Cushing’s disease (34%) (p<0.001). Fine-needle aspi-
ration results and PTC frequencies were similar between the gro-
ups. In comparison to patients without nodules (n=104), those
with nodules (n=128) were older (p=0.01) and had a higher inci-
dence of glucose metabolism disorders (p=0.006). Insulin-like
growth factor-1 levels were higher in acromegalic patients with no-
dular thyroid disease (p=0.01). There was no relationship between
nodule formation and baseline prolactin or cortisol/adrenocorticot-
ropic hormone levels in the patients with prolactinomas and Cus-
hing’s disease, respectively.

Conclusion: Although nodular thyroid disease was more common
in acromegalic patients, its incidence in patients with prolactinoma
and Cushing'’s disease were higher than previously reported in our
country (23.5%). The most important factors affecting nodule for-
mation in functional pituitary adenoma patients were glucose me-
tabolism disorders and age. Although a higher frequency of PTC
has been reported in acromegalic patients, it was similar for all
functional pituitary adenoma patients in our study.

Keywords: Acromegaly; prolactinoma; Cushing’s disease;
thyroid nodule; papillary thyroid carcinoma

Ozet

Amag: Akromegaliklerde noduiler tiroid hastaligi sik gérilmesine
ragmen, Cushing hastaligi ve prolaktinomalarinda artmig sikligini
gOsteren yayinlar mevcuttur. Bu nedenle; her bir fonksiyonel hi-
pofiz adenomu, nodtler tiroid hastaligi gérilme sikliklar ve takip
sonuglari agisindan karsilastirdik.

Gereg ve Yontemler: Bu galisma, fonksiyonel hipofiz adenomu
tanili toplam 232 hastanin (138 akromegali, 59 prolaktinoma
ve 35 Cushing hastaligi) dahil edildigi retrospektif gozlemsel bir
calismadir. Her bir fonksiyonel hipofiz adenomu igin noddiler ti-
roid hastahgi gorilme sikliklari, tiroid ince igne aspirasyon bi-
yopsisi, cerrahi sonuglari ve papiller tiroid kanseri gorilme
sikliklari kaydedilmistir. Nodilu olan ve olmayan hastalar nodul
gelisimiyle iliskili olabilecek parametreler agisindan karsilastiril-
mistir.

Bulgular: Noduler tiroid hastaldi; akromegaliklerde (%69),
prolaktinomalar (%36) ve CH olanlara (%?34) gore daha yuksek
(p<0,001) olmasina karsin, tiroid ince igne aspirasyon biyop-
sisi sonuglari, ve papiller tiroid kanseri saptanma oranlari ben-
zer bulundu. Nodili olan hastalar (n=128), olmayanlara
(n=104) go6re daha yasliydi (p=0,01) ve glukoz metabolizmasi
bozukluklari daha sikti (p=0,006). Noduler tiroid hastalidi olan
akromegaliklerde bazal insilin benzeri biylime faktéri-1 da-
zeyleri daha ylksek (p=0,01) iken nodulu olan ve olmayan pro-
laktinoma ve Cushing hastaligi olanlarda sirasiyla bazal
prolaktin diizeyleri ve kortizol/adrenokortikotropik hormon dii-
zeyleri benzer saptandi.

Sonug: Akromegaliklerde noddler tiroid hastaligi sikhdr artma-
sina karsilk, diger iki grup igin buldugumuz sikliklar da tlkemiz
igin bildirilenlerin (%23,5) Gzerindedir. Glukoz metabolizmasi bo-
zukluklari ve ileri yas, tim gruplar igin nodill gelisiminde en
onemli faktorlerdir. Akromegaliklerde artmis papiller tiroid kan-
seri sikhdi birgok yayinda bildirilmesine ragmen, serimizde papil-
ler tiroid kanseri goérilme sikhdi her bir fonksiyonel hipofiz
adenomu igin benzer bulunmustur.

Anahtar kelimeler: Akromegali; prolaktinoma; Cushing hastaligi;
tiroid nodula; papiller tiroid kanseri
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Introduction

Nodular thyroid disease (NTD) is a common
thyroid disorder with an unclear etiopatho-
genesis, owing to its complex nature. The
most important clinical factors associated
with NTD are iodine deficiency, nutritional
goitrogens, radiation, smoking, age, gender,
and genetics (1). An increased frequency of
NTD has also been reported in individuals
with functional pituitary adenoma (FPA);
acromegaly is more frequently associated
with NTD compared to Cushing’s disease
(CD) or prolactinoma (2-10). However, an
increased risk of NTD in patients with CD
and prolactinoma has been reported in re-
cent studies (11-15).

Although thyroid nodules are common, only
8-16% of them are malignant (16). Screen-
ing for papillary thyroid carcinoma (PTC) is
recommended in patients with acromegaly
due to their higher risk of developing tu-
mors, but not for prolactinoma and CD pa-
tients (2-9, 17-21). We found only one
study that evaluated the prevalence of PTC
in prolactinomas (12) and one case report
on the co-existence of CD and PTC (22).
We detected a higher frequency of NTD in
CD and prolactinoma patients in our clinical
practice, along with a concurrent increase
in PTC diagnosis. Therefore, we aimed to
evaluate and compare different FPAs
(acromegaly, prolactinoma, and CD) in
terms of NTD and PTC frequencies and out-
comes. The effect of common metabolic dis-
orders and hormonal excess in each
adenoma type that may play role in the
etiopathogenesis was also evaluated retro-
spectively.

Material and Methods

The clinical data and thyroid ultrasonogra-
phy (USG) results of FPA patients who were
followed up in the university hospital pitu-
itary and radiology clinics were evaluated
retrospectively. A total of 232 patients (138
female, 94 male) diagnosed with
acromegaly (n=138), prolactinoma (n=59)
or CD (n=35) were included in this retro-
spective observational study. The diagnosis
of FPA was confirmed with clinical, labora-
tory, and radiological findings according to
the current guidelines (23-25). The absence
of cortisol suppression in the dexametha-
sone suppression tests and high plasma

adrenocorticotropic hormone (ACTH) levels,
high prolactin (PRL) levels in two separate
laboratory measurements, and high insulin-
like growth factor-1 (IGF-1) levels (accord-
ing to age) with non-suppressible growth
hormone (GH) levels as per oral glucose tol-
erance test (OGTT) were used as the labo-
ratory  diagnostic criteria for CD,
prolactinoma, and acromegaly, respectively.
The patients with available thyroid USG re-
sults, either at the time of their FPA diagno-
sis or during the follow-up period, were
included in the study. Nodules that were de-
tected only with thyroid palpation without
radiological evidence were excluded. Radiol-
ogists experienced in sonography conducted
the thyroid examinations using different
sonographic devices (SI 400, Siemens, Er-
langen, Germany; Logic 7, GeneralElectric,
Milwaukee, Wisconsin; Sonoline Antares,
Siemens) with high-frequency (13 MHz) lin-
ear probes. NTD was determined using USG
and a nodule was defined as an outgrowth
exceeding 5 mm in diameter (26). Pseudon-
odular images were excluded from this def-
inition. Patients with at least one nodule and
who met the criteria mentioned above were
confirmed to have NTD.

Dominant nodule size, the presence of single
or multiple nodules, as well as USG features
were evaluated. Fine-needle aspiration
(FNA) was performed in nodules >1 cm or
<1 cm with suspicious features such as mi-
crocalcifications, irregular borders, hypoe-
chogenicity, a length longer than width or
absence of nodule halo. The nodules were
classified as nondiagnostic (category 1, with
same subsequent FNA results), benign (cat-
egory 2), suspicious (category 3 and 4) or
malignant (category 5 and 6) on the basis
of at least one FNA, and according to the
BETHESDA 2007 classification (27).

In patients those had surgical intervention,
the operation indications were evaluated.
Patients with PTC in pathology results were
analyzed, and the presence of PTC in NTD
patients was separately recorded for each
group. Tall-cell, hobnail, solid and diffuse
sclerosan variants are indicated as high-risk
subtypes for PTC. The rates of radioactive
iodine (RAI) treatment and the presence of
PTC remission on the patient’s last visit were
evaluated. Thus, NTD was compared ac-
cording to ultrasonographic features, FNA
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results, surgical outcomes, and the presence
of PTC in acromegaly, CD and prolactinoma
patients.

The FPA patients with or without NTD were
compared according to their sex, age at di-
agnosis, maximum adenoma diameter, TSH
levels (excluding central hypothyroidism),
glucose metabolism disorders (patients with
diabetes mellitus or pre-diabetes), fasting
plasma glucose (FPG) levels, HbAlc, and
homeostasis model assessment of insulin
resistance (HOMA-IR) at initial assessment.
Pre-diabetes was defined as impaired fast-
ing glucose (IFG) [FPG between 100-125
mg/dL (5.6-6.9 mmol/L)] and/or impaired
glucose tolerance (IGT) [(OGTT 2 h plasma
glucose between 140-199 mg/dL (7.8-11
mmol/L)], and/or HbA1lc between 5.7-6.4%.
Diabetes mellitus (DM) was defined when
FPG >126 mg/dL (7 mmol/L), OGTT 2 h
plasma glucose >200 mg/dL (11.1 mmol/L),
and HbAlc >6.4% (28, 29). The HOMA-IR
was calculated with the formula: [fasting in-
sulin (MU/mL)xFPG (mmol/L)]/22.5. HOMA-
IR values higher than 2.5 indicated insulin
resistance (IR) (30). Acromegalic patients
with or without nodules were compared ac-
cording to baseline GH levels, IGF-1% ULN
(corresponding to the percentage of in-
crease compared with the upper limit of nor-
mal), and the presence of colonic polyps.
The patients with or without NTD were com-
pared according to baseline PRL levels or
baseline ACTH-cortisol levels, and the re-
sults of cortisol with a low dose dexametha-
sone suppression test in prolactinoma and
CD patients, respectively.

Assays

GH and IGF-1 levels were measured using a
two-site chemiluminescent immunometric
assay (Immulite 2000). Serum PRL levels
were measured using an electrochemilumi-
nescent immunoassay (ECLIA). Serum cor-
tisol and ACTH levels were measured using
an electrochemiluminescent immunoassay
(Roche Hitachi) and a chemiluminescence
immunoassay (Immulite 2000) respectively.
Statistical analyses were performed using
SPSS version 21.0. Categorical variables
were presented as frequency and percent-
age, and numerical variables as mean =%
standard deviation (SD). In dual independ-
ent group comparisons, Student'’s t-test was

used for normally distributed numeric vari-
ables and the Mann-Whitney U test for non-
normally distributed data. In triple
independent group comparisons, ANOVA
was used for normally distributed numeric
variables and Kruskal-Wallis test for non-
normally distributed data. Categorical vari-
ables were compared using the Chi-square
test. The predictors of presence of NTD were
assessed by a multivariate binary logistic re-
gression analysis. Variables with p-value
<0.05 in univariate analysis were included
in the multivariate analysis model. Statisti-
cally significant results were defined with a
p-value <0.05.

Results

CD was more common among the female
patients (p=0.009) and the age at diagnosis
was higher in acromegaly patients
(p<0.001). The prevalence of NTD was
higher in the acromegalic patients (69%)
compared to prolactinoma (36%) and CD
(34%) patients (p<0.001). However, the
frequency of single or multiple nodules, and
dominant nodule sizes were similar between
the groups. In patients with NTD, FNA cytol-
ogy results and surgical indications were
similar in each FPA group. The frequency of
PTC in all patients was similar (10.8% for
acromegaly, 3.4% for prolactinomas and
11.4% for CD), as were the largest PTC
tumor diameter, high-risk subtype and RAI
treatment rates (Table 1).

Compared to patients without nodules,
those with nodules were older (p=0.01),
had a higher incidence of glucose metabo-
lism disorders (p=0.006), and higher FPG
(p=0.014). Although HbAl1c and HOMA-IR
levels were also higher in patients with nod-
ules, the difference was not statistically sig-
nificant. In acromegalic patients with NTD,
IGF-1% ULN tended to be higher (p=0.01),
and colonic polyps were more frequent
(p=0.017). There was no relationship be-
tween nodule formation and baseline PRL
levels in prolactinoma patients, or with
baseline ACTH-cortisol and suppressed cor-
tisol levels in CD patients (Table 2).

The patient’s age at diagnosis, the presence
of glucose metabolic disorders and fasting
plasma glucose levels in all patients, and the
frequency of colonic polyps and IGF-1 levels
in the acromegaly patients were statistically
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Table 1. Comparison of functional pituitary adenomas in terms of nodular thyroid disease and papillary thyroid

carcinoma.

Acromegaly Prolactinoma Cushing’s Disease

N=232 (n=138) (n=59) (n=35) p
Sex (Male/Female) 65/73 22/37 7/28 0.009*
Age at diagnosis (years) mean+SD 42+13 36+13 3611 <0.001°
Frequency of nodular thyroid disease (n,%) 95 (69) 21 (36) 12 (34) <0.001°

Single nodule (n)/Multiple nodules (n) 20/75 7/14 6/6 NS
Dominant nodule size (mm) mean+SD 17.4£9.7 15.5+10.3 14.5+6.7 NS
FNA cytology (n,% of patients with nodules) 55 (58) 10 (48) 8 (67) NS

Benign (n,%) 36 (66) 8 (80) 3 (38)

Suspicious (n,%) 9 (16) 1(10) 2 (25)

Malignancy {n,%) 6 (11) = 2 (25)

Nondiagnostic (n,%) 4 (7) 1(10) 1(12)
Surgery (n,% of patients with nodules) 27 (28) 3(14) 5(42) NS

Suspicion of malignity 13 (48) 2 (67) 5 (100)

Increased nodule size 8 (30) 1(33) -

Intrathoracic goiter 4 (15) - -

Thyrotoxicosis 2(7) - -
Frequency of papillary thyroid carcinoma

(n,% of all patients) 15 (10.8) 2 (3.4) 4 (11.4) NS

Largest tumor diameter (mm) (mean+SD) 11+9 (1-30) 26+12 (17-35) 21+9 (14-9)

High-risk subtype (n,%) 1 0 1

RAI therapy (n,%) £ 2 4

Remission rate at last visit (n,%) 14 (93) 2 (100) 4 (100)

p<0.05, statistically significant, Significant p values are shown in bold.

FNA; fine needle aspiration, RAI; radioactive iodine therapy.

*: Acromegaly & Cushing’s Disease; ©: Acromegaly & Cushing’s Disease, acromegaly & prolactinoma.

significant in univariate analysis, but not in
multivariate binary logistic regression analy-
sis. Therefore, these factors were not inde-
pendent predictors of NTD (Table 3).

Discussion

The frequency of NTD was higher in
acromegaly patients in our study. To the
best of our knowledge, no study so far has
compared NTD frequency in FPAs; however,
previous studies on patients with
acromegaly reported an increased preva-
lence of NTD compared to the general pop-
ulation (2-10). This is consistent with our
study, which found an incidence rate of
nearly 60% NTD in acromegalic patients. In
addition, NTD prevalence was 36% and 34%
in prolactinoma and CD patients, respec-
tively, which is higher than previously re-
ported for individuals under 65 years of age
in our country (23.5%) (31). One reason for

this could be that routine thyroid USG was
not performed in these patients, and every
patient with a neck USG due to any other
reason, including suspicious findings during
thyroid palpation, was included in this study.
However, in two recent studies, an increased
frequency of NTD was reported in prolactin-
oma patients (11, 12), and two other stud-
ies demonstrated increased NTD frequency
in patients with CD compared to the general
population (14, 15).

Although NTD was more common in patients
with acromegaly, dominant nodule size and
distribution of single or multiple nodules
were similar in all three groups. In addition,
FNA and surgery rates and outcomes were
also similar. The most important finding of
our study was the similar frequencies of PTC
between the groups. It is well known that
despite the prevalence of thyroid nodules,
only 8-16% of these nodules are malignant
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Table 2. Comparison of patients with and without nodule in terms of clinical and laboratory findings.

N=232

Sex {Male/Female)

Age at diagnosis (years) mean+SD

Max. adenoma diameter (mm) mean+SD
TSH levels® (mIU/L) mean+SD

Glucose metabolism disorders* (n, %)
Fasting plasma glucose (mg/dL) mean£SD
HbAlc (%) mean+SD

HOMA-IR mean+SD

Baseline IGF-1% ULN

(patients with acromegaly) mean =SD
Baseline GH levels (ng/mL)

(patients with acromegaly) mean £SD
Colonic polyp (n,%) (patients with acromegaly)
Baseline PRL levels (ng/mL)

(patients with prolactinoma) mean+SD
Baseline ACTH levels (pg/mL)

{patients with Cushing’s disease) mean+SD
Baseline cortisol levels (pg/dL)

(patients with Cushing’s disease) mean+SD
Suppressed cortisol levels (ug/dL)

(patients with Cushing’s disease) mean=SD

Patients with nodule

Patients without nodule

(n=128) (n=104) )
52/76 42/62 NS
42+13 37£13 0.01
16+10 17+12 NS
1.9+3 1.9+1.8 NS
92 (72) 57 (55) 0.006
116+41 102+32 0.014

7.1+£1.9 6.4+1.4 NS

4,9+5.1 4,1+£3.3 NS

334+149 254482 0.01
19+17 19+14 NS
29 (31) 5 (12) 0.017

1343+2902 1329+2381 NS
74+£47 85143 NS
31+11 28+10 NS
18+9 1749 NS

p<0.05 statistically significant, Significant p values are shown in bold

0: TSH level was assessed in patients without central hypothyroidism; *: Patients with diabetes mellitus or prediabetes.

NS, not significant; TSH, thyroid stimulating hormone; HOMA-IR, homeostasis model assessment of insulin resistance; IGF-1, in-
sulin-like growth factor-1; GH, growth hormone; IGF-1% ULN; the % increase compared with the upper limit of normal, PRL, pro-

lactin; ACTH, adrenocorticotropic hormone.

Table 3. Multivariate binary logistic regression analysis for the assessment of independent predictors of nodular

Beta
Age at diagnosis 0.017
Glucose metabolism disorders 0.595
Fasting plasma glucose 0.005
IGF-1 levels (patients with acromegaly) 0.002
Colonic polyp (patients with acromegaly) 0.950

Nodular thyroid disease

Standard error P value OR (95% CI)
0.012 0.149 1.017 (0.994-1.041)
0.341 0.081 1.813 (0.930-3.538)
0.005 0.299 1.005 (0.996-1.014)
0.001 0.062 1.002 (1.000-1.004)
0.633 0.134 2.585 (0.747-8.944)

OR: Odds Ratio; CI: Confidence Interval for Beta; IGF-1: Insulin-like growth factor-1.

(16). In our study also, PTC frequencies
were 10.8%, 3.4% and 11.4% in the
acromegalic, prolactinoma and CD patients,
respectively. One study reported the PTC
rate in prolactinomas as 5% (12), while only
one case report so far has incidentally de-
tected PTC in CD patients (22). In contrast,

PTC is fairly common in patients with
acromegaly (2-9, 17-21). However, these
studies always compared one FPA type with
the general population, and not among the
different categories of FPA. The similar fre-
quency of PTC seen among the different FPA
groups in our study may reflect their com-
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mon etiopathogenic mechanisms, including
shared cytokines or growth factors (32-34).
Another possibility is that the genetic and
epigenetic factors that cause pituitary ade-
noma development may also be responsible
for PTC. The common background of IR,
metabolic syndrome, and DM may also act
as secondary factors in these conditions. In
order to reach more specific conclusions,
further studies with a larger cohort are
needed to evaluate these multiple factors.
Although it was difficult to compare the FPA
groups in terms of PTC etiopathogenesis due
to the small sample size, we compared the
presence of NTD according to metabolic and
clinical factors related to nodule formation
in each group. As our study was designed
retrospectively, the effects of factors such as
smoking or body mass index on nodule for-
mation could not be evaluated due to miss-
ing data in the registry files. Furthermore,
the patients with NTD tended to be older in
our cohort, consistent with previous reports
stating that NTD frequency increases with
age (1). On the other hand, pituitary ade-
noma size and TSH levels were similar be-
tween the groups. Although TSH levels have
been associated with the development of
thyroid nodules (35), the nodule develop-
ment in acromegaly patients has been re-
ported to be independent of TSH (36).
Glucose metabolism disorders, especially IR,
are also related to both NTD and PTC devel-
opment (37-41). In this study, pre-diabetes
and DM were more common in patients with
NTD. An increased NTD prevalence in the
presence of these metabolic disorders may
be a result of the interaction between the in-
sulin pathway and the IGF-1 system, which
leads to increased proliferation and differen-
tiation of thyroid cells (42). Consistent with
this hypothesis, increased NTD in patients
with acromegaly was related with higher
baseline IGF-1 levels in our series. In addi-
tion, Anil et al. (37) demonstrated that both
thyroid volume and NTD frequencies were
increased in diabetic patients and associated
with the direct effects of IGF-1 and leptin-
adiponectin on TSH secretion. In contrast,
Ayturk et al. (43) showed that IR was effec-
tive in TSH secretion independent nodule
formation in patients with metabolic syn-
drome. This finding is also in accordance
with the results of Rezzonica et al. (38) who

demonstrated the relationship between IR
and NTD for the first time in iodine-sufficient
regions. Although the mean HOMA-IR was
similar for patients with or without nodules
in our study, the results might have been
different if only the patients who did not re-
ceive any IR treatment, such as metformin,
were included in the study.

The higher baseline IGF-1 levels in acrome-
galic patients with NTD may be explained by
the proliferative and antiapoptotic effects of
IGF-1, as has been reported in previous stud-
ies (5, 10, 44). On the other hand, some
studies have reported contradictory results
(2, 4, 6, 45). In a recent study from Turkey,
the incidence of thyroid nodules was report-
edly increased in non-acromegalic patients
with colonic polyps (46). In our study, a sim-
ilar relationship was detected in acromegalic
patients, which is probably related to in-
creased proliferative factors affecting both
the colon and thyroid epithelium. The most
important indicator of this process is higher
baseline IGF-1 levels in NTD patients. A pos-
itive relationship between intestinal crypt cell
proliferation and elevated IGF-1 levels has
been shown previously (47).

In a recent study, increased thyroid volume
and NTD in prolactinoma patients were re-
lated to higher PRL levels (11). The PRL-re-
ceptors present on human thyroid cells may
increase their proliferation, although this ef-
fect is more common in breast tissue and
breast neoplasms (48, 49). We detected
similar PRL levels in the prolactinoma pa-
tients with or without nodules. Further
large-scale studies are needed in order to
evaluate the effect of PRL levels on epithe-
lial thyroid cells.

The baseline cortisol and ACTH levels were
also similar between CD patients with or
without NTD. Although no study supports
our finding at present, Invitti et al. (14) re-
ported higher NTD prevalence in patients
with CD compared to adrenal Cushing syn-
drome. They also reported similar frequen-
cies of NTD in patients with an active CD or
those in remission, suggesting a lack of as-
sociation with plasma cortisol levels, as sup-
ported by our results. Cytokines like IL-6
and growth factors that are secreted by the
corticotroph cells during adenoma formation
have also been implicated in thyroid nodule
development (14).
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In conclusion, the prevalence of NTD was
higher in patients with acromegaly as ex-
pected. However, contrary to previous re-
ports, the prevalence of PTC was similar
between the different FPAs. Therefore, a
close follow-up of NTD in prolactinoma and
CD patients would be important for the early
diagnosis of PTC. Further studies on larger
cohorts are needed in order to assess the
prevalence of PTC, and to specify the related
risk factors.
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