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Abstract

Objective: Thyroid nodules and metabolic disorders such as
obesity, insulin resistance (IR), and dyslipidemia are fre-
quently reported in patients with non-functional adrenal in-
cidentaloma (NFAI). This study aimed to evaluate the
structural and functional properties of the thyroid gland and
to elucidate whether there is any relationship between these
and metabolic parameters in patients with NFAI. Material
and Methods: Fifty-four patients diagnosed with NFAI and
54 age, gender, and body mass index (BMI) matched healthy
controls were included in the study. Free thyroxine (fT4),
thyroid-stimulating hormone (TSH), anti-thyroperoxidase
antibody (anti-TPO), fasting blood glucose (FBG), fasting in-
sulin level, lipid profiles, C-reactive protein (CRP) levels were
estimated in the patients and controls. Furthermore, pati-
ents and controls were evaluated by ultrasonography to de-
termine thyroid structure, thyroid volume, and thyroid
nodules. Results: The mean total thyroid volume of the NFAI
group (13.48%6.3 mL) was significantly higher as compared
to that of the control group (13.13+10 mL) (p<0.001).
Thyroid nodules were detected in 18 (33.3%) of 54 subjects
in the NFAI group and 16 (29.6%) of 54 subjects in the con-
trol group, resulting in an insignificant difference (p =
0.836). However, the average number of thyroid nodules was
significantly higher in the NFAI group (1.72) compared to the
control group (1.06) (p<0.001). The thyroid nodule size of
the NFAI group (17.83£9.01 mm) was also significantly lar-
ger than the control group (11.68+4.68 mm) (p=0.017).
Moreover, a significant association between the thyroid no-
dule and TSH (p=0.026) and between thyroid nodule size
and adenoma size (p=0.046) in the NFAI group was prono-
unced. Conclusion: In our study, we found that certain pa-
rameters related to the thyroid gland, such as thyroid
volumes, average number of thyroid nodules, and thyroid
nodule sizes, were significantly higher in NFAI patients than
in healthy controls. There was no significant difference in
terms of thyroid functions and thyroid nodule frequency. In
this regard, studies with larger sample size, encompassing
all factors that may affect thyroid structure and functions,
are essential.
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Ozet )
Amag: Nonfonksiyonel adrenal insidentalomali (NFAI) has-
talarda; tiroid noddlleri ve obezite, insilin direnci ve dislipi-
demi gibi metabolik bozukluklar yaygin olarak goérdlar. Bu
calismanin amaci, NFAI olan hastalarda tiroid bezinin yapisal
ve fonksiyonel 6zelliklerini ve bu 6zelliklerle metabolik para-
metreler arasinda bir iliski olup olmadigini belirlemektir.
Gereg ve Yontemler: NFAI tanisi alan 54 hasta ile yas, cin-
siyet ve vucut kitle indeksi (VKI) uyumlu 54 saglikli kontrol
calismaya dahil edildi. Hasta ve kontrol gruplarinin serbest ti-
roksin (sT4), tiroid stimtlan hormon (TSH), anti-tiroperoksi-
daz antikoru (anti-TPO), aglik kan sekeri (AKS), aglik insilin
seviyesi, lipid profilleri, C-reaktif protein (CRP) dizeyleri 6l-
culdi. Ayrica, hasta ve kontrol gruplari tiroid yapisi, tiroid
hacmi ve tiroid nodullerinin belirlenmesi igin ultrasonografi
ile dederlendirildi. Bulgular: Ortalama toplam tiroid hacmi
NFAI grubunda (13,48+6,3 ml) kontrol grubuna gore
(13,13£10 ml) anlamli olarak ytksekti (p<0,001). NFAI gru-
bundaki 54 hastanin 18‘inde (%33,3), kontrol grubundaki 54
hastanin 16’sinda (%29,6) tiroid noddlleri tespit edildi ve an-
lamli fark saptanmadi (p=0,836). Ortalama tiroid nodil sa-
yisi NFAI grubunda (1,72) kontrol grubuna goére (1,06)
anlaml olarak yuksekti (p<0,001). Tiroid noduld boyutu
NFAI grubunda (17,83+£9,01 mm) kontrol grubuna gore
(11,68+4,68 mm) anlaml olarak yuksekti (p=0,017). Ay-
rica, NFAI grubunda tiroid nodulu ile TSH (p=0,026) dlizeyi
arasinda ve tiroid nodlli boyutu ile adenom boyutu
(p=0,046) arasinda anlamh bir iliski tespit edildi. Sonug: Ca-
lismamizin sonuglarina gére, NFAI hastalarinda tiroid hacim-
leri, ortalama tiroid nodul sayilari ve tiroid nodil boyutlari
normal popilasyona gére daha yiksek, tiroid fonksiyonlari
ve tiroid nodul sikhigi normal popllasyonla benzer olarak tes-
pit edildi. Bu konu ile iliskili olarak, daha buylk 6rneklem bo-
yutuna sahip olan, tiroid bezinin yapisini ve fonksiyonlarini
etkileyebilecek tim parametreleri iceren galismalara ihtiyag
vardir.

Anahtar kelimeler: Adrenal insidentaloma; tiroid nodull; guatr
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The adrenal masses identified by chance
during performed radiological imaging
methods, conducted for reasons other than
adrenal disease, are defined as adrenal inci-
dentaloma. Studies have revealed the
prevalence of this disease is about 3% in the
50s and inreases with age, up to 10% (1).
NFAI accounts for approximately 80% of Al'’s
(2).

Thyroid nodules are commonly observed in
the population. Nodule incidences are known
to increase with age, and the sonographic
prevalence is found to reach 50% over 50
years. In our country, the sonographic
prevalence of thyroid nodules was estimated
to be 23.5% between 18-65 years of age
and 37.4% above 65 years of age (3). Ad-
vanced age, female gender, iodine defi-
ciency, and radiation exposure are
predisposing factors that augment the inci-
dence of thyroid nodules (4). Recent stud-
ies have documented a high prevalence of
insulin resistance, metabolic syndrome, and
obesity is associated with an increase in thy-
roid volume and nodule frequency in iodine-
sufficient regions (5).

The response of endocrine cells to growth-
stimulating factors dictates the process of
adrenal and thyroid nodular formation (6,7).
Adrenocorticotropic hormone (ACTH) and
TSH are the main growth stimulating factors
that trigger the growth of adrenal and thy-
roid cells. Moreover, the insulin/insulin-like
growth factor system is thought to be re-
sponsible for promoting the growth of adre-
nal and thyroid cells (8,9).

Metabolic disorders, including obesity, in-
sulin resistance, dyslipidemia, are also com-
mon in patients with NFAI (10). Compared
to the normal population, insulin resistance
is more frequent in NFAI patients. The hy-
perinsulinemia accompanying insulin resist-
ance induces activation of insulin/IGF
receptors and causes a mitogenic effect on
the adrenal cortex. Insulin resistance is also
found to be correlated with adenoma size
(11).

The presence of common growth factors
stimulating the growth of adrenal and thy-
roid cells, coupled with the increased fre-
quency of thyroid nodules in patients with
metabolic disorders such as obesity, insulin
resistance, and dyslipidemia (common in

NFAI patients), indicate that there may be a
relationship between NFAI and thyroid nod-
ules.

In our study, we tried to evaluate the struc-
tural and functional status of the thyroid
gland in NFAI patients and to determine if
there is a relationship between them and the
metabolic parameters.

This study was conducted between
01.01.2020 and 31.03.2020 at Meram Fac-
ulty of Medicine, Department of Endocrinol-
ogy, and Metabolism. The study protocol
was approved by the Ethics Committee of
Meram Medical Faculty on 21/02/2020 with
the decision numbered 2020/2325 and was
carried out following the Helsinki Declaration
Principles. Informed consent was obtained
from all participants. The study comprised
of 54 patients diagnosed with NFAIL. The di-
agnosis of adenoma was achieved by an un-
enhanced CT scan. The adrenal lesion was
accepted as an adenoma if attenuation was
<10 HU on an unenhanced CT scan. Pa-
tients with adrenal lesion attenuation >10
HU on an unenhanced CT scan were ex-
cluded from the study. No specific hormone
excess signs and/or symptoms were de-
tected in patients with NFAIL. There were no
signs and/or symptoms of active endocrine
or non-endocrine disease that could affect
screening test results. All NFAI patients were
diagnosed with Cushing’s syndrome, sub-
clinical Cushing’s syndrome, and pheochro-
mocytoma, and NFAI patients with
hypertension and/or hypokalemia were also
screened for primary hyperaldosteronism.
NFAI patients were subjected to a 1 mg
overnight dexamethasone suppression test
to rule out a diagnosis of Cushing’s syn-
drome. The test was performed by adminis-
tration of 1mg dexamethasone at 11pm,
and determination of fasting plasma cortisol
at 8am the following day. Patients without
serum cortisol levels <1.8 ug/mL were ex-
cluded from the study. In terms of
pheochromocytoma, patients with 24-hour
urinary metanephrine or normetanephrine
levels equal to or higher than two times the
upper limit of normal were excluded from
the study. In terms of primary hyperaldos-
teronism, patients having a plasma aldos-
terone concentration >15 ng/dL or plasma
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aldosterone/plasma renin activity ratio >20
were excluded from the study. Based on
these tests, patients whose Al was deter-
mined to be non-functional were included in
the study.

The control group incorporated 54 healthy
volunteers. Control subjects were selected
from healthy volunteers with normal adre-
nal imaging (abdomen and/or adrenal CT)
who matched with the patients in terms of
age, gender, and BMI. Patients and healthy
controls under 18 and over 65 years of age,
with known thyroid disease, diabetes melli-
tus, hyperlipidemia, chronic liver and kidney
diseases, atherosclerotic cardiovascular dis-
ease, were excluded from the study.

The height (m), weight (kg), hip circumfer-
ence (HC), waist circumference (WC) of pa-
tients and controls were assessed, and WHR
(Waist-Hip Ratio) was calculated. After a 10-
minute rest period, blood pressure was
measured from both arms and was recorded
as systolic (SBP) diastolic (DBP).
Biochemical and hormonal laboratory data
of the patients were collected from patient
files. IR was computed according to the for-
mula below.

HOMA-IR (Homeostatic Model Assessment
of Insulin Resistance): (FBG (mg/dL) x fast-
ing insulin (mU/1)/405).

The lower and upper limits were as follows:
TSH: 0.28-4.5 mU/L; fT4: 0.94-1.77 ng/dL;
anti-TPO Ab: 0-35 U/mL. Anti-TPO concen-
trations exceeding 35 IU/mL were consid-
ered positive.

The patients and controls underwent ultra-
sonography at our clinic under the supervi-
sion of an experienced endocrinologist using
a 12MHz linear probe on a LOGIQ 3 ultra-
sonography (US) device. Lesions larger than
3 mm detected in the US were regarded as
nodules. Thyroid volumes were estimated
separately for each lobe using the elliptical
shape volume formula (x width x length x
height x 0.479). Adding up both the thyroid
lobe volumes, the total thyroid volume was
obtained.

Statistical analysis was computed using the
SPSS 22.0 (Statistical Package for Social
Sciences) program. Continuous variables
were represented as mean xstandard devi-
ation for normal distribution and as median
(minimum-maximum) if the distribution was
not normal. In the comparison of independ-

ent group differences, the significance test
of the difference between the two means
(Independent samples t-test) was used
when the parametric test assumptions are
provided; The Mann-Whitney U test was ap-
plied to compare the independent group dif-
ferences when the parametric test
assumptions were not provided. Pearson’s
and Spearman’s tests were adopted for cor-
relation analysis between numerical vari-
ables showing normal distribution. For
differences, p <0.05 value was considered
statistically significant.

The study involved 108 cases, including 54
NFAI patients and 54 healthy control. Of the
54 patients, 36 (66.6%) were female, 18
(33.4%) were male. The mean age of the
NFAI patients was 48.89 £10.7 years. The
control group (54 subjects) comprised of 35
(64.8%) female and 19 (35.2%) male.

The mean age of the control group was
48.57+10.5 years (Table 1). Adenoma was
located on the right in 17 patients (31.5%),
on the left in 28 patients (51.9%), and bi-
laterally in nine patients (16.7%). The mean
adenoma size was 20.7£7.5 mm.
Hypertension (HT) was detected in 22
(40.7%) of 54 NFAI patients and 10
(18.5%) of 54 controls. Statistical analysis
revealed the frequency of HT was signifi-
cantly higher in the NFAI group (p=0.020).
BMI, WHR, SBP, DBP, FBG, plasma insulin,
HOMA-IR, total cholesterol, and LDL-C (Low-
Density Lipoprotein-Cholesterol) levels were
higher in the NFAI group than the control
group, though the difference was statisti-
cally insignificant. HDL-C (High-Density
Lipoprotein-Cholesterol), TG (Triglyceride),
CRP (C-Reactive Protein), TSH, fT4, anti-TPO
levels were lower in the NFAI group com-
pared to the control group, but there was no
significant difference (Table 1).

Total thyroid volume was 13.48+6.3 mL for
the NFAI group and 13.13£10 mL of the
control group. The total thyroid volume of
the NFAI group was significantly higher than
the control group (p<0.001). Thyroid nod-
ules were observed in 18 (33.3%) of 54
NFAI patients and 16 (29.6%) of 54 con-
trols. No significant difference was obtained
between the NFAI and control groups in
terms of the presence of thyroid nodules
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NFAI (n=54)
Age (years) 48.89+10.7
Gender (female/male) 36-18
Hypertension n (%) 22 (40.7)
BMI (kg/m?) 30.80+6.11
WHR 0.88+0.06
SBP (mmHg) 122+16
DBP (mmHg) 78+11
Glucose (mg/dL) 95.57+8.97
Insulin (pU/mL) 13.88+7.32
HOMA-IR 3.26£1.69
Total-cholesterol (mg/dL) 193.71+£43.62
HDL-cholesterol (mg/dL) 48.91+14.94

LDL-cholesterol {mg/dL)
TG (mg/dL)

114.97+£38.11
150.32+78.81

CRP (mg/dL) 3.63+2.98
TSH (pU/mL) 1.89+1.12
fT4 (ng/dL) 1.25+0.19
anti-TPO (U/mL) 21.54+24.03
anti-TPO positive n (%) 6 (11.1)
Thyroid volume (mL) 13.48+6.3
Thyroid nodule n (%) 18 (33.3)
Number of thyroid nodule 1.72+0.22
Thyroid nodule size (mm) 17.83+£9.01

Control (n=54) p
48,57+10.5 0.831
35-19 0,840
10 (18.5) 0.020
29.65+6.46 0.323
0.84+0.06 0.728
116+17 0.092
77+10 0.995
95.1749,26 0.390
13.78+10.17 0.282
3.234£2.35 0.296
193.48+36.76 0.961
50.36+15.09 0.433
108.97+35.56 0.559
159.67+101.87 0.988
4.61+5.09 0.672
2.11+1.13 0.257
1.25+0.22 0.614
27.58+43.30 0.775
5 (9.3) 0.751
13.13+10 <0.001
16 (29.6) 0.836
1.06+0.14 <0.001
11.68+4.68 0.017

BMI, body mass index; SBP, Systolic blood pressure; DBP, diastolic blood pressure; HOMA- IR, homeostasis model assessment in-
sulin resistance index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; C-
reactive protein; TSH, thyroid-stimulating hormone; anti-TPO, anti-thyroperoxidase antibody (anti-TPO), Values are shown as mean

+SD.

(p=0.836). The average numbers of thyroid
nodules were 1.72 and 1.06 in the NFAI
group and the control group, respectively. In
comparison to the control group, the aver-
age number of thyroid nodules was signifi-
cantly higher in the NFAI group (p<0.001).
The mean nodule size of the NFAI and con-
trol groups were 17.83£9.01 mm and
11.68+4.68 mm, respectively, which was
found to be significantly higher in the NFAI
group than in the control group (p=0.017)
(Table 1). In terms of nodule structure,
66.7% of the nodules in the NFAI group
were solid, 5.6% cystic, 27.7% mix (solid +
cystic). On the other hand, 68.8% of the
nodules in the control group were solid,
6.3% cystic, and 24.9% mix. It was quite
evident that there was no difference be-
tween the two groups in terms of nodule
structure (p=0.877).

Correlation analysis revealed a positive as-
sociation between a thyroid nodule and TSH
(p=0.026) and a positive correlation be-
tween thyroid nodule size and adenoma size
(p=0.046). However, no significant relation-
ship was found between the other parame-
ters.

Predisposing factors, including advanced
age, female gender, presence of metabolic
syndrome, white race origin, improvement,
and frequent use of imaging techniques, are
attributed to the increasing incidence of ad-
renal incidentaloma. NFAI accounts for ap-
proximately 80% of Al’s (2). The mitogenic
effects of compensatory hyperinsulinemia
are predicted to be responsible for the onset
of IR and metabolic syndrome, which in
turn, are thought to enhance the incidences
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of both adrenal incidentaloma and thyroid
nodule in the iodine-sufficient regions, re-
cently (12).

Some previous studies have reported that IR
and other metabolic disorders that are com-
ponents of metabolic syndrome are often
seen in NFAI patients (13,14). It is pre-
sumed that the undetectable amount of cor-
tisol secreted from AI, leads to the
development of these metabolic disorders
(15,16). Furthermore, complete recovery of
metabolic disorders following surgical resec-
tion of adenoma in patients with NFAI has
also been shown as important evidence to
substantiate the relationship between NFAI
and metabolic disorders (17-19). On the
other hand, with the growth factor-like ef-
fect of insulin, compensatory hyperinsuline-
mia observed in IR may lead to the onset of
adrenal incidentaloma (5).

Terzolo et al. reported that SBP, DBP, OGTT
(Oral Glucose Tolerance Test) 2nd-hour glu-
cose level, insulin sensitivity index (ISI)
level were significantly higher in patients
with NFAI than controls. Terzolo et al. also
highlighted enhanced levels of FBG, fasting
insulin, LDL-cholesterol, HDL-C, TG in NFAI
patients; however, this result failed to por-
tray any statistical significance (20). Peppa
et al. showed that in the NFAI group, SBP,
DBP, TG, HOMA-IR, and FBG levels were
higher than the control group and HDL-C
were lower than the control group (10). On
the contrary, in our study, no difference be-
tween NFAI and control groups was wit-
nessed in terms of SBP, DBP, WHR,
HOMA-IR, FBG, fasting insulin, total choles-
terol, and LDL-C levels.

There are limited studies investigating thy-
roid structure and functions in patients with
NFAI. The retrospective and prospective au-
topsy studies, exploring the relationship be-
tween thyroid nodules and adrenal
adenomas, reported no relation between
them (21). In the study conducted by Ardug
et al. with NFAI patients, they found the
number of subjects with thyroid nodules and
the number of thyroid nodules higher in the
NFAI group than in the control group. How-
ever, the correlation analysis failed to
demonstrate any parameter associated with
the number of subjects with thyroid nodules
and the number of thyroid nodules. There
was no significant difference between NFAI

and control groups in terms of thyroid vol-
ume, TSH, FBG, insulin level, HOMA-IR, and
lipid levels (22). In the present study, thy-
roid volume, the average number of thyroid
nodules, and thyroid nodule size were sig-
nificantly higher in the

NFAI patients. Nonetheless, there was no
difference between NFAI and control groups
in terms of the number of cases with thyroid
nodules. No correlation was obtained be-
tween other metabolic parameters and thy-
roid parameters.

Another study, elucidating the relationship
between thyroid functions and metabolic
syndrome components, established a signif-
icant relationship between lipid levels and
fT4 levels and also between fT4 levels and
IR (23). In a study by Karakdse et al. with
NFAI patients, they reported that fT4, anti-
thyroglobulin, and anti-TPO levels were sig-
nificantly higher in the NFAI group compared
to the control group, whereas, thyroid vol-
umes, TSH, and fT3 levels were comparable
in both the groups. Moreover, they deter-
mined a significant relationship between
HOMA-IR levels and thyroid volume and fT4
levels (24). The present study failed to ob-
tain any difference between NFAI and con-
trol groups in terms of TSH, fT4, and
anti-TPO levels.

Owing to the presence of common growth
factors that stimulate the growth of both ad-
renal and thyroid cells, coupled with the in-
creased frequency of thyroid nodules in
metabolic disorders such as obesity, insulin
resistance, and dyslipidemia, which are
common in NFAI patients, it was assumed
that thyroid sizes, thyroid nodule frequency,
and the number of nodules would be higher
in NFAI patients.

The finding from our study clearly indicated
significantly higher levels of thyroid vol-
umes, the average number of thyroid nod-
ules, and thyroid nodule size in NFAI
patients than healthy controls. However,
there was no difference between the groups
in terms of the frequency of thyroid nodules.
We believe that the absence of any differ-
ence between the groups in terms of the fre-
quency of thyroid nodules may be justified
by the fact that factors that may affect the
thyroid structure such as iodine deficiency
were not estimated in our study and the
sample size was small.
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Our study thus concluded that thyroid vol-
umes, the average number of thyroid nod-
ules, and thyroid nodule sizes in NFAI
patients were significantly higher than
healthy controls. Nevertheless, there was no
difference between NFAI patients and con-
trols in terms of thyroid functions and thy-
roid nodule frequency. In this regard, for
further in-depth knowledge, it is essential to
conduct studies with a larger sample size
and, including all factors that may affect
thyroid structure and functions.
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