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ABSTRACT
Objective: Patients with incidental nonfunctioning adrenal adenoma are associated with increased 
risk of obesity, impaired glucose tolerance and dyslipidemia. We aimed to investigate the relationship 
between thyroid function, serum lipids and insulin resistance in patients with nonfunctioning adrenal 
incidentaloma. Subjects and methods: Forty patients who had diagnosed as adrenal incidentaloma 
(AI) in our department were included in the study. Serum free triiodothyronine (fT3), free thyroxine 
(fT4), thyroid stimulating hormone (TSH), anti-thyroperoxidase antibody (anti-TPO Ab) and anti-thyro-
globulin antibody (anti-Tg Ab), lipid profile, hs-CRP, fasting insulin levels were measured and insulin 
resistance calculated by HOMA-IR. Thyroid volume (TV) was assessed. Results: None of the patients 
showed specific signs and symptoms of hormone excess. TV, TSH and fT3 levels in the patient and 
control groups did not differ significantly (p > 0.05). The serum fT4, anti-TG Ab, anti-TPO Ab levels in 
the patient group were significantly higher than in the control group (p = 0.013, p < 0.0001, p = 0.016 
respectively). The HOMA-IR, hs-CRP and HDL cholesterol levels in the AI patients were significantly 
higher than the control group (p = 0.034, p = 0.041, p = 0.002, respectively). Statistically significant 
relationship was found between HOMA-IR and thyroid volume (r = 0.373, p = 0.018), fT4 (r = 0.382, p 
= 0.015), hs-CRP (r = 0.512, p = 0.001), HDL cholesterol (r = 0,351 p = 0.026) in AI patients. There were 
significant correlation between anti-TG Ab, anti-TPO Ab and TSH levels in AI patients (r = 0.431 p = 
0.006, r = 0.402 p = 0.012). Conclusions: Patients with nonfunctioning adrenal incidentaloma have 
several metabolic disturbances. At the same time autoimmune thyroid disorders are more frequent 
in nonfunctioning adrenal incidentaloma patient so that thyroid functions must be evaluated in those 
patients. Arch Endocrinol Metab. 2015;59(1):42-6
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INTRODUCTION

T he term adrenal incidentaloma (AI) is usually de-
fined as an adrenal mass unexpectedly detected 

through an imaging procedure performed for reasons 
a prior unrelated to adrenal dysfunction or suspected 
dysfunction. The presence of an AI has been associated 
with an increased incidence of several cardiovascular 
risk factors. In fact, patients with AI can show a high 
prevalence of obesity, hypertension, diabetes mellitus, 
glucose intolerance and dyslipidemia (1-4). These ab-
normalities, typical of overt Cushing syndrome (CS), 
are more frequent in patients with subclinical Cushing 
syndrome (SCS); nevertheless, they can be also found in 
patients with apparently nonfunctioning adrenal masses 
(5). Patients with non-functioning AI exhibit elevated 
levels of D-dimers, interleukin-6 (IL-6), adiponectin, 
resistin, tumor necrosis factor (TNF)-alpha and mono-
cyte chemoattractant protein 1 (MCP-1) (6,7). 

Thyroid hormones influence carbohydrate and lipid 
metabolism, even in the euthyroid state. They regulate 
hepatic gluconeogenesis, lipogenesis and lipolysis. Also, 
thyroid hormones modulate mRNA and protein expres-
sion of the glucose transporter 4, AMP activated protein 
kinase, and acetyl CoA carboxylase in skeletal muscle (8). 
Recently, there have been reports suggesting an asso-
ciation between low thyroid hormone levels and insulin 
resistance and/or metabolic syndrome in euthyroid sub-
jects. Ross and cols. found that insulin resistance; total 
cholesterol, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol and triglycerides were 
significantly associated with free T4 level in euthyroid 
subjects (9). Garduño-Garcia and cols. reported a sig-
nificant association between fT4 levels and high-density 
lipoprotein cholesterol, insulin and HOMA-IR (10). 

The routine use of abdominal imaging procedures 
have significantly increased the incidental finding of 
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adrenal masses. Many patients with incidental nonfunc-
tioning adrenal adenoma have increased risk of obesity, 
impaired glucose tolerance and dyslipidemia (11-13). 
We aimed to investigate the relationship between thy-
roid function, serum lipids and insulin resistance in pa-
tients with nonfunctioning adrenal incidentaloma. 

MATERIALS AND METHODS 

Patients and controls

Forty patients with consecutively diagnosed AI in our 
department were included in the study. None of the 
 patients with AI showed specific signs and/or symp-
toms of hormone excess and none were receiving hor-
monal therapy. Screening tests to rule out catechol-
amine, mineralocorticoid as well as glucocorticoid 
overproduction were negative in all patients. None of 
them had symptoms of overt endocrinopathy or other 
disease that could influence results of the evaluations. 
Patients with a history of acute coronary syndrome, 
heart failure, pulmonary embolism, stroke, cardiomy-
opathy, diabetes mellitus, infectious diseases and he-
patic or renal disorders, pregnancy were excluded from 
the study.

The control group consisted of 61 healthy volun-
teers. Control group was selected among healthy sub-
jects with normal adrenal imaging that matches with 
patients according to age, gender and body mass index 
(BMI). All patients and controls underwent medical 
history and physical examination. The study protocol 
was approved by the ethics committee of our hospi-
tal and all the participants provided written informed 
consent.

Clinical and biochemical evaluation

All patients with AI and controls underwent anthro-
pometric measurements and biochemical screening. 
The waist/hip ratio and body mass index (BMI) were 
calculated. Fasting blood samples were obtained in 
the morning between 08:00 and 11:00 hours. Serum 
high-density lipoprotein cholesterol (HDL-C), total 
cholesterol (TC), triglycerides levels by spectrophoto-
metric assay (Advia 2400, Siemens Healthcare Diag-
nostics Inc., Tarrytown USA). The fasting serum in-
sulin level was measured using the chemiluminescent 
immunoassay method (Advia Centaur XP, Siemens 
Healthcare Diagnostics Inc., Tarrytown, USA). The 
estimate of insulin resistance was calculated using the 

HOMA-IR index. TSH, fT3 and fT4 were measured 
via chemiluminescent microparticle immunoassay 
(Abbott, Architect i2000, Abbott Laboratories Diag-
nostics Division, IL, USA). Anti-thyroglobulin anti-
body (anti-Tg Ab) and anti-thyroperoxidase antibody 
(anti-TPO Ab) were measured via chemiluminescent 
competitive immunoassay (Siemens, Advia centaur 
XP). Reference limits were as follows: fT3: 1.71-3.71 pg/
mL; fT4: 0.7-1.48 ng/dL, TSH: 0.35-4.94 µIU/mL, 
anti-Tg Ab: 0-60 U/mL, anti-TPO Ab: 0-57 U/mL. 
Anti-Tg Ab and anti-TPO Ab concentrations > 60 
IU/mL and > 57 IU/mL, respectively, were conside-
red positive.

Endocrine evaluation

None of the patients with AI showed specific signs 
and/or symptoms of hormone excess and none were 
receiving hormonal therapy. All patients underwent 
the following endocrine workup aimed to study the 
hypothalamic-pituitary-adrenal axis. Serum cortisol, 
and plasma corticotrophin (ACTH) were determined 
in basal condition and measurement of the 24-h ex-
cretion of urinary-free cortisol (UFC) was performed. 
All patients underwent an overnight 1-mg dexametha-
sone (DXM) test. The suppression was adequate when 
morning cortisol fell below 1.8 µg/dL. If inadequate, 
a two-day low-dose DXM suppression test was per-
formed (2 mg, four times a day for 2 days). Urinary 
metanephrine, and normetanephrine excretion to ex-
clude the presence of pheochromocytoma and the up-
right plasma aldosterone to plasma renin activity ratio 
to exclude primary aldosteronism, were performed. In 
control subjects, measurement of serum cortisol in the 
morning, measurement of 24-h UFC excretion and 
overnight low-dose dexamethasone suppression test 
was performed. Normal ranges of serum and urinary 
cortisol and plasma ACTH were determined as pre-
viously reported (14). 

Thyroid volume (TV) was assessed using a high 
resolution ultrasound machine (Hitachi, Japan; EUB 
7000) with a 6-14 megahertz high frequency linear 
transducer. Thyroid volumes were calculated by multi-
plication of three diameters.

Statistical analysis

The statistical analysis was performed with the SPSS sta-
tistical software (version 18; SPSS, Chicago, IL, USA). 
Normality of the variables was tested by Kolmogorov-

Adrenal incidentaloma and thyroid
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Smirnov test. Differences between groups were ana-
lyzed by one way analysis of variance or Mann-Whitney 
U-test when appropriate. Frequencies were analyzed by 
χ2. Correlations between variables were performed us-
ing Spearman’s rho correlation coefficient. Results are 
expressed as mean ± SD. A probability value of 0.05 
was considered to be statistically significant.

RESULTS

The study included 40 AI patients (mean age of 55.6 
± 10.6 years) and 61 controls (mean age of 53.9 ± 6 
years). The general characteristics of the patients and 
controls are presented in the table 1. The mean  adrenal 
mass size was 3.0 ± 0.7 cm. None of the patients 
showed specific signs and symptoms of hormone ex-
cess. All adrenal incidentalomas were unilateral. None 
of the patients with AI underwent adrenalectomy and 
followed-up with serial CT or magnetic resonance im-
aging (MRI) and endocrine evaluation was planned.

Table 1. Demographic and clinical data of the AI patients and controls

AI n = 40 Control n = 61 p

Age (mean ± SD) 55.6 ± 10.6 53.9 ± 6 NS

Gender

Male 16 (40%) 30 (49.2%) NS

Female 24 (60%) 31 (50.8%)

BMI (kg/m2) 27.8 ± 2.3 26.9 ± 3.6 NS

Total cholesterol, mg/dL 185.4 ± 30 199.6 ± 36.4 0.044

Triglycerides, mg/dL 130.9 ± 51.9 150.8 ± 79.1 NS

HDL cholesterol, mg/dL 57.9 ± 25.4 45.5 ± 14.4 0.041

LDL cholesterol, mg/dL 99,9 ± 31,1 122.2 ±  31.4 0.001

Fasting glucose, mg/dL 92.05 ± 9.42 87.9 ± 12.3 NS

HOMA-IR 3.3 ± 2,9 1.9 ± 1.2 0.002

Hs-CRP, mg/L 1.8 ± 0.8 1.3 ± 1 0.034

BMI: body mass index; HDL-C: high density cholesterol; LDL-C: low density cholesterol; HOMA-IR: 
homeostasis model assesment of insulin resistance; Hs-CRP: high-sensitivity c-reactive protein.
Values are shown as mean ± SD.

The mean thyroid volume was 6.38 ± 3.90 mL was 
in AI patients while 6.81 ± 3.55 mL in healty controls 
(p = 0.58). AI patients had higher prevalence of positive 
anti-Tg Ab than control group (52.5 vs. 11.7%). The 
divergence was statistically significant (p < 0.0001). 
The prevalence of subjects with positive anti-TPO Ab 
in patients and control group were 51.3 and 27.6%, 
respectively. It was significantly higher in AI patients 
(p = 0.016).

The TSH and fT3 levels in the patient and con-
trol groups did not differ significantly (TSH: 1.8722 
± 1.4482 µIU/mL vs. 1.6412 ± 0.9949 µIU/ mL,  
p = 0.868; fT3: 2.90 ± 0.5 pg/mL vs. 2.89 ± 0.4 pg/mL, 
p = 0.928). The serum fT4 levels in the patient group 
were significantly higher than in the control group 
(fT4: 1.22 ± 0.5 ng/dL vs. 1.05 ± 0.2 ng/dL, p = 
0.013) (Figure 1). The thyroid test of the AI patients 
and controls were presented in the table 2.

Adrenal incidentaloma and thyroid

Table 2. The thyroid test of the AI patients and controls

AI n = 40 Control n = 61 p

TSH, µIU/mL 1.8722 ± 1.4482 1.6412 ± 0.9949 NS

fT3, pg/mL 2.90 ± 0.5 2.89 ± 0.4 NS

fT4, ng/dL 1.22 ± 0.5 1.05 ± 0.2 0.013

Anti-Tg Ab       Positive

                       Negative

21 (52.5%)

19 (47.5%)

7 (11.7)

53 (88.3)

< 0.0001

Anti-TPO Ab     Positive

                       Negative 

20 (51.3%)

19 (48.7%)

16 (27.6%)

42 (72.4%)

0.016

TV, mL 6.38 ± 3.90 6.81 ± 3.55 NS

TSH: thyroid stimulating hormone; fT3: free tri-iodo thyronine; fT4: free thyroxine; Anti-Tg Ab: 
anti-thyroglobulin antibody; Anti-TPO Ab: anti-thyroperoxidase antibody; TV: thyroid volume.

Values are shown as mean ± SD.

Figure 1. Comparison of HOMA-IR, hs-CRP and fT4 levels between 
groups.
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There weren’t any significant differences in age, 
gender, BMI, triglyceride, fasting blood glucose be-
tween the patient and control groups. The total choles-
terol, LDL cholesterol were significantly higher in the 
controls than in the AI patients (p = 0.044, p = 0.001). 
HDL cholesterol were significantly higher in the AI pa-
tients (p = 0.041). HOMA-IR and hs-CRP values were 
higher in the AI patients than that in the controls (3.3 
± 2.9 vs. 1.9 ± 1.2, p = 0.002 and 1.8 ± 0.8 m/L vs. 1.3 
± 1 mg/L, p = 0.034 respectively) (Figure 1). 
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Statistically significant relationship was found be-
tween HOMA-IR and thyroid volume (r = 0.373, p 
= 0.018) (Figure 2), hs-CRP (r = 0.512, p = 0.001) 
(Figu re 3), fT4 (r = 0.382, p = 0.015), HDL cholesterol  
(r = 0,351 p = 0.026) in AI patients. And also there 
was statistically significant relationship between fT4 
and HDL cholesterol (r = 0.366, p = 0.02) in AI pa-
tients. The correlation between anti-TG Ab, anti-TPO 
Ab and TSH levels were also statistically significant in 
AI patients (r = 0.431 p = 0.006, r = 0.402 p = 0.012).

asymptomatic and are often considered as non-func-
tional tumors. Patients with clinically inactive adrenal 
adenomas as a group exhibit insulin resistance and a 
variety of metabolic disturbances and manifestations of 
the metabolic syndrome (5,16-18). The present data 
allow them to hypothesize that the subtle autonomous 
cortisol secretion of these adrenal adenomas may cause 
an acquired condition of insulin resistance and leading 
to an increased incidence of several cardiovascular risk 
factors. In a multi-institutional survey performed in 
Italy which collected 1,004 patients with AI, the preva-
lence of arterial hypertension, diabetes mellitus type 2 
and obesity were 41%, 10% and 28%, respectively (19). 
Yener and cols. showed that carotid intima media thick-
ness (CIMT) and HOMA-IR were increased in non-
functioning adrenal incidentaloma patients and also 
morning cortisol was independently associated with 
HOMA levels in AI patients (20). 

Insulin resistance generally considered to induce 
disturbed glucose tolerance, dislipoproteinemia, hy-
pertension and play a key role in the development of 
atherosclerotic diseases. Midorikawa and cols. had de-
monstrated an incidence of insulin resistance, disturbed 
glucose tolerance and elevated blood pressure in patients 
with non-functioning adrenal adenoma and subsequent 
improvement in these metabolic states after removal of 
the tumors (21). Fernández-Real and cols. showed that 
a high prevalence of disturbed glucose tolerance was 
found among patients with incidental non-functional 
adrenal adenomas however lower than that described 
for Cushing’s syndrome but higher than expected (22). 

In this study, we showed that subjects with non-
functioning AI have increased HOMA-IR, HDL cho-
lesterol, hs-CRP, fT4 when compared with healthy 
controls. We found a significant positive correlation 
between HOMA-IR, thyroid volume, fT4, hs-CRP and 
HDL cholesterol. Statistically significant relationship 
was found between fT4 and HDL cholesterol. On the 
contrary there were not a relation between cortisol levels 
and fasting glucose levels, HOMA-IR, lipid parameters. 

Those unknown steroid hormones that we could 
not detected in AI patients with today’s laboratory tests 
might be the reason of high levels of fT4. Even within 
the euthyroid range, circulating free T4 may contribute 
to the development of insulin resistance in nonfunc-
tional adrenal masses. Although thyroid function tests 
were within the normal range but statistical significant 
high fT4 levels might be responsible for those symp-
toms in nonfunctioning AI patients. 

Figure 2. Linear correlation between HOMA-IR and thyroid volume.

Figure 3. Linear correlation between HOMA-IR and hs-CRP.
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There was not a statistically significant relationship 
between TSH, fT4, fT3, hs-CRP, HOMA-IR, fasting 
glucose, lipid parameters, BMI and morning cortisol 
levels, 1-mg overnight dexamethasone suppression test 
results.

DISCUSSION

The widespread usage of imaging tools increased the 
frequency of adrenal neoplasms (15). These inciden-
tally discovered adrenal masses are mostly benign and 
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Both anti-TPO Ab and anti-Tg Ab s were more fre-
quent in AI patients than in the healthy controls, even 
in AI patients who don’t have clinical thyroid disease. 
Explanation for the high incidence of thyroid autoim-
munity in AI is open to speculation. It is still a sub-
ject of discussion as to whether AI is an independent 
risk factor for these thyroid abnormalities or whether 
this is a co-incidental finding. Our data suggest that all 
patients with AI should be screened for thyroid func-
tion and thyroid specific autoantibodies even without 
evidence of overt thyroid dysfunction, as it is known 
that those patients with anti-thyroperoxidase and anti-
thyroglobulin antibodies are likely to develop thyroid 
dysfunction later in life.

In conclusion, patients with adrenal incidentaloma 
might have several metabolic disturbances. The present 
study is the first in the literature to evaluate thyroid 
function, thyroid volume and metabolic parameters to-
gether in nonfunctioning adrenal incidentalomas. We 
demonstrated that fT4 level has a positive correlation 
with HOMA-IR and HDL cholesterol levels in non-
functioning adrenal incidentaloma patients who were 
euthyroid. Subtle abnormalities in thyroid hormone 
secretion may be occurring in adrenal incidentalomas. 
Further prospective studies should be performed to 
determine the clinical significance of these findings in 
adrenal incidentaloma patients.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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