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Abstract
Objective: In this retrospective study, we aimed to investigate the clinical, hormonal, and radiological
characteristics of patients with adrenal incidentalomas (AIs), to assess the prevalence of metabolic
syndrome components in patients with AIs, and to determine whether changes in tumor size or hormonal
activity occur during long-term follow-up in patients with AIs.

Methods: We retrospectively analyzed data from 384 patients diagnosed with AI between 2010 and 2020.
Data regarding radiological, hormonal, and metabolic investigations in diagnosis and also during follow-ups
were collected.

Results: A total of 384 patients (248 female, 64%) enrolled in this study. Of them, 348 (90.6%) of the masses
were classified as adenomas, 31 (8.07%) as non-adenomas, and four (1.04%) were non-specified. The mean
adenoma diameter was approximately 2 cm. Adenomas were found to be mostly on the left side (48.9%).
Overall, 13.81% (n = 53) of the tumors were functioning, and among functional adenomas, nine patients
(2.34%) had autonomous cortisol secretion, seven subjects (1.82%) had primary hyperaldosteronism, four
subjects (1.04%) had pheochromocytomas, and 39 subjects (10.1%) had possible autonomous cortisol
secretion. In patients with bilateral incidentalomas, the mean diameter of adenomas was higher than
unilateral incidentalomas with a diameter of 24.22 mm in comparison to 20.36 mm (p > 0.05). Similarly, in
patients with bilateral incidentalomas, systolic and diastolic blood pressure was higher than in unilateral
incidentalomas (135.83 ± 20.27, 130.02 ± 18.84 and 79.25 ± 11.56, 78.52 ± 10.11, respectively, p > 0.05).
Moreover, our study revealed that the frequency of diabetes, hypertension, and hyperlipidemia in patients
with possible autonomous cortisol secretion was 37%, 63%, and 22.2%, respectively. Of 384 patients, 9.11%
(n = 35) underwent surgery. The most common pathological finding was adrenocortical adenoma (n = 19,
54%). The median follow-up duration of patients was 48.91 months. Of 384 patients, 44.7% (n = 172) were
followed up regularly with CT/MRI. During the follow-ups, the diameter of adenomas (11.6%) increased by
more than 10 mm. Of 384 subjects, 56.7% (n = 218) of patients were followed with hormonal evaluation, six
patients had developed possible autonomous cortisol secretion, and three patients had developed
autonomous cortisol secretion. Moreover, one subject developed primary hyperaldosteronism.

Conclusions: In this retrospective study, we examined the clinical, radiological, and hormonal profiles of
patients with AIs, finding results consistent with existing literature. The conversion to subclinical or clinical
hypercortisolism was low, and no new cases of pheochromocytoma were observed, with only one case of
primary hyperaldosteronism. Most of the adenomas showed minor growth in size over time, and a small
percentage developed hormonal hyperfunctionality. Our study also identified an increased risk of diabetes,
hypertension, hyperlipidemia, and metabolic syndrome in AI patients. Additionally, patients with unilateral
adenomas had higher triglyceride levels and insulin resistance than those with bilateral adenomas.

Categories: Endocrinology/Diabetes/Metabolism, Internal Medicine, Oncology
Keywords: adrenal adenoma, adrenal gland incidentaloma, adrenal glands, adrenal incidentaloma, adrenal
incidentaloma investigations, autonomous cortisol secretion, cushing's syndrome, metabolic diseases, primary
hyperaldosteronism

Introduction
Adrenal incidentalomas (AIs) are masses detected in the adrenal gland in imaging studies performed for any
reason [1]. Previous studies have reported a prevalence of AIs ranging from 1% to 10%, which increases with
age [2,3]. Clinicians should carefully evaluate patients with AIs by taking a detailed medical history and
performing physical examinations and hormonal and biochemical tests to determine their hormonal
functionality or potential risk of malignancy and metastasis [1,2]. The majority of AIs are benign non-
functioning adrenal incidentalomas (NFAIs) [1,2], which mostly do not require surgery at the time of
presentation [1]. However, currently, there is some debate regarding the optimal frequency and length of
follow-up and which tests should be performed during follow-up. Recent European guidelines advise against
routine repeat imaging and hormonal reassessment unless new symptoms emerge given that most AIs
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remain stable in size over time and only infrequently progress to hormone-secreting tumors [1,2].

A further issue complicating the treatment of patients with AI is the co-occurrence of metabolic conditions
like diabetes mellitus (DM), hypertension (HT), hyperlipidemia (HL), and metabolic syndrome (MS) [3-5].
Some research studies investigating the co-occurrence of MS and AI have found that MS components are
more common in NFAI patients compared to healthy controls [4,5]. In addition, several retrospective studies
have suggested an increased prevalence of cardiovascular and metabolic risk factors associated with possible
autonomous cortisol secretion (pACS), including HT, increased left ventricular mass, impaired glucose
tolerance, and increased visceral fat, in patients with AI [3,6].

The objectives of this study are to investigate the clinical, hormonal, and radiological characteristics of
patients with AI, to assess the prevalence of MS components in patients with AI, and to determine whether
changes in tumor size or hormonal activity occur during long-term follow-up in patients with AIs. In these
patients, we evaluated the comorbidities of patients with AIs across different age groups. We also compared
the clinical and biochemical characteristics of unilateral and bilateral AIs.

Materials And Methods
This study was carried out at the Division of Endocrinology, Pamukkale University, Denizli, Turkiye. We
retrospectively analyzed data from 384 patients diagnosed with AI between 2010 and 2020. Approval for this
study was obtained from the Pamukkale University ethics committee (60116787-020/8337). While studying at
Pamukkale University, Dr. Arac conducted research in collaboration with Dr. Yaylali and Dr. Topsakal. Dr.
Onder later joined the team, assisting with data interpretation and editing of the article. This study included
patients referred to our clinic with the diagnosis of AI, and only the patients with complete hormonal tests
were included in the study. Patients below the age of 18 years and patients with a known history of
malignancy were excluded. We recorded all patients’ age, gender, and comorbidities. All data were collected
from patient records.

Information on DM was gathered if the patient had a prior diagnosis or had been on diabetes medications. In
patients without known DM, the diagnosis was established according to the diagnostic criteria of the
American Diabetes Association. Specifically, patients with at least one of the following were deemed to have
DM: fasting plasma glucose ≥126 mg/dL, two-hour plasma glucose ≥200 mg/dL during oral glucose tolerance
test (OGTT), glycosylated hemoglobin (HbA1C) ≥6.5%, or a random plasma glucose ≥200 mg/dL in a patient
with classic symptoms of hyperglycemia or hyperglycemic crisis [7]. We gathered information on HT if the
subject had a prior diagnosis of HT or was currently on anti-hypertensive medications. In patients without
known HT, the diagnosis was established according to the European Society of Cardiology guidelines. HT is
diagnosed if the systolic blood pressure is >140 mmHg and the diastolic blood pressure is >90 mmHg [8].
Information on HL was gathered for patients with a prior diagnosis or using anti-hyperlipidemic
medications. In patients without a previous diagnosis of HL, the diagnosis was established according to the
European Society of Cardiology guidelines; specifically, patients were deemed to have HL if their total
cholesterol was >200 mg/dL and their low-density lipoprotein (LDL) cholesterol was >130 mg/dl or if isolated
hypertriglyceridemia was present (triglycerides > 200 mg/dL) [9]. Patients were determined to have MS if
they had three or more of the following: waist circumference >102 cm in men and >88 cm in women; serum
triglyceride level ≥150 mg/dL; high-density lipoprotein (HDL) cholesterol <40 mg/dL in men and <50 mg/dL
in women; blood pressure ≥130/85 mmHg; or fasting glucose ≥110 mg/dL [9]. Osteoporosis information was
gathered for patients with their prior dual-energy X-ray absorptiometry (DXA) measurement (lowest T-score
values below −2.5 SD was considered osteoporosis), according to World Health Organization (WHO)
guidelines, or based on their use of osteoporosis therapy [10]. We measured the body mass index (BMI) and
blood pressure and evaluated fasting plasma glucose, serum lipids, glycated hemoglobin A1c, and
creatinine. Finally, the homeostatic model assessment for insulin resistance (HOMA-IR) was calculated as
follows: fasting insulin (μU/ml) × fasting glucose (mmol/l)/22.5.

Patients underwent radiological, hormonal, and metabolic investigations in diagnosis and also during the
follow-ups. The initial radiological examinations conducted included non-contrast computed tomography
(CT), magnetic resonance imaging (MRI), and positron emission tomography (PET) CT. We recorded the
location and diameter of all the patients’ adenomas. We defined "multiple adrenal lesions" as the presence
of more than one identifiable lesion on either the left or right adrenal gland in patients, while explicitly
excluding cases involving bilateral adrenal lesions. Patients with bilateral lesions were categorized
separately and were not included in the "multiple adrenal lesions" group. The hormonal evaluations
involved measuring cortisol levels after an overnight 1 mg dexamethasone suppression test (DST), urinary
normetanephrine (normal range: 0-390 mg/day), urinary metanephrine (normal range: 0-261 mg/day),
plasma renin activity (ng/ml/hour), and serum aldosterone levels (pg/ml). Patients whose cortisol levels were
suppressed (≤1.8 μg/dL) following the 1 mg DST and with normal 24-hour metanephrine-normetanephrine
levels in the urine and a plasma aldosterone/renin activity ratio <20 were considered to have a “non-
functional adenoma.” Hypercortisolism was excluded if patients had serum cortisol levels lower than 1.8 g/dL
after the 1 mg DST. Conversely, patients with values between 1.9 g/dL and 5 g/dL were categorized as having
pACS, and those with values above 5 g/dL were considered to have autonomous cortisol secretion (ACS) [1].
In this study, pheochromocytoma was defined based on patients having three-fold elevated levels of urinary
normetanephrine or metanephrine. We calculated plasma aldosterone/renin activity in patients with HT or
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hypokalemia, and if this value exceeded 20, we performed a saline infusion test. Post-infusion plasma
aldosterone > 162 pmol/L confirmed the diagnosis of primary hyperaldosteronism (PHA). Following these
investigations, if a patient’s adenoma was found to produce two different hormones, it was defined as a “bi-
functioning adenoma,” whereas if it only produced one hormone, it was defined as a “functioning adenoma.”

For patients who were recommended to undergo follow-up, radiological evaluation with CT or MRI was
performed six to 12 months after the initial diagnosis, and the patients then attended follow-ups yearly.
Changes in the diameter of the adenoma were classified into four groups: an increase in diameter greater
than 10 mm from baseline or the formation of a new adenoma; a change in diameter less than 10 mm or no
change at all; a decrease in diameter; and the disappearance of the adenoma. We performed hormonal
evaluations (i.e., 1 mg DST, 24-hour metanephrine-normetanephrine levels in urine, and the plasma
aldosterone/renin ratio) in addition to the radiological evaluation.

We used SPSS version 15.0 (SPSS Inc., Chicago, IL) for statistical analysis. In our analysis, missing values
were handled as listwise deletion. We conducted normality tests, specifically the Shapiro-Wilk/Kolmogorov-
Smirnov test, to assess whether the data were normally distributed. The results indicated that the data
followed a normal distribution for variables such as age, BMI, systolic and diastolic blood pressure, and
biochemical characteristics (e.g., LDL, HDL cholesterol, triglycerides, and HOMA-IR). Therefore, we used
mean ± standard deviation to summarize these data. The age of the patients was categorized into 18-39, 40-
69, and ≥70 years. A comparative analysis was conducted using the chi-square test for categorical variables.
For continuous data, Student's t-test and one-way ANOVA were applied to parametric data, while the Mann-
Whitney U test was used for non-parametric data. A p-value < 0.05 was considered statistically significant.

Results
In total, 384 patients, of whom 248 were female (64%), participated in this study. The majority of the
patients were between the ages of 40 and 69 years (50.5%, 194), and the number of patients over the age of
70 was 174 (44.7%). The most common radiological imaging modality used at admission was CT (269, 71.9%).
The baseline demographic characteristics of the patients and the location of the adrenal adenomas are
presented in Table 1.

 All subjects 18–39 years 40–69 years ≥70 years

 n % n % n % n %

All patients 384 100% 16 100% 194 100% 174 100%

Female 248 64.5% 13 81.2% 137 70.6% 97 55.7%

Male 136 35.5% 3 18.8% 57 29.4% 77 44.3%

Right-sided 128 33.3% 7 43.7% 69 35.5% 58 33.3%

Left-sided 188 48.9% 7 43.7% 95 48.9% 82 47.1%

Bilateral 68 17.7% 2 12.5% 30 15.4% 34 19.5%

TABLE 1: Baseline demographical characteristics and initial imaging characteristics of the
patients.

Radiological evaluation of the adrenal tumors
During the initial radiological evaluations, we classified 348 (90.6%) of the masses as adenomas, 31 (8.07%)
as non-adenomas, and four (1.04%) as non-specified. The mean adenoma diameter was 21.58 ± 12.06 mm
with the range of 5-71 mm. Adenomas were predominantly on the left (n = 188, 48.9%), 17.7% (n = 68) of the
AIs were bilateral, and 33.3% (n = 128) of them were on the right. Additionally, 16 patients (4.16%) had
multiple adrenal lesions.

Hormonal assessment of the adrenal tumors
Overall, 13.81% of the tumors (n = 55) were functioning. There were 39 adenomas (10.1%) with pACS, seven
adenomas (1.82%) with hyperaldosteronism, and four adenomas (1.04%) with pheochromocytomas. Of
these, nine adenomas (2.34%) had ACS. Finally, the number of bifunctional adenomas was four (1.04%).
Information regarding the initial imaging and hormonal results for the patients is presented in Table 2.
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 All subjects 18–39 years 40–69 years ≥70 years

 n % n % n % n %

All patients 384 100% 16 100% 194 100% 174 100%

Right-sided 128 33.3% 7 43.7% 69 35.5% 58 33.3%

Left-sided 188 48.9% 7 43.7% 95 48.9% 82 47.1%

Bilateral 68 17.7% 2 12.5% 30 15.4% 34 19.5%

Non-multiple 370 96.3% 16 100% 189 97.4% 167 95.9%

Multiple 14 3.6% 0 0% 5 2.5% 7 4%

Multiple right 5 1.3% 0 0% 2 1% 1 0.5%

Multiple left 9 2.3% 0 0% 3 1.5% 6 3.4%

Adenoma 348 90.6% 11 68.7% 181 93.2% 157 90.2%

Non-adenoma 31 8% 5 31.2% 12 6.1% 13 7.4%

Non-specified 4 1% 0 0% 1 0.5% 4 2.2%

Non-functioning adenoma (unilateral) 264 68.7% 7 43.7% 189 97.4% 68 39%

Non-functioning adenoma (bilateral) 67 17.4% 1 6.2% 49 25.2% 17 9.7%

Bi-functioning 4 1% 0 0% 3 1.5% 1 0.5%

Pheochromocytoma 4 1% 1 6.2% 3 1.5% 0 0%

Possible autonomous cortisol secretion 39 10.1% 2 12.5% 15 7.7% 22 12.6%

Autonomous cortisol secretion 9 26.4% 1 6.2% 5 2.5% 3 1.7%

Aldosteronoma 7 1.8% 0 0% 4 2% 3 1.7%

TABLE 2: Information from radiological and hormonal assessments of patients with incidentally
discovered adrenal tumors.

Comorbidities of patients with AIs
In our study, DM was identified in 128 (33%) of the patients, HT in 182 (47.4%), MS in 95 (24.70%), HL in 108
(28.10%), cardiovascular disease in 49 (12.80%), and osteoporosis in 43 (11.02%). The comorbidities of the
patients across the age groups are shown in Table 3. On the other hand, the prevalence of comorbidities in
patients with primary aldosteronism (pACS) was found to be as follows: DM was present in 37% of patients,
HT in 63%, and HL in 22.2%.
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 All subjects 18–39 years 40–69 years ≥70 years

 n % n % n % n %

Metabolic syndrome 95 24.7% 2 12.5% 63 32.4% 30 17.2%

Diabetes mellitus 128 33.0% 2 12.5% 91 46.9% 35 20.1%

Hypertension 182 47.4% 5 31.2% 117 60.3% 60 34.4%

Hyperlipidemia 108 28.1% 1 6.2% 72 37.1% 35 20.1%

Cardiovascular disease 49 12.8% 0 0% 25 12.8% 24 13.7%

Osteoporosis 43 11.02% 0 0% 27 13.9% 16 9.1%

TABLE 3: Comorbidities of patients with adrenal incidentalomas across the age groups.

Follow-up results
In our study, the median follow-up duration of patients was 48.91 months. While certain patients had
complete hormonal follow-up data, others only had complete radiological follow-up data. A total of 166
patients' hormonal data and 212 patients' size data were lost to follow-up.

Changes in Adrenal Adenoma Size and Malignant Transformation

Overall, 172 patients (44.7%) had complete radiological follow-up data. In 20 of the patients (11.6%), the
diameter of the adenomas increased by more than 10 mm during the follow-up period. Of these 20 patients,
only two required surgery due to the increasing size of the adenomas and intermediate radiological features.
The pathology results for these patients were adrenocortical adenoma and an adrenal cyst. Conversely, in 15
patients (8.7%), the diameter of the adenomas has decreased. During the follow-up period, no patients with
a benign tumor developed adrenocortical carcinoma.

Changes in Hormone Production

The follow-up data on changes in adenoma functionality were complete in 218 of the patients (56.7%). Of
these patients, six developed pACS, and three developed ACS. Due to the presence of comorbidities, one
patient in each of these two groups underwent surgery, and the pathology reports from both of these cases
revealed adrenocortical adenoma. No patients had elevated 24-hour fractionated urine metanephrine or
normetanephrine concentrations after five years of follow-up. Furthermore, one subject developed PHA.
Tables 4, 5 display the information about the changes in hormone production and adenoma diameter.

 All subjects 18-39 years 40-69 years ≥70 years

Follow-up duration (months) 48.91 ± 34.11 49.56 ± 45.74 47.21 ± 30.05 50.73 ± 37.20

 n % n % n % n %

Increase ≥10 mm in diameter 20 11.6% 3 18.7% 11 5.6% 7 4%

Increase <10 mm in diameter 137 79.6% 2 12.5% 67 34.5% 68 39%

Decrease in diameter 15 8.7% 1 6.2% 7 3.6% 7 4%

TABLE 4: Follow-up evaluation of adrenal adenomas' diameter across the age groups.
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 All subjects 18-39 years 40-69 years ≥70 years

Follow-up duration (months) 48.91 ± 34.11 49.56 ± 45.74 47.21 ± 30.05 50.73 ± 37.20

 n % n % n % n %

Development of Cushing’s syndrome 3 1.3% 0 0% 2 1% 0 0%

Development of autonomous cortisol secretion 6 2.7% 0 0% 3 1.5% 3 1.7%

Development of pheochromocytoma 0 0% 0 0% 0  0 0%

Development of primary hyperaldosteronism 1 0.45% 0 0% 1 0.5% 0 0%

TABLE 5: Hormonal follow-up evaluation of adrenal adenomas across the age groups.

Comparison of bilateral and unilateral adenomas
Table 6 demonstrates the clinical and biochemical characteristics of the patients in this study and gives a
comparison of unilateral and bilateral adenomas. Overall, 67 (12.7%) of the non-functional adenomas were
bilateral, and 264 (68.4%) of the adenomas were unilateral. The mean adenoma diameter was greater in
patients with bilateral AIs compared to those with unilateral AIs (i.e., 24.22 mm vs. 20.36 mm, respectively;
p > 0.05).

 Unilateral (n = 264) Bilateral (n = 67) P-value

Age (years) 61.73 ± 11.93 62.80 ± 12.19 >0.05

BMI (kg/m2) 30.72 ± 5.41 28.52 ± 5.06 >0.05

Systolic blood pressure (mmHg) 130.02 ± 18.84 135.83 ± 20.27 >0.05

Diastolic blood pressure (mmHg) 78.52 ± 10.11 79.25 ± 11.56 >0.05

Glucose (mg/dL) 117.56 ± 43.67 109.67 ± 21.49 <0.05

Creatinine (mg/dL) 0.76 ± 0.19 0.77 ± 0.19 >0.05

HDL (mg/dL) 51.73 ± 16.32 53.45 ± 17.56 <0.05

LDL (mg/dL) 119.18 ± 36.88 121.26 ± 37.46 >0.05

Total cholesterol (mg/dL) 201.15 ± 43.07 200.86 ± 40.42 >0.05

Triglycerides (mg/dL) 151.62 ± 84.60 128.38 ± 55.69 <0.05

HOMA-IR 3.86 ± 2.76 2.65 ± 1.40 <0.05

Hemoglobin A1c (%) 6.54 ± 1.44 6.22 ± 0.89 >0.05

TABLE 6: Clinical and biochemical characteristics of unilateral and bilateral adrenal
incidentalomas.
HDL: high-density lipoprotein; LDL: low-density lipoprotein; HOMA-IR: homeostatic model assessment for insulin resistance.

Patients with bilateral AIs showed higher (p > 0.05) systolic and diastolic blood pressure compared to those
with unilateral AIs. Specifically, the systolic blood pressures of these groups were 135.83 ± 20.27 mmHg and
130.02 ± 18.84 mmHg, respectively, and the diastolic blood pressures were 79.25 ± 11.56 mmHg and 78.52 ±
10.11 mmHg, respectively. Conversely, no differences were detected between the unilateral and bilateral
groups in terms of DM, HT, HL, cardiovascular disease, and MS.

Glucose levels were found to be significantly higher (p < 0.05) in patients with unilateral adenoma compared
to patients with bilateral adenomas (i.e., 117.56 ± 43.67 versus 109.67 ± 21.49). HDL levels were significantly
higher (p < 0.05) in patients with bilateral adenomas in comparison with unilateral adenomas (i.e., 53.45 ±
17.56 versus 51.73 ± 16.32).
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Comparison of functioning and non-functioning adenomas
Functioning AIs had a larger baseline diameter than NFAIs (i.e., 29.37 ± 12.33 versus 21.58 ± 12.06, p > 0.05).
Patients with pACS had a mean systolic blood pressure of 138.07 ± 20.69, which was higher (p > 0.05) than
that of patients with non-functioning AIs. Moreover, our results showed that the prevalence of DM, HT, and
HL in patients with pACS was 37%, 63%, and 22.2%, respectively.

Histological findings of patients who underwent surgery
Of the 384 patients in this study, 9.11% (n = 35) underwent surgery. The criteria for surgery were as follows:
mass size, malignant criteria, and hormone secretion.

Table 7 displays the histological findings for the AIs of the patients in this work who underwent surgery. The
most common pathological finding was adrenocortical adenoma, reported in 19 of the cases (54%).
Additionally, five patients (14.0%) were found to have pheochromocytoma, and one was found to have an
adrenal metastasis.

 All subjects 18–39 years 40–69 years ≥70 years

 n % n % n % n %

Pheochromocytoma 5 1.3% 3 18.7% 2 1% 0 0%

Adrenal cysts 1 0.2% 1 6.2% 0 0% 0 0%

Myelolipomatous changes 3 0.7% 0 0% 3 1.5% 0 0%

Adrenal metastasis 1 0.2% 0 0% 0 0% 1 0.5%

Adrenocortical carcinoma 1 0.2% 0 0% 1 0.5% 0 0%

Corticomedullary mixed tumor 1 0.2% 1 6.2% 0 0% 0 0%

Adrenocortical adenoma 19 4.9% 2 12.5% 12 6.1% 5 2.8%

Nodular/plexiform schwannoma 1 0.2% 0 0% 1 0.5% 0 0%

Pleomorphic leiomyosarcoma 1 0.2% 0 0% 1 0.5% 0 0%

Nodular hyperplasia 1 0.2% 0 0% 0 0% 1 0.5%

Caseous granuloma 1 0.2% 0 0% 1 0.5% 0 0%

TABLE 7: Histological data of the patients who underwent surgery.

Discussion
In this study, the findings indicate that DM, HT, and MS are more common in AI patients than in the general
population based on the population prevalence data. Even though previous studies showed that the
development of PHA is very unusual in patients with AI, our study revealed the development of PHA in one
patient.

Autopsy and radiology-based studies primarily detect AIs in women between the ages of 50 and 70 years old
[11]. In our study, 50.5% (n = 194) of the cases were in patients aged 40-69 years, and 44.7% (n = 174) of the
patients were aged 70 years and over. We found that 64.5% (n = 248) of the patients we investigated with AIs
were women, in line with the findings of previous studies showing a higher prevalence of AIs among women
than men [12,13]. In this study, the most commonly performed radiological examination at the time of
admission was CT, which was conducted in 71.9% (n = 269) of cases, followed by MRI, which was conducted
in 25% (n = 96) of cases. Similarly, previous studies have reported that CT is the most frequently used
imaging modality for such patients [13,14].

One of the key issues regarding AI is detecting the risk of malignancy, for which size and radiological
findings are important. In a study conducted by Kolanska et al. (2010), the mean tumor size was found to be
24.26 ± 9.02 mm [15], and Kim et al. (2014) reported a mean size of 27.3 ± 18.9 mm [16]. In line with this
literature, the mean adrenal tumor size in our study was 21.58 ± 12.06 mm. Furthermore, the previous
literature indicates that the risk of malignancy rises with increasing tumor size. For example, in a study
conducted in Italy by Mantero et al. (n = 887), it was revealed that 90% of adrenocortical carcinomas had a
diameter greater than 4 cm at presentation [12].
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The literature presents varying data concerning the localization of AIs [17]. Our study revealed that 33.3% (n
= 128) of the adenomas were on the right, and 48.9% (n = 188) were on the left. Furthermore, in our study,
82.2% (n = 316) of the adenomas were found to be unilateral, and 17.7% (n = 68) were bilateral. The
frequency of bilateral adenomas was similar to that reported in the literature; indeed, in the studies of Olsen
et al. and Barzon et al., the frequencies of bilateral adenomas were reported to be 19% and 15%, respectively
[18,19]. Previous studies have also compared the sizes of unilateral and bilateral adenomas, but different
results have been obtained. For instance, in a study conducted in Turkiye, bilateral adrenal adenomas were
found to be larger than unilateral adenomas [14]. In our study, we compared unilateral and bilateral non-
functional adenomas and did not find any significant difference in terms of their diameter (24.22 mm with
bilateral AIs vs. 20.36 mm with unilateral AIs; p > 0.05). Moreover, our study revealed that 3.64% (n = 14) of
the patients had multiple adenomas, whereas this prevalence was 16.8% in the study of Çömlekçi et al. [13].

Imaging characteristics alone are insufficient to reliably distinguish whether a mass is functional. Therefore,
all patients diagnosed with an AI should be assessed for the AI’s functional activity using endocrine
biochemical testing regardless of radiological suspicion [12]. In a study conducted by Kastelan et al. in 2015
with 318 patients with AI, 74.6% of the cases were reported as nonfunctional adenoma, 11.3% as subclinical
Cushing’s syndrome, 5.3% as pheochromocytoma, and 3.7% as hyperaldosteronism [20]. Furthermore,
another study in Japan reported that 50.8% of 3,672 cases of AIs were nonfunctional adenomas, 10.5% were
subclinical Cushing’s syndrome, 8.5% were pheochromocytoma, and 5.1% were hyperaldosteronism [21]. In
the study of Çömlekçi et al., 73.5% of the patients with AIs were found to have non-functional adenoma, 12%
to have subclinical Cushing's syndrome, 5.9% to have pheochromocytoma, 4.4% to have Cushing's
syndrome, and 4.4% to have PHA [13]. In our study, we classified 331 (81.2%) AIs of patients as non-
functional and 53 as functional. Additionally, pACS was detected in 39 (10%) of the adrenal masses,
Cushing's syndrome in nine (2.3%), pheochromocytoma in four (1.04%), and hyperaldosteronism in seven
(1.82%).

The literature contains a limited number of studies comparing the biochemical data of bilateral and
unilateral NFAIs. In our study, the unilateral group exhibited significantly higher triglyceride values (p <
0.05). Additionally, glucose and HOMA-IR levels were found to be significantly higher in the unilateral group
(p < 0.05). However, these results were not clinically significant as they did not affect the diagnosis of HL or
DM. These results differ from those of Patrova et al., who found increased DM frequency in the group with
bilateral adenomas [22].

Literature differs in terms of comorbidities in patients with AIs. In the 2010 study of Kolanska et al. [15], the
mean BMI of patients with AIs was 28.77 ± 4.71 kg/m2, and in our study, the mean BMI was found to be 30.30
± 5.35 kg/m2. In our study, we identified 128 (33%) patients with DM, 182 (47.4%) with HT, 95 (24.70%) with
MS, 108 (28.10%) with HL, and 49 (12.80%) with cardiovascular disease. In terms of the population
prevalence of these diseases, the Turkish Ministry of Health conducted the Chronic Diseases Risk Factors
Survey (CDRFS) in 2011 and reported that 24% of the population had HT, 12.5% had HL, 11% had DM, and
23% had MS [23]. Therefore, given these prevalence estimates, it seems that DM, HT, and MS are more
common in AI patients than in the general population [5,24,25]. Previous studies have suggested that AI
heightens the risk of cardiovascular risk factors such as insulin resistance, DM, HT, and dyslipidemia [3,6],
but this effect remains controversial because the age of the patients at diagnosis may also influence these
comorbidities; indeed, diagnosis of AI peaks in people aged 50 to 70 years old. However, a comparison
between our study’s comorbidity prevalence data and the prevalence of such diseases in the wider
population aged 50-70 years highlights the increased risk of comorbidities in patients with AI.

In the study of Kastelan et al., DM was reported in 27.9% of patients with AI and HT in 69.3% of these
patients [20]. Additionally, in a study by Majnik et al., the prevalence of type 2 DM was higher in patients
with bilateral lesions, whereas the prevalence of HT and dyslipidemia was similar between bilateral and
unilateral groups [26]. Meanwhile, in the study by Vassilatou et al., the frequency of HT was higher in
patients with bilateral versus unilateral AIs [27].

Despite some publications suggesting a higher frequency of ACS in patients with bilateral compared to
unilateral adenomas, this claim remains controversial. In our study, it was found that ACS was most common
in patients with unilateral adenomas. Additionally, it has previously been reported that the risk of ACS
increases with greater adenoma diameter, and ACS is generally observed more frequently in individuals with
adenomas with diameters greater than 3 cm [27].

In this study, our average follow-up time was 48 months (48.91 ± 34.11). Previous AI follow-up studies have
reported varying outcomes in terms of changes in adenoma mass size and hormonal secretion. In the
current study, over the follow-up period, 157 out of the 384 patients showed an increase in adenoma mass
size, with 20 (11.6%) showing a diameter increase of greater than 10 mm and 137 (79.6%) showing an
increase of less than 10 mm. In 15 (8.7%) patients, we detected a reduction in the size of the adenomas over
the follow-up period. In a previous study of 1,149 patients who were followed for four years, it was reported
that CT was not needed in the follow-up of non-functional masses less than 4 cm in diameter and that these
masses were rarely functional [28].
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During the follow-up in the current study, we evaluated our cases in terms of changes in hormonal
production of the adenomas (n = 218). During the follow-up, the development of Cushing’s syndrome was
identified in three patients (1.3%), pACS in six patients (2.7%), and PHA in one patient (0.45%), but no
patients developed pheochromocytoma. Other studies have reported the development of hyperfunctionality
in approximately 5% of cases [14]. Furthermore, prior studies evaluating hormonal changes during the
follow-up period have mostly reported the development of ACS and pACS. In the literature, the development
of PHA is very rare, whereas our study showed the development of PHA in one patient. Moreover, in our
study, two patients with pACS showed progression to Cushing’s syndrome.

One limitation is the use of general population prevalence data to compare comorbidities in patients with
AIs. Since the majority of our cohort is aged 50-70 years, this comparison may be skewed by the age-related
prevalence of conditions such as DM, HT, and MS. Ideally, a matched control group of similar age
demographics would provide a more accurate assessment. Another limitation of this study is the significant
loss of the follow-up data. This loss may limit our ability to fully evaluate the relationship between AIs and
associated follow-up changes, potentially impacting the study's conclusions.

One of the key strengths of this study is its design as a comprehensive observational analysis, allowing for
the collection of detailed data across multiple aspects of patients with AIs. By examining clinical,
radiological, and hormonal characteristics, as well as the prevalence of metabolic syndrome components
and the comparison of unilateral versus bilateral AIs, this study provides a comprehensive view of AIs. This
thorough approach contributes valuable insights to the existing literature on AIs and their associations with
comorbidities.

Conclusions
In this retrospective study, we investigated the clinical and radiological characteristics and hormonal status
of patients with AIs. Most of the findings are similar to the previous literature. The main findings of our
study are that the conversion rate of patients with AIs to subclinical or clinical hypercortisolism was low and
that there were no new cases of pheochromocytoma. Only one subject developed primary
hyperaldosteronism. The follow-up duration of our study revealed that while most patients experienced
minor increases in tumor size, a small percentage developed hormonal hyperfunctionality. Additionally, our
study revealed an increased risk of developing DM, HT, HL, and MS in patients with AIs. Finally, we found
that patients with unilateral adenomas exhibited significantly higher triglyceride levels and insulin
resistance compared to those with bilateral adenomas, suggesting distinct metabolic profiles that warrant
further investigation.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Yasin Arac, Guzin F. Yaylali, Canay Onder

Acquisition, analysis, or interpretation of data:  Yasin Arac, Guzin F. Yaylali, Senay Topsakal

Drafting of the manuscript:  Yasin Arac, Guzin F. Yaylali, Senay Topsakal, Canay Onder

Critical review of the manuscript for important intellectual content:  Yasin Arac

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Pamukkale University
Ethics Committee issued approval 60116787-020/8337. Animal subjects: All authors have confirmed that
this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE
uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

References
1. Fassnacht M, Arlt W, Bancos I, et al.: Management of adrenal incidentalomas: European Society of

Endocrinology clinical practice guideline in collaboration with the European Network for the Study of
Adrenal Tumors. Eur J Endocrinol. 2016, 175:G1-34. 10.1530/EJE-16-0467

2. Kebebew E: Adrenal Incidentaloma. N Engl J Med. 2021, 384:1542-51. 10.1056/NEJMcp2031112
3. Kelsall A, Iqbal A, Newell-Price J: Adrenal incidentaloma: cardiovascular and metabolic effects of mild

 

2024 Arac et al. Cureus 16(10): e72221. DOI 10.7759/cureus.72221 9 of 10

javascript:void(0)
https://dx.doi.org/10.1530/EJE-16-0467
https://dx.doi.org/10.1530/EJE-16-0467
https://dx.doi.org/10.1056/NEJMcp2031112
https://dx.doi.org/10.1056/NEJMcp2031112
https://dx.doi.org/10.21037/gs.2019.11.19


cortisol excess. Gland Surg. 2020, 9:94-104. 10.21037/gs.2019.11.19
4. Lopez D, Luque-Fernandez MA, Steele A, Adler GK, Turchin A, Vaidya A: “Nonfunctional” adrenal tumors

and the risk for incident diabetes and cardiovascular outcomes: a cohort study. Ann Intern Med. 2016,
165:533-42. 10.7326/M16-0547

5. Ribeiro Cavalari EM, de Paula MP, Arruda M, et al.: Nonfunctioning adrenal incidentaloma: a novel
predictive factor for metabolic syndrome. Clin Endocrinol (Oxf). 2018, 89:586-95. 10.1111/cen.13822

6. Iacobellis G, Petramala L, Barbaro G, et al.: Epicardial fat thickness and left ventricular mass in subjects with
adrenal incidentaloma. Endocrine. 2013, 44:532-6. 10.1007/s12020-013-9902-5

7. American Diabetes Association: Classification and diagnosis of diabetes: standards of medical care in
diabetes—2020. Diabetes Care. 2020, 43:S14-31. 10.2337/dc20-S002

8. Piepoli MF, Hoes AW, Agewall S, et al.: 2016 European guidelines on cardiovascular disease prevention in
clinical practice: the Sixth Joint Task Force of the European Society of Cardiology and Other Societies on
Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of 10 societies and by
invited experts). Developed with the special contribution of the European Association for Cardiovascular
Prevention & Rehabilitation (EACPR). Eur Heart J. 2016, 37:2315-81. 10.1093/eurheartj/ehw106

9. National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel III): Third report of the National Cholesterol
Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults (Adult Treatment Panel III) final report. Circulation. 2002, 106:3143-421.

10. Raef H, Al-Bugami M, Balharith S, et al.: Updated recommendations for the diagnosis and management of
osteoporosis: a local perspective. Ann Saudi Med. 2011, 31:111-28. 10.4103/0256-4947.77502

11. Kobayashi S, Iwase H, Matsuo K, Fukuoka H, Ito Y, Masaoka A: Primary adrenocortical tumors in autopsy
records--a survey of "Cumulative Reports in Japan" from 1973 to 1984. Jpn J Surg. 1991, 21:494-8.
10.1007/BF02470984

12. Mantero F, Terzolo M, Arnaldi G, et al.: A survey on adrenal incidentaloma in Italy. Study Group on Adrenal
Tumors of the Italian Society of Endocrinology. J Clin Endocrinol Metab. 2000, 85:637-44.
10.1210/jcem.85.2.6372

13. Comlekci A, Yener S, Ertilav S, et al.: Adrenal incidentaloma, clinical, metabolic, follow-up aspects: single
centre experience. Endocrine. 2010, 37:40-6. 10.1007/s12020-009-9260-5

14. Yilmaz N, Avsar E, Tazegul G, Sari R, Altunbas H, Balci MK: Clinical characteristics and follow-up results of
adrenal incidentaloma. Exp Clin Endocrinol Diabetes. 2021, 129:349-56. 10.1055/a-1079-4915

15. Kolańska K, Owecki M, Nikisch E, Sowinski J: High prevalence of obesity in patients with non-functioning
adrenal incidentalomas. Neuro Endocrinol Lett. 2010, 31:418-22.

16. Kim BY, Chun AR, Kim KJ, Jung CH, Kang SK, Mok JO, Kim CH: Clinical characteristics and metabolic
features of patients with adrenal incidentalomas with or without subclinical Cushing’s syndrome.
Endocrinol Metab (Seoul). 2014, 29:457-63. 10.3803/EnM.2014.29.4.457

17. Ahn SH, Kim JH, Baek SH, et al.: Characteristics of adrenal incidentalomas in a large, prospective computed
tomography-based multicenter study: the COAR study in Korea. Yonsei Med J. 2018, 59:501-10.
10.3349/ymj.2018.59.4.501

18. Olsen H, Nordenström E, Bergenfelz A, Nyman U, Valdemarsson S, Palmqvist E: Subclinical
hypercortisolism and CT appearance in adrenal incidentalomas: a multicenter study from Southern Sweden.
Endocrine. 2012, 42:164-73. 10.1007/s12020-012-9622-2

19. Barzon L, Scaroni C, Sonino N, Fallo F, Gregianin M, Macrì C, Boscaro M: Incidentally discovered adrenal
tumors: endocrine and scintigraphic correlates. J Clin Endocrinol Metab. 1998, 83:55-62.
10.1210/jcem.83.1.4501

20. Kastelan D, Kraljevic I, Dusek T, et al.: The clinical course of patients with adrenal incidentaloma: is it time
to reconsider the current recommendations?. Eur J Endocrinol. 2015, 173:275-82. 10.1530/EJE-15-0199

21. Ichijo T, Ueshiba H, Nawata H, Yanase T: A nationwide survey of adrenal incidentalomas in Japan: the first
report of clinical and epidemiological features. Endocr J. 2020, 67:141-52. 10.1507/endocrj.EJ18-0486

22. Patrova J, Jarocka I, Wahrenberg H, Falhammar H: Clinical outcomes in adrenal incidentaloma: experience
from one center. Endocr Pract. 2015, 21:870-7. 10.4158/EP15618.OR

23. Unal B, Ergor G, Dinc Horasan G, Kalaca S, Sozmen K: Chronic Diseases and Risk Factors Survey in Turkey .
Unal B, Ergor G (ed): Anıl Matbaa Ltd., Ankara, Türkiye; 2013.

24. Fernández-Real JM, Engel WR, Simó R, Salinas I, Webb SM: Study of glucose tolerance in consecutive
patients harbouring incidental adrenal tumours. Study group of incidental adrenal adenoma. Clin Endocrinol
(Oxf). 1998, 49:53-61. 10.1046/j.1365-2265.1998.00437.x

25. Tauchmanovà L, Rossi R, Biondi B, et al.: Patients with subclinical Cushing's syndrome due to adrenal
adenoma have increased cardiovascular risk. J Clin Endocrinol Metab. 2002, 87:4872-8. 10.1210/jc.2001-
011766

26. Majnik J, Patocs A, Balogh K, et al.: Overrepresentation of the N363S variant of the glucocorticoid receptor
gene in patients with bilateral adrenal incidentalomas. J Clin Endocrinol Metab. 2006, 91:2796-9.
10.1210/jc.2006-0066

27. Vassilatou E, Vryonidou A, Ioannidis D, Paschou SA, Panagou M, Tzavara I: Bilateral adrenal incidentalomas
differ from unilateral adrenal incidentalomas in subclinical cortisol hypersecretion but not in potential
clinical implications. Eur J Endocrinol. 2014, 171:37-45. 10.1530/EJE-13-0848

28. Hong AR, Kim JH, Park KS, et al.: Optimal follow-up strategies for adrenal incidentalomas: reappraisal of
the 2016 ESE-ENSAT guidelines in real clinical practice. Eur J Endocrinol. 2017, 177:475-83. 10.1530/EJE-17-
0372

 

2024 Arac et al. Cureus 16(10): e72221. DOI 10.7759/cureus.72221 10 of 10

https://dx.doi.org/10.21037/gs.2019.11.19
https://dx.doi.org/10.7326/M16-0547
https://dx.doi.org/10.7326/M16-0547
https://dx.doi.org/10.1111/cen.13822
https://dx.doi.org/10.1111/cen.13822
https://dx.doi.org/10.1007/s12020-013-9902-5
https://dx.doi.org/10.1007/s12020-013-9902-5
https://dx.doi.org/10.2337/dc20-S002
https://dx.doi.org/10.2337/dc20-S002
https://dx.doi.org/10.1093/eurheartj/ehw106
https://dx.doi.org/10.1093/eurheartj/ehw106
https://pubmed.ncbi.nlm.nih.gov/12485966/
https://dx.doi.org/10.4103/0256-4947.77502
https://dx.doi.org/10.4103/0256-4947.77502
https://dx.doi.org/10.1007/BF02470984
https://dx.doi.org/10.1007/BF02470984
https://dx.doi.org/10.1210/jcem.85.2.6372
https://dx.doi.org/10.1210/jcem.85.2.6372
https://dx.doi.org/10.1007/s12020-009-9260-5
https://dx.doi.org/10.1007/s12020-009-9260-5
https://dx.doi.org/10.1055/a-1079-4915
https://dx.doi.org/10.1055/a-1079-4915
https://pubmed.ncbi.nlm.nih.gov/20588242/
https://dx.doi.org/10.3803/EnM.2014.29.4.457
https://dx.doi.org/10.3803/EnM.2014.29.4.457
https://dx.doi.org/10.3349/ymj.2018.59.4.501
https://dx.doi.org/10.3349/ymj.2018.59.4.501
https://dx.doi.org/10.1007/s12020-012-9622-2
https://dx.doi.org/10.1007/s12020-012-9622-2
https://dx.doi.org/10.1210/jcem.83.1.4501
https://dx.doi.org/10.1210/jcem.83.1.4501
https://dx.doi.org/10.1530/EJE-15-0199
https://dx.doi.org/10.1530/EJE-15-0199
https://dx.doi.org/10.1507/endocrj.EJ18-0486
https://dx.doi.org/10.1507/endocrj.EJ18-0486
https://dx.doi.org/10.4158/EP15618.OR
https://dx.doi.org/10.4158/EP15618.OR
https://hsgm.saglik.gov.tr/depo/birimler/kronik-hastaliklar-ve-yasli-sagligi-db/Dokumanlar/Raporlar/KRONIK_ARASTIRMA_ING_2011.pdf
https://dx.doi.org/10.1046/j.1365-2265.1998.00437.x
https://dx.doi.org/10.1046/j.1365-2265.1998.00437.x
https://dx.doi.org/10.1210/jc.2001-011766
https://dx.doi.org/10.1210/jc.2001-011766
https://dx.doi.org/10.1210/jc.2006-0066
https://dx.doi.org/10.1210/jc.2006-0066
https://dx.doi.org/10.1530/EJE-13-0848
https://dx.doi.org/10.1530/EJE-13-0848
https://dx.doi.org/10.1530/EJE-17-0372
https://dx.doi.org/10.1530/EJE-17-0372

	Clinical and Metabolic Characteristics and Follow-Up Results of Adrenal Incidentalomas: A 10-Year Experience
	Abstract
	Introduction
	Materials And Methods
	Results
	TABLE 1: Baseline demographical characteristics and initial imaging characteristics of the patients.
	Radiological evaluation of the adrenal tumors
	Hormonal assessment of the adrenal tumors
	TABLE 2: Information from radiological and hormonal assessments of patients with incidentally discovered adrenal tumors.

	Comorbidities of patients with AIs
	TABLE 3: Comorbidities of patients with adrenal incidentalomas across the age groups.

	Follow-up results
	TABLE 4: Follow-up evaluation of adrenal adenomas' diameter across the age groups.
	TABLE 5: Hormonal follow-up evaluation of adrenal adenomas across the age groups.

	Comparison of bilateral and unilateral adenomas
	TABLE 6: Clinical and biochemical characteristics of unilateral and bilateral adrenal incidentalomas.

	Comparison of functioning and non-functioning adenomas
	Histological findings of patients who underwent surgery
	TABLE 7: Histological data of the patients who underwent surgery.


	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


