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ABSTRACT

Objectives: Adrenal incidentalomas (AI) are adrenal tumors discovered incidentally during imaging. 
While the metabolic effects of high cortisol levels are well-documented, the association between AI 
and metabolic syndrome (MetS) remains underexplored. This study investigates the frequency of MetS 
in patients with AI and compares it to a healthy control group.

Methods: This cross-sectional, single-center study was conducted from January 2018 to January 2019 
and involved 50 patients with AI and 50 age- and sex-matched healthy controls. We compared waist 
circumference, blood pressure, fasting plasma glucose (FPG), and MetS prevalence between groups.

Results: Patients with AI had significantly higher waist circumference (p=0.001), FPG levels (p=0.007), 
and both systolic (SBP) and diastolic (DBP) blood pressure values (p=0.001; p=0.006, respectively) 
compared to controls. Similarly, patients with non-functioning adrenal adenomas (NFA) also exhib-
ited increased waist circumference (p=0.002), FPG levels (p=0.005), SBP (p=0.001), and DBP (p=0.017) 
compared to the control group. The frequency of MetS was significantly higher in both the AI (p=0.039) 
and NFA (p=0.023) groups compared to controls.

Conclusion: Our study found a higher prevalence of MetS among patients with AI and NFA, as well as 
increased waist circumference, FPG levels, and blood pressure in these groups. These findings suggest 
that patients with AI should be regularly screened for MetS and cardiovascular diseases to manage 
and reduce long-term health risks.
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Adrenal incidentalomas (AI) are adrenal masses identified incidentally during imaging 
studies performed for reasons unrelated to adrenal pathology (1). While most AI are 

benign and non-functional, their discovery raises questions about their potential health 
impacts, particularly regarding metabolic health.

Metabolic syndrome (MetS) is a multifaceted health condition marked by a group of inter-
related risk factors, such as abdominal obesity, elevated fasting plasma glucose (FPG), 
hypertension, and dyslipidemia. Collectively, these factors greatly enhance the likelihood 
of developing type 2 diabetes mellitus (DM) and cardiovascular disease (CVD) (2). MetS is 
linked to several chronic conditions and represents a significant public health challenge.

Hypercortisolism, either due to endogenous conditions like Cushing’s syndrome or exoge-
nous sources, is known to contribute to insulin resistance, obesity, hypertension, impaired 
glucose tolerance, and dyslipidemia (3,4). Recent research indicates that even mild, sub-
clinical elevations in cortisol levels—such as those seen in non-functioning adrenal ade-
nomas (NFA)—can be associated with metabolic disturbances not detected by standard 
diagnostic tests or resulting from intermittent hormone secretion (5,6).

Given these potential metabolic effects, it is important to investigate whether AI is linked to an 
increased prevalence of MetS compared to healthy individuals. Our study aims to evaluate the 
frequency of MetS among patients with AI and compare it to a control group of healthy vol-
unteers. Through this evaluation, we seek to underscore the need for regular MetS and cardio-
vascular disease screening in patients with AI to manage and mitigate long-term health risks.

METHODS

Between January 2018 and January 2019, 50 patients with AI were admitted to the Endo-
crinology outpatient clinics, and 50 healthy volunteers were included as a control group. 
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Informed consent was obtained from all participants, and the study 
adhered to the Declaration of Helsinki. The study received written 
approval from the Clinical Research Ethics Committee of the Uni-
versity of Health Sciences.

Patients were included if they had unilateral or bilateral adrenal 
masses ≥1 cm and <4 cm in diameter with benign tumor charac-
teristics. Exclusion criteria included: age younger than 18 years, 
pregnancy, alcoholism, drug abuse, hepatic or renal insufficiency 
(Child-Pugh score B or C and creatinine clearance <60 mL/min), 
drug use that could increase blood glucose levels or weight, sec-
ondary causes of obesity, severe neuropsychiatric disorders, sepsis 
or severe illness, proven CVD, and malignancy. The presence of MetS 
was categorized based on the NCEP/ATP III diagnostic criteria.

Height was recorded using a standard height measurement scale, 
with no headgear or footwear. Body weight was recorded using a 
standard scale, with all accessories removed to ensure an accurate 
reading. Body mass index (BMI) was subsequently calculated. Waist 
circumference was measured using a non-elastic tape measure. 
Blood pressure was measured with a sphygmomanometer on the 
left arm at heart level after the patient had been seated and rested 
for 10 minutes. Both systolic blood pressure (SBP) and diastolic 
blood pressure (DBP) readings were taken during this period.

Demographic information (age, gender), presence of comorbidities, 
and diagnoses of comorbidities (e.g., DM, hypertension (HT)) were 
recorded. The initial complaint leading to the detection of the adre-
nal lesion by imaging was also noted.

To assess hormonal activity, plasma cortisol, ACTH, a 1 mg dexa-
methasone suppression test (DST), 24-hour urine-free cortisol (UFC), 
plasma aldosterone, renin activity, and 24-hour urine metanephrines 
were measured. The aldosterone-to-renin ratio was calculated using 
the formula: plasma aldosterone concentration/renin activity. The 
results from hormonal screening tests and, if necessary, confirmation 
tests (pheochromocytoma (Feo), mild autonomous cortisol secretion 
(MACS), primary hyperaldosteronism (PHA), NFA, Cushing’s syndrome 
(CS)) were recorded. The localization and size of the lesions were 
determined from CT and MRI reports used for imaging.

Statistical Analysis
The data were imported into Statistical Package for the Social Sci-
ences (SPSS) version 20.0 for analysis. To evaluate the distribution 
of the data, the Kolmogorov-Smirnov test was conducted. Descriptive 
statistics were presented as means±standard deviations (SD) for nor-
mally distributed quantitative data, medians with interquartile ranges 
(IQR) for non-normally distributed quantitative data, and frequen-
cies (n) with percentages (%) for categorical data. For comparisons 
involving parametric data, the Student’s t-test was utilized, while the 
Mann-Whitney U test was used for non-parametric data. The Pear-
son chi-square and Fisher’s exact tests were employed for categorical 
data analysis, with statistical significance set at p<0.05. Relationships 
between two normally distributed numerical variables were assessed 
using Pearson’s correlation, whereas Spearman’s correlation was used 
for variables not meeting the normality assumption.

RESULTS

The AI and control groups were comparable in terms of age and 
sex (p=0.633; p=0.310, respectively). The NFA and control groups 
showed no significant differences in age and sex (p=0.752; p=0.534, 

respectively). In terms of functionality, 82% (n=41) were NFA, 12% 
(n=6) were MACS, 4% (n=2) were PHA, and 2% (n=1) were CS. Due to 
the small sample size of functional adrenal adenomas (n=9), their 
data were not included in the statistical evaluation in comparison 
with NFA and the control group. Characteristics of AI and NFA are 
presented in Table 1 and Table 2.

When comparing AI and NFA patients to controls, although BMI 
showed no significant difference, waist circumference was nota-
bly greater in both the AI and NFA groups (p=0.001; p=0.002, 
respectively). FPG levels were elevated in the AI and NFA groups 
compared with controls (p=0.007; p=0.005, respectively). SBP and 
DBP were significantly elevated in the AI group (p=0.001; p=0.006, 
respectively). Similarly, SBP and DBP were significantly elevated in 
the NFA group (p=0.001; p=0.017, respectively).

The prevalence of MetS was 48% (n=24) in the AI group, 52.5% 
(n=21) in the NFA group, and 28% (n=14) in controls, which was 
higher in the AI and NFA groups (p=0.039; p=0.023, respectively). 
LDL-C, TG, and HDL-C levels were similar between the AI and NFA 
groups compared to the controls. Table 3 summarizes the numeri-
cal information regarding the comparison of the NFA groups with 
the controls in terms of anthropometric measurements, biochem-
ical values, blood pressure measurement results, and MetS fre-
quency. No significant correlation was found between 1 mg DST, 

Table 1. Demographic and clinical characteristics of the adrenal 
incidentaloma group

AI (n=50)  Control (n=50)   p

Age 53.4±8.9 54.7±8.5 0.633 

Gender 0.310

Female 66% (n=33)  56% (n=28)  

Male 34% (n=17)  44% (n=22)  

Functionality

NFA  82% (n=41)

MACS  12% (n=6)

CS  2% (n=1)

PHA  4% (n=2)

Settlement

Unilateral  84% (n=42)

Bilateral  16% (n=8)

AI: Adrenal incidentaloma;  MACS: mild autonomous cortisol secretion; 
PHA: primary hyperaldosteronism; NFA: nonfunctional adrenal adenoma; 
CS: Cushing syndrome.

Table 2. Demographic characteristics of nonfunctional adrenal 
adenoma group

NFA (n=41) Control (n=50) p

Age 54.1±7.6 54.7±8.5 0.752

Gender 0.534

Female 58% (n=24) 56% (n=28)  

Male 42% (n=17) 44% (n=22)

NFA: Nonfunctional adrenal adenoma.
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basal cortisol, UFC, and DHEA-S levels and the results of FPG, LDL-C, 
HDL-C, TG, BMI, waist circumference, SBP, and DBP measurements in 
adrenal incidentaloma patients.

DISCUSSION

Considering that the prevalence of AI has increased over the years 
due to the widespread use of abdominal imaging modalities and 
that the prevalence of NFA has also increased, it is extremely 
important to evaluate whether the prevalence of MetS, which 
increases mortality, has risen in these patients. We showed that the 
frequency of MetS was increased in AI and NFA patients compared 
to the controls.

Similar to our study, Peppa et al. (3) found that, in 46 AI patients of 
similar age and BMI, the frequency of MetS, FPG levels, insulin levels, 
insulin resistance (IR), SBP, and DBP were increased in all types of 
AI. Studies on AI patients revealed a higher prevalence of DM and 
impaired glucose metabolism among them (4,5). Therefore, they 
recommended that AI patients be tested for glucose tolerance (5). 
Terzolo et al. (7) also found SBP and DBP to be higher in AI patients.

Ribeiro Cavalari EM et al. (8) found a high prevalence of MetS in 
NFA patients. In this study, as in ours, waist circumference, FPG 
levels, SBP, and DBP were higher in NFA patients compared to con-
trols, but no significant difference was observed in plasma lipid 
levels. In another study, while BMI showed no significant difference, 
NFA patients had greater waist and hip circumference compared to 
the controls (9). In a study comparing NFA patients with a control 
group, a higher prevalence of HT, resistant HT, and more antihyper-
tensive drug use were found in NFA patients (10).

The reason why waist circumference was higher in NFA and AI 
patients despite having similar BMI to the controls may be due 
to visceral adipose tissue accumulation resulting from low-grade 
autonomic cortisol excess. The effects of glucocorticoids (GC) are 
linked to adipose tissue metabolism, and their effects are more 
pronounced in visceral adipose tissue. This may be related to the 
development of MetS, metabolic risk factors, and CVD risk due to 

increased visceral fat accumulation in AI and NFA patients (11,12). 
Some large studies have shown that waist circumference, an indi-
cator of visceral adiposity, has a better prognostic value than BMI, 
an indicator of general adiposity, in predicting CVD risk (13,14). 
Therefore, increased waist circumference alone may be considered 
a CVD risk factor in patients with AI and NFA.

Peppa et al. (2) also observed significant improvement in car-
diometabolic risk factors after adrenalectomy in patients with AI 
and NFA. In another study, the NFA group exhibited elevated levels 
of leptin and resistin, along with reduced levels of adiponectin, 
compared to the control group. This suggests that additional fac-
tors may be contributing to abdominal obesity and increased waist 
circumference (15).

Adrenal steroid profile studies using mass spectrometry have 
shown that NFA patients secrete lower levels of GC that cannot be 
measured or captured by standard cortisol assays (16). Cortisol is a 
potent glucocorticoid receptor (GR) and mineralocorticoid receptor 
(MR) agonist. Adrenal tumors may persistently secrete low levels of 
GR or MR agonists, which can contribute to the increased incidence 
of hypertension. Furthermore, a genotype related to ACE gene poly-
morphism, which is associated with increased risk of HT and car-
diovascular issues, is more common in NFA patients compared to 
controls. This ACE gene polymorphism in AI and NFA may be asso-
ciated with an increased frequency of hypertension (17). Addition-
ally, the hypothalamic-pituitary-adrenal axis, which regulates the 
circadian rhythm of endogenous cortisol secretion, also influences 
blood pressure patterns throughout the day (18). Dysregulation of 
this axis in these patients could contribute to the development of 
hypertension (19,20).

The limitation of our study is that functional adrenal adenomas 
could not be statistically compared with NFA and the control group 
due to the small sample size.

A growing body of data suggests that adrenal incidentalomas are 
associated with autonomic cortisol secretion, which leads to vari-
ous cardiometabolic disorders such as central obesity, HT, and DM, 
and these are associated with increased CVD risk and mortality. In 
our study, we found an increased prevalence of MetS, high waist 
circumference, high FPG levels, and increased SBP and DBP values 
in patients with AI and NFA. In conclusion, we think that patients 
with AI should be screened for MetS and cardiovascular diseases.
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Table 3. Comparison of anthropometric measurement, biochemical 
values, blood pressure measurement results and metabolic 
syndrome frequency between the nonfunctional adrenal adenoma 
group and the control group

NFA (n=41) Control (n=50) p

BMI (kg/m2) 30.8±5.9 29.6±4.5 0.145

Waist circumference (cm) 95.6±14.3 84.8±9.3 0.002*

FPG (mg/dL) 124±66 93.6±22.9 0.005*

LDL-C (mg/dL) 137±33 131±35 0.392

HDL-C (mg/dL) 47±15 47±10 0.289

TG (mg/dL) 161±114 185±102 0.377

SBP (mmHg) 128.8±14.4 116.8±14.4 0.001*

DBP (mmHg) 77.8±10.8 71.9±10.2 0.017*

MetS (n %) 21 (52.5%)  14 (28%) 0.023*

NFA: Nonfunctional adrenal adenoma; BMI: body mass index; FPG: fasting 
plasma glucose; LDL-C: LDL cholesterol; HDL-C: HDL cholesterol; 
TG: triglycerides; SBP: systolic blood pressure; DBP: diastolic blood pressure; 
MetS: metabolic syndrome; *p<0.05.
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