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Abstract: Background and Objectives: Adrenal incidentaloma is an adrenal mass that is found inciden-
tally in abdominal imaging studies. It is important to categorize whether the mass is a functioning
or non-functioning incidentaloma to determine the appropriate management and follow-up. Our
study aimed to identify predictive factors for functioning adrenal incidentaloma that could assist in
early detection and in determining which patients may require hormonal investigations. Materials
and methods: This 15-year retrospective study was performed in a tertiary care medical center. A total
of 244 patients with adrenal incidentaloma were identified, of whom 88 had functioning adrenal
incidentaloma. The patients’ clinical biochemical factors and radiographic parameters were reviewed.
Multivariable analysis using logistic regression with backward stepwise selection analysis was per-
formed. Results are presented as odds ratios (ORs) with 95% confidence interval (CI). Statistical
significance was set at p < 0.05. Results: A significant clinical predictor for functioning adrenal
incidentaloma is a history of hypertension (OR 2.72, 95% CI(1.53, 4.82)), while significant radiological
predictors include mass size >4 cm (OR 2.20, 95% CI(1.20, 4.02)) and Hounsfield units (HU) < 10
(OR 2.47, 95% CI(1.23, 4.94)). Conclusions: These easy-to-obtain clinical and radiological predictors
can be used to help identify functioning adrenal incidentaloma. In clinical practice, taking these
factors into consideration could potentially reduce the number of investigations required to diagnose
functioning adrenal incidentaloma.

Keywords: adrenal incidentaloma; primary aldosteronism; Cushing syndrome; pheochromocytoma

1. Introduction

Adrenal incidentaloma (AI) is an adrenal tumor greater than 1 cm which is often
initially detected incidentally during abdominal imaging studies, e.g., magnetic resonance
imaging (MRI) or computed tomography (CT) scans, that were not intended for investigat-
ing adrenal diseases. Based on evidence from autopsy studies, the prevalence of AI had
been reported to be approximately 8% [1]. In patients with AI, it is imperative to determine
if the AI is either malignant or functioning as both those conditions are potentially lethal
and may require early intervention including possible surgical management. Approxi-
mately 10–15% of AI are functioning tumors [2]. Functioning AI can be classified into four
subtypes: primary aldosteronism, autonomous cortisol secretion (ACS) (previously known
as subclinical Cushing’s syndrome), pheochromocytoma and sex-steroid secreting AI [3].
Primary aldosteronism and ACS are the two most common functioning tumors, while
sex-steroid secreting tumors are rarely found in AI [3]. Recent clinical practice guidelines
recommend that every patient with AI should be investigated for catecholamine excess
(pheochromocytoma) and glucocorticoid excess (ACS). Investigation for mineralocorticoid
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excess (primary aldosteronism) should be conducted only in patients with hypertension
and/or hypokalemia [4].

Presently, exhaustive diagnostic tests are required to confirm the presence of biochem-
ical functioning tumors in AI. In primary aldosteronism, hormonal evaluation for plasma
aldosterone concentration (PAC) and plasma renin activity (PRA) are needed. Serum corti-
sol after a 1 mg dexamethasone suppression test and metanephrine levels either from serum
or 24 h urine collection are used to screen for ACS and pheochromocytoma, respectively [4].
These biochemical investigations may not be available in some institutions, requiring some
patients with AI to be referred to other medical centers. Identification of easy-to-assess
clinical features or development of easy-to-perform investigations to help clinicians identify
probable functioning AI could help reduce hormonal investigations and also lead to cost-
and time-savings.

Previous studies have reported that larger size adenomas, lower DHEAS levels and
lower serum adiponectin levels indicate a higher probability of ACS [5–7]. One small
study reported that Hounsfield units (HU) was a predictor of ACS and pheochromocytoma
in patients with AI [8]. However, those studies did not incorporate clinical factors as
predictors of functioning AI. The present research focused on identifying clinical and inves-
tigational predictors for functioning AI to facilitate early detection and reduce unnecessary
hormonal investigations.

2. Materials and Methods

A 15-year retrospective cohort study to identify diagnostic prediction factors for
functioning AI was performed using data obtained from electronic medical records of all
patients who had specific ICD-10 (Supplementary appendix) related to adrenal diseases
at Maharaj Nakorn Chiang Mai Hospital from January 2006 through November 2021.
Only the patients who had been diagnosed with AI and had undergone or referred for
hormonal work-up were included. The study was conducted under the Declaration of
Helsinki and the protocol was approved by the Faculty of Medicine, Chiang Mai University,
Ethical Committee (Ethical number: 7892/2564). The inclusion criteria were patients older
than 15 years who had been diagnosed with AI and undergone hormonal investigations.
The exclusion criteria were (1) patients whose lab results were not available or were not
completed and (2) presented for work-up due to other reasons not related to incidentaloma,
e.g., severe hypertension, unexplained hypokalemia, suspected of pheochromocytoma or
Cushing’s syndrome.

2.1. Data Collection

All the data were retrospectively collected from electronic medical records. Data
collected included demographic information, medical history, and signs and symptoms
related to functioning AI. Only the results of the initial hormonal workups for function-
ing AI were retrieved. PAC and PRA performed using the enzyme-linked immunoassay
method (ELISA) (DIASource Immunoassays®, Nivelles, Belgium) had intra-assay vari-
ability of 4.7–8.5% for PAC and 5.3–7.1% for PRA. Patient preparation prior to PAC and
PRA measurement were based on 2016 Endocrine Society guidelines [9]. In brief, PAC
and PRA were collected between 0700 h and 0900 h. The patients should have normal
potassium level of >3.5 mEq/L. Those who were currently taking beta-blockers, ACE
inhibitors or ARBs were asked to discontinue these medications at least 2 weeks prior to
the test. Patients using diuretics and mineralocorticoid receptor blockers were requested
to discontinue those medications at least 4 weeks prior to the screening test. Only slow-
release verapamil, hydralazine and/or α-blockers for hypertension control were allowed
to be continued. Samples for PAC and PRA were collected from patients in the upright
position after they had been seated for 5–15 min. Patients with an upright ARR greater
than 20 ng/dL per ng/mL·h who also had a PAC of more than 15 ng/mL and who also
had suppressed PRA underwent the normal saline suppression test for confirmation of
primary aldosteronism. The confirmation test was performed by infusion of 500 mL of
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0.9% NSS over 4 h while in the supine position or seated position. PAC was measured
after completion of the infusion; patients with PAC greater than 10 ng/mL while supine
or greater than 6 ng/mL while seated were diagnosed as having primary aldosteronism.
Measurement of serum cortisol after a 1 mg dexamethasone suppression test was conducted
by electrochemiluminescence immunoassay (ECLIA) (Elecsys® Cortisol II assay (Roche
Diagnostics, Basel, Switzerland) with an intra-assay variability of less than 10%. Patients
were instructed not to take medications containing glucocorticoid substances for 48 h prior
to blood being drawn for the test. For 24 h urine metanephrine and normetanephrine,
the ELISA method (DIASource Immunoassays®, Nivelles, Belgium) was employed and
had an intra-assay variability of 9–12% for metanephrine and 9–13% for normetanephrine.
The reference values for metanephrine and normetanephrine were 350 and 600 µg/day,
respectively. Patients were instructed to discontinue potentially interfering medications,
e.g., anti-depressants, antipsychotics and sympathomimetic agents, for 48 h prior to the
24 h urine collection. Additionally, creatinine in the 24 h urine sample was measured
along with metanephrines as an indication of an adequate urine sample. Prior to August
2017, three specimens of 24 h urine vanillylmandelic acid (VMA) was used instead of 24 h
urine metanephrines. Other biochemical data were collected within the 6 months prior to
or following the diagnostic work up for functioning AI, but not during periods of acute
illness. Radiological features of AI included HU on plain CT, absolute and relative washout
percentage, plus size and site of the mass. If there were multiple nodules in the images,
only the largest was recorded.

2.2. Definitions

Primary aldosteronism was diagnosed when screening and confirmation tests for
primary aldosteronism were positive based on the previously mentioned Endocrine Society
guidelines [9]. Briefly, screening results of an aldosterone-renin ratio (ARR) > 20 (ng/dL)/
(ng/mL/h), PAC levels >15 ng/dL and PRA < 1.0 ng/mL/h, and post-infusion saline
loading test PAC levels >10 ng/dL were used to confirm primary aldosteronism. ACS
was diagnosed when serum cortisol following a 1 mg dexamethasone suppression test
was >1.8 µg/dL. Pheochromocytoma was diagnosed based on 24 h urine metanephrine
or normetanephrine levels of more than twice the upper normal ranges. Functioning AI
was defined as at least one hypersecretion of aldosterone, glucocorticoid or catecholamine
according to the aforementioned criteria. Non-functioning AI was defined as no hyper-
secretion of any of those hormones. A history of hypertension was defined as patients who
had been treated with any anti-hypertensive medications or who had a history of blood
pressure >140/90 mmHg for at least 3 consecutive measurements. Overweight was defined
as BMI > 23 kg/m2.

2.3. Statistical Analysis

The data were analyzed using STATA program version 15.0. The statistically sig-
nificance level was set as a two-tailed p-value < 0.05. For categorical variables, counts
or percentages are reported; for normally distributed continuous variables, means and
standard deviations (SD) are presented; for non-normally distributed continuous variables,
median and interquartile ranges (IQR) are shown. For continuous data, the univariable
analysis was conducted using the independent t-test for normally distributed variables
and the Mann–Whitney U test for non-normally distributed variables. For categorical
variables, analysis was done using the Fisher-exact test. Multivariable analyses of the
predictors for functioning AI were performed using binomial logistic regression analysis
and are reported as odds ratios (ORs) with a 95% confidence interval (CI). Predictors with
significant p-values in the univariable analysis as well as those with clinical significance
related to AI were incorporated in the multivariable model. The final model was developed
using the stepwise backward regression technique. For variables with missing data >20%,
multiple imputation regression was used. The calculated sample size was based on the
rule of 10 in which we presumed that 3 predictive factors of functioning AI would be
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identified and that at least 10 events should be used for each factor. Based on that, at least
30 patients with functioning AI needed to be included. With a prevalence of functioning AI
of approximately 15%, at least 200 patients with AI were required for this study.

3. Results

A total of 244 patients with AI were identified from 13,614 patients. Study flow is
shown in Supplementary appendix. The majority were female (n = 131, 53.7%). The mean
age was 55.7 ± 13.5 years. Of the total, 88 patients (36.1%) had functioning AI, while
156 patients had non-functioning AI (63.9%). Among the patients with functioning AI,
primary aldosteronism was the most common hypersecreting hormone (n = 37, 15.2%),
The second most common was pheochromocytoma (n = 28, 11.5%) followed by ACS
(n = 23, 9.4%). Among non-functioning AI, 6.4% (n = 10) were adrenocortical carcinoma.
Hypertension was the most common underlying disease (47.9%), followed by dyslipidemia
(30.7%). Diabetes mellitus was significantly more frequently observed in functioning
AI than in non-functioning AI patients (p = 0.03). Of the signs and symptoms of AI,
hypertensive status (34%) followed by overweight (25%) were the two most common
presentations. Hypokalemia was more commonly recognized in functioning AI than in
non-functioning AI (p = 0.03). (Table 1) Among biochemical investigation results, there
were no statistically significant differences between the functioning and non-functioning AI
groups. In terms of radiological features, plain HU was significantly lower in functioning
AI than non-AI patients (p < 0.05). (Table 2)

Table 1. Baseline demographic characteristics of patients with functioning adrenal incidentaloma
(n = 88) and non-functioning adrenal incidentaloma (n = 156).

Characteristic Functioning Adrenal
Incidentaloma

Non-Functioning Adrenal
Incidentaloma p-Value *

Male, n (%) 42 (47.73) 71 (45.51) 0.74
Age (mean ± SD) (years) 55.09 ± 13.01 55.98 ± 13.87 0.62

BMI (mean ± SD) (kg/m2) 23.87 ± 5.38 22.78 ± 4.13 0.07
Heart rate (mean ± SD) (bpm) 85.66 ± 16.86 86.08 ± 15.70 0.84

SBP (mean ± SD) (mmHg) 131.85 ± 18.91 128.08 ± 20.49 0.16
DBP (mean ± SD) (mmHg) 78.41 ± 11.76 75.37 ± 12.45 0.06

Smoking status, n (%) 7 (7.95) 20 (12.82) 0.29
Underlying diseases, n (%)

Hypertension 54 (61.36) 63 (40.38) 0.002
Coronary heart disease 6 (6.82) 5 (3.21) 0.21

Stroke 4 (4.55) 2 (1.28) 0.19
Heart failure 1 (1.14) 2 (1.28) 1.00

Diabetes mellitus 26 (29.55) 27 (17.31) 0.03
Dyslipidemia 32 (36.36) 43 (27.56) 0.19

Chronic kidney disease 7 (7.95) 6 (3.85) 0.23
Signs and symptoms, n (%)

Atrial fibrillation 1 (1.14) 0 (0.00) 0.36
Sweating 2 (2.27) 2 (1.28) 0.62
Headache 4 (4.55) 1 (0.64) 0.05
Palpitation 4 (4.55) 5 (3.21) 0.72
Overweight 27 (30.68) 34 (21.79) 0.13

Hypertension 40 (45.45) 53 (33.97) 0.09
Cushingoid appearance 1 (1.14) 0 (0.00) 0.36

Muscle weakness 3 (3.41) 1 (0.64) 0.13
Documentation
of hypokalemia 6 (6.82) 2 (1.28) 0.03

Atrial fibrillation 1 (1.14) 0 (0.00) 0.36

BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, SD: standard deviation.
* Univariate analysis.
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Table 2. Baseline investigations of patients with functioning adrenal incidentaloma (n = 88) and
non-functioning adrenal incidentaloma (n = 156).

Characteristic Functioning Adrenal
Incidentaloma

Non-Functioning
Adrenal Incidentaloma p-Value *

Adrenal incidentaloma characteristics

Site of adrenal incidentaloma, n (%)

Unilateral 78 (88.64) 140 (89.74) 0.83

Bilateral 10 (11.36) 16 (10.26)

Adrenal incidentaloma size, median (IQR) (cm) 2.35 (1.4–7.3) 2.2 (1.3–4.45) 0.18

Plain Hounsfield unit, median (IQR) (unit) 29.84 (8–43.2) 39.00
(17.15–54.39) 0.0065

Biochemical investigations

Fasting blood glucose, median (IQR) (mg/dL) 103 (91–128.34) 103
(91.87–119.13) 0.64

LDL, median (IQR) (mg/dL) 106.15 (88.85–125.94) 110.5
(85.63–130.92) 0.59

HDL, median (IQR) (mg/dL) 50.5 (39.58–60.66) 47.23
(36.80–58.20) 0.19

Triglyceride, median (IQR) (mg/dL) 141 (91.62–187.1) 125 (86.62–163.01) 0.18
Total cholesterol (mean ± SD) (mg/dL) 180.97 ± 41.08 176.51 ± 52.30 0.49

BUN, median (IQR) (mg/dL) 13 (9–17) 13 (9.5–16) 0.85
Creatinine, median (IQR) (mg/dL) 0.84 (0.72–1.08) 0.8 (0.7–1.03) 0.41
Hemoglobin (mean ± SD) (g/dL) 12.45 ± 1.95 12.37 ± 2.08 0.75

Albumin, median (IQR) (g/dL) 4.24 (4–4.46) 4.1 (3.74–4.41) 0.41
Serum potassium (mean ± SD) (mEq/L) 4.04 ± 0.51 4.08 ± 0.44 0.52

Serum sodium (mean ± SD) (mEq/L) 139.28 ± 3.87 138.62 ± 4.26 0.23
Serum bicarbonate (mean ± SD) (mEq/L) 24.91 ± 2.98 25.21 ± 3.03 0.47
Incidentaloma functional investigation

Serum cortisol after 1 mg dexamethasone suppression
test (mean ± SD) (µg/dL) 6.02 ± 7.37 1.65 ± 1.81 0.0001

Plasma aldosterone concentration (mean ± SD) (ng/dL) 183.99 ± 273.88 17.18 ± 22.2 0.0008
Plasma renin activity (mean ± SD) (ng/mL/h) 1.35 ± 4.18 1.55 ± 2.09 0.79

24 h urine metanephrine (mean ± SD) (µg/24-h) 742.39 ± 1972.31 154.66 ± 122.13 0.03
24 h urine normetanephrine (mean ± SD) (µg/24-h) 1706.06 ± 6621.56 329.07 ± 280.47 0.12

24 h urine VMA day 1 (mean ± SD) (mg/24-h) 19.55 ± 15.13 5.59 ± 3.65 0.0001
24 h urine VMA day 2 (mean ± SD) (mg/24-h) 13.98 ± 8.57 6.06 ± 4.67 0.0001
24 h urine VMA day 3 (mean ± SD) (mg/24-h) 17.47 ± 19.12 6.19 ± 4.69 0.0001

SD: standard deviation, VMA: vanillylmandelic acid. * Univariate analysis.

According to the multivariable analysis (Table 3), the only statistically significant
clinical predictive factor for AI is history of hypertension (OR = 2.72, p = 0.001), while
the statistically significant biochemical predictive factors for adrenal incidentaloma are
HU > 10 (OR = 2.47, p = 0.011) and mass size > 4 cm (OR = 2.20, p = 0.010).

Table 3. Multivariable logistic regression analysis of predictive factors for adrenal incidentaloma.

Factor OR 95% CI p-Value

History of hypertension 2.72 1.53–4.82 0.001

Hounsfield units < 10 2.47 1.23–4.94 0.011

Size > 4 cm 2.20 1.20–4.02 0.010
OR: Odds ratio.

4. Discussion

The present study found that both clinical factors and radiological features can assist
in the prediction of functioning AI. According to the European Society of Endocrinol-
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ogy Guideline for AI, all patients with AI should undergo hormonal work-up to exclude
pheochromocytoma and ACS [10]. In patients with hypertension or unexplained hy-
pokalemia, screening for primary aldosteronism should also conducted [10]. However, this
guideline did not mention the size and HU on plain CT as the indications for hormonal
work-up. According to this guideline, the size and HU on plain CT were mentioned in
terms of malignancy risk. Thus, the results found in the present study may help guide
clinicians to consider which patients need to be referred for hormonal work-up particularly
in institutions where hormonal tests may not be available.

However, some of the findings of this study do not agree with findings of previous
studies. A prior cross-sectional study reported that a plain HU of ≥18.5 on non-contrast
CT scans was a significant radiological parameter that could help detect functioning AI [8],
while our study determined that patients with HU < 10 on plain CT scans have a probability
of the mass being functioning 2.47 times that of patients with HU ≥ 10. Similar to our
study, a previous report on 77 patients stated that a greater mass size of AI was significantly
related to functioning AI, particularly the ACS subtype [11]. That study, however, did not
specify the cut-off nodule size associated with a significantly increased risk of a functioning
AI. Another study which included a larger cohort stated that AIs with a mass >3 cm were
significantly related to the occurrence of functioning AI [12]. Biochemical factors reported
to be associated with a functioning AI especially in ACS include lower DHEAs levels
(<40 µg/dL) and lower adiponectin levels (<13 ng/mL) [6,7]. However, there factors were
not collected in the present study.

Patients with a history of hypertension had a risk of a functioning AI 2.72 times higher
than patients with no history of hypertension. One possible explanation is that in our cohort
most of the functioning AIs had also been diagnosed with primary aldosteronism, the most
common clinical presentation of which is hypertension or resistant hypertension [13]. One
study reported that approximately 10–15% of hypertensive patients were also diagnosed
with primary aldosteronism [14]. Analysis of our data revealed that primary aldosteronism
was more commonly found in hypertensives (81.1%) than non-hypertensives (42.0%) with
p < 0.005.

Radiological findings have shown that low unenhanced HU (<10) indicates a higher fat
percentage in the incidentaloma which can indicate lipid-rich adenoma or benign adenoma.
If HU is > 10, lipid poor benign adenoma, metastasis, pheochromocytoma or complicated
(hemorrhagic adenoma) should be suspected [15]. A previous study reported that plain or
unenhanced HU >18.5 was correlated with functioning AI, ACS and pheochromocytoma.
The most common hypersecreting hormone in functioning AI in that study was ACS
followed by pheochromocytoma and primary aldosteronism. The report clarified this
finding, stating that in ACS, lipid-rich cortisol-producing cells are transformed to lipid-poor
cells due to the reduction in intracytoplasmic fat during the excess cortisol production [16].
This transformation to lipid-poor cells has been reported to cause an increase in plain
HU [16]. A probable explanation why their HU outcome is different from ours is that the
majority of the functioning AI in their study was from ACS and pheochromocytoma, while
in our study it was from primary aldosteronism. The plain HU in primary aldosteronism
in the present study was less than 10 HU (range −10 to 12 HU) which suggests lipid-rich
benign adenoma. Primary aldosteronism with high HU (>10) may suggest lipid-poor
adenoma or carcinoma, both of which are rare [17]. Differentiation between lipid-rich and
lipid-poor adenoma can be made by absolute washout or relative percentage washout
using either enhanced CT or chemical-shift MRI [18].

In categorizing mass size, we used a standard cut-off of 4 cm because that value is
widely used in the evaluation of the malignancy of a mass, and hence to determine the
appropriate management for AI patients. Most previous reports have stated that there is a
correlation between functioning AI and larger mass size [11,12]. For example, Barzon et al.
stated that masses of >3 cm are linked to functioning AI [12]. Our finding showed similar
result. Another study reported that there was no significant correlation between mass
size and hormonal function as masses of all sizes are able to produce hormones [19]. The
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clarification for our finding on mass size was that the larger the size of an AI, particularly
those >4 cm, the higher the risk of pheochromocytoma and adrenocortical carcinoma.
Pheochromocytoma was found to be the second most common hypersecreting tumor in our
cohort which could explain tumor size larger than 4 cm. For adrenocortical carcinoma, a rare
type of adrenal mass, the most common hormonal hypersecretions are steroid precursors
and cortisol, while some produce adrenal androgens [20].

A strength of this study is that the sample size was larger than most previously
reported studies, providing greater power of analysis. Additionally, we combined both an
easy-to-assess clinical indicators and easy-to-perform radiological evaluation as predictive
factors for functioning AI which are widely available in other institutions. The results
of this study can be employed in further research to develop a risk scoring system that
incorporates both the clinical predictor and the radiological features identified in this study.
Moreover, the significant relationship among the predictors can be explained by supportive
evidence discussed previously.

We acknowledge some limitations in this study. First, this was a retrospective study,
and therefore may have introduced some biases. Second, it was a single-center study which
limits the generalizability and applicability of the results to other institutions. Third, a
diverse population of functioning AI patients were included which may have made the
data less homogeneous and could potentially have resulted in lower predictive accuracy,
e.g., a history of hypertension may predict only hyperfunctioning of aldosterone and
catecholamines but not other functioning AI. On the other hand, that patient diversity
suggests that the results would be applicable for diverse outpatient populations. Fourth,
some radiological evaluation results were not available, e.g., contrast-enhanced HU as well
as absolute and relative washout percentage. Fifth, the prevalence of functioning AI in this
cohort is quite high. The presumption is during the registration of ICD-10 codes in patients
with multiple diagnoses, the codes might not include all patients who were diagnosed
with AI.

5. Conclusions

A clinical history of hypertension as well as HU and adenoma size acquired from initial
CT scans for AI can help predict the risk and aid early detection of a functioning AI mass.
The process of obtaining these predictors is not difficult and can be carried out in most
institutions. These predictors can provide guidance for general practitioners to consider in
determining which patients needed to be referred for further hormonal investigations and
which do not, resulting in time- and cost-savings. Further research is needed to develop a
scale of clinical risk scores for patients with AI prior to using these predictive factors in a
clinical setting.
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