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1Department of Endocrinology at Hôtel-Dieu de France Hospital, Faculty of Medicine, Saint-Joseph
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Introduction: Adrenal incidentalomas (AI) are being more frequently reported

with the advent of medical imaging. Studies on their prevalence, characteristics

and functional status are lacking in the Middle East.

Objective: To determine the prevalence of AI as well as their clinical and

radiological characteristics and referral rates to endocrinologists for

hormonal testing.

Methods: We prospectively evaluated unselected adult patients who underwent

an abdominal computed tomography (CT) between November 2022 and June

2023 at a Lebanese tertiary teaching hospital. An experienced radiologist

carefully reviewed 4,464 CT. Patients with known or suspected malignancy or

adrenal disease were excluded. Main outcome measures included prevalence of

AI and referral rates to endocrinologists during a one-year follow-up.

Results: 3168 CT were retained for analysis, 222 had an AI, with an overall

prevalence of 7%. There was no significant difference in prevalence according to

gender (8% in women, 6% in men p = .06.). The prevalence increased with age

from 0.9% in young adults (18–30 years) to 10.8% in patients older than 70. Mean

age of patients with AI was 69 ± 14 years. 46% were males. Median size of AI was

1.7 cm (1.2-2.5). 45% had a density <10 Hounsfield Unit (HU) and 17% were

bilateral. Patients with an AI were significantly older (p <.0001), had a higher Body

mass index (BMI) (p = .0021), more hypertension (p = .023), dyslipidemia (p =

.002), and cardiovascular diseases (CVD) (p = .0056). No difference according to

sex was noted. The referral rate of AI to endocrinologists was only 5.4%.

Conclusion: The prevalence of AI in Lebanon is comparable to the worldwide

prevalence and is linked to age, BMI, hypertension, dyslipidemia and CVD but not

to gender. Despite this high prevalence, the rate of referral for appropriate

investigations is poor. Raising awareness among clinicians is therefore essential

for a better evaluation of these patients.
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Introduction/background

Recent advances of imaging technologies and the widespread

use of high-resolution cross-sectional imaging in medical practice

has increased the frequency of detection of adrenal disorders (1).

“Adrenal Incidentalomas” (AI) are defined as adrenal masses larger

than 1 cm found incidentally on abdominal imaging performed

initially for another purpose (2). This definition excludes lesions

discovered during cancer staging or suspicion of adrenal diseases

(3). The incidence of AI has increased 10-fold during the last two

decades (4). This increase parallels the technological advances of

imaging modalities. AI are thus considered the pathology of

modern technology (1). AI are mainly unilateral and are bilateral

in only 10-15% of cases (1, 2). Their prevalence increases with age,

from less than 1% in people less than 30 years old in autopsy series

to 7% in people more than 70 years old (5). They are particularly

more frequent in Caucasians patients with obesity, diabetes, and

hypertension (1).

Discovery of an AI raises two questions whether it is malignant

or if it is secreting excess amounts of hormones. Imaging and

biochemical testing are crucial tools to answer these questions.

Malignancy is found in 5 to 8% of adrenal masses while 15 to 20%

are functional (5 to 30% for hypercortisolism whether clinical or

subclinical, 3-7% for pheochromocytomas, and 1 to 10% for

primary aldosteronism (PA)) depending on the studied

population (1). This highlights the need to evaluate and

appropriately treat these patients because of the potential

detrimental consequences and complications (6, 7).

Unenhanced computer tomography (CT) offers a valuable tool

for evaluating the lipid content within adrenal masses. For

homogeneous lesions, a Hounsfield Unit (HU) value below 10 on

a non-contrast CT scan strongly suggests a lipid-rich composition.

This finding can be highly reassuring, as it reliably excludes

malignancy, even in larger adrenal masses. Only lesions larger

than 4 cm or with a density greater than 20 HU are typically

managed surgically due to their increased risk of malignancy (7). All

other cases should be discussed using a multidisciplinary approach

(8), including the referring physician, the endocrinologist, the

radiologist, and the surgeon.

To find out if the adrenal lesion is functional, a hormonal

workup should be performed for all patients with AI (4, 9). This

workup includes excluding hypercortisolism in all patients,

pheochromocytomas in AI with a density more than10 HU, and

PA in patients with AI and hypertension (4). Moreover, in cases of

bilateral adrenal masses, congenital adrenal hyperplasia should be

ruled out (4).

To date, studies evaluating the prevalence of AI in the Middle

East are lacking (10). Furthermore, reports investigating the rate of
Abbreviations: AI, adrenal incidentalomas; ACTH, adrenocorticotropic

hormone; BMI, body mass index; CT, computed tomography; CVD,

cardiovascular diseases; DHEAS, dehydroepiandrosterone sulfate; HU,

Hounsfield units; kV, kilovolts; MACS, mild autonomous cortisol secretion;

mAs, milliampere-seconds; MRI, magnetic resonance imaging; UK, United

Kingdom; VCT, volume computed tomography.
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referral to endocrinologists are scarce (10–13) Our study aims to

determine the prevalence and characteristics of AI in a tertiary care

center in Lebanon, as well as the proportion of AI that were

appropriately followed for hormonal testing.
Design and methods

Study design

We conducted a prospective observational descriptive study.

The population consisted of adult patients who performed an

abdominal computed tomography (CT) between November 2022

and June 2023 at Hotel-Dieu de France hospital in Lebanon.

Exclusion criteria were: age less than 18 years-old, adrenal masses

less than 1 cm or adrenal hyperplasia, CT ordered in the context of

cancer staging or surveillance, or in the context of suspicion of

adrenal disease. For patients who had several CT scans during the

same study period, only the first one was included.
Data collection

Radiologic data
The CT scanner used in the study is a GE VCT 64 Light speed.

The CT acquisition technical parameters were adjusted according to

the clinical needs of the scanner and the patient’s size. The slice

thickness is 1.25 mm. A helical scan was performed using 120 kV,

300 mAs, a rotation time of 0.42 seconds, and a pitch of 1.375. An

experimented radiologist interpreted all the scans. When an adrenal

tumor was discovered, a multiplanar reconstruction of the entire

tumor area was performed in the sagittal, coronal, and oblique

planes, and the maximum density observed in the mass was

reported. The presence and number of adrenal tumors as well as

their characteristics (maximal size, density expressed in HU) were

collected prospectively from the radiology department. In the case of

multiple lesions, the characteristics of the largest lesion were used for

analysis. Incidentaloma density was categorized as low (<10 HU),

medium (10–20 HU), or high (>20 HU), and size was categorized as

small (1–2 cm), medium (2.1–4 cm), or large (>4 cm).
Demographic and anthropometric
characteristics of the population

For hospitalized patients and those admitted to the emergency

department, data were collected via the computerized system of the

hospital, DxCare. Patients undergoing a CT scan as outpatients

were asked to fill a questionnaire that included the following

demographic and clinical data: age, sex, presence of hypertension,

dyslipidemia, diabetes and cardiovascular diseases (CVD). Body

Mass Index (BMI) was calculated using the following formula:

weight in kilograms divided by the square of height in meter.

Patients were divided into 6 age categories (18-30, 31-40, 41-50, 51-

60, 61-70, > 70) in order to evaluate the prevalence according to age.
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Referral rate

Patients’ files were studied between 3 and 12 months after the

performance of the CT scan to determine how many of them were

referred to an endocrinologist for hormonal investigation.
Statistical analysis

The variables were entered into an Excel sheet. The statistical

analysis was performed using IBM SPSS Statistics software version

26.0 (IBM Corp., Armonk, New York) and GraphPad Prism 8 (La

Jolla). Data were analyzed with the Kolmogorov-Smirnov test to

determine the variable distribution. Results for continuous variables

with a normal distribution were expressed as mean ± SD, and those

with non-normal distributions as median (interquartile range).

Comparison between groups was analyzed for normally

distributed data using Student’s t-test for independent samples

and for non-normally distributed data using the Kruskal-Wallis

and Mann-Whitney U tests. One-way analysis of variance followed

by Bonferroni’s test was used to compare quantitative variables

between groups, and the chi-square test or Fisher’s exact test for

qualitative variables. The level of significance was set at 5% (p-value

less than.05). Multivariable analyses of the predictors for AI were
Frontiers in Endocrinology 03
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.
Ethical considerations

The study was approved by the Ethics and Deontology

Committee of Saint-Joseph University of Beirut – Lebanon

(reference number Tfem/2023/71). All participating patients

provided their informed consent by voluntarily completing the

study questionnaire. Data collected were subsequently

anonymized to ensure patient confidentiality before analysis.
Results

Characteristics of the overall population

Of the 4,464 CT scans analyzed, 1296 were excluded due to

missing data or failure to meet inclusion criteria (Figure 1). The

mean age in our population was 59.76 ± 17.91 years. 53% were men
FIGURE 1

Study flowchart.
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and 47% were women. Mean BMI was 25.8 ± 9.19 kg/m2. 48% of

our patients had hypertension, 43% had dyslipidemia, 23% had

diabetes and 28% had CVD.
Prevalence of AI according to age, sex, and
radiologic characteristics

Of the remaining 3168 patients, 222 were found to have an AI.

The prevalence of AI in our center was therefore 7%. The prevalence

was 8% in women and 6% in men with no significant difference

between the two groups (p = .06.) The prevalence increased with

each age category, from 0.9% in the age group of 18–30 years to

10.8% in patients older than 70 years (p<0.001) (Figure 2).

The median size of AI was 1.7 cm (1.2-2.5). 59% of AI had sizes

between 1 and 2 cm, 34% were between 2 and 4 cm, and 7% of them

were larger than 4 cm. 18% of AI were on the right side, 65% on the

left side, and 17% bilateral. 45% of AI had a density lower than 10

HU, 10% between 10 and 20 HU, and 45% had a density higher

than 20 HU.
Comparison of the AI subgroup with the
non-AI subgroup

In the group of patients with AI: 46% were men, 54% were

women; mean age was 69 ± 14 years; mean BMI was 29.3 ± 16.7 kg/
Frontiers in Endocrinology 04
m2; 63% had hypertension, 63% had dyslipidemia, 33% had

diabetes, and 46% had a history CVD. On the other hand, in the

group of patients without AI, 53% were men, 47% are women; mean

age was 59 ± 18 years; mean BMI was 25.5 ± 8.3 kg/m2; 47% had

hypertension; 41% had dyslipidemia; 23% had diabetes; and 27%

had a history of CVD. Therefore, patients with AI were significantly

older, had a higher BMI, and had more hypertension, dyslipidemia,

and CVD than the patients without AI (<. 0001,.0021,.023,.002

and.0056 respectively) (Table 1). In the multivariable logistic

regression analysis (Table 2), body mass index (BMI) emerged as

the only independent predictor significantly associated with the

presence of AI (OR = 1.107; 95% CI: 1.041–1.178; p = 0.001).
Referral rate and/or investigation for
hormonal hypersecretion

After a period of at least 3 months and up to one year, only 12

out of the 222 patients with AI (5.4%) were referred to an

endocrinologist or any other specialist for investigation in order

to rule out excess hormone secretion.
Discussion

The prevalence of AI in our population is 7%. The prevalence of

AI reported in the literature is extremely variable, ranging from
FIGURE 2

Prevalence of adrenal incidentalomas according to age categories.
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0.4% to 7.3% (Table 3) (10, 14–26) This variability could be

attributed to several factors, including the characteristics of the

study population (age, health status, geographic location, exclusion

criteria), sensitivity of the imaging procedures, nature of the study

(retrospective versus prospective studies), and sample size. Overall,

our prevalence is one of the highest among published studies, along

with the one reported by Reimondo et al. in Italy (7%) (25). The

high-resolution of our CT scan and the prospective nature of our

study might partly account for this higher prevalence. Indeed,

studies have proved that the prevalence of AI increases from

approximately 0.64% to 4-5% with the use of more powerful CTs

(1, 27). In addition, retrospective studies tend to demonstrate a

lower incidence of AI (as low as 2.5%), probably because AI are

often not mentioned on the final report (27). Finally, the fact that

our hospital is a tertiary center that handles more complex medical

conditions might also explains the higher prevalence observed in

our study. Notably, we found a high prevalence of AI despite having

excluded all oncologic patients. Our prevalence may have been even

higher had we included subjects undergoing scans for tumor or

metastasis detection.

We did not find any statistically significant difference in the

distribution of AI between men and women. In the literature, AI

were found to be more prevalent in women in several radiological

series (1, 18, 21, 28). Conversely, two published studies demonstrate

a male predominance (25, 29). Male sex has also been associated

with a greater risk of malignancy (30). Another study showed that
Frontiers in Endocrinology 05
patients with AI frequently develop hypertension and

hyperglycemia regardless of sex (31).

Our study showed the expected increase in the prevalence of AI

with age. This is in accordance with all previously published studies

(1, 32–34) Increased adrenal tumorigenesis with age is likely driven

by both an increase in genetic mutations as well as remodeling of

the tissue microenvironment (35). Increased use of imaging in older

subjects could also explain their higher prevalence of AI.

The median size of AI was 1.7 cm (1.2-2.5), with the majority

(59%) ranging between 1 and 2 cm, and most of them (83%) being

unilateral, mainly located on the left side (65%). This is similar to

the findings in the literature, with studies reporting an average size

of 3 cm, with a range of 0.8 to 2.3 cm, and left sided predominance

(27, 29, 36, 37) The predominance on the left size might be due to a

detection bias, since left-sided adenomas are more easily detectable

to radiologists. Indeed, several CT series have shown an equal

distribution between the right and left adrenal glands, similarly to

autopsy series (27, 29, 36). Furthermore. The density of our

incidentalomas is mostly either lower than 10 HU (45%) or

higher than 20 HU (45%). However, in a large retrospective study

conducted by Ebbehoj et al., the majority of AI had a density

inferior to 10 HU (54.7%), and only 21.6% had a density of 20 or

more (38). The high proportion of AI with a density > 20 HU in our

study underlies the importance of recognizing and investigating AI

and could be explained by the fact that our patients were recruited

from a tertiary care hospital, with most of them being possibly more

ill than patients in primary care settings.

Moreover, AI in our study are significantly more frequent in

patients with a higher BMI, hypertension, dyslipidemia, and a history

of CVD. According to our multivariable analysis, however, the only

statistically significant clinical predictive factor for AI was BMI. This

finding suggests that, after adjusting for potential confounders, each

one unit increase in BMI is associated with a 10.7% increase in the

odds of having an AI. In the study published by Reimondo et al.,

higher BMI was also significantly associated with the presence of AI,

but hypertension, dyslipidemia and CVD were not. Type 2 diabetes

however, was significantly more frequent in the group with AI (25) in

contrast to our study where diabetes was frequent but didn’t reach

statistical significance. This is most probably because patients with

autonomous cortisol secretion were not included in our study. The
TABLE 1 Comparison between patients and without an adrenal incidentaloma.

Patients characteristics Patients with an adrenal
incidentaloma (N = 223)

Patients without an adrenal
incidentaloma (N = 2945)

P value

Male Sex (%) 46 53 .322

Age (years ± SD) 69 ± 14 59 ± 18 <.0001

Body Mass Index (kg/m2 ± SD) 29.3 ± 16.7 25.5 ± 8.3 .0021

Hypertension (%) 63 47 .023

Dyslipidemia (%) 63 41 .002

Diabetes (%) 33 23 .115

Major cardiovascular events (%) 46 27 .0056
Data are expressed as mean ± SD or as absolute value and percentage as appropriate.
TABLE 2 Multivariable logistic regression model of the predictors the
presence of AI.

Predictors OR (95% CI) P value

Age (years) 1.020 (.994 – 1.046) .133

Body Mass Index (kg/m2) 1.107 (1.041 – 1.178) .001

Hypertension .888 (.423 – 1.865) .754

Dyslipidemia .564 (.277 – 1.148) .114

Diabetes 1.937 (.858 – 4.375) .112

Cardiovascular risk diseases .798 (.374 – 1.703) .559
OR, Odds Ratio; CI, Confidence Interval.
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association between AI and the presence of co-morbidities is mainly

due to the fact that some AI are functional and secrete either cortisol

or aldosterone or catecholamines, which highlights the importance of

investigating all AI.

Finally, the referral rate of AI to endocrinology in our study is

very low (5.4%). The few published studies analyzing this issue also

revealed that clinicians rarely prescribe the appropriate medical

assessments and/or refer their patients to an endocrinologist (11,

12). Indeed, a study conducted in a large UK university teaching

hospital reported that only 9.6% of patients with AI were referred to

an endocrinologist (11). Another review of 804 AI showed that 30%

were investigated and followed-up (13). Our study has the lowest

referral rate, even though 45% of our AI have a density higher than

20 HU and 7% are larger than 4 cm. Lebanon’s ongoing political and
Frontiers in Endocrinology 06
financial crisis might contribute to this lower referral rate, as it could

deter healthcare providers from pursuing investigations and many

cases were lost to follow-up. Keeping in mind that 37% of AI might

increase in size on follow-up (39), and 29% of patients with

nonfunctioning AI could develop mild autonomous cortisol

secretion during follow-up (40), AI should be followed-up

regularly by an endocrinologist to rule out a change in size or

aspect on imaging or a new hormonal secretion. The European

Society of Endocrinology clinical practice guidelines state that

patients with an adrenal incidentaloma should undergo a 1mg

overnight dexamethasone suppression test to rule out

hypercortisolism. They also recommend no further imaging for

benign appearing adrenal masses (homogeneous appearance and a

density ≤ 10 HU). As for non-secreting homogenous adrenal masses
TABLE 3 Prevalence of adrenal incidentalomas in CT scan series.

Study Study
Period

Number
of
patients

Age at
Diagnosis
(years)

Female
Sex (%)

Type
of CT

Prevalence of
Adrenal
Incidentalomas (%)

Size (mm) Bilateral
masses
(%)

Glazer,
1982 (14)

NA 2200 NA NA NA 0.6 NA NA

Prinz,
1982 (15)

1981 1423 41-73 44.4 Abdominal 0.6 10-40 NA

Abecassis,
1985 (16)

1983-1985 1459 NA NA NA 1.3 NA NA

Belldegrun,
1986 (17)

1976-1983 12 000 NA NA Abdominal 0.7 NA NA

Herrera,
1991 (18)

1985-1989 61 054 62 60.2 NA 0.4 2, (10-110) NA

Caplan,
1994 (19)

NA 1779 NA NA NA 1.90 NA NA

Song, 2008 (20) 2000-2003 65 231 64 (19-100) NA Abdominal
and
thoracic

1.5 20 (4-82) 7.8

Hammarstedt,
2010 (21)

2002-2004 34 044 69 (30-94) 56.9 Abdominal
and
thoracic

4.5 25.8 (8-94) 25.1

Bovio,
2006 (22)

2001-2001 520 58 (50-79) 26.1 Thoracic
scan

4.4 12-38 13.2

Davenport,
2011 (23)

2006-2007 3099 68 (45-92) 46 Abdominal
and
thoracic

0.98 abdomen 0.81 thorax 26 ± 12 2.7

Grossman,
2016 (24)

NA 673 50.93 ± 11.1 NA Abdominal
CT

4.2 NA 11

Reimondo et al,
2020 (25)

2017-2018 601 65.6 ± 10.3 27.3 Abdominal
CT

7.3 21 (10-50) 29.5

Jing Y et al,
2022 (41)

NA 25 000 NA NA Abdominal 1.4 NA NA

Elzain et al,
2024 (10)

2013 – 2021 300 NA 50.3 Abdominal NA NA 4

Present Study 2022-2023 3168 69 ± 14 54 Abdominal
and
thoracic

7 24 ± 45 17
Range in parentheses indicates the minimum value and the maximum value of the sample.
CT, computed tomography; NA, not available.
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with a size inferior to 4 cm and a density of 11–20 HU, they suggest

either an immediate additional imaging or a follow-up CT scan or

MRI in 12 months. To improve patient outcomes, it is therefore

essential to raise awareness among physicians of all specialties about

the significance of evaluating and monitoring AI, in line with the

latest European Society of Endocrinology guidelines (7).

The large sample size of 3168 patients increases the accuracy of

our results as well as the validity of our conclusions. Moreover, the

prospective design of this study minimizes the likelihood of missed

diagnoses of AI by the radiologist. Furthermore, our study is the

first conducted in Lebanon and the second in the Middle East

regarding the prevalence, clinical and radiological characteristics,

and referral rate of AI.

Nevertheless, some limitations should be considered. Patients

were selected from a single center, which could induce a selection

bias and limit the generalizability of our results. Additionally, the

fact that every oncologic patient was excluded might underestimate

the prevalence of AI in our population. Moreover, our data

collection relies on medical records and patient questionnaires,

which may be subject to missing or inaccurate information. Finally,

it is important to remember that the evolving nature of imaging

technology can influence the detection of AIs, necessitating a

continuous reevaluation of findings.
Conclusion

Our study revealed a prevalence of AI of 7%. AI were found to

be more frequent in older people as well as patients with higher

BMI, hypertension, dyslipidemia, and a history of CVD. The very

low referral rate to endocrinologists in our study may be attributed

to Lebanon’s ongoing crisis and developing healthcare system. To

optimize patient outcomes, raising awareness among healthcare

providers about the significance of AI and the need for timely

referral is crucial.
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