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1  | INTRODUC TION

Adrenal incidentaloma is an adrenal lesion identified at an imag-
ing examination that was performed because of an extra-adrenal 
disorder.1-3 The prevalence of adrenal incidentalomas (adrenal le-
sions ≥ 1 cm) varied between 1.9%-10%, with an estimated prev-
alence of 3% in middle-aged individuals that increased with age, 
reaching approximately 10% in the elderly.2-10 In the case of ad-
renal incidentaloma, the discrimination of a benign from a malig-
nant adrenal mass is of crucial clinical importance. Fortunately, the 
vast majority of adrenal incidentalomas are nonfunctional benign 
tumors. Specifically, a benign mass was found in more than 80% of 
cases, whereas 3 out of 4 patients had a nonfunctional tumor.2,3 In 
the rest of the cases with a hormone-producing adrenal lesion, pa-
tients were more likely to suffer from Cushing syndrome, whereas 

pheochromocytoma and primary aldosteronism were more rarely 
detected.

Primary aldosteronism is the most common cause of second-
ary hypertension.11,12 The Endocrine Society suggests that pri-
mary aldosteronism affects 6.1% of the hypertensive population, 
whereas it becomes more prevalent in the settings of moderate, 
severe, and resistant hypertension.13-15 Patients with primary 
aldosteronism have a higher cardiovascular risk and greater tar-
get organ damage compared with essential hypertensive patients 
with equal blood pressure levels.16,17 Cause-specific treatment 
(surgical or pharmacological) results in blood pressure reduction, 
reversal of target organ damage, and normalization of potassium 
levels.13,18-22 Altogether, the aforementioned data emphasize the 
need for an early detection of patients with this endocrine form of 
hypertension.23
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The Endocrine Society recommends the presence of adrenal inci-
dentaloma as an independent cause that augments the clinical suspi-
cion of primary aldosteronism, along with other conditions.13 In the 
recently published American Heart Association guidelines for the 
management of hypertension, it is stated that adrenal incidentaloma 
is a screening cause of primary aldosteronism among hypertensive-
patients.24 Moreover, guidelines for the management of patients 
with adrenal incidentaloma note that there is no need for screening 
for primary aldosteronism, except if concurrent hypertension and/or 
hypokalemia are presented.2,3 However, accumulating data suggest 
that primary aldosteronism has been uncommonly identified among 
individuals with adrenal incidentaloma, but these data derive mainly 
from retrospective surveys, most of them in Asian populations.9,25–32

The aim of the current study is to prospectively investigate the 
prevalence of primary aldosteronism among European patients who 
were referred to our center because of an adrenal incidentaloma, as 
well as to evaluate the clinical characteristics of such patients com-
pared with participants with adrenal incidentaloma free of the disease.

2  | METHODS

We conducted a prospective, observational, single-center study of 
consecutive adults with an adrenal incidentaloma who were referred 
to the Hypertension Center of the Second Propedeutic Department 
of Internal Medicine, Thessaloniki, Greece for further evaluation, be-
tween January 2013 and August 2017. All the eligible patients gave 
written informed consent prior to inclusion in the trial. The current 
study was conducted in accordance with the principles of the Helsinki 
declaration, and the procedures used were in agreement with institu-
tional guidelines and were approved by the institutional review board.

Patients were eligible for inclusion in the study if they were 
adults with an adrenal incidentaloma. Exclusion criteria were any 
type of documented malignancy and radiological indication of a ma-
lignant adrenal tumor and/or adrenal angiomyolipoma, because the 
management of these conditions differs significantly.2

On the screening visit, participant demographic and anthro-
pometric characteristics, medical history, and medication were 
recorded; a thorough clinical examination was performed; and a 
sodium-free diet was advised. Oral potassium supplementation was 
prescribed if needed. For participants who were on any antihyper-
tensive agent other than a calcium channel blocker or an α-adrenergic 
blocker, the treatment was substituted with either or both the afore-
mentioned drug classes for at least 2 weeks or 6 weeks in the case 
of patients receiving a mineralocorticoid receptor antagonist. On the 
main visit, participants came to our center in the morning (07:00 am) 
after night sleeping (coffee and smoking were not allowed). Office 
blood pressure level was calculated as the average of 3 consecu-
tive measurements with the patient in the seated position in rest for 
5 minutes, using a mercury sphygmomanometer and an appropriate 
branch cuff, according to the guidelines.24 Blood samples from a 
peripheral vein were obtained (without barking) for the estimation 
of several biochemical parameters. Consequently, all participants 

underwent hormonal evaluation and suppression test with intrave-
nous saline infusion. Furthermore, participants underwent the 1 mg 
dexamethasone suppression test and evaluation of other cortical ad-
renal hormones (dehydroepiandrosterone, catecholamine) according 
to clinical, laboratory, and radiological findings, but these data are 
not be discussed in the current study.

After 2 hours with the study participants in the supine position in 
a quiet room under steady conditions, plasma renin activity (PRA) and 
plasma aldosterone concentration (PAC) were assessed through pe-
ripheral venous sampling (9:30 am). The PAC to PRA ratio (aldosterone-
to-renin ratio [ARR]) was calculated for each individual. Afterwards, all 
patients were administered an intravenous infusion of 2 L saline 0.9% 
while remaining in the supine position for 4 hours. PAC was measured 
via blood sampling from a peripheral vein, at the end of the intrave-
nous saline suppression test (PACsuppressed). The diagnosis of primary 
aldosteronism was based on a PAC ≥ 6 ng/dL after the IV saline test 
and was later confirmed by the response to mineralocorticoid receptor 
antagonists on monotherapy or with minimal additional therapy.

Traditionally, ARR is used as the screening test for primary aldo-
steronism, and confirmatory testing is performed in patients with 
ARR >30 and PAC >15 ng/dL. For the purpose of this study, how-
ever, we performed confirmatory testing in all participants in order 
to overcome the false negative results of ARR and strengthen the 
validity of our study findings.

Potassium, creatinine, glucose, and lipids were measured from 
blood samples using fully automated instrumentation. Both PAC and 
PRA were measured with commercial radioimmunoassay kits (PRA: 
Angiotensin I RIAKit, with intra- and interassay coefficients of vari-
ability of up to 11.3% and 20.9%, respectively; PAC: Aldosterone RIA 
100T, with intra- and interassay coefficient of variability of up to 7.7% 
and 8.4%, respectively) at the certificated radioimmunology laboratory 
of our department. Detection limits of the methods were below 1 ng/
dL for PAC and 0.2 ng/mL/h for PRA. All blood samples for PRA calcu-
lation were collected in chilled anticoagulated glass tubes, immediately 
stored inice-filled containers, and underwent refrigerated centrifuge.

Statistical analysis was performed with the Statistical Package 
for the Social Sciences version 25 for Windows. Results are ex-
pressed for continuous variables with a normal distribution as 
mean (SD), with nonnormal distributions as median (interquartile 
range [IQR]). Qualitative variables are expressed as frequencies. 
Kolmogorov-Smirnov algorithm was performed to estimate whether 
a variable had a normal distribution. Independent student t test or 
Mann-Whitney U test was used to estimate differences between 
mean values of 2 independent groups. The comparison for repeated 
measurements of the same variable were performed with paired 
student’s t test (between 2 time points) or 1-way analysis of vari-
ance (ANOVA) (between 3 or more time points) as parametric alter-
natives, and the Wilcoxon signed-rank test (between 2 time points) 
or the Friedman test (between 3 or more timepoints), Pearson chi-
square test with the Yates correction where appropriate was used 
for comparison of frequencies of nonparametric alternatives (conti-
nuity correction was used to improve the fit to the exact probability). 
A P value of less than .05 was considered statistically significant.
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3  | RESULTS

In total, 269 consecutive patients (122 male) with adrenal inciden-
taloma were included in the study. The characteristics of patients 
with and without primary aldosteronism as well as of the total sam-
ple are summarized in Table 1. All of them were Caucasians with a 
median age of 65 years and 23.2% were smokers. The mean systolic 
and median diastolic blood pressure levels for all study participants 
were 138.7 ± 16.5 and 80 (72-86) mm Hg, respectively, whereas 
51.3% of the study sample had normal blood pressure levels.  
Study participants had a median serum potassium level of 4.3 
(4.0-4.6) mg/dL, and eGFR of 83.3 (67.3-98.6) mL/min/1.73 m2. 
Radiological characteristics of adrenal incidentaloma are shown for 
the total sample, as well as for each subgroup separately in Table 2. 
Cholecystitis and abdominal pain (diffuse or localized) were the main 
cause (79%) of imaging evaluation that led to the identification of 
adrenal incidentaloma. Adrenal incidentalomas had a mean size of 
1.8 ± 0.8 cm and were located on the left gland in 139 individuals and 

was unilateral in more than 81% of participants (n = 219), whereas 
hypertrophy of the contralateral gland was observed in 41 patients 
and a contralateral adrenal mass in 9 individuals.

Overall, primary aldosteronism was identified in 9 individuals (4 
male), equaling a prevalence of 3.35% among white adults with ad-
renal incidentaloma. Participants with primary aldosteronism had a 
mean age of 58.8 years, body mass index of 31.1 ± 5.9 kg/m2, and 
serum potassium level of 3.6 ± 0.5 mmol/L. All patients with pri-
mary aldosteronism suffered from hypertension with a mean blood 
pressure level of 152.7/100.8 mm Hg. The mean size of the adrenal 
masses was 1.6 ± 0.5 cm and most of them (n = 5) were found with 
hyperplasia of the contralateral adrenal gland. A unilateral adrenal 
mass was identified in 3 participants with primary aldosteronism (2 
in the left gland) and 1 patient had a contralateral tumor as well. In 
individuals with this endocrine form of hypertension PAC and PRA 
were 46 ng/dL and 0.3 ng/mL/h, respectively. PACsuppressed was 
42.1 ng/dL, featuring a reduction of 3.9 ng/dL in PAC after the saline 
infusion test (P = NS).

Characteristics
Total sample 
(n = 269)

Primary 
aldosteronism 
(n = 9)

Without primary 
aldosteronism (n = 260)

Sex (males) 45% 44.4% 45%

Age (y) 65 (56.5-71.0) 58.8 ± 10 65 (57-71)

BMI (kg/m2) 30.1 (26.5-33.3) 31.1 ± 5.9 30.1 (26.4-33.0)

Waist Circumference 
(cm)

108 (100-115) 110 ± 12.5 108 (100-115)

Smoking 23.2% 11.1% 23.5%

Hypertension* 48.7% 100% 46.9%

SBP (mm Hg)¶ 138.7 ± 16.5 152.7 ± 11.2 138.2 ± 16.5

DBP (mm Hg)* 80 (72-86) 100.8 ± 5.2 78.9 ± 9.8

HR (bytes/min) 74 (64-82) 72.8 ± 10.4 75 (67-82)

eGFR (mL/min/1.73 m2) 83.3 (67.3-98.6) 71.1 (49.7-91.9) 83.6 (67.4-98.8)

Potassium (mmol/L)* 4.3 (4.0-4.6) 3.6 ± 0.5 4.3 (4.0-4.7)

Sodium (mmol/L)* 142.5 ± 7.8 145.0 ± 1.4 142.5 ± 7.8

Glucose (mg/dL) 145 (123-183.5) 139 (130-235) 145 (122.5-182.0)

Total cholesterol (mg/
dL)

185.4 ± 43.9 189 ± 35.7 185.3 ± 44.3

Triglycerides (mg/dL) 132 (101-180) 161 ± 62.5 132 (101-179)

LDL (mg/dL) 100 (78-125) 98.4 ± 25.4 105.3 ± 36.3

HDL (mg/dL) 49 (42-58) 54.4 ± 11.9 49 (42-58)

PAC (ng/dL)* 7.0 (5.2-9.3) 46 ± 24.6 6.9 (5.2-9.0)

PRA (ng/mL/h)* 0.7 (0.4-1.1) 0.3 ± 0.1 0.8 (0.4-1.2)

ARR* 10.3 (5.7-18.1) 176 ± 83.6 10.3 (5.5-17.2)

PACsuppressed (ng/dL)* 3.5 (2.8-4.2) 42.1 ± 27.8 3.4 (2.8-4.1)

ARR: aldosterone to plasma renin activity ratio; BMI: body mass index; DBP: diastolic blood pres-
sure; eGFR: estimated glomerular filtration rate; HDL: high-density lipoprotein; HR: Heart rate; LDL: 
low-density lipoprotein; PAC: plasma aldosterone concentration; PACsuppressed: plasma aldosterone 
concentration after saline infusion test; PRA: plasma renin activity; SBP: systolic blood pressure.
*P < .001 for comparison between patients with and without primary aldosteronism.;
¶P < .05 for comparison between patients with and without primary aldosteronism. Values are 
expressed as mean ± SD or median (interquartile range).

TABLE  1 Clinical, biochemical, and 
hormonal characteristics of participants
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Compared with participants free of the disease, patients with 
primary aldosteronism were more likely to be hypertensive (P < .001), 
had higher systolic and diastolic blood pressure levels by 14 and 
20.8 mm Hg (P < .05 and P < .001, respectively), and lower serum 
potassium levels by 0.8 mg/dL (P < .05). Furthermore, stage 2 hyper-
tension (blood pressure ≥ 160/100 mm Hg) was more prevalent in 
patients with primary aldosteronism (66.7% vs 13.1%; P < .001). The 
between-group differences in the rest of the characteristics did not 
reach statistical significance (Table 1). Both groups had equal adre-
nal incidentaloma size (1.6 vs 1.6 cm; P = .32). However, participants 
without primary aldosteronism were more likely to be found with a 
unilateral lesion (83% vs 33%), whereas patients with primary aldo-
steronism were more likely to be detected with a lesion in the con-
tralateral adrenal gland as well (P < .05; 5 out of 9 had contralateral 
hypertrophy and 1 a contralateral mass). In total, 6 patients were 
diagnosed with bilateral hyperplasia and 3 patients with unilateral 
adenoma.

As expected, the hormonal evaluation revealed that patients 
with primary aldosteronism had a higher PAC and PACsuppressed by 
39 and 38.6 ng/dL, respectively, more suppressed PRA by 0.4 ng/
mL/h, and a substantially elevated ARR compared with participants 
without primary aldosteronism (P < .001 for all comparisons). The 
latter group exhibited a more pronounced suppression in PAC level 
after the saline infusion test (approximately 51% reduction; P < .001) 
compared with participants with primary aldosteronism (approxi-
mately 11%; reduction; P = .1). All PAC values in both subgroups are 
summarized in Figure 1.

Comparison between patients with primary aldosteronism and 
patients with hypertension but free of the disease showed that pa-
tients with primary aldosteronism had similar systolic blood pressure 
levels with disease-free patients (152.7 ± 16.5 vs 151.9 ± 10.2 mm 
Hg respectively; P = .8). On the contrary, diastolic blood pressure 
levels were significantly higher in patients with the disease com-
pared with hypertensive patients free of the disease (100.8 ± 5,2 vs 
82.2 ± 9.9 mm Hg, respectively; P < .001). Potassium levels and PRA 
were lower in patients with primary aldosteronism compared with 
disease-free hypertensive patients [potassium levels: 3.6 ± 0.5 vs 
4.4 ± 0.5 mg/dL, P < .001; PRA: 0.3 ± 0.1 vs 0.7 (0.4-1.2) ng/mL/h, 
P < .05, respectively]. In addition, primary aldosteronism patients 

had substantially greater PAC and PACsuppressed values (PAC: 46 
vs 7.2 ng/dL, P < .001; PACsuppressed: 42.1 vs 3.6 ng/dL, P < .001, 
respectively).

4  | DISCUSSION

Our study is the first prospective clinical trial that has evaluated 
the prevalence and clinical characteristics of primary aldosteronism 
among patients with adrenal incidentaloma in a European popula-
tion. In a large sample of 269 consecutive adults with adrenal inci-
dentaloma, we found 9 cases of primary aldosteronism, suggesting a 
prevalence of 3.35% among this group of patients. Of great interest, 
all 9 participants detected with primary aldosteronism had an addi-
tional clinical or laboratory finding that raised the clinical suspicion of 
the disease. Specifically, 4 participants had concurrent hypokalemia 
along with hypertension, 4 presented with resistant hypertension 
(uncontrolled hypertension despite of the use of at least 3 differ-
ent antihypertensive agents including a diuretic), whereas 1 suffered 
from both hypokalemia and resistant hypertension. Therefore, our 
study has 2 important findings.

First, all patients diagnosed with primary aldosteronism in our 
sample should have been screened for the disease because of 
strong suspicion prior to the incidentally discovered adrenal mass; 

F IGURE  1 Plasma aldosterone concentration of patients with or 
without primary aldosteronism before and after the saline infusion 
test
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Characteristics
Total sample 
(n = 269)

Primary  
aldosteronism (n = 9)

Without primary 
aldosteronism (n = 260)

Size (cm) 1.6 (1.2-1.9) 1.6 ± 0.5 1.6 (1.2-1.9)

Localization

Unilateral* 81.3% 33.3% 83%

Left adrenal gland 41.6% 22.2% 42.3%

Contralateral adrenal 
gland lesion*

18.5% 66.7% 16.9%

Contralateral hyperplasia 15.2% 55.6% 13.8%

Contralateral mass 3.3% 11.1% 3.1%

*P < .05 for comparison between patients with and without primary aldosteronism. Values in paren-
thesis are mean (±SD) or median (±IQR).

TABLE  2 Radiologic findings of adrenal 
incidentaloma
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thus, our findings highlight the necessity of improved knowledge 
about primary aldosteronism by primary care physicians for the 
better implementation of guideline recommendations about pri-
mary aldosteronism. Indeed, a recent survey of 500 general prac-
titioners in Italy and Germany (2 wealthy European countries 
with good healthcare systems) revealed that only half of general 
practitioners claimed to be aware of the guidelines, and 19%-36% 
of them did not have even 1 patient with primary aldosteronism; 
therefore, the prevalence of aldosteronism was very low (1%-2%), 
which is not surprising because even the simplest test (serum po-
tassium) was measured in only half of hypertensive patients.33 
Second, there were no cases of primary aldosteronism without a 
concurrent clinical or laboratory sign of primary aldosteronism, 
providing further credence on recent guidelines that recommend 
screening for primary aldosteronism in patients with adrenal in-
cidentaloma only in the case of concurrent hypertension and/or 
hypokalemia.2,3,13,24

Our study presents a similar, but slightly higher prevalence of 
primary aldosteronism between patients with adrenal incidentaloma 
than the median of 2.0% by the International Endocrine Society13 
and of 2.5% by the European Society of Endocrinology reports.3 
However, several observations might explain this discrepancy. First, 
we excluded patients with radiological indications of adrenal angio-
myolipoma and carcinoma. Second, ours is the only study that eval-
uated with a confirmatory test all participants, minimizing the risk of 
false exclusion of a primary aldosteronism diagnosis. Third, patients 
with potassium levels < 3.5 mmol/L were not included in 4 stud-
ies referenced by the European Society of Endocrinology.9,29,31,34 
Finally, several studies either had not documented the diagnosis of 
primary aldosteronism with a confirmatory test30,32,35 or partially 
used the postural stimulation test that has questionable utility for 
the confirmation of the disease.25,27,28

In the present sample, all patients with primary aldosteronism 
had concurrent hypertension, which is in accordance with the find-
ings by Vierhapper.36 In this study, 100 normotensive and 169 hy-
pertensive individuals with adrenal incidentaloma underwent PAC, 
PRA, and ARR evaluation and if needed (PAC > 15 ng/dL and ARR 
> 50) underwent oral sodium loading test to determine the preva-
lence of primary aldosteronism. None of the normotensive patients 
were detected with the disease, whereas all 6 patients with primary 
aldosteronism had concurrent hypertension. In another study of 
125 normokalemic patients with adrenal incidentaloma (90 with 
arterial hypertension), it was found that all 5 patients with primary 
aldosteronism were hypertensives.34 Another study that was con-
ducted among normokalemic individuals with adrenal incidentaloma 
observed that all 16 patients with primary aldosteronism had high 
blood pressure as well.9 These findings were confirmed in a Korean 
study, in which 8 out of 79 participants who were detected with pri-
mary aldosteronism were hypertensives.28 Only in a retrospective 
study of 150 Japanese with adrenal incidentaloma, it was stated that 
2 out of 16 patients with primary aldosteronism were normoten-
sives; but it is not clarified whether such a diagnosis was based on a 
positive postural stimulation test.27

We found a mean potassium level of 3.6 mmol/L for the primary 
aldosteronism subgroup, with 4 individuals expressing hypokalemia. 
These outcomes are in accordance with data on primary aldostero-
nism that suggest normokalemia as common as 60% among patients 
with primary aldosteronism.37 We found a statistically significant 
lower potassium level of 0.8 mmol/L among participants with pri-
mary aldosteronism. Three previously published studies have de-
scribed the serum potassium status among patients with primary 
aldosteronism and adrenal incidentaloma. Tobuchi and colleagues27 
found serum potassium levels of 3.8 ± 0.5 mmol/L in patients with 
primary aldosteronism, but insignificant difference was observed 
in comparison with the rest of patients with adrenal incidentaloma. 
Mantero and colleagues reported that 60% of such patients had 
serum potassium levels between 3.5 and 3.8 mmol/L (no patients 
with hypokalemia included),9 whereas Vierhapper found that 4 out 
of 5 patients with adrenal incidentaloma and primary aldosteronism 
had hypokalemia.36

Moreover, we found that patients with primary aldosteronism 
were more likely to present a lesion in the contralateral gland than 
participants without this disorder. Accumulating data suggest that 
adrenal incidentalomas are unilateral in more than 80% of cases,2,3,38 
similar to our results. Regarding the lateralization of adrenal inciden-
talomas among individuals with primary aldosteronism, existing data 
are quite restricted. All of patients with primary aldosteronism had a 
unilateral adrenal mass in both a Korean (n = 8) and a Swedish (n = 9) 
study.28,32 Similarly, in a Chinese population of 1941 individuals with 
adrenal incidentaloma, primary aldosteronism was detected in 78 
participants.25 Patients with primary aldosteronism showed a ten-
dency to suffer from unilateral adrenal lesions compared with bilat-
eral abnormalities (4.3% vs 3.6%; P = .686).

The prospective design and the relatively large sample of study 
population appear as significant strengths of our study. More im-
portant, we used an appropriate algorithm for the diagnosis of 
primary aldosteronism, following all the recommendations for the 
preparation and conduction of tests and evaluation of hormonal 
outcomes. Moreover, the diagnosis of primary aldosteronism was 
further confirmed by the response to mineralocorticoid receptor an-
tagonists. Finally, we performed a confirmation test in all study par-
ticipants, overcoming the possibility of false negative screening with 
ARR. In contrast, the small sample of participants with primary al-
dosteronism restricts the generalization of study findings. However, 
this limitation is due to the low prevalence of primary aldosteronism 
among patients with adrenal incidentalomas.

5  | CONCLUSION

Primary aldosteronism is relatively uncommon among patients with 
adrenal incidentaloma. Our study suggests a prevalence of 3.35% 
for primary aldosteronism among such patients. A closer look at our 
data reveals all individuals with primary aldosteronism presented 
with a concurrent sign (clinical or laboratory) mandating screen-
ing for the disease (hypertension with or without hypokalemia). 
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Therefore, our findings highlight the poor implementation of guide-
line recommendations in real-life practice. Not all patients diagnosed 
with primary aldosteronism were screened for the disease by the 
referring physician, despite the clear-cut indications for such screen-
ing. Intense efforts are needed to familiarize primary care physicians 
with current recommendations for primary aldosteronism in order 
to minimize undiagnosed cases and the detrimental sequelae of pri-
mary aldosteronism.

On the other hand, our findings support current guideline rec-
ommendations that patients with adrenal incidentaloma should 
be investigated for primary aldosteronism only in the case of con-
current hypertension and/or hypokalemia. Given that the diagno-
sis of primary aldosteronism is time consuming, costly, and tricky 
and necessitates specialized clinicians, laboratories, and centers, a 
more appropriate selection of candidates for screening should be 
preferred. Moreover, the high prevalence of adrenal incidentalomas 
combined with the wider use of radiologic modalities render our 
findings clinically meaningful, because of the ever-increasing ab-
solute number of individuals with incidentally discovered adrenal 
masses.
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