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Abstract

Purpose To evaluate differences between patients with unilateral and bilateral adrenal incidentalomas (Als) in the prevalence
of autonomous cortisol secretion (ACS) and related comorbidities.

Methods In this multicentre retrospective study, Als > 1 cm without overt hormonal excess were included in the study. ACS
was defined by a post-dexamethasone suppression test (DST) serum cortisol > 5.0 ug/dl, in the absence of signs of hyper-
cortisolism. For the association of ACS with the prevalence of comorbidities, post-DST serum cortisol was also analysed
as a continuous variable.

Results Inclusion criteria were met by 823 patients, 66.3% had unilateral and 33.7% bilateral Als. ACS was demonstrated in
5.7% of patients. No differences in the prevalence of ACS and related comorbidities were found between bilateral and uni-
lateral Als (P> 0.05). However, we found that tumour size was a good predictor of ACS (OR=1.1 for each mm, P <0.001),
and the cut-off of 25 mm presented a good diagnostic accuracy to predict ACS (sensitivity of 69.4%, specificity of 74.1%).
During a median follow-up time of 31.2 (IQR =14.4-56.5) months, the risk of developing dyslipidaemia was increased in
bilateral compared with unilateral Als (HR=1.8, 95% CI=1.1-3.0 but, this association depended on the tumour size observed
at the end of follow-up (HR adjusted by last visit-tumour size=0.9, 95% CI=0.1-16.2).

Conclusions Tumour size, not bilaterality, is associated with a higher prevalence of ACS. During follow-up, neither tumour
size nor bilaterality were associated with the development of new comorbidities, yet a larger tumour size after follow-up
explained the association of bilateral Als with the risk of dyslipidaemia.
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Introduction

Adrenal incidentalomas (Als) are asymptomatic adre-
nal lesions that are identified unexpectedly on imaging
tests requested by reasons other than adrenal disease [1].
Most Als are classified as non-functioning adrenocorti-
cal adenomas. However, it has been suggested that a sig-
nificant percentage of these presumably non-functioning
Als (NFAI) actually secrete adrenal steroids in excess. In
fact, autonomous cortisol secretion (ACS)—defined as
biochemical evidence of cortisol hypersecretion in the
absence of signs of Cushing’s syndrome [2]—has been
detected in up to 50% of Als [3]. However, the best test to
diagnose ACS remains unclear at present. Even though the
overnight 1 mg dexamethasone suppression test (DST) is
the most extended screening test, currently there is no con-
sensus on which is the best threshold of post-DST serum
cortisol to define ACS [3-5].

Regardless of the test or threshold used to diagnosed
ACS, there is growing evidence linking this condition with
increased metabolic and cardiovascular morbidity and
mortality [6—8]. Several clinical, biochemical and imaging
characteristics of Als have been associated with ACS [6,
9-11]. In this regard, bilaterality of Als might be associ-
ated with higher rates of ACS and related comorbidities [9,
10] although such an association has not been supported
by all studies [10, 12—14].

The aim of this study was to evaluate the differences
in the prevalence of ACS and potential related metabolic
comorbidities among patients with unilateral and bilateral
Als. Moreover, we analysed the impact of bilaterality of
Als on the risk of tumour growth and development of ACS
and related comorbidities during follow-up.

Methods
Study population

In this retrospective study, we included 977 patients pre-
senting with one or more Als of at least 1 cm in larger
diameter at seven Spanish Hospitals between 2001 and
2020. Bilaterality of Als was defined by the presence of
at least one Al in each of the adrenal glands.

Patients who met one or more of the following crite-
ria were directly excluded to enter in the Spanish Adre-
nal Incidentaloma Register (i) under age 18 or above age
90 years; (ii) suffering with hereditary syndromes asso-
ciated with adrenal tumours [4]; (iii) those on chronic
treatment with glucocorticoids (GC) or who had received
GC treatment with a dose > 10 mg/day of prednisone or
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equivalent for 3 months during the 3 months preceding
hormonal evaluation, (iv) patients under treatment with
oral hormonal contraceptives (treatment should be sus-
pended at least 6 weeks before performing the function-
ality study), (v) patients in whom the imaging test was
performed in the context of the study of extension of an
extra-adrenal primary cancer and vi) patients with ACTH-
dependent Cushing syndrome [15—18]. For this study,
exclusion criteria were: i) overt adrenal hormone excess
such as Cushing’s syndrome (n=9), primary hyperaldo-
steronism (n =26), pheochromocytoma (n=6) or sexual
steroid producing adrenal lesions (n=0); ii) diagnosis of
adrenocortical carcinoma or radiological features sugges-
tive of malignancy (irregular and heterogeneous lesions)
(n=4) and iii) patients with missing values in the initial
DST (n=109). A total of 823 (84.6%) patients were finally
included in the study (Fig. 1). We analysed patients’ data
recorded at entry into the study and at the last follow-up
visit after median 31.2 (IQR =14.4-56.5) months. The
study was approved by the local ethical Committee of the
Hospital Universitario Ramoén y Cajal.

Clinical evaluation

Medical records were reviewed retrospectively to extract
demographic information such as age, and sex, medical his-
tory of ACS-related comorbidities including hypertension,
type 2 diabetes mellitus, obesity, dyslipidaemia, cerebro-
vascular, and cardiovascular disease, and physical examina-
tion variables including body mass index (BMI) and clinical
systolic and diastolic blood pressure. These parameters were
assessed at baseline and at the last follow-up visit.
Hypertension was diagnosed when blood pressure
was > 140/90 mmHg or patients were receiving antihyper-
tensive drugs. Diagnoses of type 2 diabetes and dyslipidae-
mia were based on established criteria [19, 19]. Obesity
was defined by a BMI > 30 kg/m”. Cardiovascular disease
was defined as ischemic heart disease or heart failure, and

977 patients with Als

Exclusion criteria:

-Overt Cushing syndrome (n=9)
-Primary aldosteronism (n=26)
-Pheochromocytoma (n=6)
-Adrenocortical carcinoma (n=4)
-Missing value in DST (n=109)

823 patients included for analyses
(546 with unilateral and 277 with bilateral Als)

Fig. 1 Cohort selection process. DST dexamethasone suppression
test, Al adrenal incidentalomas
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cerebrovascular disease as a transient ischemic attack or
acute stroke.

Hormonal and biochemical evaluation

At study entry, all Al patients underwent a DST and meas-
urement of urinary normetanephrine and metanephrine.
Other hormones such as serum cortisol, adrenocortico-
tropic hormone (ACTH), dehydroepiandrosterone sulphate
(DHEA-S), and 24-urinary free cortisol (UFC) were also
evaluated in some patients at the discretion of the attend-
ing physician. Aldosterone/renin ratio was also evaluated in
hypertensive or hypokalemic patients; and 17-hydroxypro-
gesterone and serum basal cortisol concentrations served
to rule out non-classic congenital adrenal hyperplasia in
patients presenting with bilateral Als. The DST was repeated
at the follow-up visit in 437 patients. Other hormones were
also determined at the discretion of the treating physician.

ACS was defined as a serum cortisol concentra-
tion >5.0 pg/dl at 8 am following a single 1 mg dexametha-
sone oral dose taken at 11 pm the night before extraction,
provided that specific signs of cortisol excess such as myo-
pathy, ecchymosis and/or cutaneous atrophy were absent.
We used a 5.0 pg/dl post-DST serum cortisol threshold for
the definition of ACS based on the last European guidelines
about the management of Als [21]. However, considering
the current uncertainties about the optimal cut-off to define
ACS, we also analysed post-DST serum cortisol as a con-
tinuous variable. Als were considered as non-functioning
tumours when the hormonal evaluation ruled out hormone
excess (i.e. cortisol was < 1.8 pg/dl on the DST and the
aldosterone/renin ratio and urinary metanephrines concen-
trations were within the reference ranges of the local labo-
ratories of each Hospital). Patients with post-DST serum
cortisol between 1.8 and 5.0 ug/dL were classified as pos-
sible ACS [21].

All patients underwent routine biochemical profiles
after an overnight fast, at the initial evaluation and at the
last follow-up visit. Fasting glucose, total, LDL and HDL
cholesterol levels, and triglyceride concentrations were also
evaluated. HbAlc was measured in some patients at the
discretion of the treating physician depending on glucose
concentrations and on whether or not the patient had been
diagnosed with diabetes.

Radiological study

Abdominal computed tomography (CT) or MRI were per-
formed in all patients at diagnosis. The maximum diameter
informed in the radiological report of the CT or MRI was
taken as the adenoma size, and uni- or bilaterality and lipid
content were recorded. For bilateral Als, the size of the larg-
est adenoma was included in the analyses. Moreover, we

calculated the total adenomatous mass as the sum of the
largest diameters of both adrenal incidentalomas for bilateral
Als. During follow-up, CT was repeated in 386 patients and
MRI was repeated in 259 patients.

Statistical analysis

We used STATA version 15 for statistical analyses. Cate-
gorical variables were expressed as counts and percentages
and continuous variables were expressed as mean + stand-
ard deviation (SD) or median and interquartile range (IQR)
depending on if the assumption of normality was fullfilled.
The normality assumption was studied with Shapiro—Wilk
test and the variance homogeneity assumption with the Lev-
ene test. Odds ratios (with 95% confidence intervals) and
mean differences were calculated as measures of association.
Unpaired t tests and Mann—Whitney U tests lineal were per-
formed as appropriate to compare differences in continuous
parameters between unilateral and bilateral Als. The com-
parisons of baseline values with those obtained at the end of
follow-up used paired ¢ test or McNemar test as appropriate.
Cox regression analysis was used for the estimation of haz-
ard ratios during follow-up. Pearson’s or Spearman’s cor-
relation analysis was used to evaluate correlations between
continuous variables. Fisher’s exact tests and chi-square tests
were performed for the comparison of categorical variables
between the groups. A multivariant logistic regression test
was performed to analyse the influence of post-DST serum
cortisol on AI uni- or bilaterality or in the presence of
absence of cardiometabolic comorbidities, while adjusting
for confusion variables such as tumour size, age and BMI.
Collinearity between continuous variables was discarded
confirming a Variance inflation factor (VIF) values higher
than 0.1 and lower than 10. ROC curves were performed to
calculate the best predictive tumor size for ACS diagnosis.
In all cases, a two-tailed P value < 0.05 was considered as
statistically significant.

Results
Baseline characteristics

A total of 823 patients were included in the final analy-
sis of whom 472 (58.0%) were women. Mean age was
63.1+11.0 years-old and mean BMI was 28.9 +7.3 kg/m>.
The mean size of the Als in the cohort was 20.7 + 10.5 mm,
and only 7 patients with typical radiological benign features
presented Als>50 mm. 112 patients (17.1%) were classified
as tumours poor in lipidic content. Als were unilateral in
546 patients (66.3%) and bilateral in 277 (33.7%). Forty-
seven patients (5.7%) met criteria for ACS as defined by
post-DST serum cortisol > 5.0 pg/dl; 522 (63.4%) were
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classified as non-functioning Als (NFAI) and the remaining
254 patients as with possible ACS. Among patients with
ACS, 35% (n=14/40) presented plasma ACTH levels below
10 pg/mL; 50% (n=10/20) high late-night salivary cortisol
and only 2 out of 28 patients high UFC. This supposed that
84.6% of the patients with ACS with available information
in these tests presented at least one of these associated hor-
monal alterations.

Regarding comorbidities, globally 83.7% of patients pre-
sented one or more comorbidities; 54.7% had hypertension;
51.5% had dyslipidaemia; 32.1% had obesity; 26.0% had
type 2 diabetes; 2.3% had cerebrovascular disease and 12.2%
had cardiovascular disease. We found that patients with
ACS presented a worse cardiometabolic profile than NFAI
patients and those patients with possible ACS (Table 1).

The comparisons of patients with unilateral and bilateral
Als at study entry are summarized in Table 2. Tumour size
was larger in patients with bilateral Als compared with those
presenting with unilateral Als, especially when we consid-
ered total adenomatous mass (42.0+17.3 vs 19.9+10.3,
P <0.001). We found no other significant differences in
baseline clinical or biochemical characteristics or the preva-
lence of comorbidities, with the exception of the prevalence

of male sex that appeared to be more frequent in bilateral
compared with unilateral Als (OR=1.4,95% CI=1.0-1.9).
No differences in the prevalence of ACS were observed
between unilateral and bilateral Als. However, if we consid-
ered a threshold of 3.0 pg/dL for the definition of ACS, the
prevalence of ACS was increased in patients with bilateral
than unilateral Als (OR=2.1,95% CI=1.4-3.1), yet this dif-
ference lost statistical significance after adjusting by tumour
size (adjusted OR=4.7, 95% CI1=0.5-43.1) (Fig. 2).
When we analysed data considering post-DST serum
cortisol values as a continuous variable, regardless of
the diagnosis of ACS, no association was found between
DST results and Als uni- or bilaterality (OR=1.06 for
each pg/dl, 95% CI=1.0-1.1); nor between the DST
results and cardiometabolic comorbidities (Supplemen-
tary Material Table 1). However, post-DST serum cor-
tisol concentrations were associated with the size of the
adenoma (f=0.61 mm for each ug/dl in serum cortisol,
P=0.000) and the total adenomatous mass (p=1.0 mm
for each pg/dl in serum cortisol, P <0.001). Moreover,
we found that tumour size was a good predictor of ACS
(OR=1.1 for each mm, P <0.001) and correlated directly
with post-DST serum cortisol concentrations, although the

Table 1 Baseline characteristics in patients with non-functioning adrenal incidentalomas compared to patients with autonomous cortisol secre-

tion and with possible ACS

NFAI (n=522) ACS (n=47) P value Possible ACS (n=254) P value
% Females 57.8 78.7 0.005 454 0.406
Age (years) 62.2+11.1 61.6+12.3 0.740 65.4+10.5 0.0001
BMI (kg/m?) 29.1+7.2 28.2+89 0.488 28.5+7.2 0.367
Tumour size (mm) 18.6+9.8 31.2+13.8 0.000 23.1+£9.5 <0.0001
Hypertension (%) 49.1 68.1 0.013 63.5 <0.0001
T2DM (%) 28.3 22.6 0.385 32.5 0.003
Dyslipidaemia (%) 48.6 60.9 0.109 56.2 0.047
Obesity (%) 39.0 429 0.627 35.0 0.322
Cerebrovascular disease (%) 2.1 4.4 0.337 2.4 0.823
Cardiovascular disease (%) 10.7 13.3 0.580 15.1 0.074
Fasting glucose (mg/dl) (n=_808) 104.7+28.8 98.7+28.1 0.183 113.6+36.1 0.0002
HbAlc (%) (n=314) 6.3+4.4 6.2+0.8 0.930 65+1.2 0.695
LDL-c (mg/dl) (n=582) 116.8+33.8 117.1+£32.0 0.962 113.7+37.2 0.334
HDL-c (mg/dl) (n=584) 53.9+16.4 54.7+20.7 0.781 504+13.3 0.015
Triglycerides (mg/dl) (n="754) 110.0+£53.2 119.0+57.9 0.287 119.6+£60.9 0.032
1 mg DST (ug/dl) (n=824) 1.1+£0.3 9.5+8.1 0.000 2.6+0.8 <0.0001
UFC (ug/24 h) (n=369) 45.6+93.2 58.2+46.3 0.481 52.2+38.8 0.440
ACTH (pg/ml) (n=549) 21.4+223 159+18.4 0.134 15.7+21.2 0.006
DHEAS (pg/dl) (n=512) 529.7+569.2 269.1+450.5 0.011 335.4+352.6 0.0001
Tumor rich in lipidic content (%) (n=656) 82.4 70.3 0.071 80.8 0.657

Quantitative variables are expressed as mean and standard deviation value and qualitative variables as proportions

Statistically significant results are in bold

ACS autonomous cortisol secretion, ACTH adrenocorticotropic hormones, BMI body mass index, DHEAS Dehydroepiandrosterone sulphate,
HBP high blood pressure, HDL-c high density lipoprotein cholesterol, LDL-c low density lipoprotein cholesterol,/ mg DST 1 mg overnight
dexamethasone suppression test, UFC urinary free cortisol, Tumour size maximum adenoma diameter
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Table 2 Bascline characteristics Unilateral (1=323)  Bilateral (1=132) P value

in unilateral and bilateral

adrenal incidentalomas % Females 60.6 52.8 0.031*
Age (years) 62.6+11.4 64.1+10.3 0.069
BMI (kg/m?) 28.9+7.6 28.8+6.5 0.868
Tumor size (mm) 19.9+10.3 22.5+10.9 0.008*
ACS (%) 4.8% 7.2 0.147
Hypertension (%) 53.2 57.5 0.252
Type 2 diabetes (%) 25.0 28.0 0.356
Dyslipidaemia (%) 533 48.0 0.264
Obesity (%) 32.7 30.9 0.570
Cerebrovascular disease (%) 2.4 2.2 0.840
Cardiovascular disease (%) 14.7 10.9 0.243
Fast plasma glucose (mg/dl) (n=_808) 108.0+33.2 105.4+28.0 0.262
HbAlc (%) (n=314) 6.5+4.3 6.1+1.0 0.403
LDL-c (mg/dl) (n=582) 115.8+35.1 116.1+33.8 0.923
HDL-c (mg/dl) (n=584) 52.5+15.5 53.8+16.7 0.357
Triglycerides (mg/dl) (n=754) 115.0+£59.6 110.3+48.1 0.275
1 mg DST (ug/dl) (n=824) 1.9+3.0 23423 0.042
UFC (ug/24 h) (n=369) 50.3+89.5 46.5+33.0 0.644
ACTH (pg/ml) (n=>549) 19.9+22.4 17.9+20.9 0.302
DHEAS (ug/dl) (n=512) 444.1 +£549.3 482.0+451.9 0.431
Tumor rich in lipidic content (%) (n=656) 80.6 82.2 0.618

Quantitative variables are expressed as mean and standard deviation value and qualitative variables as pro-

portions

ACS autonomous cortisol secretion, ACTH adrenocorticotropic hormones, BMI body mass index, DHEAS
Dehydroepiandrosterone sulphate, HBP high blood pressure, HDL-c high density lipoprotein cholesterol,
LDL-c low density lipoprotein cholesterol,/ mg DST 1 mg overnight dexamethasone suppression test, UFC
urinary free cortisol, Tumour size maximum adenoma diameter

correlation was mildly (r=0.18, P <0.001). The best pre-
dictive tumour size for ACS was 25 mm, with a sensitiv-
ity of 69.4% and specificity of 74.1% (AUC =0.758, 95%
CI=0.720-0.792). Considering, total adenomatous mass
for bilateral Als, similar results were found [OR=1.2,
P <0.001 for the prediction of ACS, and a middle cor-
relation with post-DST serum cortisol concentrations
(r=0.22, P<0.001)].

Differences between unilateral and bilateral
adrenal incidentalomas depending on the presence
or absence of ACS at study entry

In the subset of patients meeting criteria for ACS, no dif-
ferences were found between unilateral and bilateral Als
(Table 3). When the same comparisons were analysed in
the subset of patients with NFAI, no differences in clini-
cal and biochemical characteristics were found. However,
post-DST serum cortisol concentrations were slightly
higher in patients with bilateral Als (Fig. 2, Supplemen-
tary Material Table 2).

Follow-up study

Follow-up information, including clinical, hormone and/or
radiological information, was available in 673 patients (DST
was repeated in 437 patients and abdominal CT/MRI in
621). After a median follow-up of 31.2 (IQR =14.4-56.5)
months, only 13 patients experienced clinically relevant
growth defined by an increase > 10 mm in larger diameter.
We found no differences in the initial tumour size (19.5 +3.5
vs 21.1+0.5 mm, P=0.569) or post-DST serum cortisol
concentrations (2.6 +0.2 vs 2.3+0.2 pg/dl, P=0.716)
among Als that grew and those that remained stable during
follow-up. There were 15 patients with NFAI who developed
ACS (1.9%), no changes in hormonal status were observed
in the rest of the patients.

Bilaterality of Als was not associated with tumour growth
(HR=1.2, 95% CI=0.4-3.8) or progression to ACS (HR
2.1,95% CI=0.7-6.5). However, bilaterality was associated
with an increased risk of developing dyslipidaemia during
follow-up (HR 1.8; 95% CI=1.1-3.0) even though such an
association actually depended on the larger tumour size of
bilateral Als (HR adjusted by last visit tumour size =0.9,
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Fig. 2 Differences in tumor size according to laterality and func-
tionality. a Differences between all unilateral and bilateral adrenal
incidentalomas (Als). b Differences between unilateral and bilateral

95% CI=0.1-16.2). Bilaterality of Als was not associated
with other cardiometabolic comorbidities nor in the pro-
portion of patients that need initiation of antihypertensive
or antidiabetic medications. However, those patients with
bilateral Als presented a higher risk of need to start lipid-
lowering treatment (Supplementary material, Table 3).

Discussion

Our present results suggested that maximum adenoma
diameter, and not bilaterality itself, is a risk factor for
ACS in patients with Als. The prevalence of bilateral Als
in our cohort (33.7%) was similar to that described in ear-
lier reports [13, 21]. And even though we found a higher
prevalence of ACS in bilateral Als when we considered the
3.0 pg/dl 1 mg DST threshold for the ACS definition, such
an increase did not retain statistical significance after the
analysis was adjusted for tumour size.

To date, studies addressing the association of bilat-
erality of Als and ACS yielded conflicting results. Three
out of 6 previous studies found an association [9, 14, 22].
However, unilateral Als were smaller than bilateral Als in
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two of these studies (23 +11 vs 38+ 12 mm, P<0.001 [9]
and 19 vs 26 mm, P=0.006 [22], respectively) and, in the
other study reporting an association between ACS and the
presence of bilateral Als, the results were not adjusted for
tumour size even when size was also found to be a risk fac-
tor for ACS (OR 2.6; 95% CI 1.3-5.3) [14]. Furthermore,
different biochemical criteria were used for the diagnosis of
ACS in previous publications [14], making difficult direct
comparisons with our findings. Our hypothesis is that the
larger tumour size in bilateral than unilateral Als could
be related to a longer duration of the disease in bilateral
tumours, that it may also explain the higher risk of ACS as
larger the tumour is.

According to our data analysis, tumour size was a
good predictor of ACS with an OR of 1.1 for each mm of
increased size and was positively correlated with the results
of the DST. Tumour size has been recognised as a risk factor
for malignancy [23] and hypercortisolism in adrenal lesions
[6, 22, 24, 25]. One study also found that the probability
for inadequate suppression of serum cortisol on the DST
increased in parallel to tumour size (OR 1.93, P <0.001)
[22]. In agreement with this and our previous work [6]
and other authors [26, 27], our present results indicate that
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Table3 Differences in clinical ACS unilateral Al (1=26)  ACS bilateral Al (1=20) P value

and hormonal characteristics

between unilateral and bilateral Age (years) 5924127 653482 0.067

Alwith ACS BMI (kg/m?) 27.14823 29.749.9 0412
Tumor size (mm) 27.8+12.6 36.0+13.8 0.075
Hypertension 69.2% (n=18) 70.0% (n=14) 0.955
Type 2 diabetes 28.0% (n=17) 30.0% (n="6) 0.883
Dyslipidaemia 60.0% (n=15) 65.0% (n=13) 0.731
Obesity 36.4% (n=38) 52.6% (n=10) 0.295
Cerebrovascular disease 8.0% (n=2) 0% (n=0) 0.196
Cardiovascular disease 12.0% (n=3) 15.8% (n=3) 0.717
Fast plasma glucose (mg/dl) (n=808) 99.1+35.3 99.1+17.5 0.993
HbAlc (%) (n=314) 6.3+0.8 6.1+0.8 0.647
LDL-c (mg/dl) (n=582) 117.2+39.9 118.1+24.4 0.939
HDL-c¢ (mg/dl) (n=584) 49.7+3.7 58.1+5.6 0.223
Triglycerides (mg/dl) (n=754) 133.0+58.1 107.0+55.4 0.147
1 mg DST (ug/dl) (n=824) 10.1+10.2 89+43 0.617
UFC (ug/24 h) (n=369) 59.0+45.2 57.1+50.1 0.922
ACTH (pg/ml) (n=>549) 20.3+23.2 9.8+4.9 0.084
DHEAS (pg/dl) (n=512) 325.8+619.5 197.2+122.2 0.436

Quantitative variables are expressed as mean and standard deviation value and qualitative variables as pro-

portions

ACS autonomous cortisol secretion, ACTH adrenocorticotropic hormones, BMI body mass index, DHEAS
Dehydroepiandrosterone sulphate, HBP high blood pressure, HDL-c high density lipoprotein cholesterol,
LDL-c low density lipoprotein cholesterol,/ mg DST 1 mg overnight dexamethasone suppression test, UFC
urinary free cortisol, Tumour size maximum adenoma diameter

tumour size is also associated with the magnitude of ACS.
Besides, a recent study found a tumor size > 28 mm was
associated with the risk of developing ACS during follow-
up (HR 12.4; P=0.003) [25]. This last finding is supported
by the Elhassan meta-analysis [28], that described a higher
likelihood of tumour growth in patients with ACS (2.4%)
than in non-functioning Als (1.2%).

Similarly, our finding that uni- or bilaterality of Als did
not influence cardiovascular or metabolic comorbidities is
also in agreement with previous publications [14, 25]. In
fact, this lack of association of bilateral Als with the preva-
lence of comorbidities was observed even in studies report-
ing an association between the prevalence of ACS and bilat-
erality of Als [14, 29]. This apparent disagreement between
the prevalence of ACS and that of ACS-related comorbidi-
ties might be related to a more subtle or even intermittent
cortisol secretory pattern, or to a lower sensitivity to cortisol
excess, in patients with bilateral Als. In fact, certain poly-
morphisms in the gene encoding the glucocorticoid receptor
were found in patients with bilateral Als [30-32].

Follow-up studies of bilateral Als are scarce, but most
of them found that the rates of tumour growth, and of hor-
monal or metabolic impairment over time, were relatively
small [28, 33, 34]. Some studies suggested that tumour size
at diagnosis and duration of follow-up could be associated
with the development of ACS in patients with Als [24, 33].

Other studies, on the contrary, suggested that the cumula-
tive risk of tumour growth and of development of metabolic
or cardiovascular abnormalities over time were independent
of the tumour size at diagnosis [34]. In our cohort, neither
bilaterality nor tumour size at diagnosis was associated with
tumour growth or progression to ACS. However, bilateral
Als presented a higher risk of developing dyslipidaemia,
but this association actually depended on the lager tumour
size attained by bilateral Als during follow-up. This finding
highlights the importance of tumour size, which seems to
have a stronger association with cardiometabolic risk than
the results of the DST itself. The poorer performance of
the later to this regard might be explained, at least in part,
to its low reproducibility, because the DST may be altered
by several factors that lead to both false-positive and false-
negative results. On the other hand, it is also possible that
larger tumour size was not only associated with increased
secretion of cortisol, but also of other bioactive metabolites
that are not detected with the usual diagnostic tests [35].
Moreover, treatment interventions to control ACS-related
comorbidities should be taken into account when interpret-
ing these results.

Anyhow, we have to acknowledge several limitations
of our present study, starting with its observational retro-
spective design that precludes addressing causal relation-
ships. Albeit sample size analysis indicated that our study
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had > 95% power to detect differences between unilateral
and bilateral Als, we cannot exclude that relatively small
differences in some variables might have been missed for
this reason. Moreover, we used a > 5.0 ug/dl post-DST
serum cortisol as the cut-off value to define ACS and, had
we used a different threshold, we might have obtained dif-
ferent results. To mitigate this limitation, however, we also
analysed the post-DST serum cortisol concentrations as
a continuous variable and using the 3.0 pg/dL threshold
for the definition of ACS. Finally, due to the multicentric
nature of our study and the non-centralized lecture of radi-
ological reports, it may be some variability in the reported
tumour size among centres and different radiologists. In
our humble opinion, these limitations did not invalidate
the conclusions of the study, which were in agreement
with previous publications, and were strengthen by the
large number of cases included and its multicentre design.
As best of our knowledge, this is the largest series study-
ing the association of bilaterality and ACS and related
comorbidities.

Conclusion

Tumour size, not bilaterality, is associated with a higher
prevalence of ACS. During follow-up, neither tumour size
nor bilaterality were associated with the tumour growth rate.
However, the development of dyslipidaemia was higher for
bilateral Als, but this was explained by the larger tumour
size of bilateral lesions at the end of follow-up. Hence,
tumour size, and not bilaterality, should be taken into
account for the evaluation and follow-up strategies of Als.
Larger prospective studies should be conducted to validate
these observations.
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