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Introduction

An adrenal incidentaloma (AI) is a lesion that is discovered 
during imaging of the abdomen for indications not 
associated with evaluation of the adrenal gland (1,2). 
Incidence has increased with more frequent use of axial 
imaging modalities such as computed tomography (CT) and 
magnetic resonance imaging (1). The overall prevalence is 
4.2%, increasing with age (3) with around 10% of patients 
over 70 having an AI on CT (1,4). AI can further be 
categorized by assessment of the hypothalamic-pituitary-
adrenal (HPA) axis (4,5). In general, and depending on 

the criteria used, the majority (70%) of AI are classified as 
non-functioning, with adrenal cortisol secretion causing 
mild cortisol excess (MCE) in 15–30% (6). In these latter 
patients, typical clinical features of hypercortisolism 
are absent with the condition previously being termed 
“subclinical Cushing’s syndrome (CS)” (1). In this review 
we avoid the term subclinical CS and instead we use MCE, 
defined as mild hypercortisolism with AI but in the absence 
of classical clinical features of CS (7).

What defines MCE is debated. A variety of cut-offs are 
used to define MCE when using serum cortisol values after 
dexamethasone testing or salivary or urinary cortisol values. 
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Strengths and limitations of the biochemical assays and 
cut-offs used in the literature have already been reviewed 
comprehensively (8,9).

Recent European Society of Endocrinology (ESE) 
guidelines aimed to clarify this issue and suggested all 
patients with AI undergo a 1 mg overnight dexamethasone 
suppression test (ONDST) (4). In the ESE guidelines, a 
serum cortisol ≤50 nmol/L (1.8 μg/dL) post 1 mg ONDST 
is regarded as excluding hypercortisolism, values between 
51 to 138 nmol/L are referred to as “possible autonomous 
cortisol secretion (ACS)”, and values >138 nmol/L termed 
“ACS” (Figure 1). These guidelines, however, emphasize 
that post ONDST serum cortisol values should not be 
interpreted as absolute arbitrary cut-offs. Rather, MCE 
in AI is best conceptualized as a biochemical continuum 
of excess cortisol. Thus, when formulating a management 
strategy, the patients age, past medical history, co-
morbidities and biochemistry all need to be considered 
holistically.

Progression of AI to CS is rare with a recent meta-
analysis finding only 0.2% of patients with MCE developed 
CS and none of the adenomas underwent transformation to 
adrenocortical carcinoma (10).

Several retrospective studies have suggested increased 
prevalence of cardiovascular and metabolic risk factors 
associated with MCE including hypertension, increased 
left ventricular mass, impaired glucose tolerance, increased 
visceral fat and mortality (11-17) (Figure 2). Despite 
increased morbidity and mortality, the majority of patients 
with AI do not receive the recommended initial hormone 
investigations (18,19).

The  management  o f  AI  i s  ano ther  a rea  w i th 
inconsistencies, with some studies demonstrating that early 
surgical intervention leads to improvement of cardiovascular 
morbidities and others showing no significant difference 
post adrenalectomy (20-24).

In this review, we aim to provide an overview of the 
cardiovascular and metabolic morbidities associated with 
MCE in the context of AI and briefly discuss management 
in light of the best available evidence.

Detection of MCE

AI are commonly found on routine imaging done for 
other causes. Briefly, characteristics of a benign lesion on 
non-contrast CT would include a mass with regular and 
smooth margins, homogenous in texture and Hounsfield 
units ≤10 (1,4).

As supported by the recent ESE guidelines, it is 
recommended that all patients with an AI noted on CT 
should be carefully assessed for evidence of hormonal 
excess. In addition to a 1 mg ONDST as described, initial 
investigations should include a basal morning plasma 
adrenocorticotrophic hormone (ACTH) measurement. 
In addition, in some circumstances, additional evaluation 
using a 24-h urinary free cortisol (UFC) collection and/
or late-night salivary cortisol assay and repetition of the 
dexamethasone test in 3–12 months maybe needed (4).

Cardiovascular effects of MCE

Structural changes

In overt CS cardiovascular disease is a common cause of 
morbidity and mortality (25,26). Cushing’s disease has 
been shown to be associated with cardiac changes including 
left ventricular and interventricular septal hypertrophy on 
echocardiography (27-29), and more recently on cardiac 
magnetic resonance imaging (29), with increases in left 
ventricular mass being reversible and left ventricular systolic 
function improved following treatment of the underlying 
disorder.

Another group performed echocardiography on 46 
patients with AI and 30 healthy controls (17). Within the AI 
group, 40 patients had a non-functioning adenoma (NFAI) 
and 6 “mild CS” as defined by 2 out of the following 3: 
24-h UFC >193 nmol/day; serum free cortisol levels after 
1 mg ONDST >138 nmol/L; and 08:00 ACTH levels  
<10 pg/mL. An increase in epicardial fat thickness was seen 
in the incidentaloma group (NFAI and mild CS) compared 
with controls (7.9±0.8 vs. 7.4±0.6 mm; P<0.01), with no 
significant difference between NFAI and mild CS groups. 
The lack of difference between those classified as NFAI 
and CS in this series may be due to the fact that those 
deemed to be NFAI by what are high cut-offs, actually 
had sufficient cortisol secretion to cause the changes. Left 
ventricular mass was also increased in the incidentaloma 
group (P<0.05) compared to controls, and also increased in 
the mild CS group compared to the NFAI group (P<0.01). 
These data support the concept of a continuum of effect 
with higher cortisol secretion causing more harm. This 
study was, however, limited by a small sample size. In 
addition, baseline characteristics show there was increased 
obesity and waist circumference in the AI group, possibly 
confounding results (17).

Similar results were obtained in the ERGO trial 
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Figure 2 The putative mechanisms driving cardiometabolic complications. Created using BioRender.com.

Figure 1 Management of adrenal incidentaloma. Adapted from the European Society of Endocrinology guidelines (4).
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Significantly increased left ventricular hypertrophy was 
found in the ACS group compared with NFA (53% vs. 
13.5%; P=0.001) and increased left ventricular mass index 
(LVMI) before and after adjusting for known contributors 
or LVMI normalized to body surface area. It was noted that 
LVMI was positively correlated to post ONDST serum 
cortisol levels. Other significant results included increased 

interventricular septal thickness and left ventricular diastolic 
dysfunction (LVDD) (82.3% vs. 35.1%; P=0.001), increased 
pulse wave velocity and reduced reflected wave transit time 
as a measure of arterial stiffness in the ACS group. Severity 
of LVDD was worse in the ACS group (grade 2: 35.3% 
vs. 8.1%; grade 3: 8.8% vs. 0%) (30). Pulse wave velocity 
is a marker of arterial stiffness and has been shown to be 
an independent predictor for both coronary heart disease 
and stroke in a healthy population (31) whilst moderate to 
severe LVDD is an independent predictor of mortality (32). 
Unfortunately, there was no age matched healthy control 
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group with which to compare these findings.
Another study examined structural changes and 

compared 81 patients with AI (76 NFAI, 5 MCE) with 33 
healthy subjects (33). MCE was diagnosed as serum cortisol 
levels >50 nmol/L post ONDST and with an ACTH value 
<10 pg/mL. On echocardiography, an increased thickness 
of the interventricular septum, posterior wall and carotid 
intima media in those with incidentalomas compared with 
healthy controls was reported. There was no difference 
found between NFAI and MCE groups, however, between 
group analyses were limited by the small sample size (33). 
Carotid intima thickening has been shown to be increased 
in AI in other studies (34,35) although it is unclear whether 
this is due to the direct effects of cortisol or an insulin 
resistant state. 

Cardiovascular events (CVEs)

Hypertension is more prevalent in overt CS, alongside other 
cardiovascular risk factors (25). Several retrospective studies 
have also found increased prevalence of hypertension in 
patients with AI (4).

Morelli et al. analyzed retrospectively the records of 206 
patients with AI (11). They defined MCE as post ONDST 
serum cortisol >138 nmol/L or the combination of 2 out of 
3 of the following: ACTH <10 pg/mL, increased UFC, and 
post ONDST serum cortisol level >83 nmol/L. Prevalence 
of hypertension significantly increased in the MCE group 
at mean follow-up (82.5±32 months). The annual rate 
of CVE, defined as coronary heart disease or ischemic/
hemorrhagic stroke, was increased in the MCE group (3.1% 
vs. 1.2%; P=0.004), although new CVE in those with no 
history of CVE at baseline was not increased. Given the 
higher cortisol level cut off, it is possible that those with 
lower levels of cortisol (>50 nmol/L) contributed to CVE, 
underestimating numbers. There was no comparison with 
healthy controls. At the same time this study only reviewed 
conservatively managed patients, excluding those who 
underwent adrenalectomy. Therefore, the results may again 
be underestimating the cardiovascular risk as those thought 
to have been at the highest risk of CVE may have been 
selected for surgery (11).

Di Dalmazi et al. performed a cross sectional study 
of 348 patients with AI (15). Patients were classified 
into the following groups based on post-dexamethasone 
serum cortisol: <50 nmol/L non-secretory; 50–138 nmol/
L intermediate group; >138 nmol/L ACS group. In the 

intermediate group, patients with either high UFC or 
plasma ACTH <10 pg/mL were classified as intermediate 
major phenotype and the others as intermediate minor 
phenotype. Coronary heart disease was associated with 
both the MCE group (odds ratio 6.10; 95% CI: 1.41–26.49) 
and the intermediate phenotype groups (odds ratio 4.09; 
95% CI: 1.47–11.38) compared with the non-secretory 
group, independent of other risk factors. The relatively 
small number in the ACS group, however, is possibly not 
representative of the wider population (15).

A further multicenter study was published in 2017 
by Morelli et al. reviewing CVE during the 10 years  
prior to the diagnosis of AI and in the resulting follow-up 
period (mean 161.8±45.1 months) of their cohort of 518 
patients (36). These results were then analyzed alongside 
post ONDST serum cortisol values showing CVE 
occurrence to be independently associated with cortisol 
levels as a continuous variable. Patients’ results were then 
grouped based on post ONDST serum cortisol: <50, 50–
138 and >138 nmol/L with prevalence of CVE increasing, 
respectively (10.8%, 21.7%, 35.6%) and a 2.5-fold increase 
in CVE occurrence if post-dexamethasone cortisol was > 
50 nmol/L regardless of age, smoking habit, type 2 diabetes 
(T2D), hypertension or dyslipidemia. For every 28 nmol/L  
increase in post ONDST cortisol level, CVE prevalence 
increased by 1.3-fold. Patients with a post-ONDST serum 
cortisol >50 nmol/L had significantly elevated blood 
pressure compared with those with a cortisol <50 nmol/L  
(P=0.001). Being cross sectional, neither this study nor 
those discussed previously provide data on time exposure of 
cortisol (36).

Recently, Chiodini et al. in a cross-sectional study 
examined the relationship between serum cortisol 
levels post 1 mg ONDST and systemic hypertension 
in 216 eucortisolaemic post-menopausal women (37). 
Hypertension defined as a blood pressure >140/90 mmHg 
and/or need for anti-hypertensive treatment positively 
correlated with higher serum cortisol post 1 mg ONDST 
adjusting for age, body mass index (BMI) and T2D. 
Furthermore, cardiometabolic co-morbidities increased 
progressively with serum cortisol levels post 1 mg ONDST 
>30 nmol/L suggesting a threshold effect. However, 64.6% 
of those with hypertension had T2D and this is known 
to activate the HPA axis (38). Thus, whilst there may 
be a possible causative role for cortisol excess in driving 
hypertension and other co-morbidities in eucortisolaemic 
patients, these data warrant interpretation in the context of 
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a high prevalence of T2D in this cohort (37).

Mortality

Di Dalmazi et al. reported increased mortality in patients 
with MCE (14). In a 15-year retrospective cohort study 
assessing 198 patients they found all-cause mortality 
43% in the MCE group defined as a serum cortisol  
>50 nmol/L post 1 mg ONDST compared with 8.8% in 
the NFAI group (P=0.005). The main cause of mortality 
was cardiovascular disease (14). Furthermore, unadjusted 
survival for cardiovascular specific mortality was lower in 
those with MCE compared to those with NFAI (78.4% 
vs. 97.5%; P=0.02). Conversely, another group noted 
malignancy as the main cause of mortality in their cohort of 
MCE patients (39).

Our own group analyzed 206 patients with AI in a single 
center longitudinal cohort study with a mean follow-up 
of 4.2±2.3 years (13). Patients with a post ONDST serum 
cortisol level <50 nmol/L were considered to have a NFAI. 
Those with >50 nmol/L were classified into 2 groups: group 
1 50–137 nmol/L (n=92) and group 2 >138 nmol/L (n=19). 
Correlation was found between post serum ONDST serum 
cortisol, adenoma size and also age. Compared with the 
<50 nmol/L group, hazard ratio for death in group 1 was 12 
(95% CI: 1.6–92.6) and group 2 was 22 (95% CI: 2.6–188.3) 
with a significant worsening of survival rate with increasing 
post-dexamethasone cortisol. Crucially, in this study, cause 
of death was ascertained by death certification data. Of the 
18 deaths, 50% were due to a circulatory cause and 33% 
attributed to respiratory/infective etiologies, both increased 
compared to general population data, and plausibly related 
to the biological effects of cortisol. In this study, patients 
with other causes of hypercortisolism such as depression or 
excess alcohol intake were not excluded which could have 
been falsely attributed to adenoma, although increased 
cortisol remained as a “marker for mortality”. Age at 
diagnosis was also significantly greater in the group 2 (13).

A recent multicenter cohort study analyzed the 
computerized tomography scans of 42,575 patients over a 
4-year period (19). Of these, 969 were confirmed to have 
an AI and matched with 2,907 patients with no adenoma. A 
significant increase in mortality was reported in the patients 
with AI (36.4%) compared with those without adrenal 
nodules (31.6%, P=0.005; hazard ratio 1.19; 95% CI: 1.05–
1.36). All-cause mortality was associated with an increased 
median nodule size (1.7 vs. 1.6 cm; P=0.03). There was also 
significantly increased diabetes, heart failure and malignancy 

in the incidentaloma group (19). These findings suggest 
that regardless of secretory levels of cortisol, which were 
not measured, the presence of an AI is associated with worse 
prognosis. Interestingly, within 12 months of detection of 
the incidentaloma, only 2.8% had at least one biochemical 
test to assess tumor function possibly suggesting a lack 
of awareness in the general medical community of initial 
investigation or maybe the association of “incidentaloma” 
with benign disease.

Metabolic effects of MCE

The relationship between MCE and metabolic dysfunction 
is complex and driven through a number of putative 
mechanisms that result in the metabolic syndrome 
characterized by: hyperinsulinemia, visceral obesity and 
dyslipidemia.

Hyperinsulinemia

MCE in the context of AI has been associated with a higher 
prevalence of impaired glucose tolerance and T2D in 
numerous studies (11,14,15,40). In a recent retrospective 
study of 242 patients with AI followed up for a mean 
duration of 7 years, the risk of developing diabetes in the AI 
cohort was significantly higher compared to incident risk of 
diabetes in controls without adrenal lesions (absolute risk of 
diabetes with AI =15.6%) (41). In this cohort, the prevalence 
of T2D rose linearly in those with a post ONDST cortisol 
>30 nmol/L (41). 

Hyperinsulinemia and insulin resistance are important 
in the pathogenesis of T2D. A small observational study 
examining 13 patients was one of the first to report an 
association between AI and insulin resistance (42). The 
authors demonstrated hyperinsulinemia by showing 
elevated fasting insulin concentrations and elevated insulin 
concentrations following a 75-g oral glucose tolerance 
test (OGTT). In addition to a small sample size, the 
investigators did not report data on serum cortisol post 
ONDST in this cohort so the extent of cortisol excess if 
any is not known. Terzolo et al. conducted one of the first 
assessments of the effects of MCE in AI on metabolic 
parameters (43). Using a case-control analysis, 41 patients 
with AI were compared to controls matched for sex, age 
and BMI. Using a 75-g OGTT as opposed to the gold 
standard hyperinsulinemic-euglycemic clamp, higher 
insulin resistance and a higher glucose excursion at up to 
2 hours post OGTT was seen in patients with AI and a 
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post 1 mg ONDST serum cortisol >138 nmol/L in this 
small (n=12) cohort. It is difficult to be certain from these 
small observational studies, however, if MCE in AI is 
mechanistically driving insulin resistance or alternatively, 
the known mitogenic and proliferative effects of insulin (42) 
result in a higher prevalence of AI and subsequent MCE in 
those with pre-established hyperinsulinemia. In addressing 
causation, a methodologically robust study has investigated 
whether the hormonal and morphological features of AI 
correlate with insulin resistance using the hyperinsulinemic-
euglycemic clamp (44). In a cohort of 42 patients with AI, 
7 had MCE defined as post 1 mg ONDST serum cortisol 
>83 nmol/L whilst the majority had NFAI. Interestingly, a 
direct correlation was observed between insulin resistance 
and adrenal lesion size in NFAI. Given the relatively high 
cut-off used for defining MCE it is possible that some in the 
NFAI group had modest elevations of post dexamethasone 
suppression serum cortisol (>50 but <83 nmol/L) and 
that at these levels of mild hypercortisolism, chronic 
hyperinsulinemia is present and may increase lesion size 
through mitotic effects.

The well-known effects of glucocorticoids on glucose 
hemostasis also make a causal relationship between MCE 
in AI and altered glucose metabolism plausible. Cortisol at 
the hepatic levels promotes gluconeogenesis, peripherally 
in skeletal muscles reduces insulin mediated glucose uptake 
by interfering with insulin signaling and directly inhibits 
insulin release from pancreatic β cells (45). Cumulative 
tissue exposure to excess cortisol albeit mild may help 
explain why patients with AI develop compensatory 
hyperinsulinemia, impaired glucose tolerance and frank 
T2D (46).

Insulin resistance is also universally found in non-
alcoholic fatty liver disease (NAFLD): a leading cause of 
chronic liver disease requiring transplantation (47,48). A 
prospective study investigated NAFLD using abdominal CT 
and homoeostasis model assessment for insulin resistance 
post a 2-hour OGTT in 56 participants with AI and 30 age, 
sex and BMI matched controls (49). Whilst there was no 
significant difference in CT attenuation scores for NAFLD 
in those with AI compared to controls, indices of insulin 
resistance were higher in the AI group. A small subgroup of 
patients with AI (12 of 56) demonstrated evidence of MCE. 
In this group, there was a trend towards a higher prevalence 
of NAFLD compared to eucortisolaemic controls but 
it is likely that the study was underpowered to test this 
difference robustly (49). Adequately powered studies using 
more sensitive imaging modalities to detect NAFLD such 

as magnetic resonance spectroscopy (50) are needed.

Visceral fat

MCE in AI may also impair glucose metabolism through 
mechanisms independent of carbohydrate metabolism. 
Visceral obesity is a strong risk factor for T2D and 
accumulation of visceral fat significantly increases insulin 
resistance (51). Glucocorticoid receptors are more 
richly expressed in visceral adipose tissue compared to 
subcutaneous fat (52-54). Cortisol stimulates lipoprotein 
lipase activity resulting in adipocyte differentiation and 
triglyceride synthesis which can drive insulin resistance (55). 
In a comprehensive retrospective cohort study, Debono 
et al. systematically measured visceral fat using CT in 
125 patients with AI and correlated fat distribution with 
post 1 mg ONDST serum cortisol values (12). Visceral 
fat was significantly increased in 68 patients with post 
ONDST cortisol value >50 nmol/L similar to that seen 
in overt CS compared to those with a post suppression 
cortisol <50 nmol/L (P=0.04). This study was limited as 
no additional data on glucose metabolism was collected, 
there were no non-AI controls and it was retrospective in 
design. Nonetheless, these data suggest a threshold effect 
for a visceral fat phenotype in AI with MCE which is an 
important, potentially reversible, metabolic risk factor.

Another more recent retrospective cohort study from the 
United States has evaluated body fat composition using CT 
and compared three groups: overt CS (n=25), MCE with 
AI (n=48) and NFAI (n=32) (56). Morning cortisol values 
post 1 mg ONDST were significantly higher in the overt 
Cushing’s group compared to MCE and NFAI (441 vs. 102 
vs. 39 nmol/L, respectively; P<0.001). Interestingly, in this 
cohort only patients with overt CS had higher visceral/
total fat ratio (P<0.001) and visceral/subcutaneous fat ratio 
(P<0.001) when compared to patients with NFAI. The 
same body composition ratios were reduced in patients with 
MCE (P=0.007 and P=0.01 respectively) when compared 
to the NFAI. Post 1 mg ONDST serum cortisol values, 
however, correlated positively with an increase in visceral 
fat. It is possible that in this study the NFAI group was 
“contaminated” with those that had evidence of subtle 
cortisol excess as suggested by relatively suppressed 
median ACTH of 2.2 pmol/L in the NFAI cohort. 
Also, results could have been confounded by duration of 
cortisol exposure prior to diagnosis between groups and 
polymorphisms in glucocorticoid receptors between groups 
that could serve to increase or decrease receptor sensitivity 
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and thus modulate effects on visceral adiposity. 

Dyslipidemia

Dyslipidemia is a key feature of the metabolic syndrome (57). 
Longitudinal follow-up studies (11,58) and a recent meta-
analysis (10) of 32 studies with at least 1 year of follow-up 
has shown an increased prevalence of dyslipidemia in those 
with AI and MCE. Elevated triglycerides (43) in addition 
to an elevated total cholesterol, LDL cholesterol and 
decreased high-density lipoprotein (HDL) cholesterol levels 
have been reported (35,59). Data suggest that excess cortisol 
can influence both directly and indirectly: hepatic very low-
density lipoprotein synthesis, hepatic fat accumulation, 
lipolysis and free fatty acid production and turnover as 
plausible mechanisms to explain lipid abnormalities (60).

It is not clear from observational data, however, if 
MCE is directly driving dyslipidemia or rather whether 
hyperinsulinemia, impaired glucose metabolism and visceral 
obesity alters lipid metabolism. A study of 338 patients with 
AI examined the influence of MCE on lipid metabolism in 
the presence or absence of impaired glucose metabolism (61).  
The authors report that in the absence of impaired glucose 
metabolism, excess cortisol per se did not alter lipid 
metabolism. These data imply that MCE in AI results in 
hyperinsulinemia and impaired glucose metabolism which 
in turn promotes dyslipidemia.

Management of MCE

Surgical

Several studies have reported the cardiovascular benefits of 
adrenalectomy in AI (21,22,24) although others have shown 
no significant effect (20). The majority of data available 
comes from heterogeneous observational studies with only 
one randomized controlled trial available. 

One group reported a significant improvement in blood 
pressure and fasting glucose in MCE patients treated 
surgically compared to those conservatively managed who 
more frequently experienced worsening of blood pressure, 
glucose and low-density lipoproteins (21). This study is 
limited by a small sample size and a relatively high serum 
cortisol cut-off of 83 nmol/L post ONDST used to define 
MCE which increases specificity but also increases the risk 
of false negatives. In addition, patient age was significantly 
lower in the treated group (P<0.01) suggesting a selection 

bias (21).
There is only one surgical study that was prospective 

and randomized but recruited over 15 years (22). Toniato 
et al. studies 45 patients and randomly assigned 23 patients 
with MCE to undergo laparoscopic adrenalectomies and 22 
patients to conservative medical management with a mean 
follow-up of 7.7 years (22). MCE was defined as a serum 
cortisol of >69 nmol/L post 1 mg ONDST. There was a 
significant improvement in hypertension only in the surgical 
group with a normalization or improvement noted in 67% 
(P=0.046). Deterioration in hypertension, diabetes and 
dyslipidemia was noted in the conservative group although 
no statistical significance was observed as the study was 
underpowered to detect between group differences (22). 

In a larger sample size of 70 patients with MCE defined 
as serum cortisol >50 nmol/L post 1 mg ONDST, 26 
patients treated surgically and 44 conservatively were 
compared (23). At baseline the age of the treatment 
group was significantly lower than the conservative group 
suggesting selection bias. The authors report a significant 
reduction in arterial hypertension, diabetes, obesity and 
metabolic syndrome in those undergoing a unilateral 
laparoscopic adrenalectomy (P<0.05) (23).

An improvement in blood pressure post-surgery was 
also noted by Erbil et al. but with no significant change in 
diabetes, hyperlipidemia or BMI although the sample size 
of 11 patients with MCE may not be representative of the 
true population (20). 

A recent meta-analysis concluded that based on the 
low to moderate quality evidence available, there was an 
improvement in cardiovascular morbidities in a significant 
percentage of patients post adrenalectomy (24). The ESE 
guidelines recommend a unilateral adrenalectomy in 
patients with a post 1 ONDST serum cortisol >138 nmol/L  
and comorbidities associated with cortisol excess (4). It 
is important to note, however, that cardiometabolic co-
morbidities associated with MCE have a high prevalence 
in the general population and the incidence increases with 
age. It can thus be difficult in clinical practice to dissect if 
mild biochemical hypercortisolism from an autonomously 
functioning AI is directly driving co-morbidities. 
Selection for surgery is therefore an art and requires 
careful consideration of these factors and discussion in a 
multidisciplinary team. If contemplated, it is mandatory 
surgery is performed by an experienced surgeon with a 
sufficient volume of adrenal surgery and laparoscopic 
expertise (62).
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Medical

We have conducted two proof-of-principle studies of 
medical therapies in MCE. In a prospective open label 
study, mifepristone reduced insulin resistance in patients 
with AI as measured by decreased insulin area under curve 
(AUC) (63). A further detailed, prospective, proof-of-
concept study found patients with AI to have an abnormal 
circadian rhythm with excess nocturnal cortisol exposure 
and increased levels of IL-6 which have been shown to be 
associated with low grade inflammation and CVE (64).  
Metyrapone administered in the evening led to a reduction 
in AUC cortisol and IL-6 levels resetting the abnormal 
circadian rhythm to “normal” (65). Both studies were 
limited by a small sample size, use of surrogate end-
points and lack of follow-up. Further research is needed to 
determine if pharmacotherapy to lower or off-set the effect 
of MCE in AI can prove beneficial on cardiometabolic end-
points. 

Conclusions

Data derived from observational studies indicates that 
MCE in the context of AI is associated with a wide array 
of cardiovascular and metabolic effects and an increase in 
mortality. A number of biologically plausible mechanisms 
have been proposed to explain these findings. It is important 
to note, however, that these mechanistic insights are largely 
obtained from the study of overt CS where tissue cortisol 
exposure is far higher. At present, it is difficult to establish 
causality between MCE and adverse cardiovascular and 
metabolic effects for several reasons. First, most studies 
have studied older patients and both cardiovascular and 
metabolic co-morbidities and AI increase in incidence 
with age. Second, studies examining the mal effects of 
MCE have been mainly retrospective in design which 
makes it challenging to dissect causation from association. 
Third, where prospective data is available, it is limited 
by heterogeneity in the selection criteria of participants 
especially in defining MCE based on serum cortisol cut-
offs and this precludes a meaningful comparison between 
studies.

It also remains clinically challenging to manage MCE in 
AI due to a lack of robustly designed randomized controlled 
trials that test the effects of conservative versus surgical 
treatment on cardiometabolic complications. These data 
are urgently needed. Future research also needs to focus 
on risk stratification of those with MCE based not only 

on age, existing co-morbidities and cortisol excess but also 
genetic polymorphisms in the glucocorticoid receptor gene 
that determine the effects of cortisol on target tissues. A 
personalized approach combining genetic and clinical data 
will allow judicious patient selection for surgery whilst those 
at low risk of complications can be managed conservatively. 
Currently, recognition of the effects of MCE in AI on 
both cardiovascular and metabolic systems is important 
so that these complications can be screened for and 
diagnosed. Management of patients should be discussed in 
a multidisciplinary team and where surgery is considered it 
must be performed by experienced surgeons within a high-
volume practice. In those treated conservatively, regular re-
evaluation for a deterioration in cardiometabolic parameters 
is reasonable and surgery can be re-considered with clinical 
and biochemical progression.
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