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Abstract
Context: Mild autonomous cortisol secretion (MACS) is associated with increased risk of vertebral fractures (VFx).
Objective: The aim was to investigate impact of recovery from MACS on bone health remains unclear.
Methods: Retrospective intervention study (Study 1): 53 patients with MACS were followed for 35.2 ± 18.6 months; 31 patients underwent 
surgery (Study 1-Group A, 74.2% women, age 63 years [57-67]), while 22 patients received conservative treatment (Study 1-Group B, 45.5% 
women, age 64 years [61-72]). Prospective randomized study (Study 2): Fifty-one outpatients with MACS were randomly assigned to either 
adrenalectomy (Study 2-Group A, 21 patients, 67% women, age 63 [56.5-72.5]) or conservative approach (Study 2-Group B, 28 patients, 78% 
women, age 69 [61-73]) and were followed for 24 months.
Methods: MACS was diagnosed in patients with adrenal incidentalomas (AIs)  >1 cm and cortisol after the 1-mg dexamethasone suppression 
test  ≥1.8 µg/dL (50 nmol/L). At baseline and at the end of follow-up we assessed calcium–phosphorus metabolism, bone mineral density (BMD) 
at the lumbar spine (LS), total hip (TH), and femoral neck (FN) using dual-energy X-ray absorptiometry, and the presence of VFx.
Results: Study 1: At the end of the follow-up, Study 1-Group B showed an increased incidence of VFx (n = 11, 50%) than Study 1-Group A (n = 3, 
9.7%, P < .005). In both groups, BMD at LS, FN, and TH was comparable between baseline and the end of follow-up. Study 2: After 24 months in 
Study 2-Group A, but not in Study 2-Group B, calcium and phosphorus levels increased compared with baseline (P = .03 and P = .04, respectively). 
At the end of follow-up, BMD remained stable across both groups, but Study 2-Group B showed a significantly higher incidence of VFx (n = 7, 
25%) than Study 2-Group A (n = 1, 4.8%, P = .04).
Conclusion: In patients with AI and MACS, adrenalectomy significantly reduces the risk of VFx.
Key Words: mild autonomous cortisol secretion, bone mineral density, vertebral fracture
Abbreviations: 25OHVitD, 25-hydroxyvitamin D; ACTH, adrenocorticotroph hormone; AI, adrenal incidentaloma; BMD, bone mineral density; F-1mgDST, cortisol 
after 1-mg dexamethasone suppression test; FN, femoral neck; LS, lumbar spine; MACS, mild autonomous cortisol secretion; PTH, parathyroid hormone; TBS, 
trabecular bone score; TH, total hip; UFC, urinary free cortisol; VFx, vertebral fractures.
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Nowadays, “mild autonomous cortisol secretion (MACS)” is 
the term proposed by the European Society of Endocrinology 
(ESE) in collaboration with the European Network for the 
Study of Adrenal Tumors (ENSAT) to define the condition 
of biochemically evident cortisol excess in patients without 
the typical clinical features of cortisol excess (1). In the recent 
years, MACS has been receiving more and more attention since 
it has a non-negligible prevalence (ie, up to 2% in adults), being 

present in up to 50% of patients with adrenal incidentalomas 
(AIs), which, in turn, are diagnosed in up to 7% of subjects 
above 60 years of age (2). Moreover, MACS is considered an 
important condition since it may lead to cardiometabolic con
sequences (3). Importantly, data from intervention studies 
have suggested that the recovery from MACS ameliorates 
glucometabolic control and blood pressure in patients with 
AI (4, 5).
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Beside the cardiometabolic consequences, in the past, several 
studies showed that even the less severe form of hypercortiso
lism was associated with bone fragility (6) and that surgery was 
beneficial in these patients (7). However, data on bone involve
ment in patients with MACS, as defined on the basis of the 
ESE-ENSAT guidelines, are scarce. Indeed, the new criteria 
suggest that, in patients with AI, MACS should be diagnosed 
in the presence of serum cortisol after the 1 mg-dexamethasone 
suppression test (F-1mgDST) above 1.8 µg/dL (50 nmol/L) 
and in the absence of clinically overt hypercortisolism. 
Unfortunately, the great majority of the available studies on 
the risk of fragility fractures, mainly vertebral fractures 
(VFx), in patients with AI did not use the same criteria for de
fining MACS as those proposed by the ESE-ENSAT guidelines 
(6). Even though recent studies showed that MACS is associ
ated with an increased prevalence (8, 9) and incidence of 
VFx (8), data from intervention studies on the possible effect 
of the recovery from MACS on bone fragility are completely 
lacking. For these reasons, the recent ESE-ENSAT guidelines 
still consider that the association between MACS and osteo
porosis is not yet well established (1).

Therefore, the aim of the present study was to evaluate the 
incidence of VFx in patients with AI with MACS after removal 
of the adrenal adenoma or during a conservative follow-up.

Patients and Methods
Subjects
This study includes 2 separate analyses of different cohorts.

Firstly, we reanalyzed retrospective longitudinal data ob
tained from a multicenter study, performed from January 
2008 to June 2013, on the effect of surgery or conservative ap
proach in patients with subclinical hypercortisolism (7). As 
per our protocols, at the time of that study, subclinical hyper
cortisolism was diagnosed in patients with AI and without 
signs and/or symptoms of cortisol excess and in the presence 
of F-1mgDST >5.0 μg/dL (138 nmol/L) or in the presence of 
≥2 out of F-1mgDST >3.0 μg/dL (83 nmol/L), adrenocortico
troph hormone (ACTH) levels <10 pg/mL (2.2 pmol/L), and 
24-hour urinary free cortisol (UFC) levels > 70 μg/24 hours 
(193 nmoL/24 hours). In all patients with AI and subclinical 
hypercortisolism we suggested surgery, explaining its possible 
advantages and disadvantages. Briefly, among 605 subjects 
consecutively referred for unilateral AI, on the basis of the in
clusion and exclusion criteria, as reported in the original study 
(7), 55 patients were found to be affected by subclinical hyper
cortisolism. By applying the ESE-ENSAT criteria for diagnos
ing MACS (1), 53 of these subjects met the criteria and their 
data were reanalyzed: 31 patients (Study 1-Group A, 23 fe
males) underwent surgery, while 22 patients who refused 
the surgical option were conservatively followed (Study 
1-Group B, 10 females). All subjects signed the informed con
sent form before entering the study, which was approved by 
the ethics committees of the 2 centers where the study was 
conducted (Fondazione IRCCS Cà Granda, Milan, Italy; 
“Casa Sollievo della Sofferenza” Hospital IRCCS, San 
Giovanni Rotondo, Foggia, Italy)

The second part of the present study reports data from a 
prospective multicenter randomized protocol (Study 2) con
ducted in a cohort of patients with MACS who were recruited 
between September 2016 and February 2020 and randomized 
to surgery or to a conservative approach in order to evaluate 
the effect of adrenalectomy on several outcomes possibly 

associated with hypercortisolism, including variations of 
body weight, blood pressure, glucometabolic control, bone 
mineral density (BMD), and the number of incident VFx 
(NCT 04860180). Data on the changes of blood pressure 
and glucometabolic control after 6 months of follow-up 
have been recently published (4). Here we report the data on 
BMD and incident VFx after 24 months of follow-up.

The study was approved by the Milan Area B Ethics 
Committee (n. 809_2015, resolution n. 516 25/03/2016). 
Briefly, we included patients with (1) diagnosis by imaging of 
unilateral AI >1 cm with radiological features at computed 
tomography typical of adrenocortical adenoma; (2) age be
tween 40 and 75 years. We excluded patients on the basis of 
the presence of (1) signs or symptoms specific of hypercortiso
lism and/or AI >5 cm and/or with radiologic appearance not 
consistent with an adrenocortical adenoma, or biochemical evi
dence of pheochromocytoma and aldosteronism, since these 
patients were directly referred to surgery (10); (2) incomplete 
data; (3) intake of drugs influencing dexamethasone metabol
ism and/or cortisol metabolism or secretion; (4) disorders or 
conditions potentially affecting bone health, such as renal and 
hepatic diseases, thyrotoxicosis, hypogonadism, alcoholism, 
hematological and rheumatologic disease, and eating disorders.

Figure 1 summarizes the enrollment procedure of Study 2. A 
total of 735 patients with AI have been evaluated for inclu
sion. After the exclusion of 399 patients on the basis of the 
above-mentioned inclusion and exclusion criteria, all patients 
with confirmed F-1mgDST levels between 1.8 and 5.0 µg/dL 
(50 and 138 nmol/L) were considered eligible for study inclu
sion. Among the 71 eligible patients, 9 refused to participate 
and 62 patients were enrolled: 31 were randomized to surgical 
intervention (Study 2-Group A) and 31 to conservative ap
proach (Study 2-Group B). A block randomization was used 
to reduce bias and achieve balance in the allocation of partic
ipants to treatment arms. Eventually, 49 patients (21 in Study 
2-Group A and 28 in Study 2-Group B) completed the 
24-month study protocol. In Study 2-Group A, 4 patients 
withdrew consent before surgery, 1 patient was diagnosed 
with breast cancer after baseline assessments and dropped 
out the study, and 1 patient died of Coronavirus disease-2019 
before surgery. In Study 2-Group B, 1 patient had a rapid ad
enoma size increase due to internal nodule bleeding after 5 
months of follow-up and underwent adrenalectomy. All pa
tients were informed of the purpose and nature of all proce
dures and gave informed consent

In both Study 1 and Study 2, AIs were discovered by imaging 
performed for unrelated diseases (ie, computed tomography 
scan, ultrasonography, or magnetic resonance); ultrasound 
findings were confirmed with computed tomography scan. 
At computed tomography, all adrenal masses were hypodense 
and homogeneous, consistent with the diagnosis of adreno
cortical adenoma, and the contralateral adrenal gland was nor
mal. Laparoscopic or laparotomic (open) adrenalectomy was 
performed and no patient had complications. In all patients 
the histological findings were consistent with adrenal aden
oma. After adrenalectomy, precautionary steroid therapy 
with hydrocortisone was administered and, in all patients, cor
tisol secretion was re-evaluated, after 2 months, by the ACTH 
stimulation test. In patients with persistent adrenal insuffi
ciency, hypothalamic–pituitary–adrenal function was reas
sessed every 6 months. The median duration of steroid 
substitutive therapy was 12 and 5 months in Study 1 and in 
Study 2, respectively.
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In all subjects of both Study 1 and Study 2, BMD was 
measured by dual-energy X-ray absorptiometry (Hologic 
Discovery, Bedford MA, USA) at the lumbar spine (LS, precision 
1.0%), total hip (TH, precision 1.8%) and femoral neck (FN, 
precision 1.8%) and expressed as g/cm2 and SD units 
(Z-score) in relation to reference population and as the change 
in Z-scores per year (ΔZ-score/year) between baseline and the 
end of follow-up. Lateral and anteroposterior spinal radio
graphs (T4-L4) were performed in all subjects. Two radiologists, 
who were blinded to hormonal and BMD data, independently 
reviewed the radiographs and discussed the questionable cases. 
Prevalent and incident VFx were diagnosed using semiquantita
tive visual assessment (11): fractures assessed on lateral T4-L4 
spine radiographs were defined as reductions of more than 
20% in anterior, middle, or posterior vertebral height. In order 
to increase specificity, we considered as VFx only vertebrae with 
at least moderate (>25% compression) deformity. Fractured 
vertebrae were excluded from BMD measurement. In both 
Study 1 and Study 2, type 2 diabetes was diagnosed using 
World Health Organization criteria (12).

Methods
Serum and 24-hour urinary calcium, serum 25-hydroxyvitamin 
D (25OHVitD), phosphate, parathyroid hormone (PTH), and 
albumin levels were assessed. Calcium, albumin, and phos
phate were measured by standard colorimetric techniques. 
Serum intact PTH and 25OHVitD concentration was 

measured by electrochemiluminescence immunoassay (refer
ence interval 15-65 pg/mL [1.7-6.9 pmol/L] and 30-75 ng/mL 
[100-250 nmol/L], respectively). According to Italian guide
lines (13), in the presence of hypovitaminosis D, patients 
were supplemented with cholecalciferol in order to achieve 
25OHVitD levels above 30 ng/mL (75 nmol/L), and all patients 
with a dietary calcium intake <1000 mg/day were supple
mented with calcium carbonate or calcium citrate.

In patients enrolled in Study 1, as per our protocols, calcium 
phosphate parameters were measured every 12 months. The 
Study 2 protocol contemplated measuring cortisol secretion 
and calcium phosphate parameters every 6 and 3 months, re
spectively, until the end of follow-up.

In all patients from Study 1-Group B on the basis of our nation
al guidelines (14) alendronate was offered to 11 patients with a 
FRAX 10-year probability of a major osteoporotic fracture 
≥10% (15). Out of the 7 patients who accepted the weekly bi
sphosphonate therapy, only 5 patients had an adherence ≥80%.

On the basis of our national guidelines (14), an antiresorptive 
therapy (alendronate or risedronate) was prescribed in 2 and 5 
patients from Study 1-Group B and Study 2-Group B, respective
ly. No patient from Study 1-Group A and from Study 2-Group A 
was treated with bone active drugs as per our protocol (16).

Statistical Analysis
In both Study 1 and Study 2, the results are expressed as mean  
± SD or median (interquartile range, IQR) as appropriate. 

Figure 1. Enrollment procedure of study 2 (prospective randomized). Drop-out causes in Group A: consent withdrawal (n = 4), cancer occurrence 
(n = 1), death for COVID-19 (n = 1); lost at follow-up (n = 10). Drop-out causes in Group B: adrenalectomy for adenoma enlargement (n = 2); lost at 
follow-up (n = 1).
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Categorical variables were compared by χ2 test or Fisher exact 
test as appropriate. Comparison of continuous variables 
among the different groups was performed using the Student 
t test for paired or unpaired data, as appropriate, for normally 
distributed variables and using the Mann–Whitney U test or 
the Wilcoxon signed-rank test, as appropriate, for not nor
mally distributed variables.

Logistic regression analysis was used in Study 1 to assess the 
association between the occurrence of incident VFx after ad
justing for adrenalectomy (yes/no) and for the independent 
variables known to be associated with increased fracture 
risk (ie, age, gender, F-1mgDST levels, LS BMD, and VFx at 
baseline) as well as other variables that were found to be dif
ferent between surgically and not surgically treated patients at 
baseline. This analysis was repeated also including the use of 
bone active drugs (as independent variable) in the model.

Statistical analysis was performed by SPSS version 28.0 
statistical package (IBM Corporation, Armonk, New York, 
United States). P values less than .05 were considered statistic
ally significant.

Results
Study 1: Retrospective Data
Clinical characteristics of patients surgically (Study 1-Group A) 
and conservatively treated (Study 1-Group B) at the beginning 
and at the end of follow-up are reported in Table 1. In both 

groups, serum calcium, creatinine, phosphorous, and PTH lev
els and 24-hour urinary calcium levels were within the normal 
range and did not change between baseline and the end of 
follow-up (data not shown). The number of patients with preva
lent VFx was not different between the 2 groups. The VFx were 
severe (ie, > 40% compression deformity) in 7 and 3 patients, in 
Study 1-Group A and Study-1 Group B, respectively

At baseline, age, BMI, adenoma size, 25OHD, ACTH, 
1mg-DST, and UFC levels and prevalence of hypertension 
were not different between the 2 groups, while LS and FN 
BMD and prevalence of type 2 diabetes was lower in Study 
1-A than in Study 1-B group.

Compared with Study 1-Group A, Study 1-Group B showed 
an increased incidence of VFx at the end of the follow-up. In 
Study 1-Group B, BMD at both LS and total hip (TH) was com
parable between baseline and the end of follow-up, while 
F-1mgDST levels were slightly higher at baseline than at the 
end of follow-up. A new VFx (7 moderate and 4 severe) occurred 
in 11 (50%) of the patients, among whom 2 patients were treated 
with bisphosphonates and 5 patients had a prevalent VFx.

In Study 1-Group A, BMD at both LS and FN did not 
change between baseline and the end of follow-up. All 3 pa
tients in this group with incident VFx (all moderate, 9.4%) 
had a prevalent VFx at baseline.

Considering the whole sample of the Study 1, patients with 
incident VFx and those without incident VFx were comparable 
as far as the F-1mgDST levels at baseline were concerned (data 

Table 1. Retrospective study (study 1): comparison of clinical and biochemical characteristics between surgically treated (study 1-group a) and 
conservatively treated (study 1-group B) MACS patients at baseline and at the end of follow-up

Study 1-Group A (n = 31) Study 1-Group B (n = 22)

Baseline End of FU P Baseline End of FU P

Age (yrs) 63 (57-67) 65.7 (60.5-70.6) .10 64 (61-72) 66 (64-75) .20
Gender (females) 23a (74.2) — — 10 (45.5) — —
BMI (kg/m2) 26.0 (24.5-29.1) 26.4 (23.7-29.6) .93 25.2 (23.3-29.6) 25.6 (23.9-31.1) .41
Duration of FU (months) — 36c (24-48) — — 27 (24-44) —
Diameter of adenoma (cm) 3.2 (2.2-4.0) — — 2.5 (2.1-3.5) — —
25-Hydroxyvitamin D (ng/mL) 20.7 (14.7-26) 38 (34.4-42) .001 20.5 (16.3-28.8) 36.4 (33.8-43.2) .001
ACTH (pg/mL) 7.2 (5.0-9.1) 20.6d (12.8-46.6) .001 8.4 (5.9-9.0) 8.9 (7.7-9.4) .26
F-1mgDST (μg/dL) 3.6 (2.4-5.9) .9d (.7-1.0) .001 3.4 (2.2-4.3) 3.1 (2.6-5.8) .04
UFC (μg/24 hour) 68 (41-96) 25d (20-50) .001 56.1 (33.2-81.4) 56.3 (30.1-56.3) .72
L1-L4 BMD (Z-score) −0.81a (−2.0-0.1) −0.54 (−1.3-0.4) .29 0.2 (−1.4-1.2) 0.4 (−1.5-1.4) .96
L1-L4 ΔZ-score/year — 0.10 (−0.05-0.2) — — −0.01 (−0.01-0.1) —
Femoral neck BMD (Z-score) −0.7b (−1.2-0.1) −0.4 (−1.0-0.0) .44 0.0 (−0.6-0.5) −0.2 (−0.4-0.7) .89
Femoral neck ΔZ-score/year 0.05 (−1.05-0.74) −0.5 (−1.7-1.2)
Total hip BMD (Z-score) −0.8b (−1.4-0.1) −0.5 (−0.8-0.4) .21 0.05 (−0.8-0.5) 0.05 (−0.6-0.7) .69
Total hip ΔZ-score/year 0.05 (−0.05-0.15) −0.01 (−0.05-0.2)
Patients with prevalent VFx (%) 14 (45.2) — — 14 (63.6) — —
Patients with incident VFx (%) — 3e (9.7) — — 11 (50.0) —
Patients with type 2 diabetes (%) 5a (16.1) 5c (16.1) 1.00 9 (40.9) 9 (40.9) 1.00

Data are median (interquartile range) or absolute number with percentage in parenthesis.
To convert to SI units multiply ×: ACTH 0.22, UFC 2.756, cortisol 27.56, 25-hydroxyvitamin D 2.5.
Abbreviations: ΔZ-score/year, change of Z-score per year between baseline and end of FU; ACTH, adrenocorticotroph hormone; BMD, bone mineral density; BMI, 
body mass index; F-1mgDST, serum cortisol levels after 1-mg dexamethasone suppression test; FN, femoral neck; FU, follow-upLS, lumbar spine; MACS, mild 
autonomous cortisol secretion was diagnosed in presence of F-1mgDST >1.8 µg/dL; UFC, urinary free cortisol; TH, total hip; VFx, vertebral fractures.
aP < .005 and
bP < .05 vs conservatively treated patients at baseline.
cP < .05,
dP < .001, and
eP < .005 vs conservatively treated patients at the end of FU.

4                                                                                                    The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 00, No. 0
D

ow
nloaded from

 https://academ
ic.oup.com

/jcem
/advance-article/doi/10.1210/clinem

/dgaf227/8111428 by guest on 11 July 2025



not shown). In the whole sample of patients, the logistic regres
sion analysis showed that the surgical treatment of MACS was 
significantly associated with a 6.8-fold reduced risk of a new 
VFx (odds ratio [OR] 0.147, 95% CI 0.023-0.924, P = .041), 
but not with age, gender, duration of follow-up, degree of 
hypercortisolism (as expressed by F-1mgDST), LS BMD (as ex
pressed as Z-score), and presence of VFx and of type 2 diabetes 
at baseline (Table 2). The results were confirmed even after ad
justing for the use of bone active drugs (data not shown)

Study 2: Randomized Prospective Study
Clinical characteristics of patients in Study 2-Group A (surgi
cally treated) and in Study 2-Group B (conservatively treated) 
at baseline are reported in Table 3. The 2 groups were not dif
ferent in terms of demographic characteristics (age, sex, BMI), 
and in terms of cortisol secretion parameters (F-1mgDST, 
UFC, ACTH). The BMD measured at spine, FN, and TH 
was not different between the 2 groups at baseline as well as 
the prevalence of VFx. Two patients and no patients had se
vere VFx in Study 2-Group B and in Study 2-Group A, 
respectively.

The patients were followed over time (Table 4). Regarding 
patients who underwent surgery (Study 2-Group A), after 24 
months of follow-up, we observed a normalization of 
F-1mgDST levels and, as expected, a significant increase in 
ACTH values (<.001). Furthermore, in Study 2-Group A 
we observed an increase in calcium and phosphorus levels be
tween baseline and 6 months, 12 months, and the end of 
follow-up (Fig. 2).

In patients who were followed up with clinical observation 
(Study 2-Group B), no significant changes were observed in 
cortisol or ACTH levels, or in calcium and phosphorus levels 
when comparing baseline values to those after 24 months 
(Fig. 2). BMD remained stable in both groups over the 
24-month follow-up period.

Finally, the fragility fracture incidence was evaluated in all 
patients. After a 24-month follow-up, a total of 8 patients had 
an incident fragility fracture. All incident fractures were mor
phometric VFx and occurred in 1 patient (moderate VFx) in 

the surgical group (Study 2-Group A) and in 7 patients (3 se
vere VFx) in the conservatively treated group (Study 2-Group 
B) (P = .04), including the 2 subjects treated with bisphospho
nates. Among the 8 patients with incident VFx, 5 patients had 
a VFx at baseline (1 and 4 in Study Group A and Study 
2-Group B, respectively). The F-1mgDST levels at baseline 
were not different between patients with incident VFx and 
those without incident VFx (data not shown). The surgical 
treatment of MACS was significantly associated with a 
4.5-fold reduced risk of new VFx (OR 0.22, 95% CI 
0.07-0.71) even after adjusting for age (OR 0.65, 95% CI 
0.05-0.84)

Discussion
This is the first study evaluating the effect of the recovery from 
MACS on bone health and in particular on the risk of fragility 
fracture. In both the retrospective and randomized prospect
ive studies, we found that subjects who underwent the re
moval of the adrenal adenoma causing MACS had an 
important VFx risk reduction, while conservatively treated 
patients maintained a high rate of VFx incidence (Fig. 3). 
Moreover, during follow-up, BMD did not significantly 
change in both surgically and conservatively treated patients.

The finding that, in patients with MACS, recovery from 
mild cortisol excess leads to a dramatic reduction of VFX 
risk is in line with previous studies showing the benefit of sur
gery in fracture risk reduction in patients with subclinical 

Table 3. Randomized prospective study (Study 2): comparison of 
clinical and biochemical characteristics between surgically treated 
(Study 2-Group A) and conservatively treated (Study 2-Group B) 
patients with MACS at baseline

Study 2-Group A  
(n = 21)

Study 2-Group B  
(n = 28)

P 
value

Age (yrs) 63 (56.5‒72.5) 69 (61‒73) .19
Women, n (%) 14 (67) 22 (78) .35
BMI (kg/m2) 27.7 (24.4‒31.1) 26 (23.3‒30.6) .37
Diameter of 

adenoma (cm)
3.2 (2.7‒3.8) 2.9 (2.3‒3.4) .1

ACTH (pg/mL) 8.8 (5.9‒11.5) 9 (5.7‒12.3) .74
F-1mgDST (μg/dL) 3.5 (2.3‒4.5) 2.5 (2.2‒3.6) .10
UFC (μg/24 hour) 27.1 (16.5‒40.9) 22 (12.6‒29.1) .11
Patients with type 2 

diabetes (%)
5 (23.8) 5 (17.9) .37

L1-L4 BMD 
(Z-score)

0.15 (−0.57-0.75) 0.1 (−0.7-0.9) .99

Femoral neck BMD 
(Z-score)

−0.55 (−0.30-0.37) −0.1 (−1.1-0.4) .72

Total hip BMD 
(Z-score)

0.28 (−0.6-0.9) −0.05 (−0.57-0.82) .67

Patients with 
prevalent VFx (%)

4 (21) 6 (21.4) .97

MACS was diagnosed in presence of F-1mgDST >1.8 µg/dL (50 nmoL/L) Data 
are median (interquartile range) or absolute number with percentage in 
parenthesis.
To convert to SI units multiply ×: ACTH 0.22, UFC 2.756, cortisol 27.56.
Abbreviations: ΔZ-score/year, change of Z-score per year between baseline and 
end of FU; ACTH, adrenocorticotroph hormone; BMD, bone mineral density; 
BMI, body mass index; F-1mgDST, serum cortisol levels after 1-mg 
dexamethasone suppression test; FU, follow-up; MACS, mild autonomous 
cortisol secretion; UFC, urinary free cortisol.

Table 2. Independent associations between the occurrence of an 
incident vertebral fragility fracture and adrenalectomy, age, gender, 
duration of follow-up, degree of hypercortisolism, lumbar spine 
bone mineral density, and presence vertebral fracture and of type 2 
diabetes at baseline in patients with MACS

aOR 95% CI P 
value

Adrenalectomy (yes vs no) 0.147 0.023-0.924 <.041
Age (1-year increase) 1.061 0.919-1.225 .417
Gender (women) 0.971 0.167-5.659 .818
Duration of follow up (1 month increase) 0.994 0.943-1.048 .632
F-1mgDST (1 µg/dL increase) 0.649 0.280-1.508 .315
LS-BMD (1 Z-score increase) 1.139 0.579-2.240 .707
Prevalent vertebral fracture at baseline (yes 

vs no)
0.551 0.119-2.538 .444

Type 2 diabetes mellitus (yes vs no) 0.547 0.091-3.274 .251

Statistically significant associations are in bold.
Abbreviations: aOR, odds ratio adjusted for the variables included in the model; 
BMD, bone mineral density; F-1mgDST, 1-mg dexamethasone suppression test; 
LS, lumbar spine; MACS, mild autonomous cortisol secretion.
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hypercortisolism (6, 7, 17), a condition of asymptomatic cor
tisol excess diagnosed in the past with criteria different from 
those currently used to define MACS (1). However, although 
recent studies suggested a negative effect even of MACS on 

bone health and in particular on the risk of fragility fractures 
(8, 9, 17), data showing the effect of surgery on fracture risk 
were not available so far. Overall, considering together data 
from the retrospective and prospective study, we found that 

Table 4. Randomized prospective study (Study 2): comparison of clinical and biochemical characteristics between surgically treated (Study 
2-group A) and conservatively treated (Study 2-Group B) patients with MACS at baseline and at the end of follow-up

Study 2-Group A (n = 21) Study 2-Group B (n = 28)

Baseline 24 months of follow-up P value Baseline 24 months of follow-up P value

BMI (kg/m2) 27.7 (24.4-31.1) 27.7 (23.1-31.8) .88 26 (23.3-30.6) 25.2 (22.9-27.5) .52
ACTH (pg/mL) 8.8 (5.9-11.5) 25.9 (17.3-44.3) <.001 9 (5.7-12.3) 10.6 (8.3-14.4) .13
F-1mgDST (μg/dL) 3.5 (2.5-4.5) 0.8 (0.59-1.45) <.001 2.5 (2.2-3.6) 2.8 (2.1-4.2) .57
UFC (μg/24 hour) 27.1 (16.5-40.9) 26.5 (16.6-41.6) .78 22 (12.6-29.1) 22.2 (14.3-32.8) .35
Calcium (mg/dL) 9.2 (9.1-9.5) 9.5 (9.2-9.8) .03 9.3 (8.9-9.5) 9.4 (9.2-9.6) .56
Phosphate (mg/dL) 3.0 (2.8-3.4) 3.4 (3.0-3.7) .04 3.5 (3.3-3.7) 3.6 (3.5-3.8) .17
25-hydroxyvitamin D (ng/mL) 27.8 (19-36) 32.9 (29.1-37.7) .15 33.2 (26.7-43.5) 35.9 (32.2-43.0) .40
24 hours urinary calcium (mg/kg/day) 1.35 (1.01-2.53) 1.51 (0.95-2.08) .71 2.10 (1.30-2.97) 1.43 (0.79-2.92) .29
Alkaline phosphatase (U/L) 62.5 (52.0-77.5) 66 (53-86) .53 69 (60.5-74.5) 69 (57-81) .78
L1-L4 BMD (Z-score) 0.2 (−0.6-0.8) 0.2 (−0.3-1.0) .55 0.1 (−0.7-0.9) 0.3 (−0.6-1.3) .38
Femoral neck BMD (Z-score) −0.5 (−0.3-0.4) −0.2 (−0.4-0.3) .72 −0.1 (−1.1-0.4) −0.3 (−0.9-0.5) .92
Total hip BMD (Z-score) 0.2 (−0.6-0.9) 0.3 (−0.3-0.7) .78 −0.1 (−0.6-0.8) 0 (−0.7-1.1) .80
Patients with incident VFx (%) — 1 (4.8)a — 7 (25) .04

Data are median (interquartile range) or absolute number with percentage in parenthesis. Data are mean ± SD with range in parenthesis or absolute number with 
percentage in parenthesis.
To convert to SI units multiply ×: ACTH 0.22, UFC 2.756, cortisol 27.56, 25hydroxyvitamin D 2.5.
Abbreviations: ΔZ-score/year, change of Z-score per year between baseline and end of FU; ACTH, adrenocorticotroph hormone; BMD, bone mineral density; BMI, 
body mass index; F-1mgDST, serum cortisol levels after 1-mg dexamethasone suppression test; FN, femoral neck; FU, follow-up; LS, lumbar spine; MACS, mild 
autonomous cortisol secretion was diagnosed in presence of F-1mgDST >1.8 µg/dL; TH, total hip; UFC, 24-hour urinary free cortisol.
aP < 0.05 vs conservatively treated patients at the end of FU.

Figure 2. Study 2 (prospective randomized): changes in calcium and phosphate levels from baseline to end of follow-up in surgically treated subjects 
(group A) and in conservatively treated ones (group B). In surgically treated patients, calcium and phosphate levels significantly increased from baseline 
to 6 months, 12 months, and 24 months. No statistically significant changes in phosphate levels were found in conservatively managed patients 
(Groups B) from baseline to 6, 12, and 24 months.

6                                                                                                    The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 00, No. 0
D

ow
nloaded from

 https://academ
ic.oup.com

/jcem
/advance-article/doi/10.1210/clinem

/dgaf227/8111428 by guest on 11 July 2025



in patients with MACS surgical treatment is associated with a 
6.5-fold reduced risk of VFx. The finding that patients with AI 
and MACS are at increased risk of fragility fracture and that 
this risk could be reduced by the removal of the adrenal 
mass is important since it suggests that bone fragility could 
be considered among the criteria for addressing the treatment 
of choice in these patients.

As in patients with subclinical hypercortisolism, even in pa
tients with MACS, the fracture risk, though importantly re
duced, is not totally abolished by surgery. This could be 
related to different reasons. Firstly, even though in surgically 
treated patients the follow-up period started after the with
drawal of steroid substitutive therapy, we cannot exclude 
that this therapy could have been excessive for bone health, 
at least in some patients. Moreover, the length of recovery 
from sarcopenia may have played a role in slowing down frac
ture risk reduction after surgery (6, 17, 18). Importantly, in 
both studies all surgically treated patients with MACS who 
experienced an incident VFx had a prevalent VFx at baseline 
and, therefore, might themselves be at increased risk of subse
quent VFx (19). Finally, although all patients with a dietary 
calcium intake below 1000 mg/day were supplemented with 
calcium carbonate or calcium citrate, it is not possible to ex
clude that the adherence to calcium supplements has been in
adequate in some patients. This is important because after 
glucocorticoid treatment, an adequate calcium intake is cru
cial for bone health recovery (16), which, in patients with
drawing from glucocorticoids, is partially compensated by 
the increase of calcium and phosphate absorption by the gut 
(20). It is of note that in the prospective randomized study, cal
cium and phosphate levels increased in surgically treated pa
tients but not in conservatively treated ones, thus confirming 
the beneficial effect on bone of the recovery from even mild 
hypercortisolism.

A further significant result is that the randomized study con
firms that the conservatively treated patients with MACS are 

exposed to an increased risk of VFx, similarly to what has 
already been suggested from retrospective data (8, 9). 
Unfortunately, the present studies were not designed to pro
vide information regarding the predictive factors for incident 
fragility fractures in patients with MACS managed with a con
servative approach. However, considering together the retro
spective and prospective data of the present study, among the 
18 conservatively managed patients who had an incident VFx, 
11 subjects already had a prevalent VFx at baseline, confirm
ing that the presence of a prevalent VFx should always be con
sidered as an important risk factor for a subsequent fracture 
(19). Additionally, the present studies do not show a possible 
role of F-1mgDST levels in predicting the risk of fractures in 
patients with MACS managed with a conservative approach. 
However, looking at the association between the mean 
F-1mgDST levels with the incidence of VFx in the cohorts of 
conservatively treated patients in the present randomized pro
spective study (2.5 µg/dL and 25%, respectively), in a previ
ously published (8) retrospective observational study 
(3.0 µg/dL and 36.4%, respectively) and in the present retro
spective study (3.5 µg/dL and 50.0%, respectively), a possible 
predictive role of F-1mgDST levels on the risk of incident frac
tures could be hypothesized. This is in line with the results of a 
large observational cross-sectional study showing a direct as
sociation between F-1mgDST levels and VFx prevalence in pa
tients with MACS (9).

Some findings of the present studies were somewhat 
expected. The fact that fragility fractures were only at vertebral 
sites is in line with previous studies on both subclinical hyper
cortisolism and MACS (6, 17), and it could be explained by the 
fact that trabecular bone is highly sensitive to glucocorticoid 
excess (21). A further expected finding is that the prevalence 
of patients with an inadequate response to bisphosphonates 
(4 out of 7 patients, 57.1% considering the 2 studies together) 
is higher than that expected in postmenopausal osteoporosis 
(22), confirming that MACS confers an additional risk of 

Figure 3. Incidence of vertebral fractures in conservatively treated patients and surgically treated patients from Study 1, Study 2 and from Study 1 plus 
Study 2 taken together. Study 1: retrospective longitudinal study. Study 2: prospective randomized study. For each comparison the difference between 
conservatively treated subjects and surgically treated subjects is statistically significant. As compared with conservatively treated patients, in Study 1, 
Study 2, and Study 1 + 2 surgically treated subjects have a 6.8-fold, 4.5-fold, and 6.5-fold reduced risk of fragility fractures, respectively.
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fragility fractures. Finally, even the present studies confirm that 
the absence of a low BMD at baseline and/or of a BMD reduc
tion during the follow-up could not be considered a safe par
ameter in evaluating the fracture risk in patients with MACS, 
as already described in patients with subclinical hypercortiso
lism (23). Indeed, it is widely accepted that BMD evaluation is 
not entirely reliable for predicting the fracture risk in gluco
corticoid induced osteoporosis since bone quality, which is 
not captured by BMD assessment, plays an important role 
(24). Therefore, in the clinical evaluation of patients with 
MACS, other tools, beside BMD (eg, trabecular bone score 
[TBS]), should be studied in order to identify patients at higher 
risk of incident fractures (23). Indeed, particularly in patients 
with secondary osteoporosis, the fracture risk strongly de
pends on, beside BMD, the alteration of bone quality, which 
includes bone geometry (bone size, shape), bone macro- and 
microarchitecture (eg, connectivity and thickness of trabecu
lae, thickness and porosity of cortical bone), the balance and 
rate of bone remodeling, bone mineralization, and the type 
and organization of collagen or other components of the 
bone matrix (25). Thus, it is possible to hypothesize that, as de
scribed in patients with overt and mild cortisol excess (26, 27), 
in patients with MACS, TBS, a dual-energy X-ray absorpti
ometry–derived surrogate marker of bone quality, could add 
information on the risk of fragility fractures, regardless of 
BMD.

The lack of the availability of TBS data has to be considered 
a first limitation of these studies. Secondly, due to its retro
spective design, we cannot exclude that in Study 1 some con
founding factors could have exerted a role. For instance, the 
higher disease activity in conservatively managed patients 
(as mirrored by F-1mgDST levels) may have impacted on 
the fracture risk. However, the fact that the association 
between surgical treatment and fracture risk reduction was in
dependent of F-1mgDST levels renders this hypothesis less 
likely. Similarly, we did not record data on tobacco use, which 
is thought to be associated with an increased fracture risk (28). 
Thirdly, due to the need for steroid substitutive therapy, the 
observation period in the surgically treated patients lasted 
for a mean of 12 months more than that in the conservatively 
managed subjects. However, the shorter follow-up in conser
vatively treated subjects should have decreased rather than in
creased the rate of VFx. In addition, the use of bone turnover 
markers, which were not included in both Study 1 and Study 2 
determinations, could have been informative, particularly for 
the prediction of patients with MACS at higher risk of incident 
VFx (29). Moreover, radiologists were not mandatory blinded 
for surgical intervention or not, and, thus, we cannot exclude 
that they could have been influenced by awareness of the pa
tient’s status. Finally, the prevalence of 53 patients with 
MACS out of 605 patients with AI included in the retrospect
ive study may appear too low considering that many data 
show a prevalence of MACS in AI of up to 50% (1-3). 
However, at the time of the study, only patients with subclin
ical hypercortisolism were recommended to undergo adrena
lectomy and were systematically followed for both skeletal 
and extraskeletal complications. Therefore, in the present 
study, we could report data only from the 53 patients with 
subclinical hypercortisolism who also met the MACS criteria, 
as data on skeletal complications were available only for these 
patients.

Notwithstanding these limitations, this study is important 
since it shows for the first time with both retrospective and 

randomized prospective approaches that subjects undergoing 
the removal of the adrenal adenoma causing MACS have an 
important VFx risk reduction, while conservatively treated 
subjects maintain a high rate of VFx incidence. Further larger 
studies should be designed in order to identify MACS patients 
at higher risk of incident VFx. In the meantime, while ap
proaching patients with MACS, physicians should take into 
consideration the risk of VFx in patients who do not undergo 
surgery.
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