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OBJECTIVE. Adrenal incidentalomas occur in 5% of adults and can produce autono-
mous cortisol secretion that increases the risk of metabolic syndrome and cardiovascular dis-
ease. The objective of our study was to evaluate the relationship between adrenal nodule size
measured on CT and autonomous cortisol secretion.

SUBJECTS AND METHODS. In a prospective study of 73 patients 22—87 years old
with incidentalomas, unilateral in 52 patients and bilateral in 21 patients, we measured maxi-
mum nodule diameter on CT and serum cortisol levels at 8:00 am, 60 minutes after the adre-
nocorticotropic hormone stimulation test, and after the dexamethasone suppression test. We
also studied 34 age-, sex-, and body mass index—matched control subjects. Statistics used were
Spearman correlation coefficients, 7 tests, ANOVA test, and multivariate analysis.

RESULTS. The mean maximum diameter of unilateral nodules measured on CT was
larger on the right (2.47 £ 0.98 [SD] cm) than on the left (2.04 + 0.86 cm) (p = 0.01). In the bi-
lateral cases, the mean diameter of the right nodules was 2.69 + 0.93 cm compared with 2.13 +
0.89 cm on the left (p = 0.06). Mean baseline serum cortisol level was significantly higher in
the patients with incidentalomas (bilateral, 13.1 + 4.5 mcg/dL [p < 0.001]; unilateral, 9.7 + 3.2
mcg/dL [p = 0.019]) than in the control subjects (7.5 + 3.6 mcg/dL). After dexamethasone sup-
pression test, serum cortisol levels were suppressed to less than 1.8 mcg/dL in 100% of control
subjects, 33% of patients with bilateral incidentalomas, and 62% of patients with unilateral
incidentalomas (p < 0.001). There were significant correlations between maximum nodule di-
ameter on CT and serum cortisol levels after the dexamethasone suppression test (p = 0.500;
p <0.001) and at baseline (p = 0.373; p = 0.003).

CONCLUSION. Increasing size of adrenal nodules is associated with more severe hyper-
cortisolism and less dexamethasone suppression; these cases need further evaluation and pos-
sibly surgery because of increased risks of metabolic syndrome and cardiovascular mortality.

he widespread use of abdominal pathology results after adrenalectomy showed
imaging procedures led to the in-  that imaging characteristics are better for
creased discovery of incidental predicting malignancy than nodule size and
adrenal masses. The frequency that 45% of adrenal malignancies would have

of adrenal incidentalomas varies between
4% and 8% of the adult population and is as
high as 10% in the elderly population; ap-
proximately 20% of adrenocortical nodules
are bilateral [1-4]. Abdominal imaging is
also used to search for metastasis and deter-
mine staging of primary nonadrenal neopla-
sia. Careful screening is necessary to exclude
primary carcinoma or metastasis to the adre-
nal glands and clinically functional endo-
crine tumors that produce aldosterone [5],
cortisol [6], and catecholamines [7].
Although adrenal nodule size of 4 cm or
larger is an important predictor of malignan-
cy, a study that compared imaging with histo-

been missed if prediction had been based on
anodule size of 4 cm or larger [8].

Specific adrenal protocols use CT and
MRI to evaluate the morphology of adre-
nal masses based on size, shape, texture, and
lipid content (density). Most adenomas are
small, between 1.5 and 4 c¢m, well-defined,
and homogeneous lesions that usually have a
high lipid content (i.e., low density) in com-
parison with other adrenal lesions [9, 10];
however, adenomas can be larger than 4 cm
in diameter and somewhat heterogeneous,
and the 30% of adenomas that are lipid-poor
need additional radiologic evaluation and
management [11].
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A significant correlation exists between
unenhanced CT attenuation values and
MRI chemical-shift ratios [12]. Adrenal le-
sions with unenhanced attenuation values
of 10 HU or less and signal dropout on out-
of-phase MRI are usually benign adenomas
[13]. Assessment of the lipid content and spe-
cific intracellular metabolites of adrenal nod-
ules using spectroscopy-coupled MRI has
been shown to correlate these changes with
pathologic findings [14].

Various studies have shown that up to 30%
of the adrenal incidentalomas may produce
cortisol autonomously without clinical mani-
festations of Cushing syndrome [15], and these
cases are now referred to as “subclinical hy-
percortisolism.” Diagnosis of this condition is
important because recent studies have shown
an increased risk of metabolic syndrome and
increased cardiovascular mortality in patients
with subclinical hypercortisolism [16].

The purpose of this study was to correlate
the size of adrenal masses (unilateral or bilat-
eral nodules) evaluated on CT and MRI with
serum cortisol levels at baseline, after adreno-
corticotropic hormone (ACTH) stimulation,
and after dexamethasone suppression [17].
The overnight dexamethasone suppression
test is a simple and accurate test commonly
used to separate autonomous cortisol produc-
tion (= 1.8 mcg/dL) from a normal cortisol re-
sponse. Additional evidence for autonomous
cortisol production can come from suppressed
baseline levels of plasma ACTH and serum
dehydroepiandrosterone sulfate (DHEAS)
due to the negative feedback of cortisol on the
hypothalamic pituitary axis [18].

Subjects and Methods

We prospectively studied 202 consecutive pa-
tients referred from other services (i.e., urology,
gastroenterology, oncology) to the Endocrine
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Outpatient Clinic at Federal University of Sdo
Paulo, Brazil, for evaluation of incidentally dis-
covered adrenal nodules. Patient recruitment de-
tails are as follows: Of the 202 patients, six had
a primary or secondary adrenal malignancy (two
carcinomas, three lymphomas, one liposarcoma),
34 had endocrine-active tumors (15 pheochro-
mocytomas, eight cases of primary aldosteron-
ism, seven cases of adrenal Cushing syndrome,
and four cases of congenital adrenal hyperplasia),
and 15 had adrenal lesions of other causes (eight
myelolipomas, four pseudoadrenal lesions [three
ganglioneuromas, one abscess], and three simple
cysts or pseudocysts).

Patients were referred from other services that
performed the first CT study. All patients had full
imaging workup as well as full endocrine evalua-
tion for conditions such as primary hyperaldoste-
ronism, pheochromocytoma, Cushing syndrome,
and congenital adrenal hyperplasia. If clinical-
ly indicated, adrenal biopsy or surgery was per-
formed for diagnosis to exclude carcinoma, lym-
phoma, carcinoma, and other conditions listed in
Figure 1. All adrenal surgeries and biopsies were
performed at our center. Of the remaining 147 pa-
tients, 74 were excluded for the following reasons:
age younger than 18 years; pregnancy; use of oral
contraceptives, estrogen, glucocorticoids, testos-
terone, or anticonvulsants; severe chronic obstruc-
tive pulmonary disease; chronic kidney disease;
chronic liver disease; claustrophobia; allergy to
IV contrast material; and patient refusal.

Seventy-three patients with benign adrenal
nodules (age range, 22—-87 years; 50 women [68%]
and 23 men [32%]), were selected on the basis of
the strict inclusion and exclusion criteria. Eighteen
patients had a history of neoplasia (carcinomas:
six breast, three kidney, two bladder, one stom-
ach, one colon, one lung, one ovary, one thyroid;
one palate carcinoid; and one multiple myeloma)
without current evidence of recurrence and were
considered disease-free at the time of investiga-

55 Subjects were excluded:

Pheochromocytoma (n = 15)
Hyperaldosteronism (n = 8)

202 Subjects referred
for evaluation of
incidentally discovered
adrenal nodules

74 Subjects were excluded:

Criteria:
Glucocorticoid use (n = 44)

Cushing syndrome (n=7)

Pregnancy (n = 2)

Adrenal carcinoma (n = 2)

Age < 18 years (n=3)

Myelolipoma (n = 8)

CAH (n=4) 73 Pa

tients

Claustrophobia (n = 10)
Alcoholism (n = 4)

Liposarcoma (n=1)

Lymphoma (n = 3)

Refused (n=11)

Cystic lesion (n=3)

Abscess (n=1)
Ganglioneuroma (n = 3)

52 Patients with unilateral
adrenal incidentalomas and
21 patients with bilateral
adrenal incidentalomas

Fig. 1—Flowchart shows patient recruitment. CAH = congenital adrenal hyperplasia.

tion. Two patients (one with gastric cancer and one
with renal cancer) had undergone biopsy of adre-
nal nodules, which showed no evidence of metas-
tases, and eight patients were subsequently fol-
lowed up for at least 5 years with repeated MRI
showing no detectable changes in adrenal imaging
findings (Fig. 1).

Healthy volunteers were recruited from hos-
pital staff and the community to serve as control
subjects for the serum cortisol data. Subjects were
matched as closely as possible for age, sex, and
body mass index (BMI; weight in kilograms di-
vided by the square of height in meters) and un-
derwent MRI to exclude adrenal nodules. We did
not match them on morbidity because of the large
number of control subjects that would need to be
recruited to match the high prevalence of disease
in the incidentaloma group.

Imaging

All patients underwent CT and MRI adrenal
protocols, and adrenal lesions were reassessed us-
ing a multiline CT study with specific thin-slice
(<5 mm) adrenal protocols. Of 73 patients, 52 had
unilateral and 21 had bilateral adrenal nodules on
initial abdominal CT.

In the unilateral group, an unenhanced CT at-
tenuation of 10 HU or less occurred in 63.4% of
nodules and of greater than 10 HU in 7.8% of nod-
ules; for 28.8% of nodules, CT showed no attenu-
ation measurement. In the bilateral group, unen-
hanced CT attenuation of 10 HU or less occurred
in 57.1% of nodules and greater than 10 HU in
14.3% of nodules; unenhanced attenuation was
not evaluated in 28.6% of nodules. Contrast wash-
outs greater than 60% were additionally present
in 33% of bilateral nodules and 24% of unilater-
al nodules. If CT had been performed within 6
months, then CT was not repeated because of the
radiation exposure. For patients without CT atten-
uation values, abdominal MRI was performed and
a chemical-shift was shown in all nodules, which
confirmed that the mass was a benign adrenal nod-
ule. MRI was used also in the control subjects to
exclude adrenal incidentalomas.

For CT analysis, the dimensions available for all
nodules were length and width. Because we did not
always have the third dimension, we could not al-
ways calculate nodule volume. We used the largest
diameter on CT for solitary nodules. For bilateral
nodules, we used either the largest diameter of the
largest of multiple nodules or the sum of the largest
nodule diameters for multiple bilateral nodules; in
bilateral cases, the values were summed.

MR images were obtained on a 1.5-T 43-mT/
m gradient unit (Magnetom Sonata MC, Siemens
Healthcare). The MRI protocol was performed at
the level of the adrenal nodule or nodules. The
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nodule measurements were carefully determined
by the following parameters (T2-weighted imag-
es): the maximal (largest) nodule diameter and
3D measurements for volume calculation. Nodule
volume was calculated as follows: (anteroposterior
diameter x transverse diameter x craniocaudal di-
ameter) x 0.52 (all diameters in centimeters). The
phenotype of the contralateral adrenal (for unilat-
eral cases) and the phenotype of the adrenocorti-
cal tissue adjacent to the lesions (for bilateral cas-
es) were also assessed for tissue atrophy. CT and
MR images were analyzed and interpreted inde-
pendently by two radiologists. We used the largest
diameter on MRI for solitary nodules and either
the largest diameter of the largest of multiple nod-
ules or the sum of the largest nodule diameters for
multiple bilateral nodules, and we calculated the
volume of the nodules. In bilateral cases, the nod-
ule size and volume were summed.

Hormone Studies

Premenopausal women underwent imaging dur-
ing the early follicular phase of the menstrual cy-
cle. Within 1 month after the imaging studies, all
73 patients and 34 control subjects underwent typi-
cal dynamic cortisol studies that included the follow-
ing: morning baseline measurements of serum cor-
tisol, aldosterone, and DHEAS; and plasma ACTH
levels obtained between 8:00 and 9:00 am and after
an acute ACTH stimulation test. For the latter test, a
250-mcg IV bolus of cosyntropin was administered,
and blood was drawn to obtain serum cortisol level
at 60 minutes after injection. One week later, a dexa-
methasone suppression test was performed: 1 mg of
dexamethasone was administered orally at 11:00 pm,
and blood was drawn for serum cortisol and dexa-
methasone levels between 8:00 and 9:00 am the next
morning. Serum cortisol and aldosterone levels were
measured by liquid chromatography mass spectro-
photometry (Liquid Chromatography-Tandem Mass
Spectrometry [LC-MS/MS], Model API 4000, SCI-
EX) at Mayo Clinic Laboratories. Serum DHEAS
and plasma ACTH levels were measured by chemilu-
minescence immunoassays (Immulite 2000 Immu-
noassay System, Siemens Healthineers) and serum
dexamethasone level was determined by a radioim-
munoassay to confirm that the subject had taken the
dose and that there was normal absorption and me-
tabolism of the drug because many drugs can rapidly
metabolize dexamethasone as a result of stimulating
cytochrome P450 enzymes [19]. All subjects signed
informed written consent forms for the study proto-
col that had been previously approved by the Ethics
Committee of the Federal University of Sdo Paulo.

Statistical Methods

No preliminary estimate of group size was pos-
sible because at the onset of the study there were
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no significant data on hormone results in patients
with adrenal incidentalomas. Results are present-
ed as mean + SD or as median and range. Base-
line characteristics are compared between unilat-
eral, bilateral, and control groups with ANOVA
and chi-square tests. Adrenal nodule measure-
ments obtained on CT and MRI were compared
between the right and left sides of unilateral cases
with 7 tests and between the right and left sides of
bilateral cases with paired ¢ tests.

Spearman correlation coefficients (p) were
used to examine correlations between tumor size
and cortisol levels because there are several outli-
ers that were affecting the Pearson correlation co-
efficients. Using the rank correlation coefficient
is appropriate in the presence of outliers. In the
case of no outliers, we still used Spearman corre-
lation coefficients for consistency. Linear regres-
sion lines are added to the scatterplots with 95%
confidence limit bands to examine trends.

Univariate and multivariate linear regression
analyses were used to look at associations between
patient characteristics and serum cortisol levels
at baseline and after dexamethasone suppression.
Model assumptions were assessed using residual
plots. Log transformation was applied to the corti-
sol levels to meet the normality assumptions of the
models. If a variable was associated with cortisol
level in the univariate model with a p < 0.2, then
that variable was included in a backward-selected

multivariate model. Because the results were simi-
lar for CT and MRI, we chose CT as the primary
measurement in the multivariate analysis in these
tables. SAS software (version 9.4w, SAS Institute)
was used for data analysis, and p < 0.05 was consid-
ered statistically significant.

Results
Baseline Characteristics

All 34 healthy control subjects underwent
MRI to look for adrenal nodules, and all MRI
findings were negative for adrenal nodules.
The baseline clinical characteristics of the pa-
tients and control subjects are given in Table 1.

There were 73 patients (50 women [68%)]
and 23 men [32%]; median age, 59.3 years; age
range, 22—87 years). Clinically there was no
difference in age, weight, BMI, and abdom-
inal circumference among the three groups,
but patients with incidentalomas compared
with control subjects had a higher prevalence
of diabetes (p < 0.04), smoking (p < 0.004),
dyslipidemia (p <0.007), and hypertension (p,
not statistically significant).

Hormone Results

Serum dexamethasone levels all showed
normal absorption of dexamethasone with
the exception of one control subject with a
subnormal serum dexamethasone level of

TABLE I: Baseline Characteristics of 73 Patients With Adrenal Nodules and

34 Control Subjects

Control Subjects Patients With Adrenal Nodules
Characteristic (n=34) Unilateral (n=52) | Bilateral (n=21) p

Sex, no. of patients 0.97
Female 23 34 14

Male n 18 7
Age (y) 55.5+9.8 59.3+10.4 59.3+9.2 0.19
Weight (kg) 81.0+20.0 75.9+19.3 76.5+£17.9 0.49
Body mass index® 31.0+5.8 30.1+7.0 29.7+5.6 0.58
Abdominal circumference (cm) 102+ 16 96.8 +15.2 99.0+12.6 0.24
Systolic blood pressure (mm Hg) 128+ 18 136 +22 139+24 0.15
Diastolic blood pressure (mm Hg) 84+12 86+13 87+16 0.59
Fasting glucose (mg/dL) 92+7 10925 M +42 0.005
Serum total cholesterol (mg/dL) 188 +33 202 +43 199 +37 0.29
Serum LDL (mg/dL) 107 +29 114+ 38 116 + 28 0.55
Hypertension 21(62) 38(73) 18(86) 0.15
Diabetes 2(6) 16 (31) 9(43) 0.004
Dyslipidemia 9(26) 30(58) 13(62) 0.007
Smokers 3(9) 18(35) 11(52) 0.002

Note—Data are mean + SD or number (%) of patients. LDL = low-density lipoprotein.
aWeightin kilograms divided by the square of heightin meters.
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TABLE 2: Hormone Results in Patients With Unilateral and Bilateral Adrenal Nodules and Control Subjects

Control Subjects | Patients With Unilateral Patients With Bilateral
Laboratory Test (n=34) Nodules (n=52) P2 Nodules (n=21) i pe

Serum cortisol (mcg/dL)

Atbaseline 75+3.6 97+32 0.019 13.1£45 <0.001 0.001
After ACTH stimulation test 23.6+6.5 28.0+6.6 0.010 32.4+6.7 <0.001 0.026
After dexamethasone suppression test 1.0+0.6 21+19 0.021 3.2+25 <0.001 0.039
Percentage of patients (no./total no.) with serum 100 (33/33)¢ 62(32/52) <0.001 33(7/21) <0.001 NS
cortisol level suppressed below 1.8 meg/dL

Serum dexamethasone (ng/dL) 47 +141 434 +198 NS 418 + 196 NS NS
Serum ACTH (pg/mL) 16.4+8.9 18.8+13.8 NS 10.1+5.0 NS NS
Serum DHEAS (mcg/dL) 67.8+53.3 62.5+65.7 NS 46.4 + 36.6 NS NS
Serum aldosterone (ng/dL) 11.9+73 12.3+8.9 NS 17.7+24.6 NS NS

Note—ACTH = adrenocorticotropic hormone, NS = not statistically significant, DHEAS = dehydroepiandrosterone sulfate.
aComparison for pvalue is control subjects versus patients with unilateral nodules.
bComparison for pvalue is control subjects versus patients with bilateral nodules.

¢Comparison for pvalue is patients with unilateral nodules versus patients with bilateral nodules. Adjusted for multiple comparisons with Tukey method.
d0ne control subject was excluded because of below-normal serum dexamethasone value.

7 ng/dL indicating the dose was not taken;
this subject’s cortisol data has been exclud-
ed (normal serum dexamethasone after 1
mg dose should exceed > 140 ng/dL). Mean
dexamethasone levels were similar in control
subjects and incidentaloma cases (Table 2).
Mean baseline serum cortisol level was
significantly higher in patients with inciden-
talomas (bilateral, 13.1 £ 4.5 [SD] mcg/dL [p <
0.001]; unilateral, 9.7 + 3.2 meg/dL [p = 0.019])
than in control subjects (7.5 + 3.6 mcg/dL). Af-
ter dexamethasone, serum cortisol levels were
suppressed to less than 1.8 mcg/dL in 100% of
control subjects, 33% of patients with bilateral
incidentalomas, and 62% of patients with uni-
lateral incidentalomas (p < 0.001) (Table 2).
Mean basal serum ACTH and DHEAS levels

were lower in the bilateral group than in the
other groups but were not significantly differ-
ent. Serum ACTH levels were lower in the inci-
dentaloma subgroup with higher serum cortisol
levels after dexamethasone suppression (> 5.0
mcg/dL) than in the subgroup with normal se-
rum cortisol responses after dexamethasone
suppression (< 1.8 mcg/dL): 12.7 + 3.0 pg/mL
versus 17.0 + 1.8 pg/mL, respectively.

Imaging

In the multivariate analysis, nodule diam-
eter on CT and patient age, BMI, and histo-
ry of neoplasia were significantly associated
with serum cortisol level after dexametha-
sone suppression (Table 3). Nodule diameter
on CT, BMI, and history of neoplasia were

significantly associated with baseline serum
cortisol level (Table 4).

There was a significant positive correla-
tion between the maximum diameter of the
tumor measured on CT and serum cortisol
levels at baseline (p = 0.373; p = 0.003), af-
ter dexamethasone suppression (p = 0.500;
p <0.001), and after ACTH stimulation (p =
0.304; p = 0.018) (Fig. 2).

All 73 patients underwent CT, and 53 un-
derwent MRI. There was a highly significant
correlation between maximum nodule di-
ameters measured on CT and MR images in
the 53 patients who underwent both exami-
nations (p = 0.877; p < 0.001) (Fig. 3A). A
Bland-Altman plot comparing the two mea-
surements is shown in Figure 3B.

TABLE 3: Univariate and Multivariate Regression Models of Serum Cortisol Level After the Dexamethasone
Suppression Test on the Natural Log Scale in 73 Patients With Adrenal Nodules

Univariate Model Multivariate Model
Characteristic Comparison B Coefficient SE p B Coefficient SE p

Laterality of adrenal nodule or nodules Bilateral vs unilateral 0.4451 0.1624 0.0077
Location of nodule or nodules Leftvs both -0.4134 0.1824 0.0265

Rightvs both -0.4822 0.1888 0.0128
Largest diameteron CT 1-cmincrease 0.1825 0.04485 0.0001 0.181 0.040 <0.001
Largest diameter on MRI 1-cmincrease 0.2179 0.06051 0.0007
Volume on MRI 1-cmincrease 0.03589 0.0101 0.0008
Age 1-yearincrease 0.02009 0.007421 0.0085 0.018 0.006 0.005
Sex Male vs female 0.1079 0.1624 0.51
Body massindex® 1-unitincrease -0.01918 0.01M71 0Mn -0.019 0.010 0.050
Abdominal circumference 1-cmincrease -0.00313 0.005375 0.56

(Table 3 continues on next page)
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TABLE 3: Univariate and Multivariate Regression Models of Serum Cortisol Level After the Dexamethasone
Suppression Test on the Natural Log Scale in 73 Patients With Adrenal Nodules (continued)

Univariate Model Multivariate Model
Characteristic Comparison B Coefficient SE p B Coefficient SE p
Smoker Yesvsno 0.2018 0.1562 0.20
Neoplasia Yesvs no 0.4674 0.1706 0.0078 0.3798 0.144 0.010
Diabetes Yesvsno 0.1506 0.1619 0.36
Hypertension Yes vs no 0.4053 0.1765 0.025
Dyslipidemia Yesvs no -0.07393 0.1569 0.64
Systolic blood pressure 1-unitincrease -0.00312 0.003463 0.37
Diastolic blood pressure 1-unitincrease -0.0075 0.00567 0.19
Serum fasting glucose value 1-unitincrease -0.00028 0.002683 0.92
Serum total cholesterol value 1-unitincrease -0.0027 0.002082 0.20
LDL cholesterol value 1-unitincrease -0.00185 0.002594 0.48
HDL cholesterol value 1-unitincrease -0.00626 0.004681 0.19
VLDL cholesterol value 1-unitincrease 0.001392 0.006622 0.83
Triglycerides value 1-unitincrease 0.000026 0.000852 0.98

Note—SE = standard error, LDL = low-density lipoprotein, HDL = high-density lipoprotein, VLDL = very-low-density lipoprotein.
a\Weightin kilograms divided by the square of heightin meters.

TABLE 4: Univariate and Multivariate Regression Models of Baseline Serum Cortisol Level on the Natural Log Scale in
73 Patients With Adrenal Nodules

Univariate Model Multivariate Model
Characteristic Comparison B Coefficient SE p B Coefficient SE p

Laterality of adrenal nodule or nodules Bilateral vs unilateral 0.3011 0.08925 0.0012
Location of nodule or nodules Leftvs both -0.2756 0.1001 0.0075

Rightvs both -0.3309 0.1036 0.0021
Largestdiameter on CT 1-cmincrease 0.08165 0.02631 0.0027 0.081 0.025 0.002
Largest diameter on MRI 1-cmincrease 0.05909 0.03928 0.14
Volume on MRI 1-cmincrease -0.00102 0.006683 0.88
Age 1-yearincrease 0.007745 0.004291 0.075
Sex Male vs female 0.1051 0.09086 0.25
Body mass index® 1-unitincrease -0.01245 0.00655 0.061 -0.014 0.006 0.024
Abdominal circumference 1-cmincrease -0.00493 0.002976 0.10
Smoker Yesvs no 0.0306 0.08886 0.73
Neoplasia Yesvsno 0.2066 0.09795 0.038 0.177 0.091 0.050
Diabetes Yesvsno -0.0238 0.09167 0.80
Hypertension Yesvs no 01773 0.1008 0.083
Dyslipidemia Yesvs no 0.08216 0.08792 0.35
Systolic blood pressure 1-unitincrease 0.001011 0.001957 0.61
Diastolic blood pressure 1-unitincrease -0.00223 0.00322 0.49
Serum fasting glucose value 1-unitincrease -0.00038 0.001497 0.80
Serum total cholesterol value 1-unitincrease 0.000753 0.001154 0.52
LDL cholesterol value 1-unitincrease 0.002526 0.001373 0.071
HDL cholesterol value 1-unitincrease -0.00006 0.002626 0.98
VLDL cholesterol value 1-unitincrease 0.00466 0.003526 0.19
Triglycerides value 1-unitincrease -0.00057 0.000483 0.24

Note—SE = standard error, LDL = low-density lipoprotein, HDL = high-density lipoprotein, VLDL = very-low-density lipoprotein.
aWeight in kilograms divided by the square of height in meters.
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In the unilateral group, nodule size on MRI
ranged from 1.1 to 5.0 cm in the maximum di-
ameter. The right-sided nodules (mean diam-
eter, 2.78 + 091 cm) were significantly larg-
er than the left-sided nodules (1.97 + 0.69 cm)
(p = 0.003); mean volume of the right-sided
nodules was 8.76 +9.5 cm? and larger than the
mean volume of the left-sided nodules (3.46 =
4.3 cm®) (p = 0.041). In the bilateral group, the
maximum diameter ranged from 1.0 to 4.4
cm. The mean diameter of the right-sided nod-
ules was 2.62 +0.86 cm, which is significantly
larger than the mean diameter of the left-sid-
ed nodules (1.77 £ 0.51 cm) (p = 0.014). Mean
volume of the right-sided nodules was 7.07 +
6.84 cm? compared with 2.51 + 2.8 cm? for
the left-sided nodules (p = 0.043).

There were significant correlations be-
tween maximum nodule diameter on MRI
and serum cortisol levels after the dexameth-
asone suppression test (p = 0.397; p = 0.003)
and after the ACTH stimulation test (p =

A
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0.30, p = 0.018), but not with serum cortisol
level at baseline (p = 0.226; p = 0.10). The
correlations between nodule volume on MRI
and serum cortisol level were significant only
with serum cortisol levels obtained after the
dexamethasone suppression test (r = 0.346;
p =0.01) and were not significant with serum
cortisol levels obtained at baseline (r = 0.081;
p = 0.556) and after the ACTH stimulation
test (r =0.172; p = 0.21).

Discussion

The frequency of adrenal nodules increas-
es in the population with age; adrenal nod-
ules occur in approximately 5% of the popu-
lation older than 50 years old and 10% older
than 70 years old [1-4]. Although many ad-
renal nodules are nonfunctioning, recent
studies suggest that hypercortisolism is more
common than previously thought [4, 15]. The
best test to identify hypercortisolism is based
on a decrease in the 8:00 am serum cortisol

Fig. 2—Scatterplots show correlation between adrenal nodule diameter on CT
and serum cortisol levels at baseline and after testing.

A, Correlation between maximum diameter of adrenal nodule on CT and serum
cortisol level after dexamethasone suppression test.

B, Correlation between maximum diameter of adrenal nodule on CT and serum

C, Correlation between maximum diameter of adrenal nodule on CT and serum
cortisol level after adrenocorticotropic hormone (ACTH) stimulation test.

value to less than 1.8 mcg/dL after an over-
night dexamethasone suppression test.

In a large study from Sweden of 223 pa-
tients, investigators noted that approximately
35% of incidentalomas did not suppress se-
rum cortisol values to less than 1.8 mcg/dL
after a dexamethasone suppression test and
that 23% also had low serum ACTH values,
which support a diagnosis of autonomous se-
cretion of cortisol [20]. Further support for
the concept of autonomous secretion of corti-
sol came from a study of 99 patients who un-
derwent adrenalectomy, one-third of whom
subsequently developed postoperative hy-
pocortisolism [21]; further analysis showed
that these cases of hypocortisolism were
usually in patients in whom preoperative se-
rum cortisol levels after the dexamethasone
suppression test were greater than 5 mcg/dL
[21]. Identification of subclinical hypercor-
tisolism is important because chronic expo-
sure to mild elevation in serum cortisol is as-
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Fig. 3—Maximum diameters of adrenal nodules.

A

A, Scatterplot shows comparison of maximum diameters of adrenal nodules measured on MRl and CT.
B, Bland-Altman plot of maximum diameters of adrenal nodules measured on CT and MRI.

sociated with several metabolic risk factors
such as diabetes, dyslipidemia, obesity, hy-
pertension, and cardiovascular disease [22].
In a meta-analysis of low- to moderate-qual-
ity evidence of 26 studies with 584 patients
with subclinical or autonomous hypercorti-
solism and 457 patients with nonfunctioning
adrenal tumors, there was an improvement in
cardiovascular risk factors (hypertension, di-
abetes, obesity, and dyslipidemia) after adre-
nalectomy [23].

In our study, the group with bilateral nod-
ules showed normal dexamethasone suppres-
sion in only 33% of patients compared with
62% of patients in the unilateral group and
100% of control subjects (Table 2). These re-
sults indicate that a large percentage of these
adrenal nodules, particularly bilateral nod-
ules, are oversecreting cortisol. Further anal-
ysis showed a correlation between the degree
of hypercortisolism and nodule size, and the
multivariate regression analysis showed that
the serum cortisol level after the dexametha-
sone suppression test increased by a mean of
1.2 mcg/dL for every 1-cm increase in nodule
size (Table 2).

There are other imaging studies that pre-
dict hypercortisolism. In a retrospective anal-
ysis of 55 unilateral adrenal nodules from It-
aly, a multivariate analysis showed significant
correlations (2, 0.22-0.26) between maxi-
mum and minimum nodule diameters on CT
and hypercortisolism and a correlation be-
tween the delayed venous phase attenuation
value and hypercortisolism [24]. These data
were used to derive a radiologic score that
predicted nodules with hypercortisolism [24].
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In another study using MRI, measurements of
tumor volume predicted a cortisol level after
the dexamethasone suppression test of greater
than 1.8 mcg/dL and the adrenal-spleen ratio
and signal intensity were related to higher cor-
tisol level after the dexamethasone suppres-
sion test of greater than 5 mecg/dL [25].

Both CT and MRI have been shown to have
good accuracy in the evaluation of adrenal in-
cidentalomas [26-28]. The typical phenotype
of a benign adrenal lesion involves low attenu-
ation values (< 10 HU) on unenhanced CT im-
ages (specificity, 99%; sensitivity, 80%). How-
ever, 30% of adrenal lesions are atypical or
lipid-poor adenomas (CT attenuation usual-
ly > 20 HU). A percentage washout of at least
60% of the injected contrast material after 15
minutes is suggestive of a benign nodule. MRI
can be used with good accuracy and has great
resolution for soft tissues using chemical-shift
techniques, and simple visual analysis can
help to identify adenomas by detecting lipid
amount inside the lesion [27, 28].

There are small differences between the
MRI and CT measurements of maximum
nodule diameter. We think that the differ-
ences are unlikely to be related to the im-
aging sequence because in such a case the
values would be consistently elevated or de-
pressed. In our study, the MRI diameter val-
ues are randomly different from the CT di-
ameter values with minimal systematic bias,
as shown in Figure 3B (Bland-Altman plot).

Follow-up radiologic imaging of the ad-
renal nodule is necessary to look for growth
in the nodule. In a meta-analysis of 3277 pa-
tients followed for 42 months, an increase in

nodule size was reported in 6.3% (mean in-
crease in nodule size, 2.3 mm) [29]. In a sub-
group of patients (3.8%) with a change in size
of adrenal nodule of more than 10 mm, 2.4%
had mild autonomous cortisol secretion and
1.2% had nonfunctioning nodules [29].

Our study had several limitations. The
control group is small but was carefully se-
lected and matched to patients for sex, age,
and BMI. The inclusion of control subjects
is unique for a study of patients with inciden-
talomas, and the control subjects serve as an
important control in analysis of the hormone
data for which there are potential methodo-
logic errors. The use of LC-MS/MS to mea-
sure serum cortisol levels in this study is
important because it is superior to former
immunoassays that use polyclonal antibodies
and that may result in spuriously high values
especially in this population with increased
secretion of multiple adrenal steroids.

Control subjects were not matched for
morbidity because the prevalence of comor-
bidities is high in patients with incidentalo-
mas precluding inclusion of many more con-
trol subjects. However, in our study at least
73% of patients had hypertension, 31% had
type 2 diabetes, and 58% had dyslipidemia,
all of which contribute to an increased car-
diovascular risk, and the prevalence of these
comorbidities is similar to that reported in
the meta-analysis [29]. Another limitation
is that we did not repeat the dexamethasone
suppression test in patients with abnormal re-
sults and in those with borderline results to
confirm a diagnosis of nonsuppression of se-
rum cortisol.
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In summary, our results suggest that pa-
tients with incidentalomas, especially pa-
tients with incidentalomas larger than 2 cm,
should undergo a dexamethasone suppres-
sion test to identify subclinical hypercor-
tisolism. The use of the word “subclinical”
does not imply that one should underesti-
mate the potential seriousness of metabolic
effects of hypercortisolism. For clinicians,
the conundrum is that patients with cortisol-
secreting adenomas do not display the clas-
sic phenotype of Cushing syndrome despite
the fact that studies suggest they suffer from
significant comorbidities [29]. More long-
term studies are needed to follow the compli-
cations of adrenal incidentalomas associated
with subclinical hypercortisolism because of
the high morbidity and increased mortality
in this population.
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