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Abstract

Introduction: To date, there have been no reports on the prevalence of adrenal masses in type 2 diabetic
patients. The present study aimed to evaluate the prevalence of adrenal incidentaloma in type 2 diabetic patients
in Japan.

Subjects: We retrospectively evaluated the presence of adrenal masses using abdominal CT scans in 304 type 2
diabetic patients. In those with adrenal masses, we examined the hormone production capacity of the adrenal mass.

Results: Fourteen patients (4.6%) had an adrenal mass. Hormonal analysis identified one case as having subclinical
Cushing’s syndrome, two with primary aldosteronism. Eleven cases had non-functioning masses.

Discussion: The reported prevalence of adrenal incidentaloma in normal subjects is 0.6-4.0% in abdominal CT scan
series. Our results show a relatively high prevalence of adrenal tumors in diabetic patients. On the other hand, the
frequency of functional adenoma in diabetic patients is 21.4%, which is similar to that of normal subjects.

Conclusion: Although further studies are needed to evaluate the prevalence of adrenal tumors in diabetic patients,
our data suggest that evaluation of the presence of adrenal masses may be needed in patients with type 2
diabetes mellitus.

Introduction
The detection of clinically silent adrenal masses, known
as adrenal incidentalomas, has increased. This has
resulted from both technical improvements in abdominal
imaging devices and their increased usage. Typically,
these techniques include ultrasonography (US), com-
puted tomography (CT scan), and magnetic resonance
imaging [1]. As a result, adrenal incidentalomas have
become a relatively common finding in clinical practice
[2-4]. Many patients with adrenal incidentalomas display
altered glucose tolerance, insulin resistance and meta-
bolic syndrome [5,6], though there are no reports on the
frequency of adrenal masses in type 2 diabetic patients in
Japan. Therefore, we investigated the presence of adrenal
tumors in Japanese type 2 diabetic patients.

Materials and methods
Individuals, presenting to outpatient clinics of the Depart-
ment of Diabetes, Metabolism and Endocrinology at Toho

University Hospital, the Department of Internal Medicine
at the Saiseikai Kanagawa-ken Hospital or the Kawasaki
Social Insurance Hospital between December 2004 and
November 2006, were selected for a retrospective study on
the prevalence of adrenal incidentaloma in type 2 diabetic
patients. In total, 304 Japanese type 2 diabetic patients
(123 women and 181 men; mean age, 61.9 ± 13.2 years
[range, 22-89]) were examined in this study. All patients
underwent careful clinical examination and none displayed
specific symptoms of hypercortisolism. Subjects with a his-
tory or clinical evidence of significant secondary hyperten-
sion, malignant and/or adrenal tumors, and exogenous
glucocorticoid intake were excluded. The main character-
istics of the diabetic patients with and without adrenal
masses are shown in Table 1.
Abdominal CT scan and US were performed to screen

for tumorous lesions including malignant disorders at
the time that these diabetic patients presented to our
outpatient clinics. Only abdominal CT scan data were
selected for this study, because the resolution of CT
scans is better than that of US. The imaging characteris-
tics used for the detection of adrenal masses were
recorded on the basis of both of a radiologist’s and an
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endocrinologist’s description. The diagnosis of cortical
adenoma was based on the following CT scan criteria:
size >10 mm, smooth margin and homogeneous with a
relatively low CT density (≤10 Hounsfield units [HU] on
unenhanced CT scan). A non-contrast CT scan attenua-
tion value of 10 HU is a safe cut-off value for differen-
tiating adrenal adenomas from non-adenomas [7,8].
The following hormonal determinations were per-

formed in patients with adrenal masses in order to diag-
nose the presence of functional adenomas: levels of
plasma adrenocorticotropic hormone (ACTH), and
serum cortisol, aldosterone, dehydroepiandrosterone-sul-
fate (DHEA-S) and catecholamines, and plasma renin
activity (PRA). Serum cortisol levels were evaluated after
an overnight 1 or 8 mg dexamethasone suppression test
for the diagnosis of subclinical Cushing’s syndrome
(SCS). When serum cortisol remained above 3.0 μg/dL
using 1 mg dexamethasone or 1 μg/dL using 8 mg dexa-
methasone, this indicated insufficient suppression. This
criterion is recommended by the ‘Disorders of Adrenal
Hormones’ Research Committee of the Japanese Minis-
try of Health and Welfare [9]. The diagnosis of SCS was
made according to the criteria established in the same
report [9]. Primary aldosteronism (PA) was diagnosed
using the 40 mg furosemide-upright test and the 50 mg
captopril-loading test in patients with an aldosterone-
renin ratio (ARR) of more than 200. Patients with a
PRA level below 1.0 ng/mL/hr 120 minutes after furose-
mide injection and ARR of more than 300 at 90 minutes
after captopril administration were diagnosed as having
PA [10-12].
Samples used for measuring hormone levels were all

collected at 9 am and centrifuged at 4°C, and plasma
and serum were then separated and stored at -20°C
until the assays. Plasma ACTH was measured using a
commercially available ECLIA kit (Roche Diagnostics,
Tokyo, Japan). Serum cortisol and DHEA-S (Diagnostic
Products Corp., Tokyo, Japan), and aldosterone (Dinabot
Corp., Osaka, Japan) were measured with commercially

available RIA kits. Plasma renin activity was determined
by RIA kit (TFB, INC., Tokyo, Japan). Catecholamines,
adrenaline and noradrenaline were measured by the spe-
cific HPLC method [13].
Measurements for diabetic patients with and without

adrenal masses were compared using Student’s t test,
and P < 0.05 were regarded as significant. Data are
expressed as means ± SD.

Results
An analysis of the age and gender distribution of diabetic
patients with adrenal masses showed that they do not dif-
fer from diabetic patients without such masses. We
determined that there were no significant differences in
height, weight, body mass index and known duration of
diabetes between these groups. Nor was any significant
difference observed in diabetic parameters, such as fast-
ing blood glucose, glycosylated hemoglobin, urinary C-
peptide and urinary albumin excretion (Table 1).
Fourteen of the 304 type 2 diabetic patients who were

analyzed by CT scan (4.6%; 7 women, 7 men; mean age
58.7 ± 14.0) were found to harbor an adrenal incidenta-
loma. Adrenal masses were found in the right adrenal
gland in seven cases (50.0%), in the left adrenal gland in
six (42.9%), and bilaterally in one (7.1%). The mean
adrenal mass size was 16.3 ± 5.6 mm (maximum and
minimum sizes were 26.0 and 10.0 mm, respectively).
In these patients, the mean diameter was 14.3 ± 4.1 mm
for non-functioning and 24.3 ± 2.9 mm for functioning
masses (P < 0.005). Morphologically, all adrenal masses
were homogenous with an attenuation value below 10
HU on unenhanced CT scan (mean value, 7.3 ± 2.9;
range, 1-10), with neither cysts nor calcification. None
of the patients presented with clinical features suggest-
ing any overt adrenal hyper-function (Table 2).
The levels of plasma ACTH (33.6 ± 22.5 pg/mL) and

serum cortisol (14.9 ± 6.4 μg/dL) in patients with adre-
nal masses were within normal ranges. Serum cortisol
levels were suppressed after the administration of 1 mg

Table 1 General data for the 304 patients with type 2 diabetes mellitus

Diabetic patients (n = 304) without adrenal mass (n = 290) with adrenal mass (n = 14)

Age 62.1 ± 13.1 58.7 ± 14.0

Sex (Female/Male) 116/174 (40.0%/60.0%) 7/7 (50.0%/50.0%)

Height (cm) 160.7 ± 9.6 162.3 ± 11.6

Weight (kg) 64.8 ± 16.5 72.7 ± 21.7

Body mass index (kg/m2) 24.9 ± 5.6 27.5 ± 7.1

Blood Glucose (mg/dL) 221.1 ± 137.5 168.2 ± 59.8

Glycosylated Hemoglobin (%) 8.5 ± 6.6 7.7 ± 1.4

Urinary C-peptide (μg/day) 46.3 ± 41.2 41.3 ± 15.2

Urinary albumin excretion (mg/g·Cr) 317.7 ± 870.0 437.4 ± 1256.7

Known duration of diabetes (years) 10.3 ± 9.9 12.1 ± 12.1

Data are expressed as means ± SD, number or %.
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of dexamethasone in cases 1 to 13 but not in case 14 with
either 1 mg or 8 mg dexamethasone. The DHEA-S levels
were within the age-matched normal range in all but case
14. The aldosterone and PRA levels were 89.9 ± 45.6 pg/
mL and 1.1 ± 0.5 ng/mL/hr, respectively. In cases 12 and
13, the ARR was >200, and the furosemide-upright test
and captopril loading test were positive but in all other
cases the ARR values were <200. We thus diagnosed
cases 12 and 13 as having PA, case 14 as having SCS
only, and the other 11 cases as having non-functioning
adrenal tumors. In both patients with PA, normalization
of the ARR and blood pressure decreases were observed
after adrenalectomy. However, the SCS case was not trea-
ted surgically, because this patient refused adrenalect-
omy. Since adrenaline and noradrenaline levels were
within normal range (the total of adrenaline plus nora-
drenaline was <500 pg/mL), the possibility of pheochro-
mocytoma was excluded (data not shown).

Discussion
The mean prevalence of adrenal incidentalomas as
determined in autopsy series is 1.9-8.7% [14-16],
whereas in CT scan series published in the period from

1982 to 1994, it was 0.6-1.5% [14,15,17-19]. Recently,
Bovio et al reported that the prevalence of adrenal
masses on abdominal CT scans was 4.4% in Italian
patients with high risk of lung cancer, and that of
benign adrenal masses was 4.2% [20]. In our study, we
observed a relatively high prevalence of adrenal masses
(4.6%) in Japanese type 2 diabetic patients. Some reports
have shown that patients with adrenal incidentaloma
have insulin resistance and metabolic syndrome,
although the majority of these masses do not show hor-
monal hyper-secretion [5,6,21-23]. Terzolo et al demon-
strated that non-functioning adenomas have different
patterns of steroid secretion [21], and subtle autono-
mous cortisol secretion might be one of the reasons for
the high prevalence of adrenal incidentaloma in type 2
diabetic patients. In addition, recent advances in CT
scan technology could be expected to lead to an
increased rate of adrenal incidentaloma discovery.
In approximately 70% of cases, adrenal incidentalomas

are non-functional adenomas [24]. Investigations of
adrenal incidentalomas in Japan have shown the preva-
lence of functional adrenal adenoma to be approxi-
mately 50% [25]. The frequencies of cortisol-producing

Table 2 Characteristics for the 14 patients with adrenal lesions

ACTH
(pg/mL)

COR
(mg/
dL)

DST PAC
(pg/mL)

PRA
(ng/mL/

hr)

Confirm
exam for

PA

Laterality Size HU BP Diag

1 mg 8 mg

COR COR Furo-up
(PRA)

Capt
(ARR)

systolic diastolic

Normal
range

7.2 ~
63.3

4.0 ~
18.3

< 3.0 < 1.0 29.9 ~
159

0.3 ~ 2.9 < 2.0 < 200

1 25.4 8.5 0.8 63.5 2.3 Right 10 5 128 76 NF

2 58.3 20.7 2.9 33.3 1.0 Left 10 10 132 80 NF

3 34.8 10.1 < 1.0 88.7 1.4 Left 13 8 130 82 NF

4 25.1 19.3 1.6 67.5 0.9 Right 19 10 134 84 NF

5 80.7 21.7 1.9 104 0.8 Left 10 9 138 88 NF

6 20.6 9.9 2.6 68.7 1.2 Left 16 5 140 80 NF

7 18.8 21.6 2.9 75 1.0 bilateral 21/20 6 130 78 NF

8 77 25.1 < 1.0 69.5 1.1 Right 12 4 134 80 NF

9 29.8 9.2 1.6 83.6 1.7 Right 14 1 148 84 NF

10 28.6 9.5 2.4 60.8 0.9 Left 10 5 140 90 NF

11 31.4 14.2 2.6 100.8 1.0 Right 16 10 126 74 NF

12 7.7 11.7 2.3 227 0.9 0.9 312.0 Right 26 9 140 88 PA

13 16.2 5.5 2.2 128.6 0.2 0.2 416.7 Right 26 10 142 86 PA

14 16.1 21.4 5.3 3.0 88 0.8 Left 21 10 138 84 SCS

Mean ±
SD

33.6 ±
22.5

14.9 ±
6.4

2.4 ±
1.1

89.9 ±
45.6

1.1 ± 0.5 Right:7
Left:6

Bilateral:1

16.3 ±
5.6

7.3 ±
2.9

136.6 ±
6.4

82.4 ±
4.7

NF:11
PA:2
SCS:1

Cases 1 to 11 have non-functional adrenal masses, and 12 to 14 have functional adrenal masses including SCS and PA. Data are expressed as means ± SD or
number.

ACTH: adrenocorticotropic hormone, COR: corisol, PAC: plasma aldosterone concentration, PRA: plasma rennin activity, DST: dexamethasone suppression test,
Furo-upright: frosemide-upright test, Capt: Captopril loading test, HU: Hounsfield unit, NF: non-functional mass, SCS: subclinical Cushing’s syndrome, PA: primary
aldosteronism
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adenoma and PA in adrenal incidentaloma in Asian
populations are 6.0-11.7% and 3.0-4.3%, respectively
[25,26]. Herein, a functional adrenal mass in type 2 dia-
betic patients with adrenal incidentalomas was seen in
three out of 14 cases (21.4%), with one case of SCS
(7.1%) and two of PA (14.3%). It should be noted that
the small number of functional tumors identified in this
report may have limited the identification of other types
of adrenal functional tumors.
The prevalence of subclinical hyper-cortisolism of

adrenal origin in diabetic patients is reported to be 1.1-
7.1% [27-29]. In the present study, the prevalence of
adrenal SCS was only 0.7% in type 2 diabetic patients.
This may be one reason for the low prevalence of adre-
nal SCS, i.e., that the Japanese diagnostic criteria for
SCS were used in this study. The cut-off value of the 1
mg dexamethasone suppression test in the Japanese
diagnostic criteria was high, 3.0 μg/dL, in comparison
with the diagnostic criteria of the Endocrine Society, for
which the cut-off value after 1 mg dexamethasone
administration is 1.8 μg/dL [30]. Although levels of cor-
tisol exceeded 1.8 μg/dL after administration of 1 mg
dexamethasone in cases 2, 5, 6, 7, 10 and 11, DHEA-S
levels were normal. Therefore, the possibility of diabetes
seems low in these cases. On the other hand, in case 14
diagnosed with SCS, the DHEA-S level was suppressed
with 8.0 μg/dL.
To our knowledge, there are no reports indicating that

diabetes induces adrenal incidentaloma, SCS or PA. On
the other hand, the pathogenesis of diabetes mellitus is
reportedly associated with PA related to impaired insulin
secretion due to hypokalemia [31]. Colussi et al demon-
strated a direct relationship between aldosterone, insulin
resistance and hyperinsulinemia [32,33]. Overproduction
of cortisol is reportedly associated with insulin resistance
[34], and higher cortisol concentrations are also related
to reduced insulin secretion [35]. Therefore, in patients
with SCS and PA, diabetes mellitus may develop.
In this study, adrenal masses were found at the same

frequency on the right (50.0%) and left sides (42.9%),
whereas bilateral masses were detected in one (7.1%) of
our cases. A similar lateral distribution of adrenal
masses has been reported in CT scan series [25,36,37].
An evaluation of the lateral distribution of adrenal
masses using abdominal US showed right predominance
[24], whereas Bovio et al reported that masses were
detected more frequently in the left adrenal gland [20].
Previously, the sole predictor of the risk of adrenocorti-

cal carcinoma was mass size [25,36]. The incidence of
malignant adrenal tumors is significantly higher in cases
where the size of the masses is greater than 40-50 mm
[24,25]. The mean diameter of adrenal masses discovered
on CT scans was 16.3 ± 5.6 mm, ranging from 10.0 to 26.0

mm, with no malignancy observed in any of our cases. In
addition, these data confirm previous results and show the
mean size of functional masses to be significantly higher
than that of non-functioning masses [37-39].

Conclusion
The frequency of functional adrenal masses in Japanese
type 2 diabetic patients with such masses was almost
the same as that in normal subjects, though a relatively
high prevalence of adrenal masses was found in our
study. Although further studies are needed to evaluate
the frequency of adrenal masses in Japanese type 2 dia-
betic patients, our data suggest that evaluation for the
presence of adrenal masses may be needed in patients
with type 2 diabetes mellitus.

Author details
1Division of Diabetes, Metabolism and Endocrinology, Department of
Internal Medicine (Omori), Toho University School of Medicine, Tokyo, Japan.
2Department of Diabetes and Endocrinology, Saiseikai Yokohamashi Tobu
Hospital, Kanagawa, Japan. 3Department of Internal Medicine, Kawasaki
Social Insurance Hospital, Kanagawa, Japan.

Authors’ contributions
NH participated in the intervention planning and execution of the study,
and wrote the manuscript. MS and AY performed the statistical analysis. TI
participated in the design of the study. MYH and MH participated in the
design of the study and in data collection. GY participated in the design
and coordination of the study. All authors have read and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 22 June 2010 Accepted: 20 December 2010
Published: 20 December 2010

References
1. Brunt LM, Moley JF: Adrenal incidentaloma. World J Surg 2001, 25:905-13.
2. Kloos RT, Gross MD, Francis IR, Korobkin M, Shapiro B: Incidentally

discovered adrenal masses. Endocr Rev 1995, 16:460-484.
3. Grumbach MM, Biller BM, Braunstein GD, Campbell KK, Carney JA,

Godley PA, Harris EL, Lee JK, Oertel YC, Posner MC, Schlechte JA,
Wieand HS: Management of the clinically inapparent adrenal mass
("incidentaloma”). Ann Intern Med 2003, 138:424-429.

4. Mansmann G, Lau J, Balk E, Rothberg M, Miyachi Y, Bornstein SR: The
Clinically Inapparent Adrenal Mass: Update in Diagnosis and
Management. Endocr Rev 2004, 25:309-40.

5. Midorikawa S, Sanada H, Hashimoto S, Suzuki T, Watanabe T: The
improvement of insulin resistance in patients with adrenal
incidentaloma by surgical resection. Clin Endocrinol (Oxf) 2001, 54:797-804.

6. Reincke M, Fassnacht M, Väth S, Mora P, Allolio B: Adrenal incidentalomas:
a manifestation of the metabolic syndrome? Endocr Res 1996, 22:757-61.

7. Gross MD, Shapiro B: Clinically silent adrenal masses. J Clin Endocrinol
Metab 1993, 77:885-888.

8. Hamrahian AH, Ioachimescu AG, Remer EM, Motta-Ramirez G,
Bogabathina H, Levin HS, Reddy S, Gill IS, Siperstein A, Bravo EL: Clinical
Utility of Noncontrast Computed Tomography Attenuation Value
(Hounsfield Units) to Differentiate Adrenal Adenomas/Hyperplasias from
Nonadenomas: Cleveland Clinic Experience. J Clin Endocrinol Metab 2005,
90:871-877.

9. Nawata H, Demura H, Suda T, Takayanagi R: Adrenal preclinical Cushing’s
syndrome. Annual report of the Ministry of Health and Welfare ‘Disorder of
Adrenal Hormones’ Research Committee, Japan 1996, 223-226, (In Japanese).

Hiroi et al. Diabetology & Metabolic Syndrome 2010, 2:71
http://www.dmsjournal.com/content/2/1/71

Page 4 of 5

http://www.ncbi.nlm.nih.gov/pubmed/11572032?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8521790?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8521790?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12614096?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12614096?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15082524?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15082524?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15082524?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11422115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11422115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11422115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8969938?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8969938?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8408461?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15572420?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15572420?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15572420?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15572420?dopt=Abstract


10. Omura M, Saito J, Yamaguchi K, Kakuta Y, Nishikawa T: Prospective study
on the prevalence of secondary hypertension among hypertensive
patients visiting a general outpatient clinic in Japan. Hypertens Res 2004,
27:193-202.

11. Nishikawa T, Saito J, Omura M: Prevalence of primary aldosteronism:
should we screen for primary aldosteronism before treating
hypertensive patients with medication? Endocr J 2007, 54:487-495.

12. Arlt W: A detour guide to the Endocrine Society Clinical Practice
Guideline on case detection, diagnosis and treatment of patients with
primary aldosteronism. Eur J Endocrinol 2010, 162:435-438.

13. Nohta H, Lee MK, Ohkura Y: Fluorescence products of the reaction for the
determination of catecholamines with 1,2-diarylethylendiamines.
Analytica Chimica Acta 1992, 267:137-139.

14. Meagher AP, Hugh TB, Casey JH, Chisholm DJ, Farrell JC, Yeates M: Primary
adrenal tumours—a ten-year experience. Aust N Z J Surg 1988,
58:457-462.

15. Abecassis M, McLoughlin MJ, Langer B, Kudlow JE: Serendipitous adrenal
masses: prevalence, significance, and management. Am J Surg 1985,
149:783-788.

16. Hedeland H, Ostberg G, Hokfelt B: On the prevalence of adrenocortical
adenomas in an autopsy material in relation to hypertension and
diabetes. Acta Med Scand 1968, 184:211-214.

17. Glazer HS, Weyman PJ, Sagel SS, Levitt RG, McClennan BL: Nonfunctioning
adrenal masses: incidental discovery on computed tomography. AJR Am
J Roentgenol 1982, 139:81-85.

18. Caplan RH, Strutt PJ, Wickus GG: Subclinical hormone secretion by
incidentally discovered adrenal masses. Arch Surg 1994, 129:291-296.

19. Prinz RA, Brooks MH, Churchill R, Graner JL, Lawrence AM, Paloyan E,
Sparagana M: Incidental asymptomatic adrenal masses detected by
computed tomographic scanning. Is operation required? JAMA 1982,
248:701-704.

20. Bovio S, Cataldi A, Reimondo G, Sperone P, Novello S, Berruti A, Borasio P,
Fava C, Dogliotti L, Scagliotti GV, Angeli A, Terzolo M: Prevalence of
adrenal incidentaloma in a contemporary computerized tomography
series. J Endocrinol Invest 2006, 29:298-302.

21. Terzolo M, Osella G, Alì A, Borretta G, Magro GP, Termine A, Paccotti P,
Angeli A: Different patterns of steroid secretion in patients with adrenal
incidentaloma. J Clin Endocrinol Metab 1996, 81:740-744.

22. Fernandez-Real JM, Ricart EW, Simò R, Salinas I, Webb SM: Study of glucose
tolerance in consecutive patients harbouring incidental adrenal tumours.
Clin Endocrinol (Oxf) 1998, 49:53-61.

23. Muscogiuri G, Sorice GP, Prioletta A, Mezza T, Cipolla C, Salomone E,
Giaccari A, Pontecorvi A, Casa SD: The size of adrenal incidentalomas
correlates with insulin resistance. Is there a cause-effect relationship?
Clin Endocrinol (Oxf) 2010.

24. Barzon L, Sonino N, Fallo F, Palu G, Boscaro M: Prevalence and natural
history of adrenal incidentalomas. Eur J Endocrinol 2003, 149(4):273-85.

25. Ueshiba H, Ichijo T, Yamamoto N: A survey of adrenal incidentaloma in
Japan. Annual report of the Health and Labour Science Research Grant
‘Disorder of Adrenal Hormones’ Research Committee, Japan 2003, 117-119, (In
Japanese).

26. Kim HY, Kim SG, Lee KW, Seo JA, Kim NH, Choi KM, Baik SH, Choi DS:
Clinical study of adrenal incidentaloma in Korea. Korean J Intern Med
2005, 20:303-309.

27. Leibowitz G, Tsur A, Chayen SD, Salameh M, Raz I, Cerasi E, Gross DJ: Pre-
clinical Cushing’s syndrome: an unexpected frequent cause of poor
glycaemic control in obese diabetic patients. Clin Endocrinol (Oxf) 1996,
44:717-722.

28. Catargi B, Rigalleau V, Poussin A, Ronci-Chaix N, Bex V, Vergnot V, Gin H,
Roger P, Tabarin A: Occult Cushing’s syndrome in type-2 diabetes. J Clin
Endocrinol Metab 2003, 88:5808-5813.

29. Chiodini I, Torlontano M, Scillitani A, Arosio M, Bacci S, Di Lembo S,
Epaminonda P, Augello G, Enrini R, Ambrosi B, Adda G, Trischitta V:
Association of subclinical hypercortisolism with type 2 diabetes mellitus:
a case-control study in hospitalized patients. Eur J Endocrinol 2005,
153(6):837-44.

30. Nieman LK, Biller BM, Findling JW, Newell-Price J, Savage MO, Stewart PM,
Montori VM: The Diagnosis of Cushing’s Syndrome: An Endocrine Society
Clinical Practice Guideline. J Clin Endocrinol Metab 2008, 93:1526-1540.

31. Rowe JW, Tobin JD, Rosa RM, Andres R: Effect of experimental potassium
deficiency on glucose and insulin metabolism. Metabolism 1980,
29:498-502.

32. Catena C, Lapenna R, Baroselli S, Nadalini E, Colussi GL, Novello M, Favret G,
Melis A, Cavarape A, Sechi LA: Insulin sensitivity in patients with primary
aldosteronism: a follow-up study. J Clin Endocrinol Metab 2006,
91:3457-3463.

33. Colussi G, Catena C, Lapenna R, Nadalini E, Chiuch A, Sechi LA: Insulin
resistance and hyperinsulinemia are related to plasma aldosterone levels
in hypertensive patients. Diabetes Care 2007, 30:2349-2354.

34. Ward AM, Fall CH, Stein CE, Kumaran K, Veena SR, Wood PJ, Syddall HE,
Phillips DI: Cortisol and the metabolic syndrome in South Asians. Clin
Endocrinol (Oxf) 2003, 58:500-505.

35. Delaunay F, Khan A, Cintra A, Davani B, Ling ZC, Andersson A,
Ostenson CG, Gustafsson J, Efendic S, Okret S: Pancreatic β-cells are
important targets for the diabetogenic effects of glucocorticoids. J Clin
Invest 1997, 100:2094-2098.

36. Mantero F, Terzolo M, Arnaldi G, Osella G, Masini AM, Alì A, Giovagnetti M,
Opocher G, Angeli A: A survey on adrenal incidentaloma in Italy. Study
Group on Adrenal Tumors of the Italian Society of Endocrinology. J Clin
Endocrinol Metab 2000, 85:637-644.

37. Herrera MF, Grant CS, van Heerden JA, Sheedy PF, Ilstrup DM: Incidentally
discovered adrenal tumors: an institutional perspective. Surgery 1991,
110:1014-1021.

38. Barzon L, Fallo F, Sonino N, Boscaro M: Development of overt Cushing’s
syndrome in patients with adrenal incidentaloma. Eur J Endocrinol 2002,
146:61-66.

39. Reincke M, Nieke J, Krestin GP, Saeger W, Allolio B, Winkelmann W:
Preclinical Cushing’s syndrome in adrenal “incidentalomas": comparison
with adrenal Cushing’s syndrome. J Clin Endocrinol Metab 1992,
75:826-832.

doi:10.1186/1758-5996-2-71
Cite this article as: Hiroi et al.: Prevalence of adrenal masses in
Japanese patients with type 2 diabetes mellitus. Diabetology & Metabolic
Syndrome 2010 2:71.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Hiroi et al. Diabetology & Metabolic Syndrome 2010, 2:71
http://www.dmsjournal.com/content/2/1/71

Page 5 of 5

http://www.ncbi.nlm.nih.gov/pubmed/15080378?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15080378?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15080378?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17124364?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17124364?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17124364?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19797500?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19797500?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19797500?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3270316?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3270316?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4014556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4014556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5703975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5703975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5703975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6979870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6979870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8129606?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8129606?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7097921?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7097921?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16699294?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16699294?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16699294?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8636297?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8636297?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9797847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9797847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21070314?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21070314?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14514341?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14514341?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16491828?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8759185?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8759185?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8759185?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14671173?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16322389?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16322389?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18334580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18334580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6991855?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6991855?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16822818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16822818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17575088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17575088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17575088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12641634?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9329975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9329975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10690869?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10690869?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1745970?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1745970?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11751069?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11751069?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1517373?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1517373?dopt=Abstract

	Abstract
	Introduction
	Subjects
	Results
	Discussion
	Conclusion

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


