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Authors evaluated the prevalence of symptoms of the metabolic syndrome and insulin resistance in 25 patients with adre-
nal incidentalomas (10 men, 15 women) of the mean age 57.9±15 years. 15 patients had adrenal adenoma determined by CT
or MR scan and 10 had unilateral or bilateral hyperplasia. The prevalence of obesity was 72%, arterial hypertension 60%, di-
abetes mellitus or impaired glucose tolerance 28%, hyperlipidemia 56% and hyperuricemia 20%, respectively, which is
more frequent occurrence than that in normal human population. Patients with adrenal adenomas had mildly but signifi-
cantly higher body mass index (BMI, p<0.05) and insulin resistance calculated as HOMA IR (p<0.05) and FIRI (p<0.05)
and significantly higher values of serum ferritin (p<0.01). Plasma cortisol values were slightly but not significantly higher in
the group with adrenal adenomas. Authors conclude that adrenal adenomas are probably more related to the metabolic syn-
drome than adrenal hyperplasia.
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Cortical adenomas are the most frequent tumors among
adrenal incidentalomas. They are usually detected in patients
with no clear symptoms of Cushing syndrome, thus clinically
can be labeled as nonfunctioning. Recent evidence suggests
that many patients with adrenal adenomas exert symptoms of
metabolic syndrome such as diabetes mellitus, glucose intol-
erance or impaired insulin sensitivity, obesity, arterial hyper-
tension, hyperlipidemia and hemostatic abnormalities [1, 2].
On the other hand nonsecreting adrenal adenomas are 2–5
times frequently seen in diabetic, obese patients and patients
with arterial hypertension [3]. Some studies demonstrated an
increased activity of pituitary-adrenal axis in these patients
which can play a role in the pathogenesis of abdominal obe-
sity and insulin resistance [4]. Moreover there are many re-
ports documenting a subtile, possibly transient, autonomous
glucocorticoid hypersecretion. Therefore, inapparent cortical
adenoma may cause subclinical Cushing syndrome which
could put the patients at increased risk of metabolic syn-
drome [5–8].

In recent literature there are no reports about incidentally
discovered bilateral adrenal hyperplasia. The aim of this
study was to investigate glucose metabolism and other symp-
toms of metabolic syndrome in patients with adrenal
incidentalomas and compare the results between adrenal
adenomas and bilateral adrenal hyperplasia.

Patients and methods

The study group comprised 25 patients (10 men, 15 wo-
men) with incidentally discovered adrenal masses detected
on CT or MR scan. 15 patients of them had unilateral mass
with typical CT characteristics of adenomas, 10 patients had
unilateral or bilateral adrenal hyperplasia without adenoma-
tous structures. Mean age of patients was 57.9±15.3 years
(median 56 yrs).

Each patient was completely evaluated for adrenal hor-
monal overproduction, i.e. we rulled out catecholamine over-
production, primary hyperaldosteronism and Cushing syn-
drome or androgen overproduction. Mean body mass index
(BMI) in all group was 28.2±5 kg/m2, most of patients had
BMI in the range of overweight (n=9) or obesity (n=9). Only
7 patients had normal BMI.

Blood samples were collected in the morning for evalua-
tion of: fasting plasma glucose, plasma insulin, total choles-
terol (TCH), HDL and LDL cholesterol, triglycerides, uric
acid and serum ferritin levels.

Because of exclusion of adrenal endocrinopathies follow-
ing tests were performed: baseline and postural values of
plasma renin activity and plasma aldosterone, following
an aldosterone-renin ratio as a screening test, plasma meta-
nephrines and urinary catecholamines for detection of
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pheochromocytoma. For demonstration of an androgen over-
production a 17 hydroxyprogesterone and dehydroepiandro-
sterone sulphate were evaluated as most important adrenal
androgens. Patients with adrenal endocrinopathies were ex-
cluded from this study.

For detection of possible subclinical Cushing’s syndrome
we investigated baseline plasma cortisol, ACTH and plasma
cortisol after administration of 1 mg of dexamethasone at 11
p.m. (overnight 1 mg dexamethasone suppression test). Ade-
quate suppression was demonstrated when cortisol fell below
138 nmol/l in the morning following the overnight dexameth-
asone administration [7]. According this criteria none of our
patients had signs of subclinical Cushing’s syndrome, thus,
all were classified as having nonfunctional adrenal masses.

Plasma glucose, lipoproteins, uric acid and ferritin were
examined using routine methods, Samples for insulin,
plasma cortisol, ACTH were analyzed by commercially
available RIA (Immunotech, France).

In non diabetic subjects and in diabetics nontreated with
insulin, the insulin resistance index was assessed by the ho-
meostasis model, calculated as follows: homeostasis model
assessment of insulin resistance (HOMA IR) = (fasting glu-
cose x fasting insulin)/22.5.

Normal values of HOMA index are in the range 0.7 to 1.4
and the values above 1.4 indicated an insulin resistance.

Besides HOMA index we calculated an index FIRI as fol-
lows: FIRI = (fasting glucose x fasting insulin)/25 and the
values more than 1.0 indicated the presence of insulin resis-
tance.

Statistical analysis. Continuous variables are
summarized as the mean ±SEM. Unpaired t test
and Mann Whitney test were used to compare the
means between the subgroups of patients. The cor-
relation was assessed using linear regression anal-
ysis. Significance was retained for p<0.05.

Results

The prevalence of various symptoms of the met-
abolic syndrome, i.e. arterial hypertension, obesity,
diabetes mellitus or impaired glucose tolerance
(IGT), hyperlipidemia and hyperuricemia is dem-
onstrated in Table 1.

All symptoms of the metabolic syndrome in the
group of patients were more frequent among pa-
tients with adrenal incidentalomas compared to
prevalence in normal human population. Hyper-
tension was found in 60%, diabetes mellitus or IGT
in 28%, hyperlipidemia was seen in 56%, obesity
in 72% and hyperuricemia in 20% of patients, re-
spectively.

Insulin resistance based on index HOMA IR was
determined in 13 patients, i.e. 52%, each increased
HOMA index was associated with increased index
FIRI.

The patients were divided into two groups. First one con-
sisted of patients with adrenal adenomas and the second of
patients with adrenal hyperplasia.

The mean values of evaluated parameters in the whole
group of patients and in subgroup with adrenal adenomas and
subgroup with adrenal hyperplasia are demonstrated in
Table 2.

Table 3 shows the mean values of hormonal parameters in
the whole group of patients and in subgroup with adenomas
and subgroup with hyperplasia.

Neither between plasma cortisol and lipid profile nor be-
tween cortisol and HOMA, FIRI or fasting insulinemia there
was detected a statistically significant correlation.

Additionally we couldn’t find the correlation between
plasma ACTH and parameters of the metabolic syndrome.
Both, plasma cortisol and ACTH did not correlate with BMI.

Mean values and the differences between variables are
shown in Table 2 and 3.
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Table 1. The prevalence of various symptoms of the metabolic syndrome

in patients with adrenal incidentalomas

N %

Hypertension 15 60

DM/IGT 7 28

Hyperlipidemia 14 56

Hyperuricemia 5 20

Overweight/obesity 18 72

Table 2. The mean values of evaluated parameters in all patients and in subgroup

with adrenal adenomas and subgroup with adrenal hyperplasia

Parameter all patients adenoma hyperplasia significance

weight /kg/ 78.4 ± 2.7 84.4 ± 4 75.5 ± 3 0.05

BMI /kg/m2/ 28.2 ± 1.0 30.7 ± 2 26.7 ± 1 0.05

glycemia /mmol/l/ 5.5 ± 0.5 4.9 ± 0.2 5.2 ± 0.3 NS

fasting insulin /uIU/ml/ 9.7 ± 2.8 14.2 ± 6.2 6.5 ± 1.4 0.05

HOMA 2.2 ± 0.7 3.5 ± 1.6 1.3 ± 0.3 0.05

FIRI 2.0 ± 0.6 3.1 ± 1.4 1.2 ± 0.3 0.05

Cholesterol /mmol/l/ 5.3 ± 0.3 5.3 ± 0.3 5.1 ± 0.4 NS

Triglycerides /mmol/l/ 1.9 ± 0.2 1.8 ± 0.3 1.9 ± 0.3 NS

HDL /mmol/l/ 1.3 ± 0.1 1.3 ± 0.1 1.3 ± 0.1 NS

LDL /mmol/l/ 3.2 ± 0.2 3.3 ± 0.2 3.0 ± 0.2 NS

Ferritin /mg/l/ 129.6 ± 47 174 ± 69 54.2 ± 7.7 0.01

Uric acid /mmol/l/ 362 ± 32 338 ± 36 412 ± 59 NS

Table 3. The mean values of hormonal parameters in all patients and in subgroup

with adenomas and subgroup with hyperplasia

Parameter all patients adenoma hyperplasia significance

Cortisol 408.6 ± 42 441 ± 48 352 ± 79 NS

Cortisol after D 109 ± 30.6 123.5 ± 41.4 86.8 ± 42.1 NS

ACTH 16.8 ± 0.05 17.7 ± 2.4 14.1 ± 1.4 NS



There were no differences in age between the two groups
(59±4 years v.s. 55±5 years, NS).

Patients with adrenal adenomas had significantly higher
BMI (p<0.05) than those with adrenal hyperplasia and
slightly but significantly higher insulin resistance calculated
as HOMA (p<0.05) and FIRI (p<0.05).

Both baseline plasma cortisol and plasma cortisol after
1 mg dexamethasone were slightly but not significantly in-
creased among patients with adenomas than among patients
with hyperplasia.

There were no significant differences in serum lipid profile
and serum uric acid between the two groups. However,
patients with adrenal adenomas had significantly higher se-
rum ferritin levels than those with adrenal hyperplasia
(p<0.01).

Discussion

Nowadays, clinically inaparent adrenal masses, or adrenal
incidentalomas are frequently discovered in the course of dif-
ferential diagnosis of various unrelated disorders. Cortical
adenoma is the most frequent type of adrenal incidentaloma
accounting for approximately 50% of cases in surgical series
and even greater shares in medical series [7]. Unilateral or bi-
lateral adrenal hyperplasia is less frequently found during the
CT or MR imaging, but it is frequently seen in autopsy series,
mainly in patients with chronic disorders.

Adrenal incidentalomas mainly adenomas are often asso-
ciated with subtle, possibly transient, autonomous gluco-
corticoid hypersecretion, which can be involved into the
pathogenesis of the metabolic syndrome and its various
symptoms.

Incidental adrenal adenomas have variable cortisol secre-
tion rates and a degree of autonomous production [2, 7, 8].
However, the criteria for qualifying subclinical cortisol ex-
cess are controversial and we still do not have sufficient evi-
dence to define a reliable standard for the diagnosis of
subclinical Cushings syndrome [7].

In our study patients with adrenal masses had more fre-
quent prevalence of arterial hypertension, obesity, diabetes
mellitus or IGT, hyperlipidemia and hyperuricemia than val-
ues of normal human population which is in agreement with
others [5–7, 9]. Patients with subclinical hypercortisolism
were ruled out in this study.

Many authors documented an increased prevalence of obe-
sity, insulin resistance or impaired glucose tolerance, arterial
hypertension or hyperlipidemia in patients with “nonfunc-
tional adrenal adenomas” suggesting a mild cortisol produc-
tion [4, 6–8). Study of TAUCHMANOVA et al in patients with
subclinical Cushing syndrome documented an increased car-
diovascular risk profile, similar that described in overt Cush-
ing’s syndrome [2]. In study of VIERHAPPER et al authors ex-
amined plasma cortisol levels during oral GTT in 126
patients with adrenal incidentalomas and 129 controls. The
prevalence of IGT was significantly higher in patients with

incidentalomas. They observed a paradoxical rise in serum
cortisol during oGTT which was slightly higher among pa-
tients than among controls. [4]. A high prevalence of dis-
turbed glucose tolerance (61%) was found among consecu-
tive patients harboring incidental nonfunctional adrenal
adenomas. Authors conclude, that patients with adrenal
incidentalomas should be tested for glucose tolerance or in-
sulin sensitivity [9].

The relationship between adrenal incidentalomas and im-
paired glucose tolerance can be explained by two ways:
firstly, as an autonomous and unregulated cortisol secretion,
i.e. subclinical Cushing’s syndrome. Some authors found
a relatively high prevalence of occult Cushing syndrome in
patients with Type-2 diabetes mellitus [3, 10, 11]. On the
other hand, subclinical hypercortisolism occurs in approxi-
mately 5–30% of patients with adrenal incidentalomas [12].
This subclinical Cushing syndrome could put the patient at
increased risk of arterial hypertension, obesity, impaired glu-
cose tolerance and dyslipidemia.

Secondly, the alternative hypothesis that adrenal inci-
dentalomas are unrecognized manifestation of the metabolic
syndrome has been formulated by REINCKE et al [6]. They ob-
served a proliferative effect of insulin on an adrenal cell line
without any effect on cortisol synthesis and suggested that
hyperinsulinemia may have a pathogenic role since it occurs
in polycystic ovary syndrome. However, it remains to be
demonstrated that insulin is able to promote adrenal growth
in other experimental models and may stimulate the cortisol
synthesis.

According to study of TERZOLO et al, many patients with
incidental adrenal adenoma display altered glucose toler-
ance, that may be explained by reduced insulin sensitivity,
and an increased blood pressure levels in comparison with
controls [7]. The slight hypercortisolism observed in some of
such patients may contribute to this state of insulin resis-
tance. In this study patients with adrenal adenomas being
more insulin resistant had mildly increased plasma cortisol
compared to patients with adrenal hyperplasia, but the differ-
ences were not significant. There are still lack of data com-
paring the metabolic differences between adrenal adenomas
and adrenal hyperplasia. In our study patients with adrenal
adenomas had a mildly higher body weight and BMI com-
pared to group of patients with hyperplasia. Fasting plasma
glucose and plasma insulin were not significantly different,
however patients with adrenal adenomas were more insulin
resistant.

The most significant differences found in this study were
in plasma levels of ferritin, which was higher in the group
with adrenal adenomas than in patients with hyperplasia.
There are no references about plasma ferritin levels in pa-
tients with adrenal incidentalomas in recent literature. It is
only known, that plasma ferritin can be a good indicator of
impaired insulin sensitivity. Several studies demonstrated the
fact that elevated iron stores were positively associated with
the presence of the metabolic syndrome and with insulin re-

326 LAZÚROVÁ, DUDÁŠOVÁ, WAGNEROVÁ, DRAVECKÁ, PETRÁŠOVÁ



sistance [13, 14] and postulated that ferritin could be
a marker of the insulin resistance syndrome [15]. Relation-
ship between adenomas and iron stores was described only in
some studies in patients with colorectal adenomas. Authors
concluded that risk of adenoma recurrence was modestly in-
creased among patients with higher serum ferritin concentra-
tion, although it was not confirmed in further studies [16].

We suppose, that higher ferritin levels in patients with
adenoma are related mainly to increase insulin resistance and
to symptoms of the metabolic syndrome in patients with
adenoma rather than to type of adrenal mass. However, it
needs more studies on larger group of patients.

References

[1] ANGELI A, TERZOLO M. Adrenal incidentaloma - a modern
disease with old complications. J Clin Endocrinol Metab
2002; 87(11): 4869–4871.

[2] TAUCHMANOVA L, ROSSI R, BIONDI B, PULCRANO M, NUZZO

V et al. Patients with subclinical Cushing’s syndrome due to
adrenal adenoma have increased cardiovascular risk. J Clin
Endocrinol Metab 2002; 87: 4872–4878.

[3] CATARGI B, RIGALLEAU V, POUSSIN A, RONCI-CHAIX N, BEX V

et al. Occult Cushing’s syndrome in Type-2 Diabetes. J Clin
Endocrinol Metab 2003; 88: 5808–5813.

[4] VIERHAPPER H, HEINZE G, GESSL A, EXNER M. Adreno-
cortical tumors: prevalence of impaired glucose tolerance
test and of “paradoxical rise” of cortisol during an oral glu-
cose tolerance test. Exp Clin Endocrinol Diabetes 2003; 111:
415–420.

[5] MIDORIKAWA S, SANADA H, HASHIMOTO S, SUZUKI T,

WATANABE T. The improvement of insulin resistance in pa-
tients with adrenal incidentaloma by surgical resection. Clin
Endocrinol 2001; 54: 797–804.

[6] REINCKE M, FASSNACHT M, VATJ S, MORA P, ALLOLIO B. Ad-

renal incidentalomas: a manifestation of the metabolic syn-
drome? Endocrinol Res 1996; 22: 757–761.

[7] TERZOLO M, PIAA, ALI A, OSELLAG, REIMONDO G et al. Adre-
nal incidentaloma: a new cause of the metabolic syndrome? J
Clin Endocrinol Metab 2002; 87: 998–1003.

[8] TERZOLO M, REIMONDO G, BOVIO S, ANGELI A. Subclinical
Cushing’s syndrome. Pituitary 2004; 7: 217–223.

[9] FERNANDEZ-REAL, JM, RICART ENGEL W, SIMO R, SALINAS I,

WEBB SM. Study of glucose tolerance in consecutive patients
harboring incidental adrenal tumors. Clin Endocrinol 1998;
49: 53–61.

[10] PERRY CG, SPIERS A, CLELAND SJ, LOWE GDO, PETRIE JR et al.
Glucocorticoids and insulin sensitivity: Dissociation of
insulins metabolic and vascular actions. J Clin Endocrinol
Metab 2003; 88: 6008–6014.

[11] WANG M. The role of glucocorticoid action in the patho-
physiology of the metabolic syndrome. Nutr Metab 2005; 2:
1–14.

[12] CAPLAN RH, STRUTT PJ, WICKUS GG. Subclinical hormone
secretion by incidentally discovered adrenal masses. Arch
Surg 1994; 129: 291–296.

[13] JEHN M, CLARK JM, GUALLAR F. Serum ferritin and risk of the
metabolic syndrome in U.S. adults. Diabetes Care 2004; 27:
2422–2428.

[14] VLASAKOVA Z, PELIKANOVA T, KAZDOVA L, LANSKA U. Se-
rum ferritin, LDL oxidation and risk factors for athero-
genesis in healthy offspring of hypertensive patients. Vnitř
Lék 2002; 48: 105–111 (in Czech).

[15] FERNANDEZ-REAL JM, RICART-ENGEL W, ARROYO E,

BALANCA R, CASANITJIANA-ABELLA R et al. Serum ferritin
as a component of the insulin resistance syndrome. Diabetes
Care 1998; 21: 62–68.

[16] TSENG M, GREENBERG ER, SANDLER RS, BARON JA, HARLE

RW et al. Serum ferritin concentration and recurrence of
colorectal adenoma. Cancer Epidemiol Biomarkers Prev
2000; 9: 625–630.

ADRENAL INCIDENTALOMAS AND METABOLIC SYNDROME 327


