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Hyperaktivität der Hypothalamus- 
Hypophyse-Nebennieren-Achse bei Patienten  
mit Diabetes mellitus Typ 2: Zusammenhang  
mit der Insulinresistenz und chronischen  
Komplikationen 

Zusammenfassung
Ziel Es besteht Unklarheit über die Beziehung zwischen 
abdominaler Adipositas, Diabetes mellitus Typ 2 und 
der Hypothalamus-Hypophysen-Nebennieren (HHNN) 
Achse. Ziel dieser Studie war es, die Aktivität der HHNN-
Achse bei 121 Typ 2 Diabetikern, 29 adipösen und 19 
Kontrollpersonen zu messen.

Studiendesign und Methodik Es wurden eine physi-
kalische Untersuchung, anthropometrische Messungen, 
psychologische Befragungen, psychiatrische Interviews 
sowie neurologische und ophthalmologische Untersu-
chungen durchgeführt. Außerdem wurden biochemische 
Parameter, freie Cortisol Spiegel im Urin (FCU), Cortisol 
und ACTH Konzentrationen um 8 und um 16 Uhr, sowie 
Cortisol Konzentrationen nach spätabendlicher Gabe 
von 1  mg Dexamethason zur Suppression, gefolgt von 
einem ACTH Test mit Cortisol Messung 30 und 60  min 
nach der Gabe erhoben. Die Gruppeneinteilung erfolgte 
in Bezug auf Adipositas, Körper -Fettverteilung und dem 
Vorhandensein chronischer Komplikationen.

Ergebnisse Unabhängig von diabetischen Komplika-
tionen und Adipositas waren die FCU und das Post-De-
xamethason Cortisol bei den Diabetikern im Vergleich 

zu den adipösen Patienten (p < 0,01) und der Kontroll-
gruppe (p < 0,05) erhöht. Die Post-Dexamethason Cor-
tisol Werte waren mit dem Hüftumfang korreliert. Die 
ACTH stimulierten Cortisol Werte waren bei allen Typ 2 
Diabetikern significant höher. Es wurde eine unabhän-
gige Beziehung zwischen der AUC der Cortisolreaktion 
im ACTH Test und der Insulinresistenz gefunden. Die 
multiple Regressionsanalyse zeigte, dass der Hüftum-
fang unabhängig mit dem Geschlecht, dem Nüchtern-
Insulin, dem morgendlichem Cortisol und der AUC 
des Cortisols im ACTH Test assoziiert war (R2 = 0.334, 
p < 0.0000).

Schlussfolgerungen Die erhöhten FCU Werte, die 
verminderte Cortisol Suppression durch Dexametha-
son sowie die gesteigerte Reaktion der Cortisolspiegel 
auf ACTH Gabe belegen klar eine Hyperaktivität der 
HHNN-Achse bei Typ 2 Diabetikern. Eine abdominale 
Adipositas und chronische Komplikationen steigerten 
die Hyperaktivität der HHNN-Achse bei Typ 2 Diabe-
tikern. Eine Steigerung des positiven Feedbacks ist mit 
Insulinresistenz und des negativen Feedbacks mit abdo-
minaler Adipositas assoziiert.

Schlüsselwörter: Cortisol Sekretion, Diabetes mellitus 
Typ 2, Insulinresistenz, Abdominale Adipostas, 
chronische Komplikationen

Summary
Objective Connection between abdominal obesity, type 
2 diabetes, and the hypothalamic-pituitary-adrenal 
(HPA) axis activity remains unclear. The aim of this study 
was to measure HPA axis activity in 121 type 2 diabetics, 
in 29 obese subjects, and 19 control subjects.

Research design and methods Physical examination, 
anthropometric measures, psychological questionnaire, 
psychiatric interview, neurological and ophthalmologic 
examination were performed. Biochemical parameters, 
urinary free cortisol levels (UFC), cortisol and ACTH lev-
els at 8 and 16 h, cortisol levels after overnight suppres-
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sion with 1  mg dexamethasone followed by ACTH test 
in 30 and 60 min were measured. Groups were stratified 
in relation to obesity, body fat distribution, and chronic 
complications.

Results UFC and postdexamethasone cortisol were 
significantly increased in diabetic patients compared 
with both obese subjects (p < 0.01) and control group 
(p < 0.05), regardless to diabetic complications and 
obesity. Postdexamethasone cortisol was correlated 
with waist circumference. ACTH-induced cortisol levels 
were significantly higher in all type 2 diabetic patients. 
An independent association was found between AUC 
cortisol in ACTH test and insulin resistance. Multiple 
regression analysis showed that waist circumference was 
independently associated with sex, fasting plasma insu-
lin, morning cortisol, and AUC of cortisol in ACTH test 
(R2 = 0.334, p < 0.0000).

Conclusions In type 2 diabetic patients, the HPA 
axis is clearly hyperactive as evident in increased uri-
nary free cortisol, diminished cortisol suppression after 
dexamethasone and increased ACTH-induced cortisol 
levels. Abdominal obesity and the presence of chronic 
complications increased the HPA axis hyperactivity in 
type 2 diabetes. Augmentation of positive feedback is as-
sociated with insulin resistance and negative feedback 
with abdominal obesity.

Keywords: Cortisol secretion, Type 2 diabetes mellitus, 
Insulin resistance, Abdominal obesity, Chronic compli-
cations

Introduction

Diabetes mellitus is a major public health problem. 
Its prevalence is increasing as the population ages and 
becomes more obese. Hypertension, hyperlipidemia, 
obesity, particular visceral obesity, and coronary heart 
disease are common in type 2 diabetic patients [1]. These 
are associated with insulin resistance in the metabolic 
syndrome, but the reason for the association between 
features remains obscure. Clinical—overt [2] and experi-
mental [3]—cortisol excess is associated with increase in 
blood pressure and profound metabolic disturbances of 
intermediate metabolism resulting in characteristic obe-
sity, insulin resistance, and hyperlipidemia, which can 
lead to diabetes. Therefore, it was suggested that subtle 
abnormalities in cortisol secretion and action is a mis-
sing link between insulin resistance and other features 
of the metabolic syndrome [4]. In addition, endocrine 
perturbations, such as cortisol excess, decreased growth 
hormone secretion, and decrease in male or increase in 
female free-androgen tissue availability, may have a key 
role in the development of enlarged abdominal, parti-
cularly visceral fat depot [4]. However, the relationship 
between cortisol secretion, altered cortisol metabolism, 
and/or increased cortisol tissue sensitivity in patients 
with type 2 diabetes still remains unclear.

Increased HPA axis activity in diabetic patients has 
been reported and is especially prevalent in those indi-
viduals with poor glycemic control or ketoacidosis [5]. 
Previously, many type 1 and type 2 diabetics exhibited 
nonsuppression of HPA axis activity following glucocor-
ticoid administration which suggests that glucocorti-
coid negative feedback is also impaired in these patients 
[6, 7]. Elevated ACTH levels [8] and salivary cortisol [9] 
with increased urinary free cortisol levels [10, 11] have 
been described. The presence of chronic diabetic com-
plications has also been associated with activation of 
the HPA axis [8, 10, 11]. The previous studies have been 
conducted in heterogeneous groups with type 1 and 
type 2 diabetes [6–8], while in other studies obesity was 
not considered [6–10]. In one population study, the 
association between degree of severity of several clini-
cal measures of type 2 diabetes and cortisol secretion 
has been reported [12]. In young Chinese type 2 diabetic 
patients, the higher cortisol, reduced growth hormone, 
and hyperinsulinemia were closely associated to central 
obesity [13]. More recently, the association of the pre-
sence of developed diabetic complications as well as 
diabetes duration and cortisol secretion has been repor-
ted [14]. Abdominal obesity, type 2 diabetes and HPA 
axis activity are closely linked but the exact interactions 
still need to be clarified.

The aim of our study was to measure the HPA axis acti-
vity in the group of type 2 diabetic patients with different 
patterns of obesity, and in the two control groups of obese 
and nonobese healthy individuals to examine influence 
of the diabetic complications and abdominal obesity.

Subjects and methods

Subjects We recruited 121 type 2 diabetic patients and 
30 obese subjects from outpatient clinic of University 
Hospital Osijek and 19 healthy subjects with no family 
history of diabetes and obesity. Informed and written 
consent was obtained from all participants and the study 
was approved by Clinical Research Ethic Committee 
of our University. Exclusion criteria were: use of drugs 
known to affect steroid hormone secretion or metabo-
lism, including oral contraceptive pills, for minimum 3 
months; no glucocorticoid therapy in any route, clinical 
history of endocrine disease or any other intercurrent ill-
ness prior to investigation; clinical history of hospitaliza-
tion due to acute diabetic complication or any hypogly-
cemia in patients diary in the last 3 months; body weight 
loss in last 3 months; any psychiatric disorder (questi-
onnaire and interview by psychiatrist); abnormal renal 
function (creatinine clearance < 1.6  ml/s and 24-h pro-
teinuria > 150 mg); abnormal hepatic and thyroid testing 
and excessive alcohol consumption (usage of more than 
400 g ethanol per week). Women were examined in early 
folicular phase of menstrual cycle. Because exogenous 
insulin treatment might lead to a false high plasma levels 
and HOMA index could not be calculated, insulin-trea-
ted patients were not included in the study. The Croatian 



original article

Hyperactivity of the hypothalamic-pituitary-adrenal axis in patients with type 2 diabetes and relations  4051 3

version of the questionnaire “Center for Epidemiologi-
cal Studies Depression Scale” was employed to quantify 
depressive symptoms (all had score above 23) together 
with interview by psychiatrist to exclude any psychiatric 
disorder. All patients were in good physical health. Dia-
betic patients maintained their diabetic diet and treat-
ment: 33 (27.3 %) patients were on diet alone, 88 (72.7 %) 
patients received oral hypoglycemic agents (60 gliben-
clamid (gliburide), 19 repaglinid, 19 metformin and/or 
20 acarbosis). All patients had a complete physical exam 
including neurological and ocular assessments. Patients 
with proliferative or laser treated retinopathy and painful 
diabetic neuropathy were not included because of known 
association with HPA axis hyperreactivity [8]. Hyperten-
sion was defined as blood pressure > 140/90  mmHg, or 
receiving antihypertensive treatment. 48 diabetic pati-
ents (39.6 %) had hypertension and 37 received regular 
antihypertensive treatment (ACE inhibitor, and/or cal-
cium channel blocker).

Obese subjects were physically fit, and had normal phy-
sical examination and electrocardiogram. Seven had 
hypertension (24.1 %) and only two (6.9 %) received anti-
hypertensive treatment (calcium channel antagonist). 
Nineteen healthy controls were also studied. They were 
recruited among hospital personnel. None had family 
history of diabetes or obesity, had not been treated for 
psychiatric disorders or had a first or second degree rela-
tive who had undergone psychiatric treatment. Physical 
examination, electrocardiogram, and routine laboratory 
tests were normal. Alcohol consumption, physical acti-
vity, and smoking were estimated by standard question-
naire completed by personal interview. Smoking habits 
were recorded as the average number of cigarettes smo-
ked per day. Smoking status was randomly distributed 
between groups.

Study protocol Study was performed on three consecut-
ive days. On day 1, at 0800 hours after an overnight fast, 
blood samples were drawn to determine routine labo-
ratory tests including cholesterol, triglycerides, HDL-C, 
LDL-C, urea, creatinine, HbA1c, basal hormone profiles, 
including cortisol and ACTH. In addition, at 1600 hours 
samples were drawn to determine cortisol and ACTH. On 
that same day 24-h urine was collected to determine free 
cortisol excretion, creatinine clearance and 24-h protei-
nuria. On day 2, blood samples were drawn to determine 
glucose and insulin levels. A standard oral glucose tole-
rance test with 75 g of glucose was performed on nondia-
betic subjects. On day 2 at 2300 hours, each subject recei-
ved 1 mg dexamethasone orally. On day 3 at 0800 hours, 
an antecubital vein was cannulated and 30  min later 
ACTH was injected as an intravenous bolus at the dose 
of 250 µg. Blood samples for cortisol level analysis were 
collected at 0, 30, and 60 min after the administration of 
ACTH. After dexamethasone administration, a plasma 
cortisol level of 50  nmol/l or greater was considered a 
nonsuppressed response [15]. Seven patients in diabe-
tic group and one subject in obese group had nonsup-

pressed response, and therefore a standard low dose 
dexamethasone suppression test (0.5  mg 6  hourly for 2 
days) was performed. Postdexamethasone plasma corti-
sol was measured at 0800  hours, 6  h after the last dose 
of dexamethasone and all subjects had suppressed cor-
tisol response. One obese subject with nonsuppressed 
response was excluded from study and remaining 29 
were analyzed.

Methods Measurements of plasma glucose, HbA1c, 
lipids, renal function, creatinine clearance, and 24-h uri-
nary protein excretion were performed by routine assays 
using automatic analyzer Olympus AV 640. Commercial 
available RIA kits were used for the hormone analysis: 
plasma insulin (Sorin Biomedica, Perugia, Italy, the 
intra-assay variability 10.6  %, the interassay variability 
7.0 %), plasma and urinary cortisol (CIS Bio Internatio-
nal, Gif-Sur-Yvette, Cedex, France, the intraassay varia-
bility 2.6 %, the interassay variability 6.5 %), and ACTH 
(CIS Bio International, Gif-Sur-Yvette, Cedex, France, 
the intraassay variability 6.1 %, the interassay variability 
5.3 %).

Definitions Obesity was defined as a BMI > 30  kg/m2. 
Abdominal obesity was defined as a waist circumference 
> 102 cm for men and > 88 cm for women. Hypertension 
was defined as blood pressure > 140/90 mmHg, or recei-
ving antihypertensive treatment. Beta-cell function and 
insulin sensitivity were assessed by the relationship bet-
ween fasting glucose and insulin concentrations analyzed 
by homeostasis model assessment (HOMA). HOMA-IR 
index was calculated as a fasting insulin (mIU/l) and glu-
cose (mmol/l) product divided by 22.5. HOMA-B index 
was calculated according the formula [16]:

20 × fasting insulin (mIU/l)

fasting glucose (mmol/l) − 3.5
.

In all diabetic patients, the presence of autonomic neu-
ropathy was evaluated by performing deep-breathing, 
lying to standing and postural tests [17], and the pre-
sence of peripheral somatic neuropathy was evaluated 
by measuring the diabetic neuropathy score [18]. All dia-
betic patients were examined by ophthalmologist and 
background retinopathy was diagnosed by fundus ocular 
examination.

Statistical analysis All data are expressed as mean ± SD. 
Mann-Whitney test or parametric t-test was used for bet-
ween group comparisons. Analysis of variance (ANOVA) 
was used to determine the significance of difference 
between three or more groups. For data which was not 
normally distributed analysis of variance was perfor-
med with Kruskal Wallis ANOVA. Relationships between 
variables were analyzed using Spearman’s coefficients of 
correlations. Stepwise multiple regression analysis with 
forward selection was used to examine the independent 
relationships among variables. Results of regression ana-
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lysis were given as beta coefficients and R2. All statistical 
analysis was performed using the program packages SAS 
8.2 and StatSoft, Statistica 6.0.

Results

Clinical, biochemical, and hormonal characteristics from 
the diabetic, obese, and control group are summarized in 
the Table 1. Duration of diabetes was 7.1 ± 5.6 years, ran-
ging from newly diagnosed (0 years) in five patients to 20 
years in two patients. Groups were matched for age, smo-
king, and physical activity. Significantly, more diabetic 
patients had hypertension (48 or 39.6 %) compared with 
obese subjects (7 or 24.1 %) and none in control group, 
although systolic and diastolic blood pressure were simi-
lar in all three groups. As expected, diabetic patients 
were more obese with higher insulin resistance, fasting 
glucose, and triglyceride values than the control group. 
Obese subjects had normal response in OGTT, but sig-
nificantly higher fasting plasma glucose, HbA1c, fasting 
insulin and higher HOMA-IR than controls. Diabetic 
patients had significantly lower afternoon ACTH values 
and significantly higher urinary free cortisol, postdexa-
methasone cortisol and cortisol following ACTH, both at 

30 and 60  min, and increased AUC of cortisol response 
to ACTH.

Stratification in relation to obesity and body fat distri-
bution Table  2 summarizes clinical, biochemical, and 
hormonal characteristics of the subjects after stratifica-
tion in subgroups according to obesity and obesity type. 
Subgroups were matched for age, smoking, and physical 
activity. Diabetic patients with abdominal obesity (AO) 
had higher triglyceride and higher fasting insulin values, 
increased HOMA-IR, and decreased HOMA-B index 
compared to any other subgroup. HOMA-IR was the hig-
hest in the diabetic group with abdominal obesity but 
even normal weight diabetic patients (NW) had signifi-
cantly higher HOMA-IR index than subjects with abdo-
minal obesity (p < 0.000) and control group (p < 0.000). 
Urinary free cortisol was elevated in all three diabetic 
subgroups, significantly in subgroups with abdominal 
obesity and normal weight compared to nondiabetics 
with abdominal obesity (p < 0.05) and control subjects 
(p < 0.05). Dexamethasone suppression was blunted in 
subgroups with abdominal obesity and normal weight 
diabetic patients compared to peripheral obese sub-
group (p < 0.05, p < 0.005) and control group (p < 0.001). 
Dexamethasone suppression was also blunted in non-

Table 1. Clinical, biochemical, and hormonal features of type 2 diabetic patients, obese subjects, and control group

Type 2 diabetics Obese subjects Control group

N 121 29 19

Age (years) 51.4 ± 12.3 49.4 ± 7.3 46.1 ± 10.9

Male n (%) 51 (42.1) 14 (48.3) 8 (42.2)

Duration of DM (years) 7.1 ± 5.6

BMI (kg/m2)* 30.3 ± 5.4 34.6 ± 5.4 24.0 ± 2.1

Waist circumference (cm)* 101.9 ± 13.9 106.1 ± 10.4 82.5 ± 11.1

Hypertension n (%)* 48 (39.6) 7 (24.1) 0

HbA1c (%)* 7.6 ± 1.6§,### 5.1 ± 0.4|| 4.8 ± 0.2

Fasting glucose (mmol/l)* 11.1 ± 3.5§,### 5.4 ± 0.9† 4.6 ± 0.3

Triglyceride (mmol/l)* 2.43 ± 1.4‡ 2.46 ± 2.3|| 1.65 ± 1.0

Hormonal parameters

Fasting insulin (mIU/l)* 23.0 ± 9.7§,|| 24.6 ± 5.9§ 15.9 ± 4.5

HOMA IR* 11.1 ± 5.9§,### 5.9 ± 2.3§ 3.3 ± 1.18

Cortisol 08 h (nmol/l) 513.3 ± 154.7 435.3 ± 135.71 495.5 ± 171.1

Cortisol 16 h (nmol/l) 250.7 ± 106.4 241.1 ± 84.6 252.6 ± 116.4

Urinary free cortisol (nmol/24 h)* 199.6 ± 92.8||,¶ 159.5 ± 74.9 151.9 ± 58.9

ACTH 08 h (pmol/l) 6.2 ± 4.1 6.9 ± 4.5 8.2 ± 5.7

ACTH 16 h (pmol/l)* 4.1 ± 1.9# 5.1 ± 1.7 4.8 ± 2.2

Postdexamethasone cortisol (nmol/l)* 31.2 ± 18.0||,# 25.1 ± 18.7 24.2 ± 5.5

Cortisol 30 min after ACTH* 763.7 ± 167.0§,### 616.2 ± 138.1 559.8 ± 123.2

Cortisol 60 min after ACTH* 929.3 ± 196.3‡,## 796.3 ± 165.3 757.7 ± 139.8

AUC cortisol* 37,318 ± 7,726§,### 30,807 ± 6,284 28,522 ± 5,700

Data are mean ± SD or n (%)
AUC area under the curve
*p < 0.05 ANOVA
||p < 0.05, †p < 0.01, ‡p < 0.001, §p < 0.0001 vs. control group
¶p < 0.05, #p < 0.01, ##p < 0.001, ###p < 0.0001 vs. obese subjects
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diabetic abdominal obese subjects but not significantly. 
Cortisol response to ACTH (in 30 min) as well as AUC of 
cortisol response to ACTH was significantly elevated in 
all three diabetic subgroups as compared to both obese 
groups and control group.

Stratification in relation to chronic diabetic compli-
cations Table  3 shows clinical, biochemical, and hor-
monal characteristics of the subjects after stratifica-
tion in subgroups according to presence or absence of 
chronic complications. In the group with chronic com-
plications 10 patients had diabetic retinopathy, 24 had 
diabetic neuropathy and 31 had both retinopathy and 
neuropathy. Diabetic patients with chronic complica-
tions were significantly older (p < 0.05) and duration of 
diabetes was significantly longer (p < 0.001) than in dia-
betics without complications. Triglycerides were sig-
nificantly higher in both diabetic subgroups (p < 0.05), 
while HDL cholesterol was significantly lower only in 
diabetics with complications (p < 0.05, data not shown) 
than in control group. Fasting plasma glucose, HBA1c 

concentrations and HOMA-IR were significantly higher 
in both diabetic subgroups than in non diabetic groups. 
Only in subgroup with both diabetic neuropathy and 
retinopathy fasting glucose, HbA1c levels and HOMA-IR 
were significantly higher than in diabetics without 
complications and both non diabetic groups (p < 0.001 
for each, data not shown). Morning ACTH values were 
increased in diabetics with complications compared to 
diabetics without complications (p < 0.001). Diabetic 
patients with neuropathy had higher morning ACTH 
levels (p < 0.05) and those with retinopathy had higher 
afternoon ACTH levels (p < 0.05) than diabetics without 
complications (data not shown). Urinary free cortisol 
was elevated in both diabetic groups, while postdexa-
methasone cortisol was higher in diabetic patients wit-
hout complications than in both nondiabetic groups. 
Cortisol values in response to ACTH (at 30 and 60 min) 
and AUC of cortisol response to ACTH in both diabetic 
subgroups were significantly higher than in both non-
diabetic groups.

Table 2. Comparison of clinical, biochemical, and hormonal parameters between type 2 diabetic patients and obese subjects 
stratified according to body fat distribution in abdominal obese group (AO), peripheral obese group (PO), and normal body 
weight subjects (NW) and control group

Diabetic patients Obese subjects Control

AO PO NW AO PO Group

N 58 17 46 15 14 19

Age (years) 52.3 ± 8.6 48.8 ± 11.2 54.2 ± 8.6 49.6 ± 8.3 48.7 ± 6.3 46.1 ± 10.9

Male n (%) 24 (41.4) 6 (35.3) 21 (45.7) 7 (46.6) 7 (50) 8 (42.2)

Duration of DM 6.8 ± 0.5 8.2 ± 6.2 7.1 ± 5.8

BMI (kg/m2)* 34.0 ± 4.7 31.1 ± 2.3 25.2 ± 1.6 34.9 ± 5.5 34.3 ± 5.6 24.0 ± 2.1

Waist circumference(cm)* 110.3 ± 13.4 97.5 ± 7.7 92.8 ± 9.2 108.6 ± 10.5 103.3 ± 9.8 82.5 ± 11.1

Hypertension n (%)* 28 (48.3) 6 (35.3) 14 (30.4) 5 (33.3) 2 (14.2)

HbA1c (%)* 7.59 ± 1.51‡‡‡,§§§,††† 8.08 ± 1.79‡‡‡,§§§,††† 7.43 ± 1.76‡‡‡,§§§,††† 5.10 ± 0.25 5.18 ± 0.55 4.83 ± 0.26

Fasting glucose (mmol/l)* 11.31 ± 3.27‡‡‡,§§§,††† 11.65 ± 4.28‡‡‡,§§§,††† 10.72 ± 3.6‡‡‡,§§§,††† 5.09 ± 0.79§ 5.61 ± 0.88†† 4.59 ± 0.44

Triglyceride (mmol/l)* 2.62 ± 1.3¶¶,††† 2.59 ± 2.3 2.13 ± 1.1† 2.08 ± 0.9 2.84 ± 3.1 1.65 ± 1.0

Hormonal parameters  

Fasting insulin (mIU/l)* 25.9 ± 10.9||,¶¶,††† 21.3 ± 11.6§ 19.9 ± 5.4‡,§,††† 24.4 ± 6.0†† 24.9 ± 5.9†† 15.9 ± 4.5

HOMA IR* 12.5 ± 4.9¶¶¶,‡‡‡,§§§,††† 11.8 ± 8.2‡,††† 9.2 ± 3.4‡‡‡,§§,††† 5.7 ± 2.4†† 6.3 ± 2.1†† 3.28 ± 1.18

Cortisol 08 h (nmol/l) 503.7 ± 161 551.4 ± 186 511.5 ± 133 436.5 ± 141 434 ± 134 495.5 ± 171

Urinary free cortisol (nmol/24 h)* 194 ± 102‡ 194.1 ± 93.3 206.7 ± 80‡,† 133.7 ± 56.9 189.4 ± 83.8 151.9 ± 58.9

ACTH 08 h (pmol/l 6.5 ± 4.6 6.5 ± 4.5 5.7 ± 3.2 7.1 ± 3.4 6.9 ± 5.5 8.2 ± 5.6

ACTH 16 h (pmol/l)* 4.2 ± 2.3 3.8 ± 1.7 3.96 ± 1.4 5.29 ± 1.9 4.9 ± 1.4 4.8 ± 2.2

Postdexamethasone cortisol (nmol/l)* 29.8 ± 16.3§ 25.3 ± 10.4¶ 35 ± 21.4§§,†† 29.8 ± 24.0 19.9 ± 9.1 24.3 ± 5.5

Cortisol 30 min after ACTH (nmol/l)* 798.7 ± 171¶,‡‡,§§,††† 766.7 ± 167‡‡,§,††† 718.5 ± 153‡,§,†† 619.4 ± 159 612.8 ± 117 559.8 ± 123

Cortisol 60 min after ACTH (nmol/l)* 965 ± 212‡,§,†† 919 ± 161‡,†† 887 ± 180 762 ± 206 832 ± 101 757 ± 139

AUC cortisol* 38,890 ± 8,036¶,‡‡,§,††† 37,168 ± 7,721‡,§,†† 35,392 ± 7,184‡,†† 30,465 ± 7,671 31,174 ± 4626 28,522 ± 5,700

Data are means ± SD or n (%)
AUC area under the curve
*p < 0.05 ANOVA
||p < 0.05 vs. peripheral obese diabetics
¶p < 0.05, ¶¶p < 0.01, ¶¶¶p < 0.001 vs. normal weight diabetics
‡p < 0.05, ‡‡p < 0.001, ‡‡‡p < 0.0000 vs. abdominal obese subjects
§p < 0.05, §§p < 0.005, §§§p < 0.0001 vs. peripheral obese subjects
†p < 0.05, ††p < 0.01, †††p < 0.0001 vs. control group
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Relationships between variables Postdexametha-
sone cortisol was positively correlated only with waist 
circumference (r = 0.244, p < 0.01) and WHR (r = 0.232, 
p < 0.01). AUC of cortisol response to ACTH was posi-
tively correlated with age (r = 0.272, p < 0.01), HbA1c 
(r = 0.339, p < 0.001), fasting glucose (r = 0.405, p < 0.01), 
duration of diabetes (r = 0.365, p < 0.001), neuropathy 
(r = 0.216, p < 0.01), retinopathy (r = 0.178, p < 0.05) and 
with HOMA-IR (r = 0.406, p < 0.001). No correlations 
were found between AUC of cortisol response to ACTH 
and BMI, waist circumference, and sex. In the first 
model of stepwise multiple regression analysis with 
forward selection, dependent variable was the AUC of 
cortisol response to ACTH and independent variab-
les were HOMA-IR and BMI. AUC of cortisol response 
to ACTH was significantly and independently asso-
ciated with HOMA-IR (R2 = 0.1127, p < 0.0000). In the 
second model of multiple regression analysis in all 
study subjects, the dependent variables were BMI and 
waist circumference. The most important independent 
determinants of variability of waist circumference were 
sex, fasting insulin, morning cortisol, and AUC of cor-

tisol response to ACTH (R2 = 0.334, p < 0.0000). The only 
independent determinant variability of BMI was fasting 
insulin (R2 = 0.189, p < 0.0000). Table 4 shows results of 
the second model of multivariate regression analysis 
in three examined groups separately. In obese subjects 
and diabetic patients, the sex, fasting insulin, and mor-
ning cortisol were independently associated with waist 
circumference.

Discussion

The present study strongly suggests hyperactivity of the 
HPA axis in the type 2 diabetic patients as evident in 
increased urinary free cortisol levels, blunted negative 
and increased positive feedback, even in type 2 diabe-
tic patients without chronic complications and in nor-
mal weight diabetic patients. Moreover, augmentation 
of positive feedback of the HPA axis is associated with 
insulin resistance. In this study, type 2 diabetic patients 
had similar degree of obesity, waist circumference, and 
fasting insulin levels as obese subjects, but significantly 

Table 3. Comparison of clinical, biochemical, and hormonal parameters between type 2 diabetic patients, stratified according 
to presence of chronic complications, obese subjects and control group

Diabetics

With complications No complications Obese subjects Control group

N 65 52 29 19

Age (years)* 57.7 ± 6.8 50.9 ± 10.6 49.4 ± 7.3 46.1 ± 10.9

Male n (%) 27 (41.5) 23 (44.2) 14 (48.3) 8 (42.2)

Duration of DM 8.9 ± 5.9 5.1 ± 4.5

BMI (kg/m2) 30.6 ± 5.2 30.1 ± 5.9 34.6 ± 5.4 24.04 ± 2.1

Waist circumference* 102.8 ± 12.8 101.4 ± 15.5 106.1 ± 10.4 82.5 ± 11.1

Hypertension n (%)* 29 (44.6) 18 (34.6) 7 (24.1) 0

HbA1c (%)* 7.82 ± 1.65##,‡‡ 7.31 ± 1.61##,‡‡ 5.14 ± 0.43 4.83 ± 0.26

Fasting glucose (mmol/l)* 11.9 ± 3.6##,‡‡ 10.2 ± 3.2##,‡‡ 5.4 ± 0.9 4.59 ± 0.44

Triglyceride (mmol/l)* 2.29 ± 1.02|| 2.61 ± 1.86|| 2.09 ± 0.82 1.65 ± 1.0

Hormonal parameters

Fasting insulin (mIU/l)* 22.3 ± 8.6¶ 24.5 ± 10.9¶ 24.6 ± 5.9# 15.9 ± 4.5

HOMA IR* 11.7 ± 6.8## 10.6 ± 4.7‡‡ 5.9 ± 2.3 3.2 ± 1.1

Cortisol 08 h (nmol/l) 525.5 ± 149.6 492.8 ± 158 435.3 ± 135 495.5 ± 171

Cortisol 16 h (nmol/l) 251.6 ± 113.3 249.7 ± 100 241.1 ± 84.6 252.6 ± 116

Urinary free cortisol (nmol/24 h)* 192.1 ± 93.6|| 206.6 ± 93||,** 159.5 ± 74.9 151.9 ± 58.9

ACTH 08 h (nmol/l)* 7.2 ± 4.7§ 5.1 ± 2.9# 6.9 ± 4.5 8.2 ± 5.7

ACTH 16 h (nmol/l)* 4.3 ± 2.1 3.8 ± 1.7** 5.1 ± 1.7 4.85 ± 2.22

Postdexamethasone cortisol (nmol/l)* 29.1 ± 10.5 33.9 ± 19.6**,¶ 25.1 ± 18.7 24.3 ± 5.5

Cortisol 30 min after ACTH (nmol/l)* 757.4 ± 157.3##,†† 769.9 ± 176##,†† 616.2 ± 138.1 559.8 ± 123.2

Cortisol 60 min after ACTH (nmol/l)* 934.8 ± 196.8¶,** 925.4 ± 202||,** 796.3 ± 165 757.7 ± 139.8

AUC cortisol* 37,182 ± 7,487#,†† 35,233 ± 8,021#,** 30,807 ± 6,284 28,522 ± 5,700

Data are means ± SD or n (%)
AUC area under the curve
*p < 0.05 ANOVA
†p < 0.05, ‡p < 0.01, §p < 0.001 vs. diabetic patients without complications
||p < 0.05, ¶p < 0.01, #p < 0.001, ##p < 0.0001 vs. control group
**p < 0.01, ††p < 0.001, ‡‡p < 0.0001 vs. obese subjects
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increased insulin resistance and decreased beta-cell 
function compared with obese subjects. These features 
are the very same as those of the metabolic syndrome 
associated with type 2 diabetes [2]. Our type 2 diabetic 
patients and nondiabetic subjects had plasma cortisol 
and ACTH concentrations within the acceptable normal 
range. Morning ACTH levels were slightly but signifi-
cantly higher in the patients with diabetic neuropathy, 
and afternoon levels were slightly higher in the subgroup 
with retinopathy, while diabetic patients without com-
plications had the lowest ACTH levels. Increased cortisol 
production demonstrated by higher urinary free cortisol 
levels together with slightly higher ACTH levels may sug-
gest central dysregulation of the HPA axis.

All our type 2 diabetic patients had increased acti-
vity of the HPA axis regardless of chronic complications 
and obesity, but the presence of chronic complications 
exaggerated the HPA axis hyperactivity. In some pre-
vious studies, the HPA axis hyperactivity was reported 
even in uncomplicated diabetic patients and alterations 
were more pronounced in the presence of neuropathy 
[19]. In some other studies, the HPA axis hyperactivity 
was reported in neuropathy [8], retinopathy and macro-
vascular disease [10, 11]. Chiodini et al. [14] have found 
that cortisol secretion correlated with the presence and 
number of chronic diabetic complications; however, 
contrary to our results, in uncomplicated type 2 diabetic 
patients the activity of the HPA axis was normal. There 
are several possible explanations for observed diffe-

rences. Our subjects were 5–10 years younger and had 
much better metabolic control compared with diabetic 
subjects in this study (HbA1c in subgroup without dia-
betic complications was 7.3 vs. 9.3  %). Furthermore, in 
our study, insulin therapy was exclusion criteria, because 
HOMA index could not be calculated, and in Chiodini 
study 11  % of patients without complications and 22  % 
of patients with chronic complications received insu-
lin therapy, which might interfere with the results. It is 
well established that insulin crosses blood-brain bar-
rier [20]. The hippocampus is one of the brain regions 
with the highest density of insulin receptors [21] and a 
mediator of negative feedback effects of corticosteroids 
on HPA activity [22]. During high-insulin clamp study, 
cortisol and ACTH levels were elevated suggesting that 
insulin acutely stimulates the HPA secretory capacity 
[23]. In animal studies, hyperactivation of the HPA axis in 
streptozotocin-diabetes was associated with decreased 
pituitary and adrenal sensitivity, and insulin treatment 
partially restored the pituitary-adrenal response [24]. In 
addition, in rats, the diabetes impaired HPA response to 
hypoglycemia and insulin treatment normalized HPA 
but not deficient epinephrine response [25]. It is possible 
that hyperinsulinemia which is commonly observed in 
insulin resistance may be partly responsible for increa-
sed HPA axis activity and insulin therapy might interfere 
with the results.

The rate of cortisol secretion is controlled by central 
drive to the HPA axis and by negative feedback suppres-
sion by glucocorticoids. In our diabetic patients, the 
postdexamethasone cortisol levels were higher in all 
subgroups, regardless of chronic complications, obesity, 
or obesity type. Previously, some diabetic patients repor-
ted to have nonsuppressed response to overnight dexa-
methasone suppression [6, 7]. In both types of diabetes, 
Hudson et al. [7] did not show any difference in postde-
xamethasone plasma cortisol values in the morning but 
significant elevation in the afternoon which was associa-
ted with HbA1c concentrations. In our study, 7 diabetic 
patients had nonsuppressed response to dexamethasone 
or 5.7 %, similar to Kaye et al. [26] who did not find asso-
ciation between postdexamethasone cortisol levels and 
Hba1c. In our subjects, the postdexamethasone plasma 
cortisol concentrations were significantly correlated only 
with waist circumference.

In our diabetic patients, the plasma cortisol levels 
after stimulation with ACTH were significantly higher 
regardless of the presence of chronic complications. This 
intense response to ACTH drive was mostly pronounced 
in patients with abdominal obesity. Furthermore, the 
exaggerated response to ACTH was independently asso-
ciated with insulin resistance. In young Chinese type 2 
diabetic patients, the higher plasma cortisol and reduced 
growth hormone level was associated with abdominal 
obesity [13]. In one population study in type 2 diabetic 
patients, the cortisol was related to fasting glucose, post-
prandial glucose, HbA1c, blood pressure as well as to 
relative abdominal mass [12]. Fraser et al. [27] demon-
strated that in general population cortisol excretion rate 

Table 4. Stepwise multiple regression analysis in the cont-
rol group, obese group and type 2 diabetic patients for the 
relations between age, sex, fasting insulin, and cortisol, and 
obesity and abdominal obesity

Independent 

variables

Diabetics Obese subjects Control group

Dependent variable: BMI

Age NS − 0.249† NS

Sex NS NS 0.627†

Fasting insulin 0.371§ 0.251† NS

Cortisol 8 h NS − 0.211* − 0.557*

AUC cortisol NS NS NS

R2 0.194 0.186 0.652

P 0.00001 0.0005 0.01

Dependent variable: Waist circumference

Age NS NS NS

Sex 0.311‡ 0.315‡ 0.884¶

Fasting insulin 0.354§ 0.299‡ 0.367*

Cortisol 8 h − 0.161* − 0.185* NS

AUC cortisol NS NS NS

R2 0.268 0.251 0.741

P 0.00000 0.000003 0.00000

Results are standardized β coefficients and significance, adjusted R2, and 
significance of model
AUC area under the curve
*p < 0.05, †p < 0.01, ‡p < 0.001, §p < 0.0001, ¶p < 0.00001
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did not correlate with blood pressure but correlated 
strongly with BMI, WHR, and negatively with HDL cho-
lesterol [27]. In The Edinburgh Type 2 Diabetes Study 
in type 2 diabetic patients, elevated fasting cortisol was 
associated with ischemic heart disease and its risk factors 
[28]. We can speculate that hyperinsulinemia and insu-
lin resistance commonly observed in abdominal obesity 
can increase the HPA axis activity, but when overt type 2 
diabetes develops, even without complications, the HPA 
axis is clearly hyperactive. Enhanced cortisol secretion 
has deleterious effect on glucose metabolism and might 
worsen metabolic control of diabetes leading to chronic 
complications. Another hypothesis postulated by Con-
vit [29], Bruehl et al. [30], proposed a model suggesting 
that early on in the course of type 2 diabetes, the hippo-
campus is damaged and this may be in part a result of 
the endothelial dysfunction that accompanies insulin 
resistance. Primary damage of the hippocampus leads 
to a disruption of the HPA axis, which in turn results in 
elevated cortisol levels, creating a vicious cycle. Bruehl et 
al. [30] recently showed that the HPA axis hyperreactivity 
in type 2 diabetes is associated with HbA1c and with defi-
cits in declarative memory. Furthermore, in elderly type 
2 diabetic patients, the diminished cortisol suppression 
after dexamethasone and dyslipidemia were associated 
with decreased cognitive function whereas obesity was 
negatively related to hippocampal volume [31]. Obesity, 
altered HPA axis activity, and metabolic control of diabe-
tes have important impact on chronic diabetic complica-
tions and on hippocampal structure and function.

This article provides additional evidence about hyper-
active HPA axis in type 2 diabetes mellitus. We confirmed 
that even uncomplicated type 2 diabetes mellitus activa-
ted the HPA axis, and the presence of chronic complica-
tions and abdominal obesity further increased the HPA 
hyperactivity. Blunted negative feedback of the HPA axis 
correlated with waist circumference and augmentation 
of positive feedback is associated with insulin resistance. 
Further investigations, both clinical and experimental, 
are required to clarify the possible role of cortisol secre-
tion in pathogenesis of type 2 diabetes mellitus and deve-
lopment of chronic complications of diabetes.
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