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ABSTRACT 
Objectives We investigated a possible relationship between the onset of hyperglycaemia in prediabetes and the 
perturbations of hypothalamo-pituitary-adrenocortical axis. Material and methods The study included 20 

 risk factors for diabetes mellitus like abdominal obesity 
or positive family history. All patients underwent oral glucose tolerance test (OGTT) and 4 concomitant 
determinations of salivary cortisol levels, in basal condition, at wakening, and at 1, 2, and respectively 3 hours 
after oral administration of 75 grams of glucose. Results The evolution of salivary cortisol levels in the morning 

mg/dl) it 
Conclusion The simple method of salivary cortisol measurement could become a useful tool for the HPA axis 
functionality screening. 
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INTRODUCTION 

Glucocorticoids are stress hormones with 
complex metabolism and actions. They have 
numerous physiological actions that have been 
involved in metabolic, inflammatory, 
cardiovascular and behavioural processes. In 
addition, clinical findings suggest that the 
levels of cortisol are elevated in primary or 

metabolic syndrome, pathologic situations that 
cumulates many cardiovascular risk factors 
like central obesity, hypertension, 

hyperlipidaemia, insulin resistance and glucose 
intolerance (1). Recently, much attention has 
focused on the role of cortisol metabolism in 
the pathogenesis of obesity. A study in the 
general population indicates that even 
modestly increased cortisol levels contribute to 
obesity and weight loss led to lower plasma 
cortisol and reduced insulin resistance (1, 2, 3). 
Tissue-specific glucocorticoid metabolism is 
also very important in the determinism of 
obesity, diabetes and insul -
hydroxy- -
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HSD1) is a bidirectional enzyme, highly 
expressed in liver, adipose tissue, and muscle, 
who can generate the active glucocorticoid 
cortisol from inactive cortisone or inactivating 
cortisol to cor -
HSD1 inhibitors administered to rodents and 
primates decrease local glucocorticoid 
generation improve glucose tolerance, increase 
insulin sensitivity and may promote weight 
loss (4).  

Basal hypothalamo-pituitary-adrenal 
(HPA) function is up regulated in 
uncontrolled or poorly controlled diabetes, 
and also in stress exposure (5). Our study 
measured the fluctuations of salivary cortisol 
in the situations of oral glucose tolerance test 
induced hyperglycaemia, knowing that 
salivary cortisol level exhibits a similar trend 
with circulating cortisol level (6).  

 
MATERIAL AND METHODS 

The study included 20 patients (10 

We recruited patients who agree to participate 
in the study by informed consent, younger 
than 65 years, and we excluded patients with 
a long history of diabetes and those with 
anxiety or depression (Hamilton score for 
anxiety and depression was < 17). Clinical 
examination revealed the presence of 
cardiovascular and metabolic risk factors: 
positive family history for diabetes and 

than 4000 grams, obesity, and dyslipidaemia. 
Body mass index (BMI) was calculated as 
weight divided by the height squared (kg/m2) 
and the abdominal circumference was 
measured midway between the lower costal 
and the iliac crest. 

For all the patients the hyperglycaemia 
was induced by a standard OGTT, performed 
in the day after clinical assessment, and 
glycaemia was measured on fasting and 3 
times every one hour, after a standardised 
lunch of 75 grams of glucose. The assessment 

of cortisol was done in the same time with 
glucose measurements, using a sampling 
device called Salivette, that consist of a small 
cotton-wool tampon inside a centrifugation 
tube, produced by Sarstedt, Germany. The 

collection of saliva. For a correct saliva 
collection the cotton tampon is keep in the 
mouth for about 2 minutes, moving it without 
chewing. The tampon must be put away in the 
test tube with the attention to close it very 
well. The tubes were centrifuged 15 minutes 
at 2000 r.p.m. The cortisol was measured for 
the rest of 8 patients, by a competitive 
immunoassay technique, performed in the 
Laboratory of the Physiology and 
Pharmacology from University Sapienza of 
Rome. Medium values and standard deviation 
were calculated for all numerical parameters. 

 
RESULTS 

The analysis of anthropometric parameters 
showed that 6 patients were supraponderals, 7 
with grade I of obesity and 7 with grade II of 
obesity (mean value of BMI 31. .26 
kg/m2), most of the patients with abdominal 
obesity (abdominal circumference - AC 
103. .58 cm). Between the patients with 
hyperglycaemia, at 12 patients the levels of 
glycaemia exceeded 200 mg/dl after 2 hours 
being characterized as diabetes mellitus.  

The descriptive data of the patients and the 
medium values of the glycaemia (BG) and 
salivary cortisol (SC) fasting and in the next 3 
hours after administration of 75 grams of 
glucose are presented below (table 1 and 2).  

Central obesity is a major pathogenic 
factor in the metabolic syndrome and it is 
encouraging that only a modest loss of 5-10% 
of body weight in obese patients is associated 
with preferential mobilization of visceral 
adipose tissue (VAT) (7). We represented the 
age (Fig. 1), BMI (Fig. 2) and the 
predisposition of central obesity (Fig. 3). 

Several papers have suggested many 
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correlations of increased glucocorticoid 
metabolism with hyperinsulinism, 
hyperglycaemia and hypertension. The 
adrenalectomy resulted in significantly 
reduced plasma insulin, glucose and 
triglyceride levels (8).  

In our study, most of the patients had 
abnormal OGTT, 12 with diabetes mellitus. 

Usually the trend of cortisol concentrations is 
decreasing after the peak registered in the first 
hours of the morning. In patients with 
disglycaemic risk and obesity, the 
administration of high dose of glucose was 
followed by a new ascendant trend of salivary 
concentrations of cortisol for almost all patients 
and for medium values (Fig. 4, 5, 6, 7). 

 
Parameter (Patients = 20) Age (years) BMI (kg/m2) AC (cm) 

 52. .55 31. .26 103. .58 

Table 1. The descriptive data of the patients 

   
Fig. 1. Age distribution in 

studied patients 
Fig. 2. BMI distribution in 

studied patients 
Fig. 3. AC distribution in studied 

patients 
 

Parameter 
(Patients = 20) 

BG1 
mg/dl 
(7:30) 

BG2 
mg/dl 
(8:30) 

BG3 
mg/dl 
(9:30) 

BG4 
mg/dl 

(10:30) 

SC1 
ng/ml 
(7:30) 

SC2 
ng/ml 
(8:30) 

SC3 
ng/ml 
(9:30) 

SC4 
ng/ml 

(10:30) 

 114.
12.7 

174.
28.22 

221.
39.3 .6 9. .32 6. .01 5. .76 4.75 33 

Table 2. Medium values of glycaemia and cortisol 

  
Fig. 4. The values of glycaemia at the OGTT Fig. 5. The salivary cortisol levels 

DISCUSSIONS 
In the last years, saliva collection is an 

accepted non-invasive alternative to plasma 
determinations of cortisol. In a normal diurnal 
cortisol pattern, cortisol levels are high in the 
morning and decrease at 75% or less after 

16:00 hour to midnight (9). Other studies 
showed a good correlation between total 
urinary glucocorticoids metabolites and the 
number of features of the metabolic 
syndrome. Stress-induced cortisol response is 
consistently correlated with obesity (1, 10). 
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Fig 6. The average values of glycaemia Fig. 7. The average values of salivary cortisol 

The metabolic effects of glucocorticoids 
are mediated by several mechanisms:  
- in liver increase the activities of enzymes 

involved in fatty acid synthesis and 
promotes the secretion of lipoproteins; 

- induce hepatic gluconeogenic pathway; 
- hepatic glucose output is increased; 
- in adipose tissue promote the 

differentiation of pre-adipocytes to 
adipocytes, which could lead to increased 
body fat mass; 

- mediate reduced insulin sensitivity in liver 
and muscle (11, 12). 
Prolonged elevated cortisol levels lead to a 

redistribution of body fat with truncal and 
abdominal obesity which promote 
hyperinsulinemia and high cardiovascular risk 
(7, 13). Our determinations showed that the 
peak of hyperglycaemia at the third moment 
of the OGTT was related to a mild elevation 
of salivary cortisol, but not in all patients. The 
abnormalities of cortisol secretion that are 

described in the onset of diabetes and 
prediabetes are most likely associated with 
abdominal obesity and insulin resistance and 
abdominal obesity may be an indicator of a 
perturbation of the HPA axis (7, 9). 

 
CONCLUSION 

Hyperglycaemia is one of the metabolic 
disturbances induced by glucocorticoid but it 
is also a metabolic stress possibility in the 
patients with obesity and metabolic 
syndrome. Nowadays is more evident that 
stressful work, with circadian misalignment, 
is associated with increased risk of obesity, 
diabetes and cardiovascular disease. Some 
authors reported decrease in leptin, increase 
in glucose and insulin, increase in mean 
arterial blood pressure and reduced sleep 
efficiency (14). This simple method could 
become a useful tool screening about HPA 
axis functionality. 
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