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Correlations between serum cortisol and body mass index at old 
patients under balnear treatment

Stanciu Liliana Elena1, Pascu Elena Iuliana2, Ionescu Elena Valentina1,3, Circo E.3, Oprea Carmen1,3, Iliescu 
Madalina Gabriela3,4

ABSTRACT
Introduction. Glucocorticoids provide a significant 
resource of scientific progress in medical research, 
being studied in terms of molecules, genetics, physio-
pathology at the level of the human body, starting 
from animal models, with valuable recent discoveries 
regarding their implications in the human psychic level, 
stress reaction and the search of new possible therapeutic 
effects unknown until now. Our work are illustrated the 
correlations between serum cortisol and body mass 
index – BMI at old patients under balneal treatment 
with natural factors from Techirghiol lake. Material 
and methods. The study monitored 52 patients admitted 
in Balneal and Recovery Sanatorium of Techirghiol 
for complex balneal treatment, using mud baths (cold 
or warm), and physical treatments. The patients were 
grouped in two batches: batch of cold baths with mud-
CMB (15 patients, 28.8%, 6 men and 9 women) and batch 
of warm baths with mud-WMB (37 patients, 71.2%, 
19 man and 18 women). The following issues were 
statistically analysed: BMI, respectively serum cortisol 
value variation for each batch studied, both at the time 
of admission and at the time of discharge; comparative 
analysis between the two moments for each batch; and 
the comparative analysis between the two study batches 
at the time of admission, respectively discharge and 
the BMI value variation in statistical relation with the 
serum cortisol values for each batch studies at the time 
of admission and at the time of discharge. Results. From 
statistical analysis of the correlation between the body 
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Introduction

Serum cortisol is a steroid hormone in the class 
of glucocorticoid hormones. In humans, it is produced 
by means of the adrenal glands cortex fasciculated 
area [1]. Cortisol is released as a response to stress and 
hypoglycaemia and causes the increase of the glucose 
production by glucogenesis, the suppression of the 
immunity system and stimulates metabolism of fats, 
proteins and carbohydrates [2]. Also, a catabolising 
effect manifests on the bone tissue by reducing the 
organic matrix synthesis and the reduction of the 
calcium intestinal absorption. The amount of cortisol 
in the blood varies, thus the maximum level is present 

1 Balneal and Rehabilitation Sanatorium Techirghiol, Constanta, Romania
2 Sanamed Hospital, Bucharest, Romania
3 Faculty of Medicine ,Ovidius University of Constanta, Romania 
4 Clinical Rehabilitation Hospital, Eforie Nord, Romania

mass index (BMI) of patients included in research in the 
CMB batch at admission and discharge according to the 
variations of the serum cortisol level , the two variables 
(Serum cortisol / BMI) both at admission and discharge 
are not correlated (r = -0.366; p = 0.180 > α = 0.05; r 
= -0.035; p = 0.901 > α = 0.05). Also, from statistical 
analysis of the correlation between the body mass index 
(BMI) of patients included in research in the WMB batch 
at admission and discharge according to the variations 
of the serum cortisol level , the two variables (Serum 
cortisol / BMI) are correlated at admission (r = -0.406; p 
= 0.013 > α = 0.05), but are not correlated at discharge 
(r = 0.200; p = 0.236 > α = 0.05). Conclusions. Previous 
studies have shown that high levels of adiposity can 
increase the cortisol stress response. While overweight 
and obese men showed an increased cortisol response 
upon each food intake, they can be more susceptible to 
develop stress associated disorders.

Keywords: mud, cortisol, body mass index.
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in the early morning hours (when waking up) and the 
minimum level is present approximately 3 hours after 
falling asleep. The change of this pattern of the serum 
cortisol level was seen as a consequence of some 
abnormal ACTH levels or in case of mood disorders, 
such as major depressive disorders, anxiety disorders, 
psychological stress and physiological stress, such 
as hypoglycaemia, illness, fever, traumas, surgeries, 
fear, somatic pain, efforts or extreme temperatures. 
Speciality studies have demonstrated that cortisol 
levels may differ in patients with Asperger’s 
syndrome [3]. Also, we can see significant individual 
variations, even if the human species tends to have 
coherent rhythms.

In terms of clinical importance, it is important 
to note the cortisol implication in the response to 
stress. It causes the blood pressure and glycaemia 
to increase and may cause infertility in women. The 
following metabolic actions of cortisol cause the main 
pathogenic links with long term effects of possible 
hormonal disorders of clinical importance:

• fat metabolism: hyperglycaemia effect of
cortisol by stimulating the glucogenesis
and activating the anti-stress and anti-
inflammatory paths. In addition, cortisol plays
an indirect role in liver and muscles causing
glycogenolysis. Cortisol fights insulin, adding
to hyperglycaemia by means of hepatic
glucogenesis4 and prevents the glucose
peripheral use (insulin resistance) [4].

• protein metabolism: high levels of cortisol, if
prolonged, can cause proteolysis and muscle
exhaustion [5].

• immune response: cortisol prevents the
release of substances in the body causing or
maintaining inflammation. It is used to treat
disorders resulting from the hyper-activity of
B-cell mediated immune response. Examples
include inflammatory and rheumatism
disorders, as well as allergies and is used to
treat skin disorders such as skin eruptions and
eczemas. High levels of stress and the chronic
increase of the cortisol level proved to prolong
the injury healing time in healthy male adults.

Material and method

 The study monitored 52 patients admitted in 
Balneal and Recovery Sanatorium of Techirghiol for 
complex balneal treatment, using mud baths ( cold 
or warm), and physical treatments. The patients were 
grouped in two batches: batch of cold baths with mud- 
CMB (15 patients, 28.8%, 6 men and 9 women) and 
batch of warm baths with mud-WMB (37 patients, 
71.2%, 19 man and 18 women). Their clinical, 
biochemical and hormonal features assessed at 
admission and at discharge were: the body mass index 
(BMI), abdominal circumference (AC), DHEA-S, 
serum cortisol, IGF-1, GPx, number of Leukocytes, 
number of Erythrocytes, Haemoglobin, number of 
Platelets, VSH, alkaline phosphatase, Glycaemia, 
Uric Acid, Total Cholesterol, Triglycerides, TGO, 
TGP, Urea and Serum Creatinine. All the data 
obtained were statistical processed. 

The following issues were statistically 
analysed: BMI, respectively serum cortisol value 
variation for each batch studied, both at the time of 
admission and at the time of discharge. Comparative 
analysis between the two moments for each batch; 
and the comparative analysis between the two 
study batches at the time of admission, respectively 
discharge (Table I,III) and the BMI value variation in 
statistical relation with the serum cortisol values for 
each batch studies at the time of admission and at the 
time of discharge (Table II, IV).

The speciality literature studied the variations of 
serum cortisol in detail according to sex, age, puberty 
development stages, type of main activity carried out 
and an entire individual psycho-social complex and 
the conclusions were largely that the serum levels of 
cortisol are neither correlated with the age, nor with 
the sex and that there is a high and significant inter-
individual variability of the endogenous average 
levels of diurnal cortisol [6].



152

Table I - Distribution of patients included in research in the CMB batch compared to WMB batch at admission 
according to BMI, respectively serum cortisol values.

Batch N Average Standard 
Deviation

Standard Average 
Error

BMI (I) [Kg/m2] CMB 15 26.8600 3.93842 1.01690
WMB 37 26.7811 3.68660 .60607

Cortisol (I) [nmol/L] CMB 15 386.3000 152.29757 39.32306
WMB 37 393.5243 135.54385 22.28327

Table II - Statistical analysis of patients included in research in the CMB batch compared to WMB batch at admission 
according to BMI, respectively serum cortisol values.

F Levene 
test for 
Variations 
equality

t Test for average equality

Sig. t Df Sig. 
(2-tailed)
(p)

Average 
difference

Standard 
Difference 
Error

95% Interval of 
Confidence for 
Difference
Minimum Maximum

BMI (I) 
[Kg/2]

Variations
assumed Equal .000 .987 .069 50 .946 .07892 1.15055 -2.2320 2.38987

Variations 
assumed 
Unequal

.067 24.510 .947 .07892 1.18381 -2.3616 2.51949

Cortisol (I) 
[nmol/L]

Variations
assumed Equal .115 .736 -.168 50 .867 -7.2243 42.986 -93.565 79.117

Variations 
assumed 
Unequal

-.160 23.493 .874 -7.2243 45.197 -100.61 86.166

Where: MDif = difference between average values; t = test statistical value; p = probability associated to the test 
statistical value; df = number of freedom degrees; 95%ICDif = 95% confidence interval for MDif, α = 0.05 = 
importance level selected.

Results

For IMC variable: For the CMB batch, the 
average BMI value is MCMB = 26.86 Kg/m2 and the 
standard deviation is SDCMB = 3.93 Kg/m2; for the 
WMB batch, the average BMI value is MWMB = 26.78 
Kg/m2 and the standard deviation is SDWMB = 3.68 
Kg/m2.

Between the average values of the BMI variable 
measured in the two batches, there are NO significant 
differences: MDif = 0.078 Kg/m2; t = 0.069; df = 50; p 

= 0.946 > α = 0.05; 95%ICDif = (-2.23, 2.38) Kg/m2.
For the Serum cortisol variable: For the CMB 

batch, the average value of Serum Cortisol is MCMB 
= 386.30 nmol/L and the standard deviation is SDCMB 
= 152.29 nmol/L; for WMB batch, the average value 
of Serum Cortisol is MWMB= 393.52 nmol/L and the 
standard deviation is SDWMB = 135.54 nmol/L .

Between the average values of the Serum 
Cortisol variable measured in the two batches, there 
are NO significant differences: MDif = -7.224 nmol/L; 
t = -0.168; df = 50; p = 0.867 > α = 0.05; 95%ICDif = 
(-93.56, 79.11) nmol/L.

For IMC variable: For the CMB batch, the 
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average BMI value is MCMB = 26.36 Kg/m2 and the 
standard deviation is SDCMB = 3.80 Kg/m2; for the 
BCN batch, the average BMI value is MWMB= 26.87 
Kg/m2 and the standard deviation is SDWMB = 3.94 
Kg/m2.

Between the average values of the BMI variable 
measured in the two batches, there are NO significant 
differences: MDif = -0.512 Kg/m2; t = -0.429; df = 50; 
p = 0.670 > α = 0.05; 95%ICDif = (-2.91, 1.88) Kg/m2.

For the Serum cortisol variable: For the CMB 
batch, the average value of Serum Cortisol is MCMB 
= 510.04 nmol/L and the standard deviation is SDCMB 
= 167.26 nmol/L; for WMB batch, the average value 
of Serum Cortisol is MWMB= 538.52 nmol/L and the 

standard deviation is SDWMB = 159.78 nmol/L .
Between the average values of the Serum 

Cortisol variable measured in the two batches, there 
are NO significant differences: MDif = -28.483 nmol/L; 
t = -0.575; df = 50; p = 0.568 > α = 0.05; 95%ICDif = 
(-128.02, 71.06) nmol/L.

 The detailed data for each batch comparatively 
analysed at the time of admission and discharge 
according to BMI, respectively serum cortisol values 
are ilustrated in Table V and VI for CMB batch and 
Table VII and VIII for WMB batch. 

For patients in CMB batch: At the time of 
admission, the average BMI value is Madmission = 
26.86 Kg/m2 and the standard deviation is SDadmission 

Table III - Distribution of patients included in research in the CMB batch compared to WMB batch at discharge 
according to BMI, respectively serum cortisol values.

Batch N Average grade Standard 
Deviation

Standard Average 
Error

BMI (E) [Kg/m2] CMB 15 26.3600 3.80372 .98212
WMB 37 26.8730 3.94473 .64851

Cortisol (E) 
[nmol/L]

CMB 15 510.0467 167.26764 43.18832
WMB 37 538.5297 159.78464 26.26843

Table IV - Statistical analysis of patients included in research in the CMB batch compared to WMB batch at discharge 
according to BMI, respectively serum cortisol values.

F Levene test 
for Variations 
equality

t Test for average equality

Sig. T Df Sig. 
(2-tailed)
(p)

Average 
difference

Standard 
Difference 
Error

95% Interval of 
Confidence for 
Difference
Minimum Maximum

BMI (E) 
[Kg/m2]

Variations
assumed Equal .040 .843 -.429 50 .670 -.51297 1.19553 -2.9142 1.88832

Variations 
assumed 
Unequal

-.436 26.883 .666 -.51297 1.17691 -2.9282 1.90234

Cortisol 
(E) 
[nmol/L]

Variations
assumed Equal .005 .942 -.575 50 .568 -28.483 49.561 -128.02 71.0634

Variations 
assumed 
Unequal

-.563 24.947 .578 -28.483 50.549 -132.60 75.637

Where: MDif = difference between average values; t = test statistical value; p = probability associated to the test 
statistical value; df = number of freedom degrees; 95%ICDif = 95% confidence interval for MDif, α = 0.05 = 
importance level selected.
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Table V - Distribution of patients included in research in the CMB batch comparatively analysed at the time of 
admission and discharge according to BMI, respectively serum cortisol values.

Average grade N Standard Deviation Standard Average 
Error

Pair 1 BMI (I) [Kg/m2] 26.8600 15 3.93842 1.01690
BMI (E) [Kg/m2] 26.3600 15 3.80372 .98212

Pair 2 Cortisol (I) [nmol/L] 386.3000 15 152.29757 39.32306
Cortisol (E) [nmol/L] 510.0467 15 167.26764 43.18832

Table VI - Statistical analysis of patients included in research in the CMB batch comparatively analysed at the time of 
admission and discharge according to BMI, respectively serum cortisol values.

Average grade Pair differences t Df Sig. 
(2-tailed)
(p)

Standard 
Deviation

Standard 
Average 
Error

95% Interval of 
Confidence for Difference
Minimum Maximum

Pair 1 BMI (I) [Kg/m2] - 
BMI (E) [Kg/m2] .50000 1.21008 .31244 -.17012 1.17012 1.600 14 .132

Pair 2 Cortisol (I) 
[nmol/L] - Cortisol 
(E) [nmol/L]

-123.746 216.11778 55.80137 -243.42871 -4.06463 -2.218 14 .044

Where: MDif = difference between average values; t = test statistical value; p = probability associated to the test 
statistical value; df = number of freedom degrees; 95%ICDif = 95% confidence interval for MDif, α = 0.05 = importance 

level selected.
Table VII - Distribution of patients included in research in the WMB batch comparatively analysed at the time of 

admission and discharge according to BMI, respectively serum cortisol values.

Average N Standard Deviation Standard Average 
Error

Pair 1 BMI (I) [Kg/m2] 26.7811 37 3.68660 .60607
BMI (E) [Kg/m2] 26.8730 37 3.94473 .64851

Pair 2 Cortisol (I) [nmol/L] 393.5243 37 135.54385 22.28327
Cortisol (E) [nmol/L] 538.5297 37 159.78464 26.26843

Table VIII - Statistical analysis of patients included in research in the WMB batch comparatively analysed at the time of 
admission and discharge according to BMI, respectively serum cortisol values.

Average Pair differences t Df Sig. 
(2-tailed)
(p)

Standard 
Deviation

Standard 
Average 
Error

95% Interval of 
Confidence for Difference
Minimum Maximum

Pair 1 BMI (I) [Kg/m2] - 
BMI (E) [Kg/m2] -.09189 1.02480 .16848 -.43358 .24979 -.545 36 .589

Pair 2 Cortisol (I) [nmol/L] 
- Cortisol (E) 
[nmol/L]

-145.005 170.09578 27.96357 -201.71816 -88.29265 -5.186 36 .000

Where: MDif = difference between average values; t = test statistical value; p = probability associated to the test 
statistical value; df = number of freedom degrees; 95%ICDif = 95% confidence interval for MDif, α = 0.05 = importance 

level selected.
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= 3.93 Kg/m2; at the time of discharge, the average 
BMI value is Mdischarge= 26.36 Kg/m2 and the standard 
deviation is SDdischarge = 3.80 Kg/m2.

Between the average values of the BMI 
variable measured at the two moments, there are NO 
significant differences: MDif = 0.500 Kg/m2; t = 1.600; 
df = 14; p = 0.132 > α = 0.05; 95%ICDif = (-0.17, 1.17) 
Kg/m2.

For patients in CMB batch: At the time of 
admission, the average value of Serum Cortisol is 
Madmission = 386.30 nmol/L and the standard deviation 
is SDadmission = 152.29 nmol/L; at the time of discharge, 
the average value of Serum Cortisol is Mdischarge= 
510.04 nmol/L  and the standard deviation is SDdischarge 
= 167.26 nmol/L .

Between the average values of the BMI variable 
measured at the two moments, there are significant 
differences: MDif = -123.746 nmol/L; t = -2.218; df = 
14; p = 0.044 < α = 0.05; 95%ICDif = (-243.42, -4,06) 
nmol/L.

The effects of the exposure to cold air of the 
cortisol serum concentrations for short periods 
were studied and some of the research results were 
contradicting. The analysis after the exposure to cold 
air (5 - 15º C) for two hours increased the level of 
serum cortisol and, if adding the physical stress and 
cold-water baths, the levels increased even further 
[7]. Some studies reported a decrease or equal values 
in the cortisol serum levels as a response to low 
temperatures.7

For patients in WMB batch: At the time of 
admission, the average BMI value is Madmission = 
26.78 Kg/m2 and the standard deviation is SDadmission 
= 3.68 Kg/m2; at the time of discharge, the average 
BMI value is Mdischarge= 26.87 Kg/m2 and the standard 
deviation is SDdischarge = 3.94 Kg/m2.

Between the average values of the BMI 
variable measured at the two moments, there are 
NO significant differences: MDif = -0.091 Kg/m2; t = 
-0.545; df = 36; p = 0.589 > α = 0.05; 95%ICDif = 
(-0.43, 0.24) Kg/m2.

For patients in WMB batch: At the time of 
admission, the average value of Serum Cortisol is 
Madmission = 393.52 nmol/L and the standard deviation 
is SDadmission = 135.54 nmol/L; at the time of discharge, 
the average value of Serum Cortisol is Mdischarge= 
538.52 nmol/L and the standard deviation is SDdischarge 

= 159.78 nmol/L .
Between the average values of the BMI variable 

measured at the two moments, there are significant 
differences: MDif = -145.005 nmol/L; t = -5.186; df = 
36; p < 0.001 < α = 0.05; 95%ICDif = (-201.71, -88.29) 
nmol/L.

Statistical analysis of the correlation between 
the body mass index (BMI) of patients included 
in research in the CMB batch at admission and 
discharge according to the variations of the serum 
cortisol level are illustrated in table IX and X. As we 
can observe, the two variables (Serum cortisol / BMI) 
both at admission and discharge are NOT correlated 
(r = -0.366; p = 0.180 > α = 0.05; r = -0.035; p = 0.901 
> α = 0.05).

Table IX - Statistical analysis of the correlation between 
the body mass index (BMI) of patients included in 

research in the CMB batch at admission according to the 
variations of the serum cortisol level.

Cortisol (I) 
[nmol/L]

BMI (I) 
[Kg/m2]

Cortisol (I) 
[nmol/L]

Pearson correlation 1 -.366
Sig. (2-tailed) .180
N 15 15

BMI (I) [Kg/
m2]

Pearson correlation -.366 1
Sig. (2-tailed) .180
N 15 15

a. Batch = CMB

Table X – Statistical analysis of the correlation between 
the body mass index (BMI) of patients included in 

research in the CMB batch at discharge according to the 
variations of the serum cortisol level.

Cortisol 
(E) 

[nmol/L]

BMI (E) 
[Kg/m2]

Cortisol (E) 
[nmol/L]

Pearson correlation 1 -.035
Sig. (2-tailed) .901
N 15 15

BMI (E) 
[Kg/m2]

Pearson correlation -.035 1
Sig. (2-tailed) .901
N 15 15

a. Batch = CMB
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Also, statistical analysis of the correlation 
between the body mass index (BMI) of patients 
included in research in the WMB batch at admission 
and discharge according to the variations of the serum 
cortisol level are illustrated in table XI and XII. As we 
can observe, the two variables (Serum cortisol / BMI) 
are correlated at admission (r = -0.406; p = 0.013 > 
α = 0.05), but are NOT correlated at discharge (r = 
0.200; p = 0.236 > α = 0.05).

Table XI – Statistical analysis of the correlation between 
the body mass index (BMI) of patients included in 

research in the WMB batch at admission according to the 
variations of the serum cortisol level.

Cortisol (I) 
[nmol/L]

BMI (I) 
[Kg/m2]

Cortisol 
(I) 
[nmol/L]

Pearson correlation 1 -.406*
Sig. (2-tailed) .013
N 37 37

BMI (I) 
[Kg/m2]

Pearson correlation -.406* 1
Sig. (2-tailed) .013
N 37 37

*. Correlation is significant at the 0.05 level (2-tailed). a. Batch = 
WMB

Table XII – Statistical analysis of the correlation between 
the body mass index (BMI) of patients included in 

research in the WMB batch at discharge according to the 
variations of the serum cortisol level.

Cortisol (E) 
[nmol/L]

BMI (E) 
[Kg/m2]

Cortisol 
(E) 
[nmol/L]

Pearson correlation 1 .200
Sig. (2-tailed) .236
N 37 37

BMI (E) 
[Kg/m2]

Pearson correlation .200 1
Sig. (2-tailed) .236
N 37 37

a. Batch = WMB

Conclusions.

Glucocorticoids provide a significant resource 
of scientific progress in medical research, being 
studied in terms of molecules, genetics, physio-
pathology at the level of the human body, starting 
from animal models, with valuable recent discoveries 
regarding their implications in the human psychic 
level, stress reaction and the search of new possible 
therapeutic effects unknown until now. In our study 
we found very few results statistical correlated, such 
as: significant differences between the average values 
of the BMI variable measured at the two moments, 
admission and discharge, in both batches, CMB and 
WMB.

The effects of hyperthermia on the cortisol 
serum concentrations were studied and the results of 
the research show that low hyperthermia in general 
does not affect the ACTH level or plasma cortisol 
during the passive warming in humans.8 One-hour 
sauna at approximately 48 Celsius degrees causing an 
increase in the body temperature of at least 1.2 Celsius 
degrees does not affect the level of plasma cortisol.  
In contrast, hyperthermia causes the activation of the 
hypothalamus-hypophyseal-adrenal -HHA axis and 
the release of β-endorphins which has been reported 
as most frequent in sever or prolonged hyperthermia 
(increase in the body temperature of 1.2-2.7 Celsius 
degrees) [8].

Previous studies have shown that high levels 
of adiposity can increase the cortisol stress response 
[9]. Also, it was shown that food intake activates 
the HHA axis, however it is not clear whether this 
activation is influenced by the levels of adiposity9. 
While overweight and obese men showed a 
significant cortisol response upon food intake, normal 
weight men did not. While overweight and obese men 
showed an increased cortisol response upon each 
food intake, they can be more susceptible to develop 
stress associated disorders [9].
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