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ABSTRACT: It has long been suspected that the hypothalamic pituitary adrenal (HPA) axis plays a role in the 
pathophysiology of depression. Whether this association exists or not, and if it does, the degree of its significance, 
remain highly disputed. The issue is further complicated as no consensus currently exists on cortisol sampling 
timepoints or methods. Our study aimed to evaluate HPA functionality by evaluating plasma cortisol levels in a cohort 
of patients diagnosed with Major Depressive Disorder (MDD). We enrolled 96 subjects admitted for a major 
depressive episode and tested serum cortisol levels for 80 of them. We found that only 15 (12%) had values that 
were outside the normal reference range, with 14 of these being below the normal threshold. We also interviewed the 
patients and obtained self-reported information regarding previous depressive episodes, treatment administration, 
anxiety, suicidal ideas and suicidal gestures. Our study did not find a significant association between cortisol levels 
and the number of previous depressive episodes, the presence of feelings of anxiety, suicidal ideas or suicidal 
gestures. While our cohort did not find an association between cortisol levels and depression other authors have 
reported significantly different results and as such, more research is needed in order to establish or infirm this 
hypothesis. 

KEYWORDS: Cortisol, depression, hypercorticism. 

Introduction 
The hypothalamic pituitary adrenal (HPA) 

axis has been known to play a part in the process 
of cognitive function as well as pathophysiology 
of depression. 

The axis connects the brain, pituitary and 
adrenal glands and contains two loops that 
regulate the secretion of glucocorticoid 
hormones-one stimulatory loop and one 
inhibitory feedback loop. 

Once secreted into the bloodstream cortisol 
binds to the mineralocorticoid receptor (MR) but 
also to the glucocorticoid receptor (GR), 
although with a lower affinity. 

The GRs are widely distributed throughout 
the primitive brain while MRs are more densely 
concentrated in the hippocampus with cortisol 
exerting its tonic effects at a hippocampal level 
via MRs and its feedback and inhibition effects 
on the pituitary via GRs [1-3]. 

Depression is characterized by symptoms of 
anhedonia, feelings of helplessness and 
hopelessness, difficulties in concentration and an 
overall persistent despondent state [4,5]. 

Its current burden from a macroscopic 
perspective is quite significant. 

According to the WHO depression is 
currently the fourth major cause of disability 

with estimates that it might rise to second 
leading cause of disability by 2020 [5, 6]. 

Some studies show that a dysregulation of 
the HPA axis has been associated with major 
depressive disorder (MDD) in adult individuals 
[7-9] with between 40 to 60% of patients with 
depression experiencing hypercortisolemia or 
other alterations to the normal circadian rhythm 
of the HPA axis [1,10,11]. 

Other studies however have shown some 
inconsistencies in this hypothesis with a number 
of them demonstrating no meaningful 
association between depressive symptoms and 
cortisol levels [12-15]. 

Multiple factors could play a part in 
explaining this as the HPA axis is highly 
complex and can be affected by numerous 
variables. 

One such variable could be the difference in 
the exact time of cortisol measurement during 
the day as its levels fluctuate within a certain 
range per day [12,16]. 

Another issue could be related to a wide 
range of methods used to sample cortisol 
including: salivary, serum and urinary with no 
clear consensus on which of them could be more 
valid [12]. 

Sample characteristics such as physical 
activity, smoker status, age, race, body mass 
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index (BMI), sleep and administered medication 
could affect cortisol levels and a failure to 
account for these variables could affect the 
observed associations [17,18]. 

Still, studies that included subjects with 
underlying mental health issues [19,20] tended 
to report HPA axis disorders more often than 
those that included subjects without these issues 
[21,22]. 

Our study aimed to evaluate HPA 
functionality by evaluating serum cortisol levels 
in a cohort of patients diagnosed with Major 
Depressive Disorder (MDD). 

Materials and Methods 
Our study obtained ethical approval from the 

University of Medicine and Pharmacy of 
Craiova’s Medical Ethics Committee and 
approval from the committee of the involved 
hospital. 

All those enrolled had been admitted in the 
hospital due to a major depressive episode 
which was quantified using the Hamilton Rating 
Scale for Depression (HAM-D).  

A total of 96 subjects were enrolled,  
34 men and 62 women, with a mean age of 
54.07±8.67 (range: 28 to 74) from the Clinical 
Neuropsychiatry Hospital in Craiova’s number I 
and number II clinics.  

A written consent was obtained from each 
individual only after the aim, methods and 
purpose of our study was explained to them.  

Enrollment was strictly voluntary. 
We proceeded to harvest a 2ml sample of 

EDTA blood, from which we separated plasma. 
The blood sample was collected at 8:00 AM. 

We also interviewed the patients and 
obtained self-reported information regarding 
previous depressive episodes, treatment 
administration, the presence of feelings of 
anxiety, suicidal ideas and suicidal gestures.  

Cortisol levels were measured using a 
NovaTec Immundiagnostica ELISA assay. Its 
sensitivity gave the lowest detectable 
concentration of cortisol at 2.42ng/ml at a 95% 
confidence limit. 

The normal reference values provided were 
60-230ng/ml between 8.00-10.00 AM and 
30-150ng/ml at 4.00 PM. 

The assay was analyzed using the 
CLARIOstar® high performance microplate 
reader in conjunction with BMG Labtech’s 
proprietary Mars Data Analysis Software. 

We performed the statistical analysis using 
the XLSTAT package. 

Results 
Out of a total of 96 patients we were able to 

measure the cortisol levels in only 80 patients 
for reasons related to sample collection and 
quality. 

Table 1 summarizes the mean and standard 
deviation of cortisol in the patients with normal 
values (n=65, 85% of those where values were 
available). 

Table 1. Cortisol distribution per sex and age 
group in subjects with normal values. 

Age 
group 

Percentage Cortisol mean 
value (µUI/ml) 

Females 61.5% (n=40) 108.05±38.24 
21-30 1.5% (n=1) 99.05  
31-40 4.6% (n=3) 97.29±19.17 
41-50 10.8% (n=7) 107.85±41.92 
51-60 21.5% (n=14) 110.20±44.32 
61-70 21.5% (n=14) 105.18±35.97 
71-80 1.5% (n=1) 160.84 
Males 38.5% (n=25) 122.35±41.13 
41-50 4.6% (n=3) 121.95±53.35 
51-60 23.1% (n=15) 125.34±42.68 
61-70 7.7% (n=5) 106.06±32.46 
71-80 3.1% (n=2) 141.24±54.82 
Total 100% (n=65) 113.55±39.68 

 
Out of the total 80 subjects evaluated we 

found that only 15 (12%) had values that were 
outside the normal reference range, among 
which only one subject (1.25% of measured 
values) having a higher than normal cortisol 
level (399.75ng/ml). 

The 14 subjects (17.5%) who had levels 
below normal range had an average serum 
cortisol level of 45.67ng/ml as shown in Table 2 
and illustrated in Figure 1. 

 
Figure 1. Cortisol mean levels and standard 

deviation (shown by vertical bars) by age 
decades. Y axis represents cortisol levels 
expressed in ng/ml. X axis represents age 

decades. One-way ANOVA (p=0.8092) shows no 
significant association despite the apparent trend. 
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Table 2. Cortisol distribution per sex  
and age group in subjects with below normal 

range values. 

Age group Percentage Cortisol mean 
value (µUI/ml) 

Females 71.4% (n=10) 42.83±11.35 
41-50 14.3% (n=2) 30.35±12.53 
51-60 35.7% (n=5) 47.41±11.42 
61-70 14.3% (n=2) 44.64±7.50 
71-80 7.1% (n=1) 41.28 

Males 28.6% (n=4) 52.79±6.77 
41-50 7.1% (n=1) 56.54 
51-60 21.4% (n=3) 51.54±7.70 

Total 100% (n=14) 45.68±11.03 
 

A significant number of those included in our 
study (83.68%) had suffered at least one 
previous major depressive episode. 

Out of all patients we interviewed, 
38 patients (36.48%) also associated strong 
feelings of anxiety, 59 patients (61.45%) 
reported suicidal thoughts and 20 patients 
(20.83%) reported having attempted suicide. 

All patients were undergoing treatment at the 
point of enrollment with the vast majority 
(79, 83.68%) having been previously treated for 
depression. 

We applied t-student parametrical testing 
after checking for normal distribution. 

We could not identify any correlations 
between circulating cortisol levels and sex 
(p=0.34), history of depression (p=0.19), anxiety 
(p=0.63), or suicidal thoughts (p=0.41), and/or 
gestures (p=0.74), as illustrated in Figure 2. 

Lastly, we did identify a correlation of 
cortisol with age (p<0.00010), which is 
validated by known physiology of aging. 

 

 
Figure 2. Cortisol breakdown by studied variables. Y axis represents plasma cortisol levels expressed  

in ng/mL. X axis represent A. history of depression B. self reported anxiety C. presence of suicidal thoughts 
D. previous manifestation(s) of suicidal gestures. Error bars represent standard deviation.  

No significant correlations found. 
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Discussion 
Given the inconsistencies briefly described in 

the introduction, we aimed to assess the 
association between cortisol levels and 
depression. 

We were expecting, as a well-replicated 
finding, higher cortisol levels in depressed 
patients [12,23,24]. 

Several authors have suggested that low 
cortisol levels are also associated with 
psychiatric disease such as depression and 
bipolar disorder [25]. 

We found however no correlation between 
the two as the majority of subjects had cortisol 
levels within the normal range. In our study 
17.5% of them had cortisol levels below normal 
range, and only 1.25% above normal range.  

Further, we attempted to correlate cortisol 
levels with a variety of factors such as the 
presence of feelings of anxiety, suicidal ideas or 
suicidal gestures yet in each case we could not 
establish any meaningful association. 

Below normal cortisol have been described 
for other mental health disorders such as PTSD 
and chronic fatigue syndrome. A possible 
mechanism would be that following the initial 
hyperactivity of the HPA axis a subsequent 
period of hypoactivity sets in [26,27]. 

Given that patients with depression do 
experience a significant amount of stress it could 
stand to reason that HPA axis hypoactivity could 
play a more significant role than previously 
speculated [25,28]. 

In order to obtain more robust data, we 
suggest that multiple sampling points throughout 
the day would enable a more thorough and 
comprehensive analysis of cortisol levels in 
patients suffering from depression. 

One limitation for repeated sample collection 
is the ease of the method used. Using whole 
blood is less practical and more resource 
intensive than using alternatives such as 
measuring salivary cortisol as some authors 
suggest [7,29]. 

Although more difficult to realize in a 
clinical context, obtaining multiple sample 
points could offer more depth to our 
understanding of patient’s cortisol levels, 
allowing an assessment of secretion pattern and 
not just absolute value [30]. 

Timing of the sampling may also be key. One 
study suggests baseline values may not differ 
between depressive and non-depressive subjects, 
but depressed patients show higher cortisol 

during recovery period, pattern that the authors 
called blunted reactivity-impaired recovery [31]. 

Determining cortisol levels could be relevant 
for its effects on cortisol sensitive organs and 
systems, for instance with cognitive impairment, 
abdominal obesity, and loss of bone density 
[32], raising the questions whether action needs 
to be taken as a preventive measure [33]. 

Conclusions 
Despite conflicting reports in literature, one 

cannot dispute the fact that the HPA axis is 
linked through nuanced and incompletely 
understood mechanisms to depression. 

Given the overall burden of disease 
depression poses globally, future studies must 
continue to develop more standardized and 
accurate tools in order to obtain results that can 
be used to assist clinical practice.  
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