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A Prospective Observational Study on the Effects 
of Antidepressant Treatment on Hypothalamic-
Pituitary-Adrenal Axis Regulation in  
Treatment Resistant Depression

INTRODUCTION
Depression is a common mood disorder characterised by feeling 
depressed mood most of the day, loss of interest in most regular 
activities, fatigue or low energy, feeling of guilt or worthlessness, 
loss of concentration or indecisiveness, disturbed sleep, change 
in appetite, psychomotor retardation, loss of libido and recurring 
thoughts of death or suicide [1]. The important risk factors are 
genetic predisposition, female gender and victims of trauma and 
abuse [2]. Clinical guidelines recommend the use of antidepressant 
medication for the treatment of a moderate to severe depressive 
episode [3].

The majority of antidepressants, on long-term administration, 
increase the forebrain levels of 5-hydroxytryptamine (serotonin, 
5-HT). It has been observed that acute depletion of tryptophan (the 
precursor of 5-HT) can lead to the rapid recurrence of depressive 
mood in patients treated with antidepressants and the underlying 
mechanism involves alteration of hypothalamic-pituitary-adrenal 
(HPA) axis [4]. It is an established fact from animal and human studies 
that glucocorticoids influence serotonergic neurotransmission. 
They can alter the sensitivity of 5-HT autoreceptors and efficacy of 
postsynaptic 5-HT receptors [5-7].

Hyperactive HPA axis is a consistent finding in depression and 
altered HPA axis can reduce the effects of antidepressants [8]. The 
recent reviews confirm the association between HPA axis activity, 
cortisol and depression and it has been observed that the morning 
and evening cortisol concentration is increased in patients with 
depression and their morning-to-evening slope is flatter than of 
healthy controls [9].

Cortisol (also called as stress hormone) can be used as marker of 
HPA axis activity and can be measured in blood, urine and saliva. 
Over the past two decades, saliva sample to measure the cortisol 
level has gained increasing acceptance and is the method of choice 

in research studies. The saliva cortisol is the free fraction and it is 
more closely correlated with the free cortisol fraction in the serum 
compared to total serum cortisol [10]. Although cortisol has been 
extensively measured in depression even in patients experiencing 
multiple depressive episodes, the effect of cortisol has never been 
clearly evaluated in Treatment Resistant Depression (TRD). The 
HAM-D/HDRS (Hamilton Depression Rating) scale is the most widely 
used clinician-administered depression assessment scale designed 
to rate the severity of depression in patients [11]. Keeping the above 
facts in mind, this study was aimed to evaluate the changes in salivary 
cortisol level and HAM-D score in patients of treatment resistant 
depression and to investigate the association between them.

MATERIALS AND METHODS
The present prospective cohort study was conducted in the 
Department of Pharmacology and Psychiatry at Pt. JNM Medical 
College and Dr. BRAM Hospital Raipur (CG) over a period of one 
year, from June 2014 to June 2015. The study was commenced 
after clearance from Institutional Ethical committee.

The study included the patients attending the psychiatry OPD with 
diagnosis of TRD [12]. Depression may be considered resistant 
to treatment when at least two trials with antidepressants from 
different pharmacologic classes (adequate in dose, duration, and 
compliance) fail to produce a significant clinical improvement [13]. 
Adequate dose is defined as the standard recommended dose of 
the antidepressant while adequate duration of treatment is defined 
as at least four consecutive weeks of treatment, during which the 
patient has had an adequate dose for at least three weeks.

Sample size calculation: Sample size for this study was calculated 
by using the formula {n=z2.pq/d2}, where q=1-p. By applying the 
values of z, d (absolute precision) and p (expected proportion in the 
population, which was found from previous studies) to the above 

Kavita1, Manoj Kumar Sahu2, Pravin Gunderao Dhone3, Ravi Kant Tiwari4, Rajesh Hishikar5



Keywords:	Hamilton depression rating, Neurotransmission, Salivary cortisol

ABSTRACT
Introduction: Dysregulation of Hypothalamic-Pituitary-Adrenal 
(HPA) axis can reduce the effects of antidepressants. Salivary 
cortisol level and Hamilton Depression Rating (HAM-D) score 
can be used to assess the level of improvement in the HPA axis 
and depressive disorders.

Aim: To evaluate the changes in salivary cortisol level and 
HAM-D score in patients of Treatment Resistant Depression 
(TRD) and to investigate the association between them.

Materials and Methods: The present prospective cohort 
study was conducted in the Department of Pharmacology 
and Psychiatry at Pt. JNM Medical College and Dr. BRAM 
Hospital Raipur (CG) over a period of one year, from June 2014 

to June 2015. The participants were 52 diagnosed cases of 
TRD according to Diagnostic and Statistical Manual of Mental 
Disorders (DSM IV) criteria, who were taking antidepressant 
medications for at least four weeks. The salivary cortisol values 
and HAM-D scoring were done at baseline and follow-up at 
eight weeks and 16 weeks and compared by student’s t-test 
and one-way ANOVA.

Results: A significant difference (p<0.001) was noted in the 
mean salivary cortisol levels (1.15±0.31 and 0.72±0.24) and 
mean HAM-D (29.67±1.43 and 16.26±7.08) scores at baseline 
and subsequent follow-up, respectively.

Conclusion: The therapeutic benefit of antidepressants could 
be due to alteration of HPA axis functioning.
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Characteristics No. of subjects Percentage

Occupation

Agriculture 10 19.2

Self-employed 9 17.3

Service 11 21.1

Housewife 22 42.3

[Table/Fig-1]:	 Occupation wise distribution of study subjects. 

Characteristic
Responders 

n=40
Non-responders 

n=12 p-value

Change in salivary cortisol 
levels (µg/dL) Mean±SD

0.53±0.31 -1.72±1.95
<0.0001 by 

student’s t-test

[Table/Fig-3]:	 Comparison between change in salivary cortisol levels in responders 
and non-responders depression subjects.
p-value <0.001 was considered statistically significant

Mean Variance SE Pearson’s r r2 p-value

Change in 
HAM-D score

13.4±7.5 57.2 1.0

0.614 0.377 <0.0001Change in 
salivary cortisol 
levels (µg/dL)

0.4±0.3 0.12 0.04

[Table/Fig-4]:	 Pearson’s correlation between changes in HAM-D score and changes 
in salivary cortisol levels.
p-value <0.001 was considered statistically significant

Characteristics Baseline
After 8 weeks 
(1st follow-up)

After 16 weeks 
(2nd follow-up)

p-value 
(Student t-test)

Outcome 
HAM-D score 
Mean±SD

29.67±1.43 17.46±6.29 16.26±7.08

<0.01: Baseline 
and 8 weeks

<0.01: Baseline 
and 16 weeks 

>0.05: 8 weeks 
and 16 weeks 

<0.001 by one-
way ANOVA.

Salivary cortisol 
levels (µg/dL) 
Mean±SD

1.15±0.31 0.79±0.22 0.72±0.24

<0.01: Baseline 
and 8 weeks 

<0.01: Baseline 
and 16 weeks

>0.05: 8 weeks 
and 16 weeks 

<0.001 by one-
way ANOVA.

[Table/Fig-2]:	 Mean HAM-D score and mean salivary cortisol levels at baseline 
and follow-up.
p-value <0.001 was considered statistically significant

formula as 1.96, 5% and 4%, respectively, the calculated sample 
size was found to be 59 [14].

Inclusion criteria: A total of 70 subjects of TRD aged 18 years or 
above, who had used antidepressants for four consecutive weeks, 
were recruited after obtaining written informed consent.

Exclusion criteria: The exclusion criteria for the participants were 
patients having hormonal disorders, other psychiatric illnesses, 
pregnant and lactating mothers, or the patients having substance 
abuse disorders.

The levels of the salivary cortisol (measured by the salimetric salivary 
cortisol ELISA kit), and mean HAM-D Score were taken as baseline 
and then the two follow-up at the interval of eight weeks. Hamilton 
Rating Scale for Depression (HAM-D, the 21-Item scale; 1960) was 
applied to the subjects by a trained psychiatrist to assess severity 
of depression [15]. Subjects included had a cut-off score ≥17. 
The treatment option in such patients could be substitution with 
different group of antidepressants, combination of antidepressants 
or combination of non-antidepressants such as an atypical 
antipsychotic or benzodiazepine [16,17]. At the follow-up, subjects 
were classified as responders or non-responders based on a 50% 
reduction of the HAM-D 21 Item Rating Scale at discharge point 
(Keller, 2003) [18]. The range of basal salivary cortisol between 
0.112 to1.551 µg/dL in the morning sample was taken as reference 
value [19]. Of the total recruited subjects only 52 subjects came to 
regular follow-up at eight and 16 weeks.

STATISTICAL ANALYSIS
The salivary cortisol levels and mean HAM-D scores were noted at 
baseline and follow-up and these values were compared by student’s 
t-test, one-way ANOVA test and correlated with Pearson’s rank order 
correlation. Statistical significance was set at p<0.05. The SPSS 16.0 
software was used for data analysis (Statistical Package for the Social 
Sciences version 16.0; SPSS, IBM Corporation, Chicago, Illinois, USA).

RESULTS
The demographic data showed that out of 52 subjects included in this 
study, 24 (46.15%) were males and 28 (53.84%) were females. The 
mean age in study group was found to be 41.2±10.3 years. As shown 
in [Table/Fig-1], majority of the subjects (42.3%) were housewives. 
Family history of depression was present in 5 (9.61%) subjects, while 
family history of other psychiatric illness was present in 2 (3.84%) 
subjects. Mean duration of illness was found to be 16.4±12.4 months 
and mean duration of treatment was 9.8±7.9 months.

Out of the 52 subjects, 40 of them responded to treatment with 
decrease in both the HAM-D score and salivary cortisol value. 
Nine of them showed slight decrease in HAM-D scoring and no 
change in salivary cortisol levels. Three of them showed slight 
change in salivary cortisol values but the HAM-D score did not 
improve.

Mean change in salivary cortisol level was found to be significantly 
higher (0.53±0.31) compared to non-responders (-1.72±1.95) 
when the difference was assessed using student’s t-test (p<0.0001) 
[Table/Fig-3].

The mean HAM-D score in the study subjects at baseline was found 
to be 29.67±1.43 which subsequently changed to 17.46±6.29 and 
16.26±7.08 at the first and second follow-up, respectively. Statistically 
significant difference (p<0.01) was found on comparing the mean 
HAM-D scores at baseline vs first follow-up and at baseline vs second 
follow-up, while it was insignificant between first and second follow-
up [Table/Fig-2].

The baseline mean salivary cortisol level (μg/dL) in the study subjects 
was found to be 1.15±0.31 which was subsequently changed 
to 0.79±0.22 and 0.72±0.24 at the first and second follow-up, 
respectively. Statistically significant difference (p<0.001) was noted 
on comparing the mean salivary cortisol level at the baseline and 
two follow-up by one way ANOVA test, but the difference was 
insignificant between first and second follow-up [Table/Fig-2].

Change in HAM-D score over the period of follow-up and change 
in salivary cortisol level were correlated with Pearson’s rank order 
correlation, which indicated moderately strong positive correlation 
[Table/Fig-4].

DISCUSSION
The aim of this study was to evaluate the changes in salivary cortisol 
level and HAM-D score in patients of major depressive disorders, 
who were considered resistant to treatment. Out of the 52 subjects 
included in this study, the majority (53.8%) were females and 
housewives (42.3%). In this study, the mean HAM-D score of the 
study subjects was reduced from baseline to subsequent follow-
up and there was a significant statistical difference (p<0.001) when 
these were compared by one-way ANOVA test. The baseline mean 
salivary cortisol level was above the reference range of normal 
(0.112-1.551 µg/dL) in the study subjects which subsequently 
reduced on antidepressant therapy as noted by the two follow-up at 
eight weeks interval, and the difference was statistically significant 
(p<0.001). 
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Earlier studies have shown that the salivary cortisol levels increase 
50-75% within the first 30 minutes after awakening and this morning 
surge of cortisol is termed as Cortisol Awakening Response (CAR) 
and is considered to be a key determinant for HPA axis evaluation 
[20,21,22]. The findings of the present study were similar to other 
studies where the use of antidepressants has been found to lower 
waking cortisol level [23,24]. Since, hyperactivity of the HPA axis 
as shown by waking cortisol level in the patients of depression is a 
common finding, the therapeutic benefit of antidepressants could 
be related to the direction of the effects of antidepressants on 
waking cortisol levels [25]. 

Though the hyperactivity of HPA axis had been shown in many 
studies in patients of depression, there are few exceptions too. 
A normal or low HPA activity has been observed in chronic 
depressive patients than non-chronic patients and the patients 
with multiple depressive episodes have lower HPA axis activity 
than patients with fewer depressive episodes [26]. Some studies 
reported lower or unchanged basal levels and variously altered 
(decreased, increased and unchanged) cortisol suppression in 
the users of Selective Serotonin Reuptake Inhibitors (SSRIs) 
group of antidepressants [27,28]. There are several possible 
explanations for these discrepancies. Associations of reduced 
cortisol levels with a positive treatment response indicated that 
normalised cortisol levels may not reflect antidepressant use 
alone. A biological explanation for this atypical pattern could be 
due to the effects of antidepressants on the two corticosteroid 
receptors, Glucocorticoid Receptor (GR) and Mineralocorticoid 
Receptor (MR). A few animal studies found that chronic 
administration of antidepressants resulted in upregulation of 
these receptors which may contribute to the flattened CAR [29]. 
In the studies conducted by Eiring A and Sulser F and Johansson 
IM et al., the authors found increased suppression of cortisol level 
due to overexpression of GR [30,31]. In the Netherlands Study 
on Depression and Anxiety (NESDA), elevated cortisol levels 
were found in both current and remitted depressed subjects, 
the altered HPA axis activity was found to be independent of 
treatment success [32,33]. Therefore, additional randomised 
interventional studies are needed to investigate the association 
between the different cortisol indicators and the treatment 
response (assessed by HAM-D score).

Limitation(s)
The major limitation of this study was that the study did not investigate 
the association between different subtypes of antidepressants such 
as SSRIs Tricyclic Antidepressants (TCAs) and other antidepressants 
on some more cortisol parameters such as evening cortisol secretion 
and the slope of morning to evening cortisol secretion.

CONCLUSION(S) 
There were changes in salivary cortisol level and HAM-D score 
from baseline to subsequent follow-up and these changes were 
correlated with Pearson’s rank order correlation which indicated 
moderately strong positive correlation between change in serum 
cortisol and change in HAM-D score. The use of antidepressants 
could alter the functioning of HPA axis. Further research by 
conducting randomised interventional studies including different 
groups of antidepressants on different cortisol indicators can 
help in the better understanding of the therapeutic effects of 
antidepressants and their association with HPA axis in the patients 
of major depressive disorders and TRD.
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