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INTRODUCTION

Depression is a leading medical contributor to the global 
burden of disease. It can become long-lasting with frequent 
recurrences. Females of the middle age group (between the 
ages of 25 and 45 years) are the major sufferers and are af-
fected almost twice as likely (10%-25%) as males (5%-12%) 
to experience depression. Genetic predisposition is one of the 
important risk factors. Individuals with first-generation rela-
tives with major depression have about 2 to 3 times greater 
chance of experiencing depression compared with individu-
als without a similar family history. 1In the pharmacotherapy 
of depression several novel classes of antidepressants have 
been introduced, but still only about 60-65%of patients with 
depression respond to antidepressant therapy. Depression 
is also responsible for 60%-70% of all suicides and about 

10%-20% of cases with major depression eventually commit 
suicide.2 Despite the completion of multiple antidepressant 
drug treatments and aggressive treatment regimens, about 
15% of the patients diagnosed with major depressive disor-
ders (MDD) will continue to suffer from depression. Even 
among the patients who initially responded to antidepressant 
treatment as indicated by the reduction in their depressive 
symptoms, about 2/3rd of these patients fail to achieve com-
plete remission of depressive symptoms.3

Among the neurotransmitters (NT) of monoamine systems, 
reuptake is the principal mechanism by which the action of 
NT is terminated. The first-generation antidepressants in-
clude monoamine oxidase inhibitors (MAOIs) and tricyclic 
antidepressants (TCAs). The MAOIs enhance monoaminer-
gic neurotransmission by inhibiting monoamine metabolism 
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ABSTRACT
Introduction: Altered cortisol secretion in the form of Cortisol Awakening Response (CAR) is one of the consistent features in 
patients with depression. Evidence suggests that antidepressant treatment might alter cortisol indicators in patients with depres-
sion. 
Aim and Objectives: This study was aimed to evaluate the changes in morning and evening salivary cortisol indicators in pa-
tients with major depressive disorders, who had received antidepressant treatment. 
Methods: The participants were sixty four diagnosed cases of major depressive disorders according to Diagnostic and Statisti-
cal Manual of Mental Disorders (DSM IV) criteria, who were taking antidepressant medications from different groups for at least 
one month. The salivary cortisol values were taken as morning and evening samples at baseline and two follow up at two months 
intervals and compared by student’s t-test. 
Results: A significant difference (p<0.0001) was noted in the mean salivary cortisol levels (morning and evening)at baseline and 
subsequent follow-up. 
Conclusions: Morning and evening salivary cortisol concentrations were increased in patients with MDD. Antidepressant treat-
ment resulted in the alteration of cortisol indicators.
Key Words: Cortisol Awakening Response (CAR), Selective serotonin reuptake inhibitors (SSRIs), Tricyclic Antidepressants (TCAs), 
Serotonin Norepinephrine reuptake inhibitors (SNRIs), Hypothalamic-pituitary-adrenal (HPA) axis, Neurotransmitter
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and thereby enhancing neurotransmitter storage in secretory 
granules, while the TCAs act by inhibiting 5-HT and norepi-
nephrine reuptake. While efficacious, these first-generation 
agents exhibit side effects and drug and food interactions that 
limit their use relative to the newer drugs. The newer second-
generation antidepressants include selective serotonin reup-
take inhibitors (SSRIs) and the serotonin-norepinephrine 
reuptake inhibitors (SNRIs)Selective Serotonin Reuptake 
Inhibitors (SSRIs)are the preferred initial choice to treat de-
pression because of their safety, tolerability and overall ef-
ficacy.4

Cortisol participates in complex interactions with the hor-
monal and immune systems in humans as the hypothalamic-
pituitary-adrenal (HPA) axis. Hyperactivity of the HPA axis 
is considered an important mechanism explaining the patho-
physiology of depression. However, the association may not 
be entirely reproducible and consistent. The recent reviews 
indicated that the morning and evening cortisol concentra-
tions are increased in patients with depression, and this in-
crease was more pronounced in older patients with either 
melancholic or psychotic depression. Furthermore, HPA hy-
peractivity has been shown in patients who have recovered 
from depression, in non-depressed people with a parental 
history of depression, and people at increased risk of depres-
sion due to a personality characterized by neuroticism.5

Salivary cortisol which is a well-known stress hormone has 
a half-life of approximately 1 hour. Salivary cortisol rep-
resents the biologically active free cortisol in plasma. The 
therapeutic benefit of antidepressants takes about 2–4 weeks 
of treatment and their antidepressant effects might be due to 
alteration of the HPA axis.6

Keeping the above facts in mind, this study was aimed to 
evaluate the alterations in salivary cortisol level as morning 
and evening concentrations and to assess the effects of anti-
depressant treatment on these parameters.

MATERIALS AND METHODS

The present prospective cohort study was carried out in the 
Department of Pharmacology and Psychiatry at Pt. J. N. M. 
Medical College & Dr. B. R. A. M. Hospital Raipur (C.G) 
over one year from June 2015 to June 2016. The study in-
cluded the patients attending the psychiatry OPD with the 
diagnosis of Major Depressive Disorders (MDD) as per 
the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-IV). The 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 formula as 1.96, 5% and 5% respectively, the 
calculated sample size was found to be 73.7Total 90 subjects 
were recruited over one year of which 26 subjects loss to fol-

low up and total 64 subjects came for regular follow up. The 
study had clearance from the Institutional Ethical committee.

Study population:
The selection of patients was done on the following inclu-
sion and exclusion criteria-

Inclusion criteria-
• Patients diagnosed as a case of major depression ac-

cording to DSM IV criteria.
• Patients diagnosed with a case of major depression 

who were taking antidepressant medications for at 
least one month.

• Patients diagnosed with a case of major depression 
were taking antidepressant medications from different 
groups such as TCAs, SSRIs, SNRIs and atypical anti-
depressants.

• Age group18 years and above.

Exclusion criteria
• Patients having hormonal disorders.
• Patients having other psychiatric illnesses.
• Pregnant and lactating mothers.
• Patients having substance abuse disorders.

Methods and statistical analysis
All the subjects were informed in detail about the purpose 
of the study and gave their written consent. Detailed clini-
cal history, drug history and other relevant information were 
taken from the patients. The levels of the salivary cortisol 
were measured as morning and evening samples, by the sali-
metric salivary cortisol ELISA kit, and taken as a baseline 
and then the two follow up done at the interval of 2 months. 
The changes in salivary cortisol levels were noted and these 
values were compared by student’s t-test. Statistical signifi-
cance 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 gender and age-group wise distribution of study subjects 
showed that out of the 64 subjects included in this study, 
the majority (54.69%) were females and aged between 18-37 
years of age (32.81%). In the same age range, the percentage 
of male subjects was 26.55% (table-1). The mean age in the 
study group was found to be 36.2±5.3 years. The mean dura-
tion of illness in the study group was found to be 14.1±1.5 
months and the mean duration of treatment was found to be 
8.7±2.9 months.

Based on the antidepressant group taken by the patients, 
they were divided into three groups, i.e. SSRIs group, TCAs 
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group and other antidepressants group which included the 
drugs from other antidepressant classes or using more than 
one group. The majority of the study participants belonged 
to the SSRIs group (40.62%), followed by other antidepres-
sants group (35.93%) (Table-2).

Among the SSRIs group, the baseline means morning sali-
vary cortisol level was 2.68±0.32 µg/dl which was subse-
quently reduced to 1.98±0.09 µg/dl and 1.61±0.07 µg/dl after 
2 months (first follow up) and 4 months of therapy (second 
follow up) respectively. Similarly, the baseline means even-
ing salivary cortisol level was 1.84±0.06 µg/dl which was 
subsequently reduced to 1.77±0.05 µg/dl and 1.58±0.08 µg/
dl at first and second follow up respectively (table-3).

The baseline means morning salivary cortisol level in the 
TCAs group was 2.35±0.21 µg/dl which was subsequently 
reduced to 1.94±0.11 µg/dl and 1.52±0.05 µg/dl at first and 
second follow up respectively, while the baseline means 
evening salivary cortisol level was 1.85±0.08 µg/dl which 
was subsequently reduced to 1.72±0.07 µg/dl and 1.38±0.03 
µg/dl at first and second follow up respectively (table-4).

In the patients treated with other groups of antidepressants, 
such as SNRIs, atypical antidepressants or combinations, the 
baseline means morning salivary cortisol level was 2.14±0.11 
µg/dl which was subsequently reduced to 1.89±0.10 µg/dl 
and 1.48±0.06 µg/dl at first and second follow up respec-
tively, while the baseline means evening salivary cortisol 
level was 1.91±0.08 µg/dl which was subsequently reduced 
to 1.62±0.03 µg/dl and 1.41±0.05 µg/dl at first and second 
follow up respectively (table-5).

In all the three groups of patients, i.e. the SSRIs group, the 
TCAs group and other antidepressants group, there was a 
statistically significant difference (p<0.0001) between the 
baseline and subsequent follow up values of mean morning 
and evening salivary cortisol levels. 

DISCUSSION

This study aimed to evaluate the changes in salivary corti-
sol parameters as morning and evening cortisol levels in the 
patients of MDD and to observe the effects of antidepres-
sant treatment on these parameters. Among the total 90 pa-
tients recruited in this study, only 64 came to regular follow 
up, hence included in the data analysis. These patients were 
divided into three groups, i.e., SSRIs group (n=26), TCAs 
group (n=15) and another group (n=23) who had received 
antidepressants apart from SSRIs/ TCAs or a combination of 
antidepressants.

In this study, we found that in all three groups of patients, 
the morning and evening salivary cortisol levels were above 
the reference range of normal. 7 In a study conducted by 
Khan QU, et al.(2019), the mean salivary cortisol level 

was found significantly higher (p=0.031) in depressive pa-
tients (2.23±1.69 µg/dl) as compared to normal subjects 
(1.46±0.91 µg/dl).8 The results of our study were also con-
sistent with the studies conducted by Herbert J, et al. (2012) 
and Yonekura T, et al. (2014), where they observed higher 
salivary cortisol levels in the patients of MDD.9,10 The Patho-
physiological basis for this observation could be the hy-
peractive hypothalamic-pituitary-adrenal (HPA) axis. Few 
studies observed the reverse findings, i.e. decreased salivary 
cortisol levels instead of rising, in the patients of major de-
pression.11,12 In some studies, the short and long term admin-
istration of SSRIs had resulted in varied results on cortisol 
levels. These findings suggest that though the hyperactive 
HPA axis is at the centre of depressed mood and the altera-
tions in cortisol parameters, these observations (rise or fall of 
cortisol levels) are not exclusively consistent and reproduc-
ible.13, 14In a recent meta-analysis it has been observed that 
the changes in cortisol parameters largely depend on the tim-
ing and method of cortisol measurement, i.e. methodological 
quality of the study.15 Cortisol secretion is at a high level on 
waking in the morning, followed by a peak rise, 30 min af-
ter waking (known as CAR, Cortisol Awakening Response) 
and then subsequent decline across the day with reaching its 
nadir around midnight.16 In this study, we have seen the ef-
fects of different groups of antidepressants such as SSRIs, 
SNRIs, TCAs and atypical antidepressants on both morning 
and evening cortisol levels to allow for the measurement of 
diurnal cortisol profile and more detailed investigation to 
see the involvement of HPA axis. Hinkelmann K, et al. and 
Knorr U, et al. observed that long term administration of SS-
RIs had been found to decrease waking cortisol levels.17, 18 In 
our study, we found similar results with all the major groups 
of antidepressants such as SSRIs, SNRIs and TCAs to de-
crease the morning and evening salivary cortisol levels. The 
serotonergic system and HPA axis functioning have a deep-
rooted relationship with each other. Measuring the increase 
in the levels of salivary cortisol following awakening could 
be used as a simple and reliable means of assessing HPA-
axis activity. Though the literature review showed that there 
were both animal and human studies on the effects of antide-
pressants on cortisol parameters, the comparative studies be-
tween different groups of antidepressants were few. A better 
understanding of the biological mechanisms of actions of an-
tidepressants could explore improved treatment outcomes in 
patients with depression and anxiety. The biological effects 
of different groups of antidepressants on the HPA axis ac-
tivity as manifested by cortisol parameters have shown that 
the TCAs group of antidepressants resulted in more strongly 
suppressed cortisol levels as compared to SSRIs and other 
groups of antidepressants.19 In some studies it was found that 
short term use of either TCAs or SSRIs group of antidepres-
sants resulted in the activation of the HPA axis, while few 
others have reported no change in cortisol indicators.20, 21
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Limitations: The major limitation of this study was that we 
did not investigate the association on some more cortisol 
parameters such as AUC, Cmax and Tmax. Further studies are 
needed on the patients with major depression and comparing 
them with healthy controls to assess the in-depth association 
of HPA axis overactivity and the effects of different groups 
of antidepressants on such parameters. 

CONCLUSION

Major depression has been shown to be associated with dys-
regulated HPA axis as manifested by altered cortisol param-
eters. Salivary cortisol may be used as diagnostic marker for 
non-invasive assessment of patients with MDD. It can help 
in the monitoring and follow up of antidepressant therapy. 
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Table 1: Gender and age group-wise distribution of study subjects

Gender Age-groups

18-27 years 28-37 years 38-47 years 48-57 years 58 years and above

Male (n=29) (45.31%) 7 (10.93%) 10 (15.62%) 7 (10.93%) 3 (4.69%) 2 (3.12%)

Female (n=35) (54.69%) 9 (14.06%) 12 (18.75%) 8 (12.5%) 4 (6.25%) 2 (3.12%)

Total (64) (100%) 16 (25%) 22 (34.37%) 15 (23.43%) 7 (10.93%) 4 (6.25%)

The Chi-square statistic is 0.0795. The p-value is 0.99923. the result is not significant at p<0.05

Table 2: Gender and antidepressant group-wise distribution of study subjects 
Gender SSRIs TCAs Others Total

Male 11 (17.18%) 6 (9.37%) 12 (18.75%) 29 (45.31%)

Female 15 (23.43%) 9 (14.06%) 11 (17.18%) 35 (54.69%)

Total 26 (40.62%) 15 (23.43%) 23 (35.93%) 64 (100%)

The Chi square statistic is 0.7025. The p-value is 0.703795. the result is not significant at p<0.05

Table 3: Mean salivary cortisol levels in the SSRIs group (n=26) at baseline and follow up 
Characteristic Baseline After 2 months

(1st follow up)
After 4 months
(2nd follow up)

p-value
(t-test), 95% CI

Morning Salivary Cortisol 
levels (µg/dl)
Mean ±S.D.

2.68±0.32 1.98±0.09 1.61±0.07 <0.0001 Baseline Vs 1st  follow up

<0.0001 Baseline Vs 2nd  follow up

<0.0001 1st  Vs 2nd follow up

Evening  Salivary Cortisol 
levels (µg/dl)
Mean ±S.D.

1.84±0.06 1.77±0.05 1.58±0.08 <0.0001 Baseline Vs 1st  follow up

<0.0001 Baseline Vs 2nd  follow up

<0.0001 1st  Vs 2nd  follow up

Table 4: Mean salivary cortisol levels in the TCAs group (n=15) at baseline and follow up 

Characteristic Baseline After 2 months
(1st follow up)

After 4 months
(2nd follow up)

p-value
(t-test), 95% CI

Morning Salivary Cortisol 
levels (µg/dl)
Mean ±S.D.

2.35±0.21 1.94±0.11 1.52±0.05 <0.0001 Baseline Vs 1st  follow up

<0.0001 Baseline Vs 2nd  follow up

<0.0001 1st  Vs 2nd  follow up

Evening  Salivary Cortisol 
levels (µg/dl)
Mean ±S.D.

1.85±0.08 1.72±0.07 1.38±0.03 <0.0001 Baseline Vs 1st  follow up

<0.0001 Baseline Vs 2nd  follow up

<0.0001 1st  Vs 2nd  follow up
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Table 5: Mean salivary cortisol levels in the other antidepressants group (n=23) at baseline and follow up 

Characteristic Baseline After 2 months
(1st follow up)

After 4 months
(2nd follow up)

p-value
(t-test), 95% CI

Morning Salivary Cortisol 
levels (µg/dl)
Mean ±S.D.

2.14±0.11 1.89±0.10 1.48±0.06 <0.0001 Baseline Vs 1st  follow up

<0.0001 Baseline Vs 2nd  follow 
up
<0.0001 1st  Vs 2nd  follow up

Evening  Salivary Cortisol 
levels (µg/dl)
Mean ±S.D.

1.91±0.08 1.62±0.03 1.41±0.05 <0.0001 Baseline Vs 1st  follow up

<0.0001 Baseline Vs 2nd  follow 
up
<0.0001 1st  Vs 2nd  follow up


