
Current Psychology (2024) 43:19820–19829
https://doi.org/10.1007/s12144-024-05786-z

  Nicole Leite Galvão-Coelho
nicole.galvao@ufrn.br

1 Laboratory of Hormone Measurement, Department of 
Physiology and Behavior, Federal University of Rio Grande 
do Norte (UFRN), Natal, RN, Brazil

2 Graduate Program in Psychobiology, UFRN, Natal, RN, 
Brazil

3 Department of Biophysics and Pharmacology, UFRN, Natal, 
RN, Brazil

4 National Science and Technology Institute for Translational 
Medicine (INCT-TM), São Paulo, Brazil

5 Brain Institute, Federal University of Rio Grande do Norte, 
UFRN, Natal, RN, Brazil

6 Department of Physiology and Behavior, UFRN, Natal, RN, 
Brazil

7 Western Sydney University, NICM Health Research Institute, 
Westmead, NSW, Australia

8 Departamento de Fisiologia e Comportamento. Caixa Postal, 
Universidade Federal do Rio Grande do Norte, Natal,  
RN 1511, 59078-970, Brazil

Abstract
Sleep disorders and changes in the profile of the cortisol awakening response (CAR) are potential predictive factors for the 
incidence of major depressive disorder (MDD). However, these parameters usually are evaluated separately, lacking infor-
mation regarding the simultaneous association of sleep disorders and CAR, mainly throughout the MDD severity. This 
study addressed the relationship between sleep quality and CAR in patients with initial/mild depression (MD, n = 30) 
versus advanced/treatment-resistant (TRD, n = 28), compared with a group of healthy controls (CG, n = 49), aiming to 
point out in a clinical perspective which alterations in sleep and CAR have been observed along major depression sever-
ity stages. TRD patients presented a blunted CAR and poorer sleep quality comparing MD and CG groups. Additionally, 
MD patients showed worse sleep quality and larger CAR than CG. Taken together, both sleep quality and CAR were 
correlated with MDD symptoms and predictors of MDD severity, with a greater classification power for sleep quality. 
From sleep quality, specifically, the use of sleep medication and sleep efficiency predicted depression severity, discrimi-
nating mild and treatment-resistant depression. These results show the importance of assessing sleep quality and CAR in 
patients with major depression when there is a need for evaluation of the disorder’s severity in a clinical context. CAR 
and sleep quality can be useful complementary tools to help in the clinical identification of major depression severity 
and the understanding of their impact on MDD may support further studies that aim to improve intervention strategies to 
increase the effectiveness of treatments.
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Introduction

Sleep disorders may lead to significant distress or impair-
ment in a variety of critical aspects in life, such as social 
interactions, work performance, financial incomes, among 
others (Bernardi et al., 2015; Corsi-Cabrera et al., 2015; 
Verleger et al., 2013). In recent years, sleep deprivation has 
been increasingly related to diverse mood swings, ranging 
from apathy and sadness to anxiety (Waters et al., 2018). 
Therefore, several studies have been carried out aiming to 
understand the relationship between sleep and mood disor-
ders, raising several hypotheses about the influence that such 
conditions have on each other (Santiago et al., 2020; Wang 
et al., 2019; Zhai et al., 2015). Currently, it is suggested that 
sleep disorders can contribute to the progression of diseases 
in the depressive spectrum and are also considered a side 
effect of depression, thus exhibiting a bidirectional modula-
tion of depression (Alvaro et al., 2013; Jansson-Fröjmark & 
Lindblom, 2008; Kaneita et al., 2009).

Insomnia is characterized as a dissatisfaction with the 
quantity or quality of sleep such as difficulty starting or 
maintaining sleep (Diagnostic and Statistical Manual of 
Mental Disorders 5; DSM-5) (American Psychiatric Asso-
ciation, 2013). If on the one hand insomnia has been associ-
ated with an increased risk of developing depression (Fang 
et al., 2019; Li et al., 2016), on the other hand, among sleep 
disorders, insomnia is the main complain of individuals 
already diagnosed with major depressive disorder (MDD) 
(Chellappa & Araujo, 2007). In addition, it is considered a 
predictor of the disorder relapse and the risk of developing 
suicidal behavior (Wang et al., 2019), and related to more 
clinically severe outcomes (de Menezes Galvão et al., 2021; 
Fang et al., 2019). The concomitant presence of sleep distur-
bances and MDD is also considered one of the risk factors 
for the development of drug treatment-resistant depression 
(Cepeda et al., 2018; de Menezes Galvão et al., 2021).

Changes in the Hypothalamus-Pituitary-Adrenal (HPA) 
axis, for instance, have been related to sleep disorders 
(Dedovic & Ngiam, 2015; Nicolaides et al., 2000). Some 
studies described increased serum cortisol levels in young 
people with primary insomnia (Eek et al., 2012). The pul-
satile administration of corticotropin-releasing hormone 
(CRH) in healthy individuals can reduce slow-wave sleep, 
while the administration of a CRH antagonist normalizes 
sleep in depressed patients, increasing slow-wave sleep and 
improving sleep efficiency (Sculthorpe & Douglass, 2010). 
Furthermore, some of the antidepressants used as treatment 
for MDD target physiological pathways involved in sleep 
control, which points out possible evidence of the relation-
ship between MDD and sleep disorders at both the clini-
cal, behavioral, and neurochemical levels (Lee & Douglass, 
2010).

It is important to mention that changes in the HPA axis 
have also been related to MDD (Chida & Steptoe, 2009; 
Dedovic & Ngiam, 2015; Vreeburg et al., 2013). The major-
ity of these studies evaluate the cortisol response to the 
dexamethasone suppression test in MDD patients (Hubain 
et al., 1998; Staner et al., n.d.), and changes in this response 
as predictors of MDD incidence (Dedovic & Ngiam, 2015; 
Vreeburg et al., 2013; Zhai et al., 2015). Hyperactivation 
of the HPA axis and, consequently, high cortisol levels, has 
also been one of the most consistent biological findings in 
individuals with mild depression, while a hypocortisolemia 
is related with treatment-resistant MDD (Galvão et al., 
2018, 2021; Varela et al., 2021). Thus, cortisol change is a 
factor associated with resistance to treatment (Cepeda et al., 
2018; Galvão et al., 2018; Santiago et al., 2020) and disease 
recurrence (Fang et al., 2019; Riemann et al., 2001).

Although there is a wide literature on sleep and HPA 
axis alterations in depression, the studies have investigated 
them separately. Simultaneous analysis of the relationship 
between such alterations through the clinical severity of 
the disease is scarce (Hubain et al., 1998). Moreover, when 
sleep or HPA axis changes are investigated as comorbidity to 
MDD, it is often done as predictive investigations of MDD 
incidence or recurrence, or patients with a specific degree of 
severity, and not along multiple disease stages (Chellappa 
& Araujo, 2007; Lopez-Duran et al., 2009; Stetler & Miller, 
2005; Vreeburg et al., 2013).

Therefore, this study aimed to evaluate how a measure of 
HPA axis, cortisol awakening response (CAR) and quality 
of sleep behaved in the different severity stages of MDD, 
evaluating initial/mild versus advanced/treatment-resistant 
patients and comparing them with a healthy control group. 
We also analyzed different components of the sleep ques-
tionnaire to check which one is better correlated with MDD 
severity.

We expect to find low sleep quality and changed CAR in 
patients compared with the control group. More specifically, 
we expect a negative correlation between cortisol levels and 
depression severity, while an impaired sleep quality would 
be positively correlated with MDD severity. We also believe 
that both cortisol changes and sleep impairments, mainly 
insomnia, would be predictors of MDD severity.

Methods

Ethical aspects

The study was approved by the Hospital Universitário Ono-
fre Lopes (HUOL) Medical Research Ethics Committee 
(Registration number 579.479), and the Human Research 
Ethics Committee of the Federal University Rio Grande do 
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Norte (UFRN) (Registration number 2.628.202). All volun-
teers signed a consent form in which they state that they 
are aware of the study methods, and that guarantees that 
they were free to interrupt their participation in the study, 
without any harm. Moreover, this study fulfills the ethical 
standards of the relevant national and institutional commit-
tees for human experimentation and with the Declaration of 
Helsinki (1975, revised in 2008).

Subjects

The study consisted of a sample of 107 adults volunteers, 
who underwent clinical screening with psychiatrists from 
the Department of Psychiatry at UFRN where the Struc-
tured Clinical Interview for the DSM-IV (SCID) (Guze, 
1995) and the Hamilton Depression Rating Scale (HAM-D) 
(Hamilton, 1960) were used for MDD diagnosis. The DMS-
IV was used because it was the instrument approved by the 
ethics committee at the time of the study protocol evalua-
tion. After screening, volunteers were divided into the fol-
lowing groups (See Supplementary Fig. 1 for CONSORT 
flow diagram and Supplementary Table 1 for sociodemo-
graphic characteristics):

Control Group (CG: n = 49; Men = 19; Women = 30): 
This group was composed of healthy volunteers. The exclu-
sion criteria for the CG were history, diagnosis, or clini-
cal symptoms of psychological or physical diseases, use 
of psychotropics or medications with effects on cognition 
and neurovegetative functions, alcohol, or other illicit drugs 
dependency. For women, having given birth in the last 6 
months or being pregnant also were an exclusion criterion.

Patient group (PG: n = 58; Men = 21; Women = 37): Vol-
unteers diagnosed with major depression. According to the 
severity of the current depressive episode, which was mea-
sured by the HAM-D (mild: 7 ≤ scores ≤ 17 points; mod-
erate: 18 ≤ scores ≤ 24 points; severe: scores ≥ 25 points) 
(Moreno & Moreno 1998), these volunteers were distrib-
uted in two subgroups:

a) Mild depression group (MD: n = 30; Men = 14; 
Women = 16): Patients in a current mild depressive 
episode, who never used antidepressants and without 
comorbidities. Therefore, the exclusion criteria for MD 
group were previous use of antidepressants and psy-
chiatric comorbidities and, for women,  having given 
birth in the last 6 months or being pregnant, to prevent 
the inclusion of people with a disorder other than major 
depression, such as postpartum depression or other 
pregnancy-related disorder.

b) Treatment-resistant depression group (TRD: n = 28; 
Men = 7; Women = 21): Patients who were under a 
moderate to severe depressive episode, who failed to 

respond to at least two previous treatments with com-
mercial antidepressants. During the study, these sub-
jects went through a 15-day wash-out period, that is, 
they were not taking any antidepressants. This proce-
dure was necessary in order to change antidepressant 
medication. Some patients presented personality dis-
order (histrionic: n = 10/50%; borderline: n = 9/45%; 
schizoid: n = 1/5%) and anxiety disorders (generalized 
anxiety: n = 10/83.33%; panic disorder: n = 5 / 17.24%; 
Social phobia: n = 2/16.67%) as comorbidities. The 
diagnosis of comorbidities was also performed accord-
ing to the DSM-4 (SCID) (Guze, 1995). The exclusion 
criteria for TRD women patients also included having 
given birth in the last 6 months or being pregnant, to 
prevent the inclusion of people with a disorder other 
than major depression, such as postpartum depression 
or other pregnancy-related disorder.

Study design

Volunteers of all groups stayed the night before the experi-
ment individually in a room at a UFRN facility reserved 
exclusively for this study. Before sleep they filled out the 
Pittsburgh Sleep Quality Index (PSQI) to investigate differ-
ent aspects of their sleep. On the following day, around 6 
AM, 3 saliva samples were collected to measure the cortisol 
awakening response (CAR). During saliva collection the 
volunteers had spent 8 h fasting.

Psychometric instruments

Hamilton Depression Rating Scale (HAM-D) (Hamilton, 
1960): It has been used worldwide to track major depression 
diagnosis. It is a semi-structured interview to identify depres-
sive symptoms, evaluating their frequency and intensity, as 
well as remission of the condition during and after clinical 
treatments. Good internal consistency is often reported for 
this instrument, ranging from α = 0.74 to α = 0.93 (Lin et al., 
2019), and reaching α = 0.74 for our sample of patients.

Pittsburgh Sleep Quality Index (PSQI): It was developed 
to record the key elements of main sleep disorders, as well 
as the clinical, behavioral, and cognitive aspects directly 
or indirectly involved in sleep, such as: sleep hygiene and 
habits, insomnia, daytime sleepiness, sleep movement and 
breathing disorders, parasomnias, narcolepsy, mood and 
cognition, consumption of alcohol, coffee consumption, and 
consumption of drugs of abuse and medications. The PSQI 
has an overall score ranging from 0 to 21 points - catego-
rized into good sleep (0–4 points), poor sleep (5–10 points) 
and sleep disturbance (greater than 10 points) - and evalu-
ates seven components of sleep, namely: subjective quality, 
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to assess which components of the PSQI were relevant for 
discriminating groups of depressed patients (MD and TRD) 
the Boruta test was used. The variables that scored above 
the importance of a shuffled data (I > 0.35) were catego-
rized as relevant (Kursa & Rudnicki, 2010), and then a t-test 
was performed to compare them in relation to the groups 
of patients. Potential predictors of MDD severity were 
assessed by binary logistic regression analysis, considering 
the group (MD = 0, TRD = 1) as the dependent variable, and 
CAR and PSQI as the predictor variables. The assessment 
of the predictive quality of the model was performed using 
the area under the ROC (Received Operating Characteris-
tic) curve, with its respective specificities and sensitivities. 
Mann-Whitney tests were used to compare the CAR and the 
PSQI with respect to the presence or not of comorbidities in 
the TRD group.

GLM and Mann-Whitney tests were performed using 
the IBM SPSS Statistics 25 software. Spearman’s correla-
tion, Boruta, logistic regression and figures were performed 
using the RStudio IDE. Base R functions, pROC and Boruta 
packages were used for analyses. A post-hoc to determine 
the achieved power was computed using G*Power. Given 
the total sample size, assuming a large effect size (f = 0.80), 
and the F-test (ANCOVA), the power reached was 89.2%. 
The significance level considered was p ≤  0.05 (two-tailed) 
in all tests.

Results

A total of 640 patients were screened for eligibility, and 
107 met criteria, being 49 allocated to CG, and 58 to PG 
(MD = 30, TRD = 28) (For CONSORT, see Supplementary 
Fig. 1). The majority of patients presented comorbidity, such 
as personality disorder (76%) and anxiety disorder (31%). 
On average, patients with mild depression (MD) scored 
12.57 ±  3.11 in HAM-D, while patients with treatment-
resistant depression (TRD) scored 21.57 ±  5.27. Among all 
groups, sex was biased towards women (CG: 30 [61.2%]; 
MD: 16 [53.3%]; TRD: 21 [75%]), although it was not sta-
tistically significant (χ2 (2)  = 2.98, p = 0.22). The majority 
of participants were undergraduate in all groups (CG: 32 
[66.7%]; MD: 21 [77.8%]; TRD: 23 [82.1%]) but no signifi-
cant difference was found (χ2 (2)  = 2.49, p = 0.29). Age was 
significantly different between groups (F(2,103) = 30.28 p < 
0.001) with patients in TRD (39.86 ±  11.44) being older 
than MD (24.38 ±  4.00, LSD = 17.4 p < 0.001) and CG 
(28.52 ±  7.89, LSD = 12.3 p < 0.001), and MD older than 
CG (LSD = 5.05 p = 0.04). Therefore, age was used as a 
covariate in GLM analyses. Sociodemographic and clinical 
characteristics are summarized in Supplementary Table 1.

sleep efficiency, sleep disorders, use of medications, daily 
dysfunction, sleep latency and sleep duration, the latter two 
being used to infer insomnia. The instrument was validated 
to the Brazilian population with a good internal consistency 
(α = 0.82) (Bertolazi et al., 2011), and reached α = 0.68 for 
our sample of patients.

Salivary cortisol

Saliva collections were performed with Salivette™ (a device 
consisting of a plastic tube with cotton, specific for saliva 
collection). Each participant carried out the collection under 
guidance and supervision of a researcher: (a) 1st collection 
was done immediately after awakening; (b) 2nd collection, 
30 min after awakening; and (c) 3rd collection, 45 min after 
awakening. Before or during saliva collection, volunteers 
were instructed not to wash their mouths with water, to not 
to eat food or drinks, and to not to perform physical activi-
ties or sudden movements. The collected saliva was sent to 
the Laboratory of Hormone Measurements (LHM) of the 
Department of Physiology and Behavior at UFRN, and then 
dosed using a competitive ELISA technique with the DGR-
SLV 4635 kit.

Statistical analysis

The groups (MD, TRD and CG) were used as independent 
categorical variables. From the three samples, the area under 
the curve (AUC) of salivary cortisol was calculated to use in 
statistical analysis (Pruessner et al., 2003). The sociodemo-
graphic characteristics were evaluated as potential covari-
ates using a chi-squared test for categorical (sex, scholarity) 
and ANOVA for numerical (age) variables. Both CAR 
(AUC) and the total PSQI score were used as numerical 
dependent variables. Salivary CAR (AUC) was log-trans-
formed to reach a normal distribution, allowing the use of 
parametric statistical tests. The rationale behind this statisti-
cal analysis involves two steps: (1) comparing patients with 
a control group of healthy volunteers, using the General Lin-
ear Model (GLM) and Fisher’s Least Significant Difference 
(LSD) post-hoc to assess possible differences across groups 
according to dependent variables, with age as a covariate. 
Outliers were identified as case < Q1 − 1.5 × IQR  or 
case > Q3 + 1.5 × IQR , where Q1 and Q3 stand for quar-
tile 1 (25%) and 3 (75%) respectively. The inspection found 
5 outliers for CAR (CG = 4, MD = 1) and 1 outlier for PSQI 
(CG = 1), which were excluded from GLM analysis of CAR 
and PSQI, respectively. (2) If we had significant results 
on the first step, we proceeded with the analysis of sever-
ity where Spearman’s correlation was performed between 
disease severity (HAMD-17) and: PSQI and CAR, only 
for the groups with depression (MD and TRD). In order 
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Sleep quality

The TRD group had higher PSQI scores compared to MD 
(GLM: F(2,101) = 66.12 p < 0.001) (LSD = 4.67 p < 0.001) 
and CG (LSD = 9.25 p < 0.001). The PSQI score was higher 
for MD compared to CG (LSD = -4.58 p < 0.001) (Fig. 2A 
and Supplementary Table 1). Age did not have a main 
effect as covariate (F(1,101) = 0.88 p = 0.35). For patients 
(TRD + MD) a positive correlation was found between 
depressive symptoms (HAMD- 17) and PSQI (rho = 0.60 
p < 0.001) (Fig. 2B). The presence or absence of anxiety or 
personality disorders as comorbidity did not modulate sleep 
quality (Supplementary Table 2).

Salivary cortisol awakening response

The TRD group had a lower CAR than MD (GLM: 
F(2,95) = 34.69 p < 0.001) (LSD = -0.73 p < 0.001) and CG 
(LSD = -0.10 p = 0.05). In contrast, CAR was higher in 
MD compared to CG (LSD = -0.62 p < 0.001) (Fig. 1A and 
Supplementary Table 1). Age did not have a main effect as 
covariate (F(1,95) = 0.98 p = 0.32). For patients (TRD + MD) 
a negative correlation was observed between depressive 
symptoms (HAMD-17) and CAR (rho = -0.45 p < 0.001) 
(Fig. 1B).The presence or absence of anxiety or personality 
disorders as comorbidity did not modulate CAR (Supple-
mentary Table 2).

Fig. 2 (A) Pittsburgh Sleep Qual-
ity Index (PSQI) scores across 
groups. Control group (C) in 
blue, mild depressive patients’ 
group (MD) in red and treat-
ment-resistant patients’ group 
(TRD) in green (* = p < 0.05; 
GLM and LSD). (B) Correla-
tion of depressive symptoms, 
assessed by the HAMD- 17, and 
PSQI through TRD and MD. 
(p < 0.001; rho = 0.60)

 

Fig. 1 (A) Salivary cortisol 
awakening response (CAR) 
across groups. Control group 
(C) in blue, mild depres-
sive patients’ group (MD) in 
red and treatment-resistant 
depressive patients’ group 
(TRD) in green (* = p < 0.05; 
GLM and LSD). (B) Correla-
tion of depressive symptoms, 
assessed by HAMD- 17, and 
CAR through TRD and MD. 
(p < 0.001; rho = -0.45) 
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For CAR, the smaller the area under the curve, that is, the 
responsiveness, the greater the chance of being classified as 
TRD. The area under the ROC curve was 90.5% (specific-
ity = 90.0%, sensitivity = 82.1%), suggesting a good model 
quality (Fig. 3B).

From the seven components of PSQI, the components 
C6 (use of sleep medication) (I = 33.11) and C4 (habitual 
sleep efficiency) (I = 5.05) were important to discriminate 
between the MD and TRD depressive groups. The other 
components of PSQI were rejected in the Boruta test (C1 

MDD severity

CAR and PSQI were both significant predictors of MDD 
severity stages (CAR: B = -3.17, OR = 1.04 [1.01, 1.22], 
p < 0.001; PSQI: B = 0.24, OR = 3.58 [2.88, 4.98], p = 0.02) 
(Fig. 3A) with a greater effect on sleep quality in the dis-
crimination between MD and TRD. The higher the score 
on the PSQI was, the worse the quality of sleep, and greater 
the chance that the individual will be classified as TRD. 

Fig. 4 (A) The importance of PSQI components in the discrimination 
of MD and TRD groups. The box plots represent the distribution of 
PSQI components importance assessed by the Boruta algorithm (dark 
gray = important components; light gray = non-important compo-
nents). Components C6 (use of medication to sleep) and C4 (usual sleep 

efficiency) stood out in the discrimination of depressive groups (MD 
and TRD). (B) Bar plot of C4 (%) by MD and TRD groups, and (C) 
Bar plot of C6 (frequency) by MD and TRD. (* = p < 0.05; T test) 
red = group with mild depression; green = treatment-resistant group)

 

Fig. 3 (A) Odds ratio (OR) and 
95% confidence interval of sali-
vary cortisol awakening response 
(CAR) and sleep quality (PSQ) as 
predictors of depressive disorder 
severity stages (MD and TRD). 
(B) ROC curve for CAR and 
PSQ as predictors of depressive 
disorder severity, depicting, in 
parentheses, the value of specific-
ity and sensitivity, respectively
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symptoms and PSQI score, which implies a poor quality of 
sleep for this group. The correlation between sleep disorders 
and depressive symptoms is mainly studied regarding the 
onset of depressive symptoms, in incidence studies (Alvaro 
et al., 2013; Kalmbach et al., 2017; Zhai et al., 2015), while 
few studies have investigated this relationship along MDD 
severity, as we have performed here (de Menezes Galvão et 
al., 2021; Urrila et al., 2012).

As supposed, here, both CAR and PSQI were predictors 
of depression severity, with sleep quality having the greater 
effect for discriminating between MD and TRD. However, 
differently from our hypothesis, among the sleep disorders, 
insomnia (assessed in this study by sleep latency and sleep 
duration in the PSQI) was not the main discriminant of 
MDD severity stages. Habitual sleep efficiency, which is the 
ratio between hours slept and spent in bed with the intention 
to sleep, and the use of sleep medications were the elements 
of sleep that exhibited more importance in discriminating 
between the two tested clinical severity stages of MDD. 
In this context, the TRD group of patients presented lower 
sleep efficiency and, in parallel, disclosed a greater use of 
medications for sleep induction. We can make a bridge with 
current literature when we notice that the subset of MDD 
patients with depression associated with suicidal tenden-
cies presented the lowest rates of habitual sleep efficiency 
(Ağargün, Kara & Solmaz, 1997; Gallo et al., 2020).

Currently, there are few studies like this one evaluating 
the relationship between sleep and CAR in patients with 
MDD, some studies have evaluated such a relationship in 
a distinct sample such as women in perimenopause (Gor-
don et al., 2021) or caregivers of patients with chronic ill-
nesses (Ljubičić et al., 2020; Knorr et al., 2012). For MDD, 
a related study described a positive correlation considering 
the cortisol response to the dexamethasone suppression test 
and depression severity while also describing a negative 
correlation of these two with rapid eye movement (REM) 
sleep (Hubain et al., 1998). However, since they have used 
distinct techniques for measuring cortisol and sleep, the 
causal associations with the present discussion are difficult 
to establish.

Concerning the limitations of this study, due to a modest 
sample size of patients (n = 58) it was not possible to form 
3 patient groups with mild, moderate, and severe depressive 
symptoms. Thus, another strategy was applied, and patients 
were categorized in two subgroups according to the time 
of the diagnosis, comorbidities, and use of antidepressants. 
Therefore, these results encourage further studies with a 
larger population sample, in order to better validate these 
findings on more accurate subsets of patients, including 
at least 3 groups with mild (or initial phase major depres-
sion), moderate, and severe symptoms. Another limitation 
is the absence of repetitive CAR dosages for 2 to 3 days 

= -1.99; C2 = -1.23; C3 = 0.62; C5 = -0.51; C7 = -0.89) 
(Fig. 4A). The MD group had higher habitual sleep effi-
ciency (MD: µ = 89.87% ± 2.58, TRD: µ = 75.07% ± 4.99; 
t = 2.64, p = 0.01) (Fig. 4B) and made significantly less 
use of sleep medication (less than once a week) (approxi-
mate use of 1 to 3 times a week) (t = -10.5, p < 0.001; MD: 
µ = 0.37 ± 0.16, TRD: µ = 2.71 ± 0.16) than the TRD group 
(Fig. 4C).

Discussion

In this study, changes in CAR and in sleep quality were 
evident in patients with depression in relation to healthy 
control volunteers, and such changes were correlated with 
depressive symptoms and predicted the two analyzed MDD 
severity stages (Initial/mild and advanced/TRD), corrobo-
rating our initial hypothesis.

MD patients presented larger CAR in relation to CG, 
while TRD patients showed a blunted and lower CAR in 
relation to CG and MD. For patients, we found a negative 
correlation between depressive symptoms and CAR in the 
present study, which means that the lower the CAR, the 
greater the severity of MDD. Major depression has been 
associated with different altered degrees of activation of 
the HPA axis, resulting in either increased, decreased, or 
attenuated cortisol levels (Bremmer et al., 2007; Dedovic 
& Ngiam, 2015; Stetler & Miller, 2005). More specifically, 
a pattern of hypocortisolemia, has been found in individu-
als with severe symptoms of depression, and difficulty of 
achieving remission (Bremmer et al., 2007; Dedovic & 
Ngiam, 2015; Stetler & Miller, 2005). In contrast, a profile 
of hypercortisolemia was observed in patients who gener-
ally had mild symptoms or recent illness (Lopez-Duran et 
al., 2009).

A hypercortisolemic profile in individuals with a recent 
onset of MDD is related to an acute effect on the hypotha-
lamic-pituitary-adrenal (HPA) axis, with failure of negative 
feedback (Lopez-Duran et al., 2009). On the other hand, 
a blunted CAR and a hypocortisolemic pattern have been 
associated with a disturbance in the self-adjustment of allo-
static systems (McEwen et al., 2015), suggesting that such 
conditions may arise after prolonged periods of stress, HPA 
axis hyperactivity, and excessive release of glucocorticoids. 
Another explanation for the etiology of hypocortisolemia 
suggests the presence of an increased sensitivity of HPA 
axis negative feedback (Sriram et al., 2012).

Here, we found that treatment-resistant MDD patients, 
besides showing hypocortisolemia, also had worse sleep 
quality than the MD group, which in turn had an inferior 
sleep quality when compared to the control group. For 
patients, a positive correlation was found between depressive 
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In sum, this study contributed to better understand how 
the relationship between sleep quality and cortisol changes 
in CAR behave along the MDD severity stages supporting 
future and larger studies that aim to apply this knowledge in 
the context of precision psychiatry or treatments for MDD.
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