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Objective: Sleep, physical activity, and social domains of biological rhythm disruptions may have
specific effects on the symptom cluster and severity of depression. However, there is a lack of
structured clinical evaluation to specify the domains of biological rhythms in patients with depression.
Methods: Ninety drug-naı̈ve subjects with depression and 91 matched healthy controls were recruited
for the study. The severity of depression was examined with the Hamilton Rating Scale for Depression
(HRSD), while biological rhythm was evaluated using the Biological Rhythms Interview of Assessment
in Neuropsychiatry (BRIAN).
Results: Patients with depression showed significantly greater biological rhythm disturbances than
healthy controls in all domains of BRIAN (sleep, activity, social, and eating). BRIAN-Total correlated
positively with HRSD-Total and HRSD-Total without sleep cluster. The sleep and activity domains
correlated significantly with HRSD-Total score. Additionally, the sleep, activity, and social domains
correlated significantly with HRSD-Total without the sleep cluster score. Regression analysis revealed
the activity (b = 0.476, t = 5.07, po0.001) and sleep (b = 0.209, t = 2.056, p = 0.043) domains may
predict HRSD-Total score.
Conclusion: Consideration of biological rhythm domains in clinical examination and focusing on the
sleep and activity domains may hold promise for the management of depression.
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Introduction

Depression is a chronic and a recurring disorder1 with a
wide range of manifestations, from psychological suffer-
ing and disability in functioning to poor physical health.2-4

Depression is one of the leading causes of disability world-
wide, with a lifetime prevalence between 6.5 to 21.0% in
adults,5 and is predicted to be the second largest contri-
butor to the global burden of disease by the year 2020.6

Burton et al.7 showed that patients with depression perfor-
med less daytime motor activity than healthy controls and
experienced disruptions of biological rhythm. Recent
reviews of adult studies have demonstrated the effective-
ness of physical activity interventions in reducing depres-
sive symptoms, with moderate to large effect sizes.8-10

One such study showed that engaging in physical activity
at levels recommended for general health at leisure-time
may reduce the risk of elevated anxiety symptoms.11

Exercise was also found to be particularly supportive as a
potential treatment or stabilizer of mood and cognitive
function in older adults with insufficient response or intole-
rance to pharmacotherapy.12

Circadian rhythm disruptions are well-known traits of
mood disorders, and their effect often relates to indicators

of clinical severity of depression.13 It was recently shown
that circadian/biological rhythm may be associated with
the development, progression, or relapse of mood
disorders, including depression and seasonal affective
disorder. Moreover, chronic sleep deprivation has a role in
the development of mood-related problems, and is impli-
cated in the molecular and cellular processes that underlie
mood disorders.14 According to the current literature,
disruptions of biological rhythm present as variations in
both endogenous and exogenous rhythms, as well as
sleep/wake cycle, appetite, sociality, and activities.15 Mount-
ing evidence indicates that the dopaminergic and seroto-
nergic system respond reciprocally to sleep and circadian
rhythm.16 However, the role of domains of biological rhythm
in major depression has not been investigated individually
and sufficiently in the literature. Furthermore, specific
domains of biological rhythm – sleep, activity, sociality
and eating – may have specific effects on the severity of
depression. Therefore, they should be considered in the
clinical management of major depressive disorder (MDD).

Giglio et al.17 have developed the Biological Rhythms
Interview of Assessment in Neuropsychiatry (BRIAN) to
investigate the severity of disruptions in domains of bio-
logical rhythm in mood disorders. BRIAN was validated in
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patients with mood disorders and provides comprehen-
sive data. Studies using this instrument found that bio-
logical rhythm disturbances influence psychosocial func-
tioning,18 the severity of depression,19 and quality of life20

in patients with mood disorders. A recent study assessed
the disruption of biological rhythm in a community sample
of young adults with mood disorders (major depression
and bipolar disorder),21 while others were conducted
including only patients with bipolar disorder.18-20 However,
there is a lack of research evaluating the relationship
between severity of symptoms and domains of biological
rhythm in patients with major depression.

Therefore, this study was designed to investigate biolo-
gical rhythm disruption in patients with major depression
matched with healthy controls; to ascertain which domain
of biological rhythm is most involved in MDD; and whether
the severity of depression could be predicted by any
domain of biological rhythm.

Methods

Participants

The subjects of the study were 90 drug-naı̈ve patients
with depression (65 women, 25 men; age 41.5610.7 years,
range 17 to 65 years) and 91 healthy controls matched
by age, gender, body mass index (BMI), education, and
employment (63 women, 28 men; age 39.367.8 years,
range 17 to 65 years). All were recruited by consecutive
sampling at the Bezmialem Vakif University Outpatient
Clinic in İstanbul (latitude 41o10N; longitude 28o560 E) from
November 2015 to March 2017. The inclusion criteria for
the patient group were age between 18 and 65 years,
meeting criteria for MDD as assessed by the Structured
Clinical Interview for DSM-IV Axis Disorders Patient
Version (SCID-I),22 and scoring 4 16 on the 17-item
HRSD.23 The inclusion criteria of drug-naı̈ve controls
were age 18 to 65 years and having no current or past
diagnosis of any major psychiatric disorder according to
the SCID-I. Exclusion criteria for both groups were: taking
any psychoactive medicines, including for sleep; having
bipolar disorder, psychotic disorder, panic disorder, post-
traumatic stress disorder, general anxiety disorder, social
phobia, eating disorders, alcohol or substance abuse/
dependence, or significant or unstable medical illness;
and current pregnancy. Subjects who reported having
experienced night shift work or transmeridian travel within
the previous 6 months were deemed ineligible.

Procedure

Ninety-one patients were diagnosed with MDD by the
SCID-I, administered by a psychiatrist with more than 5
years of clinical experience. Sociodemographic informa-
tion, including age, gender, education, BMI, marital
status, and employment, was collected from all partici-
pants through a researcher-designed form. Subjects’
biological rhythms were assessed using the BRIAN,17

and depression severity was evaluated with the HRSD.

Materials

The Turkish version of the HRSD has been used to
evaluate depressive symptoms in both clinical practice
and research studies. This instrument was designed as a
17-item, semi-structured interview23 and measures symp-
tom intensity to assess the severity of depression, changes
in its severity over time, and efficacy of treatment.24 Each
HRSD item is rated on a three-point or five-point ordinal
scale. For the 17-item version, scores can range from 0 to
54. The test-retest reliability coefficient of the HDRS based
on a 5-day interval was 0.85, with a Cronbach alpha
coefficient of 0.75.25

BRIAN assesses the frequency of problems related to
the maintenance of circadian rhythm regularity. It is an 18-
item interviewer-administered instrument which investi-
gates the four main domains (sleep, social, activities, and
eating) related to circadian rhythm disturbance.17 BRIAN
was validated for the Turkish population in regards to
internal consistency, with a Cronbach’s alpha coefficient
of 0.899 and item-total correlation coefficients between
0.239 and 0.747.26 Each item is scored from 1 (no
difficulties in maintaining the habitual rhythm) to 4 (severe
difficulties in maintaining the habitual rhythm). Total
scores may range from 18 to 72; the higher the score,
the greater the biological rhythm disturbance, i.e., the
individual experiences more difficulty in maintaining the
same circadian pattern. Sleep domain scores range from
5 to 20, social domain scores from 4 to 15, activity domain
scores from 4 to 16, and eating-pattern domain scores
from 5 to 20.

Statistical analysis

Data were analyzed in SPSS version 22.0 for Mac.
Descriptive data were expressed as mean and standard
deviation (SD), and other categorical variables were
evaluated as a discrete variable. The Shapiro-Wilk test
confirmed normality of distribution of sociodemographic
and clinical data. Comparisons of sociodemographic
variables between groups were performed by chi-square
tests for categorical variables and by Student’s t-test for
continuous variables. Parametric correlations were calcu-
lated with the Pearson correlation coefficient. In con-
sideration of the insomnia cluster, HRSD-Total score was
calculated separately without these items as well.27

HRSD-Total scores were regressed on the participants’
demographic characteristics (age, gender, marital status,
employment status), BRIAN-Sleep, and BRIAN-Activity
scores.

Ethics statement

This study was conducted in accordance with the World
Medical Association Declaration of Helsinki and approved
by the ethics and scientific committee of Bezmialem Vakıf
University, İstanbul, Turkey. Written informed consent
was obtained from patients and healthy controls after
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receiving a full description of the study protocol. Overall,
181 individuals were screened for eligibility.

Results

Ninety patients with depression and 91 matched healthy
controls were included in this study. Groups did not differ
significantly by age, gender, education, employment, or
BMI (Table 1).

The patients with depression showed significantly
greater biological rhythm disturbances than healthy
controls in all domains of BRIAN (sleep, activity, social,
and eating patterns). Regarding the chronotype items of
BRIAN, the active at night and day/night cycle reversed
items were found significant at p o 0.001 in patients with
depression. However, the active in the morning item was
significant only in the healthy control group, at p o 0.001
(Table 2).

The BRIAN-Total score was significantly higher with
evening chronotypes (p = 0.049) and significantly lower
with morning chronotypes (p = 0.007) in patients with
depression. HRSD-Total score and HRSD-Total without
the sleep score did not differ along with the chronotype
items of BRIAN in patients with depression (Figure 1).

Bivariate correlations between HRSD-Total score,
HRSD-Total without sleep cluster, and all BRIAN scales
were calculated by Pearson correlation coefficients.
HRSD-Total score correlated significantly with BRIAN-
Sleep (r = 0.370, p o 0.001), BRIAN-Activity (r = 0.509,
p o 0.001), and BRIAN-Total (r = 0.417, p o 0.001);
HRSD-Total without sleep cluster correlated significantly

with BRIAN-Sleep (r = 0.279, p = 0.008), BRIAN-Activity
(r = 0.450, p o 0.001), BRIAN-Social (r = 0.213,
p = 0.040), and BRIAN-Total (r = 0.377, p o 0.001). All
correlations are presented in Table 3.

Additionally, we conducted a linear regression analysis.
HRSD-Total scores were regressed on the participants’
BRIAN-Total score and BRIAN-Sleep, BRIAN-Activity,
BRIAN-Social, and BRIAN-Eating scores. BRIAN-Total,
BRIAN-Social, and BRIAN-Eating were not found to be
predictor variables. Increased BRIAN-Activity (B = 0.514,
standard error [SE] = 0.101, b = 0.476, t = 5.07,
p o 0.001) and BRIAN-Sleep (B = 0.268, SE = 0.130,
b = 0.209, t = 2.056, p = 0.043) scores were associated
with higher HRSD-Total scores (Table 4).

Discussion

In this sample, patients with major depression showed
significantly greater biological rhythm disturbances as
measured by total BRIAN scores and in all individual
domains of BRIAN than healthy controls.

There are no published data about disruptions of
biological rhythm domains in MDD, particularly in drug-
naı̈ve patients with healthy controls matched by age,
gender, and BMI (variables considered confounders of
biological rhythm). Additionally, previous studies have
considered disruptions of biological rhythm as a single
symptom, or were conducted only in patients with bipolar
disorder.14,20,21,28,29 Only one recent study evaluated the
effect of specific biological rhythm domains on unipolar
depression, finding significant disruption in all biological
rhythm domains (sleep, activity, social, and eating) and
BRIAN-Total score both in patients with MDD and in those
with bipolar disorder, compared to healthy controls.21

However, this study was population-based, only included
young adults (age 18-24 years), and did not take into
consideration drug use or other confounders. Another
advantage of our study is that the diagnosis of MDD was
established by a senior psychiatrist according to the
SCID-I and the severity of depression was assessed by
HRSD, while in the other study diagnosis was confirmed
by the Mini International Neuropsychiatric Interview Plus
(MINI-PLUS).30

Furthermore, our hypothesis suggests that specific
domains may have effects on the human biological rhythm.
In line with this hypothesis, increased BRIAN-Activity score
was associated with a higher HRSD-Total score, which
indicates that decreased daily activity may predict depres-
sion. Studies have consistently noted that physical activity
is associated with improved physical health, life satisfac-
tion, cognitive functioning, and psychological well-being.
One meta-analysis indicated a clinical effect in favor of
exercise for reducing depression severity compared to
medical treatment,8whereas follow-up data in the study
found only a small effect of exercise in the long term.
Another meta-analysis suggests that physical activity
appears to show efficacy for improving depressive symp-
toms in adolescents and young adults experiencing a
diagnosis or threshold symptoms of depression.31

In line with the current literature, our findings suggested
that BRIAN sleep domain scores are significantly higher in

Table 1 Descriptive statistics for patients with depression
and healthy controls

Depression
(n=90)

Healthy controls
(n=91)

p-
value

Age 41.5610.7 39.367.8 0.892*

Gender
Female 65 (78.1) 63 (77.3) 0.724w

Male 25 (21.9) 28 (22.7)

BMI 26.866.3 26.964.8 0.121*

Marital status
Married 59 (75.0) 49 (63.6) 0.050w

Single 31 (25.0) 45 (36.4)

Education
Primary 47 (41.9) 42 (58.5) 0.150w

Secondary 25 (29.0) 37 (29.3)
Higher 18 (25.8) 12 (12.2)

Employment
Unemployed 33 (43.8) 35 (68.2) 0.878w

Employed 57 (46.9) 56 (27.3)

Data presented as number (%) or mean 6 standard deviation,
unless otherwise specified.
The significance threshold was set at 0.05.
*Age and body mass index (BMI) scores were evaluated by
Student’s t-test.
wGender, marital status, education, and employment were
calculated by chi-square tests for categorical variables.
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patients with depression than in healthy controls. Patients
with mood disorders have significant disruptions in sleep
disturbances and circadian rhythms.14 The effect of circa-
dian rhythm disturbances and the consequence of altered
sleep rhythm on mood disorders are still unknown.32,33

Furthermore, patients with depression showed signifi-
cantly greater biological rhythm disturbances in the social
domain of BRIAN than healthy controls. Impairment of
social functioning is considered a distinct sign of depres-
sion.34 The social disturbances of patients with MDD
are persistent and embody almost every aspect of one’s
social capabilities, such as empathy, decision making,
and social skills. Moreover, recovery from depression
is known to require not only a significant decrease in
depressive symptoms, but also an improvement in social
domains.35 BRIAN might be useful to understand the
sociability status of patients during the first examination,
as well as for adequate evaluation of remission.

In our study, potential correlations were assessed
with HRSD-Total and HRSD-Total without sleep cluster.
HRSD-Total included three items that investigate sleep
features (items 4, 5, and 6). A separate evaluation of the
HRSD-Total score without the insomnia cluster was
calculated to clarify the effect of sleep disturbances on
the HRSD scoring system.27,36 Use of the HRSD-Total
without the sleep cluster allowed us to understand the
relationship between the core symptom cluster of depres-
sion (mood, cognition) and biological rhythm disturbances
directly. Our study revealed that HRSD-Total and Total

without sleep score both correlated significantly with
BRIAN-Sleep, Activity, and Total. In line with this finding,
HRSD-Total without sleep cluster correlated signifi-
cantly with BRIAN-Social. These results may explain the
depressive mood items and cognition factors of HRSD
(items 1, 2, 3, 7, 9, 10, and 13) in a manner more related
to social manners than to sleep features in patients with
major depression. Social zeitgebers consist of external
cues that entrain biological rhythms, such as personal rela-
tionships, meals, exercise, or social demands at school/
work, while daily environmental signals, such as light/dark,
regular feeding, are considered physical zeitgebers.37 A
recent study38 suggested a novel approach to investigate
the three main effects of light: as zeitgeber, as cognitive
enhancer, and as mood regulator.39 Both social and phy-
sical zeitgebers have been found to be associated with
mood disorders due to their role in regulating emotional
responses and mood.40

Regarding the eating pattern of patients with major
depression, no association of BRIAN-Eating with either
HRSD group was found. It is well known that the HRSD
scoring system considers only the anorexia aspect of
eating pattern, specifically by inquiring as to personal or
clinical observation of the weight loss. We suggest that
the lack of questions on weight gain and other eating
habits in HRSD leads to underestimation of disordered
eating behavior in patients with depression. In contrast to
the HRSD, the BRIAN-Eating domain evaluates eating
habits more comprehensively by asking about eating

Table 2 Comparison of Biological Rhythms Interview of Assessment in Neuropsychiatry (BRIAN) domains between patients
with depression and healthy controls

Depression Healthy controls F p-value

BRIAN-Total 49610.4 33.269.5 0.8 o 0.001
BRIAN-Sleep 15.463.8 10.463 7.6 o 0.001
BRIAN-Activity 13.164.6 8.963.5 9 o 0.001
BRIAN-Social 10.263.1 6.462.5 4.2 o 0.001
BRIAN-Eating 10.763.1 7.462.5 6.3 o 0.001
Active at night 1.860.7 2.261.1 29.1 o 0.001
Active in the morning 2.960.9 2.461.1 22.89 o 0.001
Day/night cycle reversed 1.560.7 2.461.1 39.81 o 0.001

p o 0.001 (Student’s t-test). Significance threshold set at 0.05.

Figure 1 BRIAN-Total, HRSD-Total, and HRSD-Total (without sleep cluster) scores according to circadian preference in
patients with depression. BRIAN = Biological Rhythm Interview Assessment in Neuropsychiatry; HRSD = Hamilton Rating
Scale for Depression.* Significance at p o 0.05.
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rhythm over the course of a day, caffeinated and stimulant
drink intake, and skipping meals. Unlike our study, a
previous investigation found that BRIAN-Eating domain
scores correlated with the severity of depression.21

Comparison of the chronotype items of BRIAN (active
at night, active in the morning, and day/night cycle
reversed) revealed that patients with depression tend to
be active at night and have a reversed day/night cycle
when compared to healthy controls. Furthermore, healthy
controls were mainly active in the morning, unlike patients
with depression, whose BRIAN-Total score was signifi-
cantly higher with the chronotype item of active at night
and significantly lower with the chronotype item of active
in the morning. This finding is consistent with previous
studies reporting the association between evening chron-
otypes and biological rhythm disruptions.21,37

Although circadian preferences are related to HRSD-
Total and HRSD-Total without sleep cluster in the
literature,36 we found no relationship of these scores with
the chronotype items of BRIAN. Considering that more
comprehensive and detailed instruments exist for evalua-
tion of chronotypes, such as the Morningness-Evening-
ness Questionnaire (MEQ) and the Munich Chronotype
Questionnaire (MCTQ),36 the chronotype items of BRIAN
might be less capable of predicting this relationship
accurately.

The present study has several limitations. Given the
cross-sectional design, the possibility exists that an
unmeasured variable caused the differences observed
between diagnoses. Longitudinal studies are needed to
elucidate this.

Another significant limitation is that we only evaluated
biological rhythm disruptions as reported in a subjective,
self-administered questionnaire which evaluates patients’
biological rhythm patterns over the preceding 15 days.
This may have biased data due to personal differences
in assessment and exaggerated perceptions of daily
rhythm disruption by depressive patients. Integration of

an objective measurement, such as actigraphy, would
have helped overcome this.

The third major limitation of this study is that the
majority of our population was female, although the
gender distribution between the case and control groups
was similar. Our sample size was relatively small, but we
believe our use of a strictly matched control group (by
age, gender, BMI, education, and employment) elimi-
nated the most important known confounders, increasing
statistical power and overcoming the possibility of bias.

In conclusion, follow-up of specific biological rhythm
patterns has a critical role to play in understanding major
depressive disorder and implementing adequate treat-
ment. Findings from recent studies demonstrate that
specific biological rhythm domains such as activity and
sleep are significantly associated with depression sever-
ity. Therefore, we recommend that mental health workers
assess biological rhythm domains to evaluate depression
severity, monitor the course of illness over time, and when
screening for depression. Additionally, we must stress the
importance of the physical activity domain of biological
rhythm disturbances in addition to the well-known role of
the sleep domain in depression. Although extensive
further research is still needed to determine causality, it
can be inferred from these findings that increasing
physical activity is an important and practical step for
treating depression.
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