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The abnormalities caused by the melatonergic system have been associated with psychiatric disorders, such as Alzheimer’s dementia and schizophrenia, as well as with the pathogenesis of mood disorders. Abnormal melatonin secretion has been observed in the early phase of mood disorders in young patients and high-risk adults. This review
summarizes and discusses the findings of studies that have investigated the melatonergic system in children, adolescents, and young adults with mood disorders. Furthermore, the factors associated with the changes caused by the
melatonergic system during the early stage of mood disorders are evaluated.
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INTRODUCTION
The abnormalities of melatonergic system have been
observed in several psychiatric disorders. Patients with
Alzheimer’s dementia showed significantly lower total
melatonin secretion and amplitude of melatonin rhythm
and larger variation of acrophase than nondemented
elder people [1]. Vascular melatonin MT1-receptor significantly increased in hippocaumpus of patients with
Alzheimer’s dementia compared to human control hippocampus [2]. The increase of vascular MT1-receptor
might indicate a regulatory response to impared melatonin secretion [2]. Abnormal melatonergic system in
schizophrenia have been also reported [3-5]. Patients
with schizophrenia significantly showed lower melatonin levels and more disrupted circadian melatonin
rhythm than healthy control [4,5]. Recent meta-analysis
reported that the volume of pineal gland in schizophrenia significantly decreased compared to healthy control
[3]. The decrease of pineal gland volume might lead to
impairment of melatonin secretion.

Abnormal melatonin rhythms have been also reported
in patients with mood disorders [6,7]. Several studies
have found that patients with bipolar disorderare likely
to show abnormal melatonin secretion and increased
light-induced melatonin suppression [8-11]. In major depression, there were inconsistent findings of melatonin
secretion or levels compared to healthy subjects [12-15].
These inconsistent findings could be caused by the variability in the diagnosis of mood disorders in children
and adolescents [16,17]. However, the nocturnal melatonin secretion was significantly delayed in patients with
major depression as compared to healthy subjects [15].
Additionally, the bed time melatonin levels was closely
to depressive severity [18]. Given that the results of previous studies, changes of melatonin systems might be
greatly related to mood disorders.
A hypothesis that abnormalities in melatonin system
may be linked to the pathogenesis of mood disorders
needs to be considered [6,19]. If the abnormalities of
melatonergic system were associated with the pathogenesis of mood disorder, these abnormalities could be
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observed in early phase of mood disorder. Melatonin
gradually increases its secretion as it ages [20]. The secretion of melatonin peaks before puberty, and gradually
decreases after puberty [20]. Therefore, melatonin secretions vary depending on the time period, it is necessary
to analyze melatonin secretions separately during periods such as child, adolescent, and young adults. Moreover, abnormal melatonin secretion might be observed
in high risk group for mood disorders. This review
aimed to summarize and discuss recent studies on the
changes of melatonin rhythm and associated factors in
child, adolescent, and young adults with mood disorders
in order to explore the relationship between the pathegnesis of mood disorder and changes of melatonergic
system. In order to find relevant studies on melatonin
change in child, adolescent, and young adult, potential
articles were searched in PubMed through following
searching strategy: (depression[MeSH] OR “depressive
disorder”[MeSH] OR “major depression*”[tiab] OR “major depressive disorder*”[tiab] OR depress*[tiab]) AND
(child*OR adolesc*OR youth) AND (melatonin[MeSH]
OR melatonin*[tiab]). Initially, 256 articles were found.
Articles that were irrelevant to this topic and related to
animals or cell models were excluded. Ten articles were
finally selected and shown in Table 1 [21-26,34-36].

THE CHANGES OF THE MELATONERGIC
SYSTEM IN CHILD AND ADOLESCENT
PATIENTS WITH MOOD DISORDERS
Regarding melatonin rhythm in childhood depression,
there was one case-control study [21]. The patients were
diagnosed as depressive disorders according to Research
Diagnostic Criteria and Diagnostic Statistical ManualThird edition (DSM-III). Only male patients were
included in this study. The mean age of patients was
10.2±1.9 (from 7 to 13 years). Four patients were on prepubertal period with Tanner stage 1. Five patients were
on early or midpubertal period from Tanner stage 2 to 3.
The mean age of 10 healthy subjects were 11.7±2.5 (from
9 to 15 years). Six subjects were on prepubertal period
with Tanner stage 1 and four were on early or midpubertal period from Tanner stage 2 to 3. The mean plasma
melatonin concentrations during 24 hours and nighttime were significantly lower in patients with childhood
depression than healthy control subjects. However, the
onset time of the nocturnal melatonin surge and melato-
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nin peak time were similar in both groups. Furthermore,
there was no difference of onset time of the sleep/dark
period.
Other case-control study examined nocturnal urinary
melatonin excretion in prepubertal children with depression [22]. This study included 31 prepubertal male and
female children aged 6 to 14 (Tanner stages 1 and 2) diagnosed as major depressive disorder (MDD) according
to the Schedule for Afective Disorders and Schizophrenia for School Age Children. There was significant difference between female MDD patients (6/31, 19.4%) and
female healthy subjects (9/15, 60.0%). The mean age of
patients was 10.6±1.5 (from 8 to 15 years) and the mean
age of healthy controls was 10.1±1.7 (from 6 to 14 years).
Fiften healthy controls were children with very low family loading for depression. This study did not find the
difference of urinary 6-hydroxymelatonin sulfate level
that is melatonin metabolite reflecting nocturnal melatonin secretion between both groups.
Meanwhile, there was another case-control study
including adolescent male and female patients with depression, as well as childhood depression [23]. Twentytwo depressive patients aged 8 to 17 years were compared with 19 healhty controls. Most of patients (N=18)
were diagnosed wih major depression except 1 patient
with severe dysthymia and 3 patients with bipolar depression. Percentage of female depressive patients was
66.7% (14/21), and one of female healthy subjects was
42.1% (8/19). The ratio of pubescent adolescents (Tanner
stage 3-5) to prepubescent children (Tanner stage 1-2)
were about 2:1. In this study, the serum melatonin secretion was significantly higher in pateints with depression
than healthy subjects. Sex and stages of pubescence had
no significant effect. In post hoc analysis according to
the presence of psychotic symptoms, the depressed patients without psychotic symptoms showed significnalty
higher melatonin secretion than healthy subjects. In contrast, the pateints with psychotic depression had a trend
of lower melatonin secretion than healthy subjects.

THE CHANGES OF THE MELATONERGIC
SYSTEM IN ADOLESCENT AND YOUNG
ADULT PATIENTS WITH
MOOD DISORDERS
One study examined the melatonin profiles in 44 adolescents and young adults aged 12 to 30 years during
www.moodandemotion.org
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MDD
M=25, F=6
HC
M=6, F=9
MDD
M=9, F=13
HC
M=11, F=8

MDD (N=31)

MDD (N=22)

HC (N=19)

HC (N=15)

BP
M=3, F=11
MDD
M=5, F=13

BP (N=14)

Robillard et al. [34],
2013

HC (N=19)

Anx (N=2)

BP (N=3)

Disrupted sleep cluster
M=8, F=10
Long sleep cluster
M=4, F=11
HC
M=9, F=10

Deleayed sleep-wake
cluster
M=7, F=10

Dep (N=29)

Carpenter et al. [36],
2017

MDAS (N=16)

M=14, F=36

BP, Dep, or Anx
(N=50)

Carpenter et al. [25],
2017

MDD (N=18)

AS
M=15, F=13
ED
M=8, F=8

AS
(N=28)
ED
(N=16)

Naismith et al. [24],
2012

From adolescent to young adults

Shafii et al. [23],
1996

Waterman et al. [22],
1992

HC (N=10)

MDD
M=9, F=0
HC
M=10, F=0

MDD (N=9)

From child to adolescent
Cavallo et al. [21],
1987

Sex

Subjects

Author (year)

Deleayed sleep-wake cluster
21.8±3.0
Disrupted sleep cluster
20.8±3.7
Long sleep cluster
20.6±2.7
HC
24.5±3.4

21.3±3.8

BP
22.8±4.8
MDD
21.8±4.3

AS
20.5±4.3
ED
23.2±4.7

Range 8-17

MDD
10.6±1.5
HC
10.1±1.7

MDD
10.2±1.9
HC
11.7±2.5

Age

Case-control study

Case series

Case series

Case-control study

Case-control study

Case-control study

Case-control study

Design

Salivary melatonin level

Pineal volume
Salivary melatonin level

Salivary melatonin level

Salivary melatonin level

Serum melatonin level

Urinary
6-Hydroxymelatonin
sulfate level

Plasma melatonin
concentrations

melatonin system

Measurements of

4 groups: AUC ↔

Delayed sleep wake cluster:
Later DLMO

Pineal volume ∝ melatonin
secretion

BP: Later DLMO
BP: AUC↓

ED: AUC↓
2 groups: DLMO ↔

Nocturnal serum melatonin
level ↑

Nocturanl urinary excretion
of 6-hydroxymelatonin
sulfate ↔

24-hour and overnight
melatonin concentration↓

Main findings

Table 1. The summary of studies on changes of melatonergic system in child, adolescent, and young adults with mood disorders and high-risk groups with mood disorders
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4
MDD
M=14, F=21
HC
M=7, F=8

MDD (N=35)

HC (N=15)

HR-BP
14.5±2.4
LR-BP
14.5±2.3

MDD
21.1±2.9
HC
24.3±3.4

MDD
20.3±3.8
HC
21.7±2.6

Age

Case series

Case-control study

Case-control study

Design

Measurements of

Salivary melatonin level

Salivary melatonin level

Salivary melatonin level

melatonin system

HR-BP: earlier RLMO

Later DLMO

MI/CrPCr↓

Main findings

Values are presented as mean±standard deviation.
MDD, major depressive disorder; N, sample size; HC, healthy control; AS, attenuated syndrome (stage 1b); ED, established disorder (stage 2 and above); BP, bipolar disorder; Dep,
depression; Anx, anxiety disorder; MDAS, mixed depressive and anxious syndrome; HR-BP, high risk group for bipolar disorder; LR-BP, low risk group for bipolar disorder; M, male; F,
female; ↓, decrease; ↔, no change; ↑, increase; AUC, area under the curve; DLMO, dim light melatonin onset; MI, myo-inositol; CrPCr, creatinine/phosphocreatine; RLMO, red light
melatonin onset.

High risk groups at familiar risk for mood disorders
HR-BP
HR-BP
Ghaziuddin
et al. [27], 2019
(N=6)
M=2, F=4
LR-BP
LR-BP
(N=8)
M=2, F=6

Robillard et al. [26],
2018

MDD
M=15, F=25
HC
M=17, F=23

MDD (N=40)

Robillard et al. [35],
2017

HC (N=40)

Sex

Subjects

Author (year)

Table 1. Continued
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the early stages of affective disorders [24]. This study
made patients categorized ‘attenuated syndrome’ with
mild symptoms or an ‘established disorder’ meeting
full-threshold criteria for major depression according
to a DSM-IV. The mean age of ‘attenuated syndrome’
group was 20.5(±4.3) and the mean age of ‘established
disorder’ group was 23.2(±4.7). There was no significant
difference between female ‘attenuated syndrome’ group
(13/28, 46.4%) and female ‘established disorder’ group
(8/16, 50.0%). There was no significant difference of
melatonin onset time between these two groups. However, patients with ‘established disorder’ had significantly
reduced levels of melatonin secretion estimated by area
under the curve (AUC) analysis than those with ‘attenuated syndrome’
One case-control study compared the sleep-wake
profiles and circadian rhythms between adolescent and
young adult outpatients with affective disorders and
healthy controls [25]. Fifty patients were diagnosed
with depressive disorders (N=29), mixed depressive and
anxious syndrome (N=16), bipolar disorders (N=3) or
primary anxiety disorders (N=2). By cluster analysis,
these pateints were classified into delayed sleep-wake
cluster (N=17), disrupted sleep cluster (N=18), and long
sleep cluster (N=15). The mean age of each cluster was
21.8(±3.0) in delayed sleep-wake cluster, 20.8(±3.7) in
disrupted sleep cluster, and 20.6(±2.7) in long sleep
cluster respectively. The mean age of 19 healthy controls
was 24.5(±3.4). The mean age of healthy controls was
significantly higher than patients with disrupted sleep
cluster or long sleep cluster. There were no significant
differences of sex distribution among 3 patients groups
and healthy control (female percentage: delayed sleepwake cluster, 10/17 (58.8%); disrupted sleep cluster,
10/18 (55.6%); long sleep cluster, 11/15 (73.3%); healthy
controls, 10/19 (52.6%)). In this study, about 20% of
patients with affective disorders showed low melatonin
secretion that did not reach the thresehold for dim-light
melatonin onset (DLMO) compared to zero percentage
of healthy controls. Patients with delayed sleep-wake
cluster significantly showed delayed DLMO compared
to healthy controls. The melatonin AUC was calculated
using salivary melatonin between 4 hours prior to habitual sleep time until 1.5 hours after habitual sleep
time. There were no significant differences of melatonin
AUCamong these four groups.
Other case-control study examined circadian rhythms
in young adults with major depressive disorder [26].
www.moodandemotion.org

Thirty-five patients aged 18 to 31 years diagnosed as
major depressive disorder (N=18) or depressive disorder
not otherwise specified (N=17) according to DSM-IV
criteria. Fifteen healthy controls were recruited from
community. The mean age of healthy controls (24.3±3.4)
was significantly higher than those of patients with
depression (21.1±2.9).There was no significant differencebetween female depressive patients (21/35, 60.0%)
and female healthy subjects (8/15, 53.3%). The DLMO
of depression group was significantly later than one of
healthy control.

THE CHANGES OF THE MELATONERGIC
SYSTEM AT RISK WITH MOOD
DISORDERS
One study compared salivary melatonin onset between
high risk and low risk gropus in youth at familial risk for
bipolar disorder [27]. There was no signficiant difference of age between high risk group (14.5±2.4) and low
risk group (14.5±2.3). Additionally, there was no significant difference of sex ratio between two groups (female
percentage: high risk group, 4/6 [66.7%]; low risk group,
6/8 [75.0%]). Participants with high risk showed significantly earlier salivary melatonin onset under the condition of red light than those with low risk. Low risk group
spent significantly more time in sleep stage 3 and 4 than
those with high risk.

DIFFERENCE OF MELATONERGIC
SYSTEMS ACCORDING TO SEX AND
DIAGNOSTIC SUBYPTES IN MOOD
DISORDERS
Regrading the role of sex on melatonin secretion, female healthy subjects are likely to show higher melatonin secretion than male healthy subjects [28,29]. Though
the underlying mechanism on preponderance of melatonin secretion in female was unclear, the consistent discrepancy between male and female might be explained
by the interaction between melatonin and estrogen when
considering the reciprocal existence of melatonin receptors in reproductive organ and estrogen receptors in
pineal gland [29-32]. One pausible hypothesis suggests
that estrogen might increase melatonin secretion [33].
Meanwhile, there was few comparative results beween

5

Mood and Emotion Vol. 19, No. 1, March

male and female patientswith mood disorders. Only one
case-control study compared the difference of serum
melatonin secretion between adolescent male and female
patients with depression [23]. However, this study did
not find a significant influence of sex on melatonin secretion.
In terms of the effect of diagnostic subtypes on melatonin rhythms, one study compared the sleep-wake cycle
and melatonin rhythms between unipolar and bipolar
depression [34]. This study included thirty-two patients
between 15 and 30 years old. There were no significant
differences of age and gender between major depressive
disorder (21.8±4.3, female 13/18, 72.2%) and bipolar
depression (22.8±4.8, female 11/14, 78.6%). This study
showed that pateints with bipolar disorders had significiantly lower AUC and later onset of melatonin secretion
than patients with major depressive disorder. Meanwhile,
among major depressive disorder, the presence of psychotic symptoms have a significant influence on melatonin secretion [23]. As previously noted, the depressed
patients without psychotic symptoms showed significnalty higher melatonin secretion than healthy subjects.
In contrast, the pateints with psychotic depression had a
trend of lower melatonin secretion than healthy subjects.

ASSOCIATED FACTORS RELATED TO THE
CHANGES OF THE MELATONIN SYSTEM
Salivary melatonin AUC was not signficiantly associated with severity of depressive symptoms in both
‘attenuated syndrome’ and ‘established disorder’ [24],
and in young adults with major depressive disorder [35].
Young adult patients in delayed sleep-wake cluster did
not show the significant correlation with severity of depressive symptoms measured by HDRS [25]. However,
because the classification in this study was performed
by using sleep-wake cycle, authors implied that the abnormality of phase angle by using circadian parameters
except sleep-wake cycle might be possibly related to
depressive symptom severity. Other study with similar
designmeasured the phase shifing by using DLMO and
core body temperature [26]. In this study, young adults
from the delayed cluster with major depressive disorder
significantly showed higher HDRS total score than those
from conventional circadian timing [26]. Additionally,
delayed cluster showed significantly higher Young Mania Rating Scale scores than conventional cluster [26].
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Several studies examined the relevance between abnormal melatonin secretion and cognitive, social-occupatonal function. In one study, salivary melatonin AUC
was not significantly correlated with cognitive deficits
in ‘attenuated syndrome’ [24]. However, in ‘established
disorder’, lower melatonin levels were significantly correlated with poor verbal memory [24]. Meanwhile, lower
melatonin levels and decreased melatonin AUC were
significantly associated with poorer social and occupational functioning [36].
In terms of biological features, one observational
study examined the volume of pineal gland and melatonin secretion in young people with affective disorders
[36]. The mean age of fifty five patients was 21.3±3.8
(15-31 years old). The diagnosis of affective disorder
included depressive disorder, bipolar disorder, or anxiety disorder according to DSM-IV-TR criteria. Pineal
gland volume significantly correlated with maximum
melatonin, melatonin AUC. This finding indicate that
the pineal gland volume might be one of possible causes
on abnormal melatonin secretion. In other study, later
DLMO was significantly correlated with lower myo-inositol (MI)/creatinine/phosphocreatine (CrPCR) ratio in
young adults with depression [35]. Considering that MI/
CrPCR ratio means myo-inositol levels as a glial marker,
later DLMO might reflect dysfunction of glial cell.

DISCUSSION
This review summarized the results of previous studies on the melatonergic system in child, adolescent, and
young adult patients with mood disorders and participants with high risk (Table 1) [21-26,34-36]. Although
there were not bunch of studies, acculmulating evidence
showed that the abnormalities of melatonin system have
been found in early phase of mood disorders. The abnormal patterns of melatonin systems were not consistent. However, these inconstient findings might reflect
the charcteristics of subjects and differential effect of
diagnostic subtype [23,34]. The influences of sex and
psychosexual development should be noted on changes
of melatonin secretion. In addition, characteristics such
as diagnostic subtype and clinical features reflecting
changes of adrenergic neurotransmission related to
melatonin regulation should be considered. Current evidence implys that bipolar disorder is likely to be lower
melatonin secretion or imparimed melatonin system
www.moodandemotion.org

Jung Hyun Lee and Eunsoo Moon. Melatonergic System in Young Patients with Mood Disorders

compared to major depressive disorder [34]. However,
there was few studies to conclude the differential effects
of diagnostic subtype on melatonin system. Thus, more
studies are needed to explore this relationship between
diagnostic subtype and changes of melatonin system.
Interestingly, one study revealed possibily differential
effect of presence of psychotics symptoms on melatonin
secretion, despite of statistical non-significance [23].
Considering that dopamine might decrease melatonin
synthesis and secretion, these findings could be interpretable [37-39]. We can infer that clinical features associated with changes of dopaminergic neurotransmission as
well as adrenergic neurotransmission have a substantial
influence on changes of melatonin system in depression
[37-40].
In addition, decrease in melatonin secretion were related to depressive symptom severity in depression with
delayed phases and prognositic factors such as cognitive
impariments and socio-occupational dysfunction’ (Table
2) [23-26,35,36]. Melatonin generally acts as an antioxidant [41]. Under the condition of low melatonin secretion
or higher melatonin suppression, oxidative damage could

be increased [19]. The oxidative stress could lead to cognitive impairment and decline [42,43]. Given that, low
melatonin syndomre might be associated with cognitive
dysfunction and poor social-occupational function. Furtheremore, one study repored that late DLMO reflecting
delayed phase of melatonin secretion was dysfunction of
glial cell [35]. Glial cell might be important contributors
to the regulation of sleep-wake cycle [44]. Glia-mediated
neuroinflammation and glial ceel dysfunction could lead
to the disturbance of sleep-wake cycle [44].
Therefore, proper correction on altered melatonin
systems such as lower melatonin syndrome and delayed
shifiting on melatonin secretionis warranted [19]. Early
intervention for correction on abnormalities of melatonin system in child, adolescent, and young adult patients
with mood disorder should be considered. Most studies
support that melatonin replacement could be crucial
intervention to improve low melatonin syndrome and
advance melatonin rhythm in mood disorders [45]. However, because patients in child and adolescence are on
the growth period, determental influence of melatonin
replacement on development of brain and neuroendo-

Table 2. Associated factors with changes of melatonin system inchild, adolescent, and young adults with mood disorders
Author (year)

Period

Diagnosis

Findings

Shafii et al. [23], 1996

Child to adolescent

MDD

Serum melatonin level
-Sex: NS
Salivary melatonin AUC
- BDI: NS
- HDRS: NS
- RAVLT encoding: (+)

Naismith et al. [24], 2012

Adolescent and young adults

MDD

Carpenter et al. [25], 2017

Young adults

Affective disorders

Salivary melatonin level
-HDRS: NS
- SOFAS: (+)

Carpenter et al. [36], 2017

Young adults

Affective disorders

Delayed phase cluster: using sleep-wake
cycle
-HDRS: NS
- Sex: NS
- SOFAS: NS

Robillard et al. [35], 2017

Young adults

MDD

Robillard et al. [26], 2018

Young adults

MDD

Salivary DLMO
- MI/CrPCr: (-)
- HDRS: NS
Delayed phase cluster: DLMO and CBT
- HDRS ↑
- YMRS ↑

MDD, major depressive disorder; NS, non-significance; AUC, area under the curve; BDI, Beck Depression Inventory; HDRS, Hamilton
Depression Rating Scale; RAVLT, Rey Auditory Verbal Learning Test; (+), positive correlation or association; SOFAS, Social and
Occupational Functioning Scale; DLMO, dim light melatonin onset; MI, myo-inositol; CrPCr, creatinine/phosphocreatine; (-), negative
correlation or association; CBT, core body temperature; ↑, increase; YMRS, Young Mania Rating Scale.

www.moodandemotion.org
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crine system should be carefully considered. Several
researchers insist that melatonin replacement in child
and adolescent period could be effective and safe on disturbed sleep-wake cycles [46-48]. Especially, melatonin
supplements have already been used in pediatric patients
in attention-deficit hyperactivity disorder, autism, and
in pediatric patients with neurological disorders [46-48].
These studies have reported several side effects of melatonin supplements in pediatric patients such as diarrhea,
dizziness, headache, hypothermia, increased enuresis,
and morning drowsiness [46-48]. However, no serious side effects have been reported yet [46-48]. Thus,
melatonin replacement might be potential intervention
for altered melatonin secretion in child, adolescent, and
young adults with mood disorders. However, research is
needed to confirm whether the early use of melatonergic
agents in people with growth period has determental
influence on development of brain and neuroendocrine
system.

CONCLUSION
This review summarized the results of previous studies on the melatonergic system in child, adolescent, and
young adult patients with mood disorders and high risk
groups. Given that the previous studies, the abnormalities of melatonin system have been found in early phase
of mood disorders. Thought the abnormal patterns of
melatonin systems were not consistent, these inconstient
findings might reflect the charcteristics of subjects in
early phase of mood disordersand differential effect of
diagnostic subtype. In addition, the abnormalities of
melatonin system were associated with clinical features,
such as depressive symptomatology, cognitive impairment, and poor prognosis. Potentially, the abnormalities
of melatonin systems might be related to the pathogehesis of mood disorders. Early evaluation and intervention
of melatonin system are warranted in child, adolescent,
and young adult patients with mood disorders and high
risk groups.
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