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ARTICLE INFO ABSTRACT

Keywords: Melatonin (MLT), the main hormone of the pineal gland (PG), is assumed to support initiation and maintenance
Schizophrenia of sleep, and a stable sleep-wake cycle, exerting antioxidative and neuroprotective actions. Evidence demon-
Pineal gland strates that sleep and circadian rhythm abnormalities are very common in schizophrenia patients. Some imaging
Melatonin studies suggest structural abnormalities of the PG in these patients as well. We aimed to critically appraise the
21;: dian thythm literature on PG imaging and melatonin secretion in schizophrenia patients, in comparison to matched healthy
Neuroimaging controls, and to review placebo-controlled trials of add-on exogenous MLT treatment in schizophrenia patients.

In this systematic review, twenty-nine studies were included. Meta-analytical evaluation of data was possible
only for MLT secretion finding that midnight plasma levels were significantly reduced in individuals with
schizophrenia as compared to healthy controls (Hedge's g = 1.32, p < 0.01). Imaging studies demonstrated
greater prevalence of enlarged calcifications (> 1 cm) of the PG (2 out of 2 computed tomography studies) and
smaller PG volume (2 out of 3 magnetic resonance studies) compared with healthy controls. Anatomic and
functional abnormalities of the PG were not associated with duration of illness or with treatment factors, maybe
suggesting them to be primary characteristics of the disease and genetically based. Add-on MLT treatment leads
to a modest improvement of objective and subjective sleep quality, of metabolic adverse effects of anti-
psychotics, and of tardive dyskinesia symptoms in schizophrenia patients. It remains to be established whether
MLT treatment in prodromal phases of the disease could prevent neurostructural abnormalities.

1. Introduction

Schizophrenia is a chronic disease which usually manifests in ado-
lescence or early adulthood, characterized by positive symptoms, such
as delusions and hallucinations, together with negative symptoms, like
blunted affect and social withdrawal (Monti et al., 2013). Dysregulation
of specific neurotransmitter systems (particularly dopamine), clock
genes dysregulation, activated oxidative and immune-inflammatory
mechanisms, and brain structure abnormalities appear to play a role in
the pathophysiology of the disease (Anderson and Maes, 2013; Kamath
et al., 2015). Evidence suggests that neurodevelopment is disturbed in
affected individuals, resulting in neuroanatomical abnormalities that
can be traced via computed tomography (CT) and magnetic resonance
imaging (MRI), such as enlarged lateral and third ventricles, loss of
total grey matter, reduction in temporal and frontal lobe volume,

among others (Ellison-Wright et al., 2008; Gogtay et al., 2011; Kamath
et al.,, 2015). In the last decades, evidence has accumulated showing
that sleep and circadian rhythm abnormalities are very common in
schizophrenia patients (Cohrs, 2008; Kamath et al., 2015).

The pineal gland (PG) is a small interhemispheric brain structure
which is involved in circadian regulation. It synthesizes and releases the
indoleamine melatonin (N-acetyl-methoxytryptamine) in a rhythmic
fashion, with a peak during the dark period and with almost indis-
tinguishable amounts during daytime (Slawik et al., 2016). Back in the
1960's, shortly after the discovery of melatonin (MLT) as the main
secretory output by the PG, some authors have proposed that an altered
PG function could have a role in the genesis in schizophrenia. These
allegations were based on the molecular analogy of MLT with some
well-known hallucinogens at the time, and it was postulated that en-
dogenously generated psychoactive tryptamines could cause the
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distortion of perceptions observed in the disease (Emanuele et al., 2010;
Barker et al., 2012; Morera-Fumero and Abreu-Gonzalez, 2013), but
objective empirical data have not supported these hypotheses.

MLT s main function is chronobiological. Circadian molecular rhythms
have been determined in a number of tissues and are provoked by complex
autoregulatory transcription and translational feedback loops of ‘clock
genes’ and their protein outputs, which are found in most cells in the body
and are expressed with a circa 24 h periodicity (Johansson et al., 2016).
The central clock is localized to a well-defined structure in the brain's
hypothalamus, the suprachiasmatic nuclei (SCN), which influences per-
ipheral clocks located in virtually every tissue and so acts as a ‘pacemaker’
of daily rhythms (Johansson et al., 2016). The SCN clock is entrained to
the light-dark cycle through a connection with light-sensitive retinal
ganglion cells, and it synchronizes peripheral clocks via endocrine, auto-
nomic and behavioral cues (Mark et al., 2017). Pineal MLT secretion is
directly regulated by the SCN, and by light via a multisynaptic pathway
starting from retinal ganglion cells. MLT acts as a feedback regulator of the
SCN and of many peripheral oscillators. Not only the sleep-wake cycle, but
also endocrine, metabolic and immunological activities follow a circadian
rhythm (Johansson et al., 2016).

Sleep takes up a remarkable part of the 24-h circadian cycle. Good
sleep is recuperative, removes the feelings of fatigue and produces an
improvement in cognitive ability (Waterhouse et al., 2012). Sleep is
regulated by an entangled interplay of multiple brain regions (sleep and
wake promoting and inhibiting areas), neurotransmitter systems and
modulatory hormones (Monti et al., 2013).The amount and timing of
sleep/wakefulness is successfully explained by the ‘two-process model’
(Borbély, 1982): the first is the homeostatic process, that regulates the
‘need for sleep’ which builds up during wakefulness and dissipates
during sleep; the second process is the circadian component, which
describes the timing and synchronization of body functions to the light-
dark cycle of day and night (Monti et al., 2013). As stated, both com-
ponents combine additively to determine the times of sleep onset and
waking (Waterhouse et al., 2012). It is assumed that MLT supports the
initiation and maintenance of sleep, and a stable sleep-wake cycle
(Baandrup et al., 2016b).

Although it is known that MLT is synthesized in many tissues, sys-
temic MLT that is detectable in blood and saliva is mainly derived from
the PG (Slawik et al., 2016). MLT levels are commonly used as a marker
of internal biological time, such that high MLT levels represent the bio-
logical night, with a peak around 03:00h in healthy individuals in a
normal entrained environment (Wulff et al., 2006). Cortisol is another
hormone that is also considered a circadian marker, it reaches higher
levels during the activity period and the measurement of its profile often
complements MLT studies (Jiang and Wang, 1998; Vigano et al., 2001).
Other methods that are commonly used in circadian and sleep research
are polysomnography and actigraphy. Polysomnography performs elec-
troencephalographic recordings of brain activity during sleep, and it is
currently the gold standard for examining sleep patterns, but it is an
expensive and intrusive measure that many patients with mental illness
might not tolerate. Diversely, actigraphy measures movement and not
sleep state; this is a simple (small portable wrist-watch-sized unit) al-
ternative tool to monitor the sleep-wake pattern over a more prolonged
period (generally 3 weeks), documenting the behavior of the individual
(Wulff et al., 2006; Baandrup and Jennum, 2015). Self-reported ques-
tionnaires to assess subjective sleep quality (e.g. Pittsburgh Sleep Quality
Index) (Buysse et al., 1989) are other commonly used tools in this re-
search field. It is worth mentioning that, in addition to its chron-
obiological function, MLT also has other actions, among which the fol-
lowing stand out: anti-excitatory effect (neuronal, intestinal); vasomotor
control; immunomodulation; anti-inflammatory properties; antioxidant
action; adrenal and gonadal modulation; influence on mitochondrial
functioning and biogenesis (Hardeland et al., 2011; Uguz et al., 2016).

Circadian misalignment can result in sleep disturbances, reduced at-
tention, impaired daytime alertness, lack of energy, memory problems and
negative mood (Bromundt et al., 2011), so, when present, it imposes a
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heavy burden for people with schizophrenia. From a clinical perspective,
physicians often deal with patients™ sleep issues by choosing antipsychotic
agents that produce more prominent sedating effects. However, this pro-
cedure can be problematic because producing a state of sedation (with e.g.
associated excessive daytime somnolence) is not equivalent to improving
the quality of sleep in an individual. Increasing the dose of the anti-
psychotic agent, with the same purpose, can also be hazardous, as the risk
of cardiometabolic adverse effects is considerable (Kamath et al., 2015).
Many published review papers have summarized the findings of studies on
circadian rhythm, sleep pattern and MLT secretion in schizophrenia pa-
tients (Anderson and Maes, 2012; Morera-Fumero and Abreu-Gonzalez,
2013; Monti et al., 2013), however, these previous reviews were not
systematic, and in the last five years new relevant studies (dealing mostly
with the use of MLT as add-on treatment) have been published, which
merit an updated critical review. Some PG imaging studies available
suggest the presence of some structural abnormalities of the gland in the
context of schizophrenia, and we consider that previous reviews have not
included these evidences in their analyses. It has been increasingly ac-
cepted that the size of the PG (Nolte et al., 2009; Liebrich et al., 2014;
Sigurdardottir et al., 2016) and its degree of calcification (Turgut et al.,
2008; Kunz et al., 1999) correlate with MLT secretion. Thus, critically
integrating information stemming from PG imaging studies with in-
formation about its secretory function may provide a deeper under-
standing of the subject, potentially contributing to future improvements in
the therapeutic strategies of sleep and circadian disorders in this popula-
tion. Moreover, recent studies assessing MLT use in animal models of
schizophrenia (e.g. ketamine-induced) show promising results such as
reversal of symptoms and reduction of immune and oxidative stress al-
terations (Aratjo et al., 2017; Onaolapo et al., 2017), drawing attention to
the possibility that MLT can ultimately become a notably useful agent in
the management of the disease in humans. Thus, the purpose of the pre-
sent study was to review the evidence on PG imaging and MLT secretion in
schizophrenia patients, in comparison with healthy controls, and to review
placebo-controlled trials of add-on exogenous MLT treatment in schizo-
phrenia patients. Aiming to present an objective evaluation of this evi-
dence, where the search results showed 3 or more studies focusing the
same research topic and applying homogeneous methods, a meta-analysis
of data was conducted.

2. Methods

The present systematic review was conducted in three stages: (1)
primary Literature search/ identification, (2) screening and eligibility,
and (3) critical analysis of studies. The search strategy was carried out
as described below.

2.1. Primary Literature search/ identification (Stage 1)

The Web of Science, PubMed, PsycINFO and Scopus databases were
searched, using the Boolean expression “(psychosis* OR psychotic* OR
schizophreni*) AND (pineal* OR melatonin*), embracing all published
articles up to April 2018. There were no language restrictions for these
articles, but only those articles that have at least a title and an abstract
in English were included. Articles were identified as relevant from title
and initial abstract review.

2.2. Screening and eligibility (Stage 2)

Two researchers (M.A.V.B.J. and R.B.P.) independently screened the
list of references to exclude reports not assessing the issue in focus. Only
original research articles reporting results of PG imaging, or MLT pro-
duction, or MLT treatment in individuals diagnosed with schizophrenia
were included. Studies were excluded if they: related to the issue (sleep
and circadian rhythm in schizophrenia patients) but did not involve
MLT assessment nor MLT administration nor PG imaging; related to the
issue but did not have a control group of healthy individuals for
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Electronic
database

N° of
articles
found

N° of
articles
excluded

Reasons
for exclusion

N° of articles
included in final
analysis

Web of Science

225 200

101 not related to the issue

25

28 literature reviews

23 related to the issue, but
no melatonin assessment
nor administration, no pineal
gland imaging

11 related to the issue, but
absence of control group

37 other reasons

PubMed 240 214

93 not related to the issue 26
47 literature reviews

16 related to the issue, but
no melatonin assessment
nor administration, no pineal
gland imaging

16 related to the issue, but
absence of control group

42 other reasons

PsycINFO 215 192

109 not related to the issue 23
30 literature reviews

9 related to the issue, but no
melatonin assessment nor
administration, no pineal
gland imaging

17 related to the issue, but
absence of control group

27 other reasons

Scopus 318

187 not related to the issue 27
37 literature reviews

12 related to the issue, but
no melatonin assessment
nor administration, no pineal
gland imaging

17 related to the issue, but
absence of control group

38 other reasons

Al

| Databases

N° of
articles
found

N° of
articles
excluded

Web of Science,
PubMed,
PsycINFO and
Scopus

N° of articles
included in final
analysis

Duplicated articles

Total 998 897

72 29

Web of Science: 225 articles

PubMed: 240 articles

STAGE 1

PsycINFO: 215 articles

Records identified through database
searching (n =998)

Scopus: 318 articles

Records excluded through
exclusion criteria (n=897)

STAGE 2

Duplicated records removed
(n=72)

A

[

STAGE 3

v

Studies included in the final analysis
(n=29)

Fig. 1. Study screening strategy. (a) Selection of studies - stages 1 and 2. (b) Flow chart of study screening.

comparison (or lack of a placebo-group for MLT administration stu-
dies); were studies in animals; were review articles, letters to editors or
case reports; were genetic or metabolomic studies; were cell culture
studies; were studies on MLT analogues (e.g. agomelatine, ramelteon

etc); did not have an available abstract in the databases. All articles not
fulfilling the inclusion criteria or which met the exclusion criteria were
omitted from the final analysis. The references list of each included
article was checked for additional publications. Any disagreement
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between the researchers were discussed with a third reviewer (G.L.) and
resolved by reaching a consensus.

2.3. Critical analysis of studies (Stage 3)

The included articles were evaluated regarding sample size and
characteristics, duration of illness, methods applied and main findings.
Although we contacted authors by e-mail to fill missing details in the
methods and results sections, some articles were from the 80s and 90 s
and the possibility of achieving a response to our email was lower than
in new studies. In order to increase the likelihood of an answer, we tried
to see new publications from these authors and contact the emails from
these new publications. The included studies were grouped in the fol-
lowing four categories based on their methodology and type of out-
comes evaluated: (1) schizophrenia and MLT production, (2) schizo-
phrenia and calcification of the PG in head CT studies, (3)
schizophrenia and volume of the PG (PGV) in brain MRI studies, and (4)
effects of MLT replacement therapy in schizophrenia. Studies on MLT
replacement therapy (category 4) were further subdivided into 3 types:
(a) effects on sleep and circadian rhythm, (b) effects on Tardive
Dyskinesia, and (c) effects on weight and metabolism. In the Results
section of the present review, when reporting the combined sample
sizes for each category of studies, the number of participants in dif-
ferent articles but from the same authors and that clearly simply focus
other findings from the same sample were counted only once, taking
into consideration the article with the greater sample.

2.4. Quality assessment

Different quality assessment tools were used according to study type.
Cross-sectional studies were rated using the Quality Assessment Tool for
Systematic Reviews of Observational Studies (QATSO) (Wong et al.,
2008). This instrument assesses the methodology aspects of observa-
tional studies and encompasses the variables research design, recruit-
ment strategy, response rate, comparability of populations, reliability of
measures, power calculation and statistical analysis. Studies are scored
on a scale of 1-7, with higher scores implying higher quality: 6-7 was
considered high quality, 3-5 moderate quality, 0-2 poor quality. Clinical
trials were rated using the Jadad score (Jadad et al., 1996). This score is
based on a scoring system to assess methodology aspects of clinical trials.
Essentially it evaluates randomization, blinding, and the mention of
dropouts. Trials are scored on a scale of 1-5, with higher scores implying
higher quality: =3 was considered high quality, and < 3 was considered
poor quality. Two authors (MAVBJ and RBP) independently assessed all
studies for quality. Any disagreements among raters were resolved
through discussion to reach a final consensus.

2.5. Statistical analyses

To meta-analyze the data, we calculated the standardized mean
difference for each individual study. This is the mean difference in the
quantitative variable at hand between the patients and the control
group divided by the pooled standard deviation (of the distribution
within each study). This gave results in arbitrary units (effect sizes),
which were comparable among the studies (Nordholm et al., 2013).
Both Cohen's d and Hedges' s g are commonly used measures to report
effect sizes, but Hedge's g is considered somewhat more accurate be-
cause it corrects for biases due to small sample sizes. By convention, the
following values are suggested for interpretation of Hedge's g: 0.41, is
the recommended minimum for "practical significance."; 1.15, mod-
erate effect and 2.70, strong effect (Ferguson, 2009). The extent of
heterogeneity between studies was assessed using the I? statistic, a
measure of the percentage of the variability in effect estimates that is
due to heterogeneity rather than sampling error. An I? of over 75%
depicts considerable heterogeneity. The analyses were undertaken with
‘Meta-Essentials’ software, version 1.2.

103

Psychoneuroendocrinology 104 (2019) 100-114

3. Results

The stage 1 (identification) of the search led to the retrieval of a
total of 998 articles.

In stage 2 (screening and eligibility), the application of the inclusion
and exclusion criteria, plus removal of duplicated articles, resulted in
the exclusion of 969 articles and the inclusion of 29 articles in final
analysis. As shown in Fig. 1, the most frequent reasons for excluding
articles, in descending order, were: literature reviews; articles related to
the issue but with no MLT assessment nor MLT administration nor PG
imaging; and articles related to the issue but with no control group.

In stage 3 (critical analysis of studies), all 29 studies found were
evaluated in terms of sample size and characteristics, duration of ill-
ness, methods applied and main findings. The screening of references
lists of initially included articles failed to add any extra publication for
final analysis. Fig. 1 illustrates the results of the study screening
strategy.

Eleven studies examined MLT production, 2 examined calcification
of the PG (PGC) through head CT and 3 examined the PGV through
brain MRI, always with a cross-sectional design, comparing schizo-
phrenia patients with healthy controls. Thirteen randomized placebo-
controlled clinical trials examined the effects of add-on MLT treatment
in schizophrenia patients. Seven of these trials examined the effects on
sleep and circadian rhythm, 3 examined the effects on Tardive
Dyskinesia and 3 examined the effects on weight and metabolism.
Tables 2—4 briefly describe the 29 included studies. The main results are
as follows:

3.1. Schizophrenia and melatonin (MLT) production (see Table 1)

We found 11 controlled studies comparing MLT secretion between
schizophrenia patients and healthy controls (Table 2), the first ones
were performed in the beginning of the 1980s. The total sample of these
11 studies summed up 401 schizophrenic individuals (57% males) and
290 paired healthy controls. Patients had mean age of 36.4 = 9.8
years, and mean duration of illness of 9.2 + 6.4 years. All studies
applied the radioimmunoassay method for MLT measurement. With
respect to the biological fluid assessed, 8 studies tested plasma samples;
1 study tested saliva samples (Afonso et al., 2011); 1 study tested urine
samples (for the metabolite 6-sulfatoxymelatonin) (Wulff et al., 2006)
and 1 study tested cerebrospinal fluid (CSF) samples (Beckmann et al.,
1984). None of the studies met all the criteria of the quality assessment
score. Studies varied in their quality score from 3 to 6 (median 5). There
were three high quality studies (Rao et al., 1990, 1994; Wulff et al.,
2006), and eight moderate quality studies (Ferrier et al., 1982;
Beckmann et al., 1984; Fanget et al., 1989; Monteleone et al., 1992,
1997; Jiang and Wang, 1998; Vigano et al., 2001; Afonso et al., 2011).
None of the studies reported statistical power calculations to determine
sample size. Only three studies reported participants’ response rates.

In 8 of the 11 controlled studies, the MLT production in schizo-
phrenic individuals was significantly reduced compared with healthy
controls (Ferrier et al., 1982; Fanget et al., 1989; Rao et al., 1990;
Monteleone et al., 1992; Rao et al., 1994; Monteleone et al., 1997; Jiang
and Wang, 1998; Vigano et al.,, 2001), whereas in the remaining 3
studies (Beckmann et al., 1984; Afonso et al., 2011; Wulff et al., 2006)
there were no between-group differences. Most of the studies also
showed delayed onset of nocturnal MLT in patients. The 3 studies that
did not demonstrate between-group differences in MLT secretion as-
sessed biological fluids other than plasma (i.e., saliva, cerebrospinal
fluid and urine). Noteworthy, though not showing a between-group
difference in MLT production, 2 out of these 3 studies also utilized
actigraphic technique (Afonso et al., 2011; Wulff et al., 2006) which did
indicate the presence of disordered sleep and circadian rhythm in
schizophrenic individuals. Schizophrenia patients presented the fol-
lowing actigraphic findings: sleep fragmentation, irregular sleep/wake
pattern, increased sleep latency and worsened sleep efficiency



Psychoneuroendocrinology 104 (2019) 100-114

M.A.V. Bastos Jr., et al.

(28pd 1x2u UO panunU0)

‘Aduamdyye dasys 1e100d

pey nq 1yStu Je axowr 3da[s syusned
syuanjed ur asiom Apuedyrudis

S (10Sd) dasys jo Arenb aanda(qng

wnpAYx

ITIN ou im syuaned eruarydoziyos ur
1y31y ApuedyTusis S[9AS] [0STII0D UBIN
*SSSUY[I pajeanun ade)s A[1es

IIM 9SO} UBY) S[OAS] LTI dWINYSTu

G J19MOJ pey SSAU[[I JTUOIYD IIM SJudned

syuaned eruaaydoziyos

ur 19mo] AJuedyyTudIs orjel J0S1I0d 0}

LTI ‘s[onuod pue syuoned ur paaresaid

S sem Josniod ewseld jo o[goid {4 Syl

a8ued

jou pIp L'TIA Jo urened £1019109s oy}

nq ‘pasoxdurr Apueoyrudis swoydurks
onoya4sd jo sa100s ‘sonoyoAsdnue

% IIM JUSUIRDI) JO SYO9M (T oYY

S[OU0D
uey) Jap[o a1om sjuanied 310N ‘syuaned
druarydozyds ur uey) S[oI3u0d AyIfeay ur
paren3a1 ANYSn a10w 219M S[9A3] LTI

9 Je) Pa1edIpUl SISA[RUR [9pOU SUISOD

sjonuod AyIfeay PIm paredwiod [2a3]
19431y B JB Y3nOoyI[e ‘UOTIAIIAS [0S1I0D
% Jo uened Y-y [ewliou e pey sjusned

s[o1u0d Ayreay yim paredurod syuaned
9 901y-8nip ur ‘paseandur sem sururedoq

S[2A3] I'TIN Pue 1yStom £poq usamiaq
UONB[SII0) ON "S[9A9] [0S1II0D Ul
¢ 9ouaraIp dnoild-usamiaq Juedyrudis oN

UOTIIB[0D S Jo Aep ay} I0J
sonidajomnau Jo asop ay) pue LTI ISD
€  U99M)9q UONR[RLI0D 9ANISod 9)eIOPOIN

1ySem £poq
PIM paje[p110d Apanisod Ing 98e pue
$  UONRIdAS [N U99MID] UOTIRIDOSSE ON

doars 18103 ‘Adudie] doss YIIm paje[arIod
A1oAneSau S[AS] LTIl S[O1IU0D

pue sjusned U9aMIaq SUONRIIUIIUOD
LTIAL UT S90UIIP Juedyrusis oN

ure 00'8 ¥e pue ‘ure 00't
1e syuaned eruarydozIyds Ul pasealdap
Apuedyruds S[AS] WINIdS UedwW I TIA

s[onuod YPIIM pareduwiod
syuaned eruaiydozryds ur paydnisip
LTIA euse[d jo uryiAyl uerpesir)

(1000°0 > d) sjonuod yim
paredwod pajuniq Apuedyrusis TN Ul
9seardUuI [euIIdoU ‘sjusned 991-3nip uf

ApIUIAYI URIPEIID

ur a3ueyd Aue JI2[[3 J0U PIp JUSUIIBII)
ondejomap ‘syuanied druarydoziyos
Suowe suonenuaduod ueydoidAn
pue TN jo adueape-aseyd juedyrudis

DS Ul padnpax APUedyIusIs orjes [0S1I0d
/LTI "(9S) dnoid eruarydoziyds ur
Juasqe ['TIN ewise[d Jo WAyl ueIpedIr)

(500 > d)
sjonuod Ayyeay ur ueyy syuaned 291y
-3nIp Ur 19MO] 919M S[AS] I TIA SUTUWION

(100 > d)
dnoi3 eruarydoziyds ur romog
Apuedyruis s[A3[ LTI W8 0000

'sdnoid ¢ a3y Suoure suUONENUIIUOD
ITIA ASD UI SOOUIJIP JuedYIUSIS ON

dnoi8 eruarydoziyds
ur paonpai Apuedyrudis oner [T “WIe
00°80/00°00 Pue [9A9[ L'TIAL “WI'B 00°00

‘wrd 0oL T 0}
‘urd 00'80 WOy AMNOY ‘VIY ‘eAlfes

vid
‘(syutod awm) §) o[yoid Y-y ewsed

(passasse

osTe a[goid [osn10d ewsed :2J0N)
VI

‘(syutod awn £1) a[yoid Y g ewise[d

Vi
‘(syutod awmn 11) a[yoid Y- ewse[q

(Apmis a3 SurLmp pue o3

Jo1id sAep ¢ 191p pIepuels paAIedaI
sjuedonaed {passasse os[e sem
o[yoid ueydoidAn ewserd :210N)
VI

‘(syutod sun g) argyoid Y-z ewse[d

VId
‘(syutod sum ) a[yoid y-pg ewse[q

VI4 “ure 00°80 A[uo ‘ewse[q

VIY ‘(a1dwres ‘wre 00°00) ewse[d

VIY (‘We 00°01-00°60 Pa31d2109
so[dures) (4SD) pmyj reurdsoiqaia)

(VI9) Aesseounuruiiorpelx
‘(‘w'e 00°80 PuB 00°00) Buwse[d

sonoyoAsdnue
[e21dA1y / 68 F S8

G :sondsjoinau
1ea1d£) uo syusneq
‘g :syuanjed pajeanun
pasouderp AimaN
/pa1ioda1 JoN

sonjoyaAsdnue
rea1d£) uo syuaryed
IV /28eI1aAe UO SYpUOW &

(ared

1981e] UO JuIdeZO[D) SYPOM
01 10j paurejurew pue
pareniur sonoydAsdnuy
‘SYeIMm € = 10J 921-3niq
/pa11odal JoN

Gz :sondsjomau
1ed1d£) uo syuaned

‘06 :syuaned pajeanun
/Syiuowl 9 Uey) IO

SUON
/€€ F 88

uonda[[0d d[dures a10joq
skep

€= 10J UMBIPYIIM SSNIp
nq ‘sonoyoAsdnue reord£y
uo Auofely / palrodar JoN

sonoyaAsdnue
eo1d4L / 66 F $'81

/€1 :pajedipauwrun ‘G
:sondsjoimau [ea1d£) uQ
/pa11oda1 JoN

Apms 01 Jouid 1€k T
1se9] e 10J sonoydAsdnue
U0 Jou sjudned
/pa11oda1 JoN

€8 F LVE
pPuUe 9'8 * 8'€E

(S1/61) pue (21/22)

(A£g-0T 23uer) 0'9g

£/9)
sjuaned

TL F € LTsuaned

sofewt [y

9t ¥ 8'8¢C
PUB 'L ¥ S'8C

+

(¥/9) pue (#/9)
TE F ¥¥C
- (£1/41) sjonuod

/0%l ¥ 0vE - WI/1D)
:sondajomau uo syusred

/

0TI ¥ 0s€ - (¢v

/L¥) syuaned pajesnun
€€ F 80¢

pue g'¢ ¥ 16T

safew IV

S + Sgpue gl * €

(1¥/6v) pue (2S/8S)
vy F L0V

pue 9'IT F S'If
(01/91) pue (€1/01)
0'8 ¥ 9°0b syl

safew IV

6 ¥+ TVS
PuBy’8 ¥ 969

sofew [y

p€ s[onuod AYIesH /b€
:sonoypAsdnue TedrdAre uo
sjuanedino eruaiydoziydg

02 :(paydlew-xas pue
-a3e) sjonuod AyesH /€1
:syuanyedur eruarydoziyos

12 :(payorewr
-X3s pue -a3e) S[0IJU0D
AyiesH /1g :syuspedur
eruarydoziyds prouereq

6 -s[onuod
Apresy /6 sjuaned
erua1ydoziyds paysijqeisy

$€ :sjonuod AyIfesH /ST
:syuanedur eruarydoziyds

/£ :s[onuod AyesH
/£ syuaned eruarydoziyds
prouered pajeanun

06 :s[onuod AyIfeaH /01T
:syuanedur eruarydoziyds

9g :s[onuod AYIesy /g
:syuanyedur eruarydoziyos

91 :S[OIJU0D
Ayiresy /8¢ :syuaned
eruarydoziyds prouered

Z1
:sjonuo) /1g syuanedur
eruaaydoziyss paysiqelsg

1102
““Te 30 osuoyy

1002
“Ie 19 QuesIA

8661
‘Suep
pue Suelf

L661 “Te 12
QUOB[IUOIN

66T “Te 10 o'y

2661 “Te 12
QUOI[PIUOIA

0661 “Te 19 oey

6861
“Ie 10 198ueyg

¥861 “Te 12
uueUDPIY

2861
“Te 19 oL

21008

OSLVO s3urpuy 1930

s8urpuy uononpoid [ TA

JuSWISSasse
ITIAL JO POUIoW puE 32I1N0S

Jusunean dnoydAsdnuy
/(s1eak) ssaufyt Jo uoneIng

(s1eaf) 28y

(d4/IN) 98

u pue sisoudeiq

sioyIny

'sponuod Atresay yum pareduod syuaned eruarygdoziyds Ul UonaIdds (LTIA) UTuoje[oul JuruIuexa saIpnis ayl Jo s[relaq

I 3lqeL

104



M.A.V. Bastos Jr., et al. Psychoneuroendocrinology 104 (2019) 100-114

2. (although with increased total sleep duration). The study that in-
g 8 vestigated MLT concentrations in CSF (Beckmann et al., 1984) can be
@ © criticized because only one morning sample was obtained from each
§ § a g g participant, in a moment in which MLT levels are expected to be sup-
@ < w D S
a 2885 B pressed.
15} T=n0 . . .
2 ?:".‘g & 9 = E Out of the 8 studies that demonstrated reduced MLT secretion in
‘g e b . . . . .
-’g ES°® pol ; schizophrenia group compared with healthy controls, 3 investigated
= Y .= = . .
§ % 2 %° @ g s8¢ untreated patients (Ferrier et al., 1982; Rao et al., 1990; Monteleone
;5; if :5 S & £ g et al.,, 1992), 2 investigated patients using antipsychotic medications
g % % g é’o g TE é_ é (Fanget et al., 1989; Jiang and Wang, 1998), and 3 included patients in
8o RS E‘i @ Tt 3 g & both conditions (Rao et al., 1994; Monteleone et al., 1997; Vigano et al.,
E % 23 g g ETEE 2001). Thus, PG functional changes in these individuals appear to be
L= 7 g« O . o s PO
5 S5 e g & £ E % independent of treatment factors. Similarly, no association between
g Sg A § E,g 2 82s MLT abnormalities and disease duration was observed, except for only
= one study (Vigano et al., 2001) that noted lower MLT in chronic illness
. = g ‘é) E‘JE @ compared with early stage disease. There was no correlation of MLT
;E 8 E E RS- levels with severity of psychopathological symptoms, but one study
3 '_qé 5 28 g § i B & indicated that poorer sleep quality was associated with worse scores of
= > = e .y .
" s+ 855& RE g = 35 positive symptoms (Afonso et al., 2011). PSQI scale was used in 2
& £ = S g - o C e L -
£ s £ % g E= o8 g E studies, and both indicated significantly worse subjective sleep quality
g @
& 2L = ;_ 2 _E '% 8 % £ in schizophrenia (Afonso et al., 2011; Wulff et al., 2006). Some people
= == gm‘q-;'?:ia:_sa@ h he circadi di . b di hi h . bi
S Sx BEESSZTE argue that the circadian disruption observed in schizophrenic subjects
3 88 c:58m2ng? could have a social origin, because they might not follow a regular
3 vy 585835558 .
= g g % SES g 22 routine (e.g., a work or school schedule), but one study compared MLT
2 > A . . . .
= gE -8 SE£28E8E8% secretion and actigraphic parameters between patients and healthy
= £E§ 2EEEEEEE

unemployed controls (thus, also lacking a regular daily activity sche-
dule), and even though, sleep/wake cycle measures were significantly
worse in patients (Wulff et al., 2006). Another finding that is worth
mentioning is that most of the studies demonstrated an inverse corre-
lation between MLT secretion and age, as could be anticipated con-
sidering the extensive literature data linking older age with lower MLT
production (Hardeland et al., 2011).

In this section of the manuscript, it was possible to carry out a meta-
analysis of the differences in midnight MLT levels between schizo-
phrenia patients and healthy controls, using "standard mean differ-
ences". However, out of the 11 controlled studies that were found, we
were able to include only 5 controlled studies that have a relatively
homogeneous methodology and appropriate quality (Ferrier et al.,
1982; Fanget et al., 1989; Monteleone et al., 1992, 1997; Jiang and
Wang, 1998). Three studies were excluded from meta-analysis due to
differences in type of biological fluid assessed (Beckmann et al., 1984;
Afonso et al., 2011; Wulff et al., 2006), 1 due to differences in sample
timing (only morning plasma MLT assessed) (Rao et al., 1990), 1 due to

Urinary sulfatoxyMLT (6-SMLT) 24-

assessment
h profile, RIA

Duration of illness (years)/ Source and method of MLT

Antipsychotic treatment
Atypical antipsychotics

~
§ differences in statistical analysis of data (cosine model analysis of MLT
secretion) (Rao et al., 1994) and 1 due to insufficient data regarding
MLT levels (Vigano et al., 2001). The studies in this meta-analysis
summed up 81 schizophrenia patients (79.0% males) and 75 paired
® healthy controls. Patients had mean age of 37.2 * 14.1years, and
= § mean duration of illness of 9.1 + 9.0years. All the 5 studies in this
2 g '% < & meta-analysis were moderate quality studies, their QATSO score varied
=) > @ H o4 from 3 to 5 (median 4). The meta-analysis showed that the peak levels
g, zo S ; ; of nocturnal MLT were significantly greater in healthy controls than in
schizophrenia patients (two-tailed p < 0.01), with a medium com-
é bined effect-size (Hedge's g = 1.32 + 0.24) (Fig. 2). The index of
*é § = heterogeneity between studies was satisfactorily low (I> = 45.8%).
28 4y
1: .§ E g 3.2. Schizophrenia and calcification of the pineal gland (PGC) in head CT
; = % 5] studies (see Table 2)
~| & S g % The PG calcifies over time, which is considered a normal physiolo-
§ gical phenomenon. PGC is likely to be identified in around 50% of head
g i CT examinations, but the prevalence raises to around 70% after the age
S N of 40 (Turgut et al., 2008). The calcified concretions primarily comprise
- E g § calcium and magnesium salts. Exophytic membrane debris, a by-product
% E g of pineal neuronal and glial exocytosis, forms the core of the concretion
& around which calcifications are laid. The underlying cause of pineal
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Table 2
Details of the computed tomography studies examining pineal gland calcification (PGC) in schizophrenia patients compared with healthy controls.
Authors Diagnosis and n Sex (M/F) Study design PGC findings Other findings QATSO
Age (years) Duration of illness Score
(years)
Caputo et al.,  Established (40/24) Cross-sectional, Patients" epithalamus (pineal gland plus Positive correlation between EC and cortical 5
1998 schizophrenia: 64/ 25.9 + 6.8 controlled habenula) calcifications (EC) prevalence did atrophy and third ventricle enlargement. No
Normal controls: 31 - 5.7 + 5.4 not differ from that of controls (84 vs. 71%). correlation of EC with duration of illness.
(16/15) But frequency of enlarged EC (> 1 cm) was Higher rate of enlarged EC in patients with
26.8 = 9.4 significantly higher in patients than in controls negative family history for schizophrenia
(42 vs. 16%, p = 0.01)
Bersani et al., Chronic (87/0) Cross-sectional, No significant between-group differences in Inverse correlation of PGC size with positive 5
1999 schizophrenia 29.7 = 7.4 controlled PGC prevalence (patients = 78.6%; symptoms of schizophrenia. PGC size did no
inpatients: 87/ - 9.1 + 7.8 controls = 84.5%) and size (0.28 vs. 0.32cm). correlate with duration of illness, but
Normal controls: 46  (46/0) But higher prevalence of PGC in patients in the correlated positively with age (in both
29.1 = 8.4 age subgroup of 21-25y groups)

calcium deposition remains speculative, it could represent a physiologic,
maturational, or degenerative process (Whitehead et al., 2015).

We found only 2 controlled studies addressing this issue of calcifi-
cation of the PG in schizophrenia (Table 2). Included studies samples
summed up 151 schizophrenic subjects (84% males), and 77 paired
healthy controls. Patients had a mean age of 27.8 + 2.7 years, and
mean duration of illness of 7.4 + 2.4 years. We did not undertake a
meta-analysis because there were too few studies on the topic. None of
the studies met all the criteria of the quality assessment score. Both
studies had a quality score of 5 (moderate quality). None of them re-
ported statistical power calculations to determine sample size neither
participants’ response rates.

Caputo et al. (1998) showed that the prevalence of epithalamus (i.e.
PG plus the adjacent structure habenula) calcification (EC) was similar
in a sample of schizophrenia patients compared with normal controls.
However, the prevalence of enlarged ECs (> 1cm) was significantly
higher in the patients. In addition, a significant positive correlation was
found between EC, cortical atrophy and increased third ventricle size.
Presence of EC was not correlated with disease duration. The habenula
is a key component of the limbic system, especially of the brain reward
system, as it modulates dopamine neurons activity (Hikosaka et al.,
2008). There is some evidence indicating dysfunctional habenula in
schizophrenia (Shepard et al., 2006; Ranft et al., 2010).

Bersani et al. (1999) reported no significant differences between
schizophrenic patients and normal controls regarding PGC prevalence
and PGC size. However, they found a significantly higher prevalence of
PGC in patients in the age group of 21-25 years (an important age range
for schizophrenia onset). PGC size did not correlate with disease
duration but correlated positively with age (in both groups). Ad-
ditionally, an inverse correlation between PGC size and positive schi-
zophrenia symptom scores was noted.

3.3. Schizophrenia and pineal gland volume (PGV) in brain MRI studies
(see Table 3)

We found only 3 controlled studies focusing this issue, all of them
performed with a 1.5T MRI equipment. Included studies samples

Study name Statistics for each study
Effect Size  Cllower ClUpper p-Value
(Hedge's g) limit limit
Ferrier et al., 1982 1,04 0,30 1,84 <0,05
Fanget et al., 1989 0,72 0,15 1,32 0,00
Monteleone et al., 1992 1,95 0,73 3,44 0,00
Monteleone et al., 1997 1,73 0,68 2,95 0,00
Jiang et al., 1998 1,71 0,66 2,46 0,00
1,32 0,10 1,98 0,00

summed up 77 schizophrenia patients (74% males), and 132 paired
healthy controls. Patients had a mean age of 31.1 * 5.0 years, and
mean duration of illness of 8.0 = 0.3 years. All of the studies had a
cross-sectional design. We did not undertake a meta-analysis because
there were few studies on the topic, and they were not homogeneous (12
= 99.2%). None of the studies met all the criteria of the quality as-
sessment score. Studies varied in their quality score from 4 to 6 (median
5). There was one high quality study (Findikli et al., 2015), and two
moderate quality studies (Rajarethinam et al., 1995; Bersani et al.,
2002). Only one study reported statistical power calculations to de-
termine sample size (Findikli et al., 2015). None of the studies reported
participants’ response rates.

Two studies found lower PGV in schizophrenia patients compared to
normal controls (Bersani et al., 2002; Findikh et al., 2015). In addition,
PG in individuals with schizophrenia was also significantly smaller than
glands from individuals with bipolar affective disorder, and from those
with depression (Findikh et al., 2015). However, the third study found
no difference in PGV between schizophrenia patients and normal con-
trols (Rajarethinam et al., 1995), and this study had a larger sample size
(see Table 3) than the other two that showed a difference.

The mean age of the patients in the three studies was similar (stu-
dies showing a difference in PGV: mean age of 26.6 and 36.6 years, and
study showing no difference: 30.2 years). In none of the two studies that
showed lower PGV in schizophrenia patients was there a correlation of
the gland volume with age at diagnosis, disease duration or duration of
treatment (Bersani et al., 2002; Findikh et al., 2015). One study tested
the correlation of PGV with severity of psychopathological symptoms
and found no significant correlation either (Bersani et al., 2002).

3.4. Effects of melatonin (MLT) replacement therapy in schizophrenia (see
Table 4)

The thirteen included placebo-controlled studies focusing this issue
were classified into 3 subcategories: effects on sleep and circadian
rhythm (7 studies); effects on tardive dyskinesia (3 studies); and effects
on weight and metabolism (3 studies). The concomitant use of vitamin
supplements in the experiment procedure was neither an inclusion nor

Effect Size
% -4,00 -2,00 0,00 2,00 4,00
b
Weight
22,22 —
27,87 b
11,80 P
14,67 —
23,44 p———i
100,00 P —

Favours SCZ Favours HC

Fig. 2. The meta-analysis of midnight melatonin (MLT) plasma levels in schizophrenia patients (SCZ) versus healthy controls (HC) (12 = 45.8%).
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Table 3
Details of the magnetic resonance studies examining pineal gland volume (PGV) in schizophrenia patients compared with healthy controls.
Authors Diagnosis and n Sex (M/F) Study design PGV mean * standard PGV compared with  Other findings QATSO
Age (years)  Duration of deviation (mm®) controls Score
illness (years)
Rajarethinam Established (31/14) Cross-sectional, 208 * 0.10 No between-group None 4
etal,, 1995  schizophrenia: 45 / 30.2 = 9.7  controlled - difference (p = 0.77)
Normal controls: 86 - Not reported 213 + 0.10
(44/42)
27.3 = 9.6
Bersani et al., Schizophrenia (15/0) Cross-sectional, 64.0 = 20.7 Significantly smaller ~ No correlation of PGV with age, 5
2002 inpatients: 15 / 26.6 + 5.3  controlled - (p = 0.022) age at illness onset, illness
Normal controls: 16 - 83 + 4.6 74 + 33.5 duration, treatment duration and
(16/0) psychopathological symptom
29.2 + 6.2 scales scores
Findikli et al., Schizophrenia: 17/ (11/6) Cross-sectional, Schizophrenia: 83.5 + 10.1/ PGV significantly In schizophrenia patients, no 6
2015 Bipolar disorder: 17/ 36.6 + 12.7 controlled Bipolar disorder: smaller in correlation of PGV with age of
Unipolar depression: - 7.8 £ 6.2 93.6 = 11.0/ Unipolar schizophrenia the disease onset, duration of the
16/ (11/6) depression: 95.1 + 11.6/ patients than in other  disease and duration of
Controls: 30 30.0 = 10.2 Controls: 99.7 + 12.0 groups treatment
(8/8)
39.4 = 139
(16/14)
41.1 = 13.3

an exclusion criterion for the selection of studies, but none of the stu-
dies reported the intake of vitamins associated with MLT. Only one
study performed concomitant measurement of MLT (Shamir et al.,
2000a), in which the authors reported reduced levels of overnight ur-
inary 6-sulfatoxymelatonin (radioimmunoassay) in all patients with
schizophrenia. The administered dose of MLT ranged from 2 to 20 mg
per night; and the follow-up period ranged from 2 to 24 weeks. Slow-
release MLT formulations was used in most of the studies (10 studies),
and the most frequent time of MLT administration across studies was
‘2h before desired bedtime’ (6 studies) followed by’ 08.00 p.m.” (4
studies). In all studies, patients were on long-term antipsychotic treat-
ment, and MLT (or placebo) was used as add-on therapy. All included
studies used a double-blind design, but some were cross-over trials and
others were parallel-group studies. We did not undertake a meta-ana-
lysis of this type of studies because they were either too few (tardive
dyskinesia and weight/ metabolism studies) or used too heterogeneous
methods (sleep and circadian rhythm studies). Only three studies
met all the criteria of the quality assessment score (Modabbernia et al.,
2014; Romo-Nava et al., 2014; Baandrup et al., 2016c). Studies varied
in their quality score (Jadad scale) from 2 to 5 (median 3). There were
twelve high quality studies (Shamir et al., 2000a, b, ¢, 2001; Suresh
Kumar et al., 2007; Castro et al., 2011; Modabbernia et al., 2014;
Romo-Nava et al., 2014; Baandrup et al., 20164, b, c; Agahi et al., 2018)
and one poor quality study (Baandrup et al., 2017).

3.4.1. Sleep and circadian rhythm

Studies samples in this subcategory summed up 145 schizophrenia
patients (60% males), with a mean age of 42.7 *+ 5.8 years, and mean
duration of illness of 14.7 = 12.3 years. In most of the studies (6 out of
7) the dose of MLT used was 2 mg per night. The included studies ap-
plied quite moderate sample sizes and used short-term MLT therapy
(2-24 weeks).

Two studies evaluated sleep via polysomnography: Shamir et al.
(2000c) demonstrated that MLT treatment improved the flexibility of
the patients' sleep mechanism (i.e. restored the 'first-night effect'), but
Baandrup et al. (2016a) studied chronic schizophrenia patients on anti-
psychotics and in benzodiazepine discontinuation finding that MLT
add-on treatment had no effect on objective sleep efficiency. Two stu-
dies assessed activity-rest cycles via actigraphy, both showing that
compared with placebo MLT therapy lead to significantly greater

improvements in sleep efficiency (percentage of total time asleep over
total time in bed) (Shamir et al., 2000a) and in the interdaily stability of
circadian rhythm (Baandrup et al., 2016b). The improvement in sleep
efficiency in MLT treated individuals resulted mainly from reduced
sleep latency (amount of time it takes to fall asleep after lights have
been turned off) (Shamir et al., 2000a). Two studies used self-report
scales to evaluate subjective sleep quality: both found greater im-
provement with MLT treatment than with placebo (Suresh Kumar et al.,
2007; Baandrup et al., 2016a), with accompanying mood improvement
in one of the studies (Suresh Kumar et al., 2007). On the other hand,
add-on MLT treatment did not improve severity of psychopathological
symptoms, neither it objectively aid in the withdrawal from long-term
benzodiazepine use (Baandrup et al., 2016a, 2016c, 2017).

3.4.2. Tardive dyskinesia

Tardive dyskinesia is a severe and disabling side effect of long-term
antipsychotic treatment, characterized by abnormal and involuntary
movements on orofacial, extremities and truncal region (e.g. chorei-
form and athetoid movements). Free radicals are supposedly involved
in its pathophysiology and treatment is challenging (Sun et al., 2017).
Studies® samples included in this subcategory summed up 54 schizo-
phrenic individuals (52% males), with a mean age of 66.0 *+ 7.2 years,
and mean duration of illness of 29.0 * 3.6 years. All participants were
on typical antipsychotics. The same scale of evaluation of involuntary
movements (Abnormal Involuntary Movement Scale - AIMS) (Lane
et al., 1985) was used in all included studies. The dose of MLT used
ranged from 2 to 20 mg per night, for a period of 4-12 weeks. Only 1 of
the 3 included studies, in which a relatively high MLT dose (10 mg/d)
was used for 6 weeks, reported greater improvement in AIMS scores
compared with placebo (Shamir et al., 2001). Drug tolerability was very
good, no adverse effects have been reported in the studies. In the stu-
dies with a 'cross-over' design, the order of use (placebo first or MLT
first) did not influence the results.

3.4.3. Weight and metabolism

The continued use of second-generation anti-psychotics is asso-
ciated with drug-induced weight gain, disturbed lipid and glucose
regulation, and an increase in the cardiovascular risk (Romo-Nava
et al., 2014). On the other hand, MLT has been implicated in the reg-
ulation of brown adipose tissue, elevating the metabolic activity in
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mammals (Tan et al., 2011). Studies with humans have demonstrated
that higher MLT secretion is associated with lower diabetes risk
(Obayashi et al., 2018), and that MLT treatment (for 1 year) reduces fat
mass (Amstrup et al., 2016). Thus, some investigators have analyzed
the ability of MLT treatment to reduce antipsychotics adverse effects on
weight and metabolism. Studies samples in this subcategory summed
up 160 schizophrenia patients (55% males), with a mean age of
33.1 + 3.2 years. Precise duration of illness was not reported, except
for one study (Romo-Nava et al., 2014). All participants were on second
generation antipsychotics. In the 3 included studies, a MLT dose of 3 or
5mg per night was used for 8 weeks.

Romo-Nava et al. (2014) experiment included both schizophrenia
and bipolar affective disorder patients (BD). Only patients with BD
presented lower body weight, lower body fat, and greater reduction of
diastolic blood pressure after MLT treatment, compared with placebo
treatment. In schizophrenia patients, no difference was noted between
MLT or placebo add-on therapy (Romo-Nava et al., 2014).

On the other hand, Modabbernia et al. (2014) studied a sample of
newly diagnosed schizophrenia patients and found lower weight gain in
MLT treated individuals compared with placebo treatment, as well as
lower triglyceride levels and lower waist circumference.

In line with this, Agahi et al. (2018) reported significantly greater
increase in HDL, greater decrease in fasting glycemia and in systolic
blood pressure in MLT treated group compared with placebo. However,
incongruously, MLT group had significantly greater increase in waist
circumference, weight and body mass index (BMI). Duration of illness
was not reported in this study.

4. Discussion

The results of the present review indicate expressive evidence for a
decreased MLT production in individuals with schizophrenia, generally
associated with circadian and sleep disturbances. MLT secretion ab-
normalities appear to be independent of disease duration and of treat-
ment factors. We acknowledge that the evaluation of single midnight
MLT levels can be an overly simplistic way to appraise the secretory
capacity of the PG (especially in schizophrenia patients that may often
lack a regular routine - e.g., a work or school schedule), and that more
comprehensive tools to assess the MLT rhythm are available (e.g. cosine
model analysis with determination of MESOR — midline estimating sta-
tistic of rhythm, i.e. the mean level of the rhythm) (Refinetti, 2016).
However, most of the available studies on the topic have applied these
methods, and the physiological importance of midnight MLT levels for
human species cannot be denied, since this is a time-point so close to
the natural peak of secretion of the hormone (given that, biologically,
our species is diurnal).

Regarding PG imaging studies in these individuals, the results are
controversial, but most of the available studies do indicate the presence
of some pineal structural changes (smaller volume and greater pre-
valence of enlarged calcifications [ > 1cm] compared with healthy
controls). None of the aforementioned changes were associated with the
duration of the disease or with treatment factors.

There is a series of studies published in the early 1990s, all by the
same group of investigators (Sandyk and coworkers), that have ad-
dressed the issue of PG calcifications in brain CT studies of schizo-
phrenia patients. Unfortunately, the quality of the evidence provided by
these studies is weak, mainly because they did not include a group of
healthy controls for comparison. The authors claim that, compared with
normative literature data, they found significantly higher prevalence of
PGC and enlarged PGC’s (> 1 cm) (Sandyk, 1990), as well as higher
prevalence of habenula calcification (Sandyk, 1992), in schizophrenia
patients. Other findings that were described in these early 1990s" un-
controlled studies are as follows: association between PGC presence and
cortical atrophy, especially pre-frontal cortical atrophy (Sandyk and
Kay, 1991); higher prevalence of PGC in schizophrenic patients with
abnormal EEG (denoting greater severity of the disease) (Sandyk and
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Kay, 1992); association of the size of the PGC and the width of the third
ventricle with the severity of the thought disorder (Sandyk, 1993); as-
sociation of severe tardive dyskinesia with enlarged PGC (Sandyk,
1990); among others.

The analysis of only the included controlled studies suggests that the
global PGC prevalence appears to be similar in schizophrenia patients
and normal controls (except for a higher prevalence in a subgroup of
patients aged 21-25 years), but studies by the different research groups
agree that enlarged calcifications in pineal and habenula are more
common in schizophrenia. In addition, the presence of these enlarged
calcifications was described in association with other structural brain
abnormalities characteristic of severe schizophrenia (frontal lobe
atrophy, greater third cerebral ventricle size, etc). Again, it is relevant
that PGC presence was not associated with disease duration or with
antipsychotic use.

Concerning PGV measurement through MRI, it is important to point
out that established evidence indicates that the portion of PG that
correlates with MLT secretion is the parenchyma, i.e. the value that is
obtained after subtracting cysts and calcifications correspondent vo-
lumes from the gland's total volume (Nolte et al., 2009; Liebrich et al.,
2014; Sigurdardottir et al., 2016). It is worth mentioning that calcifi-
cations can hardly be visualized in common MRI sequences, which is a
technical limitation of the method (Wu et al., 2009). Unfortunately, this
frequently hinders a simultaneous evaluation of both volume (which is
seen with greater precision by the MRI) and calcification (better vi-
sualized on CT, or even common X-rays) of the PG. For this reason, if
one assesses PGV through MRI and does not take the presence or ab-
sence of calcifications (especially large ones) or cysts into considera-
tion, mistaken assumptions about its functional status may result. In the
article by Rajarethinam et al. (1995), for example, there were no de-
scriptions of cysts or calcifications in PG, thus the reported volumes
could to some extent reflect calcifications (and cysts) eventually present
in the glands. So, it is not possible to draw precise information re-
garding participants’ PGs secretory capacity from such type of study.

With respect to the efficacy of adjuvant MLT replacement therapy in
schizophrenia patients, the incipient evidence so far available suggests a
modest improvement of sleep parameters, of metabolic adverse effects of
antipsychotics, and of tardive dyskinesia symptoms. When considering
initiating MLT treatment for a patient with schizophrenia, the clinician
should bear in mind that MLT regulates sleep by acting on the circadian
rhythm, and some general recommendations apply. The administration
time should always be at night, one hour (time for the formulation to be
bioavailable) before 'desired bedtime'. Intake should be repeated strictly
at the same clock time every day (Cipolla-Neto and Amaral, 2018). In
cases when a clear phase displacement ('phase delay' or 'phase advance'
circadian disorders) is identified, then the hormone should be adminis-
tered (according to the phase-response curve [PRC] of MLT), respec-
tively, at the end of the afternoon, or in the end of the night (Cipolla-Neto
and Amaral, 2018). Once initiated, it is reasonable to ascertain that long-
term treatment should be maintained, as schizophrenia seems to be as-
sociated with chronic hypomelatoninemia. MLT has a short half-life
(approximately 45min), this way, controlled-release formulations are
preferable, as they better mimic the physiological secretion of the hor-
mone, providing not only the first nocturnal pulse but also an all-night
signal. This is important because the hormone has not only immediate
but also prospective physiological effects (i.e., primed during the night
but expressed only during the following day when MLT is no longer
present) (Cipolla-Neto and Amaral, 2018). Relatively low doses (e.g.,
0,1-1 mg) are used for sleep problems and prevention of antipsychotic-
induced metabolic sequels, while higher doses (e.g., 20 mg) may be
considered for tardive dyskinesia prevention.

Noteworthy, a recently published meta-analysis has focused on the
effects of MLT treatment for tardive dyskinesia (Sun et al., 2017), and
the authors concluded that the it tended to be better than placebo.
However, a large-sample Chinese study (Zhu et al., 2010) that was in-
cluded in that meta-analysis could not be included in the present
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systematic review, since it does not have an abstract in English (in
Chinese language only). In our opinion, for Tardive Dyskinesia treat-
ment purposes, it appears that higher MLT doses (compared with those
used for primary insomnia) seem more effective, which may be due to a
greater antioxidant effect. Moreover, assuming that the antioxidant
properties of MLT can have a protective role against tardive dyskinesia,
this action of MLT can only be exerted if the compound is present when
free radicals are generated and not when the neuronal damage has been
consolidated. In fact, the study with the best results is that one in which
participants had the shorter duration of illness (Shamir et al., 2001).
Therefore, the reviewed data indicate that MLT should preferably be
used in a prophylactic way. Fig. 3 summarizes PG alterations in schi-
zophrenia.

Differently from the case of tardive dyskinesia, the benefits of MLT
therapy for avoiding weight and metabolism adverse effects of anti-
psychotics seem to appear already at a lower dosage. With respect to
this category of studies, the analysis of the few available papers sug-
gests that the stage of the disease in which treatment is initiated may
influence the results (greater or lesser metabolic benefits). Furthermore,
MLT therapy in this population seems safe, as no serious adverse effect
was noted in any of the reviewed intervention studies. The sole ex-
ception was a case of acute severe hyponatremia with confusion and
seizures developed within few days after MLT initiation (Baandrup
et al., 2016c¢), but it was reported that this patient was a cannabis abuse
with malnutrition which may largely explain the clinical picture.

At this point, a physiological reflection is warranted. As previously
mentioned, MLT (produced by the PG under the direction of the SCN),
through its endocrine action, helps in the synchronization of virtually
every peripheral organs and tissues (Johansson et al., 2016). However,
it is important to emphasize that recent studies suggest that, in this
process, the MLT has a modulating role, not a regulatory one. For ex-
ample, studies show that in pinealectomized humans (for treatment of
brain tumors), most individuals do not experience significant circadian
or sleep disturbance (Slawik et al., 2016). On the other hand, SCN le-
sions abolish the circadian rhythm, including the rhythm of MLT pro-
duction by the pineal (Redman and Francis, 1998; Slawik et al., 2016).

Thus, since the very presence of PG is not indispensable for a cir-
cadian rhythm in humans, we can presume that the circadian alteration
occurs first in the natural course of schizophrenia, independent of the
PG. Possibly, it occurs because of neurodevelopmental changes

Level of a
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involving the SCN, or alterations of neurotransmitters (e.g. dopamine,
GABA, among others) (Trbovic, 2010). Overactivity of dopamine may
play a role in the pathophysiology of sleep disturbances in these sub-
jects, which is supported by indirect evidence derived from animal
model studies evaluating the effect of dopamine receptor agonists
(enhance wakefulness and reduce sleep) and antagonists (enhance
sleep) (Kamath et al., 2015). At an even deeper level, it has been sug-
gested that clock gene polymorphisms leading to aberrant dopami-
nergic transmission may be involved in the pathophysiology of schi-
zophrenia and its accompanying sleep-wake cycle disturbances (Takao
et al., 2007; Zhang et al., 2011; Kamath et al., 2015). Hence, the
structural (lower volume, enlarged calcifications) and functional
changes of PG seen in the disease could be involutive phenomena, due
to the absence of adequate stimulus from the SCN.

The somewhat disappointing effect of MLT treatment for sleep and
circadian rhythm disorders in affected individuals, shown in the re-
viewed studies, corroborates this view that the primary circadian defect
in schizophrenia would be in the SCN, since it has already been proven
that the effect of exogenous MLT over the circadian rhythm requires an
intact and functioning SCN (Redman and Francis, 1998). In line with
this view, one postmortem study compared the activity of the key en-
zyme responsible for MLT production (hydroxy-indole-o-methyl-
transferase — HIOMT) in PG tissues of individuals with schizophrenia
and of matched healthy controls, and no significant between-group
difference was noted (Owen et al., 1983). Recent genetic polymorph-
isms studies suggest, alternatively, that the alteration in schizophrenia
patients may occur at the level of the receptors and signaling of MLT,
rather than just a low production (Park et al., 2011).

Some researchers even propose that dysfunction of the SCN would
play an etiological role in schizophrenia. For example, Trbovic (2010)
argues that there may be an association between the significantly in-
creased risk of schizophrenia (7 times higher) observed in the offspring
following prenatal first trimester influenza virus infection (Brown et al.,
2004), and the fact that influenza virus DNA affects neurotransmitters
in the SCN and causes circadian dysregulation (Shen et al., 2000).
Moreover, as previously mentioned, MLT exerts a strong antioxidant
and neuroprotective action at a cellular level - through its cytoskeleton
modulator function (Benitez-King, 2006; Reiter and Benitez-King, 2009;
Jiménez-Rubio et al., 2012), and these facts have lead some in-
vestigators to postulate that constitutional low MLT levels occurring
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Fig. 3. Schematic drawing of pineal gland alterations in individuals with schizophrenia. (adapted from van Os et al. (2008).
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early in schizophrenia-prone individuals could interfere itself with
adolescence's neuronal ‘pruning’ (Sandyk and Kay, 1991; Gogtay et al.,
2011), thus aggravating brain structural changes. Additionally, taking
into account the important restorative role of sleep for the central
nervous system makes the notion that sleep and circadian disruption
contribute with the installation of schizophrenia's characteristic neu-
roanatomic changes even more compelling. In view of the antioxidant
and neuroprotective properties of MLT, and naturally admitting that
they are more effective when free radicals are being generated and not
when the neuronal damage has been consolidated, we propose future
prospective studies testing MLT prophylactic use, in prodromal phases
of the disease or in individuals with high-risk for psychosis.

5. Limitations

The present study has some limitations, which should be highlighted.
First, the searches were limited to the English language. However, we
screened articles written in other languages but with titles and abstracts
available in English, therefore we consider that this problem was minimized
in the present review. Second, although the terms searched are the most
frequently used ones, and although four databases were used, potentially
relevant articles not indexed in these databases or described with other
terms may have been missed. Third, due to differences in the methodologies
of the studies, we were able to include only a small number of the articles
found in the present meta-analysis. Finally, in some of the analyzed studies
there was some relevant information missing (e.g., duration of illness)
which we were not able to obtain contacting the authors.

6. Conclusions

Taken together, the evidence suggests an altered PG anatomy and
secretory pattern in schizophrenia patients compared with healthy con-
trols matched for age, sex, and body mass. The fact that the anatomical
and functional alterations found are not associated with the duration of
the disease or with treatment factors indicates that it may be a primary
characteristic of the disease and may be genetically based. These changes
seem to parallel other well-known precocious neurodevelopmental im-
pairments characteristic of the disease. Then, one important implication
for clinical practice is to carefully evaluate the presence of symptoms of
sleep disturbance, as well as evidence of altered circadian rhythm sleep-
wake schedule, in all schizophrenic patients. Future imaging studies of
PG should always try to measure gland parenchyma (excluding cysts and
calcifications), as it reflects functional status, and should preferably in-
clude obtention of MLT secretion data in the same protocol. Light ex-
posure history should be assessed whenever possible.

Adjuvant MLT treatment seems modestly effective for improvement
of sleep parameters, metabolic adverse effects of antipsychotics, and
tardive dyskinesia symptoms in schizophrenia patients. Time domain
aspects should always be considered in MLT treatment, as this hormone
has a unique role in regulating the timing of organism physiology and
behavior. Given the importance of sleep and circadian rhythm for any
individual's health, and given that MLT is readily available, in-
expensive and with minimal adverse effects and drug interactions, the
investigation of its role as a therapeutic agent for schizophrenia merits
further development. Future studies should test MLT use in prodromal
phases of the disease or in individuals with high-risk for psychosis,
before marked neurostructural abnormalities take place.
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