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ABSTRACT

Background: Melatonin modulates the master circadian clock through the activation of G-protein-
coupled receptors MT1 and MT2. It is presumed, therefore, that genetic variations in melatonin receptors
can affect both sleep and circadian phase. We investigated whether the —1193T > C (rs4753426) poly-
morphism in the promoter of MT2 receptor gene (MTNRI1B) is associated with diurnal preference and
sleep habits. This polymorphism was previously associated with sunshine duration, suggesting a role in
circadian entrainment.
Methods: A total of 814 subjects who completed the Morningness—Eveningness and the Munich Chro-
notype questionnaires were genotyped for the selected polymorphism. Linear and multinomial regres-
sion were performed to test the interaction between gene variants and diurnal preference/sleep habits.
Results: The —1193C variant was associated with the extreme morningness phenotype in a codominant
model (C/C vs. T/T), recessive model (C/C + C/T vs. T/T) and alleles (C vs. T). A negative correlation was
found between —1193C alleles and social jetlag scores. The frequency of —1193T allele was higher in the
group that stay in bed more than 8 h/night compared to the group that stay in bed less than 8 h/night on
weekends.
Conclusion: To the best of our knowledge, these data provide the first insights into the role of MTNR1B
gene in the regulation of sleep, biological rhythms, and entrainment in humans.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

In humans, melatonin is considered a chronobiotic — a sub-
stance capable of adjusting the timing of internal biological

The regulation of melatonin synthesis and release depends on
rhythmic outputs from the central circadian pacemaker, the hypo-
thalamic suprachiasmatic nucleus (SCN), via a multisynaptic pathway
[1]. Melatonin, in turn, modulates the mammalian circadian system
synchronizing the peripheral oscillators and providing feedback to the
SCN [2]. For example, the application of exogenous melatonin can
induce a phase advance of SCN neural firing rate in vitro [3] and
entrain locomotor activity in nocturnal and diurnal animals [4].
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rhythms [5], with phase-advance and phase-delay effects according
to the phase response curve [6]. Moreover, exogenous melatonin
has an important role in the treatment of a number of circadian
rhythm disorders such as shift work, jet lag, and advanced and
delayed sleep phase syndromes [7,8]. Melatonin improves the sleep
quality for these patients by decreasing sleep onset latency,
increasing total sleep time and improving overall sleep quality [9].

The melatonin regulatory effects in the SCN are exerted through
the high-affinity G-protein-coupled receptors MT1 and MT2, whose
activation may lead to different cellular responses [10]. MT1 re-
ceptor activation inhibits the SCN neuronal firing rate, while MT2
activation mediates the time-dependent phase shift of the SCN
neuronal firing rate, driving the entrainment of circadian rhythms
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[11]. Additionally, the MT2-selective antagonist 4P-PDOT blocks the
melatonin-mediated phase advances of circadian activity rhythms
in C3H/HeN mouse [12].

Assuming the importance of melatonin receptors in the modu-
lation of circadian rhythms, genetic alterations in the correspond-
ing genes could be involved in sleep regulation and circadian
rhythms entrainment in humans. Accordingly, variants in mela-
tonin receptor genes were associated with non-24-h sleep—wake
syndrome [13], insomnia symptoms in schizophrenia patients
[14] and rapid eye movement (REM) sleep latency [15]. The present
study is focused on a single nucleotide polymorphism
(SNP), —1193T > C (rs4753426), located in the promoter region of
the MTNR1B gene.

The —1193T > C SNP was associated with recurrent depressive
disorder risk [16] and higher fasting plasma glucose concentrations
[17]. A significant correlation between the frequency of the —1193C
allele and sunshine duration was observed among worldwide hu-
man populations, suggesting a potential adaptive role for this SNP
and its involvement in circadian entrainment [18]. Moreover,
the —1193T > C polymorphism shows a linkage disequilibrium with
the rs10765576 (r* = 0.97) [19] and the rs10830963 (1 = 0.41) [17]
variants. The rs10765576 variant had a significant interaction with
shift work/NPAS2 and shift work/ARNTL [20], while rs10830963
was related to a substantially longer duration of elevated melatonin
levels and a delayed circadian phase of dim-light melatonin offset
[21]. Although there are no functional studies involving —1193T > C
polymorphism, data from the GTEx database (http://www.
gtexportal.org/home/) [22] suggests a transcriptional modulation
of MTNR1B expression. The —1193C/C genotype had significantly
lower expression levels of MTNR1B gene compared with the T ho-
mozygous genotype group in oesophagus—mucosa tissue.

The aim of the present study was to investigate the association
of the —1193T > C polymorphism with diurnal preference and sleep
habits in a sample of the Brazilian population.

2. Methods
2.1. Subjects

A total of 814 participants (556 females and 264 males), with a
mean age of 21.36 years (standard deviation (SD) = + 2.74)
recruited from Brazilian universities (Alagoas state, latitude 9°S)
were included in this study. Inclusion criteria were: (1) complete
questionnaires; (2) aged between 18 and 30 years; (3) non-self-
reporting of past or current history of psychiatric disorder; (4) no
use of alarm clock on weekends; (5) sleep duration between 3 h and
14 h; and (6) no use of sleep or psychoactive medication [23].
Ethical approval for this study was provided by Institutional Ethics
Committee at the Federal University of Alagoas (protocol number
38930914.0.0000.5013) and written informed consent was ob-
tained from all participants.

2.2. Measurement instruments

All the subjects completed self-administered questionnaires,
which included sociodemographic variables such as age, sex, per-
sonal and familial history of psychiatric disorders; the
Morningness—Eveningness Questionnaire (MEQ) for assessing
diurnal preference and the Munich Chronotype Questionnaire
(MCTQ) for assessing sleep habits.

2.2.1. MEQ

The MEQ is a 19-item self-reported questionnaire used to assess
the individual's preference with regard to the timing of daily ac-
tivities, producing an overall score ranging from 16 to 86 points.

Lower scores on the MEQ indicate a diurnal preference for eve-
ningness, whereas higher scores correspond to a morningness
diurnal preference [24]. The Brazilian Portuguese version of MEQ
has been previously validated [25]. According to the sample dis-
tribution in quartiles (25%—50%—25%) [24], individuals were
separated into three chronotypes: evening types (N = 195), inter-
mediate types (N = 411) and morning types (N = 208). For genetic
association analysis, we selected students with the highest and
lowest MEQ scores (7% of both extreme) to create groups of the
most pronounced morning and evening preferences (N = 56 for
each), together with a control group of intermediates, who were
the closest to the middle of MEQ score distribution (N = 56) [26]. A
subset analysis with the extreme phenotypes for quantitative traits,
such as MEQ scores, from large population may increase the power
per genotyped individual [27].

2.2.2. Munich Chronotype Questionnaire (MCTQ)

The sleep habits were assessed by the Brazilian Portuguese
version of the MCTQ (http://www.bioinfo.mpg.de/wepcronotipo).
Respondents were asked to self-report their bedtime (an indirect
measure for sleep onset), wake up time, sleep duration and the
midpoint of sleep (the halfway point between bedtime and wake
up time) separately for weekdays and weekends [28]. Besides sleep
habits, social jetlag was also evaluated by MCTQ. Social jetlag in-
dicates the discrepancy between biological and social timing, and it
is obtained by subtracting the midpoint of sleep on weekdays
(MSW) from the midpoint of sleep on weekends (MSF), expressed
in hours [29]. The MSF corrected for sleep debt accumulated during
the weekdays (MSFsc) provides a quantitative measure of individ-
ual phase of entrainment based on sleep/wake behaviour [30].
Lower values indicate earlier types (individuals who sleep and
wake up earlier) while higher values indicate later types (in-
dividuals who sleep and wake up later). The dimension of MSFsc is
not a score but a representation of local time in hours [29]. MSFsc
values were highly correlated with scores obtained by MEQ
(r=-0.73, p = 0.001) [31].

2.3. Genotyping

Buccal cell samples were collected from all participants using
sterile cytobrushes (Adlin, Jaragud do Sul, SC, Brazil). The genomic
DNA was extracted using the salting out adapted protocol [32]. The
DNA samples were resuspended in 60 pl of TE (10 mM Tris-Cl, pH
7.6, 0.1 mM EDTA) and stored at —20 °C. The amount of genomic
DNA was quantified using a spectrophotometer (Eppendorf® AG,
Hamburg, Germany) and then diluted to a final concentration of
4 ng/ul. The rs4753426 (—1193T > C) SNP of MTNR1B was analysed
using the StepOnePlus™ Real-Time polymerase chain reaction
(PCR) System (Applied Biosystems, Foster City, CA, USA) using a
specific TagMan SNP Genotyping Assays (Assay ID: C_289583_10,
Applied Biosystems, Foster City, CA, USA). Amplification was per-
formed with 5.0 uL 2 x TagMan Genotyping Master Mix, 0.125 puL
TagMan 40 x assay mix, and 4.87 pL of DNA (4 ng/ul), for 10 pl of
total volume. The PCR program consisted of a 10-min denaturation
step at 95 °C (one cycle), followed by 40 cycles at 92 °C for 15 s and
60 °C for 1 min. Allelic discrimination was performed for endpoint
reading on StepOnePlus™ software version 2.3. A total of 814
subjects were genotyped for this study. Additionally, all genotypes
were checked by two different researchers in order to confirm and
validate the results.

2.4. Statistical analysis

Statistical analyses were performed using SPSS version 22.0
(Statistical Package for the Social Sciences, IBM, Armonk, New York,
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USA). Correlations between MEQ scores, age and sleep habits pa-
rameters were examined by Pearson's correlation coefficient test.
To verify the Hardy—Weinberg equilibrium, a Chi-squared analysis
was performed. A linear regression model was conducted to
explore the main effects of genotype on diurnal preference and
sleep habits, according to several models of inheritance: codomi-
nant, dominant, recessive and overdominant. Additionally, a
multinomial logistic regression, based on previous genetics models
of inheritance, was used to confirm the genotype/allele effects in
diurnal preference as a categorical variable. The significance level
considered was 0.05.

3. Results

The MEQ scores ranged from 18 to 77 (mean (M) = 50.96 and
SD = + 10.91; 95% confidence interval (95% CI) [50.19, 51.69],
whereas the MSFsc showed a mean of 04:03 (SD = + 01:40 h and
95% CI [3:57—4:11 h], in a sample of 814 volunteers. The scores for
both questionnaires were normally distributed (Fig. 1(a), (b)).
Diurnal preference distribution demonstrated a slight tendency
towards morningness (Fig. 1(a)). MEQ did not differ between
sexes (females: M = 51.27 and SD = +10.87, 95% CI [50.35—52.16];
males: M = 50.31 and SD = + 11.00, 95% CI [48.95—-51.62];
t(818) = 1.185, p = 0.236, d = 0.08) and no correlation was found
between age and MEQ scores in our sample (r = —0.01, p = 0.236).
Because there was no interaction between gender/age and the
phenotype analysed, both were considered as a single sample for
analysis.

MEQ scores correlated negatively with bedtime (r = —0.56,
p < 0.001), wake up time (r = —0.38, p < 0.001), sleep duration
(r=-0.17, p < 0.001) and midpoint of sleep (r = —0.54, p < 0.001)
on weekdays and, bedtime (r = —0.61, p < 0.001), wake up time
(r=-0.64, p < 0.001), and midpoint of sleep (r = —0.69, p < 0.001)
on weekends. This indicates that evening types have later
sleep—wake times compared to morning types during the week-
days and weekends, as expected. However, no correlation was
found for sleep duration on weekends (r = —0.02, p = 0.217),
indicating that morning types spend more hours sleeping than
evening types on weekdays, but both have a similar sleep duration
on weekends. A negative correlation was found between social
jetlag and MEQ values (r = —0.32, p < 0.001), indicating that eve-
ning subjects have higher social jetlag than morning ones.
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3.1. MTNR1B —1193T > C polymorphism is associated with MEQ
scores

Allelic frequencies were almost equally distributed in the total
sample (814 genotyped subjects), with the frequency of 51% for
the —1193C allele. Moreover, the genotypes are in Hardy—Weinberg
equilibrium (x%(1) = 0.310, p = 0.577). Through linear regression,
we investigated the effect of —1193T > C genotypes in diurnal
preference according different genetic models of inheritance. From
all genetic models, only the recessive model predicted diurnal
preference (Table 1). The model explained 0.5% and 2.6% of the total
observed variance in MEQ scores for total sample (N = 814) and a
subset of diurnal preference including extreme phenotypes and
intermediate controls (N = 168), respectively, with an adequate
adjustment of the data [F(1, 812) = 3.92, p = 0.048 and
F(1,166) = 4.40, p = 0.038]. The —1193T > C genotypes provide a
positive explanation for diurnal preference, indicating that carriers
of at least one —1193C allele had significantly higher MEQ scores
(morning types) than T/T homozygotes for both total sample
(N =814; 6 = 0.069, p = 0.048, recessive model) and in the subset
including extreme diurnal preference and intermediate controls
(N = 168; § = 0.161, p = 0.038, recessive model). No effect
of —1193T > C alleles in MEQ scores was observed for total sample
(8 =0.035, p =0.153) or subgroups including extreme chronotypes
and intermediate controls (8 = 0.090, p = 0.101).

Regarding diurnal preference as a categorical variable, a multi-
nomial logistic regression analysis revealed that —1193T > C ge-
notypes or alleles do not confer significant association with
chronotypes in the total sample (N = 814; p > 0.05) (Table 2).
However, an association was found between diurnal preference
and —1193T > C genotypes for both codominant and recessive
models of inheritance in the subset of diurnal preference including
extreme morning/evening types and intermediate controls
(N = 168) (Tables 2 and 3). In the codominant model, extreme
morning types showed a higher frequency of C/C (38%) and T/C
(48%) genotypes than T/T (14%) when compared to extreme eve-
ning types (T/T = 34%; C/C vs. T/T: odds ratio (OR) = 3.11, 95% CI
[1.08—8.92], p =0.034 and C/T vs. T/T: OR = 3.05, 95% CI [1.11-8.33],
p = 0.029) (Fig. 2(a)). Additionally, there was a low frequency of
heterozygotes (T/C = 34%) in intermediate types compared to
morning ones (T/C = 48%) for the codominant model (OR = 0.31,
95% CI [0.11-0.86], p = 0.025).
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Fig. 1. Histograms of the Morningness—Eveningness Questionnaire (MEQ) (a) and the Munich Chronotype Questionnaire (MCTQ) (b) scores distribution and the corresponding

normal curves.
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Table 1

Regression model predicting diurnal preference and sleep habits according to different models of heritance/alleles (—1193T > C SNP) for the total sample (N = 814), and a

subset including extreme morning/evening types and intermediate controls (N = 168).

Variables Models Total sample (N = 814) Subset of diurnal preference (N = 168)
r B[SE] 6 t p r B[SE] I t p
MEQ score
Codominant 0.062 1.53[1.07] 0.062 143 0.151 0.039 5.51[3.42] 0.151 1.60 0.110
Dominant —-0.012 —0.30[0.87] -0.012 0.353 0.724 —-0.039 —1.42[2.82] —-0.039 0.502 0.616
Recessive 0.069° 1.74[0.88]' 0.069 1.98 0.048 0.161° 6.23[2.97]? 0.161 2.09 0.038
Overdominat 0.049 1.07[0.76] 0.049 1.40 0.161 0.108 3.78[2.70] 0.108 139 0.164
Allele 0.035 0.77[0.54] 0.035 1.40 0.153 0.090 3.08[1.87] 0.090 1.64 0.101
Bedtime weekdays
Codominant -0.014 —9.84[8.45] —0.050 1.16 0.245 —0.058 —0.57[21.25] —0.003 0.027 0.978
Dominant 0.014 2.64[6.88] 0.014 0.385 0.700 —0.058 —13.05[17.38] —0.058 0.751 0.454
Recessive —-0.053 -10.50[6.97] —0.053 1.50 0.132 —-0.053 —12.67[18.51] —0.053 0.685 0.495
Overdominat -0.034 —5.82[6.04] —0.034 0.96 0.335 -0.104 —22.46[16.67] -0.104 1.34 0.180
Allele —-0.029 —4.95[4.26] —0.029 1.16 0.246 0.004 0.83[11.60] 0.004 0.072 0.943
Wake time weekdays
Codominant -0.018 —2.28(8.76] -0.011 0.26 0.754 —-0.025 —3.50[19.12] -0.017 0.184 0.854
Dominant 0.018 3.60[7.12] 0.018 0.506 0.613 —-0.025 —5.10[15.61] —-0.025 0327 0.744
Recessive 0.002 0.50[7.22] 0.002 0.070 0.944 -0.044 -9.46[16.61] —0.044 0.569 0.570
Overdominat 0.018 3.15[6.25] 0.018 0.504 0.614 —0.064 —12.47[15.01] —0.064 0.831 0.407
Allele —-0.007 —1.19[4.42] —0.007 0.271 0.786 —0.008 —1.44[10.40] —0.008 0.139 0.890
Sleep duration weekdays
Codominant 0.008 7.30[8.36] 0.038 0.873 0.383 —0.046 —4.01[18.21] —-0.021 0.221 0.826
Dominant 0.008 1.49[6.81] 0.008 0.22 0.826 0.046 8.88[14.85] 0.046 0.598 0.551
Recessive 0.057 11.20[6.89] 0.057 1.62 0.105 0.013 2.60[15.85] 0.013 0.164 0.870
Overdominat 0.056 9.54[5.96] 0.056 1.59 0.110 0.056 10.36[14.28] 0.056 0.725 0.469
Allele 0.021 3.61[4.22] 0.021 0.857 0.392 —-0.016 —2.94[9.90] —-0.016 0.297 0.767
Midpoint of sleep weekdays
Codominant —-0.016 —5.93[7.52] —0.034 0.789 0.430 —0.050 —1.54[18.07] —0.008 0.085 0.932
Dominant 0.016 2.85[6.11] 0.016 0.467 0.641 —0.050 —9.53[14.78] —0.050 0.645 0.524
Recessive —-0.029 —5.09[6.20] -0.029 0.821 0.412 —-0.053 —10.79[15.73] —-0.053 0.686 0.424
Overdominat —-0.011 -1.61[5.37] -0.011 0.300 0.764 —0.096 —17.66[14.18] —0.096 1.24 0.215
Allele —-0.020 —3.00[5.28] —0.020 0.793 0.428 —0.000 0.00[9.85] —0.000 0.001 0.999
Bedtime weekends
Codominant —0.006 —6.18[0.55] —0.025 0.590 0.555 —-0.034 —28.83[2717] —-0.101 1.06 0.289
Dominant 0.006 1.35[8.52] 0.006 0.159 0.874 0.034 —9.69[22.19] 0.034 0.237 0.663
Recessive —-0.028 —6.09[8.64] -0.028 0.799 0.424 —-0.100 —30.55[23.51] —-0.100 1.12 0.196
Overdominat -0.019 —4.13[7.48] -0.019 0.552 0.589 —0.058 —16.00[21.34] —0.058 0.750 0.454
Allele -0.015 3.10[5.26] -0.015 0.558 557 —0.061 —16.36[14.76] —0.061 1.10 0.268
Wake time weekends
Codominant -0.023 —8.76[10.36] —0.037 0.847 0.397 —0.045 —32.30[28.34] —-0.108 1.14 0.256
Dominant 0.023 5.55[8.42] 0.023 0.658 0.510 0.045 13.41[23.19] 0.045 0.578 0.564
Recessive -0.026 —6.23[8.42] —0.026 0.729 0.466 —-0.100 —31.90[24.59] —-0.100 1.29 0.196
Overdominat —-0.002 —0.38[7.40] —0.002 0.053 0.477 —-0.047 —13.67[22.33] —0.047 0.612 0.541
Allele —-0.021 4.47[5.22] —0.021 0.855 0.393 —0.066 —18.55[15.43] —0.066 1.20 0.230
Sleep duration weekends
Codominant -0.025 -3.17[8.57] -0.016 0.370 0.711 —-0.028 —4.54[16.29] -0.027 0.279 0.781
Dominant 0.025 4.98[6.57] 0.025 0.715 0.475 0.028 4.78[13.28] 0.028 0.360 0.719
Recessive 0.003 0.68[7.07] 0.003 0.097 0.923 -0.010 —1.84[14.14] -0.010 0.131 0.896
Overdominat —-0.025 4.35[6.12] —0.025 0.712 0.477 0.018 2.92[12.78] 0.018 0.229 0.819
Allele -0.010 —1.16[4.32] -0.010 0.385 0.700 -0.018 —2.86[8.84] —-0.018 0324 0.746
Midpoint of sleep weekends
Codominant -0.014 —7.21[4.21] —0.033 0.764 0.923 —-0.039 —30.03[26.52] -0.107 1.13 0.259
Dominant 0.014 3.06[7.69] 0.014 0.398 0.691 0.039 11.01[21.71] 0.039 0.507 0.613
Recessive —-0.030 —6.59[7.60] —0.030 0.845 0.399 0.104 —30.98[23.00] 0.104 1.34 0.180
Overdominat -0.013 —2.57[6.75] -0.013 0.381 0.703 0.056 —15.13[20.89] 0.056 0.724 0.613
Allele -0.019 —3.64[4.77] -0.019 0.764 0.445 0.065 —17.12[14.44] 0.065 1.18 0.237
Social jetlag
Codominant —0.004 —0.77[7.57] —0.004 0.097 0.923 -0.125 —34.93[17.45] -0.188 2.00 0.047
Dominant 0.004 0.66[6.15] 0.004 0.108 0914 -0.125 23.15[14.28] -0.125 1.62 0.107
Recessive —-0.002 —0.31[6.24] —0.002 0.051 0.959 -0.135 —26.63[15.18] -0.135 1.75 0.081
Overdominat —0.002 0.27[5.40] —0.002 0.051 0.959 —0.002 —0.32[13.86] —0.002 0.023 0.981
Allele —-0.002 0.37[3.82] —0.002 0.099 0.922 -0.119° —20.82[9.52]° -0.119 2.18 0.237

Values in bold presented significance in statistical analysis. r = Pearson's correlation; B = unstandardized coefficients; SE = standard error; § = standardized coefficients. MEQ,

Morningness—Eveningness Questionnaire.

Notes:1: R> = 0.005; adjusted R?> = 0.004; F(1,812) = 3.92, p = 0.048. 2: R? = 0.026; adjusted R? = 0.020; F(1,166) = 4.40, p = 0.038. 3: R? = 0.014; adjusted R? = 0.020;

F(1,334) = 4.78, p = 0.029.
2 p < 0.05.

In the recessive model, the extreme morning group also
demonstrated more —1193C carriers (C/C + C/T = 86%) than T/T
individuals (14%) compared to the extreme evening group (C/C + C/
T = 66% and T/T = 34%; OR = 3.08, 95% Cl [1.21-7.81], p = 0.018)

and intermediate controls (C/C + C/T = 68% and T/T = 32%;
OR = 0.35, 95% CI [0.13—0.89], p = 0.029) (Fig. 2(b)). Furthermore,
the —1193C allele frequency was significantly higher in the morn-
ing group (C = 62% and T = 38%) compared to the evening group



Table 2
Multinomial logistic regression analysis performed for association between the —1193T > C genotypes and diurnal preference for total sample (N = 814), and a subset including extreme chronotypes and intermediate controls
(N = 168).

OLL

Models Total sample (N = 814) Subset of diurnal preference (N = 168)
E" vs.1 OR (95% CI) P E" vs. M OR (95% CI) p M" vs. 1 OR (95% CI) p E" vs. 1 OR (95% CI) p E" vs. M OR (95% CI) p M" vs. 1 OR (95% CI) P
Codominant
cC 1.05 (0.65—1.67) 0.838 1.50 (0.86—2.61) 0.152 0.70 (0.43—-1.13) 0417 1.25 (0.49-3.16) 0.558 3.11 (1.08—-8.92)" 0.034 0.40 (0.14—1.13) 0.086
CT 0.96 (0.63—1.46) 0.868 0.94 (0.58—1.51) 0.068 0.68 (0.44—1.04) 0.082 0.95 (0.39-2.33) 0.633 3.05 (1.11-8.33)° 0.029 0.31 (0.11-0.86)° 0.025
TT 1.00 1.00 1.00 1.00 1.00 1.00
Dominant
cC 0.97 (0.67—-1.47) 0.980 1.09 (0.70—-1.70) 0.680 0.90 (0.62—-1.32) 0.620 1.28 (0.57—-2.86) 0.541 1.50 (0.67—-3.31) 0.316 1.16 (0.53—-2.53) 0.693
CT+TT 1.00 1.00 1.00 1.00 1.00 1.00
Recessive
CC+CT 1.07 (0.73—-1.57) 0.710 1.56 (0.98—2.48) 0.060 1.45 (0.96—-2.17) 0.072 1.08 (0.49—-2.38) 0.841 3.08 (1.21-7.81)° 0.018 0.35 (0.13-0.89)" 0.029
TT 1.00 1.00 1.00 1.00 1.00 1.00
Overdominant
CIC+T/T 0.94 (0.66—1.32) 0.728 0.78 (0.52—1.15) 0.212 1.20 (0.86—1.68) 0.269 1.16 (0.53—2.53) 0.693 0.64 (0.30—1.36) 0.253 1.81 (0.84—-3.88) 0.126
C/T 1.00 1.00 1.00 1.00 1.00 1.00
Alleles
C 1.02 (0.80—-1.30) 0.830 1.21 (0.52—-1.60) 0.84 (0.66—1.07) 0.162 1.15 (0.68—1.94) 0.593 1.78 (1.05-3.04)° 0.032 0.64 (0.38—1.09) 0.107
T 1.00 1.00 1.00 1.00 1.00 1.00

E, evening types; I, intermediate types; M, morning types; OR, odds ratio; CI, confidential interval; 1.00, Reference category. * Reference group. Values in bold presented significance in statistical analysis.
¢ B=1.13 and SE = 0.53.
> —B=1.11 and SE = 0.51.
¢ B=1.12 and SE = 047.
4 B —0.58 and SE = 0.27.
€ B= —-1.16 and SE = 0.52.
f B=-1.04 and SE = 0.47.
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Table 3

Genotypic and allelic frequencies of —1193T > C polymorphism distribution among the three diurnal preference groups for total sample (N = 814) and a subset including
extreme morning/evening types and intermediate controls (N = 168).

Chronotypes Total sample Subset of diurnal preference
N c/c qT T C T N c/c qT T C T
Evening 195 0.25 0.47 0.28 0.49 0.51 56 0.29 0.37 0.34 0.47 0.53
Intermediate 411 0.26 0.48 0.26 0.50 0.50 56 0.34 0.34 0.32 0.51 0.49
Morning 208 0.27 0.53 0.20 0.54 0.46 56 0.38 0.48 0.14 0.62 0.38
Combined 814 0.26 0.49 0.25 0.51 0.49 112 0.33 0.43 0.24 0.55 0.45
A B
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Fig. 2. Association of the —1193T > C polymorphism with diurnal preference and sleep duration. (a) The number of T/T, T/C, and C/C genotypes in the extreme morning/evening
types and intermediate control group according to the codominant model. There are more C/C and T/C genotypes within the extreme morning than evening group (odds ratio
(OR) = 3.11, 95% confidence interval (CI) (1.08—8.92), p = 0.034 and OR = 3.05, 95% CI (1.11-8.33), p = 0.029). (b) The number of C/C + C/T and T/T genotypes in extreme morning/
evening subjects and intermediate controls according to the recessive model. There is a higher number of C/C + C/T genotypes in the extreme morning compared to the extreme
evening group (OR = 3.08, 95% CI (1.21-7.81), p = 0.018). (c) The number of —1193T > C alleles in extreme morning/evening chronotypes. The C allele is more frequent in the
morning group (OR = 1.78, 95% CI (1.05, 3.04), p = 0.032). (d) The number of —1193T > C alleles in the groups with more than 8 h and less than 8 h of sleep. The T allele frequency is
higher in the group that stay in bed more than 8 h/night (OR = 1.60, 95% CI (1.04—2.47), p = 0.032).
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(C=47%and T = 53%) (OR = 1.78, 95% CI [1.05—3.04], p = 0.032)
(Fig. 2(c)). However, no difference was found in allele distribution
comparing morning vs. intermediate controls.

3.2. MTNR1B —1193T > C polymorphism and sleep habits

A linear regression analysis conducted to evaluate
the —1193T > C SNP effect in sleep habits revealed that there was
no —1193T > C genotype influence on sleep habits in the total
sample (N = 814, p > 0.05) (Table 1). However, in the subset
including extreme chronotypes and intermediate controls
(N = 168), the —1193C allele was negatively correlated with social
jetlag scores. The model accounts for 1.4% of the explained vari-
ability and adequately adjusted to the data [F(1,334) = 4.78,
p = 0.029]. The —1193C allele negatively predicted the social jetlag
(8 =-0.12, p = 0.029).

Additionally, a logistic regression was used to investigate
whether the —1193T > C frequencies differed regarding the sleep
duration on weekdays/weekends in the total sample (N = 814) and
in the subgroup including extreme chronotypes and intermediate
controls (N = 168). The results showed that allelic frequency is
similar for individuals who sleep more or less than 8 h/night on
weekdays (OR = 1.07, 95% CI [0.59—1.91], p = 0.819). However, on
weekends, a significant difference in allelic frequencies was
observed between individuals who sleep more than 8 h/night
(T=52%and C=48%) and individuals who sleep less than 8 h/night
(T =40% and C = 60%), with a higher —1193T allele frequency in the
group that stay in bed more than 8 h/night (OR = 1.60, 95% CI
[1.04—2.47], p = 0.032) (Fig. 2(d)).

4. Discussion

SCN regulates the synthesis and release of melatonin by the
pineal gland, which feeds back to modulate sleep and circadian
phase through the activation of MT1 and MT2 receptors [33].
Studies in vitro [12,34] and in vivo [35,36] have established that
MT2 receptor mediates phase advanced effect of melatonin on
circadian rhythms in the SCN, depending on the dose and timing of
sensibility [3]. In addition, endogenous melatonin facilitates the re-
entrainment of the circadian locomotor activity rhythm after phase
advance by acting upon MT2 receptors [36]. In humans, a diurnal
rhythm in MT2 expression was described in the SCN, with a peak
around midnight [37]. The MT2-dependent phase advance seems to
be mediated through the increase in protein kinase C (PKC) activity
[38], which is necessary for melatonin-induced changes in Per1 and
Per2 expression at dusk (CT 10) [39].

In the present study, we hypothesized that the —1193T > C
variation in the MT2 gene could be associated with diurnal pref-
erence and sleep habits. Our data show that the -1193C/C
and —1193T/C genotypes, in a codominant model of inheritance,
and —1193C allele frequency are significantly higher in the group of
extreme morning types compared to the extreme evening group.
Curiously, a previous research found a negative correlation
between —1193C allele frequency and sunshine duration among
worldwide populations [18]. The authors suggested that the se-
lection of this derived allele would provide an advantage to pop-
ulations adapting to shorter sunshine durations and, consequently,
a more efficient adaptation to seasonal variations. If we consider
that shorter sunshine length leads to an increased duration of
melatonin secretion [40], a possible physiological adaptation could
be the selection of genetic variants in the receptors that balance
this increased melatonin, potentially impacting the circadian
rhythm plasticity and sleep homeostasis.

Additionally, we found an association of the —1193T allele with
the group that stayed in bed more than 8 h/night on weekends,

suggesting that —1193T could modulate the melatonin role in
circadian regulation of sleep [41]. The sleep-promoting effects of
melatonin result from phase advancing the circadian clock [42] or
inhibiting the drive for wakefulness [43]. Thus, the —1193T allele
could be responsible for higher MT2 receptors levels and an earlier
onset of melatonin signal, resulting in a longer sleep duration
compared to the —1193C allele. On weekends, students are free
from timetable restrictions, so the sleep habits reflect their
endogenous circadian tendencies [44]. Furthermore, diurnal pref-
erence did not differ in sleep duration on weekends, in accordance
with previous studies [41,45].

Morning—evening people differ in their intrinsic circadian period,
with shorter periods associated with morning-types and longer pe-
riods associated with evening-types [46]. Since sleep propensity is
under circadian regulation [47], it is expected that morning types and
evening types go to bed and wake up at different times [48]. In fact,
our results showed a robust and consistent difference in sleep/wake
times between morning and evening types in accordance with large
studies [49,50]. Evening types presented a higher social jetlag
compared to morning types, as expected [23], and regarding the
analysed polymorphism, the —1193T allele was associated with
longer social jetlag (20 min) in the subset including extreme chro-
notypes and intermediate controls.

A possible explanation for these results is that, because
the —1193T > C polymorphism is located in the promoter region,
the —1193C/C genotype could be responsible for lower MT2 levels,
causing a delay in melatonin signalling onset. On the other hand, if
the —1193T/T genotype contributes to higher MT2 receptor level and
a slower desensitization of endogenous MT2 receptors, the —1193T
allele may contribute to a prolonged transduction of the melatonin
signal, leading to an extended sleep duration [51]. In fact, gene
expression data from —1193T > C genotypes in GTEx database
(http://www.gtexportal.org/home/) show that C homozygous has a
significantly lower mRNA level compared to C/T and T/T genotypes in
the oesophagus—mucosa tissue (p < 0.001) (Supplementary Fig. S1).

These hypotheses could also explain two other findings previ-
ously discussed: (1) a higher frequency of —1193C variant in the
morning group, which would correspond to an earlier signalling
and a faster inactivation of the melatonin pathway; (2) a lower
frequency of the same allele in populations exposed to longer
sunshine durations [18], potentially leading to increased MT2
levels, which compensates for less melatonin synthesis in this
environmental condition. However, further studies incorporating
functional evaluations are warranted to confirm the association and
to clarify the potential biological mechanisms of this polymorphism
in diurnal preference and sleep habits.

Although MEQ and MCTQ scores have been significantly corre-
lated with the internal period (t) [52], a potential limitation of our
study is related to the use of self-report questionnaires, which are
an indirect measure of the circadian phenotypes. Moreover, we
selected in some analyses subjects who are extreme morning or
evening types in order to reduce the sample variance and increase
the power per genotyped individual. This method, however, has
been used for association studies regarding diurnal preference [26].
Another limitation of this study is not taking into account the
exposure to artificial light at night (late night reading, TV, computer
or smartphones) as exclusion criteria. Nocturnal light decreases
pineal melatonin production and secretion [53]. This suppression
could alter melatonin receptor expression, because the hormone
regulates its own receptor levels [54], and therefore modify sleep
response. Urban areas are bathed in light which can also contribute
to lower melatonin levels in relation to rural areas [55].

One further possible limitation is that our sample was composed
mainly of females. Sex differences in melatonin rhythms have been
described [56,57], with women tending to have a higher melatonin
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amplitude and an earlier onset of peak melatonin levels compared
to men. Although MEQ scores did not differ between males and
females in our sample, an earlier timing of melatonin onset (DLMO)
could be observed in females [56,57], which can explain sex dif-
ferences in some sleep parameters such as bedtime on weekdays/
weekends and midpoint of sleep on weekdays (p < 0.001 data not
shown). Thus, other studies with mixed populations living in the
same or different latitudes, and considering the influence of arti-
ficial light and sex differences, would be necessary for determining
the replication of this association.

5. Conclusion

In summary, this study demonstrated that the —1193C allele was
associated with morningness and —1193T influences sleep habits.
To our knowledge, this is the first report associating a poly-
morphism in a melatonin receptor gene with diurnal preference,
adding to previous information regarding melatonin's function in
circadian rhythm regulation. In addition, this genetic variability
may affect the action of melatonin and its agonists used in the
treatment of sleep and mood disorders.
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