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THE PART OF THE BRAIN THAT ORCHESTRATES RHYTH-
MICITY IS THE SUPRACHIASMATIC NUCLEUS (SCN) IN 
THE ANTERIOR HYPOTHALAMUS. THE NEURAL INPUT 
and output pathways for SCN develop in the fetus and continue 
to mature during the early neonatal period.1 It has been shown 
that human SCN grows in cell number and size around the time 
of birth and during the first few months after birth.2 As a con-
sequence, it has been posited that the environmental variables 
during pregnancy and the perinatal period could have a decisive 
effect on the developing circadian system of the fetus. A series of 
studies have shown that season of birth is an important proxy for 
such environmental factors vis-à-vis the development of various 
individual differences and pathologies in adults: handedness,3 
personality,4 mental disorders,5 and sleep disorders.6 Etiology of 
the season of birth effect however is still not completely under-
stood. Neurodevelopmental damage caused by prenatal or post-
natal viral infection was one of the first hypotheses7 put forward, 
though in the last year, the issue of photoperiod has come to the 
fore. It seems likely that circannual variations of daylight in the 
late fetal period and the early stages of development influence the 
maturing neurohormonal system in hypothalamic nuclei.8

Surveys conducted in different countries have demonstrated 
a relationship between season of birth and circadian typology.9 

These studies, in which more evening types were found among 
people born during spring and summer, have posited the photope-
riod around birth as a crucial factor.10,11 As already demonstrated 
in animals,12 exposure to increasing photoperiod at birth seems to 
elicit phase delay (eveningness) of the human circadian system. 
According to this hypothesis, people born in spring (increasing 

photoperiod) or summer (long photoperiod) would have internal 
clocks with longer days than people born in autumn (decreasing 
photoperiod) or winter (short photoperiod). This setting “error” 
might reflect the fact that the newborn’s pineal gland has had only 
9 months to develop.13 The melatonin timing mechanism, which 
codes for day length, is initiated prenatally by the maternal pineal 
gland and continued postnatally by the infant’s pineal gland. Sea-
sonal variation on day length requires 12 months of development 
(as opposed to the 9-month gestation period). Following this line 
of thought, it might be expected that people born in the summer 
season tend to present delayed sleep onset in the first months of 
their life, and vice versa for people born in autumn.

Previous work would seem to point to a season of birth effect 
on sleep timing. But is this effect equally distributed between 
onset and offset of sleep? Is a season of birth effect on sleep du-
ration possible? The aim of the present survey was to examine 
season of birth effect on the sleep-wake cycle in young adult 
humans. To our knowledge, there are no published scientific 
studies on this issue. We found only one work on season of 
birth and schizophrenia, in which an unexpected relationship 
was found between hours of reported sleep and season of birth: 
fall births were associated with increased hours of sleep.14 In a 
recent longitudinal survey on 1,112 children, sleep-wake sched-
ules were not associated with birth season.15

Taking into account the masking effect of social schedules 
we decided to investigate preferred sleep-wake cycle timing, 
using the Morningness-Eveningness Questionnaire (MEQ).16 
The MEQ, which was the first tool developed to assess circa-
dian typology, consists of 19 mixed-format questions regard-
ing the time individuals get up and go to bed, preferred times 
for physical and mental activity, and subjective alertness. Al-
though it has been criticized for not just collecting information 
on morningness, but on other domains as well,17,18 it has proven 
to be a valid and reliable tool using physiological and psycho-
logical parameters.19,20 The MEQ has been translated into many 
languages and is still the most frequently used self-evaluation 
tool. Above all, the MEQ is the only circadian questionnaire 
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linear stepwise regression test for each dependent variable col-
lected: preferred time of sleep onset and awakening, preferred 
hours of sleep, and midpoint of sleep. For each dependent vari-For each dependent vari-
able an analysis of covariance (ANCOVA) was performed us-
ing the 3 independent variables, gender, nationality, and month 
of birth (12 levels), with age as the covariate.

In view of the large size of the sample, we decided to consider 
only the results that were significant in both analyses, setting the 
cut-off value for significant results at P < 0.0005.25 All statistical 
analyses were performed by SPSS 14.0 (SPSS, Inc. Chicago, IL).

This study was approved by the ethics committees of the 
Barcelona and Bologna Universities and carried out in accor-
dance with the Declaration of Helsinki; all participants gave 
informed consent prior to inclusion in the study.

reSUlTS

Nationality was the best predictor of time of awakening (item 
1) (β = 0.15; t5716 = 11.68; P < 0.00001), followed by season of 
birth (β = 0.05; t5716 = 4.07; P < 0.00005); gender had no sig-
nificant effect (β = 0.01; t5716 = 2.04; P = 0.041). On ANCOVA, 
gender and month of birth factors were not significant (respec-
tively: F1,5671 = 4.86; P = 0.027 and F11,5671 = 2.48; P = 0.004). 
In contrast, nationality proved significant, since the Spaniards 
(09:43 ± 1 h 09 min) got up later than the Italians (09:21 ± 1 h 
16 min) (F1,5671 = 29.41; P < 0.00001). Interaction between fac-
tors did not reach significance.

For preferred sleep onset time (item 2), all 3 independent 
variables had a significant predictive effect: gender (β = 0.19; 
t5716 = 14.67; P < 0.00001), nationality (β = 0.18; t5716 = 14.08; 
P < 0.00001), and season of birth (β = 0.06; t5716 = 4.75; P < 
0.00001). Men (24:42 ± 1 h 23 min) went to bed later than 
women (24:13 ± 1 h 13 min) (F1,5671 = 140.62; P < 0.00001), 
and Spaniards (24:40 h ± 1 h 11 min) later than Italians (24:13 
± 1 h 19 min) (F1,5671 = 124.15; P < 0.00001); month of birth 
had a significant effect on sleep onset time (F11,5671 = 3.25; P < 
0.0005). The post hoc test (Tukey for unequal samples) showed 
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Figure 1—Mean values and standard deviations (dotted line) of pre-
ferred sleep hours for every month of birth, subdivided by gender 
(male = line and female = outline) and nationality (Italian left; Span-
ish right). Women prefer significantly more sleep than men, indepen-
dent of nationality and season of birth (F1,5671 = 93.87; P < 0.00001).

with open questions, in which subjects can put their preferred 
time without the limitations of using ordinal scales; it was for 
this reason we decided to use it in this study. To better estimate 
the effect of season of birth on sleep timing preference, we ran 
analyses on the answers to items 1 (preferred arising time) and 
2 (preferred going-to-bed time). Using the preferred sleep onset 
(item 2) and awakening (item 1) times, we also indirectly cal-
culated preferences regarding sleep need21 (or, more properly, 
time in bed) and midpoint of sleep.22

To better evaluate the relationship between season of birth 
and sleep timing preference, we collected data from 2 differ-
ent countries: Spain and Italy. Despite similar latitudes, Spanish 
social life is organized more towards eveningness than Italian 
life is.23 In this way, we thought we could simultaneously evalu-
ate biological (gender), social-cultural (nationality), and birth 
environment (photoperiod) factors in modulating sleep timing 
preference in humans.

meTHODS

All participants answered the Morningness-Eveningness 
Questionnaire (MEQ).16 They were tested in groups ranging in 
size from 10 to 100 students; their participation was voluntary, 
and they were not paid.

The final sample consisted of 5,720 university students with 
an age range of 18-34 years (mean, 22.23 ± 2.98 years; median, 
21; mode, 20; Table 1).

To estimate the season effect we subdivided the subjects in 
4 season groups according to birth date: autumn (23 Septem-
ber to 21 December; n = 1,294; 22.62%); winter (22 Decem-
ber to 20 March; n = 1,380; 24.12%); spring (21 March to 21 
June; n = 1,567; 27.40%); summer (22 June to 22 September; 
n = 1,479; 25.86%). As expected,24 significantly more subjects 
were born in spring and summer than autumn (χ2 = 34.74, P < 
0.00001 and χ2 = 16.29, P < 0.0001, respectively) and winter (χ2 
= 15.98, P < 0.0001 and χ2 = 4.57, P < 0.05, respectively). The 
ratios of males to females (female percentage ranged between 
65.84% and 70.51%) and Spaniards to Italians (Italian percent-
age ranged between 64.07% and 69.86%) were stable among 
subjects born during each season.

To understand which of the 3 independent variables consid-
ered in this study (gender, nationality, and season of birth) could 
be the best predictor of sleep timing, we performed a multiple 

Table 1—Sample Characteristics

 Male Female Total
Italian N = 1,321 N = 2,530 N = 3,851
 Age 23.66 ± 3.14 Age 22.52 ± 2.81 Age 22.92 ± 2.97
Spanish N = 522 N = 1,347 N = 1,869
 Age 21.39 ± 2.75 Age 20.60 ± 2.26 Age 20.82 ± 2.43
Total N = 1,843 N = 3,877 N = 5,720
 Age 23.02 ± 3.20 Age 21.85 ± 2.79 Age 22.23 ± 2.98

N = number of subjects; Age = mean ± SD. Spanish subjects were 
younger than Italian subjects (t5718 = 26.46; P < 0.00001). Female 
subjects were younger than male subjects in the whole sample (t5718 
= 14.09; P < 0.00001) and in the nationality sub-samples: Italian 
(t3849 = 11.48; P < 0.00001) and Spanish (t1867 = 6.42; P < 0.00001).
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that subjects born in May (24:36 ± 1 h 18 min), June (24:36 
± 1 h 24 min), and August (24:37 ± 1 h 21 min) tend to go to 
bed later than subjects born in December (24:18 ± 1 h 13 min), 
January (24:19 ± 1 h 12 min), and February (24:19 ± 1 h 12 
min, P < 0.005). No interaction reached significance.

As regards preferred hours of sleep, only gender reached sig-
nificance (β = 0.16; t5716 = 12.51; P < 0.00001), while season of 
birth (β = 0.01; t5716 = 0.75; P = 0.45) and nationality (β = 0.03; 
t5716 = 2.58; P = 0.009) elicited no significant effect. ANCOVA 
(Figure 1) indicated that men (8 h 49 min ± 1 h 09 min) slept 
significantly less than women (9 h 18 min ± 1 h 11 min) (F1,5671 
= 93.87; P < 0.00001), and Spaniards (9 h 1 min ± 1 h 15 min) 
significantly less than Italians (9 h 8 min ± 1 h 18 min) (F1,5671 
= 34.34; P < 0.00001). Month of birth effect and interaction 
between factors were not significant.

As regards the midpoint of preferred sleep, all 3 indepen-
dent variables had a significant predictor effect: nationality (β = 
0.19; t5716 = 15.01; P < 0.00001), gender (β = 0.12; t5716 = 9.79; P 
< 0.00001), season of birth (β = 0.07; t5716 = 5.13; P < 0.00001). 
With ANCOVA (Figure 2), males (05:07 ± 1 h 13 min) reached 
midpoint later than women (04:52 ± 1 h 01 min) (F1,5671 = 68.08; 
P < 0.00001), and Spaniards (05:12 ± 1 h) later than Italians 
(04:47 ± 1 h 07 min) (F1,5671 = 93.50; P < 0.00001). The month 
of birth factor was also significant (F3,5671 = 3.58; P < 0.00001), 
with post hoc test (Tukey for unequal samples) indicating that 
subjects born in June (05:08 ± 1 h 10 min) and August (05:09 
± 1 h 08 min) reach sleep midpoint later than subjects born in 
October (04:51 ± 1 h 01 min), December (04:51 ± 1 h), January 
(04:51 ± 1 h 02 min), and February (04:53 ± 1 h 01 min ) (P < 
0.001). Interaction between factors did not reach significance.

DiScUSSiOn

On the basis of recent published data, we posited a possible 
season of birth effect on sleep timing and sleep duration. With 
regard to sleep timing, the present study found a significant sea-
son of birth effect on preferred times for going to bed and sleep 
midpoint times. In line with previous studies on the effect of 
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Figure 2—Mean hour and SD (dotted line) of the midpoint of 
preferred sleep for month of birth, subdivided by gender (male = 
line; female = outline) and nationality (Italian left; and Spanish 
right). Spanish subjects reach the mean midpoint later than Italian 
subjects (F1,5671 = 93.50; P < 0.00001). Subjects born in summer 
reach the midpoint of preferred sleep later than subjects born in 
autumn and winter (F3,5671 = 3.58; P < 0.00001).

season of birth on circadian typology, subjects born in spring 
and summer preferred going to bed later and reached sleep mid-
point later than those born in autumn and winter. This finding 
might fit the hypothesis that exposure to a long photoperiod 
elicits a phase delay in human circadian rhythms. The effects of 
season of birth on sleep-wake cycles are statistically significant 
but quantitatively small. In our study, the phase-delay linked to 
season of birth effect reached a maximum of 18 minutes, which 
is not a great deal if we consider that the mean sleep phase 
delay displayed by evening types is around 80 minutes versus 
morning types.19,26

In accordance with previous research23 sleep onset times, 
hours of sleep and sleep midpoints were different in women 
and men. Women preferred to go to bed earlier and reached 
sleep midpoint earlier than men, regardless of nationality and 
season of birth.

Season of birth seems to affect preferred sleep onset times 
rather than preferred sleep offset times. An explanation of this 
might be found in the social factors potentially involved. It may 
be that in this study, based on subjective answers, the season 
of birth effect was partially masked by social-cultural factors 
(nationality), which seems to offer a better explanation of vari-
ance in sleep timing preferences. In other words, it may be that 
people plan their preferred working day not just on the basis of 
preferred personal rhythms but on social schedules, too. Thus 
the only factor in our study that significantly modulated awak-
ening time was nationality.

Season of birth had no effect on preferred sleep durations, 
confirming once more that sleep timing and sleep duration are 
essentially independent traits.27 The only variable significantly 
modulating preferred number of sleeping hours in our study 
was gender: women scored higher than men, confirming both 
objective28,29 and subjective30,31 reports documenting longer sleep 
duration in women. Sleep patterns are sexually dimorphic in sev-
eral species, suggesting that sex hormones influence sleep physi-
ology.32 However, a recent large survey31 reported that females 
preferred sleeping longer than males irrespective of age, indicat-
ing that such sex difference is independent of gonadal function. It 
has been shown that administration of gonadal hormones to adult 
animals has minimal effect on sleep and does not accentuate gen-
der differences in regard to sleep patterns. The responsiveness 
of the hamster’s circadian system to estradiol is dependent on 
androgen-dependent differentiation during early postnatal life.33 
Thus, the process of hormone-induced sexual differentiation may 
affect the circadian system’s sensitivity to hormones in the fetus 
or in early neonatal period. This indicates that there may be a 
critical period in brain development when androgens have their 
strongest influence on sleep.33 In view of the fact that sex influ-
ences sleep-wake parameters across a wide range of species, we 
might try to interpret longer sleep durations in women from an 
evolutionary point of view. Early human societies were small 
hunter-gatherer units, with a clear division of labor between fe-
males and males.34 The male contribution to the family unit was 
to provide proteins from hunting; a male who needed less sleep 
might have had a fitness advantage. In contrast, females might 
draw a fitness advantage from behavior inactivity (sleep), which 
would allow them to conserve energy and resources required 
for pregnancy, child-rearing, and birth. Our results contrasted 
with recent data regarding sleep gender differences in mice 
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(C57BL/6J), in which females presented a longer active phase 
than males at baseline condition.35 Further comparative studies, 
including objective physiological measures, should address this 
issue to more accurately explore the impact of evolutionary fac-
tors on the sleep-wake cycle in humans.

In the past 10 years, the basis for cellular rhythmicity has be-
come clearer with the discovery of a series of essential genes.36,37 
However, to explain a phenotypic trait as complex as the sleep-
wake cycle, we need always to refer to a combination of genetic 
and environmental factors.38 In sum, our data demonstrate that 
season of birth (we posit photoperiod at birth) has a slight but 
significant effect on the timing of sleep: preferred bedtimes and 
preferred midpoint of sleep. Social-cultural factors (nationality) 
also modulate the preferred timing of sleep, while sleep dura-
tion is more linked to biological factors (gender).
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