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Abbreviations

EHI Edinburgh Handedness Inventory (score)

absEHI Absolute value of Edinburgh Handedness Inventory score

BMI Body Mass Index

RH Right-hander, right-handed

LH Left-hander, left-handed

CH Consistently-handed, consistent handedness

ICH Inconsistently-handed, inconsistent handedness

CRH Consistently right-handed

CLH Consistently left-handed

TIB Time in bed

SOL Sleep onset latency

TST Total sleep time

SD Sleeping duration

SE Sleep efficiency

Nwake Number of times participants woke for more than 5 min during each
night

WASO Amount of time spent awake after sleep onset

PSQI Pittsburgh Sleep Quality Index

D-MEQ Morningness-Eveningness-Questionnaire, German version

ESS Epworth Sleepiness Scale




1 Introduction

1.1 Handedness

1.1.1 Defining and measuring handedness

Handedness is defined as the tendency or preference to use one hand rather than the
other. The percentage of right- and left-handed individuals in a given population has
been topic of many studies throughout decades. It is however not straightforward to

evaluate, as handedness is a matter of definition.

Handedness is commonly thought of as a dichotomous trait labelling individuals as
either left- or right-handed (LH or RH)." Using this approach, around 10% of humans
are LH.2 Research has used three categories: RH, LH and inconsistently-handed
(ICH), also called mixed-handed individuals. Further approaches on categorizing
handedness have grouped RH and LH together as consistently-handed (CH) as
opposed to ICH.2 More recent concepts avoid partitioning at all treating handedness
as a continuum with two qualities: degree (meaning CH vs ICH) and direction (meaning
RHvs LH).#

The most commonly used tool to assess handedness is the Edinburgh Handedness
Inventory (EHI) Scale.® The Score developed by Oldfield et al. in 1971 produces real
numbers ranging from -100 for consistently LH (CLH) to +100 for consistently RH
(CRH) individuals. It is based on a set of questions regarding hand preference in
different motor activities such as writing, striking a match, opening a box and throwing.
Additionally, an extra set of questions determines hand use consistency in each of
these activities. Notably, degree and direction of handedness are connected: while
most of the RH are CH, most LH are little lateralized or ICH.5 Ageing influences

handedness, with the degree of lateralization increasing with age especially for RH.®

1.1.2 Determinants of handedness

Why handedness as a phenomenon arises and why RH seems to represent the
standard has been subject of extensive research. Over time, different theories have
been proposed. One obvious assumption is a genetic determination. A variety of genes
such as PCSK2,” MAP28 or LRRTM1® have been associated with handedness.
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Genetic variation, however, can only explain a limited part of handedness’ distribution
with as little as 4.35% heritability of left-handedness.® In line with that, a twin study on
handedness suggests genetic mechanisms may only explain 25% of the variance of
handedness in twins with the remaining 75% on account of other effects.!’ Next to
genetic factors also epigenetic mechanisms may play a role, thus being able to shape
handedness without altering DNA sequence and going unnoticed in traditional genetic

studies. This field, however, remains to be understudied.?

Another popular approach to unravel origins of handedness is research on endocrine
differences such as sex hormones. This approach is sustained by findings, that
testosterone levels can influence asymmetries of the brain, both prenatally and during
puberty.’'3 For example, language lateralization'* and mental rotation'® were found
to be associated with testosterone levels. Adding to that, the development of left-
handedness has been suggested to be influenced by androgen levels in utero.>16
Although more recent studies could not find an association of sex hormone exposure
with the direction of hand preference,!” it was reported that “in females, high levels of
prenatal testosterone were associated with weaker lateralization of hand skill, and high
levels of prenatal estradiol were associated with weaker hand preference”.” This could
emphasize the influence of sex hormones on degree rather than direction of

lateralization.

Early life factors, such as “being part of a multiple birth, not being breastfed, having
lower birthweight, being born in a more recent year, and being born in summer”, were
identified in a large-scale population study to be associated with a higher probability of
being left-handed.® Generally, increased gestational stress has been linked to ICH or
LH in offspring.'®

The theory of implicit role model learning, as a way to shape children’s handedness,
has been devaluated by several studies.'> Such it was shown that children’s
handedness is neither related to the degree of lateralization of their stepparents’ nor
adoptive parents.?®



Research additionally suggests culture and society to be a main influence of
handedness distribution. In traditional societies, the frequency of LH is highly variable
with numbers ranging from 26% in the Eipo to 3.3% in the Inuit.?’

As there is a “difference in heritability between industrialized and non-industrialized
countries”®? and a “geographical variation of throwing and hammering” can account for
the abundance of handedness types,? it is likely that handedness is connected with
Darwinian fitness and entails a selection advantage that is dependent on the

abundance of atypical handedness in a given population (see below, chapter 1.1.3).

1.1.3 Handedness over time and cultural aspects

Laterality and preference of the right hand,! foot," ear,' eye' and even head position
whilst kissing®* is not only common in humans. It reaches as far as to the order of the
insects. An example is the earwig (Labidura riparia), who has two penises with 90% of

the earwigs preferring the “right-handed penis” of the two.2®

Sundry forms of handedness have coexisted in the human population for at least ten
thousand years,?® with non-RH always being in minority.?” It has been proposed many
times, that left-handedness might entail a fitness-disadvantage or evolutionary cost,?®

as the frequency in the population has never been remotely close to 50%.%'23

Interestingly, especially the level of violence in a given population was associated with
the percentage of non-RH.?® Hence, the fighting hypothesis as an evolutionary
explanation postulates, that “left-handers, being in the minority because of health
issues, are still maintained in the population since they would have a greater chance
of winning in fights than right-handers due to a surprise effect”.2° Obviously, such a
surprise effect is necessarily linked to a minority position of non-RH.2% Although this
theory “remains intuitively plausible”,*° it has been challenged and more research is
crucial.®® Nonetheless, it was found that the frequency of LH in interactive sports, such
as fencing and tennis, can be as high as 40 - 50% compared with non-confrontational
sports, such as gymnastics, where it mirrors the general population. This corroborates
the fighting hypothesis.3'32

A field of research, which is perhaps understudied, is that of social stigma and violence

against LH and the psychological consequences thereof. “For centuries, prejudice and
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superstition have stigmatized left-handers3? and prominent examples can be found in
many languages and cultural practices (find more details in Kushner HI 2013).34
Various languages until today use references to left-handedness as a negative
connotation or to communicate unwanted traits like dishonesty (German: “gelinkt
werden”), clumsiness (French: "avoir deux mains gauches", German: “linkisch”, “zwei
linke Hande haben”, Spanish: “tener dos manos izquierdos”, Hungarian: “kétbalkezes”,
Polish: "mie¢ dwie lewe rece"), bad luck (Spanish: "levantarse con el pie izquierdo") or

illegal behavior (Russian: “HaneBo®).

Moreover, the practice of forcing children to switch handedness (framed as “curing”
left-handedness) was until recently common all over the world and still is in many
countries.33-36 Examples of violent behavior (such as placing the left hand in boiling hot
water or hitting it with a stick) against children in order to make them not use their left
hand have been reported abundantly.343” This practices have been reinforced by
religion, with traces of stigmatization against left-handedness present in “holy texts of
Judaism, Christianity, and Islam”.3* Until this day, the extent of harm on the
psychological well-being of former “converted” LH is not clear. However, there are hints
of detrimental consequences of forced switching with the most prominent being its

association with stuttering.38

1.1.4 Handedness and health

Health-related biological characteristics and their association with handedness have
been studied abundantly. It was reported that diseases connected with the immune
system like Crohn’s disease,® ulcerative colitis,®® coeliac disease,*® rheumatoid
arthritis,®® diabetes® and allergies*® were associated with LH or ICH. Moreover,
cardiovascular risk factors such as “circulation problems”,*? heart disease*® or high
blood pressure*® have been linked to non-RH. The same was proposed for
neurological and psychiatric conditions like epilepsy,*® schizophrenia,*' autism
spectrum disorder,*? bipolar disorder,*® smoking** and alcoholism.*> Many of these
conditions are connected with sleep.#64” Apart from chronic diseases, also the
frequency of accidents and injuries has been repeatedly reported to be associated with
non-RH.4849 | eft-handedness was suggested to be a risk factor for head injuries®® and

LH were shown to be more likely to need medical attention after an accident.®!



Not surprisingly, considering the heightened susceptibility for health threats mentioned
above, non-RH was reported to be associated with a reduced life expectancy.5253
Social history suggests that older age-groups were more frequently taught to switch to
right-handedness,® thus being the reason for a lower prevalence of LH in older age
groups.®® This theory was shown to be only partly true, as it was found that this dynamic
is due to LH having a shorter life expectancy independent of social-historic factors.%¢ It
was further shown that numbers of LH decrease with age in men and women alike,
with the earliest deaths in the subgroup of little lateralized LH suggesting degree and
direction to be of importance.>?

1.1.5 Handedness and brain architecture and function

Although no clear-cut lateralization®” that is “simply based on a mirrored organization
of hand motor areas”® is apparent, a number of anatomical and functional differences

can be observed in dependence of handedness.

Compared with RH, LH were shown to have less morphological asymmetry and
lateralization of the brain structure in general.’® This was confirmed as regional
cerebral blood flow was shown to have less lateralization in LH during verbal and
spatial tasks.®®

Connecting both hemispheres of the brain, the size of the corpus callosum is
dependent on the degree but not the direction of handedness, with ICH having a bigger
corpus callosum than CH.®° Functional studies revealed a different extent of activation
of brain regions implicated in hand movements between RH and LH “including the
primary and secondary sensorimotor and premotor cortices, thalamus, dorsal

putamen, and cerebellar lobule 1V”.58

More differences could be found in a diverse spectrum of cognitive, psychological or
behavioral features. Across a wide variety of tasks, ICH “is associated with superior
memory performance” and “increased flexibility and diversity of thoughts and beliefs”.
Psychopathy scores were found to be higher in ICH®'" and they were found to be more
easily persuaded, presumably due to interhemispheric interaction and belief
updating.®® Moreover, ICH “is associated with more accurate and adaptive body image

representation” as well as “increased loss aversion and sensitivity to risk”.4

Non-RH is associated with more “atypical’ brain organization with regards to the

speech dominant hemisphere of the brain. This is defined as the hemisphere holding
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language representation, also known as the Broca area. Commonly accepted as the
“Broca rule”, the left hemisphere was thought to be dominant in RH and vice versa for
LH. True for RH, this is not the case for LH. Left-hemispheric dominance of language
representation is highly correlated with all handedness groups, however highest in RH
(96%).8% Right-hemispheric dominance is increasing with left-handedness but the
prevalence is low (15% in ICH and 27% in LH).12.63.64

In terms of origin, modern research believes handedness to be independent of speech
development.®” In line with that, the “degree of hand-preference does not mirror the

degree of language lateralization”.®®

1.1.6 Handedness, lateralization and sex

Handedness appears to be sex-dependent with 10% of the males and 6% of the
females being left-handed, if a laterality score <0 is taken as an indicator for left-
handedness.® This greater male tendency towards left-handedness was found to be
both significant and robust in a meta-analysis of k=262 databases, totaling
N = 2,396,170 individuals, however, with great heterogeneity among datasets.??’

In adults, both lateralization and handedness (see above, chapter 1.1.2) are affected
by sex hormones. Although hemispheric asymmetries are likely not initially triggered
by sex hormones, they have “been shown to be able to profoundly shape them.”'? For
instance, women during their reproductive years are experiencing a constant change
of functional cerebral asymmetry (FCA) in dependence of their hormonal cycles. This
was observed in functional magnetic resonance imaging (fMRI)667 and

electroencephalogram (EEG).%8

During the follicular phase of the cycle estradiol levels are on the rise and functional
asymmetries are reduced, whereas during menses FCA is most pronounced.®® Thus,
“a powerful neuromodulatory action of estradiol on the dynamics of functional brain
organization in the female brain” was proposed.®® Correspondingly, lateralized
behavioral patterns, such as spatial attention and figure recognition, are modified by
cycle phase and hormonal status.2:69

Later in life during menopause, differences in relation to handedness can be found as
well. Concentrations of circulating sex hormones in the blood were found to be

significantly different, depending on handedness. LH women were shown to have
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higher levels of luteinizing hormone and follicle stimulating hormone (FSH) with lower
levels of prolactin, estradiol and progesterone than RH women during menopause.”®
In a large group of 1985 women between the ages of 55 and 65 years, LH women
experienced menopause earlier together with a shorter menopause transition time,”'-

73 although also non-supportive studies exist as well.”47°

In adult men, testosterone levels have been associated with brain asymmetries in

terms of cerebral laterality for language.”®

Not only connected with biological sex, lateralization is associated with human
sexuality and gender as well. Atypical handedness patterns (meaning non-RH) have
been found in male and female homosexuals, with 39% greater odds of homosexual
persons to be non-RH.”” Further, ICH was discussed as a “biomarker of variation in
anal sex role behavior and recalled childhood gender nonconformity among gay
men”.”® Focusing on transsexualism, a variety of studies revealed non-RH to be more

abundant in both, male-to-female and female-to-male transsexual persons.”%-8!

With the not yet fully understood importance of sex hormones in terms of handedness
in mind, one focus of the following study was on differences between women and men

while analyzing their respective sleep.

1.2 Sleep

Restorative and sufficient sleep is crucial for cognitive®?, emotional®® and behavioral®*
performance and general human well-being.8> Additionally, the “economic costs

associated with sleep disorders are substantial”.8

Sleep is influenced in its quality and quantity by many factors and inter-individual
differences are pervading. Among the most well-studied influences are sex, body mass
index (BMI) and age.?” Another factor possibly shaping sleep is handedness.&

1.2.1 Sleep, sex and sex hormones

Like handedness, sleep varies significantly between sexes. Among other parameters
women generally show longer total sleep time (TST) and less sleep onset latency
7



(SOL) than men.8® However, women constantly report a subjectively lesser quality of

sleep.90-92

Divergence of sleep in women and men is partly rooted in the influence of sexual
hormones. In women during their reproductive years, changes in circadian rhythm and
sleep architecture were found to be connected with follicle stimulating hormone (FSH),
luteinising hormone, oestrogen and progesterone, which causes women to have more
problems with their sleep during the week before and during menstruation.®® During
menopausal transition, a reduction of sex hormone levels is associated with sleep
problems in 40 - 56% of women, with 26% even “experiencing severe symptoms that
impact daytime functioning”.®® Accordingly, when applied exogenously to post-
menopausal women, progesterone was shown to reduce wakefulness and to have
sleep-promoting effects.94% Additionally, also estradiol influences women’s sleep,
however, by contributing to the regulation of sleep stages.®”

Men'’s sleep too seems to be influenced by sex hormones, particularly low testosterone
levels were shown to be associated with compromised sleep.%8%° Decreasing levels of
testosterone during aging have been linked to lower sleep efficiency on the one
hand,'® on the other hand sleep is a main influence on maintaining endocrine
regulation including regulation of testosterone levels in men.'%%-10" Thus, sleep
deprivation is linked to a significant decrease of testosterone levels. 0

1.2.2 Sleep and handedness

Handedness’ influence on sleep has been studied with different approaches using
objective  techniques like polysomnography'%?, actigraphy'9195  or
(electroencephalography) EEG'%-'"! and subjective questionnaires- 192112116 dream
journals'3115 and surveys.!"” Findings remain controversial, as most studies had a
very limited amount of participants and were almost exclusively conducted with young

adults.

1.2.2.1 Subjective sleep and handedness

Different aspects of the interaction between handedness and subjective sleep have
been studied. Notably though, out of seven studies, all'-192112-116 byt one’'” have been
working with young adults under the age of 30. Out of these, “two studied degree of
handedness,'4115 two direction’.%2 and two both'12.113¢ 118



Regarding subjective estimation of time intervals, a longer total sleep time (TST)''2
and a shorter sleep onset latency (SOL)''* were associated with a higher degree of
handedness. Correspondingly, one study using direction instead of degree of
handedness found LH to be associated with shorter reported TST.''> However, also
studies which could not find any differences between the handedness groups
regarding TST or time spent in bed exist.''3

In terms of perceived quality of sleep, a higher degree of handedness was associated
with desirable features such as less awakening during the night''* and less “trouble
returning to sleep after an awakening”.''* The same was found to be true for direction
of handedness, with RH found to have less “trouble falling asleep” and to wake less

frequently during the night."

The single study addressing seniors (participants with age above 65 years) was
restricted to the question whether they felt they obtained “enough rest and sleep” and
revealed no differences between handedness groups.''” Additionally, one study
working with children aged 8-12 years focused on associations between direction of
handedness and sleep in 23 non-gifted and 35 gifted children. Although gifted children
showed more left-hand bias combined with a trend “toward experiencing more sleep

disturbance” the association between the two was not explored further.'®

Taken together, these studies tend to suggest a better subjective sleep to be
associated with either right-handedness or a higher degree of handedness. It might be
the same effect visible in each setting, as degree and direction of handedness are
connected, meaning RH tend to have a higher degree of lateralization.>'"°

Another field of research with connection to subjective sleep is dreaming. There seems
to be an association between right-handedness and a better ability to remember
dreams.'"3 However, no difference in the number of dreams reported per week became
apparent in adults.!'® In adolescents too, this association between right-handedness
and better dream recall was found, with RH and ICH also reporting to have a higher
number of dreams than LH.20

1.2.2.2 Objective sleep and handedness

The most commonly used approach to study objective sleep parameters such as TST,
sleep efficiency (SE) or SOL with regards to handedness is actimetry, as was used in
all four studies available,’°21% with one of them additionally employing

polysomnography and self-report.’® The data available is solely based on small
9



groups of participants (10 to 41 individuals), all of which were young adults (mean ages
20.5to 22.4 years).

Results were contradicting. While longer'® or shorter'% TST was found to be
associated with right-handedness, other studies could not find an association at all.%
Also a higher SE was found to be associated with right-handedness,%? a lower degree

of handedness'% or not to be associated.!%4

Regarding sleep stages, a higher degree of handedness was associated with more
time spent in REM sleep'® and a higher number of REM periods.'® This was
confirmed for the direction of handedness, as consistently-RH individuals were shown
to have a higher number of REM periods in their sleep.'%® Moreover, upon awakening,
ICH were found to wake from NREM sleep more often than from REM sleep with no
difference apparent in CH.103

Other handedness-studies focused on additional EEG variables during sleep to
address lateralization. For example, it was shown that interhemispheric EEG
coherence, a measure of functional interactions between neural systems, is higher for
LH during the wake phase as well as during REM sleep and stage 2 sleep phases.%¢
Moreover, the EEG amplitude seems to be time- and handedness-dependent: whilst
amplitudes drop in both hemispheres during the course of the night in RH, the
amplitude remains the same in LH.'%” Accordingly, four separate studies, in which left-
and right-handed individuals were woken from REM and N-REM sleep and presented
with different cognitive tasks, revealed a transient post-awakening shift of cognitive
asymmetry only in RH. This shift was especially prominent in females.08-111

Although very interesting associations between handedness and sleep have been
proposed, no clear picture on the relationship between handedness and sleep,
especially objective sleep, has arisen from the literature.

1.3 Rationale for the study and hypotheses

With the importance of sufficient sleep and the lack of research on non-RH individuals
in mind, the aim was to add knowledge to the complex relationship between
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handedness and sleep by analyzing a large sample of individuals from the general
public, namely the LIFE-study (Leipzig Research Center for Civilization Diseases).!?’
A special focus was put on differences between sexes, as both, handedness and sleep,
have been linked to sex hormones. Moreover, objective sleep, determined by
actigraphy, and subjective sleep were both analyzed and handedness used in terms

of direction as well as degree.

With a research field as prone to only small effect-sizes as sleep, conducting large
population-based studies is both appropriate and necessary for detecting also smaller
effects. Especially so, as the prevalence of non-RH is low and the degree of

lateralization in this group is highly variable, highlighting the need for big sample sizes.

Considering the strong bias which science has for RH, with many studies exclusively
enrolling right-handed individuals,'?? studying differences of brain functions like sleep
between handedness groups might contribute to elucidate how the human brain works.

Since large scale studies investigating the association between handedness and both
subjective and objective sleep are lacking, this study fills a gap by determining
objective and subjective sleep in 1764 participants. Moreover, this study is the first to

include participants with a wide age-span delivering data from the general population.

While the nature of this study has been exploratory, we expected left-handedness to
be associated with impaired sleep and more daytime sleepiness. In addition, we

expected different associations in pre— and postmenopausal women.
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Purpose: Handedness has been linked to various physiological and pathological phenomena including memory function and
psychiatric disorders. Also for sleep, several studies have reported associations. However, large-scale studies including a broad age
span of participants and studies analyzing women and men separately are lacking.

Methods: Therefore, objective sleep data were determined using at-home actigraphy from 1764 healthy participants (18 to 80 years,
908 women), averaging five consecutive nights. In addition, subjective sleep-related data were captured by self-report diaries, the
Pittsburgh Sleep Quality Index (PSQI), the Epworth Sleepiness Scale (ESS) and the Morningness-Eveningness-Questionnaire (MEQ).
Handedness was determined with the Edinburgh Handedness Inventory (EHI) providing information on the direction (left vs right) and
the degree of handedness (strong vs weak). To address the potential endocrine effects, premenopausal women (<45 years) and
postmenopausal women (>55 years) were analyzed separately. This was also done for men.

Results: The degree and direction of handedness were correlated with “wake after sleep onset” (WASO) in the total sample and all
women (the more right-handed/lateralized the shorter WASO). In postmenopausal women, additionally, time in bed (TIB) and total
sleep time (TST) were correlated. There were no other significant associations between an objective sleep variable and handedness. In
both premenopausal women and >55-year-old men subjective quality of sleep (PSQI) was correlated with direction and degree of
handedness (the more right-handed/lateralized the better). In the total sample and postmenopausal women, the degree and direction of
handedness were negatively correlated with daytime sleepiness. The chronotype was not associated with handedness in any group.
Conclusion: While associations were not consistent in all groups, overall, right-handedness tended to be associated with better sleep
and less daytime sleepiness. Handedness and sleep seemed to be differentially associated in women and men, being in line with
endocrine interactions.

Keywords: handedness, sleep, daytime sleepiness, menopause, actigraphy

Introduction

Restorative and sufficient sleep is essential for human well-being.! Factors affecting quality and quantity of sleep include
sex, age, body mass index (BMI) as well as other health- and lifestyle-related factors.”> Another factor probably affecting
sleep is handedness.” Handedness was formerly used as a dichotomous characteristic labelling individuals as either left-

or right-handed (LH or RH).* Using this concept, about 90% of the human population are RH.? Research has moved on
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to see at least three categories: RH, LH, both termed consistently handed (CH) and inconsistent-handed (ICH).® More
modern approaches tend to avoid partitioning altogether and regard handedness as a continuum, which has two qualities:
degree, meaning CH vs ICH, as well as direction, meaning RH vs LH.’

So far, handedness was inconsistently and in part contradictory reported being associated with several objective and
subjective sleep parameters. Overall, lower degrees of lateralization were associated with objectively better sleep
including a shorter sleep onset latency (SOL),* a higher sleep efficiency (SE)® and more N-REM sleep.® Elsewhere, left-
handedness was associated with longer'® or shorter total sleep time (TST)'" and lower SE."! In contrast to objective sleep
characteristics, lower degrees of lateralization were associated with subjectively impaired sleep, eg a shorter TST'? or
more awakenings.'? Similarly, left-handedness was associated with more awakenings* and lower TST."* Most studies
had limited sample sizes and a small range of ages of the participants, namely college students. Only a single study with

15

solely over 65-year-old participants exists. > Moreover, the majority of these studies only used self-report for

analyses.*!> 116 Those using objective measures, ie actigraphy or polysomnography, recorded only a single night or
lack of diversity of age or hand preference.® !

Therefore, rational for our study was to add knowledge on the association between handedness and sleep. Compared
to the right-handed majority, altered sleep in non-right-handed individuals could be caused by both, reactively, ie a more
stressful life in a world designed for right-handers or a partly differing cortical sleep regulation.

While there is no clear cut lateralization in handedness,'” which is “simply based on a mirrored organization of hand

5 18

motor areas”, ° the extent of activation of brain regions involved in hand movements has been shown to differ between

right and left handers.'® In addition, handedness has been linked to different kinds of brain lateralization, such as

language lateralization, eg “more atypical (right hemisphere) lateralization in left handers”.'®-*

2122 and after

26,27

There is evidence that sex hormones affect lateralization in women (eg during the menstrual cycle
estrogen replacement therapy®) as well as in men.*** In addition, sex hormones also affect sleep in both women
and men.”® Therefore, we analyzed the association between handedness and sleep separately for men and women,
dividing the cohort into ages for pre- and post-menopause.

Thus, the aim of this study was to examine the association between handedness and objective and subjective sleep,
addressing potential age and sex differences in a broad cohort of 1764 participants with ages ranging from 18 to 80 years.
While the nature of this study has been exploratory, we expected left-handedness to be associated with impaired sleep
and more daytime sleepiness. In addition, we expected different associations in pre— and postmenopausal women.

Materials and Methods

Participants and Experimental Procedure

For this study, we used data from the “LIFE-Adult” study (Leipzig Research Center for Civilization Diseases); for details
see.”” “LIFE-Adult” is a population-based study with 10,000 participating adults (age range: predominantly 40 to 79
years, 400 participants with an age range of 18 to 39 years). Participants were randomly recruited from the city of
Leipzig, Germany. The LIFE participants took part in a baseline examination, during which various physical examina-
tions (including blood sampling) were carried out, and interviews and questionnaires on various health topics were
completed (including sociodemographics, medical history, medication intake). As part of an optional additional exam-
ination, a subgroup took part in a 1-week actigraphy examination to record physical activity and sleep behavior. The
LIFE study was conducted according to the Declaration of Helsinki and was approved by the ethics committee of the
University of Leipzig (registration number: 263-2009-14122009). All participants gave written informed consent.

For the sub-cohort studied here, inclusion criteria comprised actimetry completed for a minimum of 4 out of 5 nights,
recording of subjective sleep characteristics using scales and a sleep diary, as well as questionnaires on daytime
sleepiness, chronotype and handedness (see below). The following exclusion criteria were defined, potentially affecting
sleep: a medical history of stroke, Parkinson’s disease or multiple sclerosis; current diagnosis of depression or cancer or
treatment during the previous year. To address undetected depression, the Centre for Epidemiologic Studies — Depression
Scale (CES-D) was measured, and participants with a score higher than 22 were excluded.*® Furthermore, precluded
were participants using sleeping drugs more than once per week during the preceding month (according to item 7 of
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Pittsburgh Sleep Index, PSQI) or taking drugs with sleep-altering effects including hypnotics, tranquilizers, antipsycho-
tics, anxiolytics, opioids and first-generation antihistamines (according to medication anamnesis interview). In addition,
in order to minimize the inclusion of participants with otherwise disturbed sleep, only participants who slept more than 4
hours, objectively (according to actigraphy) as well as subjectively (PSQI item 4), were analyzed. In addition, shift
workers or participants on parental leave were excluded from analyses.

Sleep was objectively measured using actigraphy (see below) in 2788 participants. Of these, 1024 participants were
excluded for not meeting in- or exclusion criteria (see Figure 1). Thus, the resulting study population comprised
1764 persons (908 women and 856 men). Mean (+ SD) age was 57.8 (+ 12.2) years, mean BMI was 27.1 (+ 4.3) kg/
m?. Women had a mean age of 56.8 (+ 12.1) years, men had a mean age of 58.8 (£ 12.2) years. Women had a mean BMI
of 26.8 (£ 4.8) kg/m?, men had a mean BMI of 27.5 (+ 3.7) kg/m?®. The most diagnosed and reported illnesses were
hypertension, elevated blood lipids, thyroid disease, arthrosis, disc prolapse, acid reflux, herpes zoster, ‘other skin
diseases’ (than psoriasis or atopic dermatitis), hay fever and ‘other kidney diseases’ (than renal insufficiency).

Objective Measurement of Sleep Using Actigraphy

Actigraphy recordings were performed using SenseWear Pro 3 devices (BodyMedia Monitoring System, Bodymedia,
Pittsburgh, Pennsylvania, USA). Participants were instructed to wear them for a total of seven consecutive days and
nights. During this study period, participants were asked to keep a sleep-log, in which they documented their bedtimes
and wake-up times, among other things.

Actigraphy data was analyzed using the SenseWear Professional software package version 6.1 (BodyMedia
Monitoring System, Bodymedia, Pittsburgh, Pennsylvania, USA), which scores each recording minute as laying down
(yes/no) and sleep (wake vs sleep). The algorithms used are based on multiple sensor parameters (galvanic skin response,
skin temperature, 2-axis body acceleration, heat flux) with an off-arm detection in place to note the removal of the device.
Validated successfully when compared with PSG, the SenseWear was shown to accurately detect total sleep time, wake
after sleep onset and sleep efficiency.®' > Many studies indirectly validated measurements of time in bed, meaning lying
duration, by accurately assessing energy expenditure in relation to different activities.>*® Lying duration assessed via
this algorithm has been used in studies before.**** It was also shown that the SenseWear armband performs equally well
in comparison with another well-established wearable tool called Actiwatch.?!-3>4!

Afterwards, data was exported to a Microsoft Excel template with customized Visual Basic for Applications (VBA)
macros. The Excel tool was used to customize analysis windows to the specific day-night-cycles of each participant, as
no fixed time-window was used for night sleep analyses. Based on the bedtime and wake-up information provided in the
sleep log, the respective night sleep episodes were identified manually. Then, the following sleep parameters were
calculated for each:

Time in bed (TIB = sum of all minutes classified as lying down)

Total Sleep Time (TST = sum of all minutes classified as sleep)

Sleep onset latency (SOL = sum of all minutes classified as lying down before first time falling asleep)

Sleep efficiency (SE = ratio of TST to TIB)

Number of waking episodes (Nwake = amount of nocturnal waking episodes > 5 minutes)

Wake after sleep onset (WASO = sum of all minutes classified as wake between sleep onset and awakening).

For greater reliability, only data from nights during the week was used. Values were averaged across the 5 nights prior to work
days (Sunday to Thursday night). Only participants with analyzable data from at least 4 nights were included in the analyses.

Subjective Assessment of Sleep and Sleep Quality

Subjective sleep characteristics and sleep related variables were captured during the baseline visit of the LIFE study
using the following self-report questionnaires: The Pittsburgh Sleep Quality Index (PSQI) is a self-rating scale to assess
the subjective quality and quantity of sleep during the past four weeks. It consists of 19 individual items, creating 7
components, producing a global score, ranging from 0 to 21 points with higher scores reflecting greater sleep

problems.*>** For the analysis of subjective sleep, we used items 1 (usual bedtime) and 3 (usual get up time) to
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- hypnotics, other medication affecting sleep
- objective or subjective TST <4h and >10h
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Figure | Flowchart illustrating the inclusion and exclusion criteria.
Abbreviations: BMI, body mass index; EHI, Edinburgh Handedness Scale; TST, total sleep time; PSQI, Pittsburgh Sleep Quality Index; ESS, Epworth Sleepiness Scale.

calculate time in bed (TIBpgqy), item 2 (typical sleep onset latency; SOLpgqr) and 4 (usual sleep duration, SDpgq;) and

calculated subjective sleep efficiency (SEpsqr = SDpsor/TIBpsqr)-

Determination of Daytime Sleepiness and Chronotype

To determine daytime sleepiness, the Epworth Sleepiness Scale (ESS) questionnaire was used. This self-rating instrument
assesses the probability of falling asleep in 8 different everyday situations, thus addressing subjective sleepiness and

hypersomnias.*>*® The ESS ranges from 0 to 24 points, with higher scores reflecting greater daytime sleepiness.
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The chronotype was assessed using the German version of the 19-item Morningness-Eveningness-Questionnaire
(D-MEQ), identifying individual circadian phase and preferences.*’*® The DMEQ ranges from 16 (definitive evening
type) to 86 points (definitive morning type).

Determination of Handedness

Handedness was assessed using the Edinburgh Handedness Scale (EHI).** We used the modified German version of the
scale comprising questions regarding hand preference in 10 different motor activities (eg writing, throwing, lighting
a match) and additionally 10 questions targeting consistency of hand use regarding each of these 10 activities. The EHI
score provides real numbers ranging from —100 (CLH, consistently left-handed) to +100 (CRH, consistently right-
handed). As we regarded handedness as a continuum, we used metric values of the score for analyses. The EHI-Score
(EHI) was used to determine the direction of handedness. The absolute value of the EHI-Score (absEHI, range 0 to 100)
was used to determine the degree of handedness.

Determination of Other Variables
Sex, age, comorbidities, medical history, medication and social economic parameters were assessed via self-report.

Statistical Procedure

Only data recorded during the week was considered for analysis since sleeping patterns on the weekend are less reliant.
Then, people engage in different activities, bending their sleeping schedules either to stay up especially late for festivities
or to sleep longer to lessen the sleeping debt they may have accumulated during the week.

To control for age and menopausal status, a subgroup-analysis with restricted age ranges was performed. Participants
between the ages of 18—45 years were grouped together to constitute a pre-menopausal group, while >55 year-olds were
grouped together to build a post-menopausal group, considering that the mean age of menopause is about 50 years.’® The
cohort was further stratified for sex, leaving four subgroups: young females (N = 190), young males (N = 137), female
seniors (N = 511), and male seniors (N = 519).

Subgroups were compared using #-test; if variances were not equal, corrected t-values were used. Correlations
between sleep parameters and handedness were calculated using Spearman rank correlations. All statistical testing was
performed using SPSS Statistics version 24 (IBM Corp., Armonk, New York, USA). P-values <0.05 were considered to
be statistically significant. We did not use the Bonferroni correction for multiple testing in this exploratory study aiming
at identifying effects worthy of further being studied. Thereby, we minimized the risk of type 2 errors (ie not detecting
a true effect) and accepted the risk of type 1 errors (ie detecting a false effect). Type 2 errors are of particular concern in
our sample since the absolute number of predominantly left-handed participants is low despite the large sample due to the
small proportion. We believe that this approach is in line with both statistical recommendations’' and current

practice.’> >

Results
Objective and Subjective Sleep

Differences between sexes are shown in Table 1. Regarding objective sleep, women spent more time in bed (TIB), slept
more (TST) and had a higher sleep efficiency (SE) with fewer awakenings (Nwake) and less time awake (WASO). In
contrast, women subjectively reported to sleep less (shorter SDpgqy), to require more time to fall asleep (longer SOLpg(r)
and therefore to sleep less efficiently (lower SEpgq;) than men. Also, their subjective quality of sleep (PSQI score) is
worse than in men. However, men score higher regarding daytime sleepiness (ESS score).

Distribution of Handedness

Mean EHI-Scores were 82.41 (SD = 39.45), with most participants (91.0%) being classified as right-handed (RH),
according to their EHI-Score. N = 84 (4.8%) participants were classified as left-handed (LH) and N = 74 (4.2%) were
classified as ambidextrous. While most RH showed extremely high lateralization (ie EHI-Score = +100), all other
individuals were widely spread in their distribution of hand preferences. Strongly lateralized LH (EHI-Score = —100)
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Table | Handedness, Objective and Subjective Sleep Parameters, Daytime Sleepiness and
Chronotype Across the Cohort Separated by Sex

Female N=908 Male N=856

Mean SD Mean SD t P
EHI-Score 82.48 40.60 82.32 38.21 —1.889% 0.059
Absolute EHI 90.09 18.30 88.59 19.70 -2.037% 0.042
score

Objective (actigraphy)
TIB (h) 7.59 0.93 742 0.93 -3.770 <0.001
TST (h) 6.40 0.92 6.11 091 —6.610 <0.001
SE (%) 84.43 6.89 82.57 8.05 —5.209 <0.001
SOL (min) 9.91 8.16 9.41 6.73 —1.415 0.157
Nwake 2.71 1.34 291 1.51 2.949 0.003
WASO (h) 1.00 0.59 1.09 0.67 2.890 0.004
Subjective (questionnaires)

TIBpsq (h) 8.08 1.06 797 1.10 —2.103 0.036
SDpsai (h) 6.76 I.15 6.92 1.06 2.873 0.004
SEpsqi (%) 84.39 13.54 87.47 12.06 5.061 <0.001
SOLepsqi (min) 22.26 23.67 16.54 17.71 —5.761 <0.001
PSQI score 5.40 321 4.39 2.54 -7.318 <0.001
ESS score 7.44 3.48 827 3.30 5.182 <0.001
D-MEQ score 59.42 8.53 59.72 8.31 0.724 0.469

Notes: Time in decimal values. Z-Values, Mann-Whitney-U-Test was used. Significant differences are shown in bold.
Abbreviations: TIB, time in bed; TST, total sleep time; SE, sleep efficiency (TST/IB); SOL, sleep onset latency; Nwake, number of
awake periods of more than 5 min during night sleep; WASO, time spent awake after sleep onset. Subjective questionnaire-based
sleep parameters; TIB, time in bed; SD, sleep duration; SE, sleep efficiency (SD/TIB); SOL, sleep onset latency; EHI, Edinburgh
Handedness Scale; PSQI, Pittsburgh Sleep Quality Index; ESS, Epworth Sleepiness Scale; D-MEQ, Morningness-Eveningness-
Questionnaire (chronotype).

were very rare with most LH being only mildly lateralized. It is apparent that handedness is a continuum rather than
discrete categories.

Degree and direction of handedness for both men and women are depicted in Figure 2. Handedness scores were
comparable for women (EHI = 82.48; absEHI = 90.09) and men (EHI = 82.33, absEHI = 88.59), yet the Mann—Whitney-
Test reached significance for absEHI (Z = —2.037, p = 0.042). There were slightly less left-handed men than women
(4.1% vs 5.4%), while there were less ambidextrous women than men (3.6% vs 4.8%).

Handedness and Objective Sleep Parameters

In the total sample, time spent awake after sleep onset (WASO) was correlated with handedness. The same was true for
the sample of all women (Table 2). In postmenopausal women, in addition to WASO, also time in bed (TIB) and total
sleep time (TST) were correlated with handedness. In this subset, right-handedness was associated with longer TIB,
longer TST and less WASO (Table 2). Other associations between handedness and objective sleep parameters could not
be found. This applies to all other groups looked at: all men, premenopausal women and men stratified for age groups
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Figure 2 Frequency of the Edinburgh Handedness Scale (EHI)-Score in female and male participants.
Notes: EHI-Score 100 = consistently right-handed. EHI-Score —100 = consistently left-handed.

(Table 2). All significant correlations existed for both EHI and absEHI, meaning that direction and degree of lateraliza-
tion were correlated with sleep parameters in the same way.

Handedness and Subjective Sleep Parameters

There was no significant association between handedness and a quantitative sleep parameter as assessed with the PSQI
(eg SOL) in any group. In terms of quality of sleep, however, right-handedness was associated with a lower PSQI score
in premenopausal women and older men, indicating better sleep quality (Table 3). All significant correlations existed for
both EHI and absEHI, meaning that direction and degree of lateralization were correlated with sleep parameters in the
same way. In the following groups, neither quantitative nor qualitative PSQI measures were associated with handedness:
total group, all women, all men, younger men and postmenopausal women.

Daytime Sleepiness and Chronotype
In the total group and in postmenopausal women, right-handedness was associated with a lower ESS score, ie less
daytime sleepiness (Table 3). The chronotype (D-MEQ score) was not associated with handedness in any group.

Discussion
To our knowledge, this is by far the largest study investigating the association between handedness and objective and
subjective sleep. Key findings are:

First, the more right-handed/lateralized the participants were, the less they were awake after sleep onset. This was true for
the total sample, all women and postmenopausal women. The latter also spent more time in bed and slept more. Secondly, in
contrast to these associations with objective sleep variables, there was no significant association with any subjective
quantitative sleep parameter in any group. Thirdly, however, the more right-handed/lateralized premenopausal women and
>55-year-old men were, the better their subjective quality of sleep was. Fourthly, the more right-handed/lateralized the
participants were, the less sleepy they were at daytime. This applied to the total group and postmenopausal women. Thus,
overall, while associations were not consistently found in all groups, right-handedness tended to be associated with better sleep
and less daytime sleepiness. Overall, associations were weak, though. The finding that direction (EHI) and degree (absEHI) of
handedness showed similar correlations is plausible since the vast majority of participants were right-handed and showed
a high degree of lateralization.
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Table 2 Spearman’s Rank Correlation of Direction of Handedness (Mean EHI) and Degree of Handedness (Absolute EHI) with
Objective Sleep Parameters Separated by Sex and Age Group

Total Sample Female Male Female Age 18-45 | Female Age > 55 | Male Age 18-45 | Male Age > 55

N 1764 908 856 190 S 137 519

Mean EHI-Score

TIB 0.022 0.004 0.034 —0.099 0.087* 0.049 0.014
TST 0.028 0.026 0.021 —0.031 0.096* —0.029 0.027
SE 0.033 0.053 0.007 0.090 0.065 —0.039 0.017
SOL 0.021 0.005 0.041 0.025 0.007 0.141 0.081

Nwake —0.025 —0.052 0.007 —-0.079 —0.051 0.016 —0.024
WASO —0.049* —0.087** | —0.008 —-0.101 —0.101%* 0.041 —0.048

Absolute EHI-Score

TIB 0.016 0.002 0.023 —0.090 0.087* 0.048 0.005
TST 0.026 0.027 0.016 —0.015 0.096* —0.021 0.023
SE 0.035 0.054 0.010 0.097 0.062 —0.029 0.019
SOL 0.022 0.003 0.046 0.018 0.010 0.157 0.074
Nwake —0.029 —0.053 —0.001 —0.083 —0.047 —0.011 —0.026
WASO —0.054* —0.090** | —0.016 —0.110 —0.099* 0.028 —0.050

Notes: *The correlation is significant at the 0.05 level (two-sided); **The correlation is significant at the 0.01 level (two-sided).
Abbreviations: TIB, time in bed; TST, total sleep time; SE, sleep efficiency (TST/IB); SOL, sleep onset latency; Nwake, number of awake periods of more than 5 min during
night sleep; WASO, time spent awake after sleep onset.

So far, there are only 11 studies on the association between handedness and sleep. Four of them used objective

811 with one study additionally comparing with polysomnography and self-report'")

4,12-16,55

measuring techniques (actigraphy
while seven only used self-reports.

Studies capturing objective sleep variables were rather small (10 to 41 participants) and included only young
participants with mean ages ranging from 20.5 to 22.4 years. Results were inconsistent: One study reported right-
handedness to be associated with longer total sleep time (TST) and higher sleep efficiency (SE).!" Another study reported
left-handedness to be associated with longer sleep duration with no significant differences in sleep onset latency (SOL) or
SE.'® Propper et al reported in a first study, investigating sleep depending on the degree of handedness, a higher degree of
handedness (ie consistently handed individuals) to be associated with longer SOL and lower SE in women.® In a second
study, addressing direction of handedness, they compared sleep in 5 consistent LH (4 females) and 5 consistent RH (5
females). Here, the only significant finding is a higher number of REM periods in consistent LH.” Thus overall, no clear
picture has arisen from these studies. Our findings also do not show a homogenous picture. Overall, however, direction
and degree of handedness (the more right-handed and the more lateralized) were associated with better objective sleep,
being roughly in line with the results of one of the studies'' but not of the others.®'°

Research focusing on the association between handedness and subjective sleep is limited as well. Except for one'® out
of seven, all studies included young participants with mean ages 1629 years.*'''*!'¢ Two studied the degree of
1314 two direction*!" and two both.'*'® The one study in elderly (older than 64 years) included 1277
participants but was (regarding sleep) limited to the question “can get enough rest and sleep” in consistent-handed and

handedness,

non-consistent-handed (mixed-handed) participants.'> A further recent study compared subjective sleep parameters and
direction of handedness in 35 gifted and 28 non-gifted children between 8 and 12 years.>”

Also, in terms of subjective sleep, findings were not uniform but less contradictory: Among young adults, a higher
degree of handedness was found to be associated with longer sleep duration,'* lower SOL,'? less awakenings'® and less
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Table 3 Spearman's Rank Correlation of Direction of Handedness (Mean EHI) and Degree of Handedness (Absolute EHI) with
Subjective Sleep Parameters Separated by Sex and Age Group

Total Sample | Female Male Female Age 18-45 | Female Age > 55 | Male Age 18-45 | Male Age > 55

N 1764 908 856 190 511 137 519

Mean EHI-Score

TIBpsqi —0.021 —0.053 0.007 —0.072 —0.011 —0.099 0.003
SDpsqi —0.012 —0.022 0.004 0.065 —0.011 —0.101 0.023
SEpsal 0.008 0.029 —0.005 0.070 0.020 —0.006 0.019
SOLpsql —0.037 —0.042 —0.044 —-0.129 —0.001 —-0.077 —0.061
PSQI score —0.028 —0.035 —0.035 —0.168* —0.011 0.059 —-0.092%
ESS score —0.049* —0.055 —0.030 —0.016 —0.094* 0.096 —0.074
D-MEQ score 0.013 0.039 —0.012 —0.033 0.071 —0.080 0.010

Absolute EHI-Score

TIBpsqi —0.027 —0.052 —0.007 —0.037 —0.015 —0.120 0.000
SDpsal —0.018 —0.027 —0.002 0.079 —0.023 —0.093 0.021
SEpsqi 0.009 0.023 0.004 0.046 0.013 0.028 0.019
SOLpsq —0.042 —0.041 —0.057 —0.108 0.004 —0.122 —0.067
PSQI score —0.029 —0.033 —0.042 —0.156* —0.005 0.043 —0.096*
ESS score —0.052% —0.063 —0.027 —0.045 —0.096* 0.102 —0.069
D-MEQ score 0.009 0.038 —0.021 —0.023 0.072 —0.069 0.012

Note: *The correlation is significant at the 0.05 level (two-sided).
Abbreviations: TIB, time in bed; SD, sleep duration; SE, sleep efficiency (SD/TIB); SOL, sleep onset latency; PSQI, Pittsburgh Sleep Quality Index; ESS, Epworth Sleepiness
Scale; D-MEQ, Morningness-Eveningness-Questionnaire (chronotype).

“trouble returning to sleep after an awakening”.'* That means overall, a higher degree of handedness tended to be
associated with better sleep. A study addressing direction of handedness reported right-handedness to be associated with
less sleep problems.* Another study, mainly addressing dream recall, found that the sleep duration in left-, right- and
mixed-handed individuals was comparable.'® In elderly participants, the proportion agreeing on the question “can get
enough rest and sleep” did not differ between consistent-handed and non-consistent-handed (mixed-handed)
participants.'® Piro et al showed gifted children to be significantly more left-handed, as well as showing a trend towards
more sleep disturbances.” Thus, at least in adults, most studies point to better sleep in right-handed or consistent handed
participants. These findings are in line with our result of a better sleep quality in pre-menopausal women and older men
as assessed with the PSQI total score. Single subjective sleep measures derived from the PSQI (eg TIB) did not show
correlations with handedness in our study, though.

Objectively measured TIB and TST were shorter than subjectively reported in our sample (Table 1), being a well-
known finding®® and a possible reason that associations between handedness and objective and subjective sleep,
respectively, were not congruent.

In contrast to sleep, we are not aware of reports on the association of handedness and daytime sleepiness. The less
right-handed/consistent handed participants were, the higher the daytime sleepiness was. This interesting finding is in line
with the concept that it may be more stressful for left-handers or mixed-handers “to cope in a right-handed world”.'’
Either, sleepiness could be “directly” induced by the higher effort required to manage the daily routine. Or, sleepiness

could be caused by impaired night sleep since stress has been shown to impair sleep.’’” In line with that, stress
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reduction was repeatedly associated with improved sleep quality.°*®' In addition or alternatively to those reactive
mechanisms (to higher stress levels), higher sleepiness could also be linked to differences in brain structure or function.

While we did not find striking differences between women and men or between pre- and postmenopausal women,
there are several indications that might suggest endocrine influences: For example, TIB and TST were positively
correlated in postmenopausal women and negatively in premenopausal women. In the smaller premenopausal group,
this did not reach significance, though. Of note, we did not analyze sex hormones so that this assumption ultimately
remains speculative.

2062 there is

While handedness appears to be mainly, and sleep partly determined by genetic and epigenetic factors,
evidence that both lateralization and handedness as well as sleep are also affected by sex hormones. While sex
hormones are ‘likely not initially triggering hemispheric asymmetries’, they have ‘been shown to be able to
profoundly shape them.’?° For example in premenopausal women, functional cerebral asymmetry (FCA) constantly
changes in dependence of their hormonal cycles as shown by the electroencephalogram (EEG)® or functional
magnetic resonance imaging (fMRI)."** During the follicular phase when estradiol levels are rising, FCA is lowest,
and during the menses, lateralization is most pronounced.?’ Accordingly, the lateralized behavior (figure recognition
or spatial attention) changed.”’*? In men, salivary testosterone levels in adult men have been linked to cerebral
laterality for language.®® In addition, testosterone has been shown to affect brain asymmetries in terms of language
lateralization®® and mental rotation,>* prenatally and during puber‘[y.24 Similarly, androgen exposure in utero has been
suggested to influence the development of left-handedness.®”°® A recent study found high prenatal testosterone
concentrations in amniotic fluids to predict weak hand skill asymmetry scores and high prenatal estradiol to predict
predicted weak hand preference in 15-year-old girls, thus overall also suggesting some influence of sex hormones on
handedness.®® An interplay between sex hormones and handedness in females is also suggested by reports that left-
handedness is associated with earlier menopause’®’" — yet, here also non-supportive reports exist’>’> — and different
sex hormone levels in left- and right-handed menopausal women.”*

Sex hormones also affect human sleep. In women, sleep architecture was found to be dependent on luteinizing
hormone (LH), follicle stimulating hormone (FSH), progesterone and estrogen, causing more sleep difficulties during
the week before and during menses.”” Later in life, reduced sex hormone levels during menopause are associated with
sleep difficulties in 40-56% “with 26% experiencing severe symptoms that impact daytime functioning”.”®
Consistently, progesterone showed sleep-promoting effects in postmenopausal women.”®’””® Furthermore, besides
progesterone also estradiol contributes to the regulation of sleep stages.”’ In men, low testosterone levels were
associated with impaired sleep.””®* While the decreasing sleep efficiency in men during aging has been linked to
declining testosterone levels,?® sleep, in turn, plays an important role in endocrine regulation, including maintaining
male testosterone levels.?®!

Opposed to a large body of literature reporting non-right handedness to be more common in men, regardless of
culture and century,®* we did not find a relevant difference in our cohort in terms of direction. This might be due to our
comparatively old study cohort: LH have a shorter life expectancy than RH with the earliest deaths in the group of only
little lateralized LH.® In addition, men die younger than women do. Our finding of better objective sleep in women but

better subjective sleep in men is in agreement with current knowledge.’®

Strengths and Limitations

The main strength of this study is the large sample size comprising both subjective and objective sleep data. By
stratifying the cohort according to sex and age, we controlled for the two main confounding factors in sleep
regulation.®* Additionally, we analyzed the mean values of five consecutive nights in their home environment; thus,
the setting was as natural as possible.

It is a limitation that the age distribution was uneven since more participants that are elderly were included.
Moreover, it would have been interesting to capture polysomnographic data in order to shed light on sleep stages. It
is another limitation that participants with undiagnosed sleep disorders, including obstructive sleep apnea (OSA) and
sleep movement disorders, could not be excluded because there were neither data from polysomnography nor from
appropriate questionnaires allowing us to do so. Therefore, the study results should be interpreted very carefully. In
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terms of insomnia, at least in severe forms, we excluded those with an objective or subjective sleep duration of less than
4 hours.

Conclusions

While associations between sleep parameters and handedness were not consistent in all groups, overall, right-handedness
tended to be associated with better sleep and less daytime sleepiness. Handedness and sleep seemed to be differentially
associated in women and men, being in line with endocrine interactions.
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Introduction

Restorative sleep is crucial for cognitive, emotional and behavioral performance and
general human well-being. Handedness has been discussed as one factor affecting
sleep among various others including age, body mass index (BMI) and sex. Being the
preferred use of one hand over the other, handedness has been linked to physiological
traits like memory function and pathological conditions like psychiatric disorders. While
several studies investigated potential associations between handedness and (mostly
subjective) sleep, large-scale studies including a broad age span of participants and
studies analyzing women and men separately are lacking. In addition, there are only
few studies determining objective sleep. These studies provided inconsistent results.

Objectives

Therefore, the aim of this study was to examine associations between handedness
and both objective and subjective sleep in a large cohort with a broad age range from
18 to 80 years. In addition, the aim was to address potential endocrine effects by
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comparing associations in women and men as well as in premenopausal and

postmenopausal women.

Methods

A subset of the approximately 10,000 participants from the population-based study
“LIFE-Adult” (Leipzig Research Center for Civilization Diseases — adult group) was
analyzed with regard to their handedness, objective and subjective sleep and important
co-factors. Objective sleep data were determined using at-home actigraphy from 1764
healthy participants (18 to 80 years, 908 women), averaging five consecutive nights.
1024 individuals receiving acticraphy had been previously excluded for not meeting
any of the in- and exclusion criteria. Only data collected in nights prior to work days
were used. In addition, subjective sleep-related data were captured by self-report
diaries, the Pittsburgh Sleep Quality Index (PSQI), the Epworth Sleepiness Scale
(ESS) and the Morningness-Eveningness-Questionnaire (MEQ). Handedness was
determined using the Edinburgh Handedness Inventory (EHI). The EHI provides
information on the direction (i.e. left vs right) and the degree of handedness (i.e. strong
vs weak). To address potential endocrine effects, premenopausal women (<45 years)
and postmenopausal women (255 years) were analyzed separately. This was also
done for men, leaving four subgroups: young females (N=190), young males (N=137),
female seniors (N=511) and male seniors (N=519) in order to compare pre- and
postmenopausal age groups. Subgroups were compared using t-Test and correlations
between sleep parameters and handedness were calculated using Spearman rank

correlations.

Results

The degree and direction of handedness were correlated with “wake after sleep onset”
(WASOQ) in the total sample and all women (the more right-handed/lateralized the
shorter WASO). In postmenopausal women, additionally, time in bed (TIB) and total
sleep time (TST) were positively correlated with right-handedness/higher lateralization.
There were no other significant associations between an objective sleep variable and
handedness. In both premenopausal women and >55-year-old men subjective quality
of sleep (PSQIl) was correlated with direction and degree of handedness, i.e. the more
right-handed/lateralized the better. In the total sample and postmenopausal women,
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the degree and the direction of handedness were negatively correlated with daytime
sleepiness, i.e. the less right-handed/lateralized the higher the daytime sleepiness.

The chronotype was not associated with handedness in any group.

91% of participants were classified as RH with a very high degree of lateralization that
was lower in non-RH participants. 5.4% of the women and 4.1% of the men were left-
handed, 3.6% of the women and 4.8% of the men were ambidextrous as defined by
the EHI-Score (EHI > 50 as RH, EHI < -40 as LH).

Discussion

To my knowledge, this is by far the largest study investigating the association between
handedness and objective and subjective sleep. Most essential findings are, that right-

handedness and higher lateralization both are associated with the following:

a) less WASO in the whole group, all women and postmenopausal women
b) more TIB and TST in postmenopausal women
c) better subjective quality of sleep in premenopausal women and >55-year old men

d) less daytime sleepiness in the total group and postmenopausal women

Thus, overall, while associations were not consistently found in all groups, right-
handedness tended to be associated with better sleep and less daytime sleepiness.
Overall, associations were weak, though. The finding, that direction and degree of
handedness showed similar correlations, is plausible, since the vast majority of
participants were right handed and showed a high degree of lateralization.

Results of this study are met by a relatively small body of literature, as only 11 studies
were conducted on the association between handedness and sleep so far.

Out of these, four used objective measuring techniques on young participants
exclusively (mean ages from 20.5 to 22.4 years), delivering a rather inconsistent
picture. For example, while longer or shorter TST was found to be associated with
right-handedness, other studies could not find an association at all. Also findings from
our study do not show a homogenous picture. Overall, however, direction and degree
of handedness (the more right-handed and the more lateralized) were associated with
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better objective sleep, being roughly in line with most of the studies. In contrast to
these, however, our study is the first one to include participants over 30 years of age.

Comparably, out of the seven studies focusing on subjective sleep, all but one included
participants younger than 30 years. Findings here mostly indicated, that right-
handedness or higher lateralization are associated with better subjective sleep (e.g.
longer TST, less WASO, fewer sleep problems). The only study targeting older
participants did not find differences in the proportion of individuals agreeing to the
question, whether they “can get enough rest and sleep”. Thus, our study is overall in
line with the studies in younger adults.

Importantly, our study is the first to explore the relationship between handedness and
daytime sleepiness. Here, right-handedness and higher lateralization were associated
with less daytime sleepiness. This finding is in line with the idea that it may be more
stressful and exhausting for non-RH coping in a right-handed world.

While we did not find striking differences between women and men or between pre-
and postmenopausal women, several indications might suggest endocrine influences:
For example, TIB and TST were positively correlated in postmenopausal but negatively
in premenopausal women. Such findings warant further research on the influence of

sex hormones on both handedness and sleep.

Conclusion

Although associations found in this study were not consistent in all subgroups, a trend
towards right-handedness and higher lateralization being associated with aspects of
better objective and subjective sleep as well as less daytime sleepiness became
apparent. Seemingly differing associations between women and men are in line with
endocrine interactions. Degree and direction of handedness seem to be equally

important and should both be considered in future research.

30



4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

References

Coren S, Searleman A. Left sidedness and sleep difficulty: the alinormal syndrome. Brain Cogn.
1987;6(2):184-192.

Papadatou-Pastou M, Ntolka E, Schmitz J, et al. Human handedness: A meta-analysis. Psychol
Bull. 2020;146(6):481-524.

Christman SD. Handedness. In: Ramachandran VS, ed. Encyclopedia of Human Behavior
(Second Edition). San Diego: Academic Press; 2012:290-296.

Christman SD, Prichard EC, Corser R. Factor analysis of the Edinburgh Handedness Inventory:
Inconsistent handedness yields a two-factor solution. Brain Cogn. 2015;98:82-86.

Oldfield RC. The assessment and analysis of handedness: the Edinburgh inventory.
Neuropsychologia. 1971;9(1):97-113.

Marcori AJ, Grosso NDS, Porto AB, Okazaki VHA. Beyond handedness: assessing younger adults
and older people lateral preference in six laterality dimensions. Laterality. 2019;24(2):163-175.
Scerri TS, Brandler WM, Paracchini S, et al. PCSK6 is associated with handedness in individuals
with dyslexia. Human Molecular Genetics. 2010;20(3):608-614.

Wiberg A, Ng M, AlOmranV, et al. Handedness, language areas and neuropsychiatric diseases:
insights from brain imaging and genetics. Brain : a journal of neurology. 2019;142(10):2938-
2947.

Francks C, Maegawa S, Laurén J, et al. LRRTM1 on chromosome 2pl12 is a maternally
suppressed gene that is associated paternally with handedness and schizophrenia. Molecular
Psychiatry. 2007;12(12):1129-1139.

de Kovel CGF, Carrién-Castillo A, Francks C. A large-scale population study of early life factors
influencing left-handedness. Scientific reports. 2019;9(1):584.

Medland SE, Duffy DL, Wright MJ, et al. Genetic influences on handedness: Data from 25,732
Australian and Dutch twin families. Neuropsychologia. 2009;47(2):330-337.

Guntirkin O, Strockens F, Ocklenburg S. Brain Lateralization: A Comparative Perspective.
Physiol Rev. 2020;100(3):1019-1063.

Beking T, Geuze RH, van Faassen M, Kema IP, Kreukels BPC, Groothuis TGG. Prenatal and
pubertal testosterone affect brain lateralization. Psychoneuroendocrinology. 2018;88:78-91.
Lust JM, Geuze RH, Van de Beek C, Cohen-Kettenis PT, Groothuis AGG, Bouma A. Sex specific
effect of prenatal testosterone on language lateralization in children. Neuropsychologia.
2010;48(2):536-540.

Galaburda AM, LeMay M, Kemper TL, Geschwind N. Right-left asymmetrics in the brain.
Science. 1978;199(4331):852-856.

Nass R, Baker S, Speiser P, et al. Hormones and handedness: left-hand bias in female congenital
adrenal hyperplasia patients. Neurology. 1987;37(4):711-715.

Richards G, Beking T, Kreukels BPC, Geuze RH, Beaton AA, Groothuis T. An examination of the
influence of prenatal sex hormones on handedness: Literature review and amniotic fluid data.
Hormones and Behavior. 2021;129:104929.

Weinstock M. Alterations induced by gestational stress in brain morphology and behaviour of
the offspring. Prog Neurobiol. 2001;65(5):427-451.

Hicks RE, Kinsbourne M. Lateralized Concomitants of Human Handedness. Journal of Motor
Behavior. 1978;10(2):83-94.

Carter-Saltzman L. Biological and sociocultural effects on handedness: comparison between
biological and adoptive families. Science. 1980;209(4462):1263-1265.

Faurie C, Schiefenhével W, Bomin SL, Billiard S. Variation in the Frequency of Left-handedness
in Traditional Societies. Current Anthropology. 2005;46.

Nurhayu W, Nila S, Widayati KA, Rianti P, Suryobroto B, Raymond M. Handedness heritability
in industrialized and nonindustrialized societies. Heredity. 2020;124(2):313-324.

31



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44.

45.
46.

Raymond M, Pontier D. Is there geographical variation in human handedness? Laterality.
2004;9(1):35-51.

van der Kamp J, Canal-Bruland R. Kissing right? On the consistency of the head-turning bias in
kissing. Laterality. 2011;16(3):257-267.

Kamimura Y. Right-handed penises of the earwig Labidura riparia (Insecta, Dermaptera,
Labiduridae): evolutionary relationships between structural and behavioral asymmetries. J
Morphol. 2006;267(11):1381-1389.

Faurie C, Raymond M. Handedness frequency over more than ten thousand years. Proc Biol
Sci. 2004;271 Suppl 3:543-45.

Papadatou-Pastou M, Martin M, Munafd MR, Jones GV. Sex differences in left-handedness: a
meta-analysis of 144 studies. Psychol Bull. 2008;134(5):677-699.

Billiard S, Faurie C, Raymond M. Maintenance of handedness polymorphism in humans: a
frequency-dependent selection model. Journal of theoretical biology. 2005;235(1):85-93.
Faurie C, Raymond M. Handedness, homicide and negative frequency-dependent selection.
Proc Biol Sci. 2005;272(1558):25-28.

Groothuis TG, McManus IC, Schaafsma SM, Geuze RH. The fighting hypothesis in combat: how
well does the fighting hypothesis explain human left-handed minorities? Annals of the New
York Academy of Sciences. 2013;1288:100-109.

Grouios G, Tsorbatzoudis H, Alexandris K, Barkoukis V. Do Left-Handed Competitors Have an
Innate Superiority in Sports? Perceptual and Motor Skills. 2000;90:1273 - 1282.

Raymond M, Pontier D, Dufour A-B, Mgller AP. Frequency-dependent maintenance of left
handedness in humans. Proceedings of the Royal Society of London Series B: Biological
Sciences. 1996;263:1627 - 1633.

Basso O. Right or Wrong?: On the Difficult Relationship Between Epidemiologists and
Handedness. Epidemiology. 2007;18(2):191-193.

Kushner HI. Why are there (almost) no left-handers in China? Endeavour. 2013;37(2):71-81.
Sato S, Demura S, Sugano N, Mikami H, Ohuchi T. Characteristics of Handedness in Japanese
Adults: Influence of Left-handed Relatives and Forced Conversion. International Journal of
Sport and Health Science. 2008;6:113-119.

Kushner HI. Retraining the King's left hand. Lancet (London, England). 2011;377(9782):1998-
1999.

Kidd D, Press AS. Savage Childhood: A Study of Kafir Children. A. and C. Black; 1906.

Kushner HI. Retraining left-handers and the aetiology of stuttering: the rise and fall of an
intriguing theory. Laterality. 2012;17(6):673-693.

Geschwind N, Behan P. Left-handedness: association with immune disease, migraine, and
developmental learning disorder. Proceedings of the National Academy of Sciences.
1982;79(16):5097-5100.

Bryden PJ, Bruyn J, Fletcher P. Handedness and health: An examination of the association
between different handedness classifications and health disorders. Laterality. 2005;10(5):429-
440.

Satz P, Green MF. Atypical handedness in schizophrenia: some methodological and theoretical
issues. Schizophrenia bulletin. 1999;25(1):63-78.

Markou P, Ahtam B, Papadatou-Pastou M. Elevated Levels of Atypical Handedness in Autism:
Meta-Analyses. Neuropsychology review. 2017;27(3):258-283.

Ravichandran C, Shinn AK, Ongiir D, Perlis RH, Cohen B. Frequency of non-right-handedness in
bipolar disorder and schizophrenia. Psychiatry Res. 2017;253:267-269.

Harburg E, Feldstein A, Papsdorf J. Handedness and smoking. Percept Mot Skills. 1978;47(3 Pt
2):1171-1174.

Bakan P. Left-Handedness and Alcoholism. Perceptual and Motor Skills. 1973;36(2):514-514.
Zheng D, Yuan X, Ma C, et al. Alcohol consumption and sleep quality: a community-based
study. Public health nutrition. 2021;24(15):4851-4858.

32



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Purani H, Friedrichsen S, Allen AM. Sleep quality in cigarette smokers: Associations with
smoking-related outcomes and exercise. Addictive behaviors. 2019;90:71-76.

Hicks RA, Inman GM, Ching P, Bautista J, Deharo D, Hicks GJ. Consistency of Hand Use and
Accidents with Injury. Perceptual and Motor Skills. 1998;87:851 - 854.

Hicks RA, Pass K, Freeman H, Bautista J, Johnson C. Handedness and Accidents with Injury.
Perceptual and Motor Skills. 1993;77(3_suppl):1119-1122.

Zverev Y, Adeloye A. Left-handedness as a risk factor for head injuries. East African medical
journal. 2001;78(1):22-24.

Coren S. Left-handedness and accident-related injury risk. American journal of public health.
1989;79(8):1040-1041.

Ellis L, Engh T. Handedness and age of death: new evidence on a puzzling relationship. J Health
Psychol. 2000;5(4):561-565.

Ramadhani MK, Elias SG, van Noord PA, Grobbee DE, Peeters PH, Uiterwaal CS. Innate
handedness and disease-specific mortality in women. Epidemiology. 2007;18(2):208-212.
Porac C. Attempts to switch the writing hand: relationships to age and side of hand preference.
Laterality. 1996;1(1):35-44.

Beukelaar LJ, Kroonenberg PM. Changes over time in the relationship between hand
preference and writing hand among left-handers. Neuropsychologia. 1986;24(2):301-303.
Coren S. The diminished number of older left-handers: differential mortality or social-historical
trend? Int J Neurosci. 1994;75(1-2):1-8.

Tzourio-Mazoyer N, Zago L, Cochet H, Crivello F. Development of handedness, anatomical and
functional brain lateralization. Handb Clin Neurol. 2020;173:99-105.

Tzourio-Mazoyer N, Labache L, Zago L, Hesling I, Mazoyer B. Neural support of manual
preference revealed by BOLD variations during right and left finger-tapping in a sample of 287
healthy adults balanced for handedness. Laterality. 2021;26(4):398-420.

Gur RC, Gur RE, Obrist WD, et al. Sex and handedness differences in cerebral blood flow during
rest and cognitive activity. Science. 1982;217(4560):659-661.

Luders E, Cherbuin N, Thompson PM, et al. When more is less: associations between corpus
callosum size and handedness lateralization. Neuroimage. 2010;52(1):43-49.

Shobe E, Desimone K. Inconsistent handers show higher psychopathy than consistent handers.
Laterality. 2016;21(2):143-160.

Christman SD, Henning BR, Geers AL, Propper RE, Niebauer CL. Mixed-handed persons are
more easily persuaded and are more gullible: interhemispheric interaction and belief updating.
Laterality. 2008;13(5):403-426.

Knecht S, Drédger B, Deppe M, et al. Handedness and hemispheric language dominance in
healthy humans. Brain : a journal of neurology. 2000;123 Pt 12:2512-2518.

Bruckert L, Thompson PA, Watkins KE, Bishop DVM, Woodhead ZVJ. Investigating the effects
of handedness on the consistency of lateralization for speech production and semantic
processing tasks using functional transcranial Doppler sonography. Laterality. 2021:1-26.
Somers M, Aukes MF, Ophoff RA, et al. On the relationship between degree of hand-
preference and degree of language lateralization. Brain Lang. 2015;144:10-15.

Weis S, Hausmann M, Stoffers B, Vohn R, Kellermann T, Sturm W. Estradiol modulates
functional brain organization during the menstrual cycle: an analysis of interhemispheric
inhibition. The Journal of neuroscience : the official journal of the Society for Neuroscience.
2008;28(50):13401-13410.

Thimm M, Weis S, Hausmann M, Sturm W. Menstrual cycle effects on selective attention and
its underlying cortical networks. Neuroscience. 2014;258:307-317.

Cacioppo S, Bianchi-Demicheli F, Bischof P, Deziegler D, Michel CM, Landis T. Hemispheric
specialization varies with EEG brain resting states and phase of menstrual cycle. PloS one.
2013;8(4):e63196.

Hausmann M. Hemispheric asymmetry in spatial attention across the menstrual cycle.
Neuropsychologia. 2005;43(11):1559-1567.

33



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.
88.

89.

90.

91.

92.

93.

Negrev N, Nikolova P, Nikolova R. Serum levels of female sex hormones in left-handed and
right-handed menopausal women. Laterality. 2000;5(1):69-75.

Nikolova P, Negrev N, Stoyanov Z, Nikolova RI. Functional brain asymmetry, handedness and
age characteristics of climacterium in women. The International journal of neuroscience.
1996;86 1-2:143-149.

Leidy LE. Early age at menopause among left-handed women. Obstetrics and gynecology.
1990;76(6):1111-1114.

Dane S, Reis N, Pasinliogu T. Left-handed women have earlier age of menopause. Journal of
basic and clinical physiology and pharmacology. 1999;10(2):147-150.

Pavia M, Hsieh CC, Ekbom A, Adami HO, Trichopoulos D. Handedness, age at menarche, and
age at menopause. Obstetrics and gynecology. 1994;83(4):579-582.

Fallahzadeh H. Age at natural menopause in Yazd, Islamic Republic of Iran. Menopause (New
York, NY). 2007;14(5):900-904.

Papadatou-Pastou M, Martin M. Cerebral laterality for language is related to adult salivary
testosterone levels but not digit ratio (2D:4D) in men: A functional transcranial Doppler
ultrasound study. Brain Lang. 2017;166:52-62.

Lalumiere ML, Blanchard R, Zucker K. Sexual orientation and handedness in men and women:
A meta-analysis. Psychological Bulletin. 2000;126:575-592.

Swift-Gallant A, Coome LA, Monks DA, VanderLaan DP. Handedness is a biomarker of variation
in anal sex role behavior and Recalled Childhood Gender Nonconformity among gay men. PloS
one. 2017;12(2):e0170241.

Green R, Young R. Hand Preference, Sexual Preference, and Transsexualism. Archives of Sexual
Behavior. 2001;30:565-574.

Watson DB, Coren S. Left-handedness in male-to-female transsexuals. Jama.
1992;267(10):1342.

Zucker KJ, Beaulieu N, Bradley SJ, Grimshaw GM, Wilcox A. Handedness in boys with gender
identity disorder. Journal of child psychology and psychiatry, and allied disciplines. 2001;42
6:767-776.

Curcio G, Ferrara M, De Gennaro L. Sleep loss, learning capacity and academic performance.
Sleep Med Rev. 2006;10(5):323-337.

Talbot LS, McGlinchey EL, Kaplan KA, Dahl RE, Harvey AG. Sleep deprivation in adolescents and
adults: changes in affect. Emotion (Washington, DC). 2010;10(6):831-841.

Chatburn A, Coussens S, Kohler MJ. Resiliency as a mediator of the impact of sleep on child
and adolescent behavior. Nat Sci Sleep. 2013;6:1-9.

Medic G, Wille M, Hemels ME. Short- and long-term health consequences of sleep disruption.
Nat Sci Sleep. 2017;9:151-161.

Streatfeild J, Smith J, Mansfield D, Pezzullo L, Hillman D. The social and economic cost of sleep
disorders. Sleep. 2021;44(11).

Ogilvie RP, Patel SR. The epidemiology of sleep and obesity. Sleep Health. 2017;3(5):383-388.
Christman SD, Propper RE. Dreaming, handedness, and sleep architecture: interhemispheric
mechanisms. Int Rev Neurobiol. 2010;92:215-232.

Ohayon MM, Carskadon MA, Guilleminault C, Vitiello MV. Meta-analysis of quantitative sleep
parameters from childhood to old age in healthy individuals: developing normative sleep
values across the human lifespan. Sleep. 2004;27(7):1255-1273.

Suh S, Cho N, Zhang J. Sex Differences in Insomnia: from Epidemiology and Etiology to
Intervention. Curr Psychiatry Rep. 2018;20(9):69.

Reyner LA, Horne JA, Reyner A. Gender- and age-related differences in sleep determined by
home-recorded sleep logs and actimetry from 400 adults. Sleep. 1995;18(2):127-134.

Tsai LL, Li SP. Sleep patterns in college students: gender and grade differences. J Psychosom
Res. 2004;56(2):231-237.

Baker FC, de Zambotti M, Colrain IM, Bei B. Sleep problems during the menopausal transition:
prevalence, impact, and management challenges. Nat Sci Sleep. 2018;10:73-95.

34



94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Schissler P, Kluge M, Adamczyk M, et al. Sleep after intranasal progesterone vs. zolpidem and
placebo in postmenopausal women — A randomized, double-blind cross over study.
Psychoneuroendocrinology. 2018;92:81-86.

Nolan BJ, Liang B, Cheung AS. Efficacy of Micronized Progesterone for Sleep: A Systematic
Review and Meta-analysis of Randomized Controlled Trial Data. The Journal of clinical
endocrinology and metabolism. 2021;106(4):942-951.

Schissler P, Kluge M, Yassouridis A, et al. Progesterone reduces wakefulness in sleep EEG and
has no effect on cognition in healthy postmenopausal women. Psychoneuroendocrinology.
2008;33(8):1124-1131.

Copinschi G, Caufriez A. Sleep and the ovarian axis. Current Opinion in Endocrine and Metabolic
Research. 2021;17:38-45.

Patel P, Shiff B, Kohn TP, Ramasamy R. Impaired sleep is associated with low testosterone in
US adult males: results from the National Health and Nutrition Examination Survey. World J
Urol. 2019;37(7):1449-1453.

Schiavi RC, Schreiner-Engel P, White D, Mandeli J. The relationship between pituitary-gonadal
function and sexual behavior in healthy aging men. Psychosomatic medicine. 1991;53(4):363-
374.

Andersen ML, Tufik S. The effects of testosterone on sleep and sleep-disordered breathing in
men: its bidirectional interaction with erectile function. Sleep Med Rev. 2008;12(5):365-379.
Su L, Zhang SZ, Zhu J, Wu J, Jiao YZ. Effect of partial and total sleep deprivation on serum
testosterone in healthy males: a systematic review and meta-analysis. Sleep Med.
2021,;88:267-273.

Killgore WD, Lipizzi EL, Grugle NL, Killgore DB, Balkin TJ. Handedness correlates with
actigraphically measured sleep in a controlled environment. Percept Mot Skills.
2009;109(2):395-400.

Propper RE, Lawton N, Przyborski M, Christman SD. An assessment of sleep architecture as a
function of degree of handedness in college women using a home sleep monitor. Brain Cogn.
2004;54(3):186-197.

Lehnkering H, Strauss A, Wegner B, Siegmund R. Actigraphic investigations on the activity-rest
behavior of right- and left-handed students. Chronobiol Int. 2006;23(3):593-605.

Propper RE, Christman SD, Olejarz S. Home-recorded sleep architecture as a function of
handedness Il: Consistent right- versus consistent left-handers. J Nerv Ment Dis.
2007;195(8):689-692.

Nielsen T, Abel A, Lorrain D, Montplaisir J. Interhemispheric EEG coherence during sleep and
wakefulness in left- and right-handed subjects. Brain Cogn. 1990;14(1):113-125.
Serafetinides EA. Cerebral dominance and sleep: a comparison according to handedness and
time of sleep. Int J Neurosci. 1991;61(1-2):91-92.

Gordon HW, Frooman B, Lavie P. Shift in cognitive asymmetries between wakings from REM
and NREM sleep. Neuropsychologia. 1982;20(1):99-103.

Lavie P. Differential effects of awakening from REM and NONREM sleep on dichotic listening
performance as a function of handedness. Int J Neurosci. 1986;30(1-2):37-42.

Lavie P, Matanya Y, Yehuda S. Cognitive asymmetries after wakings from REM and NONREM
sleep in right-handed females. Int J Neurosci. 1984;23(2):111-115.

Lavie P, Tzischinsky O. Cognitive asymmetries after waking from REM and NONREM sleep:
effects of delayed testing and handedness. Int J Neurosci. 1984;23(4):311-315.

Hicks RA, Pellegrini RJ, Hawkins J. Handedness and sleep duration. Cortex. 1979;15(2):327-329.
Violani C, De Gennaro L, Solano L. Hemispheric differentiation and dream recall: subjective
estimates of sleep and dreams in different handedness groups. Int J Neurosci. 1988;39(1-2):9-
14.

Hicks RA, DeHaro D, Inman G, Hicks GJ. Consistency of hand use and sleep problems. Percept
Mot Skills. 1999;89(1):49-56.

35



115.

116.

117.

118.

119.

120.

121.

122.

Propper RE. Handedness differences in self-assessment of sleep quantity: Non-right versus
strong right handers. Sleep and Biological Rhythms. 2004;2(1):99-101.

Piro JM, Ortiz C, Manouvrier L. Sleep Behaviors and Handedness in Gifted and Non-Gifted
Children. Dev Neuropsychol. 2021:1-10.

Porac C, Searleman A. The relationship between hand preference consistency, health, and
accidents in a sample of adults over the age of 65 years. Laterality. 2006;11(5):405-414.
Taubert H, Schroeter ML, Sander C, Kluge M. Non-Right Handedness is Associated with More
Time Awake After Sleep Onset and Higher Daytime Sleepiness Than Right Handedness:
Objective (Actigraphic) and Subjective Data from a Large Community Sample. Nat Sci Sleep.
2022;14:877-890.

Prichard E, Propper RE, Christman SD. Degree of Handedness, but not Direction, is a Systematic
Predictor of Cognitive Performance. Front Psychol. 2013;4:9.

Schredl M, Beaton AA, Henley-Einion J, Blagrove M. Reduced dream-recall frequency in left-
handed adolescents: A replication. Laterality. 2014;19(4):473-488.

Loeffler M, Engel C, Ahnert P, et al. The LIFE-Adult-Study: objectives and design of a
population-based cohort study with 10,000 deeply phenotyped adults in Germany. BMC Public
Health. 2015;15:691.

Bailey LM, McMillan LE, Newman AJ. A sinister subject: Quantifying handedness-based
recruitment biases in current neuroimaging research. Eur J Neurosci. 2020;51(7):1642-1656.

36



Author contributions

Erklarung Uber den wissenschaftlichen Beitrag der Promovendin zur Publikation.

Die Promovendin erbrachte folgende Beitrage zur Publikation ,Non-Right Handedness
is Associated with More Time Awake After Sleep Onset and Higher Daytime
Sleepiness Than Right Handedness: Objective (Actigraphic) and Subjective Data from

a Large Community Sample*:

- Literaturrecherchen

- Mitentwicklung der Fragestellung

- Auswahl der zu testenden ltems

- DurchfUhrung der statistischen Testungen
- Ergebnisinterpretation und Diskussion

- Anfertigung des Publikationsmanuskripts

- Beteiligung an den Revisionen

Hilde Taubert

Michael Kluge

Christian Sander



Declaration of authorship

Erklarung tUber die eigenstandige Abfassung der Arbeit

Hiermit erklare ich, dass ich die vorliegende Arbeit selbststéandig und ohne unzulassige
Hilfe oder Benutzung anderer als der angegebenen Hilfsmittel angefertigt habe. Ich
versichere, dass Dritte von mir weder unmittelbar noch mittelbar eine Verglitung oder
geldwerte Leistungen fir Arbeiten erhalten haben, die im Zusammenhang mit dem
Inhalt der vorgelegten Dissertation stehen, und dass die vorgelegte Arbeit weder im
Inland noch im Ausland in gleicher oder ahnlicher Form einer anderen
Prifungsbehdrde zum Zweck einer Promotion oder eines anderen Prifungsverfahrens
vorgelegt wurde. Alles aus anderen Quellen und von anderen Personen bernommene
Material, das in der Arbeit verwendet wurde oder auf das direkt Bezug genommen wird,
wurde als solches kenntlich gemacht. Insbesondere wurden alle Personen genannt,
die direkt an der Entstehung der vorliegenden Arbeit beteiligt waren. Die aktuellen
gesetzlichen Vorgaben in Bezug auf die Zulassung der klinischen Studien, die
Bestimmungen des Tierschutzgesetzes, die Bestimmungen des Gentechnikgesetzes
und die allgemeinen Datenschutzbestimmungen wurden eingehalten. Ich versichere,
dass ich die Regelungen der Satzung der Universitat Leipzig zur Sicherung guter

wissenschaftlicher Praxis kenne und eingehalten habe.

Datum Hilde Taubert

VI



Curriculum vitae

Hilde Taubert

geboren am 23.05.1989 in Jena

AUSBILDUNG UND QUALIFIKATIONEN

Studium Humanmedizin, 2015 - 2022
Universitat Leipzig

Master of Science, 2012 - 2015
Friedrich-Schiller-Universitat Jena
Studiengang: ,Molecular Medicine*

Bachelor of Science, 2009 - 2012
Friedrich-Schiller-Universitat Jena
Studiengang: Biologie

FORSCHUNGSARBEITEN

Masterarbeit, 2014 - 2015

Institut fir Humangenetik, Friedrich-Schiller-Universitat Jena

Arbeitsgruppe: Prof. Hibner, Betreuer: OA Dr. habil. Kurth

Thema: ,Hereditary Sensory and Autonomic Neuropathy (HSAN) — MADD as
potentially disease-causing gene*

Forschungsaufenthalt, 2014

Molecular Ecology and Evolution Lab, Universitat Lund, Schweden
LEONARDO-geférdertes Forschungspraktikum in der Gruppe von Prof. Staffan
Bensch

Bachelorarbeit, 2012

Institut fr Humangenetik, Friedrich-Schiller-Universitat Jena

Arbeitsgruppe: Prof. Dr. rer. nat. von Eggeling, Betreuerin: Dr. Nicole Posorski
Thema: ,Untersuchung und ldentifizierung differentiell exprimierter Gene in
neuroendokrinen Tumoren der Lunge, des lleum und des Pankreas mittels
Genexpressionsanalysen und Immunhistochemie*

VI



Publications

Taubert H., Schroeter M., Sander C., Kluge M.

,Non-Right Handedness is Associated with More Time Awake After Sleep Onset and
Higher Daytime Sleepiness Than Right Handedness: Objective (Actigraphic) and
Subjective Data from a Large Community Sample*

(2022) Nature and Science of Sleep

Nilsson E., Taubert H., Hellgren O., Huang X., Palinauskas V., Markovets M.,
Valkiinas G., Bensch S.

,Multiple cryptic species of sympatric generalists within the avian blood parasite
Haemoproteus majoris”

(2016) Journal of Evolutionary Biology

VI



Acknowledgements

Ich danke PD Dr. med. Michael Kluge flr die Chance, an diesem spannenden Projekt
arbeiten zu dirfen, die gute Betreuung, Unterstitzung und Motivation. Fir die
ausfihrliche Beratung, Unterstitzung, Hilfe und gute Zusammenarbeit danke ich Dr.
rer. nat. Christian Sander.

Mein Dank gilt neben Prof. Dr. med. Dr. phil. Matthias Schroeter als Co-Autor der
Verdffentlichung auch allen Mitarbeitenden des LIFE-Projektes, den Arzt:Innen,
Wissenschaftler:lnnen, Psycholog:Innen, Bioinformatiker:Innen und technischen
Assistent:Innen. Ohne deren umfangreiche Arbeit waren Projekte wie das vorliegende
nicht denkbar.

Darlber hinaus danke ich allen Teilnehmenden des LIFE-Projektes flr ihre freiwillige

Unterstltzung der Forschung.

Zuletzt danke ich auch besonders meinen Freund:Innen und meiner Familie, die mich

in den vergangenen Jahren unterstitzt haben.



	Introduction
	Materials and Methods
	Participants and Experimental Procedure
	Objective Measurement of Sleep Using Actigraphy
	Subjective Assessment of Sleep and Sleep Quality
	Determination of Daytime Sleepiness and Chronotype
	Determination of Handedness
	Determination of Other Variables

	Statistical Procedure

	Results
	Objective and Subjective Sleep
	Distribution of Handedness
	Handedness and Objective Sleep Parameters
	Handedness and Subjective Sleep Parameters
	Daytime Sleepiness and Chronotype

	Discussion
	Strengths and Limitations
	Conclusions
	Abbreviations
	Ethics Approval and Informed Consent
	Data Sharing Statement
	Author Contributions
	Funding
	Disclosure
	References

