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Abstract

Circadian rhythms are associated with the preference for sleep—wake timing, also known as
morningness—eveningness (ME). Both circadian rhythms and ME are influenced by genetic
factors. Studies show an association between eveningness and depression. This study investigates
the heritability of ME and whether ME and depression share common genetic influences. Study
participants (n = 1237) were from the Vietham Era Twin Study of Aging, a longitudinal study of
aging with a baseline in midlife. Participants received the Morningness—Eveningness
Questionnaire (MEQ) and the Center for Epidemiologic Studies Depression (CES-D) Scale as part
of an extensive neurocognitive and psychosocial assessment. MEQ correlations between members
of twin pairs were 0.41 (95% CI 0.31-0.49) for monozygotic (MZ) twins and 0.28 for dizygotic
(DZ) twins (95% CI 0.19-0.41). CES-D correlations were 0.38 (95% CI 0.28-0.46) for MZ twins
and 0.24 (95% CI 0.14-0.36) for DZ twins. Greater eveningness (i.e. lower MEQ scores) was
significantly related to more depression symptoms (phenotypic correlation = —0.15 (95% CI -0.21
to —0.09). In the best fitting model, the heritability estimates are 0.42 for the MEQ and 0.37 for the
CES-D. A significant genetic correlation of —0.21 indicated that ME and depression share a
significant amount of their underlying genetic variance. The genetic covariance between ME and
depression accounted for 59.1% of the phenotypic correlation. Of the CES-D sub-scales,
Depressed Mood and Interpersonal Difficulties were significantly heritable, while only Well-
Being had a significant genetic correlation with ME. ME and depression are both heritable (ME
0.42, depression 0.37) and share common genetic factors, suggesting an overlap in etiology and
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the relevance of circadian rhythms to depression. Further study of this relationship may help
elucidate etiological factors in depression and targets for treatment.
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studies; VETSA

INTRODUCTION

Circadian rhythms are biological phenomena observed in many organisms. They represent
endogenous rhythmicity, but can be influenced by exogenous factors. In humans,
endogenous rhythms are noted in body temperature, hormone levels, number of immune
cells in the blood, cortisol, melatonin and the sleep—wake cycle (Vink et al., 2001).
Exogenous factors affecting these rhythms include the light—dark cycle, level of physical
activity, temperature changes, time cues, (Czeisler et al., 1981; Kerkhof, 1985) and seasonal
changes (Kloppel, 1982). The human trait of morningness—eveningness (ME) represents an
individual’s preference for sleep—wake timing that is thought to reflect endogenous circadian
rhythm. The ME trait is colloquially reflected in the language of being a “lark” versus an
“owl”. Larks are those who get up easily and are more alert in the morning and fall asleep
easily at night. In contrast, owls can sleep later in the morning and go to bed later, and are
more alert in the evening.

The first attempt to measure ME was a questionnaire developed in Sweden in 1900. By
1976, Horne and Ostberg revised earlier questionnaires and developed an English language
ME questionnaire (MEQ). The MEQ predicts undisturbed sleeping habits (Drennan, 1991),
but is independent of sleep duration (Horne & Ostberg, 1976). ME is significantly related to
various endogenous rhythms: body temperature (Dunlap, 1996; Reppert & Sauman, 1995),
blood pressure and heart rate (Kerkhof, 1985; Wuth, 1931), and cortisol levels (Bailey &
Heitkemper, 2001).

Animal research has defined the structure and function of a circadian clock gene in mice
(Ishida et al., 1999; King et al., 1997; Vitaterna et al., 1994) and shown that mice with a
mutant clock gene show an eveningness pattern of diurnal rhythm of body temperature,
spontaneous activity and wake duration, while mice without the mutant gene show the
morning preference (Sei et al., 2001). Human clock genes are related to MEQ (Mishima et
al., 2005) and to familial advanced sleep phase syndrome (FASPS) (Toh et al., 2001), a
disorder characterized by persistent early evening sleep onset and early morning awakening
with a corresponding shift in both melatonin circadian rhythms and morningness (Reid et al.,
2001). Vanselow et al. (2006) discovered that the mutated clock gene PERIOD2
characterizes many cases of FASPS. Thus, in mammals, ME is linked to the molecular basis
of the circadian clock system.

Studies have found that higher levels of eveningness are associated with greater depression
(Chelminski et al., 1999; Drennan, 1991; Hidalgo et al., 2009; Merikanto et al., 2013), but it
is as yet unclear whether eveningness is a consequence of the depressive state, a premorbid
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vulnerability factor, or whether they are simply co-occurring phenomena. Corruble et al.
(2014) found that a change toward morningness occurred when treating depression with the
medication agomelatine. Furthermore, morningness at baseline was an independent predictor
of positive response to the treatment. Kitamura et al. (2010) found that extreme evening type
was associated with an increased incidence of depressive states while the extreme morning
type had the opposite association, and that these associations were independent of nocturnal
awakening, subjective sleep quality, and daytime sleepiness. Taillard et al. (1990) found that
the circadian rhythm of heart rate might represent a chronobiological marker of some
depressions. Others have demonstrated an increased variance in circadian temperature phase
in depressives compared to controls (Kripke et al., 1979; Tsujimoto et al., 1990).

Evidence shows that when examined independently, both depression and ME are genetically
influenced. For ME, Drennan et al. (1992) found a heritability of 0.56 for males and 0.48 for
females (mean age = 42) using the MEQ in twins. This was replicated by Hur et al. (1998)
using an abbreviated MEQ (13 items) in a larger sample in their mid-forties (heritability
0.54). Vink et al. (2001) examined adolescent twins, their parents, and a sample of older
twins using one ME question: “Are you a morning-active person or an evening-active
person?” Heritability was 0.44 for the adolescents and 0.47 for the older subjects in their
mid-forties. The correlation of monozygotic (MZ) pairs was more than twice the correlation
of dizygotic (DZ) twin pairs, suggesting the possibility that the genes influencing this trait
may not operate in an additive manner. The genetic correlation —which reflects the degree of
shared genetic variance (Carey, 1988) — between adolescent twins and their parents was
estimated at 0.30, suggesting that different genes for ME may be expressed as people age.
Koskenvuo et al. (2007) examined 2836 adult MZ twin pairs and 5917 like-sexed DZ pairs
on one ME question. The overall heritability estimate, including both additive (0.12) and
dominance (0.38) effects was 0.50, similar to that of older adults in the Vink et al. study.
Heritability estimates were similar for young and old and males versus females, although
eveningness prevalence decreased with age. In a Hutterite family sample, Klei et al. (2005)
found heritability of 0.23 using the 13-item MEQ. Using a twin sample ranging in age from
19 to 93, Barclay et al. (2014) demonstrated that additive genetic influences on ME are
attenuated in middle age (34%), in comparison to both younger and older adulthood (44%),
perhaps reflecting the increased importance of work, family life, and social factors during
middle adulthood. Jones et al. (2007) examined age related changes in the role of PER3 on
ME in a sample of adults (age 18-50+). Frequencies of the PER3 4- and 5-repeat alleles
were examined in separate age groups for those with extreme diurnal preference. The 4-
repeat allele was significantly more frequent in evening types, and the 5-repeat allele more
frequent in morning types, but the strength of this association attenuated with age and was
significant only in the youngest group (18-29 years).

The current study aims to replicate the findings of a genetic influence on ME using the full
MEQ in a larger, older sample than previously examined. In addition, we sought to examine
whether there are shared genetic influences between ME and depressive symptoms. Our
sample is both narrower in age range and older than other samples examined to date. Given
the longitudinal nature of the study, we will have useful data for later assessments to
evaluate the degree to which ME is affected by aging.
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MATERIALS AND METHODS

Participants

Data collection began in 2003 for the Vietnam Era Twin Study of Aging (VETSA), a
longitudinal study of aging with baseline in middle age (Kremen et al., 2006, 2013). Study
participants were from the Vietnam Era Twin (VET) Registry, a population-based sample of
male-male twin pairs living throughout the United States. VET Registry members were born
between 1939 and 1957, served in the military at some point from 1965 to 1975, and are
representative of all veterans from the Vietnam War era on a variety of socio-demographic
variables (Eisen et al., 1989; Goldberg et al., 1987). In the early 1990s approximately 3300
VET Registry twin pairs participated in a study of psychological health (Tsuang et al.,
2001). In the present study, we randomly selected from those twin pairs who had
participated in that study. In total, 1237 individuals participated in wave 1 of the VETSA.
Participants were evaluated at Boston University or the University of California San Diego,
or in select cases, research assistants conducted assessments in the participant’s home city.
Zygosity for 92% of the sample was determined by analysis of 25 satellite markers obtain
from blood samples. For the remainder of the sample zygosity was determined by a
combination of questionnaire and blood group typing (Eisen et al., 1989). Within the
VETSA sample, a comparison of these two approaches has demonstrated a 95% agreement
rate. The present study utilized data from 1231 of the 1237 VETSA participants for whom
complete data were available: 344 monozygotic (MZ) pairs, 264 dizygotic (DZ) pairs, and
15 unpaired twins. Participants ranged in age from 51 to 60 (Mean = 55.4, SD = 2.5). The
average number of years of education at time of assessment was 13.8 (SD = 2.1; Range: 8-
20).

Measures

Morningness—eveningness Questionnaire—The Morningness—eveningness
Questionnaire (MEQ) is a self-report measure consisting of 19 questions assessing
tendencies toward morningness versus eveningness (Horne & Ostberg, 1976). Most of the
questions are forced choice, with answers indicating morning versus evening preferences. A
few questions use a time scale, requiring the participant to indicate which hours of the day
are preferable for waking, going to bed, or engaging in work-related activities. Each
question is assigned a weight and the scores for all questions are added to create a
continuous index of ME toward preferred timing of behavior. Low scores reflect more of an
evening orientation whereas high scores reflect a morning orientation. Data can also be
summarized into five classification categories: definite morning type, moderate morning
type, neither type, moderate evening type, and definite evening type. In the present study,
MEQ data were omitted from 6 individuals who either did not complete the questionnaire, or
left more than one of the items missing. In 25 cases the participant did not answer 1 of the
19 items; therefore, we prorated the missing response using the mean of 18 completed items.

Center for Epidemiologic Studies Depression Scale—The Center for
Epidemiologic Studies Depression Scale (CES-D) is a validated and reliable 20-item, self-
report scale designed to detect the presence of current depressive symptoms (Radloff, 1977).
Scores range from 0 to a high of 60, with higher scores indicating more severe depressive
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symptoms. A standard cutoff score of greater than or equal to 16 has a sensitivity of about
80% and a specificity of about 73%, compared with a structured clinical interview for major
depression (Mulrow et al., 1995). The CES-D includes four sub-scales: Somatic Complaints
(sometimes also referred to as psychomotor retardation), Depressed Mood, Well-Being
(sometimes referred to as positive affect, in contrast with negative affect), and Interpersonal
difficulties.

Data analysis

Within the twin design, the variance of any trait is accounted for by additive genetic effects
(A), common or shared environmental effects (C) and unique or unshared environmental
effects (E) that are incorporated into what are referred to as ACE models (Eaves et al., 1978;
Neale & Cardon, 1992). Since MZ twins generally share 100% of their genes, they correlate
perfectly in terms of the additive genetic influence. DZ twins, on the other hand, share on
average 50% of their segregating DNA, resulting in correlations of roughly 0.50 for additive
genetic influences. The common or shared environmental factors, aspects of the
environment that make twins more similar to one another, are assumed to be equal and not
affected by the zygosity of the twins. All other sources of variation in a trait are subsumed
under the unique environmental variance, including variance attributable to measurement
error.

In order to determine the magnitude of genetic and environmental influences on ME,
depressive symptoms, and their degree of genetic and environmental relatedness, we used
the maximum-likelihood based structural equation modeling package OpenMx (Boker et al.,
2011). Specifically, we fit a bivariate Cholesky decomposition to the data in order to
estimate the contribution of genetic and environmental factors to the variance of each
phenotype, as well as the degree of genetic and environmental covariance between the
phenotypes. The covariance estimates were then used to calculate the genetic and
environmental correlations between ME and depressive symptoms. Genetic and
environmental correlations indicate the degree to which the genetic and environmental
determinants of one phenotype are predictive of the determinants of another (Carey, 1988).
In order to maximize our power to detect significant genetic influences, as well as
significant genetic and environmental correlations between ME and depressive symptoms,
both phenotypes were examined as continuous measures.

Model fit was evaluated using the likelihood-ratio chi-square test (LRT), which is calculated
as the difference in the -2 log likelihood (-2LL) of the model in question relative to that of
a fully saturated model. The saturated model recaptures the means, variances and
covariances of the data perfectly, and served as a standard against which each genetically
informative model was compared. The LRT is distributed as a chi-square (y2) with degrees
of freedom equal to the difference in the number of parameters between the two models.
Non-significant LRT values (p>0.05) indicate that a model does not result in a significant
change in fit relative to the saturated model, and can therefore be considered as an accurate
representation of, or good fit to, the data. The Akaike Information Criterion (AIC) was used
as an additional indicator of goodness-of-fit (Akaike, 1987). Calculated as the LRT value
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minus twice the difference in degrees of freedom, smaller AIC values represent a better
balance on the part of the model between goodness-of-fit and parsimony.

RESULTS

Total scores on the MEQ ranged from 30 to 80 (Mean = 60.3, SD = 8.1). The majority of
participants (55.2%) defined themselves as moderate morning types, with only 1 participant
falling into the definite evening classification (see Table 1 for a complete breakdown). A
small but significant relationship was observed between the age of the participants and the
self-reported level of ME (r = 0.09, p<0.01) with increasing age associated with greater
morningness. MEQ correlations between members of twin pairs were 0.41 (95% ClI 0.31-
0.49) for monozygotic (MZ) twins and 0.28 for dizygotic (DZ) twins (95% CI 0.19-0.41).

Total scores on the CES-D ranged from 0 to 52 (Mean = 8.3, SD = 8.3). Based on the cutoff
score of greater than or equal to 16 on the CES-D, 185 individuals (15% of the sample) met
the criterion for major depression. As with the total score on the MEQ, a small but
significant correlation with age was observed (r = -0.11, p<0.001) with increasing age
associated with fewer symptoms of depression. CES-D correlations between members of
twin pairs were 0.38 (95% CI 0.28-0.46) for MZ twins and 0.24 (95% CI 0.14-0.36) for DZ
twins.

Scores from both the MEQ and the CES-D were mildly to moderately skewed and required
transformation prior to formal twin analyses (MEQ, square-root transformation; CES-D, log
transformation). Preliminary univariate analysis of each phenotype revealed that ACE
models for both the MEQ total score and CES-D total score resulted in non-significant
changes in fit relative to univariate saturated models. We did not examine models that
included non-additive genetic influences because the MZ correlations were less than double
the DZ correlations in the case of both the MEQ and CES-D and thus, there could not be any
non-additive genetic effects.

Table 2 presents the standardized variance components derived from the full ACE bivariate
Cholesky, as well as a reduced AE Cholesky in which the nonsignificant C influences were
fixed to zero. Both models were a good fit relative to the saturated model (ACE Cholesky:
LRT =21.39, ADF = 17, p=0.21; AE Cholesky: LRT = 23.15, ADF = 20, p = 0.28);
however, the AE Cholesky possessed the smaller AIC value (1886.71 versus 1890.94). In
the ACE model, additive genetic influences accounted for 30% of the variance in ME (95%
Cl = 0.03-0.49, significant), and 24% of the variance in depressive symptoms (95% CI =
0.00-0.44). Common environmental influences accounted for 11% and 12% of the variance,
respectively; however, neither estimate was significant based on the 95% confidence
intervals. In the AE model, the magnitude of the additive genetic influences was 0.42 for
MEQ and 0.37 for CES-D, hoth significant values.

Genetic and environmental correlations between ME and depressive symptoms are
presented in Table 3. At the phenotypic level, total scores on the MEQ and CES-D were
significantly negatively correlated with one another, rp = —0.15 (95% CI = -0.21 to -0.09).
In other words, being more eveningness prone was related to more depressive symptoms.
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Despite the significant phenotypic correlation, in the ACE Cholesky neither the genetic,
common environmental, nor unique environmental correlations were significant based on
95% confidence intervals. Genetic factors nevertheless accounted for roughly 45.6% of the
observed phenotypic correlation. In the AE Cholesky, there was a significant genetic
correlation, rq = —0.21 (95% CI = —0.37 to -0.04). The genetic contribution to the observed
phenotypic correlation was 59.1%. As with the previously described standardized variance
components, the estimates of genetic influence derived from the AE model are likely biased
by the presence of common environmental influences, making them appear larger than they
really are.

We conducted post hoc analyses because of the possibility that some aspects of depression
as measured by the CES-D may be more heritable than others and may be more related to
ME, such as the somatic symptoms of depression. The four sub-scales of the CES-D
include: Somatic Complaints (psychomotor retardation), Depressed Mood, Well-Being
(positive affect), and Interpersonal Difficulties. We found that the sub-scales of Depressed
Mood (0.32; 95% CI 0.09-0.42) and Interpersonal Difficulties (0.24; 95% CI1 0.02-0.33)
were significantly heritable. Somatic Complaints had the lowest heritability estimate of 0.03
(95% CI 0.00-0.31), with Well-Being at 0.26 (95% CI 0.00-0.35), but with a confidence
interval that was not significant. No sub-scale had a significant genetic correlation with
MEQ in the bivariate ACE Cholesky decomposition, while Well-Being had a significant
genetic correlation with MEQ in the AE bivariate Cholesky (-0.23; 95% CI —0.43 to —0.03).
The Well-Being scale included 4 items reflecting feeling as good as others, being hopeful
about the future, being happy and enjoying life.

DISCUSSION

We found a heritability estimate of 0.42 for the MEQ, which is comparable to estimates
from other studies (0.56, Drennan et al., 1992; 0.54, Hur et al., 1998; 0.44, Vink et al., 2001;
0.50, Koskenvuo et al., 2007). None of the best fitting models identified by Hur et al., Vink
et al., and Koskenvuo et al. included the common or shared environment, similar to our
model. All of these samples included women, but none of the best fitting models allowed
parameters to vary by sex. Our heritability estimate for depressive symptoms (0.37) is quite
similar to our heritability of 0.36 using diagnoses based on clinical interview and a larger
sample that we previously published and was the largest twin study of major depression in
men (Lyons et al., 1998), and to our estimates using the CES-D scale (Franz et al., 2011,
2012) and slightly higher than the heritability of 0.29 in men reported by Kendler et al.
(2006).

To our knowledge, this is the first study to examine the genetic relationship between ME
and depressive symptoms. Our current findings replicate previous phenotypic findings by
showing a significant relationship between depression and eveningness, using both
continuous and categorical measures of depression. While only 2.2% of our sample was in
the categories of “moderate evening type” or “definite evening type”, these low proportions
are similar to that found by Evans et al. (2011) in their male sample Old Order Amish
community in Lancaster County, Pennsylvania (mean age of 41.9 and only 1% being
moderate or definite evening types).

Chronobiol Int. Author manuscript; available in PMC 2016 February 18.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Toomey et al.

Page 8

In the present study, familial factors accounted for 59.1% of observed phenotypic
correlation between MEQ and depressive symptoms in the AE model and genetic factors
accounted for 45.6% of the observed phenotypic correlation between MEQ and depressive
symptoms in the ACE model. The fact of shared genetic variance between ME and
depressive symptoms and the relationship of both of these traits to circadian rhythms
suggests that some endogenous aspect of circadian rhythms or, alternatively, a genetic
vulnerability to exogenous factors that influences the expression of circadian rhythms (e.g.
seasons) is what is shared genetically between these two traits.

Drennan et al. (1991) found multimodality in the distribution of the MEQ in their depressed
group from a clinical sample, but a normal distribution in controls, suggesting there may be
different subgroups of depressives in regard to their circadian functioning. In contrast, we
found a normal distribution of MEQ in our population-based depressed group. Nevertheless,
depression may be characterized by increased variability of circadian rhythms such as body
temperature (Kripke et al., 1979; Tsujimoto et al., 1990). For example, Taillard et al. (1990)
found that the circadian rhythm of heart rate might represent a chronobiological marker for
some, but not all, depressions. The most reproduced genetic associations with chronotype
has been the variable number tandem repeat (VNTR) polymorphism in PER3 (Adan et al.,
2012), but the literature has identified a somewhat different pattern of associations of
circadian rhythm with unipolar as compared to bipolar mood disorders, with the following
genes of note as reviewed by Etain et al. (2011): the promoter region of AANAT
(arylalkylamine Nacetyltransferase), CRY1, NPAS2, ASMT (Acetyl Serotonin Methyl
Transferase, the rate-limiting enzyme for melatonin synthesis), TIMELESS, NR1D1, CRY2,
and the melatonin receptor 2 gene. Further exploration of how these genes relate to ME in
unipolar depression would be useful.

In exploratory analyses to evaluate CES-D subscales, we found that Depressed Mood and
Interpersonal Difficulties were significantly heritable, while Well-Being had a significant
genetic correlation with MEQ in the AE bivariate Cholesky. Gatz et al. (1992) reported that
their older cohort were more likely to indicate an absence of feelings of well-being
compared to their younger cohort, and nonshared environmental variances accounted for
80% of the variance on well-being in the older cohort. Hasler et al. (2010) found that
increasing eveningness was associated with greater depression, lower sensitivity of the
Behavioral Activation System, and lower positive affect, but was not directly associated
with negative affect. They concluded that behavioral activation and positive affect mediated
the effects of ME on depression. Further research is needed to explore the relationship
between specific types of depressive symptoms and ME.

It must be acknowledged that we cannot know if our results are generalizable to women.
Our sample is all male and of a restricted age range and thus, our results may not apply to
females or to younger or older adults. We also note that although the C estimates were small
and nonsignificant, dropping C influences in our AE models may have slightly inflated the
heritability estimates. The true heritabilities may, therefore, lie somewhere in between the
estimates based on the ACE and AE models. In summary, we replicated the significant
heritability of both ME and depressive symptoms and the finding that people with more of a
tendency toward eveningness are more likely to have depressive symptoms than are morning
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types. In a novel analysis, we found that the significant genetic correlation between ME and
depressive symptom (=0.21) accounted for 59.1% of the phenotypic correlation between ME
and depressive symptoms, suggesting an overlap of the genetic influences on the two traits,
and the relevance of circadian rhythms to depression at the genetic level.
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Descriptive statistics of the VETSA sample.

Mean SD n
Age 554 25 1231
Years of education 138 21 1231
MEQ total score 60.3 8.1 1231
CES-D total score 83 83 1231

% n

MEQ Classifications

Definite morning type 9.8% 121
Moderate morning type 55.2% 680
Neither type 32.8% 403

Moderate evening type 2.1% 26

Definite evening type 0.1% 1
CES-D defined major depression 15% 185
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TABLE 2

Standardized variance components from the bivariate Cholesky analysis.

A C E
ACE Cholesky
ME 0.30(0.03; 0.49)  0.11(0.00;0.33)  0.59 (0.51; 0.68)
Depressive symptoms  0.24 (0.00; 0.44)  0.12 (0.00; 0.35)  0.64 (0.56; 0.73)
AE Cholesky
ME 0.42 (0.34; 0.50) - 0.58 (0.50; 0.66)
Depressive symptoms  0.37 (0.29; 0.45) - 0.63 (0.55; 0.71)

95% confidence intervals are presented in parentheses under each estimate. Significant results are in bold font. All variables are adjusted for the
effects of age. A = Additive Genetic Influences; C = Common/Shared Environmental Influences; E = Unique Environmental Influences
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TABLE 3

Genetic and environmental correlations between ME and depressive symptoms.

Correlations

Model fg fe le Genetic contribution to phenotypic correlation
ACE Cholesky -0.24 (-1.0; 1.0) -0.14 (-1.0; 1.0)  -0.10 (-0.20; 0.00) 45.6%
AE Cholesky -0.21 (-0.37; -0.04) - -0.10 (-0.19; 0.00) 59.1%

95% confidence intervals are presented in parentheses under each estimate. Significant results are in bold font. All variables are adjusted for the
effects of age. rg = Genetic Correlation; rc = Common Environment Correlation; re = Unique Environment Correlation
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