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ABSTRACT 
 
 
 

Circadian rhythms describe behavioral and biological variables that demonstrate a 

periodicity of approximately 24 hours. Although such rhythms show consistent 24-hour patterns, 

differences exist in the timing of circadian phase position. Extreme diurnal preferences are 

referred to as eveningness and morningness. Despite a growing interest in the study of circadian 

rhythm abnormalities and psychopathology, diurnal preferences have been relatively 

understudied in depression. The present study examined these preferences in a sample of 82 

college undergraduates. Due to a presumed desynchrony between sleep and circadian preference, 

evening types were hypothesized to show increased sleep variability and the highest levels of 

depressive symptoms. Sleep variability was expected to mediate the link between eveningness 

and depressive symptoms. Results first revealed that diurnal preferences did not significantly 

predict depressive symptoms, although this association emerged as a nonsignificant trend (p = 

.08). Next, diurnal preferences significantly predicted sleep variability (p = .03). Sleep variability 

did not uniquely predict depressive symptoms, although this link also emerged as a non 

significant trend (p = .05). Finally, a mediation model was not supported at the p < .05 level      

(p = .15). 

 

 

 

 

 

 

 

 

 

 



            

 1 

 
 

INTRODUCTION 
 
 
 
Biological Timekeeping 
 

Circadian rhythms describe the near 24-hour periodicity that accompanies various 

biological rhythms. In mammals, these timing mechanisms are largely controlled by a master 

circadian pacemaker located in the suprachiasmatic nucleus (SCN) of the hypothalamus 

(Koorengevel, Beersma, Gordijn, den Boer, & Van den Hoofdakker, 2000). The localization of 

biological timekeeping is most clearly evidenced by animal research. When the SCN is destroyed 

or lesioned in hamsters, circadian rhythms disappear and sleep is severely disturbed (Zucker, 

1980). When fetal SCN tissue is transplanted into the same area, however, circadian rhythms in 

the SCN-lesioned animal are restored (Ralph, Foster, Davis, & Menaker, 1990). Furthermore, 

restored rhythms match those of the donor versus the host.  

Although this internal body clock regulates circadian rhythms, it is largely influenced by the 

presence of external time cues, or zeitgebers. Photic information enters the retina, and travels 

through the retinohypothalamic tract to the SCN (Klein et al., 1983). Light is considered the most 

potent zeitgeber in humans, and its presence helps synchronize (entrain) our circadian rhythms to 

a 24-hour day. In the absence of light, it is well-established that humans have an endogenous 

circadian cycle that is longer than 24 hours (Aschoff & Wever, 1976; Klerman et al., 2002; 

Monk & Moline, 1989). When humans are isolated from external time cues, rhythms drift to a 

period closer to 24.2 hours. This phenomenon is also documented in individuals who lack total 

light perception: free-running rhythms are slightly longer than 24 hours (Sack & Lewy, 2001). 

When this occurs, sleep often becomes dramatically disturbed. In effect, the light-dark cycle 

synchronizes our circadian rhythms to a 24-hour period.   

Biological and Behavioral Rhythms 

In humans, circadian rhythms include various biological variables, including cortisol 

secretion, melatonin secretion, heart beat variation, and core body temperature. Each variable 

demonstrates a distinct 24-hour period, which is closely tied to sleep-wake cycles. For instance, 

daily melatonin concentrations typically rise two hours prior to bedtime, with levels peaking at 

night, returning to lower levels in the morning, and remaining low throughout the day. Daily 
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cortisol secretion, on the other hand, normally rises early in the morning and peaks around wake-

time, gradually declining throughout the day. Behavioral variables, such as alertness, drowsiness, 

and mental performance, also demonstrate circadian rhythmicity. Core body temperature 

generally reaches its lowest point early in the morning hours, and this temperature nadir typically 

corresponds with the lowest levels of alertness (Johnson et al., 1992). Due to the clear, daily 

rhythmicity associated with these variables, each can be used as a marker of the body clock. 

Such markers help to establish a clear picture of circadian rhythms within an individual.  

Circadian Rhythms and Depression 

A growing area of research includes the study of circadian rhythm sleep abnormalities in 

depression. In some instances, depressive symptoms appear to be linked with disturbed circadian 

rhythms. Seasonal affective disorder (SAD), for example, is often associated with abnormally 

delayed circadian rhythms (Lewy, Sack, Miller, & Hoban, 1987). Individuals typically become 

depressed in the fall or winter, and symptoms spontaneously remit in early to late spring. 

Appropriately-timed bright light exposure, which suppresses melatonin, demonstrates 

antidepressant effects in winter depressives. When bright light is administered to winter 

depressives during the morning hours, the suppressant effect of light shifts the body clock to an 

earlier time. This shift—to an earlier, and more normal, sleep phase—has demonstrated the 

strongest antidepressant effect (Terman, Terman, Lo, & Cooper, 2001; Lewy et al., 1998). 

Because a corrective, circadian phase-advance appears to ameliorate depression in this 

population, researchers have hypothesized that the misalignment of circadian rhythms may, at 

least in part, account for depressive symptoms (Lewy et al., 1987). 

Circadian Preferences 

 In healthy, nondepressed populations, the timing of circadian rhythms tends to be 

relatively consistent. Nevertheless, individual differences exist. The terms morningness and 

eveningness are used to distinguish people who endorse extreme diurnal preferences. 

Morningness refers to those who show extreme preferences for daytime activity; in these 

individuals, peak performance and alertness is associated with the early-morning hours. The 

opposite is true for those who show eveningness, or extreme preferences for nighttime activities; 

in these individuals, heightened alertness and peak performance is linked to the evening hours.  

Timed hormonal or temperature measurements may be used to assess the timing of 

circadian rhythms (i.e., circadian phase). The use of such methods, however, may be both 
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expensive and invasive. For these reasons, researchers have developed self-report questionnaires 

to reliably assess differences in circadian preference (Baehr, Revelle, & Eastman, 2000).  Horne 

and Östberg (1976) developed the Morningness-Eveningness Questionnaire (MEQ) to capture 

circadian preferences in the general population. In the MEQ, total scores exist on a morningness-

eveningness continuum. Individuals can be categorized into three general chronotypes: evening 

types (E-Types), morning types (M-Types), and neither type (N-Types). In the general 

population, the majority of individuals are classified as N-Types, or those who equally prefer 

daytime and nighttime activities. Extreme diurnal preferences, in contrast, are more uncommon. 

Such preferences lead to E-type or M-type chronotype classifications.  

The MEQ has demonstrated good correspondence with objective measurements of 

circadian rhythms, including hourly measurements of core body temperature (Baehr et al., 2000; 

Duffy, Rimmer, & Czeisler, 2001). Specifically, individuals who identify themselves as E-types 

show biological rhythms that appear to be circadian phase-delayed. In contrast, those who 

identify themselves as M-types show biological rhythms that appear to be phase-advanced. 

When these differences are examined using core body temperature, the temperature nadir differs 

by approximately two hours among E-types and M-types. That is, the temperature trough 

observed in M-types occurs around 4:00 a.m.; in E-types, this nadir occurs around 6:30 a.m. 

(Baehr et al., 2000; Kerkhof & Van Dongen, 1996).  

Circadian preferences may lead to overall impairments in sleep. In a recent study by 

Taillard and colleagues (1999), morningness and eveningness preferences were examined in a 

large sample of adults, aged 17-81 years. Out of 617 men and women, 40% were M-types, 49% 

were N-types, and 10% were E-types. Chronotype showed age-related differences: older 

individuals were more likely to be M-types, and young individuals were more likely to be E-

types. Eveningness was associated with more overall sleep deprivation, greater daytime 

sleepiness, and an increased need for sleep. This finding was particularly robust on weekdays, 

where E-types slept significantly less than other chronotypes, despite their desire to sleep more. 

In another study, E-types were capable, under normal circumstances, of sleeping over 10 hours 

each night (Violani, Devoto, Lucidi, Pedacchio, & Rifezzo, 1997). Thus, evening types may not 

only be more sleep deprived, particularly due to early-morning work schedules; their chronotype 

may also require more sleep to feel fully rested. This would suggest that sleep loss could be 
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more debilitating to an E-type versus an M-type or N-type, which could create vulnerability for 

the development of depressive symptoms.  

Circadian Preferences and Depression 

Circadian preferences, as measured by the MEQ, have been relatively understudied with 

respect to depression. In 1991, one study examined circadian preferences in clinically depressed 

individuals and age-matched, nondepressed controls (Drennan, Klauber, Kripke, & Goyette, 

1991). Compared to controls, depressed participants demonstrated significantly more 

eveningness in this study. The authors suggested that eveningness could serve as a potential risk 

factor for depression. In a more recent study, Chelminski and colleagues (1999) examined the 

base rates of E-types and M-types among college students. Depressive symptoms were examined 

with regard to each chronotype. It is well-established that young adults tend to be more sleep-

phase delayed (Tankova et al., 1994), and this trend was, indeed, observed. Evening types were 

common (30%) in the sample, whereas morning types were more rare (10%). The remaining 

students (60%) showed no circadian preference (N-types). Although this study used a nonclinical 

sample, the authors found results comparable to Drennan and colleagues (1991). Depressed 

students were more likely to be evening types. Taken together, both studies demonstrate a 

potential circadian vulnerability for depression.  

Circadian Preferences and Sleep 

 Individuals who do not sleep according to their circadian preference are expected to 

demonstrate increased sleep disturbances, particularly because their circadian rhythms are 

presumed to be misaligned with their sleep schedule. Daytime sleepiness, fatigue, and 

diminished alertness would also be expected to show an association with more depressive 

symptoms. In general, evening types appear to have a shorter phase angle of entrainment when 

compared to morning types. That is, the interval between the core body temperature minimum 

(Tmin) and habitual wake time is shorter in evening types versus morning types (Duffy, Dijk, 

Hall, & Czeisler, 1999; Mongrain, Lavoie, Selmaoui, Paquet, & Dumont, 2004). The core body 

temperature minimum (Tmin) is strongly associated with sleep propensity. As mentioned earlier, 

night owls tend to show a delayed circadian phase. Although night owls may initiate sleep later 

in the evening, they may nonetheless need to awaken early due to social demands. As a result, 

evening types are more likely to awaken closer to their Tmin. Phase angle of entrainment may be 

defined by the difference between the Tmin and sleep offset. Night owls exhibit a shorter phase 
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angle, which results in more sleepiness upon awakening. For morning larks, awakening may 

occur at an earlier clock time; however, there remains a larger gap, or a longer phase angle, 

between the Tmin and sleep offset. This may contribute to increased alertness upon awakening and 

less difficulty awakening for larks compared to owls (Baehr et al., 2000).  

Eveningness-morningness preferences are also linked to overall lifestyle patterns. Monk 

and colleagues (2004) examined lifestyle regularity in 100 adults, aged 20-59 years. Lifestyle 

regularity was measured by examining the uniformity of daily activities (e.g., eating, exercise, 

and social rhythms). Results indicated that morningness was associated with increased lifestyle 

regularity. Eveningness, in comparison, was associated with increased lifestyle irregularity. 

Given these differences in social rhythms, it stands to reason that a similar pattern may exist 

between eveningness-morningness preferences and sleep. In fact, several studies indicate that 

sleep onset and offset times tend to be more variable in those with eveningness as opposed to 

morningness preferences (Ishihara et al., 1987; Park et al., 1998). Taken together, eveningness 

appears to be connected with increased sleep variability; whereas morningness may be tied to 

decreased sleep variability (e.g., more stable sleep times). 

The Present Study and Hypotheses 

 To date, no study has investigated how the relationship between circadian preferences 

and depression may be explained by sleeping behaviors. The present study will extend previous 

findings by examining a large sample of college undergraduates with respect to circadian 

preferences, depressive symptoms, and sleep. This study will also differ from those previously 

described by examining these concepts in the context of an early-morning college course. 

Oftentimes, required courses are offered at times that do not correspond with desired sleep times. 

An evening type, for instance, may enroll in an early-morning class, despite his/her natural 

tendency to go to bed late and to wake up late. Circadian preferences are expected to be the most 

misaligned in an evening type who is awakening for an early-morning class. This desynchrony 

(between when circadian rhythms are telling the body to sleep and when sleep is possible) is 

expected to show an association with depressive symptoms and increased sleep variability. The 

early morning course can, therefore, be conceptualized as an indirect way of examining a 

potential desynchrony between circadian preferences and sleep. Importantly, sleep variability is 

hypothesized to mediate the relationship between eveningness and depressive symptoms.  
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For hypothesis 1, greater eveningness will predict greater depressive symptoms. For 

hypothesis 2, greater eveningness will be associated with greater sleep variability. For hypothesis 

3, greater sleep variability will predict greater depressive symptoms. For hypothesis 4, sleep 

variability is expected to mediate the relationship between eveningness and depressive 

symptoms.  
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METHODS 
 
 
 
Participants 

 82 Subjects were recruited from an undergraduate introductory psychology course (PSY 

2012) at Florida State University. For the psychology class sampled, lectures occurred on 

Mondays, Wednesdays, and Fridays at 0800. The Monday-Wednesday-Friday class schedule 

was expected to maximize the early rising time desired for this study. Informed consent was 

obtained prior to the study, and participation was completely voluntary. Subjects received class 

credit for participating in this study. 

Materials 

Demographic Overview. A Demographic Overview was completed by each participant to 

obtain general demographic and medical history characteristics. To control for potential 

confounding variables, the following information was assessed: age, sex, ethnicity, and the 

presence of a psychiatric disorder. Exclusionary criteria included the presence of either shift-

work or a sleep disorder; shift-work and specific sleep disorders may result in highly irregular 

sleep schedules and/or circadian rhythm sleep abnormalities.  

  Beck Depression Inventory (BDI). The BDI (Beck & Steer, 1987) is a 21-item self-report 

inventory that is used to assess the presence of depressive symptoms. Participants indicate which 

statement best describes the way they have been feeling over the past two weeks. Each question 

is scored on a 0-3 scale. Total scores on the BDI can range from 0-63, with higher scores 

reflecting greater levels of depressive symptoms. Although the BDI is not indicative of the full 

clinical syndrome of depression, it has yielded adequate reliability estimates, and it has been 

well-validated as a measure of depressive symptomatology (Beck, Steer, & Garbin, 1988).  

Horne-Östberg Morningness-Eveningness Questionnaire (MEQ). The MEQ (Horne & 

Östberg, 1976) consists of 19 items that ascertain individual preferences for daytime and 

nighttime activities, including sleep, exercise, mental activity, and subjective alertness. Each 

item is scored according to four possible answers on either a 0-4 or a 2-4 scale. The MEQ 

produces scores on a morningness-eveningness continuum (scores 16-86). Lower scores suggest 

greater eveningness, whereas higher scores suggest greater morningness. Individuals may be 
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further classified into five following categories: definite evening type (16-30), moderate evening 

type (31-41), neither type (42-58), moderate morning type (59-69), and definite morning type 

(70-86). These categories may also be further simplified into three general categories: evening 

type (E-Type; scores 16-41), neither type (N-type; scores 42-58), and morning type (M-type; 59-

86). The MEQ is widely used in circadian rhythm research, and it demonstrates good 

correspondence to physiological measurements of circadian rhythms (Kerkhof & Van Dongen, 

1996; Lack & Bailey, 1994). 

Daily Sleep Diary. The National Sleep Foundation (NSF) sleep diary was used to assess 

sleeping patterns over the course of seven days. A daily assessment of sleep typically provides a 

more accurate index of sleep than single-administration instruments, which may be prone to 

recall bias. Polysomnography research (EEG sleep monitoring) demonstrates that sleep diaries 

provide highly reliable estimates of sleep (Rogers, Caruso, & Aldrich, 1993). The following 

information was assessed in the sleep diary: sleep onset, sleep offset, sleep latency, and 

subjective sleep quality.  

Sleep Variable Coding. To assess sleep variability (SV), a new variable was constructed 

to provide an overall index of sleep variability; this was based on two individual standard 

deviation calculations for sleep onsets and sleep offsets. For data-analytic purposes, sleep onset 

and offset clock times were first recoded into a 48-hour format.1 For each participant, a standard 

deviation was computed for sleep onset variability and sleep offset variability; these two 

standard deviations were next summed to create one, overall sleep variability (SV) index.  

Procedures 

 Participants were recruited and consented for the study previous to testing procedures. 

The study consisted of two phases: time one (T1) and time two (T2) assessments. At T1, 

participants received the Daily Sleep Diary. At this time, detailed instructions were provided 

regarding how to properly complete the questionnaire; the importance of completing the diary on 

a daily basis was strongly emphasized. Subjects completed the diary upon awakening each 

morning for a seven-day period. At T2, participants returned their completed sleep diaries, and 

three remaining questionnaires were provided. These included the Demographics Overview, the 

BDI, and the MEQ. Upon completion of the study, subjects were thanked for their participation 

and reimbursed for their time. Reimbursement consisted of psychology research credits.  

 



            

 9

Data Analytic Plan 

Three regression analyses were employed to test the stated predictions. A Sobel Test was 

conducted to determine whether sleep variability mediated the relationship between eveningness-

morningness preferences and depressive symptoms.  

Regression 1: MEQ scores were hypothesized to significantly predict BDI scores. 

Specifically, greater eveningness was expected to predict greater depressive symptoms. MEQ 

scores were entered into block one of the regression. BDI scores constituted the dependent 

measure.  

Regression 2: MEQ scores were hypothesized to significantly predict sleep variability 

(SV) scores. Greater eveningness was expected to show an association with increased SV. MEQ 

scores were entered into block one of the regression. SV scores constituted the dependent 

measure.  

Regression 3: Total sleep variability scores (SV) were hypothesized to predict BDI 

scores. In particular, increased sleep variability was expected to predict greater depressive 

symptoms. SV scores were entered into block one of the regression. BDI scores constituted the 

dependent measure. 

Mediation Test. A mediational analysis was performed for sleep variability, depressive 

scores, and MEQ scores. A Sobel Test was used to examine this model. Mediation may occur if 

(1) MEQ scores significantly affect the mediator (sleep variability); (2) MEQ scores significantly 

affect BDI scores in the absence of the mediator; (3) the mediator is uniquely associated with 

depressive symptoms (controlling for MEQ scores); and (4) the effect of MEQ scores on 

depressive symptoms shrinks when the mediator (SV) is added to the analysis (Preacher & 

Leonardelli, 2003). 

Statistical Power 

According to Cohen (1992), to detect a medium effect-size using three predictor 

variables, an N of approximately 84 subjects is necessary. Using a Type 1 error (α) < .05, these 

estimates allowed for the examination of study hypotheses at a power > 80% (β < .20). 
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RESULTS 
 
 
 

The present sample consisted of 82 participants; 78% were female, 22% were male. 

Participants ranged in age from 17-32, with an average age of 18.9 years (SD = 2.5). The ethnic 

composition of this sample was 68.3% White, 22% Black, 6.1% Hispanic or Latino, 2.4% Asian 

or Pacific Islander, and 1.2% American Indian or Alaska Native.  

Correlations between variables and other descriptive information are presented in Tables 

1-2. Regression analyses were used to test the stated hypotheses. Hypotheses were partially 

supported. With regard to hypothesis 1, MEQ scores were not significantly associated with BDI 

scores; instead, this relationship emerged as a nonsignificant trend (β = -.19, t = -1.76, p = .08). 

Specifically, greater eveningness was associated with greater depressive symptoms. For 

hypothesis 2, MEQ scores were significantly associated with sleep variability (SV) scores (β = -

.23, t = -2.11, p < .05). Lower scores on the MEQ (greater eveningness) predicted increased 

variability in sleep onsets and sleep offsets. For hypothesis 3, increased SV scores, after 

controlling for MEQ scores, were not significantly associated with BDI scores; instead, a 

nonsignificant trend was observed in the expected direction (β = .22, t = 1.96, p = .05). That is, 

greater sleep variability predicted greater depressive symptoms. 

For hypothesis 4, SV scores were expected to mediate the relationship between MEQ and 

BDI scores. According to Baron & Kenny (1986), a test for mediation first requires statistically 

significant associations between all variables (3) of interest. Although the results observed here 

rule out a standard test for mediation, the overall pattern of results are, at the least, suggestive of 

a mediating effect. For exploratory purposes, therefore, a Sobel Test for mediation was 

conducted. This model was not, however, supported at the p < .05 level (Sobel test statistic = -

1.42, p = .15). 
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DISCUSSION 
 
 
 

Results revealed that increased eveningness did not significantly predict increased 

depressive symptoms, yet a nonsignficant trend emerged in the expected direction. This trend is 

consistent with past research, indicating a relationship between evening chronotype status and 

depressive symptoms (Chelminiski et al., 1997). One possible explanation for the lack of 

correspondence between studies, with respect to statistical significance, may include key 

differences in sample characteristics. First, previous investigations demonstrating a significant 

link between diurnal preferences and depression (Chelminski et al., 1997; Taillaird et al., 2001) 

used considerably larger sample sizes (N = 1165-1617) compared to the sample used here (N = 

82). The larger samples likely provided a more normal distribution of both MEQ and BDI scores. 

The effect observed in the report by Chelminski & colleagues (1997), who used similar 

measures, was roughly equal to the results observed in this study (r = -.17 and -.19, respectively). 

Several variables in our study showed a restriction of range, which may have increased Type II 

error and reduced the ability to detect significant effects. In the general population, MEQ scores 

show a relatively normal distribution of morningness-eveningness scores; the majority of 

individuals score in the middle of the two extremes, and scores may range from 16-86. In the 

present study, scores instead ranged from 27-60 (M = 44, SD = 7.4). In fact, only one morning 

type existed in our study. BDI scores also showed a restriction of range, along with a positively 

skewed distribution. BDI scores may range from 0-63, although in our study, scores ranged from 

0-21 (M = 5.5, SD = 4.5); thus, only minimal to mild depressive symptoms were endorsed. 

In line with expectation, results next revealed that diurnal preferences were significantly 

associated with sleep variability. Increased eveningness was tied to greater variability in sleep 

onsets and offsets. This finding is consistent with at least three previous reports in European and 

Asian samples (Park et al., 1998; Ishahara et al., 1987; Taillard et al., 2001). To our knowledge, 

this report is the first to demonstrate the same finding in a U.S. sample—and using a more 

precise measurement of sleep variability. Past research used single-item assessments of sleep 

variability, whereas our study used week-long daily sleep diaries. Also important to note, the 

current findings converge with previous reports despite different ages between samples. Sleep 
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variability may be more commonly expected among younger samples similar to the one 

presented here (M = 18.9, SD = 2.5 years). At least one investigation, however, reported more 

irregular sleep schedules for night owls vs. morning larks among a large, middle-aged sample (M 

= 51.3, SD = 3.3 years; Taillard et al., 2001). 

Analyses next revealed that sleep variability significantly predicted BDI scores; although 

after controlling for MEQ, this association dropped to a nonsignificant trend. This is the first 

study to report a potential association between increased SV and increased depressive symptoms. 

The effect size for this trend was moderate (β = .22), which may be particularly noteworthy 

given the restriction of range observed for depressive symptoms. SV is likely to beget sleep 

deprivation, or perhaps more commonly, sleep restriction; and each has been shown to give rise 

to increased mood disturbances and neurocognitive deficits (Dinges et al., 1997; Van Dongen, 

Maislin, Mullington, & Dinges, 2003).  

Such problems are likely to disrupt social rhythms. Monk and colleagues (2004) showed 

more irregular social rhythms among those reporting lower morningness preferences. An 

association between irregular social rhythms and increased mood disturbances has yet to be 

established prospectively, particularly at the symptom level. At the diagnostic level, however, 

investigations indicate that the course of Bipolar I is strongly influenced by social rhythmicity 

(Malkoff-Schwartz et al., 2000; Kadri et al., 2000). Irregular sleep and social rhythms both 

appear to serve as risk factors for future episodes of depression and mania (Leibenluft, Albert, 

Rosenthal, & Wehr, 1996; Ashman et al., 1999). Moreover, treatments attempting to stabilize 

sleep and social rhythms appear to be effective in (1) improving medication treatment adherence 

and (2) reducing the likelihood of relapse (Wehr et al., 1998; Frank et al., 2000). Sleep 

variability may, therefore, increase the likelihood of sleep restriction, associated neurocognitive 

deficits, and irregularities in social rhythms.  

Important to the present study, sleep variability may also contribute to circadian 

misalignment. Research shows that late rising times and early bed times may advance and delay 

the body clock, producing small shifts in circadian phase (Burgess & Eastman, 2005). In this 

way, SV may produce instability in circadian phase position, and perhaps increase circadian 

misalignment. Given the delayed entrainment observed in night owls, circadian misalignment 

would be expected in the presence of conventional social synchronizers, such as school or work. 
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As individuals attempt to maintain their eveningness preference, SV would be expected to occur; 

but such variability may also further delay or misalign the circadian clock with sleep. 

 Internal desynchronization may also occur with sleep variability. In addition to a master 

clock localized in the SCN, recent research reveals peripheral clocks located elsewhere in the 

body, such as the liver and lungs. These clocks shift (or synchronize) in response to 

environmental cues (e.g., light, sleep, eating) at differing rates (Yamazaki et al., 2000). If sleep 

variability induces significant daily shifts in the circadian pacemaker, along with associated 

irregular eating and motor rhythms, these peripheral clocks may become misaligned with the 

master clock itself (Wirz-Justice, 2003). Reminiscent of jet lag, it is theorized that this would 

contribute to health, concentration, and mood problems. 

A desynchrony between the endogenous circadian pacemaker and the sleep-wake cycle 

may present considerable risk for depression. Such risk is implicated in seasonal affective 

disorder (SAD), where mood disturbances appear to be linked with a delayed circadian phase 

and a short phase angle of entrainment (Koorengevel et al., 2000; Lewy et al., 1998). A 

chronobiological basis of affective disorders is also implied in efficacious treatments for these 

disorders. Early morning bright light exposure (lux > 6,000) suppresses melatonin and advances 

the endogenous circadian timing system; this treatment demonstrates strong antidepressant 

effects in SAD (Lewy et al., 1987; Terman et al., 2001; Burgess, Fogg, Young, & Eastman, 

2004). Moreover, this treatment is judged to be superior to pharmacotherapy (Wirz-Justice, 

1998). Nonseasonal mood disorders are also highly prevalent in situations where the body clock 

is chronically misaligned with sleep, such as shift work and delayed sleep phase syndrome 

(Nakata et al., 2004; Kamei et al., 1998; Regestein & Monk, 1995). Taken together, a lack of 

synchrony between internal timing mechanisms and external social demands appears to increase 

vulnerability for mood problems. 

In the current study, SV was proposed to explain the relationship between MEQ scores 

and increased depressive symptoms. According to our analyses, this model was not supported. 

Our study may have been under-powered to detect a small, but potentially important mediational 

effect. The statistical trend observed for our Sobel test (p = .15) may support this possibility. The 

overall pattern of results thus warrants further investigation. A larger sample size would provide 

a greater distribution of scores and increase variability, thereby preventing the restriction of 

range experienced in our study. This would ultimately allow for greater confidence in the 
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interpretation of findings. Also, significant mediation implies the presence of a potent, versus a 

necessary or sufficient, mediator (Baron & Kenny, 1986). It will be useful to thus explore 

additional variables that, together with sleep variability, confer risk for mood disturbances 

among those reporting diurnal preferences. 

With regard to potential limitations, compliance in the daily completion of the sleep diary 

cannot be confirmed. The importance of completing the diary each day was strongly emphasized 

prior to participation; however, this does not ensure compliance. Non-compliance could have led 

to retrospective diary completion on the seventh day (T2). Although this would have resulted in 

less precision, it was unlikely to produce grossly inaccurate sleep-time reporting. Also, while 

important to acknowledge, this finding would not be expected to explain away the relationships 

observed between variables. If anything, such imprecision would underestimate versus 

overestimate significant effects. 

In conclusion, the present study investigated the link between diurnal preferences, 

depressive symptoms, and sleep variability. Results were partially supported, suggesting that 

these variables may deserve further investigation. The temporal order of behavioral and 

biological rhythms is often considered essential for health. Likewise, researchers have long 

theorized that chronobiological disturbances may result in various forms of psychopathology (for 

review, see Wirz-Justice, 2003). Prospective, longitudinal investigations are necessary to test this 

hypothesis, yet such investigations remain relatively scarce. The current study was limited in its 

ability to demonstrate causality for any of the observed variables. Although suggestive of an 

association between diurnal preferences, variation in sleep schedules, and depression, this study 

was, like many others, correlational in nature. Causal pathways, as a result, cannot necessarily be 

established or confirmed. Future research would do well to investigate the observed associations 

using a longitudinal design and objective measurements of both sleep and circadian rhythms.  
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FOOTNOTE 
 
 
 
1A 48-hour format allows standard deviations to be computed in a chronological, uniform 

manner. This method ensures that the distance between sleep onsets or offsets is accurately 

quantified. For example, a military time format can lead to erroneous calculations (e.g., the 

difference between two sleep onsets, 2300 and 0200, may be incorrectly coded as an 11- versus a 

3-hour difference). A 48-hour format thus provides greater efficiency and accuracy regarding the 

calculation of sleep variability standard deviation scores. 
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TABLE 1. Correlations and Descriptive Statistics

1. 2. 3.

1.  MEQ --

2.  BDI -.194 --

3.  SV -.229* .258* --

Mean 44.05 5.49 3.46

Standard Deviation 7.4 4.5 1.1
* p < .05

Note. MEQ = Morningness-Eveningness Questionnaire, BDI = Beck Depression Inventory, 

SV = Total Sleep Variability  
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TABLE 2. Number of Subjects Classified by Chronotype

Chronotype      MEQ Scores N %

Morning Type  59-86 1 1.2

Neither Type   42-58 52 63.4
Evening Type 16-41 29 35.2
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