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Abstract

Evening chronotype, a correlate of delayed circadian rhythms, is associated with depression. 

Altered positive affect (PA) rhythms may mediate the association between evening chronotype 

and depression severity. Consequently, a better understanding of the relationship between 

chronotype and PA may aid in understanding the etiology of depression. Recent studies have 

found that individuals with evening chronotype show delayed and blunted PA rhythms, although 

these studies are relatively limited in sample size, representativeness, and number of daily affect 

measures. Further, published studies have not included how sleep timing changes on workday and 

non-workdays, or social jet lag (SJL), may contribute to the chronotype-PA rhythm link. Healthy 

non-depressed adults (n = 408) completed self-report affect and chronotype questionnaires. 

Subsequently, positive and negative affect were measured hourly while awake for at least two 

workdays and one non-workday by ecological momentary assessment (EMA). Sleep variables 

were collected via actigraphy and compared across chronotype groups. A cosinor variant of 

multilevel modeling was used to model individual and chronotype group rhythms and to calculate 

two variables, (1) amplitude of positive affect, or the absolute amount of daily variation from peak 

to trough during one period of the rhythm, and (2) acrophase, or the time at which the peak 

amplitude of affect rhythms occurred. On workdays, individuals with evening chronotype had 

significantly lower PA amplitudes and later workday acrophase times than their morning type 

counterparts. In contrast to predictions, SJL was not found to be a mediator in the relationship 

between chronotype and PA rhythms. The association of chronotype and PA rhythms in healthy 

adults may suggest the importance of daily measurement of PA in depressed individuals and 

would be consistent with the hypothesis that evening chronotype may create vulnerability to 

depression via delayed and blunted PA rhythms.
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Introduction

A large body of evidence implicates abnormal circadian rhythms in mood disorders 

(Germain & Kupfer, 2008; McClung, 2013). Specifically, researchers have found blunted 

and delayed biological rhythms in those who are depressed (Claustrat et al., 1984; Daimon 

et al., 1992; Lewy et al., 2006; Posener et al., 2000). Although definitive evidence has yet to 

be reported, abnormal circadian rhythms may be etiologically important, with several 

hypotheses invoking shifted (Lewy et al., 2006) and blunted rhythms (Souętre et al., 1989; 

Murray et al., 2002) in the development of depression. Contributing to this body of 

literature, several studies have now focused on chronotype, a self-report measure of activity 

preference timing and a proxy for circadian phase (Duffy et al., 2001). Depression diagnosis 

and depressive symptoms are greatest in evening types, or those who are most active in the 

evening hours (Chelminski et al., 1999; Drennan et al., 1991; Hirata et al., 2007; 

Levandovski et al., 2011). However, the mechanism linking evening chronotype and 

depression remains poorly understood.

Recent research suggests that positive affect (PA) may mediate the relationship between 

evening chronotype and depression (Hasler et al., 2010). Although negative affect (NA) has 

been shown to be high in depression and other mood disorders, PA is low in depression and 

not anxiety (Watson et al., 1988), indicating its potential specificity in the development or 

maintenance of depression. Further, PA has been shown to have an endogenous circadian 

rhythm (Boivin et al., 1997; Murray et al., 2009), a pattern not consistently found in NA. 

This variation in PA has been proposed as a reflection of the underlying behavioral approach 

system (Watson et al., 1999), which may encourage engagement with the environment at 

adaptive times during the day. Therefore, individual variation in PA peak timing (acrophase) 

and maximal variation (amplitude) may directly impact one's likelihood to engage with the 

environment and acquire reward from their surroundings (e.g. social interaction). Given that 

behavioral models of depression implicate decreased engagement with the social 

environment (e.g. Lewinsohn & Atwood, 1969), abnormal delayed and blunted PA rhythms 

may occasion a lesser opportunity for behavioral activation and associated vulnerability to 

depression. Therefore, understanding predictors of variation in PA rhythms (see Figure 1A) 

in a healthy sample may inform our understanding depression vulnerability.

Preliminary evidence suggests that PA rhythms vary by chronotype, with evening 

chronotypes exhibiting more delayed acrophase (Hasler et al., 2012; Porto et al., 2006) and 

blunted amplitude (Hasler et al., 2012). However, previous studies are limited in 

generalizability, given their unique samples (insomnia, Hasler et al., 2012; medical students, 

Porto et al., 2006), sample size (N = 100, Hasler et al., 2012; N = 28, Porto et al., 2006), and 

fewer daily PA measurements, with some studies measuring PA every three hours of 

wakefulness (Porto et al., 2006) and others taking four daily measurements (Hasler et al., 

2012). Therefore, the present study sought to use a larger, more generalizable sample, with 

PA measures every hour of wakefulness to more accurately estimate the acrophase and 

amplitude of the daily PA rhythm in an effort to better understand the relationship between 

chronotype and PA rhythms.
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Although the connection between evening chronotype, representing delayed rhythms, and 

delayed PA rhythms may be more obvious, the current study additionally aims address an 

explanation for the association between evening chronotype and blunted PA rhythms. One 

potential mechanism may be social jet lag (SJL; Wittmann et al., 2006; Roenneberg et al., 

2012), in which individuals who naturally have delayed rhythms experience a misalignment 

in circadian and sleep rhythms when they are forced to wake at earlier times on workdays. 

Social jet lag is indexed by the degree of discrepancy between work and non-work day sleep 

timing. Given that desynchronized rhythms are thought to create blunted rhythms (Souętre et 

al., 1989), the misalignment between circadian processes and sleep associated with SJL may 

be related to blunted PA rhythms. Those who have naturally delayed rhythms, like those 

with evening chronotype, tend to experience the greatest SJL and related circadian 

misalignment, and hypothetically would also exhibit the largest decrement in PA amplitude. 

Therefore, SJL may explain an association between chronotype and PA amplitude (see 

Figure 1B). In support of this theory, SJL has been associated with evening chronotype and 

increased vulnerability to depression (Wittmann et al., 2006; Levandovski et al., 2011; 

Hasler et al., 2012), though no study has previously investigated a potential SJL-PA rhythm 

association. Therefore, the current study additionally investigated whether SJL mediates the 

relationship between evening chronotype and blunted PA rhythms.

To further elucidate the relationship between chronotype and PA rhythms, the current study 

aimed to extend existing literature on the association between chronotype and PA rhythms in 

a large, healthy non-depressed sample of middle-aged adults. Additionally we aimed to 

explore SJL as a potential mediator in the relationship between chronotype and PA 

amplitude. To this end, hourly measures of PA were collected over an average of 3 

workdays and one non-workday and were used to estimate individual and chronotype-

related PA rhythms. Additionally, actigraphy was used to measure sleep variables in order to 

calculate SJL. It was predicted that individuals with evening chronotype would exhibit 

decreased PA amplitude and delayed acrophase relative to their morning type counterparts 

and that SJL would mediate the relationship between chronotype and PA amplitude.

Materials and Methods

Participants

Participants were adults (N = 486) from the greater Pittsburgh, Pennsylvania area in the 

Adult Health and Behavior II project registry (AHAB II). Individuals were excluded if they 

were taking antidepressant medications or any psychoactive drugs that might alter their 

response to questionnaire measures, or if they reported a history of schizophrenia, major 

neurological disorders or other psychiatric illness. Further, all night shift workers were 

excluded from the study. Participants were excluded (n = 44) from the current analyses if 

they met DSM-IV (APA, 1994) criteria for current or past mood disorders as assessed with 

the Mini International Neuropsychiatric Interview, Version 6.0 (M.I.N.I. 6.0; Sheehan, et al., 

1997). Additionally, 2 participants did not complete the chronotype questionnaire and 32 

additional participants did not have actigraphy data due to non-compliance or lack of 

sufficient data (a workday and non-workday) to calculate SJL. The total sample consisted of 

408 participants. Informed consent was obtained in accordance with the guidelines of the 
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University of Pittsburgh Institutional Review Board and ethical guidelines established by the 

journal were met (Portaluppi et al., 2010).

Ecological Momentary Assessment (EMA) and Actigraphy Protocol

EMA and actigraphy data collected as part of the larger AHAB II study were used to assess 

diurnal variation in PA. Actigraphy data was collected in the field (i.e., non-laboratory, 

home and work environments) for seven to ten monitoring days via an Actiwatch-16 

(Respironics, PA). Additionally, four of the days in the field were EMA monitoring days 

(three workdays and one non-workday). During waking hours on EMA measurement days, 

participants were signaled hourly to complete a 43-item questionnaire (including affect 

items described below) using a personal digital assistant (PDA; Palm Z22, software: 

Satellite Forms). Participants received extensive training and practice using the PDA and 

received feedback on compliance following a practice day. Additionally, participants were 

phoned four times throughout their time in the field for technical support. All participant 

data were used in analyses given that all completed at least two workdays and one non-

workday worth of measurements. Importantly, 92% of the sample completed three workdays 

and one non-workday of EMA monitoring.

Measures

Positive and Negative Affect—PA and negative affect (NA) were collected in two 

distinct manners. First, the Positive Affect Negative Affect Schedule-Expanded Form 

(PANAS-X; Watson & Clark, 1999) trait measure of affect was administered during a 

laboratory visit. Second, an adapted version of the Positive Affect Negative Affect Schedule 

Short Form (PANAS-SF; Thompson, 2007) using a six point scale to measure hourly 

endorsement of 13 affect items was administered by EMA every hour since wake time 

during the participation period. The items “ashamed,” “active,” and “alert” were deleted a 

priori from the scale due to rotated principal components analysis performed on previous 

samples, which revealed low factor loading on these items. Additional items, “happy” and 

“cheerful” from the Profile Of Mood States scale (McNair et al., 1981) were added to 

represent PA terms with low arousal associations. The resulting survey included “inspired,” 

“determined,” “attentive,” “happy,” and “cheerful” items in the PA scale. Additional to the 

NA items “upset,” “hostile,” “nervous,” and “afraid” from PANAS-SF, “angry,” “lonely,” 

and “sad” items were added a priori from the PANAS-X in order to include items which 

measured sadness and anger as well as anxiety. Amplitude and phase data calculated based 

on hourly measures of PA were used as the dependent variable in the primary analyses.

Chronotype—The Composite Scale of Morningness (CSM; Smith et al., 1989) was used 

to assess chronotype during a laboratory visit. The CSM scale is a continuous measure based 

on 13 items assessing timing preferences for activity and sleep. Higher scores indicate a 

preference for morning activity and early bed and wake times (i.e., morningness) and lower 

scores indicate a preference for evening activity and later bed and wake times (i.e., 

eveningness). Group chronotype analyses were based on pre-established cutoffs (Natale & 

Alzani, 2001): 13–26 evening-type; 27–41 intermediate-type; 42–55 morning type. The 

scale has acceptable internal consistency (Cronbach's α = .83; Smith et al., 1989) and good 
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test-retest reliability and predictive validity (Guthrie et al., 1995; Greenwood, 1994). CSM 

score was used as the independent variable in the primary analyses.

Sleep Measures—Actigraphy data were collected for at least 7 nights (including at least 4 

workdays and 1 non-workday). All available nights were used in calculations. Actigraphy 

data were stored in 1-minute epochs and scored with Actiware software (v5.59) using 

automated, standard medium thresholds. Sleep onset was defined as a period with fewer than 

40 activity counts per 1-minute epoch over 10 consecutive epochs. Wake onset was defined 

as 10 consecutive minutes of greater than or equal to 40 activity counts per epoch. Average 

workday and non-workday mid-sleep point and sleep duration were calculated. As described 

by Wittmann et al. (2006), the SJL variable was calculated by taking the absolute value of 

the difference between mid-sleep on non-workdays and mid-sleep on workdays. For the 

present study, mid-sleep on non-workdays (M = 5 days) was subtracted from the average 

mid-sleep time across workdays (M = 2 days).

Primary Analyses

Chronotype Group Analysis of PA Rhythms—Because of the effects of work 

constraints on activity rhythms, all PA analyses were conducted separately for workdays and 

non-workdays. Preliminary analyses using a cosinor analysis variant of multilevel modeling 

(MLM) was used to confirm the presence of diurnal rhythms in PA and to quantify the effect 

of chronotype group (morning, intermediate, or evening chronotype group) on PA rhythm 

amplitude and acrophase. In this type of MLM, cosinor analysis was used at level one of the 

model to fit PA data to a sinusoidal curve with a 24 hour period through regression on a sine 

wave. A cosine term was added to the model to account for phase shifts in the diurnal 

rhythms resulting in the following equation:

To complete the MLM, chronotype, age, and gender were included as fixed effects, along 

with random effects for individual participants within chronotype groups. Chronotype 

group-based estimates of PA rhythm amplitude and acrophase were obtained via 

transformations of the fitted MLM parameter estimates. The delta method was then used to 

approximate standard errors of estimated amplitudes and acrophases among chronotype 

groups, as well as standard errors of differences in estimated amplitudes and acrophases 

between chronotype groups (Mikulich et al., 2003). This approach allowed for Wald-based 

inference on the mean 24-hour diurnal rhythmic parameters (amplitude and acrophase) for 

each group, in addition to Wald-based inference on the difference in mean 24-hour diurnal 

rhythmic parameters between groups. The cosinor MLM was fit using maximum likelihood 

estimation, and all analyses were performed using SAS, Version 9.3 (SAS Institute Inc., 

Cary, NC). The morning chronotype was chosen as the reference group to which all other 

group effects are compared. Subsequent analyses using individual level PA amplitude and 

acrophase values are described next.
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Individual Analyses of PA Rhythms—In order to test for the impact of SJL on 

chronotype and to better understand how rhythm estimates contribute to our understanding 

of chronotype, individual PA amplitude and acrophase were also extracted from the EMA 

data for each study participant using similar statistics as in the above group analyses. Two 

Ordinary Least Squares (OLS) regression models were constructed using chronotype score 

to predict individual PA amplitude and individual PA acrophase to investigate whether the 

individual acrophase and amplitude analysis replicated chronotype group comparisons.

Social Jet Lag Analysis—Given the prediction that SJL may mediate the relationship 

between chronotype and PA rhythm estimates, regression models, including study 

covariates, were created testing each pathway. In the instances in which pathways were 

significant, we tested the direct effects of chronotype on PA rhythm through social jetlag 

effects.

Secondary Analyses

Chronotype Groups and NA Rhythms—The current literature is inconsistent in 

finding significant NA diurnal rhythms, with some studies detecting NA rhythmicity (Stone 

et al., 2006; Vittengl et al., 1998, Golder & Macy, 2011) and others not (Murray, 2007; 

Murray et al., 2002; Wood & Magnello, 1992; Clark et al., 1989). Therefore, a secondary 

analysis used a similar MLM model described above to test for potential diurnal rhythms in 

NA by chronotype group.

Results

Of the total sample (n = 408, 51.7% female), 82.1% identified as Caucasian, while the 

remaining sample identified as African American (15.7%), Asian (1.5%), Mixed (0.5%) or 

other race (0.5%). The average age was 42.89 years (SD = 7.33). The sample had an average 

education level of 16.97 years (SD = 2.84) and the median reported income was between 

$65,000 and $79,999 USD. The average CSM score in the sample was 39.52 (SD = 7.13), in 

the intermediate chronotype range. Using Natale & Alzani (2001) chronotype cut-off ranges, 

individuals were grouped into morning (43.3%), intermediate (52.2%), and evening groups 

(4.4%). Table 1 depicts sample descriptives by chronotype group. Consistent with previous 

research, age and trait PA differed significantly by chronotype group (see Table 1).

Chronotype Groups and PA Rhythms

Workday PA Diurnal Rhythms—In fitting the MLM, the morning chronotype was 

chosen as the reference group to which all other group effects are compared. Workday PA 

showed diurnal rhythmicity in the morning chronotype group, with a significant fit to both 

sine (β = -0.15, t16929 = -2.75, p = 0.01) and cosine (β = -1.08, t169297= -18.18, p < 0.0001) 

terms (Table 2). The intermediate chronotype main effect term was significant (β = -0.84, 

t418 = -2.47, p = 0.01), as well as the sine*intermediate interaction term (β = -0.28, t16929 = 

-3.76, p < 0.001) and cosine*intermediate term (β = 0.17, t16929 = -3.76, p = 0.03), 

indicating a difference in diurnal PA rhythm between intermediate and morning chronotype 

groups. Although the evening chronotype main effect term was not significant, the 

cosine*evening interaction term was (β = 0.65, t16929 = 4.09, p < 0.0001), indicating a 
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significant difference in diurnal PA rhythm in evening types compared to morning types. 

See Figure 2 for a plot of the fitted diurnal rhythms by chronotype group.

Estimates for amplitude and acrophase by chronotype group (Table 3) were extracted from 

regression results to allow for statistical group comparisons utilizing the delta method 

(Mikulich et al., 2003). Amplitude estimates were similar for both the morning (1.09, SE = 

0.06) and the intermediate groups (1.00, SE = 0.06, p = 0.31). In contrast, the amplitude 

estimate for the evening group (0.59, SE = 0.18) was significantly lower compared to both 

the intermediate (z = -2.13, p = 0.03) and morning groups (z = -2.56, p = 0.01). Acrophase 

estimates occurred in the predicted order, such that the acrophase of morning types occurred 

at 12:31 hours (SE = 0:11), intermediate acrophase occurred at 13:42 hours (SE = 0:10), and 

evening acrophase occurred at 14:57 hours (SE = 0:59). Acrophase estimates differed 

significantly between the morning and evening groups (z = 2.43, p = 0.02) as well as 

between morning and intermediate groups (z = 1.17, p < 0.0001), although there was no 

statistically significant difference in acrophase between intermediate and evening groups (z 

= 1.26, p = 0.21).

Non-Workday PA Diurnal Rhythms—MLM analysis of PA on non-workdays revealed 

a diurnal PA rhythm for morning-type participants, with significant sine (β = -0.40, t5113 = 

-3.68, p < 0.001) and cosine (β = -0.99, t5113 = -9.77, p < 0.0001) terms (Table 2). 

Additionally, the cosine*intermediate interaction term (β = 0.25, t5113 = 1.92, p = 0.05) and 

sine*evening term (β = 0.75, t5113 = 1.99, p = 0.04) were significant, suggesting PA rhythms 

differed by chronotype group on non-workdays. Neither the main effect term for 

intermediate-types nor the main effect for evening-types were statistically significant 

suggesting overall group mean PA did not differ on non-workdays. See Figure 2 for a 

depiction of estimated rhythms by chronotype group.

Estimates for chronotype group amplitude and acrophase on non-workdays did not follow 

predictions. Morning chronotype demonstrated a peak at 13:28 hours (SE = 0:19) and 

intermediate at 14:31 hours (SE = 0:20) on non-workdays as predicted, but evening 

chronotypes had the earliest acrophase time at 10:28 hours (SE = 1:32). Group comparisons 

of estimates showed a significant phase difference between morning and intermediate (z = 

2.26, p = 0.02) as well as intermediate and evening groups (z = -2.57, p = 0.01; Table 3).

Individual PA Rhythm Analyses

In order to replicate group comparisons with individuals, an Ordinary Least Squares 

regression model was used including age, gender, and chronotype as a continuous measure 

to predict workday individual PA amplitude and acrophase. The model predicting acrophase 

was statistically significant (3.1% of variance explained; p < 0.01), although the model 

predicting amplitude was not significant. Also consistent with hypotheses, greater 

eveningness was associated with relatively delayed PA acrophase on workdays (β = -0.11). 

Comparable models predicting non-workday PA amplitude and acrophase were not 

significant.
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Social Jet Lag—Mid-sleep times on workdays and non-workdays differed significantly by 

chronotype. Evening individuals had the latest mid-sleep times on both workdays and non-

workdays and morning individuals showed the earliest times (Table 1). However, neither 

sleep duration nor SJL differed significantly by chronotype group. Further, the regression 

models using continuous chronotype to predict SJL (R2 = 0.01, p = 0.14) and models using 

SJL to predict PA acrophrase (R2 = 0.01, p = 0.25) and amplitude (R2 = 0.01, p = 0.31) were 

not significant. Given the non-significant results of the pathways, mediation of SJL in the 

relationship between chronotype and amplitude/acrophase was not examined.

Chronotype Groups and NA Rhythms

A diurnal rhythm in workday NA was evidenced by a significant cosine term (β = -0.33, 

t1629 = -4.84, p <0.0001). However, chronotype terms and interaction terms were not 

significant, indicating NA rhythms did not differ significantly by chronotype group. Non-

workday NA analyses were not significant (data not shown).

Discussion

The present study extended previous findings that chronotype is associated with PA rhythm 

estimates in a large healthy sample, while using hourly measures of PA. The evening group 

experienced peak PA significantly later and exhibited lower amplitude values compared to 

the morning chronotype group on workdays. Consistent with the delayed PA rhythms 

findings, mid-sleep times were also significantly associated with chronotype, with evening 

individuals exhibiting the latest mid-sleep times on both workdays and non-workdays. 

Importantly, sleep duration, a factor not directly influenced by the circadian clock (for 

review see: Dijk et al., 2002), did not differ by chronotype group. Together, the sleep 

findings suggest that individuals with evening chronotype exhibit delayed circadian rhythms 

in at least one biological process. Further, trait measures of PA varied significantly by 

chronotype, with evening types reporting lowest overall PA scores. In contrast to 

predictions, SJL was not statistically associated with chronotype or PA rhythms in this 

sample, although evening types evidenced later sleep times on both work day and non-work 

days. This suggests that sleep and circadian misalignment due to the magnitude of difference 

in weekday vs. weekend schedules (i.e., SJL) does not explain the association between 

evening chronotype and decreased PA amplitude. Overall, our findings suggest PA rhythms 

differ as expected by chronotype group.

In our main findings, workday acrophase times demonstrated the predicted pattern, such that 

the morning chronotype group exhibited the earliest time of peak PA (12:31), the 

intermediate group peaked in the middle (13:42), and the evening group peaked last (14:57). 

Therefore, along the continuum of chronotype scores from morningness to eveningness, PA 

amplitude decreases and there is a delay in acrophase. Because the same pattern of delay and 

decrease in PA is posited to increase vulnerability to depression through an associated 

decline in appetitive behaviors, our findings, even though based on a healthy sample without 

history of depression, may bear on the already established link between evening chronotype 

and depression. For example, individuals who display adaptive PA rhythms may sleep 

through their low point in PA and experience their peak PA during hours in which social 
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interaction is most likely. In contrast, evening types may awake while still in the trough of 

PA, exhibit a delayed peak PA relative to availability of environmental reward, and 

experience lower overall PA. Therefore, evening chronotype individuals may be more 

vulnerable to developing depression due to their higher likelihood to exhibit delayed and 

blunted PA rhythms.

Interestingly, acrophase timing did not occur in the predicted order on non-workdays with 

evening individuals exhibiting the earliest peak. One possible explanation for this 

discrepancy may be the tendency for evening types to shift drastically from workday 

schedules to unconstrained non-workday schedules (Wittmann et al., 2006). In the context of 

this study, peak PA may occur during times in which the PDA was turned off (sleep time) 

and rhythm analyses may then statistically identify peak PA as occurring the following 

morning. A more likely explanation concerns the discrepancy between the number of affect 

measurement days between workday and non-workday. In the current study, workday 

estimates were created with an average of several day's affect measurement while non-

workday estimates were created based on a single day's affect collection, potentially making 

non-workday analyses less reliable. To increase confidence in our non-workday measures, 

future studies could include multiple non-workdays over several weeks, or a vacation period 

of consecutive non-workdays.

Contrary to study predictions, SJL was not found to be associated with chronotype or with 

PA rhythm estimates, and therefore was not found to be a mediator in the relationship 

between evening chronotype and blunted PA rhythms. Although SJL has been linked with 

evening chronotype in previous studies (Levandovski et al., 2011; Wittmann et al., 2006), 

the association was not significant in the current sample. This is surprising due to the 

likelihood that evening individuals would need to make the largest circadian “correction” on 

workdays and therefore have the largest difference between non-workday and workday mid-

sleep points. Of note, however, SJL did vary in the predicted direction, with evening 

individuals showing the greatest SJL and suggesting that lack of significant findings may 

reflect the fewer sleep measurements available on the single non-workday, relative to work-

days. Additionally, SJL was not significantly associated with PA amplitude, in contrast to 

prior reports linking circadian misalignment to blunting in various physiological rhythms 

(Souętre et al., 1989). However, the null findings in the current sample may be due to the 

lack of longer SJL durations in the current sample. Specifically, previous reports document a 

large range of SJL (0 to 4+ hours; Roenneberg, 2012; Wittman, 2006), though the majority 

of the current sample (n = 300; 65%) exhibited less than an hour difference in workday and 

non-workday mid-sleep times. Further, it is important to note that the restricted variance in 

chronotype (see discussion below) may have limited our ability to detect an association with 

SJL and warrants further investigation. Together, results indicate that SJL may not play an 

important role in the chronotype-PA amplitude association.

In contrast with several studies (Clark et al., 1989; Murray et al., 2009; Murray et al., 2002; 

Murray, 2007; Wood & Magnello, 1992) but consistent with three (Golder & Macy, 2011; 

Stone et al., 2006; Vittengl et al., 1998), the current sample exhibited significant diurnal 

variation in NA. Interestingly, the largest studies investigating diurnal variation in affect 

(Golder & Macy, 2011; Stone et al., 2006) found a significant NA rhythm, suggesting that 
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larger sample sizes such as ours are needed to detect a diurnal variation in NA. However, the 

current results found no significant impact of chronotype on NA rhythms, indicating that 

individual differences in circadian rhythms are not associated with the daily variation in NA. 

This lack of NA-chronotype relationship suggests a more stable, non-varying source of NA 

and suggests specificity for the PA-chronotype association.

Although the current study provided the first healthy population of this magnitude with 

multiple workday measurements, several study limitations may impact results and 

interpretation. First, the CSM self-report measure is vulnerable to reporting bias in that 

individuals may not accurately report their activity timing preference (Podsakoff et al., 

2003) and similar studies would be improved by using direct measures of circadian phase 

such as dim light melatonin onset (DLMO, Pandi-Perumal et al., 2007). Further, 

modifications to the PANAS PA scale and the addition of two POMS items in our study 

makes the PA scales inconsistent with previous literature. However, the replication of 

previous results using our unique PA measures may provide stronger evidence that findings 

are a real phenomenon not based on measurement artifact. Additionally, a smaller number of 

participants in the current sample were classified in the evening chronotype group (n = 18) 

compared to the morning and intermediate groups and therefore interpretation of the group 

results is limited. Nonetheless, the fact that using chronotype as a continuous variable 

revealed similar results as in the group analyses increases confidence that our sample 

included enough variance in chronotype to predict PA rhythms. Lastly, the cross sectional 

study includes only healthy non-depressed individuals and cannot directly elucidate the 

association between chronotype and PA rhythms in the context of depression vulnerability. 

Indeed, the exclusion of participants with a history of depression in the current study may 

have created an especially depression-resistant sample and, perhaps, could further explain 

the low number of evening-type individuals. Future longitudinal research, including those at 

high risk for depression, will be helpful in establishing a causal link between delayed and 

blunted PA rhythms and depression vulnerability.

To date, the current study is the largest EMA sample including hourly affect measures to 

find that chronotype predicts daily variation in PA rhythms. Study results suggest that 

evening chronotype may lead to delayed timing of peak PA and lower PA amplitude in 

evening types, which has been hypothesized as a potential vulnerability to depression. 

Further, the lack of a link between chronotype and NA may point to the specificity of PA in 

the association between circadian timing and mood disorder vulnerability. Future 

longitudinal studies which establish abnormal PA rhythms as a vulnerability to developing 

depression may provide additional support and a potential mechanism for the efficacy of 

chronobiological treatments, such as light therapy (Terman et al., 2001). Specifically, 

treatments that advance PA rhythms so that they are more adaptively aligned with 

environmental reward may decrease depressive symptoms. To test such hypotheses, the PA 

rhythm before and after chronotherapeutic interventions could be assessed to further 

determine the validity of this mechanistic explanation for the link between evening 

chronotype and depression.
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Figure 1. 
Depiction of the study model. A. Depicts the main hypotheses predicting evening 

chronotype leading to blunted and delayed positive affect (PA). B. Depicts additional study 

aim of investigating social jet lag as a potential mediator in the relationship between evening 

chronotype and blunted PA rhythms.
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Figure 2. 
A. Modeled workday PA rhythm by chronotype group. B. Modeled non-workday PA 

rhythm by chronotype group. Horizontal error bars represent chronotype group standard 

errors for acrophase. Vertical error bars represent chronotype group standard errors for 

amplitude.
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Table 1

Demographic variables by chronotype group.

Variable

Chronotype Group

Morning (n=177) Intermediate (n=213) Evening (n=18) p-value

Female n (%) 94 (53%) 110 (52%) 7 (39%) 0.516

Caucasian n (%) 146 (82%) 172 (81%) 17 (94%) 0.740

Age 44.08 (6.81) 42.38 (7.52) 36.50 (6.32) 0.001**

Years of Education 17.19 (2.75) 16.80 (2.94) 16.78 (2.65) 0.388

CSM 45.88 (3.16) 35.65 (4.00) 22.78 (2.76) 0.001**

PA 35.24 (5.67) 33.40 (5.71) 30.94 (6.18) 0.001**

NA 14.43 (4.79) 15.60 (5.09) 14.61 (3.58) 0.061

Mean Workday Mid-sleep 2:51 (00:33) 3:11 (00:32) 3:52 (00:44) 0.001**

Mean Workday Sleep Duration 6:43 (1:01) 6:35 (0:58) 6:28 (1:11) 0.291

Mean Non-Workday Mid-sleep 3:28 (00:43) 3:50 (00:41) 4:23 (1:01) 0.001**

Mean Non-Workday Sleep Duration 7:17 (1:21) 7:19 (1:20) 7:07 (2:11) 0.847

Social Jet Lag 41.92 (35.07) 45.95 (37.00) 58.19 (44.84) 0.157

Note: Positive and Negative Affect means are from the one time PANAS measure. Social Jet Lag is listed in minutes. Chi-square test was used for 
group comparisons of gender and race. All other group comparisons were performed with ANOVA. Standard deviations are listed in parentheses 
except where indicated. CSM = Composite Scale of Morningness, PA= Positive Affect, NA= Negative Affect.

**
p <0.001.
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Table 2

Chronotype group cosinor MLM results for PA on both workdays and non-workdays.

Variable

Workdays Non-Workdays

β SE β SE

Sine -0.15* 0.05 -0.40** 0.11

Cosine -1.08*** 0.06 -0.99*** 0.10

Intermediate -0.84* 0.34 -0.68 0.38

Sine*Intermediate -0.28** 0.08 -0.17 0.15

Cosine*Intermediate 0.17* 0.08 0.25* 0.13

Evening -0.84 0.84 -0.79 0.92

Sine*Evening -0.26 0.19 0.75* 0.38

Cosine*Evening 0.65*** 0.16 0.15 0.29

Age 0.03 0.02 0.04 0.03

Gender -0.79* 0.33 -0.71* 0.36

Note: Morning is the reference group, therefore, morning type estimates of PA rhythm components are represented by the Sine and Cosine main 
effect terms. The Intermediate and Evening main effect terms represent differences in chronotype group PA means with respect to the morning 
group. The interaction terms represent differences in sine and cosine fits for the intermediate and evening chronotype groups with respect to the 
morning group.

*
p < 0.05,

**
p < 0.001,

***
p < 0.0001
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Table 3

Chronotype group estimates and group comparisons for PA amplitude and acrophase on workdays and non-

workdays.

Workdays

Group Estimations PA Amplitude Acrophase in Clock Time

Estimate SE Estimate SE

Morning 1.09**** 0.06 12:31**** 0:11

Intermediate 1.00**** 0.06 13:42**** 0:10

Evening 0.59*** 0.18 14:57**** 0:59

Estimate Differences PA Amplitude Differences Acrophase Differences in Hours

Estimate SE Estimate SE

Evening vs. Morning -0.50** 0.19 2:26* 1:00

Evening vs. Intermediate -0.41* 0.19 1:15 1:00

Intermediate vs. Morning -0.09 0.08 1:10**** 0:14

Non-Workdays

PA Amplitude Acrophase in Clock Time

Estimate SE Estimate SE

Morning 1.06**** 0.12 13:28**** 0:14

Intermediate 0.93**** 0.11 14:31**** 0:20

Evening 0.90*** 0.27 10:28**** 1:32

Estimate Differences PA Amplitude Differences Acrophase Differences in Hours

Estimate SE Estimate SE

Evening vs. Morning -0.16 0.29 -3:00 1:35

Evening vs. Intermediate -0.03 0.29 -4:03** 0:35

Intermediate vs. Morning -0.13 0.16 1:03* 0:28

Note:

*
p < 0.05,

**
p < 0.01

***
p < 0.001,

****
p < 0.0001
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