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a b s t r a c t
Inter-individual differences in the circadian period of physical and mental functions can be described on the
dimension of morningness/eveningness. Previous ﬁndings support the assumption that eveningness is related to greater impulsivity and susceptibility to stress than morningness. Heart rate variability (HRV) serves as
a physiological correlate of self- and emotional regulation and has not yet been investigated in relation to
chronotypes. The study explores differences in HRV and other cardiovascular measures in morning- and
evening-types at rest and under stress at different times of day (8–11 a.m. or 4–7 p.m.). Students
(N = 471) were screened for chronotype and n = 55 females (27 morning- and 28 evening-types) were
recruited for testing. These participants performed a mental arithmetic task while heart rate (HR) and
blood pressure (BP) were recorded. Spectral components and a time-domain measure of HRV were calculated on HR data from resting and mental stress periods. Evening-types had signiﬁcantly higher HR and systolic
BP, but lower HRV than morning-types both at baseline and during stress. Stress induced in the evening had a
signiﬁcantly stronger impact on absolute and baseline corrected physiological measures in both chronotypes.
The interaction of chronotype and testing time did not reach the level of signiﬁcance for any of the dependent
variables. The enhanced physiological arousal in evening-types might contribute to increased vulnerability to
psychological distress. Hence, previous behavioral ﬁndings are supported by the physiological data of this
study.
© 2012 Elsevier Inc. All rights reserved.

1. Introduction
In humans and other mammals, many physiological processes,
such as the regulation of body temperature or levels of cortisol [1]
and melatonin [2] as well as mental processes (e.g. alertness, working
memory, or measures of ﬂuid intelligence) [3,4] are affected by circadian rhythms. Individual differences in these chronobiological
rhythms can be summarized under the concept of morningness/eveningness (M/E). Morningness and eveningness can be considered two
poles on a scale, on which a person's chronotype can be deﬁned.
Depending on the diurnal preference, the phase position and period
of the circadian rhythms, people may either be morning- or
evening-orientated (M- or E-type) or, like most, be a neutral chronotype [5]. In twin studies, between 44 and 54% of the total variance of
M/E could be explained by genetic factors [6,7]. Chronotypes differ
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with regards to their sleeping behavior [8], personality [9], mental
health [10], smoking habits [11] and even their sense of humor [12].

1.1. M/E and self-regulation
Present ﬁndings indicate that eveningness is related to a greater
susceptibility to stress [13]. E-types are less emotionally stable than
M-types [14,15] and have a higher prevalence of psychosomatic
symptoms [16], which supports the idea of eveningness being related
to increased reactivity to stress, reduced coping abilities, or both. Consequently, one may assume that M/E could have an impact on general
well-being, in particular when exposed to chronic stress. Recently, it
was shown that morningness correlated positively with life satisfaction [17], and that the relationship was negative between morningness and stress characterized by chronic non-speciﬁc arousal [18].
Studying the association of eveningness and Type A personality has
led to contradictory results, such that a positive [16] and a negative
[19] relationship could be found.
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Studies in adolescents have shown a higher prevalence of behavioral and emotional problems, and habitual substance abuse in evening orientated teenagers [20,21]. Positive relationships have also
been found between eveningness and depression [22], the amount
of percieved self- and proxy-related problems [23], as well as eating
disorders [24,25]. Furthermore, there is evidence for E-types having
more situation speciﬁc problems than M-types in their capabilities
of inhibiting, interrupting and adapting their current behavior [16].
Moreover, eveningness correlated positively with novelty seeking (a
personality trait including aspects of impulsivity) and negatively
with persistence [26]. The primary reason for the reduced selfregulatory capacity and emotional stability in E-types compared to
other chronotypes remains unclear. Buschkens and colleagues [18]
hypothesized that a less adaptable central nervous system in Etypes might be responsible for their reduced regulatory capacity
and that their impaired well-being may in part result from elevated
arousal.
1.2. M/E and HRV
HRV is deﬁned as the variability of the time elapsing between two
successive heartbeats and serves as an indicator of a person's regulatory abilities regarding physiological, affective and cognitive processes [27]. According to the model of neurovisceral integration [28],
prefrontal cortical regions inhibit subcortical structures such as the
amygdala. The inhibition of the amygdala is associated with more
parasympathetic (suppressive) and less sympathetic (activating) inﬂuence on heart rate. It is widely accepted that prefrontal cortical activity is the main correlate of executive functions (e.g. planning,
initiating, monitoring and inhibiting behavior, impulse control, priority setting and emotional regulation) [27]. The more a task challenges
these executive functions, the more inhibition is required by the prefrontal cortex. Pronounced executive functioning is accompanied by
higher parasympathetic inﬂuence, which decreases HR and increases
HRV. Less advanced executive functioning is accompanied by sympathetic dominance and related to higher HR and lower HRV. These interactions enable individuals to respond to and adapt their level of
activation appropriately to environmental demands. Therefore, HRV
can be interpreted as an index of an individual's ability to modify
and regulate behavior and emotions in a quick, ﬂexible and effective
manner [29]. As opposed to the link between increased HRV and effective self-regulation, decreased HRV has been found to be associated with higher negative emotional arousal in response to stress and
maladaptive coping strategies [30]. Accordingly, sleep disturbances
[31], general anxiety disorder [32], panic disorder [33], and depression [34] were related to diminished vagally mediated HRV.
1.3. M/E and cardiac stress response
In a comprehensive review of the literature by Cavallera and Giudici [14], only two studies on M/E included the monitoring of cardiovascular stress response. Nebel and colleagues [35] confronted their
male subjects with mental and physical stressors in the morning
(7:30 a.m.) and at noon (12:30 p.m.). They found a signiﬁcant interaction of M/E and testing time for heart rate (HR) and rate by pressure product (HR × systolic blood pressure, RPP) only during mental
stress (a math test and a Stroop color word task). This interaction
was evident for absolute levels and for baseline-corrected change
scores. M-types exhibited higher HR and RPP during the morning session, whereas E-types had higher levels during the afternoon session.
The second study by Willis and colleagues [36] tried to replicate
these ﬁndings in a larger mixed sample and found that E-types had
signiﬁcantly higher HR and RPP in the afternoon (1–2 p.m.) than in
the morning (8–9 a.m.), at rest and in response to stress, but the interaction effect was not signiﬁcant for change scores. In neither
study, M/E or time of day has a signiﬁcant main effect on

cardiovascular parameters. Women had higher HR scores and lower
systolic BP (SBP) than men, at baseline and during stress.
1.4. Study design and hypotheses
The aim of the current study was to investigate the relationship
between M/E and cardiovascular responses to mental stress at different times of day. In addition to cardiovascular parameters, i.e. HR and
BP, we focused on HRV because it may mediate and explain ﬁndings
on psychological and behavioral differences in relation to M/E. Results
from several studies on cognitive processes, such as memory performance [37,38] or attention [39], indicate that the peak of performance
for E-types does not occur before 4 p.m. Thus, we chose a time window between 4 and 7 p.m., which is considerably later than in previous studies [35,36]. To avoid habituation to the laboratory stressor we
chose a between-subjects instead of a within-subjects design. Following Willis and colleagues [36] we used a mental stressor as this has
proven more appropriate than physical stress [35].
We hypothesized that (I) E-types would show reduced HRV and
increased HR and BP levels compared to M-types at baseline. Further,
we predicted (II) cardiovascular reactivity to stress (corrected for
baseline levels) to be higher in E- than in M-types and (III) an interaction of M/E and testing time for cardiovascular reactivity to mental
stress.
2. Methods
2.1. Design
The study followed a 2 (trial) × 2 (chronotype) × 2 (testing time)
design with chronotype (morning vs. evening) and testing time
(8–11 a.m. vs. 4–7 p.m.) as between-subject factors and trial (baseline vs. stress) as within-subject factor.
2.2. Participants
We screened online N = 471 students of the University of Würzburg with the German version of the Morningness–Eveningness
Questionnaire (D-MEQ, see Section 2.3). Student councils of the University of Würzburg were contacted via e-mail and asked to send the
Internet link to the voluntary online survey over the student councils'
mailing lists. Screened participants were on average M = 23.18 years
old (SD = 4.00, range 16–61), and 76.9% (n =362) were female.
Mean D-MEQ score was M = 50.11 (SD = 7.24) and women had signiﬁcantly higher values than men (t(469) = 2.45, p b .05). Since the majority of the participants were female, we decided to recruit only
women for the experiment. Individuals in the upper and lower 20%
of the D-MEQ distribution (D-MEQ scores ≤ 44 for E-type and ≥ 56

Fig. 1. HR at baseline and stress level. Error bars indicate standard error.
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for M-type), who had agreed to take part in the experimental session,
were contacted via e-mail to schedule an appointment.
A sample of N = 63 was investigated in the laboratory, but eight
subjects were excluded due to (a) taking medication other than contraceptives (n = 3), (b) a Body Mass Index (BMI) > 30 kg/m 2 (n = 3)
and (c) baseline HR > 100 bpm (n = 2), leaving a ﬁnal sample of
N = 55 participants with an age range of 19–30 years (M = 23.04,
SD = 2.37). These participants were randomly assigned to the following experimental conditions: (a) M-types tested in the morning
(n = 14), (b) M-types tested in the evening (n = 13), (c) E-types tested in the morning (n = 14) and (d) E-types tested in the evening
(n = 14).
The single experimental sessions were conducted in a light- and
temperature-controlled psychophysiological laboratory with participants attending individually. All participants gave written informed
consent prior to taking part in the experiment. The experiment was
conducted in accordance with standard ethical guidelines as deﬁned
by the Declaration of Helsinki (World Medical Association) and the
European Council's Convention for the Protection of Human Rights
and Dignity of the Human Being with regard to the Application of Biology and Medicine (Convention on Human Rights and Biomedicine).
Participants were equally ﬁnancially reimbursed or received course
credits for participation.

Coping responses are categorized as positive/adaptive or negative/
non-adaptive coping strategies and averaged to derive ﬁnal scores
for the two dimensions (Cronbach's α = .89/.94).

2.3. Questionnaires

Stress was induced using a mental arithmetic task. The task was
adapted from the Trier Social Stress Test [50], one of the most widely
used mental stress protocols [51]. While the task itself was not changed, we had only one observer (instead of two) and did not use the
white lab coat as this would have been a very unusual and probably
non-credible procedure compared to other experiments conducted
at our department.
The task involves counting backwards from a four-digit number as
quickly as possible by subtracting the ﬁgure 13 for a period of 5 min.
During the task an observer was present who was introduced by the
experimenter as speciﬁcally trained in recognizing if subjects were
really doing their best. Additionally, subjects were instructed to look
straight into a video camera placed next to the experimenter and
her colleague. After each wrong answer the observer told the participant to start again at the very beginning.

2.3.1. Morningness–Eveningness Questionnaire (MEQ) [40]
To determine diurnal preference in our subjects, we used the validated German version of the MEQ (D-MEQ) [41]. Classiﬁcations to
one of the following categories are possible 1: deﬁnite (16–30) or
moderate E-type (31–41), neutral type (42–58), moderate (59–69)
or deﬁnite M-type (70–86). D-MEQ scores and melatonin onset as a
physiological measure of the circadian phase correlate signiﬁcantly
[41], supporting the validity of the questionnaire. Retest reliability
(r = .97) is very good [41]. Higher values indicate more morningness.
2.3.2. Pittsburgh Sleep Quality Index (PSQI) [42]
As sleep has been shown to be related to both M/E [8] and HRV
[31], we used this 4-week-retrospective instrument (Cronbach's
α = .83) to control for sleep quality. The scale contains a subjective
rating of seven sleep-related categories: subjective sleep quality,
sleep latency, sleep duration, habitual sleep efﬁciency, sleep disturbances, use of sleeping medication and daytime dysfunction. Total
PSQI-Scores can range from 0 to 21 with higher scores indicating a
more disturbed sleep. A cut-off value of 5 distinguishes reliably
good and poor sleepers [42].
2.3.3. Global Vigor and Affect scale (GVA) [43]
The GVA was used to control for participants' vigor and emotional
state as this may impact their reactivity to stress. It consists of eight
visual analog scales, on which subjects are asked to rate their actual
state of alertness, sadness, tension, effort, happiness, weariness, calmness and sleepiness. Scores for each scale range from 0 to 100 with
higher scores indicating stronger expression of the respective state.
Scales can be assigned to the two dimensions Global Vigor and Global
Affect. The GVA has been used successfully in several studies on alertness or sleep [5,44,45].
2.3.4. Stress coping inventory (SVF) [46]
A short version of this questionnaire (SVF78) was used to identify
possible differences in coping with stress. Each item describes a possible response to a stressor and subjects are asked to indicate on a 5
point Likert scale to what extent they use the proposed strategy.
1
The percentile criterion applied in the present study extends the original MEQcategories for moderate E- and M-types by ± 3 (see 2.2.).

2.3.5. Subjective stress rating
To evaluate subjective stress after each trial, subjects indicated on
a scale from 0 to 10, how stressed they felt at this moment.
2.4. Psychophysiological measures
2.4.1. Heart rate
A Polar watch (Polar RS 800 CX, Polar Electro Oy, Kempele, Finland) recorded HR during the experiment, with a sampling rate of
1000 Hz. This method has previously been deployed successfully to
determine HR and derive HRV from these recordings [47–49].
2.4.2. Blood pressure
Systolic (SBP) and diastolic BP (DBP) were recorded from the brachial artery of the non-dominant arm using a digital blood pressure
monitor (OMRON M10-IT, Omron Medizintechnik, Mannheim,
Germany).
2.5. Stress induction

2.6. Experimental procedure
Participants were instructed to refrain from caffeine, alcohol and
physical activity for at least 1 h prior to the experiment. Nicotine consumption was not restricted to avoid withdrawal symptoms. Each experimental session began with the assessment of demographic
variables (self-reported height, weight, sleep duration over the preceding night, the frequency of physical activity, and caffeine and nicotine consumption) and the presentation of the GVA. Then subjects
were asked to put on the chest strap of the Polar watch and the
blood pressure arm cuff for the baseline recording of the physiological
data. During the 10 min baseline trial, subjects rested in a chair and
wore earphones for sound insulation and a sleep mask to avoid visual
distraction. In the second half of the baseline phase, the BPmeasurement started with the cuff inﬂating automatically every
120 s for three times. After completion of the baseline trial, participants were asked for a subjective rating of stress and to ﬁll in the
PSQI. Next, the mental arithmetic task followed for a period of
5 min, while HR and BP were recorded. Again, subjects were asked
to rate perceived stress and to ﬁll out the SVF. Finally, subjects were
debriefed.
2.7. Data preparation
In accordance with recommended standards [52], the second half
(5 min) of the 10 min baseline trial and the 5 min of mental
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arithmetic were used for HR analysis with Kubios HRV 2.0 [53]. Trend
components were removed with the smoothness priors method
(λ = 500). Heartbeat intervals were visually scanned by the experimenter and corrected for artifacts using the default settings of the
program.
2.7.1. HRV
We calculated a measure of the time domain, namely the Root
Mean Square of Successive Differences (RMSSD), indicating the variability of time elapsing between two consecutive R waves in the electrocardiogram. RMSSD was preferred to other time domain
parameters because of better statistical properties [52]. Higher values
indicate higher HRV.
2.7.2. Sympathovagal balance
Besides time domain measures, frequency components can be analyzed which reﬂect parasympathetic and sympathetic inﬂuence on
the sino-artial node in a more distinguished manner. Low frequency
components (0.04–0.15 Hz, reﬂecting sympathetic and parasympathetic inﬂuences on HR) and high frequency components (0.15–
0.4 Hz, reﬂecting parasympathetic inﬂuence on HR) of the frequency
spectrum were determined by Fast Fourier Transformation. Their
ratio (LF/HF) was calculated as an index of sympathovagal balance
with lower scores indicating parasympathetic dominance.
RMSSD and LF/HF were log-transformed because of skewed
distributions.
2.7.3. Blood pressure
Mean BP values were calculated for each of the three 120 seconds
time windows during baseline and mental arithmetic and averaged
for each trial.
Change scores were generated for all dependent variables by subtracting baseline-trial- from stress-trial-values. The change scores express the differences between the two trials and thus, a baselinecorrected measure of the stress response.
3. Results
3.1. Participant characteristics
Participant characteristics broken down by groups are summarized in Table 1. In line with previous results of other groups
[11,54], we found signiﬁcantly more smokers among E-types, 2 while
M-types exercised more frequently 2, although absolute numbers of
smokers and regular exercisers were small across both groups. No
signiﬁcant group differences were found for age, BMI, caffeine consumption, intake of contraceptives or the amount of sleep the night
before testing.
3.1.1. PSQI
E-types had a signiﬁcantly higher PSQI score than M-types, indicating that eveningness was related to lower sleep quality. Signiﬁcantly more E-types (n = 21, 75.00%) than M-types (n = 5, 18.52%)
were above the cut-off score of the PSQI (Χ 2 = 17.59, p b .00), indicating more sleep problems in E-types.
3.1.2. GVA
Global Vigor was signiﬁcantly higher for M-types than for E-types
but did not differ between times of day. No signiﬁcant differences
were found between groups and times of day on the Global Affect
Scale. None of the interactions were statistically signiﬁcant.
2
In addition to the reported results, all analyses on HR, BP, HRV and sympathovagal
balance were conducted with physical activity and smoking status as covariates. None
of the two variables had a signiﬁcant impact on the dependent measures (all F(df) b
1.85, ns.).

Table 1
Means, frequencies and test statistic of participant characteristics.
M-types
Age M (SD)
22.96
Smokers n (%)
Yes
2
No
25
Physical activity n (%)
Yes
13
No
14
BMI M (SD)
21.50
Caffeine consumption n (%)
Yes
12
No
15
Use of contraceptives n
6
(%)
PSQI M (SD)
4.52
Amount of sleep M (SD)
7.39
Global Vigor M (SD)
Morning
64.36
Evening
Global Affect M (SD)
Morning
Evening
SVF M (SD)
Positive strategies
Negative strategies
a
b

(2.19)
(7.41)
(92.59)

E-types

Test statistic

23.11 (3.20)

t(47.89) = −.20, ns.

8 (28.57) χ2 = 4.14, p b .05
20 (71.43)

(48.15)
5 (17.86) χ2 = 7.01, p b .05
(51.85)
23 (82.14)
(2.55)
21.57 (2.92)
t(47.89) = −.09, ns.
(44.44)
(55.56)
(22.22)
(1.87)
(1.38)

12 (42.86) χ2 = .01, ns.
16 (57.14)
4 (14.29) χ2 = .58, ns
6.86 (3.00)
6.84 (1.31)

t(53) = −.3,45, p b .01
t(53) = −.31, ns.

(19.61) 46.05 (20.05) CTa: F(1,51) = 8.75,
p b .01
67.52 (14.38) 56.79 (17.90) TTb: F(1,51)=2.00, ns.

71.20 (12.74) 64.89 (14.06) CT: F(1,51) = 1.22, ns.
71.35 (14.03) 69.61 (13.25) TT: F(1,51) = .39, ns.
12.29 (2.65)
12.45 (3.98)

12.12 (2.76)
11.23 (3.81)

t(53) = .24, ns.
t(53) = 1.16, ns.

CT: main effect chronotype.
TT: main effect testing time.

3.1.3. SVF
The likelihood of applying positive or negative coping strategies
was equal in M- and E-types.

3.2. Physiological and subjective measures
Means and Standard Deviations of physiological and subjective
measures are depicted in Table 2. To test for signiﬁcant inﬂuences of
trial, chronotype and testing time, we conducted a 2 (trial) × 2
(chronotype) × 2 (testing time) ANOVA. Dependent variables were
HR (Fig. 1), SBP, DBP RMSSD (Fig. 2), LF/HF, and subjective stress ratings. Interactions of testing time × trial were signiﬁcant for HR (F(1,49)
= 6.28, p b .05), SBP (F(1,51) = 8.07, p b .01), RMSSD (F(1,49) = 8.70,
p b .01) and LF/HF (F(1,49) = 4.70, p b .05), but not for subjective stress
ratings (F(1,51) = 1.56, ns.) and DBP (F(1,51) = 2.34, ns.); all other interactions were non-signiﬁcant (all F(df) b 2.20, ns.). Post hoc pair-wise
comparisons revealed that at baseline, all measures were independent of testing time (all p > .10, ns.). Under stress, differences between the two testing times were marginally signiﬁcant (all
0.5 b p > .10) with HR, SBP and LF/HF being higher and RMSSD being
lower in the evening than in the morning.
We found a main effect for trial for all physiological measures: HR
(F(1,49) = 225.98, p b .01), SBP (F(1,51) = 369.29, p b .01), DBP (F(1,51) =
423.76, p b .01), RMSSD (F(1,49) = 113.16, p b .01), LF/HF (F(1,49) =
104.18, p b .01), and subjective stress ratings (F(1,51) = 459.30,
p b .01). During mental arithmetic, HR, SBP, DBP, LF/HF and subjective
ratings were signiﬁcantly higher than at baseline while RMSSD was
signiﬁcantly lower, indicating appropriate sympathetic activation
during stress.
Chronotype had a signiﬁcant main effect on HR (F(1,49) = 7.82,
p b .00), SBP (F(1,51) = 4.91, p b .05), RMSSD (F(1,49) = 7.23, p = .01)
and on subjective stress ratings (F(1,51) = 4.81, p b .05), but not on
LF/HF (F(1,49) = 1.11, ns.) and DBP (F(1,51) = .73, ns.). M-types had signiﬁcantly higher RMSSD, whereas HR, SBP and subjective stress ratings were lower than in E-types. Testing time had no signiﬁcant
effect on any of the measures.
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Table 2
Means and standard deviation of physiological and subjective measures.
Baseline

Stress

Morning

HR
SBP
DBP
RMSSD (ln)
LF/HF (ln)
Subj. rating

Evening

Morning

Evening

M-types

E-types

M-types

E-types

M-types

E-types

M-types

E-types

70.90 (12.02)
99.31 (7.19)
69.17 (4.96)
3.74 (.49)
−.05 (.98)
1.93 (1.54)

80.40
103.79
71.79
3.42
−.03
2.57

73.19 (7.77)
97.92 (6.91)
68.95 (6.17)
3.78 (.52)
−.36 (1.11)
2.15 (1.77)

80.04 (6.16)
101.83 (7.03)
70.31 (8.33)
3.49 (.41)
.13 (.82)
2.57 (1.51)

92.59
119.48
84.29
3.33
.88
7.93

104.53 (15.21)
126.21 (15.00)
86.52 (10.59)
2.89 (.55)
1.27(.40)
8.21 (1.97)

102.85 (16.42)
125.95 (10.30)
86.69 (8.34)
3.00 (.61)
.78 (.65)
7.62 (1.98)

110.99
131.02
87.21
2.53
.67
9.36

(11.73)
(9.69)
(6.90)
(.52)
(1.02)
(1.87)

3.3. Change scores
For all dependent variables, stress reactivity was deﬁned as the
difference between baseline and mental arithmetic. A higher change
score reﬂects a greater change and thus higher reactivity to mental
stress. 2 (chronotype) × 2 (testing time) ANOVAs were conducted
for all dependent variables (see Table 3 for means, standard deviations and test statistic of change scores). Change scores were inﬂuenced by testing time such that HR (F(1,49) = 3.45, p = .07), and SBP
(F(1,51) = 10.10, p b .01) rose to a greater extent when stress was induced in the evening as compared to the morning. At the same time
RMSSD (F(1,49) = 5.78, p b .05) decreased more strongly in the evening. Neither M/E nor the interaction of M/E × testing time was signiﬁcant for any of the change score variables (all F(df) b 2.00, ns.).
4. Discussion
The results of this study conﬁrmed our ﬁrst hypothesis about differences in cardiovascular resting levels between morning- and
evening-types for HR, SBP, and HRV. Morning-types had signiﬁcantly
lower HR and SBP and signiﬁcantly higher HRV, as indexed by RMSSD.
In addition, we were able to replicate previous ﬁndings of other studies, such that M-types showed better sleep quality [55], smoked less
frequently [11] and were more physically active [54] as compared
to E-types.
Signiﬁcant main effects of trial for all dependent variables demonstrate successful stress induction. Absolute levels of HR, SBP, DBP,
subjective stress ratings and sympathovagal balance were signiﬁcantly higher during stress than at baseline, whereas the reverse was true
for RMSSD. Interactions of trial × testing time were signiﬁcant for absolute levels of HR, SBP, RMSSD, and LF/HF and were mainly due to a
stronger effect of stress induced in the evening as compared to the
morning. Baseline corrected change scores of stress reactivity conﬁrmed these results as HR and SBP rose to a greater extent when

Fig. 2. RMSSD (ln) at baseline and stress level. Error bars indicate standard error.

(17.67)
(10.30)
(6.47)
(.57)
(.60)
(1.27)

(15.80)
(8.65)
(9.55)
(.72)
(.39)
(1.65)

stress was induced in the evening as compared to the morning.
Again, the reverse was true for RMSSD. These ﬁndings suggest that
stress induced in the evening had a signiﬁcantly higher impact on cardiovascular responses than stress induced in the morning independent of chronotype. Thus, we could not conﬁrm our second
hypothesis of higher stress reactivity in E-types. Subjective stress ratings did not reﬂect physiological differences between testing times.
The main effect of testing time for cardiovascular activity under stress
is in contrast with the results reported by Nebel and colleagues [35]
and Willis and colleagues [36], who did not ﬁnd that stress in the evening had stronger effects than stress in the morning. Though other
explanations, e.g. characteristics of the sample, have to be taken
into account, the lack of this effect might be due to their earlier testing time (12:30–2 p.m. vs. 4–7 p.m. in our study). Taking the ﬁndings
together, we conclude that M/E is related to different levels of HR,
SBP, and HRV at rest and under stress. E-types present with lower absolute levels of HRV and higher levels of HR and SBP than M-types.
Both M- and E-types, however, responded with higher reactivity
when tested in the evening as compared to the morning.
In contrast to our third hypothesis we failed to replicate the interaction of M/E and time of day found by Nebel and colleagues [35].
While Willis and colleagues [36] reported this so called “synchronicity effect” for E-types in their sample, no interaction was signiﬁcant
in our study. An obvious difference between the three experiments
– and therefore a possible inﬂuencing factor – is the sex of the sample.
In contrast to Nebel and colleagues [35], who tested male subjects
only, Willis and colleagues [36] had a mixed sample, while ours was
completely female. Furthermore, we realized a between-subjects design to avoid habituation to the stress induction and thereby, focused
on inter-individual differences between chronotypes. This design was
not suitable to account for intra-individual ﬂuctuations during the
day. Two other characteristics of our study sample imply limits of
our study: We applied the 20-percentile criterion to recruit subjects
from our screening sample and thereby, extended the original MEQcategories for moderate E- and M-types. We accepted the risk of
recruiting intermediate chronotypes and attenuating the group comparison. Another possible limitation regarding sample selection is
that the majority of our sample (74.6%) were students of study subjects with restricted admission, i.e. to be enrolled requires excellent
academic grades. As motivation regulation can be used to predict
classroom performance [56], students of these challenging subjects
might have learned to overcome their diurnal ups and downs to perform well.
Several ﬁndings about M/E and vulnerability to stress have shown
a strong tendency for eveningness to relate to less efﬁcient selfregulation. E-types seem to be less emotionally stable than M-types
[14,15], less satisﬁed with life [17], and show a higher prevalence of
psychosomatic symptoms [16]. Furthermore, eveningness has been
found to correlate positively with depression [22], eating disorders
[24,25], and problems in coping with environmental and social demands [16]. Therefore, we assumed a lack of self-regulation in Etypes as compared to M-types. The central autonomic network connects self-regulatory strength and HRV. Because of this relationship
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Table 3
Means, standard deviations and test statistic of change scores.
M-types
Morning

E-types
Evening

Morning

Evening

M (SD)
HR
SBP
DBP
RMSSD (ln)
LF/HF (ln)
Subj. rating

Main effect TT
21.69 (13.16)
20.17 (8.71)
19.12 (7.25)
−.40 (.60)
1.21 (.84)
6.00 (1.84)

24.14
22.43
19.10
−.53
1.35
5.64

(13.50)
(10.73)
(4.12)
(.62)
(.97)
(2.82)

of prefrontal functions and HRV, reduced HRV in E-types might serve
as a correlate for their increased impulsivity and decreased emotional
stability as compared to M-types.
Nevertheless, it cannot be ruled out that sympathetic activation
might be overestimated in stress trials like mental arithmetic that require speaking, due to more irregular breathing patterns [57]. This
could explain why our ﬁndings were limited to RMSSD and not visible
in sympathovagal balance. The LF/HF ratio might have been skewed
by sympathetic dominance due to talking. However, it has been
shown that the increase in HR due to the stressing effect of a mental
arithmetic task outweighed the inﬂuence of speech [58,59]. No such
ﬁndings exist for any parameters of HRV. Therefore, we recommend
controlling for this aspect by using a non-verbal task or recording
breathing rate in future studies. We further propose the investigation
of a mixed sample and the inclusion of different age groups and educational levels e.g., by selecting subjects from a more heterogeneous
population and analyzing subgroups of different sex, age and
education.
Opposed to these caveats, the present study has several advantages. Firstly, as M/E has been shown to be a continuum [5], we consider an extreme-group comparison more appropriate than a median
split as performed by Nebel and colleagues [35]. Secondly, we eliminated the skewing inﬂuence of sex on M/E that was found in our
screening and on cardiovascular activity found by Willis and colleagues [36]. Thirdly, we chose a later time window (4–7 p.m.),
which is more suitable to reﬂect peaks in performance and activity
in E-types [37,38]. Fourthly, following Willis and colleagues [36], we
used a mental stressor as this has proven more appropriate than
physical stress [35]. Finally, group differences cannot be attributed
to age, BMI, caffeine consumption, intake of medication or the
amount of sleep the night before testing, because these variables
did not vary signiﬁcantly between chronotypes in our sample. We
controlled statistically for group differences in the frequency of smoking or engaging in regular exercise physical activity.
Our results on HR, BP and HRV provide a physiological approach to
explain the relationship between M/E and susceptibility to stress. Instead of an interaction of M/E and testing time, we found a general effect of chronotype on cardiovascular stress response. Therefore, our
ﬁndings indicate that M/E is not only reﬂected in circadian variations
in experiencing stress, but that M/E may account for profound differences in stress responses irrespective of time of day.
5. Conclusion
Eveningness is known to be associated with higher emotional instability, less effective handling of stress and increased vulnerability
for mental and psychosomatic distress than morningness. The present ﬁndings demonstrate that E-types have lower HRV at rest and
during stress, which can be considered a physiological correlate of behavioral and emotional difﬁculties. Regarding prevention of and intervention when mental or physical difﬁculties are encountered,
particularly in E-types, measures of raising HRV such as HRVBiofeedback might prove effective.

29.67 (12.61)
28.03 (7.55)
15.88 (7.47)
−.78 (.49)
1.13 (.93)
5.46 (2.82)

30.83
29.19
19.52
−.98
.63
6.79

(17.97)
(6.45)
(4.81)
(.78)
(.85)
(1.97)

F(1,49) = 3.45, p = .07
F(1,51) = 10.10, p b .01
F(1,51) = 1.20, ns.
F(1,49) = 5.78, p b .05
F(1,49) = 1.12, p > .10, ns.
F(1,51) = .13, p > .10, ns.

Conﬂict of interests
Neither author has any conﬂicts of interest.

Financial support
A. Meule is supported by a grant of the research training group
1253/1 which is supported by the German Research Foundation
(DFG) by federal and Länder funds. DFG had no role in the study design, collection, analysis or interpretation of the data, writing the
manuscript, or the decision to submit the paper for publication.

Acknowledgments
The authors are grateful to all members of the workgroup for their
support in the stress inductions.

References
[1] Bailey SL, Heitkemper MM. Circadian rhythmicity of cortisol and body temperature: morningness–eveningness effects. Chronobiol Int 2001;18:249–61.
[2] Mongrain V, Lavoie S, Selmaoui B, Paquet J, Dumont M. Phase relationships between sleep-wake cycle and underlying circadian rhythms in morningness–eveningness. J Biol Rhythms 2004;19:247–57.
[3] Schmidt C, Collette F, Cajochen C, Peigneux P. A time to think: circadian rhythms
in human cognition. Cognition 2007;24:755–89.
[4] Goldstein D, Hahn CS, Hasher L, Wiprzycka UJ, Zelazo PD. Time of day, intellectual
performance, and behavioral problems in Morning versus Evening type adolescents: is there a synchrony effect? Pers Individ Differ 2007;42:431–40.
[5] Natale V, Cicogna P. Morningness–eveningness dimension: is it really a continuum? Pers Individ Differ 2002;32:809–16.
[6] Hur Y-M, Bouchard TJ, Lykken DT. Genetic and environmental inﬂuence on morningness–eveningness. Pers Individ Differ 1998;25:917–25.
[7] Vink JM, Groot AS, Kerkhof GA, Boomsma DI. Genetic analysis of morningness and
eveningness. Chronobiol Int 2001;18:809–22.
[8] Taillard J, Philip P, Bioulac B. Morningness/eveningness and the need for sleep. J
Sleep Res 1999;8:291–5.
[9] Muro A, Goma-i-Freixanet M, Adan A. Morningness–eveningness, sex, and the alternative Five Factor Model of personality. Chronobiol Int 2009;26:1235–48.
[10] Kripke DF, Nievergelt CM, Joo E, Shekhtman T, Kelsoe JR. Circadian polymorphisms associated with affective disorders. J Circadian Rhythms 2009;7.
[11] Randler C. Differences between smokers and nonsmokers in morningness–eveningness. Soc Behav Personal 2008;36:673–80.
[12] Randler C. Evening types among german university students score higher on
sense of humor after controlling for big ﬁve personality factors. Psychol Rep
2008;103:361–70.
[13] DeYoung CG, Hasher L, Djikic M, Criger B, Peterson JB. Morning people are stable
people: circadian rhythm and the higher-order factors of the Big Five. Pers Individ
Differ 2007;43:267–76.
[14] Cavallera GM, Giudici S. Morningness and eveningness personality: a survey in literature from 1995 up till 2006. Pers Individ Differ 2008;44:3–21.
[15] Tankova I, Adan A, Buela-Casals G. Circadian typology and individual differences.
A review. Pers Individ Differ 1994;16:671–84.
[16] Mecacci L, Rocchetti G. Morning and evening types: stress-related personality aspects. Pers Individ Differ 1998;25:537–42.
[17] Randler C. Morningness–eveningness and satisfaction with life. Soc Indic Res
2008;86:297–302.
[18] Buschkens J, Graham D, Cottrell D. Well-being under chronic stress: is morningness an advantage? Stress Health 2010;26:330–40.
[19] Takao M, Ishihara N, Mori T. Morning–evening type and stress-related personality
in Japanese college students. Percept Mot Skills 2007;104:687–90.

K. Roeser et al. / Physiology & Behavior 106 (2012) 151–157
[20] Gau SS, Shang CY, Merikangas KR, Chiu YN, Soong WT, Cheng AT. Association between morningness–eveningness and behavioral/emotional problems among adolescents. J Biol Rhythms 2007;22:268–74.
[21] Giannotti F, Cortesi F, Sebastiani T, Ottaviano S. Circadian preference, sleep and
daytime behaviour in adolescence. J Sleep Res 2002;11:191–9.
[22] Drennan MD, Klauber MR, Kripke DF, Goyette LM. The effects of depression and
age on the Horne–Ostberg morningness–eveningness score. J Affect Disord
1991;23:93–8.
[23] Vollmer C, Schaal S, Hummel E, Randler C. Association among school-related, parental and self-related problems and morningness–eveningness in adolescents.
Stress Health 2011;27:413–9.
[24] Natale V, Ballardini D, Schumann R, Mencarelli C, Magelli V. Morningness–eveningness preference and eating disorders. Pers Individ Differ 2008;45:549–53.
[25] Schmidt S, Randler C. Morningness–eveningness and eating disorders in a sample
of adolescent girls. J Individ Differ 2010;31:38–45.
[26] Caci H, Robert P, Boyer P. Novelty seekers and impulsive subjects are low in morningness. Eur Psychiatry 2004;19:79–84.
[27] Thayer JF, Hansen AL, Saus-Rose E, Johnsen BH. Heart rate variability, prefrontal
neural function, and cognitive performance: the neurovisceral integration perspective on self-regulation, adaptation, and health. Ann Behav Med 2009;37:
141–53.
[28] Thayer JF, Lane RD. Claude Bernard and the heart-brain connection: further elaboration of a model of neurovisceral integration. Neurosci Biobehav Rev 2009;33:
81–8.
[29] Thayer JF, Lane RD. A model of neurovisceral integration in emotion regulation
and dysregulation. J Affect Disord 2000;61:201–16.
[30] Appelhans BM, Luecken LJ. Heart rate variability as an index of regulated emotional responding. Rev Gen Psychol 2006;10:229–40.
[31] Bonnet MH, Arand DL. Heart rate variability in insomniacs and matched normal
sleepers. Psychosom Med 1998;60:610–5.
[32] Thayer JF, Friedman BH, Borkovec TD. Autonomic characteristics of generalized
anxiety disorder and worry. Biol Psychiatry 1996;39:255–66.
[33] Friedman BH, Thayer JF. Autonomic balance revisited: panic anxiety and heart
rate variability. J Psychosom Res 1998;44:133–51.
[34] Rechlin T, Weis M, Spitzer A, Kaschka WP. Are affective disorders associated with
alterations of heart rate variability? J Affect Disord 1994;32:271–5.
[35] Nebel LE, Howell RH, Krantz DS, Falconer JJ, Gottdiener JS, Gabbay FH. The circadian variation of cardiovascular stress levels and reactivity: relationship to individual differences in morningness/eveningness. Psychophysiology 1996;33:
273–81.
[36] Willis TA, O'Connor DB, Smith L. The inﬂuence of morningness–eveningness on
anxiety and cardiovascular responses to stress. Physiol Behav 2005;85:125–33.
[37] Natale V, Lorenzetti R. Inﬂuences of morningness–eveningness and time of day on
narrative comprehension. Pers Individ Differ 1997;23:685–90.
[38] Fahrenberg J, Brügner G, Förster F, Käppler C. Ambulatory assessment of diurnal
changes with a hand-held computer: mood, attention and morningness–eveningness. Pers Individ Differ 1999;26:641–56.
[39] Smith CS, Folkard S, Schmieder RA, Parra LF, Spelten E, Almiral H, et al. Investigation of morning–evening orientation in six countries using the preferences scale.
Pers Individ Differ 2002;32:949–68.
[40] Horne JA, Ostberg O. A self-assessment questionnaire to determine morningness–
eveningness in human circadian rhythms. Int J Chronobiol 1976;4:97–110.
[41] Griefahn B, Künemund C, Bröde P, Mehnert P. Zur Validität der deutschen Übersetzung des Morningness–Eveningness-Questionnaires von Horne und Östberg

[42]

[43]
[44]

[45]
[46]
[47]

[48]

[49]

[50]

[51]
[52]

[53]

[54]
[55]

[56]

[57]

[58]
[59]

157

(The validity of a german version of the Morningness–Eveningness-Questionnaire
developped by Horne and Östberg). Somnologie 2001;5:71–80.
Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep
Quality Index: a new instrument for psychiatric practice and research. Psychiatry
Res 1989;28:193–213.
Monk THA. Visual Analogue Scale technique to measure global vigor and affect.
Psychiatry Res 1989;27:89–99.
Leproult R, Colecchia EF, Berardi AM, Stickgold R, Kosslyn SM, Van Cauter E. Individual differences in subjective and objective alertness during sleep deprivation
are stable and unrelated. Am J Physiol Regul Integr Comp Physiol 2003;284:
R280–90.
Hansen M, Janssen I, Schiff A, Zee PC, Dubocovich ML. The impact of school daily
schedule on adolescent sleep. Pediatrics 2005;115:1555–61.
Janke W, Erdmann G, Kallus KW. Stressverarbeitungsfragebogen (SVF mit SVF 120
und SVF 78). Manual [Stress Coping Inventory]. 3 rd ed. Göttingen: Hogrefe; 2002.
Burton AR, Rahman K, Kadota Y, Lloyd A, Vollmer-Conna U. Reduced heart rate
variability predicts poor sleep quality in a case–control study of chronic fatigue
syndrome. Experimental brain research. Experimentelle Hirnforschung. Exp Cerebrale 2010;204:71–8.
Keller J, Bless H, Blomann F, Kleinböhl D. Physiological aspects of ﬂow experiences: skills-demand-compatibility effects on heart rate variability and salivary
cortisol. J Exp Soc Psychol 2011;47:849–52.
Geisler FCM, Vennewald N, Kubiak T, Weber H. The impact of heart rate variability
on subjective well-being is mediated by emotion regulation. Pers Individ Differ
2010;49:723–8.
Kirschbaum C, Pirke KM, Hellhammer DH. The ‘Trier Social Stress Test’—a tool for
investigating psychobiological stress responses in a laboratory setting. Neuropsychobiology 1993;28:76–81.
Kirschbaum C. Trier social stress test. In: Stolerman IP, editor. Encyclopedia of
psychopharmacology. Berlin: Springer; 2010.
Task Force of the European Society of Cardiology and the North American Society
of Pacing and Electrophysiology Electrophysiology. Heart rate variability. Standards of measurement, physiological interpretation, and clinical use. Eur Heart J
1996;17:354–81.
Tarvainen MP, Niskanen J-P, Lipponen JA, Ranta-Aho PO, Karjalainen PA. Kubios
HRV — a software for advanced heart rate variability analysis. In: Vander Sloten
J, Verdonck P, Nyssen M, Haueisen J, editors. ECIFMBE 2008. IFMBE ProceedingsBerlin, Heidelberg: Springer-Verlag; 2009. p. 1022–5.
Schaal S, Peter M, Randler C. Morningness–eveningness and physical activity in
adolescents. J Sport Exerc Psychol 2010;8:147–59.
LeBourgeois MK, Giannotti F, Cortesi F, Wolfson AR, Harsh J. The relationship between reported sleep quality and sleep hygiene in Italian and American adolescents. Pediatrics 2005;115:257–65.
Wolters CA. The relation between high school students' motivational regulation
and their use of learning strategies, effort, and classroom performance. Learn Individ Differ 1999;11:281–99.
Bernardi L, Wdowczyk-Szulc J, Valenti C, Castoldi S, Passino C, Spadacini G, et al.
Effects of controlled breathing, mental activity and mental stress with or without
verbalization on heart rate variability. J Am Coll Cardiol 2000;35:1462–9.
Sloan RP, Korten JB, Myers MM. Components of heart rate reactivity during mental arithmetic with and without speaking. Physiol Behav 1991;50:1039–45.
Brown TG. Heart rate reactivity to mental arithmetic: The inﬂuence of baseline
protocols and task demand characteristics [PhD thesis]. Montreal: Concordia University; 1990.

