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Abstract
Circadian changes in mood have been described earlier. A positive affect (PA) has been separated
from a negative affect (NA), as independent components in opposite admittedly subjective directions,
a circadian rhythm characterizing both aspects. Herein, the time structure (chronome) of human mood
is re-examined and extended from the circadian to the circaseptan domain by a meta-analysis of data
on 196 clinically healthy students who filled out the positive (PA) and negative (NA) affective scale
(PANAS), consisting each of 10-item mood scales. Both PA and NA are found by cosinor to be
characterized by a circaseptan, circasemiseptan, and circadian variation. The circaseptan and
circasemiseptan amplitudes are found to be larger than the circadian amplitude for NA, whereas the
circadian amplitude is largest for PA. Complementing differences in relative circaseptan-to-circadian
prominence between PA and NA are differences in the timing of the circadian, circasemiseptan, and
circaseptan components of PA and NA. An even broader spectrum of rhythms may include a
circadecadal modulation. With this qualification, the information on the time structure of mood
provides endpoints to be considered in any attempt to optimize psychological well-being by making
sleeping, dietary, and/or other lifestyle adjustments.
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INTRODUCTION
Circadian (1) and infradian (2) rhythms have been documented for human mood, whether self-
rated, e.g., along a 7-point scale (1) or otherwise (2). It was found consistently in clinically
healthy medical students (3) as well as in patients (2,4–8). In a 30-year long record of self-
measurements carried out about 5 times a day each day with only few interruptions, components
other than the circadian rhythm have been detected, notably an about 11.5-year variation (9).
In manic-depressive disorder, a circadian rhythm in blood eosinophils may gauge a free-
running adrenal cycle (2,10), and is associated with overt infradian changes in mood as extreme
as the alternating bipolar states.

These earlier studies did not differentiate between the reportedly independent positive and
negative affect (11–15). In an about 3-month record on a clinically healthy man, a circadian
variation was detected for both positive and negative affect, the independence of the two mood
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scales also being corroborated (16). Herein, 7-day records at mostly 3-hour intervals from 196
clinically healthy students previously analysed for the circadian variation (17) are re-analysed
to map any circaseptan as well as circadian variation in positive and negative affect.

MATERIALS AND METHODS
As outlined elsewhere (17), the subjects were 196 college students in two studies who
completed a mood rating form approximately 7 times a day for 1 week. Subjects filled out
forms upon rising and retiring, and at scheduled 3-hour intervals in between. The PANAS
questionnaire consists of two 10-item mood scales that are reportedly highly internally
consistent, largely uncorrelated, and stable (11–15). Each item is rated on a 5-point scale. The
positive affect (PA) was calculated as the sum of the scores for the 10-item scales for positive
affect, and the negative affect (NA) was calculated as the sum of the scores for the 10-item
scales for negative affect. The overall mood was calculated as the sum of the PA and NA scores.

Each data series was analysed by least squares spectrum, involving the least squares fit of
cosine curves with fixed periods in the frequency range of one cycle per week to two cycles
per day, by cosinor (18,19). The results at a given trial period were summarized across all
students by population-mean cosinor (18,19). The circadian and circaseptan waveforms were
further visualized by averaging the data from all students along the scales of an idealized day
and week, respectively, after expressing the individual data as a percentage of the series’ mean
value (to remove inter-individual variation in overall mood).

RESULTS
In addition to the previous demonstration of a circadian rhythm (17), a circaseptan variation
is also found to be statistically significant, Table 1. The circadian and circaseptan acrophases
differ between PA and NA, as evidenced by the non-overlap of the respective 95% confidence
intervals for the acrophase (Table 1). The 84-hour (half-week) and 12-hour (half-day)
components are also detected with statistical significance (except for the 12-hour component
in NA), suggesting that the circadian and circaseptan waveforms depart from sinusoidality. As
seen in Table 1, the weekly and half-weekly amplitudes are larger than the circadian amplitude
for NA, whereas in the case of PA, the circadian variation is most prominent. The patterns in
relative data (expressed as a percentage of each student’s average value) shown in Figs. 1–4
clearly illustrate the differences in relative circaseptan vs. circadian prominence and in the
acrophase of each component between positive and negative affect.

DISCUSSION AND CONCLUSION
The strength of the results herein stems from the relatively large population size. The greater
prominence of the circaseptan as compared to the circadian variation in negative affect is in
keeping with the results from a case report of a woman with bipolar disorder where the
circaseptan component of overall mood was found to be amplified during a 2-week episode of
depression (20). The results are also in keeping with those of a study of 14 healthy females
showing a prominent circadian variation in positive affect but not in negative affect during a
27-hour constant routine (21).

The mapping of both circaseptan and circadian changes in mood may be helpful to optimize
mood by making appropriate adjustments in sleeping habits, diet, and/or other lifestyle factors.
For instance, vitamin D3 has been reported to enhance positive affect with some evidence of
a reduction in negative affect (22). It has also been suggested that moderate changes in the
timing of the sleep-wake cycle may have profound effects on subsequent mood (23). A study
of 6 male graduate students over a 7-day span also led the authors to conclude that adrenaline
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accumulation correlated with physical fatigue, whereas cortisol was associated with alertness
and ratios of adrenaline, noradrenaline, and dopamine were related to tenseness and irritability
(24). Less daily illumination was also reportedly associated with poorer global functioning,
longer but more disturbed sleep, and more depression (25).
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Fig. 1.
Circadian rhythm in positive affect
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Fig. 2.
Circadian rhythm in negative affect
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Fig. 3.
Circaseptan rhythm in positive affect
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Fig. 4.
Circaseptan rhythm in negative affect

CORNÉLISSEN et al. Page 8

Scr Med (Brno). Author manuscript; available in PMC 2008 November 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

CORNÉLISSEN et al. Page 9
Ta

bl
e 

1
Po

pu
la

tio
n-

m
ea

n 
co

si
no

r-
de

riv
ed

 p
oi

nt
 an

d 
in

te
rv

al
 es

tim
at

es
 in

 p
os

iti
ve

 af
fe

ct
 (P

A
), 

ne
ga

tiv
e a

ff
ec

t (
N

A
) a

nd
 to

ta
l a

ff
ec

t o
f 1

96
 cl

in
ic

al
ly

he
al

th
y 

su
bj

ec
ts

*

Pe
ri

od
 (h

ou
rs

)
V

ar
ia

bl
e

PR
 (%

)
P

A
m

pl
itu

de
 (9

5%
 C

I)
A

cr
op

ha
se

 (9
5%

 C
I)

16
8

PA
11

.6
0.

04
8

0.
50

 (0
.1

1,
 0

.9
0)

−2
67

° (
−2

19
, −

31
7)

N
A

16
.8

<0
.0

01
0.

62
(0

.3
3,

 0
.9

1)
−1

34
° (
−1

02
, −

16
9)

To
ta

l
12

.3
0.

06
8

0.
46

 ( 
)

−1
87

° (
 )

84
PA

6.
8

<0
.0

01
0.

80
 (0

.5
4,

 1
.0

6)
−2

77
° (
−2

58
, −

29
7)

N
A

8.
6

<0
.0

01
0.

57
 (0

.3
4,

 0
.7

9)
−1

28
° (
−1

05
, 1

55
)

To
ta

l
8.

0
0.

05
8

0.
42

( )
−2

35
° (

 )
24

PA
18

.6
<0

.0
01

3.
99

 (3
.6

1,
 4

.3
7)

−2
49

° (
−2

44
, 2

54
)

N
A

7.
2

0.
03

1
0.

35
 (0

.0
9,

 0
.6

1)
−8

1°
 (−

49
, −

11
9)

To
ta

l
15

.4
<0

.0
01

3.
65

 (3
.2

3,
 4

.0
7)

−2
48

° (
−2

43
, −

25
3)

12
PA

5.
7

<0
.0

01
1.

03
 (0

.8
0,

 1
.2

7)
−1

48
° (
−1

36
, −

16
1)

N
A

4.
3

0.
36

5
0.

10
( )

−2
29

° (
 )

To
ta

l
5.

6
<0

.0
01

1.
05

 (0
.8

1,
 1

.3
0)

−1
54

° (
−1

40
, −

16
7)

* PR
: P

er
ce

nt
ag

e 
R

hy
th

m
, a

ve
ra

ge
 p

ro
po

rti
on

 o
f v

ar
ia

nc
e 

ac
co

un
te

d 
fo

r b
y 

co
si

ne
 c

ur
ve

 w
ith

 g
iv

en
 p

er
io

d 
fit

te
d 

to
 in

di
vi

du
al

 d
at

a 
se

rv
ic

es
; P

: P
-v

al
ue

 fr
om

 z
er

o-
ap

lit
ud

e 
te

st
; M

ES
O

R
s (

±S
E)

 o
f P

A
,

N
A

 a
nd

 T
ot

al
 a

re
 2

3.
73

±0
.3

5,
 1

6.
01

±0
.3

0 
an

d 
39

.7
3±

0.
47

Scr Med (Brno). Author manuscript; available in PMC 2008 November 3.


