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SEASONAL VARIATION IN MOOD AND BEHAVIOUR AS WELL AS
DIURNAL PREFERENCE IN THE FINNISH ADULT POPULATION
ABSTRACT
One dimension of human behaviour is characterized by seasonal changes, another by diurnal preference on a timeline from
morning to evening hours. The degree of seasonality (n=20,792), as well as the diurnal preference (n=17,386), among adults
living in Finland were analysed using the data derived from five population-based health examination surveys conducted during
the years of 2000 to 2017. On average, the seasonal variation in mood and behaviour was experienced as a problem by 25%
of the study participants, whereas 9% had no variation, 7% reported seasonal variation in their mood and behaviour to the
extent that equalled the severity of subsyndromal seasonal affective disorder (SAD) and 2% that of SAD. On average, 15% of
the study participants assessed themselves to be a definite evening type of person (night owls). Of the night owls, 9.7%, 3.2% of
the intermediate chronotypes and 1.6% of the morning larks reported having seasonality which equalled the severity of SAD.
These two behavioural dimensions can be screened easily with short self-report questionnaires, the use of which might benefit
not only health promotion but also disease prevention. There is a reason to encourage their routine use in healthcare services.
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INTRODUCTION
One dimension of human behaviour is characterized by seasonal
changes. Commonly, people have recurrent changes which
are season-bound and seen in mood as well as in behaviour,
including social activity, sleeping and eating. On one end of
this dimension are individuals with seasonal affective disorder
(SAD), which is a form of recurrent depressive disorder or
bipolar disorder (1), whereas healthy individuals having no
seasonal changes or no problem due to the seasonal changes they
experience lie on the other end of this dimension. Subsyndromal
SAD refers to a condition in which psychologically healthy
individuals have problems with their season-bound changes,
but not any mood disorder. Seasonal affective disorder is
often comorbid with common medical conditions and has key
importance in terms of public health (2).
Another dimension of human behaviour is characterized by
diurnal rhythm. Usually, people tend to time their daily activities
following local time indicated by clocks. Individuals who prefer
being more active in the morning hours, and are thus called
morning larks, lie on the one end of this dimension, whereas
on the other end of this dimension are those who prefer being
more active in the evening hours, and are called night owls (3).
Chronotype tells the local clock time which coincides with the
midpoint of the longest (usually night-time) sleep period of
the day, so that the later it is, the more evening type of person
the individual is. It is especially the evening type, or the late
chronotype, which bears health hazards and therefore has key
importance in terms of public health (4,5).
Here, the aim of this study was to present the distribution
of the degree of seasonality as well as the diurnal preference
among adults living in Finland. To this end, these data were
derived from five population-based health examination surveys
conducted during the years of 2000 to 2017, and their analysis
is presented as follows.
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area of Finland. Two of these studies (National FINRISK 2007
Study, National FINRISK 2012 Study) consisted of random
samples of 10,000 adults, aged 25 to 74 years, from five large
geographical areas in Finland.
SEASONAL VARIATION IN MOOD AND BEHAVIOUR
A total of 5922 participants from the Health 2000 Study, 4260
participants from Health 2011 Study, 4689 participants from
National FINRISK 2012 Study and 5921 participants from
FinHealth 2017 Study provided information on self-reported
seasonal variation in mood and behaviour, or the seasonality.
The seasonal variation in mood and behaviour was
assessed in study samples with seven items of the Seasonal
Pattern Assessment Questionnaire (SPAQ). It is a brief, selfadministered questionnaire which is widely used in adult clinical
and community samples as a screening tool for SAD (6). Six of
these items request individuals to estimate whether they have
had seasonal changes in their sleep duration, social activity,
mood, weight, appetite and energy levels, yielding the sum,
also known as the Global Seasonality Score (GSS). In addition,
one item requests whether these changes have been a problem.
For these surveys, the original questionnaire was modified
as follows: each item was a Likert-like scale scored as zero
(no variation) to 3 (marked variation), yielding the total sum
score from 0 to 18. The higher the GSS, the higher the degree
of seasonality. The item on the seasonal variation experienced
as a problem was scored with a Likert-like scale of zero (no
problem) to 4 (severe problem). For this analysis, a GSS equal
to or higher than 11, plus a problem of at least a moderate
degree, was defined to be equal to SAD in severity, whereas:
a) a GSS equal to or higher than 11, plus no problem at all or
a problem of mild degree at its highest, or b) a GSS of 9 to
10, plus a problem of at least a mild degree, was defined to be
equal to subsyndromal SAD in severity. Otherwise, individuals
had normal seasonality. This definition agrees with the Kasper–
Rosenthal criteria (7).

METHODS
The data were derived from five population-based health
examination surveys on adults living in Finland, including
the Health 2000 Study, National FINRISK 2007 Study, Health
2011 Study, National FINRISK 2012 Study and FinHealth
2017 Study.
Three of these studies (Health 2000 Study, Health 2011
Study, FinHealth 2017 Study) consisted of random samples of
10,000 adults, aged 18 years or older without any upper limit
of age, from a representative coverage of the geographical
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DIURNAL PREFERENCE
A total of 6520 participants from the National FINRISK
2007 Study, 6305 participants from National FINRISK 2012
Study and 5214 participants from FinHealth 2017 Study
had information on self-assessed diurnal preference, or the
behavioural trait of morningness-eveningness. For this analysis,
only the participants of a similar age range were selected
from FinHealth 2017 Study to match the other populationbased datasets derived from those aged 25 to 74 years, thus
yielding information on the self-assessed diurnal preference
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of 4561 participants. In addition, a total of 2915 participants
from the DILGOM 2014 Study, which was a follow-up study
of the National FINRISK 2007 Study, had information on
self-assessed diurnal preference.
Diurnal preference was assessed in all these study samples
with one item (the number 19) of the original 19-item HorneÖstberg Morningness-Eveningness Questionnaire (MEQ). This
item requests individuals to estimate their diurnal preference
as: “Definitely a ‘morning’ person”, “More a ‘morning’ than
an ‘evening’ person”, “More an ‘evening’ than a ‘morning’
person”, or “Definitely an ‘evening’ person” (8).
The self-reports of diurnal preference collected in the
National FINRISK 2007 Study, National FINRISK 2012 Study
and DILGOM 2014 Study included five additional items (the
numbers 4, 7, 9, 15 and 17) of the original 19-item MEQ.
Based on the scores of the six items the sum was calculated,
yielding the categorization into morning types (morning larks),
intermediate types and evening types (night owls).
ETHICAL STATEMENT
The data collection was conducted according to the international
ethical standards and guidelines of the Declaration of Helsinki
and its amendments. The Ethics Committee of the Hospital
District of Helsinki and Uusimaa (HUS) approved the study
protocols. All the participants gave a written informed consent.
STATISTICAL ANALYSIS
Descriptive analysis was calculated with presentation of values
in percentages. Of note, only the National FINRISK 2012 Study
provided data on seasonal variation in mood and behaviour as
well as diurnal preference, which enabled the cross-tabulation
of these data.

mood and behaviour to the extent that equalled the severity
of SAD, and 7.19% that of subsyndromal SAD. Focusing on
the studies conducted in the 2010’s, the prevalence of SAD
was estimated to be 2.31%. The follow-up study of the same
individuals who participated in both Health 2000 and Health
2011 (n=3476) demonstrated that seasonal variation in mood
and behaviour experienced as a problem had remained equal
in 51.67%, become worse in 34.78% and better in 13.55% of
the individuals during the 11 years.
Diurnal preference among the participants in three
population-based study samples is presented item by item
in Table 3. These data were derived from a total of 17,386
individuals. On average, 53.26% of the study participants
assessed themselves to be either more morning than evening
types or definite morning types, whereas 15.22% assessed
themselves as to be definite evening types.
The follow-up study of the same individuals who participated
in both National FINRISK 2007 Study and DILGOM 2014
Study (n=2915) demonstrated that the diurnal preference had
remained equal in 70.33%, changed toward more eveningness
in 16.19% and changed toward more morningness in 13.48%
of the individuals during the 7 years. Of the changes, 1.02%
were extreme changes, so that 0.51% of the individuals changed
from “Definitely a ‘morning’ person” to “Definitely an ‘evening’
person” and 0.51% changed from “Definitely a ‘evening’ person”
to “Definitely an ‘morning’ person”.
The frequencies of diurnal preference by seasonality are
presented in Table 4. Of the night owls, 9.7% had SAD, whereas
3.2% of the intermediate chronotypes and 1.6% of the morning
larks had SAD. The frequencies of seasonality by diurnal
preference are presented in Table 5. SAD was at its most frequent
among the night owls (42.2%), subsyndromal SAD among the
intermediate chronotypes (44.9%), and normal seasonality
among the morning larks (43.7%) equal to the intermediate
chronotype (43.5%).

RESULTS
The seasonal variation in mood and behaviour among the
participants in four population-based study samples is presented
item by item in Table 1. These data were derived from a total
of 20,792 individuals. On average, seasonal variation in mood
and behaviour was experienced as a problem by 25% of the
study participants, whereas 9% had no variation. Seasonal
variation in energy level was the most common season-bound
change, being reported by 73% of the participants.
The frequencies of seasonal variation in mood and
behaviour by severity are presented in Table 2. On average,
2.06% of the participants reported seasonal variation in their
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Study

Health 2000

Health 2011

Finrisk 2012

FinHealth 2017

Total

Sample size

n=5922
%

n=4260
%

n=4689
%

n=5921
%

n=20792
% on average

Sleep duration

73.6

70.1

72.9

67.1

70.9

Social activity

71.1

67.3

70.7

70.2

69.8

Mood

75.9

66.0

72.1

70.5

71.1

Weight

49.1

44.4

45.8

39.6

44.7

Appetite

42.3

36.3

43.2

37.8

39.9

Energy level

75.0

69.1

74.5

73.4

73.0

Problem

16.5

34.4

32.5

16.4

25.0

No variation

7.4

10.6

8.2

9.6

9.0

Table 1. Seasonal variation in mood and behaviour item by item in
the Finnish adult population.

Study

Health 2000

Health 2011

Finrisk 2012

FinHealth 2017

Total

Sample size

n=5922
%

n=4260
%

n=4689
%

n=5921
%

n=20792
% on average

Normal
seasonality

91.37

92.21

87.27

92.15

90.75

Subsyndromal
SAD

7.29

6.38

9.15

5.93

7.19

SAD

1.33

1.41

3.58

1.93

2.06

Abbreviation: SAD = seasonal affective disorder.
Table 2. Seasonal variation in mood and behaviour by severity in
the Finnish adult population.
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Study

Finrisk 2007

Finrisk 2012

FinHealth 2017

Total

Sample size

n=6520
%

n=6305
%

n=4561
%

n=17386
% on average

Definite morning

21.17

20.68

22.01

21.29

Morning > evening

37.33

29.64

28.94

31.97

Evening > morning

29.85

32.50

32.23

31.53

Definite evening

11.66

17.18

16.82

15.22

Table 3. Diurnal preference item by item in the Finnish
adult population.

n=4351

Night owl
%

Intermediate
%

Morning lark
%

Total
%

SAD

42.2

39.0

18.8

100

Subsyndromal-SAD

29.1

44.9

26.1

100

Normal seasonality

12.8

43.5

43.7

100

Abbreviation: SAD = seasonal affective disorder.
Table 4. Severity of seasonality by diurnal preference in
the Finnish adult population.

n=4351

SAD
%

Subsyndromal SAD
%

Normal seasonality
%

Total
%

Night owl

9.7

17.4

72.9

100

Intermediate

3.2

9.5

87.4

100

Morning lark

1.6

5.8

92.6

100

Abbreviation: SAD = seasonal affective disorder.
Table 5. Diurnal preference by the severity of seasonality
in the Finnish adult population.
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DISCUSSION
The main finding was that seasonal variation in mood and
behaviour was very common among adults living in Finland.
Only 9% of the 20,792 study participants had none of these
season-bound changes at all. Concerning the severity of these
changes, the prevalence of SAD was estimated to be about 2.1%
during the past 20 years. Since self-reports tend to overestimate
the prevalence, a correct prevalence is likely to be less. Earlier,
the prevalence of SAD in Finland has been estimated to be
about 0.8% in 1992 (9) and about 2.6% in 2001 (10).
Another key finding was that there were more morningoriented than evening-oriented individuals among adults living
in Finland. Of the 17,386 study participants, 21.3% assessed
themselves as definite morning persons and 15.2% as definite
evening persons. The proportion of definite evening types did
not increase during the 2010’s, which signals that those health
hazards which have been associated with the behavioural trait
toward eveningness may not become more common among
adults currently living in Finland.
Thinking beyond the phenotype may deepen the
understanding of these two behavioural characteristics of this
study. Mechanistically, it has been hypothesized that diurnal
preference or chronotype is linked to seasonal variation in
mood and behaviour as well as depressive episodes. This view
gains some support from recent findings of the UK Biobank
Study. A mendelian randomization study quantified the causal
contribution of diurnal preference on depressive symptoms
and general well-being, and tested the hypothesis that the more
misaligned the physiological circadian rhythms are, relative
to the physical light-dark transitions and subsequently the
behavioural sleep-wakefulness cycle, the poorer mental health
the individual has (11). The results demonstrated that a higher
genetic liability of earlier diurnal preference (morningness) was
associated with lower odds of depressive symptoms.
Another mendelian randomization study supported a
protective association of earlier diurnal preference (morningness)
with risk of major depressive disorder (12). Thus, behavioural
factors such as circadian misalignment in timing may influence
the link from diurnal preference or chronotype to the occurrence
of depressive episodes with (or without) the seasonal pattern.
In Finland, a population-based genetic risk score for
chronotype was calculated based on 313 single nucleotide
polymorphisms, which have been associated with chronotype
in the UK Biobank Study, and a significant association of one
circadian clock gene (NR1D1) with diurnal preference was found
(13). This finding paves the way to detailed analysis of those
circadian clock genes which have been associated with major
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depressive disorder or SAD specifically, or seasonal variation
in mood and behaviour in general as well as their relevance to
diurnal preference or chronotype (14-16).
The identification of seasonal as well as circadian
behavioural trait risk groups, e.g. with the use of screening
questionnaires such as SPAQ and MEQ, early enough at
health check-ups might help to provide preventive and health
promotion measures. Such measures need to result in behavioural
change, which is not an easy task to complete successfully
(17). Therefore, a nudge strategy could be included to subtly
direct people towards positive behavioural choices (18, 19), to
provide focus on those behavioural practices which are suitable
for prevention of common non-communicable chronic diseases.
In conclusion, season-bound changes in mood and behaviour
often coincide with common medical conditions and therefore
have key importance in terms of public health. These changes are
very common among adults living in Finland. Diurnal preference
influences the severity of these season-bound changes in mood
and behaviour, so that the more evening-oriented the individual
is, the more severe the season-bound changes are. Therefore,
the evening type, or the late chronotype, bears health hazards
and thereby has key importance in terms of public health. These
two behavioural dimensions can be screened easily and fast with
self-report questionnaires, the use of which might benefit health
promotion as well as disease prevention. There is a reason to
encourage their routine use in healthcare services.
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