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Preface
Seasonal rhythms are evident throughout nature. All humans have a varying degree of awareness of 
seasonal changes and are directly or indirectly affected by these changes. Based on their experiences, 
humans have acquired collective wisdom about the periodicity in nature and have adapted to the seasonal 
changes in their agricultural and economic activities as well as in the organisation of their social life.
In the present era, the biological mechanisms of circadian and seasonal rhythms in plants, animals and 
humans are subject to a growing body of scientific research. The earth’s rotation around its axis leads to 
the day-night cycle. This cycle affects all life on earth and has a strong influence on human and animal 
physiology and behaviour[1].  For example, physiological rhythms depending on the time of day can be 
observed in the human sleep-wake cycle and related fluctuations of body temperature and blood plasma 
cortisol levels. Researchers have found circadian clocks, regulating day-night rhythms in most body 
tissues. These so-called “peripheral clocks” are synchronised by the “central” or “master clock” located in 
the hypothalamic suprachiasmatic nucleus.  This central clock contains neurons that generate circadian 
rhythms and is influenced by environmental circadian cues like the transition from night to daytime.
A year is typically divided into seasons, with each season having its own characteristic amount of 
daylight, weather conditions and ecology, depending on the global position of the region[2].  The earth’s 
orbit around the sun and its axial tilt relative to the ecliptic plane lead to an increased and decreased 
exposure to sunlight which is most pronounced in the polar and subpolar regions[3].  Spring, summer, 
autumn and winter are the common seasons in temperate and subpolar regions. Depending on the 
hemisphere (Northern or Southern) these seasons occur in different months of the year (e.g. winter 
in December, January and February in the Northern Hemisphere, and in June, July and August in the 
Southern Hemisphere). Tropical regions usually have two seasons: the wet season and the dry season[4].
As in all areas of human life, there are both widespread beliefs as well as scientifically-based discussions 
about the impact of the seasons on human well-being and illness. The doctrine that seasonal changes 
influence human health goes back to ancient Chinese, Indian and Greek cultures. The Hippocratic 
Collection describes medical theories about the influence of the weather and the seasons on the four body 
humors (in particular phlegm and bile) and, closely related, on the elementary qualities of hot/cold and 
moist/dry[5]. In this context, mental problems like melancholia are also reported[6]. However, in “Epidemics 
I and II” of the Hippocratic Collection, the authors seemed primarily interested in the prognostic effect of 
weather conditions, and hence in the relationship between the weather in one season and the occurrence 
of diseases in a subsequent season[5]. The seasonal impact is well-established and recognised in somatic 
diseases, especially infectious diseases such as influenza and some allergies[7-10]. In the general population, 
the seasonal impact on the mental well-being of humans and seasonal changes in mood and behaviour 
are considered common and are thought to cause complaints and even illnesses[11].
In this thesis, we try to answer to what extent mood, anxiety and behaviour of respondents in the general 
population and different patient groups are affected by the seasons. 

* derived from Latin “circa” and “dies”, meaning “about a day”
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The burden on society of depressive and anxiety disorders
Epidemiological population studies show that mental problems are a significant health problem with 
an important impact on health service use and cost[12,13].  In a review of the economic impact of mental 
illness, Doran and Kinchin underline the significant burden mental illness places on all facets of society[14]. 
In their review, they conclude that mental illness results in a higher likelihood of dropping out of school, 
a lower probability of gaining full-time employment and reduced quality of life[14]. Based on Canadian 
research, they report that the total economic cost associated with mental illness will increase six-fold over 
the next 30 years. In 2017 mental health cost amounted to 6.9% (6.7 billion euros) of total health care in 
the Netherlands[12].  
The loss in health and functioning at the population level can be quantified by multiplying the prevalence 
of the disorders with the average disability level associated with them, to give estimates of Years Lived 
with Disability (YLD). In 2017 the United Nations World Health Organization (WHO) published a report 
titled “Depression and Other Common Mental Disorders” based on the set of Global Health Estimates 
for 2015[15]. In this report, data on common mental disorders refer to two main diagnostic categories: 
depressive and anxiety disorders. Depressive disorders include two main subcategories: major depressive 
disorders and dysthymia. Anxiety disorders refer to generalized anxiety disorder, panic disorder, phobias, 
social anxiety disorder, obsessive-compulsive disorder and post-traumatic stress disorder. The most 
important reason to report on these conditions as a group is that they often occur sequentially in the 
same patient and show high comorbidity rates with more severe symptoms, higher levels of disability, and 
longer duration in patients suffering from both conditions simultaneously[16].
The WHO estimates that at a specific point in time (point prevalence), 4.4% of the global population will 
suffer from depressive disorders and 3.6% from anxiety disorders[15]. Depressive and anxiety disorders 
are more common among females (5.1% and 4.6%, respectively) than among males (3.6% and 2.6%, 
respectively). Globally, depressive disorders are the most significant contributors to non-fatal health loss 
(7.5% of all YLD), with anxiety disorders ranking as the sixth contributor to non-fatal health loss. Suicide, 
which can be the outcome of severe depression, accounts for 1.5% of all deaths worldwide. In all age 
groups, suicide is among the top-20 leading causes of death. In young people (15-29 years), it is the second 
leading cause of death.
In 2015 the WHO estimated the point prevalence of depressive disorders in the Netherlands at 4.7%, with 
a disease burden of 7.1% of total YLD[15]. The estimated prevalence of anxiety disorders was 6.4%, with a 
disease burden of 5.3% of total YLD.
The Dutch psychiatric epidemiological population studies NEMESIS-1 and 2 (Netherlands Mental Health 
Survey and Incidence Study) provide data on the prevalence, incidence, course and consequences of 
mental disorders, and for the Dutch population study the trends in mental disorders and health service 
use[13,17]. The lifetime prevalence of mood disorders was 20.1% and of anxiety disorders 19.6%, meaning 
that 1 out of 5 people suffer from a depressive or anxiety disorder at least once in their life. The 12-month 
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incidence for these disorders was 6.1% and 10.1% respectively, meaning that over the previous year, 1 out 
of 16 and 1 out of 10 suffered from depressive or anxiety disorder. In the period between 1997 and 2009 
(NEMESIS-1 and NEMESIS-2), the 12-month incidence of mental disorders did not change significantly.  

Depressive and anxiety disorders in DSM-IV and DSM-5
The American Psychiatric Association’s “Diagnostic and Statistical Manual of Mental Disorders” 
(DSM) is a categorical classification system of mental disorders with associated criteria designed to 
facilitate a common language and reliable diagnoses for clinical practice and research in the field of 
psychiatry[18,19]. Since the publication of DSM-III a mental disorder has been defined as: “a syndrome 
characterized by clinically significant disturbance in an individual’s cognition, emotion regulation, 
or behaviour that reflects a dysfunction in the psychological, biological or developmental processes 
underlying mental functioning.” DSM builds diagnostic criteria on the description and aggregation of 
symptoms, severity and course of the condition. It defines subtypes and specifiers. Specifiers (such as 
seasonality in depressive disorders) are not intended to be mutually exclusive or exhaustive, and as a 
consequence, more than one specifier can apply to a DSM classification.
In the current fifth edition of DSM depressive disorders in adults include major depressive disorder, 
persistent depressive disorder (dysthymia), premenstrual dysphoric disorder, substance/medication-
induced depressive disorder, depressive disorder due to another medical condition, other specified 
depressive disorder and unspecified depressive disorder. The core symptoms of the depressive disorder 
are the presence of a sad, empty or irritable mood, or the loss of pleasure in almost all activities. A 
depressive disorder is diagnosed when these symptoms are accompanied by cognitive and somatic 
changes affecting the capacity to function in everyday life. The timing and duration of the condition, 
as well as its presumed aetiology, differ among depressive disorders. The diagnostic code for major 
depressive disorder is based on whether this is a single or recurrent episode, current severity, presence 
of psychotic features and remission status. Specifiers for depressive disorders include: with anxious 
distress, with mixed (manic or hypomanic) features, with melancholic features, with atypical features, 
with psychotic features (mood-congruent and mood-incongruent), with catatonia, with peripartum 
onset, with seasonal pattern (in recurrent major depressive disorder), in partial or full remission 
and with a level of severity designated as mild, moderate or severe. In the course of bipolar disorders 
depressive episodes may also occur. In DSM-5 bipolar disorders are classified as a distinct category.
Anxiety disorders in adults in DSM-5 include specific phobia, social phobia, panic disorder, agoraphobia, 
generalized anxiety disorder, substance/medication-induced anxiety disorder, anxiety disorder due 
to a medical condition, other specified anxiety disorder or unspecified anxiety disorder[18,19]. Anxiety 
disorders are characterised by excessive fear and anxiety with related behavioural disturbances. Fear 
is defined as an emotional response to a real or perceived threat. The anticipation of a future threat is 
called anxiety. 
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Anxiety disorders differ in the types of situations or objects inducing anxiety or fear with the associated 
cognitions and avoidance behaviour.
In contrast to DSM-IV, in DSM-5, obsessive-compulsive and related disorders and trauma- and stressor-
related disorders are in a separate category from anxiety disorders. 

Defining seasonality in mood and anxiety disorders
Studies on seasonal variations in the prevalence of different types of mental disorder in the general 
population show different results. On the one hand, studies in the general population using general (semi-)
structured interviews or questionnaires do not demonstrate a seasonal pattern for different categories 
of mental disorder[20,21]. On the other hand, studies using more specific questionnaires or performed in 
specific patient populations do report seasonal differences for a variety of mental disorders like depressive 
disorders, anxiety disorders, eating disorders and alcoholism[22-26]. Most studies focus on the seasonal 
recurrence of depressive episodes. Prevalence rates of mood (affective) disorders with a seasonal pattern 
range from 1% to as much as 12%, depending on the diagnostic criteria used[27].

Seasonal affective disorder and subsyndromal seasonal affective disorder
The majority of research on seasonality focuses either on the general population or on a highly selected 
patient population consisting of patients suffering from a seasonal affective disorder. In the literature, 
the seasonal recurrence of depressive episodes has been designated as “seasonal affective disorder” 
and “subsyndromal seasonal affective disorder” for milder forms. Rosenthal and Kasper developed the 
Seasonal Pattern Assessment Questionnaire (SPAQ), and derived diagnostic criteria for these sub-types of 
depression[28,29]. A Dutch general population study of 5356 randomly selected subjects using the Seasonal 
Pattern Assessment Questionnaire reported a one-year prevalence of 3% for winter seasonal affective 
disorder and 8.5% for subsyndromal seasonal affective disorder[30].
In DSM-IV and DSM-5 seasonality is defined with the specifier “with seasonal pattern”, which applies to 
recurrent major depressive disorder and bipolar disorder. The most important feature is a regular temporal 
relationship between the onset of major depressive episodes and a particular time of year (e.g. autumn 
or winter)[18,19]. Full remissions must also occur at a specific time of year (e.g. the depressive episodes 
disappear in spring). For bipolar disorder, this also applies to manic and hypomanic episodes. Other features 
are that in the last two years two major depressive episodes demonstrating the seasonal relationship must 
have occurred. Further, no non-seasonal major depressive episodes may have occurred during that same 
period. Over the individual’s lifetime, the seasonal depressive episodes must substantially outnumber the 
non-seasonal major depressive episodes. Finally, an apparent effect of seasonally-related psychosocial 
stressors must be absent (e.g. being unemployed every winter). Symptoms often accompanying major 
depressive episodes with a seasonal pattern are noticeable lack of energy, hypersomnia, overeating and 
weight gain.
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Recurrent major depressive disorder with a seasonal pattern has repeatedly been associated with the 
specifier of atypical features, which can be contrasted to melancholic features[31,32]. The core element of 
the atypical features specifier is mood reactivity (mood brightens in response to positive events) and it 
has to be accompanied by two or more of the following: significant weight gain or increase in appetite, 
hypersomnia, leaden paralysis (heavy feeling in arms or legs), and a pattern of interpersonal rejection 
sensitivity resulting in social or occupational impairment. The melancholic features specifier includes loss 
of pleasure in (almost) all activities or non-response to normally pleasant stimuli. They have
to be accompanied by three or more of the following: a mood characterised by despair, moroseness or 
emptiness, a worse mood in the morning, early morning awakening, psychomotor agitation or retardation, 
significant weight loss or loss of appetite, inappropriate feelings of guilt.  

Aim of this thesis
The overall objective of this thesis is to explore the association between the seasons and the affective 
states of respondents in samples of the general population, primary care, and specialised mental health 
care. In these groups, we have investigated to what extent anxiety, mood and behaviour are affected by the 
seasons. 

The cohort studies used in this thesis
This thesis builds on data from the Netherlands Study of Depression and Anxiety (NESDA) and the 
internet-based study HowNutsAreTheDutch (HND)[16,33]. NESDA is an ongoing multi-site naturalistic 
longitudinal cohort study of 2,981 adults (18-65 years), aimed at describing the long-term course and 
consequences of depressive and anxiety disorders. The NESDA sample is stratified for setting: community, 
primary care and specialised mental health care. HND (Dutch: HoeGekIsNL) is a national internet-based 
crowdsourcing study designed to investigate the associations and dynamic interactions between mental 
strengths and vulnerabilities, both between and within respondents, in a sample from the Dutch general 
population[33]. In this project, individuals were invited to visit the website www.hownutsarethedutch.com 
and to give a self-assessment on several domains of mental health.

Outline of this thesis
In chapter 2, we determine whether seasonal variation exists in the severity and type of depressive and 
anxiety symptoms in general and in patients with a depressive or anxiety disorder. More specifically, we 
look for answers to the following questions: (1) Does a seasonal pattern exist in the severity of depressive 
and anxiety symptoms in patients visiting their general practitioner for any reason? (2) Does a seasonal 
pattern exist in the type (i.e. atypical or melancholic) and severity of depressive symptoms and anxiety 
symptoms in patients with a current depressive and/or anxiety disorder and healthy controls?
In chapter 3 we examine potential differences in the seasonality of symptoms between patients with 
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a lifetime diagnosis of a depressive and/or anxiety disorder and healthy controls by administering the 
Seasonal Pattern Assessment Questionnaire (SPAQ), a self-rating screening instrument measuring 
variation in mood and behaviour retrospectively on a monthly basis.
In chapter 4 we compare the clinical, demographic and personality characteristics of patients with a 
seasonal affective disorder (SAD), according to the SPAQ, with patients suffering from non-seasonal 
affective disorders (non-SADs) and healthy controls (HC). Prior to this, the prevalence of SAD and 
sub-SAD among the patients has been assessed, and it has been recorded to what diagnostic groups 
according to the DSM criteria they belong. We then zoom in on patients with SAD and patients with a 
lifetime of depressive disorder or a lifetime of comorbid anxiety and depressive disorder. Their clinical 
characteristics and the seasonal distribution of the scores on a depression questionnaire and two anxiety 
questionnaires have been compared. Finally, the seasonal distribution of depressive episodes in patients 
with and without SAD has been compared.
In chapter 5, it is noted that most studies only measure negative affect (complaints), but not positive affect. 
The research question is formulated of whether the seasons equally influence positive and negative affect. 
This is analysed in two separate groups: a group of respondents who have completed the questionnaires 
once and a group of respondents who have completed the questionnaires twice. Finally, a test is performed 
of whether the personality trait of neuroticism moderates the relation between the seasons and positive 
and negative affect.
In chapter 6, we summarise general conclusions and discuss the strengths and limitations of our studies. 
Additionally, we make some remarks on clinical consequences derived from our studies and finish with 
recommendations for further research.
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Abstract
Background: Little is known about seasonality of specific depressive symptoms and anxiety symptoms 
in different patient populations. This study aims to assess seasonal variation of depressive and anxiety 
symptoms in a primary care population and across participants who were classified in diagnostic groups 
1) healthy controls 2) patients with a major depressive disorder, 3) patients with any anxiety disorder and 
4) patients with a major depression and any anxiety disorder.
Methods: Data were used from the Netherlands Study of Depression and Anxiety (NESDA). First, in 5549 
patients from the NESDA primary care recruitment population the Kessler-10 screening questionnaire 
was used and data were analyzed across season in a multilevel linear model. Second, in 1090 subjects 
classified into four groups according to psychiatric status according to the Composite International 
Diagnostic Interview, overall depressive symptoms and atypical versus melancholic features were assessed 
with the Inventory of Depressive Symptoms.
Anxiety and fear were assessed with the Beck Anxiety Inventory and the Fear questionnaire. Symptom 
levels across season were analyzed in a linear regression model.
Results: In the primary care population the severity of depressive and anxiety symptoms did not show a 
seasonal pattern. In the diagnostic groups healthy controls and patients with any anxiety disorder, but not 
patients with a major depressive disorder, showed a small rise in depressive symptoms in winter. Atypical 
and melancholic symptoms were both elevated in winter. No seasonal pattern for anxiety symptoms was 
found. There was a small gender related seasonal effect for fear symptoms.
Conclusions: Seasonal differences in severity or type of depressive and anxiety symptoms, as measured 
with a general screening instrument and symptom questionnaires, were absent or small in effect size 
in a primary care population and in patient populations with a major depressive disorder and anxiety 
disorders.

Introduction
Epidemiological studies of seasonal variation in the prevalence of mental disorders have shown diverging
results. Seasonal variation in the prevalence of the major mental disorders in general population surveys 
have rarely been noted, but prevalence rates of mood (affective) disorders with a seasonal pattern have 
been reported to range from 1% to as much as 12% [1]. 
The majority of the latter studies reported on seasonal affective disorder (SAD), defined in DSM IV as a 
recurrent depressive disorder with a regular temporal relationship between the onset of a major depressive 
episode and a particular time of the year (mostly fall or winter) and has used specific instruments for its 
assessment [2,3]. The most widely used instrument in those studies is the Seasonal Pattern Assessment 
Questionnaire (SPAQ), a self rating screening questionnaire that retrospectively measures seasonal 
variation in mood, social activities and atypical depressive symptoms such as increased sleep, increased 
appetite and weight and a lowered energy level [4]. Female gender and young age have been described to 
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be associated with a higher prevalence of SAD [5,6]. The influence of latitude on the prevalence of SAD has 
been suggested but could not be demonstrated [7,8]. 
Absence of seasonal variation in the prevalence of mental disorders has been reported in studies in which
data were collected using general structured interviews or questionnaires on depression in different 
months of the year. For example, in New England (USA) in a study involving 1,500 patients of a psychiatric 
outpatient practice using the Structured Clinical Interview for DSM-IV (SCID), there were no higher rates 
of onset of major depressive disorders in spring and fall, and no higher rates of atypical depression in the 
winter compared to the other seasons [9]. In a multicenter study on the current prevalence of depression in 
the United Kingdom, Finland, Norway and Spain among 6608 participants randomly identified via census 
registers or primary care databases and using the Beck Depression Inventory (BDI), also no evidence of 
a systematic seasonal pattern in depression was found [10]. In Iceland no seasonal mood change could be 
demonstrated in a cross sectional study using the Hospital Anxiety and Depression Questionnaire in four 
1000-person cohorts who received the questionnaire in either January, April, July or October [11]. Similarly, 
in a Dutch general population survey among 7076 participants (NEMESIS), and using the Composite 
International Diagnostic Interview (CIDI), no seasonal difference was found in the 1-month prevalence 
of the main categories of mood disorders or for the broad category of anxiety disorders [12]. And finally, in 
a UK study among 2,255 patients consulting their general practitioner who were screened over the course 
of a year using the General Health Questionnaire (GHQ 30), no significant seasonal variation in GHQ 
scores was found [13]. However, other studies also using general structured
interviews or questionnaires to assess depression did report seasonal variations. In another Dutch general
population study among 5356 participants, a higher mean score on the Centre for Epidemiological Studies
Depression Scale (CES-D) was found in the winter compared to the summer [14]. In a general population 
study in Norway among 11054 participants, modest variations in the Hospital Anxiety and Depression 
Scale (HADS) were found, mean sum scores being slightly higher during November through March 
compared to the other months [15]. In a US study among 1556 men and 314 women using the Hopkins 
Symptom Checklist, women scored significantly higher in winter on the expanded mood scale [16]. Finally, 
in the US National Comorbidity Survey among 8,089 participants and using CIDI, a lifetime prevalence 
of major depression with a seasonal pattern of 0.4% was found, and a prevalence of major or minor 
depression with a seasonal pattern of 1.0%[17].
In addition, the studies mentioned above did not measure seasonality in severity of atypical depressive 
symptoms, melancholic depressive symptoms and anxiety symptoms in specific patient groups with 
depressive and anxiety disorders.
The aim of this study was to determine if seasonal variation exists in the severity and type of depressive 
and anxiety symptoms in general and among patients with a depressive or anxiety disorder. More specific 
three questions were formulated: (1) Does a seasonal pattern exist in the severity of depressive and anxiety
symptoms among patients visiting their general practitioner for any reason?
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(2) Does a seasonal pattern exist in the severity of depressive or anxiety symptoms among patients with a
current depressive disorder, a current anxiety disorder, a current depressive and anxiety disorder, and 
among healthy controls; and is there a difference between these groups? 
(3) Does a seasonal pattern exist in type of depressive symptoms (i.e. atypical or melancholic) among and
between these groups?

Methods
The study was conducted using data from the Netherlands Study of Depression and Anxiety (NESDA, 
http://www.nesda.nl): (1) the NESDA primary care recruitment population and (2&3) the NESDA 
baseline population [18]. NESDA is an ongoing multi-site naturalistic 8-year longitudinal cohort study 
among 2,981 adults (18-65 years), aimed at describing the long-term course and consequences of 
depressive and anxiety disorders. The NESDA sample (total n = 2981) is stratified for setting: community, 
primary care and specialized mental health care. The community sample (n = 564) was built on two 
cohorts that were already available through prior studies described in detail elsewhere [19]. The primary 
care participants (n = 1610) were recruited among 23,750 patients from practices of 65 general 
practitioners (GPs) in the vicinity of three research sites. The specialized mental health patients (n = 807) 
were recruited from outpatient clinics of regional facilities for mental health care around the research 
sites. Across recruitment settings, uniform inclusion and exclusion criteria were used. The NESDA sample 
included a range of psychopathology: those with no lifetime anxiety or depressive disorders (including 
healthy controls), those with a current first or recurrent depressive disorder (major depressive disorder 
or dysthymic disorder) or anxiety disorder (panic disorder with or without agoraphobia, agoraphobia, 
social phobia or generalized anxiety disorders) and those with earlier episodes, or at risk because of sub 
threshold symptoms or a positive parental history for depressive or anxiety disorders. Excluded were 
patients with a psychotic disorder, bipolar disorder, obsessive compulsive disorder, or severe substance 
use disorder, and persons not fluent in Dutch.

Ethics Statement
The study protocol of NESDA was approved by the Ethical Review Board of the VU University Medical 
Center, the Leiden University Medical Center and the University Medical Center Groningen. After 
full verbal and written information about the study, written informed consent was obtained from all 
participants at the start of baseline assessment. A full ethics statement of NESDA and detailed information 
on objectives and methods of NESDA were published elsewhere [18].

Subjects
The NESDA primary care recruitment population, to whom the Kessler-10 screening questionnaire was 
sent, consisted of a random sample of all patients who had visited their GP during the previous four 
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months for any reason from January 2004 to February 2007. The date the questionnaire was filled out was 
recorded for participants from the research sites in Amsterdam and Groningen (latitude 52,3° and 53,2° 
respectively). Questionnaires with two or more answers missing were excluded. The NESDA baseline 
population comprised participants of the NESDA cohort who met the criteria of one of four groups: 1) 
Healthy controls (HC), i.e. no lifetime depressive or anxiety disorder; 2) Major depressive disorder (MDD) 
last month; 3) Any anxiety disorder (AAD) last month; 4) Both major depressive disorder and any anxiety 
disorder (MDD + AAD) last month. Participants with a lifetime MDD or AAD but not within the last 
month, and those not completing the self report questionnaires (see below) within 7 days of the baseline-
interview, were left out of the analysis.

Measures
In the NESDA primary care recruitment population (n = 5,549) the Kessler-10 screening questionnaire 
(K-10) was used. The K10 has proven screening qualities for affective disorders based on questions about 
anxiety and depressive symptoms that a person has experienced in the past 4 weeks [20,21]. In the NESDA 
baseline population (n = 1,090) the CIDI (WHO version 2.1) was used to establish diagnoses of MDD and 
AAD according to DSM-IV criteria (American Psychiatric Association, 2001). Within 7 days prior or after 
the CIDI interview, all participants completed several self-report questionnaires. Severity of
depression was assessed with the Inventory of Depressive Symptoms, 30 item self-report versions (IDS) [22]. 
Moreover, the IDS was used to assess the presence and severity of atypical and melancholic features, as the 
IDS includes all symptoms of these specifiers. Therefore a continuous atypical specifier was constructed 
(At-IDS): a summation of the scores on the items mood reactivity, the highest score of either weight gain 
or increase in appetite, hypersomnia, leaden paralysis, and interpersonal rejection sensitivity (score range 
0 - 3, total score range 0 - 15). The scores of the item mood reactivity were recoded (reversed) resulting 
in an item that counts the presence of the symptom mood reactivity in stead of its absence. Participants 
with one or more missing items were excluded from the analysis. Also a continuous melancholic specifier 
was constructed (Mel-IDS): a summation of the scores on the items: loss of pleasure, lack of reactivity to 
usually pleasurable stimuli, depressed mood, regularly worse in the morning, early morning awakening, 
psychomotor retardation or agitation, the highest score of either anorexia or weight loss, and excessive 
or inappropriate guilt (score range 0 - 3, total score range 0 - 24). Also for Mel-IDS participants with 
missing items were excluded from the analysis. The Beck Anxiety Inventory (BAI), a 21-item selfreport 
instrument, was used to assess overall severity of anxiety [23]. Finally the 15-item self-report version of the 
Fear Questionnaire (FQ) was used to measure severity of fear and avoidance [24].

Statistical analysis
The dates were categorized into the four seasons (spring: March 21 - June 20, summer: June 21 - September
20, autumn: September 21-December 20, winter: December 21 - March 20). SPSS (SPSS 16.02 inc., 2008)
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and MLwin (2.02) were used to analyze the data. Descriptive analyses with means and standard errors for 
quantitative data were calculated. 95% Confidence intervals were calculated and a p-value smaller than 
0.05 (two-sided) was considered to be significant.

Question 1. Seasonality in severity of depressive and anxiety symptoms among primary care patients 
(recruitment population)
As the distribution of the K-10 total score was skewed and the assumption of normality was violated, the 
log transformed K-10 score (LnK10) was calculated and used as outcome variable. Taking into account 
the fact that each GP had several participants, and assuming that there could be dependency between 
participants within the practices of the GPs, multilevel analysis (by MLwin) was used to analyze the 
course over time. In this analysis the GP’s were considered to be on the highest level, and participants on 
the lowest level. For the quantitative outcome measure (LnK10), a linear model was specified. Analysis 
started with the empty model, a model only including an intercept with random terms. In this model, 
the different sources of variability (within GP’s and between GP’s) were distinguished. Then, different 
models for the time course were specified, based on the four seasons, and different combinations of fixed 
and random effects. Differences in deviance determined whether the different specifications of the time 
course were significant or not. Additionally, the predictors gender, age, and the location of the field site 
were included as fixed effects. Interaction terms were explored as well. 

Question 2 & 3. Seasonality in severity of depressive and anxiety symptoms and type of depressive 
symptoms in patients with a current depressive and/or anxiety  disorder and in healthy controls 
For all continuous outcome measures (IDS, At-IDS, Mel-IDS, BAI and FQ), a linear regression model was
specified with group, season, age and gender as independent variables. Only significant main effects were
included in the model. Analysis started with a model only including the four groups of participants. Then, 
different models were specified with the four seasons, age and gender as predictors. Based on literature 
and descriptive statistics, two way interactions between season, gender, age and group were analyzed. 
Significant interactions were additionally included in the model. Standardized regression coefficients 
were calculated and were used as a measure for the clinical relevance of the findings.

Results
Question 1. Seasonality in severity of depressive and anxiety symptoms among primary care patients 
(recruitment population)
A total of 23,750 questionnaires was sent out. 10,706 K- 10 questionnaires were returned (45%). Those 
returning the K-10 (10,706) were more likely to be women (59.3% versus 50.0%, p < .001) and older (44.4 
versus 39.0 years, p < .001) compared to those not returning the screener. The date the K-10 was filled 
out could be recovered for 5,563 participants from the field sites in Amsterdam and Groningen. Because 
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Figure 1  Kessler-10 screening Questionnaire: mean score per season. 
Primary care patients (n = 5549). Values are mean scores. Error bars represent standard errors of the mean. Seasons: spring (March 21 - June 20), 
autumn (September 21-December 20), winter (December 21 - March 20). There was no statistical difference between the seasons (defined as p < 0,05).

these dates were not recorded in Leiden the participants from the field site Leiden were excluded from 
the analysis. Off the remainder 14 K-10 questionnaires had 2 or more answers missing; and were excluded 
as a consequence. The resuming 5,549 participants from 44 GPs were included in the analysis, consisting 
of 3664 (66%) women and 1885 (34%) men. The mean age was 43.6 years (SE = 0.17). In Figure 1 the 
observed means and standard errors of the K-10 score are presented per season. The observed total mean 
K-10 score was 19.2 (SE = 0.11), the median score was 17 (range 10-50), the lowest scores were recorded 
in summer and the highest scores in autumn. The mean score for women was higher than the mean score 
for men. Older participants scored lower than younger participants, with younger women scoring higher 
than younger men. Amsterdam participants (n = 3392) scored higher than Groningen participants (n =
2157). In table 1 the results of the multilevel regression analysis are presented for the log transformed 
K-10 scores. The second model with the seasons as a predictor (with spring as a reference), explains 
only little more variability than the empty model as can be seen in the difference of the deviance (empty 
model 5086.6; model with seasons 5085.6). In this second model the difference between de seasons was 
not significant (summer -0.014, SE 0.019; autumn -0.002, SE 0.021; winter -0.013, SE 0.021). Adding the 
covariates gender, age and site the final model showed that these variables contribute significantly to the 
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explanation of the model (gender 0.065, SE 0.011; age 0.002, SE 0.000; site -0.127, SE 0.019) but there was 
no significant difference between the seasons (summer -0.015, SE 0.018; autumn -0.022, SE 0.019; winter 
-0.002, SE 0.019). No significant interactions were found between the seasons and these covariates, nor 
between the covariates themselves. Back transformation of the log transformed K-10 scores revealed that 
women scored 1.07 higher than men and participants in Amsterdam scored 1.15 higher than participants 
in Groningen. On the highest level, there was a significant difference of 1.01 points between the GP’s.

Question 2 & 3. Seasonality in severity of depressive and anxiety symptoms and type of depressive 
symptoms in patients with a current depressive and/or anxiety disorder and in healthy controls
Data comprised 1,090 participants (691 women = 63.4%) of the NESDA cohort (2,981 participants) who 
met the criteria of one of four groups and completed the IDS: HC (n = 465), MDD (n = 131), AAD (n = 
134), MDD + AAD (n = 360). The BAI and the FQ had one participant missing, resulting in 1089 included 
participants. 16 Participants were excluded due to missing items on At- IDS (1.5%) resulting in 1074 
participants in the analysis of At-IDS. 57 Participants were excluded due to missing items on Me-IDS 
(5.2%) resulting in 1033 participants in the analysis of Me-IDS.

2.1. Severity of depressive symptoms
Figure 2 presents the observed means and standard errors of the IDS by season for the four groups. The 
observed mean score was lowest for autumn (20.9, SE 0.90) and highest for winter (25.7, SE 1.00), with 
intermediate scores for spring (22.0, SE 1.01) and summer (21.7, SE 1.01). As expected, the observed 

Figure 1 Kessler-10 screening Questionnaire: mean score per season. Primary care patients (n = 5549). Values are mean scores. Error bars
represent standard errors of the mean. Seasons: spring (March 21 - June 20), autumn (September 21-December 20), winter (December 21 -
March 20). There was no statistical difference between the seasons (defined as p < 0,05).

Table 1 Model of the log transformated scores of the Kessler-10 questionnaire

Empty model1 Seasons2 Full model3

Fixed Effect b (SE) b (SE) b (SE)

Intercept 2.887 (0.013) 2.863 (0.024) 2.984 (0.025)

Spring (reference)

Summer -0.014 (0.019) -0.015 (0.018)

Autumn -0.002 (0.021) 0.022 (0.019)

Winter -0.013 (0.021) -0.002 (0.019)

Men (reference)

Women 0.065 (0.011)*

Age -0.002 (0.000)*

Amsterdam (reference)

Groningen -0.127 (0.019)*

Random Effect

Level two: General practitioner Intercept variance 0.007 (0.002) 0.007 (0.002) 0.002 (0.001)*

Level one: Individual variance 0.144 (0.003) 0.144 (0.003) 0.142 (0.003)

Deviance 5086.6 5085.6 4928.3

b = Beta

SE = standard error

* p < 0.05
1) Empty model
2) Model with seasons
3) Full model with seasons and covariates

Winthorst et al. BMC Psychiatry 2011, 11:198
http://www.biomedcentral.com/1471-244X/11/198

Page 5 of 18

Table 1  Model of the log transformated scores of the Kessler-10 questionnaire
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Figure 2 Inventory of Depressive Symptoms*: mean score per season. 
*30 Item self-report version of the Inventory of Depressive Symptoms. Total group (n = 1090), ▬ = Healthy Control (n = 465), ▲ = Any Anxiety disor-
der last month (n = 134), ■ = Major Depression last month (n = 131), ● = Major Depression and Any Anxiety Disorder last month (n = 360). Values are 
mean scores. Error bars represent Standard Errors of the mean.

mean score increased with the severity of the pathology: HC scored 8.2 (SE 0.34), patients with AAD 
20.7 (SE 0.83), patients with MDD 32.1 (SE 0.93) and patients with MDD + AAD 38.0 (SE 0.57). Taking 
all seasons together, the observed mean score for men was 21.2 (SE 0.83) and for women 23.2 (SE 0.61). 
In tables 2 and 3 the results of the regression analysis are presented. In the model with only groups as 

Table 2  IDS total score: regression model with groups and model with seasons

women 13.6 (SE 0.46). The observed mean score for HC
was 3.9 (SE 0.23), for patients with AAD 15.8 (SE 0.88),
for patients with MDD 14.9 (SE 0.90) and for patients
with MDD + AAD 13.0 (SE 0.36). In Figure 3 the
observed means and standard errors of the BAI are pre-
sented by season for the four groups.
In tables 4 and 5 the results of the regression analysis

are presented. In the model with only groups as predic-
tor, the difference between the groups was significant
with a medium to large effect size. In the second model
with the seasons as predictor there were no significant
differences between the seasons. Adding the predictors
gender and age revealed that women scored significantly
higher than men but there was no significant age effect.
In this model with seasons and covariates there was still
no significant difference between the seasons. In the full
model with seasons, covariates and interactions there
were significant two way interactions between season
and group: Patients with a MDD scored lower in winter
compared to summer (-2.9) and patients with MDD +
AAD scored lower in spring compared to the summer
(-2.9). There were significant main effects for the
groups: patients with MDD and AAD scored higher
than HC (+ 11.8). This was reduced in winter for
patients with MDD (+ 8.9). Patients with MDD + AAD
scored higher than HC (+20.2) which was reduced in
winter (+ 17.3). There was a significant main effect for
gender; women scored higher than men (+1.2). There
was no significant main effect of age and there were no

significant two way interactions between age and gender,
age and season, age and group, gender and group or
season and gender. In the final model the effect size was
large for the groups but small for the seasons and inter-
actions terms as can be seen from the unstandardized
and standardized regression coefficients.

2.3 Severity of anxiety symptoms (FQ)
The observed mean score was low for autumn (22.9 SE
1.2) and spring (23.9 SE 1.20), and high for summer
(26.4 SE 1.35) and winter (27.0 SE 1, 23). The observed
mean score for men was 21.9 (SE 0.97) and for women
26.7 (SE 0.81). In Figure 4 the observed means and stan-
dard errors of the FQ are presented by season for the
four groups.
In tables 6 and 7 the results of the regression analysis

are presented. In the model with only groups as predic-
tor, the difference between the groups was significant
with a small to large effect size. In the second model
with the seasons as predictor there were no significant
differences between the seasons. Adding the predictors
gender and age revealed that women scored significantly
higher than men but there was no significant age effect.
In this model with seasons and covariates there was still
no significant difference between the seasons. In the full
model with seasons, covariates and interactions there
were significant two way interactions between season
and gender with women scoring higher in summer and
autumn compared tot men (+7.1). The difference

Table 2 IDS total score: regression model with groups and model with seasons

Main Effects B SE LB UB b p B SE LB UB b p

Intercept 8.24 0.43 7.40 9.08 < 0.01* 7.90 0.66 6.60 9.20 < 0.01*

HC (reference)

MDD 23.86 0.92 22.06 25.66 .73 < 0.01* 23.74 0.92 21.94 25.55 .73 < 0.01*

AAD 12.45 0.91 10.67 14.23 .38 < 0.01* 12.34 0.91 10.55 14.14 .38 < 0.01*

MDD + AAD -6.55 1.31 -9.12 -3.98 -.19 < 0.01* -6.41 1.32 -8.99 -3.83 -.19 < 0.01*

Summer (reference)

Autumn 0.14 0.77 -1.38 1.65 .00 0.86

Winter 1.09 0.82 -0.53 2.70 .03 0.19

Spring 0.46 0.82 - 1.16 2.07 .01 0.58

IDS = Inventory of Depressive Symptoms

B = Unstandardized Coefficient

SE = standard error of B

LB = Lower Bound of 95% Confidence Interval for B

UB = Upper Bound of 95% Confidence Interval for B

b = Standardized Coefficient

* p < 0.05

HC = Healthy Control

MDD = Major Depressive Disorder

AAD = Any Anxiety Disorder

MDD + AAD = Major Depressive Disorder + Any Anxiety Disorder

Note: adjusted R2 Model with groups = 0,675

Note: adjusted R2 Model with seasons = 0,674

Winthorst et al. BMC Psychiatry 2011, 11:198
http://www.biomedcentral.com/1471-244X/11/198
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are presented. In the model with only groups as predic-
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with a small to large effect size. In the second model
with the seasons as predictor there were no significant
differences between the seasons. Adding the predictors
gender and age revealed that women scored significantly
higher than men but there was no significant age effect.
In this model with seasons and covariates there was still
no significant difference between the seasons. In the full
model with seasons, covariates and interactions there
were significant two way interactions between season
and gender with women scoring higher in summer and
autumn compared tot men (+7.1). The difference
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B = Unstandardized Coefficient

SE = standard error of B

LB = Lower Bound of 95% Confidence Interval for B

UB = Upper Bound of 95% Confidence Interval for B

b = Standardized Coefficient

* p < 0.05

HC = Healthy Control

MDD = Major Depressive Disorder

AAD = Any Anxiety Disorder

MDD + AAD = Major Depressive Disorder + Any Anxiety Disorder

Note: adjusted R2 Model with groups = 0,675

Note: adjusted R2 Model with seasons = 0,674
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Table 3 IDS total score: regression model with groups, seasons, covariates and full model with interactions

between women and men was levelled in spring and
marginal in winter (+1). There were significant main
effects for the groups: patients with MDD scored 12
points higher than HC, patients with AAD scored 17.1
points higher than HC and patients with MDD an AAD
scored 27.4 points higher than HC. There was no signif-
icant main effect of age and there were no significant
two way interactions between age and gender, age and
season, age and group, gender and group or season and
group. In the final model the effect size was medium for
the groups but small for the seasons and interactions
terms as can be seen from the unstandardized and stan-
dardized regression coefficients.

3.1. Atypical depressive symptoms
In Figure 5 the observed means and standard errors of
the atypical symptoms are presented by season for the
four groups. The observed mean score was lowest for
autumn (5.4, SE 0.13) and highest for winter (6.1 SE
0.15), with intermediate scores for spring (5.6 SE 0.14)

and summer (5.5 SE .15). The observed mean score for
HC was 4.3 (SE 0.07), for patients with AAD 5.5 (SE
0.16), for patients with MDD 6.5 (SE 0.20) and for
patients with MDD + AAD 7.2 (SE 0.12). Taking all sea-
sons into account, the observed mean score for men was
5.2 (SE 0.11) and 5.9 (SE 0.09) for women.
In tables 8 and 9 the results of the regression analysis

are presented. In the model with only groups as predic-
tor, the difference between the groups was significant
with a small to large effect size. In the second model
with the seasons as predictor there were no significant
differences between the seasons. Adding the predictors
gender and age revealed that women scored significantly
higher than men and younger participants scored signifi-
cantly higher than older participants. In this model with
seasons and covariates there was no significant differ-
ence between the seasons. In the full model with sea-
sons, covariates and interactions there were significant
two way interactions between gender and season and
between gender and age. Women scored lower in

Table 3 IDS total score: regression model with groups, seasons, covariates and full model with interactions

Main Effects B SE LB UB b p B SE LB UB b p

Intercept 5.83 1.18 3.50 8.15 < 0.01* 4.60 1.00 2.64 6.56 < 0.01*

HC (reference)

MDD 23.75 0.92 21.95 25.55 .72 < 0.01* 24.80 0.97 22.90 26.69 .76 < 0.01*

AAD 12.37 0.91 10.58 14.16 .38 < 0.01* 12.36 0.91 10.58 14.15 .38 < 0.01*

MDD + AAD -6.51 1.31 -9.09 -3.94 -.19 < 0.01* -6.63 1.31 -9.19 -4.06 -.19 < 0.01*

Summer (reference)

Autumn 0.12 0.77 -1.40 1.63 .00 0.88 2.94 1.25 0.48 5.39 .08 0.02*

Winter 1.08 0.82 -0.53 2.70 .03 0.19 6.28 1.50 3.35 9.21 .16 < 0.01*

Spring 0.45 0.82 -1.16 2.07 .01 0.59 2.72 1.37 0.04 5.40 .07 0.05*

Men (reference)

Women 1.36 0.58 0.21 2.50 .40 0.002* 4.70 1.18 2.38 7.02 .14 < 0.01*

Age 0.03 0.02 -0.01 0.07 .02 0.16

Two way interactions

Winter & MDD -3.74 1.33 -6.35 -1.13 .08 < 0.01*

Autumn & Women -4.53 1.58 -7.64 -1.43 -.11 < 0.01*

Winter & Women -5.34 1.68 -8.63 -2.04 -.12 < 0.01*

Spring & Women -3.72 1.70 -7.07 -0.38 -.08 0.03*

IDS = Inventory of depressive Symptoms

B = Unstandardized Coefficient

SE = standard error of B

LB = Lower Bound of 95% Confidence Interval for B

UB = Upper Bound of 95% Confidence Interval for B

b = Standardized Coefficient

* p < 0.05

HC = Healthy Control

MDD = Major Depressive Disorder

AAD = Any Anxiety Disorder

MDD + AAD = Major Depressive Disorder + Any Anxiety Disorder

Note: adjusted R2 Model with seasons and covariates = 0,675

Note: adjusted R2 Full model with seasons, covariates and interactions = 0,680
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predictor, the difference between the groups was significant with a medium to large effect size. In the 
second model with the seasons as predictor there were no significant differences between the seasons. 
Adding the predictors gender and age revealed that women scored significantly higher than men but there 
was no significant age effect. In this model with seasons and covariates there was no significant difference 
between the seasons. In the full model with seasons, covariates and interactions there were significant 
two way interactions between gender and season, meaning that the difference in score between men 
and women varied per season. Women scored higher than men in spring and summer (+1.0, +4.7 resp.), 
the difference diminishing in autumn (+ 0.2) and reversing in winter with women scoring lower than 
men (-0.6). There was also a significant two way interaction between group and season: the difference 
between winter and summer was 3.7 points smaller for MDD patients (+2.6) than for the other groups 
(+6.3). There was no significant main effect of age, nor were there any significant two way interactions 
between age and group, age and season, age and gender, and gender and group. In the final model the 
effect size was large for the groups but small for the seasons and interactions terms as can be seen from 
the unstandardized and standardized regression coefficients.

2.2 Severity of anxiety symptoms (BAI)
The observed mean score was lowest for autumn (12.3 SE 0.69) and highest for winter (13.9 SE 0.70). The 
observed mean score for men was 11.9 (SE 0.59) and for women 13.6 (SE 0.46). The observed mean score 
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for HC was 3.9 (SE 0.23), for patients with AAD 15.8 (SE 0.88), for patients with MDD 14.9 (SE 0.90) and 
for patients with MDD + AAD 13.0 (SE 0.36). In figure 3 the observed means and standard errors of the 
BAI are presented by season for the four groups. 
In tables 4 and 5 the results of the regression analysis are presented. In the model with only groups as 
predictor, the difference between the groups was significant with a medium to large effect size. In the 
second model with the seasons as predictor there were no significant differences between the seasons. 
Adding the predictors gender and age revealed that women scored significantly higher than men but 
there was no significant age effect. In this model with seasons and covariates there was still no significant 
difference between the seasons.  In the full model with seasons, covariates and interactions there were 
significant two way interactions between season and group: Patients with a MDD scored lower in winter 
compared to summer (-2.9) and patients with MDD + AAD scored lower in spring compared to the 
summer (-2.9). There were significant main effects for the groups: patients with MDD and AAD scored 
higher than HC (+ 11.8). This was reduced in winter for patients with MDD (+ 8.9).  Patients with MDD 
+ AAD scored higher than HC (+20.2) which was reduced in winter (+ 17.3). 
There was a significant main effect for gender; women scored higher than men (+1.2). There was no 
significant main effect of age and there were no significant two way interactions between age and gender, 
age and season, age and group, gender and group or season and gender. In the final model the effect 
size was large for the groups but small for the seasons and interactions terms as can be seen from the 
unstandardized and standardized regression coefficients.
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Figure 3  Becks Anxiety Inventory*: mean score per season. *21-item self-report version. Total group (n = 1089), ▬ = Healthy Control (n =
465), ▲ = Any Anxiety disorder last month (n = 133), ■ = Major Depression last month (n = 131), ● = Major Depression and Any Anxiety
Disorder last month (n = 360). Values are mean scores. Error bars are Standard Errors of the mean.
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2.3 Severity of anxiety symptoms (FQ)
The observed mean score was low for autumn (22.9 SE 1.2) and spring (23.9 SE 1.20), and high for summer 
(26.4 SE 1.35) and winter (27.0 SE 1, 23). The observed mean score for men was 21.9 (SE 0.97) and for 
women 26.7 (SE 0.81). In figure 4 the observed means and standard errors of the FQ are presented by 
season for the four groups. In tables 6 and 7 the results of the regression analysis are presented. In the 
model with only groups as predictor, the difference between the groups was significant with a small to large 
effect size. In the second model with the seasons as predictor there were no significant differences between 

Figure 3 Becks Anxiety Inventory*: mean score per season. *21-item self-report version. Total group (n = 1089), ▬ = Healthy Control (n =
465), ▲ = Any Anxiety disorder last month (n = 133), ■ = Major Depression last month (n = 131), ● = Major Depression and Any Anxiety
Disorder last month (n = 360). Values are mean scores. Error bars are Standard Errors of the mean.

Table 4 Becks Anxiety Inventory: regression model with groups and model with seasons

Main Effects B SE LB UB b p B SE LB UB b p

Intercept 3.94 0.40 3.15 4.72 < 0.01* 3.84 0.62 2.63 5.05 < 0.01*

HC (reference)

MDD 10.92 0.85 9.24 12.60 .46 < 0.01* 11.02 0.86 9.34 12.71 .46 < 0.01*

AAD 11.91 0.85 10.24 13.57 .50 < 0.01* 12.01 0.86 10.33 13.69 .50 < 0.01*

MDD + AAD -3.93 1.22 -6.33 -1.53 -.16 < 0.01* -4.05 1.23 -6.47 -1.64 -.16 < 0.01*

Summer (reference)

Autumn 0.36 0.72 -1.05 1.78 .01 0.61

Winter -0.54 0.77 -2.05 0.97 .02 0.48

Spring 0.26 0.77 -1.24 1.77 .009 0.73

B = Unstandardized Coefficient

SE = standard error of B

LB = Lower Bound of 95% Confidence Interval for B

UB = Upper Bound of 95% Confidence Interval for B

b = Standardized Coefficient

* p < 0.05

HC = Healthy Control

MDD = Major Depressive Disorder

AAD = Any Anxiety Disorder

MDD + AAD = Major Depressive Disorder + Any Anxiety Disorder

Note: adjusted R2 Model with groups = 0,478

Note: adjusted R2 Model with seasons = 0,477
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Table 5  Becks Anxiety Inventory: regression model with groups, seasons, covariates and full model with interactions

autumn compared to summer (-0.7) and for every addi-
tional year of age women scored lower (-0.02), resulting
in a 0.9 points diminished score for a 65 year old
woman and a 0.5 points diminished score for a 43-year
old woman compared to 18-year old woman. There was
a significant main effect for the winter compared to
summer (+0.3). There were significant main effects for
the groups: patients with AAD, MMD and MMD +
AAD scored higher than HC (resp. + 1.2, + 2.3, + 2.9).
There were no significant two way interactions between
age and season, age and group, gender and group or
season and group. In the final model the effect size was
medium to large for the groups but small for the sea-
sons and interactions terms as can be seen from the
unstandardized and standardized regression coefficients.

3.2 Melancholic depressive symptoms
The observed mean score was lowest for summer and
autumn (5.0, SE 0.29) and highest for winter (6.0 SE
0.31). The observed mean score for both men and
women was 5.3 (SE resp. 0.26 and 0.18). The observed
mean score for HC was 1.6 (SE 0.10), for patients with
AAD 4.5 (SE 0.30), for patients with MDD 8.2 (SE 0.36)
and for patients with MDD + AAD 9.4 (SE 0.20). In Fig-
ure 6 the observed means and standard errors of the

atypical symptoms are presented by season for the four
groups.
In tables 10 and 11 the results of the regression analy-

sis are presented. In the model with only groups as pre-
dictor, the difference between the groups was significant
with a medium to large effect size. In the second model
with the seasons as predictor there were no significant
differences between the seasons. Adding the predictors
gender and age revealed that there was no significant
effect for gender or age. In this model with seasons and
covariates there was still no significant difference
between the seasons. In the full model with seasons,
covariates and interactions there was a significant two
way interaction between gender and group: women with
a MDD scored lower than men with MDD (-1.1)
whereas there was no difference in score between men
and women for the other groups. There was also a sig-
nificant two way interaction between season and group:
patients with MDD scored lower in winter (-0.4) com-
pared to the summer whereas the other groups scored
higher in winter compared to summer (+0.7). There
were significant main effects for the groups: patients
with AAD scored higher than HC (+2.9) and patients
with MDD + AAD scored 8.8 points higher than HC.
Taking the interactions mentioned into account, men

Table 5 Becks Anxiety Inventory: regression model with groups, seasons, covariates and full model with interactions

Main Effects B SE LB UB b p B SE LB UB b p

Intercept 3.09 0.70 1.71 4.46 < 0.01* 2.62 0.72 1.21 4.03 < 0.01*

HC (reference)

MDD 11.07 0.86 9.39 12.75 .46 < 0.01* 11.81 0.91 10.03 13.60 .49 < 0.01*

AAD 12.02 0.85 10.35 13.70 .50 < 0.01* 11.83 0.85 10.15 13.51 .49 < 0.01*

MDD + AAD -4.16 1.23 -6.57 -1.76 -.16 < 0.01* -3.43 1.27 -5.91 -0.95 -.14 < 0.01*

Summer (reference)

Autumn 0.34 0.72 -1.07 1.75 .01 0.64 0.35 0.72 -1.06 1.76 .01 0.63

Winter -0.55 0.77 -2.05 0.96 .02 0.48 0.92 1.01 -1.05 2.89 .03 0.36

Spring 0.20 0.77 -1.30 1.71 .007 0.27 1.13 0.88 -0.60 2.86 .04 0.20

Men (reference)

Women 1.24 0.54 0.17 2.31 .05 0.02* 1.23 0.54 0.16 2.29 .05 0.02*

Two way interactions

Winter & MDD -2.93 1.28 -5.44 -0.42 -.08 0.02*

Spring & MDD + AAD -2.86 1.37 -5.53 -0.18 -.06 0.04*

B = Unstandardized Coefficient

SE = standard error of B

LB = Lower Bound of 95% Confidence Interval for B

UB = Upper Bound of 95% Confidence Interval for B

b = Standardized Coefficient

* p < 0.05

HC = Healthy Control

MDD = Major Depressive Disorder

AAD = Any Anxiety Disorder

MDD + AAD = Major Depressive Disorder + Any Anxiety Disorder

Note: adjusted R2 Model with seasons and covariates = 0,480

Note: adjusted R2 Full model with seasons, covariates and interactions = 0,482
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autumn compared to summer (-0.7) and for every addi-
tional year of age women scored lower (-0.02), resulting
in a 0.9 points diminished score for a 65 year old
woman and a 0.5 points diminished score for a 43-year
old woman compared to 18-year old woman. There was
a significant main effect for the winter compared to
summer (+0.3). There were significant main effects for
the groups: patients with AAD, MMD and MMD +
AAD scored higher than HC (resp. + 1.2, + 2.3, + 2.9).
There were no significant two way interactions between
age and season, age and group, gender and group or
season and group. In the final model the effect size was
medium to large for the groups but small for the sea-
sons and interactions terms as can be seen from the
unstandardized and standardized regression coefficients.

3.2 Melancholic depressive symptoms
The observed mean score was lowest for summer and
autumn (5.0, SE 0.29) and highest for winter (6.0 SE
0.31). The observed mean score for both men and
women was 5.3 (SE resp. 0.26 and 0.18). The observed
mean score for HC was 1.6 (SE 0.10), for patients with
AAD 4.5 (SE 0.30), for patients with MDD 8.2 (SE 0.36)
and for patients with MDD + AAD 9.4 (SE 0.20). In Fig-
ure 6 the observed means and standard errors of the

atypical symptoms are presented by season for the four
groups.
In tables 10 and 11 the results of the regression analy-

sis are presented. In the model with only groups as pre-
dictor, the difference between the groups was significant
with a medium to large effect size. In the second model
with the seasons as predictor there were no significant
differences between the seasons. Adding the predictors
gender and age revealed that there was no significant
effect for gender or age. In this model with seasons and
covariates there was still no significant difference
between the seasons. In the full model with seasons,
covariates and interactions there was a significant two
way interaction between gender and group: women with
a MDD scored lower than men with MDD (-1.1)
whereas there was no difference in score between men
and women for the other groups. There was also a sig-
nificant two way interaction between season and group:
patients with MDD scored lower in winter (-0.4) com-
pared to the summer whereas the other groups scored
higher in winter compared to summer (+0.7). There
were significant main effects for the groups: patients
with AAD scored higher than HC (+2.9) and patients
with MDD + AAD scored 8.8 points higher than HC.
Taking the interactions mentioned into account, men

Table 5 Becks Anxiety Inventory: regression model with groups, seasons, covariates and full model with interactions

Main Effects B SE LB UB b p B SE LB UB b p

Intercept 3.09 0.70 1.71 4.46 < 0.01* 2.62 0.72 1.21 4.03 < 0.01*

HC (reference)

MDD 11.07 0.86 9.39 12.75 .46 < 0.01* 11.81 0.91 10.03 13.60 .49 < 0.01*

AAD 12.02 0.85 10.35 13.70 .50 < 0.01* 11.83 0.85 10.15 13.51 .49 < 0.01*

MDD + AAD -4.16 1.23 -6.57 -1.76 -.16 < 0.01* -3.43 1.27 -5.91 -0.95 -.14 < 0.01*

Summer (reference)

Autumn 0.34 0.72 -1.07 1.75 .01 0.64 0.35 0.72 -1.06 1.76 .01 0.63

Winter -0.55 0.77 -2.05 0.96 .02 0.48 0.92 1.01 -1.05 2.89 .03 0.36

Spring 0.20 0.77 -1.30 1.71 .007 0.27 1.13 0.88 -0.60 2.86 .04 0.20

Men (reference)

Women 1.24 0.54 0.17 2.31 .05 0.02* 1.23 0.54 0.16 2.29 .05 0.02*

Two way interactions

Winter & MDD -2.93 1.28 -5.44 -0.42 -.08 0.02*

Spring & MDD + AAD -2.86 1.37 -5.53 -0.18 -.06 0.04*

B = Unstandardized Coefficient

SE = standard error of B

LB = Lower Bound of 95% Confidence Interval for B

UB = Upper Bound of 95% Confidence Interval for B

b = Standardized Coefficient

* p < 0.05

HC = Healthy Control

MDD = Major Depressive Disorder

AAD = Any Anxiety Disorder

MDD + AAD = Major Depressive Disorder + Any Anxiety Disorder

Note: adjusted R2 Model with seasons and covariates = 0,480

Note: adjusted R2 Full model with seasons, covariates and interactions = 0,482
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Figure 4  Fear Questionnaire*: mean score per season. * 15 item self report version. Total group (n = 1089), ▬ = Healthy Control (n = 465),
 ▲ = Any Anxiety disorder last month (n = 133), ■ = Major Depression last month (n = 131), ● = Major Depression and Any Anxiety Disorder last
month (n = 360). Values are mean scores. Error bars are Standard Errors of the mean.
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= Any Anxiety disorder last month (n = 133), ■ = Major Depression last month (n = 131), ● = Major Depression and Any Anxiety Disorder last
month (n = 360). Values are mean scores. Error bars are Standard Errors of the mean.

Table 6 Fear Questionnaire: regression model with groups and model with seasons

Main Effects B SE LB UB b p B SE LB UB b p

Intercept 12.29 0.78 10.76 13.83 < 0.01* 13.91 1.21 11.54 16.28 < 0.01*

HC (reference)

MDD 11.82 1.67 8.55 15.10 .28 < 0.01* 11.81 1.68 8.52 15.10 .28 < 0.01*

AAD 17.02 1.66 13.77 20.28 .41 < 0.01* 16.96 1.67 13.68 20.24 .41 < 0.01*

MDD + AAD -1.27 2.39 -5.96 3.43 -.03 0.60 -1.23 2.40 -5.94 3.48 -.03 0.61

Summer (reference)

Autumn -2.18 1.41 -4.95 0.58 .05 0.12

Winter -1.62 1.50 -4.57 1.33 .03 0.28

Spring -2.43 1.50 -5.38 0.51 .05 0.11

B = Unstandardized Coefficient

SE = standard error of B

LB = Lower Bound of 95% Confidence Interval for B

UB = Upper Bound of 95% Confidence Interval for B

b = Standardized Coefficient

* p < 0.05

HC = Healthy Control

MDD = Major Depressive Disorder

AAD = Any Anxiety Disorder

MDD + AAD = Major Depressive Disorder + Any Anxiety Disorder

Note: adjusted R2 Model with groups = 0,335

Note: adjusted R2 Model with seasons = 0,336
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Table 6  Fear Questionnaire: regression model with groups and model with seasons

the seasons. Adding the predictors gender and age revealed that women scored significantly higher than 
men but there was no significant age effect. In this model with seasons and covariates there was still no 
significant difference between the seasons. In the full model with seasons, covariates and interactions there 
were significant two way interactions between season and gender with women scoring higher in summer 
and autumn compared tot men (+7.1). The difference between women and men was levelled in spring and 
marginal in winter (+1). There were significant main effects for the groups: patients with MDD scored 12 
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points higher than HC, patients with AAD scored 17.1 points higher than HC and patients with MDD an 
AAD scored 27.4 points higher than HC. There was no significant main effect of age and there were no 
significant two way interactions between age and gender, age and season, age and group, gender and group 
or season and group. In the final model the effect size was medium for the groups but small for the seasons 
and interactions terms as can be seen from the unstandardized and standardized regression coefficients.

3.1. Atypical depressive symptoms 
In figure 5 the observed means and standard errors of the atypical symptoms are presented by season for 
the four groups. The observed mean score was lowest for autumn (5.4, SE 0.13) and highest for winter (6.1 
SE 0.15), with intermediate scores for spring (5.6 SE 0.14) and summer (5.5 SE .15). The observed mean 
score for HC was 4.3 (SE 0.07), for patients with AAD 5.5 (SE 0.16), for patients with MDD 6.5 (SE 0.20) 
and for patients with MDD + AAD 7.2 (SE 0.12). Taking all seasons into account, the observed mean score 
for men was 5.2 (SE 0.11) and 5.9 (SE 0.09) for women.
In tables 8 and 9 the results of the regression analysis are presented. In the model with only groups as 
predictor, the difference between the groups was significant with a small to large effect size. In the second 
model with the seasons as predictor there were no significant differences between the seasons. Adding 
the predictors gender and age revealed that women scored significantly higher than men and younger 
participants scored significantly higher than older participants. In this model with seasons and covariates 
there was no significant difference between the seasons. In the full model with seasons, covariates and 
interactions there were significant two way interactions between gender and season and between gender 

with MDD scored higher than HC (+7.5); this was
reduced to +6.6 points for women (-0.9) and to +5.5
(-1.1) points for women in winter. There was no signifi-
cant main effect of age and there were no significant
two way interactions between season and gender, age
and gender, age and season, age and group. In the final
model the effect size was medium to large for the
groups but small for the seasons and interactions terms
as can be seen from the unstandardized and standar-
dized regression coefficients.

Discussion
The main findings of this study can be summarized as
follows. 1) Using a general screening questionnaire, no
seasonal pattern in the severity of depressive and anxiety
symptoms among primary care patients visiting their
general practitioner for any reason could be demon-
strated. 2) Among the four diagnostic groups of the
NESDA baseline population a small rise of depressive
symptoms was found in winter for healthy controls and
for patients with any anxiety disorder but neither for
patients with a major depression nor for patients with a
major depression and an anxiety disorder. Statistical sig-
nificant differences between the seasons were accompa-
nied by small effect sizes. 3) Both atypical and

melancholic symptoms were slightly higher in winter. A
distinguishing seasonal pattern in type of (i.e. atypical or
melancholic) depressive symptoms could not be demon-
strated. For anxiety symptoms (BAI) no seasonal effect
could be demonstrated. For symptoms of fear and
avoidance (FQ) a small gender related seasonal effect
was found with more complaints among women in sum-
mer and autumn.
The finding of no seasonal pattern in the severity of

depressive and anxiety symptoms in a primary care
population (question 1) contrasts to the findings of
Mersch et al. [14] who did find seasonality in depressive
symptoms as measured with the CES-D scores, and with
Oyane et al. [15] who found modest seasonal variations
in the depression scores on the Hospital Anxiety and
Depression Scale (HADS), both in samples of the gen-
eral population. These opposing findings might be
explained by differences in the populations under scru-
tiny: general population versus primary care population
which could reflect a source of selection bias indepen-
dent of season. However the results of our study are in
line with studies in the general population that failed to
demonstrate seasonal fluctuation in the prevalence of
depression using general diagnostic instruments like the
BDI and the CIDI [10,12]. The results of our study are

Table 7 Fear Questionnaire: regression model with groups, seasons, covariates and full model with interactions

Main Effects B SE LB UB b p B SE LB UB b p

Intercept 11.42 1.36 8.75 14.10 < 0.01* 9.56 1.48 1.21 6.65 < 0.01*

HC (reference)

MDD 11.97 1.67 8.70 15.24 .29 < 0.01* 11.98 1.67 10.03 8.72 .29 < 0.01*

AAD 17.01 1.66 13.75 20.26 .41 < 0.01* 17.07 1.66 10.15 13.82 .41 < 0.01*

MDD + AAD -1.60 2.39 -6.28 3.09 -.04 0.51 -1.68 2.38 -5.91 -6.36 -.04 < 0.48

Summer (reference)

Autumn -2.26 1.40 -5.01 0.49 -.05 0.11 -2.31 1.40 -1.06 -5.05 .05 0.09

Winter -1.63 1.49 -4.56 1.29 .03 0.27 2.17 2.19 -1.05 -2.13 .04 0.32

Spring -2.63 1.49 -5.56 0.30 .05 0.78 1.91 2.28 -0.60 -2.56 .04 0.40

Men (reference)

Women 4.09 1.06 2.01 6.16 .10 < 0.01* 7.10 1.43 0.16 4.29 .17 < 0.01*

Two way interactions

Spring & Women -7.05 2.60 -5.44 -11.24 -.10 0.02*

Winter & Women -6.14 2.65 -5.53 -12.25 -.12 < 0.01*

B = Unstandardized Coefficient

SE = standard error of B

LB = Lower Bound of 95% Confidence Interval for B

UB = Upper Bound of 95% Confidence Interval for B

b = Standardized Coefficient

* p < 0.05

HC = Healthy Control

MDD = Major Depressive Disorder

AAD = Any Anxiety Disorder

MDD + AAD = Major Depressive Disorder + Any Anxiety Disorder

Note: adjusted R2 Model with seasons and covariates = 0,344

Note: adjusted R2 Full model with seasons, covariates and interactions = 0,349
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cant main effect of age and there were no significant
two way interactions between season and gender, age
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model the effect size was medium to large for the
groups but small for the seasons and interactions terms
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major depression and an anxiety disorder. Statistical sig-
nificant differences between the seasons were accompa-
nied by small effect sizes. 3) Both atypical and

melancholic symptoms were slightly higher in winter. A
distinguishing seasonal pattern in type of (i.e. atypical or
melancholic) depressive symptoms could not be demon-
strated. For anxiety symptoms (BAI) no seasonal effect
could be demonstrated. For symptoms of fear and
avoidance (FQ) a small gender related seasonal effect
was found with more complaints among women in sum-
mer and autumn.
The finding of no seasonal pattern in the severity of

depressive and anxiety symptoms in a primary care
population (question 1) contrasts to the findings of
Mersch et al. [14] who did find seasonality in depressive
symptoms as measured with the CES-D scores, and with
Oyane et al. [15] who found modest seasonal variations
in the depression scores on the Hospital Anxiety and
Depression Scale (HADS), both in samples of the gen-
eral population. These opposing findings might be
explained by differences in the populations under scru-
tiny: general population versus primary care population
which could reflect a source of selection bias indepen-
dent of season. However the results of our study are in
line with studies in the general population that failed to
demonstrate seasonal fluctuation in the prevalence of
depression using general diagnostic instruments like the
BDI and the CIDI [10,12]. The results of our study are

Table 7 Fear Questionnaire: regression model with groups, seasons, covariates and full model with interactions

Main Effects B SE LB UB b p B SE LB UB b p

Intercept 11.42 1.36 8.75 14.10 < 0.01* 9.56 1.48 1.21 6.65 < 0.01*

HC (reference)

MDD 11.97 1.67 8.70 15.24 .29 < 0.01* 11.98 1.67 10.03 8.72 .29 < 0.01*

AAD 17.01 1.66 13.75 20.26 .41 < 0.01* 17.07 1.66 10.15 13.82 .41 < 0.01*

MDD + AAD -1.60 2.39 -6.28 3.09 -.04 0.51 -1.68 2.38 -5.91 -6.36 -.04 < 0.48

Summer (reference)

Autumn -2.26 1.40 -5.01 0.49 -.05 0.11 -2.31 1.40 -1.06 -5.05 .05 0.09

Winter -1.63 1.49 -4.56 1.29 .03 0.27 2.17 2.19 -1.05 -2.13 .04 0.32

Spring -2.63 1.49 -5.56 0.30 .05 0.78 1.91 2.28 -0.60 -2.56 .04 0.40

Men (reference)

Women 4.09 1.06 2.01 6.16 .10 < 0.01* 7.10 1.43 0.16 4.29 .17 < 0.01*

Two way interactions

Spring & Women -7.05 2.60 -5.44 -11.24 -.10 0.02*

Winter & Women -6.14 2.65 -5.53 -12.25 -.12 < 0.01*

B = Unstandardized Coefficient

SE = standard error of B

LB = Lower Bound of 95% Confidence Interval for B

UB = Upper Bound of 95% Confidence Interval for B

b = Standardized Coefficient

* p < 0.05

HC = Healthy Control

MDD = Major Depressive Disorder

AAD = Any Anxiety Disorder

MDD + AAD = Major Depressive Disorder + Any Anxiety Disorder

Note: adjusted R2 Model with seasons and covariates = 0,344

Note: adjusted R2 Full model with seasons, covariates and interactions = 0,349
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Figure 5  Inventory of Depressive Symptoms*, Atypical symptoms#: mean score per season. * 30 Item self-report version of the Inventory
of Depressive Symptoms. # Atypical symptoms: summation of the scores on 5 items: mood reactivity, the highest score of either weight gain or
increase in appetite, hypersomnia, leaden paralysis, and interpersonal rejection sensitivity (score range 0 - 3, total score range 0 - 15). Total group
(n = 1074), ▬ = Healthy Control (n = 446), ▲ = Any Anxiety disorder last month (n = 129), ■ = Major Depression last month (n = 121), ● = Major
Depression and Any Anxiety Disorder last month (n = 337). Values are mean scores. Error bars are Standard Errors of the mean.

and age. Women scored lower in autumn compared to summer (-0.7) and for every additional year of 
age women scored lower (-0.02), resulting in a 0.9 points diminished score for a 65 year old woman and 
a 0.5 points diminished score for a 43-year old woman compared to 18-year old woman. There was a 
significant main effect for the winter compared to summer (+0.3). There were significant main effects for 
the groups: patients with AAD, MMD and MMD + AAD scored higher than HC (resp. + 1.2, + 2.3, + 2.9). 
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(n = 1074), ▬ = Healthy Control (n = 446), ▲ = Any Anxiety disorder last month (n = 129), ■ = Major Depression last month (n = 121), ● = Major
Depression and Any Anxiety Disorder last month (n = 337). Values are mean scores. Error bars are Standard Errors of the mean.

Table 8 Atypical symptoms of the IDS: regression model with groups and model with seasons

Main Effects B SE LB UB b p B SE LB UB b p

Intercept 4.26 0.09 4.08 4.43 < 0.01* 4.16 0.14 3.89 4.43 < 0.01*

HC (reference)

MDD 2.24 0.19 1.87 2.62 .48 < 0.01* 2.21 0.19 1.83 2.59 .48 < 0.01*

AAD 1.23 0.19 0.86 1.60 .26 < 0.01* 1.19 0.19 0.82 1.57 .26 < 0.01*

MDD + AAD -0.56 0.27 -1.10 -0.02 -.11 0.04* -0.51 0.28 -1.10 0.03 -.10 0.06

Summer (reference)

Autumn 0.02 0.16 -0.30 0.34 .004 0.90

Winter 0.34 0.17 -0.001 0.67 .06 0.51

Spring 0.13 0.17 -0.21 0.47 .02 0.45

IDS = Inventory of Depressive symptoms

B = Unstandardized Coefficient

SE = standard error of B

LB = Lower Bound of 95% Confidence Interval for B

UB = Upper Bound of 95% Confidence Interval for B

b = Standardized Coefficient

* p < 0.05

HC = Healthy Control

MDD = Major Depressive Disorder

AAD = Any Anxiety Disorder

MDD + AAD = Major Depressive Disorder + Any Anxiety Disorder

Note: adjusted R2 Model with groups = 0,312

Note: adjusted R2 Model with seasons = 0,314
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There were no significant two way interactions between age and season, age and group, gender and group 
or season and group. In the final model the effect size was medium to large for the groups but small for 
the seasons and interactions terms as can be seen from the unstandardized and standardized regression 
coefficients.

3.2 Melancholic depressive symptoms 
The observed mean score was lowest for summer and autumn (5.0, SE 0.29) and highest for winter (6.0 SE 
0.31). The observed mean score for both men and women was 5.3 (SE resp. 0.26 and 0.18). The observed 
mean score for HC was 1.6 (SE 0.10), for patients with AAD 4.5 (SE 0.30), for patients with MDD 8.2 (SE 
0.36) and for patients with MDD + AAD 9.4 (SE 0.20). In figure 6 the observed means and standard 
errors of the atypical symptoms are presented by season for the four groups. 
In tables 10 and 11 the results of the regression analysis are presented. In the model with only groups 
as predictor, the difference between the groups was significant with a medium to large effect size. In the 
second model with the seasons as predictor there were no significant differences between the seasons. 
Adding the predictors gender and age revealed that there was no significant effect for gender or age. In 
this model with seasons and covariates there was still no significant difference between the seasons. In the 
full model with seasons, covariates and interactions there was a significant two way interaction between 
gender and group:  women with a MDD scored lower than men with MDD (-1.1) whereas there was no 
difference in score between men and women for the other groups. There was also a significant two way 

also supported by Magnusson et al. [11] who reported
on the lack of seasonality in anxiety and depression,
measured with the HADS, in the Icelandic population
and by Blacker et al. [13], who found no significant sea-
sonal variation in General Health Questionnaire scores
in a primary care population. A second explanation may
be found in the difference in data collection. In the stu-
dies by Mersch et al. [14], and Oyane et al. [15] season-
ality was assessed retrospectively using questionnaires
that assessed fluctuations of symptoms over the year.
Like Nayar and Cochrane [25] we think that due to
recall bias the retrospective data collection might lead to
an overestimation of the seasonal fluctuation in severity
and prevalence of affective symptoms. In this study, as
in the study by Blacker et al. [13], seasonality was
assessed using data on presence and severity of symp-
toms collected in a cross-sectional way over the year.
The cross sectional method of sampling in our study
might have introduced a source of selection bias with
different groups of patients in different seasons. A third
explanation might be that the percentage of patients
with a specific seasonal pattern of their complaints in a

random population of patients visiting their general
practitioner is too small (ranging from 0.4 - 5.6%) to
have an effect on the mean scores of depression or anxi-
ety symptoms in that population, even if the severity of
their complaints and the health service use of these
patients is increased in the winter [26]. For example Bla-
zer et al. [17] found a prevalence of 0,4% of major
depression with a seasonal pattern and 1% of major or
minor depression with a seasonal pattern in a commu-
nity based sample, Levitt et al. [27] found a prevalence
of 2,9% of seasonal affective disorder in a community
sample, Eagles et. al. [6] found a prevalence of 5.3% of
seasonal affective disorder during the winter months in
a primary care population and Thompson et al. [1]
found a prevalence of 5.6% of seasonal affective disor-
ders in a primary care population.
The finding of minimal seasonal differences in severity

of depressive or anxiety symptoms (question 2) in var-
ious clinical groups is in agreement with the study of
Posternak and Zimmerman [9], who did not find higher
rates of depressive symptoms in winter in an out-patient
population. Seasonal fluctuation of depressive symptoms

Table 9 Atypical symptoms of the IDS: regression model with groups, seasons, covariates and full model with
interactions

B SE LB UB b p B SE LB UB b p

Intercept 4.27 0.24 3.79 4.74 < 0.01* 3.64 0.34 2.97 4.31 < 0.01*

HC (reference)

MDD 2.26 0.19 1.88 2.63 .48 < 0.01* 2.25 0.19 1.88 2.62 .48 < 0.01*

AAD 1.19 0.19 0.82 1.56 .26 < 0.01* 1.20 0.19 0.83 1.56 .26 < 0.01*

MDD + AAD -0.58 0.27 -1.10 -0.05 -.12 0.03* -0.57 0.27 -1.10 -0.04 -.12 0.04*

Summer (reference)

Autumn 0.003 0.16 -0.31 0.32 .001 0.98 0.44 0.23 -0.01 0.89 .09 0.54

Winter 0.33 0.17 0.002 0.67 .06 < 0.05* 0.34 0.17 0.01 0.67 .06 < 0.05*

Spring 0.07 0.17 -0.26 0.40 .01 0.67 0.06 0.17 -0.27 0.39 .01 0.73

Men (reference)

Women 0.65 0.12 0.42 0.89 .14 < 0.01* 1.71 0.40 0.92 2.50 .36 < 0.01*

Age -0.01 0.004 -0.02 0.03 -.07 < 0.01* 0.00 0.01 -0.01 0.01 .002 0.95

Two way interactions

Autumn & Women -0.73 0.26 -1.25 -0.22 -.13 < 0.01*

Age & Women -0.02 0.009 -0.037 -0.002 -.19 0.03*

IDS = Inventory of Depressive Symptoms

B = Unstandardized Coefficient

SE = standard error of B

LB = Lower Bound of 95% Confidence Interval for B

UB = Upper Bound of 95% Confidence Interval for B

b = Standardized Coefficient

* p < 0.05

HC = Healthy Control

MDD = Major Depressive Disorder

AAD = Any Anxiety Disorder

MDD + AAD = Major Depressive Disorder + Any Anxiety Disorder

Note: adjusted R2 Model with seasons and covariates = 0,337

Note: adjusted R2 Full model with seasons, covariates and interactions = 0,344
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Figure 6  Inventory of Depressive Symptoms*, Melancholic symptoms#: mean score per season. * 30 Item self-report version of the 
Inventory of Depressive Symptoms. # Melancholic symptoms: summation of the scores on the items loss of pleasure, lack of reactivity to usually pleasurable 
stimuli, depressed mood, regularly worse in the morning, early morning awakening, psychomotor retardation or agitation, the highest score of either 
anorexia or weight loss, and excessive or inappropriate guilt (score range 0 - 3, total score range 0 - 24). Total group (n = 1033), ▬ = Healthy Control (n 
= 446), ▲ = Any Anxiety disorder last month (n = 129), ■ = Major Depression last month (n = 121), ● = Major Depression and Any Anxiety Disorder 
last month (n = 337). Values are mean scores. Error bars are Standard Errors of the mean.

Figure 6 Inventory of Depressive Symptoms*, Melancholic symptoms#: mean score per season. * 30 Item self-report version of the
Inventory of Depressive Symptoms. # Melancholic symptoms: summation of the scores on the items loss of pleasure, lack of reactivity to usually
pleasurable stimuli, depressed mood, regularly worse in the morning, early morning awakening, psychomotor retardation or agitation, the
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interaction between season and group: patients with MDD scored lower in winter (-0.4) compared to 
the summer whereas the other groups scored higher in winter compared to summer (+0.7). There were 
significant main effects for the groups: patients with AAD scored higher than HC (+2.9) and patients 
with MDD + AAD scored 8.8 points higher than HC. Taking the interactions mentioned into account, 
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men with MDD scored higher than HC (+7.5); this was reduced to +6.6 points for women (-0.9) and 
to +5.5 (-1.1) points for women in winter. There was no significant main effect of age and there were no 
significant two way interactions between season and gender, age and gender, age and season, age and 
group. In the final model the effect size was medium to large for the groups but small for the seasons and 
interactions terms as can be seen from the unstandardized and standardized regression coefficients.

Discussion 
The main findings of this study can be summarized as follows. 1) Using a general screening questionnaire, 
no seasonal pattern in the severity of depressive and anxiety symptoms among primary care patients 
visiting their general practitioner for any reason could be demonstrated. 2) Among the four diagnostic 
groups of the NESDA baseline population a small rise of depressive symptoms was found in winter for 
healthy controls and for patients with any anxiety disorder but neither for patients with a major depression 
nor for patients with a major depression and an anxiety disorder. Statistical significant differences 
between the seasons were accompanied by small effect sizes.  3) Both atypical and melancholic symptoms 
were slightly higher in winter. A distinguishing seasonal pattern in type of (i.e. atypical or melancholic) 
depressive symptoms could not be demonstrated. For anxiety symptoms (BAI) no seasonal effect could 
be demonstrated. For symptoms of fear and avoidance (FQ) a small gender related seasonal effect was 
found with more complaints among women in summer and autumn. 
The finding of no seasonal pattern in the severity of depressive and anxiety symptoms in a primary care 
population (question 1) contrasts to the findings of Mersch et al. [14] who did find seasonality in depressive 

was even minimized in the group of patients with MDD
possibly reflecting the fact that seasonality is usually
associated with minor depression, and that once the
threshold for a major depression has been passed, sea-
sonality is less influential [3,15,28]. According to the
results of this study it can not be ruled out that seasonal
mood changes are masked by use of medication or other
types of treatment [29,30].
The third finding was that both atypical and melan-

cholic symptoms were slightly more present in winter
(question 3). We had expected to find more atypical
depressive symptoms in winter, as Blacker [13] did in
his study among primary care patients. Literature on
seasonal affective disorder describes an atypical symp-
tom profile as a feature of seasonality [3,25,30-32]
though others did not find this [33]. An explanation
might be the probably low prevalence of seasonal affec-
tive disorders in this sample leading to a very small
effect on the mean scores of depression or anxiety
symptoms in this sample. Another explanation might be
an insufficient specificity of the atypical and melancholic
specifiers as defined by the DSM IV and used in this
article. Baumeister and Parker [34] pointed to the

overlap between the different subtyping models of
depression. Like Lamers et al. [35] they drew attention
tot the ongoing debate on the best criteria to delineate
melancholic depression from atypical depression and
other depressive conditions. There is considerable dis-
cussion whether in atypical depression rejection sensitiv-
ity should be included as a main criterion instead of
mood reactivity. Novick et al. [36] argued that anxiety is
even a more central feature to atypical depression than
mood reactivity. In addition to this, they reported that
atypical depression shows more co-morbidity with anxi-
ety symptoms than melancholic depression and more
likely occurs in younger women.
This study has several strengths: its large sample size

and its diagnostic procedures based on standardized
structured interviews. Bias caused by participants that
were left out of the analysis due to missing items is lim-
ited, because those participants represent no more than
1,5% (atypical symptoms) to 5,2% (melancholic symp-
toms) of the total patient population. The major limita-
tions of this study were its cross-sectional and
naturalistic design where seasonal effects may be
masked by treatment effects. Another limitation of this

Table 11 Melancholic symptoms of the IDS: regression model with groups, seasons, covariates and full model with
interactions

Main Effects B SE LB UB b p B SE LB UB b p

Intercept 1.62 0.25 1.12 2.12 < 0.01* 1.28 0.28 0.73 1.82 < 0.01*

HC (reference)

MDD 6.64 0.31 6.03 7.26 .70 < 0.01* 7.46 0.41 6.64 8.27 .79 < 0.01*

AAD 2.94 0.31 2.34 3.54 .31 < 0.01* 2.89 0.31 2.29 3.50 .32 < 0.01*

MDD + AAD -1.69 0.45 -2.56 -0.81 -.17 < 0.01* -1.63 0.45 -2.50 -0.75 -.16 < 0.01*

Summer (reference)

Autumn 0.20 0.26 -0.31 0.72 .02 0.44 0.23 0.26 -0.28 0.75 .02 0.38

Winter 0.20 0.28 -0.35 0.75 .02 0.47 0.74 0.36 0.03 1.44 .07 0.04*

Spring 0.20 0.28 -0.35 0.74 .02 0.48 0.22 0.28 -0.33 0.76 .02 0.43

Men (reference)

Women -0.34 0.20 -0.73 0.05 .04 0.09 0.03 0.26 -0.48 0.55 .003 0.90

Two way interactions

Winter & MDD -1.06 0.45 -1.95 -0.18 -.07 0.02*

Women & MDD -0.90 0.40 -1.69 -0.12 -.09 0.02*

IDS = Inventory of Depressive Symptoms

B = Unstandardized Coefficient

SE = standard error of B

LB = Lower Bound of 95% Confidence Interval for B

UB = Upper Bound of 95% Confidence Interval for B

b = Standardized Coefficient

* p < 0.05

HC = Healthy Control

MDD = Major Depressive Disorder

AAD = Any Anxiety Disorder

MDD + AAD = Major Depressive Disorder + Any Anxiety Disorder

Note: adjusted R2 Model with seasons and covariates = 0,577

Note: adjusted R2 Full model with seasons, covariates and interactions = 0,580
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symptoms as measured with the CES-D scores, and with Oyane et al. [15] who found modest seasonal 
variations in the depression scores on the Hospital Anxiety and Depression Scale (HADS), both in 
samples of the general population. These opposing findings might be explained by differences in the 
populations under scrutiny: general population versus primary care population which could reflect 
a source of selection bias independent of season. However the results of our study are in line with 
studies in the general population that failed to demonstrate seasonal fluctuation in the prevalence of 
depression using general diagnostic instruments like the BDI and the CIDI [10, 12]. The results of our 
study are also supported by Magnusson et al. [11] who reported on the lack of seasonality in anxiety and 
depression, measured with the HADS, in the Icelandic population and by Blacker et al. [13], who found 
no significant seasonal variation in General Health Questionnaire scores in a primary care population. 
A second explanation may be found in the difference in data collection. In the studies by Mersch et 
al. [14], and Oyane et al. [15] seasonality was assessed retrospectively using questionnaires that assessed 
fluctuations of symptoms over the year. Like Nayar and Cochrane [25] we think that due to recall bias 
the retrospective data collection might lead to an overestimation of the seasonal fluctuation in severity 
and prevalence of affective symptoms. In this study, as in the study by Blacker et al. [13], seasonality 
was assessed using data on presence and severity of symptoms collected in a cross-sectional way 
over the year. The cross sectional method of sampling in our study might have introduced a source 
of selection bias with different groups of patients in different seasons.  A third explanation might 
be that the percentage of patients with a specific seasonal pattern of their complaints in a random 
population of patients visiting their general practitioner is too small (ranging from 0.4 – 5.6%) to 
have an effect on the mean scores of depression or anxiety symptoms in that population, even if the 
severity of their complaints and the health service use of these patients is increased in the winter [26]. 
For example Blazer et al. [17] found a prevalence of 0,4 % of major depression with a seasonal pattern 
and 1 % of major or minor depression with a seasonal pattern in a community based sample, Levitt 
et al. [27] found a prevalence of 2,9% of seasonal affective disorder in a community sample, Eagles et. 
al. [6] found a prevalence of 5.3% of seasonal affective disorder during the winter months in a primary 
care population and Thompson et al. [1] found a prevalence of 5.6% of seasonal affective disorders in a 
primary care population.  
The finding of minimal seasonal differences in severity of depressive or anxiety symptoms (question 2) 
in various clinical groups is in agreement with the study of Posternak and Zimmerman [9], who did not 
find higher rates of depressive symptoms in winter in an out-patient population. Seasonal fluctuation 
of depressive symptoms was even minimized in the group of patients with MDD possibly reflecting 
the fact that seasonality is usually associated with minor depression, and that once the threshold for a 
major depression has been passed, seasonality is less influential [3, 15, 28]. According to the results of this 
study it can not be ruled out that seasonal mood changes are masked by use of medication or other 
types of treatment [29, 30].
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The third finding was that both atypical and melancholic symptoms were slightly more present in winter 
(question 3). We had expected to find more atypical depressive symptoms in winter, as Blacker [13]did in 
his study among primary care patients. Literature on seasonal affective disorder describes an atypical 
symptom profile as a feature of seasonality [3, 25, 30-32] though others did not find this [33]. An explanation 
might be the probably low prevalence of seasonal affective disorders in this sample leading to a very 
small effect on the mean scores of depression or anxiety symptoms in this sample. Another explanation 
might be an insufficient specificity of the atypical and melancholic specifiers as defined by the DSM IV 
and used in this article. Baumeister and Parker [34] pointed to the overlap between the different subtyping 
models of depression. Like Lamers et al. [35] they drew attention tot the ongoing debate on the best criteria 
to delineate melancholic depression from atypical depression and other depressive conditions. There is 
considerable discussion whether in atypical depression rejection sensitivity should be included as a main 
criterion instead of mood reactivity. Novick et al. [36] argued that anxiety is even a more central feature 
to atypical depression than mood reactivity. In addition to this, they reported that atypical depression 
shows more co-morbidity with anxiety symptoms than melancholic depression and more likely occurs 
in younger women. 
This study has several strengths: its large sample size and its diagnostic procedures based on 
standardized structured interviews. Bias caused by participants that were left out of the analysis 
due to missing items is limited, because those participants represent no more than 1,5% (atypical 
symptoms)  to 5,2%  (melancholic symptoms) of the total patient population. The major limitations 
of this study were its cross-sectional and naturalistic design where seasonal effects may be masked 
by treatment effects. Another limitation of this study is the lack of specific instruments, such as the 
SPAQ, to determine whether the previous course of illness had a seasonal pattern. Finally selection 
bias can not be ruled out completely because data were not primary collected to answer this study 
assignment. 

Conclusions 
Seasonal differences in severity or type of depressive and anxiety symptoms, as measured with a general 
screening instrument and symptom questionnaires, were absent or small in effectsize in a primary care 
population and in patient populations with a major depressive disorder and anxiety disorders. For the 
detection of individuals with a seasonal pattern in depressive episodes more specific questionnaires and a 
longitudinal approach are needed. These analyses will be forthcoming in our next study on NESDA data. 
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Abstract
Background: Seasonal changes in mood and behavior are considered to be common in the general 
population and in patients with psychiatric disorders. However, in several studies this seasonality 
could not be demonstrated. The present study examined self-attributed seasonality of depressive 
symptoms among patients with a lifetime diagnosis of a depressive disorder (D), an anxiety disorder 
(A), a co-morbid depressive and anxiety disorder (DA) and healthy controls (HC). 
Methods: The CIDI was used to establish diagnoses according to DSM-IV criteria in 2,168 participants 
of the Netherlands Study of Depression and Anxiety (NESDA). The Seasonal Pattern Assessment 
Questionnaire (SPAQ) was administered to assess variation in mood and behavior. 
Results: Of the 2,168 participants 53.5% reported seasonality of mood. Highest percentages of low mood 
were seen in the winter months. Although all groups showed this pattern of lowered mood during the 
winter months, D, A and DA were significantly (p <0.001) more likely to experience seasonality is this 
respect. This was also shown for seasonal changes in energy, social activities, sleeping, eating, weight and 
for the Global Seasonality Score. A limitation of this study was the cross-sectional design. 
Conclusions: Seasonal variation in mood and behavior was demonstrated for both participants with a 
life-time diagnosis of depression and / or anxiety disorder and for healthy controls, but patients with 
anxiety and/or depression were more likely to experience this seasonal variation. Clinicians should take 
into account that the time of the year could influence the feelings of well- and ill-being of their patients. 

Introduction
Seasonal changes in mood and behavior are considered to be common in the general population 
and in patients with psychiatric disorders, and therefore highly relevant to public health [1-4]. On the 
other hand in several studies seasonal variation in the prevalence of mood disorders in the general 
population could not be demonstrated [5-7].  
Most studies on seasonality of mood and behavior concern seasonal affective disorder (SAD). SAD 
is a syndrome originally defined as recurrent depressive episodes during autumn and winter and 
remitting the following spring or summer, for at least two successive years[8]. In the current version 
of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV)[9] seasonality is added as one 
of the specifiers to bipolar or recurrent major depressive disorders. Because seasonality of mood and 
behavior is commonly associated with atypical depressive symptoms, the majority of the studies on 
this topic focus on atypical depressive symptoms: mood reactivity accompanied by significant weight 
gain or increase in appetite, hypersomnia, leaden paralysis (i.e. heavy feelings in arms or legs) and 
interpersonal rejection sensitivity (DSM-IV). The onset of winter SAD typically occurs between 20 and 
30 years of age but individuals suffering from it usually have had many episodes before the condition 
is recognized and treatment sought[10]. Individuals suffering from SAD may look for help in a primary 
care setting for their unrecognized complaints like decreased activity and fatigue and a wide variety of 
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other complaints. These patients have a higher consultation rate in winter as compared to individuals 
without this condition[11]. They receive more prescriptions, undergo more investigations, have more 
referrals, and suffer from more impairment in functioning as compared tot non-seasonal controls in 
primary care[12,13].
Despite the vast body of literature on seasonality and SAD, seasonal variation in the prevalence of 
mood disorders in the general population could not be demonstrated in a study of de Graaf et al.[5] 

in the Netherlands using the Composite International Diagnostic Interview (CIDI) nor by Michalak 
et al.[14] in the United Kingdom, Spain, Finland and Norway, using the Beck Depression Inventory. 
Posternak and Zimmerman[7] found no seasonal fluctuation in mood disorders in an outpatient 
psychiatric practice using the Structured Clinical Interview for DSM IV.  Magnusson et al.[6] reported 
on the lack of seasonality in symptoms of anxiety and depression, measured with the Hospital Anxiety 
and Depression Scale, in the Icelandic population and Blacker et al.[15] found no significant seasonal 
variation in General Health Questionnaire scores in a primary care population.
In a previous cross-sectional study among patients with depressive and anxiety disorders, we found 
that seasonal differences in the severity of depressive and anxiety symptoms were absent or relatively 
small in size of effect[16]. That study measured current symptoms of participants who were recruited 
in different seasons of the year. An explanation for that finding may be the cross-sectional method of 
sampling which resulted in the inclusion of different groups of patients in different seasons and thus 
introduced a source of selection bias. Other explanations may be that the proportion of the respondents 
with a specific seasonal pattern of their complaints was too small to have an effect on the mean scores 
of depression or anxiety symptoms in that population. Finally, seasonal mood changes may have been 
masked by use of medication or other types of treatment.

However, a potentially better way to detect seasonality would be to use a questionnaire that asks for 
seasonal changes in mood and behavior in the course of a year. The Seasonal Pattern Assessment 
Questionnaire (SPAQ) is a well-established instrument for this purpose[17-20]. In this report, we present 
data concerning self-reported seasonal changes in mood and behavior measured with the SPAQ in 
participants of the Netherlands Study of Depression and Anxiety (NESDA)[21]. We examined potential 
differences in the seasonality of symptoms between patients with a lifetime diagnosis of a depressive 
and/or anxiety disorder and healthy controls. 

Methods
Sample
NESDA is an ongoing longitudinal study of a cohort of 2,981 adults aimed at describing the long-term 
course of depressive and anxiety disorders. The NESDA protocol was approved by the ethical committees 
of participating universities, and informed consent was obtained from all participants[21]. 
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Measurements
Sociodemographic and clinical variables
Sociodemographic variables included age, sex, North European ancestry, marital status, years of education, 
employment status and income. 
The CIDI (WHO version 2.1) was used to establish psychiatric diagnoses at baseline according to DSM-
IV criteria[9]. This was repeated two years later. We used diagnostic data from this second assessment and 
defined four groups: participants with a lifetime diagnosis of co-morbid depressive and anxiety disorder 
(DA); participants with a lifetime diagnosis of a depressive disorder (D); participants with a lifetime 
diagnosis of an anxiety disorder (A); and healthy controls who had no psychiatric diagnosis (HC). Besides 
the lifetime diagnoses we established the last-month and last-year diagnosis of depressive and anxiety 
disorder. Actual use of antipsychotic, anxiolytic and antidepressant medication was recorded.  

Assessment of seasonality 
One year after the baseline measurement, the SPAQ was administered. The SPAQ is a self-rating screening 
instrument for SAD Seasonal Affective Disorder (SAD) that retrospectively measures variation in mood 
and behavior by month[17]. The SPAQ was originally designed as a screening instrument for SAD needing 
a subsequent clinical interview for confirmation of the diagnosis. Kasper et al.[22] developed criteria to 
identify respondents who are likely to have SAD, later applied by others[1,23-26]: respondents with a high 
seasonality score should consider the seasonal changes to be problematic and the changes should occur 
within a specified timeframe of the year (in general: winter). 
The SPAQ provides 12 questions to This study used the questions that assess whether, and if so in which 
month, the participant generally feels worst and best, is most and least socially active, has most and least 
energy, sleeps most and least, eats most and least, and weighs most and least. The respondents couldcan 
indicate more than one month.    Feeling worst was the primary outcome variable in this study.
This study used the question whether or not the participant generally feels worst during any month of 
the year as the primary outcome variable.  Next, we analyzed in which months of the year participants 
reported to feel worst. 
The Global Seasonality Score (GSS) is a composite measure of the SPAQ that can range from 0 to 24. The 
GSS is calculated by addition of six-items that measure the degree of seasonal change in mood, sleep, 
energy, social activity, weight, and appetite. Each  item is scored on a Likert scale ranging from (0) “no 
change”, tot (4) “extremely marked change”. The GSS has a good internal consistency and has become a 
frequently used dimensional measure of seasonality[18,20,27]. 
The dates of assessment of the SPAQ were recorded and were categorized into four seasonal categories 
(spring: March 21 - June 20, summer: June 21 – September 20, autumn: September 21- December 20, 
winter: December 21 - March 20). We calculated the GSS and determined the season of administration to 
test whether the season of administration influenced the GSS.
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Statistical analysis
Discrete and continuous demographic and clinical variables were compared across groups with chi-
square tests and analyses of variance (ANOVA). A chi-square test was used to determine whether the 
groups (D, A, DA vs. HC) responded differently to the question whether they generally feel worst in a 
particular month of the year.  
Analysis started with a comparison of symptom reports between DA versus HC followed by D versus HC 
and A versus HC.  A Χ2-test was used to determine whether DA and HC (D and HC, A and HC respectively) 
responded differently to the question whether they generally feel worst in a particular month of the 
year.  A two-sided p-value below 0.05 was considered to be significant. Odds ratios (OR) and their 95% 
confidence intervals (95% CI) were calculated. 
Based on the descriptive statistics and the graphic representation of the data, a Generalized Estimating 
Equations (GEE) logistic regression analysis was chosen to analyze the data. This GEE was used to model 
the seasonal pattern as a quadratic function of time, and it was used to test whether the quadratic effect 
was different for the different groups. used to model the seasonal pattern as a quadratic function of time, 
and to test whether the quadratic effect was different for the groups. The aim of this modeling was to test 
if the change of the scores could be described as a curvilinear function of time. The quadratic function 
was chosen because the graphic representation of the data resembled parabolas and we wanted to test 
whether the data could be described in this way. A parabola, also known as a second-order polynomial, 
can be modeled by using variables representing the time (‘month’) and the square of time (month2) as 
predictors in the model.

Analysis started with a comparison of symptom reports between DA versus HC followed by D versus HC 
and A versus HCA  test was used to determine whether responded differently to the question whether they 
generally feel worst in a particular month of the year.  A two-sided p-value below 0.05 was considered to 
be significant. Odds ratios (OR) and their 95% confidence intervals (95% CI) were calculated. 
Based on the descriptive statistics and the graphic representation of the data,A Generalized Estimating 
Equations (GEE) logistic regression analysis wasused to model the seasonal pattern as a quadratic 
function of time, and to test whether the quadratic effect was different for the different groups.The GEE 
model had a two-level hierarchical structure, with the participants assigned to the highest level. The 
months of the year, considered to be repeated measures, were assigned to the lowest level (12 categories 
starting with January and ending with December). The dependent variable was the dichotomous variable 
“usually feeling worst this month of the year”. 
As predictors in the model, we included: month (as a continuous variable); the square of month 
(month2); group (DA/HC, D/HC, A/HC); the interaction between month and group; and the interaction 
between month2 and group. Both interaction terms were included to test whether seasonal differences 
in symptoms were consistent across the groups. The Quasi-likelihood under the Independence model 
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Criterion (QIC) was used to select the best-fitting model. Interaction terms that were not statistically 
significant at the p< 0.05 level were removed from the model. SPSS version 18.0.3 was used to analyze the 
data[28]. A two-sided p-value below 0.05 was considered to be significant.

Results
Sociodemographic and clinical variables
The study included 2,430 participants (81.5 % of baseline) who completed the SPAQ one year after baseline. 
Excluded from the analysis were 97 participants who were diagnosed with a bipolar disorder on the two-year 
follow-up assessment and 165 participants who did not complete the two-year follow-up assessment. This 
resulted in 2,168 participants with valid data for the present analysis: 1059 DA, 370 D, 247 A, 492 HC. 
Sociodemographic and clinical variables of the sample are shown in table 1. The mean age was 44.9 (SD 
13.1) years and was not significantly different across the groups (p = 0.86). Of the respondents, 1477 

Table 1  Sociodemographic and clinical variables

4 Winthorst et al.

TABLE 1. Sociodemographic and clinical variables

HC (n = 492) D (n = 370) A (n = 247) DA (n = 1,059) Total (n = 2,168) Testa P

Age at baseline (y), mean (SD) 44.5 (14.4) 45.2 (13.1) 44.9 (13.6) 44.9 (12.4) 44.9 (13.1) F (3, 2,164) = 0.25 .86
Female, n (%) 307 (62.4%) 242 (65.4%) 164 (66.4%) 764 (72.1%) 1,477 (68.1%) X2 (3) = 16.91 <.01
North European descent, n (%) 478 (97.2%) 358 (96.8%) 236 (95.5%) 1,004 (94.8%) 2,076 (95.8%) X2 (3) = 5.66 .13
Married (%) 236 (48.0%) 146 (39.5%) 115 (46.6%) 418 (39.5%) 915 (42.2%) X2 (3) = 13.01 <.01
Divorced (%) 39 (7.9%) 66 (17.8%) 28 (11.3%) 185 (17.5%) 318 (14.7%) X2 (3) = 29.66 <.01
Years of education, mean (SD) 13.3 (3.3) 13.0 (3.3) 12.9 (3.3) 12.2 (3.2) 12.6 (3.3) F (32,164) = 14.13 <.01
Employment status, n (%)

Employed b
330 (69.2%) 239 (66.4%) 161 (67.1%) 628 (60.7%) 1,358 (64.3%) X2 (3) = 12.37 <.01

Income < € 800 per month,
n (%) c

31 (6.4%) 14 (3.8%) 10 (4.1%) 44 (4.2%) 99 (4.6%) X2 (3) = 4.54 .21

Income < € 1,400 per month,
n (%) c

75 (15.4%) 64 (17.4%) 48 (19.7%) 233 (22.3%) 420 (19.6%) X2 (3) = 11.19 .01

Psychopathology last year
Major depressive disorder, n (%) 0 (0.0%) 88 (23.8%) 0 (0.0%) 431 (40.7%) 519 (23.9%) X2 (3) = 395.96 <.01
Dysthymia, n (%) 0 (0.0%) 16 (4.3%) 0 (0.0%) 170 (16.1%) 186 (8.6%) X2 (3) = 153.31 <.01
Social Phobia, n (%) 0 (0.0%) 0 (0.0%) 36 (14.6%) 258 (24.4%) 294 (13.6%) X2 (3) = 240.86 <.01
Panic disorder with agoraphobia,

n (%)
0 (0.0%) 0 (0.0%) 16 (6.5%) 94 (8.9%) 110 (5.1%) X2 (3) = 78.88 <.01

Panic disorder without
agoraphobia, n (%)

0 (0.0%) 0 (0.0%) 20 (8.1%) 112 (10.6%) 132 (6.1%) X2 (3) = 94.93 <.01

Agoraphobia, n (%) 0 (0.0%) 0 (0.0%) 21 (8.5%) 111 (10.5%) 132 (6.1%) X2 (3) = 94.15 <.01
Generalized anxiety disorder,

n (%)
0 (0.0%) 0 (0.0%) 8 (3.2%) 161 (15.2%) 169 (7.8%) X2 (3) = 160.86 <.01

Psychopathology last month
Major depressive disorder, n (%) 0 (0.0%) 34 (9.2%) 0 (0.0%) 223 (21.1%) 257 (11.9%) X2 (3) = 187.74 <.01
Dysthymia, n (%) 0 (0.0%) 11 (3.0%) 0 (0.0%) 137 (12.9%) 148 (6.8%) X2 (3) = 124.94 <.01
Social Phobia, n (%) 0 (0.0%) 0 (0.0%) 30 (12.1%) 207 (19.5%) 237 (10.9%) X2 (3) = 186.89 <.01
Panic disorder with agoraphobia,

n (%)
0 (0.0%) 0 (0.0%) 12 (4.9%) 73 (6.9%) 85 (3.9%) X2 (3) = 60.59 <.01

Panic disorder without
agoraphobia, n (%)

0 (0.0%) 0 (0.0%) 11 (4.5%) 69 (6.5%) 80 (3.7%) X2 (3) = 57.22 <.01

Agoraphobia, n (%) 0 (0.0%) 0 (0.0%) 12 (4.9%) 81 (7.6%) 93 (4.3%) X2 (3) = 67.93 <.01
Generalized anxiety disorder,

n (%)
0 (0.0%) 0 (0.0%) 7 (2.8%) 117 (11.0%) 124 (5.7%) X2 (3) = 111.87 <.01

Medication use
Use of antipsychotic drug, n (%) 0 (0.0%) 4 (1.1%) 1 (0.4%) 19 (1.8%) 24 (1.1%) X2 (3) = 11.19 .01
Use of anxiolytica drug, n (%) 5 (1.0%) 10 (2.7%) 24 (9.7%) 120 (11.3%) 159 (7.3%) X2 (3) = 67.54 <.01
Use of antidepressant drug, n (%) 6 (1.2%) 57 (15.4%) 32 (13.0%) 367 (34.7%) 462 (21.3%) X2 (3) = 248.87 <.01
Global seasonality score, mean

(SD) d
2.8 (2.6) 4.8 (3.7) 3.9 (3.3) 5.9 (4.1) 4.8 (3.9) F (32,164) = 86.14 <.01

aBased on Chi-square test for categorical variables and ANOVA for continuous variables.
bN = 2,112.
cN = 2,145.
dN = 2,150.

D versus HC and 2.07 (95% CI 1.58–2.73) for A versus
HC.

GLOBAL SEASONALITY SCORE
The Global Seasonality Score could be calculated for

2,150 participants in the four groups (Table 1). The
grand mean GSS was 4.8 (SD 3.9) with significant dif-
ferences between the groups: F(32,164) = 86.1, P < .01.
DA scored highest with a mean GSS of 5.9 (SD 4.1),
followed by D (4.8, SD 3.7), A (3.9, SD 3.3), and with a
lowest mean score for HC (2.8, SD 2.6).

The date of administration was recorded for 1,699
participants. The mean GSS in spring was 5.1 (SD 3.9),

in summer 4.4 (SD 3.5), in autumn 4.5 (SD 3.7), and in
winter 5.5 (SD 4.1). There was a significant difference
in GSS between the seasons: F (31,695) = 8.4, P < .001.
Post-hoc analysis with a Bonferroni correction showed
that there was a significant difference in mean GSS be-
tween summer and spring (P = .043), summer and winter
(P < .001), and autumn and winter (P = .001).

DISCUSSION
This study clearly showed the existence of seasonal

variation in depressive symptoms in patients with de-
pressive and anxiety disorders and healthy controls. We

Depression and Anxiety
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(68.1%) were female with the highest percentage in the DA group (72.1%) (p<0.01). Other significant 
group differences were found concerning marital status (p< 0.01), years of education (p<0.01), 
employment status (p<0.01), and income of less than € 1400 per month (p<0.01). 
A Major Depressive Disorder during the last year was diagnosed in 40.7 % of DA and 23.8% of D. 
Dysthymia during the last year was diagnosed in 16.1% of DA and in 4.3% of D. Social phobia during 
the last year was diagnosed in 24.4% of DA and in 14.6% of A.  Panic disorder with agoraphobia, panic 
disorder without agoraphobia and agoraphobia without panic were present during the last year in 8.9%, 
10.6% and 10.5% of DA and in 6.5%, 8.1% and 8.5% of A. Generalized anxiety disorder during the last 
year was diagnosed in 15.2% of DA and in 3.2% of A. 

Seasonality of symptoms 
Of the 2,168 participants, 53.5% reported that they generally felt worst in a particular month of the year: 
for HC and DA this was 29.9% and 65.0 % respectively. DA were more likely to feel worst in a particular 
month of the year than HC with an odds ratio (OR) of 4.35 (95% confidence interval (CI) 3.45 – 5.48;  
Χ2(1) = 166.4, p < 0.001). The odds ratio for D versus HC was 2.85 (95% CI 2.15 – 3.78) and for A versus 
HC 2.29 (95% CI 1.67 – 3.14). 
Figure 1 shows the percentages of participants who reported to feel worst per in a specific month. This 
percentage was high from November through February, intermediate in October and March and low 
from April through September. The same picture was found for the items: having least energy, being least 
socially active, sleeping most, eating most and weighing most. An inverse picture was found for the items 
that asked for the months in which participants usually felt best, ate least, weighed least, slept least, were 
most social active and had most energy.
A first-order autoregressive correlation structure fitted the data best in the GEE analysis including the 
predictor variables DA and HCmodel for DA versus HC. The interaction between month and group, and 
the interaction between month2 and group were not significant. Removing these variables did not worsen 
model fit according to the QIC. The three predictor variables were highly significant (p < 0.001) in the 
final model: Bmonth = -1.09 (95% CI -1.16 – -1.03); Bmonth2  = 0.08 (95% CI 0.08 – 0.09); BDA = 1.26 
(95% CI 1.05 – 1.47) (HC = reference). Thus, the GEE analyses confirmed that the seasonal pattern can 
be described as a quadratic curve. This quadratic curve was also confirmed for D and A (data not shown). 
According to the non-significance of the interaction terms, the strength of the curvature was not different 
for the different groups. This means that in all groups the number of respondents that felt worst during 
a certain month showed a curvilinear relationship with time, with the minimum of the parabola in the 
midst of the months June – July, the highest numbers during the winter months and no group difference 
in the form of the parabola. Transformation of the B for group to an OR (exp B) showed that the DA were 
more likely to feel worst in a particular month than HC (OR: 3.52; 95% CI 2.86 – 4.33). The OR was 2.41 
(95% CI 1.89 – 3.07) for D versus HC and 2.07 (95% CI 1.58 – 2.73) for A versus HC. 
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Global Seasonality Score 
The Global Seasonality Score could be calculated for 2150 participants in the four groups (table 1). The 
grand mean GSS was 4.8 (SD 3.9) with significant differences between the groups: F(3, 2164) = 86.1, p < 
0.01. DA scored highest with a mean GSS of 5.9 (SD 4.1), followed by D (4.8, SD 3.7), A (3.9, SD 3.3) and 
with a lowest mean score for HC (2.8, SD 2.6).
The date of administration was recorded for 1699 participants. The mean GSS in spring was 5.1 (SD 
3.9), in summer 4.4 (SD 3.5), in autumn 4.5 (SD 3.7) and in winter 5.5 (SD 4.1). There was a significant 
difference in GSS between the seasons: F (3, 1695) = 8.4, p < 0.001. Post-hoc analysis with a Bonferroni 
correction showed that there was a significant difference in mean GSS between summer and spring 
(p=0.043), summer and winter (p <0.001), and autumn and winter (p=0.001). 

Feels worst

0%

10%

20%

30%

40%

50%

jan feb mar apr may jun jul aug sep okt nov dec

DA D A HC Least energy

0%

10%

20%

30%

40%

50%

jan feb mar apr may jun jul aug sep okt nov dec

DA D A HC

Least socially active

0%

10%

20%

30%

40%

50%

jan feb mar apr may jun jul aug sep okt nov dec

DA D A HC

Eats most

0%

10%

20%

30%

40%

50%

jan feb mar apr may jun jul aug sep okt nov dec

DA D A HC

Sleeps most

0%

10%

20%

30%

40%

50%

jan feb mar apr may jun jul aug sep okt nov dec

DA D A HC

Weights most

0%

10%

20%

30%

40%

50%

jan feb mar apr may jun jul aug sep okt nov dec

DA D A HC

Feels worst

0%

10%

20%

30%

40%

50%

jan feb mar apr may jun jul aug sep okt nov dec

DA D A HC Least energy

0%

10%

20%

30%

40%

50%

jan feb mar apr may jun jul aug sep okt nov dec

DA D A HC

Least socially active

0%

10%

20%

30%

40%

50%

jan feb mar apr may jun jul aug sep okt nov dec

DA D A HC

Eats most

0%

10%

20%

30%

40%

50%

jan feb mar apr may jun jul aug sep okt nov dec

DA D A HC

Sleeps most

0%

10%

20%

30%

40%

50%

jan feb mar apr may jun jul aug sep okt nov dec

DA D A HC

Weights most

0%

10%

20%

30%

40%

50%

jan feb mar apr may jun jul aug sep okt nov dec

DA D A HC

Figure 1  Percentage of participants who feel worst, have least energy, are least socially active, sleep the most, eat the most, and 
weight the most in a particular month of the year. More than 1 month possible for each respondent. DA = lifetime diagnosis of a depressive disorder 
and a lifetime diagnosis of an anxiety disorder. D = lifetime diagnosis of a depressive disorder. A = lifetime diagnosis of an anxiety disorder. HC = healthy 
control.
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Discussion
This study clearly showed the existence of seasonal variation in depressive symptoms in patients 
with depressive and anxiety disorders and healthy controls. We compared the months of the year by 
assessing the presence or absence of symptoms for every month of the year within all participants, 
retrospectively. Using this method we could demonstrate a clear seasonal pattern in mood and 
behavior and showed that 30-65 percent of the participants felt worst in a particular month of the 
year, mostly in the winter months.  
A, DA and DA were in ascending order more likely to feel worst in a particular month compared to HC. 
This finding is in line with the study of Mersch et al.[20] who found more seasonal variability in mood for 
depressed outpatients as compared to non-depressed outpatients and normal controls.
These results are in contrast to our earlier study in which we did not find a clear seasonal variation in 
depressive and anxiety symptoms[16].  An explanation for this might be that in our previous study seasonal 
variation in severity of symptoms was missed because a comparison was made between different 
participants who were included in successive months of the year and were measured once. Thus, seasonal 
variation within individuals was not assessed in that study.  
The GSS, a composite measure of six items of seasonality in mood and behavior, showed a picture 
similar to the item of feeling worst in a particular month, with lowest scores for HC, followed by A,  D, 
and highest scores for DA.  These results are in line with the findings of Hardin et al.[29], who reported 
higher GSS for respondents with a major affective disorder compared to healthy controls. However in 
that study the mean GSS of the patients with a major depressive disorder was lower than for patients 
with SAD and they concluded that patients with a major depression or dysthymia were not more 
seasonal than normal controls. 
The season of administration significantly influenced the GSS in this study. The GSS was lowest for 
those participants who completed the questionnaire in summer and highest for those who did this in 
winter, with intermediate scores in spring and autumn. This finding is in line with the study of Lund 
and Hansen[30] who administered the SPAQ in the four different seasons to the same subjects and 
found highest GSS in March en lowest GSS in September.  In a prevalence study of SAD in the general 
population in the Netherlands Mersch et al.[1] also found higher GSS when the SPAQ was completed 
between December and May (winter and spring) than between June and November (summer and 
autumn). Contrary to these results Hardin et al.[29] did not find a significant difference between GSS 
obtained during the spring and summer and those obtained during the fall and winter in a winter 
SAD group, patients with an eating disorder and healthy controls. Finally, Rohan et al.[31] found no 
differences between initial and 3-month follow-up GSS in a student sample.   
Although we assessed seasonal fluctuation in symptoms of mood and behavior in both depressed and 
anxious patients, we did not assess seasonal variation in symptoms of anxiety. The number of studies 
on seasonal variation in anxiety disorders and specific anxiety symptoms is limited. In a Dutch study 
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in the General population de Graaf et al.[5] found a small seasonal variation in the prevalence of 
anxiety disorders: a prevalence of 8.9% (summer) vs. 10.9% (winter) for the total group of anxiety 
disorders. This figure was 1.1% (summer) vs. 2.5% (winter) for panic disorder and 0.7% (summer) 
vs. 1.8% (winter) for generalized anxiety disorder. In a sample of patients who were treated for panic 
attacks Marriot et al.[32] found seasonal changes in anxiety and panic attacks.  In his study the items 
anxiety and panic were highly correlated (0.68 resp. 0.58) to the GSS. Othani et al.[33] found peaks 
of panic attacks in August and December in a sample of Japanese outdoor patients suffering from 
panic attacks. 

Limitations
A limitation of this study is that mood and behavior were not measured longitudinally within the 
same individual at different moments during the year. 
Seasonal variation in the prevalence and severity of symptoms and clinical syndromes is a longitudinal 
phenomenon by nature and therefore repeated measures within individuals (longitudinal data 
collection) are more suitable for assessing this condition than cross-sectional methods. 

Although the NESDA study provides repeated measures by design, the diagnostic interviews generally 
took place in successive years but within the same season for each participant. The small number of 
repeated measurements and the lack of variation in the season of assessment within individuals 
provided insufficient data for a longitudinal analysis of the seasonality of symptoms within the 
individuals. As second best to the method of repeated measures we used the SPAQ. 

A second limitation was that the SPAQ questionnaire is a self-report form that measures seasonality 
retrospectively, which makes it vulnerable to recall bias [34].
A limitation of the SPAQ is its vulnerability to recall bias because it is a self-report questionnaire that 
measures seasonality of mood and behavior retrospectively over the course of the year[34]. 

Clinical implications
A practical implication of this study is that clinicians should take into account that the time of the 
year influences the feelings of well- and ill-being and may result in a seasonal increase in depression-
specific health service use[20,35-37]. This means that for patients who present themselves with seasonal 
fluctuation of physical and emotional complaints like fatigue, sleepiness and depressed mood, the 
diagnosis of SAD should be considered and adequate treatment should be installed[38]. For patients 
with a depressive disorder who suffer from a worsening of symptoms in autumn and winter, 
treatment with light therapy or changes in medication (either dose adjustment or switch to another 
antidepressant) should be considered[39,40].  



51

Self-attributed seasonality of m
ood and behavior

3

Conclusions
In this study we found a clear seasonal variation in mood and behavior among participants with depressive 
and anxiety disorders and healthy controls. Fifty three-four percent of the participants reported that 
they usually feel worst in a particular month of the year, with highest percentages in the winter months. 
Participants with anxiety and/or depressive disorder were more likely to experience seasonal fluctuation 
in mood and behavior than healthy controls. 
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Abstract
Background: Seasonal Affective Disorder (SAD) is considered to be a subtype of depression.
Aims: To compare the clinical picture of SAD to non-seasonal Affective Disorders.  
Methods: Diagnoses according to the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) 
were established in 2185 participants of the Netherlands Study of Depression and Anxiety. The Seasonal 
Pattern Assessment Questionnaire was administered to diagnose SAD. Symptoms of depression and 
anxiety were measured with the Inventory of Depressive Symptoms, the Beck Anxiety Inventory and the 
Fear Questionnaire. 
Results: Participants with SAD, participants with a lifetime bipolar disorder and participants with a 
lifetime comorbid anxiety and depressive disorder scored highest in terms of psychopathology in the 
past year.
Conclusions:  Our data do not confirm a specific clinical picture of SAD. SAD may be a measure of severity 
of depression with a subjectively perceived worsening of symptoms in the winter months. 
Declaration of interest: None.

Introduction 
Depressive disorders have a great impact on well-being and daily functioning and are a major health 
problem with a 12 month prevalence rate between 6.3% and 10.3% across western societies.[1,2] Diverging 
treatment results, partly ascribed to the non-specificity of major depression have led to proposals for 
depressive sub-typing models based on characteristics like observed symptom profiles, aetiology, time 
of onset, gender, duration of complaints and treatment response[2]. Ideally subtypes should represent 
homogeneous groups of cases and represent different underlying pathophysiological processes that allow 
us to develop specific treatment strategies.[3] 
Seasonal Affective Disorder (SAD) is one of the proposed subtypes of depression with a specific treatment 
strategy.[4] SAD is a syndrome originally defined to describe recurrent depressive episodes with a 
characteristic temporal pattern. The depressive episodes usually occur in autumn and winter and remit 
the following spring or summer. In the Diagnostic and Statistical Manual of Mental Disorders (DSM-
IV and DSM-5) seasonality is added as one of the specifiers of bipolar or recurrent major depressive 
disorders.  Sub-syndromal SAD (sub-SAD) is a milder form of SAD describing complaints in wintertime 
in subjects who fail to meet the number of complaints required for a DSM diagnosis of depression. Sub-
SAD can be considered to be part of a continuum of seasonality between no complaints at all and severely 
depressed. Disturbance of circadian rhythm due to lack of daytime light in the winter months is thought 
to play a role in the aetiology of SAD.  Light therapy is an efficacious and well tolerated treatment for 
SAD with effect sizes equivalent to those of most antidepressants, and has been adopted the treatment of 
choice for SAD in treatment guidelines for depression.[4,5] 

Yet, there still remains a debate as to whether SAD is a distinct depressive subtype or a pronounced 
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seasonality trait of patients with fluctuating minor and major depression.[6,7] Several  researchers have 
questioned the validity of the concept of SAD because of the circularity of the definition of SAD and the 
observation that disturbance in circadian rhythm seems to be more related to midwinter insomnia and 
tiredness during the day than to depressed mood.[8,9]

In the Netherlands, Mersch et al. studied the prevalence and characteristics of SAD and sub-SAD in the 
general population.[10] In that study Mersch et al. used the Seasonal Pattern Assessment Questionnaire 
(SPAQ), which is a commonly used screening instrument for SAD.[11-13] SAD and sub-SAD criteria were 
met by 3.1% and 8.5% of the respondents respectively. However, no data are available yet on the prevalence 
of SAD in the Netherlands in large patient populations with depressive and anxiety disorders.
In a meta-review of depressive subtyping models Baumeister argued that the main obstacle to research on 
SAD as a distinct subtype of depression is the lack of studies comparing patients with and without SAD in 
terms of a specific clinical picture, bio-psycho-social correlates, and specific treatment responsiveness.[2]  

Aims of the study 
In this study we assessed the prevalence of SAD and sub-SAD in a population with affective disorders and 
recorded to what diagnostic groups they belonged.  In answer to the call for comparative studies within 
patient populations we aimed to compare the clinical, demographic and personality characteristics of 
persons with SAD to those of persons with non-seasonal affective disorders and healthy controls. 

Methods
The study was conducted using data from the Netherlands Study of Depression and Anxiety (NESDA) 
(http//www.nesda.nl).1 NESDA is an ongoing multi-site naturalistic longitudinal cohort study among 
2981 adults (18-65 years), aimed at describing the long-term course and consequences of depressive and 
anxiety disorders. The NESDA sample is stratified by setting: community, primary care, and specialized 
mental health care. Across recruitment settings, uniform inclusion and exclusion criteria were used. The 
NESDA sample included participants with a range of psychopathology: those with no lifetime anxiety or 
depressive disorders (healthy controls), and those with a current first or recurrent depressive disorder 
(major depressive disorder or dysthymic disorder) or anxiety disorder (panic disorder with or without 
agoraphobia, agoraphobia, social phobia, or generalized anxiety disorder). Patients with a clinically overt 
psychotic disorder, bipolar disorder, obsessive compulsive disorder, or severe substance use disorder, and 
persons not fluent in Dutch were excluded from the baseline assessment. 
In the current study the identification of participants suffering from SAD and sub-SAD was based on 
the SPAQ, which was administered at the one-year follow-up measurement.  The diagnoses according to 
the criteria of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) and the symptom 
and personality questionnaires were established one year later in the two-year face-to-face follow-up 
interview. Measurements for this study started in September 2005 and lasted until February 2008.



58

Measures
The identification of participants suffering from SAD and sub-SAD was based on the SPAQ. The SPAQ is a 
self-rating screening instrument for SAD that retrospectively measures variation in mood and behaviour 
by month11. The psychometric properties of the SPAQ are acceptable with test-retest reliability varying 
from 0.58 to 0.87, internal consistency varying from 0.74 to 0.82, specificity varying from 73% to 94% and 
sensitivity varying from 44% to 94% in different studies.[13-15] 
The criteria for SAD and sub-SAD for the SPAQ have been formulated by Kasper et al.[12] The SPAQ applies 
three criteria that have to be met to reach the diagnosis of SAD:  
a)  The Global Seasonality Scale (GSS) provides a composite measure for change in mood, social activities, 

appetite, sleep, weight, and energy across the seasons. Scales range from (0) ‘no change’ to (4) ‘extremely 
marked change’. The total score ranges from 0 to 24. We used the by Kasper introduced and most widely 
used cut-off score of 11 for the self-report version of the SPAQ.[12] 

b)  A second criterion for SAD is based on the question whether seasonal changes are considered a problem. 
The response possibilities range from 0 = no problem to 5 = a disabling problem. A score of at least 2 (a 
moderate problem) is necessary to reach the SAD threshold. 

c)  Finally, the timing of the seasonal problems (summer or winter) is determined by asking in which months 
subjects feel worst (the “window”). 

In this study we defined the window for SAD (winter type) positive if participants reported that they usually feel 
worst in the winter months (December and/or January and/or February) and not in the summer months (June 
and /or July and/or August). Sub-SAD is defined as a cluster of seasonal complaints that are not severe enough to 
allow for a diagnosis of SAD. The criteria for sub-SAD are: a GSS of 9 or 10 for the self-report version of the SPAQ, 
regardless whether the participant considers the seasonal changes to be a problem or not, or a GSS of at least 11 
and ‘no’ or ‘mild’ problems with the seasonal changes.[12] The window is the same as for SAD. 
In the two- year follow-up interview the Composite International Diagnostic Interview (CIDI) (WHO version 
2.1) was used to establish current (last month) and lifetime diagnoses of depressive and anxiety disorders 
according to DSM-IV criteria. 
The CIDI is used worldwide and WHO field research has found high interrater reliability, high test–retest 
reliability, and high validity for depressive and anxiety disorders.[1] The bipolar section of the CIDI was included 
in this interview in order to identify participants with a lifetime bipolar disorder. The dates of the two year follow 
up interview were recorded and were categorized into the four seasons (spring: March 21–June 20, summer: 
June 21–September 20, autumn: September 21–December 20, winter: December 21–March 20).
Clinical characteristics of participants were assessed together with the CIDI using the following instruments: 
  The Inventory of Depressive Symptoms, 30-item self-report version (IDS), was used to assess the 
severity of depression.[1] The IDS was also used to specify atypical and melancholic features of depressive 
symptoms based on DSM-IV criteria. For atypical features the algorithm of Novick et al. was used, identifying 
participants with mood reactivity and two or more of the following symptoms;  hyperphagia, hypersomnia, 
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leaden paralysis and interpersonal rejection sensitivity.[16] In NESDA a small adaptation for the interpersonal 
rejection sensitivity item threshold value was used. For the melancholic subtype the algorithm of Khan et 
al. was used to identify participants lacking mood reactivity and loss of pleasure in (almost) all activities. 
They also had to report more than three of the following symptoms: distinct quality of depressed mood, 
mood is worse in the morning, early morning awakening of at least one hour before usual time, psychomotor 
retardation or agitation, significant anorexia or weight loss, and excessive or inappropriate guilt.[17] These two 
variables were calculated regardless of the presence of a current major depressive disorder diagnosis (MDD).
  The Beck Anxiety Inventory (BAI), a 21-item self-report instrument, was used to assess overall 
severity of anxiety.1 The 15-item self-report version of the Fear Questionnaire (FQ) was used to measure 
severity of fear and avoidance.[1] 
  The 60-item NEO Five-Factor Inventory was used to measure five personality domains: neuroticism, 
extraversion, agreeableness, conscientiousness, and openness to experience.[1] Current antidepressant, 
anxiolytic and antipsychotic medication use was registered, based on drug-container inspection of all 
the drugs used in the past month (on at least 50% of days), and classified according to the World Health 
Organization Anatomical Therapeutic Chemical classification.[1] 
Percentage of time with depressive, anxiety and avoidance symptoms during the past two years was assessed 
with the Life Chart interview which uses a calendar approach to measure duration of symptoms.[1]

Subjects
In our first analysis we used the SPAQ, assessed at the one-year follow-up measurement, to establish the 
frequency of SAD and sub-SAD and we recorded to what diagnostic groups as assessed in the two-year 
follow-up CIDI interview the participants belonged. 
We defined a group of participants with a current (one month) major depressive disorder (MDD). Next, we 
defined 5 mutually exclusive groups according to the DSM-IV lifetime diagnoses: 1] depressive disorder, 
i.e. major depressive disorder and /or dysthymic disorder (D); 2] anxiety disorder (A); 3] comorbid 
anxiety and depressive disorder (AD); 4] bipolar disorder (BPD); 5] healthy controls (HC).  
In our second analysis we compared participants with SAD and sub-SAD to participants with lifetime 
non-seasonal affective disorders.  For this goal participants were  exclusively assigned to one of seven 
groups: 1] SAD; 2] sub-SAD, 3] bipolar disorder and no (sub-)SAD (BPD-NS); 4] depressive disorder, i.e. 
major depressive disorder and /or dysthymic disorder, and no (sub-)SAD (D-NS); 5] anxiety disorder and 
no (sub-)SAD (A-NS); 6] comorbid anxiety and depressive disorder, no (sub-)SAD (AD-NS); 7] healthy 
controls and no (sub-) SAD (HC-NS).
In our third analysis participants with SAD were compared with participants with a lifetime depressive 
disorder or a lifetime comorbid anxiety and depressive disorder, and no (sub)-SAD (ADD-NS). 
In our fourth analysis participants with a current major depressive disorder and SAD (MDD-S) were 
compared to participants with a current major depressive disorder and no (sub-)SAD (MDD-NS).
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Statistical analysis
Pairwise comparisons were conducted for SAD versus non-SAD. Groups were compared using t-tests for 
continuous variables and chi-square tests for discrete variables.
Logistic regression analyses with age and gender as covariates were used to determine which demographic 
variables (North European descent, married, divorced, years of education, employment status, income 
< € 800, income < € 1400), which psychopathological variables were present last year and last month  
(major depressive disorder, dysthymia, social phobia, panic disorder with agoraphobia, panic disorder 
without agoraphobia, agoraphobia, generalized anxiety disorder) , and which clinical variables (mean 
IDS, atypical and melancholic features of IDS, BAI, FQ, use of antipsychotic drugs, use of anxiolytic drugs, 
use of antidepressant drugs, neuroticism, extraversion, openness, agreeableness and conscientiousness, 
percent of time with symptoms of depression, anxiety or both depression and anxiety) significantly 
predicted the presence of SAD versus ADD-NS. These variables were subsequently entered together in a 
multivariate logistic regression analysis. Variables that did not predict the presence of SAD were removed 
one by one. A threshold of .05 was used in order to minimize the risk of type 1errors.  
Analysis of variance (ANOVA) was used to test whether there was a difference in IDS scores (two-year 
follow-up assessment) across seasons in the SAD group versus the ADD-NS group. Season (spring, 
summer, autumn, winter), group (SAD and ADD-NS), and the interaction between season and group 
were used as predictors in this model.  In logistic regression analyses with age and gender as covariates we 
used the same variables as described in the comparison of SAD and AD-NS to determine which variables 
significantly predicted the presence of MDD-S versus MDD-NS.  ANOVA was used to test whether there 
was a difference in IDS scores across seasons in the MDD-S group versus the MDD-NS group. Finally a 
chi-square test was used to test whether there was a difference in frequency distribution of MDD-S and 
MDD-NS across the seasons.  Analyses were conducted using SPSS version 22 statistical software (SPSS 
Inc., Chicago, Illinois). A two-sided P-value of .05 was used as the significance level.

Ethics Statement
The study protocol of NESDA was approved by the Ethical Review Boards of the VU University Medical 
Center, the Leiden University Medical Center and the University Medical Center Groningen. After 
full verbal and written information about the study, written informed consent was obtained from all 
participants at the start of baseline assessment. A full ethics statement of NESDA and detailed information 
on objectives and methods of NESDA were published elsewhere[1].

Results
Of the original 2981 participants in the NESDA study, 536 (18%) participants did not return the one-
year follow-up questionnaire containing the SPAQ questionnaire and 99 participants had missing scores 
on the SPAQ. These participants were excluded from the analysis. Of the remaining 2346 participants, 
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161 participants (5.4%) did not participate in the interview at the two-year follow-up, resulting in 2185 
participants included in the current analyses. In this sample the proportion of women (67.5%) did not 
significantly deviate from the proportion of women (66.4%) in the overall sample of NESDA. Of the 2185 
participants, 356 were diagnosed with D, 241 were diagnosed with A, 1021 with AD and 91 with BPD 
(table 1). 476 participants (HC) did not have a lifetime CIDI diagnosis of a depressive, anxiety or bipolar 
disorder. Of the 2185 participants 283 were diagnosed with MDD. 

Table 1  Frequency of SAD and sub-SAD within 5 diagnostic categories
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was significantly higher than the mean score of the ADD-NS 
group: F(1, 1266)=21.51, P<0.01. Also for the scores on the BAI 
and the FQ, there were no significant seasonal differences between 
the groups (data not shown).

Current MDD with SAD compared with current 
MDD without SAD

The MDD-S group consisted of 36 participants. The MDD-NS 
group consisted of 215 participants. Table 4 shows the seasonal dis-
tribution of MDD-S and MDD-NS. A chi-square test showed that 
there was no statistical significant difference in seasonal distribu-
tion between MDD-S and MDD-NS: χ2 (3)=5.876, P=0.118.

In the logistic regression analyses and subsequent multivariate 
logistic regression analysis, only the melancholic features signifi-
cantly predicted the presence of MDD-S versus MDD-NS, with an 
odds ratio of 2.39 (95% CI 1.00–5.70), P=0.049.

ANOVA showed that there were no statistically significant sea-
sonal differences in IDS scores for MDD-S versus MDD-NS: F(3, 
246)=0.21, P=0.89. After removal of the interaction term, ANOVA 
showed that there was no significant overall effect for the seasons: 
F(3, 246)=1.34, P=0.26. In this last model, there was also no signifi-
cant difference in mean IDS score between MDD-S and MDD-NS: 
F(3.246)=0.17, P=0.68.

Also for the scores on the BAI and the FQ, there were no  
significant seasonal differences between the groups (data not 
shown).

Discussion

In this large naturalistic study among participants with affective 
disorders and HC, the overall prevalence of SAD and sub-SAD 
was comparable to the prevalence in the general population in the 
Netherlands: 4.6% for SAD versus 3.1% in the general population 
and 6.8% for sub-SAD versus 8.5% in the general population.10

The prevalence of SAD was low within the bipolar group 
(12.1%) and anxiety disorder group (1.7%) when compared with 
studies that also used the SPAQ in a clinical population (BPD 27.3%, 
panic disorder 30.1%).19–21 For the bipolar group, an explanation for 
the low prevalence of SAD might be that the bipolar group in this 
study was not a fully representative sample of patients with a BPD, 
because our bipolar group consisted of participants with no clinical 
history of BPD at baseline measurement who were diagnosed at 
the 2-year follow-up measurement with the CIDI.22 For the anxi-
ety disorder group, an explanation might be that Marriot studied 
exclusively patients with a panic disorder and used a cut-off score 
of 10 on the GSS for SAD.20

The prevalence of SAD within the group of participants suffer-
ing from current MDD (12.7%) was comparable to the finding of 
Levitt et al23 (11%) in a Canadian community sample.23

In our study, participants suffering from SAD presented a 
severe clinical picture. Like participants with a lifetime BPD and 

SAD compared with non-SADs (lifetime diagnoses) 
and HC: demographic and clinical characteristics

Table 2 shows the demographic and clinical characteristics of the 
2185 participants in seven diagnostic groups.

The proportion of men was higher in the BPD-NS and HC-NS 
group compared to SAD. Compared to SAD, participants in the sub
-SAD group were younger. Participants in the SAD group were less 
frequently employed than participants in the other groups (except
for BPD-NS) but the difference was not significant for AD-NS and
BPD-NS. Like BPD-NS, participants with SAD were most likely to
have an income below €1400 per month.

Participants in the SAD, BPD-NS and AD-NS groups scored 
highest in terms of psychopathology in the last month and in terms 
of psychopathology in the past year. At the 2-year follow-up, partic-
ipants in the SAD group scored higher than the other groups on the 
IDS, BAI and FQ but there was no significant difference between 
SAD and BPD-NS.

SAD compared with lifetime depressive disorders: 
demographic and clinical characteristics

The SAD group consisted of 100 participants. The ADD-NS group 
consisted of 1183 participants diagnosed with a lifetime depressive 
disorder or a lifetime comorbid ADD, and no SAD or sub-SAD.

The logistic regression analyses showed that the following 
variables predicted the presence of SAD: age, employment status, 
income category below €1400 per month, neuroticism, MDD last 
year, agoraphobia last year, generalised anxiety disorder last year, 
mean IDS scores (2-year follow-up assessment), melancholic fea-
tures of the IDS, FQ mean score, BAI anxiety mean score and use 
of antipsychotics.

In the successive multivariate logistic regression analysis, we 
did not include the BAI because the IDS and the BAI showed a 
high correlation of 0.80. We also did not include 1-month diagno-
ses because of the overlap between 2-year and 1-month diagnoses.

In the last model, after removing the variables that were not 
significant, the variables age, income below €1400, MDD last year, 
agoraphobia and high melancholic features on the IDS significantly 
predicted the presence of SAD versus ADD-NS (Table 3).

SAD compared with lifetime depressive disorders: 
seasonality of depressive and anxiety symptoms

Figure 1 shows the scores on the IDS (2-year follow-up assessment) 
in the four seasons for SAD and ADD-NS. The figure suggests that 
IDS scores in autumn and winter were higher than in spring and 
summer for the SAD group. However, ANOVA showed that there 
was no significant interaction between the seasons and the groups: 
F(3, 1266)=0.82, P=0.48, meaning that the seasonal differences 
in IDS scores were not different for SAD versus ADD-NS. After 
removal of the interaction term, ANOVA showed that there was 
also no significant overall effect for the seasons: F(3, 1266)=1.84, 
P=0.14. In this last model, the mean IDS score of the SAD group 

Table 1 Frequency of SAD and sub-SAD within five diagnostic categories

Db  
n=356

Ab  
n=241

ADb  
n=1021

BPDb  
n=91

HCb  
n=476

Total  
n=2185

n (%)

SADa 14 (3.9%) 4 (1.7%) 69 (6.8%) 11 (12.1%) 2 (0.4%) 100 (4.6%)

sub-SADa 21 (5.9%) 16 (6.6%) 90 (8.8%) 11 (12.1%) 11 (2.3%) 149 (6.8%)

SAD, seasonal affective disorder; sub-SAD, subsyndromal seasonal affective disorder a. Kasper criteria applied to the SPAQ. b. Diagnostic categories assessed with the CIDI: D, any 
depressive disorder, lifetime diagnosis; A, any anxiety disorder, lifetime diagnosis; AD, any depressive disorder + any anxiety disorder, lifetime diagnosis; BPD, bipolar disorder; 
HC, healthy control.

Distribution of seasonal affective disorder across CIDI diagnoses
According to the Kasper criteria, 100 (4.6%) of the 2185 participants suffered from SAD. For men and 
women the percentages were 3.8% and 4.9%, respectively. Sub-SAD according to the Kasper criteria was 
present for 149 (6.8%) participants; 43 (6.1%) men and 106 (7.2%) women.  
Table 1 shows to which diagnostic groups SAD and sub-SAD participants belonged according to the CIDI 
interview. Highest percentages were seen in the BPD and AD group, intermediate percentages for D and 
A, and lowest percentages for the HC group. Of the 1377 participants with a lifetime depressive disorder 
or a lifetime comorbid anxiety and depressive disorder (ADD), 6.0% fulfilled the SPAQ criteria of SAD 
and 8.1% fulfilled the SPAQ criteria of sub-SAD.  
Of the 283 participants with a MDD, 36 (12.7%) fulfilled the SPAQ criteria of SAD and 32 (11.3%) fulfilled 
the criteria of sub-SAD. 

SAD compared to non- seasonal affective disorders (lifetime diagnoses) and healthy controls: 
demographic and clinical characteristics.
Table 2 shows the demographic and clinical characteristics of the 2185 participants in seven diagnostic groups.  
The proportion of men was higher in the BPD-NS and HC-NS group compared to SAD. Compared to 
SAD, participants in the sub-SAD group were younger. Participants in the SAD group were less frequently 
employed than participants in the other groups (except for BPD-NS) but the difference was not significant 
for AD-NS and BPD-NS.  Like BPD-NS, participants with SAD were most likely to have an income below 
€ 1.400 per month. Participants in the SAD, BPD-NS and AD-NS group scored highest in terms of 
psychopathology in the last month and in terms of psychopathology in the past year. At the two-year 
follow-up, participants in the SAD group scored higher than the other groups on the IDS, BAI and FQ but 
there was no significant difference between SAD and BPD-NS.
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Table 2 Socio-demographic, psychopathological and clinical variables, with pairwise comparison of SAD versus the other groups 

BPD-NS 
(n=69)

D-NS 
(n=321)

A-NS 
(n=221)

AD-NS 
(n=862)

HC-NS 
(n=463) SAD (100)

Sub-SAD 
(149)

Total 
(n=2185)

Socio-demographic variables

 Age at baseline (years), 
mean (s.d.)

42.9 (11.7) 43.6 (13.0) 43.4 (13.5) 43.5 (12.3) 42.5 (14.4) 41.0 (12.7) 36.8 
(11.8)**

42.7 (13.1)

 Female, n (%) 38 (55.1%)* 207 (64.5%) 143 (64.7%) 619 (71.8%) 289 
(62.4%)*

73 (73.0%) 106 (71.1%) 1475 
(67.5%)

 North European 
descent, n (%)

67 (97.1) 309 (96.3%) 211 (95.5%) 825 (95.7%) 450 
(97.2%)*

92 (92.0%) 142 (95.3%) 2096 
(95.9%)

Married (%) 32 (46.4%) 131 (40.8%) 106 
(48.0%)*

347 (40.3%) 221 
(47.7%)*

34 (34.0%) 44 (29.5%) 915 (41.9%)

Divorced (%) 9 (13.0%) 59 (18.4%) 22 (10.0%)* 147 (17.1%) 37 (8.0%)** 18 (18.0%) 23 (15.4%) 315 (14.4%)

 Years of education, 
mean (s.d.)

12.0 (3.6) 13.0 (3.3) 12.9 (3.3) 12.2 (3.3) 13.2 (3.3) 12.6 (3.0) 12.4 (3.0) 12.6 (3.3)

 Employed, n (%)a 29 (43.3%) 205 
(65.9%)*

142 
(66.4%)*

510 (60.6%) 312 
(69.6%)*

52 (52.5%) 106 
(71.6%)*

1356 
(63.7%)

 Income <€ 800 per 
month, n (%)b

7 (10.1%) 12 (3.8%) 6 (2.7%) 37 (4.3%) 29 (6.3%) 5 (5.2%) 7 (4.8%) 103 (4.8%)

 Income <€ 1400 per 
month, n (%)b

21 (30.4%) 55 
(17.2%)**

41 (18.7%)* 184 
(21.5%)*

68 
(14.9%)**

34 (35.1%) 31 (21.1%)* 434 (20.1%)

Psychopathology last year (2-year follow-up measurement – CIDI) 

 Major depressive 
disorder, n (%)

49 (71.0%) 71 
(21.1%)**

– 323 
(37.5%)**

– 57 (57.0%) 64 (43.0%)* 564 (25.8%)

 Dysthymia, n (%) 22 (31.9%)* 14 (4.4%)** – 139 (16.1%) – 18 (18.0%) 15 (10.1%) 208 (9.5%)

Social Phobia, n (%) 17 (24.6%) – 32 (14.5%) 203 (23.5%) – 23 (23.0%) 36 (24.2%) 311 (14.2%)

 Panic disorder with 
agoraphobia, n (%)

12 (17.4%)* – 11 (5.0%) 80 (9.3%) – 7 (7.0%) 10 (6.7%) 120 (5.5%)

 Panic disorder without 
agoraphobia, n (%)

12 (17.4%)* – 18 (8.1%) 92 (10.7%) – 6 (6.0%) 14 (9.4%) 142 (6.5%)

 Agoraphobia, n (%) 8 (11.6%) – 19 (8.6%) 86 (10.0%) – 14 (14.0%) 12 (8.1%) 139 (6.4%)

 Generalised anxiety 
disorder, n (%)

10 (14.5%) – 8 (3.6%)** 130 (15.1%) – 18 (18.0%) 13 (8.7%)* 179 (8.2%)

Psychopathology last month (2-year follow-up measurement – CIDI)

 Major depressive 
disorder, n (%)

23 (33.3%) 27 (8.4%)** – 165 
(19.1%)**

– 36 (36.0%) 32 (21.5%)* 283 (13.0%)

 Dysthymia, n (%) 18 (26.1%) 10 (3.1%)** – 110 (12.8%) – 17 (17%) 11 (7.4%)* 166 (7.6%)

Social phobia, n (%) 16 (23.2%) – 26 (11.8%)* 160 (18.6%) – 21 (21.0%) 31 (20.8%) 254 (11.6%)

 Panic disorder with 
agoraphobia, n (%)

6 (8.7%) – 7 (3.2%) 61 (7.1%) – 6 (6.0%) 10 (6.7%) 90 (4.1%)

 Panic disorder without 
agoraphobia, n (%)

7 (10.1%) – 10 (4.5%) 58 (6.7%) – 3 (3.0%) 12 (7.4%) 89 (4.1%)

 Agoraphobia, n (%) 4 (5.8%) – 10 (4.5%)* 61 (7.1%) – 11 (11.0%) 11 (7.4%) 97 (4.4%)

 Generalised anxiety 
disorder, n (%)

7 (10.1%) – 7 (3.2%)** 93 (10.8%) – 14 (14.0%) 11 (7.4%) 132 (6.0%)

Symptoms of depression and anxiety (2-year follow-up measurement)

IDS, mean (s.d.)c 26.8 (14.4) 12.7 (9.1)** 12.4 (8.2)** 20.0 (12.1)* 6.1 (5.2)** 24.0 (13.0) 19.5 (10.7)* 15.5 (11.9)

 IDS atypical featuresc 10 (14.7%) 9 (2.8%)** 4 (1.8%)** 71 (8.4%) 0 (0.0%)** 12 (12.4%) 10 (6.9%) 116 (5.4%)

 IDS melancholic 
featuresd

10 (14.7%) 2 (0.6%)** 2 (0.9%)** 25 (3.0%)* 0 (0.0%)** 9 (9.3%) 5 (3.5%) 53 (2.5%)

BAI, mean (s.d.)c 16.1 (12.0) 5.7 (5.8)** 7.4 (7.4)** 11.2 (9.0)* 2.9 (3.7)** 14.0 (10.1) 11.1 (8.8)* 8.5 (8.6)

FQ, mean (s.d.)e 24.7 (19.8) 11.6 
(11.2)**

17.0 
(13.6)**

24.8 (18.6)* 9.0 (8.9)** 29.2 (20.0) 25.2 (19.4) 18.9 (17.2)

Medication use 

 Use of antipsychotic 
drug, n (%)

10 (14.5%) * 4 (1.2%)* 1 (0.5%)** 13 (1.5%)* 0 (0.0%)** 5 (5.0%) 1 (0.7%)* 34 (1.6%)

 Use of anxiolytica drug, 
n (%)

17 (24.6%)* 8 (2.5%)* 20 (9.0%) 96 (11.1%) 5 (1.1%)** 10 (10.0%) 16 (10.7%) 172 (7.9%)

 Use of antidepressant 
drug, n (%)

33 (47.8%) 51 
(15.9%)**

24 
(10.9%)**

291 (33.8%) 5 (1.1%)** 36 (36.0%) 39 (26.2%) 479 (21.9%)

Global seasonality score, 
mean (s.d.)f

5. 5 (4.2)** 4.0 (2.9)** 3.2 (2.6)** 4.8 (3.2)** 2.6 (2.3)** 13.7 (2.7) 10.2 (1.7)** 4.9 (3.9)

BPD-NS, bipolar disorder (no SAD or sub-SAD); D-NS, any depressive disorder, lifetime diagnosis (no SAD or sub-SAD); A-NS, any anxiety disorder, lifetime diagnosis (no SAD or 
sub-SAD); AD-NS, any depressive disorder, lifetime diagnosis + any comorbid anxiety disorder, lifetime diagnosis (no SAD or sub-SAD); HC-NS, healthy control (no SAD or sub-SAD); 
SAD, seasonal affective disorder; sub-SAD, sub-seasonal affective disorder; IDS, Inventory of Depressive Symptoms; BAI, Beck Anxiety Inventory; FQ, Fear Questionnaire. Pairwise  
comparisons T-test for continuous variables Chi-square test for discrete variables a. n=2156 b. n=2154 c. n=2151 d. n=2128 e. n=2164 f. n=2185. Based on chi-square test for 
 categorical variables and ANOVA for continuous variables, *P<0.05 **P<0.01.

Table 2  Socio-demographic, psychopathological and clinical variables, with pairwise comparison of SAD versus the other groups
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SAD compared to lifetime depressive disorders: demographic and clinical characteristics
The SAD group consisted of 100 participants. The ADD-NS group consisted of 1183 participants 
diagnosed with a lifetime depressive disorder or a lifetime comorbid anxiety and depressive disorder, 
and no SAD or sub-SAD. 

The logistic regression analyses showed that the following variables predicted the presence of SAD: age, 
employment status, income category below € 1400 per month, neuroticism, major depressive disorder 
last year, agoraphobia last year, generalized anxiety disorder last year, mean IDS scores (two-year 
follow-up assessment), melancholic features of the IDS, Fear Questionnaire mean score, BAI anxiety 
mean score, and use of antipsychotics.
In the successive multivariate logistic regression analysis we did not include the BAI because the IDS 
and the BAI showed a high correlation of 0.80. We also did not include one-month diagnoses because 
of the overlap between one-year and one-month diagnoses.
In the last model, after removing the variables that were not significant, the variables age, income 
below € 1400, major depressive disorder last year, agoraphobia, and high melancholic features on the 
IDS significantly predicted the presence of SAD vs. ADD-NS (Table 3). 

SAD compared to lifetime depressive disorders: seasonality of depressive and anxiety symptoms
Figure 1 shows the scores on the IDS (two-year follow-up assessment) in the four seasons for SAD 
and ADD-NS. The figure suggests that IDS scores in autumn and winter were higher than in spring 
and summer for the SAD group. However, ANOVA showed that there was no significant interaction 
between the seasons and the groups: F(3, 1266) = 0.82, p=0.48, meaning that the seasonal differences 
in IDS scores were not different for SAD vs. ADD-NS. After removal of the interaction term ANOVA 
showed that there was also no significant overall effect for the seasons: F (3, 1266) = 1.84, p=0.14. In 
this last model the mean IDS score of the SAD group was significantly higher than the mean score of 
the ADD-NS group: F (1, 1266) = 21.51, p < 0.01.  Also for the scores on the BAI and the FQ there were 
no significant seasonal differences between the groups (data not shown).

Seasonal affective disorder in the NESDA study
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Seasonality of symptoms, mainly a psychological 
phenomenon?

In this study, there was no significant difference between the sea-
sons in scores on psychopathological and clinical variables, nei-
ther for participants with any lifetime depressive disorder nor for 
participants with SAD. Also the seasonal distribution of a current 
MDD was not significantly different for participants with or with-
out SAD. Finally, there was no statistically significant difference in 
severity of depressive and anxiety symptoms between participants 
with a current MDD and SAD and participants with a current 
MDD and no SAD.

Although a number of studies showed that within clinical 
populations, patients with SAD experience variation in symptom 
severity over seasons,21,27 other studies had different findings.28,29 In 
a large cohort of bipolar patients, Murray et al30 could not find a 
significant seasonal pattern for depressive symptoms. Furthermore 
in a systematic review on seasonality and BPD, the association 
between symptoms and seasonality in BPD was found to be lim-
ited.31 Also in a large population of out-patient psychiatric patients, 
no seasonal fluctuation in severity of depressive symptoms could 
be demonstrated.32 Furthermore, there is some concern consider-
ing the stability of the diagnosis of SAD. For example, Sakamoto 
found that only 22% of the SAD patients consistently showed a 

participants with a lifetime comorbid ADD, the SAD group scored 
high in terms of psychopathology in the last month and in terms of 
psychopathology in the past year. In contrast to our findings, SAD 
has been described previously as a relatively mild variant of depres-
sion characterised by an atypical symptom profile and with lower 
occupational and cognitive impairment than non-seasonal depres-
sion.24,25 On the contrary, in other studies SAD was associated with 
high impairment and high comorbidity rates of BPD, phobias and 
somatoform disorders.5,15,26

Fig. 1. Depressive symptom scores across the seasons for participants with SAD and participants with ADD-ns.
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Table 3 SAD versus ADD-NS (lifetime)a

Unadjusted odds 
ratio Exp(B) 95% CI Sig.

Adjusted odds 
ratio Exp(B)b 95% CI Sig.

Lower Upper Lower Upper

Age at 2-year follow-up 0.984 0.968 1.000 0.047 0.983 0.966 1.000 0.052

Female 1.169 0.739 1.848 0.506 1.079 0.663 1.754 0.760

Income < €1400 per month 2.114 1.360 3.284 0.001 1.711 1.076 2.722 0.023

Major depressive disorder last year 2.655 1.755 4.016 <0.001 2.586 1.649 4.056 <0.001

Agoraphobia last year 2.077 1.133 3.806 0.018 1.995 1.039 3.831 0.038

IDS melancholic features 4.322 1.971 9.475 <0.001 2.732 1.195 6.245 0.017

IDS, Inventory of Depressive Symptoms; MDD, major depressive disorders; SAD, seasonal affective disorder. a. SAD, seasonal affective disorder according to SPAQ criteria (n=94); 
ADD-NS, a lifetime depressive disorder or a lifetime comorbid anxiety and depressive disorder and no SAD or sub-SAD (n=1160). b. Based on multivariate logistic regression analysis 
with age and gender as covariates.

Table 4 Seasonal distribution of current major depressive disorder in 
participants with and without SADa,b

MDD with SAD MDD without SAD

Spring 7 (19.4%) 53 (24.7%)

Summer 3 (8.3%) 39 (18.1%)

Autumn 10 (27.8%) 67 (31.2%)

Winter 16 (44.4%) 56 (26.0%)

Total 36 (100%) 215 (100%)

MDD, current major depressive disorder; SAD, seasonal affective disorder. a. In 
order to enhance the contrast between the groups, 32 participants with MDD and 
sub-SAD were excluded from this analysis. b. Chi-square test: P=0.118.

Table 3  SAD versus ADD-NS (lifetime)a



64

Seasonal affective disorder in the NESDA study

201

Seasonality of symptoms, mainly a psychological 
phenomenon?

In this study, there was no significant difference between the sea-
sons in scores on psychopathological and clinical variables, nei-
ther for participants with any lifetime depressive disorder nor for 
participants with SAD. Also the seasonal distribution of a current 
MDD was not significantly different for participants with or with-
out SAD. Finally, there was no statistically significant difference in 
severity of depressive and anxiety symptoms between participants 
with a current MDD and SAD and participants with a current 
MDD and no SAD.

Although a number of studies showed that within clinical 
populations, patients with SAD experience variation in symptom 
severity over seasons,21,27 other studies had different findings.28,29 In 
a large cohort of bipolar patients, Murray et al30 could not find a 
significant seasonal pattern for depressive symptoms. Furthermore 
in a systematic review on seasonality and BPD, the association 
between symptoms and seasonality in BPD was found to be lim-
ited.31 Also in a large population of out-patient psychiatric patients, 
no seasonal fluctuation in severity of depressive symptoms could 
be demonstrated.32 Furthermore, there is some concern consider-
ing the stability of the diagnosis of SAD. For example, Sakamoto 
found that only 22% of the SAD patients consistently showed a 

participants with a lifetime comorbid ADD, the SAD group scored 
high in terms of psychopathology in the last month and in terms of 
psychopathology in the past year. In contrast to our findings, SAD 
has been described previously as a relatively mild variant of depres-
sion characterised by an atypical symptom profile and with lower 
occupational and cognitive impairment than non-seasonal depres-
sion.24,25 On the contrary, in other studies SAD was associated with 
high impairment and high comorbidity rates of BPD, phobias and 
somatoform disorders.5,15,26

Fig. 1. Depressive symptom scores across the seasons for participants with SAD and participants with ADD-ns.
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Age at 2-year follow-up 0.984 0.968 1.000 0.047 0.983 0.966 1.000 0.052

Female 1.169 0.739 1.848 0.506 1.079 0.663 1.754 0.760

Income < €1400 per month 2.114 1.360 3.284 0.001 1.711 1.076 2.722 0.023
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IDS melancholic features 4.322 1.971 9.475 <0.001 2.732 1.195 6.245 0.017
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Fig. 1  Depressive symptom scores across the seasons for participants with SAD and participants with ADD-ns.

Current major depressive disorder with SAD compared to current major depressive disorder without SAD
The MDD-S group consisted of 36 participants. The MDD-NS group consisted of 215 participants. 
Table 4 shows the seasonal distribution of MDD-S and MDD-NS. A chi-square test showed that there 
was no statistical significant difference in seasonal distribution between MDD-S and MDD-NS: X2 (3) 
= 5.876, p =0.118. 
In the logistic regression analyses and subsequent multivariate logistic regression analysis only the 
melancholic features significantly predicted the presence of MDD-S versus MDD-NS, with an odds 
ratio of 2.39 (95% CI 1.00 – 5.70), p =0.049. 
ANOVA showed that there were no statistically significant seasonal differences in IDS scores for 
MDD-S versus MDD-NS: F (3, 246) = 0.21, p=0.89. After removal of the interaction term ANOVA 
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showed that there was no significant overall effect for the seasons: F (3, 246) = 1.34, p=0.26. In this 
last model there was also no significant difference in mean IDS score between MDD-S and MDD-NS: 
F (3.246) = 0.17, p =0.68.  Also for the scores on the BAI and the FQ there were no significant seasonal 
differences between the groups (data not shown).

Discussion
In this large naturalistic study among participants with affective disorders and healthy controls the 
overall prevalence of SAD and sub-SAD was comparable to the prevalence in the general population 
in the Netherlands: 4.6% for SAD versus 3.1% in the general population and 6.8% for sub-SAD versus 
8.5% in the general population.[10] 
The prevalence of SAD was low within the bipolar (12.1%) and anxiety disorder group (1.7%) when 
compared to studies that also used the SPAQ in a clinical population (bipolar disorder 27.3%, panic 
disorder 30.1%).[18-20] For the bipolar group an explanation for the low prevalence of SAD might be that 
the bipolar group in this study was not a fully representative sample of patients with a bipolar disorder 
because our bipolar group consisted of participants with no clinical history of bipolar disorder at 
baseline measurement who were diagnosed at the two year follow up measurement with the CIDI.[21] 

For the anxiety disorder group an explanation might be that Marriot studied exclusively patients with 
a panic disorder and used a cut-off score of 10 on the global seasonality scale for SAD.[19] 

The prevalence of SAD within the group of participants suffering from current major depressive 
disorder (12.7%) was comparable to the finding of Levitt et al. (11%) in a Canadian community 
sample.[22] 

In our study participants suffering from SAD presented a severe clinical picture. Like participants 
with a lifetime bipolar disorder and participants with a lifetime comorbid anxiety and depressive 
disorder the SAD group scored high in terms of psychopathology in the last month and in terms of 
psychopathology in the past year.  In contrast to our findings SAD has been described previously as 
a relatively mild variant of depression characterized by an atypical symptom profile and with lower 
occupational and cognitive impairment than non-seasonal depression.[23-25] On the other hand, in other 
studies SAD was associated with high impairment, and high comorbidity rates of bipolar disorder, 
phobias, and somatoform disorders.[6,14,26] 

Seasonality of symptoms, mainly a psychological phenomenon? 
In this study there was no significant difference between the seasons in scores on psychopathological and 
clinical variables, neither for participants with any lifetime depressive disorder, nor for participants with 
SAD. Also the seasonal distribution of a current MDD was not significantly different for participants with 
or without SAD. Finally there was no statistical significant difference in severity of  depressive and anxiety 
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symptoms between participants with a current MDD and SAD and participants with a current MDD 
an no SAD. 

Although a number of studies showed that within clinical populations patients with SAD experience 
variation in symptom severity over seasons[20,27], other studies had different findings.[28,29] In a large 
cohort of bipolar patients Murray et al. could not find a significant seasonal pattern for depressive 
symptoms[30].Furthermore in a systematic review on seasonality and bipolar disorder the association 
between symptoms and seasonality in bipolar disorder was found to be limited.[31] Also in a large 
population of outpatient psychiatric patients no seasonal fluctuation in severity of depressive 
symptoms could be demonstrated.[32] Furthermore, there is some concern considering the stability 
of the diagnosis of SAD. For example, Sakamoto found that only 22% of the SAD patients consistently 
showed a winter pattern of recurrence of depressive episodes over a 10-year follow-up period.[33]

 It has been argued that discrepant results in the research on SAD might be related to heterogeneity 
in the pathophysiology of SAD. This heterogeneity then might be explained by the dual vulnerability 
model, which was first proposed by Young.[6,34,35] According to this model the winter worsening in 
seasonal and non-seasonal affective disorders can be explained by a differential loading on separate 
seasonal and depression factors. In this model the seasonal factor has a circadian mechanism with 
seasonal physiological symptoms while the depression factor is related to psychological vulnerability. 
Individuals with high levels of seasonality who also have high loadings on the depression factor may 
not show a pattern of SAD because their higher level of vulnerability to distress may manifest as non-
seasonal depressive episodes.[6] 

Yet there could be another explanation for our results. In a previous study we found that participants 
with more severe psychopathology more frequently reported seasonality of symptoms [36]. Our current 
study shows that participants in the SAD group scored high on psychopathology throughout the year 
but also high on the neuroticism scale. An explanation might be that participants who score high on 
neuroticism and have high levels of psychopathology attribute their symptoms and unhappiness in 
a greater extent to the seasons than individuals with less severe complaints. Thus, the psychological 
mechanism of cognitive attribution might be at work when seasonality is subjectively assessed. 
Support for this line of thought can be found in the literature concerning the psychological and 
personality aspects of individuals suffering from SAD.[37-39] Murray and Bagby found that the tendency 
to report SAD symptoms co-varied with neuroticism and openness, respectively, and with a tendency 
to attribute mood fluctuations to factors beyond the individual’s control.[37,39] In terms of treatment 
Rohan showed that a psychological intervention like cognitive behavioural therapy was comparably 
effective as light therapy in an acute episode of depression in SAD but superior to light therapy in two 
winters following light therapy[40].
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Limitations
In this study SAD was not assessed according to DSM-IV criteria but based on the SPAQ. The SPAQ 
seems accurate enough to be used as a screening instrument, to which end it has been used extensively 
extensively.[7,13,22] However it is recognized that the SPAQ tends to be over-inclusive and that it has 
difficulty differentiating SAD and non-SAD depressive patients.[13] One reason for the over-inclusiveness 
of the SPAQ might be its vulnerability to recall bias, because it is a self-report questionnaire that 
measures seasonality of mood and behaviour retrospectively.[24,26] Secondly, deriving a binary outcome 
from a continuous scale can lead to a misclassification bias which might lead to a decrease of the power 
to detect an association. Therefore it is possible that we did not detect existing differences between the 
groups. 

Another limitation of this study is the lack of repeated measurements within a year, limiting our ability 
to make inferences regarding prospective or causal effects. A fourth limitation that should be mentioned 
concerns the bipolar group. At baseline participants with a clinical history of bipolar disorder were 
excluded. At two year follow-up a group of participants were diagnosed with a bipolar disorder.[21] Those 
cases of bipolar disorder are likely to be mild cases and therefore not a fully representative sample for 
patients with a bipolar disorder.  

Conclusion
 In conclusion our study suggests that, within a clinical population, SAD is a measure of severity with high 
levels of symptoms throughout the year and a perceived worsening of symptoms in the winter months. 
Our data do not confirm a specific clinical picture of SAD which could support the hypothesis of SAD as 
a distinct depressive subtype.  However, more research is needed, especially long term follow-up studies 
with regular measurements within the different seasons, including physiological correlates, of patients 
who are diagnosed with SAD according to DSM-5 criteria.  
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Abstract
Background: In most studies on seasonal changes in mood and behaviour, only complaints (symptoms) 
are measured, but positive affect of individuals is not. The purpose of this study was to investigate whether 
positive and negative affect are related to the seasons. 
Methods: In a national internet-based crowdsourcing project in the Dutch general population, individuals 
were invited to assess themselves on several domains of mental health. ANCOVA was used to test for 
differences between the seasons in mean scores on the Positive and Negative Affect Schedule (PANAS) 
and Quick Inventory of Depressive Symptomatology (QIDS). Within-subject seasonal differences were 
tested as well, in a subgroup that completed the PANAS twice. The role of neuroticism as a potential 
moderator of seasonality was examined. 
Results: Participants (n = 5,282) scored significantly higher on positive affect (PANAS) and lower on 
depressive symptoms (QIDS) in spring compared to summer, autumn and winter. They also scored 
significantly lower on negative affect in spring compared to autumn. Effect sizes were small or very 
small. Neuroticism moderated the effect of the seasons, with only participants higher on neuroticism 
showing seasonality. There was no within-subject seasonal effect for participants who completed the 
questionnaires twice (n = 503), nor was neuroticism a significant moderator of this within-subjects effect. 
Conclusions: The findings of this study in a general population sample participating in an online 
crowdsourcing study do not support the widespread belief that seasons influence mood to a great extent. 
For, as far as the seasons did influence mood, this only applied to highly neurotic participants and not to 
low-neurotic participants. The underlying mechanism of cognitive attribution may explain the relation 
between seasonality and neuroticism.

Introduction
According to the World Health Organization (1946) health is a state of complete physical, mental and social 
well-being (i.e. positive states) and not merely the absence of disease and infirmity (i.e. negative states)[1]. 
Mental problems cause considerable health loss and have a substantial economic impact on health service 
use and loss of productive capacity[2,3]. Thus, the suffering caused by mental problems, the accompanying 
disability and the socio-economic consequences justify research on factors that influence the mental well- 
and ill-being of humans. Seasonality presumably is one of these factors.
The physical and mental state of humans is thought to be under the considerable influence of the seasons[4]. 
In the somatic domain, infectious diseases like influenza and allergic conditions like hay fever show a 
typical seasonal pattern. In the mental domain, the seasonal changes are considered to have an impact on 
human mood and behaviour as well, even leading to complaints and psychiatric illnesses like depression[5]. 
However, there is still an ongoing debate to what extent the seasons influence the mental well- and ill-being 
of humans[6-14]. Studies using symptom questionnaires in the general population or specific questionnaires 
in selected populations suggest that the seasons have considerable influence on the mental state of 
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individuals[15-21]. Other studies in the general population have failed to demonstrate a seasonal pattern or 
have shown only minimal seasonal differences in the prevalence rates of mental disorders[14,22-24].

In the Netherlands, one study showed that 3% of the population suffers seasonally from serious depressive 
complaints described as Seasonal Affective Disorder (SAD), and 8.5% from mild depressive complaints[16]. 
In contrast to this finding, in a cohort of Dutch primary and secondary care patients with a major depressive 
disorder and anxiety disorders, seasonal differences in depressive and anxiety symptoms, as measured 
with a general screening instrument and symptom questionnaires, were absent or small[25]. In this same 
cohort, seasonal variation in mood and behaviour was reported by healthy controls and patients with a 
lifetime diagnosis of depression with or without a comorbid anxiety disorder[26]. Patients with more severe 
psychopa¬thology more frequently reported seasonality of symptoms. Another study using the same 
cohort of patients showed that the seasonal distribution of major depressive episodes was not different 
for participants with or without SAD[27]. In the latter study, participants in the SAD group scored high on 
psychopathology and neuroticism throughout the year, but no differences were found for extraversion, 
openness, agreeableness and conscientiousness. Our studies led to the hypothesis that individuals who have 
high levels of psychopathology and who score high on neuroticism may attribute their unwell-being to a 
greater extent to the seasons than individuals with less severe complaints. Thus, neuroticism might be a 
moderator of the seasonal differences in (perceived) symptom severity. 
Most studies focus on the seasonal recurrence of depressive episodes by measuring complaints and negative 
affect (NA) and not strengths and measures of well-being like positive affect (PA). However, contextual 
factors, positive affect and mental strengths are factors that can protect against mental problems and are 
equally worthwhile to adopt in research focusing on mental problems[28-30]. For this reason, we want to 
examine whether the seasons are equally related to positive and negative affect.
Another problem in most studies is the absence of repeated measures; as most studies on seasonality are 
cross-sectional. In the present study, we will use both cross-sectional data and repeated measures, to be able 
to examine seasonal within-subject differences as well. Finally, we will examine whether the personality 
factor neuroticism has an impact on seasonality. 
We formulated the following research questions: 1) Are there any seasonal differences in the domains of 
positive affect, negative affect and depressive symptoms on a population level? 2) Can a within-person 
pattern of seasonality be shown in the domains of positive affect and negative affect in the subgroup of 
participants who filled out the questionnaires twice? 3) Is neuroticism a moderator of the relation between 
the seasons and positive and negative affect?

Materials and methods
Study design and participants
This study was conducted using data from the national internet-based crowdsourcing study 
HowNutsAreTheDutch (HND) (Dutch: HoeGekIsNL), which was designed to investigate the associations 
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and dynamic interactions between mental strengths and vulnerabilities, both between and within 
participants, in a sample from the Dutch general population. A detailed description of the study can be 
found in Van der Krieke et al.[31].
In this project, individuals were invited to visit the website www.hownutsarethedutch.com and to assess 
themselves on several domains of mental health. In order to reach as many Dutch people as possible for 
inclusion in HND, publicity for HND was sought using several newspaper and magazine articles, public 
lectures, radio interviews, and other media.
Participants had to register, create an account with a password and submit their email address. They 
received an email with a hyperlink to confirm their registration. Participants started with an online 
inclusion procedure. Inclusion criteria were adulthood (18+) and informed consent on the use of their data 
for scientific research. Participants had to confirm this statement by checking the appropriate check box. 
After the inclusion procedure, they were given access to a module to assess date of birth, gender, postal code 
area and country of residence (the Netherlands, Belgium, other). After completion of this module, three 
key modules became available on living situation, affect/mood and well-being respectively. After this, all 
other modules became available. Completion of the following modules was optional, with not all participants 
completing all modules. All items of the self-report questionnaires had to be completed, and since blank 
items were not allowed, missing data were minimal. There were no formal exclusion criteria, but the HND 
study was presented in Dutch, which implied that citizens who could not read Dutch were unable to fill out 
the questionnaires unless they used a translator.
In order to examine possible selection effects, the sample of participants in the HND study was compared 
by Van der Krieke et al.[31] to the governmental data of the general Dutch population (Central Bureau of 
Statistics) and two large population studies: the Netherlands Mental Health Survey (NEMESIS-2) with 6,646 
respondents and the Lifelines population study with 167,729 respondents[31-33].
The present study concerns the 14,489 individuals who participated between December 19th, 2013 
(launching date of the internet platform) and December 19th, 2017 (fourth-year data extraction).

Ethics statement
The Medical Ethical Committee of the University Medical Center Groningen approved the study procedures 
and declared the study was exempted from review by the Medical Research Involving Human Subjects Act (in 
Dutch: WMO) because it was a non-randomized open study targeting anonymous volunteers in the general 
population (registration number M13.147422). Inclusion criteria were adulthood (18+) and informed 
consent on the use of their data for scientific research. Participants had to confirm this by checking the 
appropriate checkbox at the online inclusion procedure. In the course of the study, it became apparent that 
after the introduction of the General Data Protection Regulation of the European Parliament (Regulation 
EU 2016/679), our dataset is considered pseudo-anonymized rather than anonymized, and is still regarded 
as personal data. Given that participants have not given informed consent to have their data publicly shared, 
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legal and ethical considerations prevent public disclosure of our dataset. Data are therefore available upon 
request to the HowNutsAreTheDutch data access committee (info@hoegekis.nl). 

Modules and questionnaires
Participants were invited to complete various questionnaire “modules” covering specific psychological 
domains. The mood and affect module included the Positive and Negative Affect Schedule (PANAS), and 
the Quick Inventory of Depressive Symptomatology (QIDS). The personality module included the NEO 
Five-Factor Inventory-3 (NEO-FFI-3). 
The present study concerns the 14,489 individuals who participated between December 19th, 2013 
(launching date of the internet platform) and December 19th, 2017 (fourth-year data extraction). We 
included the 8841 participants who completed the mood and affect module.
Approximately two years after the launch of the study, HND added a follow-up module on mood and affect 
to the website. Participants were invited to complete this follow-up module via an electronic newsletter. 
This follow-up module included the PANAS, but not the QIDS. A total of 503 participants, who filled out 
the PANAS twice, were included in the analyses of the second research question. 

Measures
The Positive and Negative Affect Schedule (PANAS) was originally developed by Watson and Clark to 
measure the relatively independent dimensions of PA and NA[34]. In their validation study of 1988 the 
scales were found to be internally consistent (Cronbach’s alpha 0.88 for PA and 0.85 for NA and largely 
uncorrelated (-0.22), sharing approximately 1% to 5% of their variance. These results were replicated in a 
large non-clinical sample by Crawford and Henry who found a Cronbach’s alpha of 0.89 for PA and 0.85 for 
NA, and a correlation between PA and NA of -.31 for males and -.24 for females[35]. Crocker, De Paoli and 
Sweeny, and Melvin and Molly found comparable results[36-38]. Hill et al. found an internal consistency of 
0.84 for PA and 0.80 for NA in a sample of older Dutch adults (age 42-84)[39]. NA is broadly correlated with 
symptoms of anxiety and depression and is a general predictor of psychiatric disorder. PA is more specifically 
negatively related to symptoms of depression (anhedonia and depressed affect) and interpersonal anxiety 
(social phobia)[40-42]. 
We used the Flemish version of the PANAS, which assesses 10 positive and 10 negative emotions over the 
previous week, on a Likert scale ranging from 1 to 5 (1 = very slightly or not at all; 5 = extremely), resulting 
in a score of 10-50 for PA and NA[43]. In a Dutch population of healthy volunteers, Peeters et al. also found a 
good internal consistency for PA (alpha 0.79) and NA (alpha 0.83). Peeters et al. calculated percentile scores 
for PA and NA in men and women. For both sexes the norm scores for PA were: very low (≤ 26), low (27-29), 
below average (30-31), average (32-34), above average (35-37), high (38-41), and very high (≥ 42). For men and 
women respectively, the norm scores for NA were: very low (- / ≤ 12), low (≤ 12, 13-14), below average (13-15, 
15-16), average (16-17, 17-20), above average (18-23, 21-24), high (24-28, 25-33), and very high (≥ 29, ≥ 34).
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The 16-item Quick Inventory of Depressive Symptomatology self-report scale (QIDS-SR16), based on the 30-
Item Inventory of Depressive Symptomatology (IDS)[44,45] was developed by Rush. The IDS and QIDS were 
designed to measure the overall severity of DSM major depressive disorder by assessing each of the nine 
symptom domains defining the syndrome: sad mood, concentration, self-criticism, suicidal ideation, interest, 
energy/fatigue, sleep, change in appetite, weight, and psychomotor activity, all measured over the previous 
week[46]. The QIDS-SR16 has good psychometric properties and is sensitive to change[44,45,47]. According to 
Rush and Trivedi, the correlation between the IDS-SR30 and QIDS-SR16 lies between 0.83 and 0.96[44,45]. In 
a systematic review considering the psychometric properties of the QIDS-SR, Reilly et al. found Cronbach’s 
alphas ranging from 0.69 to 0.89 for the QIDS-SR[47]. 
The QIDS covers nine symptom domains of depression[48]. It assesses the six domains sad mood, concentration, 
energy, interest, guilt, suicidal ideation/plans, with one item (range 0-3). Four items of the QIDS cover the sleep 
domain (insomnia and hypersomnia), and two items cover the psychomotor activity domain (agitation and 
retardation). Four items assess the appetite and weight domain (increase or decrease). The highest rating on 
any one relevant item of these last three domains is used to score this domain (range 0-3).The QIDS total score 
ranges from 0 to 27[49]. Cut-off scores were derived by Rush et al. through item-response theory and calibrated 
against a reference standard of the Hamilton Depression Rating scale indicate 0-5 no depression, 6-10 mild, 
11-15 moderate, 16-20 severe, 21-27 very severe depression[44,47]. 
In order to answer the first research question, not only seasonal differences in the QIDS total score were 
examined but also differences in eight separate items of the QIDS listed in Table 4, which had been selected 
for their assumed relationship with seasonality. The Seasonal Pattern Assessment Questionnaire, a self-rating 
screening questionnaire that retrospectively measures seasonal variation in mood-related domains, also 
assesses these items[50,51]. 
The 60-item NEO-Five-Factor Inventory was used to mea¬sure the neuroticism domain, which describes the 
tendency to experience negative emotions and psychological distress in response to stressors[52]. The inventory 
is composed of descriptive statements (e.g. “I am not a worrier”, “I feel inferior”) rated on a 5-point Likert-type 
scale (1 = strongly disagree to 5 = strongly agree). Scores are calculated by summing the 60 items and can be 
recalculated to norm scores, which were validated for the Dutch population[52]. 
The start and completion dates and times of the questionnaires were recorded automatically and were 
categorised into the four seasons (spring: March 21–June 20, summer: June 21–September 20, autumn: 
September 21–December 20, and winter: December 21–March 20). We only included participants in this 
study who completed the PANAS or QIDS within 84 hours.

Statistical analyses
In line with prior studies, the following demographic variables were selected as potential covariates: age, 
gender, partner status, employment status, income and education level. ANOVA was used to test whether 
these variables showed seasonal differences in their distribution, which turned out to be true for all of these 
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demographic variables. These variables served as covariates in all subsequent models on differences between 
the seasons in the mean scores on the PANAS and the QIDS (ANCOVA). Confidence intervals were based on 
1000 bootstrap samples because of the skewness of the distribution of the QIDS and negative affect scores. 
Post-hoc tests were used to examine the differences between the four seasons. In a subsequent model, we 
tested whether the variable neuroticism (continuous variable) moderated the seasonal effect by adding 
neuroticism and the interaction between neuroticism and season. In order to simplify the interpretation of 
a significant interaction, we performed a follow-up analysis. The participants were categorised as either low 
or high on neuroticism. We used a median split, and the model was rerun with this variable. We were not able 
to perform an a priori sample size calculation because the HND study was not primarily targeted at studying 
seasonality. Instead, we performed a post hoc power calculation. 
For the second research question, repeated-measures ANOVA was used to test whether there were within-
subject differences in the mean scores of the PANAS for the two different times the questionnaire was 
filled out, using pairs of seasons (e.g. spring-winter). This was done only for pairs of seasons with sufficient 
observations. The necessary sample size (N = 16) was calculated to detect a large effect (Cohens d = 0.8), with 
a power of 90% and a correlation between repeated measures of 0.6. A check was performed to see whether 
the seasonal order of the measurements made a difference. This was done to rule out the possibility that the 
second assessment was always lower or higher due to an unknown confounding factor. The final model tested 
whether neuroticism moderated the within-subject seasonal effect by adding neuroticism and the interaction 
between neuroticism and season. SPSS version 25 was used to analyse the data[53]. A two-sided P-value below 
.05 was considered significant.

Results 
Demographic characteristics
Table 1 shows the seasonal distribution of the demographic variables for the 8841 participants who filled 
out the mood and affect module. The mean age of the sample was 45.4 years (SD 14.5), with 68.7% of the 
participants being women. There was an increase in subscriptions following the publication of an article 
about the project in a national newspaper on April 19th, 2014[54]. This is why a majority of participants 
completed the questionnaires in spring. The latter respondents were significantly older, more often male, in 
a relationship, employed, with a higher income, and had higher education levels than participants who filled 
out the questionnaires in the other seasons.  The questions concerning income and education were missing for 
3506 and 84 participants respectively, leaving 5282 participants for further analysis of the seasonal difference 
in scores on the PANAS and QIDS. A post hoc power calculation on the sample of 5282 participants who 
were included in the cross-sectional analysis showed a power of 0.90 to detect even a small effect (Cohens 
D = 0.247) between the two smallest groups: 229 participants in summer and 717 participants in autumn. 
The power calculation confirmed that our sample size was sufficient. In the analysis with neuroticism as a 
moderator variable, a total of 4026 participants, those who completed the NEO-FFI-3, were included.
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A total of 503 participants completed the follow-up module and filled out the PANAS twice. In Table 2, 
we compare the demographic variables of the participants who completed the follow-up module to those 
who did not. The proportion of women in the follow-up module was not statistically different from the 
participants who did not complete the follow-up module. The participants who filled out the PANAS twice 
were on average 2.3 years older than the participants who did not complete the follow-up module. They 
were less frequently involved in a partner relationship than participants from the original sample. The mean 
education level of the participants in the follow-up module was slightly higher than that of the participants 
in the original sample. They did not differ significantly on other demographic variables from the participants 
who did not complete the follow-up module. The mean interval between the first and second measurements 
was 22 months. The minimum interval between measurements was three months, meaning that none of the 
participants completed both measures within one season.

Table 1  Seasonal distribution of demographic variables
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Table 2: Seasonal distribution of demographic variables in the subsample of 309 

respondents with repeated measures 310 

 Spring Summer Autumn  Winter Total Overall Testa p 

n , (%) 5852 (66.2%) 455 (5.1%) 1206 (13.6%) 1328 (15.0%) 8841 (100%)   

Age at baseline (y), mean (SD) 47.6 (14.0) 39.3 (14.4) 42.1 (14.3) 40.6 (14.4) 45.4 (14.5) F (3, 8837) = 148.7 <.001 

Female, n (%) 3859 (65.9%) 345 (75.8%) 869 (72.1%) 1003 (75.5%) 6076 (68.7%) X2 (3) = 66.6 <.001 

Partner 4429 (75.7%) 315 (69.2%) 857 (71.1%)  886 (66.7%) 6487 (73.4%)  X2 (3) = 53.4 <.001 

Employed 4429 (75.7%) 338 (74.3%) 833 (69.1%) 918 (69.1%) 6518 (73.7%) X2 (3) = 39.6 <.001 

Monthly  income <  € 1500b 408 (11.8%) 53 (23.1%) 165 (22.7%) 232 (25.0%) 858 (16.1%) X2 (3) = 133.0 <.001 

Monthly income € 1500 - € 3500b 1605 (46.5%) 104 (45.4%) 323 (44.5%) 430 (46.3%) 2462 (46.1%) X2 (3) = 1.0  0.79 

Monthly income > € 3500b 1438 (41.7%)   72 (31.4%) 238 (32.8%) 267 (28.7%) 2015 (37.8%) X2 (3) = 66.1 <.001 

Education levelc,  mean (SD) 7.05 (1.1) 6.98 (1.2) 6.76 (1.3) 6.74 (1.3) 6.96 (1.2) F (3, 8753) = 52.6 <.001 

a: Based on Chi-square test for categorical variables and ANOVA for continuous variables
b: n = 5,335
c: Education level ranging from 1 to 8, n = 8,757

Table 2  Seasonal distribution of demographic variables in the subsample of respondents with repeated measures
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Total 
 
n=8841 

No Repeated measures 
subsample 
 
N= 8338 

Repeated measures 
subsample  
 
n=503 

Overall Testa p 

Age at baseline (y), mean (SD) 45.4 (14.5) 45.2 (14.5) 47.5 (14.3) F (1, 8840) = 11.1   0.001 

Female, n (%) 6076 (68.7%) 5725 (68.7%) 351 (69.8%) X2 (1) = 0.3   0.599 
Partner 6487 (73.4%)  6148 (73.7%)  339 (67.4%)  X2 (1) = 9.8   0.002 
Employed 6518 (73.7%) 6163 (73.9%) 355 (70.6%) X2 (1) = 2.7   0.099 
Income per month <  € 1500b 858 (16.1%) 788 (16.1%)   70 (15.7%) X2 (1) = 0.05   0.833 
Income per month € 1500 - € 
3500b 

2462 (46.1%) 2241 (45.8%) 221 (49.7%) X2 (1) = 2.4   0.120 

Income per month > € 3500b 2015 (37.8%) 1861 (38.1%) 154 (34.6%) X2 (1) = 2.1   0.151 
Education levelc,  mean (SD) 6.96 (1.2) 6.95 (1.2)d 7.12 (1.1)e F (1, 8756) = 13.8   0.002 

a: Based on Chi-square test for categorical variables and ANOVA for continuous variables
b: n = 5335
c: Education level ranging from 1 to 8, n = 8757
d: n = 8256
e: n= 501
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Seasonal differences in mood and affect on a population level
The Pearson correlation between the QIDS and PA was -0.69 (p < 0.001) and between the QIDS and 
NA 0.70 (p < 0.001). Table 3 shows the estimated mean scores per season of the PANAS and QIDS 
after adjustment for covariates. The overall test for the adjusted mean differences between the seasons 
was significant for all scales. Post-hoc tests for the PANAS and QIDS showed that participants scored 
significantly higher on the positive affect scale in spring when compared to summer (estimated mean 
difference 1.6, 95% CI 0.7 to 2.5, p = 0.001), autumn (estimated mean difference 1.1, 95% CI 0.5 to 1.6, p 
= 0.002), and winter (estimated mean difference 0.7, 95% CI 0.1 to 1.3, p = 0.012) (Fig 1, upper panel), 
and significantly lower on the negative affect scale in spring when compared to autumn (estimated mean 
difference -0.9, 95% CI -1.5 to -0.5 p = 0.002) (Fig 1, middle panel). Participants scored significantly lower 
on the QIDS in spring when compared to summer (estimated mean difference -0.9, 95% CI -1.5 to -0.3, p 
= 0.003), autumn (estimated mean difference -0.9, 95% CI -1.3 to -0.6, p = 0.001), and winter (estimated 
mean difference -0.5, 95% CI -1.0 to -0.2, p = 0.004) (Fig 1, lower panel). Small effect sizes (>= 0.20) were 
found for the difference in positive affect between spring and summer (0.25) and the difference in QIDS 
score between spring and summer (0.20), spring and autumn (0.20), spring and winter (0.13). The other 
effect sizes were very small (0.10 - 0.15).

Table 3  Seasonal distribution of positive affect, negative affect and depressive symptoms 
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Spring 
n=3414 
(64.6%)  

Summer 
n=229 
(4.3%) 

Autumn 
n=717 
(13.6%) 

Winter 
n=922 (17.5%) 

Total 
n=5282 
(100%) 

Overall F-Test p 

PANAS Positive Affect Scale,   mean (SE) 34.6 (0.1) 33.0 (0.5) 33.5 (0.3) 33.9 (0.3)  F (3, 5271) = 8.9 <0.001 

PANAS Negative Affect Scale, mean (SE)  19.2 (0.1) 19.9 (0.5) 20.1 (0.3) 19.6 (0.2)  F (3, 5271) = 3.8   0.010 

QIDS, mean (SE)  5.6 (0.1) 6.5 (0.3) 6.5 (0.2) 6.2 (0.2)  F (3, 5271) = 12.0 <0.001 

Note: Estimated means and standard errors (SE) based on 1,000 bootstrap samples from ANCOVA models adjusted for age, gender, partner status, 
education, employment status, and income.
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Figure 1  Positive and negative affect (PANAS) and depressive symptoms (QIDS) by season. Estimated means and standard errors (SE) based on 
1,000 bootstrap samples from ANCOVA models adjusted for age, gender, partner status, education, employment status, and income.
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Seasonal differences in eight separate questions of the QIDS
Table 4 shows the estimated mean scores per season on eight separate “seasonality-related” questions 
of the QIDS. The overall test for the adjusted mean differences between the seasons was significant 
for all items except “decreased weight”, “increased weight” and “increased appetite”.  The post hoc 
test for the question “sleeping too much” showed that participants slept more in winter compared 
to spring. Participants scored higher for loss of general interest in autumn and winter compared to 
spring. Participants felt less sad in spring than in summer, autumn and winter. Decreased appetite 
was more prominent in summer and autumn than in spring. Participants had less energy in autumn 
and winter compared to spring and less energy in winter compared to autumn. The effect sizes were 
very small (0.10–0.19) for most of the estimated mean differences. Only the difference between spring 
and autumn in energy could be considered small (0.24). The estimated differences and effect sizes are 
shown in Table 5. 

Table 4  Seasonal distribution of symptoms associated with winter depression   

Note: Estimated means and standard errors (SE) based on 1,000 bootstrap samples from ANCOVA models adjusted for age, gender, partner status, education, 

employment status, and income.

Table 5  Post hoc tests; estimated mean differences between the seasons in eight separate questions of the QIDS 
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Table 5: Post hoc tests; estimated mean differences between the seasons in eight 376 

separate questions of the QIDS  377 

 378 

 379 
Season* QIDS question Estimated difference 95% Confidence interval 

Lower bound      Upper bound 
P Effect size 

Spring – Summer Feeling sad -0.12 -0.23 0.00 0.028 0.15 

 Decreased appetite 0.09 0.02 0.16 0.016 0.20 
Spring – Autumn Feeling sad -0.13 -0.20 -0.06 0.001 0.16 
 Decreased appetite 0.06 0.02 0.11 0.002 0.15 
 General interest 0.13 0.07 0.18 0.001 0.18 
 Energy level -0.19 -0.25 -0.12 0.001 0.24 
Spring – Winter Feeling sad -0.07 -0.13 0.01 0,018 0.09 
 General interest 0.06 0.01 0.12 0.019 0.10 
 Sleeping too much 0.07 0.03 0.12 0.002 0.13 
 Energy level -0.08 -0.14 -0.02 0.013 0.10 
Autumn – Winter Energy level -0.11 -0.19 -0.02 0.012 0.13 

 380 

  *Note. Only significant differences have been included.  381 

 382 

 383 

Moderation by neuroticism of seasonality in mood and affect  384 

Subsequent analyses with the continuous variable neuroticism showed that this 385 

personality factor significantly moderated the effect of season in the model for PA: F (3, 386 

4023) = 4.69, p = 0.003, NA: F (3, 4023) = 3.1, p = 0.027, and the QIDS: F (3, 4023) = 387 

Decreased appetite 0.08 (0.01) 0.17 (0.04) 0.15 (0.02) 0.10 (0.02)  F (3, 4791) = 7.4 <0.001 

Increased appetite 0.16 (0.01) 0.19 (0.04) 0.21 (0.03) 0.20 (0.02)  F (3, 4920) = 1.5   0.209 

Energy level 
0.57 (0.01) 0.64 (0.05) 0.75 (0.03) 0.64 (0.03)  F (3, 5271) = 

12.5 
<0.001 

 *Note. Only significant differences have been included. 
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Seasonal differences in eight separate questions of the QIDS 354 

Table 4 shows the estimated mean scores per season on eight separate “seasonality-related” 355 

questions of the QIDS. The overall test for the adjusted mean differences between the 356 

seasons was significant for all items except “decreased weight”, “increased weight” and 357 

“increased appetite”.  The post hoc test for the question “sleeping too much” showed that 358 

participants slept more in winter compared to spring. Participants scored higher for loss of 359 

general interest in autumn and winter compared to spring. Participants felt less sad in 360 

spring than in summer, autumn and winter. Decreased appetite was more prominent in 361 

summer and autumn than in spring. Participants had less energy in autumn and winter 362 

compared to spring and less energy in winter compared to autumn. The effect sizes were 363 

very small (0.10–0.19) for most of the estimated mean differences. Only the difference 364 

between spring and autumn in energy could be considered small (0.24). The estimated 365 

differences and effect sizes are shown in Table 5.  366 

 367 

 368 

Table 4: Seasonal distribution of symptoms associated with winter depression    369 

 
Spring 
n=3414 
(64.6%)  

Summer 
n=229 
(4.3%) 

Autumn 
n=717 
(13.6%) 

Winter 
n=922 
(17.5%) 

Total 
n=5282 
(100%) 

Overall F-Test p 

Sleeping too much, mean (SE) 0.30 (0.01) 0.36 (0.04) 0.32 (0.02) 0.37 (0.02)  F (3, 5271) = 4.5 <0.003 

General interest, mean (SE) 0.31 (0.01) 0.37 (0.04) 0.44 (0.03) 0.37 (0.02)  F (3, 5271) = 8.4 <0.001 

Feeling sad, mean (SE) 0.62 (0.01) 0.73 (0.05) 0.74 (0.03) 0.68 (0.03)  F (3, 5271) = 7.1 <0.001 

Decreased weight  (within last 2 
weeks) 

0.18 (0.01) 0.15 (0.04) 0.16 (0.03) 0.14 (0.02)  F (3, 4727) = 1.1   0.353 

Increased weight (within last 2 
weeks) 

0.18 (0.01) 0.21 (0.05) 0.23 (0.03) 0.23 (0.02)  F (3, 4859) = 2.5  0.061 

 
 

17 
 

 370 

Note: Estimated means and standard errors (SE) based on 1,000 bootstrap samples from 371 

ANCOVA models adjusted for age, gender, partner status, education, employment status, 372 

and income. 373 

 374 

 375 

Table 5: Post hoc tests; estimated mean differences between the seasons in eight 376 

separate questions of the QIDS  377 

 378 

 379 
Season* QIDS question Estimated difference 95% Confidence interval 

Lower bound      Upper bound 
P Effect size 

Spring – Summer Feeling sad -0.12 -0.23 0.00 0.028 0.15 

 Decreased appetite 0.09 0.02 0.16 0.016 0.20 
Spring – Autumn Feeling sad -0.13 -0.20 -0.06 0.001 0.16 
 Decreased appetite 0.06 0.02 0.11 0.002 0.15 
 General interest 0.13 0.07 0.18 0.001 0.18 
 Energy level -0.19 -0.25 -0.12 0.001 0.24 
Spring – Winter Feeling sad -0.07 -0.13 0.01 0,018 0.09 
 General interest 0.06 0.01 0.12 0.019 0.10 
 Sleeping too much 0.07 0.03 0.12 0.002 0.13 
 Energy level -0.08 -0.14 -0.02 0.013 0.10 
Autumn – Winter Energy level -0.11 -0.19 -0.02 0.012 0.13 

 380 

  *Note. Only significant differences have been included.  381 
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Figure 2 Positive and negative affect (PANAS) and depressive symptoms (QIDS) by season for high and low neurotic respondents. 
Estimated means and standard errors (SE) based on 1,000 bootstrap samples from ANCOVA models adjusted for age, gender, partner status, education, 
employment status, and income.employment status, and income.
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Moderation by neuroticism of seasonality in mood and affect 
Subsequent analyses with the continuous variable neuroticism showed that this personality factor 
significantly moderated the effect of season in the model for PA: F (3, 4023) = 4.69, p = 0.003, NA: F (3, 
4023) = 3.1, p = 0.027, and the QIDS: F (3, 4023) = 10.7, p < 0.001. Elaboration of this interaction effect 
for the PA model showed that seasonal effects were present only in high-neuroticism participants (Fig 
2, upper panel): in this subgroup, PA scores were higher in spring compared to autumn and winter. In 
the NA model, no significant differences between the seasons were observed for either the low or high 
neurotic group (Fig 2, middle panel). Only a trend of lower NA scores in spring in the high-neuroticism 
subgroup was observed (p = 0.051). For the depressive symptoms (QIDS) model, seasonal effects were 
also present only in high-neuroticism participants (Fig 2, lower panel): QIDS scores were lower in spring 
compared to autumn and winter. The effect sizes were very small or small (0.19–0.25).

Seasonality in repeated measures of mood and affect
For the analysis of the within-subject seasonality effects based on the repeated measures of the PANAS, 
the following pairs of seasons were included on the basis of sufficient observations: spring–autumn, 
spring–winter, summer–winter, autumn–winter. Table 6 shows the estimated mean differences in 
scores on the PANAS for the repeated measures in these pairs of seasons. The overall test for the mean 
differences between the seasons was not significant for any of the scales. A trend could be observed for 
PA: participants scored higher in spring compared to winter (p = 0.050). 
Re-analysis with the order of the measurement as interaction term revealed that only for the pair autumn-
winter and only for the outcome PA the order of the measurement was a significant moderator of the effect 
(p = 0.021). Elaboration of this interaction effect by splitting the group in autumn–winter and winter–
autumn showed that for these groups, there were no significant within-subject differences between the 
seasons for PA. As a check of whether scores were generally higher or lower when the questionnaire was 
filled out for a second time, we examined the scores for participants who filled out the PANAS in different 
years but in the same season: spring–spring (n=118) and winter–winter (n = 63). 
No mean difference between the seasons was found for any of these pairs. These checks suggest that the 
difference between the first and second assessments was not due to an unknown confounding factor or 
a test-retest effect.
The numbers of the pairs summer–summer (n = 1) and autumn–autumn (n = 3) were too small to analyse. 

Table 6  Mean difference in positive and negative affect between the seasons in repeated measures 
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 425 

Table 6: Mean difference in positive and negative affect between the seasons in 426 

repeated measures  427 

 428 

 429 

PANAS  Positive Affect Negative Affect 
Pairs of Seasons N Mean Difference (SE) F Test P Mean Difference (SE) F Test P 
Spring - Autumn 34 0.3 (1.2) F (1, 33) = 0.077 0.783 0.03 (1.1) F (1, 33)  = 0.001 0.979 
Spring - Winter 218 0.8 (0.4) F (1, 217) = 3.898 0.050  -0.3 (0.4) F (1, 217) = 0.471 0.493  
Summer - Winter 16 -0.4 (1.8) F (1, 15) = 0.061 0.809 -2.8 (2.1) F (1, 15) = 1.767 0.204 
Autumn - Winter 41 0.5 (0.8) F (1, 40) = 0.306 0.583 0.3 (1.0) F (1, 40) = 0.080 0.778 
Total  503       

 430 

Note. Mean differences based on estimated marginal means.  431 

 432 

 433 

Moderation by neuroticism of seasonality in repeated measures 434 

Note. Mean differences based on estimated marginal means. 
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Moderation by neuroticism of seasonality in repeated measures
There was no significant interaction between the seasons and neuroticism for any of the paired 
measurements listed in Table 6. So, neuroticism did not significantly moderate the within-subject 
differences between the seasons. We checked whether there was a difference in neuroticism between 
the participants who filled out the PANAS once (n = 4,334, mean score 32.9, SD 9.4) or twice (n = 473, 
mean score 33.0, SD 9.6). This was not the case (F(1, 4,805) = 0.1, p = 0.75). 

Discussion
The purpose of this study was to investigate whether positive and negative affect are related to the 
seasons. Secondly, we examined the role of neuroticism as a potential moderator of seasonality. The 
main findings of this study were: On a population level, participants scored higher on positive affect 
in spring compared to the other seasons, lower on negative affect in spring compared to autumn, 
and lower on QIDS depressive symptoms in spring compared to the other seasons. The same pattern 
was visible in the separate “seasonality-related” questions of the QIDS (except for weight change 
and increased appetite): participants felt less sad, slept less, had more energy, more general interest 
in spring compared to the other seasons, mainly autumn and winter. In summary, this study shows 
that participants, in general, feel better in spring compared to the other seasons, but effect sizes were 
small or very small. The personality factor neuroticism moderated the effect of the season in all three 
outcomes. There were no within-subject seasonal differences in the scores of positive and negative 
affect, as shown in the repeated measures analysis in participants who filled out the questionnaires 
twice. The power of these analyses may have been insufficient to detect significant seasonal differences, 
due to smaller numbers and the fact that effect sizes were already very small or small in the first group. 
This may also explain that neuroticism did not moderate within-subject seasonal differences.
The finding that seasonal differences were only seen in the group of high-neurotic participants is in 
line with our previous study, in which we hypothesised that subjects who score high on neuroticism 
tend to attribute their symptoms and unhappiness to the seasons[26]. This finding is also in line with the 
findings of Rosellini and Nooteboom that the symptoms of depression are related to the personality 
trait neuroticism[55,56].
In the crowdsourcing study HND procedure, the general public volunteered to assist in scientific 
research. In return, participants received feedback on their scores and were able to follow the results 
of the research on the internet[31]. Brabham described the internet crowdsourcing procedure as a 
relatively new model for application in public health[57]. Possible advantages mentioned by Bevelander 
are that by this sampling methodology already existing hypotheses can be reproduced but also that this 
methodology can generate ideas that are less well-documented or otherwise tend to be overlooked[58]. 
In previous crowdsourcing studies, the participants recruited were more diverse than in other means 
of recruitment[59]. Possible disadvantages of this method are selection bias and the impossibility to 
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calculate non-response percentages, as it is not possible to know how many people have heard of the 
project or visited the website but did not enter the study[60,61]. In order to find a group of participants 
for HND that could be representative for the general population (and thereby attempting to reduce the 
limitation of selection bias), publicity for HND was sought using several newspaper articles, magazine 
articles, public lectures, radio interviews, and other media. In order to examine possible selection 
effects, Van der Krieke et al.[31] compared the HND sample with the governmental data of the general 
Dutch population (Central Bureau of Statistics) and two large population studies: the Netherlands 
Mental Health Survey (NEMESIS-2) and the Lifelines population study[32-33]. They confirmed a certain 
selection bias. Compared to the general Dutch population, the HND participants were more often 
women (65.2% versus 50.5%; NEMESIS = 55.2%, Lifelines = 57,9%), on average 6 years older (45 
versus 39 years; NEMESIS = 44, Lifelines =42), more often with a partner (74% versus 58%;), more 
often living together (61 versus 47%; NEMESIS = 68%) and had higher education levels (> 20 years 
76% versus 35%; NEMESIS = 35%)[31].
This selection bias clearly is a limitation of the present research. Moreover, in our study, a majority 
of the participants completed the questionnaires in spring. Although we adjusted for the differences 
between the seasons due to this selective inclusion by using the demographic variables as covariates, 
we cannot rule out the possibility that the results were still partly due to some unmeasured confounder. 
Since our sample was a general population sample, another potential limitation is that the proportion 
of participants suffering from SAD can be expected to be low (ranging from 3% - 10%), implying that 
the contribution of SAD patients to our study results will be limited[11].  
Depressive disorders and anxiety disorders show a high comorbidity[62,63]. For this reason, it would 
have been interesting to include a measure of anxiety. However, in a previous article, we showed that 
the administered depression scale (QIDS) and the BAI (Becks Anxiety Inventory) showed a correlation 
of 0.80[27]. In the HND study, the Anxiety subscale of the Depression Anxiety Stress Scale (DASS) was 
used to assess anxiety over the previous week. In our data, there was a correlation of 0.70 between the 
QIDS and the anxiety scale of the DASS. Since our main objective was to investigate the seasonality of 
depression and positive and negative affect, we did not include this measure of anxiety as a confounder 
because it could have masked the seasonal effect on depression.  
A strength of this study is its large sample size for the analyses in the entire group and the spring–
winter group in the repeated measures analyses. Other strengths are the use of validated instruments, 
comparability with other Dutch population studies, the use of questionnaires covering a short period 
guaranteeing a relative absence of memory bias, and the inclusion of a personality factor in the 
analyses.
The mechanism of cognitive attribution may underlie the relation between (perceived) seasonality and 
neuroticism[27,64,65]. For future studies on seasonality of mood and behaviour, we recommend including 
the personality measure neuroticism and a measure to establish the attribution style. The objective 
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then is to further disentangle the relationship between neuroticism, attribution style and (perceived) 
seasonality of mood and behaviour.   
In conclusion, this study confirms that on a population level, the seasons are related to PA in a similar 
way as they are to NA and depressive symptoms. Spring seems to be the most favourable season, with 
participants reporting higher PA and lower NA compared to the other seasons. However, effect sizes 
are small, and the seasonal differences were only seen in high-neurotic participants. The findings of 
this study do not support the widespread belief that seasons influence mood to a great extent, at least 
not in a general population sample participating in an online crowdsourcing study.
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Objective of this Thesis
This thesis started with the observation that seasonal rhythms are evident all over nature. Humans have 
adapted to seasonal changes in agriculture, economic activities and social life. The impact of the seasons 
on human health can be recognized in somatic illnesses, especially infectious diseases and some allergic 
conditions. It is widely believed that the weather and the seasons have an impact on human mental well-
being[1-3]. Publications on the subjects of chronobiology, psychology, and psychiatry support the concept 
of seasonal changes of mood and behaviour[4]. We do not yet, however, fully understand to what extent 
seasonal changes cause changes in mood and behaviour and what mechanisms play a role in this process. 
The main question of this thesis is to what extent seasons influence positive and negative affect in humans. 
To answer this question, we analysed data from samples of the general population, in patient-oriented 
settings in primary care and specialised mental healthcare. In this thesis, the interviews and assessments 
of the questionnaires were performed within the four seasons: spring (March 21–June 20), summer (June 
21–September 20), autumn (September 21–December 20), and winter (December 21–March 20).  
In the current chapter, we will present our findings by answering the research questions formulated in 
the introduction of this thesis. This general discussion includes the relevance of these findings from a 
theoretical and clinical point of view. We will discuss the limitations and strengths of the study design 
followed by recommendations for future research.

Seasonality of Depressive and Anxiety Symptoms (Study 1) 
In Chapter 2, we described our first study, which took place in the context of the Netherlands Study of 
Depression and Anxiety (NESDA)[5]. In this study, we determined whether there is seasonal variation in 
the severity and type of depressive and anxiety symptoms in a primary care population and in patients 
with a depressive or anxiety disorder. More specifically, we wanted to find the answers to three questions:
(1) Is there a seasonal pattern in the severity of depressive and anxiety symptoms in patients who 
visit their general practitioner for whatever reason? In order to answer this first question, we used the 
screening questionnaire for affective disorders of 5,549 primary-care patients, who visited their general 
practitioner for whatever reason, not primarily for mental problems. We analysed the data in a multilevel 
model and found that the severity of depressive and anxiety symptoms showed no seasonal pattern. 
(2) Is there a seasonal pattern in the severity of depressive or anxiety symptoms in patients with a 
depressive disorder, an anxiety disorder, or a comorbid depressive and anxiety disorder in the previous 
month, and healthy controls? In order to answer this second question, we analysed data of 1,090 patients 
who participated in the baseline assessment of NESDA. We used the Composite International Diagnostic 
Interview (CIDI) to establish diagnoses according to DSM-IV criteria. We found a small rise of depressive 
symptoms in winter in healthy controls and patients with an anxiety disorder, but not in patients with 
a major depression, nor in patients with a major depression and an anxiety disorder. We were unable to 
demonstrate a seasonal effect for anxiety symptoms as measured with the Beck Anxiety Inventory (BAI). 
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We found a small gender-related seasonal effect for symptoms of fear and avoidance as measured with 
the Fear Questionnaire (FQ), with women having more complaints in summer and autumn. We found 
that patients with a depressive disorder in the previous month scored lower on depressive symptoms 
and anxiety symptoms as measured with the self-rated version of the Inventory of Depressive Symptoms 
(IDS-SR) and the BAI in winter compared to summer.
(3) Is there a seasonal pattern in the type of depressive symptoms inside these groups and are there any 
differences between the groups? We were unable to demonstrate a distinctive seasonal pattern in the type 
of depressive symptoms (i.e. atypical or melancholic symptoms).  
The main findings of this study can be summarised as follows: In a primary-care population, visiting 
their GP for whatever reason, no seasonal pattern in the severity of depressive and anxiety symptoms 
was found. In a clinical outpatient population, we found a small rise of depressive symptoms in winter 
for healthy controls and patients with an anxiety disorder, but not for patients with a major depression or 
patients with a major depression and a comorbid anxiety disorder. Statistically all analyses showed only 
small effects sizes or no effect at all for the seasons.
The major strengths of this study were its large sample size and its diagnostic procedures based on 
standardised structured interviews. A limitation was the lack of specific instruments determining 
whether the previous course of illness had a seasonal pattern. In order to address this limitation, we 
applied the Seasonal Pattern Assessment Questionnaire (SPAQ) and reported on the matter of previous 
seasonal patterns in our second and third study.

Self-attributed Seasonality (Study 2)
In our second study, we used the Seasonal Pattern Assessment Questionnaire (SPAQ) to examine the 
seasonality of symptoms in 2,168 NESDA patients with a lifetime diagnosis of depressive and anxiety 
disorders and healthy controls[6]. The SPAQ is a self-rating screening instrument that retrospectively 
measures variation in mood and behaviour on a monthly basis. The SPAQ assesses fluctuations in 
mood, energy, sleep duration, appetite, weight, and social activity. A composite measure can be 
calculated from its items: the Global Seasonality Score. 
All groups of patients and healthy controls reported a seasonal variation in mood and behaviour. 
Subjects reported feeling worst in a particular month of the year, mostly in the winter months, in 
ascending order: healthy controls (29.9%), patients with a lifetime diagnosis of an anxiety disorder 
(49.4%), patients with a depressive disorder (54.9%), and patients with a depressive disorder with a 
comorbid anxiety disorder (65%). The Global Seasonality Score showed a similar picture on the item 
of feeling worst in a particular month with the lowest scores for healthy controls followed by patients 
with a lifetime diagnosis of an anxiety disorder, with a depressive disorder, and with a depressive and 
a comorbid anxiety disorder. The season in which the questionnaires were completed significantly 
influenced the Global Seasonality Score in this study. This score was lowest for patients who completed 
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the questionnaire in summer and highest for those who did so in winter, with average scores in spring 
and autumn. 
We can summarise the main findings of this study as follows: all patients report seasonal worsening of 
mood and behaviour based on recall. Patients who completed the questionnaires in the winter months 
and patients with more severe pathology were more likely to report seasonality of mood and behaviour.
As in our first study, the major strengths of this study were its large sample size and diagnostic 
procedures based on standardised structured interviews. A major limitation was the possible bias of 
having measured symptoms on the basis of long-term memory. In order to address this limitation, 
we conducted our third study, in which we measured seasonal differences in existing symptoms in 
patients with and without self-reported sensitivity to seasonal changes.

Affective Disorders With and Without Seasonality: A Comparison (Study 3)
In our third study, we compared the clinical, demographic and personality characteristics of NESDA 
patients with a seasonal affective disorder to patients suffering from non-seasonal affective disorders 
and healthy controls[7]. In addition to the diagnostic categories from the previous studies, we included 
patients who had developed a bipolar disorder between the first and second measurements of NESDA. We 
used the criteria developed by Kasper regarding the SPAQ to identify patients suffering from a seasonal 
affective disorder and sub-syndromal seasonal affective disorder[8]. More specifically, we sought answers 
to the following questions:
(1) What is the prevalence of seasonal affective disorder and sub-syndromal affective disorder in our 
sample? The prevalence of seasonal affective disorder in our sample was 4.6%, that of sub-syndromal-
affective disorder 6.8%. The prevalence of seasonal affective disorder in the group of patients suffering 
from a depressive disorder in the previous month was 12.7%. For sub-syndromal-affective disorder this 
was 11.3%.
(2) What are the clinical characteristics of patients with seasonal affective disorder and sub-syndromal 
affective disorder compared to patients with an affective disorder and no seasonal affective disorder? 
Patients in the seasonal affective disorder group were younger, less frequently employed, were more likely 
to have a low income, and scored higher on the neuroticism scale than patients with a lifetime depressive 
disorder without a seasonal affective disorder. Patients suffering from seasonal affective disorder 
presented a severe clinical picture and scored high in terms of psychopathology in the previous year and 
month. Patients in the sub-seasonal affective disorder group were younger than patients in the seasonal 
affective disorder group. 
(3) Is there a difference in the seasonal distribution of depressive and anxiety symptoms between patients 
with a lifetime depressive disorder or a lifetime comorbid anxiety and depressive disorder and patients 
with a seasonal affective disorder? The scores for depressive symptoms and anxiety symptoms did not 
vary with the seasons: not for patients with a lifetime depressive disorder or a lifetime comorbid anxiety 
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and depressive disorder nor for patients with a seasonal affective disorder. Patients with seasonal affective 
disorder scored high on the depressive and anxiety symptoms, as did patients with a bipolar disorder and 
patients with a lifetime depressive disorder and a comorbid anxiety disorder. Patients with a seasonal 
affective disorder more frequently suffered from melancholic symptoms than from atypical symptoms 
during a depressive episode. 
(4) Is there a difference in the seasonal distribution of depressive episodes in the previous month in 
patients with and without seasonal affective disorder? We found no difference between these groups.
We can summarise the main findings of this study as follows: Patients with a seasonal affective disorder 
scored high in terms of psychopathology in the previous year. The severity of depressive and anxiety 
symptoms in the depressive episode in the previous month was the same for patients with or without a 
seasonal affective disorder. Patients with seasonal affective disorder did not suffer more frequently from 
depressive episodes in autumn and winter than patients without a seasonal affective disorder.
As in our first and second studies, the major strengths of this study were its large sample size and its 
diagnostic procedures based on standardised structured interviews. A limitation of this study is the 
lack of repeated measures. We aimed to overcome this limitation in our fourth study, using data from a 
crowdsourcing study, HowNutsAreTheDutch.

Seasonality of Positive Affect (Study 4)
In our fourth study, we stated that in most studies, only complaints (symptoms), but not positive affect 
of individuals are measured. In the current study, we determined if positive and negative affect showed 
the same seasonal pattern. For this goal, we used the data from HowNutsAreTheDutch (HoeGekIsNL), a 
national crowdsourcing study designed to investigate multiple continuous mental-health dimensions in a 
sample from the general population. We used the Positive and Negative Affect Schedule (PANAS) and the 
QIDS-SR to measure affect and depressive symptoms. The 60-item NEO-Five-Factor Inventory was used 
to measure the neuroticism domain.
First, we selected a group of 5,282 respondents who completed the questionnaires once. We found that 
on this population level, respondents scored higher on positive affect in spring compared to the other 
seasons, lower on negative affect in spring compared to autumn and lower on QIDS depressive symptoms 
in spring compared to the other seasons. The same pattern was visible in the separate ‘seasonality-related’ 
questions of the QIDS (with the exception of weight change and increased appetite): respondents felt less 
sad, slept less, had more energy, in general had more interest in spring compared to the other seasons, 
mainly autumn and winter. 
Second, we selected a subgroup of 503 respondents who filled in the questionnaires twice. We found no 
within-subject seasonal differences in the scores of positive and negative affect in this group of respondents, 
not for respondents who filled out the questionnaires in different seasons, nor for respondents who filled 
out the questionnaires in the same season. 
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On the basis of the results of our previous studies, we also tested whether neuroticism was a moderator 
variable in the relation between the seasons and positive and negative affect variables. In the group of 
respondents who completed the questionnaires once, we found that the personality factor of neuroticism 
moderated the effect of the seasons in the three outcome variables (positive affect, negative affect, and 
depressive symptoms). More specifically, only the group of respondents classified as high-neurotic 
showed higher scores on the positive affect and lower on depressive symptoms in spring compared to 
autumn and winter. Neuroticism did not moderate within-subject seasonal differences in the group of 
respondents with repeated measures. All effect sizes were small or very small.
We can summarise the main findings of this study as follows: On a population level, the seasons influence 
positive affect in a similar way to negative affect and depressive symptoms. Spring seems to be the best 
season, with respondents reporting higher positive affect and lower negative affect compared to the other 
seasons. However, effect sizes are small, and the seasonal differences are found only in high-neurotic 
respondents, not in low-neurotic respondents. There were no seasonal differences in scores on positive 
and negative affect for respondents who completed the questionnaires twice. 

Limitations and Strengths
The most important limitations of this thesis are the cross-sectional design of the first three studies, and as 
a consequence, the absence of longitudinal measurements within the same individual for all four seasons. 
Seasonal variation in mood and behaviour as well as in clinical symptoms and syndromes are longitudinal 
and cyclic phenomena by nature. Thus, multiple, seasonally repeated, measures during a long-term follow-
up period (years) within individuals are more suitable for assessing the course of seasonal mood variation 
and winter depression than cross-sectional methods. Another limitation is that the diagnosis of seasonal 
affective disorder (winter-type) in the second and third studies relied on the assessment of the SPAQ and 
not on the more restrictive DSM-IV criteria of a recurrent depressive disorder with a seasonal pattern. The 
DSM specifier requires full remissions at a specific time of year, whereas the SPAQ asks for differences in 
symptom levels between the seasons. The SPAQ is known to be a useful screening instrument for seasonal 
affective disorder (SAD), but tends to overestimate the prevalence of SAD[9,10]. The SPAQ is also vulnerable 
to recall bias because it is a self-report questionnaire[11-14]. As we conclude from our studies, erroneous 
cognitive attribution of symptoms to the seasons may have attributed to the effect of recall bias. Another 
limitation is that in the NESDA studies, the naturalistic design may have masked treatment effects of the 
depressive and anxiety disorders. Finally, selection bias may be present because data were not primarily 
collected to answer the research questions of the studies. 
Strengths of the studies were the large sample sizes and the diagnostic procedures based on standardised 
structured interviews (NESDA) and validated instruments (NESDA and HND). Other strengths were the 
inclusion of patients with a varying severity of psychopathology in the first three studies (NESDA), and 
the use of population data with repeated measures in the fourth study (HND)[15,16].  
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General Discussion

Summary of Findings
Our first study showed that seasonal differences in severity or type of depressive and anxiety symptoms were 
absent or small in effect size in a primary-care population and patient populations with a major depressive 
disorder and anxiety disorders. In our second study, we found an increasing percentage of self-attributed 
seasonality of depressive symptoms depending on the severity of patients’ psychopathology. In our third study, 
we found that patients with seasonal affective disorder scored high in terms of psychopathology in the previous 
year, just as patients with a lifetime of bipolar disorder and patients with a lifetime of comorbid anxiety and 
depressive disorder. Patients suffering from a seasonal affective disorder also scored high on neuroticism. 
Remarkably, the seasonal distribution of major depressive episodes was not different for patients with or without 
seasonal affective disorder. In our fourth study, we found that spring is the best season with higher scores on 
positive affect, and lower scores on negative affect compared to the other seasons. These seasonal differences 
were only seen in high-neurotic respondents, not in low-neurotic respondents, and effect sizes were small. 
There were no seasonal differences in scores on positive and negative affect for respondents who completed 
the questionnaires twice. The most critical limitations were the absence of a longitudinal study design with 
multiple (seasonal) measurements of mood, behaviour, and personality within individuals, and the use of the 
SPAQ instead of DSM-IV criteria for diagnosing seasonal affective disorder.

Seasonality in Somatic Diseases
Many acute infectious diseases, such as influenza and hepatitis A, show a typical window of occurrence, 
which may vary depending on geographic location and differ from other diseases in the same area[17]. 
This seasonality is easily recognized by the public and may even lead to a designation like “flu season”, but 
the mechanisms underlying the seasonality of infectious disease are not fully understood[18]. Martinez 
describes broad categories of seasonal drivers among which are environmental factors (e.g. vector 
seasonality, seasonal climate), host behaviour (e.g. seasonal behaviour and contact rate), host phenology 
(e.g. annual cycles of migration, cycles of metabolism), and exogenous biotic factors (e.g. algal density 
in water). Some allergies, like hay fever show seasonality[19]. Schrijver et al. described seasonality in a 
large sample of Dutch paediatric patients and concluded that seasonality occurs in more than one-fifth 
of patients with paediatric diseases. This study demonstrated seasonality in respiratory tract infections, 
gastroenteritis, and asthma, but also in functional complaints (abdominal pain and headache)[20]. 

Seasonality in Mental Disorders
As described in Chapter 1, studies on seasonal variations in the prevalence of different types of mental 
disorders in the general population show diverging results. On the one hand, studies in the general 
population using general (semi-)structured interviews or questionnaires do not demonstrate a seasonal 
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pattern for different categories of mental disorders [21-23]. On the other hand, studies using more specific 
questionnaires or performed in specific patient populations do report seasonal differences for a variety of 
mental disorders, like depressive disorders, anxiety disorders, eating disorders and alcoholism[24-29]. Wirtz-
Justice et al. found a prevalence of 3.4% of repeated winter major depressive episodes in a prospective 
cohort study in Switzerland, using comprehensive diagnostic interviews. However, the period between 
the 5 measurements was 20 years, and a recurrence rate of 2 was used to establish the diagnosis “repeated 
winter major depressive episodes”[30]. 

Heterogeneity of Depression 
As described in Chapter 1, the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) builds 
diagnostic criteria on the description and aggregation of symptoms, severity, and course of the condition. 
It defines subtypes and specifiers (e.g. seasonality in depressive disorders). There is an ongoing debate 
about the premises of the depression concept of DSM-5, as its basis is atheoretical and so it lacks the 
conceptualisation of a disease with a defined aetiology, disease symptoms, disease course, and treatment 
options[31]. Depression and anxiety are often accompanied by disability, which is known to be predictive of 
clinical parameters like treatment outcome and recurrence, but the correlation with symptom severity is 
only moderate[32]. Diverging treatment results, partly ascribed to the non-specificity of major depression, 
have led to proposals for models of depressive sub-typing based on characteristics like observed 
symptom profiles, aetiology, time of onset, gender, duration of complaints and treatment response[33]. 
Ideally, subtypes should represent homogeneous groups of cases and represent different underlying 
pathophysiological processes allowing us to develop specific treatment strategies. 
In the meantime, researchers are trying to unravel the underlying common factors driving 
psychopathology and disability[32,34-37]. Lamers et al. among others used latent class analysis in the 
NESDA cohort and identified three classes of depression: “severe melancholic class”, “severe atypical 
class”, and “class of moderate severity”[34,35]. Patten adopted a narrative review method and listed eight 
possible models on aetiology: “depressive disorders as chemical imbalances”, ”degenerative conditions”, 
“toxicological syndromes”, “injuries”, “deficiency states” (e.g. a serotonin deficiency), “an obsolete category”, 
“medical mysteries”, and “evolutionary vestiges” (maladaptation to modern environments)[36]. Lahey et 
al. developed a hierarchical general factor model of psychopathology, and proposed a common general 
factor and specific internalizing and externalising factors underlying psychopathology[37].

Seasonal Affective Disorder 
Seasonal Affective Disorder, winter-type (SAD), commonly named winter depression, is one of the 
proposed subtypes of depression with a specific aetiology as well as a specific treatment strategy[33,38]. The 
validity of the concept of whether SAD is a distinct depressive subtype or a seasonality trait of patients 
with fluctuating minor and major depression remains a matter of debate[23,30,33,39-46]. 
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Treatment of Seasonal Affective Disorder 
 Light therapy is the therapy of choice for seasonal affective disorder and is recommended in the Dutch 
guideline for depression[9,47]. Light therapy is a non-pharmacological treatment exposing people to 
artificial light, with mode of delivery and form of light varying. Side effects of light therapy are generally 
mild and transient. Most commonly reported side effects are headaches, blurred vision and agitation. 
Relative contraindications for light therapy include certain retinal diseases and medications that increase 
retinal sensitivity to light. Light therapy may precipitate a hypomanic or manic episode in bipolar patients. 
The duration of light treatment is usually short (one or two weeks), and side effects are mild compared to 
most drugs. 
As long ago as twenty years, more than 60 studies were published by researchers all over the world on 
the effectiveness of light therapy for SAD[9]. In a randomized controlled trial comparing light therapy 
and the antidepressant fluoxetine in SAD, Lam et al. found a response rate of 67% for both groups and 
concluded that there were no differences in outcome between the two conditions[48]. In a review of light 
therapy, Golden et al. found light therapy to be superior to control conditions[38]. However, they remark 
that most reports on the efficacy of light therapy are not based on rigorous study designs and that it is 
virtually impossible to create an acceptable placebo condition for light therapy. No Cochrane Review is as 
yet available on light therapy for newly diagnosed cases of SAD.
In a Cochrane Review on light therapy for non-seasonal depression (version 2010), Tuinainen et al., 
conclude that light therapy as an adjunctive treatment to drug therapy, sleep deprivation, or both has a 
slightly better outcome, but this effect was not significant[49]. They also remark that the quality of reporting 
in the studies is poor.
Though the Cochrane Database of Systematic Reviews does not contain a review on the validity of the 
diagnosis or treatment of SAD, it contains four striking updates for the preventive treatment of SAD (2019).
The first review focuses on light therapy as a preventive intervention[50]. According to the authors, there is 
limited evidence for light therapy as a preventive treatment for people with a history of SAD. Methodological 
limitations and the small sample size of the only available study have precluded review author conclusions 
on the effects of light therapy for SAD. 

The second review focuses on second-generation antidepressants for preventing SAD[51]. The authors 
conclude: “Available evidence indicates that bupropion XL is an effective intervention for prevention of 
recurrence of SAD. Nevertheless, even in a high-risk population, three out of four people will not benefit 
from preventive treatment with bupropion XL and will be at risk for harm. Clinicians need to discuss with 
patients the advantages and disadvantages of preventive antidepressant treatment and might want to consider 
offering other potentially efficacious interventions, which might confer a lower risk of adverse events.” The third 
review focuses on the prescription of melatonin and agomelatine for preventing SAD[52]. The authors conclude: 
“Given the uncertain evidence on agomelatine and the absence of studies on melatonin, no conclusion about 
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efficacy and safety of agomelatine and melatonin for prevention of SAD can currently be drawn”.
 The fourth review focuses on psychological therapies for preventing SAD[53]. The authors conclude: “The 
evidence on psychological therapies to prevent the onset of a new depressive episode in people with a 
history of SAD is inconclusive. We identified only one study, including 46 participants focusing on one 
type of psychological therapy. Methodological limitations and the small sample size preclude us from 
drawing a conclusion on benefits and harms of mindfulness-based cognitive therapy as a preventive 
intervention for SAD.”
In all four reviews, the authors also state: “Given that comparative evidence for the preventive options 
is limited, the decision for or against initiating preventive treatment of SAD and the treatment selected 
should be strongly based on patient preferences”. This refers to the process of shared decision-making, 
which occurs when patient and clinician reach a formulation of the present problem, and discuss how 
to manage it, weighing the benefits and harms of the options, and considering the patients’ values, 
preferences and circumstances[54,55]. 

Light Therapy and the Common Factors in Treatment
In physical therapies and psychotherapy alike very different interventions lead to comparable results when 
applied to patients with similar conditions[56]. The estimated variance attributed to common factors is at 
least 70%, whereas for specific interventions this is 8% at most, leaving an unexplained variance of 22%[56-

58]. The common factors of therapies are: the change process (opportunity of ventilating the problem, 
providing a rationale), therapeutic qualities (empathic, socially-sanctioned healer), relationship elements 
(developing an alliance relationship), treatment structure (use of a therapy rationale, use of technique or 
rituals), and client characteristics (positive expectations)[56,59,60]. Theoretically, the placebo effect and the 
effect of the common factors coincide when the specific treatment and placebo are indistinguishable[61]. 
This means that the appealing theory of the biological origin of seasonal complaints, the corresponding 
rationale for light therapy, and the difficulties in creating a placebo condition for light therapy all favour 
the common factors of treatment, both for  patients and clinicians who apply light therapy. These factors 
may explain the positive effects of light therapy experienced in clinical therapy. 

Vulnerability to Seasonal Changes and Depression
In an attempt to explain the heterogeneity in the pathophysiology of seasonal affective disorder Young 
proposed the dual vulnerability model, in which the seasonal factor has a circadian mechanism with seasonal 
physi¬ological symptoms, while the depression factor is related to psychological vulnerability[40,62,63]. In 
this theory, the underlying biological vulnerability leads to physiological symptoms like hypersomnia, 
lack of energy, hyperphagia and weight gain. The depression factor is related to melancholic symptoms 
(weight loss, and insomnia) and psychological vulnerability. This psychological vulnerability then may 
interact with the biological factors in the onset and duration of winter depression[40].
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The Physiology of Circadian and Seasonal Rhythms
Circadian rhythms and the genetic background of the biological clock are subject to intensive research. 
The scientific journal “Chronobiology International” is a journal dedicated to this topic. For seasonal 
affective disorder, the scientific discussion about seasonal fluctuations in physiology leans heavily 
on the knowledge of circadian (so far not seasonal) rhythms and the alignment of the master clock 
by the perception of light by the eye[4]. Researchers and clinicians have postulated the theory that the 
biological mechanism behind seasonal affective disorder is the seasonal variation of light (photoperiod), 
which causes shifts in the daily melatonin onset and offset, thereby influencing the sleep-wake cycle in 
vulnerable persons. The neurobiological research on seasonal changes focuses on brain serotonin and 
dopamine systems and the immune system[42,64-66].  However, so far, no certain biological markers have 
been found for seasonal affective disorder, nor are there any leads to finding of such markers.

Mood and the Weather 
Research on the relationship between the actual weather and mood is a topic closely associated with 
research on the relationship between the seasons and mood. In one of their original studies on the 
PANAS Clark and Watson showed that actual weather variables were not significantly related to mood[67]. 
According to Clark and Watson, the relation found between reported rain and mood was due to recording 
bias on the part of the subjects. Denissen et al. found no effect of weather parameters (e.g. temperature, 
wind, sunlight, photoperiod) on positive affect and only a small effect of weather parameters on negative 
affect[3]. Denissen et al. concluded that their study goes against the commonly held conception that weather 
exerts a strong influence on mood. In contrast, Sarran et al. found that the variable sunshine duration, for 
both the current and previous week, and global radiation for the previous week, are significantly linked to 
SAD symptoms[68]. In a study on the relationship between mood, actual weather, and time spent outdoors, 
Keller et al. found a positive interaction effect between the time spent outdoors, mild weather conditions, 
and mood as measured with the PANAS[2]. 

 Psychological Vulnerability in Seasonal Affective Disorder 
The dual vulnerability model does not explicate what psychological process may constitute the psychological 
vulnerability of SAD patients, but negative automatic thoughts, rumination, negative attribution style, and 
dysfunctional attitudes are thought to contribute,[69]. 
Personality traits are relatively stable individual characteristics, expressed in mood, cognition, behaviour, and 
interpersonal relations. Neuroticism is one of five personality dimensions and consists of sensitivity for negative 
stimuli. Neuroticism and depression are related, but the direction of the relationship is complicated. Neuroticism 
is a vulnerability factor for developing depressive and anxiety disorders[70,71]. It predicts both first and recurrent 
episodes of depression, and a change in depressive state predicts a change in neuroticism[72-75]. Meesters also 
discussed that the seasons may influence the scores on neuroticism scales in patients with SAD[75].    
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In our third study, we found that patients with SAD scored higher on neuroticism than patients with a 
lifetime depressive disorder[7]. Other studies describe that SAD patients score higher on neuroticism than 
persons from the general population but lower than non-seasonal depressed patients[74,76]. Linjegaerde 
et al. found the personality dimensions to be poor predictors of improvement after light therapy but 
saw a tendency that patients rating themselves high on the personality inventory, are the ones that 
experience and report the greatest improvement after light therapy[74,76]. Bagby et al. found no differences 
on neuroticism between SAD patients and non-seasonally depressed patients, measured during the acute 
depressive episode, but found higher scores on the openness dimension for SAD patients. They concluded 
that SAD patients may be a subgroup of depressed patients who are more imaginative, more emotionally 
sensitive and likely to entertain unconventional ideas[77].   

The Attraction of the Concept of Seasonal Affective Disorder
There is still a debate going on about the validity of the diagnosis of SAD as a  subtype of depression[23,30,33,39-46]. 
Arguments against the concept are: (1) Seasonality of depressive symptoms in patient populations is 
inconclusive and, if present, probably due to multiple causes[7,29]. (2) In longitudinal research, the majority 
of patients show a non-seasonal pattern of depressive episodes[4,78]. (3) There are no specific biological 
markers for the condition. (4) It is not possible to distinguish the specific treatment effect of light therapy 
(a specific form of therapy) from the common factors, because there is no placebo condition for light 
therapy. 
Arguments in favour of the concept are: (1) Depressive disorders are recurrent. (2) If we explicitly assess 
seasonality of complaints, a substantial part of the general population attributes their complaints to 
the change of the seasons. (3) Underlying the concept of SAD is an appealing biological theory which 
corresponds with the collective experience of the change of the seasons. (4) Preventive therapy in the 
following year, which ideally starts before a major depressive episode has developed, usually follows the 
treatment of initially diagnosed SAD. 

Seasonality of Symptoms, Mainly a Psychological Phenomenon?
We found that patients with more severe psychopathology more frequently reported seasonality of 
symptoms[6]. Furthermore, we found that patients in the SAD group scored high on psychopathology 
throughout the year but also high on the neuroticism scale[7]. It is quite possible that patients, who score 
high on neuroticism and have high levels of psychopathology, attribute their symptoms and unhappiness 
to the seasons to a greater extent than individuals with less severe complaints. The tendency to report SAD 
symptoms co-varies with the tendency to attribute mood fluctuations to factors beyond the individual’s 
control, as was shown for respondents who score high on neuroticism and openness[77,79]. Rohan showed 
that a psychological intervention like cognitive behavioural therapy was comparably effective to light 
therapy in an acute episode of depression in SAD but superior to light therapy in two winters following 
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light therapy[80]. Thus, the psychological mechanism of cognitive attribution may play a prominent role in 
the attribution of complaints to the seasons[69].

Comments on the Specifier “Seasonality” in Depressive Disorders 
As described in the introductory chapter of this thesis, in DSM-IV and DSM-5 seasonality is described 
with the specifier “with seasonal pattern”, which applies to recurrent major depressive disorder and bipolar 
disorder. In DSM, specifiers are not intended to be mutually exclusive, and more than one specifier may be 
given. According to the DSM-5 “specifiers provide an opportunity to define a homogenous subgrouping of 
individuals with the disorder who share certain features and convey information that is relevant for the 
management of the individuals’ disorder”[81]. The specifier “seasonality” was introduced in DSM based on 
expert opinions of clinicians diagnosing patients with SAD and treating them with light therapy. However, 
so far, no longitudinal studies have been performed assessing the validity (and temporal stability) of this 
specifier. The studies in this thesis suggest that the factor neuroticism has a considerable influence on the 
seasonal factor. 

Conclusion
This thesis shows that on a group level seasonal variation in depressive symptoms, positive and negative 
affect is absent or limited in effect size. These findings hold for healthy controls and for patients who suffer 
from a depressive disorder (with or without a comorbid anxiety disorder) but, unexpectedly, also for 
patients suffering from a seasonal affective disorder. Second, as the severity of psychopathology increases, 
significantly more patients attribute their complaints to the change of the seasons. Third, patients suffering 
from seasonal affective disorder score high on psychopathology and a neuroticism scale. Fourth, on a 
population level, seasonal variation in positive and negative affect and depressive symptoms is mainly 
contributable to high-neurotic persons.
Based on the literature and our studies, we infer that the psychological mechanism of cognitive 
attribution is an underestimated factor in the aetiology of seasonal affective disorder. Finally, we conclude 
that seasonal affective disorder may be a conflation of recurrent depression and neuroticism with a 
subjectively perceived worsening of symptoms in the winter months.

Clinical Implications
A practical implication of this thesis is that clinicians should take into account that the time of year 
influences the perceived feelings of well- and ill-being of their patients. For patients who present 
themselves with seasonal fluctuations of physical and emotional complaints, the diagnosis of depression 
with a seasonal component should be considered. It is essential to rule out seasonally-linked psychosocial 
stressors that more likely explain the pattern (e.g. seasonal unemployment or school schedule). As in all 
cases of patients presented with a depressive disorder, underlying somatic problems should be diagnosed 
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and treated accordingly. Taking into account the personality structure (including the cognitive style), and 
beliefs the patient holds about the cause of the depressive disorder, the process of shared decision-making can 
be started. Follow-up consultations without initiating specific therapy, waiting for remission of symptoms in 
springtime, is a possible line of conduct. If therapy is required, light therapy is recommended, given the short 
duration of the therapy and the relatively mild side-effects. Alternative options are bupropion medication 
and cognitive therapy. It is crucial to monitor the symptoms and the course of the depressive disorder and 
switch to alternative treatment options if the depressive complaints last.  
Light therapy, the antidepressant bupropion and cognitive therapy are also recommended for preventing 
recurrence of depressive episodes in SAD. It is essential to bear in mind that according to recent Cochrane 
Reviews, evidence for preventive treatment is limited, and the treatment selected should be firmly based 
on shared decision-making which leaves ample opportunities for patient preferences[50-53]. As argued 
in the discussion section, the patient’s perspective and preferences are part of the common factor, 
which influences the outcome of therapies. Finally, although scientific questions about the validity and 
specificity of seasonal affective disorder and light treatment exist, it is essential to realize that careful 
clinical diagnostic assessment (ruling out underlying somatic pathology and considering differential 
diagnoses), followed by administering an appropriate therapy in a clinical setting is the cornerstone of 
clinical practice and an essential part of the common factor as well.  

Future Research
First, and very importantly, we recommend validation studies for the specifier of seasonality in DSM 
diagnoses for depressive and bipolar disorder. For future research on seasonality of mood and behaviour, 
we recommend a longitudinal repeated measures approach with measurements of symptoms and 
syndromal diagnoses in all seasons. We also recommend including a validated measure of personality and 
cognitive style. On the basis of the literature, we also recommend including the actual weather conditions 
and the time spent outdoors at the time the questionnaires were completed. Our hypothesis then might be 
that the personality factor neuroticism, cognitive style, and time spent outdoors have a more significant 
influence on mood and behaviour than the actual weather conditions, the seasons, and possibly even the 
specific effect of light therapy.
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Summary
This thesis started with the observation that seasonal rhythms are evident throughout nature. A year is 
typically divided into seasons, with each season having its specific amount of daylight, weather conditions 
and ecology, depending on the global position of the region. Spring, summer, autumn and winter are the 
common seasons in temperate and subpolar regions. 
The impact of the seasons on human health can be recognized in somatic illnesses, especially infectious 
diseases and some allergic conditions. Publications on the subject of chronobiology, psychology and 
psychiatry support the concept of seasonal changes in mood and behaviour. However, it is not yet fully 
understood to what extent, and according to what mechanisms, changes of the seasons cause changes in 
mood and behaviour. 
The main question of this thesis is the extent to which the seasons influence positive and negative affect 
in humans. To answer this question, we analysed data in samples of the general population, in patient-
oriented settings in primary care and specialised mental healthcare.
 
In Chapter 1, we summarised the relevant epidemiologic data and diagnostic practices in clinical 
psychiatry and scientific research on depressive disorders and the seasonality of mental problems. 
Epidemiological population studies show that mental disorders constitute a significant health problem with a 
considerable impact on health service use and cost. In the Netherlands, one out of five people (20.1%) suffer 
from a depressive or anxiety disorder at least once in their lives. In a year’s time, one out of sixteen (6.1%) suffer 
from a depressive disorder, and one out of ten (10.1%) from an anxiety disorder.
The core symptoms of the depressive disorder are the presence of a sad, empty or irritable mood or a loss of 
pleasure in almost all activities. A depressive disorder is diagnosed when these symptoms are accompanied by 
cognitive and somatic changes affecting the capacity to function in day-to-day life. The symptoms for major 
depressive disorder must persist for most of the day, nearly every day, for at least 2 consecutive weeks. Most 
episodes last considerably longer. Major depressive disorder is a recurrent one in the majority of cases.
 In the Diagnostic and Statistical Manual of Mental Disorders (DSM IV and DSM -5) the specifier “with 
seasonal pattern” applies to recurrent major depressive disorder and bipolar disorder. The most important 
feature of this specifier is a regular temporal relationship between the onset of major depressive episodes and 
a particular time of year (e.g. autumn or winter). Full remissions must also occur at a specific time of year (e.g. 
the depressive episodes disappear in spring). For bipolar disorder this also applies to manic and hypomanic 
episodes. Other features are that two major depressive episodes demonstrating the temporal relationship must 
have occurred in the previous two years. Non-seasonal major depressive episodes must not have occurred 
during that same period. Over the individual’s lifetime, the seasonal depressive episodes must substantially 
outnumber the non-seasonal major depressive episodes. Finally, obvious effects of seasonal psychosocial 
stressors must be absent (e.g. seasonal unemployment). Symptoms often accompanying major depressive 
episodes with a seasonal pattern are: a noticeable lack of energy, hypersomnia, overeating, and weight gain.
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Studies on seasonal variations in the prevalence of different types of mental disorder in the general population 
show different results. Most studies focus on the seasonal recurrence of depressive episodes. Prevalence rates 
of mood (affective) disorders with a seasonal pattern range from 1% to as much as 12%, depending on the 
diagnostic criteria used. In the literature, the seasonal recurrence of depressive episodes has been designated 
as “seasonal affective disorder” and “subsyndromal seasonal affective disorder” for milder forms.
A Dutch general population study of 5,356 randomly selected subjects using the Seasonal Pattern Assessment 
Questionnaire (SPAQ) reported a one-year prevalence of 3% for winter seasonal affective disorder (SAD) and 
8.5% for subsyndromal seasonal affective disorder.

In Chapter 2, we reported on our first study, which took place within the framework of the Netherlands 
Study of Depression and Anxiety (NESDA). NESDA is an ongoing multi-site naturalistic longitudinal 
cohort study of 2,981 adults (18-65 years), aimed at describing the long-term course and consequences 
of depressive and anxiety disorders.  
In our study, we found that in a primary-care population visiting their GP for any reason no seasonal 
pattern existed in the severity of depressive and anxiety symptoms. In a clinical outpatient population, we 
found a small increase in depressive symptoms in winter for healthy controls and patients with an anxiety 
disorder, but not for patients with major depression or patients with major depression and a comorbid 
anxiety disorder. We were unable to demonstrate a seasonal effect for anxiety symptoms. We found a 
small gender-related seasonal effect for symptoms of fear and avoidance, with more complaints among 
women in summer and autumn. We found that patients with a depressive disorder in the previous month 
scored lower on depressive symptoms and anxiety symptoms in winter compared to summer. Finally, we 
were unable to demonstrate a distinct seasonal pattern in the type of depressive symptoms (i.e. atypical 
or melancholic symptoms). 

In Chapter 3, we used the SPAQ to examine the seasonality of symptoms among 2,168 NESDA patients 
with a lifetime diagnosis of depressive and anxiety disorders and healthy controls. The SPAQ is a 
self-rating screening instrument measuring variations in mood and behaviour retrospectively on a 
monthly basis. The SPAQ assesses fluctuations in mood, energy, sleep duration, appetite, weight and 
social activity. 
In our study we found that all groups of patients and healthy controls report a seasonal worsening of 
mood and behaviour based on recall information. Patients who completed the questionnaires in the 
winter months and respondents with more severe pathology were more likely to report seasonality 
of mood and behaviour. Feeling worst in a particular month, mostly a winter month, was reported in 
ascending order by healthy controls (29.9%), patients with a lifetime diagnosis of an anxiety disorder 
(49.4%), patients with a depressive disorder (54.9%), and patients with a depressive disorder with a 
comorbid anxiety disorder (65%). 
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In Chapter 4, we compared the clinical, demographic and personality characteristics of NESDA 
patients with a seasonal affective disorder to patients suffering from non-seasonal affective disorders 
and healthy controls. We used the criteria developed by Kasper regarding the SPAQ to identify patients 
suffering from a seasonal affective disorder and sub-syndromal seasonal affective disorder.

In our study we found that patients in the seasonal affective disorder group were younger, less 
frequently employed, more likely to have a low income, and scored higher on the neuroticism scale 
than patients with a lifetime depressive disorder without a seasonal affective disorder. Patients with a 
seasonal affective disorder scored high in terms of psychopathology in the previous year. The severity 
of depressive and anxiety symptoms in the depressive episode of the previous month was the same 
for patients with and without seasonal affective disorder. Patients with seasonal affective disorder did 
not suffer more frequently from depressive episodes in autumn and winter than patients without a 
seasonal affective disorder. 

In Chapter 5, we determined if positive and negative affect showed the same seasonal patterns. For this 
goal, we used the data from HowNutsAreTheDutch (HoeGekIsNL), a national crowdsourcing study 
designed to investigate multiple continuous mental health dimensions in a sample from the general 
population. 
In a group of 5,282 respondents who completed the questionnaires once, we found that respondents 
scored higher on positive affect in spring compared to the other seasons, lower on negative affect 
in spring compared to autumn and lower on depressive symptoms in spring compared to the other 
seasons. The same pattern was visible in the separate questions related to seasonality: respondents felt 
less sad, slept less, had more energy, and more general interest in spring compared to the other seasons, 
mainly autumn and winter. In a subgroup of 503 respondents who filled out the questionnaires twice, 
we found no within-subject seasonal differences in the scores of positive and negative affect. 
In the group of respondents who filled out the questionnaires once, we found that the personality 
factor neuroticism moderated the effect of the seasons in the three outcome variables (positive affect, 
negative affect, and depressive symptoms). More specifically, only the group of respondents classified 
as high neurotic showed higher scores on the positive affect in spring compared to autumn and winter, 
and lower on negative affect in spring compared to autumn. Neuroticism did not moderate within-
subject seasonal differences in the group of respondents with repeated measures. All effect sizes were 
small or very small.
 
In Chapter 6, we summarise our findings in the context of the literature on the topic of seasonality. The 
limitations and strengths of our studies are presented and the implications of our studies for clinical 
practice and future research are discussed. 
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Limitations and strengths
The most important limitations of this thesis are the cross-sectional design of the first three studies, 
and as a consequence, the absence of longitudinal measurements within the same individual for all four 
seasons. Another limitation is that the diagnosis of SAD (winter-type) in the second and third studies 
relied on the assessments of the SPAQ and not on the more restrictive DSM-IV criteria of a recurrent 
depressive disorder with a seasonal pattern. The SPAQ is vulnerable to recall bias because it is a self-report 
questionnaire. A further limitation is that in the NESDA studies, the naturalistic design may have masked 
treatment effects of the depressive and anxiety disorders. Finally, in all four studies selection bias may 
exist because the data were not primarily collected to answer the research questions of the studies. 
Strengths of the studies were the large sample sizes and the diagnostic procedures based on standardised 
structured interviews (NESDA) and validated instruments (NESDA and HND). Other strengths were the 
inclusion of patients with varying degrees of psychopathology in the first three studies (NESDA), and the 
use of population data with repeated measures in the fourth study (HND). 

Literature
In somatic medicine seasonality is easily recognised by both the public and professionals and may even 
lead to designations like “flu season” or “hay fever season”, but functional complaints (abdominal pains 
and headaches) show seasonality as well. Mechanisms underlying the seasonality of infectious diseases 
are not fully understood. 
In an attempt to explain the varying degrees of the pathophysiology of SAD, Young proposed the 
dual vulnerability model. In this model, the seasonal factor has a circadian mechanism with seasonal 
physi¬ological symptoms, while the depression factor is related to psychological vulnerability. In this 
theory, the underlying biological vulnerability leads to physiological symptoms like hypersomnia, lack of 
energy, hyperphagia and weight gain. The depression factor is related to melancholic symptoms (weight 
loss and insomnia) and psychological vulnerability. This psychological vulnerability then may interact 
with the biological factors in the onset and course of the winter depression.
Circadian rhythms and the genetic background of the biological clock are subject to intensive research 
concerning the biological vulnerability in SAD. The scientific knowledge about seasonal fluctuations in 
physiology leans heavily on the knowledge of circadian rhythms and the alignment of the master clock 
by light perception in the eye. However, so far no specific biological markers have been found for seasonal 
affective disorder, nor are there any leads to finding these markers. Research on the relationship between 
the actual weather and mood is a topic closely associated with research on the relationship between the 
seasons and mood. Also, in this line of research, results are pointing in different directions. Most studies 
show that actual weather variables (temperature, wind, sunlight, photoperiod) are not significantly 
related to mood. Some studies find a positive interaction effect between the time spent outdoors and 
sunlight exposure in the previous week.
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The dual vulnerability model does not explain what psychological process may constitute the psychological 
vulnerability of SAD patients, but negative automatic thoughts, rumination, negative attribution style, 
and dysfunctional attitudes are thought to be among them. Neuroticism is one of five personality factors 
and consists of sensitivity to negative stimuli. Neuroticism is a vulnerability factor for developing 
depressive and anxiety disorders, and predicts both first and recurrent episodes of depression. Change in 
the depressive state also predicts a change in neuroticism.
Light therapy is the therapy of choice for SAD and recommended in the Dutch guideline for depression. 
Though the Cochrane Database of Systematic Reviews does not contain a review on the validity of the 
diagnosis of SAD or its treatment, it does contain four striking updates for the prevention of seasonal 
affective disorder (2019).  These reviews concern light therapy, second-generation antidepressants 
(bupropion XL), melatonin and agomelatine, and psychological therapies. In all four reviews, the authors 
also state: “Given that comparative evidence for the preventive options is limited, the decision for or 
against initiating preventive treatment of SAD and the treatment selected should be strongly based on 
patient preferences”. This refers to the process of shared decision-making.
In physical therapies and psychotherapy alike, very different interventions achieve comparable results 
when applied to patients with similar conditions. The estimated variance attributed to common factors is 
at least 70%, whereas for specific interventions this is 8% at maximum, leaving an unexplained variance 
of 22 %. The common factors of therapies are the change process (opportunity for venting complaints, 
providing a rationale), therapeutic qualities, relationship elements, treatment structure, and client 
characteristics (positive expectations). Theoretically, the placebo effect and the effect of the common 
factors coincide when the specific treatment and the placebo are indistinguishable. 

Discussion
A debate is still going on about the validity of the diagnosis of SAD as a subtype of depression. 
Arguments against the concept are: (1) Seasonality of depressive symptoms in patient populations is 
inconclusive and, if present, probably due to multiple causes. (2) In longitudinal research, the majority 
of patients show a non-seasonal pattern of depressive episodes. (3) There are no specific biological 
markers for the condition. (4) It is not possible to distinguish the specific treatment effect of light 
therapy (a specific form of therapy) from the common factors, because there is no placebo condition 
for light therapy. 
Arguments in favour of the concept are: (1) The recurrence of the depressive disorders. (2) If we 
explicitly assess the seasonality of the symptoms, a considerable portion of the general population 
attribute their complaints to the change of the seasons. (3) The basis of the concept of SAD is an 
appealing biological theory, which corresponds with the collective experience of the change of the 
seasons. (4) Preventive therapy in the next year, which ideally starts before a major depressive episode 
has developed, usually follows the treatment of initially diagnosed SAD. 
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This thesis shows that on a group level seasonal variation in depressive symptoms, positive and 
negative affect, is absent or limited in effect size. These findings hold for healthy controls and for 
patients who suffer from a depressive disorder (with or without a comorbid anxiety disorder), but 
unexpectedly also for patients suffering from a seasonal affective disorder. Second, as the degree of 
psychopathology increases, significantly more patients attribute their complaints to the change of the 
seasons. Third, patients suffering from seasonal affective disorder score high on psychopathology and 
on a neuroticism scale. Fourth, on a population level, seasonal variations in positive and negative affect 
and depressive symptoms can mainly be contributed to high-neurotic subjects.
From the literature and our studies we infer that the psychological mechanism of cognitive attribution 
is an underestimated factor in the aetiology of seasonal affective disorder. The appealing theory of the 
biological origin of seasonal complaints, the corresponding rationale for light therapy, and the issues 
involved in creating a placebo condition for light therapy, favour the common factors of treatment. 
These factors may explain the positive effects of light therapy experienced in clinical practice. Finally, 
we conclude that seasonal affective disorder may be a combination of recurrent depression and 
neuroticism with a worsening of symptoms perceived by the subject in the winter months.  

Clinical implications
A practical implication of this thesis is that clinicians should take into account that the time of the 
year influences the feelings of well- and ill-being perceived by their patients. It is essential to rule out 
seasonal psychosocial stressors that are more likely to explain the pattern (e.g. seasonal unemployment 
or school schedule). As in all cases of patients presenting themselves with a depressive disorder, 
underlying somatic problems should be diagnosed and treated accordingly. Taking into account the 
personality structure (including cognitive style), and beliefs the patient holds about the cause of the 
depressive disorder, the process of shared decision-making can start. A possible line of conduct is to start 
follow-up consultations without initiating a specific therapy, with a possible remission of symptoms 
in springtime. If therapy is required, light therapy is recommended, given the short duration of this 
therapy and its relatively mild side effects. Bupropion medication and cognitive therapy are alternative 
options. It is crucial to monitor the symptoms and the course of the depressive disorder and switch 
to alternative treatment options if the depressive complaints last. Light therapy, the antidepressant 
bupropion and cognitive therapy are also recommended for preventing the recurrence of depressive 
episodes in SAD. 
Finally, despite scientific questions about the validity of the seasonal specifier in recurrent depressive 
disorders (and thus SAD), it is essential to realise that a careful clinical diagnostic assessment (ruling 
out underlying somatic pathology and considering differential diagnoses), followed by an appropriate 
therapy in a clinical setting is the cornerstone of clinical practice and an essential part of the common 
factors in therapy as well. 
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Future research
So far, no longitudinal studies have been performed assessing the validity (and temporal stability) of the 
specifier “with seasonal pattern” for recurrent major depressive disorder and bipolar disorder in DSM. 
We recommend initiating such a validation study. This study should be carried out in a longitudinal 
repeated measures approach with measurements of symptoms and syndromal diagnoses in all seasons. 
We also recommend including validated measures of personality and cognitive style, the actual weather 
conditions, the date at which the questionnaires were completed, and the time spent outdoors at the time 
the questionnaires were filled out. 
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Samenvatting
Afhankelijk van de positie op de aarde hebben de jaargetijden een wisselende hoeveelheid daglicht, 
typische weersomstandigheden en daarmee gepaard gaande veranderingen in de natuur. De lente, zomer, 
herfst en winter zijn seizoenen die in de gebieden met een subpolair- en gematigd klimaat voorkomen. 
De invloed van de seizoenen op de lichamelijke gezondheid van mensen is terug te zien in het voorkomen 
van bepaalde infectieziekten (bijvoorbeeld griep) en allergische aandoeningen (bijvoorbeeld hooikoorts). 
Publicaties op het gebied van de chronobiologie, psychologie en psychiatrie ondersteunen de gedachte 
dat de seizoenen ook invloed hebben op de stemming en het gedrag van mensen. We weten echter nog 
niet precies in welke mate en volgens welke mechanismen de verandering van de seizoenen stemming en 
gedrag van mensen beïnvloeden. 
De vraag waar dit proefschrift zich op richt, is in welke mate de seizoenen positieve en negatieve 
gevoelens bij mensen beïnvloeden. Om deze vraag te beantwoorden hebben wij de gegevens geanalyseerd 
van personen uit de algemene bevolking, uit de eerste lijns gezondheidszorg en uit de gespecialiseerde 
geestelijke gezondheidszorg. 

In Hoofstuk 1 geven wij een samenvatting van de relevante epidemiologische gegevens en van de 
psychiatrische diagnostiek bij depressieve stoornissen. Speciale aandacht gaat hierbij uit naar de invloed 
van de seizoenen op psychische aandoeningen. 
Epidemiologische studies laten zien dat psychische aandoeningen een belangrijk 
volksgezondheidsprobleem vormen en zorgen voor een aanzienlijk gebruik van de beschikbare 
menskracht en middelen in de gezondheidszorg. Nederlands onderzoek laat zien dat een op de vijf 
mensen in de loop van het leven een depressie of een angststoornis krijgt. Jaarlijks krijgt een op de 
zestien personen (6,1%) een depressieve stoornis en een op de tien (10,1%) een angststoornis. 
De kernsymptomen van een depressieve stoornis (major depressive disorder) zijn aanwezigheid van 
een sombere stemming, een leeg en hopeloos gevoel of een verlies van plezier in bijna alle activiteiten. 
Een depressieve stoornis wordt gediagnosticeerd wanneer er naast deze kernsymptomen klachten van 
cognitieve en neurovegetatieve (lichamelijke) aard zijn en het dagelijks functioneren gehinderd wordt. De 
klachten dienen gedurende minimaal twee weken dagelijks aanwezig zijn maar beslaan vaak een langere 
periode. De aandoening is meestal recidiverend van aard. 
In het handboek voor de classificatie van psychische stoornissen (DSM IV en DSM-5) is de specificatie “met 
seizoensgebonden patroon” opgenomen. Deze specificatie kan van toepassing zijn op een recidiverende 
depressieve stoornis en op een bipolaire stoornis. Het belangrijkste kenmerk van deze specificatie is dat 
er een regelmatige temporele relatie is tussen het begin van de depressieve episoden en een bepaalde 
tijd van het jaar (bijvoorbeeld de herfst en de winter). Volledige remissies dient eveneens bereikt te 
worden tijdens een bepaalde tijd van het jaar (de depressie klaart op tijdens de lente). Bij de bipolaire 
stoornis geldt dit ook voor de manische en hypomane episoden. Een volgend kenmerk is dat zich in de 
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twee voorafgaande jaren twee depressieve episoden met een dergelijk seizoengebonden patroon hebben 
voorgedaan en dat er geen niet-seizoensgebonden depressieve episoden zijn geweest. In het leven van de 
betrokkene moeten zich verder aanmerkelijk vaker seizoensgebonden depressieve episoden voorgedaan 
hebben dan niet-seizoensgebonden episoden. Tenslotte mogen er geen duidelijke seizoensgebonden 
psychosociale stressfactoren aanwezig zijn (zoals geregelde werkeloosheid in de winter) die het patroon 
kunnen verklaren. Depressieve episoden met een seizoensgebonden winter patroon (winterdepressie) 
worden vaak gekenmerkt door “atypische” kenmerken zoals een aanmerkelijk verlies van energie, een 
toename van de slaapbehoefte, een toename van de eetlust en gewichtstoename. 
Studies naar het seizoensgebonden voorkomen van psychische stoornissen laten wisselende resultaten 
zien. De meeste studies betreffen het seizoensgebonden voorkomen van depressieve episoden. Afhankelijk 
van de diagnostische criteria die gebruikt worden variëren de prevalentiecijfers van stemminsstoornissen 
met een seizoensgebonden patroon in de studies van 1% tot 12%. 
Een veel gebruikte screeningslijst voor seizoensgebonden klachten is de Seasonal Pattern Assessment 
Questionnaire (SPAQ). Een Nederlands bevolkingsonderzoek onder 5356 personen die de Seasonal 
Pattern Assessment Questionnaire (SPAQ) invulden liet zien dat 3% van hen voldoet aan de criteria 
van winterdepressie (volgens de definitie van de SPAQ) en 8,5% last had van een mildere vorm van 
winterdepressie (subklinische winterdepressie / winterblues).   

In Hoofdstuk 2 worden de resultaten beschreven van de studie naar seizoensgebonden verschillen in 
klachten bij respondenten van de Nederlandse Studie naar Depressie en Angst (NESDA). NESDA is een 
in 2004 begonnen langetermijn studie onder 2981 volwassen personen mét en zonder een depressieve 
stoornis of een angststoornis.
In een groep patiënten die hun huisarts om wat voor een reden dan ook bezochten konden wij geen 
verschil tussen de seizoenen aantonen in de ernst van gerapporteerde depressieve symptomen en 
angstsymptomen. In een groep patiënten die in behandeling zijn in de tweede lijn van de geestelijke 
gezondheidszorg, was er een lichte stijging van depressieve symptomen in de winter bij patiënten met een 
angststoornis, maar niet bij patiënten met zowel een depressieve stoornis als een angststoornis en ook niet 
bij gezonde controlepersonen. Vrouwen hadden wat meer klachten van vrees en vermijding in de zomer 
en herfst. De groep patiënten die een depressieve stoornis hadden gedurende de maand die vooraf ging 
aan de meting, scoorden gemiddeld in de winter lager op depressieve symptomen en angstsymptomen 
dan in de zomer. Het type depressieve symptomen (atypisch of melancholisch) verschilde niet tussen de 
seizoenen. 

In hoofdstuk 3 beschrijven wij de studie waarin SPAQ gebruikt wordt om de verschillen in symptomen 
tussen de seizoenen te meten bij een groep van 2168 personen. Deze groep bestond uit patiënten met een 
depressieve stoornis, met een angststoornis, met een gelijktijdig naast elkaar voorkomende (co-morbide) 
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depressieve- en angststoornis en uit gezonde controle personen. 
Op basis van herinnering werd door alle groepen patiënten en gezonde controle personen een 
seizoensgebonden verslechtering van de stemming gerapporteerd. Personen die de vragenlijst in de 
winter invulden en patiënten met ernstiger psychopathologie rapporteerden vaker dat zij last hadden 
van seizoensgebonden klachten van stemming en gedrag. Het percentage personen dat rapporteerde 
dat zij zich in een bepaalde maand het slechtst voelden (meestal de wintermaanden) was 29,9% bij de 
gezonde controle personen, 49,4%, bij patiënten met een actuele angststoornis of een angststoornis in 
de voorgeschiedenis, 54,9% bij patiënten met een actuele depressieve stoornis of een angststoornis in de 
voorgeschiedenis en 65% bij patiënten met een co-morbide depressieve- en angststoornis.

In hoofdstuk 4 vergelijken wij de klinische-, demografische- en persoonlijkheidskenmerken van 
NESDA patiënten die lijden aan een winterdepressie of winterblues met patiënten die lijden aan een 
niet-seizoensgebonden depressie en met gezonde controle personen. De diagnoses winterdepressie en 
winterblues werden gesteld aan de hand van de SPAQ. Hiervoor werden de criteria van Kasper gebruikt. 
Patiënten met een winterdepressie waren gemiddeld jonger, vaker werkloos, hadden een lager inkomen en 
scoorden hoger op de neuroticisme vragenlijst dan patiënten met een niet-seizoensgebonden depressie. 
Patiënten met een winterdepressie vertoonden vaak psychopathologie in het afgelopen jaar. Bij de 
patiënten die in de afgelopen maand een depressieve episode doormaakten, werd geen verschil gevonden 
in de ernst van de depressieve symptomen en angstsymptomen tussen de groep met een winterdepressie 
en de groep zonder winterdepressie. Patiënten met een winterdepressie hadden niet vaker een depressieve 
episode in de herfst of winter dan patiënten met een niet-seizoensgebonden depressieve stoornis. 

In hoofdstuk 5 bestuderen wij of positieve en negatieve affecten (stemming of gemoedstoestanden) 
eenzelfde seizoensgebonden patroon vertonen. Hiervoor gebruikten wij de gegevens van HoeGekIsNL. 
Via de website https://www.hoegekis.nl/ is in 2014 een grote studie gestart naar psychische gezondheid 
in Nederland. In deze studie vragen de onderzoekers de Nederlandse bevolking om zelf aan te geven 
welke psychische klachten en krachten zij ervaart. HoeGekIsNL is een initiatief van het Interdisciplinair 
Centrum Psychopathologie en Emotieregulatie (ICPE), onderdeel van de Rijksuniversiteit Groningen (RuG).
Wij bestudeerden een groep van 5282 personen die de vragenlijsten eenmaal in vulden. In vergelijking 
met de overige seizoenen scoorden zij in de lente hoger op positief affect, lager op negatief affect en 
hadden zij minder depressieve symptomen. Hetzelfde patroon was zichtbaar bij klachten die geassocieerd 
zijn met winterdepressie: in vergelijking met de herfst en de winter voelden de respondenten zich in de 
lente minder somber, sliepen zijn minder, hadden meer energie en meer interesse in andere mensen of 
activiteiten. In de groep van 503 personen die de vragenlijsten tweemaal invulde (herhaalde metingen) 
werd voor de herhaalde scores van positief en negatief affect bij dezelfde personen geen verschil tussen 
de seizoenen gevonden.
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 In de groep van personen die de vragenlijsten eenmaal invulde vonden wij een relatie met het 
persoonlijkheidskenmerk neuroticisme en het effect van de seizoenen op de uitkomstvariabelen positief 
affect, negatief affect en depressieve symptomen. Alleen de personen die als hoog neurotisch aangemerkt 
werden, scoorden, in vergelijking met de herfst en winter, in de lente hoger op positief affect en lager op 
depressieve symptomen. Deze relatie tussen de seizoenen en neuroticisme vonden wij niet bij groep met 
de herhaalde metingen. Bij alle analyses was de grootte van het effect  “klein” of  “erg klein”.
  
In hoofdstuk 6 vatten wij de bevindingen van onze studies samen en bespreken deze in samenhang 
met de wetenschappelijke literatuur. De beperkingen en sterke kanten van de studies worden toegelicht. 
Daarnaast worden enkele aanbevelingen voor de klinische praktijk en toekomstig onderzoek gedaan.

Beperkingen en Sterke kanten
De belangrijkste beperkingen van dit proefschrift zijn de cross-sectionele opzet van de eerste drie studies 
en het ontbreken van herhaalde metingen bij de zelfde persoon in alle seizoenen. Een tweede beperking 
is dat de diagnose van winterdepressie in de twee en derde studie gebaseerd was op de SPAQ en niet op 
de meer welomschreven criteria van de DSM-IV. De SPAQ is een zelfrapportage vragenlijst die naar de 
ervaringen in de afgelopen jaren vraagt en kan daardoor gevoelig zijn voor verstoringen van herinnering 
(recall-bias). Een derde beperking is dat in de naturalistisch opzet van de NESDA studie bij patiënten die 
voor hun klachten behandeld worden de depressieve klachten en angstklachten beïnvloed zijn. Tot slot 
kan in alle vier de studies sprake zijn van selectiebias omdat de data niet primair verzameld waren voor 
het beantwoorden van de onderzoeksvragen. 
Sterke kanten van dit proefschrift zijn de grote aantallen in de onderzochte groepen, de gestandaardiseerde 
gestructureerde interviews in NESDA en het gebruik van gevalideerde onderzoeksinstrumenten in 
NESDA en HoeGekIsNL. Ook de inclusie van patiënten met verschillende stadia van psychopathologie 
in NESDA en het gebruik van herhaalde metingen in de vierde studie kunnen als sterke punten genoemd 
worden. 

Literatuur
 In de somatische geneeskunde worden seizoensgebonden fenomenen door zowel leken als professionals 
gemakkelijk herkend. Dit leidt tot benamingen als “het griepseizoen” of “hooikoorts seizoen”. Voor de 
achterliggende mechanismen van de seizoenpatronen zijn wel verklaringen, maar we begrijpen er nog niet 
alles van. Daarbij komt dat ook functionele klachten (zoals buikpijn en hoofdpijn) een seizoensgebonden 
patroon laten zien. 

Young heeft het model van de dubbele kwetsbaarheid  (dual vulnerability model)  geïntroduceerd in 
een poging om de verschillen in kwetsbaarheid voor winterdepressie te verklaren. In dit model is de 
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seizoen-factor een biologische kwetsbaarheid en de depressie-factor een psychologische kwetsbaarheid. 
De biologische kwetsbaarheid hangt dan samen met de seizoensgebonden verschuiving van het dag 
en nachtritme (circadiane ritme) en komt tot uiting in fysiologische symptomen.  Deze fysiologische 
symptomen zijn: gebrek aan energie, een verhoogde slaapbehoefte, een verhoogde eetlust (vooral zoete 
etenswaren) en gewichtstoename. De depressiefactor is in dit model gerelateerd aan melancholische 
symptomen zoals gewichtsverlies en slapeloosheid en de genoemde psychologische kwetsbaarheid. 
Volgens het dubbele kwetsbaarheidsmodel kan de psychologische kwetsbaarheid interacteren met de 
biologische factoren en het ontstaan en beloop van een winterdepressie beïnvloeden.
Circadiane ritmes en de genetica van de biologische klok zijn belangrijke onderwerpen in het onderzoek 
naar de biologische kwetsbaarheid van patiënten met een winterdepressie. De wetenschappelijke kennis 
over seizoens-afhankelijke verandering in de fysiologie bij winterdepressie leunt sterk op de kennis van 
circadiane ritmes. Het gaat hierbij dan vooral om de kennis van de bijstelling van de meesterklok in 
de hersenen door de lichtperceptie in het oog. Tot nu toe zijn er echter nog geen biologische markers 
gevonden die een rechtstreekse relatie met winterdepressie hebben. Wetenschappelijk onderzoek naar de 
relatie tussen het weer en de stemming is qua onderwerp verbonden aan de relatie tussen  de seizoenen 
en de stemming. Ook wat de relatie tussen het weer en de stemming betreft, zijn de resultaten van het 
onderzoek niet eenduidig. De meeste studies laten zien dat variabelen van het weer (temperatuur, wind, 
zonneschijn, photoperiode) geen invloed op de stemming hebben. Sommige studies vinden daarentegen 
dat de tijd die iemand buiten doorbrengt en de mate van blootstelling aan zonlicht in de voorafgaande 
week invloed hebben op de stemming.  
Het model van de dubbele kwetsbaarheid van Young geeft geen nadere verklaring om welke psychologische 
processen het gaat bij de factor van de psychologische kwetsbaarheid. Uit later onderzoek bij patiënten 
met winterdepressie komt naar voren dat piekeren, automatisch negatieve gedachten, een negatieve 
attributie stijl en dysfunctionele denkpatronen hierbij een rol spelen. 
Neuroticisme is een van de vijf persoonlijkheidsdomeinen en bevat persoonlijkheidstrekken die met 
emotionele stabiliteit en emotionele labiliteit te maken hebben. Neurotiscisme wordt ook dan ook wel 
aangeduid als emotionele instabiliteit of geneigdheid om angst te ervaren. Neurotiscisme is een bekende 
kwetsbaarheidsfactor voor het ontstaan van depressieve stoornissen en angststoornissen. Omgekeerd is 
het ook zo dat een verandering in de ernst van de depressie of angststoornis ook een verandering in ernst 
van neuroticisme geeft.
Lichttherapie is de voorkeursbehandeling voor winterdepressie en als zodanig opgenomen in de 
Nederlandse multidisciplinaire richtlijn voor Depressie. Hoewel de Cochrane Database voor Systematische 
Reviews geen review bevat over de validiteit van de diagnose en behandeling van winterdepressie, zijn er 
wel vier recent (2019) hernieuwde reviews over het afwenden van nieuwe episodes van winterdepressie 
verschenen. Hierin wordt de behandeling van winterdepressie met lichttherapie, met het tweede generatie 
antidepressivum buproprion, met melatonine en agomelatine, en met psychologische therapieën 
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geëvalueerd. In alle vier de reviews verklaren de auteurs het volgende: “gezien het feit dat het bewijs van 
vergelijkend onderzoek van preventieve behandelingen beperkt is, dient de beslissing voor of tegen een 
preventieve therapie en de keuze van de therapievorm in hoge mate mede bepaald te worden door de 
voorkeur van de patiënt.” Dit verwijst naar de manier van werken die als “gezamenlijke besluitvorming” 
bekend staat waarbij de arts en patiënt samen tot een beleid komen dat het beste bij de patiënt past. 
Bij somatische behandeling, maar ook bij psychologische behandelingen en psychotherapie, blijken 
verschillende interventies veelal vergelijkbare resultaten op te leveren bij patiënten die dezelfde 
aandoening hebben. De variantie die toegeschreven kan worden aan de gemeenschappelijke factoren is 
minstens 70%, terwijl dit voor de specifieke interventies maximaal 8% is en er een onverklaarde variantie 
van 22% overblijft. De gemeenschappelijke factoren van behandelingen zijn: 1) Het behandelproces zelf, 
met de mogelijkheid om de klachten te ventileren en de het geven van een verklaring voor de klachten. 
2) De therapeutische kwaliteiten van de behandelaar. 3) De aard van de relatie tussen behandelaar 
en patiënt. 4) De structuur van de behandeling. 5) De karakteristieken van de patiënt (o.a. positieve 
verwachtingen). In theorie vallen het placebo effect en de gemeenschappelijke factoren samen wanneer 
de specifieke behandeling en de placebobehandeling niet onderscheiden kunnen worden. 

Discussie
 Er is nog steeds een wetenschappelijke discussie gaande over de validiteit van de diagnose winterdepressie 
als een subtype van de depressieve stoornissen. 
Argumenten tegen het concept van de winterdepressie zijn: 1) Seizoenvariatie van depressieve symptomen 
in patiëntenpopulaties staat niet vast. Als die variatie wel aanwezig is zijn er meerdere verklaringen 
mogelijk buiten de verklaring van de toe- en afname van de hoeveelheid licht samenhangend met de lengte 
van de dagen. 2) In longitudinaal onderzoek laat de meerderheid van patiënten met winterdepressie een 
niet-seizoensgebonden patroon zien. 3) Er is geen biologische marker gevonden voor winterdepressie 
terwijl het als een grotendeels biologisch bepaald fenomeen wordt beschouwd. 4) Het is niet mogelijk 
om het effect van de specifieke behandeling met lichttherapie te onderscheiden van  het effect van de 
gemeenschappelijke factoren omdat er geen goede placebobehandeling voor lichttherapie bestaat.
Argumenten voor het concept van de winterdepressie zijn: 1) Het terugkerende karakter van depressieve 
stoornissen. 2) Als we gericht vragen naar de variatie van klachten tussen de seizoenen dan schrijft een 
belangrijk deel van populatie klachten toe aan de seizoenen. 3) De verklaring voor het fenomeen van de 
winterdepressie is een aansprekende biologische theorie die aansluit bij de collectieve overtuiging dat de 
verandering van de seizoenen er toe doet. 4) Na initiële behandeling van de winterdepressie volgt veelal 
tot tevredenheid van de patiënt preventieve therapie in het volgende jaar, wat meestal start voordat de 
depressieve episode volledig ontwikkeld is. 
Dit proefschrift toont aan dat op groepsniveau seizoenvariatie van depressieve symptomen, van positief 
affect en van negatief affect nagenoeg afwezig is. Deze bevindingen gelden voor gezonde controle 
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personen, voor patiënten die een depressieve stoornis hebben (met of zonder bijkomende angststoornis), 
maar tegen de verwachting in ook voor patiënten met een winterdepressie. Ten tweede blijkt dat wanneer 
de ernst van de psychopathologie toeneemt, steeds meer patiënten hun klachten toeschrijven aan de 
verandering van de seizoenen. Ten derde toont dit proefschrift aan dat patiënten die aan een winterdepressie 
lijden veel psychopathologie vertonen en hoog scoren op de neuroticisme vragenlijsten. Ten vierde zagen 
wij dat in de algemene populatie seizoensgebonden verschillen in positief  affect en depressieve symptomen 
alleen voorkwamen bij personen die als (ernstig) neurotisch gekenmerkt kunnen worden. 
Uit de gegevens van de literatuur en onze bevindingen maken wij op dat het psychologische mechanisme 
van cognitieve (of externe) attributie een onderschatte factor is bij de winterdepressie. De aantrekkelijke 
theorie van de biologische oorsprong van seizoensgebonden klachten, de daarbij aansluitende rationale 
voor lichttherapie en het ontbreken van een goede placeboconditie voor lichttherapie, werken de 
gemeenschappelijke factoren in de hand. Deze factoren zouden de positieve effecten van lichttherapie zoals 
die in de praktijk ervaren worden grotendeels kunnen verklaren. Tot slot concluderen wij dat winterdepressie 
een combinatie van terugkerende depressieve episoden en neuroticisme zou kunnen zijn, waarbij de 
betrokkene meent dat er een verergering is van de klachten is in de winterperiode. 

Klinische implicaties
Een praktische implicatie van dit proefschrift is dat clinici er rekening mee moeten houden dat 
het jaargetijde de stemming en gevoelens van welzijn kan beïnvloeden.  Het is belangrijk om 
seizoensgebonden psychosociale stressoren die het patroon beter kunnen verklaren uit te sluiten (bijv. 
seizoensgebonden werkloosheid, schoolexamens). Zoals bij alle patiënten die zich met depressieve 
klachten presenteren dienen onderliggende somatische problemen gediagnosticeerd en behandeld 
te worden. Rekening houdend met de persoonlijkheidsstructuur (inclusief de cognitieve stijl) en de 
ideeën die de patiënt heeft over de oorzaak van de depressie kan het proces van de “gezamenlijke 
besluitvorming” beginnen om een passende behandeling te kiezen. 
Een mogelijke handelwijze is het aanbieden van een aantal vervolgconsulten, zonder specifieke 
therapie, met de kans op een remissie van de symptomen in het voorjaar. Wanneer therapie nodig 
is, wordt lichttherapie aangeraden, aangezien het kort van duur is en weinig bijwerkingen heeft. 
Medicamenteuze behandeling met bupropion en cognitieve therapie zijn alternatieve opties. Het is 
belangrijk om het beloop van de klachten te volgen en naar alternatieve behandelopties over te gaan 
als de klachten voortduren. Lichttherapie, medicamenteuze behandeling met bupropion en cognitieve 
therapie worden ook aangeraden als preventieve behandeling van winterdepressie.
Tenslotte: ondanks wetenschappelijke vragen over de validiteit van de specificatie “met seizoensgebonden 
patroon” voor de recidiverende depressieve stoornis en de bipolaire stoornis  is het van groot belang om zich 
te realiseren dat zorgvuldige psychiatrische diagnostiek gevolgd door een adequate therapie de hoeksteen 
van de klinische praktijk is en een essentieel onderdeel van de “gemeenschappelijke factoren”. 
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Toekomstig onderzoek
Tot nu toe zijn er geen wetenschappelijk studies die de validiteit en temporele stabiliteit aantonen van de 
specificatie “met seizoensgebonden patroon” voor de recidiverende depressieve stoornis en de bipolaire 
stoornis. Wij bevelen een dergelijke studie van harte aan. Die studie zou dan een longitudinaal karakter 
moeten hebben met herhaalde metingen van symptomen en syndromale diagnoses in alle seizoenen. 
Daarbij zouden dan minimaal de volgende gegevens meegenomen moeten worden: een gevalideerd 
instrument voor de diagnostiek van de persoonlijkheid (met inbegrip van het domein neuroticisme), de 
cognitieve stijl van de onderzochte, de actuele weersconditie, de tijd die buiten doorgebracht wordt en 
uiteraard de datum van invulling van de vragenlijsten of het interview. 
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Dankwoord
Ik wil de mensen danken die mij bijgestaan hebben in het leerproces dat geleid heeft tot dit proefschrift 
en zonder wier bijdrage het niet tot stand had kunnen komen. 

Natuurlijk moet ik daarbij als eerste Willem Nolen noemen met wie ik de eerste contacten had over mijn 
onderzoeksaspiraties. Willem heeft mij de ruimte gegeven om mijzelf de beginselen van het onderzoek 
eigen te maken en bracht mij in contact met de mensen en de mores van de academische wereld. Hij 
schuwde het daarbij niet om kritisch te zijn, maar had altijd een positieve en behulpzame bijdrage en een 
groot begrip voor persoonlijke omstandigheden. Willem: ik wil je danken voor je niet aflatende steun en 
het verlengen van je aanstelling om mijn promotie mee te kunnen maken. Ik vind het een eer dat jij er 
bij bent. 

Willem bracht mij al snel in contact met Ybe Meesters. Ybe is in Nederland het boegbeeld van de Society 
for Light Treatment and Biological Rhythms en in het Universitair Centrum voor psychiatrie de drijvende 
kracht achter een excellente polikliniek voor winterdepressie en lichttherapie. Het klinische werk is bij 
Ybe onlosmakelijk verbonden met onderzoeksactiviteiten. De grote kracht van Ybe is dat de gunstige 
behandelresultaten van de lichttherapie in de kliniek niet leiden tot wetenschappelijke verblinding en een 
star geloof in het concept van de winterdepressie, maar juist een uitnodiging zijn om met een verlichte 
blik naar de bredere context van een behandeling te kijken. Ybe: ik heb genoten van onze gesprekken en 
van jouw open houding als het gaat om wetenschappelijke bewijsvoering.

Bij het emeritaat van Willem Nolen nam Peter de Jonge het stokje over als kwartiermaker voor NESDA 
in Groningen en werd mijn tweede promotor. Peter kan als geen ander de grote lijn van het onderzoek in 
de gaten houden en het vertrouwen in een goede afloop overbrengen. Zijn hulp bij het formuleren van de 
vraagstelling en het interpreteren van resultaten waren daarbij heel belangrijk. Peter: je hebt de gave om 
onderzoek eenvoudig te laten lijken en ik wil je danken voor de ruimte die je me gegeven hebt om samen 
met Elske en Annelieke de taaie gedeelten van het onderzoek aan te pakken. Ik vond het betekenisvol dat 
wij het ook over persoonlijke zaken en het belang van het psychoanalytische gedachtegoed konden hebben. 

Elske Bos was de altijd bereikbare mentor en vraagbaak bij de de statistische analyses van het 
tweede en derde artikel van dit proefschrift. Daarnaast speelde zij een hoofdrol in het maken van het 
analysplan en de uitwerking van de data van het vierde artikel. Elske had gedurende enige tijd een 
tegeltje op haar bureau staan waar de volgende wijsheid op vermeld stond: “You have tot torture the 
data untill they confess”. En dat hebben we gedaan! Elske: je “strenge” statistische begeleiding werd 
volledig gecompenseerd door je zachte karakter en de grote humor waarmee jij je werk doet. Ik zal 
onze overlegmomenten node gaan missen. 
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Annelieke Roest was mijn rots in de branding als het gaat om het schrijven van de artikelen. Annelieke 
verstaat de kunst om de tekst zodanig op te bouwen dat die een logisch en begrijpelijk geheel wordt. 
Annelieke heeft mij verschillende malen behoed voor het inslaan van onnodige zijpaden en kwam met 
constuctieve voorstellen om de tekst tot een geheel te maken. Het aangekondigde zwangerschapsverlof 
van Annelieke voor de zomer van 2019 heeft mij gestimuleerd om haast te maken met de inleiding van 
het proefschrift. Annelieke: je vanzelfsprekende beschikbaarheid en kundigheid waren een onmisbaar 
onderdeel mijn promotietraject. 

Ik prijs mij gelukkig dat ik gebruik heb kunnen maken van de infrastructuur en de robuuste datasets van 
NESDA en HoeGekIsNL. De opzet van NESDA in de drie verschillende sites en de serieuze deelname van de 
patiënten vormen de basis van dit proefschrift. De trouwe inzet van onderzoeksassistenten, data-analisten, het 
secretariaat en allen die meewerken aan dit omvangrijke project waren onontbeerlijk. Daarbij moet natuurlijk 
de verdienste van Brenda Penninx, als boegbeeld van NESDA en inspirator voor velen genoemd worden. 
Het gebruik van de unieke dataset van HoeGekIsNL werd mij door Peter de Jonge als het ware in de schoot 
geworpen en gaf de mogelijkheid om het onderwerp van het proefschrift vanuit een nieuw gezichtspunt te 
benaderen.

Vanuit het Universitair Centrum Psychiatrie heb ik de ruimte gekregen om dit onderzoek te doen. Het 
afdelingshoofd Robert Schoevers hield de vorderingen op een afstandje in de gaten en gaf mij de ruimte 
om de promotie af te ronden. In dit verband wil ik ook Fons Tholen noemen die samen met Robert de 
juiste toon wist te vinden in een periode waarin het onderzoek voornamelijk de functie van afleiding had. 
Fons zette mij ook op het spoor van de supervisorenopleiding voor de psychotherapie waarmee ik een 
nieuwe wending aan mijn werkzaamheden in het UCP kon geven. Robert en Fons: ik dank jullie daarvoor. 

Mijn collegae op de polikliniek vormden als het ware de uitvalsbasis om het nieuwe terrein van onderzoek 
te verkennen. Er werd door hen regelmatig met belangstelling gevraagd naar mijn onderzoeksactiviteiten. 
De herkenning van het plezier in het doen van onderzoek, maar ook van het ervaren tijdgebrek door de 
combinatie van activiteiten deed mij goed.
Ik wil Tineke Demmer hier in het bijzonder noemen. Zij is gedurende vele jaren de beeldende therapeut 
van ons team geweest en is daarnaast beeldend kunstenaar. Tineke heeft een schilderij gemaakt waarvan 
de afbeelding als omslag van dit proefschrift dient. Tineke: Het schilderij en het feit dat jij dit voor mij 
wilde maken ontroert mij.

Ik wil Josie Borger en mijn dierbare vriend Wim Maas danken voor het nalezen en corrigeren van de 
Engelse en Nederlandse tekst. Ik wil Gerrit van de Ark danken voor het fijne overleg en de ondersteuning 
bij de indiening van het manuscript en de uitgave van dit proefschrift.
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Jessica en Maurits: ik ben blij dat jullie de paranimfen (halfgoden) zijn die mij in het uur van mijn 
beproeving – en de uren daarna – terzijde willen staan.

Ik wil mijn ouders danken voor de mogelijkheid die zij mij gaven om te studeren en mijn vader in het 
bijzonder voor zijn verbindend vermogen en de aanmoediging om mijn talenten te gebruiken. Ik wil 
mijn vrienden danken voor hun belangstelling voor de vorderingen in het onderzoek en hun trouwe 
aanwezigheid in mijn leven.

Aafke, mijn levensgezel en maatje, Sarah, Aart en Sanny: ik wil jullie laten weten dat ik dit proefschrift 
zonder jullie aanwezigheid in mijn leven niet had kunnen afronden en dat jullie in alle seizoenen van het 
jaar in mijn gedachten zijn.
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