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Abstract
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Every year, a large proportion of pregnant and newly delivered women develop peripartum
depression, a condition that may cause long-term suffering for the entire family. Although there
is a lack of consensus, some studies propose an association between season and the risk of
developing depression during pregnancy and the postpartum period. Furthermore, the immune
system, which undergoes numerous structural changes during pregnancy, has been suggested to
exhibit seasonal variations. In addition, discrepancies in metabolic profiles have been reported
between women with and without depression after childbirth. This thesis aimed to investigate
seasonal aspects of peripartum depressive symptoms (PPDS) and biological markers during the
peripartum period. The data mainly derived from the prospective population-based Biology,
Affect, Stress, Imaging, and Cognition (BASIC) study, but data were also included from the
longitudinal population-based Uppsala-Athens (UPPSAT) study. The presence of depressive
symptoms was primarily assessed using the Edinburgh Postnatal Depression Scale (EPDS).
There were no consistent associations between season, meteorological parameters, air pollen
count, and PPDS. Moreover, a number of inflammatory markers were identified as having
seasonal variations among samples from pregnant women. On the contrary, only one marker
had a seasonal pattern during the early postpartum period. Furthermore, metabolic profiles
were not discriminatory between pregnant women with and without depressive symptoms.
However, when divided into summer and winter childbirths, discrepancies were identified in
metabolic profiles between summer cases and controls, as well as between summer and winter
controls. In summary, the studies included in this thesis suggest that season, specifically, is
not associated with PPDS. However, season may have a moderating effect on the association
between depressive symptoms and the metabolic profile of pregnant women. In addition,
the seasonal variations appears more prominent among inflammatory markers during late
pregnancy, compared with the early postpartum period. These findings suggest that women need
equal attention in clinical care regardless of the season during which they give birth. Future
studies on biological aspects of PPDS and immune-associated conditions are encouraged to also
assess seasonality.
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“Whoever wishes to pursue the science
of medicine in a direct manner must
first investigate the seasons of the year
and what occurs in them.” 

  
 Hippocrates 
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Introduction 

Peripartum depression 
Definition and symptoms 
The Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-
5), defines peripartum depression (PPD) as an episode of major depression 
with onset of mood symptoms during pregnancy or within four weeks follow-
ing childbirth (1). Hence, not recognized as a specific diagnosis itself, PPD is 
a specifier of major depression. In clinical practice, as well as in research, the 
postpartum period is often extended to include the first 12 months after child-
birth (2). Depression occurring during pregnancy is usually referred to as an-
tenatal depression, whilst postpartum depression is a common term for depres-
sion after childbirth. The inclusion of antenatal depression in the definition of 
PPD is an extension in the latest edition of the DSM, as previous editions only 
defined postpartum depression. The criteria for major depression, regardless 
of when in life it occurs, are as follows; presence of at least one core symptom 
(depressed mood or loss of interest or pleasure in usual activities) must be 
present during most of the day, nearly every day, for at least two weeks. The 
core symptom must be accompanied by at least four other symptoms (change 
in appetite or weight, change in sleep pattern, change in activity, fatigue or 
loss of energy, feelings of guilt and worthlessness, diminished ability to think 
or concentrate, or presence of suicidal thoughts, plans, or attempts) (1). In ad-
dition, these symptoms must impair the individual’s ability to function in daily 
life in a significant manner. In Sweden, before a diagnosis is reported to the 
National Patient Register, the DSM-5 diagnostic code is converted to the 10th 
revision of the International Statistical Classification of Diseases and Related 
Health Problems (ICD-10) code (3). Section F53 of the ICD-10 includes men-
tal and behavioral disorders associated with the puerperium (3). 

Diagnosis 
A valid diagnosis of depression should preferably follow the Longitudinal, 
Expert, All Data (LEAD) procedure (4). In this process, information collected 
through conversations with the patient, and sometimes his/her relatives, diag-
nostic interviews, examinations, and questionnaires is discussed by experi-
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enced evaluators (4). However, in health services and research settings, vali-
dated instruments can be used to screen for depressive symptoms or measure 
symptom severity. While these instruments do not provide a diagnosis, they 
can detect women at greater risk for having the condition. Examples are the 
Depression Self-Rating Scale (DSRS) (5), the Edinburgh Postnatal Depres-
sion Scale (EPDS) (6), and the Montgomery-Åsberg Depression Rating Scale 
(MADRS) (7). 

Epidemiology 
A recent systematic review estimated the global pooled prevalence of PPD to 
be 11.9% (8). The period prevalence has been estimated to be 18.4% in preg-
nancy and 19.2% in the postpartum period (9). Of note, different assessment 
methods, study populations, and time points for assessment lead to varying 
prevalence estimates between studies. Furthermore, despite high proportions 
of affected women, PPD is likely to be underdiagnosed (10-12). In 2016, a 
review of the literature suggested that as many as 50% of women with ante-
natal depression and 70% of women with postnatal depression are not identi-
fied in clinical practice (12). Moreover, the prevalence is highest among 
women from low- and middle-income countries, although data are limited (8). 

Comorbidity with anxiety is common, with an estimated prevalence up to 
9.5% antenatally and 8.2% in the postpartum period (13). Additionally, bipo-
lar disorder is frequently misdiagnosed as postpartum depression (14). Poten-
tial reasons for the inaccurate diagnosis may be (i) a lack of awareness among 
health staff and patients that PPD can be a manifestation of bipolar disorder, 
(ii) that manic symptoms rarely are screened for during pregnancy, or (iii) that 
differentiating between hypomania and joy after childbirth might require ex-
pert competence (15). The clinical implications of a correct diagnosis include 
fewer hospitalizations, improved relationship between the mother and the 
newborn, and decreased maternal and infant mortality (15). 

Risk factors 
Even with a growing amount of literature on PPD, the causes of the condition 
remain poorly understood. A substantial amount of the evidence points to-
wards a multi-factorial etiology, as social and biological risk factors can affect 
women in different ways (2). Important risk factors are previous mental ill-
ness, lack of social support, unplanned pregnancy, adverse life events, and low 
socioeconomic status (2, 16). Around 40% of women with a history of major 
depression relapse during pregnancy, and in women who discontinue antide-
pressant treatment, the relapse numbers are as high as two-thirds (17). Regard-
ing biological risk factors, there are studies suggesting the involvement of hor-
mones (18, 19), genetic factors (20), a dysregulated hypothalamic-pituitary-
adrenal (HPA) axis (21-23), and inflammation (24-27). A Cochrane review 
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concluded that PPD, diagnosed by clinical interview, is associated with a 
dysregulation of cortisol, a steroid hormone upregulated via signaling of the 
HPA axis in stressful settings (19). This dysregulation was characterized by 
lower levels of morning cortisol among depressed compared with non-de-
pressed women (19). Moreover, maternal background characteristics have re-
cently been associated with different trajectory groups of PPD (28). Unem-
ployment, low educational attainment, and young age were primarily associ-
ated with antenatal depression and chronic depression; while a negative birth 
experience, instrumental childbirth, and having given birth for the first time 
were associated with early postpartum onset (28). 

Consequences 
If a mother has PPD, there can be negative effects for the entire family. Pre-
term birth (29, 30), low birth weight (30), impaired mother-child attachment 
(31), as well as impaired cognitive development and social behavior of the 
child (31-33), are some of these reported negative consequences. Furthermore, 
a meta-analysis identified a positive correlation between maternal and paternal 
PPD (34). In Sweden, approximately six percent of fathers suffer from post-
partum depressive symptoms (35). 

The most detrimental outcome of PPD is suicide or infanticide. While sui-
cide in the peripartum period fortunately is rare (36, 37), it is considered one 
of the leading causes of maternal death in the first year after childbirth (38, 
39). In Sweden, 26 out of 103 women who committed suicide during the per-
ipartum period between 1980 and 2007 had no documented psychiatric care 
(36). In addition, of women being discharged from psychiatric care, only 20% 
had a plan for follow-up (36). Additionally, an increase in infant mortality 
within the first year of life has also been associated with PPD (40). Lastly, the 
economic burden of PPD on society is immense, with an estimated total life-
time cost exceeding £75,000 per woman in high income countries (41). These 
major costs are largely derived from the negative effects of maternal PPD on 
the children. 

Prevention and treatment 
Psychological interventions such as cognitive behavioral therapy and interper-
sonal psychotherapy, along with psychosocial interventions such as profes-
sional home visitations and phone support, have been reported to be beneficial 
in the prevention and treatment of PPD (42-44). Although, in severe cases 
pharmacological treatment is needed. In the Nordic countries, selective sero-
tonin reuptake inhibitors (SSRIs) are the most commonly prescribed antide-
pressants during pregnancy, followed by serotonin-noradrenaline reuptake in-
hibitors (SNRIs) (45). However, of women using antidepressants at concep-
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tion, more than 75% are reported to have discontinued treatment prior to child-
birth (45, 46). Recently, the administration of intravenous brexanolone was 
approved for the treatment of postpartum depression in the USA (47). 

Seasonality 
Because of the angle and rotation of the Earth, there are recurring variations 
in the length of a day, as well as in meteorological parameters such as temper-
ature and rainfall (48). From an evolutionary perspective, to promote survival, 
organisms and animals living in highly seasonal environments have been de-
pendent on the ability to adapt physiologically to environmental variabilities, 
and these adaptations have also included fecundity (49). Seasonal variations 
are most noticeable at the poles, and less evident at the equator (48). In Swe-
den, the climate and amount of daylight vary greatly with the seasons. In the 
most Northern part of Sweden, there are days with 24-hour daylight in the 
summer and no daylight in the winter (50). In Uppsala, where the data for this 
thesis were collected, the amount of daylight ranges from 17 hours in the sum-
mer to six hours in the winter (50). Uppsala has a long history of measuring 
meteorological parameters, originating from 1722 (51); the temperature 
reaches 20–25 °C in the summer and the winters are generally mildly cold, 
with temperatures a few degrees below freezing, and moderate snow- or rain-
fall. The spring and the fall are characterized by varying weather patterns. In 
late spring and early summer, the air count for most types of pollen reaches 
its maximum (52). During other seasons of the year, pollen levels are generally 
low or non-existent. 

Seasonality in affective disorders and suicide 
The influence of season on mood symptoms has interested scholars since the 
time of Hippocrates and Aretaeus (53, 54). In 1984, Rosenthal et al. (55) de-
fined the syndrome of seasonal affective disorder (SAD), as the presence of 
annually recurring depressive episodes. Usually, individuals with SAD expe-
rience worsening mood during the fall or winter, which has been linked to the 
reduction in daylight (55). Today, there is a seasonal specifier incorporated in 
the description of mood disorders in the DSM (1, 56). 

A systematic review on bipolar disorder estimated that around one-fourth 
of depressive episodes and 15% of manic episodes followed a seasonal pat-
tern; where depressive episodes tended to peak in the winter and manic epi-
sodes in the summer (57). Similarly, the incidence of suicide has a well-de-
scribed seasonal pattern (58-60), with peaks mainly occurring in the spring 
and the summer. 
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Both sunshine (61-68) and temperature (69-74) have been associated with 
suicide. Conversely, when investigating mood and affective disorders, the lit-
erature on the potential contribution of meteorological parameters remain in-
conclusive (75-83). Hospital admission rates for depression have been re-
ported to be negatively correlated to sunshine hours and temperature in Egypt 
(81), while findings from Israel are non-significant (77). Similarly, while the 
latter study reported on a positive association between maximum temperature 
and admission rates for bipolar disorder (77), Christensen et al. (78) found no 
associations between a number of meteorological parameters and bipolar dis-
order in a Danish population. Furthermore, in Ireland and the Netherlands no 
associations have been identified between affective disorders and meteorolog-
ical parameters including, but not limited to, sunshine hours, temperature, and 
rainfall (79, 82). On the other hand, a delayed association between a combi-
nation of meteorological parameters and subtypes of depression has been sug-
gested among patients residing in Spain (80). 

Concentrations of both vitamin D and melatonin are associated with sunlight 
exposure; and while sunlight decreases the level of melatonin (84), it increases 
the synthesis of vitamin D (85). These substances have been implicated in the 
pathophysiology of depression (86, 87). Similarly, serotonin is a monoamine 
neurotransmitter, which signals to a majority of the brain regions involved in 
affective behavior (88). The binding potential of the serotonin transporter has 
been reported to increase with reduced sunlight among healthy individuals, 
and it could be hypothesized that such alterations may negatively influence 
mood among vulnerable individuals (89). On the same note, the serotonin 
transporter has been described as hyperfunctional during depressive episodes 
of SAD (90). 

Another theory behind the seasonality in depression and suicide is the po-
tential contribution of pollen (91-94). In individuals with allergic rhinitis, pol-
len induces the production of inflammatory cytokines locally in the nasal cav-
ity. This could increase the concentration of similar cytokines in the brain, 
thus producing a inhibiting effect on the limbic structures involved in anxiety 
and depression (92). However, current studies investigating the association 
report contradictory results (91-94). 

Seasonality in peripartum depression 
During the past two decades, the amount of studies conducted with the aim to 
investigate the possible association between seasonality and PPD has in-
creased (95-105). One study in Sweden, demonstrated that the odds of expe-
riencing depressive symptoms at five days, six weeks, and six months post-
partum were increased in women giving birth in the last quartile of the year 
(99). In Finland, Hiltunen et al. (95) found an increased risk of mild depression 
in women two to seven days postpartum during the fall, but a lower risk of 
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depression was identified at four months after childbirth in the spring. Studies 
from North America report conflicting results (97, 98, 100, 102), while season 
has been suggested to play a role in postpartum depression in Taiwan (101) 
and Ghana (103). Studies on the association between PPD and seasonal or 
meteorological parameters are few (95, 98, 102, 106). Shorter day lengths 
have been associated with increased depressive symptoms in the USA (102, 
106). Likewise, reduced daylight has been suggested to increase the odds of 
postpartum depression in Finnish women (95). The latter association could, 
however, not be replicated in an American study where data were gathered 
from multiple states (98). In short, there is still no clear consensus regarding 
the association between season, meteorological parameters and PPD and re-
search on the contribution of pollen is even scarcer. 

Inflammation 
Seasonal variations in the immune system 
Almost one-fourth of the human gene expression has been found to exhibit 
seasonal variation (107). Similarly, more than 4000 protein-coding mRNAs 
linked to the immune system were found to express seasonality, with two clear 
peaks: one occurring during the summer and the other during the winter (107). 
Furthermore, the winter peak was reported to have a more pro-inflammatory 
profile. Seasonal variation in immune-function-enriched transcripts has also 
been reported in an Australian study (108). Moreover, studies on cell count 
have revealed seasonal variations in the quantity of immune cells (107-109). 
Interestingly, one study reported that these variations differed depending on 
geographical location (107). The production of the pro-inflammatory cyto-
kines tumor necrosis factor (TNF)-alpha, interleukin (IL)-1-beta, and IL-6 
have been suggested to peak in the summer (110). 

Immunomodulation during pregnancy and early postpartum 
The role of the immune system is to protect the host from external pathogens, 
through the detection of substances that are non-self. During pregnancy, alter-
ations in the maternal immune system have to take place in order for the semi-
allogeneic fetus to grow, while an adequate barrier against pathogens is main-
tained. The immunomodulatory mechanisms that prevent fetal rejection whilst 
not compromising the protection of the mother are yet not fully understood. 

T helper type 1 (Th1) and T helper type 2 (Th2) cells have, since they were 
first described in 1989 (111), been extensively investigated in studies on the 
immune system, including alterations during pregnancy (112). Lately, there 
has been an increase in focus on the role of macrophages (113). Macrophages 
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are antigen presenting cells that play a key role in the orchestration, perpetua-
tion, and resolution of the immune response (114). Furthermore, these plastic 
cells can shift from an M1 state with antigen-presenting capacity and a T cell 
response skewed toward Th1 (pro-inflammatory), to an M2 state associated 
with immunosuppressive qualities and Th2 immune response (113, 115). 

Based on this, pregnancy has been suggested to, roughly, be divided into 
three immunological phases characterized by the macrophage milieu (116). 
Briefly, early pregnancy has been suggested to be dominated by an M1 phase, 
as pro-inflammatory cytokines are important for implantation and placenta-
tion (113, 117). In the second trimester, when the placenta is fully developed, 
an anti-inflammatory M2 phase takes place, allowing rapid fetal growth (113). 
This phase continues into the third trimester, but prior to parturition, studies 
have reported on a last pro-inflammatory M1 phase, suggested to aid in cervix 
ripening, uterine contractions, and placenta expulsion (118-120). After child-
birth, the immune system reverses back to a non-pregnant state (121-123), a 
process that can take several months (124). In one study, levels of the pro-
inflammatory IL-6, TNF-alpha, IL-1-beta, and IL-8 were significantly higher 
at six weeks postpartum, when compared with the mid-third trimester (125). 
One week after childbirth, levels of CRP and interleukin IL-6 were found to 
be high, while interferon (IFN)-gamma and TNF-alpha were low, when com-
pared with levels up to six months postpartum (124).  

The occurrence of these phases is supported by the relapse of autoimmune 
disease during pregnancy and the postpartum period. Specifically, lupus is 
mediated by an anti-inflammatory response and an increase in relapse has 
been reported during pregnancy (126). Similarly, multiple sclerosis is a dis-
ease with pro-inflammatory properties and during pregnancy the relapse rate 
is decreased, while it increases after childbirth (127, 128).  

Additionally, maternal regulatory T cells (Tregs) have been suggested to 
play an important role in suppressing immune response against the fetus (129). 

The immune system and pregnancy complications 
An altered immune response has been reported in pregnancy complications 
such as PPD (25), preeclampsia (130), premature birth (131, 132), and gesta-
tional diabetes (133). Both lower and higher levels of inflammatory markers 
during pregnancy have been associated with PPD (26, 134, 135). In the post-
partum period, increased levels of inflammatory markers have been associated 
with postpartum depression (27, 135). A meta-analysis concerning preeclamp-
sia concluded that peripheral levels of TNF-alpha, IL-6, and IL-10, collected 
in the third trimester, were significantly higher among women with 
preeclampsia than controls (136). The contribution of the increased pro-in-
flammatory markers to the pathophysiology of preeclampsia has been sug-
gested to involve endothelial damage and impaired balance between vasomo-
tor regulating factors (137). Similarly, increased concentrations of IL-6 and 
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IL-10 have been associated with preterm birth (< 37 weeks) (131). It is im-
portant to note that the abovementioned study also included preterm birth as a 
result of preeclampsia (131). Through staining of peripheral T cells, a deviat-
ing profile between pregnant women with and without gestational diabetes in 
the third trimester has been observed (133). Women with gestational diabetes 
were reported to have a higher proportion of Th2, T helper type 17 (Th17) 
cells, and Tregs (133). 

In Sweden, the rate of both glucose intolerance and diagnosis of gestational 
diabetes have been found to be higher in the summer (138). The odds of being 
diagnosed with gestational diabetes in the summer (June–August) was 1.5 
times that of other seasons (138). In addition, an increased risk of preeclamp-
sia during the winter has been identified in Sweden (139). A similar result has 
been reported in a review of seasonality among multiple pregnancy complica-
tions, where the highest risk of both preeclampsia and eclampsia was observed 
among women giving birth in winter (140). With regard to preterm birth and 
low birth weight, there appears to be an increased prevalence during both sum-
mer and winter months (140), compared with the spring and the fall. 

Due to the vast activation of the immune system during the peripartum pe-
riod, while also considering the emerging literature on its seasonality, it is in-
teresting to consider these two aspects together. 

Metabolomics 
Metabolomics is a high-throughput analysis technique, with the capacity to 
measure vast numbers of molecular quantities simultaneously (141). It enables 
analysis in the context of biological networks and their interactions, providing 
a metabolic signature and a direct link to the phenotype (142). 

The metabolic profile of affective disorders 
The metabolic profile of women with PPD is largely unknown. Past studies 
have mostly focused on postpartum depression and they have been targeted, 
meaning that specific metabolites were selected prior to the biochemical anal-
ysis (143-146). An untargeted metabolomic analysis identified 22 metabolites 
in urine, which were discriminatory between postpartum depressed, postpar-
tum non-depressed, as well as healthy non-postpartum women (143). The re-
sults indicated an altered energy metabolism among postpartum depressed in-
dividuals. Similarly, individuals with major depressive disorder have been re-
ported to have altered energy metabolism, lipid metabolism, as well as lower 
abundance of plasma amino acids (147-150). The literature in this field is lim-
ited and there are no studies on PPD that have considered whether season of 
sampling is associated with the abundance of various metabolites. 
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Aims 

The overall aim of this thesis was to examine seasonal aspects of peripartum 
depressive symptoms (PPDS) and biological markers during the peripartum 
period, using data from two population-based cohort studies conducted at 
Uppsala University Hospital in Uppsala, Sweden. 
 
The specific aims of the studies were: 
 

I. To investigate whether seasonal patterns in postpartum depressive 
symptoms identified in an earlier Swedish study could be replicated 
in a larger material, as well as to assess seasonal patterns in depressive 
symptoms during pregnancy. 

II. To examine if meteorological parameters and air pollen count are as-
sociated with self-reported PPDS in Uppsala, Sweden. 

III. To investigate the occurrence of seasonal variations in levels of pe-
ripheral inflammatory markers during late pregnancy and the early 
postpartum period. 

IV. To investigate (i) if the blood plasma metabolic profile differs be-
tween pregnant women with and without depressive symptoms, and 
(ii) whether there are seasonal variations in the metabolic profiles be-
tween summer and winter childbirths. 

 
The hypotheses were: 

 
I. There are seasonal patterns in both antenatal and postpartum depres-

sive symptoms, with October-December being the months with the 
highest odds. 

II. Meteorological parameters, specifically sunshine hours, and air pollen 
count are associated with PPDS. 

III. Seasonal variations in inflammatory markers are present in the post-
partum group, but as there are large interpersonal variations in the im-
mune system during pregnancy, no seasonality would exist in this 
group. 

IV. The metabolic profile differs between pregnant women with and with-
out depressive symptoms and seasonal variations will be noted. 
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Materials and methods 

Overview of studies 
A methodological overview of Studies I–IV is presented in Table 1. Similarly, 
a graphical overview of the design of the studies is provided in Figure 1 and 
Figure 2 on the following two pages. 

Table 1. Methodological overview of Studies I–IV. 

Study Design 
Number of partici-
pants Exposure 

Primary 
outcome Analysis 

I Nested 
case-control 

3139 pregnant wo-
mena 
 
3814 postpartum 
womena 

Month/season of 
assessment 
 
Month/season of 
childbirth 

Dicho-
tomized 
EPDS 

Logistic 
regression 
Walter-
Elwood 

II Cross-
sectional 

3843 pregnant wo-
mena 

 
3757 postpartum 
womena 

 
1565 pregnant wo-
menb  

Sunshine hours, 
maximum tem-
perature, precipi-
tation, snow cov-
erage, and air 
pollen count 

Continuous 
EPDS 

Negative bi-
nomial 
regression 

III Cross-
sectional 

321 pregnant wo-
mena 

 
189 postpartum 
womena 

Day of blood 
sampling 

Levels of 
inflamma-
tory marker 

Linear regres-
sion with in-
tegrated sine 
and cosine 
fuctions 

IV Cross-
sectional 

45 pregnant wo-
mena 

Dichotomized 
EPDS at 
gw32/gw38 
Season of blood 
sampling 

Metabolic 
profile 

HCL, PCA, 
and SAM 

EPDS: Edinburgh Postnatal Depression Scale; HCL: Hierarchical cluster analysis; PCA: Prin-
cipal component analysis; SAM: Significance analysis of microarrays; gw = gestational week. 
aData from the Biology, Affect, Stress, Imaging, and Cognition (BASIC) study. 
bData from the Uppsala-Athens (UPPSAT) study. 
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The UPPSAT study 
The Uppsala-Athens (UPPSAT) study was a population-based cohort study 
conducted between May 2006 and June 2007, at Uppsala University Hospital, 
Uppsala, Sweden. The primary aim of the study was to examine maternal, 
paternal, and infant well-being after childbirth. All women giving birth at the 
hospital were contacted by their midwife or midwife’s assistant after child-
birth and were asked about participation. The exclusion criteria were: not be-
ing able to adequately communicate in Swedish, protected identity, intrauter-
ine demise or infant being immediately admitted to the neonatal intensive care 
unit. 

Information on the participants was retrieved through paper surveys admin-
istered at five days, six weeks, and six months postpartum. The first survey 
was distributed directly to the women and the following two were sent by mail. 
The surveys included data on socio-demographic characteristics, lifestyle, 
breastfeeding, partner support, stressful life events (SLEs) (151), as well as 
the EPDS. The medical records were used to retrieve information on preg-
nancy, childbirth, and infant outcomes. Due to administrative reasons, no re-
minders were sent. 

The participation rate of the UPPSAT study was around 60%. 
The Regional Ethical Review Board of Uppsala, Sweden, approved the study 
protocol (Dnr 2006/150). 

The BASIC study 
The Biology, Affect, Stress, Imaging, and Cognition (BASIC) study has been 
ongoing at Uppsala University Hospital, Uppsala, Sweden, since September 
2009, and recruitment stopped in November 2018. The UPPSAT study can, in 
many ways, be considered the pilot study for BASIC, which is a population-
based cohort study whose primary aim is to investigate symptoms of affective 
disorders during pregnancy and after childbirth. Women residing in Uppsala 
County, who registered for a routine ultrasound at the hospital around gesta-
tional week 17, were asked about participation. The exclusion criteria were: 
age less than 18 years, not being able to communicate adequately in Swedish, 
protected identity, blood borne infectious diseases, and non-viable pregnan-
cies. 

Most data were collected through web surveys sent out at the time of en-
rollment (around gestational week 17), at gestational week 32, at six weeks, 
six months, and 12 months postpartum. These surveys include questions on 
background characteristics, medications, sleep pattern, tobacco and alcohol 
use, social support, SLEs, and a number of structured questionnaires focusing 
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on psychometric measures. Three reminders were sent for each survey and for 
the survey at six weeks postpartum, a fourth reminder was sent as a paper 
survey to increase the response rate. 

The medical records were used to retrieve data on, for example, parity, way 
of giving birth, date of childbirth, pregnancy complications, obstetric compli-
cations, and neonatal outcomes. 

A sub-group of women were invited to the research laboratory at gesta-
tional week 38 and/or eight weeks postpartum for a more extensive assess-
ment. Pregnant participants on treatment with SSRIs, and both pregnant and 
postpartum women scoring ≥12 points on the EPDS were primarily invited to 
participate. This sub-study included a psychiatric interview (Mini interna-
tional neuropsychiatric interview, M.I.N.I.) (152, 153), heart rate variability, 
body composition measurement (postpartum only), blood sampling, and cog-
nitive testing. 

The participation rate of BASIC was around 20% (Figure 3). 
Written informed consent was obtained from all participants and the Re-

gional Ethical Review Board of Uppsala, Sweden, approved the study proto-
col (Dnr 2009/171). 

 
Figure 3. Overview of the BASIC study from 2009–2018, with time points relevant 
for this thesis. Please note that answer to each survey is not mandatory and women 
may opt out and opt in at their convenience. Childbirth includes information on bio-
logical samples. 
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Psychometric measures 
Edinburgh Postnatal Depression Scale (EPDS) 
The EPDS is a self-administered instrument, which is widely used in both re-
search and clinical practice to evaluate depressive symptoms during the peri-
partum period. It was created in 1987 by Cox et al. (6), and consists of ten 
statements referring to events that have occurred within the last seven days. 
There are four alternative answers that give a score from 0–3, which results in 
a maximum score of 30 points. The EPDS is not diagnostic; a higher score 
indicates the presence of depressive symptoms, but not their intensity or du-
ration. In Sweden, the translated scale has been validated among both pregnant 
and postpartum women (154, 155). In these studies, the cut-off ≥ 13 yielded a 
sensitivity of 77% and specificity of 94% in pregnant women (154), while 
during the postpartum period, the cut-off ≥ 12 had a sensitivity of 96% and 
specificity of 49% (155). The Swedish Council on Health Technology Assess-
ment has described a sensitivity of 72% and a specificity of 88% for the cut-
off ≥ 12, when used within the first year postpartum (4). The usage of cut-off 
≥ 12 in pregnancy is supported by a study having the non-patient version of 
the Structural Clinical Interview for DSM-III-R (SCID-NP) as a reference 
among pregnant women (156). 

As the EPDS does not provide a clinical diagnosis, in this thesis, the term 
PPDS is used instead of PPD. 

Depression Self-Rating Scale (DSRS) 
The DSRS is a self-report instrument used to screen for depressive symptoms 
in the general population (5). The criteria for depression are in line with the 
DSM-IV, and include the C-criterion on impaired function. Of note, the scale 
does not provide clinical diagnosis, and therefore the term PPDS will be used 
in this thesis. The DSRS has a sensitivity of 86% and specificity of 75%, com-
pared with the Structured Clinical Interview for DSM-IV, axis I disorders 
(SCID-I) (5). 

The Mini International Neuropsychiatric Interview (M.I.N.I.) 
The M.I.N.I., used in Study III, is a structured interview aimed to evaluate a 
wide range of psychiatric disorders in a quick and cost-effective manner (152, 
153). It was developed by psychiatrists and clinicians to be compatible with 
DSM-IV and the ICD-10 (152). The M.I.N.I. version 5.0.0. includes a section 
on minor and major depression (A), as well as dysthymia (B) and was used in 
the BASIC study until 2014. 
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Meteorological parameters and pollen 
For Study II, daily data on temperature [°C], sunshine hours, solar radiation 
[MJ/m2], precipitation [mm], snow depth [cm], and snow coverage catego-
rized as 0 (no snow), 0.33 (<50% snow covered), 0.66 (>50% snow covered), 
or 1 (fully snow covered) were obtained from the Swedish University of Ag-
ricultural Sciences in Uppsala, Sweden. The measurements were conducted at 
climate stations in Ultuna (district in Uppsala) between 2006 and 2015. 

Data on air pollen count were acquired from the Palynological laboratory 
in Stockholm, Sweden, and is presented as average pollen grains per cubic 
meter of air per day. Six types of pollen were analyzed, namely, alder (Alnus), 
mugwort (Artemisia), birch (Betula), hazel (Corylus), grass (Poaceae), and 
oak (Quercus). The pollen grains were collected in a Burkard Seven Day Vol-
umetric Spore Trap located at Stockholm University (157). The pollen trap 
covers a radius of 70–100 kilometers, and the distance between Stockholm 
and Uppsala is approximately 65 kilometers. The method used to analyze and 
count the pollen is standardized in Europe and large parts of the world (157). 

Blood sampling 
Maternal blood plasma samples for the analysis of peripheral inflammatory 
markers (Study III) were obtained at the research laboratory from women par-
ticipating in the more extensive BASIC assessment at gestational week 38 
and/or eight weeks postpartum, as well as from women prior to elective cesar-
ean section. Similarly, blood plasma samples for the metabolomic analysis 
(Study IV) were obtained prior to elective cesarean sections. After collection, 
the blood plasma samples were stored at room temperature for a maximum of 
one hour prior to centrifugation for 10 minutes in 1500 RCF (relative centrif-
ugal force). The plasma was transferred to a coded tube and stored at -70 °C 
before analysis. 

Biochemical analyses 
Inflammatory markers 
The relative levels of 92 inflammatory proteins were analyzed with Proseek 
Multiplex Inflammation I panel (Olink Biosicence, Uppsala, Sweden) using 
proximity extension assay (PEA) technology according to the manufacturer’s 
instructions (158). The analysis was carried out at the Clinical Biomarkers 
Facility at SciLifeLab, Uppsala, Sweden. A list of the 92 inflammation mark-
ers analyzed, with corresponding UniProt identities, is reported in Supplemen-
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tary Table 1 in the Appendix. Samples were thawed on ice before being trans-
ferred to 96-well plates, each consisting of 90 samples and six controls (three 
negative controls (buffer) and three interplate controls). Furthermore, cases 
and controls were evenly distributed within the plates and all samples were 
analyzed using the same batch of reagents. 

The method can briefly be described as follows: for each inflammatory pro-
tein, when a pair of DNA oligonucleotide-labeled antibody probes binds to a 
common target protein, the DNA oligonucleotides in proximity become hy-
bridized to each other. This hybridization allows for a proximity-dependent 
DNA polymerization that forms an amplifiable DNA molecule. This molecule 
is subsequently amplified and quantified using a BioMark™ HD real-time 
PCR platform (Fluidigm, South San Francisco, CA, USA). The assay has sen-
sitivity down to fg/mL and detects relative protein values that can be used for 
comparison between groups, but not for absolute quantification. Data were 
presented as Normalized Protein Expression (NPX), which was obtained via 
normalizing Cq-values against extension control, interplate control, and a cor-
rection factor. The NPX values are presented on log2 scale and correspond to 
relative quantification between samples. For each biomarker, the limit of de-
tection (LOD) was determined based on the mean value of triplicate negative 
controls analyzed in each run. 

Metabolic profiling 
The metabolic profile of plasma samples was analyzed using gas chromatog-
raphy-mass spectrometry (GC-MS) at the Metabolic Engineering and Systems 
Biology Laboratory, at the Institute for Chemical Engineering Sciences (ICE-
HT), Foundation for Research and Technology-Hellas (FORTH/ICE-HT), Pa-
tras, Greece. 

The protocols for extraction and GC-MS metabolic profile acquisition have 
previously been described in detail (159, 160). In brief, an aliquot of each 
sample was prepared and internal standards of [U-13C]-glucose and ribitol 
were added. The metabolic profile of each aliquot was measured at least thrice 
at different derivatization times using a Saturn 2200 ion-trap GC-MS. The 
peak identification and quantification was based on the commercial NIST and 
our in-house MESBL peak library. After data validation, normalization, and 
filtering in the M-IOLITE software suite (http://miolite2.iceht.forth.gr) (141, 
161, 162) 38 metabolites were identified. 
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Study I 
Study population 
Women who participated in the BASIC study and gave birth between Febru-
ary 2010 and December 2015 were included in this study. The women filled 
out a web survey with the EPDS at gestational week 32 (n = 3139) and six 
weeks postpartum (n = 3814). Filling out both of the surveys was not manda-
tory for inclusion. 

Data collection 
The background characteristics mainly derived from web surveys sent out at 
gestational week 17, gestational week 32, and at six weeks postpartum. At 
gestational week 17, the women were asked about height, weight, educational 
attainment, history of depression, and whether the pregnancy was planned or 
not. 

At gestational week 32, data on current employment, hours of sleep, as well 
as the EPDS were gathered. 

At six weeks postpartum, the participants were asked about hours of sleep, 
baby problems, partner’s help with baby care, breastfeeding, SLEs, as well as 
depressive symptoms using the EPDS and DSRS. 

For a detailed description on the recoding of the variables, please see the 
published article (Study I). 

Study design and data analysis 
This study had a nested case-control design. To assess seasonality, the year 
was divided into quartiles (January–March, April–June, July–September, and 
October–December). 

At gestational week 32, month and season of assessment was the exposure 
and self-reported depressive symptoms at the time of assessment was the out-
come measure. At six weeks postpartum, the month and season of childbirth 
was the exposure and self-reported depressive symptoms at the time of assess-
ment was the outcome measure. The seasonal categorization and time of child-
birth as exposure in the postpartum period were used to match the study design 
of Sylvén et al. (99). 

Pearson’s chi-squared test and Mann-Whitney U-test were applied as a first 
step to investigate possible associations between presence of PPDS and sea-
son, as well as covariates. The Mann-Whitney U-test was also conducted to 
assess whether there were differences in median EPDS scores between April–
June and October–December among women scoring above the cut-off. Multi-
ple logistic regression models were created with self-reported depressive 
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symptoms, using the validated cut-off (EPDS ≥ 13 in pregnancy, ≥ 12 post-
partum) as the outcome variable. Furthermore, a directed acyclic graph (DAG) 
(163), was created to clarify the relationship between the exposure, outcome, 
and covariates for the adjusted models. The final model was adjusted for edu-
cational level, planned pregnancy, parity, and history of depression. 

Three sensitivity analyses were conducted: (i) stratifying by history of de-
pression for data from pregnancy, (ii) stratifying by history of depression, and 
(iii) by depressive symptoms during pregnancy for the postpartum period. 

A power calculation was conducted resulting in 99% power to detect the 
odds ratio (OR) of 2.02 between women giving birth between October–De-
cember and those giving birth between April–June as reported by Sylvén et 
al. (99). 

To assess monthly patterns, the Walter and Elwood test for seasonality was 
conducted (164). The statistical analyses were conducted in STATA 14 (Stata 
CorpLP, Texas, USA) and SPSS version 22 (IBM Corp, Armonk, NY). Sta-
tistical significance was set to a p-value of < 0.05. 

Study II 
Study population 
This study included women who participated in the BASIC study and filled 
out a web survey with the EPDS at gestational week 32 (n = 3843) and six 
weeks postpartum (n = 3757) between January 2010 and December 2015. Fill-
ing out both of the surveys was not mandatory for inclusion. The study also 
included women who participated in the UPPSAT study between May 2006 
and June 2007, similarly filling out a survey with the EPDS at six weeks post-
partum (n = 1565). 

Data collection 
Similar to Study I, background characteristics within the BASIC study derived 
from web surveys sent out at gestational week 17, gestational week 32, and 
six weeks postpartum and are described briefly in the section above. 

The background characteristics in the UPPSAT study derived from paper 
questionnaires sent out at five days and six weeks postpartum. At five days 
postpartum, data on weight, height, educational attainment, and whether the 
pregnancy was planned or not were collected. The questionnaire at six weeks 
postpartum included questions on hours of sleep, breastfeeding, baby prob-
lems, partner’s help with the baby, SLEs, previous psychiatric contact (visit 
to a psychiatrist or a psychologist prior to childbirth), and the EPDS. Previous 
psychiatric contact was used as a proxy for a history of depression. The same 
recoding as in BASIC was performed on most variables. 
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Study design and data analysis 
This study had a cross-sectional design. The season variable was categorized 
as follows: December–February, March–May, June–August, and September–
November. As a Spearman correlation test identified a correlation between 
meteorological parameters (±0.75–1.00), a decision was made to only include 
maximum temperature, precipitation, snow coverage, and sunshine hours in 
the final analysis. All types of pollen were included in the analysis. As a first 
step, the meteorological and pollen data were converted by means of rolling 
average to obtain a value, not only for the same day as the EPDS assessment 
was completed, but also for a value for one week and six weeks prior to as-
sessment. Negative binomial regression was used to estimate the association 
between EPDS score, the individual meteorological parameters, and pollen 
types. This test was used due to the right-skewed distribution of the EPDS 
data. Three models were created for each exposure with depressive symptoms 
as outcome; the first model was bivariate with the exposure and outcome; the 
second model had the exposure as well as season against the outcome; the 
third model included the exposure, season, as well as an interaction term be-
tween the exposure and season. Furthermore, two sensitivity analyses were 
conducted, with either dichotomized EPDS or DSRS as outcome. The same 
cut-offs for the EPDS as in Study I were used, that is ≥ 13 (pregnancy) and ≥ 
12 (postpartum). 

As a last step, all analyses were run using data from the UPPSAT cohort, 
to investigate whether the results from six weeks postpartum could be vali-
dated. The statistical analyses were conducted in SPSS version 22 (IBM Corp, 
Armonk, NY). Statistical significance was set to a p-value of < 0.05. Bonfer-
roni correction was applied to correct for multiple testing (significance thresh-
old; p-value x 30). 

Study III 
Study population 
Women who participated in the BASIC study and provided a blood plasma 
sample at either the sub-study at the research laboratory (gestational week 38, 
n = 221; eight weeks postpartum n = 192) or prior to elective cesarean section 
(n = 117) between the years 2010–2014 were included in this study. Due to 
technical reasons or missing data on exposure variables, 17 pregnancy sam-
ples and three postpartum samples were excluded, which resulted in 321 sam-
ples analyzed from pregnant women and 189 from postpartum women. 
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Data collection 
Background characteristics were derived from the surveys answered at gesta-
tional week 17, 32, and six weeks postpartum. Furthermore, information on 
treatment with SSRIs was collected in the gestational week 32 survey, as well 
as during the more extensive assessment at the research laboratory in gesta-
tional week 38 or at six weeks postpartum. The same question was used to 
identify usage of antibiotics, antivirals, and immunoglobulins. If the treatment 
period was not specified, the medical journals were scanned for prescription 
dates and notes. Women who underwent elective cesarean section were also 
asked to fill out the EPDS prior to the surgical intervention. 

Study design and data analysis 
This was a cross-sectional study. All inflammatory markers with more than 
25% of samples below LOD were excluded. Furthermore, brain-derived neu-
rotrophic factor (BDNF) was excluded from the statistical analyses due to 
technical issues reported by Olink Bioscience. This resulted in 70 inflamma-
tory markers among pregnancy samples and 66 inflammatory markers among 
postpartum samples available for statistical analyses. In order to capture a 
woman’s overall level of immune function, a summary variable was con-
structed based on all inflammatory markers. To account for different inflam-
matory marker scales, the NPX value for each inflammatory marker was trans-
formed into a Z-score. Briefly, each NPX value became a value between −3 
and +3, depending on how it was expressed compared with the rest of the 
sample. In order to indicate if a participant had lower or higher levels of in-
flammatory markers than the rest of the population, an average value was 
used. Each woman received her own mean inflammatory marker Z-score and 
this value was then transformed into a Z-score for ease of interpretation, so 
that a one-unit increase corresponds to a one standard deviation increase in 
mean inflammatory marker Z-score. A Lomb-Scargle periodogram (165) was 
created to elucidate if the inflammatory summary variables had any periodic-
ity. An annually recurring pattern was found in the pregnancy sample, while 
there was no periodicity in the postpartum sample. 

Sine and cosine functions based on the day of sampling were used in the 
linear regression model to assess seasonality of the summary variable and each 
inflammatory marker (166). By using this method, trigonometric relationships 
could be adopted to convert the estimated coefficients into more intuitive 
measures such as day of peak or trough and amplitude. To obtain the expected 
relative difference between trough and peak, the following equation was 
used: 100*(2(2*amplitude)-1). An example calculation is presented in the Appen-
dix. For each model the seasonality was investigated by performing a likeli-
hood ratio test on the sine and cosine variables simultaneously. 
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Because participants were more likely to be invited to the sub-study if they 
were on treatment with SSRIs (pregnancy) or scoring ≥ 12 points on the EPDS 
(both time points), all models were adjusted based on this. Similarly, pregnant 
participants who were going to have an elective cesarean section were over-
sampled compared with the general population, which was also adjusted for 
in the models. The 10% cut-off method (167) was used to elucidate whether 
to adjust for certain covariates, or exclude women. The following variables (n 
> 10) were considered to be adjusted for in the final model: time of sampling, 
planned pregnancy, employment status at gestational week 32, body mass in-
dex, and parity. Less than ten women had the following characteristics and 
therefore those were considered for exclusion: preterm birth, preeclampsia, 
multiple pregnancy, inflammatory or rheumatoid disease, smoking, and on-
going or recently completed treatment with antibiotics, antivirals, or immuno-
globulins. No adjustments of the models or exclusions were made. The statis-
tical analyses were conducted in SPSS version 24 (IBM Corp, Armonk, NY) 
and R version 3.4 (168). Statistical significance was set to a p-value of < 0.05, 
if not stated otherwise. Bonferroni correction was applied to correct for mul-
tiple testing (significance threshold; pregnancy p-value x 71; postpartum p-
value x 67). 

Study IV 
Study population 
Women who participated in the BASIC study and provided a blood plasma 
sample prior to elective cesarean section (n = 50) and filled out the EPDS prior 
to the surgical procedure or at gestational week 32 were included in this study. 
Due to deviating metabolic profiles, five samples were excluded from further 
analysis, resulting in 45 samples in the final analysis. Among these samples, 
seven were considered summer cases, ten summer controls, eight winter cases, 
and 20 winter controls. 

Data collection 
Prior to the elective cesarean section, all women were asked to fill out the 
EPDS. In the cases where the women did not complete the EPDS (30/45), the 
EPDS score from gestational week 32 survey was used instead. Inclusion cri-
teria were age 26-39 years, body mass index (BMI) 21-39 kg/m2, no severe 
diseases (asthma, seasonal allergy, treated hypothyroid disease were ac-
cepted), no severe pregnancy complications (including premature birth), par-
ity ≤ 4, singleton pregnancy, no medications (painkiller when needed, levo-
thyroxin, and asthma medication were accepted). 
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Study design and data analysis 
This study had a cross-sectional design. The Kruskal-Wallis test and Pearson 
chi-squared test were used to investigate differences in demographic, ques-
tionnaire, and medical data between groups. The omic data analysis software 
TM4 MeV (169) was used to carry out hierarchical clustering (HCL), princi-
pal component analysis (PCA), and significance analysis of microarrays 
(SAM). HCL generates clusters of samples that have multivariate similarity, 
and was unsupervised, meaning that the program was blind to the outcome. 
Similarly, PCA uses all generated metabolic data from a blood plasma sample 
in order to compute a distinct metabolic profile, while also comparing the pro-
file with all other plasma samples. Lastly, SAM is a non-parametric, multivar-
iate statistical test, where a positive set indicated higher concentrations and a 
negative set lower concentrations of a metabolite. Multivariate statistical anal-
ysis was performed as metabolic profiles were considered dependent on each 
other. The false discovery rate (FDR), utilized in order to consider multiple 
comparisons, was incorporated in the SAM analysis. Missing values were not 
imputed. Unknown metabolites were indicated by their number in the in-house 
metabolomic peak library. The statistical significance was set to a p-value of 
< 0.05. Analyses were conducted using SPSS version 24 (IBM Corp, Ar-
monk, NY) and the STATA 9 statistical software (Stata CorpLP, Texas, 
USA). 
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Results 

Study I 
There were no seasonal variations in odds of depressive symptoms at gesta-
tional week 32. During the six years included in the study, a seasonal pattern 
was found only in year 2011 for the postpartum period. During this year, 
women who gave birth in October–December had twice the odds of depressive 
symptoms at six weeks postpartum, compared with those who gave birth in 
April–June (aOR = 2.32; 95% CI: 1.06–5.07). The sensitivity analysis re-
vealed even higher odds during 2011 among women with a history of depres-
sion (aOR = 2.47; 95% CI: 1.02–6.00). There were no differences in EPDS 
score between October–December and April–June among women scoring 
above the EPDS cut-off. The Walter and Elwood test for seasonality revealed 
no seasonality at either time point. There were no seasonal patterns when de-
pressive symptoms were assessed with the DSRS. 

Study II 
After Bonferroni correction, EPDS scores at gestational week 32 and six 
weeks postpartum were not associated with meteorological parameters nor air 
pollen count in either study population. The same applies to dichotomized 
EPDS scores, depressive symptoms according to the DSRS, and the above-
mentioned parameters. However, prior to Bonferroni correction, at gestational 
week 32, the concentration of Mugwort pollen at both one week (aOR, model 
2 = 0.969; 95% CI: 0.942–0.998) and six weeks (aOR, model 2 = 0.957; 95% 
CI: 0.920–0.996) before the EPDS assessment was negatively associated with 
antenatal depressive symptoms. 

Study III 
Twenty-three inflammatory markers exhibited an annually recurring seasonal 
pattern during pregnancy. Most inflammatory markers reached their peak in 
March–April and their trough in September–October (Figure 4). The expected 
relative difference of inflammation between trough and peak varied between 
17.4–80.6%, depending on the marker. In the postpartum group, only mono-
cyte chemotactic protein 4 (MCP-4) had a seasonal pattern with a peak in the 
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summer and a trough in the winter. The expected relative difference of inflam-
mation between trough and peak was 37.3%. In a sub-analysis, 11 inflamma-
tory markers had a seasonal variation in samples from pregnant women with-
out depressive symptoms. In the same sub-analysis, using postpartum sam-
ples, there was seasonality in neurotrophin-3 (NT-3). 

 
Figure 4. Graph of inflammatory markers in a sample consisting of women with and 
without peripartum depressive symptoms (PPDS). The graph includes the five mark-
ers with the strongest statistical significance, the three markers with the largest ex-
pected relative difference between trough and peak, as well as the only significant 
postpartum marker. 

Study IV 
There was no difference in metabolic profile between women with and with-
out antenatal depressive symptoms. However, when the metabolic profile of 
summer controls were compared with summer cases, it was characterized by 
a lower abundance of un_0246 (sugar pyranose), un_0245 (erythronate puta-
tive), urea, un_0012 (U_009), aminomalonic acid, glycerate, glucose, threo-
nine, gluconate, and lactate. Summer controls also had higher abundance of 
phosphate, arginine, and pyruvate. Similarly, when compared with winter con-
trols, summer controls had significantly higher levels of arginine, phosphate, 
and pyruvate. Furthermore, summer controls had a lower abundance of ami-
nomalonic acid, gluconate, un_0246 (sugar pyranose), un_0245 (putative er-
ythronate), and un_0012 (U_009). There were no differences between winter 
cases and controls. 
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Discussion 

The studies included in this thesis aimed to investigate seasonal aspects of 
PPDS and biological markers during the peripartum period, using data from 
two population-based cohort studies conducted at Uppsala University Hospi-
tal in Uppsala, Sweden. 

Methodological considerations 
There are important strengths and limitation of the studies included in this 
thesis that should be addressed. The studies were based fully (Study I, II, and 
IV) or partly (Study II) on data from the BASIC study, which had a popula-
tion-based design and collected data prospectively from gestational week 17 
to one year after childbirth. The longitudinal design of BASIC minimizes the 
risk of recall bias. Furthermore, the wide scope of the questionnaires, ranging 
from background characteristics to symptoms of affective disorders, on an in-
dividual level, allows for adjustments including many covariates during anal-
ysis. Since its start, BASIC has collected data on more than 6000 pregnancies 
and is among the largest studies in this field of research. 

The largest source of potential bias in the BASIC study is the participation 
rate of approximately 20%. One reason for the low participation rate could be 
the wide scope of the data collection, spanning from pregnancy to postpartum, 
including multiple questionnaires, as well as biological sampling. Compared 
with the general population, women participating in this study are older, more 
likely to have attended college or university, more often nulliparous, and more 
often have a history of depression (170). These findings are in line with pre-
vious studies on non-participation (171); however, they do affect the general-
izability of the study’s results. Higher educational attainment could be ex-
plained by the pattern of higher educational attainment in Uppsala in general. 

Because BASIC is a study on peripartum mental well-being, women who 
have past or current mental health conditions could be more inclined to par-
ticipate, something referred to as volunteer bias (172). On the other hand, due 
to depressive symptoms,women who feel the worst may lack the motivation 
or energy to participate in the study (171). Moreover, mental well-being could 
be perceived as a private matter and even though women are informed that 
their answers are coded, their answers might diverge from the truth. 
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As fluency in Swedish was an inclusion criterion for BASIC, less than 10% 
of the participants were born outside of Scandinavia. This is a limitation as 
today we live in a multicultural society. In recent years, there has been an 
increase in the number of foreign-born citizens in Sweden, and immigrant 
women have been found to have a higher risk of PPDS (173); furthermore, 
they may also face additional risk factors (174). Nevertheless, when conduct-
ing biological analyses, especially on a small study population, it may be ben-
eficial to have samples from an ethnically similar group. The decision to in-
clude only Swedish-speaking women was based on administrative reasons. 

Study II was based partly on data collected within the UPPSAT study. Sim-
ilar to BASIC, UPPSAT had a population-based longitudinal design and a 
large study population, considering the short study period. The external valid-
ity of UPPSAT is likely greater compared with BASIC, as its participation 
rate was approximately 60%. A response rate close to 60% is common among 
previous academic studies (175), and should be considered acceptable. The 
higher participation rate of UPPSAT could be explained by its recruitment 
style, as health care staff approached each participant after giving birth, as 
well as by the shorter data collection period. In a non-response analysis, the 
participants of UPPSAT were more likely to be primiparous (176). The limi-
tation of only including participants fluent in Swedish, as described above, 
also applies to UPPSAT. Lastly, no reminders were sent in the UPPSAT study, 
which could have potentially decreased the response rate for women with 
higher EPDS scores. 

Within this thesis, we do not claim to study PPD, only PPDS. Nevertheless, 
the use of the EPDS tool to identify PPDS could be seen as a limitation, as it 
does not provide a clinical diagnosis. However, experiencing multiple depres-
sion symptoms, whether sufficient for diagnosis or not, during life-changing 
periods like as pregnancy and postpartum, is likely to cause suffering. As men-
tioned, the Swedish validation of the EPDS has a sensitivity of 77% and spec-
ificity of 94% among pregnant women (154). In the postpartum period, a sen-
sitivity of 96% and specificity of 49% has been described (155). When com-
paring the two validations, the increased sensitivity of the postpartum cut-off 
entails a greater precision in detecting true positives. On the other hand, its 
low specificity of means that there is also a risk for false positives. The dis-
crepancies in sensitivity and specificity might originate from the design of the 
validation studies. During pregnancy, the EPDS was primarily compared with 
the Hamilton Anxiety and Depression Scale (HADS), while during the post-
partum period, comparisons was to interviews with the MADRS including an 
extended assessment for DSM-III-R criteria for major depression. Using the 
EPDS in research does add clinical value, as it is the recommended screening 
instrument for depressive symptoms in maternal health care in Sweden (4). 
The instrument is also widely used in research, which enables comparability 
between studies. Moreover, for economical and administrative reasons, in a 
study as large as BASIC it would be difficult to have all participants go 
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through a professional clinical psychiatric assessment. The usage of the DSRS 
in both Study I and II adds clinical information on the depressive symptoms 
experienced by the participants, as does the M.I.N.I. interview conducted on 
a sub-sample of participants in Study III. The A module of the M.I.N.I. version 
5.0.0. includes evaluation of both minor and major depression. Fils et al. (177) 
described these two diagnoses as representing differences in the severity of 
depression, rather than two separate clinical entities. Similarly, this version of 
the M.I.N.I. includes dysthymia (module B), which has also been suggested 
to belong on this continuum (178). As presented in Table 2 and 3, the agree-
ment in categorizing cases using the EPDS or the M.I.N.I. is not 100%. Ac-
cording to Table 2, strictly following M.I.N.I. categorization of pregnant 
women would have categorized 70% of women who scored positive on the 
EPDS as controls. Among postpartum women, the same procedure would 
have excluded 57% women from the case group (Table 3). Of note, the agree-
ment between the two measurements was largest with regard to specificity. 
Because we were studying PPDS, including both minor and major depression, 
as well as dysthymia, seemed most suitable. 

Table 2. Agreement between the EPDS and M.I.N.I. A and B modules (minor or ma-
jor depressive episode, or dysthymia) in pregnant women participating in Study III. 

M.I.N.I.                        EPDS Positive (%)a Negative (%)b Total 

Positive 19 (30.2) 8 (5.0) 27 

Negative 44 (69.8) 151 (95.5) 195 

Total 63 159 222 
aEPDS ≥ 13 
bEPDS < 13 

Table 3. Agreement between the EPDS and M.I.N.I. A and B modules (minor or ma-
jor depressive episode, or dysthymia) in postpartum women participating in Study 
III. 

M.I.N.I.                       EPDS Positive (%)a Negative (%)b Total 

Positive 20 (43.5) 4 (3.4) 24 

Negative 26 (56.5) 113 (96.6) 139 

Total 46 117 163 
aEPDS ≥ 12 
bEPDS < 12 

Finally, even though both UPPSAT and BASIC are longitudinal studies, three 
out of four studies (Studies II-IV) in this thesis were cross-sectional, meaning 
that exposure and outcome were measured at the same time. This study design 
limits the ability to draw conclusions on causation, and therefore results are 
discussed in regards to the strength of associations, if these exists. 
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Study I 
Study I has three major strengths. First, the primary aim was to investigate 
whether findings on seasonality and postpartum depressive symptoms previ-
ously reported in a Swedish study could be replicated. As the geographical 
location of a study could influence findings, trying to replicate findings within 
the same country adds valuable information to the literature. Second, as men-
tioned, the scope of the study was extended to include antenatal depressive 
symptoms, an aspect of seasonality that has not been well explored. Including 
both time points may reveal differences between antenatal and postpartum de-
pressive symptoms with regard to seasonality. Third, as a complement to the 
logistic regression model, the data were also analyzed using the Walter and 
Elwood test, a statistical test designed for investigating seasonality of data. 
Limitations of this test are that it can only be run unadjusted and it is limited 
to identifying a one peak/one trough pattern, thus a multimodal seasonal pat-
tern cannot be identified using this method. Additionally, regarding the non-
significant results, because women with the most severe burden of depressive 
symptoms may have declined participation in BASIC, there is a risk for ac-
cepting the null hypothesis although a true association exists (type II error), if 
the association with season only occurs in women with severe symptom bur-
den. 

Study II 
Because the exposure data (meteorological parameters and air pollen count) 
were collected from nearby climate stations, the results are more relevant to 
the local population, which should be considered a strength. Furthermore, to 
increase the validity of the results, data from the UPPSAT study were also 
included with the BASIC data. It could be regarded as a limitation that the 
interplay between the meteorological parameters, such as sunshine and tem-
perature, was not analyzed. This decision was based on the notion that results 
from such analyses are difficult to replicate and challenging to apply in clinical 
practice. 

Study III 
Major strengths of Study III include its novelty and the high number of in-
flammatory markers included within the panel. The PEA technology has high 
specificity, which can be attributed to the pairing of antibodies needed for am-
plification. Another strength of PEA is its sensitivity, measuring concentra-
tions as low as fg/ml. In addition, only one microliter of sample is needed. 
Due to the high costs of these analyses, duplicates were not run. Furthermore, 
it has been proposed that multiple assessment points are important when in-
vestigating the fluctuation of biological substances (19). Among substances 
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following, for example, a circadian rhythm, multiple assessments could also 
identify alterations in phase shift, identifying peaks occurring earlier or later 
than expected in individuals with disease states (19). Ideally, multiple sam-
plings per woman would have been preferred to assure that the seasonal vari-
ations found were not due to interpersonal variations. 

As blood sampling at the research laboratory was conducted at the conven-
ience of the women, the timing was not standardized. The same applies to the 
elective cesarean sections. Nevertheless, timing of blood sampling did not dif-
fer significantly during the year and most samples were drawn at 9 a.m. or 1 
p.m. Moreover, approximately 25% of the women reported that they had al-
lergies. However, as the data on allergies were not obtained at the time of 
blood sampling, and participants were not asked to explain the type of allergy, 
we do not know the proportion of allergies that were caused by pollen. 

Study IV 
The major strength of Study IV is its novelty, that is, our attempt to address 
an evident knowledge gap in the metabolic profile of PPDS. Furthermore, the 
study’s untargeted nature leads to a larger perspective of the potential biolog-
ical networks involved in the pathophysiology of PPDS. 

Regarding the analysis method, GC-MS has high sensitivity, high capacity 
of compound separation, and there are large libraries for metabolite identifi-
cation (141). Furthermore, the combination of GC and MS increases the like-
lihood of successfully identifying molecules; GC identifies a metabolite based 
on its volatility (retention time) and mass, while MS does so using the mass-
to-charge ratio. Because two metabolites can have similar volatility or mass-
to-charge ratio, the combination of the two methods is ideal. 

The major drawback of the study is the small sample size of the four sea-
sonal groups. It would have been preferred to analyze at least 12 plasma sam-
ples from each group. Nevertheless, it is our hope that these preliminary find-
ings increase the interest of the scientific community in investigating the po-
tential contribution of metabolic profiles to PPDS, as well as the possible mod-
erating effect of seasonality. 

Correction for multiple testing 
When conducting research, we seek to answer a specific research question. 
One way of framing a research question is to look at whether a predetermined 
characteristic is different between two or more groups. If using statistics to 
evaluate this question, the null hypothesis states that there is no statistically 
significant difference between these groups with regard to the characteristic 
of interest (179). Beforehand, we also decide on the certainty of this answer 
being correct, the p-value, commonly < 0.05. But even though a difference is 
identified at a significance of p < 0.05, it is very important to note that this 
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results still holds some level of uncertainty; there is, at least, a five percent 
risk that the finding is by chance, meaning that we reject the null hypothesis 
even though it is true (180). This is referred to as a Type I error (179). 

When conducting multiple statistical tests at a significance level of p < 
0.05, there is consequently an even higher risk of type I errors occurring, 
which needs to be accounted for (181). In this thesis, two methods have been 
used to do this, namely the Bonferroni correction and FDR methods. Bonfer-
roni correction is conservative and controversial, but is still often used to cor-
rect for multiple testing (182). When using Bonferroni correction, the signifi-
cance level can either be divided by the number of statistical tests conducted 
or the obtained p-value from the output is multiplied by the number of tests 
conducted (182). Disadvantages of this method include the inconsistency in 
results that can be derived from the same dataset, depending on the number of 
tests one chooses to perform (183). Furthermore, there is also a risk of Type 
II error, that is, the null hypothesis is accepted even though there is a differ-
ence between groups (183). Bonferroni correction is not limited by any as-
sumptions. 

In Study II, the obtained p-values were multiplied by 30 and in Study III 
by 71 (pregnancy) and 67 (postpartum), which, at least for Study III, could be 
considered strict. As an example, prior to the Bonferroni correction in Study 
III, 62 inflammatory markers had a significant seasonal pattern, which was 
lowered to 23 after the correction. Although we decided to present only the 
significant results after the Bonferroni correction in the main text, we added 
output for all analyses in the supplementary material, for transparency. For 
other researchers, focusing on one or a few particular inflammatory markers, 
the additional data might still be useful, although a specific marker did not 
qualify against the others in our data. It could be discussed whether the in-
flammatory markers in this study could have been grouped based on similar 
characteristic or how they act in the body, therefore reducing the numbers of 
tests needed. 

Another approach to address multiple testing is calculating the FDR, as sug-
gested by Benjamini and Hochberg (184), which is commonly used in the field 
of omics. The FDR is the expected proportion of erroneous positive findings 
among all features classified as significant, and has been recommended as an 
alternative to Bonferroni correction (185). The FDR, however, is based on the 
assumption that the p-values are independent or positively associated with 
each other. 

When deciding on a method to address multiple testing, there are tradeoffs to 
be made, and the scientific community is divided on which test is the most 
optimal. 
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Ethical considerations 
Investigating depressive symptoms can be a very sensitive matter. Within the 
BASIC study, all surveys were checked for thoughts of self-harm on the 
EPDS. An e-mail was sent to all women indicating such thoughts, where they 
were asked to leave their telephone number if they wished to be contacted. A 
member of the research team then called those women who responded to the 
e-mail. During these phone calls, women were allowed to express their 
thoughts and then they were provided with information on ways to ameliorate 
symptoms, as well as where to seek help. In the UPPSAT study, EPDS scores 
were calculated weekly and the study doctor contacted all women with a high 
score and/or suicidal ideations. 

In Study III and Study IV, blood sampling was an invasive procedure, but the 
amount of blood drawn was minimal, and for samples collected just prior to 
the elective cesarean section, this was done during the routine insertion of a 
peripheral venous catheter for clinical reasons. The samples collected at the 
research laboratory were drawn outside of clinical routine, but all women con-
sented after written and sometimes oral information was provided. 

All data were coded and stored in secure servers in order to minimize risk of 
unauthorized access. Furthermore, when the Personal Data Act was replaced 
by the General Data Protection Regulation, all processes followed the new 
requirements. 

Seasonality, meteorological parameters, and pollen 
The findings in Study I add to previous literature reporting no consistent as-
sociation between PPDS and season. Within this field of research, antenatal 
depression has been given less attention than postpartum depression. Prior to 
our study, only one study had examined the association between season and 
antenatal depression (102), while two more studies were published in 2018 
(104, 105). Despite the increasing number of studies in this field, findings re-
main inconclusive. Studies from the USA and New Zealand report increased 
risks associated with season (102, 104), but it should be noted that the samples 
sizes of these studies were small. Similar to our results, no association was 
identified in a large cross-sectional study from the Netherlands when using 
harmonic analysis with sine and cosine functions (105). However, seasonality 
in depressive symptoms was identified when stratifying by treatment status. 
Among women who were not receiving treatment, a peak in depressive symp-
toms was identified in March and a trough in September. On the contrary, 
among women receiving treatment, the peak occurred in June and the trough 
in December (105). In Study I, we ran sensitivity analyses for the postpartum 



 43

period including women with a history of depression. No additional seasonal 
pattern was identified, but the odds of depressive symptoms in October–De-
cember 2011 were higher than in the main analysis. Furthermore, a similar 
increase was observed among women who reported depressive symptoms at 
gestational week 32. 

The majority of the studies finding an association between season and 
PPD/PPDS have identified winter as a risk season. Contradictory findings be-
tween studies in this field could be attributed to differences in methods, sam-
ple size, and geographical location. In general, there needs to be larger studies 
performed in this field, preferably with a prospective study design. 

The inconclusive findings within Study I, and between the two studies from 
the research group, generated the hypothesis that the association between sea-
son and PPDS could be due to extreme climatic conditions during certain 
years. In Study II, after adjustment for multiple testing, this hypothesis could 
not be confirmed. In 2018, Goyal et al. (106) reported shortened day length as 
a risk factor for PPD, which is in line with previous studies (95, 102). In Study 
II, the number of sunshine hours was not associated with PPDS. Nevertheless, 
it should be considered that the exposure was not measured on an individual 
basis, but rather as a proxy based on data from a nearby climate station. An-
other important difference between the studies is that the variables of sunshine 
hours and day length are not equivalent; the number of sunshine hours deviate 
depending on, for example, cloud cover, while length of day is the number of 
hours between sunrise and sunset. The results of Study II can also be compared 
to two meta-analyses reporting no association or an inconclusive association 
between bright light therapy (BLT) and amelioration of PPD (43, 186). How-
ever, both meta-analyses are constricted by the limited number of included 
studies on BLT (186). 

A figure illustrating the geographical location of these studies and their results 
is provided in Figure 5. 

In Study II, prior to the Bonferroni correction, the air pollen count of mugwort 
one week and six weeks prior to the EPDS assessment was negatively associ-
ated with antenatal depressive symptoms. This result was not in line with our 
hypothesis. Nevertheless, it should be mentioned that extracted compounds 
from the mugwort tree have been reported to have antidepressant effects in 
mice (187). But one should also keep in mind that the high season of mugwort 
pollen coincides with the time period when many Swedes are on paid vacation 
(July–August) (52). The non-significant results on exposure to pollen can be 
compared with results from Trikojat et al. (94), where increased depressive 
symptom scores in patients with seasonal allergic rhinitis were reported during 
the acute manifestation of allergic symptoms. In the allergy off-season, the 
depression scores were generally similar when compared with non-allergic 
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controls (94). Concerning these results, the non-significant results in Study II 
should be put in the context of the current data, with 25% of participants re-
porting any type of allergy. Because we did not have detailed data on source 
of allergy, we cannot be certain that participants having seasonal allergic rhi-
nitis were sampled during pollen season, which could have affected the re-
sults. 

As presented by McClung (188), throughout evolution, humans have for 
the most part existed without electricity, making a diurnal schedule routine. 
The stressful lifestyle adopted by many today, may be a significant source of 
disrupted circadian rhythms reported among individuals with mood disorders 
(188). On the other hand, one could hypothesize that today, when sunlight is 
not our only source of light, the effect of less sunlight is buffered by the arti-
ficial light from lamps, computers, and telephones. We are also able to travel 
to sunnier places, although such travels are less likely to occur in late preg-
nancy and the early postpartum period. On a related note, estrogen has a pos-
itive effect on the synthesis and availability of serotonin (88), which could be 
hypothesized to counterbalance an increase in binding capacity of the seroto-
nin receptor during times of reduced sunlight. This would, however, be most 
applicable to pregnancy, when the estrogen levels are strongly elevated (189). 

Based on these data from Uppsala, there does not seem to be any direct effects 
of season, meteorological parameters, or air pollen count on the presence of 
PPDS.
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Seasonality: implications for biological processes 
The field of research on seasonal variation in biological processes is relatively 
unexplored. In Study III, seasonal variation in inflammatory markers was 
more prominent in late pregnancy, compared with the early postpartum period. 
Furthermore, inflammatory markers among pregnant women without depres-
sive symptoms followed a similar pattern as the whole group, although fewer 
markers were identified as seasonal. Unfortunately, the small sample size ren-
dered us unable to investigate whether the seasonal pattern also exists among 
women with antenatal depressive symptoms. From the perspective of this the-
sis, our conclusions would have been more complete if the stratified sub-anal-
ysis had included women with depressive symptoms. Future studies on this 
are needed, as there are theories that an inadequate response to environmental 
signals (if such underlie the seasonal pattern identified in Study III) may re-
sults in disease (190). Furthermore, synaptic plasticity is the ability of the 
brain to assess stimuli and respond appropriately, and there is evidence of re-
duced synaptic plasticity among depressed individuals in the general popula-
tion (191). 

A similar seasonal pattern, with a peak in April and trough in October has 
been identified in leukocytes, lymphocytes, and monocytes among healthy 
volunteers in the United Kingdom (107). Furthermore, after stimulation of 
blood cells, Ter Horst et al. (110) reported on an increased production of the 
monocyte-derived cytokines IL-1-beta, IL-6, and TNF-alpha in May–July. 

Pregnancy complications including spontaneous preterm birth, gestational 
diabetes and hypertension, have been found to increase during the spring and 
summer (140, 192-194). Although Study III does not have a focus on these 
complications, the results of peaks in the spring may still be of interest for 
researchers within this field. These pregnancy complications are primarily as-
sociated with a pro-inflammatory immune response, with elevated levels of 
IL-6 and TNF-alpha (136, 195, 196). 

In hindsight, performing seasonal analyses on selected biological markers 
could have been beneficial in trying to address underlying causes for the sea-
sonality we observed. For example, measurements of immunoglobulin E (IgE) 
could have clarified the potential role of seasonal allergies in the observed 
variations (197). Moreover, both vitamin D and cortisol act as suppressors of 
the immune system (198, 199) and have clearly reported seasonality (85, 200). 
Changes in the immune system have also been associated with reproductive 
hormones such as estradiol (201) and progesterone (202), which dramatically 
drop following placenta expulsion (189). Around eight weeks postpartum, the 
NPX values of 15 inflammatory markers, that we identified in Study III to 
have a seasonal variation, were significantly lower compared with late preg-
nancy (203). This decrease could have rendered the seasonal pattern more dif-
ficult to detect. 
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As PEA technology only measures relative protein expression, one could 
consider re-assessing seasonality using a method producing absolute values 
for the three inflammatory markers with the strongest statistical significance, 
as well as those with the largest expected difference between trough and peak. 
This way, clinical implications of the study results can be more thoroughly 
assessed. 

Without considering season of blood sampling, the metabolomic analysis in 
Study IV, did not reveal any significant discrepancies in the metabolic profiles 
between women with and without antenatal depressive symptoms. When sea-
son was considered, we found that summer cases and winter controls had dis-
criminatory metabolic profile, compared with summer controls. There were 
also similarities in the metabolic profiles of summer cases and winter cases. 
The increase in aminomalonic acid, a metabolite suggested to originate from 
erroneous protein synthesis, among both summer cases and winter controls 
could be a sign of increased oxidative stress (204). Aminomalonic acid has 
previously also been found more abundant in urine from patients with depres-
sion and anxiety when compared with healthy controls, and it was one of four 
metabolites that most successfully could discriminate between the two groups 
(205). Another sign of stress among both summer cases and winter controls 
was the lower abundance of both pyruvate and phosphate than summer con-
trols. Furthermore, among summer cases, the increase in glucose together with 
the higher lactate-to-pyruvate ratio indicate alterations in both the Cori and 
citric acid cycles, which may signal metabolic stress (159). Moreover, lactate 
has been found increased in urine samples from women with postpartum de-
pression (143). The finding of a lower abundance of arginine among summer 
cases when compared with summer controls are in line with one previous 
study on antenatal depression (206). 

The results of Study IV indicate a less optimal metabolic profile among both 
summer cases and winter controls, when compared with summer controls. 
This could hypothetically suggest that differences in the metabolic profile 
arise both because of processes involved in depressive symptoms but also be-
cause of seasonal effects. It is interesting to note the similarities between the 
profiles of the winter controls and summer cases, which might originate from 
an altered, but naturally occurring, variation in the metabolism during the win-
ter. Perhaps differences in diet, the cold temperature or the shortened day 
length during the winter are natural environmental stressors, which give rise 
to a stressed, albeit only temporarily stressed, metabolism. If so, this metabolic 
profile may still qualify as healthy during the winter, while its persistence dur-
ing the summer is linked to the presence of antenatal depressive symptoms. 
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Despite the limitations of Study III and Study IV, our findings provide reason 
to keep exploring the field of seasonality in biological processes associated 
with both PPDS and other immune-associated pregnancy complications. 

Conclusions 
In Uppsala, Sweden: 

 
I There are no consistent overall seasonal patterns in PPDS. 
II Meteorological parameters and air pollen count are not associ-

ated with self-reported PPDS. 
III Seasonality in peripheral inflammatory markers was common 

in late pregnancy but not in the postpartum period. 
IV There are no overall discrepancies in metabolic profile between 

pregnant women with and without depressive symptoms. How-
ever, the metabolic profiles of pregnant women with and with-
out depressive symptoms during summer are different. There 
are also differences in metabolic profiles between summer and 
winter controls. 

Based on the abovementioned conclusions, season, specifically, meteorologi-
cal parameters, and pollen counts, do not appear to be major risk factors for 
PPDS among women residing in Uppsala County. However, season may be a 
moderating factor for metabolic processes linked to the presence of depressive 
symptoms among pregnant women. Further research on biological aspects of 
PPDS would benefit from accounting for seasonality. 
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Implications and future directions 

Regarding the clinical implications of this thesis, irrespective of the season 
when women give birth they need adequate screening for PPDS. The findings 
of Study III and Study IV could have implications when designing future stud-
ies on biological processes. Day of sampling is an easy variable to include and 
may give rise to new perspectives. Furthermore, research should consider col-
lecting biological samples at multiple times points during the year in order to 
ensure generalizability. 

Using lessons learned from Study IV, untargeted metabolomic analysis of 
fasting plasma blood samples from women in the early postpartum is being 
conducted. During data collection, notes were kept regarding when the study 
participants had their last meal and the data collection was continued through-
out the summer. Twelve blood plasma samples from three seasonal groups 
(summer controls, summer cases, and winter controls) have been sent to 
FORTH/ICE-HT, Patras, Greece, for analysis. The summer season was further 
defined as blood sampling which occurred between April and September and 
the winter season was defined as blood sampling occurring between Novem-
ber and February. 

Furthermore, it is our intention to send cerebrospinal fluid (CSF) collected 
at the time of the spinal anesthesia prior to elective cesarean sections to 
FORTH/ICE-HT, Patras, Greece for metabolomic analysis. CSF may give a 
clearer picture regarding central metabolic processes associated with antenatal 
depressive symptoms. 

As discussed, there are limitations regarding the generalizability of results 
generated from data collected in the BASIC study. Therefore, studies using 
population-based registers are in the planning stage. Firstly, we would like to 
examine whether there are seasonal variations in admissions to in-patient psy-
chiatric care among pregnant women in Sweden. Secondly, we are aiming to 
assess which background characteristics are associated with screening proce-
dures for PPDS, as well as whether screening is more likely to take place dur-
ing certain months. 
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Summary in Swedish 

Denna avhandling undersöker förekomsten av säsongsvariation inom depres-
siva symptom som uppstår under graviditeten eller efter förlossningen, sam-
mantaget kallat peripartala depressiva symptom (PPDS). Peripartumdepress-
ion (PPD) är ett tillstånd som drabbar cirka 12 % av gravida och nyförlösta 
kvinnor. Studier har visat att PPD kan ha negativa konsekvenser för såväl 
kvinnan, som det nyfödda barnet och pappan. För tidig födsel, låg födelsevikt, 
försämrad kognitiv utveckling samt nedsatt social förmåga är exempel på ne-
gativa utfall hos barn till deprimerade mammor. Vidare, kan anknytningen 
mellan barnet och mamman störas, och depression hos pappan har kunnat 
kopplas till mammans depressionsstatus. Risken för att drabbas av PPD har 
rapporterats öka om kvinnan tidigare haft psykisk sjukdom, vid brist på socialt 
stöd, oplanerad eller oönskad graviditet, stressfyllda livshändelser och låg so-
cioekonomisk status. Tyvärr är tillståndet underdiagnostiserat, och trots att 
mycket tyder på att dess uppkomst är multifaktoriell, kvarstår många fråge-
tecken gällande dess ursprung. 

Som ett resultat av jordklotets lutning och dess rotation kring solen finns årli-
gen återkommande förändringar i dagslängd samt väderfaktorer såsom sol-
sken, temperatur och nederbörd. I Uppsala varierar dagslängden från 17 tim-
mar på sommaren till sex timmar på vintern. Psykiskt mående har länge kopp-
lats samman med årstiderna, och under 1980-talet definierades säsongsbunden 
depression som årligen återkommande depressiva episoder. Många personer 
med depression upplever en försämring i sitt psykiska mående under vintern 
och en förbättring på sommaren, något som kopplats samman med mängden 
dagsljus. Inom forskning kring självmord och affektiva sjukdomar har man 
funnit en koppling mellan årstid, väder (särskilt temperatur och solsken), och 
pollenhalt. När det gäller PPD är litteraturen begränsad och studiernas slutsat-
ser är motsägande. I Uppsala har man tidigare identifierat en ökad risk för 
depression efter förlossningen hos kvinnor som föder barn under oktober–de-
cember, jämfört med de som föder barn i april–juni. Liknande resultat har även 
rapporterats i en studie från Finland. Studier från Nordamerika visar inkonse-
kventa resultat, medan årstid har identifierats som en riskfaktor för depression 
hos nyförlösta i Taiwan och Ghana. Gällande antenatal depression är forsk-
ningsfältet mindre undersökt. 
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Under en graviditet sker en stor omställning i kvinnans immunförsvar, detta 
för att säkerställa att kvinnans barriär mot patogener upprätthålls, men att det 
växande fostret samtidigt blir kvar i kroppen. Vidare har säsongsvariation på-
visats i ungefär 25 % av det mänskliga genuttrycket och det finns även årliga 
förändringar i uppsättningen av immunceller och uttryck av signalmolekyler. 
Graviditetskomplikationer som PPD, havandeskapsförgiftning, för tidig föd-
sel och graviditetsdiabetes har kopplats samman med en förändring i immun-
systemet. Dessa tillstånd har även beskrivits som säsongsbundna. En annan 
biologisk aspekt av PPD är dess koppling till metabola markörer (metaboliter). 
Hittills har många studier fokuserat på ett fåtal metaboliter och det finns en 
brist på både storskaliga studier och studier inom PPD. En förändrad energi-
metabolism har visats hos kvinnor med förlossningsdepression, när metaboli-
ter i urin jämfördes mellan dem, kvinnor utan förlossningsdepression samt 
icke-nyförlösta kvinnor. Bland individer med egentlig depression har en för-
ändrad energimetabolism, fettsyrametabolism och en minskad mängd ami-
nosyror i blodet rapporterats. 

Syftet med denna avhandling var: 
 

I Att undersöka om de säsongsmönster i depressiva symptom ef-
ter förlossning som tidigare identifierats i en svensk studie 
kunde replikeras i ett större material, samt att undersöka sä-
songsmönster i depressiva symptom under graviditet. 

II Att undersöka om väder (särskilt solskenstimmar) och pollen-
halt är associerade med självrapporterade PPDS. 

III Att undersöka förekomsten av säsongsvariation i nivåer av pe-
rifera inflammationsmarkörer under sen graviditet och tidigt ef-
ter förlossningen. 

IV Att undersöka om (i) den metabola profilen i blodplasma skiljer 
sig mellan gravida kvinnor med och utan depressiva symptom 
och (ii) om det finns säsongsvariationer i den metabola profilen 
mellan sommar- och vinterfödslar. 

Samtliga studier genomfördes med material insamlat inom Biology, Affect, 
Stress, Imaging, and Cognition (BASIC)-studien och delstudie II inkluderade 
även material från Uppsala-Athens (UPPSAT)-studien. Förekomst av depres-
siva symptom mättes primärt med självskattningsskalan Edinburgh Postnatal 
Depression Scale (EPDS), vilket är ett validerat instrument där kvinnan tar 
ställning till påståenden gällande sitt psykiska mående under den senaste 
veckan. För delstudie II tillhandahölls lokala mätningar av väderdata från Sve-
riges Lantbruksuniversitet, och pollenhalten mättes av Palynologiska labora-
toriet i Stockholm. Inflammatoriska markörer analyserades med hjälp av prox-
imity extension assay (PEA) teknologi. För analys av metaboliter användes 
gaskromatografi-masspektrometri. 
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I delarbete I kunde inga övergripande associationer påvisas mellan säsong och 
depressiva symptom under graviditet och efter förlossning. Under året 2011 
återfanns dock samma ökning i odds av depressiva symptom sex veckor efter 
förlossningen som tidigare identifierats; kvinnor som födde barn i oktober–
december hade högre odds än de som födde barn i april–juni. 

Delarbete II påvisade inga associationer mellan kort- eller långtidsexponering 
för solskenstimmar, temperatur, nederbörd, snömängd samt pollenhalt och 
PPDS. 

Resultaten från delstudie III visar ett säsongsmönster av perifera inflammat-
ionsmarkörer under graviditet, där en majoritet av markörerna nådde sin topp 
under våren och sin dal under hösten. Efter förlossningen återfanns säsongs-
variation endast hos en markör, där toppen inträffade under sommaren och 
dalen på vintern. Liknande säsongsmönster identifierades även hos gravida 
kvinnor utan depressiva symptom, men denna stratifierade analys kunde inte 
utföras bland gravida kvinnor med depressiva symptom eftersom gruppstorle-
ken var för liten. 

I delstudie IV fanns det inga skillnader i den metabola profilen mellan gravida 
kvinnor med och utan depressiva symptom. Däremot fanns det skillnader i den 
metabola profilen mellan sommarfall och sommarkontroller, samt mellan 
sommar- och vinterkontroller. Jämfört med båda grupperna hade sommarkon-
troller högre nivåer av fosfat, arginin och pyruvat, samt lägre nivåer av ami-
nomalonsyra. 

Slutsatsen av denna avhandling är att säsong per se, väder och pollen inte har 
någon association med depressiva symptom under graviditet och efter förloss-
ning. Vidare, verkar det finnas en säsongsvariation i inflammationsmarkörer 
främst bland gravida kvinnor. Resultaten tyder även på en modererande effekt 
av säsong på kopplingen mellan den metabola profilen och depressiva symp-
tom under graviditet. 
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Appendix 

Inflammatory markers 

Supplementary Table 1. Complete list of the 92 inflammatory markers analyzed in 
Study III, with their corresponding Uniprot identities. 

Short name Uniprot Short name Uniprot 

ADA P00813 IL-18 Q14116 
ARTN Q5T4W7 IL-18R1 Q13478 
AXIN1 O15169 IL-2 P60568 
Beta-NGF P01138 IL-2RB P14784 
BDNF P23560 IL-20 Q9NYY1 
CASP-8 Q14790 IL-20RA Q9UHF4 
CCL19 Q99731 IL-22 RA1 Q8N6P7 
CCL20 P78556 IL-24 Q13007 
CCL23 P55773 IL-33 O95760 
CCL25 O15444 IL-4 P05112 
CCL28 Q9NRJ3 IL-5 P05113 
MIP-1 alpha P10147 IL-6 P05231 
CCL4 P13236 IL-7 P13232 
MCP-2 P80075 MMP-1 P03956 
CDCP1 Q9H5V8 SCF P21583 
CXCL1 P09341 LAP TGF-beta-1 P01137 
CXCL10 P02778 LIF P15018 
CXCL11 O14625 LIF-R P42702 
CXCL5 P42830 TNFB P01374 
CXCL6 P80162 CSF-1 P09603 
CXCL9 Q07325 MCP-1 P13500 
CST5 P28325 MCP-4 Q99616 
TSLP Q9HC73 MCP-3 P80098 
DNER Q8NFT8 SIRT2 Q8IXJ6 
CCL11 P51671 CD244 Q9BZW8 
4E-BP1 Q13541 NT-3 P20783 
EN-RAGE P80511 NRTN Q99748 
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FGF-19 O95750 OSM P13725 
FGF-21 Q9NSA1 PD-L1 Q9NZQ7 
FGF-23 Q9GZV9 TGFA P01135 
FGF-5 P12034 SLAMF1 Q96QJ2 
Flt3L P49771 STAMPB O95630 
CX3CL1 P78423 MMP-10 P09238 
hGDNF P39905 ST1A1 P50225 
HGF P08581 CD6 P30203 
IFN-gamma P01579 CD5 P06127 
IL-8 P10145 TRANCE O14788  
IL-1 alpha P01583 TRAIL P50591 
IL-10 P22301 TNF P01375 
IL-10RA Q13651 TNFSF14 O43557 
IL-10RB Q08334 TWEAK Q4ACW9 
IL-12B P29460 OPG O00300 
IL-13 P35225 CD40 P25942 
IL-15RA Q13261 TNFRSF9 Q07011 
IL-17A Q16552 uPA P00749 
IL-17C Q9P0M4 VEGF-A P15692 
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Example calculation 
Example calculation based on the beta coefficient of the linear regression for 
VEGF-A among plasma samples from pregnancy. Method adapted from 
Stoljwijk et al. (166). 
 
β1 = coefficient sine curve = 0.131 
β 2 = coefficient cosine curve = 0.029 
T = time period = 366 days 

 
 

 
 
As the inflammatory markers were expressed on log2 scale, to obtain the ex-
pected relative difference between trough and peak, the following calculation 
was applied for each inflammatory marker: 100*(2(2*amplitude)-1). 
 

	100 ∗ 2 ∗ . 1 20.44 	20.5 
 
 
t = precursor to location of peak/trough  

 

If β1/β2> 0, then t > 0 and indicates the first extreme; the other extreme 
value is found at t + T/2. If β1/β2 ≤ 0; the extreme values are found at t 
+ T/2 and at t + T. If β1> 0, the first extreme is a maximum and the 
second a minimum; if β≤ 0 it is the other way around (166).  
 
β1/β2 = 4.52 (>0), β1 = 0.131 (>0), the first extreme is t (= 79) and it is the 
maximum. 

 

 

	 β1 β2 	 0.131 0.029 	 0.34 

arctan
β1
β2

∗
2

arctan
0.131
0.029

∗
366
2

arctan∗ 4.52 ∗
366
2

 

78.81 79 
 
 

	 t
2

	arctan
β1
β2

∗
2 2

 

arctan
0.131
0.029

∗
366
2

366
2

261.81 262	  
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