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ABSTRACT 

Background Postpartum depression is a common complication of childbirth and may have 

devastating consequences for the entire family. Furthermore, a majority of people suffering 

from seasonal affective disorder (SAD) experience a worsening of mood during autumn or 

winter, as sunlight exposure decreases. However, there are individuals who experience a 

worsening of symptoms during spring or summer. SAD is especially prevalent in women in 

their childbearing years. It is therefore possible that women giving birth during the darkest 

months of the year are at higher risk of developing postpartum depressive symptoms.  

Aim To investigate the possible association between self-reported depressive symptoms 

postpartum and sunlight exposure at time of delivery, and six weeks postpartum. 

Methods The study was conducted within the UPPSAT and BASIC projects carried out at 

Uppsala University Hospital in Uppsala, Sweden. The psychological well-being of a total of 

4219 women was assessed by questionnaires containing inter alia the Edinburgh Postnatal 

Depression Scale. Within the UPPSAT project women answered the questionnaires five days, 

six weeks and six months postpartum, while in the BASIC project, the questionnaires were 

answered at gestational weeks 17 and 32, as well as six weeks and six months postpartum. 

Results Within the UPPSAT cohort an inverse association between the amount of sunlight at 

delivery and self-reported postpartum depression at six weeks, as well as six months was 

found in women with no previous psychiatric contact. Even analyses with sunshine at six 

weeks postpartum showed association to self-reported postpartum depression. Statistical 

significance to sunlight at delivery was not found in women with previous psychiatric contact, 

except in those having self-reported postpartum depression at six months. In the BASIC 

cohort, no significant associations between sunlight and depressive symptoms were detected. 

Conclusion An inverse association between sunlight at delivery and self-reported PPD was 

found in the UPPSAT, but not BASIC cohort. The difference could be due to climatic 

differences between the two time periods. 

1 
 



INTRODUCTION 

Postpartum Depression 

The postpartum period, as well as the pregnancy, is a time supposed to be filled with joy and 

happiness for the new family. However, this is not always the case. Postpartum depression 

(PPD) is one of the most common complications of childbirth, and it is estimated to affect 7-

20% of women within the first year after delivery, depending on severity (O'Hara, 2009). PPD 

is a major cause of maternal morbidity and mortality, and the depressive symptoms do not 

only affect the mother, but can also have devastating consequences for the father and the 

newborn child (Miller, 2002). PPD has, for example, in a study by Stein et al. (1991) been 

associated with attachment difficulties between mother and child. Additionally, cognitive 

impairment in children of women previously affected by PPD has been reported (Sutter-

Dallay et al., 2011). Postpartum depression is, according to the Diagnostic and Statistical 

Manual of Mental Disorders, Fourth Edition (1994) (DSM-IV), defined as an episode of 

major depression beginning within four weeks of giving birth. However, because of the major 

impact of psychosocial factors in triggering PPD, a definition of the postpartum period as 

lasting up to six months is often used (Miller, 2002). 

In the DSM-IV, the criteria for a major depressive episode is having one or both of the 

following two core symptoms; depressed mood and/or loss of interest or pleasure in usual 

activities. Other frequent symptoms apart from the core symptoms are changes in appetite or 

weight, decreased energy, difficulty thinking and/or concentration, as well as feelings of guilt 

and/or worthlessness. Presence of suicidal thoughts, plans or attempts are also part of the 

criteria for depression. In order to meet the criteria for depression, the patient must have at 

least five of the symptoms mentioned in the DSM-IV for major depressive symptoms. These 

symptoms must persist for most of the day, during two consecutive weeks, and must 

furthermore significantly decrease the daily functioning of the patient regarding areas such as 

social and occupational relations. 

Risk factors for PPD are of social, biological, obstetrical, as well as socio-demographic 

character.  An increased vulnerability for PPD after childbirth can be explained by hormonal 

changes occurring postpartum and by psychological adjustments to motherhood. Women who 

have previously suffered from a depression are at higher risk (Beck, 2001), naturally also 

previous episodes of PPD after subsequent births enhances the risk (Agnafors et al., 2012). 

Stressful life events, such as the death of a family member or being forced to change 
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residence, as well as having poor social status has been brought forth as risk factors in a study 

by O’Hara (2009). Not having planned the pregnancy (Beck, 2001), not breastfeeding (Dennis 

and McQueen, 2009), as well as not getting enough sleep (Goyal et al., 2007; Reck et al., 

2008), also increases the risk for developing PPD. 

 PPD has been extensively studied. However, few studies regard its possible association with 

sunlight and temperature exposure. Hiltunen et al. (2004) evaluated PPD in 185 Finnish 

women and found that the condition was more prevalent during October, November, 

December and January, which are dark months in Scandinavia. Sweden has similar seasonal 

variations and is therefore suitable for studying associations between PPD and daylight. A 

study by Sylvén et al. (2011), investigating a Swedish population, showed that the season of 

delivery was of importance for the outcome of self-reported PPD. Women delivering in the 

last quartile of the year, i.e. October, November, and December, had the highest depression 

scores. On the contrary, Jewell et al. (2010) carried out a study in the United States that 

showed no association between season of delivery and the development of depressive 

symptoms. However, the United States is a large country with great latitude span, with 

subsequent seasonal variations depending on location. For example, women in Texas are not 

exposed to the same climate as women in Maine. 

Seasonal Affective Disorder 

Seasonal affective disorder (SAD) is, according to DSM-IV, defined as a recurrent bipolar or 

major depressive disorder, with a seasonal pattern of major depressive episodes. There are 

two subtypes of SAD: winter SAD and summer SAD, the former being dominant (Partonen 

and Lönnqvist, 1998). Decreasing daylight is thought to trigger depressive symptoms, and 

latitude has been indicated as a risk factor for the condition (Kegel et al., 2009; Mersch et al., 

1999). Gender is also a risk factor, with women in their reproductive years being more 

vulnerable (Lee and Chan, 1998). Light treatment has been assessed in SAD, showing results 

after as little as one hour (Reeves et al., 2012). However, the effect is not equivalent to 

sunlight exposure during summer (Postolache et al., 1998). A study by Benedetti et al. (2001) 

also showed that patients hospitalized for bipolar depression, that had rooms exposed to direct 

morning sunlight, had a mean 3.67 days shorter hospital stay than patients in rooms with 

evening sunlight. Since previous studies have indicated women as being more vulnerable to 

SAD, with a majority being affected during winter, it would be interesting to investigate if a 

similar pattern exists in PPD.  
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We therefore hypothesize that women giving birth during the darkest months of the year are at 

higher risk of developing postpartum depression. 

Aim 

The aim of this study is to investigate if there is an association between the amount of 

sunshine hours in the postpartum period and self-reported postpartum depression.
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MATERIALS AND METHODS 
For this study, material from two projects, UPPSAT and BASIC, both conducted at the 

Department of Obstetrics and Gynecology at Uppsala University Hospital, has been used. 

Uppsala University Hospital is responsible for all delivering women within the county of 

Uppsala, as well as of all high-risk pregnancies from nearby counties. Uppsala is a medium-

sized county with a population of 339 401 inhabitants. 

Both study protocols were approved by the Regional Research and Ethics Committee of 

Uppsala. 

Study population 

UPPSAT is a population-based cohort, conducted from May, 2006, to June, 2007. During this 

period, all women giving birth at Uppsala University Hospital were contacted by their mid-

wife or mid-wife’s assistant after delivery and asked to participate in a longitudinal study of 

maternal, paternal, and infant well-being. In this study, women that were not able to 

adequately communicate in Swedish, had confidentially kept data, intrauterine demise or had 

infants immediately admitted to the neonatal intensive care unit were excluded. The study 

subjects were given both written and oral information and a written consent was obtained. At 

five days, six weeks and six months postpartum the women were asked to complete a 

questionnaire inter alia containing the Swedish version of the Edinburgh Postnatal Depression 

Scale (EPDS), a screening instrument for depressive symptoms (see appendix for the full 

version of the Swedish EPDS). The questionnaire is especially efficient for the peripartum 

period, which in this study separates women as cases of self-reported PPD (EPDS-score >13 

during pregnancy, >12 after delivery) (Rubertsson et al., 2011; Wickberg and Hwang, 1996) 

from women considered as controls. The questionnaires were completed by the women and 

sent back to the hospital by post. Apart from the EPDS, the questionnaires also included 

questions regarding social network and support, breastfeeding, previous psychiatric contact, 

and stressful life events (SLEs). SLEs include serious sickness within the participating 

woman’s family, worry for family member, death in the family, separation or divorce, forced 

change of residence, forced change of work, feeling excess, feeling unsure at work, having 

economic problems, or problems with the law, all within the last six months. 

BASIC (Biology, Affect, Stress, Imaging and Cognition, in pregnancy and the puerperium) is 

an ongoing population-based cohort, started in 2009, investigating multiple associates of 
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postpartum depression. The study population for this study is women having answered the 

questionnaires from 2009 until the end of December 2011. During the routine ultrasound 

examination in gestational week 16-17, all women are asked to participate in a longitudinal 

study regarding maternal well-being, and receive written information. After a written consent 

has been obtained, the study subjects receive, via e-mail, a web-based structured self-

administered questionnaire at gestational weeks 17 and 32, as well as six weeks and six 

months postpartum. If no answer is received, the study subjects are sent a reminder, again via 

e-mail. The questionnaires sent out contain inter alia the Swedish version of the EPDS. 

Women scoring high on the EPDS during weeks 17 and 32, and thus have a possible antenatal 

depression, are invited to the research department of the Obstetrics and Gynecology Clinic in 

Uppsala to participate in additional tests. These tests are conducted in gestational week 36-40. 

Meteorological data 
Sunlight hours were obtained from a local weather station, through contact with the Swedish 

University of Agricultural Sciences (SLU) in Uppsala. The sum of sunshine hours was 

calculated for every month included in the two cohorts. Variables for sunshine and were 

created for time of delivery, six weeks and six months postpartum, with amount of sunshine in 

increments of ten hours, to more easily be able to analyze the results. A moving average was 

calculated to, in graphs, more fluently see the sum of sunlight per month in both cohorts. The 

regression analyses, however, are not conducted on moving average. The sum of sunlight of 

months in 2009 was not calculated, as the first child in the BASIC cohort was born in January 

2010. 

In a model containing the entire cohort for UPPSAT and BASIC, respectively, temperature at 

delivery was also included, to see how it affected the significance of sunlight on self-reported 

PPD. The temperature was also obtained from SLU, and had been measured in Celsius at 1.5 

meters. The same method for making the variable was used, with the exception that an 

average for temperature was calculated and not the sum. 
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Example of calculation of moving average for sunshine: 

 

 
As no meteorological data regarding year 2012 was provided from SLU, the moving average 

for December 2011 was only calculated from November and December, and hence the sum 

was only divided by two.  

Outcome measures 
The Edinburgh Postnatal Depression Scale (EPDS), used in both studies to assess the 

psychological well-being of the women, is a self-administered instrument that has high 

validity and only takes approximately five minutes to complete (Cox et al., 1987). It contains 

ten statements to which the woman marks which one applies to how she has felt during the 

last seven days. Every statement gives points, 0-3, depending on how the woman answers: 3 

is comparable to most depressive and 0 is equivalent to a normal state. The total score for the 

test is 30 and the cut-off has been set differently depending on when the test is conducted; 

weeks 17 and 32 antepartum the cut-off was set to 13 or more (Rubertsson et al.), and at five 

days, six week and six months postpartum it is set to 12 or more, in line with the Swedish 

validations (Rubertsson et al.; Wickberg and Hwang, 1996). As the EPDS does not provide us 

with PPD diagnosis, the condition, to which the women are considered cases or controls, is 

referred to as self-reported PPD. It is important to remember that as many as 50-70% of 

mothers suffer from postpartum blues, which is considered a transitory phenomenon of mood 

changes beginning within the first days after delivery (Yalom et al., 1968), and therefore a 

high prevalence of PPD at this time may be misleading. Hence, the EPDS scores for five days 

are not included in the analyses for this study. 

Statistical analyses 
For the statistical analyses SPSS version 20 (SPSS, Inc, Chicago, IL) was used. The statistical 

significance was set at a p-value of p < 0.05. When investigating potential risk factors, a p-

value of 0.2 was accepted. 

First, as the answers to the questions about risk factors in the questionnaire not always were 

dichotomous, some variables had to be dichotomized in order to get the variables equal in the 

analyses. In order to dichotomize this question into two groups of women, a crosstabulation 
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was performed to be able to see how many women were considered cases or controls, 

depending on their answer to the question. This was performed for all risk factors, at six 

weeks and six months postpartum, that had more than two responses; breastfeeding, maternal 

education, partner support, stressful life event (SLE), and amount of sleep. Questions already 

dichotomous were those about planned pregnancy, previous depression (BASIC), and 

previous psychiatric contact (UPPSAT). The risk factors were then, separately, cross-

tabulated to self-reported PPD at six weeks and six months, in order to see significance. The 

Mantel-Haenszel test was performed in order to acquire odds ratio (OR) and 95% confidence 

intervals (95% CIs), to see the significance level between each risk factor and EPDS 

case/control status. All risk factors, except previous psychiatric contact for UPPSAT and 

previous depression for BASIC, which were treated as separate risk factors, were assembled 

into a “maternity stressors” variable. This variable was also dichotomous to “None or 1”, and 

“2 or more”, in order to get equal percentage of women in each group. The variable was 

created in order to not compromise the power of the study by including five different 

variables in following logistic regression analyses. 

Five different models were created for the logistic regression analyses within both cohorts, 

which were performed with EPDS score at 6 weeks, as well as 6 months postpartum, as the 

outcome variable. Each model was analyzed with sun at delivery, as well as sun at six weeks 

postpartum as predictor variable. Analyses with EPDS scores for six months also included the 

amount of sunshine at six months. The first model contained all women from the cohort, and 

in this model an analysis was also made with temperature at delivery together with sun at 

delivery, in order to see the temperature’s effect on the significance of the sunlight. The 

second model was stratified for women with no previous psychiatric contact/depression, the 

third was as well stratified for women without previous psychiatric contact/depression, plus 

an additional stratification for maternity stressors. The fourth model was stratified for women 

with previous psychiatric contact/depression, and the last model was stratified for women 

with previous psychiatric contact/depression, this one as well with additional stratification for 

maternity stressors. Stratification was used in the models to see how different groups of 

women were affected by the sunlight 
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RESULTS 

Participation rates 

For the UPPSAT cohort, the response rate was 73.7% for the first questionnaire (1838/2493), 

73.2% for the second one (1812/2475), and 63.7% for the third questionnaire (1554/2441). 

Two thousand three hundred eighteen women filled out at least one of the three questionnaires 

(93% among those who consented to participate in the study, 60% of all eligible delivering 

women).  

For the whole BASIC cohort so far, the average response rate is 85%.  

Socio-demographic and obstetric data 

In the UPPSAT sample, the mean age was 30.8 years (standard deviation [SD] 4.6 years), and 

24% of the women stated that they been in contact with a psychiatrist. A total of 84.4% stated 

that the current pregnancy was planned, for 47.3% this was their first child, and 75.3% had a 

vaginal delivery. Thirty nine point eight percent had attended university or college.  

The mean age for the BASIC sample was 31.5 years (SD 4.6 years) and 27.2% had previously 

had a depression. Eighty four point four percent said that the current pregnancy was planned, 

44.9% were first time mothers, and a total of 77% had a vaginal delivery. Seventy five point 

eight percent had studied at university or college. 

Meteorological data 

Table 1 shows the difference in amount of sunlight for the five darkest months, i.e. October, 

November, December, January, and February, between the two cohorts. Worth noticing is that 

the women delivering within the time period for the UPPSAT cohort were exposed to less 

amount, differing with almost 150 hours,  than women participating in the BASIC cohort. In 

table 2, the average air temperature for both cohorts is displayed. 

Graphs 1a and 1b shows the sum of sunlight hours per month created using a moving average 

procedure. 
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Table 1. Sum of sunlight hours for the darkest months in both the UPPSAT and the BASIC cohort 
 
Month 2006/2007 2010/2011 2011/2012 

October 59.1 128.8 126.7 

November 53.1 54.0 52.9 

December 17.9 27.8 29.6 

January 47.0 46.9 - 

February 39.1 99.7 - 

Total sum 216.2 357.2 209.2 
 
 
Table 2. Average air temperature for the coldest months in both the UPPSAT and the BASIC cohort 
 
Month 2006/2007 2010/2011 2011/2012 

October 8.8 5.3 7.6 

November 4.0 -1.1 5.1 

December 4.0 -8.0 1.8 

January -0.8 -2.9 - 

February -4.4 -6.6 - 

Total average 2.3 -2.6 4.8 
 

10 
 



 

Graph 1a. Amount of sunlight hours per month, displayed in moving average for the UPPSAT cohort 
 

 

 
Graph 1b. Amount of sunlight hours per month, displayed in moving average for the BASIC cohort 
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Statistical analyses 

As seen in tables 3a and 3b, as well as 4a and 4b, all risk factors at six weeks and six months, 

for both the UPPSAT and BASIC cohort, were acknowledged as statistically significant 

(p<0.2) and converted into a maternity stressor variable. Previous depression/psychiatric 

contact, was not included in this variable but was instead treated as a separate risk factor in 

models. 

Table 5a displays the results of the logistic regression analysis from the UPPSAT cohort, with 

self-reported PPD at 6 weeks as the outcome variable and amount of sunshine at different 

time periods as the predictor variable. The table shows both unadjusted odds ratios (ORs) and 

95% confidence intervals (95% CIs), and those that had been adjusted for by stratification for 

previous psychiatric history, as well as an additional stratification for maternity stressors. The 

unadjusted ORs and 95% CIs regard analyses conducted on the entire UPPSAT cohort. The 

amount of sunshine at delivery, as well as six weeks postpartum, was inversely associated 

with self-reported PPD (p<0.05), in women which did not have previous psychiatric contact 

but had been exposed to two or more maternity stressors (OR, 0.93 respectively 0.94; 95% CI, 

0.90-0.97 respectively 0.91-0.91). Significant results were also found when analyzing the 

entire cohort of women with sunlight at delivery plus temperature at delivery (OR, 0.96; 95% 

CI 0.94-0.98). Significance was, however, not reached when analyzing the entire cohort with 

sunlight only, or in women with no previous psychiatric contact that had been exposed to only 

one or none maternity stressor. Significance was not reached in women with previous 

psychiatric contact, independent of maternity stressors.  

Table 5b shows the results of the logistic regression analysis from the UPPSAT cohort, with 

self-reported PPD at 6 months as the outcome variable and amount of sunshine at different 

periods as the predictor variable. When using self-reported PPD at six months postpartum as 

the outcome variable, a significant inverse association with sunlight at delivery was still 

found. However, no statistically significant association was found between self-reported PPD 

and amount of sunlight at six months postpartum. When analyzing the entire UPPSAT cohort, 

sunshine was only found to be associated with self-reported PPD at six weeks postpartum 

(OR, 0,972; 95% CI, 0.96-0.99), as well as when temperature at delivery was added to 

sunshine at delivery (OR, 0.96; 95% CI, 0.93-0.98). An association with to sunlight at 

delivery was also found in women both with and without previous psychiatric contact, who 

had been exposed to two or more maternity stressors (OR, 0.96 respectively 0.96; 95% CI, 
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0.92-0.99 respectively 0.93-0.99). No other statistically significant associations were found. 

The logistic regression analysis is not shown in a table. 

In table 5c, the results of the logistic regression analysis from the BASIC cohort are shown. 

No statistically significant associations were reached; therefore data is only shown partially.  

Graph 2 illustrates the difference in amount of sunlight exposure in women, without previous 

psychiatric contact, depending on if they are cases or controls of self-reported PPD at six 

weeks for the UPPSAT cohort. Women considered as cases has, as a group, been exposed to 

less amount of sunlight, and the median is also lower. Graphs 3 and 4 illustrate women 

without previous psychiatric contact who have been exposed to two or more maternity 

stressors, and the difference in sunlight exposure between cases and controls of self-reported 

PPD, at six weeks and six months, respectively, for the UPPSAT cohort. Here as well, the 

median, as well as the third quartile, is lower. 
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Table 3a. Obstetric and psychosocial variables in cases and controls of self-reported PPD for the 
UPPSAT cohort, at six weeks postpartum 

Risk factor Case, n (%) Control, n (%) OR (95% CIs) 

Previous psychiatric contact    

No 75 (49.0) 1023 (79.1) - 

Yes 78 (51.0) 271 (20.9) 3.93 (2.78-5.54) 

Partner support    

Yes 170 (90.0) 1472 (97.4) - 

No 19 (10.0) 39 (2.6) 4.22 (2.38-7.47) 

Sleep    

More than six hours 103 (54.5) 1205 (80.0) - 

Less than six hours 86 (45.5) 301 (20.0) 3.34 (2.44-4.57) 

Breastfeeding    

Yes 125 (65.8) 1252 (82.2) - 

No 65 (34.2) 272 (17.8) 2.39 (1.73-3.32) 

Planned pregnancy    

Yes  101 (80.2) 980 (86.0) - 

No 25 (19.8) 159 (14.0) 1.53 (0.96-2.44) 

Maternal education    

University, college 81 (52.9) 806 (62.5) - 

Elementary school, high school 72 (47.1) 484 (37.5) 1.48 (1.06-2.07) 

SLEa during last six months    

None 56 (29.6) 842 (55.4) - 

One or more 133 (70.4) 677 (44.6) 2.95 (2.13-4.10) 
a Stressful life event 
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Table 3b. Obstetric and psychosocial variables in cases and controls of self-reported PPD for the 
BASIC cohort, at six weeks postpartum 

Risk factor Case, n (%) Control, n (%) OR (95% CIs) 

Previous depression    

No 88 (57.9) 829 (75.8) - 

Yes 64 (42.1) 265 (24.2) 2.28 (1.60-3.23) 

Partner support    

Yes 153 (93.3) 1146 (97.8) - 

No 11 (6.7) 26 (2.2) 2.84 (1.39-5.80) 

Sleep    

More than six hours 44 (26.3) 557 (47.2) - 

Less than six hours 123 (73.7) 623 (52.8) 2.50 (1.74-3.59) 

Breastfeeding    

Yes 101 (61.2) 926 (90.2) - 

No 64 (38.8) 101 (9.8) 2.27 (1.61-3.20) 

Planned pregnancy    

Yes  112 (74.2) 950 (86.8) - 

No 39 (25.8) 144 (13.2) 2.30 (1.53-3.44) 

Maternal education    

University, college 103 (67.8) 845 (77.0) - 

Elementary school, high school 49 (32.2) 253 (23.0) 1.59 (1.00-2.30) 

SLEa during last six months    

None 61 (37.0) 546 (46.1) - 

One or more 104 (63.0) 638 (53.9) 1.46 (1.04-2.04) 
a Stressful life event 
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Table 4a. Obstetric and psychosocial variables in cases and controls of self-reported PPD for the 
UPPSAT cohort, at six months postpartum 

Risk factor Case, n (%) Control, n (%) OR (95% CIs) 

Previous psychiatric contact    

No 54 (47.0) 954 (80.0) - 

Yes 61 (53.0) 246 (20.0) 4.38 (2.96-6.48) 

Partner support    

Yes 134 (93.1) 1364 (97.4) - 

No 10 (6.9) 26 (2.6) 3.92 (1.85-8.29) 

Sleep    

More than six hours 107 (74.3) 1207 (87.0) - 

Less than six hours 37 (25.7) 184 (13.0) 2.27 (1.51-3.40) 

Breastfeeding    

Yes 43 (33.1) 494 (41.0) - 

No 87 (66.9) 720 (59.0) 1.39 (0.95-2.04) 

Planned pregnancy    

Yes  108 (74.5) 1172 (97.0) - 

No 37 (25.5) 200 (3.0) 2.01 (1.34-3.00) 

Maternal education    

University, college 62 (54.0) 741 (62.0) - 

Elementary school, high school 53 (46.0) 456 (38.0) 1.39 (0.95-2.04) 

SLEa during last six months    

None 58 (40.2) 974 (70.0) - 

One or more 86 (59.8) 423 (30.0) 3.41 (2.40-4.86) 
a Stressful life event 

 

16 
 



Table 4b. Obstetric and psychosocial variables in cases and controls of self-reported PPD for the 
BASIC cohort, at six months postpartum 

Risk factor Case, n (%) Control, n (%) OR (95% CIs) 

Previous depression    

No 47 (44.3) 669 (75.9) - 

Yes 59 (55.7) 212 (24.1) 3.96 (2.62-5.99) 

Partner support    

Yes 92 (85.2) 900 (96.8) - 

No 16 (14.8) 30 (3.2) 5.22 (2.74-9.93) 

Sleep    

More than six hours 40 (36.4) 665 (71.6) - 

Less than six hours 70 (63.6) 264 (28.4) 4.41 (2.91-6.67) 

Breastfeeding    

Yes 26 (23.6) 313 (33.5) - 

No 84 (76.4) 621 (66.5) 1.63 (1.03-2.58) 

Planned pregnancy    

Yes  84 (80.0) 759 (86.1) - 

No 21 (20.0) 123 (13.9) 1.54 (0.92-2.58) 

Maternal education    

University, college 71 (67.0) 681 (77.0) - 

Elementary school, high school 35 (33.0) 203 (23.0) 1.65 (1.07-2.55) 

SLEa during last six months    

None 34 (30.9) 464 (49.6) - 

One or more 76 (69.1) 472 (50.4) 2.20 (1.44-3.36) 
a Stressful life event 
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Table 5a. Binary logistic regression-derived odds ratio (OR) and 95% confidence interval (95% CI) 
for self-reported PPD for the UPPSAT cohort, at six weeks postpartum in relation to sunshine hours* 

Model OR 95% CI 

           Entire cohort   

Sun at delivery 0.98 0.97-1.00 

Sun at six weeks postpartum 0.98 0.97-1.00 
Sun at delivery,  
    temperature at delivery 

0.96 
1.60 

0.94-0.98 
1.11-2.31 

           Psych. historya = 0   

Sun at delivery 0.97 0.94-0.99 

Sun at six weeks postpartum 0.96 0.94-0.98 

           Psych. history = 0, stressorsb = 0 or 1   

Sun at delivery 0.99 0.94-1.04 

Sun at six weeks postpartum 0.98 0.93-1.03 

           Psych. history = 0, stressors = ≥ 2   

Sun at delivery 0.93 0.90-0.97 

Sun at six weeks postpartum 0.94 0.91-0.98 

           Psych. history = 1   

Sun at delivery 0.99 0.97-1.02 

Sun at six weeks postpartum 0.99 0.97-1.02 

           Psych. history = 1, stressors = 0 or 1   

Sun at delivery 1.03 0.98-1.07 

Sun at six weeks postpartum 1.01 0.96-1.05 

           Psych. history = 1, stressors = ≥ 2   

Sun at delivery 0.96 0.93-1.00 

Sun at six weeks postpartum 0.97 0.94-1.01 
* In increments of ten hours 
a Psych. history = Previous contact with psychiatrist or psychologist; b Stressors = Sum of maternity 
stressors (lack of partner support, not breastfeeding, less than six hours sleep, unplanned pregnancy, 
low maternal education, or one or more stressful life events within previous six months 
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Table 5b. Binary logistic regression-derived odds ratio (OR) and 95% confidence interval (95% CI) 
for self-reported PPD for the UPPSAT cohort, at six months postpartum in relation to sunshine hours* 

Model OR 95% CI 

           Entire cohort   

Sun at delivery 0.98 0.97-1.00 

Sun at six weeks postpartum 0.97 0.96-0.99 

Sun at six months postpartum 1.02 1.00-1.04 
Sun at delivery,  
    temperature at delivery 

0.95 
1.82 

0.93-0.98 
1.20-2.75 

           Psych. historya = 0   

Sun at delivery 0.97 0.95-1.00 

Sun at six weeks postpartum 0.98 0.95-1.00 

Sun at six months postpartum 1.03 1.00-1.06 

           Psych. history = 0, stressorsb = 0 or 1   

Sun at delivery 1.00 0.95-1.06 

Sun at six weeks postpartum 0.98 0.93-1.03 

Sun at six months postpartum 1.00 0.94-1.06 

           Psych. history = 0, stressors = ≥ 2   

Sun at delivery 0.96 0.93-0.99 

Sun at six weeks postpartum 0.97 0.94-1.00 

Sun at six months postpartum 1.04 1.00-1.08 

           Psych. history = 1   

Sun at delivery 1.00 0.97-1.02 

Sun at six weeks postpartum 0.97 0.94-1.00 

Sun at six months postpartum 1.01 0.98-1.04 

           Psych. history = 1, stressors = 0 or 1   

Sun at delivery 1.02 0.97-1.08 

Sun at six weeks postpartum 1.00 0.95-1.05 

Sun at six months postpartum 0.99 0.93-1.05 

           Psych. history = 1, stressors = ≥ 2   

Sun at delivery 0.98 0.94-1.02 

Sun at six weeks postpartum 0.96 0.92-0.99 

Sun at six months postpartum 1.02 0.98-1.06 
* In increments of ten hours 
a Psych. history = Previous contact with psychiatrist or psychologist; b Stressors = Sum of maternity 
stressors (lack of partner support, not breastfeeding, less than six hours sleep, unplanned pregnancy, 
low maternal education, or one or more stressful life events within previous six months 
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Table 5c. Binary logistic regression-derived odds ratio (OR) and 95% confidence interval (95% CI) 
for self-reported PPD for the BASIC cohort, at six weeks postpartum in relation to sunshine hours* 
 

Model OR 95% CI 

Entire cohort   

Sun at delivery 1.00 0.98-1.02 

Sun at six weeks postpartum 1.00 0.98-1.01 
Sun at delivery. 
   temperature at delivery 

1.00 
0.98 

0.97-1.04 
0.71-1.36 

Psych. historya = 0. stressorsb = ≥ 2   

Sun at delivery 1.01 0.98-1.04 

Sun at six weeks postpartum 1.01 0.98-1.05 
* In increments of ten hours 
a Psych. history = Previous contact with psychiatrist or psychologist; b Stressors = Sum of maternity 
stressors (lack of partner support, not breastfeeding, less than six hours sleep, unplanned pregnancy, 
low maternal education, or one or more stressful life events within previous six months 

 
Graph 2. Cases and controls of self-reported PPD, at six weeks postpartum, in relation to sunlight 
exposure at month of delivery. Only women from the UPPSAT cohort with no previous psychiatric 
contact are included in the analysis.

casecontrol 
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Graph 3. Cases and controls of self-reported PPD, at six weeks postpartum, in relation to sunlight 
exposure at month of delivery. Only women from the UPPSAT cohort with no previous psychiatric 
contact, having two or more maternity stressors, are included in the analysis.  

 

control  case

control  case

control  case

casecontrol 

 

Graph 4. Cases and controls of self-reported PPD, at six months postpartum, in relation to sunlight 
exposure at month of delivery. Only women from UPPSAT cohort with no previous psychiatric 
contact, having two or more maternity stressors, are included in the analysis. 

control  casecasecontrol 
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DISCUSSION 
The results of this study showed an inverse association between amount of sunlight hours at 

delivery, as well as six weeks postpartum, and self-reported PPD at six weeks and six months 

within the UPPSAT cohort, sunlight being protective. Results from the BASIC cohort did not 

reach statistical significance.  

For the UPPSAT cohort, the self-reported PPD, in women with no previous psychiatric 

contact and that had two or more maternity stressors, had an association to the amount of 

sunlight at delivery, as well as sunlight six weeks postpartum. The fact that these women were 

under extra stress might be what causes the scale to tip when they are exposed to low amount 

of sunlight. For these women every extra ten sunlight hours gives an average 1.5% reduced 

risk for self-reported PPD. However, in women with previous psychiatric contact, no 

statistically significant association between self-reported PPD six weeks after the delivery and 

sunlight at delivery, or at six weeks after delivery, was found. The reasons for this might be 

that these women already have an ongoing contact with public health service and therefore 

have extra support, or that factors, other than amount of sunlight, may have an effect on 

triggering depressive symptoms. The delivery alone might act as a trigger strong enough to 

cause symptoms. Statistical significance was, however, found when analyzing self-reported 

PPD at six months; women with previous psychiatric contact, who had been exposed to two 

or more maternity stressors had a 4% reduced risk for self-reported PPD for every extra ten 

hours of sunlight exposure. Temperature was showed to strengthen the significance of 

sunshine on self-reported PPD and an average increase in temperature by 10 degrees was at 

delivery associated with a 60% higher risk for self-reported PPD. This might be because in 

the winter, temperatures above zero cause the snow to melt, giving rise to a grayish and dull 

surrounding. 

The results of this study concerning women with previous psychiatric contact are in line with 

those reported in a study regarding seasonality and self-reported PPD, conducted by Sylvén et 

al. (2009). The results of their study, also conducted within the UPPSAT cohort, showed that 

women delivering in the last quartile of the year, i.e. October, November and December, had 

an increased risk for self-reported PPD, but the results did not apply for women with previous 

psychiatric contact. Again, it seems likely for these women, that the susceptibility to the 

illness itself plays the essential part; they will become depressed after delivery, regardless of 
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weather conditions. This study did not support the results by Jewell et al. (2010), which 

concluded that depressive symptoms and season of delivery do not have an association.  

There are not many studies conducted on postpartum depression and sunshine hours, which 

makes this a very interesting field of study. A study by Molin et al. (1996), regarding winter 

depression, shows results in line of those of this study; the lack of light being a contributing 

factor for development of depression. A significant correlation was found between winter 

depression and minutes of sunshine and length of daylight. On the contrary, a study by 

Huibers et al. (2010) states that sad mood and depression do not seem associated to weather 

conditions, including duration of sunshine.  

There are many reasons to why the analyses within the BASIC cohort did not reach statistical 

significance; the BASIC cohort contains a smaller study population where more women have 

higher education and also a slightly higher prevalence of women with previous depression. 

Women in the BASIC cohort were also exposed to more sunlight than those in the UPPSAT 

cohort during the darkest months of the year (see table 1), which also can contribute to 

absence of significance. Another difference between these studies, which might influence the 

results, is that the BASIC project does not have any exclusion criteria, such as excluding those 

who do not understand Swedish adequately. Not understanding the language might lead to 

answering questions about one’s well-being not as one really feels. However, not excluding 

women also leads to ethnic diversity in the sample which can be favorably in other studies. It 

seems logic that the results should be somewhat similar, as the studies both are conducted in 

Uppsala, it is of interest to analyze the BASIC cohort again when more women have been 

assessed and the material has been more thoroughly processed. 

The strengths of this study are many; it is longitudinal and has a large study population when 

combining the two cohorts. It contains models which have been adjusted for risk factors for 

PPD, and the information of these risk factors has been obtained on an individual level. 

Because the BASIC study is computerized, the human factor for typing errors can be 

excluded, as the answers to the questionnaires are automatically transferred to a data file.  

Limitation of the study is the usage of EPDS, a self-administered instrument that does not 

give a diagnosis. Within the UPPSAT project, paper questionnaires were used, hence the 

answers had to be computerized by hand, which is a possible source of error. The study 

population is divided into two different cohorts that do not exactly correspond to each other, 

regarding exclusion criteria, as well as amount of sunlight hours. Women with a SAD 
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diagnosis were not analyzed separately, which could have given interesting results. Another 

limitation of this study is that the sunlight hours are assigned to the women by calendar month 

in which she gives birth, and not the month surrounding the delivery date. For example, a 

woman delivering at the end of May is assigned the same sunlight hours as a woman giving 

birth at the beginning of May. However, these two women are not exposed to the same 

amount of sunlight. As June is the month with most sunlight hours, the woman giving birth at 

the end of May is probably is exposed to more sunlight than the woman delivering at the 

beginning of the month.  

Due to the devastating effects that PPD might have on the family it affects, it is important to 

find as many predictive variables as possible. One way to use the results from the UPPSAT in 

clinics is to pay extra attention to women delivering in the darker, as well as colder months of 

the year, especially if these women are exposed to other known risk factors. It is of absolute 

importance to help these women when they are found. Depending on the severity of the 

condition, different methods can be used; for mild PPD it can be enough with advice and extra 

support, moderate PPD can be followed up with cognitive behavioral therapy (CBT), and 

women with severe PPD can be offered psychotropic drugs. The women within the current 

studies, which had EPDS scores of 12 or more, were contacted by a doctor, who assessed their 

well-being and referred them to a psychiatrist or psychologist if needed. 

One way to move forward with this study is to analyze both samples of blood and 

cerebrospinal fluid that was taken from the women at delivery, in order to measure levels of 

serotonin and vitamin D (5-hydroxyindoleacetic acid). In a study conducted by Lambert et al. 

(2002), a lower turnover of serotonin in the winter was shown in healthy men. It has also been 

shown that binding potential of serotonin to the serotonin transporter (5-HTT) increases 

during fall and winter (Praschak-Rieder et al.). Deficiency of serotonin has also been strongly 

associated with seasonal depression (Hiltunen et al.). Lower levels of vitamin D have, 

according to Berk et al. (2007), been suggested to have an association with poor mood, and as 

a supplementary treatment of depression it may have a valuable role. It would also be 

interesting to stratify with women having a diagnosis for SAD, as well as the women being 

part of the selected subgroup within the BASIC that has been contacted additional interview.  
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APPENDIX 
 

EPDS – Svenska (Swedish) 

Eftersom du nyligen har fått barn, skulle vi vilja veta hur du mår. Var snäll och stryk under det svar, 
som bäst stämmer överens med hur du känt dig de senaste 7 dagarna, inte bara hur du mår idag. Här är 
ett exempel, som redan är ifyllt: 
Jag har känt mig lycklig:  

Ja, hela tiden 
Ja, för det mesta 
Nej, inte särskilt ofta 
Nej, inte alls 

Detta betyder: “Jag har känt mig lycklig mest hela tiden under veckan som har gått”. Var snäll och fyll 
i de andra frågorna på samma sätt. 
 

Under de senaste 7 dagarna 
1. Jag har kunnat skratta och se tillvaron från den ljusa sidan: 

Lika bra som vanligt 
Nästan lika bra som vanligt 
Mycket mindre än vanligt 
Inte alls 

2. Jag har glatt mig åt saker som ska hända: 
Lika mycket som vanligt 
Något mindre än vanligt 
Mycket mindre än vanligt 
Inte alls 

3. Jag har lagt skulden på mig självonödigt mycket när något har gått snett:  
Ja, för det mesta 
Ja, ibland 
Nej, inte så ofta 
Nej, inte alls 

4. Jag har känt mig rädd och orolig utan egentlig anledning: 
Nej, inte alls 
Nej, knappast alls 
Ja, ibland 
Ja, mycket ofta 

5. Jag har känt mig skrämd eller panikslagen utan speciell anledning:  
Ja, mycket ofta 
Ja, ibland 
Nej, ganska sällan 
Nej, inte alls 
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6. Det har kört ihop sig för mig och blivit för mycket:  
Ja, mesta tiden har jag inte kunnat ta itu med något alls 
Ja, ibland har jag inte kunnat ta itu med saker lika bra som vanligt 
Nej, för det mesta har jag kunnat ta itu med saker ganska bra 
Nej, jag har kunnat ta itu med saker precis som vanligt 

7. Jag har känt mig så olycklig att jag har haft svårt att sova:  
Ja, för det mesta 
Ja, rätt ofta 
Nej, sällan 
Nej, aldrig 

8. Jag har känt mig ledsen och nere:  
Ja, för det mesta 
Ja, ganska ofta 
Nej, sällan 
Nej, aldrig 

9. Jag har känt mig så olycklig att jag har gråtit:  
Ja, nästan jämt 
Ja, ganska ofta 
Bara någon gång 
Nej, aldrig  

10. Tankar på att göra mig själv illa har förekommit:  
Ja, rätt så ofta 
Ja, då och då 
Knappast alls 
Aldrig 

Cox J.L., Holden J.M & Sagovsky R. (1987) Detection of postnatal depression. Development of the 10-item Edinburgh 
Postnatal Depression Scale. British Journal of Psychiatry, 150, 782-786.  
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