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A B S T R A C T   

Background: Migraine has been identified as a risk factor for peripartum depression. However, little is known 
about the contribution of anxiety to this association or potential changes throughout the peripartum period. 
Methods: In a sample of 4,831 women from the Biology, Affect, Stress, Imaging and Cognition cohort in Sweden, 
participants were asked about history of migraine prior to pregnancy. The participants completed the Edinburgh 
Postnatal Depression Scale (EPDS) at gestational weeks 17 and 32 and postpartum week 6. Multinomial logistic 
regression analyses were used to assess associations between migraine and symptoms of depression, anxiety or 
mixed depression and anxiety, while adjusting for potential confounders. 
Results: In crude estimates, migraine was associated with separate and mixed symptoms of depression and 
anxiety at most time points. After adjustments, migraine was associated with anxiety at week 17 (adjusted odds 
ratio: 1.69; 95% confidence interval: 1.11–2.54) and with mixed depression and anxiety at week 32 (adjusted 
odds ratio: 1.45; 95% confidence interval: 1.06–1.99). None of the other associations remained statistically 
significant after adjustments. 
Limitations: Migraine history was self-reported. Symptoms of depression and anxiety were based on the screening 
tool EPDS and not on clinical diagnoses. 
Conclusions: The results demonstrate that migraine may be a risk factor for anxiety in mid- pregnancy and mixed 
symptoms of peripartum depression and anxiety in late pregnancy. Inflammatory and hormonal factors may 
underlie the association between migraine, depression and anxiety across the peripartum period.   

1. Introduction 

Depression is one of the world’s most common psychiatric condi-
tions, with a lifetime prevalence of 10.8% (Lim et al., 2018). Moreover, 
depressive disorders rank amongst the leading causes of years lived with 
disability worldwide (James et al., 2018). Women are typically at 
greater risk of depression than men, primarily before menopause (Far-
avelli et al., 2013). During pregnancy and the postpartum period, 
women are especially susceptible to depression, which at this period is 
referred to as peripartum depression. In a meta-analysis, the pooled 
prevalence of peripartum depression was 11.9% (Woody et al., 2017). 

Untreated depression during pregnancy is associated with higher risks of 
both preterm birth and low birth weight (Fransson et al., 2011; Jarde 
et al., 2016). In addition, peripartum depression may have long-term 
effects on bonding, child development and the mother’s future mental 
health (Fransson et al., 2020; Reay et al., 2011). It is thus important to 
identify women at risk of peripartum depression. This could partly be 
achieved by identifying risk groups based on comorbidity profiles. 

The peripartum period is marked by significant fluctuations in 
reproductive hormones, the immune system, sleep and psychosocial 
factors (Cárdenas et al., 2020). Although the mechanisms responsible for 
the increased risk of depression during the peripartum period are 
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unclear, one candidate is the hormone withdrawal hypothesis. Accord-
ing to this hypothesis, the rapid drop in hormones such as oestradiol 
after childbirth increases depression susceptibility (Eid et al., 2019), as 
demonstrated in rodent models (Green et al., 2009; Stoffel and Craft, 
2004). In humans, a decline in oestradiol levels resembling that of the 
postpartum transition period increases mild depressive symptoms, 
consistent with the hormone withdrawal hypothesis (Frokjaer et al., 
2015). Others have proposed that some women may be sensitive to 
hormonal shifts in general, which is referred to as the hormonal sensi-
tivity hypothesis (Pope et al., 2017). Both pregnancy and the postpartum 
period would, according to this hypothesis, be marked by hormonal 
fluctuations that might trigger depressive symptoms. A recent addition 
to the hormonal hypothesis includes the progesterone metabolite allo-
pregnanolone, as low levels during pregnancy predict postpartum 
symptoms of depression and anxiety (Osborne et al., 2019; Osborne 
et al., 2017). Changes in factors such as oestradiol and allopregnanolone 
in the peripartum period could thus lead to increased susceptibility to 
depression. 

A related hypothesis that could also explain the increase in depres-
sion rates both during and after pregnancy concerns inflammation. This 
is based on the observation that pregnancy and the postpartum period 
are associated with shifts in inflammatory markers (Bränn et al., 2019; 
Christian and Porter, 2014). Given the well-established link between 
depression and inflammation (Young et al., 2014), the immunomodu-
lation that occurs during and after pregnancy may render these women 
more susceptible to depression. Specifically, pregnancy is associated 
with increases in anti-inflammatory markers (Bränn et al., 2019), while 
postpartum depression has been associated with increases in 
pro-inflammatory markers (Bränn et al., 2020). This difference suggests 
that antenatal and postpartum depression may have separate aetio-
logical mechanisms related to immunomodulation. Previous results are, 
however, inconsistent, as others have reported an inverse or no associ-
ation between inflammatory markers and peripartum depression 
(Buglione-Corbett et al., 2018). Notably, depression during pregnancy 
might also entail a decrease in regulatory markers of inflammation 
(Edvinsson et al., 2017). A link between peripartum depression and 
elevated inflammatory markers in cerebrospinal fluid, but not in plasma, 
has also been observed. This has led to the proposal that neuro-
inflammation, as opposed to peripheral inflammation, may account for 
the association between inflammation and peripartum depression 
(Miller et al., 2019). 

Women with peripartum depression who subsequently develop 
treatment-resistant depression are more likely to suffer from painful 
comorbidities (Cepeda et al., 2019). One of these pain conditions is 
migraine. Much like depression, migraine is a common condition, with a 
global age-standardised prevalence of 18.9% in women and 9.8% in men 
(GBD 2016 Headache Collaborators, 2018). The prevalence ratio for 
migraine in women and men peaks during women’s reproductive years 
(Victor et al., 2010). Moreover, migraine during pregnancy has been 
associated with negative health outcomes, including low birth weight 
and preterm birth (Skajaa et al., 2019). The pathophysiological mech-
anisms of migraine are not well established. However, both hormones 
and inflammation appear to play a role, as migraine attacks often 
co-occur with menstruation (MacGregor and Hackshaw, 2004) and are 
linked to elevated cytokine levels (Perini et al., 2005). 

Migraine and depression in general are highly comorbid conditions 
(Rist et al., 2013), and some evidence suggests that this is the case for 
migraine and peripartum depression as well. One study detected a sig-
nificant association between migraine and retrospectively assessed 
depression during pregnancy (Cripe et al., 2010). This finding was 
supported by the results from another study, demonstrating that 
migraine was associated with both moderate to severe depression and 
mild anxiety in the first trimester (Orta et al., 2015). However, in a 
separate study, migraine during pregnancy was not a significant risk 
factor for postpartum depression (Katon et al., 2014), suggesting that the 
link may be stronger during, rather than after, pregnancy. In contrast, a 

previous study from our group identified migraine as a risk factor for 
depression both during and after pregnancy (Wikman et al., 2020). 
However, these analyses were not adjusted for confounding factors or 
anxiety. 

Depression and anxiety often co-occur, from adolescence to adult-
hood (Essau et al., 2018). As for the peripartum period, one study found 
a prevalence rate of 15.8% for anxiety during pregnancy and 17.1% for 
postpartum anxiety (Fairbrother et al., 2016). In addition, much of the 
genetic variance of depression overlaps with that of anxiety (Taporoski 
et al., 2015). Despite the high level of comorbidity and shared aetiology 
between depression and anxiety, only one previous study has examined 
the association between migraine and both depression and anxiety 
during pregnancy (Orta et al., 2015). As that study only focused on the 
first trimester, this highlights the relevance of including anxiety in 
studies on migraine and depression throughout the peripartum period. 

In the present study, we examined symptoms of depression and 
anxiety separately and combined at three time points during and after 
pregnancy in a population-based cohort of women with and without 
migraine history. To our knowledge, this is the first study separately 
assessing symptoms of depression, anxiety and mixed depression and 
anxiety at multiple time points in the peripartum period in migraineurs. 

2. Materials and methods 

2.1. Study population and procedure 

Data were retrieved from a longitudinal population-based project 
known as the BASIC study (Biology, Affect, Stress, Imaging and Cogni-
tion) that investigates women’s psychological wellbeing during and 
after pregnancy. The study was conducted at the Department of Ob-
stetrics and Gynaecology at Uppsala University Hospital in Sweden. 
Along with an invitation to a routine ultrasound in gestational week 
16–18, all Swedish-speaking women in Uppsala county received a letter 
with information about the study and were invited to participate. 
Exclusion criteria were age below 18 years, insufficient ability to read 
and understand Swedish, confidential personal data, known blood- 
borne infections and non-viable pregnancies as diagnosed by the 
routine ultrasound. All participants provided written informed consent. 
The study has been approved by the Regional Ethical Review Board in 
Uppsala (now known as the Swedish Ethical Review Authority; refer-
ence number 2009/171) and the procedure and data collection have 
previously been described in detail (Axfors et al., 2019). 

The study participants completed web-based questionnaires at 
gestational weeks 17 and 32 and at 6 weeks postpartum covering de-
mographic variables, ongoing medications and previous and current 
health status. The assessments included the validated Swedish version of 
the Edinburgh Postnatal Depression Scale (EPDS) for depression (Cox 
et al., 1987; Rubertsson et al., 2011), which could also be used to assess 
symptoms of anxiety (Matthey et al., 2013). In total, BASIC recruited 
6478 pregnancies between September 2009 and April 2018. The current 
study included participants with available information on history of 
migraine, background characteristics and EPDS responses at gestational 
weeks 17 (n = 4831, 75% of the sample) and 32 (n = 4602, 71% of the 
sample) and/or at 6 weeks postpartum (n = 4371, 67% of the sample), 
see Fig. 1. 

2.2. Variables 

2.2.1. Exposure 
The main exposure variable was self-reported history of migraine. 

This information was obtained from the questionnaire completed at 
pregnancy week 17, in which participants were asked to check which 
diseases (if any) they had prior to their current pregnancy from a list 
including migraine. 
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2.2.2. Outcome 
The main outcome variables were antenatal and postpartum symp-

toms of depression and anxiety, assessed using the EPDS. The EPDS is a 
ten-item self-report instrument about symptoms during the past week. It 
is the most widely used screening tool internationally for identifying 
symptoms of depression during pregnancy and postpartum, with a 
satisfactory Cronbach’s alpha reliability (0.87). Each of the ten items is 
scored from 0 to 3, resulting in a maximum total score of 30; higher 
scores indicate worse symptomology. For depression, the reported 
specificity is 88% and the sensitivity is 77% (Wickberg and Hwang, 
1997). Women were considered to have high depressive symptoms if 
their EPDS score was ≥ 13 during pregnancy and ≥ 12 postpartum 
(Rubertsson et al., 2011; Wickberg and Hwang, 1997). In addition, the 
EPDS has also been validated for detection of anxiety symptoms by use 
of the three items 3, 4 and 5, called the EPDS-3A (Matthey et al., 2013). 
The suggested cut-off for anxiety is ≥ 6 out of a maximum of 9 points, 
which was applied in the current study. For each time-point, participants 
were grouped into the categories depression, anxiety, both or none 
based on their EPDS scores. In the obstetric population, the reported 
sensitivity of the EPDS-3A is 67% and the specificity is 88% (Loyal et al., 
2020). 

2.2.3. Background characteristics and other covariates 
At gestational week 17, participating women reported their age 

(coded as < 25, 25–34 and ≥ 35 years for descriptive purposes and used 
as a continuous variable in the regression models). They also reported 
their place of birth (coded as Scandinavia vs. other), level of education 
(coded as university level vs. other), current employment status (coded 
as working vs. not working), parity (coded as 0 vs. 1 or more), smoking 
habits (coded as never smoker vs. ever smoker) and self-reported history 
of depression (coded as no vs. yes). These variables were used as possible 
confounders to adjust the regression models. 

2.3. Statistical analyses 

The associations between background characteristics and history of 
migraine as well as history of depression were examined using chi 
square tests. Multinomial regression models were then used to estimate 
odds ratios (ORs) and 95% confidence intervals (CI) for the associations 
between migraine and symptoms of depression or anxiety separately and 
combined during and after pregnancy. These models were run both 
before and after adjusting for possible confounders (history of depres-
sion, maternal age in years, level of education, employment status, place 
of birth, parity and history of smoking). 

The statistical significance level was set to p < .05 and CIs were set to 
95%. All calculations were performed using the Statistical Package for 

the Social Sciences (SPSS) version 26.0 (IBM SPSS, Armonk, NY) for 
Windows. 

3. Results 

Of the women with an EPDS score available at 17 weeks of preg-
nancy, 18% reported having a history of migraine (n = 847 out of 4831). 
For those with an EPDS score available at 32 weeks of pregnancy, 17% 
reported having a history of migraine (n = 803 out of 4602). The cor-
responding percentage for those with a score available at 6 weeks 
postpartum was 17% (n = 761 out of 4371). 

3.1. Background characteristics 

Characteristics of the participating women by history of migraine are 
presented in Table 1. Amongst women with a history of migraine, a 
higher proportion was born in Scandinavia (94% vs. 92%), had a history 
of smoking (36% vs. 31%) and had a history of depression (41% vs. 
28%) compared with women without a history of migraine. In contrast, 
a lower proportion of migraineurs had higher education (74% vs. 78%) 
and reported working (91% vs. 95%). At all three time points, women 
with migraine had higher rates of depression, anxiety and mixed 
depression and anxiety than women without migraine. There was no 
difference in age or parity between the groups. 

In Table 2, characteristics of the participants by history of depression 
are presented. Amongst women who had a history of depression, a lower 
proportion had completed higher education (70% vs. 81%) and reported 
working (89% vs. 97%) compared with women without a history of 
depression. A higher proportion of the women with a history of 
depression had smoked (42% vs. 27%) and had migraine (24% vs. 15%). 
Moreover, higher proportions of these women were in the youngest (<
25) and oldest (> 35) age groups. There was no difference in place of 
birth or parity between the two groups. 

3.2. Multinomial regression models 

3.2.1. Pregnancy week 17 
In the unadjusted analyses, migraine prior to pregnancy was signif-

icantly associated with depression, anxiety and mixed depression and 
anxiety at pregnancy week 17 (Table 3). When these associations were 
adjusted for potentially confounding factors, only the association be-
tween migraine and anxiety at week 17 remained statistically 
significant. 

3.2.2. Pregnancy week 32 
When the outcome variable was depression and anxiety at week 32, 

Fig. 1. Participant inclusion flowchart.  
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the unadjusted associations with migraine were significant for depres-
sion and mixed depression and anxiety, but not for anxiety (Table 4). In 
the adjusted model, only the association between migraine and mixed 
depression and anxiety at week 32 remained significant. 

3.2.3. Postpartum week 6 
At postpartum week 6, migraine prior to pregnancy was significantly 

associated with anxiety and mixed depression and anxiety in the un-
adjusted model (Table 5). However, the lower limits of the 95% confi-
dence intervals were close to 1. In the adjusted model, no associations 
between migraine prior to pregnancy and depression, anxiety or mixed 
depression and anxiety at postpartum week 6 were statistically 
significant. 

4. Discussion 

Based on a sample of approximately 4500 women and a migraine 
prevalence of 17–18%, our study is the first to assess associations be-
tween migraine history and mixed symptoms of depression and anxiety 
both during and after pregnancy. The study demonstrates that migrai-
neurs are more likely to experience anxiety in mid-pregnancy (week 17) 
and mixed depression and anxiety at later stages of pregnancy (week 
32). In contrast, the associations between migraine and either depres-
sion, anxiety or mixed depression and anxiety were not significant at 6 
weeks postpartum, when adjusting for confounding factors. These dif-
ferences suggest that the underlying pathogenesis of peripartum 
depression and anxiety may vary across the peripartum period. 

Of the four previous studies that have assessed the relationship be-
tween depressive symptoms and migraine in the peripartum period, only 
one included symptoms of anxiety (Orta et al., 2015). Using the 
Depression Anxiety Stress Scales (DASS), the authors found that 
migraine was associated with the highest quartile of the global scale 
(adjusted OR [aOR] = 2.30, 95% CI 1.60–3.30). However, when the 
three subscales were analysed separately, any migraine was only 
significantly associated with mild anxiety (aOR = 2.05, 95% CI 
1.32–3.17). The questionnaires were administered in the first trimester 
of pregnancy. This time point corresponds most closely to the mea-
surement at pregnancy week 17 in the present study, when migraine was 
only significantly associated with anxiety. It is thus possible that mild 
symptoms of anxiety mediate the association with migraine in early to 
mid-pregnancy. 

In another study, participants were interviewed postpartum but were 
asked to recall their depressive symptoms during pregnancy (Cripe et al., 
2010). Strictly defined migraine was significantly associated with 
moderate to severe antenatal depressive symptoms (aOR = 2.06, 95% CI 
1.54–2.76). The authors did not assess anxiety and only asked about the 
participants’ symptoms during pregnancy. Nevertheless, these results 
may be in line with the significant association between migraine and 
mixed symptoms of depression and anxiety at week 32 in the present 
study. 

In a previous study based on the BASIC cohort from our group, 
migraine was associated with peripartum depression at all four time 
points measured (Wikman et al., 2020). The difference between our 
previous results and the present ones are largely explained by the in-
clusion of potentially confounding factors, as all but one of the associ-
ations between migraine and depression are statistically significant in 
the unadjusted models. At postpartum week 6, however, the unadjusted 
association between migraine and depression no longer reached signif-
icance when anxiety was included. The difference between the results 
from these two studies highlight the need for assessing symptoms of both 
depression and anxiety, as part of the association between migraine and 
peripartum depression may be mediated by anxiety. 

Another study examined which factors at 4 or 8 months of pregnancy 
were the best predictors of postpartum depression (Katon et al., 2014). 
Migraine was not a significant predictor when included in a model with 
multiple other covariates (aOR = 1.40, 95% CI 0.93–2.11). Our results 

Table 1 
Characteristics of women with a self-reported history of migraine.    

No migraine, 
n (%) 

Migraine, n 
(%) 

p 

History of depression No 
Yes 

2870 (72.0) 
1114 (28.0) 

503 (59.4) 
344 (40.6) 

<

0.001 
Age group < 25 

25–34 
≥ 35 

221 (5.5) 
2790 (70.0) 
973 (24.4) 

43 (5.1) 
593 (70.0) 
211 (24.9) 

.839 

Place of birth Scandinavia 
Other 

3652 (91.7) 
332 (8.3) 

799 (94.3) 
48 (5.7) 

.009 

Level of education University 
Other 

3108 (78.0) 
876 (22.0) 

623 (73.6) 
224 (26.4) 

.005 

Employment status Working 
Other 

3782 (94.9) 
202 (5.1) 

768 (90.7) 
79 (9.3) 

<

0.001 
Parity 0 

1 or more 
1914 (48.0) 
2070 (52.0) 

422 (49.8) 
425 (50.2) 

.346 

Smoking Never 
Ever 

2768 (69.5) 
1216 (30.5) 

539 (63.6) 
308 (36.4) 

.001 

Week 17 
depression or 
anxiety 

None 
Depression 
Anxiety 
Both 

3543 (88.9) 
146 (3.7) 
89 (2.2) 
206 (5.2) 

709 (83.7) 
43 (5.1) 
33 (3.9) 
62 (7.3) 

<

0.001 

Week 32 
depression or 
anxiety 

None 
Depression 
Anxiety 
Both 

3435 (90.4) 
140 (3.7) 
48 (1.3) 
176 (4.6) 

684 (85.2) 
45 (5.6) 
12 (1.5) 
62 (7.7) 

<

0.001 

Postpartum week 6 
depression or 
anxiety 

None 
Depression 
Anxiety 
Both 

3188 (88.3) 
167 (4.6) 
70 (1.9) 
185 (5.1) 

639 (84.0) 
46 (6.0) 
23 (3.0) 
53 (7.0) 

.010 

p-values were derived from Chi-square tests. For age group, place of birth, level 
of education, employment status, parity, smoking, history of depression and 
week 17 depression or anxiety: n = 4831. For week 32 depression or anxiety: n =
4602. For postpartum week 6 depression or anxiety: n = 4371. 

Table 2 
Characteristics of women with a self-reported history of depression.    

No history of 
depression, n 
(%) 

History of 
depression, n 
(%) 

p 

Migraine No 
Yes 

2870 (85.1) 
503 (14.9) 

1114 (76.4) 
344 (23.6) 

<

0.001 
Age group < 25 

25–34 
≥ 35 

152 (4.5) 
2417 (71.7) 
804 (23.8) 

112 (7.7) 
966 (66.3) 
380 (26.1) 

<

0.001 

Place of birth Scandinavia 
Other 

3102 (92.0) 
271 (8.0) 

1349 (92.5) 
109 (7.5) 

.508 

Level of 
education 

University 
Other 

2715 (80.5) 
658 (19.5) 

1016 (69.7) 
442 (30.3) 

<

0.001 
Employment 

status 
Working 
Other 

3260 (96.6) 
113 (3.4) 

1290 (88.5) 
168 (11.5) 

<

0.001 
Parity 0 

1 or more 
1639 (48.6) 
1734 (51.4) 

697 (47.8) 
761 (52.2) 

.616 

Smoking Never 
Ever 

2463 (73.0) 
910 (27.0) 

844 (57.9) 
614 (42.1) 

<

0.001 
Migraine No 

Yes 
2870 (85.1) 
503 (14.9) 

1114 (76.4) 
344 (23.6) 

<

0.001 
Week 17 

depression or 
anxiety 

None 
Depression 
Anxiety 
Both 

3123 (92.6) 
85 (2.5) 
71 (2.1) 
94 (2.8) 

1129 (77.4) 
104 (7.1) 
51 (3.5) 
174 (11.9) 

<

0.001 

Week 32 
depression or 
anxiety 

None 
Depression 
Anxiety 
Both 

3024 (93.7) 
82 (2.5) 
36 (1.1) 
84 (2.6) 

1095 (79.6) 
103 (7.5) 
24 (1.7) 
154 (11.2) 

<

0.001 

Postpartum week 
6 depression or 
anxiety 

None 
Depression 
Anxiety 
Both 

2828 (91.5) 
111 (3.6) 
55 (1.8) 
96 (3.1) 

999 (78.0) 
102 (8.0) 
38 (3.0) 
142 (11.1) 

<

0.001 

p-values were derived from Chi-square tests. For age group, place of birth, level 
of education, employment status, parity, smoking, history of depression and 
week 17 depression or anxiety: n = 4831. For week 32 depression or anxiety: n =
4602. For postpartum week 6 depression or anxiety: n = 4371. 

N.Z. Welander et al.                                                                                                                                                                                                                            



Journal of Affective Disorders 295 (2021) 733–739

737

partly support this observation. At 6 weeks postpartum, the unadjusted 
association with migraine was significant for anxiety and mixed 
depression and anxiety, while being close to reaching significance for 
depression. However, when adjusting for confounding factors, none of 
these associations remained significant. Taken together with the find-
ings for antenatal depression and anxiety, this indicates that a history of 

migraine appears to be a stronger predictor of depressive symptoms 
during pregnancy, rather than in the postpartum period. In line with 
these results, we have previously shown that different symptom trajec-
tories of peripartum depression, with diverse onset and duration across 
the peripartum period, could have distinct profiles (Wikman et al., 
2020). Migraine as a risk factor could form part of these distinct profiles. 

Table 3 
Multinomial logistic regression analysis of migraine and symptoms of depression/anxiety at pregnancy week 17.   

Depression Anxiety Both 
OR 95% CI p OR 95% CI p OR 95% CI p 

Unadjusted 
Migraine 1.47 1.04–2.09 .030 1.85 1.23–2.79 .003 1.50 1.12–2.02 .007 
Adjusted 
Migraine 1.22 0.85–1.75 .277 1.68 1.11–2.54 .014 1.19 0.87–1.63 .267 
History of depression 2.91 2.15–3.95 < 0.001 1.71 1.17–2.49 .006 4.18 3.19–5.48 < 0.001 
Age 0.97 0.94–1.01 .159 0.93 0.89–0.97 .002 0.96 0.93–0.99 .007 
Place of birth 1.29 0.76–2.16 .345 1.52 0.82–2.81 .183 1.96 1.30–2.95 .001 
Education 1.14 0.79–1.65 .495 0.98 0.63–1.53 .929 0.63 0.47–0.84 .002 
Employment status 3.16 2.04–4.91 < 0.001 1.74 0.91–3.31 .092 3.49 2.45–4.97 < 0.001 
Parity 1.48 1.08–2.04 .015 0.62 0.42–0.93 .020 1.04 0.79–1.36 .786 
Smoking 1.43 1.05–1.94 .025 1.67 1.15–2.45 .008 1.20 0.92–1.58 .180 

Total sample size: n = 4831. Abbreviations: OR, odds ratio; CI, confidence interval. History of migraine (no [reference] vs. yes) was used as the exposure and symptoms 
of depression and anxiety (separately and combined) were used as the outcome. In the first model, no adjustments were made. In the second model, the associations 
were adjusted for history of depression (no [reference] vs. yes), age (continuous variable), place of birth (Scandinavia [reference] vs. outside Scandinavia), level of 
education (other [reference] vs. university), employment status (working [reference] vs. not working), parity (0 [reference] vs. 1 or more) and smoking (never 
[reference] vs. ever). Statistically significant results for migraine are in bold. 

Table 4 
Multinomial logistic regression analysis of migraine and symptoms of depression/anxiety at pregnancy week 32.   

Depression Anxiety Both 
OR 95% CI p OR 95% CI p OR 95% CI p 

Unadjusted 
Migraine 1.61 1.14–2.28 .007 1.26 0.66–2.38 .484 1.77 1.31–2.39 < 0.001 
Adjusted 
Migraine 1.34 0.94–1.91 .110 1.18 0.62–2.25 .610 1.45 1.06–1.99 .020 
History of depression 2.91 2.13–3.96 < 0.001 1.78 1.04–3.05 .035 4.20 3.16–5.58 < 0.001 
Age 0.99 0.95–1.02 .441 0.92 0.86–0.98 .013 0.94 0.91–0.97 < 0.001 
Place of birth 1.29 0.76–2.21 .348 1.62 0.69–3.83 .273 1.51 0.94–2.42 .092 
Education 0.95 0.66–1.37 .782 0.75 0.40–1.40 .367 0.72 0.52–0.99 .040 
Employment status 3.52 2.29–5.41 < 0.001 1.40 0.53–3.69 .493 2.60 1.74–3.87 < 0.001 
Parity 1.65 1.19–2.29 .003 0.64 0.36–1.13 .123 0.96 0.72–1.28 .791 
Smoking 1.30 0.94–1.78 .109 0.85 0.48–1.51 .579 1.36 1.02–1.80 .035 

Total sample size: n = 4602. Abbreviations: OR, odds ratio; CI, confidence interval. History of migraine (no [reference] vs. yes) was used as the exposure and symptoms 
of depression and anxiety (separately and combined) were used as the outcome. In the first model, no adjustments were made. In the second model, the associations 
were adjusted for history of depression (no [reference] vs. yes), age (continuous variable), place of birth (Scandinavia [reference] vs. outside Scandinavia), level of 
education (other [reference] vs. university), employment status (working [reference] vs. not working), parity (0 [reference] vs. 1 or more) and smoking (never 
[reference] vs. ever). Statistically significant results for migraine are in bold. 

Table 5 
Multinomial logistic regression analysis of migraine and symptoms of depression/anxiety at postpartum week 6.   

Depression Anxiety Both 
OR 95% CI p OR 95% CI p OR 95% CI p 

Unadjusted 
Migraine 1.37 0.98–1.93 .065 1.64 1.02–2.65 .043 1.43 1.04–1.96 .027 
Adjusted 
Migraine 1.25 0.89–1.76 .200 1.44 0.88–2.33 .144 1.25 0.90–1.73 .189 
History of depression 2.49 1.87–3.32 < 0.001 1.65 1.07–2.54 .024 3.81 2.88–5.03 < 0.001 
Age 1.01 0.98–1.05 .537 1.02 0.97–1.07 .444 0.96 0.93–0.99 .019 
Place of birth 1.80 1.15–2.81 .011 0.83 0.33–2.07 .690 2.16 1.43–3.27 < 0.001 
Education 0.81 0.57–1.14 .220 0.63 0.39–1.02 .062 0.98 0.70–1.37 .908 
Employment status 1.33 0.79–2.24 .288 2.14 1.11–4.11 .023 2.27 1.50–3.42 < 0.001 
Parity 0.82 0.61–1.11 .196 0.65 0.42–1.01 .057 0.75 0.56–1.00 .052 
Smoking 0.97 0.71–1.31 .828 1.22 0.79–1.90 .368 1.09 0.82–1.45 .567 

Total sample size: n = 4371. Abbreviations: OR, odds ratio; CI, confidence interval. History of migraine (no [reference] vs. yes) was used as the exposure and symptoms 
of depression and anxiety (separately and combined) were used as the outcome. In the first model, no adjustments were made. In the second model, the associations 
were adjusted for history of depression (no [reference] vs. yes), age (continuous variable), place of birth (Scandinavia [reference] vs. outside Scandinavia), level of 
education (other [reference] vs. university), employment status (working [reference] vs. not working), parity (0 [reference] vs. 1 or more) and smoking (never 
[reference] vs. ever). Statistically significant results for migraine are in bold. 
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Our results may partly be mediated by the changes in inflammatory 
markers that occur during pregnancy, in line with the inflammation 
hypothesis of peripartum depression. The increase in inflammatory 
markers associated with migraine prior to pregnancy could predispose 
the participants to an inflammatory state during pregnancy conducive to 
depression and anxiety. Much like perinatal depression, anxiety during 
this period has been linked to changes in levels of inflammatory 
markers, but the findings are inconclusive (Karlsson et al., 2017; Lauren 
M. Osborne et al., 2019). This may indicate potential differences be-
tween time points across the peripartum period. Future studies assessing 
the link between migraine and mixed symptoms of peripartum depres-
sion and anxiety may wish to investigate changes in inflammatory 
markers. 

Migraine has been associated with a faster drop in oestrogen levels in 
the late luteal phase of the menstrual cycle (Pavlovic et al., 2016). 
Though speculative, one possibility could be that migraine might pre-
dispose women to faster oestrogen depletion, which could also be the 
case for the oestrogen decline that occurs after childbirth. If so, this 
could explain why migraine might be a predisposing factor for post-
partum depression. However, the results from the present study did not 
demonstrate an association between migraine and symptoms of either 
depression or anxiety at postpartum week 6. Future studies on migraine 
and postpartum depression may benefit from measuring the rate of 
changes in hormone levels at childbirth. 

The strengths of this study include the fact that both depression and 
anxiety separately and combined were analysed. An additional strength 
was the prospective study design with three time points, which enabled 
us to characterise the association between migraine history and symp-
toms of depression and anxiety both during and after pregnancy. 
Thirdly, the cohort was larger than the three other cohorts in which the 
association between migraine and peripartum depression has previously 
been studied. 

Nevertheless, several limitations to the present study should be 
considered. One limitation was that migraine history was self-reported, 
potentially resulting in cases of misclassification. However, the preva-
lence of migraine history in the present sample was similar to prevalence 
rates for women reported elsewhere (GBD 2016 Headache Collabora-
tors, 2018). Similarly, measures of depression and anxiety were derived 
from the EPDS and were thus not based on clinical assessments. It should 
be noted that the EPDS is a screening tool and is not diagnostic. High 
EPDS scores are not necessarily indicative of clinical depression, and 
EPDS scores cannot be used to determine the severity of any cases of 
clinical depression. One additional limitation was that there was no 
information regarding history of anxiety. Although the cohort was large, 
the sample sizes for the groups with both migraine and depression, 
anxiety or both were quite small, justifying the need for larger studies in 
the future. Lastly, despite efforts to adjust the analyses for multiple 
potentially confounding factors, residual confounding may have 
occurred. 

5. Conclusions 

This study demonstrates that migraine prior to pregnancy may be a 
risk factor for symptoms of anxiety in mid-pregnancy and for mixed 
symptoms of depression and anxiety in late pregnancy. Our results 
suggest that different pathophysiological mechanisms may be respon-
sible for the association between migraine and depression and/or anx-
iety at different time points throughout the peripartum period. Future 
studies are needed to determine which mechanisms are responsible for 
these differences. 
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