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Abstract

Background: Individually both migraine and post-traumatic stress disorder (PTSD) prevalence estimates are higher
among women. However, there is limited data on the association of migraine and PTSD in women during pregnancy.

Methods: We examined the association between migraine and PTSD among women attending prenatal clinics in
Peru. Migraine was characterized using the International Classification of Headache Disorders (ICHD)-IIl beta criteria.
PTSD was assessed using the PTSD Checklist-Civilian Version (PCL-C). Multivariable logistic regression analyses were
performed to estimate odds ratios (OR) and 95% confidence intervals (Cl) after adjusting for confounders.

Results: Of the 2922 pregnant women included, 33.5% fulfilled criteria for any migraine (migraine 12.5%; probable
migraine 21.0%) and 37.4% fulfilled PTSD criteria. Even when controlling for depression, women with any migraine had
almost a 2-fold increased odds of PTSD (OR: 1.97; 95% Cl: 1.64-2.37) as compared to women without migraine.
Specifically, women with migraine alone (i.e. excluding probable migraine) had a 2.85-fold increased odds of
PTSD (95% ClI: 2.18-3.74), and women with probable migraine alone had a 1.61-fold increased odds of PTSD
(95% Cl: 1.30-1.99) as compared to those without migraine, even after controlling for depression. In those
women with both migraine and comorbid depression, the odds of PTSD in all migraine categories were even further
increased as compared to those women without migraine.

Conclusion: In a cohort of pregnant women, irrespective of the presence or absence of depression, the odds of PTSD
is increased in those with migraine. Our findings suggest the importance of screening for PTSD, specifically in pregnant

women with migraine.
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Background

According to the National Health Interview Survey in
2011, 26.1% of women 18-44 years of age reported mi-
graines or severe headaches in the last 3 months [1].
Migraine is more prevalent among reproductive-aged
women as compared to men [2] and from early to middle
adulthood as compared to younger or older individuals [1].
Migraine also often adversely affects the health of large
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populations [3]. Further, migraine in pregnancy is associ-
ated with an increased risk of perinatal complications
including preeclampsia [4, 5], preterm delivery [6], placen-
tal abruption [7], hypertensive disorders [6], as well as
cardiovascular disease and stroke [8—11].

Maternal mood and anxiety disorders have been impli-
cated as important risk factors for migraine [12-16].
Migraine during pregnancy is associated with an increased
risk of depression [17, 18] and suicidal ideation [19].
Additionally, both migraine and PTSD are more prevalent
in reproductive-aged women as compared to men [2, 3].
Although increasing data supports an association between
posttraumatic stress disorder (PTSD) and migraine in U.S.
cohorts [3, 20, 21], no prior study has examined the risk
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of PTSD in pregnant women. Further there is little
evidence for the association between migraine and
PTSD in women from low income countries or the
impact of depression on this association. To fill in these
gaps in the literature, we examined the association
between migraine and PTSD among a cohort of preg-
nant women in Lima, Peru.

Methods

Study population

The study population for this cross-sectional study was
drawn from participants of the Pregnancy Outcomes,
Maternal and Infant Study (PrOMIS) cohort. The
PrOMIS cohort has been described previously [22-25].
The cohort was designed to examine maternal social
and behavioral risk factors on the development of pre-
term birth and other adverse pregnancy outcomes
among Peruvian women. The PrOMIS cohort was com-
prised of women attending prenatal care clinics at the
Instituto Nacional Materno Perinatal (INMP) in Lima,
Peru. INMP is operated by the Peruvian government
and is the primary reference establishment for maternal
and perinatal care. Women were eligible for inclusion if
they initiated prenatal care before 16 weeks of gestation,
were at least 18 years of age, and could speak and read
Spanish. Pregnant women were excluded if they have
mental retardation, twins, fetal malformation or a history
of chronic hypertension, diabetes mellitus, sepsis or
renal failure. Participants provided written informed
consent. All study procedures were approved by the
INMP in Lima, Peru, and the Office of Human Research
Administration at the Harvard T.H. Chan School of
Public Health, Boston, MA.

Analytical population

Information was collected from participants enrolled in
the PrOMIS cohort from February 2012 to March 2014.
After excluding 20 women due to missing information
on migraine, a total of 2922 women were included in
our analysis. The excluded participants were not differ-
ent from the rest of the cohort in regards to sociodemo-
graphic or lifestyle characteristics.

Migraine assessment

Trained interviewers administered a Spanish-language
questionnaire to determine migraine classification.
Migraine and probable migraine status were classified
based on the International Classification of Headache
Disorders (ICHD)-III beta criteria [26]. Migraine was
classified as participants fulfilling all 5 migraine diagnos-
tic criteria. Probable migraine was designated if all 5 but
one of the diagnostic criteria were fulfilled. Women
fulfilling ICHD-III beta criteria for migraine or probable
migraine when combined were classified as “any migraine.”
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Women not fulfilling ICHD-III beta criteria for either
migraine or probable migraine were classified as non-
migraineurs.

PTSD assessment

PTSD was assessed using the PTSD Checklist-Civilian
Version (PCL-C), a self-report measure with 17 items
reflecting Diagnostic and Statistical Manual of Mental
Disorders (DSM-1V) criteria [27]. For each item, partici-
pants were asked how bothered they were by a symptom
over the past month on a 5-point Likert scale in regards
to their most significant life event stressor. The total
score on the PCL-C ranges from 17 to 85. Recent data
from our team support that a PCL-C score of 26 or
higher on the Spanish-language version is associated
with an 86% sensitivity and 63% specificity in diagnosing
PTSD in a Peruvian population [28]. Further, we also
examined PTSD using the established cutoff score of 44
or higher [20, 29, 30].

Other covariates

Sociodemographic characteristics and information per-
taining to depression status were collected from partici-
pants through structured questionnaires. Participants’
age was classified as: 18—19, 20-29, 30—34, or =35 years
old. Other sociodemographic covariates included: body
mass index (BMI) based on self-reported pre-pregnancy
weight and measured early pregnancy BMI (<18.5,
18.5-24.9, 25-29.9, >30 kg/m?), educational attainment
(<6, 7-12, >12 vyears), maternal ethnicity (Mestizos of
mixed Amerindian and European descent vs. others),
employment status (employed vs. not employed), mari-
tal status (married or living with partner vs. other),
difficulty paying for medical care (hard vs. not very
hard), difficulty paying for the very basics (hard vs. not
very hard), planned pregnancy (yes vs. no), parity (nul-
liparous vs. multiparous), lifetime intimate partner
violence (yes vs. no), childhood abuse (no abuse, physical
abuse only, sexual abuse only, both physical and sexual
abuse), and gestational age in weeks at the time of inter-
view. The presence of antepartum depression was ascer-
tained using the 9 item Spanish-language Patient Health
Questionnaire-9 (PHQ-9) that has been validated in this
population [31-33]. The PHQ-9 assesses depressive symp-
toms over the previous 14 days. The PHQ-9 score is cal-
culated by assigning a score of 0-3 to the following
response categories: “not at all,” “several days,” “more than
half the days,” “nearly every day.” We defined presence of
depression if participants had a PHQ-9 score > 10 [34].
Lifetime intimate partner violence was ascertained
through questions adapted from the Demographic Health
Survey Questionnaires and Modules: Domestic Violence
Module [35] and the WHO Multi-Country Study on Vio-
lence Against Women [36], respectively.
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Statistical analysis

Sociodemographic and reproductive characteristics were
examined using number (percent, %) for categorical vari-
ables and mean (+ standard deviation [SD]) for continu-
ous variables. Chi-square tests were used to evaluate
differences in distribution of categorical variables, and
analysis of variance (ANOVA) was used to evaluate
mean differences for continuous variables. Multivariable
logistic regressions were used to estimate odds ratios
(OR) and 95% confidence intervals (CI) of migraine in
relation to PTSD.

Confounding factors were examined based on their
hypothesized relationship with migraine and PTSD.
Confounding was evaluated by entering potential con-
founders into a logistic regression model sequentially
and comparing adjusted and unadjusted ORs. Final mul-
tivariable regression models included covariates that al-
tered ORs by at least 10% or were considered a priori as
potential confounders in the association between
migraine and PTSD [37]. We examined the following
covariates as potential confounders in the analyses: age,
education, BMI, Mestizo ethnicity, marital status, employ-
ment, difficult paying for the basics or for medical care,
parity, planned pregnancy, gestational age, childhood
abuse, lifetime intimate partner violence, and depression.
Prior studies have reported the comorbidity of depression
and migraine [38, 39], including during pregnancy [18].
Given this, we repeated the analyses stratifying by mater-
nal depression. In addition, some studies have used a
PCL-C cutoff score of 44 to identify PTSD. Thus, we per-
formed a sensitivity analysis using a PCL-C cutoff score of
44 or higher to diagnose PTSD. Reported P-values were
two-sided and were statistically significant at P < 0.05. All
analyses were performed using SPSS Statistics, Version
23.0 (IBM SPSS v23.0, Armonk, NY, USA).

Results

Sociodemographic and reproductive characteristics

The sociodemographic and reproductive characteristics
of the study population are shown in Table 1. A total of
2922 pregnant women between 18 to 35 years old
(mean = 28.12 years; standard deviation (SD) = 6.31)
were included in the analysis. The average gestational
age at time of the interview was 9.23 weeks (SD = 3.46).
The majority of the participants were married or living
with a partner (81.1%), Mestizos (a race/ethnicity of
mixed Amerindian and European descent; 75.2%),
unemployed (53.7%), and with less than 12 years of edu-
cation (59%). The prevalence of any migraine was 33.5%
(migraine 12.5%; probable migraine 21.0%). Those with
migraine were more likely to be unemployed, have diffi-
culties paying for basic necessities and medical care,
identify as Mestizo, and have a history of child abuse
and lifetime intimate partner violence (Table 1). Of the
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2922 participants, 37.4% of the participants fulfilled
criteria for PTSD. Participants with PTSD were less
likely to identify as Mestizo and were more likely to have
difficulties paying for the basics, have difficulties paying
for medical care, have a history of lifetime intimate part-
ner violence, and suffer from depression than those
without a PTSD diagnosis (Additional file 1: Table S1).

Migraine and PTSD

A history of any migraine (migraine and probable
migraine) was statistically significantly associated with
increased odds of PTSD (OR = 2.50; 95% CI: 2.14—2.93)
(Table 2). After adjusting for sociodemographic con-
founders, women who suffered from any migraine had a
2.37-fold increased odds of PTSD (95% CI: 2.02—2.79) as
compared to women with no history of migraine.
Further adjustment for lifetime intimate partner violence
and depression status attenuated the magnitude of asso-
ciation but it remained significant (OR = 1.97; 95% CI:
1.64-2.37). After adjusting for sociodemographic con-
founders, women with migraine had a 3.81-fold increased
odds of PTSD (95% CI: 3.00-4.82) as compared to non-
migraineurs, and the association remained significant after
adjusting for lifetime intimate partner violence and
depression status (OR = 2.85; 95% CI: 2.18-3.74). Partici-
pants with probable migraine had a 1.80-fold increased
odds of PTSD (95% CI: 1.49-2.18) as compared to non-
migraineurs after adjusting for potential confounders. Fur-
ther adjustment for depression status and lifetime
intimate partner violence slightly attenuated the magnitude
of association (OR = 1.61; 95% CI:1.30—1.99) (Table 1).

Migraine and PTSD stratified by depression

Finally, we explored the association of migraine and
PTSD stratified by depression status (Table 3). In a mul-
tivariable adjusted model, women with any migraine
(migraine and probable migraine) but without depres-
sion had a 1.93-fold increased odds of PTSD (95% CI:
1.55-2.40) (Table 3) compared with the reference group
(women without migraine or depression). Women with
migraine but no depression had a 2.76-fold increased
odds of PTSD (OR = 2.76; 95% CI: 1.99-3.82) after
adjusting for sociodemographic confounders compared
with women who had neither condition. Pregnant
women with probable migraine and no depression had a
1.62-fold increased odds of PTSD (OR = 1.62, 95%CI:
1.99-3.82) compared with the reference. Compared to
the reference group, participants suffering from depres-
sion and any migraine had an approximately 2.1-fold
increased odds of PTSD (OR = 2.09; 95% CI: 1.49-2.92)
after adjusting for potential confounders. Women with
migraine or probable migraine stratified by depression
had a similar increase in likelihood of PTSD compared to
non-migraineurs (migraine: OR = 3.13; 95% CI: 1.91-5.11;
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Table 1 Socio-demographic and reproductive characteristics of the study population according to types of migraine in Lima, Peru (N = 2922)

Characteristics All participants No migraine Probable migraine Migraine P-value
(N =2922) (N =1943) (N=1613) (N = 366)
n % n % n % n %
Age (years) ° 2812 + 631 2830 = 6.31 27.76 £ 6.30 2776 £ 6.27 0.093
Age (years)
18-19 154 53 102 5.2 33 54 19 52 0.549
20-29 1642 56.2 1068 550 359 586 215 587
30-34 602 206 411 212 115 18.8 76 20.8
> 35 524 179 362 186 106 17.3 56 153
Education (years)
<6 123 42 77 4.0 27 44 19 52 0.142
7-12 1599 54.8 1058 54.5 356 584 185 50.7
> 12 1194 409 806 415 227 372 161 44.1
Pre-pregnancy self-reported BMI
<185 30 12 18 1.1 9 1.7 3 1.0 0.777
185-24.9 1298 533 865 54.1 270 51.8 163 519
25-299 851 349 545 341 189 36.3 17 373
> 30 256 10.5 172 10.8 53 10.2 31 99
Early pregnancy measured BMI
<185 54 1.9 26 14 23 38 5 14 0.001
18.5-24.9 1405 486 935 486 278 459 192 53.0
25-299 1073 37.1 707 36.7 240 396 126 34.8
> 30 361 12.5 257 134 65 10.7 39 10.8
Mestizo ethnicity 2194 752 1454 74.9 491 80.1 249 68.2 <0.001
Married/living with a partner 2360 81.1 1566 809 498 816 296 81.1 0927
Employed 1351 46.3 953 49.1 244 39.8 154 42.1 <0.001
Difficulty paying for basics
Hard 1449 496 905 46.6 340 55.5 204 55.7 <0.001
Not very hard 1471 504 1036 534 273 445 162 443
Difficulty paying for medical care
Hard 1532 526 937 484 372 60.7 223 61.1 <0.001
Not very hard 1382 474 999 516 241 39.3 142 389
Nulliparous 1425 489 971 502 289 47.2 165 45.1 0.129
Planned pregnancy 1206 416 823 426 252 414 131 36.1 0.067
Gestational age at interview ° 923 + 346 928 + 349 9.14 + 340 911 + 342 0.545
Intimate partner violence b 1064 36.5 648 334 243 39.8 173 47.7 <0.001
Childhood abuse
No abuse 827 283 590 304 161 263 76 20.8 <0.001
Physical only 1135 388 761 392 237 387 137 374
Sexual only 230 79 155 80 41 6.7 34 9.3
Both physical and sexual 730 250 437 225 174 284 119 325
PTSD (PCL-C 226) 1093 374 585 30.1 276 450 232 634 <0.001
Depression (PHQ-9) 799 276 435 226 193 317 171 47.2 <0.001

Due to missing data, percentages may not add up to 100%
@ mean + SD (standard deviation): How many weeks pregnant were you during your first prenatal care visit?
P Lifetime intimate partner violence

For continuous variables, P-value was calculated using the one-way ANOVA; for categorical variables, P-value was calculated using the Chi-square test
P-values that are italicized are all <0.05
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Table 2 Association between migraine and PTSD ¢ assessed by the PCL-C during pregnancy (N = 2922)
Migraine Status No PTSD PTSD

(N =1829) (N'=1093)

n % n % Unadjusted OR Adjusted OR Adjusted OR Adjusted OR

(95% CI) (95% Ch (95% CI) (95% CI)

No migraine 1358 742 585 535 Reference Reference Reference Reference
Any migraine 471 258 508 46.5 250 (2.14-2.93) 237 (2.02-2.79) 230 (1.95-2.71) 1.97 (1.64-237)
Types of migraine
No migraine 1358 74.2 585 535 Reference Reference Reference Reference
Probable migraine 337 184 276 253 1.90 (1.58-2.29) 1.80 (1.49-2.18) 1.76 (1.45-2.14) 1.61 (1.30-1.99)
Migraine 134 7.3 232 21.2 4.02 (3.18-5.08) 3.81 (3.00-4.82) 3.65 (2.86-4.66) 2.85 (2.18-3.74)

Abbreviations: OR odds ratio, C/ confidence interval
@ PTSD is defined as PCL-C score > 26

b Adjusted for age, marital status, difficulty paying for the very basics, and difficulty paying for medical care
 Adjusted for age, marital status, difficulty paying for the very basics, difficulty paying for medical care, and lifetime intimate partner violence
9 Adjusted for age, marital status, difficulty paying for the very basics, difficulty paying for medical care, lifetime intimate partner violence, and depression status

probable migraine: OR = 1.59; 95% CI; 1.07-2.35)
(Table 3).

The results remained similar using a PCL-C cut-off
score of 44 to identify PTSD (Additional file 2: Table S2).
For example, after adjusting for confounders, women who
suffered from any migraine had a 3.81-fold increased odds
of PTSD (95% CI: 2.76-5.26) as compared to women with
no history of migraine. Further adjustment for lifetime in-
timate partner violence and depression status attenuated
the magnitude of association, but it remained significant
(OR: 2.67; 95% CI: 1.87-3.82).

Discussion
In our cross-sectional study of pregnant Peruvian women,
migraine (whether any migraine [migraine and probable
migraine], migraine alone, or probable migraine alone)
was associated with increased odds of PTSD. After adjust-
ing for confounders including antepartum depression,
women who reported any migraine had a 1.97-fold
increased odds of PTSD (95% CL: 1.64—2.37) compared to
women with no history of migraine. In a multivariable
adjusted model, women with probable migraine had a
1.61-fold increased odds of PTSD (95% CI: 1.30-1.99),
and women with migraine had a 2.85-fold increased odds
of PTSD (95% CI: 2.18-3.74), compared to women with-
out migraine (Table 2). In the presence of antepartum
depression, women with probable migraine or migraine
had increased odds of PTSD (probable migraine:
OR = 1.59; 95% CI: 1.07-2.35; migraine: OR = 3.13; 95%
CIL: 1.91-5.11) compared to non-migraineurs (Table 3).
Previous studies have shown significant comorbidities
between migraine and PTSD. However, to our know-
ledge, this study is the first to evaluate the association
between migraine and PTSD in pregnant women. Our
current findings are comparable with prior studies of
adult men and non-pregnant women. In a small

clinic-based study of headache patients (including
migraine or tension type headache; N = 80), prevalence of
PTSD-like symptomatology was similar to a comparison
group of patients with masticatory muscle pain [40]. How-
ever, Peterlin et al. (2008) in their study of migraineurs at-
tending an outpatient headache center demonstrated that
PTSD was more frequently reported among chronic
migraineurs than episodic migraineurs (42.9% vs. 9.4%,
p = 0.0059) [20]. In a general population study in 2011,
Peterlin et al. reported that those with episodic migraine
had a 3- to 4- fold increased odds of PTSD as compared
to those without headaches after adjusting for con-
founders (lifetime prevalence: OR = 3.07, 95%CI: 2.12—
4.46; 12-month prevalence: OR = 4.34, 95%CIL: 2.73—
6.89) [41]. In a cross-sectional study in Turkey,
migraine was associated with PTSD among university
students (OR = 10.16, 95%CI: 3.16-32.71, p = 0.001)
[42]. A recent study by Smitherman and Kolivas simi-
larly found that those with migraine were almost twice
as likely to fulfill diagnostic criteria for PTSD than non-
migraineurs (25.7% vs. 14.2%, p < 0.0001). Further, com-
pared to those without migraine, migraineurs reported
more traumatic events (3.0 vs. 2.4, p < 0.0001) [21]. Despite
differences in geographic location, population characteris-
tics, and sociodemographics, previous findings consistently
show comorbidity between migraine and PTSD.

Several potential biological and neurochemical mecha-
nisms have been postulated for the association between mi-
graine and PTSD. These include the biochemical markers
serotonin, cortisol, and norepinephrine. Migraineurs have
been shown to have imbalances of serotonin, a regulator of
pain in the nervous system [43]. Serotonin levels decrease
during a migraine attack, causing the trigeminal nerve to
release neuropeptides and cause severe migraine pain [44].
PTSD has been previously associated with serotonin func-
tion [45, 46]. The hypothalamic—pituitary—adrenal axis and
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Table 3 Association between migraine and PTSD ? during pregnancy (N = 2922) stratified by depression status
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Migraine No PTSD PTSD
Without Depression (N =1587) (N =507)
n % n %
No migraine 1191 750 297 586
Any migraine 396 250 210 414
Types of migraine
No migraine 1191 750 297 586
Probable migraine 286 180 129 254
Migraine 110 6.9 81 16.0
Migraine No PTSD PTSD
With Depression (N = 224) (N = 575)
n % n %
No migraine 152 679 283 49.2
Any migraine 72 321 292 50.8
Types of migraine
No migraine 152 67.9 283 49.2
Probable migraine 49 219 144 250
Migraine 23 103 148 25.7

Unadjusted OR
(95% Cl)

Reference
213 (1.72-262)

Reference
181 (1.42-2.31)
295 (2.16-4.04)

Unadjusted OR
(95% Cl)

Reference
2.18 (1.57-3.01)

Reference
1.58 (1.08-2.31)
346 (2.14-5.59)

Adjusted OR
(95% Cly °

Reference
1.99 (1.61-2.46)

Reference
167 (131-2.15)
2.81 (2.04-3.86)

Adjusted OR
(95% Cly °

Reference
2.13 (1.53-2.96)

Reference
1.58 (1.07-2.32)
3.29 (2.03-534)

Adjusted OR
(95% CI) ©

Reference
1.93 (1.55-2.40)

Reference
1.62 (1.25-2.08)
2.76 (1.99-3.82)

Adjusted OR
(95% Cl)

Reference
2.09 (149-292)

Reference
1.59 (1.07-2.35)
3.13 (1.91-5.11)

Abbreviations: OR odds ratio, C/ confidence interval
2 PTSD is defined as PCL-C score > 26

® Adjusted for age, marital status, difficulty paying for the very basics, and difficulty paying for medical care
 Adjusted for age, marital status, difficulty paying for the very basics, difficulty paying for medical care, and lifetime intimate partner violence

related cortisol levels have also been associated with mi-
graine and PTSD [3, 47-49]. Additionally, decreased levels
of cortisol and elevated levels of pro-inflammatory cyto-
kines (e.g. tumor necrosis factor-alpha, interleukin-6) in pa-
tients with PTSD have been suggested to be linked to
migraine [50, 51]. Videlock et al. (2008) found that nor-
epinephrine plasma levels are lower in those with PTSD
when compared to individuals without PTSD [52]. Mi-
graine patients also may have lower levels of plasma and
platelet norepinephrine [53]. Mental health during preg-
nancy is of particular interest given the high burden of vio-
lence in this population [24, 54]. A previous study in the
same cohort found 70% of participants had a history of
childhood abuse and 36.7% had a history of intimate part-
ner violence, and their abuse history was associated with
an increased risk of migraine [54]. PTSD is prevalent
during pregnancy and may increase postpartum if it is
not identified [55]. Although a large percentage of the
population suffers from migraines, particularly those of
reproductive age, the mechanisms underlying the devel-
opment of migraines and PTSD have yet to be fully
understood [56].

Our study has several strengths, including a large sam-
ple size and a population with a high prevalence of mi-
graine and PTSD. However, some limitations should also

be considered. First, this cross-sectional study does not
establish temporal relationships between migraine and
PTSD. Second, the study was conducted among low-
income pregnant women in Peru; thereby, warranting
caution when generalizing our study to other pregnant
women. Lastly, migraine and PTSD diagnoses were
established using self-reported questionnaires. Thus, we
cannot exclude the possibility that PTSD and migraine
status were underreported in our study. Studies that sys-
tematically use screening and confirmatory diagnostic
evaluations will greatly attenuate concerns about mis-
classification of PTSD and migraine diagnoses in epi-
demiological studies [20, 21].

Conclusions

Individually, migraine [57-59] and PTSD [60, 61] each
carry a high individual, societal, and economic burden.
Our study found an association between migraine and
PTSD, even after adjusting for antepartum depression.
Furthermore, our findings extend the body of literature
on the increased risk of PTSD in those with migraine to
include those with probable migraine and pregnant
women. Taken together, these findings support the need
for additional research on the association between mi-
graine and PTSD, including in pregnant women, as well
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as the need for research evaluating potential treatment
implications of this comorbidity.
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