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Abstract 

 

The Association Between Migraines and Incident Hypertensive Disorders of Pregnancy Among 

an Obstetric Population at a Large, Urban Safety Net Hospital  

By Teniola Balogun 

 

 

Introduction: The highest prevalence of migraine attacks typically occurs during a woman’s 
childbearing years. Migraines in pregnancy are also associated with adverse reproductive 
outcomes such as pre-term birth, placental abruption, and cesarean section delivery. Evidence 
shows that pregnancy-associated migraines are associated with hypertensive disorders of 
pregnancy (HDP) – likely due to shared pathophysiological characteristics. There is limited work 
examining migraine exposure during pregnancy in relation to HDP subtypes. The goal of this 
study is to examine if physician-diagnosed, pregnancy-associated migraines are associated with 
the odds of developing a subtype of hypertensive disorders of pregnancy.  
Methods: Data was retrieved from the GOGO database, containing electronic medical records 
of pregnant patients giving birth at Grady Memorial Hospital between July 1, 2016, and October 
31, 2022. We used generalized estimating equations for multinomial logistic regression to 
examine the associations between physician-diagnosed, pregnancy-associated migraines, 
covariates of interest and HDP diagnoses at delivery.  
Results: Our study sample consisted of 10181 deliveries of which 210 reported a physician-
diagnosed, pregnancy-associated migraine. The proportion of deliveries to non-Hispanic Black 
pregnant patients was higher among those with migraines than those without migraines (82.9% 
vs 70.2%). Among the 210 migraineurs, 73.0% were multiparous (vs. 67.6%), 11.4% had an 
anxiety diagnosis (vs. 3.1%), 32.4% were obese (vs. 18.6%), and 24.8% had a pre-existing 
chronic hypertension diagnosis (vs. 11.4%). After adjusting for confounders, patients with a 
pregnancy-associated migraine had a 29% marginally increased odds of developing any 
hypertensive disorder of pregnancy (1.29; 95% CI: 0.97,1.73); 14% increased odds of 
developing preeclampsia with severe features or eclampsia (1.14; 95% CI: 0.63, 2.06), and 33% 
increased odds of developing pre-eclampsia without severe features or gestational hypertension 
(1.33; 95% CI: 0.97,1.81). 
Conclusion: In this population with co-occurring chronic conditions, physician-diagnosed, 
pregnancy-associated migraines were weakly associated with hypertensive disorders of 
pregnancy. Prospective studies are needed to further evaluate the temporality and extent to 
which migraines and co-occurring conditions are additionally associated with HDP of differing 
severity presentation. 
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Introduction 

Migraine attacks are a neurological condition that causes headache pain lasting from 

four to 72 hours and are typically associated with nausea, vomiting and light and sound 

sensitivity. Women are likely to present with more migraine-associated symptoms that worsen 

with age, compared to men.1 There is a disproportionately high burden of disease amongst 

women of the reproductive ages 15-49 years with the highest prevalence of migraines typically 

occurring during a woman’s childbearing years.2 The correlation between stages of hormonal 

fluctuations (puberty, pregnancy, menopause) and migraine incidence suggests the influence of 

the female sex hormones.3 This is especially true with obstetric populations. 

Pregnancy is a critical window that uniquely influences the health of the pregnant 

individual. Over the course of pregnancy, individuals undergo significant changes in hormone 

levels and immune system function.3,4 These physiological changes can serve as a common 

trigger for migraine attacks among pregnant persons. Migraines tend to be most active during 

the first trimester of pregnancy as estrogen levels fluctuate more between low and high levels 

than at any other time over the female life course.4 Migraines in pregnancy are also associated 

with an increased risk for several adverse reproductive outcomes such as preterm birth, 

placental abruption, cesarean section delivery, and particularly hypertensive disorders of 

pregnancy (HDP)5-9 – likely due to shared pathophysiological characteristics such as 

inflammation,10,11 and endothelial dysfunction.12,13 

Migraine attacks adversely affect a patient’s quality of life and are associated with 

anxiety about the next migraine attack. Migraine attacks additionally cause concern over their 

effect on future pregnancy plans. Of the 607 women enrolled in the American Registry for 

Migraine Research observational study, 19.9% stated they avoided pregnancy because of 

migraine attacks. Women who avoided pregnancy believed that their migraine attacks would 

worsen during pregnancy (72.5%), that the disability caused by migraine attacks would make 

pregnancy difficult (68.3%), or that migraine attacks would cause the baby to have abnormalities 
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at birth (14.0%).14 Women who avoided pregnancy had fewer children than those who did not 

avoid pregnancy (0.8±1.1 vs 1.5±1.5; P<0.001).  

The severity and symptom presentation of migraine attacks differs by three main 

subtypes. Migraine with aura gradually develops with an “aura” presentation related to visual, 

sensory, speech, and motor phenomenon. This subtype occurs on one side of the body or in 

one visual field. The “aura” symptoms last for a few minutes in duration and are followed by a 

headache.15,16 The most common subtype of a migraine attack is migraine without aura. 

Migraine without aura is defined by recurrent headaches with symptoms lasting from four to 72 

hours in duration with at least a pulsating presentation on one side of the body. This migraine 

subtype is additionally defined by its severe intensity enough to limit daily activity.15 Chronic 

migraines are a subtype of migraine attacks that occur for ≥ 15 days per month for more than 

three months with symptom presentation similar to other subtypes.15  

A minority of patients experience a first migraine attack onset during pregnancy or in the 

postpartum period.17 Pregnancy can also reduce the severity of migraine symptoms.3,18,19 Many 

patients rank their symptoms to have improved by 80% by the second trimester. A large, 

prospective study showed that by the third trimester, 89% of patients had either no migraine 

attacks or fewer attacks.20 A prospective, observational study of 49 patients with migraine 

reported an 11%, 53%, and 79% reduction in migraine attacks in the first, second, and third 

trimesters respectively.19 While the sample size of the mentioned studies affects study 

precision, the prospective nature of the studies speaks to the accuracy of the temporality of 

migraine attack reduction as pregnancy progresses.  

Migraines and hypertensive disorders of pregnancy 

Hypertensive disorders of pregnancy (HDP) complicates 5 to 10% of all pregnancies in 

the U.S.21,22 Despite advances in obstetric care, HDPs remain a major pregnancy-related health 

problem. The occurrence of migraines during pregnancy is associated with an increased risk of 

HDPs (OR range, 1.05-6.8).23-27 HDPs are conditions that cause elevated blood pressure in 
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pregnant patients. The defined categories of HDPs are chronic hypertension, gestational 

hypertension, preeclampsia-eclampsia, and chronic hypertension with superimposed 

preeclampsia. Chronic hypertension during pregnancy is defined as hypertension before 

conception, elevated blood pressure before 20 weeks of gestation, or hypertension continuing 

beyond 12 weeks postpartum.28 Gestational hypertension is a transitional diagnosis detailed as 

new-onset hypertension after 20 weeks of gestation in the absence of diagnostic criteria for 

preeclampsia. This diagnosis can change to chronic hypertension if elevated blood pressure 

remains beyond 12 weeks postpartum. Preeclampsia is defined as new hypertension that 

develops after 20 weeks of gestation with accompanying elevated levels of protein in urine 

(proteinuria) or end-organ dysfunction. In patients with preeclampsia, a secondary condition, 

eclampsia, is defined by the additional presence of seizures. Chronic hypertension with 

superimposed preeclampsia is defined as the development of preeclampsia in a patient with 

existing chronic hypertension after 20 weeks of gestation. Each categorical diagnosis of HDP 

details its severity and potential consequence for adverse outcomes. 

The diagnosis of any HDP subtype is more common among Black women.29 During a 

40-year period, the preeclampsia-eclampsia-related maternal mortality rate (MMR) reduced by 

300%, while chronic-hypertension-related MMR increased by 15 times the previous rate.30 

Additionally during the 40-year period, chronic hypertension–related MMR showed a sharp 

linear increase with advancing age, with MMRs being higher among Black women (9.4%) 

compared with White women (9.1%). Black women were also more likely to develop early 

preeclampsia (OR: 3.64; 95% CI: 1.84-7.21) and late preeclampsia (OR: 2.97; 95% CI: 1.98-

4.26) compared to the White women.31 Working closely with healthcare providers during 

obstetric care visits can assist with close monitoring of blood pressure levels, or adherence to 

medications, potentially reducing the risk of pregnancy-related hypertension.  

Migraine diagnoses and HDPs are both risk factors for postpartum hospital 

readmission.32-34 Postpartum readmission, defined as readmission to the birth facility for any 
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reason within 42 days after discharge from birth hospitalization, disrupts the postpartum 

recovery time. Maternal, delivery, and hospital characteristics are common indicators for the 

likelihood of hospital readmission. Migraines are regarded as a potential risk marker for adverse 

vascular events such as ischemic stroke during pregnancy and general obstetric complications 

extended to the postpartum period.35 The Women’s Health Study presented an increased risk 

for hemorrhagic stroke in women with active migraine with aura (aOR 2.25, 95% CI 1.11-4.54).36 

In a systematic review of 17 articles, investigators found an increased risk of maternal stroke in 

pregnancy among patients with overall active migraine diagnoses (OR range, 7.9-30.7).24 

Postpartum readmission can also represent poor hypertensive control that can predispose 

women to medical complications such as stroke, seizures, and renal failure.34 Persistent 

postpartum hypertension was identified as an independent risk factor for readmission in a 

multivariable analysis. Patients with a single blood pressure reading of  ≥ 140/90 mmHg had 

increased odds of readmission (aOR: 1.98; 95% CI: 1.37–2.87), and additionally, 2 or more 

elevated BP readings further increased the odds of readmission (aOR: 3.14; 95% CI: 2.33–

4.24).34 

Risk factors 

Large-scale research studies have identified several common risk factors for migraine 

attacks and HDPs, including reaction to stress and anxiety disorders. The identification of 

hormonal factors as associated with migraine attacks is strongly supported by the shared 

pathophysiology basis and the physiological response caused by hormone imbalances in the 

body.37,38 The physiological stress response is examined by changes in cortisol levels and the 

subsequent elevation in a patient’s blood pressure.37 The anxiety disorders commonly 

associated with migraine attacks are panic disorder (PD), generalized anxiety disorder (GAD), 

and obsessive-compulsive disorder (OCD).39  Rubertsson and colleagues have shown that 16% 

of pregnant patients presented with clinically anxious symptoms during their first trimester40. 

Additionally, in a cross-sectional analysis of women receiving care at a university obstetric clinic, 
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84% of women reported some form of psychosocial stress during pregnancy.41 Patients with a 

panic disorder had an increased association with high psychosocial stress disorder (OR: 6.8; 

95% CI: 2.9 –16.2). Patients with  ≥ 2 medical comorbidities had an increased association with 

high psychosocial stress (OR: 3.1; 95% CI: 1.8 –5.5). Among the populations experiencing 

social and economic vulnerabilities, the root cause of anxiety could be ongoing health 

conditions, economic stability, or access to adequate health services. These experienced 

stressors can trigger the onset of neurological symptoms synonymous with migraine attacks, 

especially during pregnancy.  

Obesity is a well-defined risk factor for migraine attacks and HDPs.26,42-47 In a case-control 

study conducted at the Swedish Medical Center and Tacoma General Hospital, overweight 

women with migraines had the highest risk of preeclampsia (aOR: 12.3; 95 CI: 5.8 – 25.7), 

compared with the lean control participants.26 In a high-risk pregnancy cohort (assessed by 

cardiovascular risk profile), compared with women without obesity, women with obesity had a 

greater risk of incident preeclampsia (unadjusted risk ratio RR: 2.2; 95% CI:1.1–4.5).47 

Knowledge gap 

Despite the accumulating evidence of the elevated risk of HDPs among pregnant 

patients with migraines, none of these studies feature HDP subtypes as a three-level severity 

variable. Previous studies examining the association between migraines and HDP excluded 

preeclampsia without severe features and gestational hypertension as subtypes in analyses.48,49 

Studies that combine overall subtypes of HDPs for analyses overlook the opportunity to explore 

the complexities of the severity of hypertension presentation. Therefore, these studies may not 

accurately reflect the risk of migraines on HDP subtypes. Existing research on migraines and 

HDP primarily included White patients. Those research findings may not be generalizable to 

other study participants with differing baseline characteristics. Black pregnant patients, for 

instance, bear a disproportionate burden of hypertension and pregnancy-related morbidity and 

mortality.  



6 
 

The goal of our study was to investigate the relationship between migraines during 

pregnancy and HDP (overall and by subtype) in a predominately publicly-insured non-Hispanic 

Black population. We also compared postpartum readmission rates among patients with 

migraines and HDP. Analyses considered the role of race and ethnicity, co-morbid conditions, 

maternal age, and number of prenatal visits as potential covariates.50 

Methods 

Data 

This project used data from the Grady Obstetric and Gynecologic Outcomes (GOGO) 

database. The database is an automated data extraction system drawing from electronic 

medical record information for patients giving birth at Grady Memorial Hospital in Atlanta, 

Georgia. We obtained de-identified data from all deliveries that occurred between July 1, 2016, 

to October 31, 2022. Prenatal care encounters were captured in the nine months prior to 

delivery and deliveries were followed for 42 days post-delivery to ascertain readmissions. Data 

were extracted from the GOGO database by hospital encounter. The extracted data was 

aggregated by delivery resulting in data available for 10297 deliveries. All information that would 

potentially expose a  patient’s identification was removed. The confidentiality of the data abides 

by the data regulations of Grady Memorial Hospital and the Emory University School of 

Medicine’s Department of Gynecology and Obstetrics. Emory University’s institutional review 

board approved this study. 

Assessment of Exposure 

Migraine diagnoses were extracted from electronic medical records based on the 

International Classification of Diseases, Tenth Revision (ICD-10), Clinical Modification codes 

reported during outpatient prenatal visits, at delivery, or within the postpartum period were 

included. According to the ICD-10-CM, six subgroups of migraine were defined: Migraine 

without aura, codes G43.009 and G43.019; Migraine with aura, code G43.109; chronic migraine 
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without aura, codes G43.709; other migraine, codes G43.809; migraine unspecified, codes 

G43.909 and G43.919, and ophthalmoplegic migraine, code G43.B0. The timing of the migraine 

diagnosis was determined by days elapsed from a patient’s hospital admission until the end of 

the study observation period. This definition depicts a patient’s recent history of pregnancy-

associated migraines. Based on frequencies and ICD-CM code definitions of the migraine 

subtypes, we decided to classify migraine status as a dichotomous indicator of any reported 

migraine or no reported migraine. In a validation study, the accuracy of migraine diagnosis 

codes in large integrated healthcare system’s electronic health records was stronger compared 

to identifying migraine diagnoses with pharmacy codes.51  

Assessment of Outcome 

The main outcome of HDP was defined as a delivery hospitalization with a report of ICD-

10-CM codes for HDP. According to the ICD-10-CM codes, six subgroups of hypertensive 

disorders of pregnancy were defined: gestational hypertension, codes O13.2 - O13.9; mild to 

moderate preeclampsia, codes O14.00 - O14.05; unspecified preeclampsia, codes O14.90, 

O14.93 - O14.95; preeclampsia with severe features, codes O14.10, O14.12 - O14.15; HELLP 

syndrome, codes O14.22 - O14.25, and Eclampsia, codes O15.1 - O15.2. We assessed HDP 

subtypes and classified outcome status as a nominal indicator variable with three levels of 

increasing severity: no HDP, preeclampsia without severe features/gestational hypertension, 

and preeclampsia with severe features/eclampsia based on the severity of presentation defined 

by the ICD-10-CM codes. We also considered a binomial indicator of any HDP (gestational 

hypertension, pre-eclampsia without severe features, pre-eclampsia with severe features and 

eclampsia) versus no HDP given sample size limitations for the subtypes. As a secondary 

outcome, we additionally examined postpartum readmissions and ED visits that occurred up to 

42 days after delivery, regardless of reason.  

Assessment of Covariates 
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We additionally extracted self-reported data for patient race and ethnicity (Hispanic, 

Black or African American, White or Caucasian, Asian, Alaskan Indian/Alaskan Native, 

Hawaiian/Pacific Islander, Multi-Race, Other, Unknown), age at admission (years), gestational 

length at admission (weeks), mode of delivery (cesarean, vaginal, and operative), outpatient 

and inpatient medications orders during pregnancy by pharmaceutical class (“Analgesics-

Nonnarcotic”, and “Migraine Products”). Additional data was extracted for insurance status 

(Medicaid/Medicare, Commercial, Self-Pay), tobacco use during pregnancy (dichotomized), and 

parity (Nulliparous/Multiparous). 

We extracted data for anxiety disorders diagnoses based on ICD-10-CM codes (F31-

F34, F39-F44, F50-F51 and F53); and reaction to stress disorder (F43). Select delivery 

comorbidities were extracted using ICD-10-CM codes from the validated and expanded Leonard 

comorbidity index developed for obstetric populations.50 Diagnostic indicator categories were 

extracted included Gestational diabetes, (O24.4); Preexisting diabetes mellitus (E08-E13, 

O24.0- O24.3, O24.8, O24.9, and Z79.4); Obesity (E66 and O99.210-O99.215), Chronic 

hypertension (O10, O11, and I10), and Anemia, preexisting (O99.01, O99.02, D50, D55, D56, 

D57.1, D57.20, D57.3, D57.40, D57.80, D58, and D59).  

Statistical Analysis 

We examined the descriptive statistics for the distributions of patients’ demographic, 

pregnancy, and delivery characteristics, according to migraine exposure status. Our final 

analytic dataset represented 10181 deliveries to 8759 patients, after excluding 78 deliveries with 

missing data on race/ethnicity and 38 deliveries with missing data on parity. We utilized Chi-

square tests, two-sample t-tests, and sign tests to examine if there were differences in the 

distribution of demographic and clinical characteristics by migraine status.  

Pregnant patients had multiple deliveries reported and represented during the 

observation period. To assess the correlation of repeated observations for the same pregnant 

patient, we estimated crude and adjusted odds ratios and 95% confidence intervals for a 
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multinomial HDP and a binary HDP outcome (any HDP vs no HDP). We used generalized 

estimating equations for both multinomial logistic regression and binomial logistic regression. 

A collinearity assessment examined which variables might be highly correlated with each 

other. We determined a multicollinearity problem by variables that had condition indices  >15 

and variance decomposition proportions > 0.5. We assessed the effects of retaining or keeping 

them in the models. Effect modification was assessed for the variables insurance 

(Medicaid/Medicare, Commercial, self-pay) and age at hospital admission (continuous and 

categorical at the median value in years). We drafted directed acyclic graphs and compared the 

goodness of fit of the full and reduced multinomial logistic regression models using a likelihood 

ratio test. Chronic hypertension, age at admission (dichotomized by the median value, years), 

parity, race/ethnicity, obesity, and anemia were characteristics amongst deliveries jointly 

associated with a migraine diagnosis. Multiplicative interaction was additionally used to assess 

joint interaction for the variables age at admission (≤ 27/ >27 years), anemia (dichotomized), 

chronic hypertension (dichotomized), obesity (dichotomized), parity (nulliparous/multiparous), 

race/ethnicity (non-Hispanic Black/non-Hispanic White/Other), and reaction to stress disorder 

(dichotomized). Adjusted odds ratios with 95% confidence intervals were obtained for these 

stratified models. 

Identified from the literature, the potential covariates identified were age, race/ethnicity, 

anxiety disorder, reaction to stress disorder, obesity disorder, parity, and tobacco use. Based on 

the study population characteristics, potential covariates were anemia disorder, insurance 

status, gestational age at first prenatal visit, and chronic hypertension. For the confounding 

assessment, models with various combinations of covariates were examined to detect 

meaningful changes in the odds ratios when one or more variables were removed from the 

model. The following covariates did not appear to be meaningful confounders: tobacco use, and 

age at first prenatal visit.  
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The final adjusted model included confounders, as well as those covariates of a priori 

interest: reaction to stress (dichotomized), age at admission (continuous, years), anxiety 

disorder (dichotomized), obesity disorder (dichotomized), chronic hypertension (dichotomized), 

race/ethnicity (non-Hispanic Black, non-Hispanic White, Hispanic, and Other), parity 

(nulliparous/multiparous), and insurance (Medicaid/Medicare, commercial, self-pay) 

Cumulative incidence was defined as the proportion of any new inpatient admissions 

and emergency department visits in the population at risk during observed the postpartum 

period. All analyses were conducted using SAS software version 9.4 (SAS Institute Inc., Cary, 

NC, USA). 

Sensitivity Analysis  

 Due to small count sizes, the third level preeclampsia with severe features category was 

combined with eclampsia for the main analysis. However, we conducted a sensitivity analysis 

using four-level response variable for HDP to examine the consistency of findings. To explore 

the effect of prenatal care use as a confounder, we conducted an analysis among deliveries 

with non-missing data (n=8,597). 

The American College of Obstetricians and Gynecologists and the United States 

Preventative Services Task Force currently suggest administering low-dose aspirin as a 

preventative measure for preeclampsia in at-risk pregnant persons.52,53 As aspirin may be 

commonly used in an obstetric population, we planned to assess the variable as a potential 

confounder or effect modifier on the exposure-outcome relationship. However, 13.8% of 

deliveries reported using aspirin prenatally, at delivery or postpartum. About 0.07% of deliveries 

reported using any form of migraine medications prenatally, at delivery, or postpartum. 

Results 

 Demographic and hospital characteristics of the 10181 deliveries that took place at 

Grady Memorial Hospital during the study observation period from July 1, 2016, and October 

31, 2022, are presented in Table 1. Approximately, 1422 pregnant patients had multiple 
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deliveries represented. Figure 1 shows how we achieved our final sample size from the initial 

population of 10297 deliveries. 

Of the 10181 deliveries included for analysis, 210 (2.06%) deliveries had an associated 

migraine diagnosis during the study observation period (Table 2). The average age at admission 

was 27.6 years (+/- 6.4) and did not differ by migraine status. The proportion of deliveries to 

non-Hispanic Black pregnant patients was higher among those with migraines compared to 

pregnant patients without migraines (82.9% vs 70.2%, p-value<0.001). Deliveries with an 

associated migraine diagnosis presented to prenatal care earlier than those deliveries without a 

migraine diagnosis (14 weeks vs. 17 weeks, p-value<0.001). The gestational age at hospital 

admission (in weeks) did not differ by migraine status.  

There was a higher proportion of multiparity among deliveries with a reported migraine 

compared to those without a reported migraine (73.0% vs. 67.6%). Approximately, 3.3% of the 

total population had an anxiety diagnosis, which was more common among those with a 

migraine diagnosis (11.4%) versus those without a migraine diagnosis (3.1%). Approximately, 

18.9% of the total population had an obesity diagnosis, which was more common among those 

with a migraine diagnosis (32.4%) versus those without a migraine (18.6%). Deliveries with a 

migraine diagnosis had a higher proportion of pre-existing chronic hypertension compared to 

those without a reported migraine diagnosis (24.8% vs. 11.4%). 

 An estimated 86.1% of deliveries had Medicaid/Medicare insurance, 8.9% had 

commercial insurance, and 4.9% paid for care out of pocket. Among those who had a migraine 

diagnosis, 88.6% were privately insured, 11.0% were publicly insured, and 0.5% paid for care 

out of pocket. Deliveries with an associated migraine diagnosis attended more prenatal care 

visits than those deliveries without a migraine diagnosis (8 visits vs. 6 visits, p-value<0.001). 

The proportion of pregnant patients who had a cesarean delivery was higher among those with 

migraines compared to pregnant patients without (41.2% vs 29.4%, p-value<0.001) 
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A total of 3427 (33.7%) deliveries had an HDP diagnosis. Patients were more likely to 

have developed pre-eclampsia without severe features or gestational hypertension during 

pregnancy (26.9% vs 6.8%) compared to pre-eclampsia with severe features or eclampsia 

(Table 3). The frequency of any HDP representing the four diagnoses levels was 36.7% among 

deliveries with an associated migraine and 33.6% among deliveries without a migraine. 

Crude and adjusted odds ratios and 95% confidence intervals for odds of HDP and 

migraine are shown in Table 4. The multi-collinearity assessment showed that our variables 

depicted weak evidence of collinearity. The interaction assessment showed that the product 

term for age at admission and insurance status was not statistically significant, so the product 

term was dropped from the model (p-value = 0.18). Using a multinomial analysis adjusting for 

confounders, migraineur patients had 33% increased odds of developing pre-eclampsia without 

severe features or gestational hypertension (1.33; 95% CI: 0.97,1.81). Compared to deliveries 

without a migraine diagnosis, patients with a migraine had 14% increased odds of developing 

pre-eclampsia with severe features or eclampsia (1.14; 95% CI: 0.64, 2.06). In a binomial 

analysis adjusting for confounders, patients with a pregnancy-associated migraine had 29% 

increased odds of developing any HDP (1.29; 95% CI: 0.96,1.73).  

Among all deliveries, 4.12% patients had a postpartum readmission. Of those deliveries 

that resulted in postpartum readmission, 96.9% were not associated with a migraine diagnosis 

and 3.1% of deliveries were (Table 5). The cumulative incidence of postpartum readmission 

among those without a reported migraine diagnosis was 4.07% and was 6.2% for those with a 

recent history of pregnancy-associated migraine (Table 5).  

Table 6 shows results from a multiplicative interaction analysis on the effects of 

combinations of chronic hypertension (dichotomized), anemia (dichotomized), reaction to stress 

disorder (dichotomized), parity (Nulliparous/Multiparous), median age at admission (≤ 27/ >27 

years), and race/ethnicity (non-Hispanic Black/non-Hispanic White/Hispanic/Other) and recent 

history of physician-diagnosed migraine (dichotomized) on the odds of any HDP. Pregnant 
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patients older than 27 years old at admission with a positive for a history of migraines had 65% 

increased odds of any HDP compared with younger patients without a migraine diagnosis (1.65; 

95% CI: 1.1, 2.45). Pregnant patients who were both non-Hispanic Black and had a migraine 

diagnosis had 34% increased odds of any HDP compared with patients who were non-Hispanic 

Black with no migraine diagnosis (1.34; 95% CI: 0.98, 1.83). 

The measures of effect using the new three-level variable for HDP were similar to the 

initial analysis with a four-level variable for HDP for all reported regression models. In 

investigating the impact of prenatal care utilization in a confounding variable, we ultimately 

removed the covariate from the final models due to the high proportion of missing data.  

Discussion 

 In this observational study, we used health record data to assess the relationship 

between pregnancy-associated migraines and the odds of HDP among patients seeking care at 

Grady Memorial Hospital in Downtown Atlanta, Georgia. Given the type of study design used 

and the magnitude of measures of effect, these results suggest that a recent history of 

physician-diagnosed, pregnancy- associated migraine was weakly associated with the odds of 

HDP among a predominately non-Hispanic Black and publicly-insured population. However, we 

did find evidence of multiplicative interactions among covariates. Compared to those who were 

younger than age 27 and had no reported pregnancy-associated migraine, older patients with a 

migraine were more likely to develop a hypertensive disorder. Additionally, the cumulative 

incidence was 6.2% for postpartum readmission among those who had a history of migraines. 

The cumulative incidence for postpartum readmission was 4.07% for those without a history of 

migraines. Notably, 3427 (33.7%) patients in this study cohort developed a form of HDP, which 

is remarkably higher than the national estimate of 13.0% and suggests a higher baseline risk in 

this study population.54 Among our study population, gestational hypertension/preeclampsia 

without severe features diagnoses were the most reported hypertensive disorder (26.8%), 

compared to the US prevalence of gestational hypertension (6.5%).55 
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Our findings of an association between migraine and HDP are consistent with some 

existing literature. Existing studies examining the association of the exposure-outcome 

relationship have an OR ranging from 1.05 to 6.8.6,23-27,33 There is heterogeneity in the 

assessment of migraine status among previous studies which may explain the wide range of 

effect estimates. In one case-control study among 714 pregnant patients, the assessment of 

migraine exposure was self-reported.26 Another case-control study among 676 pregnant 

patients assessed exposure using an adapted genetic migraine questionnaire.27 A prospective 

cohort study conducted among 685 pregnant patients assessed migraine exposure by 

conducting interviews based on the International Society of Headache criteria.33 Differing 

exposure assessments can affect prevalence estimates likely due to selection bias or 

measurement bias. A study that relies on self-reported diagnoses of migraine may exclude 

patients who do not perceive their symptoms as severe enough to warrant a diagnosis. In 

contrast, a study that utilizes a clinical evaluation of well-defined headache criteria may be 

biased towards patients with more severe or persistent symptoms. Clinic-based measures may 

be affected by presentation to care bias while self-reported measures may be affected due to 

recall bias. Additionally, measurement bias can arise when there are differences in the 

interpretation of patient symptoms. The interviewer may find it difficult to differentiate the 

migraine subtypes from each other. The vernacular of migraine ICD-10-CM codes such as “not 

intractable” or “without status migrainosus” may be hard to explain on both the part of the 

interviewer and the patient. Different measurement tools for migraine exposure may introduce 

bias and ultimately affect validity of results, but the association between migraine and HDP may 

still be present.  

Given that a majority of pregnancies are unplanned, it is imperative to discuss options 

for migraine management and treatment during routine obstetrics and gynecology visits in an 

effort to reduce the burden of HDPs and other associated adverse health events. Previous 

literature has noted other conditions that co-occur with migraine attacks may explain the 
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increased odds for hypertension in pregnancy. These co-occurring conditions among patients 

with migraines in pregnancy are obesity, hypertension, anxiety and stress.24,26 Due to shared 

pathophysiology traits, these co-existing conditions may affect the associational relationship to a 

degree. However, it is important to acknowledge that the presence of co-occurring conditions 

alone does not conclusively indicate interaction between covariates. In a study population of 

1,175 pregnant women, an estimated 15.6% reported to have anxiety symptoms.40 Women 

under age 25 years had an increased risk of anxiety symptoms during pregnancy or fear of birth 

(OR 2.6; 95% CI: 1.7-4.0). Additionally, a cohort study found an increased risk of preeclampsia 

among pregnant women with mood or anxiety disorders (2.12; 95% CI: 1.02-4.45).56 Additional 

research is needed to investigate potential causal pathways underlying the relationship between 

migraines and adverse health events in pregnancy. 

Since our study population of migraineurs has a higher prevalence of stress and anxiety 

disorder compared to patients without migraines, it is important to examine the relationship 

between those existing conditions, its risk factors, and migraine status especially during 

significant periods such as pregnancy. Pregnancy itself can be a stressful and demanding 

period for patients, which could trigger or worsen migraines and other co-occurring conditions. 

Understanding the role of existing conditions with migraines during pregnancy can help 

healthcare providers develop effective management plans for this vulnerable population. 

Additionally, the type of assessment or scale measure used to assess an outcome is important. 

In some literature, stress and anxiety disorders are self-reported, which may have 

underestimated the true rates in those observed populations. Misclassification of these co-

occurring conditions could bias results towards or away from the null value. 

Like migraines, the pathophysiology of obesity and hypertension are associated with 

inflammation, oxidative stress and elevated blood pressure.10,13 Among migraineurs in our study 

population, 32.4% of deliveries reported an obesity diagnosis, compared to 18.6% of deliveries 

without a migraine diagnosis. Approximately, 24.8% of deliveries additionally reported a chronic 
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hypertension diagnosis, compared to the 11.4% of deliveries without a migraine diagnosis. 

Similar findings of co-occurring conditions among the migraine cohorts were seen in the 

literature. Adeney and colleagues observed a higher proportion of a medical diagnoses of 

migraine headache among preeclampsia cases compared to controls (23.8% vs 16.2%).26 An 

observed 14.75% of the preeclamptic cases reported having a migraine diagnosis and having a 

pre-pregnancy BMI ≥ 25 kg/m2. In another study of 1028 patients identifying risk factors for 

recurrent preeclampsia, Bijl and colleagues found patients with chronic hypertension to have 

82% increased odds of recurrent preeclampsia (OR 1.82; 95% CI: 1.11-2.98).57 To accurately 

reflect the co-occurrence of migraines, hypertension and obesity among patients, we retained 

these co-occurring conditions as covariates in the final model after confounding assessment as 

they were associated with both migraines and HDP.  

Another theory related to the co-occurrence of obesity and hypertension with migraines 

is that those co-occurring conditions may be commonly documented by clinicians in obstetric 

settings. Pregnant patients are prone to pregnancy weight gain as well as elevated blood 

pressure over the course of pregnancy. The early diagnosis or management of co-occurring 

conditions aids in preventing pregnancy and delivery complications. Patients with these co-

occurring risk factors may also attend their prenatal appointments more regularly because of 

their familiarity with the healthcare system in the context of having those existing conditions. 

The failure to diagnose migraines in patients who do not have these co-existing conditions could 

increase the odds of complications during pregnancy and delivery. Understanding the potential 

reasons for the co-occurrence of the mentioned conditions is important to provide effective care. 

The readmission characteristics from this study population suggest there is a higher 

baseline risk in this community. The cumulative incidence of postpartum readmission among 

those with a reported migraine was 1.52 times the cumulative incidence among those without a 

reported migraine (6.2% vs 4.07%). This suggests that a migraine diagnosis may be 

contributing to postpartum complications among this study population. The already high 
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prevalence of existing co-existing conditions may have residual confounding leading to the 

depicted marginal association with migraines and HDP. Previous literature was conducted in 

less diverse populations, and among patients accessing care for more severe cases of migraine 

attacks. The majority of patients included in our study population were non-Hispanic Black and 

were publicly insured. Healthcare disparities based on race can lead to delayed diagnoses or 

underdiagnosis of migraines or HDPs. We need more policies aimed at improving access to 

care for minority populations. 

This study has some limitations. Migraine and HDP case ascertainment were assessed 

by ICD-10-CM codes. ICD codes vary in their ability to accurately diagnose. Diagnosed  

conditions range in symptoms presentation and are dependent on whether an individual seeks 

medical care for their condition. If misdiagnosed or undiagnosed cases were misclassified, the 

true measure of effect could introduce bias. However, a recent study conducted among this 

population found the validity of ICD-10-CM codes for HDP to be high (with sensitivity > 80% and 

specificity >90%).58 Additionally, our study was limited by missing data regarding gestational 

age of first prenatal care visit. Timing of entry into prenatal care may influence the likelihood of 

receiving a migraine and HDP diagnosis. This missing data could impact our scope in capturing 

complete medical history for pregnant persons who deliver in the Grady Health Systems. 

The subtypes of hypertensive disorders of pregnancy resulted in small count sizes which 

made it difficult to evaluate the association between migraines and HDP subtypes. In addition, 

the majority of migraines reported during the study period were diagnosed in the postpartum 

period, so we were unable to examine associations between timing of migraine diagnosis and 

HDP risk. Given that migraine attacks are chronic conditions that additionally can be triggered 

by physiological changes, it is likely that a reported postpartum migraine was also present over 

the course of the pregnancy. However, we cannot eliminate the possibility of reverse causality. 

Additionally, the Other and Hispanic racial categories were underrepresented in this study 

causing the measures of effects among these groups to be limited by small sample size.  
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This study's examination of subtypes of HDP is a strength because it allows for a more 

detailed analysis of the association between migraines and HDP severity. This approach allows 

the researchers to consider distinct clinical outcomes, providing a more nuanced understanding 

of the relationship with severity of HDP presentation. This approach allows for comparison to 

groups without the outcome of interest. Another strength of this study is its large sample size 

improving statistical power. Additionally, non-Hispanic Black patients were adequately 

represented in study which typically is not the case in research studies. Our study's 

representation of an understudied demographic group allows for the generalization of findings 

amongst individuals accessing other public hospital systems. non-Hispanic Black individuals 

and public hospital patients are largely underrepresented in prior studies assessing migraines 

and the odds of HDP. Thus, our study population can contribute to building the foundation for 

targeted community-based approaches for public health and obstetric care. 

Conclusions 

Our study revealed a weak association between migraines and HDP, an increased rate 

of postpartum readmission among migraineur patients, which findings suggest that migraines 

may not be the most important risk factor for HDP in a population that is already burdened with 

a co-occuring conditions. These results may help us identify pregnant patients at higher risk for 

complications associated with migraine diagnoses or HDP subtypes of differing severity, 

depedendent on their pre-pregnancy chronic conditions. Pregnancy offers a unique time for 

intervention due to the increased interaction with the healthcare system. These research 

findings could have implications for future screening recommendations and emphasize areas for 

public health interventions aimed at reducing the burden of migraines in pregnancy and its 

associated conditions. A more specified definition for migraine subtypes could allow for targeted 

screening to increase identification of migraine attacks in pregnant patients. This proposition 

could lead to enhanced knowledge about the trajectory of migraine in pregnancy, and the 

component causes leading to the odds of hypertension development, and rates of postpartum 
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readmission. Future directions include investigating the genetic or biomedical connection 

between migraines and hypertension. We could also expand this analysis to other health 

systems to evaluate the temporality of co-occuring conditions and the improvement of migraine 

symptoms across pregnancy and the resolution of hypertensive symptoms in the postpartum 

period.  
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Table 1 – Distribution of demographic and clinical characteristics according to migraine status 
among 10181 deliveries at Grady Memorial Hospital 

 Overall 
(n=10181) 

Migraine 
(n=210) 
(2.06%) 

No Migraine 
N=9971 (97.9%) 

P-value 

Maternal Characteristics 

   Age at admission (years), mean (SD) 27.6 (6.4) 28.0 (5.4) 27.6 (6.4)     0.26 

   Race/Ethnicity, n (%)                                                                                                                                         
<0.0001 
        Hispanic 2182 (21.4) 17 (8.1) 2165 (21.7)  
        Black or African American 7178(70.50) 174 (82.9) 7004 (70.2)  

        White or Caucasian 304 (3.0) 11 (5.2) 293 (2.9)  

        Asian 243 (2.4) 4 (1.90) 239 (2.4)  

        Alaskan Indian/Alaskan Native 28 (0.28) 0 (0) 28 (0.30)  

        Hawaiian/Pacific Islander 15 (0.15) 0 (0) 15 (0.15)  
        Multi Race 80 (0.8) 3 (1.4) 77 (0.8)  

        Other 151 (1.5) 1 (0.5) 150 (1.5)  

   Gestational age at first prenatal visit 
(weeks), mean (SD) 

17.13 (8.6) 14.9 (7.92) 17.18 (8.6) <0.0001 

         Missing 1584 11 1573  
   Gestational age (weeks), mean (SD) 37.77 (3.11) 37.4 (2.5) 37.8 (3.12) <0.0001 

          Missing 22 0 22  

   Parity, n (%)                                                                                                                                            0.12 

         Nulliparous 3291 (32.3) 57 (27.0) 3234 (32.4)  

         Multiparous 6890 (67.7) 154 (73.0) 6737 (67.6)   
   Diagnoses, n (%) 

        Anxiety Disorder 335 (3.3) 24 (11.4) 311 (3.1) <0.0001 

        Reaction to Stress Disorder 115 (1.1) 6 (2.9) 109 (1.1)     0.03 

        Obesity 1922 (18.9) 68 (32.4) 1854 (18.6) <0.0001 

        Anemia  2202 (21.6) 40 (19.05) 2162 (21.7)     0.36 
        Pre-pregnancy diabetes 327 (3.2) 12 (5.7) 315 (3.2)     0.04 

        Gestational Diabetes  674 (6.6) 12 (5.7) 662 (6.6)     0.59 

        Chronic Hypertension 1190 (11.7) 52 (24.8) 138 (11.4) <0.0001 

   Tobacco Use during pregnancy, n (%) 752 (7.4) 20 (9.52) 732 (7.34)     0.24 

   Insurance Status, n (%)                                                                                                                         0.008 
        Medicaid/Medicare 8774 (86.1) 186 (88.6) 8588 (86.1)    

        Commercial 906 (8.90) 23 (11.0) 883 (8.9)  

        Self-Pay 501 (4.9) 1 (0.5) 500 (5.0)  



24 
 

 

 

  

Table 1 – Distribution of demographic and clinical characteristics according to migraine 
status among 10181 deliveries at Grady Memorial Hospital  (cont.) 

 Overall 
(n=10181) 

Migraine 
(n=210) 
(2.06%) 

No Migraine 
n=9971 
(97.94%) 

P-value 

Pregnancy and Delivery Characteristics   

   Prenatal Visits, mean (SD) 5.91 (4.1) 7.8 (4.0) 5.9 (4.1) <0.0001 

   Multiple Gestation, n (%) 210 (2.1) 6 (2.9) 204 (2.05)     0.41 

   Mode of Delivery, n (%)                                                                                                                0.0008 

         Cesarean 3021 
(29.7) 

87 (41.2) 2934 (29.4)  

         Operative 492 (4.8) 9 (4.3) 483 (4.8)  

         Vaginal 6668 
(65.5) 

114 (54.3) 6554 (65.7)  

   Length of hospital stay (days), 
mean (SD) 

3.6 (3.2) 4.4 (3.64) 3.5 (3.2) <0.0001 

Postpartum Readmission  

    Inpatient Admissions ≥ 1, n (%) 215 (2.1) 9 (4.3) 206 (2.1)       

    Emergency Department Visits ≥ 1, 
n (%) 

246 (2.4) 4 (1.9) 242 (2.4)       
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Figure 1: Inclusion/Exclusion tree for final analytic sample

Total Deliveries 

n= 10297 

Unknown/missing or 

duplicate race or ethnicity 

n= 78 

Missing parity 

n= 38 

Final Analytic Sample 

n= 10181 
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Table 2: Prevalence of Migraine diagnosis subtype based on ICD-10-CM among 
10181 deliveries 

Subtype N, % 

No Migraine 9971 (97.9) 

Migraine without Aura 15 (0.15) 

Migraine with Aura 25 (0.25) 

Chronic Migraine 1 (0.01) 

Other Migraine 7 (0.07) 

Unspecified Migraine 192 (1.90) 

Ophthalmoplegic Migraine 1 (0.01) 

Any Migraine 210 (2.06) 

 

 

 

Table 3: Prevalence of Hypertensive disorders of pregnancy diagnosis subtype 
based on ICD-10-CM among 10181 deliveries  

Subtype N, % 

No HDP 6754 (66.3) 

Pre-eclampsia without Severe Features/ 
Gestational Hypertension 

2738 (26.9) 

Pre-eclampsia with Severe Features/ 
Eclampsia 

689 (6.8) 

Any HDP 3427 (33.7) 
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Table 4. Crude and Adjusted Odd Ratios for the association between migraine 
status and HDP among 10181 deliveries at Grady Memorial Hospital 

 No 
Migraine 
n=9971 

Migraine 
n=210 

Crude OR 
(95% CI) 

Adjusted 
OR* (95% 
CI) 

No HDP (n, %) 6621 
(66.40%) 

133 
(63.33%) 

Ref Ref 

Preeclampsia without Severe 
Features/Gestational 
Hypertension (n, %) 

2674 
(26.8%) 

64 
(30.5%) 

1.19 
(0.88,1.60) 

1.33  
(0.97, 1.81) 

Preeclampsia with Severe 
Features/Eclampsia (n,%) 

676 (6.8%) 13 (6.2%) 0.96  
(0.54, 1.7) 

1.14  
(0.64, 2.06) 

Any HDP (n,%) 3350 
(33.6%) 

77 
(36.7%) 

1.14  
(0.87, 1.51) 

1.29  
(0.96. 1.73) 

* Adjusted for age at admission, anxiety disorder, obesity disorder, chronic hypertension, 
race/ethnicity, parity, insurance, and number of prenatal visits 

 

 

 

 

Table 5: Cumulative incidence for postpartum readmission by migraine status 
among 10181 deliveries at Grady Memorial Hospital 

Status at 
discharge 

Number of 
deliveries 
n=10181  

Postpartum 
Readmission n=419 

Cumulative incidence 
(%) 

No Migraine 9971 (97.9%) 406 (96.9%) 4.07 

Any Migraine 210 (2.1%) 13 (3.10%) 6.19 
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Table 6: Evaluation of the joint association between migraine status and maternal and sociodemographic 
characteristics in relation to the odds of HDP among exposure groups at Grady Memorial Hospital 

 No HDP  
n=6754 

Any HDP 
n=3427 

Adjusted OR* (95% 
CI) 

 

Exposure Groups 

Migraine Status Chronic Hypertension -- -- --  

No No 5582 3251 ref  

Yes No 85 73 1.36 (1.0, 1.86)  

No Yes 1039 99 0.60 (0.20, 1.81)  

Yes Yes 48 4 0.82 (0.28, 2.36)  

Migraine Status Obesity -- -- --  

No No 5561 2556 ref  

Yes No 91 51 1.40 (0.98, 1,98)  

No Yes 1060 794 0.77 (0.42, 1.44)  

Yes Yes 42 26 1.08 (0.65, 1.8)  

Migraine Status Anemia -- -- --  

No No 5242 2567 ref  

Yes No 110 60 1.29 (0.96, 1.74)  

No Yes 1379 783 1.13 (0.56, 2.30)  

Yes Yes 23 17 1.47 (0.32, 6.73)  

Migraine Status Reaction to Stress -- -- --  

No No 6556 3306 ref  

Yes No 129 75 1.29 (0.96, 1.74)  

No Yes 65 44 1.14 (0.24, 5.40)  

Yes Yes 4 2 1.47 (0.22, 10.0)  

Migraine Status Parity -- -- --  

No Nulliparous 1742 1492 ref  

Yes Nulliparous 29 28 1.36 (0.78, 2.33)  

No Multiparous 4879 1858 0.94 (0.48, 1.81)  

Yes Multiparous 104 49 1.27 (0.89, 1.82)  

Migraine Status Age  -- -- --  

No ≤ 27 3254 1933 ref  

Yes ≤ 27 65 35 1.0 (0.65, 1.52)  

No > 27 3367 1417 1.70 (0.93, 2.97)  

Yes > 27 68 42 1.65 (1.1, 2.45)  

Migraine Status Race/Ethnicity Category  -- -- --  

No non-Hispanic Black 4351 2653 ref  

Yes non- Hispanic Black 107 67 1.34 (0.98, 1.83)  

No non-Hispanic White 203 90 0.89 (0.57, 1.4)  

Yes non-Hispanic White 6 5 1.19 (0.76, 1.86)  

No Hispanic 1652 513 0.79 (0.32, 1.93)  

Yes Hispanic 14 3 1.06 (0.45, 2.44)  

No Other 415 94 0.70 (0.18, 2.69)  

Yes Other 6 2 0.94 (0.26, 3.33)  

* Adjusted for age at admission, anxiety disorder, obesity disorder, chronic hypertension, race/ethnicity, parity, insurance, and 
number of prenatal visits. **chronic hypertension, obesity, anemia, reaction to stress,  parity, age at admission, and race/ethnicity 
as interaction terms 
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