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ABSTRACT 

Background  

Whether blood pressure (BP) per se correlates with headache frequency in migraine is 

uncertain.  

Methods 

Newly diagnosed migraine patients without anti-hypertensive or migraine preventive 

treatment were prospectively enrolled. Standardized BP measurement was done at 

each visit. Patients were dichotomized by the overall arithmetic mean of baseline 

systolic BPs (SBPs). Correlations between baseline SBPs and monthly headache days 

(MHDs), based on prospective headache diaries, were determined. Participants were 

treated as usual for 3 months. The associations between changes (Δ) in BP and in 

MHD at 3 months were examined. 

Results 

In total, 441 (344F/97M, mean age 39.1±10.3 years) migraine patients were analyzed, 

including 197 (44.7%) with above-average SBPs, i.e. ≥120.1 mmHg. There were 

significant correlations between SBPs and MHDs at baseline (Spearman’s rho=0.181, 

p=0.012) and between ΔSBPs and ΔMHDs at 3 months (Spearman’s rho=0.257, 

p<0.001) in patients with above-average SBPs. In addition, a ≥50% MHD 

improvement increased the odds for 5-mmHg SBP reductions at 3 months (odds 



ratio=1.70, 95% confidence interval=1.05-2.76, p=0.032). 

Conclusions  

SBP was associated with headache frequency in migraine patients and the association 

was stronger in those with higher SBP. The improvement in headache frequency 

paralleled that in SBP, although the underlying mechanisms remain to be determined.  
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Introduction 

The association between blood pressure (BP) and migraine has been an issue of 

debate in the literature and also in the daily clinical practice, especially when it comes 

to the association between increased risks for cerebrovascular and cardiovascular 

events and migraine (1-5). The association between high BP and headache was first 

reported in the early twentieth century (6), although subsequent reports were 

inconsistent (7-15). Some studies reported that migraine was associated with an 

increased risk not only for co-morbid hypertension (8, 9), but also for developing 

hypertension during follow-up (10, 15). On the other hand, it was also reported that 

patients with migraine had lower systolic and pulse pressures, but higher diastolic 

pressure when compared with those without (7), and migraine was more common 

among normotensive individuals than hypertensive patients (16). However, most of 

these reports examined the prevalence or incidence of migraine within groups with or 

without hypertension. Whether BPs per se could have an impact on headache 

frequency in patients with migraine, or vice versa, has rarely been investigated. 

Whether the outcomes of BP and headache in migraine are correlated with each 

other is uncertain. Based on cross-sectional studies, hypertension was believed to be a 

risk factor for migraine chronification (17-19), although longitudinal data have been 

scarce. However, some insights could be derived from migraine preventive or anti-



hypertensive treatment. Some anti-hypertensive agents are also effective in migraine 

prophylaxis (20-24). Besides, a meta-analysis of clinical trials on anti-hypertensive 

agents reported a lower incidence of headache reported as an adverse event in the 

treatment group than in the placebo group (25). These findings suggest that the 

outcomes of headache and BP could be correlated, although further clarification is 

necessary. 

 The objectives of the present study were to investigate the association between 

headache frequency and BP per se in migraine patients, as well as the association 

between the outcomes of headache and BP at 3 months. 

Methods 

Participants 

This was a prospective study enrolling newly diagnosed migraine patients 

without prior treatment with migraine preventive or anti-hypertensive agents from the 

Headache Clinic of Taipei Veterans General Hospital. The diagnosis of migraine was 

made based on the criteria of the third edition of the International Classification of 

Headache Disorders (26). Patients were eligible at their first visits if they were (a) 

willing to participate in the study, (b) aged 20 or above, (c) diagnosed as migraine 

without aura or migraine with aura, and (d) occurrence of migraine before age 50. 

Patients were excluded if they had (a) an acute headache with a history of <1 month, 



(b) a secondary headache disorder, (c) a history of use of migraine preventive 

medications or anti-hypertensive drugs within 3 months before enrollment, and (d) 

physical or mental disorders precluding the completion of detailed history taking. 

Eligible patients were enrolled in the study and were asked to keep a headache diary, 

and a headache day was defined as a calendar day with a headache lasting ≥ 4 hours. 

They received preventive treatment at the discretion of the treating physicians. 

Patients were included in the final analyses if they had at least one follow-up clinic 

visit within 3 months. The study protocol was approved by the Institutional Review 

Board at the Taipei Veterans General Hospital (IRB-TPEVGH No. 2018-10-008A). 

All participants provided informed consent prior to participation. 

Blood pressure measurement 

Blood pressures (BPs) were measured at each visit using a standard protocol. After 

having a rest in a quiet room for >5 minutes, two BP readings were obtained by a 

research assistant using a non-invasive stand-alone BP monitor (WatchBP Office 

Central, Microlife Corp., Taipei, Taiwan). The averaged values of the two BP readings, 

including systolic BPs (SBP), diastolic BPs (DBPs), and mean arterial pressures 

(MAPs), were used for analyses. The patients were categorized as having above- or 

below-average SBPs if their baseline SBPs were higher or lower, respectively, than the 

arithmetic mean value of the baseline SBPs of the entire study population. Identical 



procedures were used to measure BP at the follow-up visit at 3 months.  

Statistical analysis 

Baseline characteristics between the above- and below-average SBP groups were 

compared by using student’s t test for continuous variables or Mann-Whitney U test if 

the variables were not normally distributed, and by using chi-square test for 

categorical variables. The changes in SBP (ΔSBP) and the change in the number of 

monthly headache day (MHD) (ΔMHD) at 3 months were determined, and missing 

data were imputed by using the last-observation-carried-forward (LOCF) method. 

Paired t test was used to compare the differences between baseline and at 3 months. 

As the null hypothesis of normality of our SBP and MHD data was rejected by the 

Shapiro–Wilk test, Spearman’s rho statistics was used to examine the correlations 

between SBPs and the numbers of MHDs at baseline and between the changes in 

SBPs (ΔSBP) and the changes in MHDs (ΔMHDs) at 3 months. The patients in the 

above- and below-average SBP groups were further divided into higher and lower 

MHDs, as well as SBPs, by the medians within that group. Logistic regression 

modeling was carried out to compare the odds of having higher SBPs between 

patients with higher and lower MHDs at baseline, and to estimate the odds ratios 

(ORs), as well the 95% confidence intervals (CIs), for having 5-mmHg improvement 

in SBP (27) at 3 months between patients with and without ≥50% reduction in MHD. 



Potential confounders were controlled, including age, sex, body mass index (BMI), 

monthly days of analgesic use at baseline (days/month), headache severity at the time 

of BP measurement (0-10/10 on numerical rating scale), analgesic use on the day of 

clinical visit, baseline BP status (<mean/≥mean), and preventive treatment during the 

follow-up period. All statistical analyses were carried out by using IBM SPSS 

Statistics for Windows, version 24.0 (IBM Corp., Armonk, NY, USA. Statistical 

significance was defined as a two-sided p of <0.05. 

 

Results 

Baseline characteristics (table 1) 

In total, 600 migraine patients (470F/130M, mean age 40.0±10.7 years, mean 

headache frequency 9.8±7.7 days per month, mean SBP 119.9±18.6 mmHg) were 

enrolled. Of them, 159 (122F/37M, mean age 37.8±10.8) were excluded for the use of 

anti-hypertensive agents (n=5) or preventive medications (n=51), or loss to follow-up 

after the initial visit (n=103), and 441 (344F/97M, mean age 39.1±10.3 years) 

(73.5%) were included in the final analyses. At baseline, the headache frequency was 

9.8±7.7 MHDs, and the SBP, DBP, and MAP were 120.1±18.9, 75.8±11.6, and 

90.6±13.4 mmHg, respectively. The patients were then divided into two groups by the 

arithmetic mean of baseline SBPs of the entire population, i.e. ≥120.1 mmHg (n=192, 



43.5%) and <120.1 mmHg (n=249, 56.5%). Patients in the above-average SBP group 

were older (42.2±10.2 vs. 36.7±9.8 years, p<0.001) and less likely to be a woman 

(62.0% vs. 90.4%, p<0.001) (table 1). Besides, they had higher BMIs (25.0±4.1 vs. 

21.3±2.7, p<0.001) and more monthly days of analgesic use (7.4±7.8 vs. 5.5±6.4 

days, p=0.010); whereas the headache frequencies (9.9±8.3 vs. 9.7±7.3 MHDs, 

p=0.598) and the proportions of migraine with aura (9.9% vs. 10.0%, p=0.960), non-

steroidal anti-inflammatory drug (NSAID) use (48.4% vs. 43.0%, p=0.253), and 

triptan use (6.8% vs. 7.2%, p=0.852) were comparable. 

Correlations between blood pressures and headache frequency at baseline 

Overall, headache frequency increased with baseline SBP (figure 1) in the entire 

study population. There was a positively correlation between MHD and SBP in 

patients with above-average baseline SBPs (Spearman’s rho=0.181, p=0.012), but not 

in those with below-average baseline SBPs (Spearman’s rho=0.029, p=0.646) (figure 

1A, table 2). On the other hand, there was no correlation between SBP and headache 

severity at the time of BP measurement at baseline (Spearman’s rho=0.051, p=0.290). 

The correlations were similar but weaker in DBPs and MAPs (table 2). Patients with 

higher MHDs were more likely to have higher SBPs after controlling for potential 

confounders, although the association was present only in patients with above-average 

SBPs (OR=2.31, 95% CI=1.17-4.56, p=0.017), but not in those with below-average 



SBPs (OR=1.21, 95% CI=0.66-2.21, p=0.534) (Figure 1B). 

Treatment and clinical outcomes at 3 months 

The average interval from baseline to 3-month follow-up was 2.1±0.9 months. 

During the 3-month follow-up period, 223 patients (50.6%) were treated with 

preventives, including 135 (60.5%) with flunarizine, 87 (39.0%) with beta-blockers, 

20 (9.0%) with antiepileptics, 17 (7.6%) with candesartan or lisinopril, 9 (4.0%) with 

onabotulinumtoxinA, and 6 (2.7%) with tricyclics or serotonin-noradrenalin reuptake 

inhibitors. Among these patients, 47 (21.1%) used more than one category of 

preventive agents. Besides, 415 (94.1%) patients received acute medications, 

including 356 (85.8%) with triptans, 129 (31.1%) with NSAIDs, 59 (14.2%) with 

ergots, 2 (0.5%) with acetaminophen, and 2 (0.5%) with acetaminophen/tramadol. 

Overall, the headache frequencies decreased at 3 months (9.8±7.7 vs. 7.9±6.6 MHDs, 

p<0.001), as did SBPs (120.1±18.9 vs. 114.6±15.5 mmHg, p<0.001). 

Association between changes in systolic blood pressures and headache frequencies at 

3 months 

Overall, the extent of MHD improvement was greater in patients with higher 

baseline SBPs (figure 2A). There was a statistically significant correlation between 

ΔMHDs and ΔSBP (Spearman’s rho=0.114, p=0.016), which was derived from 

patients with above-average SBPs at baseline (Spearman’s rho=0.257, p<0.001), but 



not from those with below-average SBPs (Spearman’s rho=0.052, p=0.410) (figures 

2B & 2C).  

In the entire study population, patients with a ≥ 50% decrease in MHDs were 

more likely to have SBP reductions by 5 mmHg (OR=1.63 [1.05-2.55], p=0.031) 

when compared with those without, after controlling for potential confounders (table 

3). Besides, the findings were consistent even when baseline SBP status 

(<mean/≥mean) (model 2) or headache severity at the time of BP measurement 

(model 3) were further controlled (table 3). The findings were consistent for 3-mmHg 

and 7-mmHg reductions, and were more pronounced in those treated with preventive 

medications in exploratory analysis (supplementary table). 

  

Discussion 

In this large prospective clinic-based cohort (n=441), the relationship between 

SBPs and headache frequencies was demonstrated in newly diagnosed preventive- 

and anti-hypertensive-naïve migraine patients. At baseline, SBPs were correlated with 

headache frequencies (Spearman’s rho=0.181, p=0.012), and patients with higher 

MHDs were more likely to have higher SBPs (OR=2.31, 95% CI=1.17-4.56, 

p=0.017). At 3-month follow-up, the decrease in headache frequency paralleled that in 

SBP. The findings were more pronounced in patients with above-average SBPs, i.e. 



≥120.1 mmHg. More importantly, the findings remained after controlling for potential 

confounders, including headache severity at the time of BP measurement and 

presence or absence of analgesic use. 

One of the strengths of the present study is the relatively large sample size. In the 

present study, SBP per se and headache frequency, rather than the presence or absence 

of hypertension or migraine, were collected and analyzed. We assessed the association 

between a physiological parameter and attack frequency, not merely the association 

between two diagnostic categories. Such in-depth analysis would not be feasible 

without such data abundance. Secondly, the data are of high quality. Migraine 

diagnoses were made by in-person clinical evaluations by headache specialists. BP 

was collected prospectively using a standard protocol. The number of MHDs were 

assessed with prospective daily diaries. In addition, the prospective and longitudinal 

nature of the present study reduced recall bias, which could be common for 

retrospective or cross-sectional designs.  

In the baseline analysis of the present study, headache frequencies were 

correlated with SBPs in migraine patients, consistent with some prior reports, which 

provided evidence in favor of a positive association between migraine and 

hypertension (8-10, 13-15, 27-30). Some prior studies have reported an inverse 

association (7, 11, 12, 31) or even the absence of association (32). The discrepancies 



could be, at least in part, attributed to the differences in study populations and 

methodologies. Most of the published studies were population-based studies, and 

investigated the prevalence or incidence of migraine and hypertension diagnoses 

rather than the disease severities. In contrast, the current study examined the 

association between headache frequency and SBP per se in migraine patients using 

both cross-sectional and longitudinal data, and patients with above- and below-

average baseline SBPs were analyzed separately. Otherwise it would not be easy to 

pick up the correlation between SBP and headache frequency as the overall 

association in the entire study sample was not significant. On the other hand, even 

though theoretically acute medications could have a role, the proportions of patients 

using NSAIDs or triptans were comparable between patients with above- and below-

average baseline SBPs (table 1). Besides, the association remained after controlling 

for potential confounders (supplementary figure). However, the associations were not 

strong. It could not be excluded that part of the associations was derived from patients 

with SBPs much higher than the rest of the study population. Nevertheless, patients 

with very high SBPs, i.e. ≥ 160 mmHg constituted only 3.4% (n=15) of the study 

population, and might not have a substantial contribution to the finding. Therefore, it 

is likely that the association was present in patients with above-average SBPs, and 

could be more pronounced in those with very high SBPs. Further studies are needed 



to provide evidence for or against such an association. 

During follow-up, there was a trend toward greater improvement in headache 

frequency in those with higher baseline SBPs (figure 2A). There was a positive 

correlation between ΔSBP and ΔMHD, especially in patients with above-average 

SBPs at baseline (figures 2B & 2C). Our findings seemed incongruent with those of 

the HUNT studies, which concluded with an inverse relationship between BPs and 

migraine (12, 31). In the HUNT studies, elevated SBPs and pulse pressures were 

associated with decreased odds of having migraine at 11-years’ follow-up. Differences 

in study design (clinic-based vs. population-based), outcome measure (change in 

headache frequency in migraine patients vs. change in migraine prevalence), and 

follow-up duration (3 months vs. 11 years) could account for these differences. More 

importantly, a substantial proportion (50.6%) of patients in the present study were 

treated with preventive medications. Therefore, the finding of the present study could 

not be compared with those of the HUNT studies directly. However, our findings 

could have a more practical impact for headache clinicians as the results were derived 

from a clinical setting. 

There was accumulating evidence for increased risks of cardiovascular and 

cerebrovascular events in migraine patients when compared to healthy controls (1-5), 

and elevated BP might be a potential missing link between migraine and vascular 



events. In the present study, a ≥50% improvement in headache frequency was 

associated with an increased likelihood of SBP reduction at 3 months in the present 

study. On the other hand, even though migraine with aura was commonly mentioned 

as a risk factor for vascular events (4), the proportions of patients with aura were 

comparable between above- and below-average baseline SBP groups, which could 

suggest that BP might not have a role in the association between migraine aura and 

vascular risks. Even though SBP was selected as the primary BP parameter in the 

present study, the relative significance of different BP parameters as to the underlying 

pathophysiology remains unknown. Recently, it was reported that there was a positive 

correlation between central SBP and the volume of cerebral white matter 

hyperintensities (28), which could suggest that SBP could play a more important role. 

On the other hand, some studies suggested the potential roles of endothelial 

dysfunction (35-37) and systemic inflammation (38-41). Endothelial dysfunction has 

long been believed to participate in the pathophysiology of hypertension and vascular 

diseases (35), and its role in migraine is drawing increasing attention in recent years 

(36). In fact, according to a pilot study from our group, migraine patients had 

increased circulating endothelial-specific microRNAs (37), two of which, i.e. miR-

155 and miR-126, were related to a number of chronic pain disorders (42). 

Hypertension could lead to chronic systemic inflammation related to vessel wall shear 



stress, oxidative stress, and endothelial dysfunction, which could result in 

atherosclerosis and target-organ damage (38, 39). There is also some evidence 

suggesting the involvement of inflammatory cytokines in the pathogenesis of 

migraine (40, 41). However, whether endothelial dysfunction or inflammation 

participates in the association between BPs and migraine frequency warrants further 

clarification.  

Our study had some limitations. First, the current study was a clinic-based study, 

and the generalizability of the findings may be limited due to concerns about selection 

bias. However, a relatively large cohort was analyzed and the data were collected in a 

standardized fashion, both of which could potentially minimize selection bias. 

Besides, a well-structured referral system is still being developed in the healthcare 

system in Taiwan, and a substantial proportion of patients in our headache clinic came 

in directly without referral. Therefore, even though this was a clinic-based study, the 

data collected could reflect the situation in the field to a certain extent. Secondly, as a 

real-world observation study, there was not a predetermined treatment protocol, and 

the treatment was determined at the discretion of the treating physicians. Whether 

different treatment strategies could have different impacts on our findings is 

unknown. However, the findings remained after controlling for these potential 

confounders. Third, SBP was used as the primary BP parameter based on the 



estimated effect size and statistical significance, and whether SBP, as compared with 

other BP parameters, might have a more important role remains to be further studied. 

Fourth, the classification of status of baseline SBPs was based on the measured SBPs 

at the first visit. It could be possible that some of patients belonging to the below-

average SBP group could actually had above-average SBP before or after BP 

measurement at the first visit, or vice versa. However, the effect of misclassification 

bias could be reduced by the relatively large sample size (n=441) of the present study. 

More importantly, such misclassification would result in underestimation rather than 

overestimation of the association. Fifth, the 3-month follow-up period may not be 

adequate to have a complete assessment of headache outcome, given the fluctuating 

nature of migraine as well as BPs (43). Finally, BP measurement was carried out on 

the left side, rather than on both sides, and it could not be excluded that a minority of 

patients could have conditions that could have an impact on the measured BP, such as 

subclavian steal syndrome. 

Conclusions 

The present study identified an association between SBPs and headache frequencies 

in migraine patients, particularly in those with above-average SBPs at baseline. This 

could indicate that SBPs might be an indicator of disease severity of migraine, 

especially when taking into account that the SBP measured was correlated with the 



headache frequency in the previous month. Besides, the change in SBP was in parallel 

with that in headache frequency. However, the underlying mechanisms remain to be 

determined. Further studies are needed to verify these findings. 
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Figures

Figure 1

Association of headache frequency and systolic blood pressure at baseline A. Mean headache frequency
(number of monthly headache days, MHD) ± standard error strati�ed by systolic blood pressure (SBP).
Dashed line indicates the overall mean headache frequency in the entire study population, i.e. 9.7 days



per month, and overall mean systolic blood pressure, i.e. 120.1 mmHg B. The associations between
monthly headache frequencies and baseline blood pressures, strati�ed by baseline SBPs. Adjusted for
age, gender, body-mass index, monthly days of analgesic use at baseline (days/month), headache score
on the day of clinic visit at baseline (0-10/10), and baseline BP status (< mean/≥ mean) Abbreviations:
CI=con�dence interval, DBP=diastolic blood pressure, MAP=mean arterial pressure, SBP=systolic blood
pressure

Figure 2



Association of changes of headache frequency and systolic blood pressure at 3 months A. Patients with
higher baseline SBP had greater improvement in the number of monthly headache days at 3 months B.
There was no association between the change in SBP (ΔSBP) and that in the number of monthly
headache days (ΔMHDs) at 3 months in patients with below-average SBPs, i.e. < 120.1 mmHg C. ΔSBP
was positively correlated with ΔMHDs in patients with above-average baseline SBPs, i.e. ≥ 120.1 mmHg
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