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IntroductIon

 Migraine is a common, disabling, 
primary headache disorder with sys-
temic vascular involvement, auto-
nomic dysfunction, and a wide range 
of ischemic vascular disorders.1,2 
Individuals with migraine, particu-
larly migraine with aura, are at risk 
for both ischemic and hemorrhagic 
forms of stroke, ischemic heart dis-
ease, myocardial infarction, angina, 
coronary revascularization proce-
dures, and vascular mortality.3 Indi-
viduals with migraine have an adverse 
cardiovascular risk profile, including 
hypertension. Although the exact 
mechanisms to explain increased vas-
cular events are not fully understood, 
hypertension, smoking and the use of 
oral contraceptives have been found 
to increase the risk of ischemic stroke 
for young women with migraine.4

 Studies assessing the association 
between migraine and hypertension, 

both diastolic and systolic, have yield-
ed conflicting results.5 One study 
found a positive association between 
headache and hypertension for both 
sexes independent of age.6 In a clinic-
based study, hypertension was more 
common in the headache group than 
in the general population; after ad-
justing for age and sex, positive asso-
ciations were found for tension-type 
headache and chronic tension-type 
headache, but less so for migraine.6 In 
contrast, multiple population stud-
ies suggest no association between 
migraine and hypertension or an 
inverse relationship.7 The comorbid-
ity of migraine and hypertension is 
of particular interest, as one study 
showed an increase risk of stroke/
TIA in subjects with migraine and 
hypertension as compared with the 
hypertension-only group in all age 
ranges.8 Continued research on the 
relationship between hypertension 
and migraine is clearly needed and 
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underscored by the high prevalence 
of both conditions. Furthermore, 
research is needed in populations of 
diverse race/ethnicity, as both condi-
tions have shown disparities across 
race/ethnic groups.9 Therefore, the 
aim of this analysis was to assess the 
relationship between hypertension, 
particularly its duration and con-
trol, with migraine in the Northern 
Manhattan Study (NOMAS), a large 
multiethnic, community-based study.

Methods

Study Population
 The Northern Manhattan Study 
is a longitudinal population-based 
study designed to study incidence 
and risk factors for stroke in a com-
munity of diverse race/ethnicity.  
Northern Manhattan is a well-de-
fined area of New York City made 
up of 63% Hispanic, 20% Non-His-
panic Black, and 15% non-Hispanic 
White residents. Details about re-
cruitment and enrollment have been 
published previously.10 Briefly, from 
1993-2001, participants were identi-
fied using random-digit dialing and 
recruited to have an in-person as-
sessment with the following eligibil-
ity criteria: a) never been diagnosed 
with a stroke; b) aged >40 years; and 
c) resided in Northern Manhattan 
for ≥3 months, in a household with 
a telephone. The enrollment response 
rate was 75% and the overall par-
ticipation rate was 69%, resulting in 
a final cohort of 3,298 participants. 
The study was approved by the IRBs 
of Columbia University and the Uni-
versity of Miami. All participants 
provided written informed consent.

Baseline Data Collection
 At baseline, participants were 
interviewed by trained bilingual re-
search assistants in English or Span-
ish, and the study physicians con-
ducted physical and neurological 
examinations. Baseline interviews in-
cluded standardized questions adapt-
ed from the Behavioral Risk Factor 
Surveillance System by the Centers 
for Disease Control regarding smok-
ing and other cardiovascular risk fac-
tors. Race-ethnicity was based upon 

Body mass index (BMI) was calculat-
ed in kg/m2.  Mild-moderate alcohol 
use was defined as current drinking 
of >1 drink per month and ≤2 drinks 
per day.  Physical activity was defined 
as the frequency and duration of 14 

different recreational activities during 
the 2-week period before the inter-
view, as described previously.10 Blood 
samples were drawn after an over-
night fast. Plasma levels of cholesterol 
and triglycerides were measured us-
ing standardized enzymatic proce-
dures with a Hitachi 705 automat-
ed spectrophotometer (Boehringer 
Mannheim, Mannheim, Germany). 
HDL was measured after precipita-
tion of plasma apo B-containing lipo-
proteins with phosphotungstic acid.

Hypertension
 Blood pressure was measured twice, 
before and after the physical examina-
tion, with mercury sphygmomanom-
eters and appropriately sized cuffs, 
and was averaged. Hypertension was 
defined as a blood pressure ≥140/90 
mm Hg, the patient’s self-reported hy-
pertension, or use of anti-hypertensive 
medications. Hypertension (present vs 
absent) was the primary independent 
variable of interest. We also examined 
duration and control of hypertension. 
Duration was defined as the time from 
self-reported diagnosis of hyperten-
sion to the date of baseline interview, 
and was categorized as >9 years and ≤9 
years because 9 years represented the 
median hypertension duration in the 
NOMAS cohort, as defined previous-
ly.11 We categorized individuals into 
four groups: a) long duration (diag-
nosis >9 years prior to interview) and 
controlled hypertension (BP <140/90 
mm Hg); b) short duration (diagno-

…the aim of this 
analysis was to assess the 

relationship between 
hypertension, particularly 
its duration and control, 

with migraine in the 
Northern Manhattan 

Study (NOMAS), a large 
multiethnic, community-

based study.

self-identification through a series of 
questions modeled after the US Cen-
sus and conforming to standard defi-
nitions outlined by Directive 15.11 
Smoking was categorized as never, for-
mer, or current (within the past year) 
smoking of cigarettes, pipes or cigars. 
Diabetes mellitus was defined by fast-
ing glucose ≥126 mg/dL, the patient’s 
self-reported diabetes, or use of insu-
lin or oral anti-diabetic medication. 
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sis ≤9 years prior to interview) and 
controlled hypertension (BP<140/90 
mm Hg): c) long duration (diagnosis 
>9 years prior to interview) and un-
controlled (BP ≥140/90 mm Hg; and 
d) short duration (diagnosis ≤9 years 
prior to interview) and uncontrolled 
hypertension (BP ≥140/90 mm Hg). 
In logistic regression models, these 
four groups were all compared to those 
without hypertension as the reference. 

Migraine
 Migraine history was included 
in the interviews for participants re-
cruited after 1998. Migraine status 
was based on self-report using a ques-
tionnaire, with additional questions 
closely adhering to the International 
Classification of Headache Disor-
ders-2 criteria for migraine, as pre-
viously described. Migraine without 
aura was defined as recurrent head-
ache with attacks lasting 4-72 hours; 
unilateral, pulsating, aggravated by 
physical activity and associated with 
nausea and/or photophobia and pho-
nophobia. Migraine with aura was 
defined as recurrent headache with 
attacks of completely reversible fo-
cal neurological symptoms lasting 
less than 60 minutes following aura 
symptoms. Aura was defined as vi-
sual changes such as spots, stars, 
lines, or flashing lights. The primary 
dependent variable of interest was 
migraine (yes vs no), and secondary 
outcomes were migraine with aura 
and migraine without aura, indi-
vidually compared to no migraine. 

Statistical Analysis
 First, the covariates were exam-
ined in relation to migraine status 
using chi-square tests and t-tests. 

Second, logistic regression models 
were constructed to examine the as-
sociation between hypertension (yes 
vs no) and categories of hypertension 
duration and control in relation to 
migraine presence. Covariates were 
chosen a priori. The first model was 
adjusted for age only. Model 2 also 
included sex, race/ethnicity, and 
education (high school completion, 
yes vs no). Model 3 additionally ad-
justed for smoking, diabetes, BMI, 
moderate alcohol use, HDL, LDL, 
and moderate-heavy physical activ-
ity. Stratified analyses by race/eth-
nicity were also conducted. Lastly, 
a similar sequence of multinomial 
logistic regression models was con-
structed to examine the relationship 
between hypertension (presence and 
duration/control categories) with cat-
egories of migraine (with aura, with-
out aura vs. no migraine). Statistical 
significance was defined as P<.05. 

results

 Data on migraine status was avail-
able for 1338 NOMAS participants, 
of whom 1065 (80%, 792 with hy-
pertension, 273 with no hyperten-
sion) had no migraine, 78 (6%, 64 
with hypertension, 14 with no hyper-
tension) had migraine with aura, and 
195 (15%, 160 with hypertension, 35 
with no hypertension) had migraine 
without aura.  The mean age was 
68.1 ± 9.6 years, and 37% were male, 
15% non-Hispanic White, 19% non-
Hispanic Black, and 67% Hispanic. 
Table 1 shows the breakdown of the 
study population by the covariates of 
interest, overall and stratified by mi-
graine status. Hypertension was pres-

ent in 76% of the study population, 
and 7% had controlled hypertension 
of short duration, 5% had controlled 
hypertension of long duration, 41% 
had uncontrolled hypertension of 
short duration, and 23% had uncon-
trolled hypertension of long dura-
tion.  The mean ± standard deviation 
for systolic blood pressure was 145 
± 21 mm Hg for the study popula-
tion (median=140, range=90-235), 
and 147 ± 20 mm Hg among 
those with migraine (median=145, 
range=110-235), and 144 ± 21 mm 
Hg among those without migraine 
(median=140, range=90-225). The 
systolic blood pressure was higher 
among those with migraine as com-
pared with those without migraine, 
t-test P=.03. Migraine prevalence 
did not vary by race/ethnicity (chi-
square P=.19). However, the preva-
lence of hypertension did vary by 
race/ethnicity (chi-square P=.0002), 
as Blacks were most likely to have 
hypertension (84%), followed by 
Hispanics (76%), and Whites (67%).
 Table 2 shows the association 
between hypertension presence and 
migraine status. In all three models, 
hypertension was positively associ-
ated with migraine (with and with-
out aura combined). Hypertension 
was also positively associated with 
migraine without aura in all 3 mod-
els. The odds ratios were stronger for 
the relationship with migraine with 
aura. We examined potential effect 
modification by age by including 
interaction terms between age and 
hypertension status in model 3, but 
no effect modification was suggested 
(not shown). Though there was also 
no evidence of effect modification 
by race/ethnicity, the association be-
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duration with migraine presence 
were even stronger. These associa-
tions were particularly apparent for 
migraine with aura (vs no migraine).  
Individuals with hypertension of long 
duration, whether uncontrolled or 
controlled, had a greater than two-
fold increased odds of having mi-
graine with aura as compared with 
participants with no hypertension. 

dIscussIon

 In this multi-ethnic urban popu-
lation, we found that hypertension 
was associated with migraine, both 
with and without aura. This asso-
ciation was particularly apparent for 
those with hypertension of long du-
ration (>9 years), both controlled 
and uncontrolled.  However, the 
data suggest that having uncontrolled 
hypertension even of shorter dura-
tion (≤9 years) was also associated 
with increased migraine prevalence. 
In other words, those with uncon-
trolled or controlled hypertension 
of long duration were more likely 
to report migraines. Migraine with 
aura, in particular, was observed 
more frequently among those with 
long-term hypertension in our study. 
 The prevalence of hypertension 
varied significantly across race/eth-
nic groups, with the highest preva-
lence observed among Blacks and the 
lowest among Whites. Though sig-
nificant effect modification by race/
ethnicity was not observed for the 
relationship between hypertension 
and migraine, the power to detect 
effect modification was limited, and 
the results suggest that the associa-
tion may be strongest among Whites 

Table 1. Study population characteristics

Study 
population 
(N=1338)

Migraine 
(n=273)

No migraine 
(n=1065) Pa

Age, mean±SD 68±10 67±9 69±10 .001
Male 498 (37) 68 (25) 430 (40) <.0001
Race/ethnicity .19
   White 195 (15) 35 (13) 160 (15)
   Black 249 (19) 43 (16) 206 (19)
   Hispanic 894 (67) 195 (71) 699 (66)
High school completion 511 (38) 87 (32) 424 (40) .02
Smoking .48
   Current 206 (15) 37 (14) 169 (16)
   Former 489 (37) 97 (36) 392 (37)
   Never 642 (48) 139 (51) 503 (47)
Diabetes 297 (22) 55 (20) 242 (23) .36
BMI, mean±SD 28.32±5.47 28.45±5.50 28.29±5.47 .66
Moderate alcohol consumption 470 (35) 83 (30) 387 (36) .07
HDL, mean±SD 45.55±13.91 45.33±14.25 45.60±13.83 .78
LDL, mean±SD 129.55±35.47 130.77±34.63 129.23±35.70 .53
Moderate-heavy physical activity 85 (6) 12 (4) 73 (7) .14

Hypertension .01b

No 322 (24) 49 (18) 273 (26)
Yes 1016 (76) 224 (82) 792 (74)
   Controlled, short duration 89 (7) 15 (5) 74 (7)
   Uncontrolled, short duration 545 (41) 110 (40) 435 (41)
   Controlled, long duration 64 (5) 18 (7) 46 (4)
   Uncontrolled, long duration 305 (23) 79 (29) 226 (21)

Data are n (%) unless specified otherwise.
a. From t-test or chi-square test
b. Hypertension presence vs absence, P=.01; global test of categories of hypertension duration and control, 
P=.01

tween hypertension and migraine 
appeared stronger among the White 
and Hispanic participants. In the 
fully-adjusted model 3, the OR for 
the association between hypertension 
and migraine was 2.42 (95% CI: .86-
6.82) among Whites, 1.14 (95% CI: 
.39-3.33) among Blacks, and 1.76 
(95% CI: 1.15-2.71) among Hispan-
ics. It is important to emphasize that 
although the odds ratio was largest 
among Whites (2.42), the confidence 
bounds for this group contained the 
null value of 1, reflecting the small 
sample size in this strata. The only 
race/ethnic strata with a significant 

association between hypertension and 
migraine was Hispanics, representing 
the majority of the study population. 
 Table 2 and Figure 1 show the 
association between categories of 
hypertension duration and control 
with migraine status. Controlled hy-
pertension of short duration was not 
associated with migraine. Uncon-
trolled hypertension of short dura-
tion was associated with an increased 
risk of migraine in all 3 models, and 
particularly with an increased risk of 
migraine without aura.  The posi-
tive associations for uncontrolled 
and controlled hypertension of long 
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and weakest among Blacks. However, 
the confidence bounds overlapped 
and the associations were not signifi-
cant in either of these smaller sub-
populations. Therefore, larger studies 
are needed to confirm our findings.
 Historically, the association be-
tween migraine and hypertension has 
yielded inconsistent results; mean-
while, little attention has been paid 
to ethnic differences. Our results dif-
fer from epidemiological studies from 
the Nord-Trondelag Health Survey, 
which showed a strong inverse rela-
tionship between hypertension and 
migraine.7 In contrast, migraine was 
a predictor for hypertension in Fin-
land.12 When comparing the comor-
bidities of migraine and hypertension 
with migraine or hypertension alone 
in a large, multicenter, cross-sectional 
study in Italy, the patients with both 
migraine and hypertension had a 
more frequent family history of mi-
graine and hypertension than both 
the migraine and hypertension groups 
alone.8 To the best of our knowledge, 
this is the first study to show a rela-
tionship between migraine and long 
duration controlled or uncontrolled 
hypertension in a large community 
sample of predominantly Hispanics. 
 The association between migraine 
and hypertension may be driven by 
environmental factors, shared bio-
logical factors, or a genetic vulner-
ability. Environmental and lifestyle 
factors that may be associated with 
both migraine and hypertension in-
clude dietary factors (ie, salty foods), 
physical inactivity, chronic stress; 
both are linked to the metabolic syn-
drome.13 Occupational stressors have 
been linked to migraine, higher am-
bulatory blood pressures, and more 
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Figure 1. Association of hypertension duration and control with migraine 
presence.
Association (OR and 95% CI) for categories of hypertension duration and control in relation to migraine pres-
ence, adjusted for age, sex, race/ethnicity, education, smoking, diabetes, BMI, alcohol, HDL, LDL, and physical 
activity, in the Northern Manhattan Study. The reference for the hypertension categories is no hypertension. 

Table 2. Hypertension and migraine in the Northern Manhattan Study

Migraine (yes vs 
no), OR (95% CI)

Migraine with aura 
vs no migraine, 
OR  (95% CI)

Migraine without 
aura vs no 

migraine, OR 
(95% CI)

Hypertension (present vs absent)
Model 1 1.70 (1.21-2.39) 1.98 (1.08-3.62) 1.62 (1.09-2.40)
Model 2 1.65 (1.16-2.34) 1.88 (1.01-3.49) 1.59 (1.07-2.37)
Model 3 1.76 (1.21-2.54) 1.86 (.98-3.55) 1.72 (1.13-2.63)

Hypertension duration and control
Short duration (≤9 years) controlled vs no hypertension
Model 1 1.19 (.63-2.24) 1.84 (.68-5.02) .97 (.45-2.11)
Model 2 1.11 (.58-2.12) 1.67 (.60-4.65) .93 (.42-2.03)
Model 3 1.06 (.53-2.10) 1.43 (.47-4.34) .91 (.40-2.07)
Short duration (≤9 years) uncontrolled vs no hypertension
Model 1 1.49 (1.03-2.16) 1.43 (.73-2.80) 1.52 (.99-2.32)
Model 2 1.48 (1.01-2.16) 1.39 (.70-2.76) 1.53 (.99-2.34)
Model 3 1.63 (1.09-2.42) 1.46 (.72-2.97) 1.69 (1.08-2.65)
Long duration (>9 years) controlled vs no hypertension
Model 1 2.49 (1.33-4.69) 3.82 (1.36-10.76) 2.15 (1.03-4.46)
Model 2 2.27 (1.19-4.31) 3.40 (1.16-9.90) 1.98 (.95-4.14)
Model 3 2.39 (1.21-4.70) 2.26 (1.05-4.87) 2.82 (.89-8.96)
Long duration (>9 years) uncontrolled vs no hypertension
Model 1 2.22 (1.48-3.34) 3.04 (1.51-6.15) 2.00 (1.26-3.19)
Model 2 2.12 (1.40-3.22) 2.92 (1.42-6.01) 1.92 (1.19-3.08)
Model 3 2.27 (1.45-3.54) 2.94 (1.38-6.27) 2.07 (1.24-3.45)

Model 1: age-adjusted 
Model 2: controlling for age, sex, race/ethnicity, education
Model 3: model 2+smoking, diabetes, BMI, alcohol, HDL, LDL, physical activity
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recently ischemic stroke.14,15 Lastly, 
although within the class of anti-hy-
pertensive drugs, several are known 
to be migraine preventive that could 
reduce the association between mi-
graine and uncontrolled hyperten-
sion, non-steroidal anti-inflamma-
tory agents are first-line medications 
for migraine but are well-known 
to induce secondary hypertension. 
 In terms of shared biological fac-
tors, brainstem regions that control 
the cardiovascular system also modu-
late pain; moreover, the hypothala-

to genetic deletion, may be one ex-
planation for the association between 
migraine and hypertension although 
there is conflicting evidence.19,20 Un-
derlying mechanisms may also in-
clude sympathetic nervous overactiv-
ity for hypertension, which has also 
been postulated as underlying mech-
anism for migraine.2 In our older 
cohort, long-duration hypertension 
may be associated with migraine due 
to the increased sympathetic nerve 
activity observed as a consequence 
of aging.21 In a transcranial Doppler 
study, static autoregulatory proper-
ties were impaired in the anterior 
and cerebellar circulation of patients 
with migraine with aura. Although 
further work is needed, these findings 
may explain why long-term hyper-
tension was more frequent in the mi-
graine with aura group in our study.22

 We suspected that there might be 
ethnic and racial factors in the associ-
ation of migraines and hypertension, 
which could conceivably contribute 
to greater stroke risks in Blacks and 
Hispanics. Both hypertension and 
migraine are risk factors for silent 
brain lesions, both white matter hy-
perintensities and silent brain infarc-
tions, as well as adverse cardiac and 
cerebrovascular events.23,24 In a prior 
NOMAS study assessing migraine 
as a risk factor for stroke, no interac-
tion between migraine and hyperten-
sion was found; this may have been 
due to a low power to detect a differ-
ence.25 In another study, the presence 
of hypertension and migraine was 
found to increase the risk of stroke/
TIA in the low Framingham risk 
score group.8 Ethnic differences in 
carotid artery diameter and stiffness 
were observed in Hispanics but not 

Blacks or among Whites; and, there 
is some evidence that migraine may 
be associated with enhanced arterial 
stiffness.26 Endothelial dysfunction is 
associated with hypertension and has 
been postulated in migraine; how-
ever, a recent meta-analysis showed 
a lack of association between endo-
thelial dysfunction and migraine.27  
 Hypertension and migraine are 
public health problems; the impact 
of the potential relationship between 
hypertension and migraine is under-
scored by the high prevalence of both 
of these conditions.28 We did not find 
an association between race/ethnic-
ity and migraine; however, race/eth-
nic differences exist in the incidence 
and control of hypertension in Blacks 
and Hispanics.29,30 Although we did 
not report the prevalence of chronic 
migraine (>15 headache days/month 
during 3 months), in the American 
Migraine Prevalence and Prevention 
Study, Hispanics were most likely to 
have chronic migraine, mostly due to 
lower socioeconomic status.31 In an-
other study, individuals with moder-
ate to severe levels of migraine disabil-
ity were less likely to utilize the health 
care setting for migraine treatment, 
receive migraine medication, and 
obtain a headache diagnosis if they 
were African American as compared 
with Whites.32 The combination of 
more disabling forms of migraine 
and lower access or less adequate 
health care utilization may drive the 
association.9 While the role of tradi-
tional vascular risk factors in cardio-
vascular disease in individuals with 
migraine remains a subject of debate, 
the results of our study reinforce the 
importance of regular screening and 
treating elevated blood pressure, and 

In this multi-ethnic urban 
population, we found 
that hypertension was 

associated with migraine, 
both with and without 

aura.

mus and insula have an increasingly 
recognized role in migraine patho-
physiology and control autonomic 
pathways important for blood pres-
sure control.16 The renin-angiotensin 
system may be an underlying mecha-
nism linking migraine with hyper-
tension. Angiotensin I-converting 
enzyme is thought to be involved in 
blood pressure control and vascular 
tension; both angiotensin convert-
ing enzyme inhibitors and angioten-
sion II receptor blockers have shown 
efficacy for migraine prevention.17,18 
The possible association between mi-
graine with aura and elevated angio-
tensin-converting enzyme levels due 
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continued control of hypertension.  
 Our study is strengthened by the 
use of a large population-based and 
race/ethnicity diverse cohort, includ-
ing a large proportion of Hispanic 
participants who are typically under-
represented in studies of migraine. 
However, limitations must be noted. 
The cross-sectional design prohibits 
inferences about causality or tempo-
rality for the association between hy-
pertension and migraine. Therefore, 
the severity of migraine over time was 
not assessed. Both hypertension and 
migraine were identified using self-re-
ported questionnaires, and therefore 
sensitive to recall bias. A history of 
headache was identified as migraine 
by the International Classification 
Headache Disorders II (ICHD-2), 
though. The prevalence of migraine 
observed in our cohort was consistent 
with well-established epidemiological 
studies using the ICHD-2, and the 
percentage with aura was also consis-
tent with other study samples, sug-
gesting that any bias was likely mini-
mal. Though our definition of visual 
auras was confined to visual changes 
such as spots, stars, lines, flashing 
lights and is restrictive, inclusion of 
negative phenomena such as loss of 
vision, numbness and motor deficits 
may have been difficult to distinguish 
from transient ischemic attacks based 
on self-report. Migraine was assessed 
only in a subset of the NOMAS pop-
ulation. However, selection bias is 
unlikely as hypertension was unrelat-
ed to availability of data on migraine 
(not shown). Lastly, the power to de-
tect effect modification by race/eth-
nicity was limited in this study popu-
lation that was majority Hispanic; 
therefore, we suggest that future stud-

ies examine whether the relationship 
between hypertension and migraine is 
consistent across race/ethnic groups. 

conclusIon 
 
The results of our study suggest a 
strong association between hyper-
tension and migraine, both with and 
without aura, in a predominantly 
Hispanic population of older adults. 
The association was particularly ap-
parent for uncontrolled hyperten-
sion and hypertension of long du-
ration. Future studies are needed, 
particularly longitudinal studies 
that may address the temporality of 
the relationship and whether better 
control of hypertension may reduce 
migraine burden. Lastly, given that 
our findings support the association 
between migraine and hypertension, 
additional studies by race/ethnicity 
should focus on mediators that may 
increase the prevalence and control 
of hypertension in individuals with 
migraine such as arterial stiffness, 
inactivity and dietary factors. The 
association between migraine and 
uncontrolled hypertension based on 
the JNC-8 hypertension guidelines is 
also of interest.33,34 Lastly, the findings 
should be confirmed in other diverse 
cohorts of diverse race/ethnicity with 
younger age ranges as our findings 
may not be generalizable to non-
Hispanic and younger populations.
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