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Background: Headache is the most frequent condition for outpatient patients because of
neurological problems, but little is known about predisposing and enabling factors for
headache patients.

Aim: To investigate the association between blood pressure (BP) and headache in post-
menopausal women.

Methods: The postmenopausal women who were admitted to our hospital from
January 2015 to December 2019 were screening according to the criteria. Their systolic
BP (SBP), diastolic BP (DBP), pulse pressure (PP) were assessed and the information of age,
body mass index, smoking status, caffeine consumption, cholesterol levels, and daily alcohol
use were collected. Multiple logistic regression model was established to evaluate the
association between BP and headache.

Results: A total of 1571 postmenopausal women were included in the analysis, including
953 headache-free population and 618 headache participants during the studied periods. We
found that increasing SBP and PP were associated with the lower occurrence of migraine,
tension-type headache (TTH), probable migraine, and unclassified headache (P < 0.05).
However, there was a negative association between DBP levels and the new occurrence of
overall headache, but we did not find any relations of DBP with any subtypes of headache.
Conclusion: There were negative associations of SBP and PP with new occurrence of
headache, especially migraine and TTH, but there is no relationship between DBP and the
subsequent development of headache.
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Introduction

Headache is the most frequent condition for outpatient patients because of neuro-
logical problems.! As a major public-health problem, recurrent or persistent head-
ache has seriously negative impacts on personal qualities of life and socioeconomic
burden.”® The commonest types of headache are migraine and tension-type head-
ache (TTH), which belong to primary headaches.* However, little is known about
predisposing and enabling factors for headache patients.

Studies have shown that blood pressure (BP) has an association with headache,
although researches on such association are still conflicting. It is commonly
accepted that headache has a link with multiple diseases which causes abrupt
and paroxysmal increase in BP in acute conditions.” And the elevation of BP
commonly appears in headache patients in the emergency department, which was
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significantly more than patients with other problems.®
Nevertheless, some studies suggested that the elevation
of both systolic BP and pulse pressure may decrease
headache prevalence through modulation of the baroreflex
arch.” And there is a research did not found an association
between the change of BP and the occurrence of headache
on patients with mild hypertension.® Moreover, studies
have shown that headache was a prevalent problem in
postmenopausal women, and they experience an improve-
ment in the frequency of headache at menopause.’'’
However, studies focused on the association between
blood pressure and headache in postmenopausal women
were absent, and the specific definition of headache-free
population is scarce in current research.

Thus, we conducted a hospital-based study to evaluate
the possible relationship between BP and headache in
postmenopausal women, especially migraine and TTH.
Our study could provide a more convinced evidence by
adjusting for multiple potential confounders and giving
a uniform and specific definition of headache-free

population.

Methods
Subjects

First of all, we found the information of all hospitalized
patients in our hospital from January 2015 to
December 2019 after approving by the Ethics Committee
of Affiliated Hospital of North Sichuan Medical College,
and this study was conducted in accordance with the
Declaration of Helsinki. The participants who enrolled in
this study were carefully selected from these hospitalized

patients according to the inclusion criteria and exclusion

criteria.
The inclusion criteria were like following: (1)
Participants who are post-menopausal females; (2)

Participants who had complete clinical information; (3)
Participants who are willing to sign written informed con-
sent and comply with the study; (4) Participants have not
taken any hypertensive medications or accepted hormone
replacement therapy (HRT) and headache prophylactic
therapies.

The exclusion criteria include the following: (1)
Participants are males or females who still have menstrua-
tion; (2) Participants with incomplete medical records; (3)
Participants who refused to participate in this study; (4)
Patients who were taking antihypertensive medications or
receiving hormone replacement therapy.

All participants were asked by this question during
follow-up: “Have you suffered from headache during the
last month?”. If the answer is “Yes’, the participants were
classified as headache patients. Those who answered “no”
were considered as the headache-free populations. All
participants will be followed up at 1-month intervals
through telephone and outpatient follow-up review, with
a total follow-up of 2 years. Their BPs and cholesterol
levels were measured, and their smoking status, physical
activities, caffeine and alcohol consumptions were asked
and recorded during every follow-up review.

Headache Diagnoses

During the follow-up reviews, the patients who developed
headache were required to go to our hospital to receive
examinations. The participants who had headache symp-
toms were categorized as: migraine group, probable
migraine group, TTH group or unclassified headache
group. And those migraine and TTH patients were diag-
nosed by physicians according to the criteria of
International Classification of Headache Disorders, 3rd
edition (beta version).'" Patients who have probable
migraine means that they fulfill all but one of the diag-
nostic criteria for a subtype of migraine headache.'
Besides, the unclassified headache was defined by
a headache which did not fulfill the characteristics of any
diagnoses.

Blood Pressure Assessment

Bp, including systolic BP (SBP), diastolic BP (DBP),
pulse pressure (PP) and were measured by a digital sphyg-
momanometer. Participants must have a rest for at least 5
min before measuring their BP. The final recording data
were calculated as the average systolic and diastolic pres-
sures based on 3 seated resting measurements. The aver-
age BPs of all follow-up reviews were used in the final
analysis. And the values of SBP were divided into 4
<120, 120-139, 140-159 and >160 mmHg.
Moreover, the values of DBP were divided into 4 groups
as well: <80, 80-89, 90-99 and >100 mmHg. And the
values of PP were divided into <45, 45-54, 55-64 and >65
mmHg.

groups:

Statistical Analysis

The normally distributed data were presented as means +
standard errors. The frequency and percentage (%) were
used for categorical variables. Multiple logistic regression
model was established to evaluate the association between
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BP and headache. The BP categories were included in the
model as continuous variables, thereby investigating
a potential linear tendency and calculating the odd ration
(OR) per 10 mmHg. This model also used by adjusting for
age, body mass index (BMI), the status of current smoking
and drinking alcohol, the levels of caffeine consumption
and cholesterol. Statistical analysis was performed using
SPSS, Version 22.0 (SPSS Inc., Chicago, IL).

Results

Figure 1 shows the diagram of screening process. In total, we
collected the information of 11,259 hospitalized headache-free
patients in our hospital from January 2015 to December 2019.
A total of 9688 participants were excluded, including 7712
male patients or female patients who are not postmenopausal,
753 patients who refused to participate in this study, 661
participants who were receiving HRT and headache prophy-
lactic therapies, and 562 patients who were taking antihyper-
tensive medication. And there were 1571 postmenopausal
women enrolled in this final study.

Table 1 shows the characteristics of the participants.
The average age of these postmenopausal populations
were 57.8 years, and their SBP and DBP were 138.5 +
16.9 (mean = SD) and 80.9 £ 11.3 mmHg, separately.
And the pulse pressure was 57.6 + 12.5 mmHg. The
BMI of them were 24.4 + 3.6 kg/m?, and the average
cholesterol levels was 5.6 mmol/L. Moreover, there
were 24.5% participants who had daily smoking habits,
and 7.5% participants who had daily alcohol use.
Besides, 14.8% participants did activities that make
them breathe hard at
Moreover, they also took caffeine and the daily average

least 2 hours every day.
consumption was 103.7mg.

Among these participants, 953 individuals said
“No” to the question “Have you suffered from head-
ache during the last month?” at each follow-up. And
618 participants had headache during the studied peri-
ods, including 125 patients suffered from migraine, 137
patients suffered from TTH, 155 patients had probable
migraine, and 201 patients with unclassified headache

The hospitalized headache-free patients
from 2015to0 2019 (n=11259)

T
Exclude

Male patients and female patients

A 4

h 4

who are not postmenopausal (n=7712)

Postmenopausal women (547)

Exclude

Patients who refused to participate

Exclude

in the study (n=753)

Patients who were receiving

Exclude

hormone replacement therapy and
headache prophylactic therapies.
(n=661)

Patients who were taking

Final study population (n=1571)

Figure | Flow diagram of participant recruitment.

antihypertensive medication
(n=562)
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Table | Characteristics of the Participants

Variables Study Population (n=1571)
Age, years 57.8 £ 145
Systolic blood pressure, mmHg 1385 + 16.9
Diastolic blood pressure, mmHg 809 = 11.3
Pulse pressure, mmHg 57.6 £ 125
Body mass index, kg/m? 244 + 36

Current daily smokers 385 (24.5%)

Hard physical activity 233 (14.8%)

Caffeine consumption per day, mg 103.7 £+ 71.8
Cholesterol levels, mmol/L 56+ 13
Daily alcohol use 118 (7.5%)

(Table 2). Our multiple logistic model adjusting for the
confounding factors were conducted and found that
SBP and PP were negatively associated with the occur-
rence of any new headache (P < 0.05). And increasing
SBP and PP were associated with the lower occurrence
of migraine, TTH, probable migraine, and unclassified
headache (P < 0.05). However, there was a negative
association between DBP levels and the new occur-
rence of overall headache, but we did not find any
TTH, probable

relations of DBP with migraine,

migraine, or unclassified headache.

Discussion
In this prospective study, we found a negative association
of the new occurrence of headache, especially migraine
and TTH, with SBP and PP. However, the DBP did not
show any relationship with subsequent development of
headache. Hopefully, this study could provide epidemiolo-
gic evidence for the pathological mechanism of headache.

Many studies have shown that elevated BP has an
association with headache because primary headache is
frequently occurred in hypertension.”'* And some studies
took the view that subjects with headache always had the
risks of hypertension.'*'> Our results seem to be incon-
sistent with those studies, which mainly because that these
cross-sectional studies cannot demonstrate causality. Our
study found the negative relationship between headache
and SBP and PP, which was consistent with several stu-
dies. For instance, a longitudinal study enrolled 10,366
men and 11,171 women have found that patients with
migraine had lower SBP, and the elevated SBP could
decrease the probability of migraine for 19% males and
25% females.'®

In this study, we enrolled 4 types of headaches into the
model. Migraine and TTH were the two most common type of

Table 2 The Relationship Between Blood Pressure and Headache by Multiple Logistic Regression

Tension Type Headache

Probable Migraine Unclassified Headache

Any Headache

Migraine

Individuals (n)

618

125

137

155

201

Systolic pressure, mmHg
<120
120-139
140-159
>160
PER 10 mmHg

P for linear association

1.00 (reference)
0.85 (0.73-1.11)
0.72 (0.61-0.90)
0.73 (0.61-0.82)
0.76 (0.60-0.89)
<0.001

1.00 (reference)
0.78 (0.61-0.93)
0.65 (0.43-0.88)
0.49 (0.25-0.79)
0.85 (0.61-0.97)
<0.001

1.00 (reference)
0.91 (0.78-1.05)
0.83 (0.61-0.92)
0.71 (0.53-0.77)
0.84 (0.59-0.99)
0.002

1.00 (reference)
0.85 (0.61-1.09)
0.86 (0.66—1.08)
0.58 (0.34-0.79)
0.83 (0.67-0.99)
0.031

1.00 (reference)
1.14 (0.78-1.56)
0.65 (0.45-0.92)
0.35 (0.19-0.68)
0.79 (0.58-0.92)
0.004

Diastolic pressure
<80
80-89
90-99
>100
per 10 mmHg

P for linear association

1.00 (reference)
0.95 (0.78-1.21)
0.83 (0.69-1.05)
0.72 (0.61-0.85)
0.92 (0.85-1.04)
0.038

1.00 (reference)
1.25 (1.13-1.76)
0.68 (0.35-0.77)
0.95 (0.82-1.13)
0.99 (0.87-1.20)
0.256

1.00 (reference)
0.92 (0.83-1.17)
0.89 (0.73-1.08)
0.83 (0.72-0.99)
0.92 (0.84-1.05)
0.142

1.00 (reference)
1.05 (0.92-1.23)
0.83 (0.69-1.19)
0.35 (0.17-0.92)
0.78 (069-0.92)
0.179

1.00 (reference)
0.93 (0.71-1.28)
0.88 (0.70-1.32)
0.69 (0.38-1.29)
0.89 (0.71-1.16)
0.335

Pulse pressure
<45
45-54
55-65
>65
Per 10 mmHg

P for linear association

1.00 (reference)
0.92 (0.81-1.05)
0.71 (0.60-0.88)
0.65 (0.48-0.79)
0.82 (0.78-0.87)
<0.001

1.00 (reference)
0.59 (0.47-0.78)
0.51 (0.39-0.67)
0.39 (0.26-0.59)
0.71 (0.60-0.83)
<0.001

1.00 (reference)
1.12 (0.93-1.38)
0.79 (0.68-0.98)
0.70 (0.61-0.79)
0.82 (0.69-0.94)
<0.001

1.00 (reference)
0.89 (0.68-1.07)
0.53 (0.41-0.72)

0.70 (0.49-1.12)
0.1 (0.71-0.98)
0.014

1.00 (reference)
1.21 (1.06-1.47)
1.10 (0.97-1.25)
0.78 (0.71-0.95)
0.82 (0.74-0.99)
0.041
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primary headache. To be specific, migraine is a chronic and
debilitating neurological disorder with a complex sensory
dysfunction.'”'® Although its pathophysiological mechanisms
remain unclear, some evidence showed that calcitonin gene-
related peptide (CGRP), a predominant neurotransmitter in
capsaicin-sensitive sensory nerves, was involved in
migraine.'” Migraine patients had a higher basal CGRP con-
centration in blood, and its intravenous administration could
result in a migraine attack.”*?' Studies have shown that the
decrease of CGRP synthesis and release would lead to the
elevation of BP*? And the increase of CGRP or the enhanced
vascular sensitivity response to CGRP could exert a protective
effect on the occurrence of hypertension.”>>* Those mechan-
isms could be helpful for the interpretation of our results.

Moreover, TTH is also a primary headache affected
approximately 46% global adults, which is characterized
by a bilateral, non-throbbing headache with mild to mod-
erate intensity.”® Animal studies have shown that activa-
tion of nitric oxide synthase (NOS) was involved in the
sensitization of pain pathways, and the generation of nitric
oxide (NO) and that NOS inhibitors could decrease the
persistent pain.?’ And studies have shown that the inhibi-
tion of NOS results in the significant elevation of BP in
both humans and experimental animals. Furthermore,
nitric oxide (NO), a molecule regulating the cerebral and
extra cerebral cranial blood flow and arterial diameters,
also play a significant role in migraine, TTH and cluster
headache.”* Sensitization of pain pathways in the spinal
cord may be caused by the generation of NO.**> These
mechanisms also suggested that the pain symptoms may
be negatively associated with BP.

Many factors contribute to the occurrence of head-
ache, including caffeine, smoking, alcohol, and hormonal
changes.”® A more detailed discussion of this study was
the relationship between BP and headache in postmeno-
pausal women. Studies have shown that some postmeno-
pausal women were reported to experience a worsening
of the migraine attacks, but most of them would relieve
during this time.?” And the HRT has a different effect on
migraine. Specially, most females who accepted HRT
showed an improvement or complete remission of their
headache, but some women reported that there is no
change or worsening after taking HRT.’® However, for
TTH, whether it is triggered by menses should be further
evaluated. In this study, 125 (7.9%) females developed
the migraine and 137 (8.7%) females developed the TTH
in the follow-up, which demonstrated a not mere phe-
nomenon that postmenopausal women had migraine and

TTH. And our study investigate the relationship between
BP and headache among these people after controlling
the several related factors, such as smoking status, age,
caffeine consumption.

There were some limitations to the present study.
Firstly, it was a single-center study and the sample size
was relatively small. Multi-center prospective studies are
needed to validate our results. Secondly, although the data
were adjusted for confounding factors, other potential

factors, such as environmental factors and genetic

factors,“’32

were not included in this study. More patients
need to be recruited for a more comprehensive evaluation.
Thirdly, the effect of the HRT on BP should be investi-

gated in future studies, which may extend this research.

Conclusion

In this prospective hospital-based study, we found negative
associations of SBP and PP with new occurrence of headache,
especially migraine and TTH, but there is no relationship
between DBP and the subsequent development of headache.
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