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ABSTRACT

Introduction: It has been shown that a high
acid load in the human body can affect
inflammatory factors and the nitric oxide
pathway. These factors are also thought to play
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an important role in the initiation of migraine
attacks. We have therefore explored the associ-
ation between dietary acid load and odds of
migraine in a case-control study.

Methods: The migraine group (n= 514, diag-
nosed according to the International Classifi-
cation of Headache Disorders 3rd edition
[ICHDIII] criteria) was recruited from a tertiary
headache clinic. The controls consisted of 582
sex-matched healthy volunteers who were ran-
domly selected from the general population. A
validated 168-item semiquantitative food fre-
quency questionnaire was used for dietary
intake assessments. Estimation of the dietary
acid load was performed using three different
measures: potential renal acid load (PRAL)
score, net endogenous acid production (NEAP)
score, and protein/potassium ratio.

Results: Multivariable logistic regression anal-
ysis showed that, in comparison with the lowest
tertile, the highest tertile of dietary acid load
measures, including PRAL (odds ratio
[OR] 7.208, 95% confidence intervals [CI]
3.33-15.55), and NEAP (OR 4.108, 95% CI
1.924-8.774) scores and the protein/potassium
ratio (OR 4.127, 95% CI 1.933-8.814), signifi-
cantly increased the odds of migraine (P value
for trend < 0.001).

Conclusion: In this study, high dietary acid
load was associated with higher odds of
migraine. It is therefore possible that restricting
dietary acid load could reduce the odds of
migraine in susceptible subjects. However, due
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to the preliminary nature of the current evi-
dence, caution is advised in drawing a definitive
conclusion. More well-designed studies are
required for a better understanding of this
important issue.

Keywords: Dietary acid load;
Inflammation; Migraine; Nitric oxide

Headache;

Why carry out this study?

Migraine is one of the most disabling
neurological issues worldwide and has
been associated to other serious health
problems, such as coronary heart disease.

High acid load in the human body is
associated with inflammatory factors and
the nitric oxide pathway. These factors are
also thought to play an important role in
the initiation of migraine attacks.

The aim of this study was to evaluate the
association between dietary acid load and
odds of migraines in a case—control study.

What was learned from the study?

Subjects with the highest levels of dietary
acid load were shown to have significantly
higher odds of migraine disease in
comparison to lowest levels.

As a strategy to reduce dietary acid load, it
is possible that restricting the intake of
acidogenic food may be associated with a
reduction in the odds of migraine.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14269373.

INTRODUCTION

Migraine ranks as one of the most disabling
neurological diseases, affecting one in seven
people worldwide [1]. According to the latest
report of the Global Burden of Diseases, Injuries
and Risk factors (GBD) study, the estimated
prevalence of headache disorders was about 3
billion of the general population in 2016 [2].
Migraine has been estimated to be responsible
for 45.12 million years of life lived with dis-
ability, most prevalently in women aged
between 15 and 49 years [3]. It has also been
related to other health problems, such as anxi-
ety, depression, fibromyalgia, asthma, obesity,
stroke, and coronary heart disease [4, 35].
Although the underlying mechanisms for the
onset of migraines are not entirely realized,
several abnormal conditions in the body are
involved in the pathophysiology of this disor-
der. Some of these mechanisms include changes
in cerebral blood flow, mitochondrial and hor-
monal dysfunction, genetic factors, obesity,
neuroinflammation, in addition to increased
levels of some neuropeptides, especially nitric
oxide (NO) and calcitonin gene-related peptide
(CGRP). Activation of the trigeminovascular
system could lead to the excretion of substances
such as CGRP, substance P, and NO [6-9]. These
agents are associated with inflammation and
vasodilation in cranial vessels, which lead to
intense pain [6, 7, 9]. NO is believed to play an
important role in initiating migraine attacks
through activation of the NO/cyclic guanosine
monophosphate (cGMP) pathway. There is also
evidence that NO levels are elevated in people
with migraine during and between headache
attacks [10, 11]. Moreover, cytokines and
inflammatory agents around nerves can activate
trigeminovascular neurons and increase CGRP
release [12]. It has been shown that the levels of
inflammatory factors, such as tumor necrosis
factor-alpha (TNFa), C-reactive protein, and
interleukin 6, increase in people with migraine
headache compared to healthy subjects
[11, 13-16].

Available evidence suggests that even a slight
increase in acid load may stimulate the expres-
sion of induced NO synthases, increase levels of
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inflammatory factors, such as TNFa, and
increase blood flow and adiposity measures
(measurements that are used for obesity, such as
body mass index [BMI], waist circumference,
among others) [17-21]. High dietary acid load
can be identified by both a high intake of acid
precursors (including phosphorus and proteins
containing high levels of sulfur-containing
amino acids) and a low intake of base precursors
(such as potassium, magnesium, and calcium).
Chronic consumption of diets with high acid
load could shift the acid-base balance towards
acidosis [22, 23]. This type of diet is rich in
meat, dairy and grain and low in fruits and
vegetables [23]. A previous case—control study
[24] addressed the hypothesis that the Western
diet could increase odds of migraine disease as it
is typically characterized by a heavy consump-
tion of meat and low consumption of vegeta-
bles and fruit, potentially representing a high
dietary acid load [25].

A high acid load in the human body could be
associated with inflammation, NO pathways,
blood flow, and adiposity measures [17-21].
These factors are also thought to play a role in
the initiation of migraine attacks
[6,7,9, 11, 13-16]. Thus, it can be hypothesized
that there is relationship between dietary acid
load and the development of migraine in sus-
ceptible subjects. The aim of the study reported
here, therefore, was to explore the association
between dietary acid load and the odds of
migraine headaches.

METHODS

Patients and Procedures

In the current case—control study, migraineurs
were recruited from the tertiary headache clinic
of Sina University Hospital and a private head-
ache clinic. The data were collected from 2015
to 2018. Detailed information on the study
methods has been reported previously [26]. Our
expert headache-specialist neurologist diag-
nosed migraine headache (episodic and chronic
migraine) according to the International Clas-
sification of Headache Disorders 3rd edition
(ICHDIII) (ICHDIII criteria, beta version) [27].

Because patients with episodic migraine are less
likely to be referred to our tertiary headache
clinic, a higher proportion of referred patients
were diagnosed with chronic migraine. Based
on the ICHDIII-beta criteria, chronic migraine is
defined as > 15 days of headache per month
with at least eight migraine-type headaches in
the last 3 months, and episodic migraine is
characterized as up to 14 days of headache per
month. Controls consisted of 582 sex-matched
healthy volunteers who were randomly selected
from the general population. Inclusion criteria
for both the patients and the control group
included: age between 18-60years, BMI
between 18.5 and 35 kg/m? and daily energy
intake between 800 and 5000 kcal. Exclusion
criteria for both groups were: pregnancy or
breastfeeding; a history of chronic diseases,
such as gastrointestinal, liver, or kidney disor-
ders; diabetes mellitus; cardiovascular diseases;
malignancy; tuberculosis; sarcoidosis; rheuma-
toid arthritis; psychiatric disorders; any neuro-
logical diseases other than migraine, including
Parkinson’s, Alzheimer’s disease, multiple scle-
rosis, tension-type headache, among others;
substance/alcohol overuse or consistent smok-
ing; and following a specific diet over the last
year.

The patients referred to the tertiary headache
clinic were prescribed medications by our
expert headache-specialist neurologist. These
medicines comprised: drugs for abortive treat-
ment of acute headache attack (i.e., nons-
teroidal  anti-inflammatory  drugs, other
analgesics [codeine], and triptans), prophylactic
medications (i.e., propranolol [beta-blockers],
topiramate and sodium valproate/Depakene
[antiepileptic drugs]), selective serotonin reup-
take inhibitors, and tricyclic antidepressants).

Written informed consent was obtained
from all study subjects. The research methods
and study design were reviewed and approved
by the ethics committee of the vice-chancellor
of research affairs (ethics code: IR.TUMS.-
NI.REC.1398.010). The study was conducted in
accordance with the Helsinki Declaration of
1964 and its later amendments.
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Assessment of Anthropometric Measures

For anthropometric variables, body weight was
measured using a Seca 755 medical scale
(weighing accuracy: 0.5 kg; Seca GmbH & Co.
KG, Hamburg, Germany), and height was mea-
sured with a standard stadiometer (accuracy:
0.1 cm). BMI was calculated as weight (kg)
divided by the square of the height (m?).

Dietary Assessment and Calculation
of Dietary Acid Load

Food intake was assessed using a validated
168-item semiquantitative food frequency
questionnaire (FFQ) [28]. Trained dietitians who
were blinded to the study group completed the
FFQ for all participants. Food items were
appraised according to the US Department of
Agriculture standard serving sizes. Household
measures (e.g., beans, 1 tablespoon; chicken
meat, 1 leg or wing; rice, 1 large or small plate)
were employed when standard serving sizes did
not fit [29]. Participants reported the intake of
each food item on the FFQ based on daily,
weekly, monthly, or yearly intake. The intake
data were then converted to grams assuming
each month consisted of 30.5days. Daily
macronutrient intake for each individual was
determined using the National Food Composi-
tion Table of Iran [30]. Total macronutrient
consumption was measured by summing up
macronutrient intake of all consumed foods
[31].

In this study, we used three different mea-
sures for calculating the dietary acid load,
namely, potential renal acid load (PRAL), net
endogenous acid production (NEAP), and pro-
tein/potassium ratio; all three measures have
been validated in previous studies [32, 33]. The
algorithms of these three measures are as fol-
lows: (1) PRAL (mkEg/day) = (0.49 x protein
(g/day)) + (0.037 x phosphorus (mg/day))
— (0.021 x potassium (mg/day)) — (0.026 x
magnesium (mg/day)) — (0.013 x calcium
(mg/day)) [32]; (2) NEAP (mEq/day) = (54.5 x
protein intake [g/day] + potassium intake
[mEg/day]) — 10.2 [25]; and (3) protein/

potassium  ratio = total
intake (both g/day) [33].

protein/potassium

Statistical Method

Analyses were performed applying the Statisti-
cal Package for the Social Sciences (SPSS) soft-
ware version 24 (SPSS Inc./IBM Corp., Armonk,
NY, USA). For demographic factors, we com-
pared the BMI, nutrient intake, and food groups
between the case and control groups using the
independent sample t test and Chi-squared test.
All dietary variables that were investigated
regarding the odds of migraine were classified in
tertiles. Accordingly, baseline characteristics,
anthropometric data, and nutritional intakes
were compared through the PRAL and NEAP
tertiles. One-way analysis of variance and the
Chi-squared test were used to compare contin-
uous and categorical variables between PRAL
and NEAP tertiles, respectively. Data were
reported as the mean + standard deviation (SD)
or number with the percentage, as appropriate.
To explore the association between dietary acid
load measures and odds of migraine, adjusted
odds ratios (ORs) and 95% confidence intervals
(CIs) were obtained using multivariable logistic
regression models following adjustment for age
(year, continuous), sex, BMI (kg/mz, continu-
ous), total daily energy intake (kcal/day, con-
tinuous) as well as daily intake of carbohydrates
(g/day), total fat (g/day), Na (mg/day), and
dietary food groups (i.e., total refined grains,
whole grains, total sugar, vegetables, fruits, red
meat, poultry and egg, processed meat, fish,
dairy, and nuts). In order to test for linear trends
across tertiles, the median value of each tertile
of dietary acid load measures was considered to
be a continuous variable. All reported P values
were two-sided, and a P value of < 0.05 was
considered to indicate statistical significance.

RESULTS

In total, 1096 participants (approx. 94% were
women) were assessed in this study, of whom
514 were migraine patients with a mean (SD)
age of 36.21 (9.79) years and 582 were healthy
with a mean age of 44.85 (13.85) years. The
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mean (SD) BMI in migraine patients and heal-
thy subjects was 25.91 (4.75) and 28.12 (4.80)
kg/m?, respectively. Of the 514 patients with
migraine, 279 had chronic migraine and 235
had episodic migraine. Demographic factors,
BMI, nutrient intake, and food group details
between the case and control groups are shown
in Table 1. Generally, compared to those sub-
jects without migraine, those with migraine
disease were found to have a significantly
higher consumption of total animal protein,
total fat, dairy, processed meat, poultry, eggs,
and fruits and also a lower consumption of total
plant protein, grains, and vegetables.

Individuals in the third tertile of PRAL (me-
dian score 13.06) and NEAP (median score
71.99) scores were younger and tended to have
a higher intake of refined grains, sugar, pro-
cessed meats, total protein, and total fat and a
lower intake of vegetables, fruits, nuts, dairy,
total energy, total carbohydrate, plant protein,
and sodium than those in the first tertile of
PRAL (median score — 27.05) and NEAP (me-
dian score 31.11) scores (P values < 0.05). Mean
intake of fish, poultry, and eggs was similar
across the PRAL and NEAP tertiles (P wval-
ues > 0.05) (Table 2). Also, regarding PRAL
scores, individuals in the second tertile (median
score — 1.53) had a higher BMI and a higher
intake of red meat and animal protein than
those in the first tertile (median score — 27.05)
(P values < 0.05). For NEAP scores, subjects in
the third tertile (median score 71.99) and the
second tertile (median score 49.80) had a
greater consumption of whole grains than those
in the first tertile (median score 31.11)
(P value = 0.005) (Table 2).

The ORs and corresponding 95% ClIs for
migraine according to tertiles of dietary acid
load measures of intake are shown in Table 3.
According to multivariable logistic regression
analysis, in comparison with the lowest tertile,
individuals in the third tertile of PRAL scores
had an increased odds of migraine by approxi-
mately sevenfold (OR 7.208, 95% CI
3.33-15.55; P for trend < 0.001). Also, subjects
in the third tertile of each NEAP score or pro-
tein/potassium ratio were shown to have an
approximately fourfold increased odds of
migraine when compared to those in the first

and second tertiles (OR 4.10, 95% CI 1.92-
8.77; P for trend < 0.001; and OR 4.12, 95% CI
1.93- 8.81; P for trend < 0.001, respectively)
(Table 3).

Additionally, there was no significant asso-
ciation between chronic and episodic migraine
with regard to dietary acid load measures such
as PRAL, NEAP, and the protein/potassium ratio
(Electronic Supplementary Material).

DISCUSSION

The result of this large population-based obser-
vational study showed that high dietary acid
load intake had a direct association with odds of
migraine onset. Higher PRAL scores are associ-
ated with a high daily intake of protein and
phosphorus (as acid-producing components)
and a lower daily intake of potassium, magne-
sium, and calcium (as base-producing compo-
nents) [32, 34, 36]. In our study, participants
with higher PRAL scores had approximately a
sevenfold increased odds of migraine onset
compared to those with the lowest scores. Also,
higher NEAP scores and a higher protein/
potassium ratio, indicating a higher daily con-
sumption of protein divided by potassium
[25, 33], were related to about a fourfold eleva-
tion in the odds of migraine onset.

This investigation wused three different
methods for calculating the dietary acid load:
PRAL, NEAP, and the protein/potassium ratio.
These methods are based on protein, potassium,
phosphorus, calcium, and magnesium intake,
which are acid-base precursors and likely rela-
ted to pH homeostasis in the human body
[23, 32, 33]. Higher PRAL and NEAP scores and
higher protein/potassium ratios indicate the
intake of more acidic foods, while lower values
for these measurements suggest the consump-
tion of more alkaline food items. Individuals
with a high dietary acid load have been found
to have a lower intake of fruits and vegeta-
bles and a higher consumption of meat and
protein consumption [23]. In our study, we
found that high PRAL and NEAP scores and
high protein/potassium ratio, which are related
to meat, grain, and sugar consumption, were
positively associated with the odds of migraine.
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Table 1 Comparison of cases and controls with a regard to demographic factors, body mass index, nutrient intake and food

groups
Variables Case (n = 514) Control (n = 582) P value®
Chronic migraine (%) 54.28 - -
Episodic migraine (%) 45.71 - -
Female (%) 485 (94.4%) 550 (94.5%) 0.91
Age (years) 3621 + 9.79 4485 + 13.85 <0.001*
Body mass index (kg/mz) 2591 £ 4.75 28.12 + 4.80 < 0.001*
Nutrient intake
Total energy (kcal) 2201.78 + 691.33 2175.24 %+ 550.89 0.480
Total carbohydrate (g) 240.69 + 11420 23658 + 71.82 0.471
Total protein (g) 89.77 + 24.03 92.10 + 26.33 0.127
Total animal protein (g) 458 + 1542 37.34 % 15.08 < 0.001*
Total plant protein (g) 33.69 £ 12.73 39.71 £ 13.69 < 0.001*
Total fat (g) 114.88 + 11878 84.74 + 32.50 < 0.001*
Na (mg/day) 1564.89 £ 655.93 1644.94 £ 91024 0.099
Food groups
Whole grains (g/day) 35.00 & 47.47 4744 + 67.02 <0.001"
Refined grains (g/day) 327.30 £ 172.03 392.54 £+ 169.21 < 0.001*
Total sugar (g/day) 69.11 £ 106.95 59.03 + 67.48 0.059
Vegetables (g/day) 311.62 + 178.74 388.13 £ 199.19 < 0.001*
Fruit (g/day) 77421 + 835.23 372.94 £+ 181.36 < 0.001*
Nuts(g/day) 11.97 + 19.11 10.87 + 16.12 0.300
Dairy (g/day) 346.78 £+ 201.34 300.43 £+ 178.16 < 0.001*
Red meat (g/day) 29.95 + 2595 2873 + 21.03 0.390
Processed meat (g/day) 9.60 + 14.48 3.98 + 7.27 < 0.001*
Fish (g/day) 9.51 + 9.66 9.08 + 11.71 0.502
Poultry and eggs (g/day) 5942 & 3343 48.17 % 32.19 <0.001*

Values in table are presented as the mean =+ standard deviation (SD) or frequency (number) with the percentage in
parentheses, as appropriate for the variable

*Significant difference at P < 0.05 between the case and control groups

* P value according to ¢ test or Chi-squared test

Therefore, we conclude that these findings
demonstrate that a high acid load in the human
body, possibly induced by the intake of acidic

food [22], may make an essential contribution
to migraine disorder.

To our knowledge, the association between
the dietary acid load and odds of migraine has
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Dietary NEAP (mEq/d)

T1

Dietary PRAL (mEq/d)

T1

Table 2 continued

Variables®

T3

T2

P

T3

T2

0311

529 £ 305 55.5 £ 37.2

51.8 £ 31.5

< 0.001

48.5 £+ 287 58.6 £ 37.2

53.0 £ 32.5

Poultry and eggs

(g/d)

Values in table are presented as the mean + SD

NEAP Net endogenous acid production, PRAL potential renal acid load, T tertile

*Signficant different from value(s) in the lower tertile(s) at P < 0.05 by post hoc analyses

* Analysis of variance (ANOVA) test for variables

not been studied to date. Previous studies have
only reported the consumption of single acidic
and basic food items in association with the
odds of migraine [36, 37]. In agreement with
our findings, one case-control study showed
that the odds of migraine in children decreased
by about 50 and 70% with increased consump-
tion of vegetables and fruits, respectively [36].
Another study found that individuals with
migraine showed a significantly higher fre-
quency to eat red meat than did individuals
without migraine [37]. In addition, according to
available evidence, individuals with Western
dietary patterns have a higher frequency of
migraine attacks [24]. There is a considerable
quantity of acidic food items in Western diets,
including a high intake of red and processed
meat and a low intake of fruits and vegetables.
As such, the Western diet may be an example of
a diet with a high acid load [25], which is in line
with our findings.

It should be noted that chronic consumption
of a diet with a high acid load could shift the
acid-base balance toward acidosis [22]. For this
reason, the balance between consumption of
acidic and alkaline food items is probably more
important than the exclusive consumption of
single acidic and alkaline food items, as has
been reported in previous studies. For example,
our subjects with migraine disease generally
consumed more fruits (alkaline food item) than
did the healthy subjects (Table 1). However, the
patients also consumed more animal proteins
and processed meat (acidic food items) and
lower quantities of plant proteins and vegeta-
bles (alkaline food items) than the control
group. Therefore, it would appear that the par-
ticipants with migraine disease consumed a diet
that was unbalanced in terms of acidic and basic
food items. Of note, as no previous study has
examined the effects of an acid-base balance in
the diets of migraine patients, this potential
explanation needs further study.

Although protein intake can influence the
acid-base balance in the human body due to
sulfuric amino acid content [23], a recent study
revealed no differences in dietary protein intake
among women with and without migraine [38].
In the present study, we found that high PRAL
and NEAP values and a high protein/potassium
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Table 3 Odds ratio and 95% confidence interval for migraine according to the tertiles of dietary acid load
Indexes of dietary acid load Odds ratio of dietary indexes of acid load (95% confidence interval) P for trend
T1 T2 T3

PRAL (mEq/day)

Cases/non-cases 197/169 138/227 179/186

Multivariable model * 1.00 2.190 (1.242-3.861) 7.208 (3.339-15.558) < 0.001
NEAP (mEq/day)

Cases/non-cases 207/158 142/224 165/200

Multivariable model® 1.00 1.574 (0.910-2.722) 4.108 (1.924-8.774) < 0.001
Protein/potassium ratio

Cases/non-cases 207/158 141/224 166/200

Multivariable model® 1.00 1.573 (0.910-2.720) 4.127 (1.933-8.814) < 0.001

* Multivariable model; adjusted for gender, age, body mass index, total energy, total carbohydrate, total fat, Na, refined
grains, whole grains, sugar, vegetables, fruit, red meat, poultry and egg, processed meat, fish, dairy, and nuts

ratio, which is significantly associated with high
total protein intake, were positively associated
with the odds of migraine. The observed dif-
ference between the results of our study and
those of the earlier study may be related to the
dietary patterns and dietary habits of the
respective study populations as well as various
controlled confounders. Another explanation
for these differences could be that in our study
the dietary acid load measures (PRAL, NEAP,
and protein/potassium ratio) were calculated
based on the balance between the intake of acid
and base precursors. Therefore, it is possible that
total protein intake, as an acid precursor, in
combination with the intake of base precursors,
has different effects on the odds of migraine
that does total protein consumption alone.

It should be mentioned that migraine disease
may alter dietary preferences in these patients.
For this reason, there is likely to be a two-sided
relationship between food intake and migraine
disorder. However, it is not clear if migraine can
cause high dietary acid load or not. Therefore,
more causative studies are needed to identify
the exact association.

Chronic consumption of a diet with a high
acid load could shift the acid-base balance
toward acidosis [22]. The dietary acid load is

also more likely to induce acidosis when there
are additional abnormalities in the acid-base
balance in the human body [19]. It has been
found that people with migraine may have
abnormalities in their acid-base balance due to
mitochondrial dysfunction [39, 40]. Several
possible mechanisms have been proposed to
account for for the association between high
dietary acid load and the onset of migraine
attacks or increasing headache attack frequency
in migraineurs [17-21].

First, animal and human studies have
reported that acidosis can cause high levels of
inflammation and NO due to its damaging
effect on tissues and/or blood vessels
[17-19, 41]. In the physiological context, TNFa,
myeloperoxidase, and NO synthases may be
produced under acidosis conditions in the
human body [19]. Inflammation and factors
such as CGRP and NO are believed to play sig-
nificant roles in initiating migraine attacks
[42, 44] while cytokines and inflammatory
agents around nerves could activate trigemino-
vascular neurons and increase CGRP release by
cellular mechanisms. Due to the majority of
TNFa receptors being in trigeminal ganglion
neurons, TNFoa may increase CGRP gene
expression in trigeminal ganglion neurons by
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increasing the expression of intracellular mito-
gen-activated protein (MAP) kinase signaling
pathways, which in turn may be a triggering
factor in the onset of headache [43-47]. Addi-
tionally, NO can cause intense pain by increas-
ing the dilation of and inflammation in cranial
vessels through the NO-cGMP pathway
[10, 11]. Therefore, acidosis may be positively
associated with the initiation of migraine
attacks by augmenting inflammation and NO
synthesis.

Second, a high acid load might cause an
increase in cortisol level. High cortisol levels
can have a negative impact on pain recovery in
migraineurs [48]. Also, elevated cortisol levels,
which may be augmented by acidosis, appear to
be associated with high blood flow and BMI in
the human body [20, 21]. It has been reported
that high blood flow and BMI may play negative
roles in the onset of migraine pathogenesis. For
example, the odds of migraine has been found
to increase in obese individuals [16, 49]. More-
over, although evidence on the association
between hypertension and migraineis is con-
troversial, several findings have been reported
indicating that long duration and uncontrolled
hypertension, especially high systolic blood
pressure, may be positively linked to migraine
with/without aura [50, 51].

Third, gut microbiota could be influenced by
dietary acid load due to low intake of fruits and
vegetables. Thus, microbial diversity may be
reduced in gastrointestinal systems and, in turn,
lead to adverse effects on human microbiomes
[52]. Recent shreds of evidence suggest the
existence of a link between gut microbiota and
migraine [8]. Studies have also reported poten-
tial beneficial effects following probiotic sup-
plementation in subjects with migraine
headache [16, 53, 54].

Taken together, there appears to be evidence
showing that a high acid load may contribute to
heightened odds of migraine by increasing the
inflammatory state; elevating cortisol levels;
modifying the NO signaling pathway, blood
flow, and gut-microbiota; and affecting body
weight and hypertension risk
[17-21, 41, 48, 52]. However, the design of the
present study does not allow us to determine
the causal relationship between high dietary

acid load and odds of migraine disorder. For
example, as mentioned, it is also possible turn
the situation around, i.e., that having a
migraine may alter dietary preferences. Addi-
tionally, no previous research has investigated
the association between dietary acid load and
odds of migraine. For these reasons, more well-
designed studies are required for a better
understanding of this important issue. The
mechanisms discussed above may provide the
direction for future research examining this
potential association.

There are several strengths to our study. First,
dietary acid load was assessed by three methods,
namely, PRAL, NEAP, and protein/potassium
ratios, which were estimated using a validated
FFQ. Second, the case group comprised a rela-
tively large population of migraineurs, all of
whom were diagnosed by our expert neurolo-
gist-headache specialist according to the ICH-
DIII beta criteria. Third, to our knowledge, this
was the first study to explore the association
between dietary acid load measures and
migraine odds.

However, there are also a number of limi-
tations that need to be considered. First, the
exact dosages of medications used and the fre-
quency and intensity of migraine headache
attacks were not considered in the calculations.
Second, body acid-base balance assessments
were based on dietary calculations. Had urinary
and serum pH measurements also been avail-
able, the results would be more accurate. Third,
most of the enrolled participants in the present
study were women, possibly because women
suffer from migraine approximately by two- to
threefold more than men. As such, this type of
headache is often recognized in women while a
higher proportion of men with migraine
remains underdiagnosed; this may be associated
with suboptimal treatment in men and thus a
lower participation of men in the related studies
[55]. Fourth, the control group was drawn ran-
domly from the general population, matched
for gender with the migraine group, but we did
not match the cases and controls according to
their age; in our study, the subjects in the con-
trol group were statistically significantly older
than those in the migraine group. Therefore, we
relied on statistical methods to adjust for
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potentially confounding effects, such as age
(Table 3). Fifth, we attempted to consider the
effect of confounding factors on the available
data, but there were some contributing factors
that we failed to assess (such as physical activ-
ity, education, smoking status, alcohol con-
sumption, among others) and, therefore, we
cannot not fully exclude the effects of all con-
founders on the study results.

CONCLUSIONS

The results of this large population-based
observational study show that high dietary acid
load intake had a positive association with odds
of migraine onset. Thus, as a strategy to reduce
dietary acid load, restricting the intake of aci-
dogenic foods (such as meat, grains, and sugar
that are high in protein and phosphorous) and
those low in alkaline precursors may be con-
sidered a suggestion for reducing the odds
migraine odds. However, due to preliminary
nature of current evidence, caution is advised
when assessing the results. Thus, further inves-
tigation with a large sample size in cohort
studies and well-designed clinical trials are
required to identify the exact association
between dietary acid load and migraine clinical
features or even related health outcomes.
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