The association between adherence to
alternative healthy Diet Index (AHEI) and
severity, disability, duration, and
frequency of migraine headache among
women: a cross-sectional study

Khalili, P., Mirzababaei, A., Abaj, F., Ansari, S., Harsini, A. R.,
Hajmir, M. M., Clark, C. C. T. & Mirzaei, K.

Published PDF deposited in Coventry University’s Repository

Original citation:

Khalili, P, Mirzababaei, A, Abaj, F, Ansari, S, Harsini, AR, Hajmir, MM, Clark, CCT &
Mirzaei, K 2023, 'The association between adherence to alternative healthy Diet
Index (AHEI) and severity, disability, duration, and frequency of migraine headache
among women: a cross-sectional study', Nutrition Journal, vol. 22, 41 (2023).
https://dx.doi.org/10.1186/s12937-023-00867-4

DOl 10.1186/s12937-023-00867-4
ISSN  1475-2891

Publisher: BMC

This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s)
and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article’s Creative
Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to
the data made available in this article, unless otherwise stated in a credit line to the
data.



Khalili et al. Nutrition Journal (2023) 22:41 Nutrition Journal
https://doi.org/10.1186/512937-023-00867-4

RESEARCH Open Access

®

Check for
updates

The association between adherence

to alternative healthy Diet Index (AHEI)

and severity, disability, duration,

and frequency of migraine headache among
women: a cross-sectional study

Pardis Khalili', Atieh Mirzababaei?, Faezeh Abaj?, Shakila Ansari®, Asma Rajabi Harsini*, Mahya Mehri Hajmir?,
Cain C.T. Clark® and Khadijeh Mirzaei*"

Abstract

Background Migraine is a common brain disorder characterized by recurrent seizures lasting between 4 and 72 h.
Dietary factors can affect migraine headaches. The Alternative Healthy Diet Index (AHEI) is a measure of diet quality
and adherence to healthy dietary patterns. This study aimed to assess the association of adherence to AHEI and
severity, disability, duration, and frequency of migraine headaches.

Methods In this cross-sectional study, 266 women who suffered from migraines were selected. Usual dietary intakes
were assessed using a semi-quantitative, 147-item, food frequency questionnaire (FFQ). AHEI was calculated based on
FFQ. The Migraine Disability Assessments (MIDAS) and Visual Analog Scale (VAS) questionnaires were used to evaluate
migraine disability, severity and the pain, duration and frequency of headaches.

Results People with high adherence to AHEI, compared with low adherence, had a 43% reduction in headache
duration in the crude model (OR=0.57; 95% Cl 0.34, 0.97; P=0.03), which remained significant after adjusting for
potential confounders (OR=0.56; 95% Cl 0.31, 0.99; P=0.04). No association was found between the frequency of
migraine and AHEI in both crude and adjusted models (OR=1.19; 95% Cl 0.66, 2.14; P=0.55). In addition, no significant
association was found between high adherence of AHEI and odds of severe and moderate headaches (P >0.05).
Conclusion The results of our study showed that people with high adherence of AHEI had a 43% reduction in
duration of migraine. More studies are needed to evaluate and better understand this relationship.
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Introduction

Migraine is a common brain disorder characterized by
recurrent seizures lasting between 4 and 72 h. Its pain
characteristics can be attributed to moderate to severe
unilateral throbbing pain, that worsen in physical activ-
ity, and can be concomitantly associated with nausea
[1]. Approximately 12% of the world’s population has
migraines [2], it is the third most common disease in
adults worldwide, and the third leading cause of disabil-
ity in people under 50y with a prevalence of 11.6% [3, 4].
Moreover, its prevalence in women (More than 20%) is
twofold more than men (more than 10%) [5]. Migraine
headaches are caused by various factors, such as diet,
hunger, time of day, hormonal changes, family history,
depression, stress, and irregular sleep patterns [6].

There are several factors involved in the pathogenesis
of migraine, but the underlying cause is still unknown.
Some studies have suggested the role of nerve damage in
the brain, as well as the density and pressure of the ner-
vous system, in causing migraines. Also, the role of food
in engendering migraine should not be ignored, indeed,
food may elicit pain through the effect of vasoconstric-
tion and expansion on the nervous system [6]. Pickled
fermented products, salty, monosodium glutamate in
fast food, caffeine in coffee and chocolate, nitrate in food
containing protein, aspartame, seafood, dairy, and foods
containing tyramine, including red wine and alcohol, caf-
feine, smoked fish, old cheese, beans, onions, fruits such
as figs, citrus fruits, avocados, and bananas are among
the highest migraine-stimulating foods. It has also been
shown that alpha-lipoic acid and eicosapentaenoic acid
may play a role in reducing the severity and frequency
of migraines [7]. The other factors include vitamin D
deficiency, production of inflammatory agents and pros-
taglandins, production of serotonin from platelets, stim-
ulation of norepinephrine production, and increased
sensitivity to nitric oxide and hyperhomocysteine [8, 9].
People with migraines are more likely to develop car-
diovascular disease and death [10], and therefore, con-
trol and management of this disorder is very important
[11]. Drug regimen are used extensively, however, have
major side effects [12], and so, identifying alternative
treatment approaches is important. Some studies have
shown that a variety of diets, including high-folate, low-
fat, omega-3 and low-omega-6 fats, ketogenic, atkins,
and low-sodium diets, may be a promising approach in
managing migraines and reducing the severity of sei-
zures [13]. A nutritious diet is an important factor that is
relatively easily modifiable. Indeed, it has been reported
that consuming more vegetables, fruits, and legumes is
associated with a reduction in headache duration and
intensity [14]. Additionally, nutrients are usually not con-
sumed alone, where food groups consisting of several
foods are consumed, which is assumed to be a factor for
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the existence of synergistic effects of complex food com-
binations [6]. The AHEI is a measure of diet quality and
adherence to healthy dietary patterns, suggesting better
recommendations for healthy diets to improve health
observation to factors, as well as greater predictive power
for chronic diseases. AHEI includes healthy foods, such
as fruits, vegetables, whole grains, nuts and legumes,
n-3 chain fatty acids, polyunsaturated fatty acids, fruit
juice and sugar-sweetened beverages, red and processed
meat, trans fatty acids, sodium, and alcohol [15]. Previ-
ous studies have shown that migraine is associated with
inflammation and oxidative stress [16], and since high
fiber, whole grains, vegetables, fruits, magnesium, which
are known to improve systemic inflammation, as well as
suppress the inflammatory process, and these foods are
components of AHEL

Although there have been studies on the effect of diet
on migraines, to our knowledge, no study has investi-
gated the impact of AHEI on migraines. In the present
study, we sought to investigate the association between
adherence to Alternative Healthy Diet Index (AHEI) and
severity, duration, and frequency of migraine headaches
among women.

Materials and methods

Study population

In this cross-sectional study, 266 women (18 to 50 years
old) who suffered with migraines, who visited the brain
and neurology clinics of Khatam al-Anbia and Sina hos-
pitals and the professional headache clinic in Tehran,
were selected The sample size was computed accord-
ing to the following formula: n = [(Z1-a+Z 1-f) %
V1-r2]/r)2+2), which r=0.25, =0.95, and a=0.05 then,
with 95% confidence and 80% power [17]. Migraine was
clinically diagnosed by a neurologist. Participants were
included in the study based on the following inclusion
and exclusion criteria. Entry criteria: Body Mass Index
(BMI) 18.5-30 kg/m?, visiting the headache clinic for the
first time, and the diagnosis of migraine by a neurologist
based on the International Classification of Headache
Disorders 3 (ICHD3) criteria. By using a general informa-
tion questionnaire in face-to-face interviews or according
to subject’s medical records we exclude subjects with the
history of Cardiovascular Disease (CVD), cancer, diabe-
tes, liver or kidney disease, and other neurological disor-
ders because of possible disease-related changes in diet,
along with subjects taking medications that affect serum
lipoprotein concentrations (e.g. lovastatin, atorvastatin)
or those consuming less than 800 kcal/day (3347 kJ/day)
or more than 4200 kcal/day (17,573 kJ/day) (28). As we
were unable to assess the dietary intakes of the partici-
pants over the past years, we excluded the participants
who had changed their dietary patterns during the year
before the study start (such as following certain dietary
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patterns). All participants signed written informed con-
sent forms prior to participation. The study protocol was
approved by the local ethics committee: IR. TUMS.VCR.
REC.1395.1597.

Anthropometric measurements

Anthropometric measurements were taken from all
study participants. Weight was measured while subjects
were minimally clothed (i.e., no jacket, jacket or belt
and shoes) using a digital scale, to an accuracy of 100 g.
Height was measured using a stadiometer while the par-
ticipant was standing, without shoes, with heels touching
the wall, feet together and head facing forward. BMI was
calculated from height and weight data using the equa-
tion “weight (kg)/height * (square meter)”, Waist Circum-
ference (WC) was measured halfway between the lower
part of the xiphoid process and the umbilicus, and Hip
Circumference (HC) was taken at the greatest anterior
projection. Waist and hip circumferences were measured
using a flexible plastic tape with an accuracy of 0.5 cm.
The ratio between Waist and Hip Ratio (WHR) was also
calculated.

Assessment of dietary intake

Dietary intake over the past year was assessed using a
semi-quantitative food frequency questionnaire (FFQ).
This questionnaire includes a list of 147 food items, along
with the standard serving size for each nutrient [18]. The
reliability and validity of this questionnaire has been con-
firmed in Iran [19].

Foods commonly consumed at home were reported
and converted to grams of food per day using the IV
nutrition software [20]. Nutrient intake was calculated
using Nutritionist IV software modified for Iranian foods
based on the United States Food Composition Table of
the Department of Agriculture (USDA).

At baseline, scores of intensity (from 0 to 10 on a Visual
Analogue Scale (VAS)), and duration were recorded
after each migraine attack, regardless of the time of day.
Instructions for completing this form were provided by a
neurologist. If the participants had a problem completing
their diaries, a staff member was available to assist. At the
time of recruitment, participants were asked to complete
their headache diaries over the preceding month [21].

Physical activity levels (PAL) were measured using the
International Physical Activity Questionnaire (IPAQ) and
expressed as metabolic equivalent hours/week. Partici-
pants were requested to answer questions about the type
of physical activity and its intensity as well as the dura-
tion of that activity during the day. The sum of the dura-
tions of activities in the physical activity questionnaire
had to be 24 h. The questionnaire was validated previ-
ously [22].
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Calculation of AHEI score

AHEI includes 11 components: fruits, vegetables, whole
grains, nuts and legumes, n-3 chain fatty acids, polyun-
saturated fatty acids, fruit juice and sugar-sweetened bev-
erages, red and processed meat, trans fatty acids, sodium,
and alcohol. Alcohol consumption was not assessed in
this study due to lack of data. Scores for consumption of
fruits, vegetables, whole grains, nuts and legumes, long-
chain n-3 fatty acids and polyunsaturated fatty acids were
considered as ‘10’ and ‘0; respectively, for the highest and
lowest amount.

For fruit juice and drinks sweetened with sugar, red and
processed meat, trans fatty acids and sodium, respec-
tively, the AHEI score for each component ranged from
0 to 10 for nonadherence to full adherence, respectively,
and then participants were categorized into two groups
based on the median of their AHEI scores ( median:47,
maximum:70 and minimum:23) [15].

Migraine diagnosis

Based on ICHD3 criteria, episodic migraine was diag-
nosed by a neurologist. Episodic migraine diagnosis crite-
ria include two types of migraine, with aura and without
aura. A diagnosis of migraine without aura, according to
the International Headache Society (IHS), can include
five or more attacks lasting 4 to 72 h. The headache must
have two or more of the following features: unilateral,
throbbing, moderate or severe pain, worsening or avoid-
ance of usual Physical Activity (PA), as well as one or
more of the following: nausea and/or vomiting, sensitiv-
ity to light (photophobia) and sound (ova phobia), feature
of migraine with normal aura (with or without headache),
Migraine with Brainstem Aura (MBA), hemiplegic, and
retinal involvement. MBA is a type of migraine headache
with aura, which is accompanied by pain in the back of
the head. An aura is a group of warning signs known as a
bad headache coming on. Auras may include symptoms
such as vertigo, slurred speech, ataxia, tinnitus, visual
changes, and/or loss of balance, as diagnosed by a neu-
rologist [23].

MIDAS and VAS handbook

Migraine Disability Assessments (MIDAS) questionnaire
was used to evaluate migraine disability and migraine
severity [24]. This questionnaire consists of five ques-
tions that evaluate the severity of headache in the last
three months. The first to fifth questions of the ques-
tionnaire evaluate the decrease in performance caused
by migraine. Based on the total score of these five ques-
tions, participants are placed into one of four groups: 0-5
(MIDAS grade I, little or no disability), 6-10 (MIDAS
grade II, mild disability), 11-20 (MIDAS grade III, mod-
erate disability), 21+ (MIDAS grade IV, severe disability).
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This questionnaire was previously validated in Iranian
populations [25].

Also, visual Analog Scale (VAS) was used to measure
pain. The VAS consists of a 10 cm long horizontal line
fixed by word descriptors at each end. The patient marks
a point on the line that they feel represents an under-
standing of their current situation. By using a ruler, the

Table 1 Characteristics of study population based on adherence
of AHEI.

Characteristics

Low adherence High adher-

of AHEI ence of AHEI
Quantitative variables Mean+SD Mean+SD P-value
Age (year) 34294795 3434777 0.95
Height (m) 1.61+0.05 1.62+0.05 0.56
Weight (kg) 67.71+£13.04 7144+12.89 0.02
BMI (kg/mz) 2588+4.74 27.23+5.01 0.02
HC (cm) 10394+1139  10391+13.14 098
WC (cm) 85.55+1244 8745+13.02 0.22
WHR (cm) 0.82+0.06 0.94+0.86 0.13
Physical activity (MET/h/  380.03+£599.63  437.18+406.03 037
week)
Qualitative variables N (%) N (%) P-value
Marital situation
Single 44 (59.5) 30 (40.5) 0.55
Married 98 (52.1) 90 (47.9)
Divorced 2 (50) 2 (50)
Education
Undergraduate 66 (51.57) 60 (48.42) 0.31
Bachelor 37 (46.8) 42 (53.2)
Master or higher 40 (56.16) 20(43.83)
Job
Employed 50 (50) 47 (66.36) 0.81
Unemployed 95 (60.13) 75 (39.86)
Migraine severity
VAS
Mild 25(58.1) 18 (41.9) 0.84
Moderate 61 (53.5) 53 (46.5)
Severe 58(53.2) 51 (46.8)
MIDAS
Without or low disability 19 (54.3) 16 (45.7) 035
Mild disability 42 (63.6) 24 (36.4)
Moderate disability 23 (50) 23 (50)
Severe disability 60 (50.8) 58(49.2)
Headache duration
<10h 89 (49.7) 90 (50.3) 0.03
>10h 55(63.2) 32(36.8)
Headache frequency
> 15 days/month 95 (57.6) 70 (42.4) 0.15
> 15 days month 49 (48.5) 52(51.5)

BMI: body mass index, WC: waist circumference, HC: hip circumference,
WHR: weight to hip ratio, VAS: visual analog scale, MIDAS: migraine disability
assessment, AHEI: alternate healthy eating index.

Quantitative variables calculated by T-test and presented as mean+SD.
Qualitative variables calculated by chi-square test and presented as N (%).

P-value<0.05 was considered significant.
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score is determined by measuring the distance (mm) on
the 10-cm line between the “no pain” anchor and the
patient’s mark. A higher score indicates greater pain
intensity. Cut points include: mild pain (1-3), moderate
pain (4-7), and severe pain (8-10) [18]. This question-
naire was previously validated [26].

Evaluation of other variables

Age, marital status, education, and job were collected by
the researchers through a demographic questionnaire.
Physical activity levels (PAL) were measured using the
International Physical Activity Questionnaire (IPAQ) and
evaluated according to the time spent on light, moder-
ate, high and very intense activities. PAL was expressed
as metabolic equivalent hours per week (METs hours per
week).

Statistical analysis

Chi-square test were used to examine the association
between AHEI and qualitative variables. Also, inde-
pendent T-Tests were used to investigate the associa-
tion between AHEI and quantitative variables (such
as dietary intake, age, weight, body mass index, waist
circumference, etc.). Mild pain in VAS variable, no dis-
ability in MIDAS variable, low adherence of AHEI vari-
able were considered as reference group. Multinomial
logistic regression was used to investigate the association
between AHEI and Midas and VAS. Also, we used binary
logistic regression for association between AHEI with
headache frequency. P<0.05 was considered statistically
significant, and SPSS version 24 (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis.

Results

Participant characteristics

The mean (+SD) age, height, weight, BMI, and physi-
cal activity of participants were 34.29 (7.95) years, 1.61
(0.05) m, 67.71 (13.04) kg, 25.88 (4.74) kg/m? 380.03
(599.63) MET/min/week, respectively. The meanzsd,
range, median, min and max of AHEI score were as fol-
low: 45.33+£10.52, 47,47,23,70. Except for duration (less
than and more than 10 h of migraine), there was no sig-
nificant association between high adherence AHDI com-
pared with low adherence. However, people with higher
adherence to the AHEI compared to lower adherence had
better scores for VAS, disability, and headache frequency.

Participant characteristics among intake of AHEI

The mean intake of AHEI was significantly different
among those with higher adherence to AHEI, Table 1.
Individuals with higher AHEI adherence had higher
energy, total fat, cholesterol, saturated fatty acid, trans,
Mono Unsaturated Fatty Acid (MUFA), Poly Unsaturated
Fatty Acid (PUFA), oleic acid, linoleic acid, linolenic acid,
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Eicosapentaenoic Acid (EPA), Docosahexaenoic Acid
(DHA), total fiber, riboflavin (B2), pyridoxine (B6), cobal-
amin (B12), vitamins K, E, D, C, biotin, retinol, lutein,
lycopene, sodium, potassium, calcium, iron, phosphor,
magnesium, and copper (p-value<0.001) intakes com-
pared to individuals with lower adherence.

The association between AHEI and severity, duration, and
frequency of migraine headache

Multivariable-adjusted OR and 95% CI for AHEI and
migraine VAS, MIDAS, frequency, and duration migraine
are shown in Table 2. A significant positive association
was found between adherence to the AHEI and headache
duration. People with high adherence of AHEI, com-
pared with low adherence, had 43% reduction in head-
ache duration (OR=0.57; 95% CI 0.34, 0.97; P=0.03) in
the crude model; this association remained significant
in the adjusted model (OR=0.56; 95% CI 0.31, 0.99;
P=0.04). No association was found between the fre-
quency of migraine and AHEI in both crude and adjusted
models (OR=1.19; 95% CI 0.66, 2.14; P=0.55). No signifi-
cant association was found between high adherence of
AHEI and odds of severe (OR=0.72; 95% CI 0.31, 1.67;
P=0.45) and moderate headaches (OR=0.69; 95% CI
0.31, 1.51; P=0.36). No significant association was found
between high adherence of AHEI and odds of moder-
ate (OR=0.76; 95% CI 0.28, 2.07; P=0.60) and severe
(OR=1.28; 95% CI 0.53, 3.12; P=0.57) disability during
migraine headache.

Discussion

To our knowledge, this cross-sectional study is the first to
explain the association between AHEI and severity, dura-
tion, and frequency of migraine headache among women.
Adherence to AHEI has a significant association on lower
duration of headache even after adjusting for confound-
ing factors, although other variables of severity migraine,
such as VAS, MIDAS, and frequency of headache showed
a decreasing trend associated with AHEI, these results
were not significant.

Our study had similar results to previous studies, such
that the frequency of headache appeared to be decreased
by diet rich in vegetables, fruits, and potassium, and low
in fat [27]. Vascular headache in adults can be affected by
many dietary factors, including chocolate, cheese, fast-
ing, alcoholic drinks, and coffee [28-31]. Some studies
have shown that occurrence of headaches is related to
increased intake of monosodium glutamate [32-34]. On
the other hand, a recent study indicated inconsistent evi-
dence on the association between sodium glutamate con-
sumption and headaches [35], and another study showed
that monosodium glutamate is responsible for migraine
headache in only 2.5% of study participants [31]. In a
recent study, women with migraine, compared to women
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without migraine, had a lower intake of orange vegeta-
bles, green vegetables, fruits, whole grains, legumes, and
oil [36]. Another study concluded that vegetables, such
as broccoli, cabbage, parsley, beets, carrots, and spin-
ach, have active components with an antagonistic ability
against CGRP, which can be used to counter migraines,
and potentially more effective than commonly adminis-
tered drugs [37].

Further, in women with migraine, consumption of pro-
inflammatory omega-6 fatty acids, as compared to anti-
inflammatory omega-3 fatty acids, is associated with an
11-fold increase in the development of inflammation
[38]. AHEI includes healthy foods such as fruits, veg-
etables, whole grains, nuts and legumes, n-3 chain fatty
acids, polyunsaturated fatty acids, and fruit juice [15].
The results of meta-analysis revealed that adherence to
the AHEI was associated with a reduced risk of hip frac-
ture, depression risk, the risk of all-cause mortality, car-
diovascular disease, cancer, and type 2 diabetes mellitus
[39-42]. Several clinical studies evaluated the association
between serum inflammatory markers and high-fiber
diets [43—-45] and found that there is an inverse relation
between plasma CRP levels and high-fiber diets [46—49].
The mechanisms of these changes are still unknown,
however, probable mechanisms include the absorp-
tion of glucose, fiber-rich meal modulation of cytokine
responses blunting oxidative stress and inflammation,
and production of anti-inflammatory cytokines, which
can be decreased by high-fiber diets by gut flora [44, 45].
Some studies have indicated that, in migraine patients,
the levels of riboflavin, magnesium, and coenzyme Q10s
in the brain and plasma were low [50-52]. The deficiency
of these micro-nutrients can have a key role in the devel-
opment of migraine. Riboflavin, magnesium, and coen-
zyme Q10 play crucial role in the production of energy
in the mitochondria [53] and their deficiency can cause
mitochondrial dysfunction and then migraine [54, 55].
Furthermore, hypomagnesemia appears to play a key role
in the pathogenesis of migraine, whilst magnesium, as a
co-factor, is necessary in the generation of ATP.

An inverse association between CRP levels and serum
magnesium concentrations has been reported by several
studies in children [56], women [57], and obese patients
[58]. Also, it has been shown that in participants with
total daily magnesium consumption below the RDA, ele-
vated CRP levels were evident [59]. In addition, a cross-
sectional study also found an inverse association between
total daily magnesium intake and serum CRP levels [60].
However, another recent cross-sectional study found no
association between dietary magnesium intake and CRP
levels [61]. AHEIL however, is a diet rich in magnesium
and riboflavin because of high amounts of vegetables,
and it may be efficacious in improving the frequency, or
even prevention, of migraine headaches.
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Table 2 Dietary intake based on adherence of AHEI
Variables Low adherence of AHEI (n=144) High adherence of AHEI (n=122) P-value
Mean+SD Mean+SD
Macronutrients
Energy(kcal/d) 2363.62+490.91 207448+510.97 <0.001
Carbohydrates(gr/ day) 296.38+63.57 288.04+73.55 0.32
Protein(gr/day) 80.63+13.24 77.72+18.62 0.15
Total fat(gr/day) 100.57+31.12 757512477 <0.001
CHOL(gr/day) 286.45+88.94 198.58+£75.26 <0.001
Saturated fat(gr/day) 3402+1251 2064+7.26 <0.001
Trans fat(gr/day) 0.0004 +0.0009 0.0000+0.0001 <0.001
MUFA(gr/day) 33.13+£11.50 24.74+10.98 <0.001
PUFA(gr/day) 18.30£8.11 14.99+7.95 0.001
DHA(gr/day)) 0.07+0.06 0.10£0.13 0.007
EPA(gr/day 0.01+0.02 0.03+0.04 <0.001
Oleic(gr/day) 29.78+10.99 221241081 <0.001
Linoleic(gr/day) 15.54+7.65 12.62+7.53 0.002
Linolenic(gr/day) 1.38+0.61 0.97+0.55 <0.001
Total fiber(gr/day) 3436+12.78 4458+15.05 <0.001
Micronutrients
Thiamin(mg/day) 1.67+043 1.73+0.60 0.30
Riboflavin(mg/day) 1.82+0.39 2.02+055 0.001
Niacin(mg/day) 2271511 2262+647 0.90
Pantothenic acid(mg/day) 465+095 487+1.26 0.12
Pyridoxine(mg/day) 1.76+0.37 2.05+051 <0.001
Folic acid(mg/day) 49531+115.27 568.05+135.23 <0.001
Cobalamin (mg/day) 423+134 2.79+1.04 <0.001
Vitamin K(mg/day) 325.94+364.86 606.29+451.55 <0.001
Vitamin D(u/day) 236+1.08 1.62+0.86 <0.001
Vitamin E(mg/day) 11.76+£4.97 11.52+4.61 0.69
Vitamin C(mg/day) 105.23+69.50 177.40+9047 <0.001
Biotin(mg/day) 23.77+6.77 29.84+10.53 <0.001
Retinol(mg/day) 632.56+233.56 807.83+355.69 <0.001
Lutein (mg/day) 1964.91 £1632.38 3540.38+2165.51 <0.001
lycopene (mg/day) 215040+1724.83 3624.58+2090.08 <0.001
Sodium(mg/day) 3859.95+862.72 3610.37+680.13 0.009
Potassium(mg/day) 3548.23+1034.38 4640.25+1507.01 <0.001
Calcium(mg/day) 1120.75+402.63 1440.21+£495.18 <0.001
Iron(mg/day) 33.36+24.72 51.18+31.21 <0.001
Phosphor(mg/day) 1359.69+260.59 1433.04+356.01 0.06
Magnesium(mg/day) 363.55+78.54 441.79+137.65 <0.001
Chromium (mg/day) 0.08+0.06 0.12+0.11 0.002
Copper (mg/day) 140+0.28 1.56+045 0.001
Glucose 16.41+£8.07 15.95+453 0.55
Galactose 1.96+£097 2.14+1.09 0.16
Fructose 18.77+9.28 18411540 0.69
Sucrose 21.14+8.68 19.53+£9.67 0.15

CHOL: cholesterol, MUFA: monounsaturated fatty acid, PUFA: polyunsaturated fatty acid, EPA: eicosapentaenoic acid, DHA: docosahexaenoic acid, AHEI: alternate

healthy eating index.
P-value obtained from T-test.

All data are presented as mean+SD.

P-value<0.05 was considered significant.
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Table 3 The association between adherence of AHEI and
severity, duration, frequency, and MIDAS of migraine

Variables Number of Crude Adjusted
participants  OR(95% P-value OR(95% P-

(d)] Cl) value

Headache

duration

<10h 179 Reference group

>10h 87 0.57 0.039 0.56 0.049
(0.34,0.97) (0.31,099)

Headache

frequency

<15days/ 165 Reference group

month

> 15 days 101 1.44 0.151 1.19 0.555

month (0.87,2.36) (0.66,2.14)

VAS

Mild 43 Reference group

Moderate 114 0.82 0.603 0.69 0.360
(0.40,1.64) (031,151

Severe 109 0.81 0.583 0.72 0.450
(0.40,1.67) (0.31,1.67)

MIDAS

Without 35 Reference group

disability

Mild 67 147 0.362 1.28 0.578

disability (0.64,3.39) (0.53,3.12)

Moderate 46 0.84 0.702 0.76 0.600

disability (0.34,2.03) (0.28,2.07)

Severe 118 0.87 0.721 0.76 0.561

disability (0.40,1.85) (0.31,1.88)

VAS visual analog scale, MIDAS migraine disability assessment, AHEI: alternate
healthy eating index.

All data are presented as OR and 95% Cl by multinomial logistic regression.

P-value for adjustment model: based on energy, age, marital situation,
education, job, drinking water.

To our knowledge, this is the first study to evaluate the
association between adherence to the AHEI diet with
severity, duration, and frequency of migraine headache
among women. In this study, a validated FFQ was used
to determine AHEI dietary adherence and assess regular
dietary intake. However, there are several limitations that
need to be considered when interpreting our findings.
The main limitation of the present study was its relatively
small number of subjects, as well as the study population
being limited to women. Therefore, the results may not
be extended to men, whilst the cross-sectional nature of
the study precludes causal inferences being made, and
thus, we advocate for the conduct of future randomized
clinical trials. Additionally, the rationale for the recruit-
ment of women only is that migraine’s prevalence in
women (More than 20%) is markedly more than men
(more than 10%). One of the inevitable limitations of this
type of study is that questionnaire responses are subjec-
tively based on participants’ memory and their percep-
tion of pain. Additionally, dietary intake was assessed

Page 7 of 9

by a food-frequency questionnaire (FFQ), which is self-
reported by the patient and therefore dependent on their
memory and also taking food supplements was not asked
during this study.

Conclusion

The present study showed that, with regard to the asso-
ciation between migraine headache and AHEI, people
with high adherence of AHEI had a reduction in duration
of migraine. However, owing to the study limitations, fur-
ther clinical trials are suggested to better evaluate and
understand this association.

Abbreviations

AHEI Alternative Healthy Diet Index

ICHD3 International Classification of Headache Disorders 3
CVD CardioVascular Disease

BMI Body Mass Index

wc Waist Circumference

HC Hip Circumference

WHR Waist and Hip Ratio

PAL Physical Activity level

IPAQ International Physical Activity Questionnaire
FFQ Food Frequency Questionnaire

IHS International Headache Society

PA Physical Activity

MBA Migraine with Brainstem Aura

MIDAS  Migraine Disabiliy Assessment Qestionnaire

VAS Visual Analog Scale

MUFA MonoUnsatturated Fatty Acid
DHA DocosaHexaenoic Acid

EPA EicosaPentaenoic Acid

DHA DocosaHexaenoic Acid

Acknowledgements
We thank the school of Nutritional and Dietetics at Tehran University of
medical sciences and participants in this investigation.

Author contributions

Khadijeh M. and Atieh M. designed and managed the projectPardis K. and
Asma H. and Mehri H. and Cain C. written the manuscript Faezeh A. analyzed
and interpreted Data Shakila A.revised and edited the manuscriptAll authors
reviewed the manuscript.

Funding

This study was supported by Tehran University of Medical Sciences and
by grants from Tehran university of medical sciences (Grant number: ID:
95-03-161-33142 and 96-01-161-34479).

Data Availability

The data that support the findings of this study are available from Khadijeh
Mirzaei, but restrictions apply to the availability of these data, which were
used under license for the current study, and are not publicly available. Data
are however available from the authors upon reasonable request and with
permission of Khadijeh Mirzaei.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate

The study protocol has approved by the ethics committee of Endocrinology
and Metabolism Research Center of Tehran University of Medical Sciences
(TUMS) with the following identification: IR. TUMS.VCR.REC.1395.1597.



Khalili et al. Nutrition Journal

(2023) 22:41

Consent for publication
Each participant was completely informed about the study protocol and
provided a written and informed consent form before taking part in the study.

Received: 7 February 2023 / Accepted: 21 July 2023
Published online: 23 August 2023

References

1.

20.

21,

Arnold M. Headache classification committee of the international headache
society (IHS) the international classification of headache disorders. Cephalal-
gia. 2018;38:1-211.

Askarpour M, Sheikhi A, Khorsha F, Mirzaei K. Associations between adher-
ence to MIND diet and severity, duration and frequency of migraine head-
aches among migraine patients. BMC Res Notes. 2020;13:1-6.
Woldeamanuel YW, Cowan RP. Migraine affects 1in 10 people worldwide
featuring recent rise: a systematic review and meta-analysis of community-
based studies involving 6 million participants. J Neurol Sci. 2017,372:307-15.
Steiner TJ, Stovner LJ, Vos T. GBD 2015: migraine is the third cause of disability
in under 50s. Volume 17. Springer; 2016. pp. 1-4.

Bahrampour N, Mirzababaei A, Yarizadeh H, Barekzai AM, Khorsha F, Clark CC,
Mirzaei K. The relationship between dietary nutrients patterns and intensity
and duration of migraine headaches. Br J Nutr 2022:1-23.

Finocchi C, Sivori G. Food as trigger and aggravating factor of migraine.
Neurol Sci. 2012;33:77-80.

Ozturan A, Sanlier N, Coskun O. The Relationship between Migraine and
Nutrition. Turkish J Neurology/Turk Noroloji Dergisi 2016, 22.

Oterino A, Toriello M, Valle N, Castillo J, Alonso-Arranz A, Bravo Y, Ruiz-Alegria
C, Quintela E, Pascual J. The relationship between homocysteine and genes
of folate-related enzymes in migraine patients. Headache: The Journal of
Head and Face Pain. 2010;50:99-168.

Mottaghi T, Khorvash F, Askari G, Maracy MR, Ghiasvand R, Maghsoudi Z, Iraj
B.The relationship between serum levels of vitamin D and migraine. J Res
Med sciences: official J Isfahan Univ Med Sci. 2013;18:66.

Chen D, Willis-Parker M, Lundberg GP. Migraine headache: is it only a neuro-
logical disorder? Links between migraine and cardiovascular disorders. Trends
Cardiovasc Med. 2020;30:424-30.

Pardutz A, Schoenen J. NSAIDs in the acute treatment of migraine: a review
of clinical and experimental data. Pharmaceuticals. 2010;3:1966-87.
Grosser T, Ricciotti E, FitzGerald GA. The cardiovascular pharmacology of
nonsteroidal anti-inflammatory drugs. Trends Pharmacol Sci. 2017;38:733-48.
Martin VT, Vij B. Diet and headache: part 1. Headache: The Journal of Head
and Face Pain. 2016;56:1543-52.

Amer M, Woodward M, Appel L. Effects of dietary sodium and the DASH diet
on the occurrence of headaches: results from randomised multicentre DASH-
Sodium clinical trial. BMJ open. 2014;4:e006671.

Chiuve SE, Fung TT, Rimm EB, Hu FB, McCullough ML, Wang M, Stampfer MJ,
Willett WC. Alternative dietary indices both strongly predict risk of chronic
disease. J Nutr. 2012;142:1009-18.

Peres MFP, Del Rio MS, Seabra M, Tufik S, Abucham J, Cipolla-Neto J, Silber-
stein S, Zukerman E. Hypothalamic involvement in chronic migraine. J Neurol
Neurosurg Psychiatry. 2001,71:747-51.

Noori S, Mirzababaei A, Abaj F, Ghaffarian-Ensaf R, Mirzaei KJFiN. Does the
Mediterranean diet reduce the odds of diabetic nephropathy in women? A
case—control study. 2022, 9.

Price DD, McGrath PA, Rafii A, Buckingham B. The validation of visual ana-
logue scales as ratio scale measures for chronic and experimental pain. Pain.
1983;17:45-56.

Mirmiran P, Hosseini-Esfahani F, Jessri M, Mahan LK, Shiva N, Azizi F. Does
dietary intake by tehranian adults align with the 2005 dietary guidelines for
Americans? Observations from the Tehran lipid and glucose study. J Health
Popul Nutr. 2011;29:39.

Ghaffarpour M, Houshiar-Rad A, Kianfar H. The manual for household
measures, cooking yields factors and edible portion of foods. Tehran: Nashre
Olume Keshavarzy. 1999;7:42-58.

Razeghi Jahromi S, Abolhasani M, Ghorbani Z, Sadre-Jahani S, Alizadeh Z,
Talebpour M, Meysamie A, Togha M. Bariatric surgery promising in migraine
control: a controlled trial on weight loss and its effect on migraine headache.
Obes Surg. 2018;28:87-96.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Page 8 of 9

Moghaddam MB, Aghdam FB, Jafarabadi MA, Allahverdipour H, Nikookheslat
SD, Safarpour SJWASJ. The iranian version of International Physical Activity
Questionnaire (IPAQ) in Iran: content and construct validity, factor structure,
internal consistency and stability. 2012, 18:1073-80.

Black D, Robertson C. Migraine with brainstem aura (basilar-type migraine).
UpToDate 2015.

Stewart WF, Lipton RB, Dowson AJ, Sawyer J. Development and testing of the
Migraine Disability Assessment (MIDAS) Questionnaire to assess headache-
related disability. Neurology. 2001;56:20-S28.

Ghorbani A, Chitsaz A. Comparison of validity and reliability of the Migraine
disability assessment (MIDAS) versus headache impact test (HIT) in an iranian
population. Iran J Neurol. 2011;10:39.

Bijur PE, Silver W, Gallagher EJJAem. Reliability of the visual analog scale for
measurement of acute pain. 2001, 8:1153-7.

Buchholz D. Heal your headache. Workman Publishing; 2002.

Savi L, Rainero |, Valfre W, Gentile S, Giudice L, Pinessi LJPm. Food and
headache attacks. A comparison of patients with migraine and tension-type
headache. 2002, 44:27-31.

Peatfield RJHTJoH, Pain F. Relationships between food, wine, and beer-precip-
itated migrainous headaches. 1995, 35:355-7.

Carod-Artal FJ, Ezpeleta D, Martin-Barriga ML, Guerrero, ALJJotns. Triggers,
symptoms, and treatment in two populations of migraneurs in Brazil and
Spain. A cross-cultural study. 2011, 304:25-8.

Fukui PT, Gongalves TRT, Strabelli CG, Lucchino NMF, Matos FC, Santos JPMd,
Zukerman E, Zukerman-Guendler V, Mercante JP. Masruha MRJAdn-p: trigger
factors in migraine patients. 2008, 66:494-9.

Yang WH, Drouin MA, Herbert M, Mao Y, Karsh JJJoA, Immunology C. The
monosodium glutamate symptom complex: assessment in a double-blind,
placebo-controlled, randomized study. 1997, 99:757-62.

Randolph TG, Rollins JPJTJoL, Medicine C. Beet sensitivity: allergic reactions
from the ingestion of beet sugar (sucrose) and monosodium glutamate of
beet origin. 1950, 36:407-15.

Ratner D, Eshel E, Shoshani, EJljoms. Adverse effects of monosodium gluta-
mate: a diagnostic problem. 1984, 20:252-3.

Freeman MJJotAAoNP. : Reconsidering the effects of monosodium gluta-
mate: a literature review. 2006, 18:482-6.

Evans EW, Lipton RB, Peterlin BL, Raynor HA, Thomas JG, O'Leary KC, Pavlovic
J,Wing RR, Bond DSJHTJoH, Pain F. Dietary intake patterns and diet quality

in a nationally representative sample of women with and without severe
headache or migraine. 2015, 55:550-61.

Jain MM, Kumari N. Rai GJljocb, design d: a novel formulation of veggies with
potent anti-migraine activity. 2015, 8:54-61.

Simopoulos APJB. Pharmacotherapy: the importance of the ratio of omega-6/
omega-3 essential fatty acids. 2002, 56:365-79.

Hu EA, Steffen LM, Coresh J, Appel LJ, Rebholz CMJTJon. Adherence to the
healthy eating index-2015 and other dietary patterns may reduce risk of
cardiovascular disease, cardiovascular mortality, and all-cause mortality. 2020,
150:312-21.

Milajerdi A, Namazi N, Larijani B, Azadbakht LIN. cancer: the association of
dietary quality indices and cancer mortality: a systematic review and meta-
analysis of cohort studies. 2018, 70:1091-105.

Panahande B, Sadeghi A, Parohan MJJoHN. Dietetics: alternative healthy
eating index and risk of hip fracture: a systematic review and dose-response
meta-analysis. 2019, 32:98-107.

Wu P-Y, Lin M-Y, Tsai P-SJNn. Alternate healthy eating index and risk of depres-
sion: a meta-analysis and systemematic review. 2020, 23:101-9.

Bulld M, Casas-Agustench P, Amigé-Correig P, Aranceta J. Salas-Salvadé JJPhn:
inflammation, obesity and comorbidities: the role of diet. 2007, 10:1164-72.
Weickert MO, Pfeiffer, AFJTJon. Metabolic effects of dietary fiber consumption
and prevention of diabetes. 2008, 138:439-42.

O'Keefe JH, Gheewala NM, O'Keefe, JOJJotACoC. Dietary strategies for
improving post-prandial glucose, lipids, inflammation, and cardiovascular
health. 2008, 51:249-255.

Ajani UA, Ford ES, Mokdad AHJTJon. Dietary fiber and C-reactive protein:
findings from national health and nutrition examination survey data. 2004,
134:1181-1185.

Ma'Y, Griffith JA, Chasan-Taber L, Olendzki BC, Jackson E, Stanek EJ IIl, Li W,
Pagoto SL, Hafner AR. Ockene ISJTAjocn: Association between dietary fiber
and serum C-reactive protein. 2006, 83:760-6.

Qi L, Van Dam RM, Liu S, Franz M, Mantzoros C, Hu FBJDc. Whole-grain, bran,
and cereal fiber intakes and markers of systemic inflammation in diabetic
women. 2006, 29:207-11.



Khalili et al. Nutrition Journal

49.

50.

51

52.

53.

54.

55.

56.

(2023) 22:41

MaY, Hébert JR, Li W, Bertone-Johnson ER, Olendzki B, Pagoto SL, Tinker L,
Rosal MC, Ockene 1S, Ockene JKIN. Association between dietary fiber and
markers of systemic inflammation in the Women'’s Health Initiative Observa-
tional Study. 2008, 24:941-9.

Hershey A, Powers S, Bentti AJH. deGrauw TJ. Characterization and response
pattern on children presenting to a multi-disciplinary pediatric headache
center using a detailed computer database. 1999, 39:358.

Hershey AD, Powers SW, Vockell ALB, LeCates SL, Ellinor PL, Segers A, Burdine
D, Manning P. Kabbouche MAJHtjoh, pain f: Coenzyme Q10 deficiency and
response to supplementation in pediatric and adolescent migraine. 2007,
47:73-80.

Mauskop A, Altura BMJCN. Role of magnesium in the pathogenesis and treat-
ment of migraines. 1998, 5:24-7.

Bianchi A, Salomone S, Caraci F, Pizza V, Bernardini R. D Amato CCJV, hor-
mones: role of magnesium, coenzyme Q ~ 1 ~ 0, riboflavin, and vitamin B ~ 1
~ 2 in migraine prophylaxis. 2004, 69:297-312.

Sparaco M, Feleppa M, Lipton R, Rapoport A, Bigal MJC. Mitochondrial dys-
function and migraine: evidence and hypotheses. 2006, 26:361-72.

LodiR, lotti S, Cortelli P, Pierangeli G, Cevoli S, Clementi V, Soriani S, Montagna
P. Barbiroli BJBrb: deficient energy metabolism is associated with low free
magnesium in the brains of patients with migraine and cluster headache.
2001, 54:437-41.

King DE, Mainous AG lll, Geesey ME, Ellis TIMr. Magnesium intake and serum
C-reactive protein levels in children. 2007, 20:32-6.

57.

58.

59.

60.

61.

Page 9 of 9

Song Y, Ridker PM, Manson JE, Cook NR, Buring JE, Liu SJDc. Magnesium
intake, C-reactive protein, and the prevalence of metabolic syndrome in
middle-aged and older US women. 2005, 28:1438-44.

Guerrero-Romero F, Rodriguez-Moran, MJljoo. Relationship between serum
magnesium levels and C-reactive protein concentration, in non-diabetic,
non-hypertensive obese subjects. 2002, 26:469-74.

King DE, Mainous AG Ill, Geesey ME, Egan BM. Rehman SJNr: Magnesium
supplement intake and C-reactive protein levels in adults. 2006, 26:193-6.
Chacko SA, Song Y, Nathan L, Tinker L, De Boer IH, Tylavsky F, Wallace R, Liu
SJDc. Relations of dietary magnesium intake to biomarkers of inflammation
and endothelial dysfunction in an ethnically diverse cohort of postmeno-
pausal women. 2010, 33:304-10.

de Oliveira Otto MC, Alonso A, Lee D-H, Delclos GL, Jenny NS, Jiang R, Lima
JA, Symanski E, Jacobs DR Jr. Nettleton JAJTJon: Dietary micronutrient intakes
are associated with markers of inflammation but not with markers of sub-
clinical atherosclerosis. 2011, 141:1508-15.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	A Open Access Coversheet (1) (1) (2)
	s12937-023-00867-4
	﻿The association between adherence to alternative healthy Diet Index (AHEI) and severity, disability, duration, and frequency of migraine headache among women: a cross-sectional study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study population
	﻿Anthropometric measurements
	﻿Assessment of dietary intake
	﻿Calculation of AHEI score
	﻿Migraine diagnosis
	﻿MIDAS and VAS handbook
	﻿Evaluation of other variables
	﻿Statistical analysis

	﻿Results
	﻿Participant characteristics
	﻿Participant characteristics among intake of AHEI
	﻿The association between AHEI and severity, duration, and frequency of migraine headache

	﻿Discussion
	﻿Conclusion
	﻿References



