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Results: An inverse association between higher adherence to hPDI
and severity of headaches was found based on VAS (OR=0.40; 95%
CI: 0.21, 0.74; p=0.003), and severe disability based on MIDAS
(OR=0.50; 95% CI: 0.26, 0.95; p=0.03). Conversely, uPDI scores
were positively associated with severe headaches (OR=3.00; 95% CI:
1.72, 5.23; p<0.001), and disability (OR=2.50; 95% CI: 1.39, 4.51;
p=0.001). Moreover, headaches duration showed an inverse significant
association with hPDI scores (f=-0.21, 95% CI=-4.69, -1.08, p=0.002).
Conclusion: Plant-based diet, particularly healthful plant foods,
was inversely associated with lower severity, disability and duration
of headaches. In addition, unhealthy plant foods were associated with
higher risk of migraine headaches.
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Introduction

Migraine is a neurologic disorder characterized by
attacks of severe, throbbing headaches with associated
features such as photophobia, phonophobia, nausea,
and vomiting (1). Migraine, affecting as much as
10% of the global population (2), is considered the
first cause of disability in under 50 s (3). It greatly
affects the quality of life and could even be a huge
economic burden (4). Though the exact pathology of
the disease is not fully comprehended, but disorders
of the central nervous system and immune system, as
well as inflammation, genetics, and vascular ischemia
have all been proposed as possible contributors to
migraine (5). Certain drugs have been introduced
to control and manage this disease (6), but due to
the major side effects that they could create (7),
modification in lifestyle should be the primary
approach for managing migraine. The predisposing
factors including nutrition may affect the duration and
severity of migraine attacks. According to previous
studies, tyramine rich foods such as processed meat,
cheese, and smoked fish are some of strong migraine
triggers (8). On the other hand, it was reported that
higher consumption of fruits, vegetables, legumes
and nuts is related to reduced headache duration and
intensity (9).

Assessing overall diet quality, compared with focusing
on single nutrients or foods, may provide better insight
into the disease. Plant based dietary pattern which
emphasizes on consumption of plant-derived food
sources and limited consumption of animal sources,
has gained significant attention due to its effect on
control and management of chronic diseases (10-12).
Moreover, plant-based foods contain certain food
nutrients such as riboflavin, magnesium, coenzyme
Q10, alpha-lipoic acid, and eicosapentaenoic acid
which are shown to play a significant role in reducing
the intensity and frequency of migraines (13). On
the other hand, refined grains, starches, and sugar-
sweetened beverages can also be characterized as
plant-based foods, which have been long known to
have adverse effects on human health (14). Plus,
refined grains such as rice and variety of breads are
among the major food staples among Iranians (15).
Therefore, three established plant-based diet indexes
were used in this study including overall plant-
based diet index (PDI), healthful plant-based diet

index (hPDI), and unhealthful plant-based diet index
(uPDI) to score animal foods, healthy plant foods,
and less-healthy plant foods (11). No study has ever
investigated the association between plant-based
dietary patterns with risk of migraine headaches.
Therefore, this cross-sectional observational study
was conducted to examine a hypothesized association
between plant-based dietary patterns and intensity
and duration of migraine headaches.

Materials and Methods

Participants

The present study was conducted as an attempt to
improve the Reporting of Observational Studies
in Epidemiology. In this cross-sectional study, 266
females aged 18-50 years suffering from migraine
headaches were chosen from two neurology clinics
in Tehran. Inclusion criteria in the present study were
premenopausal women with history of migraine
headache who were diagnosed by an experienced
neurologist, voluntary participation in the study, Body
Mass Index (BMI) between 18.5 and 30, and the first
neurology clinic visit. Participants were excluded from
the study if they were pregnant or lactating, on specific
diets, or their daily energy intakes were lower than
800 kcal/day or higher than 4,200 kcal/day (n=28).
Moreover, women with chronic diseases such as
diabetes, cardiovascular diseases, and cancer were
excluded. Health status history and amount of
medication usage among individuals were checked
via electronic medical record system.

Assessment of dietary intakes and plant-
based dietary indices

Dietary intake was examined using a 147-items
semi-quantitative Food Frequency Questionnaire
(FFQ), with approved reliability and validity (16).
Dietitians filled participants FFQs during a face- to-
face interview. The US Department of Agriculture
(USDA) Food Composition Tables (FCT) were used
to assess nutrients and energy of dietary intake due to
limited data on Iranian FCT. Then, nutrient intakes
were analyzed using Nutritionist IV software. To
compute the plant-based dietary pattern, the method
mentioned by Satija et al was applied (17). To derive
the 3 plant-based diet indices including overall plant-
based diet index (PDI), healthful PDI (hPDI), and
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unhealthful PDI (uPDI), according to the similarity of
nutrients composition, food items were categorized
into 18 groups. The food items were categorized in
three main groups of animal, healthy, and unhealthy
plant-based foods. Healthy plant foods included whole
grains, vegetables, fruits, legumes, nuts, vegetable
oils, teaand coffee, while fruit juices, sugar-sweetened
beverages, refined grains, sweets and desserts, and
potatoes were considered as less healthy or unhealthy
plant foods. Moreover, dairy, animal fat, egg, meat,
fish and seafood, and miscellaneous animal-based
foods were considered as animal food items. Then,
the food items were transformed to deciles and each
item was given a score of 1-10.

To calculate PDI, individuals at the highest and lowest
deciles of plant food consumption were given scores
of 10 and 1, respectively. Further, participants in the
top and bottom deciles of animal foods consumption
were given scores of 1 and 10, respectively.

For hPDI, scores of 10 and 1 were used to score
study population with the highest and lowest intake
of healthy plant foods, respectively. In addition,
consumption of unhealthy plant foods and animal
food items were given a score of 1 for the highest
intake and 10 for the lowest intake.

To assess uPDI, scores of 10 and 1 were given to the
highest and the lowest consumption of unhealthy plant
foods. In addition, both animal foods and healthy
plant foods with the highest to lowest consumption
were given a score between 1 and 10.

Finally, these scores were summed to compute three
plant-based diet indices with theoretical score ranging
from 18 to 180 for three indices. Higher adherence to
the three dietary patterns indicated higher total scores
for each index.

Migraine diagnosis

In the present study, an experienced neurologist
diagnosed  episodic
International Classification of Headache Disorders
3rd edition (ICHD3) (18). Criteria for migraine
diagnosis comprise two types of migraine with aura
(MA) and without aura (MO). The diagnosis of MO
was based on pre-determined criteria of International
Headache Society (IHS); first, the presence of at least
two of the following characteristics was the sign
for the disease: (a) pulsating quality, (b) unilateral

migraine, according to
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headaches, (c) headaches worsened by physical
activity, and (d) moderate or severe pain. Second,
at least five attacks fulfilling the following criteria
were the next signs: (a) the headache duration lasting
from 4 to 72 hours; and (b) the presence of one or
more of the following criteria during headache attack
including photophobia (sensitivity to light) and/or
phonophobia (sensitivity to sound), nausea, and/or
vomiting.

In addition, aura is described as a group of symptoms
mainly applied as a warning sign that headache is
coming (19). MA, based on IHS criteria, is a condition
in which more than two headache attacks meet the
following criteria: (a) the presence of at least one
disorder in sensory, motor, retinal, visual, brainstem,
speech or language function; (b) symptom duration
of five or more than five minutes, consecutive
presentation of two or more symptoms, occurrence of
one or more unilateral symptoms, and occurrence of
symptoms with headache.

MIDAS and Visual Analog Scale (VAS)
questionnaires

To examine headache-related disability, the Migraine
Disability Assessment (MIDAS) questionnaire was
used. MIDAS questionnaire’s validity and reliability
were already evaluated in Iranian population (20).
Five questions were asked from participants to assess
the number of days in the past 3 months in which their
performance dropped because of migraine. After that,
based on their overall scores, participants were divided
into 4 levels of I (0-5, little or no disability), II (6-10,
mild disability), III (11-20, moderate disability), and
IV (more than 20, severe disability) (21). In addition,
VAS questionnaire was applied to evaluate headache
pain. VAS included a 10 cm horizontal line and the
patient’s pain intensity was represented by a point
between the extremes. The VAS score cut-off points
ranged from 1 to 10 and classified pain in three levels
ofl to 3 (mild pain), 4 to 7 (moderate pain), and 8 to
10 (severe pain) (22).

Assessment of other variables

Weight was measured by a digital scale (SECA,
Hamburg, Germany) to the nearest 0.1 kg, while
wearing no shoes and one layer of clothing. Height, by a
wall-mounted stadiometer, was recorded to the nearest
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0.5 ¢m, while the shoulders were relaxed in standing
positionwithshoesremoved. BMIwas computed based
on the following formula: “weight (kg)/height? (m?)”.
By giving all participants a questionnaire, some
characteristics including age, medicine consumption
(yes/no), marital status (married, single), family
history of migraine (yes/no), specific diet, sensitivity
to light or sound (yes/no), education status (<diploma
or >diploma), supplement use (yes/no), and chronic
disease history (yes/no) were assessed. To obtain
duration and attack onset of headaches after each
migraine attack, all participants were given a 30-day
headache diary. If the individuals had any problems
in fulfilling their diaries, professional neurologists
came to give instructions to participants and resolved
their problems. To assess Physical Activity (PA),
International Physical Activity Questionnaire (IPAC)
was used. Activity levels were classified into low,
moderate, and high as described by the IPAQ scoring
protocol (23). PA was shown as metabolic equivalent
hours per week (METs A/week).

Ethical code

The present study protocol was confirmed (Ethics
code: IR-TUMS.REC.1394.2141) by the research
committee of the School of Nutritional Sciences and
Dietetics of Tehran University of Medical Sciences
(TUMS). All of the participants were asked to sign
consent forms.

Statistical analyses

To attain descriptive characteristics of the participants,
the chi-square test and one-way analysis of variance
(ANOVA) were used. The chi-square test was applied
to determine the association between PDI, hPDI, and
uPDI and qualitative variables. Quantitative data were
normally distributed. One-way analysis of variance
(ANOVA) was applied to determine the relationship
between PDI, hPDI, and uPDI and quantitative
variables. In addition, analysis of covariance
(ANCOVA) was applied to compare the dictary
intakes of participants among tertiles of PDI, hPDI,
and uPDI by adjusting the effect of age, BMI, PA,
supplement use, medication consumption, sensitivity
to light or sound and energy intake. To assess the
association between plant-based dietary indices and
the headache severity and disability (VAS tertiles and

MIDAS quartiles), multinomial logistic regression
was applied in crude and adjusted models. Moreover,
to determine the association between headache
duration (Dependent variable) and the tertiles of
PDI, hPDI, and uPDI (Independent variables), linear
regression was used, in crude and adjusted models.
The level of statistical significance was considered as
p<0.05. SPSS statistics version 22.0 (IBM Inc, New
York, USA) was used to perform statistical analysis.

Results

Study population characteristics

The baseline characteristics of the participants among
tertiles of PDI, hPDI, and uPDI are presented in table
1. The mean (+SD) age, height, weight, BMI, PA,
and headache duration of participants were 34.32
(7.86) years, 161.87 (5.14) cm, 69.41 (13.02) kg,
26.50 (4.88) kg/m?, 407.73 (519.13) MET/Min/week,
10.03 (10.78) hours, respectively. Quantitative and
qualitative variables across PDI, hPDI, and uPDI
tertiles did not show any significant differences.
However, headache duration showed a statistically
significant difference across plant-based diet indices
(p<0.05), with a descending trend from the lowest to
the highest tertiles of PDI, hPDI, and an ascending
trend in uPDI. Based on the report of our participants,
dietary factors were eliminated from the diet of
83.97% in whom the dietary intake could aggravate
their headache severity. Moreover, the percentage of
participants who experienced both severe pain and
disability based on VAS and MIDAS scores across
the lowest (T1) and highest (T3) tertiles of PDI,
hPDI, and uPDI were 35.9 vs. 31.4, 47.1 vs. 28, and
17.9 vs. 47.1, respectively. In addition, the percentage
of participants with both mild pain and without a
disability is indicated in figure 1.

Dietary intake and plant-based diet indices

Nutrient and food intakes of the participants among
PDI, hPDI, and uPDI tertiles are presented in table
2. Participants in the top tertile of PDI had higher
consumption of fiber, Polyunsaturated Fatty Acid
(PUFA), vitamin A, C, B6, folic acid, magnesium,
potassium, whole grains, fruit, vegetables, nuts,
legumes, tea/coffee, vegetable oils, sugar-sweetened
beverages, potatoes, fruit juice, and lower consumption
of fat, Saturated Fatty Acid (SFA), Monounsaturated
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Table 1. General characteristics of participants across the tertiles (T) of PDI, hPDI, and uPDI

PDI p value hPDI p value uPDI p value
Total T T2 T3 T T2 T3 T1 T2 T3
<94 95-104 2105 <89 90-111 2112 <96 97-106 2107
(N=266)  (N=89) (N=91) (N=86) (N=91)  (N=88) (N=87) (N=86) (N=96) (N=84)

Quantitative variables

34.32 34.25 34.48 34.21 33.65 33.94 35.39 34.85 3416  33.95
Age (Year) 0.29 0.73
+7.86 +8.08 +8.03 +7.52 +8.12 +7.41 +7.99 +7.87 +8.0 +7.73
) 161.87 161.33 162.70 161.55 161.58 161.72 162.32 162.64 16153 161.46
Height (cm) 0.15 0.59 0.23
+5.14 +5.30 +4.91 +5.16 +4.88 +530 1527 +4.99 +516  +5.23
) 69.41 69.08 70.52 68.57 68.57 69.60  70.10 68.70 70.06  69.39
Weight (kg) 0.58 0.72 0.78
+13.02 +12.52 +13.14  +13.47 +14.58  +12.84 +11.48 +11.58  +12.99 +14.49
26.50 26.53 26.66 26.29 26.20 26.67  26.63 26.01 26.87  26.56
BMI (kg/m?) 0.87 0.77 0.48
+4.88 +4.56 +5.01 +5.10 +5.13 +5.08 442 +4.53 +499  £5.10
Physical activity ~ 407.73 355.29 498.28  366.19 012 319.75  465.55 441.27 043 515.31  350.29 363.23 0.06
(MET-h/wk) +519.13  +446.40 167178 +377.67 ' +448.36 +651.26 +422.15 ; +710.10 +345.30 +435.21 '
Headache dura- ~ 10.03 13.82 8.38 7.87 13.46 9.99 6.50 7.25 10.88 11.92
] <0.001 <0.001 0.01
tion (Hour) +10.78 +14.74 +7.06 +7.86 +14.23  £10.17 +4.04 +7.98 +11.31  +12.13

Qualitative variables

Marital status

0.61 0.97 0.63
(n (%))
) 27 29 28] 22
Single 74 (27.8) 27 (34.6) 25 (33.7) 24 (32.6) 25 (33.7)
(35.7) (29.7) (39.1) (31) (29.9)
. 192 69 64 57 73 62
Married 59 (30.7) 66 (34.3) 64 (33.3) 62 (32.4)
(72.2) (36) (33.3) (29.6) (38) (32.4)
Education
status 0.16 0.60 0.65
(n (%))
SRRlonE o " 310 31(29.8) 32(30.7) 41(39.4) 32 37 £
(39.1) (34.7) (35.5) : : : : (30.7) (35.5) (33.8)
. 162 53 54 54 59 49
>Diploma 55 (33.9) 60 (37.6) 56 (32.2) 46 (30.2)
(60.9) (32.8) (33.3) (33.3) (36.4)  (30.3)
Current smoker
0.35 0.11 0.06
(n (%))
13 2 6 5 6 6 8 3 2
Yes 1(1.1)
(4.9) (15.5) (46.1) (38.4) (6.8) (6.9) (9.3) (3.1) (2.4)
253 87 85 81 78 93 82
No 90 (98.9) 82 (93.2) 81 (93.1)
(95.1) (34.5) (33.5) (32) (90.7) (96.9)  (97.6)

PDI, overall plant-based diet index; hPDI, healthful plant-based diet index; uPDI, unhealthful plant-based diet index.
Values are meanz SD for quantitative variables and percentage for qualitative variables.
Using one-way ANOVA for quantitative variables and Chi-square test for qualitative variables
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Fatty Acid (MUFA), cholesterol, vitamin B12, calcium,
sodium, refined grains, fish/seafood, meats, animal
fats, and miscellaneous animal-based foods compared
with those in the bottom tertile. Moreover, participants
in the top tertile of hPDI had higher intake of fiber,
PUFA, vitamin A, C, B6, folic acid ,magnesium,
potassium, whole grains, vegetables, fruit, legumes,
nuts, vegetable oils, and tea/coffee, while they had
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lower intake of energy, protein, carbohydrate, fat, SFA,
cholesterol, vitamin B12, sodium, sugar-sweetened
beverages, refined grains, potatoes, sweets/desserts,
dairy, fruits juice, animal fats, and miscellaneous
animal-based foods. Moreover, the consumption of
MUFA, thiamine, eggs, and meats across tertiles of
hPDI, and energy protein, carbohydrate, thiamine,
calcium, sugar- sweetened beverages, sweets/desserts,
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Table 2. Dietary intakes of study participants across the tertiles (T) of PDI, hPDI, and uPDI

PDI p-value hPDI p value uPDI p value

e T2 & e T2 T3 1 T2 T3

<94 95104 2105 <89 90111 2112 <96 97106 2107

(N=89) (N=91) (N=86) (N=91)  (N=88) (N=87) (N=86)  (N=96) (N=84)
Energy (keal)  poi00) Sica7e aarey 020 iSiida sanvos easocs 0001 ronos  sssave asévos 008
Protein (gd2y) 3%y 570 aroat 0% uiigo  aisre  sioa5 092 Jses 41470 sraos 0003
Carbohydrale (ghd2y) 20000 7315 s0a0r 008  isaer  sr9d7  sepes <0001 0% L0000 004
Dictary fiver (giday) s rrase  a1sos 003 iiods  aiser  eriap 0001 Gl 5% Jiio 0O
Fetflettey) 19383257 ie39;tgsz 17286.7163 iy l;g?g 5215'.1427 172%.32(21 iy 18298.5103 18351'?719 193:22178 LAz
SFA (glday) Joas  ee0  stp 0001 JSuB DR ;<000 SR D0 Stazs 0005
MUFA@aay) 5T D57 e <0001 by A ooy 008 i 25he Jiies 009
PUFA(gaay) 138 1897 ioo 00 230 80 5 0001 I8 l50s  ssae 006
Cholesterol (miday) o587 Z00%: a1gs 001  iaeos  eoar  arias 0001 20390 5000 repas 064
IS E) 1613759.8680 1721563'9923 1748296%553 e 1610275.7485 1620536185 193%355.5282 i 1%13046.7028 ¢721586.7022 1518516?0 e
Viamin G (mgiday) 14738 123%a emare 0001 UG 1008 aever <0001 [NENL leate ssers <0001
Thiamine (mgiday) o4 aGor 040 091  aoas  s080 s620 O'2  40ss ot <04y 008
Viamin 86 (mgiday)  1.70:033 %% B2 o003 TS LR B <00t B BN Gh <00
FellDEE b)) 510114'.59% 5121%%1) 1515583.9é7 il i?gigg ¢513316?558 ¢516351'.3288 el ¢517308'f‘;2 151130é2108 1510065?909 Lew
S (B (e ) 141'9337 :31'183 ¢31'.1299 iy :1..5266 :31'?2(11 izd.ss;es iy 13;'.63307 i31'i84 ¢31'.7359 el
Caloum (mgidey)  [Spiny sarais 437558 013 2069, ssrs a0 0001 040 135056 satoss <0001
Magnesium (mgiday) 3750 Jioros aranss 000  soa1  son4s arsids <0001 131> igads sgsay <0001
Potassium (mgiday) (05000 4113507 4130410 0001 sepo11 08516 411001 0001 Lioed 16134 sragon <0001
Sodium (mgiday) 400784 365081 356462 o 303802 373962 354908 ., 371384 367718 385594 o

+757.15 £815.30 £815.30 +950.12  £735.20 +605.07 +684.0 +829.46 +848.96

34.09 55.01 79.35 37.48 44.33 86.78 85.58 40.20 43.36

Whole grains (g/day) 14451 +5188 20321 <0001 4180 5636 8928 <0001 o476 13934 15169 <0001
196.66  252.61  305.67 153.08  240.83  363.86 30456 25376  193.16

Vgl (k) 19688 +118.02 +14045 0001 45250 110067 10186 0001 144221  i11868 0125 <0-001
. 216.02 28533  459.18 24504  333.82  379.38 43239 302.04 22022

A el £108.27 12967 27460 0001 110772 125765 121666 0001 427305 15252 119.75 <0-001
3.41 3.35 4.34 3.18 3.79 4.36 4.77 3.26 3.38

s iz 270 236 394 0008 307 336 270 0001 375 so54  sp74 0002
3912  49.88  80.09 39.79 59.35  69.70 71.25 55.16  41.50

L gline i) 3652 3783 4570 0001 3500 14360 4856 0001 iuges  x4372 #3142 <0001
. 6.86 8.1 12.63 7.64 9.87 14.00 12.69 7.61 7.02

Hegpitilte el ey 1507  +466 842 0001 35 1807  +744 0001 g5y 500 467 ~0-001
510.88  696.02  700.56 555.05  751.16  705.08 73119 69310 577.80

Teaand coffee (g/day) ;36904 133332 35016 <0001 26670 437653 +377.16 0001 437130 131445 135827 OO

Sugar-sweetened bever- 3398 4297 4692 .. 6200 24.99 1503 o0 29.90 4723 4647 ..

ages (g/day) +57.97 +66.86 +61.87 +77.20 #4371  +17.31 : +47.86  +73.84 6045

. . 369.70  314.96  262.90 401.66  319.05 22467 270.79  299.58  382.45

Refined grains (9/day) 47543 115545 13031 0001 412820 17261 12133 <0001 143858 115774 +161.50 ~0-001
1895 2195  27.20 34.56 22.80 9.95 18.11 2292  29.76

FEED () +17.46 2244 2595 004 o4ma 12085 1708 0001 4877 2171 2606 0002
5530 6449  72.06 128.03 4133  20.11 53.03 63.82  75.60

Sweetdessert(g/day)  ,g965 18074 +8652 12 igos8 15664 #3110 0001  ie676 18693 18153 O18
L 5.40 13.94  38.81 24.57 26.39 6.89 9.64 16.89  30.87

s [l k) +1329 #2018 4669 0001 383> i3g06 1847 0001 ij908 12012 4770 <0001
. 291.05 27476  269.30 313.74 28629  233.60 29750  266.47 272.62

Dy ety £10357 +106.07 97.78 93% 10302 11447 8207 900" 140334 18277 +11951 010

Fish and seafood 1427  12.76 948 .. 14.87 11.11 1033 oo, 15.58 1006 1102 oo,

(g/day) +10.02  £13.77 +8.74 +8.67 +10.09 +13.73 +13.54 +9.29 +9.56
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1949 1866 1907 o, 2007 19.72 17.05 21.85 1875  16.26
$920  +10.90  8.71 : +10.05 877  $9.86 +9.95 $9.57  +8.61
6819 6160 5332 ... 6577 6140 5551 61.85 59.26  62.03
+3148 2823 2765 $2929 #3135  #27.77 $29.72 #2578 +33.85
. 3815 3029  16.70 46.41 21.41 17.01 25.13 2666  34.14
(el R (el 2y 2815 12345 1537 0001 o373 o107 w1721 0001 094 s2324 2686 003
Miscellaneous ani- 2004 1530 1334 0. 3263 10.86 457 001 1388 1681 1840 (.,
mal-based foods (g/day) +18.87 +19.85  +15.89 : +16.93 +14.71 1+8.94 ’ +17.09 +19.18  +19.13 :

PDI, overall plant-based diet index; hPDI, healthful plant-based diet index; uPDI, unhealthful plant-based diet index; SFA: saturated fatty acid; PUFA: polyunsaturated

fatty acid; MUFA; monounsaturated fatty acid.

Except total energy, all values are adjusted for energy intake.
Values are expressed as mean + SD.

Using ANCOVA for dietary intake variables

dairy, and eggs across tertiles of PDI did not show any
significant differences. In addition, individuals in the
top uPDI tertile in comparison with those in the bottom
tertile had lower intake of protein, carbohydrate, fiber,
MUFA, cholesterol, folic acid, vitamin A, B6, folic
acid, C, calcium, magnesium, potassium, whole grains,
vegetables, fruit, nuts, legumes, vegetable oils, tea/
coffee, eggs, fish/seafood, while higher intake of SFA,
refined grains, potatoes, fruit juice, and animal fats was
observed.

Plant-based diet
headache

The association between severity, disability, and
duration of migraine headache across tertiles of PDI,
hPDI, and uPDI tertiles in crude model and adjusted
model is shown in table 3. In the crude model of
multinomial logistic regression, the greatest adherence
to the PDI did not show a significant relation with
severe pain based on VAS score (OR=0.71; 95% CI:
0.45, 1.10; p=0.12) and severe disability based on
MIDAS score (OR=0.71;95% CI: 0.44, 1.14; p=0.15).
Even after adjustment for potential confounding
factors, no association was observed between PDI
and high VAS score (OR=0.76; 95% CI: 0.46, 1.26;
p=0.29), and high MIDAS score (OR=0.75; 95% CI:
0.43, 1.30; p=0.30).

A significant inverse association was observed between
hPDI and 65% lower rate of severe pain headaches
(OR=0.35; 95% CI: 0.21, 0.57; p<0.001) and 43%
lower rate of severe disability (OR=0.57; 95% CI: 0.35,
0.93; p=0.02) in crude model. After adjustment for the
potential confounding factors, participants in the top
tertile of hPDI were 60% and 50% less likely to have
severe pain (OR=0.40; 95% CI: 0.21, 0.74; p=0.003)
and severe disabling headaches (OR=0.50; 95% CI:
0.26, 0.95; p=0.03), respectively, compared with those
in the bottom tertile. Subjects in the top tertile of uPDI
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Figure 1. Percentage of T1 vs. T3 of PDI, hPDI, and uPDI
among patients with severe or mild pain and severe or without
disability (Based on VAS and MIDAS scores).
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Table 3. Crude and multivariable adjusted odds ratios for pain, disability, and duration of migraine headache across PDI, hPDI,
and uPDI scores

Crude models p-value Adjusted models p value
(0] (0.95% Cl) (0]33 (0.95% Cl)
Mild paine - - - - - -
Moderate pain 0.74 (0.47, 1.16) 0.19 0.79 (0.49, 1.28) 0.34
Severe pain 0.71 (0.45, 1.10) 0.12 0.76 (0.46, 1.26) 0.29

Without disability - - - = = -

Mild disability 0.79 (0.47, 1.32) 0.38 0.83 (0.48, 1.43) 0.51
Moderate disability 0.82 (0.47, 1.44) 0.50 0.87 (0.48, 1.60) 0.67
Severe disability 0.71 (0.44, 1.14) 0.15 0.75 (0.43, 1.30) 0.30
Headache duration of each attack *-0.12 (-3.16, 0.02) 0.08 *-0.10 (-2.86, 0.23) 0.21

Crude models p-value Adjusted models
(03 (0.95% CI) (03 (0.95% CI)
Mild paine - - - - - -
Moderate pain 0.43 (0.26, 0.70) 0.001 0.51 (0.28, 0.92) 0.02
Severe pain 0.35 (0.21, 0.57) <0.001 0.40 (0.21, 0.74) 0.003

Without disability - - = o - -

Mild disability 0.62 (0.37, 1.04) 0.07 0.60 (0.32, 1.11) 0.10
Moderate disability 0.68 (0.39, 1.20) 0.19 0.61 (0.30, 1.22) 0.16
Severe disability 0.57 (0.35, 0.93) 0.02 0.50 (0.26, 0.95) 0.03
Headache duration of each attack *-0.26 (-5.01, -1.94) <0.001 *-0.21 (-4.69, -1.08) 0.002

Crude models p-value Adjusted models p value
(0] 33 (0.95% Cl) (0]33 (0.95% Cl)
Mild paine - - - - - -
Moderate pain 1.13 (0.70, 1.80) 0.60 1.23 (0.73, 2.05) 0.43
Severe pain 2.50 (1.56, 4.02) 0.001 3.00 (1.72, 5.23) <0.001

Without disability< - - = o - -

Mild disability 1.35 (0.79, 2.33) 0.26 1.39 (0.78, 2.45) 0.25
Moderate disability 1.70 (0.95, 3.06) 0.07 1.86 (0.98, 3.57) 0.05
Severe disability 2.21 (1.32, 3.68) 0.002 2.50 (1.39, 4.51) 0.001
Headache duration of each attack *0.11 (-0.06, 2.94) 0.12 *0.08 (-0.26, 2.74) 0.23

PDI, overall plant-based diet index; hPDI, healthful plant-based diet index; uPDI, unhealthful plant-based diet index; MIDAS, Migraine Disability Assessment questionnaire; VAS, Visual Analog
Scale.

* The B coefficient has been shown.

a Adjusted for confounders.

« Considered as reference group

compared with those in the bottom tertile were more
likely to have a higher odds of severe pain in crude
(OR=2.50; 95% CI: 1.56, 4.02; p=0.001) and adjusted
models (OR=3.00; 95% CI:1.72, 5.23; p<0.001) or
severe disability in crude (OR=2.21; 95% CI: 1.32,

3.68; p=0.002) and adjusted models (OR=2.50; 95%
CI: 1.39, 4.51; p=0.001).

Linear Regression Model (LRM)
statistically significant inverse association between
mean duration of each headache attack in the last

indicated a
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three months and hPDI score in crude (f=-0.26, 95%
CI=-5.01, -1.94, p<0.001) and adjusted models (p=-
0.21, 95% CI=-4.69, -1.08, p=0.002). However, PDI
score in crude (f=-0.12, 95% CI=-3.16, 0.02, p=0.08)
and adjusted models (p=-0.10, 95% CI=-2.86, 0.23,
p=0.21), as well as uPDI score in crude (B=0.11, 95%
CI=-0.06, 2.94, p=0.12) and adjusted models ($=0.08,
95% CI=-0.26, 2.74, p=0.23) showed no statistically
significant correlation with headache duration.

Discussion

This is the first study that addresses the association
between adherence to plant-based diets and headache
severity and duration among migraine patients. Our
main analyses showed that there was no significant
association between PDI scores and risk of migraine
headaches. However, greater hPDI scores were
significantly associated with reduced headache
intensity and duration. In contrast, a higher score of
uPDI was directly associated with more headaches.
Formerly, foods were classified into two main
groups of animal and plant sources. Plant sources
were believed to be the optimum choice in order to
have a healthy life (24). However, later on, it was
discovered that not all plant foods impose such
effects. For instance, high consumption of sugar-
sweetened beverages, potatoes, and refined grains
could increase the risk of diabetes and heart diseases
(14,25). Therefore, to have a better insight into this
matter, the association between migraine and PDI,
hPDI, and uPDI was examined separately.

There are possible mechanisms through which
the hypothesis of the effect of plant-based diet
on migraine could be justified. Migraine is a
neurovascular disorder, induced through a set of
actions starting within the brain and then spreading
to the blood vessels (26). Sudden changes in blood
flow to the brain may contribute to the pain (27).
Calcitonin Gene-Related Peptide (CGRP) is a
member ofthe calcitonin family of peptides, produced
in neurons. CGRP acts as a strong vasodilator and
could cause neurogenic inflammation (28). The
evidence suggesting the role of CGRP in migraine
is numerous. Goadsby et al found that serum level
of CGRP was elevated following a migraine attack
(29). Moreover, a causative role of CGRP was also
discovered when it induced migraine headaches
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after it was intravenously infused in patients
(30). CGRP antagonists were shown to reduce
the average number of migraine days in migraine
sufferers (31). Several studies indicated that food
intake could also be capable of altering CGRP levels
(32,33). Glucosinolate and sulforaphane which are
the natural components of some vegetables such
as cabbage, broccoli, beets, parsley, spinach, and
carrots categorized as healthy plants were also found
to prevent migraine with an antagonistic ability
against CGRP, even better than administered drugs
in some cases (34).

Moreover, it has been proposed that inflammation,
with sensitization of nerve endings in meninges, could
play a significant role in migraine pain. According
to recent studies, high sensitivity c-reactive protein
(hsCRP) was elevated in adults with migraine
(35,36); these findings advocate treatments which
exert anti-inflammatory effects. Healthy plant foods
are rich sources of fiber and antioxidants (37). High-
fiber diets reduce inflammation via slowing glucose
absorption, altering gut microflora, and suppressing
the production of inflammatory cytokines (38). In
addition, nutritional antioxidants protect the body
cells from the free radicals and act in favor of anti-
inflammatory balance (39).

Healthy plant foods contain a high Ilevel of
magnesium, a nutrient that could have a key role in the
management of migraine. Several studies have shown
that migraineurs have low brain magnesium during
migraine attacks and may also have a magnesium
deficiency (40,41). Two clinical trial studies have
revealed that oral magnesium supplementation could
have a major role in attenuating headaches (42,43).
These beneficial effects of magnesium could be due
to its impact on the regulation of blood pressure (44)
or its anti-inflammatory properties (45) as, findings
from a meta-analysis of seven cross-sectional studies
showed an inverse association between serum hs-
CRP concentration and magnesium intake (46).
Moreover, low serum levels of magnesium and
riboflavin (which is also found abundantly in plant
foods) could attribute to mitochondrial dysfunction, a
complication which may lead to migraine headaches
through causing changes in heart rate and blood
pressure (47,48).

According to our findings, the high consumption of
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unhealthy plant foods is positively related to migraine
headaches. Greater adherence to uPDI is equivalent
to diets with higher glycemic load and index and
lower levels of dietary fiber, micronutrients, and
antioxidants (49). Studies revealed that hyperglycemia
may be associated with higher levels of inflammation
markers (50,51). Moreover, according to several
studies, a higher glycemic diet, due to its adverse
impact on blood vessels may lead to hypertension
(52,53).

There are certain limitations in our study which are
worth considering. The study population wasrelatively
small. Significant sex differences in migraine have
been proposed in previous studies (54), while the
participants of this study were limited to women.
If men were also presented, significant findings
could have been obtained. In addition, questionnaire
responses were based on participants’ memory and
their feeling of pain. Our evidence is associational
and does not prove causality. Firm conclusions cannot
be drawn from one single study such as ours. Instead,
it is better to assess a possible association by using
results from multiple epidemiological studies, ideally
in different populations and/or countries.

Conclusion

In conclusion, our findings showed that higher
adherence to the plant-based diet, particularly healthy
plants, may be associated with lower headache
severity, disability and duration. In addition,
unhealthy plants may be related with more risk of

migraine headaches.
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