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Abstract

Background

The prevalence of primary headaches has been increasing at an alarming rate, particularly in university
students. Previous studies have shown that diet-related behaviors can affect neurological disorders.
Therefore, this study was conducted to examine the association between breakfast consumption patterns
and primary headaches in a large population of university students.

Methods

In total, 83,677 university students, aged =18 years, from 28 provinces of Iran were included in the current
cross-sectional study. Dietary intakes and breakfast consumption patterns were assessed using a
validated self-administered dietary habits questionnaire. Primary headaches were determined according
to the International Classification of Headache Disorders-3 (ICHD-3) criteria.

Results

The mean age of participants was 21.50 + 4.01. Primary headaches were prevalent among 9% of
university students. A significant inverse association was seen between breakfast consumption and odds
of primary headaches (OR: 0.57, 95% Cl: 0.51-0.62). This association remained significant even after
taking potential confounders into account; such that students who consumed breakfast frequently had
26% lower odds of primary headaches compared with those who consumed it rarely (OR: 0.74, 95% CI:
0.65-0.85). Moreover, such a significant inverse association was observed in female students (OR: 0.54,
95% Cl: 0.49-0.61) as well as those with normal weight (OR: 0.68, 95% CI: 0.58-0.79). However, it became
non-significant in male students and those with overweight or obesity.

Conclusions

We found that frequent breakfast consumption was inversely associated with the odds of primary
headaches. Further prospective studies are needed to confirm our findings.

Introduction

Primary headaches are the chronic and disabling neurological disorders that are associated with
recurrent and persistent head pain (1). Based on the most recent iteration of the International
Classification of Headache Disorders, Third Edition (ICHD-3), Beta Version, primary headaches consist of
migraine, tension-type headache and also non-classifiable headaches (2). The prevalence of primary
headaches has been increasing at an alarming rate, particularly in early ages (3). For migraine, it is
estimated an incidence of 18.2 per 1000 women aged 20 to 24 years and 6.2 per 1000 men aged 15 to
19 years (4, 5). Primary headaches impose a high burden to individuals and the health care system (1, 6).
Therefore, finding effective factors to prevent these headaches is necessary.
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The etiology of primary headaches has not been completely elucidated; however, it has been shown that
a combination of genetic and environmental factors are involved (7, 8). Among environmental factors,
diet has an important role. There is evidence indicating that intakes of dairy products, fruits, vegetables,
and B-vitamins are associated with a lower incidence of primary headaches, while intakes of red and
processed meat, refined grains, and coffee contribute to increased risk of these headaches (9-16).
Previous studies have mainly focused on dietary intakes and little attention has been paid on dietary
behaviors such as breakfast consumption. Breakfast consumption might inhibit the activity of the
hypothalamic-pituitary-adrenal axis and subsequently reduce the secretion of stress hormones such as
cortisol, which contribute to the onset of primary headaches (17, 18). Therefore, breakfast consumption
may be involved in the onset and management of primary headaches. However, we are aware of no study
that examined the association between breakfast consumption and primary headaches in adults. Few
studies have investigated the link between breakfast consumption and other chronic neurological
disorders such as depression and psychological distress (19-21). In a population-based study, Milajerdi
et al. reported that breakfast consumption reduced the odds of depression and psychological distress
(21).

The association between breakfast consumption and primary headaches is of great importance in
university students who had different dietary behaviors than others (22). They usually skip breakfast and
are willing to have an unhealthy dietary pattern rich in fast foods, snacks, sugar-sweetened beverages
and poor in fruits and vegetables (23, 24). Besides, the prevalence of primary headaches is estimated to
be high among university students (25). Considering the aforesaid points, the current study was
conducted to examine the association between breakfast consumption patterns and primary headaches
among a large population of university students in the Middle East.

Material And Methods

Participants

This cross-sectional study was performed in the framework of the MEPHASOUS (Mental and Physical
Health Assessment of University Student) study which was designed by the Counseling and Health
Organization of the Ministry of Science and Technology (CHOMST), Tehran, Iran, in 2012-2013. The
purpose of this project was to evaluate the health status of Iranian university students. Detailed
information about the study design, participants and data collection methods has been published
elsewhere (26, 27). Briefly, all students who were admitted to 74 governmental eligible universities (from
28 provinces of Iran), affiliated to the Ministry of Science and Technology (MST), were invited to
participate in this project. Students were included if newly admitted at university and were at the age
range of = 18 years. To gather the required data, students were invited to the health center of universities.
Data on demographic characteristics, anthropometric measures, medical history, and dietary habits were
collected from each student. Overall, 84,332 university students participated in the MEPHASOUS project.
After excluding those students with missing information, 83,677 students remained for the final analysis.
All participants provided a signed written consent form. The whole project was ethically approved by the

Ministry of Science and Technology, Tehran, Iran.
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Dietary assessment

We used a self-administered dietary habits questionnaire to collect dietary data (26). The questionnaire
was specifically designed and validated for the MEPHASOUS project. Participants were asked to report
the consumption frequency of fresh and dried fruits, vegetables, whole grains, dairy products, fast foods,
sugar-sweetened beverages (SSBs), and sweets during the last year. In the questionnaire, the response
categories were different for each food according to its usual intake among the Iranian population. For
example, the response categories for fruits which are frequently consumed by Iranian were in daily format
(<1 serv/day, 1 serv/day, 2-3 serv/day, = 4 serv/day), while these categories for sweets which are
infrequently consumed were in weekly format (< 1 serv/wk, 1 serv/wk, 2—3 serv/wk, = 4 serv/wk).
Assessment of breakfast consumption

Breakfast consumption pattern was assessed using a self-administrated question, as an item in the
dietary habits questionnaire. Participants were asked to report how many days in a week they consumed
breakfast. They were able to select one of these choices: <1 day/wk (rarely), 1-2 days/wk, 3—4 days/wk,
and = 5 days/wk. Breakfast consumption was defined as the consumption of any food, beverage, or both
of them between 5:00 and 10:00 AM. In the present study, breakfast skippers were defined as those who
consumed breakfast less than 5 days/wk.

The reliability and validity of the dietary habits questionnaire were examined in a separate study which
was done on a subgroup of 70 students in the University of Tarbiat Modares (26). Based on the validation
study, this questionnaire presented reliable and valid data on the dietary habits of university students.
The reliability and validity of the questionnaire were also confirmed by previous studies that used it for
dietary habits assessment (27-29).

Assessment of primary headaches
Primary headaches were determined using a self-reported question in which students were asked whether
they had experienced primary headaches (including migraine, tension-type headache, and non-
classifiable headache) during the last 12 months. They were asked to not report the headaches related to
cold, fever or any other type of iliness. Students could select two options (yes/no). If yes, they were
referred to a general practitioner, who was experienced in terms of neurovascular diseases, for further
examination. Primary headaches were defined based on the criteria introduced by the International
Classification of Headache Disorders-3 (ICHD-3) with the exceptions that the number of attacks and the
duration of headaches were not included (30).
Assessment of other variables
Data on age, gender (male/female), education [advanced diploma/bachelor of science (BSc)/master of
science (MSc)/medical science (MD)/philosophy of doctor (Ph.D.)], marital status (single/married),
occupation (having/not-having), health insurance (having/not-having), smoking (non-smoker/ex-
smoker/current smoker), sleep pattern (regular/irregular), and current use of nutritional supplements
(including Fe, Ca, vitamins and other nutritional supplements) (yes/no) were collected using a self-
reported questionnaire. We considered students in the advanced diploma, BSc and MD courses as under-
graduate and those in the MSc and Ph.D. courses as post-graduate students. Since health insurance in
Iran can cost a lot for people, it was considered as an index for evaluation of economic status. Therefore,
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we considered students who had health insurance as economically “good” and those who did not have
any type of health insurance as economically “weak”. To assess physical activity, we asked a question as
follows: “how often do you exercise lasting 30 min?” The response categories of this question were
“rarely”, “1-2 times/wk”, “3-4 times/wk”, “=5 times/wk". Students who did exercise 3 times/wk or more
were considered physically active. We also assessed the time that each student spend in a day for the
use of electronic devices including computer, cell phone, and notebook. They were able to choose one of
these choices: “rarely”, “<2 hours/day”, “2—4 hours/day”, and “>4 hours/day”. In terms of anthropometric
measures, weight was measured with minimal clothing and without shoes by an analog scale with a
precision of 100 g and height was determined in a standing position without shoes by a tape measure
with the nearest 0.5 cm. Body mass index (BMI) was calculated as weight in kilograms divided by height
in square meters. Overweight and obesity were defined as BMI between 25-30 and = 30 kg/m?,
respectively (6, 31). Blood pressure was measured two times in a seated position after a 5-min rest with a
20-minute interval. The average of two measurements was considered as the final systolic and diastolic
blood pressure. Hypertension was defined as systolic blood pressure (SBP) = 140 mmHg and diastolic

blood pressure (DBP) = 90 mmHg (32).

Statistical analysis

We classified participants into four categories according to their frequencies of breakfast consumption
as follows: rarely, 1-2 days/wk, 3—4 days/wk, and = 5 days/wk. One-way analysis of variance (ANOVA)
was used to assess differences in quantitative variables across the categories of breakfast consumption.
To assess the distribution of qualitative variables across patterns of breakfast consumption, the Chi-
square test was used. By using the binary logistic regression, we obtained multivariable odds ratios (ORs)
and 95% confidence intervals (Cls) for the association between breakfast consumption pattern and
primary headaches among the whole population and separately by gender (male/female) and BMI status
(< 25/=25 kg/m?). We controlled for the confounding effects of age and gender in the first model. Further
adjustment was made for marital status, education, occupation, physical activity, economic status,
smoking, electronic devices use, sleep pattern, hypertension and supplement use in the second model. We
additional adjusted for dietary intakes of fruits, vegetables, fast foods, SSBs, whole grains, and sweets in
the third model. In the final model, BMI was additionally controlled to obtain an obesity-independent
association between breakfast consumption patterns and odds of primary headaches. In these analyses,
students in the first category of breakfast consumption were considered as the reference group. To obtain
the overall trend of odds ratios across increasing categories of breakfast consumption, we considered
these categories as an ordinal variable in the logistic regression models. All statistical analyses were
done using SPSS software (version 19.0; SPSS Inc, Chicago IL). P values were considered significant at <
0.05.

Results

The mean age of university student participated in the current study was 21.50 + 4.01. Also, 54.7% of
study participants were female. Primary headaches were prevalent among 9% of participants. In addition,
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45.6% of students consumed breakfast less than 5 days/wk, defined as breakfast skippers.

Demographic characteristics and dietary intakes of participants across the categories of breakfast
consumption are shown in Table 1. Participants with frequent breakfast consumption were more likely to
be female, married, post-graduate, physically active, hypertensive, have a job, regular sleep pattern, good
economic status, and were less likely to be current smoker, frequently use electronic devices, have
overweight or obesity, and primary headaches compared with those who consumed breakfast
infrequently. In the case of dietary intakes, frequent breakfast consumption was associated with greater
intakes of dairy products, fruits, vegetables, and lower intakes of fast foods, SSBs, and sweets.
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Table 1

Demographic characteristics and dietary habits of participants across categories of breakfast
consumption pattern

Variables

n

Age (year)

Weight (kg)

BMI (kg/m?)

Gender (female) (%)

Marital status (married) (%)
Education (graduated) (%)
Current smoker (%)
Physical activity (active) ™ (%)
Sleep pattern (regular) (%)
Overweight and obesity (%)
Recurrent headache (%)
Economic status (good) (%)
Electronic devices use (>4

hour/day) (%)

Occupation (%)

Rarely*

4066

20.96 +
3.51

65.58 +
14.44

22.68
413
48.1
6.8
32.4
16.9
33.4
32.6
23.5
13.1
77.7

29.5

8.0

Data are presented as mean (SD) or percent
Abbreviation: BMI: body mass index, SSBs: sugar-sweetened beverages

tRarely: <1 day/wk

1 _—
2 day/wk

12492

21.07+
3.65

64.58 +
14.52

2261
4.13
54.4
8.7
34.2
10.0
34.8
41.9
23.6
11.2
82.8

259

9.3

3_
4 day/wk

21597

2145+
3.86

64.27 +
14.16

2245+
4.16
52.7
9.5
39.0
9.0
37.9
53.4
22.2
9.3
83.3

22.6

9.7

t1tThose who exercised 3 time/wk or more lasting 30 minutes in each time
*Obtained from ANOVA or Chi-square, where appropriate

>
5 day/wk

45522

21.69+
4.20

64.14 +
13.86

22.52 %
3.93
56.4
11.0
40.3
7.9
42.8
69.4
224
7.9
83.1

20.0

10.6

P-
value*

0.001
0.001
0.001
0.001
<
0.001
<
0.001
<
0.001
<
0.001
<
0.001
<
0.001
<
0.001
<
0.001
<
0.001

<
0.001
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Variables
Supplement use (%)
Hypertension (%)

Overweight and obesity (%)

Primary headaches (%)

Dietary intakes
Fruits (more 500 g) (%)

Vegetables (daily) (%)
Dairy (daily) (%)
Fast foods (daily) (%)
SSBs (daily) (%)

Sweets (daily) (%)

tRarely: <1 day/wk

Rarely®

9.9
4.0

23.5
13.1

8.7
12.8
15.8
6.6
15.4

16.9

Data are presented as mean (SD) or percent
Abbreviation: BMI: body mass index, SSBs: sugar-sweetened beverages

1 —_
2 day/wk

10.3
4.2

23.6
11.2

8.3
8.3
17.6
1.7
8.9

13.9

3_
4 day/wk

10.4
5.9

22.2
9.3

8.8

10.2

18.9

0.8

6.4

11.8

t1tThose who exercised 3 time/wk or more lasting 30 minutes in each time
*Qbtained from ANOVA or Chi-square, where appropriate

=
5 day/wk

9.8
8.4

224
7.9

11.5
17.0
29.0
0.7
4.7

12.3

*
value

0.10

<
0.001
0.006

<
0.001

<
0.001
<
0.001
<
0.001
<
0.001
<
0.001

<
0.001

Multivariable ORs and 95% Cls for primary headaches across categories of breakfast consumption are
illustrated in Table 2. A significant inverse association was seen between breakfast consumption and
odds of primary headaches (OR: 0.57,95% CI: 0.51-0.62). This association remained significant even
after controlling for socio-demographic variables, hypertension and physical activity (OR: 0.66, 95% CI:

0.58-0.75). Further adjustments for dietary intakes and BMI did not alter the significant inverse

association; such that students who consumed breakfast = 5 days/wk had 26% lower odds of primary

headaches compared with those who consumed breakfast rarely (OR: 0.74, 95% CI: 0.65-0.85).
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Table 2

Multivariable-adjusted ORs and 95% Cls for primary headaches across categories of breakfast
consumption pattern

Rarely?  1-2 day/wk 3-4 day/wk = 5 day/wk P-trend”
Crude 1.00 0.84 (0.75-0.93)  0.68 (0.62-0.76)  0.57 (0.52-0.63)  <0.001
Model 1 1.00 0.81(0.73-0.90)  0.66 (0.60-0.73)  0.53 (0.49-0.59)  <0.001
Model 2 1.00 0.84(0.73-0.97)  0.74 (0.64-0.84)  0.67 (0.58-0.76)  <0.001
Model 3 1.00 0.90 (0.78-1.03)  0.81(0.70-0.93)  0.75(0.65-0.86)  <0.001
Model 4  1.00 0.89(0.77-1.03)  0.81(0.70-0.93)  0.75(0.65-0.86)  <0.001

Data are presented as OR (95% ClI)

Abbreviation: OR: odds ratio, Cl: confidence interval, wk: week, SSBs: sugar-sweetened beverages,
BMI: body mass index

tRarely: <1 day/wk

*Obtained from binary logistic regression
Model 1: adjusted for age and gender

Model 2: additionally adjusted for marital status, education, occupation, physical activity, economic
status, smoking, electronic devices use, sleep pattern, hypertension and supplement use

Model 3: further adjustment for dietary intake of fruits, vegetables, fast foods, SSBs, whole grains,
and sweets

Model 4: more adjustment for BMI

Gender and BMI status-stratified ORs and 95% Cls for primary headaches across patterns of breakfast
consumption are presented in Table 3. We found a significant inverse association between breakfast
consumption and odds of primary headaches in both genders (males; OR: 0.56, 95% Cl: 0.48-0.66,
females; OR: 0.53, 95% Cl: 0.46-0.60). However, after taking potential confounders into account, the
inverse association became non-significant in male students, but remained significant in female ones;
such that women with frequent breakfast consumption were 32% less likely to have primary headaches
compared with those women who consumed breakfast rarely (OR: 0.54, 95% CI: 0.49-0.61). Regards to
stratified analyses based on BMI status, a significant inverse association was found between breakfast
consumption and odds of primary headaches either in normal-weight participants (OR: 0.68, 95% CI:
0.57-0.81) or those with overweight or obesity (OR: 0.62, 95% CI: 0.50-0.76). However, in the fully
adjusted model, this association remained significant in normal-weight students (OR: 0.68, 95% CI: 0.58—
0.79), whereas it became non-significant in those with overweight or obesity.
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Table 3

Multivariable-adjusted ORs and 95% Cls for primary headaches across categories of breakfast

consumption pattern stratified based on gender and BMI status

Gender
Males

Crude

Model 1

Model 2

Model 3

Model 4

Females

Crude

Model 1

Model 2

Model 3

Model 4

BMI status

Normal-weight (BMI < 25 kg/m?)

Crude

Model 1

Model 2

Rarely®

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1-2 day/wk

— O

oo | 29| o9

o)
O O O WV Vo

0.81(0.71-
0.92)

0.78 (0.69-
0.88)

0.80 (0.68-
0.93)

Page 10/17

3-4 day/wk

0.67 (0.57-
0.78)

0.67 (0.57-
0.79)

0.85 (0.67-
1.06)

0.85 (0.67-
1.07)

0.85 (0.67-
1.07)

0.66 (0.58-
0.76)

0.65 (0.57-
0.75)

0.78 (0.65-
0.93)

0.77 (0.64-
0.92)

0.77 (0.64-
0.92)

0.67 (0.60-
0.75)

0.65 (0.57-
0.73)

0.69 (0.59-
0.81)

= 5 day/wk

0.55 (0.49-62)
0.52 (0.46-58)

0.62 (0.54-73)

P-
trend”

0.001

0.001
0.01

0.335

0.332

0.001

0.001

A

0.001

A

0.001

A

0.001

A

0.001

A

0.001

A

0.001




Rarely"' 1-2 day/wk 3-4 day/wk = 5 day/wk P-
trend”
Model 3 1.00 0.83 (0.71- 0.74 (0.63- 0.68 (0.59-80) <
0.98) 0.87) 0.001
Overweight/obese (BMI =
25 kg/m?)
Crude 1.00 0.93 (0.74- 0.71 (0.57- 0.62 (0.51- <
1.16) 0.88) 0.76) 0.001
Model 1 1.00 0.09 (0.72- 0.68 (0.55— 0.58 (0.48- <
1.13) 0.85) 0.72) 0.001
Model 2 1.00 1.03 (0.75- 0.91 (0.68- 0.84 (0.63- 0.028
1.40) 1.24) 1.13)
Model 3 1.00 1.13 (0.82- 1.06 (0.77- 1.01 (0.74- 0.442
1.56) 1.44) 1.37)

Data are presented as OR (95% ClI)

Abbreviation: OR: odds ratio, Cl: confidence interval, wk: week, SSBs: sugar-sweetened beverages,
BMI: body mass index

tRarely: <1 day/wk

*Obtained from binary logistic regression
Model 1: adjusted for age and gender (for BMI status-stratified analysis)

Model 2: additionally adjusted for marital status, education, occupation, physical activity, economic
status, smoking, electronic devices use, sleep pattern, hypertension and supplement use

Model 3: further adjustment for dietary intake of fruits, vegetables, fast foods, SSBs, whole grains,
and sweets

Model 4: more adjustment for BMI (for gender-stratified analysis)

Discussion

In the current study, we found that breakfast consumption was inversely associated with the odds of
primary headaches. Such a significant association was seen even after taking potential confounders into
account. Moreover, a significant inverse association was observed between breakfast consumption and
primary headaches in female students as well as normal-weight ones. To the best of our knowledge, this
study was the first to examine the association between breakfast consumption patterns and primary
headaches in adults.

Breakfast can provide some essential micronutrients after overnight fasting. Some of these nutrients
affect the neurological system (33). Previous studies have examined the relationship between breakfast
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consumption and some neurological disorders such as depression, anxiety, and stress (21, 34). However,
the association between breakfast consumption and incidence of headache has long been a question for
researchers. Based on our findings, we found that frequent breakfast consumption was inversely
associated with the odds of primary headaches. In line with our findings, in a cross-sectional
observational study in U.S. high schools, Gelfand et al. reported that adolescences with migraine usually
missed breakfast compared with healthy ones (35). In another cross-sectional study, it had been shown
that headache was more prevalent among adolescences who consumed breakfast rarely (36). In a cross-
sectional study on 13,570 U.S. adolescences, Walter et al. reported a significant positive association
between breakfast skipping and odds of recurrent headaches (37). Also, Moschiano et al. indicated that
individuals with headache had irregular meals (especially irregular breakfast) and sleep disturbance
compared to those without headache (38). Most studies mentioned above evaluated the different types
of headaches, not just the primary headaches, and were performed on adolescences. As seen in our
study, breakfast consumption may have a protective effect against primary headaches in adults,
particularly adult students.

The inverse association between breakfast consumption and primary headaches might be explained
through some proposed mechanisms. Breakfast is the first meal in a day that is consumed after
overnight fasting. Therefore, if this important meal is skipped, the neurological system will be deprived of
some essential macronutrients and micronutrients (33). As reported in previous studies, hunger has a key
role in the incidence of primary headaches (39). In addition, breakfast preparation is an active behavior
that involves individuals in social activity (40); through which it might further help in preventing primary
headaches. Moreover, consuming breakfast might decrease the activity of the hypothalamic-pituitary-
adrenal axis (17). This axis contributes to the secretion of stress hormones such as cortisol and
epinephrine, which can induce the incidence of primary headaches (17, 18, 41).

Surprisingly, we observed a gender disparity in the association between breakfast consumption and
primary headaches. This disparity might be due to the different influence of sex hormones on the
neurological system and primary headaches (42, 43). In addition, the accuracy of dietary data might be
different between males and females (44, 45). Earlier studies demonstrated that actual dietary behaviors,
self-reported preferences for foods and accuracy of reported dietary intakes are different between men
and women (46, 47). Besides, unlike normal-weight students, we found no significant association
between breakfast consumption and primary headaches in students with overweight or obesity. Obesity
is associated with increased concentrations of inflammatory cytokines (48, 49). Given the inflammation
is a potential risk factor for primary headaches (50, 51), it may interfere with the beneficial effects of
breakfast consumption on headache in obese individuals.

Several strengths of the current study need to be highlighted. This study was the first that recruited a
large sample size of university students in the Middle East to investigate the relation between breakfast
consumption patterns and primary headaches. Furthermore, a wide range of potential confounders was
taken into account to obtain an independent association between breakfast consumption and primary
headaches. In addition to the whole population, we performed stratified analyses based on gender and
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BMI status. Employing university students might increase the accuracy of the collected data. Given these
strengths, some limitations must be considered when interpreting our findings. Because of the cross-
sectional design of our study, establishing a cause-and-effect relationship between breakfast
consumption and primary headaches is impossible. Further studies, in particular of prospective design,
are required to confirm our findings. In the current study, we focused on primary headaches generally,
whereas the association of breakfast consumption with specific types of primary headaches might be
different. Also, we considered only health insurance (having/not-having) as an index for the assessment
of economic status. The lack of information on house possession or having a car made us unable to
evaluate economic status more accurately. Although several confounders were taken into account to
reach an independent association between breakfast consumption and primary headaches, further
control for other variables such as psychological disorders and residual lifestyle factors might be needed.
In addition, the study was conducted on a population of university students, and extrapolating our
findings to the general population must be done cautiously. Although we applied validated
questionnaires, the misclassification of study participants in terms of breakfast consumption cannot be
excluded.

In conclusion, we found a significant inverse association between breakfast consumption and odds of
primary headaches in university students. This association was more relevant in female students and
those with normal weight. Further studies are needed to confirm our findings. Furthermore, considering
different types of primary headaches including migraine, tension-type headache and non-classifiable
headache in relation to breakfast consumption in future research can provide further information in this
regard.
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