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Introduction: The prevalence of food allergy (FA) in the Makkah region has received little attention, so we conducted this study to
estimate the prevalence of FA in adults.

Methods: This descriptive, cross-sectional, survey-based study was conducted online among 531 participants with or without a prior
diagnosis of FA. The collected data related to socio-demographics (age and gender), whether the participant had been medically
diagnosed with any food allergens, and assessing the prevalence of different food allergens.

Results: Only 93 (17.5%) of the 531 people screened positive for FA; females (65.6%) predominated, with 37.6% aged 40-59. The
type of food for allergy was: eggs (47%), seafood (44%), fruits (40%), nuts and legumes (37%), milk and dairy products (25%),
vegetables (17%), sesame (11%), wheat (9%), soy (8%), 2% to chili peppers, and only 1% honey and chocolate.

Conclusion: Both genders were allergic to eggs, followed by seafood, fruits, nuts, and legumes, and milk and dairy products,
respectively.
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Introduction

A food allergy (FA) is a set of immunological responses that appears to happen when a person shows a particular
interaction with some food items." FA is classified into three types based on the immune-mediated response: immu-
noglobulin (IgE)-mediated and non-IgE mediated or a combination of both. IgE-mediated food allergies (4—7% in
children and 1-2% in adults) require prior sensitization to food allergens and produce allergic symptoms upon reexposure
to that food.” The number of people who suffer from FA is rising all over the world, and there are approximately 2—10%
of people in the world suffer from FA.> The reasoning behind this increase is not entirely clear; however, changes in
lifestyle, environmental factors, and modernization are to blame.*

The FA has been found to affect various body organs, including the respiratory tract, the digestive tract, the skin, and
the cardiovascular system.® Several symptoms point to the presence of the FA, and their severities are associated with its
type.” In the IgE-mediated FA where the IgE antibodies are involved, the symptoms will appear immediately after the
food ingestion. These symptoms are typically mild, but they occasionally can lead to severe reactions that could cause
life-threatening events. Most of these signs include rash, hives, swelling, tingling of the lips and tongue, vomiting, and in
severe cases, difficulty breathing and anaphylactic shock.® However, the non-IgE mediated FA is a late immune reaction
that results from an immune cell-mediated response which can cause inflammation in the gastrointestinal tract indicated
by some manifestations such as vomiting, diarrhea, and bloating. Unlike the IgE type, these symptoms appear after hours
or weeks after ingestion.” In the combination FA, where both IgE antibodies and cell-mediated immune response are
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involved, the most common FA symptoms are atopic eczema, abdominal pain, nausea, vomiting, diarrhea, and in some
cases, weight loss in adults and failure to thrive in young children.®’

The prevalence of FA varies from country to country because estimates are affected by several factors, including
genetic factors (race and gender) and environmental factors, such as the frequency of dietary intake and the preparation
method.'® In Europe, from 2011 to 2012, the number was estimated to be between 11 and 26 million, while in Malaysia,
the percentage of affected children increased to 1015 of the total population.'! Approxmailty 877 of FA patients with
severe symptoms were reported in Norway from 2000 to 2010, and this population has kept increasing.'? In the United
States, FA affects 10.8% of US adults while it presents 7.6% of US children,'* while in the United Kingdom, only 1-2%
of adults and 5-8% of children were affected by the condition.'* According to estimates in 2012, approximately 2.108
people out of a total population of 30,018 in Taiwan suffered from FA.'> According to a study conducted among Japanese
nursery schools in 2019, approximately 45,807 children in Japan suffer from FA, and 3499 have experienced an allergic
reaction to food.'® Many people are susceptible to developing FA at any point in their lives, possibly between childhood
and old age.”

To date, the adult FA examination has concentrated on a small number of specific allergens.'® Recent studies have
shown that the prevalence of allergic diseases in the Middle East Region is rapidly increasing.'® Only one Tayeb et al
study has attempted to quantify the types of food allergens present in Makkah.'® However, this research was conducted
solely on people with a diagnosis of FA and not in a community setting of any kind. In addition, a recent investigation
into the prevalence of FA among adults in Saudi Arabia was carried out in a community-based study.”” However, there
were only 70 participants from the Makkah region, a relatively small number compared to the other Saudi regions; this
could be a limitation of the study. Hence this study aims to investigate the prevalence of self-reported FA and specific
food allergens among adults in the Makkah region of Saudi Arabia. In addition, one of our goals is to investigate the

relationship between the most common food allergens and age and gender.

Methodology
Study Design and Population

This was a descriptive, cross-sectional, survey-based research carried out online and disseminated to the general public in
the Makkah area, with or without a prior diagnosis of FA. The research was carried out between April and June of 2021.
It covered all adults over 18 who lived in the Makkah area. Participants were excluded if they were under 18 or did not
live in the Makkah areas. On the first page, there was an online informed consent form. It was also stated that
participation in this research was completely voluntary. The questionnaire was then distributed to the participants.
OpenEpi version 3.0 computed the minimal sample size needed in sample size computation. Compared to the Makkah
area’s total population, around 8.8 million people,”' the estimated sample size was 385 participants. This estimate was
derived using a confidence level of 95% and a margin of error of 5%; nevertheless, 531 individuals were included in the
study.

Measurement Tool

Previous research that was published served as the basis for a revised questionnaire.'*'*?° Three experts in medical
immunology, family medicine, and clinical nutrition assessed the questionnaire’s style and content to assess its appro-
priateness, relevance, clarity, and adequacy. The questionnaire was written in English and translated into Arabic (the
native language of the participants). The final Arabic questionnaire was pre-tested with three specialists (native Arabic
speakers) and ten general population participants. Based on the comments, the final questionnaire was updated. The
questionnaire was then sent to the general Saudi populace through social media sites (Twitter, WhatsApp, and Snapchat).
The questionnaire had six questions divided into two parts. Section one consisted of yes and no questions evaluating the
prevalence of FA allergy in all subjects. Then, if the participants were food-allergic individuals, they were moved to
the second part of the question, which asked them about their personal information, such as age, gender, education, food
allergen, and whether or not a doctor diagnosed their conditions, Supplementary Figure 1.
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Data Analysis

The information was gathered, evaluated, and entered into the Statistical Package for Social Sciences version 21. (SPSS:
An IBM Company). All statistical procedures were two-tailed with an alpha level of 0.05, and significance was
determined if the P value was less than or equal to 0.05. Descriptive analysis was performed using frequency distribution
and percentage for research variables such as adults’ food allergy history, age, gender, food allergens, and a physician’s
diagnosis as a food allergy patient. Due to the narrow frequency distributions, cross tabulation was used to depict the
distribution of adults’ reported food allergies by age and gender data, with an exact probability test for significance.

Results
The study aims to assess the subjects’ most prevalent food allergies. The questionnaire was used to gather primary data;
only 93 (17.5%) of the 531 sample collection had a food allergy, while 438 (82.5%) did not; more details about the socio-
demographic characteristics of study participants can be seen in Table 1. Because only patients with food allergies were
chosen for further research, a total sample size of 93 was used. SPSS version 21 was used to analyze the gathered data.
The frequency and percentage of the variables were evaluated using descriptive statistics, and the link between the
variables was discovered using the cross-tabs approach.

Figure 1 illustrates the prevalence of food allergy among Saudi Adults in Makkah Region, among the 531 collected
samples; only 93 of the participants had a food allergy while the remaining 438 participants did not have a food allergy.

Table 2 displays the frequency values for the demographic variables of patients with food allergy in Makkah region.
The ages of the participants (in years) were divided into four categories: 28% between the ages of 18 and 28, 18.3%
between the ages of 29 and 39, 37.6% between the ages of 40 and 59, and 16.1% between the ages of 60 and 80.
Furthermore, the majority of participants (65.6%) were female, with 34.4% being male. Only 62.4% of the 93
participants with food allergies had their allergy confirmed by a clinician, while 37.6% self-reported their allergy.

Figure 2 depicts the distribution of the most common food allergens among the participants. The majority of the
participants, 47% (44), had an allergy to eggs, followed by 44% (41) having an allergy to seafood and 40% (37) having
an allergy to fruits. In addition, 37% (34) of the participants had an allergy to nuts and legumes, 25% (23) had an allergy
to milk and dairy products, 17% (16) of the participants had an allergy to vegetables, 11% (10) of them had an allergy to
sesame, and 9% (8) and 8% (7) of the participants were allergic to wheat and soy respectively. Only 2% (2) of the
participants were allergic to chilli peppers, and only 1% (1) were allergic to honey and chocolate.

Table 3 depicts the distribution of food allergens by adult age groups and the relationship between age groups and the
most common allergic food. Among them, 46.2% of the participants were allergic to both nuts and legumes and fruits
between the ages of 18 and 28, 76.5% of the participants were allergic to seafood between the ages of 29 and 39, 54.3%

Table | Socio-Demographic Characteristics of Study Participants in Makkah Region (n=531)

Variables No %
Gender Female 267 50.3%
Male 264 49.7%
Age (in years) 18-28 years 114 21.5%
29-39 years 95 17.9%
40-59 years 240 45.2%
60-80 years 82 15.4%
Level of education Under high school 17 3.2%
High school/ diploma 88 16.6%
Bachelor’s degree 330 62.1%
Postgraduate studies 96 18.1%
Are you Food Allergy patient? Yes 93 17.5%
No 438 82.5%
Journal of Asthma and Allergy 2022:15 https: 1853
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Figure | Prevalence of food allergy among Saudi Adults in Makkah Region, Saudi Arabia. Between the 531 participants, only 93 (17.5%) had a food allergy, whereas the rest
(438=82.5%) were healthy, as they reported.

of the participants were allergic to eggs between the ages of 40 and 59, and 53.3% are allergic to eggs, seafood, and fruits
between the ages of 60 and 80. All these differences were found to be statistically significant (P=0.001).

Table 4 displays the frequency of food allergens by gender and the relationship between gender variables and the most
common allergic food. The most reported food allergens among male adults were eggs (56.3%) compared to 42.6% for
females, followed by sea food (50% vs 41% respectively), fruits (40.6% vs 39.3%, respectively), and nuts and legumes
(31.3% vs 39.3%, respectively). All differences were statistically insignificant (P=0.062).

Discussion
There is a paucity of information on the prevalence of FA in the Saudi population living in the Makkah Region. To the
best of our knowledge, this is the first study to investigate the prevalence of FA among adults in the Makkah region since
Tayeb et al study in 2009.'° In our study, we found only 17% of participants had FA, and most of them were females.
Regarding the common FA allergens, egg presents the most common allergen, while chocolate and honey present the
lowest in the list.

In our samples, we reported that females were substantially more allergic to food (65.6%) than men (34.4%),
consistent with the previous study.'” However, in the Iranian population, males were substantially more allergic to

Table 2 Socio-Demographic Characteristics of Patients with Food Allergy in Makkah Region,
Saudi Arabia (n=93)

Variables No %
Gender Female 6l 65.6
Male 32 344
Age (in years) 18-28 years 26 28
29-39 years 17 18.3
40-59 years 35 37.6
60-80 years 15 16.1
Level of education Under high school 3 32
High school/ diploma 9 9.7
Bachelor’s degree 59 63.4
Postgraduate studies 22 237
Diagnosed with food allergy by a doctor | Yes 58 62.4
No 35 37.6
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Figure 2 Most common Food Allergen among Saudi Adults in Makkah Region, Saudi Arabia.

food than females.”> Gender differences in allergy prevalence exist. Before puberty, males are more likely than girls to
have general atopic symptoms such as skin responses to one or more allergens, asthma, and food allergies.”> Females are
much more impacted by food-induced complaints later in life (13-21 years) Marklund et al;** other research reveals that
the ratio of food intolerance between females and males after puberty is 60:40,>> 1: 1.8 (female: male).”® In Saudi
Arabian research, males were at greater risk for anaphylactic responses (61.2%) in the pediatric group (17 years) with
food.”” In Mongolia, self-reported FA was 18.% among 4441 completed surveys, with 15.2% of males and 20.6% of
women afflicted.?® This gender discrepancy decreased at the age of 55. The gender difference in response to metabolic
variables may impact immunological function. A high body mass index is connected with atopy in sexually mature
females,”® allergy,’® and asthma.’' This might imply that leptin or other adipokines have a role in allergy illness
susceptibility.>*>* In one research, rats given leptin at levels comparable to mild obesity had more significant blood
IgE levels, suggesting a probable direct relationship between leptin and allergy illness.*> The higher reported FA among
prepubescent-age males might be explained by genetic susceptibility. The foundation of sex differences is the sexual
genotype (XX in females and XY in men). Thus, an X-linked recessive trait related to allergy illness would be more
likely to be exposed in males. It might explain why FA predominates in men at such an early age.*® Male cord blood has
higher amounts of total IgE than female cord blood®’ and remains elevated throughout the lifetime, despite female atopy
after puberty.’®

The most reported allergy foods in the current research were eggs, seafood, fruits, nuts and legumes, milk, and dairy
products, and the less reported were vegetables, sesame, wheat, and soy. Furthermore, the least reported food products
were chili pepper, honey, and chocolate. According to Althumiri, N.A. et al 2021, the most common dietary allergens
among Saudis are milk (61.96%), egg whites (59.78%), wheat (45.65%), and peanuts (38.04%).%® Tayeb et al did similar
research in 2009 and listed the top five food allergies: chocolate, peanuts, egg white, milk, and strawberry.19 In 2017,
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Table 3 Distribution of Food Allergens by Adult’s Age, Makkah Region, Saudi Arabia

Allergens Total Age in Years p-value
18-28 29-39 40-59 60-80
N % N % N % N %
Nuts and legumes 34 12 46.2% 7 41.2% 12 34.3% 3 20.0% 0.001*
Eggs 44 9 34.6% 8 47.1% 19 54.3% 8 53.3%
Milk and dairy products 23 6 23.1% 7 41.2% 9 25.7% | 6.7%
Wheat 8 0 0.0% 2 11.8% 3 8.6% 3 20.0%
Soy 7 2 7.7% 3 17.6% | 2.9% | 6.7%
Sesame 10 3 11.5% 5 29.4% 0 0.0% 2 13.3%
Seafood 41 4 15.4% 13 76.5% 16 45.7% 8 53.3%
Fruits 37 12 46.2% 8 47.1% 9 25.7% 8 53.3%
Vegetables 16 2 7.7% 5 29.4% 6 17.1% 3 20.0%
Chilli pepper 2 | 3.8% | 5.9% 0 0.0% 0 0.0%
Chocolate | | 3.8% 0 0.0% 0 0.0% 0 0.0%
Honey | 0 0.0% 0 0.0% | 2.9% 0 0.0%

Notes: p: Exact probability test, * p < 0.05 (significant). %: The percentage calculated from the total population for each age group, for example, the number of allergic
participants with age 18-28 was 12, and the total number of these participants was 26: 12/26x100=46.2%.

Table 4 Distribution of Food Allergens by Gender, Makkah Region, Saudi Arabia

Allergens Gender p-value
Male Female
N % N %

Nuts and legumes 10 31.3% 24 39.3% 0.062
Eggs 18 56.3% 26 42.6%

Milk and dairy products 4 12.5% 19 31.1%

Wheat 6 18.8% 2 3.3%

Soy 2 6.3% 5 8.2%

Sesame 4 12.5% 6 9.8%

Seafood 16 50.0% 25 41.0%

Fruits 13 40.6% 24 39.3%
Vegetables 7 21.9% 9 14.8%

Chilli pepper 0 0.0% 2 3.3%

Chocolate 0 0.0% | 1.6%

Honey [ 3.1% 0 0.0%

Notes: p: Exact probability test. %: The percentage is calculated from the total population for each gender. For
example, the number of females allergic to Nuts and legumes is 24, and the total of FA females is 61; therefore, the
percentage will be 24/61x100=39.3%.
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Fatima Ali revealed that eggs, milk, and nuts were the most common dietary allergies.>* We are unable to do additional
comparison research since there is a lack of data on the dietary allergies that occur most often in Makkah city.

The most common allergens found in adults were found to be shellfish (1.9%), vegetables (1.3%), and fruits (1.6%),
according to another research that was conducted by Sicherer et al and assessed 9667 individuals.® Acker et al researched
a number of different Ethnic groups, and they discovered that females of Asian race have a greater propensity to be
allergic to food than other groups.*” It was shown that shellfish allergy affected the most persons (0.9% of cases),
followed by fruit or vegetable allergy (0.7%), dairy allergy (0.5%), and peanut allergy (0.5%). FA is estimated to affect
4% of children and 1% of adults globally, with a rise in frequency over the last two decades.*'** Differences in reported
prevalence are because FA is not entirely understood, and some unpleasant food responses are not allergic. However, it is
estimated that roughly 25% of persons in the western world have a FA.**

According to recent research conducted in the United Arab Emirates, seafood and nuts were the most prevalent
dietary allergens.** Another research found that the most common food-specific IgE responses are to hazelnuts and
peanuts, with a significant increase in reactivity to hazelnuts.'* A study conducted in Turkey was shown that tree nut
allergy was the highest on the list, then milk, seeds, and egg.*> According to Seth D’s analysis in 2020, the eight most
prevalent food allergens are eggs, milk, peanuts, tree nuts, soy, wheat, crustacean shellfish, and fish, all of which are often
eaten in the United States.*® In addition to these foods, other significant foods that contributed to the development of the
allergy include beef in China, rice in Thailand, sesame in Singapore, pork, seafood, and peaches in Korea, bananas in
Saudi Arabia and Egypt, apples, tomatoes, and crab in Zimbabwe, peanuts and pineapples in Ghana, shrimp and oranges
in Mexico, and corn in Brazil. All of these foods were consumed in the respective countries.*” The prevalence of foods
that trigger allergic reactions might vary from country to country depending on the eating customs, genetic variables, and
cultural norms of the people who live there.*®

Conclusion

Public knowledge of FA is regarded as low because people underestimate its effect on food allergy patients until they
experience the severity of the condition. FA patients experience great difficulties since they are exposed to risks that
might endanger their lives. In conclusion, it is essential to do research on FA among those who suffer from FA. Patients
may use this information to pinpoint the meals that bring on their symptoms and steer clear of them. Because of this, they
will not have allergic responses if the trigger is removed from the environment. The findings of an investigation on FA
among adults in Makkah city should assist the government in making informed decisions about the components of meal
planning.

Strength, Limitations, and Future Studies

Although the current study represents one of the first assessments of the prevalence of FA, the common food allergen, the
relationship between food allergens and age, and gender among Saudi adults in the Makkah region, there are some
limitations. The most important limitation is the restriction of the result in one region (Makkah) and to people who had
access to the online questionnaire, which may prevent the generalization of the current study results. Therefore,
a comprehensive study is suggested to be applied at a national level, including all Saudi regions. In addition, the current
study was a self-reported online questionnaire which may bias the result as the patients’ understanding, standards, and
feelings might influence it. Hence, the authors recommended a qualitative approach to future studies with a semi-
structured interview that would significantly contribute to verifying the present study’s findings.
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