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The increase in the prevalence of allergies in recent times globally as well as in Asian populations can be 

attributed to a combination of factors, including globalization, lifestyle changes, urbanization, climate 

change, and advancements in medical awareness. While the spread of exotic species and global dietary 

shifts play a significant role in the rise of food and pollen allergies, other factors such as the hygiene 

hypothesis, air pollution, microbiome diversity, and increased awareness also contribute to this complex 

issue. Addressing these challenges requires a multifaceted approach, including improving public health 

policies, promoting healthier diets, and taking action to mitigate the environmental impacts of urbanization 

and climate change. The present study attempts to extract data  from the publications obtained through 

systematic review mainly regarding the prevalence of food and pollen allergies in the Asian population. 

The extracted data was subjected to meta analysis using the R software to understand the allergy scenario 

in this population. The statistical software packages META and GRID were used. The results are presented 

using Forrest graphs. The conclusions obtained were that the percentage of the Asian population showing 

food allergy versus pollen allergy was found to be 38.7% and 33.9% respectively. Also, the highest 

percentage of the population showing allergy to was for the food item - eggs at 25.6% and lowest to was 

for the food item - meat at 9.4% respectively. Variation with population is lowest for peanut allergy and 

highest is for soy. 
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The major food allergies are caused by a comparatively small number of food items. Whereas, pollen 

allergies had a wide variety of allergens causing the allergy. The foods that have the most number of 

published reports were included in this analysis. They are milk, egg, soy, wheat, peanut, meat and 

seafood. Therefore, food items like fruits, vegetables, seeds, nuts, cereals and several other uncommon 

food items were excluded from this report. Publications having data for overall food and pollen allergy 

were also considered for the analysis. Publications with data for the Asian population without any gender 

or age segregation were included. So, papers with data from populations elsewhere except Asia and 

gender or age segregation were excluded. Assessment of the data was done under a single diagnostic 

parameter - SPT (single prick test) sensitisation. Other diagnostic parameters like serum IgE levels, data 

based on questionnaires and others were excluded. This was done due to the lesser availability of 

publications with data for other diagnostic tests. Further, several publications were also excluded because 

of undefined data or data which were available in formats that cannot be used for analysis. 

 

 

Understanding the concept of allergy: 

Allergy epidemics are becoming more commonplace worldwide, severely affecting people's quality of life 

and financial stability (1). Food allergies, certain kinds of asthma, conjunctivitis, rhinitis, urticaria, eczema, 

angioedema, eosinophilic illnesses, including eosinophilic esophagitis, and medication and insect allergies 

are manifestations of  severe allergic conditions that might prove fatal. Roughly 200–250 million people 

globally are affected by food-related allergies, while nearly three hundred million individuals worldwide 

deal with asthma. Drug allergies affect 10% of the population, and 400 million individuals suffer from 

rhinitis. Furthermore, allergic disorders frequently coexist in the same person, one illness complementing 

the other. This necessitates a comprehensive strategy for both diagnosis and treatment, as well as increased 

patient, family physician, and specialist understanding of the fundamental causes (2). Research on the 

intricate and reciprocal interplay between the immune and neurological systems, which mediates allergic 

reactions, is still ongoing. Nonetheless, the information we currently possess aids in our comprehension of 

the molecular processes that underlie the communication that takes place between the skin, gut, and lungs 

during an allergic reaction (1). 

 

A hypersensitive reaction brought on by particular immunological pathways can be defined as an allergy 

(3). Exaggerated or inappropriate immune responses to an antigen or allergen are known as hypersensitivity 

reactions (HR) (4). Allergy-induced inflammation occurs in individuals with allergies when they are 

repeatedly or persistently exposed to allergens, which are usually naturally occurring harmless compounds 

found in the environment. This ultimately results in significant problems in the organs' function and 

persistent changes to the affected organs (5). Coombs and Gell grouped hypersensitivity reactions under 

four categories: type I, type II, type III and type IV, out of which the first three are referred to as immediate 

hypersensitivity reactions (IHR) as they manifest within 24 hours after exposure. They are mediated by 

antibodies such as IgE, IgM, and IgG (4). Allergies are categorized under Type I hypersensitivity response. 

IgE antibodies which are produced by the immune system in reaction to foreign proteins (allergens) such 
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pollens, animal dander, dust mites, certain dietary items, and many more, mediates this type of 

hypersensitivity reactions . The histamine granules that are produced during the reaction and result in 

inflammation are bound by these antibodies (IgE) to mast cells and basophils. Anaphylactic shock, 

bronchial asthma, allergic rhinitis, allergic dermatitis, food allergies, and allergic conjunctivitis are among 

conditions where type I hypersensitivity reactions can be observed (4). 

 

An exaggerated adaptive immune response against non-infectious substances from the environment 

(allergens), including non-infectious elements of some pathogenic organisms, can be described as an 

allergy. Allergens fall into two categories. The first class comprises any non-infectious environmental 

substance that might cause IgE synthesis (thereby sensitizing the individual) so that later re-exposure to 

that substance induces an allergic reaction. Common allergen sources include latex, some medications, 

grass and tree pollens, animal dander (skin and fur shedding), house dust mite and their fecal particles, and 

some foods (such as peanuts, tree nuts, fish, shellfish, milk, and eggs). The second kind is a non-infectious 

environmental substance that, although it is assumed to happen independently of IgE, can cause an adaptive 

immune response linked to local inflammation. (for example, allergic contact dermatitis to poison ivy or 

nickel) (5). 

 

Sensitized individuals have inflammation following exposure to a particular allergen or allergens. An acute 

reaction, often referred to as an early-phase reaction or a type I immediate hypersensitivity reaction, is 

caused by a single allergen exposure. This in many instances is followed by a late-phase response. When 

an allergen is encountered repeatedly or persistently, chronic allergic inflammation and related tissue 

changes occur. An acute type I hypersensitivity reaction mediated by IgE can happen minutes after being 

exposed to an allergen. Symptoms could be systemic (anaphylaxis) or localized (hives, urticaria, acute 

asthma episodes, acute rhinoconjunctivitis in allergic rhinitis, and gastrointestinal symptoms in food 

allergies). In these reactions, allergen cross links IgE bound to FceRI on mast cells and basophils, causing 

the release of the cells' various preformed and newly synthesized mediators. Vasodilation, elevated vascular 

permeability with oedema, and immediate functional alterations in the impacted organs (such 

bronchoconstriction, mucus secretion in the airways, urticaria, vomiting, and diarrhea) are the outcomes of 

these events. In addition to facilitating the local recruitment and activation of leukocytes, certain mediators 

that are produced also aid in the development of late-phase responses. a reaction that usually appears 2–6 

hours after exposure to allergens and peaks 6–9 hours later. It usually disappears completely in 1-2 days 

and is preceded by a clinically noticeable early-phase reaction. Oedema, discomfort, warmth, and erythema 

are examples of late-phase skin responses (redness). These responses in the lungs are typified by mucus 

hypersecretion and airway constriction. They show the ongoing generation of mediators by local cells (such 

as basophils, eosinophils, Th2 cells, and other leukocytes) as well as the local recruitment and activation of 

these leukocytes. Mediators that trigger late-phase reactions are believed to originate from T cells that 

identify peptides produced from allergens or from resident mast cells activated by IgE and allergen (these 

T cells may be recruited to or dwell at sites of allergen challenge). Chronic inflammation brought on by 

extended or recurrent exposure to particular allergens is usually characterized by significant alterations in 

the extracellular matrix, as well as changes in the quantity, phenotype, and function of structural cells in 
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the affected tissues (5). In addition, a high concentration of leukocytes, or innate and adaptive immune 

cells, are present at the site of inflammation. (5) 

 

Types of allergies 

Hypersensitivities ordinarily don't occur at the primary presentation. When a person is uncovered to an 

allergen for the primary time, the body creates atoms called antibodies against the attacking proteins. This 

is often called a resistant reaction.  

When uncovered to the allergen once more the resistant framework produces expansive sums of antibodies 

that lead to break down of pole cells that contain chemicals like histamine. This leads to the highlights of 

hypersensitivities.  

This preparation is known as sensitization. Sensitization may take days to a long time. Some of the time 

sensitization creates as the individual influenced appears indications but never completely creates the 

hypersensitivity to the allergen.  (6) 

 

Table 1:Showing different symptom categories of hypersensitivity along with the symptoms(6) 

Anaphylaxis  

When an unfavorably susceptible response is life undermining or severe it is named anaphylaxis or 

anaphylactic stun. Anaphylaxis includes the full body.  

Anaphylaxis includes:   

• swelling of the throat and mouth and clogging up of aviation routes driving to trouble breathing, trouble 

in talking or swallowing  

• hasty and tingling somewhere else within the body  

• shortcoming and collapse frequently with obviousness due to sudden drop in blood weight  
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Anaphylaxis requires pressing crisis administration. (6) 

Classification of hypersensitivities   

Sorts of sensitivity are classified to represent cause, seriousness and conceivable administration and 

anticipation. These incorporate – • Type I Hypersensitive This is often moreover known as prompt or 

anaphylactic-type responses. This may be caused due to dust, nourishments and drugs and creepy crawly 

stings.   

 • Type II Hypersensitivity This includes particular antibodies called the Immunoglobulin G (IgG) and IgM. 

There's official to and crushing the cell the counter acting agent is bound on. This sort of response is seen 

after an organ transplant when the body refuses to see the transplanted organ as its claim.  

•  Type III Hypersensitivity Usually an Safe complex-mediated reaction. The safe complex is the bound 

shape of a counter acting agent and an antigen. This leads to a cascade of responses within the body which 

goes on to crush neighborhood tissues. Cases of this condition incorporate glomerulonephritis and systemic 

lupus erythematosus (lupus, SLE).   

• Type IV Hypersensitivity touchiness Delayed or cell-mediated responses are interceded by extraordinary 

resistant cells called the T-cell lymphocytes. The T cells take from a number of hours to a number of days 

to mount an unfavorably susceptible reaction. Illustrations incorporate contact dermatitis such as harm ivy 

rashes. Common hypersensitivities Hypersensitivities commonly signify Sort I touchiness. This 

incorporates unfavorably susceptible rhinitis characterized by runny nose, eyes and wheezing. Two major 

categories are regular unfavorably susceptible rhinitis (SAR) and lasting unfavorably susceptible rhinitis 

(Standard). Whereas SAR is related with presentation to dust at certain seasons, Standard happens nearly 

all around the year. Unfavorably susceptible rhinitis influences an assessed 20-40 million individuals in the 

United States. Other assortments of sort 1 response are nourishment and sedate hypersensitivity and 

hypersensitivities due to creepy crawly poison. Creepy crawlies which will lead to sensitivities incorporate 

bees, wasps, yellow coats, ants, hornets etc. Allergic asthma is additionally a sort 1 unfavorably susceptible 

response. This happens when the allergen is breathed in. Common allergens incorporate dust, creature 

dander, fungal spores or molds, clean vermin etc. There is serious wheezing, shortness of breath, hack and 

thick bodily fluid discharges(6).  

 

Classification Of Food Allergy 

A food allergy or intolerance may be identified based on the pathophysiological mechanism of the reaction. 

The phrase "adverse food reaction" refers to any abnormal clinical response linked to the consumption of a 

food. An adverse physiologic reaction to a food is referred to as food intolerance. It can be caused by the 

food itself, such as by a toxic contaminant or pharmacologic active component, or it can be caused by the 

host, such as metabolic disorders, idiosyncratic responses, or psychological disorders. It can also be dose 

dependent and may not always be repeatable. Most negative responses to food are thought to be caused by 

food intolerance. An aberrant immune response to a meal that develops in a vulnerable host is referred to 

as a food allergy These effects are frequently not dosage dependent and are repeatable each time the meal 

is consumed. Food allergies can be further classified into three categories based on the immunological 

mechanism involved: a) IgEmediated food allergy reactions, which are best described and are mediated by 

antibodies belonging to the Immunoglobulin E (IgE); b) cell-mediated food allergy reactions, which occur 

when an immune system cell component causes the food allergy and primarily affect the gastrointestinal 
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tract; and c) mixed IgE-cell-mediated food allergy reactions, which occur when both IgE and immune cells 

are involved in the reaction (Fig. 1) (7) 

 

Figure 1: Classification Of Adverse Reactions To Foods(7) 

Food allergy  

According to the authoritative definition issued in 2010 by an Expert Panel Report sponsored by the 

National Institute of Allergy and Infectious Diseases (NIAID), food allergy is defined as “an adverse health 

effect arising from a specific immune response that occurs reproducibly on exposure to a given food” and 

food intolerance as “nonimmune reactions that include metabolic, toxic, pharmacologic, and undefined 

mechanisms”   

Strict studies of the incidence of food allergies show a tendency towards higher rates of adult-onset cases 

and greater persistence of paediatric food allergies than previously recognised, at least in westernised 

nations . The foundation of all forms of food allergy prevention, from elementary to tertiary, is this 

increasing spectrum, therefore the influence of therapeutic food allergy regimens on nutritional demands 

will consequently need to be altered in accordance with it . Increasing nutritional challenges for diseases 

where long-term food elimination is the primary therapeutic strategy are brought about by this evolving 
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landscape of immediate hypersensitivity reactions to food and increased knowledge of non-IgE- or mixed 

IgE/non-IgE immunological responses. This highlights the critical role of an appropriate dietary approach 

 that is strictly driven by appropriate diagnostics. (8) 

  

Figure 2:Immunologic vs. non-immunologic adverse reactions to food.(8) 

Immunologic Adverse Reactions to Food:   

Based on whether IgE-mediated or other immune responses to ingested antigens are involved, adverse 

immunological reactions to food can be categorised.  

 

Figure  3:Immunologic adverse reactions to food.(8) 
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The World Allergy Organisation (WAO) states that an IgE-mediated food allergy is typically characterised 

by its quick onset, which might occur minutes to hours after eating the allergen. In cases of systemic 

anaphylaxis, the signs and symptoms may be modest and limited to mucocutaneous manifestations, or they 

may encompass many systems that are simultaneously impacted (8) 

 

Cutaneous: 

 Urticaria-

angioedema/pruritus 

Food consumption or contact (food allergies are 

thought to be the cause of 20% of acute urticarial 

cases); the proportion of the affected skin can be used 

to gauge the severity of an IgE-mediated food allergy. 

Respiratory: 

 

Rhinoconjunctivitis/asth

ma 

Infrequently isolated; often linked to involvement of 

other organs or apparatus; perhaps brought on by 

intake of allergens or inhalation of aerosols (as in 

baker's asthma) 

Neurological Weakness or dizziness, altered mental state, and 

unconsciousness (usually linked to anaphylaxis) 

Cardiovascular Cardiovascular collapse, hypotension, and tachycardia 

(usually linked to allergy) 

 

Table 2: Clinical presentations of IgE-mediated food allergy beyond the GI system.(8) 

  

The oral allergy syndrome (OAS) and the symptoms of immediate GI hypersensitivity are the primary 

clinical manifestations of rapid hypersensitivity reactions to food, which frequently affect the 

gastrointestinal (GI) tract. Pollen-food syndrome, or OAS, is characterised by minor oedema, erythema of 

the perioral and oral mucosa, and stinging and tingling feeling of the oral mucosa and/or upper pharynx 

that happens minutes after consuming certain foods, especially fresh fruits and vegetables.Patients with 

respiratory allergies (rhinoconjunctivitis, asthma) who have specific IgE directed against pan allergens—

proteins with homologous epitopes found in seasonal or perennial aeroallergens, like pollens—and certain 

foods, mainly fruits and vegetables, are the main causes of this localised reaction. Patients with IgE-

mediated sensitivity to ragweed pollen may respond to melons (e.g., watermelon or cantaloupe) and banana, 

while patients with birch-pollen hay fever may experience OAS symptoms after consuming hazelnut, apple, 

carrot, and celery. The majority of the time, the signs and symptoms are self-limiting and rarely extend 

beyond the areas that were directly involved in the first encounter with the offending food. This happens 

because the implicated epitopes are conformational, meaning that specific IgE can only recognise them 

when the protein is in its normal form and not when it has been denatured by low pH in the stomach. Due 

to the destruction of epitopes during cooking, most OAS patients are able to tolerate the triggering meal 
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when it is consumed. These are significant characteristics that set OAS apart from the initial signs and 

symptoms of a more widespread allergic reaction, including urticaria or angioedema that arises as a separate 

cutaneous reaction or as a component of an anaphylactic reaction.  

Watery or mucous diarrhoea, cramps, nausea, vomiting, and/or stomach pain are signs of acute GI 

hypersensitivity. The most frequent symptom and the one with the greatest evidence supporting an 

immunological and IgEmediated explanation is acute vomiting. A list of additional food-induced allergy 

symptoms caused by IgE can be found in.   

Anaphylaxis is a severe allergic reaction that can be potentially fatal and manifest quickly. IgE and other 

immunological or non-immunological pathways may mediate it. As per the present NIAID criteria, 

anaphylaxis is considered highly probable in the following cases:  

(i) an acute illness that develops quickly (minutes to several hours); (ii) cutaneous manifestations that 

involve the respiratory or cardiovascular system (dizziness, weakness, tachycardia, hypotension, syncope); 

or (iii) an association of two or more cutaneous, respiratory, GI, and cardiovascular manifestations linked 

to exposure to a likely allergen for the patient.  

One of the most frequent causes of anaphylaxis is food. According to the majority of surveys, food-induced 

reactions can be responsible for up to 81% of instances of anaphylaxis in children and for 30 to 50% of 

cases in North America, Europe, Asia, and Australia. The most common food triggers in the world include 

peanuts, tree nuts (walnut, almond, pecan, cashew, hazelnut, Brazil nut, etc.), milk, eggs, sesame seeds, fish 

and shellfish, wheat, and soy; however, any food has the potential to cause anaphylaxis. It is crucial to 

emphasise that in certain extremely allergic patients, even very small amounts of food can result in a 

potentially fatal reaction. These patients may experience symptoms from breathing in cooking fumes from 

trigger foods (like fish) or from coming into contact with bodily fluids (like saliva or seminal fluid) from 

people who have consumed the food they are allergic to. (8)  

Pollen allergy 

Green areas play a crucial role in offering ecosystem services by reducing pollution, air temperature, noise, 

and soil erosion. While they bring undeniable advantages to humans, improper management could lead to 

various issues. One of the main problems associated with plants is the allergic reactions caused by pollen 

grains released during pollination (9). Pollen grains, which are a common allergen in atopic patients, can 

trigger asthma and rhinitis (10). Pollen contains panallergens that are also found in other allergen sources, 

leading sensitized individuals to potentially experience food allergies (11). Because of their huge estimate, 

dust cannot enter the thoracic locales of the respiratory tract but can affect the nasopharyngeal mucous 

layer. Additionally, submicronic-pollen particles can function as respirable particles, reaching deeper into 

the upper airways and exacerbating asthma, chronic obstructive pulmonary disease (COPD), and other 

allergic reactions (9). AR is a common respiratory condition that has a substantial impact on patient quality 

of life (12). Seasonal allergic rhinitis, also called pollinosis, hay fever, or pollen allergy, occurs due to 

sensitivity to pollen components (13). Grass pollen allergens primarily come from plants in the Poaceae 

family, which are widely distributed and produce significant amounts of pollen (13). Patients suffering from 

pollinosis frequently exhibit sensitivity to pollen allergens originating from various grass species because 

of the cross-reactivity of IgE antibodies to pollen proteins found in grass pollens (13). The prevalent 

allergens are as follows:  

Birch pollen, which are the minuscule particles discharged by trees in the spring and are effortlessly 

dispersed by the wind. 
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During spring, oak trees release pollen into the air, similar to birch trees. While oak pollen is not as 

allergenic as other types, it remains airborne for an extended period, leading to increased exposure for more 

individuals and the potential for severe allergic reactions.  

Grass pollen is the predominant allergen in the summer, often causing the most challenging symptoms to 

treat. Allergy tablets and shots are the most effective means of alleviating grass pollen allergic reactions. 

Ragweed Pollen is produced by the ragweed plant and is most prevalent in late spring and early autumn. 

(14) 

Pollen can be challenging to avoid for allergy sufferers. Minimizing exposure to pollen is possible by 

staying indoors on windy days during high pollen seasons, using a mask, and refraining from gardening 

activities (14). There are medications like antihistamines and decongestants that can help relieve symptoms. 

In cases where these medications are ineffective, some individuals opt for allergy shots. These shots work 

by gradually desensitizing the immune system to the allergen, reducing the severity of allergic reactions 

(14). 

The susceptibility to allergies varies from person to person, and the individual’s immune system plays a 

significant role in how they interact with allergens. Genetic factors can also make some individuals more 

prone to allergies, although this is not the case for everyone, as other factors and probabilities also come 

into play (15). 

Reasons addressing the possible increase in allergic manifestations in recent years 

In recent decades, the prevalence of allergies has been on a steady rise, particularly in developed countries. 

This phenomenon has sparked concern among health professionals and researchers alike, prompting 

investigations into the underlying causes and potential solutions. The World Allergy Organization (WAO) 

estimates that 30-40% of the global population is affected by one or more allergic conditions (16). A study 

published in The Lancet found that the prevalence of food allergies increased by 350% between 1997 and 

2011 in children in the United States (17).  

  

The Hygiene Hypothesis - One of the most widely discussed theories explaining the rise in allergies is the 

"hygiene hypothesis." This theory suggests that reduced exposure to microbes and parasites in early 

childhood, due to improved hygiene and sanitation, may lead to an underdeveloped immune system that is 

more prone to allergic reactions (18). In cleaner environments, particularly in developed countries, children 

are less exposed to infections and microorganisms, which play a crucial role in teaching the immune system 

how to distinguish between harmful and harmless substances. As a result, the immune system may become 

more prone to overreacting to allergens such as pollen, dust mites, and certain foods (19).  

A study published in the New England Journal of Medicine found that children growing up on farms, 

exposed to a wider variety of microorganisms, had significantly lower rates of asthma and allergies 

compared to their urban counterparts (20). This supports the idea that early microbial exposure may play a 

crucial role in shaping the immune system. Studies have shown that exposure to farm animals and their 

surroundings can help promote a more balanced immune response, reducing the likelihood of allergic 

diseases like asthma and eczema (21).  

Environmental Factors - Changes in our environment, including increased air pollution and climate change, 

have been linked to the rising prevalence of allergies. A review in the journal Allergy found that air 

pollutants can act as adjuvants, enhancing the allergenic potential of common allergens like pollen (22).   
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Air pollution, particularly from traffic-related sources, is a significant contributor. Pollutants such as diesel 

exhaust particles, nitrogen dioxide (NO2), and ground-level ozone are known to exacerbate respiratory 

allergies and asthma (23). Exposure to these pollutants not only irritates the airways but also interacts with 

pollen, making it more allergenic. For instance, studies have shown that pollen grains exposed to pollutants 

release more allergenic proteins, increasing the likelihood of allergic reactions (24).  

Additionally, urbanization alters the natural environment, reducing green spaces and increasing exposure 

to synthetic materials and chemicals, many of which are irritants or allergens themselves. The lack of 

vegetation in urban areas can increase the concentration of airborne pollutants and allergens, further 

contributing to allergic conditions (16).  

Climate Change and Pollen Allergies - Climate change plays a crucial role in increasing the prevalence of 

pollen allergies. Rising global temperatures and elevated carbon dioxide (CO2) levels contribute to higher 

pollen production in plants, especially allergenic species like grasses, trees, and weeds. Warmer climates 

also extend the duration of the pollen season, allowing for prolonged exposure to these allergens. Studies 

have shown that plants such as ragweed, which produce highly allergenic pollen, thrive in environments 

with elevated CO2 levels (24). This results in a higher concentration of pollen in the air, which exacerbates 

allergic reactions and leads to a longer allergy season (16 ).  

Additionally, climate-induced changes in weather patterns, such as more frequent thunderstorms, can cause 

pollen particles to fragment into smaller pieces. These fragmented particles can penetrate deeper into the 

respiratory system, increasing the severity of allergic reactions, particularly during storm seasons (23).  

Climate change is also extending pollen seasons and increasing the potency of allergens. A study in the 

Proceedings of the National Academy of Sciences reported that pollen seasons in North America have 

lengthened by an average of 20 days and pollen concentrations have increased by 21% since 1990 (24).  

  

Dietary Changes - The modern Western diet, characterized by processed foods, reduced fiber intake, and 

increased use of food additives, has been implicated in the rise of food allergies. A study in Nature Medicine 

suggested that emulsifiers, commonly used in processed foods, can disrupt the gut microbiome and increase 

the risk of food allergies (25).  

  

Moreover, changes in infant feeding practices, such as delayed introduction of potential allergens, may 

have inadvertently contributed to increased food allergies. Recent research, including the LEAP (Learning 

Early About Peanut Allergy) study, has shown that early introduction of peanuts to high-risk infants 

significantly reduces the likelihood of developing peanut allergies (26).  

Another critical factor influencing the rise in allergies is the gut microbiome, the diverse community of 

microorganisms that live in the digestive tract and play an essential role in regulating immune function. A 

growing body of research suggests that changes in the composition and diversity of the microbiome, driven 

by diet, antibiotic use, and lifestyle, are contributing to the rise in allergic diseases (27).  

Modern diets, particularly in developed nations, are often high in processed foods, low in fiber, and rich in 

sugar and unhealthy fats. These dietary patterns have been linked to a reduction in gut microbiome diversity, 

which weakens the immune system's ability to differentiate between harmful pathogens and harmless 

environmental substances like pollen or food proteins (19).  
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Genetic Factors - While genetics alone cannot explain the rapid increase in allergy prevalence, genetic 

predisposition plays a role in an individual's susceptibility to allergies. A twin study published in the Journal 

of Allergy and Clinical Immunology found that genetics account for approximately 50-80% of the risk for 

allergic diseases (28).  

However, the interaction between genes and the environment (epigenetics) is increasingly recognized as a 

crucial factor. Environmental exposures can alter gene expression without changing the DNA sequence, 

potentially increasing allergy risk across generations (29).  

Introduction of Exotic Species - The global trade and transport of plants have introduced new species to 

various regions, leading to changes in local ecosystems and pollen profiles.. A study in Japan found that 

the introduction of ragweed (Ambrosia artemisiifolia) has led to an increase in pollen allergies in urban 

areas (30). Similarly, the spread of London plane trees (Platanus × acerifolia) in Chinese cities has 

contributed to a rise in plane tree pollen allergies, a condition previously rare in the region (31).  

Similarly, the introduction of birch trees to North America has led to increased pollen allergies in regions 

where these trees were not native (32). This highlights how globalization can alter local allergen profiles 

and expose populations to new allergenic threats.  

  

Global Food Trade and Changing Diets - The globalization of food trade has led to the widespread 

availability of foods that were once considered exotic or rare in many parts of the world. This has resulted 

in increased exposure to potential food allergens. A review in the Journal of Allergy and Clinical 

Immunology reported that the prevalence of peanut allergies in China has increased significantly in recent 

years, coinciding with the adoption of a more Westernized diet that includes peanut products (33).  

In Japan and South Korea, the increased consumption of dairy products, wheat-based foods, and nuts due 

to Western dietary influences has been linked to the rising rates of food allergies, especially among children. 

This is notable because historically, these populations consumed relatively little of these foods (21).  

 

Moreover, the global sharing of food recipes and culinary traditions has led to the incorporation of new 

ingredients in local cuisines. For example, the popularity of sushi worldwide has increased exposure to fish 

and shellfish, which are common allergens. A study in the Journal of Investigational Allergology and 

Clinical Immunology found an increase in fish and shellfish allergies in inland areas of Spain, correlating 

with increased consumption of these foods (34). As food ingredients and recipes are shared across borders, 

people in these regions are increasingly exposed to allergens that were not traditionally part of their diet, 

making food allergies a growing health concern.  

Cross-Reactivity and Novel Allergies - Globalization has also led to an increase in cross-reactive allergies. 

For instance, individuals allergic to birch pollen may develop allergies to certain fruits due to similarities 

in protein structures. This phenomenon, known as oral allergy syndrome or pollen-food allergy syndrome, 

has become more common as people are exposed to a wider variety of foods and pollens (35).  

In Asian populations, unique patterns of cross-reactivity have been observed. For instance, a study in Japan 

found that individuals allergic to Japanese cedar pollen often develop cross-reactive allergies to tomatoes 

and other foods in the Solanaceae family (36). This phenomenon demonstrates how regional allergens can 

interact with globally available foods to create new allergy patterns.  

Furthermore, the introduction of novel foods to different regions can lead to the emergence of new allergies. 

In addition to the kiwi fruit example mentioned earlier, the growing popularity of quinoa in Asia has led to 
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reports of quinoa allergies in countries like India and China, where this grain was previously uncommon 

(37).  

The "Asian Paradox" in Allergy Prevalence - Interestingly, some Asian countries have shown a different 

trend in allergy prevalence compared to Western nations, often referred to as the "Asian Paradox." For 

example, despite rapid industrialization and urbanization, the prevalence of allergic diseases in some parts 

of Asia remains lower than in Western countries. A study comparing allergy rates between Hong Kong and 

mainland China found that children in Hong Kong, which is more Westernized, had higher rates of asthma 

and allergies than their counterparts in mainland China.  

However, this paradox appears to be diminishing as Asian countries continue to adopt Western lifestyles. 

A longitudinal study in Japan showed that the prevalence of allergic rhinitis and food allergies has been 

steadily increasing over the past three decades, approaching levels seen in Western countries (38).  

The increase in the prevalence of allergies in recent times can be attributed to a combination of factors, 

including globalization, lifestyle changes, urbanization, climate change, and advancements in medical 

awareness. While the spread of exotic species and global dietary shifts play a significant role in the rise of 

food and pollen allergies, other factors such as the hygiene hypothesis, air pollution, microbiome diversity, 

and increased awareness also contribute to this complex issue. In Asian populations, the shift from 

traditional to modern lifestyles, rapid urbanization, and climate change have all played a role in the rising 

rates of allergic conditions. Addressing these challenges requires a multifaceted approach, including 

improving public health policies, promoting healthier diets, and taking action to mitigate the environmental 

impacts of urbanization and climate change.  

Understanding systematic review and meta-analysis  

Systematic review - A comprehensive review of factors influencing Internet skills, use and outcomes of the 

digital divide was developed through a systematic literature review. This review followed the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) protocol to ensure transparency 

and reproducibility (39).The first step in a systematic review is to formulate clear and structured questions 

to solve the problem. After the evaluation questions are developed, changes to the protocol should only be 

considered if other ways to identify populations, interventions, outcomes, and study designs are 

identified.Identifying relevant studies requires conducting a systematic search for studies using multiple 

sources, computer and print, without language restrictions. The selection criteria for the studies should 

answer the review questions correctly and be determined in advance. Reasons for inclusion or exclusion 

from studies should be documented.It is important to evaluate the quality of the studies at each stage of the 

review. The questions developed in the first phase and the study selection criteria should define the 

minimum level of design. Selected studies should be more rigorously assessed for quality using a 

comprehensive critical appraisal guide and design-related quality checklists. These assessments help 

explore heterogeneity, inform decisions about the validity of meta-analyses, assess the strength of 

conclusions, and provide recommendations for future research.Summarizing evidence involves 

documenting study characteristics, quality and effects, as well as using statistical methods to explore 

differences between studies and combine their effects (meta -analysis). Exploring variability and its sources 

requires prior planning. If a full meta-analysis is not possible, a subgroup meta-analysis can be 

considered.The interpretation of the findings is to address the issues identified in each of the previous 
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sections. In addition, the review should assess the risk of publication bias and related biases. It is important 

to determine whether the generalization can be trusted by detecting heterogeneity. Otherwise, effects found 

in high-quality studies should be used for conclusions. Each piece of evidence should be graded based on 

the strengths and weaknesses of the evidence (40). 

Meta-analysis - Meta-analysis is a quantitative research technique that produces a pooled effect size—a 

more accurate estimate of the effects of an intervention or exposure—by statistically combining data from 

several studies that address the same research issue. This method is crucial for getting over the drawbacks 

of individual research, including sample size or demographic characteristics, and providing a more 

thorough and trustworthy foundation of data for decision-making. It is employed in the healthcare industry 

to reconcile discrepancies among studies, enhance statistical power, and compile evidence. Through 

assessing interventions (such as vaccinations or lifestyle modifications), directing clinical guidelines, and 

bolstering public health policies, it plays a critical role in disease prevention and control. Heterogeneity, or 

variability between research, is addressed by using both fixed and random effects models. (41) 

There are several steps that are to be followed in Meta-Analysis. They start with formulating the research 

question. A clearly defined question (PICOS: Participants, Interventions, Comparisons, Outcomes, Study 

designs) eases the procedure and serves as a guide for the entire process. Literature Search and Study 

Selection comes forth as the next step. A systematic search of databases (e.g., PubMed, NCBI) identifies 

relevant studies. Inclusion and exclusion criteria ensures consistency of the relevant publications. This is 

followed by data extraction wherein information from individual studies, including study design, outcomes, 

and results, is collected systematically. Statistical Analysis serves as a crucial step, here statistical methods 

are used to compute pooled effect sizes, often presented as standardized mean differences (SMD), standard 

error (SE), confidence intervals (CI), and p-values. Fixed-effects models assume the same underlying effect 

across studies, while random-effects models allow for variability among studies. Heterogeneity is assessed 

using tests like Cochran's Q and I² statistics to determine variability. Substantial heterogeneity suggests the 

need for a random-effects model. This is followed by the need for visualisation techniques where forest and 

funnel plots are  commonly used. Forest plots show the effect sizes of individual studies along with their 

confidence intervals, providing a visual summary of the meta-analysis. However, funnel plots are used to 

detect publication bias, funnel plots illustrate the relationship between study size and effect size, with 

asymmetry suggesting bias. (41) 

 

Objectives: 

1. To perform a systematic review on publications related to food and pollen allergy in the South-East 

Asian population.Identification of data sources to obtain publications on food and pollen allergy in 

the South-East Asian population on the basis of set criteria. 

2. To perform data extraction from the publications obtained through systematic review and subject it 

to  statistical synthesis (meta-analysis). 

3. To establish inclusion and exclusion criteria for setting a baseline as to what publications are to be 

used in this meta-analysis study. To address potential limitations and gaps that might exist in this 

research study. 

Relevance of this study 
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The major food allergies are caused by a comparatively small number of food items. Whereas, pollen 

allergies had a wide variety of allergens causing the allergy. The foods that have the most number of 

published reports were included in this analysis. They are milk, egg, soy, wheat, peanut, meat and seafood. 

Therefore, food items like fruits, vegetables, seeds, nuts, cereals and several other uncommon food items 

were excluded from this report. Publications having data for overall food and pollen allergy were also 

considered for the analysis. Publications with data for the Asian population without any gender or age 

segregation were included. So, papers with data from populations elsewhere except Asia and gender or age 

segregation were excluded. Assessment of the data was done under a single diagnostic parameter - SPT 

(single prick test) sensitisation. Other diagnostic parameters like serum IgE levels, data based on 

questionnaires and others were excluded. This was done due to the lesser availability of publications with 

data for other diagnostic tests. Further, several publications were also excluded because of undefined data 

or data which were available in formats that cannot be used for analysis. 

 

Methods: 

Search strategy: 

Guidelines from the Cochrane Handbook for Systematic Reviews were followed closely. Search strategy 

included several key terms pertaining specifically to allergy and its relevant terminologies. The search 

technique employed three sets of medical subject heading (MeSH) to locate papers on the prevalence of 

allergies in databases maintained by the NLM, PubMed, and MEDLINE/PubMed search modes. The first 

group of terms that were included are ‘prevalence’ and ‘incidence’ and the second group the terms were 

‘allergy and immunology’, ‘hypersensitivity’, ‘food/pollen hypersensitivity’, ‘skin tests’. In the third group 

we included the terms related to food such as ‘dairy products’, ‘milk’, ‘egg’, ‘fish’, ‘shrimps’, ‘crustaceans’, 

‘peanut’, ‘hazelnut’, ‘peach’, ‘celery’, ‘soy foods’, ‘walnut’, ‘sesame seed’ and other food items. Articles 

that fulfilled the condition of having at least 1 term from each series from January 1995 to December 2023 

were selected. The search was performed on google scholar, MEDLINE (PubMed), Research gate and NIH. 

240 references with their abstracts were obtained through this search. We excluded papers which were 

found to be duplicates, if the papers had other diagnostic criteria along with SPT sensitisation wherein data 

was not represented properly. Several other publications were also excluded due to the presence of 

insufficient data which couldn’t be used for further analysis. We extracted information based on region, 

total population that underwent SPT, population who had tested positive for SPT and other relaxant 

information needed for reporting the analysis. We excluded articles if there wasn’t a mention of the initial 

population who screened for allergy and underwent SPT. All SE’s or 95% CI’s for the range of publications 

were calculated following the guidelines to ensure uniformity. 

 

Analysis: 

Meta-analysis to estimate the prevalence of allergy for overall food and pollen, and for each food item was 

performed for positive SPT subjects. The analysis was not stratified for age or gender, hence the analysis 

was done by taking a range of population from infants to adults with no gender separation. The analysis 

was performed on R, version 4.4.1. The statistical software packages META and GRID were used. The 

results are presented using Forrest graphs. We analyzed the heterogeneity of the prevalence between studies 
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for overall food and pollen and each food item with all the studies present under these categories. Estimates 

performed through META are based on SE and provided approximately 95% CI. 

 

Standardized Mean Deviation: 

 
where:  

x =Mean  

X =Average mean  

SD=Standard Deviation 

Standard Error: 

 
where, 

SD=Standard Deviation 

n=number of SPT positive individuals 

 

Confidence Interval   

 
x = mean 

SD= Standard Deviation 

n=number of SPT positive individuals 

Results 

Based on the search strategy about 241 papers were screened and subjected to inclusion and exclusion 

guidelines. Only papers from Asian populations which had a significant population screened by the standard 

SPT tests were included. Data that could not be analysed for SMD and SE calculations as well as data that 

was insufficient was excluded . Based on this 52 papers were taken for metaanalysis. Figure shows the 

Prisma flowchart that defines the search strategy and the final papers that were taken for analysis. Annexure 

1 lists the 51 papers from which data was extracted for meta analysis.  
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Figure 4 : Prisma Flowchart for the screening of publications during the systematic review. 

 

The following tables list the publications that were screened for calculation of SMD and SE for overall 

food allergies and pollen allergy in asian population 
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Table 3.1 -SMD and SE for overall food allergy in Asian Population 

 

 

 
 

Table 3.2 -SMD and SE for overall pollen allergy in Asian Population 

 

 



 
 

26 

 

 

Papers reporting food allergies were further screened for specific allergy against the following food items 

like milk, eggs, soy, wheat, peanut, and meat Tables 4.1-4.6 shows the SMD and SE calculation for this 

data 

 

        

 
       Table 4.1 -SMD and SE for Milk allergy in Asian Population 

 

 

 

 
 

Table 4.2 -SMD and SE for Egg allergy in Asian Population 
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Table 4.3 -SMD and SE for Soy allergy in Asian Population 

 

 

 

 
Table 4.4 -SMD and SE for wheat allergy in Asian Population 

 

 

 

 
Table 4.5 -SMD and SE for peanut allergy in Asian Population 
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Table 4.6 -SMD and SE for  meat allergy in Asian Population 

 

The data in terms of SMD and SE are represented as forrest plots to see the heterogenietiy index (which 

signifies the variance in the populations scrneed) and the confidence intervals for  
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Figure 5 : Forest plot showing the variation in allergy towards food in Asian population 

 

 

Figure 6 : Forest plot showing the variation in allergy towards pollen in Asian population 
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Figure 7 : Forest plot showing the variation in allergy towards specific food item - ‘milk’ in Asian population 

 

Figure 8 : Forest plot showing the variation in allergy towards specific food item - ‘eggs’ in Asian population 
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Figure 9 : Forest plot showing the variation in allergy towards specific food item - ‘soy’ in Asian population 

 

Figure 10 : Forest plot showing the variation in allergy towards specific food item - ‘wheat’ in Asian population 
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Figure 11 : Forest plot showing the variation in allergy towards specific food item - ‘peanut’ in Asian population 

 

 

Figure 12 : Forest plot showing the variation in allergy towards specific food item - ‘meat’ in Asian population 

 

Conclusion: 

1. Percentage Asian population showing food allergy versus pollen allergy was found to be 38.7% 

and 33.9% respectively. 

2. Highest percentage of the population showing allergy to was for the food item - eggs at 25.6% and 

lowest to was for the food item - meat at 9.4% respectively. 
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3. Variation with population is lowest for peanut allergy and highest variation in the population is for 

soy. 

Reference table:    
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