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ABSTRACT 
 
The rising prevalence of food allergies underscores the critical need for research into genetic and environmental 
influences on this worrying trend. Utilizing data from a retrospective cohort study of over a million children's 
health records from the Children’s Hospital of Philadelphia, this study investigates the onset of food allergies 
across different demographics. The study employs multivariate logistic regression to model the probability of 
allergy presence, revealing significant correlations between allergies and factors such as age, gender, race, eth-
nicity, and socioeconomic status. Specifically, it finds variations in the prevalence of peanut, soy, and milk 
allergies among different racial groups and genders, with age being a critical factor in the likelihood of having 
these allergies. The findings suggest that non-Caucasian populations have a higher incidence of certain food 
allergies, supporting the hypothesis that racial and socioeconomic factors significantly influence allergy prev-
alence. The study contributes to the growing body of evidence on health disparities in food allergies, empha-
sizing the need for targeted interventions and equitable access to treatment. Larger, more diverse sample sizes 
in future research could help refine the understanding of allergies' demographic determinants. 
 

Introduction 
 
Individuals with food allergies have significant negative impacts to their quality of life including economic 
costs, social inconveniences, and health risks. Food allergy is important in healthcare and even politics with 
food labeling laws and public safety concerns (Warren et al. 2020). Along with this, the incidence of allergies 
is on the rise (Saab et al. 2022). 

Allergic reactions to food ingestion can manifest in a variety of presentations throughout the body. 
Commonly including dermatologic, gastrointestinal and respiratory systems, these symptoms can vary from a 
minor inconvenience to a fatality, necessitating a prompt increase in the understanding of all aspects of allergic 
reactions. This food allergy response is caused by an immunological response to the proteins found in foods. 
These responses can be caused by both immunoglobulin or non-immunoglobulin pathways. Food allergy is 
differentiated from food intolerances or aversions which are unpleasant but not life threatening (Lopez et al. 
2024).  

Allergies are a plight that has plagued humanity for centuries, which is why it is ever so important to 
know more about what factors influence their prevalence. Allergic reactions can be fatal which is further reason 
to strive to understand them further. Despite the existence of food allergies throughout human history, they are 
increasing in frequency as of modern times, an alarming development that increases the need to research and 
understand this trend (Saab et al. 2022). Teasing out the influence of genetics versus environment is an im-
portant factor in the further understanding of allergies.  

Health inequity permeates all of medicine. This holds true in the field of food allergies as well. Dis-
parities in health are multifactorial and can only be understood when the differences are observed (National 
Academies of Sciences, Engineering, and Medicine; Health and Medicine Division 2017). This paper hopes to 
shed light on the demographic determinants of disparities in food allergies to further assist in the development 
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of policies, procedures, medical advancements and proper focus of attention and resources to where the need is 
the greatest. The need for awareness on this issue will become even more important as allergy treatments evolve 
and access to this treatment becomes limited due to financial, socioeconomic and cultural influences.  
 

Literature Review/ Research Questions and Hypothesis 
 
According to the Center for Disease Control and Prevention, National Center for Health Statistics, over twenty 
five percent of children residing in the United States have a form of allergy, with 5.8 percent of all children 
having a food allergy. This is an increase from 3.4 percent prior to the year 2000. (Zablotsky 2021). This de-
velopment of allergies begins early with as high as ten percent of infants having been reported to have food 
allergies in some studies (Osborne, 2011). Race has also been found to impact risk. Children of East Asian or 
African descent but who were born in the West have been found to be at a higher risk for food allergies than 
Caucasians born in the same geographical area (Loh et al. 2018). In the United States, studies have shown that 
Black and Asian children are at higher odds of having peanut allergy than White children (Gupta et al. 2011). 

There are a variety of correlations found with peanut allergies. According to a nationwide study con-
ducted in Canada, demographic information and the occurrence of food allergy showed distinct correlations. 
Among these, there was a notable increase in risk of food allergy within certain high-risk groups: children, 
females, Canadian-born participants, adults with post-secondary education, and those residing in smaller house-
holds (Clarke et al. 2021). 

According to an article in the Journal of the American Medical Association, a large survey was taken 
to investigate the racial ethnic and socioeconomic differences in the United States with regards to the incidence 
of food allergies. From this it was noted that Asian, Black and Hispanic reported more food allergies than 
Whites (Jiang, 2023). Other studies have shown that women and individuals of white ethnicity were more prone 
to report overcoming cow’s milk allergy compared to men and respondents from other racial and ethnic back-
grounds (Warren 2022). Of children with soy allergy, approximately half are no longer diagnosed with their 
allergy by the age of seven years old. Absolute soy IgE measurements were helpful indicators if they will 
outgrow their allergy (Savage et al., 2010). 

Using the retrospective cohort study dataset by Hill et al. (2016), this paper aims to test the following 
hypothesis informed by current literature: Allergies to food groups will be higher in non-caucasian populations. 
Based on the literature review, it is hypothesized that the incidence of some food allergies will be lower among 
individuals in the white racial group. Meanwhile it is also anticipated that certain food allergies are prone to 
decrease in severity as a child matures. This expectation is founded in the observed phenomenon of children 
outgrowing allergies, which is well documented in the literature (Savage et al., 2010). 
 

Methods 
 
The anonymised data collected by Hill et al.(2016) is publicly available on Kaggle.com. From that data the age 
of onset of food allergy was collected and compared against race (black, other, unknown, white, non-hispanic), 
gender, and Medicaid versus non-Medicaid. Data is from a retrospective cohort study of healthcare provider-
diagnosed eczema, asthma, allergic rhinitis, and food allergy among children. Their data was obtained from 
electronic medical records at the Children’s Hospital of Philadelphia from over a million children who inter-
acted with their health care system, from this the data  two retrospective cohorts were defined including 29,662 
children in a closed birth cohort and 333,200 children in a cross-sectional cohort. The diagnoses were identified 
from the  International Classification of Diseases Ninth Revision (ICD-9) diagnosis codes in the charts (Hill et 
al. 2016). Children with specific food allergies were identified using the allergy module of the electronic med-
ical record. To provide query validation by chart review, the medical charts of 240 subjects were manually 
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reviewed to gauge how accurately ICD-9 codes reflected the presence of specific food allergies. (Hill et al. 
2016) 

The summary statistics of each variable from the sample is shown in Table 1 below: 
 
 
 
 
 
 
 
Table 1. Summary Statistics for Numerical Variables  
 

 
 

Modeling Strategy  
 
Given the binary dependent variable of whether a child has an allergy, the probability of detecting an allergy 
was modeled through multivariate logistic regression. Formally,  
 

𝑃𝑃(𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 1|𝐴𝐴𝐴𝐴𝐴𝐴, 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺, 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅, 𝐸𝐸𝐸𝐸ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛, 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃)
= 𝐹𝐹(𝛽𝛽0 + 𝛽𝛽1𝐴𝐴𝐴𝐴𝐴𝐴 + 𝛽𝛽2𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 + 𝛽𝛽3𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 + 𝛽𝛽4𝐸𝐸𝐸𝐸ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 + 𝛽𝛽5𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 + 𝜀𝜀 

 
where 𝐹𝐹(𝑥𝑥) = 1

1+𝑒𝑒−𝑥𝑥
, the logit model. 

 
Gender, race, ethnicity and payer factor are modeled as categorical variables whereas age is modeled 

as a continuous variable. 
 

Results 
 
Peanut Allergy 
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Figure 1. Relationship Between Demographic Variables and Peanut Allergy Test Readings 
 
The gender factor male is statistically significant and has a coefficient of 0.3781 this means if someone is male, 
they are likely to score 0.3781 higher on the log-odds of having a peanut allergy than if someone was a female. 
The race factor Black is statistically significant with coefficient estimates -0.4487; in other words, Black Amer-
icans are likely to score -0.4487 lower on the log-odds of having a peanut allergy compared to Asian Americans 
(the hold-out group). Similarly, with a statistically significant coefficient estimate of -0.6183, Other Americans 
are subject to a log-odds of -0.6183 lower than Asian Americans for peanut allergy. The race factor Unknown 
is statistically significant with coefficient estimates -0.9170 ; in other words, Unknown Americans are likely to 
score -0.9170 lower on the log-odds of having a peanut allergy compared to Asian Americans. The race factor 
White shows statistical significance, expressed with coefficient estimates of -0.7801. This suggests that com-
pared to Asian Americans, White Americans are expected to score -0.7801 lower on the log-odds of having a 
peanut allergy. The payer factor of medicaid children shows statistical significance, expressed with coefficient 
estimates of -0.5865; this means that medicaid children are likely to score -0.5865 lower on the log odds com-
pared to non-medicaid children. The ethnicity factor of non hispanic children shows statistical significance, 
expressed with coefficient estimates of 0.2113; this means that non hispanic children are likely to score 0.2113 
higher on the log odds compared to hispanic children. The age factor is statistically significant with a coefficient 
estimate of -0.0895  this means that for every year of age, it is likely that people will score -0.0895 lower on 
the log-odds of having a peanut allergy. Overall, according to this model estimates, Unknown is the most im-
pactful factor that impacts the results of a log-odds of having a peanut allergy. The age factor, meanwhile, has 
the smallest statistically significant impact on log-odds of having a peanut allergy. The race factor Black, has a 
fairly low statistically significant impact and the race factor White has a higher statistically significant impact.  
 
Soy Allergy 
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Figure 2. Relationship Between Demographic Variables and Soy Allergy Test Readings 
 
The gender factor male is statistically significant and has a coefficient of 0.4342 this means if someone is male, 
they are likely to score 0.4342 higher on the log-odds of having a soy allergy than if someone was a female. 
The race factor Black is statistically significant with coefficient estimates -0.7459 ; in other words, Black Amer-
icans are likely to score -0.7459 lower on the log-odds of having a soy allergy compared to Asian Americans. 
The race factor Other is not statistically significant. The race factor Unknown is statistically significant with 
coefficient estimates -0.9473 ; in other words, Unknown Americans are likely to score -0.9473 lower on the 
log-odds of having a soy allergy compared to Asian Americans. The race factor White shows statistical signif-
icance, expressed with coefficient estimates of -0.6048. This suggests that compared to Asian Americans, White 
Americans are expected to score -0.6048 lower on the log-odds of having a soy allergy. The payer factor of 
medicaid children shows statistical significance, expressed with coefficient estimates of -0.4052; this means 
that medicaid children are likely to score -0.4052 lower on the log odds compared to non-medicaid children. 
The ethnicity factor of non hispanic children does not show statistical significance.. The age factor is statistically 
significant with a coefficient estimate of -0.1478  this means that for every year of age, it is likely that people 
will score -0.1478 lower on the log-odds of having a soy allergy. Overall, according to this model estimates, 
Unknown is the most impactful factor that impacts the results of a log-odds of having a soy allergy. The age 
factor, meanwhile, has the smallest statistically significant impact on log-odds of having a soy allergy. The race 
factor Black, has a fairly low statistically significant impact and the race factor White has a higher statistically 
significant impact.  
 
Milk Allergy 
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Figure 3.  Relationship Between Demographic Variables and Milk Allergy Test Readings 
 
The gender factor male is statistically significant and has a coefficient of 0.3035 this means if someone is male, 
they are likely to score 0.3035 higher on the log-odds of having a milk allergy than if someone was a female. 
The race factor Black is statistically significant with coefficient estimates -0.4873 ; in other words, Black Amer-
icans are likely to score -0.4873 lower on the log-odds of having a milk allergy compared to Asian Americans. 
The race factor Other is not statistically significant. The race factor Unknown is statistically significant with 
coefficient estimates -0.5537 ; in other words, Unknown Americans are likely to score -0.5537 lower on the 
log-odds of having a milk allergy compared to Asian Americans. The race factor White shows statistical sig-
nificance, expressed with coefficient estimates of -0.3749. This suggests that compared to Asian Americans, 
White Americans are expected to score -0.3749 lower on the log-odds of having a milk allergy. The payer factor 
of medicaid children shows statistical significance, expressed with coefficient estimates of -0.2919; this means 
that medicaid children are likely to score -0.2919 lower on the log odds compared to non-medicaid children. 
The ethnicity factor of non hispanic children does not show statistical significance. The age factor is statistically 
significant with a coefficient estimate of -0.1716  this means that for every year of age, it is likely that people 
will score -0.1716 lower on the log-odds of having a milk allergy. Overall, according to this model estimates, 
Unknown is the most impactful factor that impacts the results of a log-odds of having a milk allergy. The age 
factor, meanwhile, has the smallest statistically significant impact on log-odds of having a milk allergy.  

Now that more treatments are becoming available, further inquiry is needed into if there are racial 
disparities among those receiving the treatments. From a healthcare equity perspective it is important that the 
populations that suffer from food allergies the most have access to treatments that are becoming available.  
 

Conclusion 
 
As a result of testing the relationship between things and things, there is a correlation that cannot be dismissed 
between, age and milk allergy severity, age and peanut allergy severity, and age and soy allergy severity. Be-
cause of this it can be interpreted that many different factors have a significant impact on milk, soy, and peanut 
allergy severity. Additionally, the results underscore the importance of further research to explore the underly-
ing mechanisms driving these demographic differences, paving the way for more effective prevention and treat-
ment approaches tailored to the specific needs of diverse communities. 
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Limitations 
 
The sample size of the dataset from Hill et al. (2016) consists of 300,000 children, with only 7288 having a 
milk allergy, 2418 having a soy allergy, and 8652 having a peanut allergy. This limitation of sample size may 
confound the estimates of any causal relationship between variables based on the data; perhaps with a larger 
sample, more accurate estimates could be established. There could also have been some errors when collecting 
the data which is another limitation as it reduces the accuracy and reliability of the dataset. More relevant data 
that could augment the support of the incidence of allergies among different demographic measures in future 
cohort studies could better disentangle the potential causal relationship between persistence and incidence of 
allergies among children. Furthermore, there is a concern for omitted variable bias arising from variables that 
were not controlled for. For instance, the timing of a subject’s exposure to allergenic food is known to influence 
the prevalence of pediatric allergies. However, since there is no data on this variable, the coefficient estimates 
are subject to the risk of being biased by the omission of this control variable that also influences the outcome 
variable in this study. 
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