Introduction: 

Food allergy (FA) affects 8% of children in the United States and was estimated in 2013 to cost the U.S. approximately $24.8 billion USD annually – an estimated $4,184 per year per child in a combination of direct medical, out-of-pocket (OOP), lost labor productivity and opportunity costs.1 Of this, OOP costs amounted to roughly $5.5 billion annually with one-third of these costs attributable to the cost of special diets and allergen-free foods, suggesting that a significant share of the economic burden of FA is borne by households attempting to avoid dietary exposure to food allergens. In addition, a substantial portion of OOP costs ($14.2 billion annually) stemmed from lost opportunity related to the impact of a child’s food allergy on a caregiver’s job and career options.

There is very limited literature about differences in the economic burden of FA by socioeconomic characteristics of individuals and their families living with the condition.  A 2016 study, based on the same nationally representative sample that estimated total costs, found that African American caregivers incurred the lowest amount of direct medical costs and had the least OOP costs.2  In addition, children in the lowest income households (<$50K per year) had more than twice the amount of emergency department (ED) and hospitalization costs compared to children in higher income households. However, this survey sampled participants based on parent-reported food allergy and therefore resulting estimates do not reflect the full extent of costs incurred by families who are engaged in the care of an allergist. Since the time these data were collected (2011-12), there have been significant changes to the landscape of healthcare and FA, such as the implementation of the Affordable Care Act, increased awareness of FA, and increasing food costs, that may have affected these estimates and changed how the economic burden of FA is distributed.

The relative lack of data on socioeconomic differences in the economic burden of FA is significant given that it is well established that racial and ethnic minorities bear a significant burden of morbidity of FA. Recent literature demonstrating racial and ethnic differences in FA epidemiology, such as a higher prevalence of FA among Asian, Hispanic, and non-Hispanic Black (NHB) and a higher prevalence of multi-FA among NHB individuals compared to non-Hispanic White (NHW) individuals in the U.S, is well established.3 In addition,  NHB and Hispanic children have been found to have more severe FA reactions, less lifetime epinephrine auto-injector (EAI) use, and higher emergency department (ED) usage compared to NHW participants.4 Given these documented differences in FA prevalence, severity, and healthcare utilization, it is crucial to investigate how the economic burden of FA is experienced across race, ethnicity, and socioeconomic status.

In this study, we analyze the economic consequences of childhood FA in a prospective, longitudinal cohort, that by design, oversamples NHB and Hispanic/Latino (H/L) families relative to the general population to further characterize the FA experience in these historically underrepresented populations. We estimate direct caregiver-reported OOP costs associated with diet and medication, indirect costs, food security, and changes to the caregiver’s work and their personal life by socioeconomic characteristics.  


Methods:

We leveraged data from the NIAID-supported FORWARD cohort, an observational cohort study enrolling children younger than 12 years old with allergist-confirmed FA. The design and methodology of the FORWARD cohort has been previously described.5 Outcomes were based on survey responses about OOP costs, healthcare related needs and perceived impact. Specifically, caregivers were asked about the OOP costs of special diets, EAI, and antihistamines.  For each cost type, responders specified an amount and frequency, which were then transformed into annualized cost estimates. In addition, caregivers were surveyed about the perceived impact of their child’s FA on other costs indirectly related to FA, such as those resulting from FA-related changes in the caregiver’s lifestyle and employment. Lifestyle changes included needing special food, spending more time shopping or preparing food, spending more time preparing for school (such developing a 504 plan), moving to another residence, having social life be inhibited, restricting participation in sports or specific hobbies, delaying having children, having a relationship with a partner or other family member become more difficult, and restricting vacation choices. Work-related changes including not being able to work outside the home, needing to change or reduce job hours, giving up a job, getting dismissed from a job, changing jobs, needing additional or a change in childcare, and having to change the child’s school. Finally, other outcomes included worrying about running out of food and having purchased food not last. 

Several covariates were examined in relation to the outcomes including household income (< $100,000 vs. $100,000 - $200,000 vs. > $200,000), race and ethnicity (NHW vs. NHB vs. H/L), gender (male vs. female), age of the child at the time of the survey, number of distinct food allergies (1 to 10), reporting having an FA-related medical need, having an FA-related mental health need, and having an FA-related nutritional need in the last 12 months.

To estimate annualized costs, we leveraged a two-part model: first, a logistic model to describe the odds of having an OOP cost, and second, a generalized linear model to describe the total OOP costs. Inferences were made with standard errors clustered at the level of the enrollment site to capture the between-subject, within-site correlation. In addition, we used a logistic model to describe the covariate-adjusted odds of any caregiver lifestyle changes, any caregiver work changes, worry about running out of food, and having purchased food not last. 









Results:

In total, 390 participants were included in this study (Table 1). 234 (60.0%) were NHW, 118 (30.3%) were NHB, and 38 (9.7%) were H/L. The average age of the child at the time of the survey was 7.2 years and NHB participants were older on average compared to H/L and NHW participants (8.6 vs. 6.6 and 6.6, p < 0.001). There was a significantly higher proportion of NHB (83.9%) and H/L (60.5%), compared to NHW (18.4%), with a household income of less than $100,000. 

With respect to OOP costs, approximately 154 (39.5%) of the cohort reported OOP costs associated with special diets and allergen-free foods, with an average total annual OOP cost of $2956 (SD $3010) (see Table 2). There were 165 (42.3%) of caregivers who reported an OOP cost associated with filling an epinephrine prescription with an average annualized cost of $446 (SD: $2,680). The most reported OOP cost was associated with antihistamines with approximately 277 (71.0%) reporting an OOP cost. The distribution of annualized antihistamine cost was right-skewed, which resulted in an average annualized cost of $265. In the last 12 months, 189 (48.5%) of caregivers reported that their child needed to see a medical provider due to their FA. Further, 15 (3.8%) of the cohort reported needing to see a mental health provider due to their FA and 26 (6.7%) of participants reported needing to see a nutrition provider due to their FA. The average number of missed workdays of the caregiver was 0.9 (SD: 2.6) annually and 21.0% of caregivers reported ever having to make any work changes due to their child’s FA. There were 300 (76.9%) caregivers who reported having to make any lifestyle changes due to their child’s FA. Finally, 53 (13.6%) and 47 (12.1%) of caregivers reported worrying about running out of food in the last 12 months and having purchased food not last, respectively.

Table 3 describes the results of the two-part covariate-adjusted regression models for annualized OOP costs associated with diet, EAI, antihistamines and the number of missed workdays. NHB participants were less likely to incur any OOP diet costs (OR: 0.5, 95% CI: 0.3, 0.9) compared to NHW participants. Each additional allergy was associated with a 20% increase in the odds of incurring any OOP diet cost (OR: 1.2, 95% CI: 1.1, 1.4) and reportedly needing to see a medical due to FA (OR: 2.5, 95% CI: 1.6, 3.7) or nutrition (OR: 2.7, 95% CI: 1.1, 6.7) provider were each associated with increased odds of having an OOP diet cost. Caregivers of H/L children had higher annual diet costs than NHW on average ($1093, 95% CI: $454, $1732) and every additional distinct food allergy was associated with a $267 (95% CI: $202, $332) increase in the annualized reported cost of special diets for FA management. Reported mental health needs due to FA was associated with an increase in the annualized reported costs of special diets by approximately $2956 (95% CI: $191, $5721).

With respect to EAI costs, participants with household incomes of $100,000 - $200,000 were more likely to report incurring any such OOP cost (OR: 3.3, 95% CI: 1.1, 9.7) compared to households with incomes of < $100,000. Similarly, participants with household incomes of $100,000 - $200,000 were more likely to incur an OOP cost for antihistamines (OR: 1.8, 95% CI: 1.6, 2.1) and each additional current food allergy was associated with a 26% increase in the odds of reporting having incurred any OOP antihistamine cost (OR: 1.26, 95% CI: 1.1, 1.4). NHB participants were less likely to report incurring an OOP cost for antihistamines compared to NHW participants (OR: 0.3, 95% CI: 0.1, 0.5). Finally, for each additional year of the child’s age, the odds of a caregiver having missed a workday due to FA decreased by 10% (OR: 0.9, 95% CI: 0.9, 0.9). Both needing to see a medical provider due to FA (OR: 2.6, 95% CI: 1.4, 4.8) and needing to see a mental health provider due to FA (OR: 3.8, 95% CI: 1.4, 10.2) were associated with increased odds of the caregiver having missed at least one workday.

With respect to lifestyle and job-related changes, both needing to see a medical provider due to FA (OR: 2.0, 95% CI: 1.5, 2.8) and having to see a nutrition provider due to FA (OR: 2.3, 95% CI: 1.3, 4.1) were associated with an increased odds of reporting a lifestyle change (see Table 4). These two needs were also associated with increased odds of reporting a work-related change (OR: 1.5, 95% CI: 1.0, 2.2) and (OR: 2.0, 95% CI: 1.1, 3.3). Finally, households with an income between $100,000 - $200,000 (OR: 0.1, 95% CI: 0.0, 0.5) and an income of greater than $200,000 (OR: 0.1, 95% CI: 0.0, 0.3) had significantly lower odds of worrying about running out of food compared to those households with income less than $100,000. Controlling for income and other relevant covariates, NHB participants (OR: 5.5, 95% CI: 2.3, 13.1) and H/L participants (OR: 16.4, 95% CI: 4.3, 63.2) were significantly more worried about running out of food compared to NHW participants. Similarly, households with an income of greater than $200,000 had significantly lower odds of food not lasting (OR: 0.1, 95% CI: 0.1, 0.3).

Discussion: 

In this study of a racially, ethnically, socioeconomically, and geographically diverse, food-allergic cohort, we found that there were multiple differences in the economic burden and consequences of childhood FA by race and ethnicity and socioeconomic status. 

We found that more than one-third of this cohort incurred additional costs associated with a special diet and allergen-free foods, amounting to almost $3,000 dollars per child per year and each additional current FA added approximately $300 to the respondent’s annual OOP cost. Our estimates reflect a significant increase in the reported diet-associated costs and demonstrate that the category remains the most significant driver of OOP costs for caregivers of children with FA.1 Given that NHB and H/L children are known to experience higher rates of multi-FA, the additional economic burden posed by multi-FA represents another driver of increasing diet-associated OOP costs6. Even after adjusting for multi-FA and household income, we found that the annualized OOP diet cost was more than $1,000 higher for H/L than for NHW children which may be explained by a combination of higher per unit costs of allergen-free foods for this population or additional ancillary expenses such as transportation required to obtain these products. Another possible explanation for the higher costs for this group is expenditures not medically indicated due to lower knowledge of effective allergen avoidance strategies or lower self-efficacy, especially among those with comorbid mental health challenges.7

We also determined that NHB children were less likely to incur an OOP cost associated with diet and antihistamines, which may either represent a true decreased need or, more likely, an underutilization of resources by populations with historically limited access to healthcare. Recent literature posits that even after robust adjustment for health status and other socioeconomic factors, NHB individuals utilize less healthcare than NHW individuals.8,9 Though there is some debate about whether this represents an overutilization by NHW individuals or an underutilization by NHB individuals, our previously reported findings of more frequent and severe food allergy reactions among NHB in the FORWARD cohort likely suggest the latter.4 This framework should also be balanced by a discussion on the type of healthcare spending – the literature suggests that NHB individuals spent 26% less on ambulatory care but spend 19% more on inpatient and 12% more on ED care.10 This is consistent with our previously reported findings of increased ER usage and decreased lifetime epinephrine use among NHB participants and the current findings of decreased OOP costs observed for diet and antihistamines among NHB children. Taken together, these findings suggest an opportunity for increased patient and caregiver education on appropriate dietary measures for allergen avoidance, ambulatory management of FA-reaction symptoms using antihistamines, and appropriate escalation of care to the ED.

Finally, we found that compared to those households with annual incomes of less than $100,000, households with incomes of $100,000 - $200,000 were more than three-times as likely to incur an OOP EAI cost and almost twice as likely to incur an OOP antihistamine cost, which is consistent with the literature that suggests the OOP costs for specialist visits and medications are highest among high income strata given the nature of healthcare subsidization for the lowest-income strata.2 With respect to other economic consequences, we found that neither race and ethnicity nor household income were associated with either the caregiver incurring a missed workday or whether any work changes were required. The most consistent drivers of variation in these outcomes were age of the child and whether they had medical, nutritional, or mental health needs due to their FA. Workdays missed and job-related changes are an important and undermeasured burden among atopic disease such as IgE-mediated food allergy.11 Our finding highlights the need for employer-driven policy that supports caregivers of young children, and particularly those with high medical, nutritional, or psychological need due to their FA. Like the outcome of job-related changes, we found that a child having FA-related medical and nutritional needs was associated with having to make a lifestyle change due to the child’s FA. 

Finally, even after adjustment for household income, geographical variation by enrollment site, race and ethnicity, and other demographic and clinical covariates, we found that NHB and H/L participants were significantly more likely to worry about running out of food and experience running out of purchased food compared to NHW, a finding which is consistent with nationally representative data.12 Further, households with incomes of less than $100,000 were significantly more likely to experience these perceived scarcity events compared to those in higher-income strata. While there is potential for residual confounding of associations between geographical location, race and ethnicity, and SES, given the limited and categorical nature of our income variable, the strength of the relationship between food security and race and ethnicity suggests that a significant income-independent barrier to food-security exists for these individuals.

This study had several limitations. First, the FORWARD cohort is representative of a population that may, on average, have higher access to specialty care than the underlying food-allergic population given inclusion criteria requiring physician-diagnosed FA. However, our sample demonstrated diversity across both socioeconomic status and race and ethnicity with almost half of the cohort reporting household incomes of less than $100,000 and more than 40% of the cohort identifying as NHB or H/L. Second, we estimated annualized OOP costs for diet, EAI, and antihistamines based on a cost value and frequency reported by the participant, however, this may not be directly proportional to the true annualized cost as was assumed. Finally, model misspecification, residual and unmeasured confounding may threaten our inferences, but we found that the models and the conclusions were robust to alternative parameterizations.

Conclusion: We investigated the out-of-pocket costs and related economic burden of childhood FA in a diverse cohort of children. We found that diet contributed to the largest share of OOP spending and these costs were highest for H/L children. NHB children were less likely to incur OOP costs for diet and antihistamines, possibly indicating underutilization of these resources. Missed workdays and job-related changes were largely driven by the child’s age and their medical, nutritional, or mental health needs due to FA and food security was found to disproportionally affect NHB and H/L children even after adjustment for household income. These findings propose multiple opportunities for further policy action to increase education of and access to definitive treatment for FA, implement subsidies for allergen-free foods, and encourage workplaces to accommodate workers managing FA within their household.




Table 1. Characteristics of FORWARD economic burden sample (n=390)
	
	Total

	
	N=390

	Enrollment Site
	

	   Northwestern/Lurie
	146 (37.4%)

	   Cincinnati Children's
	100 (25.6%)

	   Children's National D.C.
	89 (22.8%)

	   Rush Children's
	55 (14.1%)

	Race/Ethnicity
	

	   NHW
	234 (60.0%)

	   NHB
	118 (30.3%)

	   H/L
	38 (9.7%)

	Age at Enrollment
	5.6 (3.6)

	Age at Survey
	7.2 (3.7)

	Gender
	

	   Male
	241 (61.8%)

	   Female
	149 (38.2%)

	Income
	

	   < $100k
	165 (42.3%)

	   $100k-200k
	116 (29.7%)

	   > $200k
	109 (27.9%)

























Table 2. Distribution of responses to economic burden survey (n = 390)

	
	Total

	
	N=390

	Any Diet Costs?
	

	   No
	227 (58.2%)

	   Yes
	154 (39.5%)

	   Missing
	9 (2.3%)

	Annualized Diet Costs
	2955.7 (3010.2)

	Any Epi Costs?
	

	   No
	214 (54.9%)

	   Yes
	165 (42.3%)

	   Missing
	11 (2.8%)

	Annualized Epinephrine Costs
	445.6 (2680.3)

	Any Antihistamine Costs?
	

	   No
	110 (28.2%)

	   Yes
	277 (71.0%)

	   Missing
	3 (0.8%)

	Annualized Antihistamine Costs
	264.9 (642.9)

	Needed to See a Medical Provider due to FA?
	

	   No
	200 (51.3%)

	   Yes
	189 (48.5%)

	   Missing
	1 (0.3%)

	Needed to See a Mental Health Provider due to FA?
	

	   No
	370 (94.9%)

	   Yes
	18 (4.6%)

	   Missing
	2 (0.5%)

	Needed to See a Nutrition Provider due to FA?
	

	   No
	362 (92.8%)

	   Yes
	26 (6.7%)

	   Missing
	2 (0.5%)

	Missed Work Days
	0.9 (2.6)

	Any Lifestyle Changes
	

	   No
	90 (23.1%)

	   Yes
	300 (76.9%)

	Any Work Changes
	

	   No
	308 (79.0%)

	   Yes
	82 (21.0%)

	Worried About Running out of Food in Last 12 Months
	

	   No
	330 (84.6%)

	   Yes
	53 (13.6%)

	   Missing
	7 (1.8%)

	Purchased Food Did not Last
	

	   No
	336 (86.2%)

	   Yes
	47 (12.1%)

	   Missing
	7 (1.8%)

















































Table 3: Two-part model for annualized diet, epinephrine, and antihistamine costs

	Logistic Model for Any Cost (OR, 95% CI) 
	Annualized Diet Costs 
	Annualized Epinephrine Costs 
	Annualized Antihistamine Costs 

	Household Income (Ref: <$100k) 
	 
	 
	 

	$100k-200k 
	0.9 (0.5,1.7)
	3.3* (1.1,9.7)
	1.8*** (1.6,2.1)

	200k+ 
	0.9 (0.5,1.6)
	2.4 (0.6,9.8)
	1.4 (0.9,2.2)

	Race and Ethnicity (Ref: NHW) 
	 
	 
	 

	NHB 
	0.5* (0.3,0.9)
	0.5 (0.1,2.7)
	0.3*** (0.1,0.5)

	H/L 
	1.3 (0.3,5.2)
	0.8 (0.3,2.0)
	1.1 (0.6,2.4)

	Gender (Ref: Male) 
	 
	 
	 

	Female 
	0.9 (0.7,1.1)
	1.0 (0.8,1.3)
	0.9 (0.7,1.2)

	Age at Survey 
	1.0 (1.0,1.0)
	1.0 (1.0,1.1)
	1.0 (1.0,1.1)

	Needed to See a Medical Provider due to FA? 
	2.5*** (1.6,3.7)
	1.6 (0.8,3.2)
	1.8 (0.8,3.9)

	Needed to See a Mental Health Provider due to FA? 
	1.5 (0.7,3.5)
	1.9 (0.8,4.6)
	1.1 (0.3,5.0)

	Needed to See a Nutrition Provider due to FA? 
	2.7* (1.1,6.7)
	0.4 (0.1,1.1)
	1.9 (0.5,7.6)

	Number of Unique FAs
	1.2** (1.1,1.4)
	1.0 (0.9,1.1)
	1.3*** (1.1,1.4)



	GLM Model for Total Cost (USD, 95% CI) 
	Annualized Diet Costs 
	Annualized Epinephrine Costs 
	Annualized Antihistamine Costs 

	Household Income (Ref: <$100k) 
	 
	 
	 

	$100k-200k 
	237 (-637,1112)
	498 (-129,1126)
	-109 (-326,109)

	200k+ 
	1171* (28,2313)
	6 (-576,588)
	-137 (-352,77)

	Race and Ethnicity (Ref: NHW) 
	 
	 
	 

	NHB 
	1537 (-163,3238)
	-73 (-480,333)
	145 (-29,318)

	H/L 
	1093*** (454,1732)
	-438 (-1406,531)
	177 (-210,565)

	Gender (Ref: Male) 
	 
	 
	 

	Female 
	816* (178,1454)
	-404 (-1197,389)
	-18 (-102,66)

	Age at Survey 
	-41 (-123,41)
	-69 (-208,70)
	3 (-7,12)

	Needed to See a Medical Provider due to FA? 
	568 (-98,1235)
	-619 (-1632,394)
	-40 (-159,79)

	Needed to See a Mental Health Provider due to FA? 
	2956* (191,5721)
	325 (-233,883)
	-153 (-382,76)

	Needed to See a Nutrition Provider due to FA? 
	-631 (-2146,884)
	-67 (-360,227)
	99 (-60,259)

	Number of Unique FAs
	267*** (202,332)
	-58 (-155,40)
	-4 (-35,28)




Table 4. Logistic Regression for Various Economic Consequences of FA

	Logistic Model (OR, 95% CI)
	Any Lifestyle Changes
	Any Work Changes
	Any Missed Workdays
	Worried About Running out of Food in Last 12 Months
	Purchased Food Did not Last

	Household Income
(Ref: <$100k)
	
	
	
	
	

	$100k-200k
	1.1 (0.7,1.7)
	1.3 (1.0,1.7)
	1.0 (0.6,1.7)
	0.1** (0.0,0.5)
	0.0* (0.0,0.5)

	200k+
	1.1 (0.7,1.6)
	1.2 (0.6,2.5)
	1.0 (0.6,1.5)
	0.1*** (0.0,0.3)
	0.1*** (0.1,0.3)

	Race and Ethnicity
(Ref: NHW)
	
	
	
	
	

	NHB
	0.4*** (0.3,0.7)
	1.2 (0.6,2.6)
	1.5 (0.9,2.3)
	5.5*** (2.3,13.1)
	5.4** (1.5,19.5)

	H/L
	1.1 (0.7,1.7)
	1.1 (0.4,3.1)
	1.7 (0.6,4.7)
	16.4*** (4.3,63.2)
	10.8*** (6.5,17.8)

	Gender 
(Ref: Male)
	
	
	
	
	

	Female
	1.3 (1.0,1.7)
	0.6*** (0.5,0.7)
	1.0 (0.6,1.8)
	0.8 (0.6,1.0)
	0.9 (0.5,1.7)

	Age at Enrollment
	1.0 (0.9,1.1)
	1.0 (0.9,1.0)
	0.9*** (0.9,0.9)
	1.0 (0.9,1.1)
	1.0 (1.0,1.1)

	Needed to See a Medical Provider due to FA?
	2.0*** (1.5,2.8)
	1.5* (1.0,2.2)
	2.6** (1.4,4.8)
	2.0** (1.2,3.4)
	1.5 (0.8,3.0)

	Needed to See a Mental Health Provider due to FA?
	1.4 (0.5,4.0)
	1.8 (0.7,4.3)
	3.8** (1.4,10.2)
	2.5 (0.7,9.2)
	1.5 (0.2,9.4)

	Needed to See a Nutrition Provider due to FA?
	2.3** (1.3,4.1)
	2.0* (1.1,3.3)
	1.5 (0.8,3.0)
	0.9 (0.2,3.7)
	1.1 (0.3,5.2)

	Number of Unique FAs
	1.3 (1.0,1.8)
	1.1 (1.0,1.3)
	1.2 (1.0,1.4)
	1.0 (0.9,1.1)
	1.0 (0.9,1.1)



* p < 0.05, ** p < 0.01, *** p < 0.001
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