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Abstract

Background: Food allergy (FA) is a growing global problem and can affect patients’ health 

related quality of life (HRQoL) due to increased anxiety as well as social and economic 

restrictions. Interventions such as oral food challenges (OFCs) and oral immunotherapy (OIT) 

have been shown to improve HRQoL, however, meta-analysis and systematic synthesis of these 

data are lacking.

Objective: The objective of this study was to systematically review and quantitatively synthesize 

potential benefits of interventions (OIT and OFC) for addressing FA to a variety of foods.

Methods: We conducted a systematic search through PubMed and Cochrane Medical Library 

databases and performed a meta-analysis focusing on studies assessing changes in HRQoL after 

OIT and/or OFCs in FA participants and caregivers from 2010 to July 2020. Random effects 

model and I2 statistics were used to assess the overall intervention effects and heterogeneity across 

studies.

Results: We included 13 publications in this meta-analysis (OIT=7, OFCs=6). The mean 

change of HRQoL scores after OIT and OFCs were −1.25 (P<0.001) and −0.78 (P=0.052), 

with significant I2 of 87% (P<0.001) and 90% (P<0.001), respectively. Five OIT studies found 

significant improvements in HRQoL in the OIT group compared to the placebo group with an 

overall standardized mean difference of −0.56 (P=0.007; I2=42%, P=0.099).
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Conclusion: This meta-analysis showed that in FA patients, both OIT and OFCs are associated 

with an improvement in HRQoL. Well-designed and long-term HRQoL studies are necessary to 

ascertain sustained benefits of OIT and OFCs.
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Introduction

Food Allergy (FA) is a public health burden affecting personal, social, nutritional and 

economic aspects of one’s life. Its prevalence is growing in the western world1, currently 

affecting about 6% of children and 10% of adults in the United States2. Currently, the 

only approved FA treatment is Palforzia3; for children aged 4–17 years old with peanut 

allergy; the standard of care for patients with other FA remains dietary avoidance of the 

implicated food allergen and administration of rescue medicine in case of accidental allergen 

exposure4,5. Dietary avoidance can be challenging and approximately 40% of patients with 

FAs present with reactions, ranging from mild allergic reactions and, in very rare cases, to 

fatal anaphylaxis, upon accidental exposure, even on very minimal exposures each year.6, 7 

Studies suggest that higher levels of anxiety and stress are often found in FA patients and 

their caretakers, with resultant negative effects on health-related quality of life (HRQoL)8,9.

Although HRQoL and Quality of Life (QoL) are commonly used interchangeably in 

the literature, they represent two distinct constructs.10 QoL is a broad, multidimensional 

concept which covers all aspect of one’s life: physical wellbeing, material wellbeing, 

social wellbeing, emotional wellbeing, and development and activity. HRQoL measures 

disease-specific QoL (e.g., burden of treatment, symptoms, etc.), and it is a patient- and 

caregiver-perspective multidimensional questionnaire that evaluates physical, psychological 

and social aspects that may be impacted by a disease or medical condition.11 Awareness of 

risk of severe allergic reactions (including rare cases of fatal anaphylaxis) leads to anxiety 

and stress among FA patients and their caretakers12. Strategies for avoiding ingestion of 

allergens can prove burdensome to families (e.g., buying special foods, limiting social 

encounters, work and school absenteeism, changing careers, and frequent emergency room 

visits) and can lead to psychological distress (e.g., depression, anxiety, and social stress) 
13. The Food Allergen Labelling and Consumer Protection Act (FALCPA) requires that 

every FDA-regulated packaged food labeled on or after January 1, 2006, lists the major 

allergens it contains (e.g., milk, eggs, fish, shellfish, peanuts, tree nuts, wheat, and soy); 

however, FALCPA does not apply to restaurant foods, which do not require precautionary 

“may contain” statements14. The overall HRQoL for FA patients and their caretakers has 

been found to be significantly impaired, even more than in other chronic childhood diseases, 

such asType-1 diabetes mellitus 15.

Longitudinal HRQoL changes in FA have been evaluated by numerous studies after 

allergen-specific oral immunotherapy (OIT) or after oral food challenge (OFC) and many 

of these studies have found substantial improvements in participants’ HRQoL after either of 
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these interventions. Carraro et al. 16 found a significant improvement of HRQoL after OIT 

in milk-allergic children. A randomized controlled study by Reier-Nilsen et al.17 reported 

that both children’s self-reported and parental proxy-reported HRQoL scores significantly 

improved in the OIT-group at two years compared to baseline. In addition, DunnGalvin 

et al.18 assessed the longitudinal effect of OFC in caregivers of FA-children. The results 

showed a rapid improvement in caregivers’ HRQoL, irrespective of the outcome of the 

challenge.

Although a substantial number of published studies have reported improvements in HRQoL 

after OIT and OFC, in the field of FA immunotherapy, there is a lack of rigorous HRQoL 

data and quantitative synthesis.19, 20 Therefore, the primary objective of our study is to 

provide a systematic review and quantitative synthesis of published studies to identify the 

potential HRQoL benefits of OFCs for diagnosing and OIT as a therapeutic option for food 

allergic individuals.

Methods

Searching strategy

We performed a systematic search using several online publication databases, including 

PubMed, Cochrane Medical Library and Stanford Lane Medical Library. We limited our 

search to articles in English and did not restrict studies based on age or study type. 

Keywords such as “food allergies” and “quality of life questionnaires” were used. We 

focused on clinical studies conducted in children, adolescents, adults, and caregivers of 

patients with FA to milk, eggs, peanuts, tree nuts or other foods confirmed by positive skin 

prick, specific-IgE, and/or food challenge tests. Cochrane definitions and criteria were used 

to identify randomized clinical trials. This study focused on changes in HRQoL of patients 

and their caregivers (when evaluated) after allergen-specific immunotherapy and/or OFC. 

We restricted publications from 2010 to July 2020, prior to our manuscript preparation. 

Three reviewers independently scanned the literature, extracted the data, and met to review 

the studies that were included in this analysis, and achieved consensus. The senior author 

made the final decision on the inclusion of studies if there was any disagreement.

Outcome assessment

We analyzed both longitudinal prospective cohort studies and randomized clinical trials 

in which HRQoL was assessed with FA specific questionnaires (FAQLQ-PF, FAQLQ-PB, 

FAQLQ-CF, FAQLQ-AF, and FAQLQ-TF, children allergy-specific HRQoL by Avery). 

Our outcomes were to: i) evaluate any change in HRQoL scores in longitudinal studies 

from baseline to follow-up visit after the intervention, ii) compare the change in HRQoL 

scores from baseline between the active treatment and placebo groups in placebo-controlled 

studies.

Statistical analysis

HRQoL scores for each study were collected and summarized by time point and/or by 

treatment groups as mean difference (MD) and standard deviation (SD) of the difference. 

For the studies that only reported the median, range and sample size, we estimated the mean 
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and SD using the formulas introduced by Hozo et al.21 and Wan et al.22 If the SD of the 

difference was not available from the publications, we imputed the missing SD difference 

using the methods introduced by Follmann et al.23 and Abrams et al.24 We followed 

the Cochrane Handbook for Systematic Reviews of Interventions version 5.1.025 for the 

statistical analysis. The effect of intervention on the HRQoL scores across studies was 

evaluated using meta-analysis approach implemented in the R software version 3.6 packages 

“meta” and “metaphor.” The random effect model was performed to quantify the average 

intervention effects using the inverse-variance approach. We also analyzed heterogeneity of 

effects across all studies using the I2 statistic, which describes the percentage of variation 

across studies that is due to heterogeneity rather than to chance.

Results

Study overview

Our online database searches resulted in 979 publications. After removal of duplicate 

publications, we screened 946 publications through titles and/or abstracts, reviewed 32 in 

full-text, and included 13 publications in our meta-analysis (Figure 1). The characteristics 

of each study are summarized in Table 1 and Table 2. Seven studies were focused on the 

HRQoL changes before and after OIT (Table 1) and 6 were focused on the food challenge 

(Table 2).

Instruments used for Food Allergy Quality of Life Questionnaire (FAQLQ)

HRQoL questionnaires vary widely among studies. Questionnaires can be designed for 

completion by FA patients or by their caregivers. Data are collected relative to FA patient 

HRQoL (by age group) or relative to caregiver HRQoL. A summary of the various 

questionnaires is detailed below and in Table 3.

1. The FAQLQ-PB (Parental Burden Form). This questionnaire was validated in 

2004 and is designed to measure the parental burden associated with having a 

child (0 to 12 years old) with FAs. The questionnaire presents three different 

domains: emotional impact, food anxiety, and social and dietary limitations.26

2. The FAQLQ-PF (Parent Form) is a disease-specific HRQoL questionnaire 

presented to caregivers with excellent validity and reliability regarding patient 

HRQoL. It has been identified by the European Academy of Allergy and 

Clinical Immunology (EAACI) as the preferred tool for HRQoL-assessment of 

FA-patients aged between 0 and 8 years-old, but this can be extended up to 12 

years of age. The number of items on the questionnaire varies with age: 14 items 

(0–3 years), 25 items (4–6 years) or 30 items (7–12 years) with a response scale 

ranging from 0 (minimal impairment in HRQoL) to 6 (maximal impairment in 

HRQoL).27

3. The FAQLQ-CF (Child Form) is completed by children themselves if they are 

between 8 and 12 years old and is comprised of 24 items with possible answers 

ranging on a 7-point-scale from not at all (1) to extremely (7). As in the -PF, a 

higher score means higher burden/poorer HRQoL and lower score reflects lower 

burden/better HRQoL.28
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4. The FAQLQ-TF (Teenage Form) is the self-reported adolescent version of 

FAQLQ and targets patients between 13 to 17 years-old. Patients are asked to 

answer 28 questions.29

5. The FAQLQ-AF (Adult Form) was developed and validated in the Netherlands 

and addresses patients older than 18 years old. Every patient is asked to answer 

29 items using a 7-point response scale.30

In addition to the main instruments listed above, additional tools were also implemented in 

many FA studies. Food Allergy Independent Measure (FAIM) is a tool used to evaluate the 

participant’s perceived chance of accidental exposure to allergens and perception of disease 

severity.31 Pediatric Quality of Life Inventory Version 4.0 (PedsQL 4.0) applies a 5-point 

Likert-scale (from 0 = never to 4 = almost always) for children and teenagers between 8–18 

years, and a simplified 3-point scale to children between 5– 7-years. It consists of 13 items 

that can be answered with a reverse score scale with higher scores representing a better 

quality of life (0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 = 0).32 Additionally, the HRQoL by Avery 

et al. is a non-validated 25 item self-report measure designed for peanut allergic children 

aged 8 and older.33 Children are asked to rate the frequencies of items on the questionnaire 

using a Likert scale, ranging from never (scored 1) to always (scored 4); scores range from 

25 to 100 with a higher score indicating a poorer HRQoL.34

In 2014, the EAACI provided guidelines regarding the correct questionnaire to assess patient 

or caregiver HRQoL based on the patient’s age.27 It assesses three general domains, such 

as general emotional impact, food anxiety, and social and dietary limitations. The total 

score is calculated as the mean of the items. The purpose of the questionnaire, used mainly 

in clinical research, is to determine whether interventions have a benefit for the patient. 

In order to demonstrate a longitudinal effect, researchers look for a minimal clinically 

important difference (MCID) for the instrument used. The MCID is intended as the smallest 

increment of difference in the HRQoL score that patients find clinically meaningful. To date, 

there is not an established and validated MCID value, but most papers use a difference of 

greater than 0.5 point as a cut-off for significance.11,35–37

Results from OIT Studies

Among the OIT studies, 4 studies were randomized clinical trials, 2 studies were prospective 

cohort studies, and 1 study was combined with two phase I clinical trials (Table 1). A 

total of 361 children from 0 to 17 years old received active OIT treatment and had 

available longitudinal HRQoL results. Six studies investigated FA to peanut and included 

the comparisons between the active OIT and placebo-control arms; 2 of them were multi-FA 

studies. All of these studies reported FAQLQ-PF or FAQLQ-PB; one study also reported 

FAQLQ-CF. The follow-up time ranged from 1 month to 24 months post OIT.

All of the OIT studies reported a significant improvement of participants’ HRQoL scores for 

parent forms, parental burden forms, and child forms at the time of follow-up compared to 

baseline HRQoL scores, with overall mean changes of −1.25 (95% confidence interval [CI]: 

−1.77, −0.72; p<0.001) (Figure 2). High heterogeneity was also identified between studies 

(I2 =87%, p<0.001). Three studies reported HRQoL at different follow-up time points. 
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Dunn Galvin 10 found a continuous improvement in FAQLQ-PF score from baseline to 

3-month and 12-month follow-up (MD of 3-month and 12-month post-treatment compared 

to baseline: −0.80 vs −1.30, respectively). A similar effect was also found by Otani 37 (MD 

of 6-month and 18-month follow-up compared to baseline: −2.09 vs −2.67, respectively). In 

addition, Blumchen 38 reported higher improvement in CF scores compared to PF scores, 

which were completed after a median of 9.5 weeks and 11 weeks after the final OIT visit, 

respectively (MD: −1.4 vs −0.54). Six studies compared the effects of OIT between the 

active OIT group and the placebo group; 5 of them reported the available results. Two 

hundred and seventy-six (276) participants were included and reported HRQoL scores: One 

hundred and fifty-six (57%) were enrolled in the active OIT group. All of these studies 

found higher improvement of HRQoL scores in the active OIT group compared to the 

placebo group, with an overall standardized mean difference (SMD) of −0.56 (95% CI: 

−0.92, −0.20, p=0.007) (Figure 3). Studies with different follow-up time points were also 

included in this analysis, however, only Dunn Galvin 11 reported a higher SMD at the 

12-month follow-up time point compared to the 3-month time point (−0.77 vs −0.23). The 

heterogeneity among these studies was not significant when comparing the active OIT group 

and the placebo group (I2=42%, p=0.099).

Results from OFC studies

All of the 6 studies that investigated effects of food challenges were prospective cohort 

studies (total of 760 enrolled children and adults) reporting available HRQoL score changes 

before and after the food challenges. Four studies were multi-FA studies. Only one study 

included a placebo-controlled arm. The follow-up time for these studies ranged between 1 to 

6 months after the food challenges, which was shorter than that of the OIT studies.

Five trials reported a significant improvement at the time of follow-up; the overall effect 

showing a trend towards improvement of the HRQoL scores after OFC (overall mean 

change: − 0.78, 95% CI: −1.56, 0.01, p=0.052) (Figure 4). Van der Valk 39 reported worse 

HRQoL scores at the 6-month follow-up time for child forms (0.17, 95% CI: −0.31, 0.65) 

and parent forms (0.06, 95% CI: −0.13, 0.25), whereas the scores improved for teenage 

forms (−0.28, 95% CI: − 0.78, 0.22). These studies also showed a significant heterogeneity 

with I2 of 44% (p<0.001). When comparing results between challenge and non-challenge 

groups, Knibb 40 found no change of HRQoL scores in the non-challenge group.

Among these 13 studies, the FAQLQ-PB form used in the Otani37 study showed higher 

improvements after the intervention compared to other forms. This study reported the 

highest HRQoL score change with a mean difference of −2.67 at 18-month follow-up and 

−2.09 at the 6-month follow-up. They also reported a higher SMD on comparing the active 

OIT group with the placebo group (SMD: −0.98 and −1.37 at 18-month follow-up and 

6-month follow-up, respectively). In the OFC studies, Knibb 40 reported the FAQL-PB that 

showed the most significant improvement after the food challenge with a mean change of 

−5.86 (95% CI: −10.15, − 1.57).
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Discussion

This study provides solid evidence evaluating the effect of clinical interventions, such as 

OIT and OFC, on participants’ and caregiver’s HRQoL assessed with age-specific iterations 

of the FAQoL Questionnaires. Over 1000 participants with FA enrolled in 13 studies were 

included in this systematic review and meta-analysis.

All OIT studies showed a significant improvement on HRQoL scores after OIT compared 

to baseline (p<0.0001). Additionally, on evaluating placebo-controlled studies, we found that 

participants who received active OIT had a significantly higher improvement on HRQoL 

scores compared to the placebo groups (p=0.007). Caregivers of pediatric participants also 

reported an improvement in QoL after OIT. These results demonstrate that OIT can be a 

promising intervention to reduce the psychosocial burden of FA for patients, caregivers, and 

families. This meta-analysis also shows a trend of improved HRQoL after OFC, although 

the overall effect did not reach statistical significance at the .05 level (p=0.052). A possible 

reason for this is the favorable HRQoL at baseline, when a caregiver considers an allergy to 

a specific food to be relatively easily managed (e.g., allergen is found relatively infrequently 

in packaged or restaurant foods). Therefore, the absolute increase in HRQoL following 

OFC will be relatively small compared to a patient or caregiver with very low HRQoL 

before OFC. Two studies support this assertion and posit that HRQoL may depend on the 

allergen. The study by van der Valk 39 reported that the lack of improvement of HRQoL 

after cashew OFC was probably due to a relatively good baseline HRQoL compared to 

other studies, which corresponded to the relatively benign perception of participants on 

the severity of their FA. The study by Warren 41 demonstrated that the caregivers of 

children with milk or egg allergy experienced a poorer HRQoL compared to caregivers 

of children with peanut or tree nut allergy. This may be because dietary avoidance of cashew 

is relatively easy to manage in some geographic areas, compared to milk or egg, and the 

risk of accidental ingestion of cashew is relatively low. As this study included results from 

multiple allergens, HRQoL may have been significantly improved for certain allergens and 

allergen combinations, but not others. Future studies of HRQoL in FA should recruit robust 

samples for subgroup analyses to determine whether response to OFC or OIT varies by 

allergen or is moderated by perceived severity of allergen(s).

A notable limitation of this meta-analysis is the high heterogeneities between studies, which 

is likely due to the different study designs, sample sizes, questionnaires, and follow-up 

intervals after treatment reported across studies. The varying age-specific iterations of FA 

HRQoL measures for patients and their caregivers may be a reason for the dearth of 

systematic syntheses for these data, as the many different assessments add difficulty for 

comparison. Even so, it is important to consider the differing effects of FA for individuals 

based on activities common to their age group. Among all these questionnaires, the parental 

burden form showed the most significant improvement after both OIT and OFC compared to 

the baseline scores. Additionally, it showed the highest difference between the active group 

and the placebo group. This may be attributable to parents of pediatric patients being more 

involved in their children’s meal and social activity planning than the children themselves 

and, thus, more cognizant of the burden of FA than their children, making them more 

attuned to HRQoL changes. Lastly, the follow-up period after the treatment interventions 
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varied across studies, from 1 month to 2 years. However, when comparing the results from 

different follow-up time points within studies, the longer-term follow-up showed a higher 

improvement of HRQoL scores, although these findings were not statistically significant. 

In addition to the differences in study measures, it is noteworthy that our analysis included 

studies of varying FAs, and HRQoL might differ between allergens, further contributing to 

measurement heterogeneity. Although these data do not allow for quantitative conclusions 

for individual allergens, future research should determine whether changes in HRQoL after 

OIT or OFC differ between patients’ FAs.

The findings of this meta-analysis are consistent with the majority of the literature reviewed; 

however, results differ from the conclusion of a recent meta-analysis from Chu et al. 
19, which found that there was no significant difference in HRQoL between OIT and 

dietary avoidance or placebo groups for peanut allergic trial participants. This meta-analysis 

relied on two placebo-controlled studies, which used FAQLQ-PF, and two studies which 

used FAQLQ-CF or PedsQL 4.0. Our meta-analysis differs from the Chu et al. study 

because our primary goal was to comprehensively access HRQoL for FA patients and 

caregivers, while Chu et al. focuses primarily on physiological benefits and harms of OIT 

for peanut allergy, looking at HRQoL as a secondary aim. Our analysis also includes 

HRQoL assessment after both negative and positive OFC, and participants who report 

FA to a wide variety of allergens, rather than exclusively to peanut as in the Chu study. 

Additionally, the heterogeneities on study designs might contribute to different conclusions 

across studies. Dunn Galvin et al. for example, concluded that the improvement in HRQoL 

related specifically to successful attainment of sustained unresponsiveness and not simply 

to having received OIT. Whereas, in a study by Knibb et al’s39, the authors concluded 

that the improvements in HRQoL were irrespective of the challenge outcome and despite 

co-existing FAs. Future studies stratified by different clinical outcomes are needed for a 

further understanding of OIT’s role in improving long-term HRQoL.

In conclusion, our findings suggest that interventions are associated with significant 

improvements in participants and caregivers’ HRQoL. These results are important for FA 

patients and their caregivers, as well as physicians and researchers, because they show that 

both OIT and OFCs can improve participant HRQoL spanning social and psychological 

domains. Given the lack of longitudinal HRQoL studies involving both FA patients and their 

caregivers, future studies should include long-term follow up that focuses on the effect of 

OIT and OFCs on the HRQoL for participants with peanut and other FAs.
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Highlight Box:

What is already known about this topic?

Food allergy can affect patients’ HRQoL due to increased anxiety and social and 

economic restrictions. In recent studies, OIT and OFCs have been shown to be associated 

with improving patients’ health related quality of life.

What does this article add to our knowledge?

Both OIT and OFC were found to be significantly associated with improved HRQoL. 

Five OIT studies found a significant improvement of HRQoL in the OIT group compared 

to the placebo group.

How does this study impact current management guidelines?

Our study underscores the potential benefits of OIT and OFC in improving patients’ 

quality of life, which should be considered when balancing the pros and cons of 

treatment in clinical practice.
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Figure 1. 
PRISMA flow diagram.
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Figure 2. Forest plot of meta-analysis for studies focused on OIT.
Study label includes first author’s last name, questionnaire forms, and follow-up time in 

months/weeks. PF=parental form, CF=child form, PB=parental burden form.
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Figure 3. Forest plot of meta-analysis for studies comparing active OIT group and placebo 
group.
Study label includes first author’s last name, questionnaire forms, and follow-up time in 

months/weeks. PF=parental form, CF=child form, PB=parental burden form, SD=standard 

deviation, SMD=standardized mean difference.

Cao et al. Page 16

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. Forest plot of meta-analysis for studies focused on the OFC.
Study label includes first author’s last name, questionnaire forms, and follow-up time in 

months/weeks. PF=parental form, CF=child form, PB=parental burden form, TF=teenager 

form, AF=adult form, Avery=the food allergy specific QoL scale by Avery et al.
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