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Abstract
Background: Understanding risk factors for peanut allergy (PA) is essential to develop 
effective preventive measures.
Objective: The objective was to ascertain associates and predictors of PA, and the 
relationship between PA and asthma severity.
Methods: In a population- based birth cohort, we investigated the association between 
objectively confirmed PA with early- life environmental exposures, filaggrin (FLG)- loss- 
of- function mutations and other atopic disease. We then examined the association of 
PA with longitudinal trajectories of sensitization, wheeze and allergic comorbidities, 
which were previously derived using machine learning. Finally, we ascertained the 
relationship between PA and asthma severity.
Results: PA was confirmed in 30/959 participants with evaluable data. In the mul-
tivariate analysis, eczema in infancy (OR = 4.4, 95% CI 1.5– 13.2, p = 0.007), egg 
sensitization at age 3 years (OR = 9.7, 95% CI 3.3– 29.9, p < 0.001) and early- life cat 
ownership (OR = 3.0, 95% CI 1.1– 8.4, p = 0.04) were independent associates of PA. 
In the stratified analysis among 700 participants with genetic information, in children 
with early- life eczema there was no difference in FLG mutations between children 
with and without PA (3/18 [16.7%] vs. 42/220 [19.1%], p = 1.00). In contrast, among 
children without eczema, those with PA were almost eight times more likely to have 
FLG mutations (2/6 [33.3%] vs. 27/456 [5.9%], p = 0.049). We observed associations 
between PA and multiple allergic sensitization profiles derived using machine learn-
ing, with ~60- fold increase in risk among individuals assigned to multiple early sensiti-
zation. PA was significantly associated with persistent wheeze (but not other wheeze 
phenotypes), and with trajectories of atopic disease characterized by co- morbid per-
sistent eczema and wheeze (but not with transient phenotypes). Children with PA 
were more likely to have asthma, but among asthmatics we found no evidence of an 
association between PA and asthma severity.
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1  |  INTRODUC TION

Peanut allergy is among the most common food allergies, affect-
ing ~2% of children and 0.5% of adults in the UK,1- 3 and ~2% of 
<18- year- olds in the United States.4 Peanut allergy tends to start in 
early life and has generally been considered to be lifelong,5 although 
some studies suggest that >20% of children may outgrow it.6 Data 
from the United States suggest that prevalence of peanut allergy has 
increased in the first decade of 21st century,7 and studies looking 
at nationwide UK records between 2001 and 2005 revealed similar 
trends.8 Reactions in peanut- allergic individuals can be unpredict-
able and severe, and although death remains rare, peanut allergy 
is among the most common causes for food- related fatal anaphy-
laxis.9,10 In patients with food allergy, a history of asthma and previ-
ous asthma exacerbations are risk factors for fatal anaphylaxis.11,12 
Among asthmatic patients, the presence of peanut allergy is often 
considered to be associated with more severe asthma,13 but the data 
about this relationship are sparse.14

The mainstay of management is strict avoidance and carry-
ing of adrenaline auto- injectors for emergency use.15 Avoidance, 
however, can be difficult,16 and accidental reactions are relatively 
common.17 This creates anxiety among patients and their families, 

leading to restrictions in eating habits and social activities.18 
Peanut oral immunotherapy offers promise for treatment, but 
this approach focusses on mitigating the risk of reactions due to 
accidental exposure rather than providing a cure.19,20 Measures 
aimed at primary and secondary prevention remain the preferred 
option for addressing this growing problem,21 highlighting the 
importance of understanding the risk factors and predictors of 
peanut allergy.

Conclusions: Peanut allergy is associated with multiple IgE sensitization and early- 
onset persistent eczema and wheeze. FLG loss- of- function mutations were associated 
with peanut allergy in children without eczema.

K E Y W O R D S
asthma, atopic dermatitis, epidemiology, filaggrin, food allergy, genetics, peanut

929 peanut non-allergic children + 30 peanut allergic children

12 children with confirmed 
PA recruited from the

local allergy clinic

947 children with 
sensitization data 
recruited from the 
MAAS birth cohort

Study Population

ABBREVIATIONS:
MAAS = Manchester Asthma and Allergy Study; PA = Peanut Allergy; FLG = FilaggrinHDM = House Dust Mite

Early-life environmental exposures and FLG loss-of-function mutations in 
children with and without peanut allergy at school age

No Peanut allergy Allergic to peanut

Machine-learning-derived clusters of sensi�sa�on and  
peanut allergy

Machine learning-derived longitudinal profiles of eczema, 
wheeze and rhini�s and peanut allergy

G R A P H I C A L  A B S T R A C T
Peanut allergy is associated with multiple IgE- sensitisation and early- onset persistent eczema and wheeze. FLG loss- of- function mutations 
were associated with peanut allergy in children without eczema.

Key Messages

• Peanut Allergy is associated with longitudinal trajecto-
ries characterized by early- onset and persistent eczema 
and wheeze.

• Among children without eczema, FLG mutations are sig-
nificantly associated with peanut allergy.

• Peanut- allergic children are more likely to have asthma, 
but among asthmatics, peanut allergy is not associated 
with more severe asthma.
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Various risk factors for food and peanut allergy were suggested 
in previous studies (summarized in Table S1). These include non- 
modifiable factors such as male sex8 and ethnicity (Afro- Caribbean or 
Indian background),22,23 but also potentially modifiable factors such 
as altered microbial exposures,24 diet,25 the presence of other aller-
gic diseases, in particular eczema,26 and the timing, route and dose of 
allergen exposures.27 Genetic associates of peanut allergy such as the 
filaggrin (FLG) loss- of- function mutations have also been reported.28 
However, although population- based birth cohort is the optimal study 
design to investigate risk factors for a disease such as peanut allergy, 
there is a paucity of data on the associates of oral food challenge 
(OFC)- confirmed peanut allergy in unselected birth cohorts (Table S1).

We capitalized on the availability of objective data on peanut 
allergy in the Manchester Asthma and Allergy Study (MAAS), a 
population- based birth cohort, in which OFCs to peanut were car-
ried out in school- aged peanut- sensitized participants at the age 
9– 10 years.2,29,30 This study enabled identification of specific IgE (sIgE) 
to the peanut component Ara h 2 as an important biomarker of pea-
nut allergy2,29 and provided a setting to show that increasing early- life 
domestic exposure to peanut allergen in household dust increases the 
likelihood of subsequent peanut allergy in a dose– response fashion 
among children with FLG mutations, but not in those with FLG wild- 
type genotype.30 This gene– environment interaction remained signif-
icant after adjusting for infantile eczema, suggesting that the effect of 
FLG genotype may be independent of eczema.30 Furthermore, appli-
cation of machine- learning and data- driven methods to longitudinally 
collected data in this cohort enabled discoveries of different eczema 
and wheeze phenotypes,31,32 different subtypes of allergic sensitiza-
tion,33 and developmental trajectories and co- occurrence of eczema, 
wheeze and rhinitis.34 Our recent study highlighted potential impor-
tance of such data- driven phenotypes in relation to peanut allergy 
by showing that different longitudinal trajectories of eczema differ in 
their association with comorbidities, including a 9-  to 11- fold increase 
in the risk of peanut allergy among children in the persistent eczema, 
but not other eczema classes.31

In the current analysis, we aimed to ascertain early- life predic-
tors of peanut allergy and address a specific hypothesis that early- 
life eczema and FLG loss- of- function mutations are independent 
risk factors. We then proceeded to investigate the association be-
tween previously derived longitudinal trajectories of sensitization,33 
wheeze32 and allergic comorbidities,34 and peanut allergy. Finally, 
we focussed on the relationship between peanut allergy and asthma 
severity, to investigate the notion that co- morbid peanut allergy in 
asthmatic patients is associated with more severe asthma.13

2  |  METHODS

2.1  |  Study design, setting and participants

Manchester Asthma and Allergy Study is a population- based birth 
cohort.35,36 Detailed description is provided in the Supplementary 
Appendix. Briefly, participants were recruited prenatally and 

followed prospectively, attending review clinics at ages 1, 3, 5, 8 and 
11 years. The study received approval by the local ethics committee, 
and informed consent was obtained in all cases.

2.2  |  Data sources

2.2.1  |  Questionnaires

At each visit, interviewer- administered validated questionnaires37,38 
were used to collect information on environmental exposures, pa-
rentally reported symptoms, physician- diagnosed diseases and 
treatments received. These were enriched with additional questions 
on food allergy and diet.39

2.2.2  |  Allergic sensitization

We completed skin prick tests (SPTs) and sIgE measurement 
(ImmunoCAP™, Phadia) to common food (milk, egg and peanut) and 
aero- allergens (house dust mite- HDM, cat, dog, moulds, grass and 
birch pollen) at all time- points.

Component resolved diagnostics (CRD) to peanut components 
Ara h 1– 3 was performed by ImmunoCAP (age 8 years).29 Further 
CRD data were obtained through multiplex Immuno Solid- Phase 
Allergen Chip (ISAC).40

2.2.3  |  Primary care medical records

We transcribed data from primary healthcare records for the 
first 10 years of life41 (details in Supplementary Appendix). This 
included information on asthma medication and oral corticoster-
oid prescriptions, wheeze episode presentations to the GP, and 
asthma/wheeze related emergency department attendances and 
hospital admissions.

2.2.4  |  Genotyping

Filaggrin (FLG) genotyping was performed as previously de-
scribed30,42 to ascertain the presence of six FLG loss- of- function 
mutations (R501X, S3247X, R2447X, 2282del4, 3673delC and 
3702delG).

2.3  |  Definitions of outcomes and key variables

2.3.1  |  Peanut sensitization

Skin prick test mean wheal diameter (MWD) to peanut extract of 
3 mm or greater than the negative control and/or sIgE to whole pea-
nut extract >0.35 kUA/L.
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2.3.2  |  Peanut allergy

All cohort children with evidence of peanut sensitization at ages 
5 and/or 8 years (SPT response ≥3 mm or sIgE level ≥0.2 kUA/L), 
or history of immediate reaction upon exposure, were offered an 
OFC to confirm peanut allergy.2,29,30 To enrich peanut- allergic 
group, we recruited 12 children (6 boys) with confirmed peanut 
allergy from a tertiary referral local allergy clinic (reaction on ex-
posure to peanut and sIgE ≥ 15 kUa/L and/or SPT ≥ 8 mm)2; these 
children had longitudinally collected data to facilitate studies on 
peanut allergy and did not undergo OFC. Detailed description of 
OFC protocol is provided in the Supplementary Appendix. Briefly, 
open OFCs were carried out among children who had a history of 
tolerating peanut on consumption; all other children underwent a 
double- blind, placebo- controlled food challenge (DBPCFC). Two 
or more objective signs were required to constitute a positive 
challenge.2,30

Non- sensitized children with no history of a previous reaction 
who were consuming peanuts were a priori classified as non- peanut 
allergic. Children with negative peanut OFC were also classified as 
peanut non- allergic.

2.3.3  |  FLG loss- of- function mutations

Children carrying any one or more of the six mutations were defined 
as carriers.30,42

Definitions of all other variables (including previously derived 
data- driven longitudinal patterns of allergic sensitization,33,43 
wheeze phenotypes32 and atopic multimorbidity clusters34,44) are 
presented in the Supplemental appendix.

2.4  |  Statistical analysis

All evaluable data were used in the analysis. Differences between 
groups were assessed using unpaired t- test for normally distributed 
continuous data, Mann– Whitney for skewed continuous data and 
Pearson's chi- square and Fisher's exact test for categorical binary 
data. Univariate logistic regression analysis was carried out to assess 
the unadjusted odds ratio (OR) of each independent variable to the 
outcome. Multivariate logistic regression models were then used to 
examine the association of each independent variable with peanut 
allergy; results are reported as ORs and 95% confidence intervals 
(CI). Variables for the multivariate analysis were selected based on 
the findings in the univariate analyses and the results of previous 
studies. We used STATA 14.2 for all analyses.

3  |  RESULTS

We included 959 children in this analysis (514 [53.6%] boys and 
895 [93.3%] White- Caucasian). Demographic characteristics of the 

study population and comparisons between included and excluded 
participants are presented in Table S2. In the included group, we ob-
served higher breastfeeding rates (71.7% vs. 61.9%; p = 0.007) and 
day- care attendance (70.0% vs. 59.6%; p = 0.005), and lower propor-
tion of older siblings (53.6% vs. 71.5%; p < 0.001), maternal smok-
ing (13.5% vs. 20.2%, p = 0.012) and non- working parents (2.6% vs. 
8.9%; p = 0.004).

3.1  |  Peanut allergy and tolerance in the 
study population

Figure 1 shows the participant flow. Of 1029 children who at-
tended follow- up at age 8 years, 864 were classified as not aller-
gic to peanut (no peanut sensitization at ages 5 and/or 8, eating 
peanuts, no reactions); 924/1029 had either SPT or sIgE at age 
8 years, of whom 101 fulfilled criteria for further study to con-
firm/refute peanut allergy (100 peanut- sensitized, one not sen-
sitized, but reported reaction upon exposure) and were offered 
OFC, of whom 5 declined. Of the 96 participants who agreed to 
take part, 2 withdrew the consent for OFC and were subsequently 
classified as peanut allergic based on additional data on positive 
sIgE to Ara h 2 (>0.35 kuA/L measured by ImmunoCAP and >0.3 
ISU measured by ISAC chip at age 11 years). Of 94 children who 
underwent OFC (40 DBPCFC, 54 open), 14 had positive OFC, 65 
passed OFC, and 15 had inconclusive OFC (of those, 2 were clas-
sified as peanut allergic based on IgE sensitization to Ara h 2, and 
13 were excluded). Detailed information on 4 children who were 
diagnosed as peanut allergic based on sIgE to Ara h 2 is presented 
in Supplementary Appendix. Children (n = 12) recruited from local 
allergy clinic with severe reaction upon exposure, SPT ≥ 8 mm 
and/or IgE ≥ 15 kuA/L) were a priori classified as peanut aller-
gic. Thereby, in total, 30 children in this analysis had confirmed 
peanut allergy, and 929 were not allergic to peanut (864 not sen-
sitized and eating peanuts, and 65 who were sensitized, but had 
negative OFC).

3.2  |  Characteristics of peanut- allergic children and 
those not allergic to peanut

Table 1 shows the demographic and early- life characteristics of 
peanut- allergic and non- allergic children. Peanut allergy was signifi-
cantly associated with parentally reported eczema in the first year of 
life, any sensitization (SPT) at 1 and 3 years and egg sensitization at 1 
and at 3 years. We observed marginal differences with male sex, pa-
rental atopy, parental asthma and cat ownership during pregnancy, 
but these differences did not reach statistical significance. Similarly, 
small differences between the groups were noted in the rate of re-
ported wheeze in infancy and rhinitis at age 3 years. Peanut- allergic 
children were almost 2 times more likely to have FLG mutations (20% 
vs. 10.4%), but this difference was not statically significant due to 
issues related to sample size.
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F I G U R E  1  Participant flow
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3.2.1  |  Multivariate analysis

We performed multivariate analyses accounting for gender, cat 
ownership, parental atopy, eczema in infancy and egg sensitization 
at age 3 years; results are shown in Table 2. Eczema in the first year 
of life (OR = 4.4, 95% CI 1.5– 13.2, p = 0.007) and egg sensitization 
at age 3 years (OR = 9.7, 95% CI 3.3– 28.9, p < 0.001) were independ-
ent associates of peanut allergy. Cat ownership during pregnancy/
early life was also associated with an increased risk (OR = 3.0, 95% 
CI 1.1– 8.4, p = 0.04).

We also performed multivariate models which included maternal 
peanut consumption during breastfeeding (among breastfed infants) 
(Table S3). The only significant associate of peanut allergy in this 
model was early- life eczema.

3.3  |  FLG loss- of- function mutations and peanut 
allergy in children with and without eczema

We further explored the association between FLG mutations, ec-
zema and peanut allergy among 700 Caucasian participants with 
complete data by stratifying the population according to whether 
the child had eczema in the first year of life. Among 238 children 
with early- life eczema, there was no difference in the frequency of 
FLG mutations carriers between peanut- allergic children and those 
not allergic (16.7% vs. 19.1%, p = 1.00) (Table 3). In contrast, among 
462 children without eczema, those who carried FLG mutations were 
almost 8 times more likely to have peanut allergy compared to those 
with FLG wild- type (OR 7.9, 95% CI 1.4– 45.3, p = 0.02). However, 
since peanut allergy was rare in children without early- life eczema 
(6/462), these results need to be interpreted with caution.

3.4  |  Longitudinal profiles of sensitization and 
allergic diseases in children with peanut allergy

There was a steady rise in the point prevalence of allergic sensitiza-
tion among peanut- allergic children and those not allergic to pea-
nut over time (Figure S1), with the prevalence of sensitization being 
consistently and significantly higher in peanut- allergic children at all 
time- points (Figure S1a). Despite the overall increase in sensitiza-
tion, there was a gradual reduction in the proportion of children sen-
sitized to egg, and the association of egg sensitization with peanut 
allergy weakened substantially with increasing age (Figure S1b). In 
contrast, associations of sensitization to inhalant allergens with pea-
nut allergy strengthened with increasing age (Figure S1c– f).

We observed significantly higher rates of eczema to age of 
8 years (Figure S2a), and rhinitis and wheeze throughout childhood 
(Figures S2, S3), in peanut- allergic children compared to those not 
allergic to peanut. Peanut- allergic children were more likely to have 
unscheduled visit to GPs and emergency departments with wheeze 
(Figure S3bc) and to have a doctor- diagnosed asthma and receive 
asthma medication (Figure S4).

3.5  |  Association between peanut allergy and data- 
driven phenotypes

We previously described longitudinal sensitization clusters derived 
using machine learning.33 Using this classification, peanut allergy 
was associated with the multiple early and multiple late sensitiza-
tion, but not to other sensitization clusters (Table 4). This association 
was strikingly strong for multiple early sensitization (OR 59.1, 95% 
CI 13.4– 260).

Differences were also noted in relation to wheeze phenotypes,32 
in that peanut allergy was strongly associated with persistent 
wheeze (OR 6.9, 95% CI 2.5– 18.8, p < 0.001), but not any other 
wheeze phenotype (Table 4).

Associations also differed for different developmental pro-
files of allergic diseases.34 Peanut allergy was strongly associated 
with the multimorbidity phenotype (eczema + wheeze + rhinitis, 
OR = 27.7, 95% CI 7.35– 104.6, p < 0.001). There was also an associa-
tion with other comorbidity clusters (persistent eczema and rhinitis, 
OR = 13.1, 95% 3.3– 52.1, p < 0.001; persistent eczema and wheeze, 
OR = 8.1, 95% CI 1.6– 41.5, p = 0.012), but not with the eczema only 
class (Table 4).

3.6  |  Peanut allergy and asthma severity in 
school age

Peanut- allergic children were more likely to have asthma diagno-
sis at age 11 years (OR 4.0, 95% CI 1.9– 8.5, p < 0.001) (Table S4). 
Association between peanut allergy and asthma severity is shown 
in Table 5. Among asthmatics, those with peanut allergy were nu-
merically more likely to receive oral corticosteroid prescription, have 
severe exacerbations and hospital admissions for asthma exacer-
bation, but none of these reached statistical significance. Peanut- 
allergic asthmatics were three times more likely to have multiple (≥4) 
exacerbations compared to those not allergic to peanut (OR = 2.9, 
95% CI 0.9– 9.3, p = 0.07), but this difference was not statistically 
significant.

4  |  DISCUSSION

In a population- based birth cohort which included food challenges 
to diagnose peanut allergy, we confirmed that eczema in the first 
year of life and egg sensitization in the first three years are associ-
ated with peanut allergy in school age. Among children with eczema, 
there was no association between peanut allergy and FLG genotype. 
In contrast, among those without eczema, carriers of FLG loss- of- 
function mutations were almost 8 times more likely to have peanut 
allergy compared to children without FLG mutations. However, given 
the low frequency of peanut allergy in children without infantile ec-
zema, caution is needed when interpreting these results.

Cat ownership in pregnancy and early life was associated with 
almost threefold increased risk of peanut allergy. Peanut allergy was 
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TA B L E  1  Comparison of demographic and early- life characteristics between peanut- allergic (PA) and peanut non- allergic (Not PA) 
children

Variables:
Categorical (proportions, %)
Numerical (mean, SD)

Study population
(n = 959)

No peanut allergy
(n = 929)

Peanut allergy
(n = 30) p- Value

Odds ratio (95% CI)
Mean differences
(95% CI)

Sex (Boys) 514 (53.6%) 494 (53.2%) 20 (66.7%) p = 0.15 1.76 (0.82, 3.80)
p = 0.15

Ethnicity (% Caucasian) 895 (95.3%) 867 (95.4%) 28 (93.3%) *p = 0.65 1.47 (0.34, 6.40)
p = 0.60

Maternal age at birth (years) 30.6 years
(30.3– 30.9)

30.6 years 31.7 years p = 0.24 Diff −1.09
(−2.91, 0.73)

Gestational age at birth (weeks) 39.9 weeks
(39.8– 40.0)

39.9 weeks 39.5 weeks p = 0.16 Diff 0.44
(−1.76, 1.05)

Socioeconomic class

Managerial 402 (61.6%) 392 (61.6%) 10 (58.8%) *p = 0.24 **Excluded
due to empty cellsIntermediate 151 (23.1%) 144 (22.6%) 7 (41.2%)

Routine 78 (11.9%) 78 (12.3%) 0 (0%)

Not working 17 (2.6%) 17 (2.7%) 0 (0%)

Smoking during pregnancy (Y)

Maternal 109 (11.5%) 107 (11.7%) 2 (6.7%) *p = 0.56 0.54 (0.13, 2.30)

Paternal 270 (28.6%) 265 (29.0%) 5 (16.7%) p = 0.14 0.49 (0.19, 1.30)

Smoking at child's age 1 year (Y)

Maternal 129 (13.5%) 125 (13.5%) 4 (13.3%) *p = 1.00 0.98 (0.34, 2.87)

Paternal 250 (26.1%) 245 (26.4%) 5 (16.7%) p = 0.23 0.56 (0.21, 1.47)

Breastfeeding (Y) 660 (71.7%) 640 (71.6%) 20 (74.1%) p = 0.78 1.13 (0.47, 2.71)

Peanut consumption (Y)

Before pregnancy 88 (91.7%) 62 (92.5%) 26 (89.7%) *p = 0.69 0.70 (0.16, 3.14)

In pregnancy 78 (81.2%) 55 (82.1%) 23 (79.3%) p = 0.75 0.84 (0.28, 2.50)

During breastfeeding (in BF 
only)

49 (76.6%) 34 (77.3%) 15 (75%) p = 0.84 0.88 (0.26, 3.03)

Pet ownership (Y)

Cat ownership in pregnancy 
and early life

193 (20.6%) 183 (20.1%) 10 (33.3%) p = 0.078 1.98 (0.99, 4.31)

Dog ownership in pregnancy 
and early life

154 (16.4%) 150 (16.5%) 4 (13.3%) *p = 0.81 0.78 (0.27, 2.26)

Older sibling (Y) 511 (53.6%) 496 (53.7%) 15 (50%) p = 0.69 0.86 (0.42, 1.78)

Day- care attendance (Y) 629 (70.0%) 610 (69.9%) 19 (73.1%) p = 0.73 1.17 (0.49, 2.82)

Parental atopy (Y) 771 (82.7%) 745 (82.3%) 26 (96.3%) *p = 0.07 5.58 (0.75, 41.4)

Maternal 542 (58.3%) 525 (58.2%) 17 (63.0%) p = 0.62 1.22 (0.55, 2.70)

Paternal 588 (63.8%) 566 (63.2%) 22 (81.5%) p = 0.052 2.56 (0.96, 6.82)

Parental asthma (Y) 291 (30.3%) 278 (29.9%) 13 (43.3%) p = 0.12 1.79 (0.86, 3.74)

Maternal 187 (19.5%) 179 (19.3%) 8 (26.7%) p = 0.31 1.52 (0.67, 3.48)

Paternal 137 (14.3%) 131 (14.1%) 6 (20%) p = 0.37 1.52 (0.61, 3.79)

Eczema in the first years of life (Y) 318 (35.1%) 298 (33.9%) 20 (74.1%) p < 0.001 5.56 (2.33, 13.3)

Eczema scoring at age 1 year

No eczema 344 (82.7%) 340 (84.4%) 4 (30.8%) Ref Variable

Mild 54 (13.0%) 50 (12.4%) 4 (30.8%) 6.8 (1.65, 28.1)

Mod- severe 18 (4.3%) 13 (3.2%) 5 (30.5%) 32.7 (7.8, 136.0)

FLG loss- of- function mutations (Caucasian only)

Any of the 6 mutations 79 (10.7%) 74 (10.4%) 5 (20%) p = 0.13 2.16 (0.79, 5.92)
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markedly more common among children with persistent wheezing, 
but not any other wheeze phenotype, with approximately sevenfold 
increase in risk. Also of note is a near- exclusive association between 
peanut allergy and multiple allergic sensitization classes (both early 
and late33), with almost 60- fold increase in risk among individuals 
assigned to multiple early sensitization. When we investigated the 
association between peanut allergy and machine- learning derived 
developmental profiles of eczema, wheeze and rhinitis,34 we ob-
served consistent association for all profiles characterized by per-
sistent eczema and multimorbidity, but there was no association 
with class characterized by eczema only, with no atopic comorbid-
ities. Finally, although peanut- allergic children were more likely to 
have asthma diagnosis, among children with asthma, there was no 
convincing evidence of a strong association between peanut allergy 
and asthma severity.

A key limitation of our study is relatively small number of peanut- 
allergic children available for the analysis, but this is inevitable when 
studying a relatively uncommon outcome in an unselected birth 
cohort. Therefore, our results need to be interpreted with caution. 

To increase the size of peanut- allergic group, we recruited 12 chil-
dren from a tertiary referral allergy clinic with confirmed peanut 
allergy who had longitudinal data to enable our analyses; exclusion 
of these children did not materially alter our findings (data available 
on request).

We acknowledge that not all children classified as peanut 
allergic underwent OFC. Four participants who declined OFC 
(n = 2) or had equivocal OFC (n = 2) were classified as peanut 
allergic based on clinical information and Ara- h- 2 sIgE consistent 
with allergy.29

Another limitation of our study is that the population is not 
ethnically diverse, and the results are therefore not directly trans-
ferable to other ethnic groups. Furthermore, we could not ascer-
tain with certainty which of the associates of peanut allergy are 
shared risk factors for atopy/sensitization in general. To address 
this important question, we need large case– control studies com-
paring patients with OFC- confirmed peanut allergy with individ-
uals who are peanut- sensitized but tolerant (who in our analysis 
outnumber those with true peanut allergy by the factor 3:1). Such 

Variables:
Categorical (proportions, %)
Numerical (mean, SD)

Study population
(n = 959)

No peanut allergy
(n = 929)

Peanut allergy
(n = 30) p- Value

Odds ratio (95% CI)
Mean differences
(95% CI)

Allergic sensitization (SPT)

Sensitized (any allergen), age 
1 year

46 (11.2%) 37 (9.3%) 9 (69.2%) *p < 0.001 21.9 (6.43, 74.6)

Sensitized (any allergen), age 
3 years

190 (22.8%) 172 (21.3%) 18 (72%) p < 0.001 9.49 (3.90, 23.1)

Egg sensitization (by SPT/sIgE)

Sensitized, age 1 year 43 (10.6%) 34 (8.7%) 9 (69.2%) *p < 0.001 23.7 (6,93, 81.0)

Sensitized, age 3 years 46 (5.7%) 38 (4.9%) 8 (33.3%) p < 0.001 9.79 (3.94, 24.3)

Parentally reported wheeze

In the first year of life 251 (27.4%) 241 (27.1%) 10 (37.0%) p = 0.26 1.58 (0.71, 3.50)

Parentally reported rhinitis

In the first 3 year of life 39 (4.3%) 36 (4.1%) 3 (11.1%) *p = 0.11 2.92 (0.84, 10.1)

*Denotes when p- value is provided by Fisher's exact test, Bold font denotes p- values with statistical (or near statistical) significance, Ref Variable = 
reference variable.

TA B L E  1  (Continued)

TA B L E  2  Multivariate logistic regression analysis models of associates for peanut allergy

Variables

Model 1 Model 2

aOR 95% CI p- Value aOR 95% CI p- Value

Sex (Male) 1.64 0.61– 4.43 0.32 1.66 0.67– 4.11 0.27

Cat ownership in pregnancy and early life 2.96 1.05– 8.35 0.04 2.83 1.11– 7.21 0.03

Parental atopy 2.78 0.33– 23.4 0.35 3.23 0.41– 25.1 0.26

Eczema in the first year of life 4.43 1.49– 13.2 0.007 4.03 1.51– 10.7 0.005

Egg sensitization at age 3 years 9.71 3.27– 28.9 <0.001 6.54 2.36– 18.1 <0.001

FLG loss- of- function mutations 1.35 0.42– 4.33 0.61 n/a n/a n/a

Note: Model 1: FLG loss- of- function mutations included.
Model 2: FLG loss- of- function mutations excluded.
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studies are likely to require multi- cohort and multi- study collabo-
rations to ensure adequate sample size.

One of the strengths is that our birth cohort incorporated OFC 
to diagnose peanut allergy. Most studies to date relied on clinical 
history and/or IgE sensitization to define for food allergy, which may 
overestimate prevalence.45 Another strength is the unselected de-
sign, with longitudinal phenotyping from birth and a high follow- up 
rate, thereby minimizing recall bias. Our data will be valuable for 

comparison with population- based studies in children with objective 
food allergy outcomes (e.g. HealthNuts).46

Importantly, our previous work allowed longitudinal pheno-
typing of participants into data- driven clusters of sensitization, 
wheeze and allergic multimorbidity,32– 34 thereby enabling us to 
gain invaluable insight into the relationship between peanut al-
lergy and developmental trajectories of atopic diseases. A strong 
association between early- life eczema and development of food 

TA B L E  3  Peanut allergy and FLG loss- of- function mutations, stratified by the presence of eczema in the first year of life; analysis among 
children with White European ancestry

Variables:
Categorical (proportions, %)

Study population
(n = 700)

No peanut allergy
(n = 676)

Peanut allergy
(n = 24) p- Value

Odds ratio
(95% CI) p- value

Eczema in the first year of life
FLG Mutations (n = 238)

No (%) 193 (81.1%) 178 (80.9%) 15 (83.3%) *p = 1.00 0.85 (0.23, 3.06)

Yes (%) 45 (18.9%) 42 (19.1%) 3 (16.7%) p = 0.80

No Eczema in the first year of life
FLG Mutations (n = 462)

No (%) 433 (93.7%) 429 (94.1%) 4 (66.7%) *p = 0.049 7.94 (1.39, 45.3)

Yes (%) 29 (6.3%) 27 (5.9%) 2 (33.3%) p = 0.020

*Denotes when p- value is provided by Fisher's exact test, Bold font denotes p- values with statistical (or near statistical) significance.

TA B L E  4  Association of peanut allergy with different wheeze phenotypes32 and longitudinal trajectories of sensitization and 
developmental profiles of allergic diseases determined using data- driven methods

Variable
Categorical (proportions, %) numerical (mean, 
SD)

Study population
(n = 959)

No peanut 
allergy
(n = 929)

Peanut allergy
(N = 30)

Odds ratio
(95% CI) p- Value

Wheeze phenotypes32

Never wheezed 410 (43.3%) 404 (44.1%) 6 (20%) Ref Variable Ref Var

Transient wheeze 239 (25.2%) 232 (25.3%) 7 (23.3%) 2.03 (0.67, 6.12) p = 0.21

Intermittent wheeze 114 (12.0%) 112 (12.8%) 2 (6.7%) 1.20 (0.24, 6.04) p = 0.82

Late- onset wheeze 55 (5.8%) 52 (12.8%) 3 (10%) 3.88 (0.94, 16.0) p = 0.06

Persistent wheeze 129 (13.6%) 117 (12.8%) 12 (40%) 6.91 (2.54, 18.8) p < 0.001

Clusters of allergic sensitization33

1. No atopic vulnerability 468 (55.2%) 466 (56.7%) 2 (7.7%) Ref Variable Ref Var

2. Predominantly non- HDM 97 (11.4%) 97 (11.8%) 0 (0%) Omitted as empty OMITTED

3. Predominantly HDM 47 (5.5%) 47 (5.7%) 0 (0%) Omitted as empty OMITTED

4. Multiple late 147 (17.3%) 141 (17.2%) 6 (23.1%) 9.91 (1.98, 49.7) p = 0.005

5. Multiple early 89 (10.5%) 71 (8.6%) 18 (69.2%) 59.1 (13.4, 260) p < 0.001

Developmental profiles of allergic diseases34

1. No disease 369 (38.5%) 366 (39.4%) 3 (10.0%) Ref Variable Ref Var

2. Persistent eczema & Late- onset Rhinitis 72 (7.5%) 65 (7.0%) 7 (23.3%) 13.1 (3.31, 52.1) p < 0.001

3. Eczema only 156 (16.3%) 155 (16.7%) 1 (3.3%) 0.79 (0.08, 7.63) p = 0.84

4. Transient wheeze 62 (6.5%) 60 (6.5%) 2 (6.7%) 4.07 (0.67, 7.63) p = 0.13

5. Persistent wheeze & late- onset rhinitis 84 (8.8%) 82 (8.8%) 2 (6.7%) 2.98 (0.49, 18.1) p = 0.24

6. Persistent eczema & wheeze 48 (5.0%) 45 (4.9%) 3 (10.0%) 8.13 (1.59, 41.5) p = 0.012

7. Rhinitis only 114 (11.9%) 112 (12.1%) 2 (6.7%) 2.18 (0.36, 13.2) p = 0.40

8. Atopic March 54 (5.6%) 44 (4.7%) 10 (33.3%) 27.7 (7.35, 104.6) p < 0.001

Abbreviation: HDM, house dust mite; Ref Variable, reference variable.
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allergy is well recognized, with the risk being higher in children 
with earlier onset and more severe skin disease.26,47 We have 
extended these findings to demonstrate that peanut allergy is 
associated with all developmental patterns of childhood allergic 
diseases which include persistent eczema with allergic comorbidi-
ties (persistent wheeze and rhinitis), but there was no association 
with eczema or wheeze presenting as single diseases (particularly 
transient). We observed strong associations between peanut al-
lergy and atopic multimorbidity and multiple sensitization clus-
ters. We acknowledge that these observation do not imply any 
specific causal relationships and that the results are predomi-
nantly hypothesis- generating.

Our findings provide further evidence for the importance of a 
disrupted skin barrier in early life for the development of peanut 
allergy. We have shown that among children with eczema (and 
thereby disrupted skin barrier), FLG mutations did not further in-
crease the risk. In contrast, in those without eczema, FLG mutations 
(which result in skin barrier dysfunction48) were associated with al-
most eightfold increased risk. These findings are consistent with the 
dual allergen exposure hypothesis,27 which describes the paradigm 
where low- dose allergen exposure through an impaired skin leads 
to development of sensitization and allergy, whereas a higher- dose 
oral exposure and antigen presentation to the gut immune system 
induces immune tolerance.

Sharing a home with a cat during pregnancy and early life was 
associated with a threefold increase in the risk of subsequent pea-
nut allergy. We propose that this effect may be mediated via the 
development of early inhalant sensitization, thereby creating a 
permissive milieu for allergic multimorbidities.49 This is consistent 
with our current findings that cat sensitization was the most com-
mon inhalant sensitization among peanut- allergic children at age 
1 year (and the only early- life inhalant allergen sensitization which 
differed significantly between peanut- allergic and non- allergic 

children), and our previous findings that early- life cat ownership 
increases the risk of cat sensitization by age 1 (but not thereaf-
ter)50 and that this effect is particularly strong among children 
with FLG mutations.42

It has been proposed that asthmatic children with peanut al-
lergy have more severe asthma than asthmatics without peanut 
allergy.13 However, although our analysis revealed that peanut- 
allergic children were more likely to have a diagnosis of asthma, we 
found no consistent evidence that among asthmatic children, pea-
nut allergy was associated with any markers of increased asthma 
severity. However, this warrants further investigation in larger 
studies.

In conclusion, our data suggest that peanut allergy is strongly 
associated with atopic disease trajectories characterized by early- 
onset and persistent eczema and wheeze, but not with transient ec-
zema or wheeze. Among children without eczema, carriers of FLG 
loss- of- function mutations were more likely to have peanut allergy, 
but in those with eczema, there was no association between peanut 
allergy and FLG genotype.
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TA B L E  5  Asthma severity among asthmatics with and without peanut allergy

Variable
Categorical (%)
Numerical (mean, SD) All

Children with asthma

p- value
Odds ratio
(95% CI)No peanut allergy Peanut allergy

Oral corticosteroid prescription 
ever

n = 144
56 (38.9%)

n = 132
50 (37.9%)

n = 12
6 (50%)

p = 0.41 1.64 (0.50, 5.36)

Hospital admissions with wheeze n = 144
38 (26.4%)

n = 132
33 (25%)

n = 12
5 (41.7%)

p = 0.21 2.14 (0.64, 7.21)

Severe exacerbations (≥1) n = 176
96 (54.6%)

n = 159
84 (52.8%)

n = 17
12 (70.6%)

p = 0.16 2.14 (0.72, 6.37)

Severe exacerbations
in the first 8 years of life

n = 176 n = 159 n = 17

0 80 (45.5%) 75 (47.2%) 5 (29.4%) *p = 0.34 Reference variable

1 23 (13.1%) 21 (13.2%) 2 (11.8%) 1.43 (0.26, 7.90)

2 10 (5.7%) 9 (5.7%) 1 (5.9%) 1.67 (0.17, 15.9)

3 8 (4.6%) 8 (5.0%) 0 (0%) Omitted as empty

≥4 55 (31.3%) 46 (28.9%) 9 (52.9%) 2.93 (0.93, 9.30)

*Denotes when p- value is provided by Fisher's exact test, Ref Variable = reference variable.
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