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The Prevalence of Food Sensitization Appears Not
to Have Changed between 2 Melbourne Cohorts of
High-Risk Infants Recruited 15 Years Apart
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What is already known about this topic? Recent reports suggest that the prevalence of food sensitization in the general
population of older children has not changed over the last 2 decades, which is surprising considering the apparent in-
crease in food allergy reported from multiple sources.

What does this article add to our knowledge? This article suggests that the prevalence of food sensitization has
remained stable between 1990-1994 and 2007-2011 among infants at high risk of food allergy with a family history of
allergic disease, even though anaphylaxis hospital admission rates have increased markedly over this same period.

How does this study impact current management guidelines? These findings suggest that because the prevalence of
food sensitization has not changed, the increase in food allergy could be due to an increase in the proportion of high-risk
infants within the total population, an increase in food allergy in the low-risk group, or changes in the relationship between
food sensitization and food allergy. An alternative explanation is that food allergy may not be on the rise and any apparent
increase is due to increased awareness, informal self-reported diagnosis, formal diagnosis by health professionals, or
increased number and/or severity of reactions, particularly anaphylaxis.
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elbourne Atopy Cohort Study
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ositive predictive value
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kin prick test
BACKGROUND: Although food allergy has probably risen over
recent decades, recent reports suggest that the prevalence of food
sensitization in the general population has not changed.
However, this has not been analyzed in infants at high risk of
food allergy.
OBJECTIVE: The objective of this study was to compare the
prevalence of food sensitization in high-risk infants from 2 co-
horts recruited 15 years apart in the same region.
METHODS: This study includes 620 high-risk infants with a
family history of allergy (Melbourne Atopy Cohort Study
[MACS]) born 1990-1994, and a subgroup of high-risk infants
from the population-based HealthNuts study (n [ 3,661/
5,276), born 2006-2010. Both studies undertook skin prick tests
(SPT) to peanut, egg, and milk at age 12 months. A logistic
regression model generated adjusted prevalences to account for
differences in sampling frame. SPT ‡ 95% positive predictive
values (PPVs) for food allergy were used as proxies for food
allergy.
RESULTS: The adjusted prevalence of sensitization in MACS
was similar to the observed prevalence of sensitization in the
high-risk subgroup of HealthNuts: 7.9% (95% confidence in-
terval 6.8-8.9) and 7.9% (7.0-8.8) respectively for peanut, 15.0%
(13.4-16.6) and 14.5% (13.4-15.7) respectively for egg, and
2.4% (1.6-3.1) and 2.6% (2.0-3.4) respectively for cow’s milk.
The prevalence of SPT ‡ 95% PPVs was similar between the 2
studies.
CONCLUSIONS: The prevalence of food sensitization among
high-risk infants has remained stable in Australia since the
1990s, despite the reported increase in food-related anaphylaxis
in the same period. This discrepancy could be due to increased
food allergy in the low-risk population, increased conversion of
food sensitization to allergy, or increased number of high-risk
infants. Alternatively, increased awareness or severity of reactions
may have led to an apparent increase in food allergy. � 2017
American Academy of Allergy, Asthma & Immunology (J Allergy
Clin Immunol Pract 2018;6:440-8)

Key words: Cow’s milk allergy; Egg allergy; Food allergy; Food
sensitization; Peanut allergy; Time trends

It has been suggested that the prevalence of food allergy has
risen over the last 2 decades, representing a “second wave” of the
allergy epidemic.1 Data to support this increased prevalence
come from published reports of increased hospital admissions for
anaphylaxis, auto-injector adrenaline prescriptions, referrals
for allergy services, and reports of doctor-diagnosed food
allergies.2-10 Repeated cross-sectional studies are needed to
establish an increase in prevalence; there is, however, only one
such food allergy prevalence study in the same region using oral
food challenge-proven outcomes. In that study, the prevalence of
food allergy in 0- to 2-year olds from Chongqing, China,
increased from 3.5% in 1999 (n ¼ 314) to 7.7% in 2009
(n ¼ 401, P ¼ .017).11
A related measure is food sensitization, an immunological
biomarker of a predisposition to food allergy. Food sensitization
is a necessary, but not sufficient condition for food allergy: only a
proportion of those with detectable food-specific IgE will develop
clinically provable food allergy, with the remainder being sensi-
tized yet able to tolerate the food. Nevertheless, the prevalence of
food sensitization remains an indicator of the prevalence of food
allergy.

In the Chinese study, the prevalence of food sensitization rose
from 9.9% in 1999 to 18.0% in 2009.11 In contrast, 2 recent
reports from substantially larger repeated cross-sectional studies
have demonstrated that the prevalence of food sensitization has
remained stable over a similar time period. In the United States,
the prevalence of sensitization to peanut, egg, and milk among 6-
to 19-year olds remained stable between 1988-1994 and 2005-
2006, although there was a trend towards increased high-level
peanut sensitization, but only among non-Hispanic black chil-
dren, whereas the prevalence of shrimp sensitization decreased.12

Egg and milk allergy are common food allergies in infancy that
frequently resolve in early childhood, so the older children in
these cohorts may not be the optimal age to assess time trends in
prevalence of egg and milk sensitization. In the UK, peanut
sensitization in 2 birth cohorts recruited 12 years apart (1989
and 2001-2002) was nearly identical at age 1 year. Although
peanut sensitization was higher in the more recent cohort be-
tween ages 2 and 10 years, this difference was not statistically
significant. The prevalence of peanut allergy at age 10 years was
also higher in the more recent cohort 1.5% versus 0.58%
although this difference did not quite reach statistical significance
(P ¼ .09).13

Changes in the prevalence of food sensitization in Australia,
which has the highest reported prevalence of challenge-confirmed
food allergy internationally, have not previously been investi-
gated using data collected from repeated cross-sectional studies.14

Moreover, the above studies did not assess changes in the prev-
alence of food sensitization stratified for risk determined by the
family history of allergic disease. Here we investigated the
prevalence of food sensitization among high-risk infants with a
family history of allergic disease between 2 cohorts of infants
recruited in Melbourne, Australia, 15 years apart.

METHODS
Data used in the present analysis include 620 infants with a

family history of allergy from the Melbourne Atopy Cohort Study
(MACS) recruited between 1990 and 1994, and 5,276 infants from
the population-based HealthNuts study, born in 2006-2010 and
recruited at age 12 months (2007-2011). Both studies undertook
skin prick tests (SPT) to common food allergens (egg, peanut, and
milk) at 12 months of age using the same lancet device.15,16

Sensitization was defined at SPT � 2 mm and the 95% positive
predictive value (PPV) for clinical food allergy was defined at SPT �
8 mm for peanut and milk and SPT � 4 mm for egg.17

Melbourne Atopy Cohort Study
MACS is a high-risk longitudinal birth cohort of 620 infants and

their families who were recruited between 1990 and 1994. Expec-
tant mothers were approached during routine antenatal care and
invited to enrol in the study if the unborn child had a parent or older
sibling with a history of allergic disease (asthma, eczema, allergic
rhinitis, or food allergy). The MACS infants were followed up 18
times in the first 2 years of life by use of a nurse-administered
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telephone survey. Clinical visits for SPT were performed at 6, 12,
and 24 months; only the SPT conducted at 12 months of age was
used in this analysis. The SPT panel consisted of 3 foods: peanut,
egg white, and cow’s milk, and 3 aeroallergens: house dust mite, rye
grass, and cat dander (Bayer, Spokane, Wash; ALK-Abello, Round
Rock, Tex; Hollister-Stier, Spokane, Wash). SPT were administered
on the infants’ back using a lancet and read after 15 to 20 minutes.
Ethics approval was obtained from the Mercy Maternity Hospital’s
Human Research Ethics Committee.15,18

HealthNuts
The HealthNuts study is a population-based longitudinal food

allergy study consisting of 5,276 12-month-old infants who were
recruited from council-run immunization centers during 2007-
2011. Infants underwent SPT at 12 months of age (ALK-Abello,
Madrid, Spain) to 4 common food allergens (peanut, egg white,
sesame, and either cow’s milk or shrimp). SPT were administered on
the infants’ back using a single-tine lancet (Stallergenes, Antony,
France). Parents completed a questionnaire while the SPT was un-
dertaken, but before it was read, which included information on the
family history of allergy. HealthNuts infants were similar to the
general population of infant births in Victoria with the exception
that their mothers were slightly older.16,19 Ethics approval was ob-
tained for the HealthNuts study from the Victorian State Govern-
ment Office for Children (reference no. CDF/07/492), the Victorian
State Government Department of Human Services (reference
no.10/07), and the Royal Children’s Hospital Human Research
Ethics Committee (reference no. 27047).

Statistical methods
High-risk infants were defined as those with 1 or more family

members with a history of allergic disease (eczema, asthma, food
allergy, or hay fever). Because of the eligibility criteria, all MACS
participants were high-risk infants, whereas the HealthNuts study
contained both low- and high-risk infants. Baseline characteristics of
both studies were compared and assessed using the c2 test for binary
variables, for both the whole cohorts and the high-risk subgroup of
HealthNuts compared with the whole MACS cohort that was high-
risk by definition.

A multivariable logistic regression model was used to generate
predicted probabilities of sensitization given covariates. The logistic
regression model was fitted for each outcome of sensitization,
including as covariates in the model the study indicator (HealthNuts
or MACS) and demographic factors (maternal or paternal history of
individual allergy, child’s sex, and parent’s country of birth) that
were associated with the outcome on univariate analysis. As data
from both studies were included in the same model, interactions
were fitted between each covariate and the study indicator that
allowed for the magnitude of association between covariate and
outcome to vary between the studies. This was equivalent to fitting
separate models to data from each cohort, but computationally
convenient for cross-cohort prediction. Interactions were retained in
the final model if the P value from the likelihood ratio test was less
than .10. The adjusted prevalence of sensitization for the MACS
covariate distribution given the HealthNuts association model was
obtained by averaging covariate-specific predictions in the MACS
cohort using the final model fitted to the whole HealthNuts data
over the distribution of included covariates in the MACS cohort.
Similarly, the adjusted prevalence given the covariate distribution in
the HealthNuts cohort was calculated by averaging covariate-specific
predictions from the MACS association model firstly for the whole
HealthNuts population, and then separately for the low- and high-
risk subgroups.

This procedure effectively standardized the prevalence estimates
from a regression model in 1 cohort (thus capturing the magnitude
of exposure-outcome associations in that cohort) to the covariate
distribution of the other cohort. This allowed us to compare average
prevalence between cohorts where the only difference was in the risk
factor distribution.20 Model fits, predictions, and standard errors
were generated using the margins command in Stata Version 14.0
(College Station, Tex). Food challenge data were not available in the
MACS study; therefore, we additionally compared SPT 95% PPVs
as a proxy for food allergy, using a threshold of �4 mm for egg and
�8 mm for peanut and milk.17 The regression models used in the
standardization procedure are included in Table E1 in this article’s
Online Repository at www.jaci-inpractice.org. A decision was made
a priori to only include the parental history factors in the stan-
dardization procedure because that is what the differences in sam-
pling frame were based on (MACS eligibility criteria) and
presumably the difference between the 2 cohorts, other than time.
Although eczema is a strong risk factor for food sensitization and
potentially on the causal pathway, it is a post-birth marker and will
not have influenced participation in the MACS study. However, we
additionally conducted a sensitivity analysis including eczema as a
covariate in the regression model.
RESULTS
Participation in MACS and HealthNuts has been described in

detail previously.15,16 As expected, a higher proportion of
maternal and paternal history of allergy was observed in the
MACS high-risk cohort compared with the HealthNuts
population-based cohort (see Table E2 in this article’s Online
Repository at www.jaci-inpractice.org). All MACS participants
were classified as high-risk with 1 or more first degree family
members having a history of allergic disease, whereas 69.4%
(3,661/5,276) of HealthNuts participants were classified as high-
risk. The demographic characteristics of high-risk HealthNuts
participants and MACS participants are presented in Table I.
The proportion of family members with a history of allergic
disease was higher among the MACS participants even when
compared with the corresponding proportion in the high-risk
HealthNuts participants. There were more Asian parents in
HealthNuts compared with MACS, which is likely to reflect
changes in the population composition of Melbourne over this
period of time.

The observed prevalence of food sensitization was lower in the
whole and high-risk subgroup of the HealthNuts cohort
compared with MACS, which was not surprising given the dif-
ferences in sampling frame (Table II). However, after standard-
ization of the MACS cohort to the HealthNuts cohort
(Figure 1), the adjusted prevalence of peanut sensitization in
MACS was very similar to the observed prevalence in high-risk
HealthNuts, 7.9% (95% confidence interval [CI] 6.8-8.9) and
7.9% (95% CI 7.0-8.8), respectively. A similar pattern was
observed for both egg and milk sensitization. The adjusted
prevalence of egg sensitization in MACS was very similar to the
observed prevalence of egg sensitization in high-risk HealthNuts,
15.0% (95% CI 13.4-16.6) and 14.5% (95% CI 13.4-15.7),
respectively. Likewise for milk sensitization, the adjusted preva-
lence in MACS of 2.4% (95% CI 1.6-3.1) was comparable to
the observed prevalence in high-risk HealthNuts, 2.6% (95% CI
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TABLE I. Comparison of demographic characteristics between
“high-risk” HealthNuts and MACS cohorts using the MACS sam-
pling frame (high risk �1 family member with allergy)

Characteristic

MACS (%)

(n [ 620)

High-risk

HealthNuts (%)

(n [ 3,661) P value

Maternal allergy

Asthma 43.4 21.5 <.001

Hay fever 60.7 44.2 <.001

Eczema 38.9 20.3 <.001

Food allergy 38.9 8.1 <.001

Any allergy 82.9 63.7 <.001

Paternal allergy

Asthma 25.7 19.5 <.001

Hay fever 46.2 39.2 .001

Eczema 20.5 11.0 <.001

Food allergy 21.1 5.2 <.001

Any allergy 61.3 54.7 .002

Parental allergy

Asthma 61.4 38.0 <.001

Hay fever 86.9 80.2 <.001

Eczema 54.6 29.7 <.001

Food allergy 51.0 12.8 <.001

Any allergy 94.4 83.3 <.001

Sibling allergy (among
those with siblings)

Asthma 59.0 19.0 <.001

Hay fever 36.4 12.5 <.001

Eczema 64.2 37.1 <.001

Food allergy 62.5 11.9 <.001

Any allergy 90.0 54.2 <.001

Sibling allergy

No siblings 40.2 46.3 <.001

Siblings with no allergy 6.0 24.6

Siblings with any allergy 53.9 29.0

No. of immediate family
members with allergy

None e e

One 25.2 58.6 <.001

Two 51.6 34.3

Three or more 23.2 7.1

Sex (male) 51.3 50.1 .57

Eczema diagnosis in first year* 15.0 29.7 <.001

Eczema diagnosis or use
of topical steroids for
rash in first year†

36.0 35.1 .67

No. of siblings

None 40.2 46.3 .001

One 32.3 34.2

Two 19.5 14.1

Three or more 8.0 5.4

Parent’s country of birth

Both Australian 72.9 63.2 <.001

One or both Asian 3.1 13.4

Other 24.0 23.4

MACS, Melbourne Atopy Cohort Study.
*Parent report of a doctor diagnosis of eczema.
†Parent report of a doctor diagnosis of eczema or topical steroid use of an itchy rash
excluding the scalp or nappy area.
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2.0-3.4). CIs for comparisons overlapped, indicating that the
prevalence of food sensitization among high-risk infants has
remained stable between the 2 cohorts. In the sensitivity analysis,
which included eczema (diagnosis or use of topical steroids for an
itchy rash) as a covariate in the regression model, the adjusted
prevalence of sensitization in MACS was, again, very similar to
the observed prevalence of food sensitization in the high-risk
subgroup of HealthNuts (data not shown).

Likewise, the observed prevalence of SPT � 95% PPVs was
higher in the MACS cohort, but after standardization to the
HealthNuts cohort, the prevalence was similar (Figure 2 and
Table II). The observed prevalence of SPT � 95% PPVs in
high-risk HealthNuts and adjusted prevalence in MACS were
2.1% (95% CI 1.7-2.6) and 2.0% (95% CI 1.5-2.6) respec-
tively for peanut, 7.2% (95% CI 6.4-8.1) and 7.1% (95% CI
6.0-8.3) respectively for egg, and 0.1% (95% CI 0.03-0.4) and
0.2% (95% CI 0-0.4) respectively for cow’s milk. To ensure
reliability of our results, we also standardized the prevalence of
sensitization in the HealthNuts population-based cohort to
reflect the MACS cohort and compared the adjusted high-risk
HealthNuts prevalence with the observed MACS prevalence;
the proportions were similar and all CIs overlapped between
comparisons (Table II).
DISCUSSION

The prevalence of food sensitization among high-risk infants
with a family history of allergic disease has not changed signifi-
cantly over the last 2 decades inMelbourne, Australia. In addition,
we found that the proportion of high-risk infants with a proxy for
clinical food allergy (SPT � 95% PPVs) also remained stable
during this period. These findings are surprising given the
increased anaphylaxis admission rates and increased reported di-
agnoses of food allergy in Australia and internationally.4-6,8,10,11,21

Within Australia, hospital admission for anaphylaxis and re-
ferrals to allergy specialists have increased over recent decades.4,6

Doctor-diagnosed food allergy (on the basis of SPT and clinical
history) within 1 clinic that provided half the regional ambula-
tory allergy-related services in the Australian Capital Territory
and assessed 18,028 patients between 1995 and 2007 reported a
10-fold increase in food allergy diagnoses.5 In the USA and UK,
self-reported food allergy and food allergyerelated health care
utilization (ambulatory care visits to hospitals, physician offices,
and hospitalizations) have also increased over the last 1 to 2
decades.8,10,21 It is important to note that markers that reflect
health care utilization, such as hospital admissions, cannot
differentiate between increased episodes in the same pool of in-
dividuals versus increased number of individuals having the same
number of episodes, and therefore it is important to assess
markers that describe the number of affected individuals in the
population, such as food allergy and sensitization rates. In the
UK, 2 birth cohorts recruited in the same location 12 years apart
reported an increase in clinical peanut allergy at age 10 years
from 0.58% in 1999 to 1.5% in 2011-2012; however, this
difference failed to reach statistical significance (P ¼ .09).
Different methods were used to define peanut allergy; SPT and
clinical history were used in both cohorts, but the latter also
included food challenges.13 In Montreal, 2 repeated cross-
sectional studies of school children assessed time trends in pea-
nut allergy between 2000-2002 (n ¼ 4,339) and 2005-2007
(n ¼ 5,161). The studies consisted of a parental questionnaire to



TABLE II. The observed proportion and adjusted prevalence of sensitization and SPT � 95% PPVs in 2 cohorts of 12-month-old infants

(A) Egg

Whole HealthNuts

(n [ 5,139)

Low-risk HealthNuts

(n [ 1,577)

High-risk HealthNuts

(n [ 3,562)

High-risk MACS

(n [ 541)

Egg SPT � 2 mm

Observed proportion 13.5 (12.6-14.5) 11.3 (9.8-12.9) 14.5 (13.4-15.7) 19.4 (16.3-23.0)

Prevalence adjusted to HealthNuts model e e e 15.0 (13.4-16.6)

Prevalence adjusted to MACS model 16.9 (13.0-20.7) 13.8 (8.4-19.3) 18.2 (14.7-21.7) -

Egg SPT � 4 mm

Observed proportion 6.8 (6.2-7.6) 6.1 (5.0-7.4) 7.2 (6.4-8.1) 16.3 (13.4-19.6)

Prevalence adjusted to HealthNuts model e e e 7.1 (6.0-8.3)

Prevalence adjusted to MACS model 13.5 (9.9-17.1) 10.7 (5.8-15.6) 14.8 (11.5-18.1) e

(B) Peanut

Whole HealthNuts

(n [ 5139)

Low-risk HealthNuts

(n [ 1579)

High-risk HealthNuts

(n [ 3562)

High-risk MACS

(n [ 541)

Peanut SPT � 2 mm

Observed proportion 7.6 (6.9-8.3) 6.9 (5.8-8.3) 7.9 (7.0-8.8) 14.4 (11.7-17.6)

Prevalence adjusted to HealthNuts model e e e 7.9 (6.8-8.9)

Prevalence adjusted to MACS model 13.8 (10.8-16.8) 12.4 (9.1-15.6) 14.4 (11.4-17.4) e

Peanut SPT � 8 mm

Observed proportion 2.0 (1.6-2.4) 1.7 (1.1-2.5) 2.1 (1.7-2.6) 3.3 (2.1-5.2)

Prevalence adjusted to HealthNuts model e e e 2.0 (1.5-2.6)

Prevalence adjusted to MACS model 4.4 (2.2-6.5) 4.3 (1.8-6.7) 4.4 (2.3-6.5) e

(C) Milk

Whole HealthNuts

(n [ 2725)

Low-risk HealthNuts

(n [ 832)

High-risk HealthNuts

(n [ 1893) MACS (n [ 541)

Milk SPT � 2mm

Observed proportion 2.2 (1.7-2.8) 1.2 (0.6-2.2) 2.6 (2.0-3.4) 8.5 (6.4-11.2)

Prevalence adjusted to HealthNuts model e e e 2.4 (1.6-3.1)

Prevalence adjusted to MACS model 9.1 (6.3-11.9) 8.6 (5.3-11.9) 9.3 (6.6-12.0) e

Milk SPT � 8 mm

Observed proportion 0.1 (0.03-0.3) 0.1 (0.01-0.9) 0.1 (0.03-0.4) 1.3 (0.6-2.7)

Prevalence adjusted to HealthNuts model e e e 0.2 (0-0.4)

Prevalence adjusted to MACS model 0.7 (0.03-1.3) 0.3 (0.0-0.7) 0.9 (0.09-1.6) e

MACS, Melbourne Atopy Cohort Study; PPV, positive predictive value; SPT, skin prick test.
The adjusted MACS prevalence maintained the distribution of covariates in MACS, but assumed the same association between exposures (covariates) and outcomes as in
HealthNuts. Similarly, the adjusted HealthNuts prevalence maintained the same covariate distribution in HealthNuts, but assumed the same association between exposure
(covariates) and outcomes as in MACS. The primary comparison was between the observed prevalence in high-risk HealthNuts and adjusted prevalence inMACS (shown in bold).
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determine peanut tolerance and corroboratory SPT/sIgE in those
with a convincing or uncertain history of peanut allergy or
insufficient peanut ingestion to determine peanut tolerance. The
prevalence of peanut allergy was similar between 2000-2002 and
2005-2007, at 1.34% and 1.62%, and the authors suggested that
food allergy rates may be stabilizing.22 In China, 2 cross-sectional
studies conducted in 1999 and 2009 found that the prevalence of
challenge-confirmed food allergy in infants under 2 years of age
rose from 3.5% in 1999 to 7.7% in 2009 (P ¼ .02). Interest-
ingly, the prevalence of parent-reported food allergy did not
increase significantly over this same period.11

We offer several explanations for this apparent paradox, if we
assume that the prevalence of food sensitization has not changed
among high-risk infants. The increase in food allergy could be
due to an increase in food allergy in the low-risk group, changes
in the relationship between food sensitization and food allergy, or
an increase in the proportion of high-risk infants in the popu-
lation. Alternatively, the apparent increase in food allergy could
reflect changes in reporting and awareness of food allergy or
increased number or severity of reactions in an unchanged
number of affected individuals.

Given that the prevalence of food sensitization has not
changed, the reported increase in food allergy could be due to an
increase in food allergy in the low-risk group that may be driven
by differences in the distribution or magnitude of the association
between environmental risk factors and the risk of food allergy.
This hypothesis is supported by recent findings from the
population-based HealthNuts study, which showed that the
family history is not a strong driver of food allergy, as the risk of
challenge-confirmed food allergy only increased 1.4-fold if the
infant had 1 family member with a history of allergic disease, and
by 1.8-fold if the infant had 2 or more family members with a
history of allergic disease.23 Environmental risk factors also
appear to play a stronger role in those who are at low risk of food
allergy, for example, delaying the introduction of allergenic foods
into the infant diet had a stronger magnitude of association
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among low-risk infants compared with high-risk infants.
Compared with introducing egg into the infant’s diet at 4 to 6
months, delaying the introduction of egg in low-risk infants
(without a family history of food allergy, or a personal history of
eczema or food reactions) until 10 to 12 months increased the
risk of egg allergy (adjusted odds ratio 3.3; 95% CI 1.1-9.9),
whereas it was not associated with egg allergy in high-risk infants
(adjusted odds ratio 1.4; 95% CI 0.9-2.4). The risk of egg allergy
in high-risk infants was only increased if the delayed introduction
of egg was prolonged until after 12 months of age.24 In addition,
infants living in Australia whose parents were born in Asia have a
higher risk of food allergies, yet paradoxically, there were lower



J ALLERGY CLIN IMMUNOL PRACT
MARCH/APRIL 2018

446 PETERS ETAL
rates of allergic disease among Asian parents.25 Therefore, the rise
in food allergy could be due to a change in distribution or
magnitude of association of environmental factors associated
with food allergy including eczema, household size, pet exposure,
vitamin D insufficiency, increased Asian migration to Australia
and timing of introduction solids.24-28

In the present comparison, we observed higher rates of Asian
heritage in HealthNuts compared with MACS, which is a known
risk factor for eczema and food allergy particularly in the
Australian population.25,26,29 A history of eczema is one of the
strongest known risk factors for food allergy. Skin barrier
dysfunction, a feature of eczema, is postulated to play an impor-
tant role in the initiation of allergic sensitization and subsequent
progression to food allergy and other allergic disease.30 Although a
higher prevalence of doctor-diagnosed eczema was observed in the
more recent population-based HealthNuts compared with high-
risk MACS, which may reflect increased health-seeking behavior
because of concerns and awareness about allergies or increased
awareness and diagnosis by physicians, the prevalence of the more
sensitive definition of eczema, which included both a doctor’s
diagnosis and topical steroid use for an itchy rash, was similar. In
addition, inclusion of eczema in the standardization procedure, as
described in the sensitivity analysis, did not materially alter our
results. Differences in infant feeding patterns were observed be-
tween the 2 studies. In MACS, parents were advised to delay the
introduction of allergenic foods such as egg and peanut until after
12 months of age, as per the infant feeding guidelines at the time.
Midway through recruitment of the HealthNuts cohort these
guidelines were altered to remove the advice to delay the intro-
duction of allergenic solids. As such, infants in HealthNuts were
introduced to egg earlier than in MACS, with 95% and 28%
having been introduced to egg and peanut respectively by the age
of 12 months, compared with only 6% and 2% respectively in
MACS. The delayed introduction of allergenic foods in MACS,
unlike HealthNuts, may have contributed to a higher prevalence
of sensitization in the earlier study.

Another possible explanation for the apparent rise in food
allergy given stable sensitization rates is that the conversion from
food sensitization to food allergy has changed, and that more
infants are exposed to risk factors that allow manifestation of
food allergy amongst the population of sensitized infants. This
explanation was also proposed by the authors of the US study
showing stable sIgE rates over time.12 In the Learning Early
About Peanut allergy trial, conversion from peanut sensitization
to peanut allergy differed by peanut exposure groups; among 98
peanut sensitized infants (SPT 1-4 mm), 35.3% of those who
avoided peanut developed peanut allergy compared with only
10.6% of those who frequently ingested peanut.12,31 We did not
find any evidence in the HealthNuts study to suggest that the
conversion from food sensitization to food allergy differed be-
tween low- and high-risk infants (data not shown); however, we
do not have data on low-risk infants at the time of the MACS
study to inform whether this has changed over time. Previous
research has focused on risk factors for food sensitization or food
allergy, but few studies have explored risk factors for the con-
version from food sensitization to challenge-confirmed food
allergy.

The reported increase in food allergy could also be due to an
increase in the high-risk proportion of the population. The
HealthNuts cohort is population based and has good external
validity to the general population of Victorian infants born at
that time.19 Nearly 70% of this cohort met the criteria for being
at high risk of food allergy by having an immediate family
member with a history of allergic disease. As MACS recruited
only high-risk infants, it was not clear what proportion of the
general population they represented. It was estimated that it
represented 19.3% of the general population when comparing
characteristics with those of another birth cohort recruited else-
where in Australia at the same time.32 In addition, the prevalence
of other allergic diseases (asthma, eczema, allergic rhinitis) is
reported to have increased over last 50 years, reaching a plateau
around the 1990s. This suggests an increase in allergic disease in
the parent populations of the 2 cohorts increasing the proportion
of the population at high risk of food allergy.

An alternative explanation is that food allergy may not be on
the rise, and any apparent increase is due to increased awareness,
increased diagnosis, or increased number or severity of reactions
among the food allergic population. There is a lack of repeated,
cross-sectional food allergy prevalence studies, and instead data
suggesting that food allergy has increased in Australia originates
from studies on hospital admissions for anaphylaxis, referrals for
allergy services, and doctor diagnoses of food allergy. Between
1994 and 2005 hospital admissions for food-related anaphylaxis
doubled, and this increase was most notable in the age group of
0 to 4 years, where a 5.5-fold increase was observed.7 This may
reflect increased severity of food allergy or an increased number
of reactions among food allergic individuals, rather than
increased prevalence.

Mullins et al published a retrospective review of more than
18,000 referrals to a single center that provided half the ambu-
latory allergy-related services in the Australian Capital Territory
and included 778 patients diagnosed with peanut allergy. They
reported that food allergy and peanut allergy diagnoses rose 10-
fold from 1995 to 2007, yet there was no difference in severity of
reactions or anaphylaxis among patients with peanut allergy over
this period. This may also reflect increased awareness and
therefore referrals for food allergy assessment, rather than only
increased prevalence. This study also reported that peanut
sensitization rose during this period; however, SPT were not
systematically performed on all patients, only those suspected of
food allergy based on personal or family history, so this increase
may reflect increased awareness and testing for food allergy.5

Interestingly, there was no increase in parent-reported food al-
lergy in repeated cross-sectional studies in China that showed an
increase in challenge-confirmed food allergy.11

The strengths of this study are that we have assessed the
prevalence of food sensitization in 2 cohorts in the same
geographic region using similar methods to define sensitization.
The HealthNuts sample is large, population based, and has good
external validity.19 In addition, we have assessed this in infancy,
where the prevalence of food sensitization is likely to be at its
highest considering that egg and milk allergy are frequently
outgrown in childhood.

A limitation of this study is that different recruitment strate-
gies and eligibility criteria were used to recruit the 2 cohorts.
However, the study designs allowed for measurement and
assessment of key demographic factors that differed between the
2 cohorts. In this case, our samples differed in terms of the family
history of allergic disease based on the sampling criteria sug-
gesting that we have not fully captured the actual “algorithm”
used to recruit and admit people to the MACS study. Despite
applying the MACS sampling criteria to HealthNuts to achieve a
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similar cohort (infants with an immediate family member with a
history of allergic disease), the MACS cohort still had a higher
number of family members with an allergic disease compared
with the high-risk HealthNuts subgroup. Although the propor-
tion of infants with SPT � 95% PPVs was similar between the 2
cohorts, another limitation is that we are unable to assess the
prevalence of true food allergy using challenge-proven outcomes
between the 2 groups. In addition, we have compared the
prevalence from a high-risk cohort born in the early 1990s with a
high-risk subgroup from a population-based study born 2006-
2010. Unfortunately, we do not have population-based data
from the early 1990s and are unable to compare time trends of
the prevalence of sensitization at the population level nor be-
tween low-risk infants.

In conclusion, we report that the prevalence of food sensiti-
zation among high-risk infants has remained stable in Mel-
bourne, Australia, since the 1990s, which does not explain the
apparent increase in food allergy and food-related anaphylaxis
reported during the same time period in this region. Given that
sensitization has not changed, the increase in food allergy could
be due to an increase in the high-risk proportion of the popu-
lation, differences in the prevalence or magnitude of association
between environmental risk factors and the risk of food allergy in
the low-risk group, or changes in the relationship between food
sensitization and food allergy. An alternative explanation is that
food allergy may not be on the rise and the apparent increase is
due to increased awareness, informal self-reported diagnosis,
formal diagnosis by health professionals, or increased number or
severity of reactions, particularly anaphylaxis.
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TABLE E1. Logistic regression models that were used in the
standardization procedure

Exposure

Adjusted

odds ratio P value

(A) Egg sensitization

Study indicator (HealthNuts) 0.84 (0.52-1.35) .466

Sex (female) 0.83 (0.71-0.97) .016

Maternal asthma 1.33 (1.08-1.63) .007

Maternal eczema 1.39 (1.13-1.7) .002

Maternal hay fever 0.86 (0.54-1.34) .499

Maternal hay fever and study interaction 1.4 (0.86-2.26) .176

Paternal asthma 1.67 (1.01-2.75) .044

Paternal asthma and study interaction 0.7 (0.4-1.21) .202

Paternal hay fever 1.69 (1.05-2.71) .029

Paternal hay fever and study interaction 0.64 (0.39-1.07) .09

Paternal eczema 1.42 (1.1-1.83) .007

Parent’s country of birth (both Australian) 1.0 e

One or both Asian 2.89 (2.37-3.54) <.001

Other 1.34 (1.11-1.62) .002

(B) Egg SPT � 4 mm

Study indicator (HealthNuts) 0.54 (0.32-0.93) .026

Sex (female) 0.72 (0.59-0.89) .002

Maternal asthma 1.27 (0.97-1.66) .077

Maternal eczema 1.42 (1.09-1.84) .009

Maternal hay fever 0.84 (0.51-1.36) .471

Maternal hay fever and study interaction 1.48 (0.86-2.53) .157

Paternal asthma 2.05 (1.2-3.51) .009

Paternal asthma and study interaction 0.46 (0.24-0.88) .018

Paternal hay fever 1.6 (0.95-2.68) .077

Paternal hay fever and study interaction 0.62 (0.35-1.11) .105

Paternal eczema 1.69 (0.97-2.94) .064

Paternal eczema and study interaction 0.72 (0.36-1.44) .354

Parent’s country of birth (both Australian) 1.0 e

One or both Asian 2.77 (2.12-3.61) <.001

Other 1.41 (1.1-1.8) .006

(C) Peanut sensitization

Study indicator (HealthNuts) 0.5 (0.38-0.67) <.001

Sex (female) 0.64 (0.53-0.78) <.001

Maternal asthma 1.34 (1.04-1.72) .023

Maternal hay fever 1.27 (1.02-1.57) .031

Paternal asthma 1.33 (1.02-1.73) .036

Paternal hay fever 1.28 (1.03-1.59) .023

Parent’s country of birth (both Australian) 1.0 e

One or both Asian 3.34 (2.6-4.28) <.001

Other 1.6 (1.26-2.02) <.001

(D) Peanut SPT � 8 mm

Study indicator (HealthNuts) 0.38 (0.21-0.69) .002

Sex (female) 0.66 (0.45-0.96) .03

Maternal asthma 0.43 (0.14-1.34) .145

Maternal asthma and study interaction 3.71 (1.07-12.79) .038

Paternal hay fever 1.97 (1.35-2.87) <.001

Parent’s country of birth (both Australian) 1.0 e

One or both Asian 3.85 (2.47-6.01) <.001

Other 1.6 (1.01-2.54) .045

(continued)

Exposure odds ratio P value

(E) Cow’s milk sensitization

Study indicator (HealthNuts) 0.2 (0.13-0.32) <.001

Sex (female) 0.84 (0.57-1.25) .4

Paternal asthma 1.55 (0.95-2.53) .081

Paternal eczema 0.79 (0.36-1.72) .545

Paternal eczema and study interaction 2.48 (0.86-7.16) .092

Paternal hay fever 1.34 (0.87-2.05) .186

Parent’s country of birth (both Australian) 1.0

One or both Asian 2.59 (1.51-4.46) .001

Other 1.27 (0.79-2.05) .327

(F) Cow’s milk SPT � 8 mm

Study indicator (HealthNuts) 0.15 (0.03-0.67) .013

Maternal eczema 6.24 (1.51-25.83) .012

Maternal food allergy 0.83 (0.19-3.58) .802

Paternal hay fever 2.63 (0.73-9.57) .141

SPT, Skin prick test.



TABLE E2. Comparison of demographic characteristics between
the whole HealthNuts and MACS cohorts

MACS

(n [ 620)

HealthNuts

(n [ 5,276) P value

Maternal allergy

Asthma 43.3 14.9 <.001

Hay fever 60.7 30.7 <.001

Eczema 38.9 14.1 <.001

Food allergy 38.6 5.6 <.001

Any allergy 82.9 44.2 <.001

Paternal allergy

Asthma 25.7 13.6 <.001

Hay fever 46.2 27.2 <.001

Eczema 20.5 7.6 <.001

Food allergy 21.1 3.6 <.001

Any allergy 61.3 37.9 <.001

Parental allergy

Asthma 61.4 26.4 <.001

Hay fever 86.9 55.6 <.001

Eczema 54.6 20.6 <.001

Food allergy 51.0 8.9 <.001

Any allergy 94.3 57.8 <.001

Sibling allergy (among those
with siblings)

Asthma 59.0 14.1 <.001

Hay fever 36.4 9.3 <.001

Eczema 64.2 27.4 <.001

Food allergy 62.5 8.8 <.001

Any allergy 90.0 40.1 <.001

Sibling allergy

No siblings 40.2 49.6 <.001

Siblings with no allergy 6.0 30.2

Siblings with any allergy 53.9 20.2

Number of immediate family
members with allergy

None 0 30.6 <.001

One 25.2 40.6

Two 51.6 23.8

Three or more 23.2 5.0

Sex (male) 51.3 50.9 .85

Eczema diagnosis in first year* 15.0 26.6 <.001

Eczema diagnosis or use of topical
steroids for rash in first year†

36.0 31.5 .03

Mother current smoker 6.3 5.7 .57

Father current smoker 18.2 15.3 .06

Parent’s country of birth

Both Australian 72.9 59.2 <.001

One or both Asian 3.1 15.9

Other 24.0 24.9

MACS, Melbourne Atopy Cohort Study.
*Parent’s report of a doctor diagnosis of eczema in the first year of life.
†Parent report of a doctor diagnosis of eczema or topical steroid use of an itchy rash
excluding the scalp or nappy area.
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