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Abstract
Background: The heterogeneity of development and progression of eczema suggests 
multiple underlying subclasses for which aetiology and prognosis may vary. A bet-
ter understanding may provide a comprehensive overview of eczema development 
and progression in childhood. Thus, we aimed to determine longitudinal eczema sub-
classes based on assessments and identify their associations with risk factors and 
allergic outcomes.
Methods: A total of 619 participants with a family history of allergic disease were as-
sessed at 24 time-points from birth to 12 years. At each time, eczema was defined as 
the report of current rash treated with topical steroid-based preparations. Longitudinal 
latent class analysis was used to determine eczema subclasses. Subsequent analyses 
using regression models assessed the associations between eczema subclasses and 
potential risk factors and allergic outcomes at 18- and 25-year follow-ups (eczema, 
allergic rhinitis, asthma and allergic sensitization).
Results: We identified five eczema subclasses ‘early-onset persistent’, ‘early-onset re-
solving’, ‘mid-onset persistent’, ‘mid-onset resolving’ and ‘minimal eczema’. Filaggrin 
null mutations were associated with the early-onset persistent (OR  =  2.58 [1.09–
6.08]) and mid-onset persistent class (OR = 2.58 [1.32–5.06]). Compared with ‘mini-
mal eczema’, participants from early-onset persistent class had higher odds of eczema 
(OR  =  11.8 [5.20–26.6]) and allergic rhinitis (OR  =  3.13 [1.43–6.85]) at 18 and at 
25 years eczema (OR = 9.37 [3.17–27.65]), allergic rhinitis (OR = 3.26 [1.07–9.93]) and 
asthma (OR = 2.91 [1.14–7.43]). Likewise, mid-onset persistent class had higher odds 
of eczema (OR = 2.59 [1.31–5.14]), allergic rhinitis (OR = 1.70 [1.00–2.89]) and asthma 
(OR = 2.00 [1.10–3.63]) at 18 and at 25 years eczema (OR = 6.75 [3.11–14–65]), aller-
gic rhinitis (OR = 2.74 [1.28–5.88]) and asthma (OR = 2.50 [1.25–5.00]). Allergic and 
food sensitization in early life was more common in those in the persistent eczema 
subclasses.
Conclusion: We identified five distinct eczema subclasses. These classes were differ-
entially associated with risk factors, suggesting differences in aetiology, and also with 
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1  |  INTRODUC TION

Eczema, also known as atopic dermatitis, is a chronic relapsing 
skin inflammatory disease characterized by defective skin bar-
rier function.1 The prevalence of eczema is around 20% in children 
and ranges from 5 to 10% in adults,2 although reported preva-
lence varies widely between regions. Filaggrin (FLG) null muta-
tions cause a skin barrier flaw which is associated with eczema.3 
However, this genetic factor is not an essential cause for eczema, 
which can develop through other biological pathways.4 Eczema 
has a heterogeneous presentation with different levels of severity, 
treatment response, age of onset and tendency to evolve to other 
atopic diseases.5

There may be different pathophysiological pathways for the devel-
opment of eczema, which have not yet been fully characterized. The 
age of onset, severity and persistence of eczema are most likely de-
termined by complex interactions between environment and genetic 
factors.2 For that reason, the concept of ‘eczema phenotypes’ has 
been suggested, rather than a simple binary classification of eczema, 
as such phenotypes can incorporate the variability of eczema devel-
opment and progression.6 The classification of eczema phenotypes 
could allow for the identification of risk factors and enhance under-
standing of patterns associated with eczema onset and progression.

Latent class analysis (LCA) is a parametric mixture method which 
can identify distinct underlying groups based on patterns over time. 
7 Five studies have explored this heterogeneity in eczema onset and 
persistence during early childhood using LCA and its association to 
other allergic outcomes.7-11 However, these studies assessed cross-
sectional associations of eczema subclasses and a limited number of 
risk factors and comorbidities at 6,9 8,10 10,8 12, 167 and 2611 years. 
These findings need to be replicated by assessing eczema subclasses 
targeting high-risk children with multiple early eczema assessments 
to draw firmer conclusions and obtain a comprehensive overview 
of eczema development and progression in childhood. Furthermore, 

the development of allergic outcomes, highlighting their potential to identify high-risk 
groups for close monitoring and intervention.
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G R A P H I C A L  A B S T R A C T
Five eczema subclasses were identified: ‘early-onset persistent’, ‘early-onset resolving’, ‘mid-onset persistent’, ‘mid-onset resolving’ 
and ‘minimal-eczema’. Filaggrin null mutations were risk factors for persistent subclasses. The early- and mid-onset persistent classes 
were associated with high allergic comorbidities at 18 and 25 years. The early-onset resolving and early-onset persistent classes may be 
differentiated by identifying those with allergic and food sensitization during the first year of life.

Key messages

•	 Five distinct eczema subclasses were identified dif-
ferentially associated with risk factors and allergic 
comorbidities

•	 Filaggrin null mutation and early allergic sensitization 
were associated with the persistent eczema subclasses.

•	 Persistent eczema subclasses were associated with high 
allergic comorbidities at age 18 and 25 years
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assessing the longitudinal associations of a broad range of risk fac-
tors encompassing individual, environmental and genetic factors 
with eczema subclasses may provide a better understanding of 
which factors contribute to the development and persistence of ec-
zema patterns.

Thus, we aimed to determine longitudinal eczema subclasses 
based on eczema prevalence at 24 time-points from birth to 12 years 
of age and identify their associations with risk factors and allergic 
outcomes up to 25 years of age using the Melbourne Atopy Cohort 
Study (MACS).

2  |  METHODS

2.1  |  Study design and population

Eczema data collected from the MACS from birth to 12  years of 
age were used to develop subclasses. MACS is a longitudinal study 
of a high-risk birth cohort that originally began as a randomized 
controlled trial (RCT).12 Eligible infants (n = 620) had at least one 
first degree family member with a history of eczema, asthma, al-
lergic rhinitis and/or severe food allergy. The recruitment process 
has been described previously.13 Eighteen telephone surveys were 
conducted in the first two years where the primary carer reported 
information on skin conditions every 4 weeks until age 15 months 
and one at each age 18 and 24 months. An annual survey from three 
to seven years was collected, and then again at 12, 18 and 25 years 
respectively. The Mercy Maternity Hospital Ethics Committee ap-
proved the initial phases of the study up to the 12-year follow-up, 
and the 18- and 25-year follow-ups were approved by the University 
of Melbourne and the Royal Children's Hospital Ethics Committees. 
All mothers provided written informed consent (up to 12 years) and 
participants provided consent at 18 and 25 years.

When the randomization factor in RCTs does not affect the 
outcome of interest, the study can be considered an observa-
tional birth cohort.14 A previously published article from MACS 
using an intention-to-treat analysis showed no difference in aller-
gic disease outcomes among the 3 randomized groups.15 Even so, 
we tested infant formula allocation as a potential predictor and 
confounder.

2.2  |  Eczema data from birth to 12 years

Up to two years, eczema at each of the 18 time-points was defined 
by parental report of persistent skin rash for more than a week in the 
last 4 weeks in the face, trunk, legs, arms and others (excluding rash 
that only affected the nappy region or scalp) and report of treatment 
with eczema medication for one or more days. From 3 to 12 years, 
eczema was defined as the parental report of one or more episodes 
of eczema in the last 12 months, located in the chest, back, stomach, 
legs or arms and medication used for eczema for one or more days.

2.3  |  Skin prick testing

At 6, 12, 24  months and 12  years standardized extracts (Bayer, 
Spokane, WA, USA) were used to test for food allergens (cow's 
milk, egg white and peanut); and aero allergens (house dust mite, 
rye grass and cat dander).16 At 18 and 25 years, the skin prick test 
(SPT) panel was expanded by two food allergens: cashew and 
shrimp (ALK Abelló, Horsholm, Denmark) and three aero allergens: 
mixed grass, Alternaria and Penicillium (Hollister-Stier, Spokane, 
WA).17 A positive SPT was defined as at least one allergen wheal 
size of greater than 2mm average diameter for children under 
2 years and 3 mm for participants older than 2 years.18 Atopy was 
defined by sensitization to at least one of the allergens tested. If 
the participant were sensitized to one or more aeroallergen, it was 
considered aero sensitization; the same definition was used for 
food allergens and food sensitization.

2.4  |  Early-life risk factors

Early-life risk factors were collected during the baseline and the 
4  weeks survey. These were chosen based on reported associa-
tions with early-life eczema in the literature.2 We classified early 
life risk factors as parental, child or environmental. Parental factors 
examined were maternal and paternal history of eczema and al-
lergy (i.e. history of eczema, allergic rhinitis or asthma), education 
(more than 15 years of education), occupation status defined using 
the Australian National University (ANU),19 smoking history (ever 
or never). Child factors included sex, weight (kg) at 4 weeks, older 
siblings (number), firstborn status, breastfeeding at 4 weeks, FLG 
null mutations20 and Serine peptidase inhibitor, Kazal type 5 (SPINK5) 
mutations.21 Environmental factors at baseline were presence of a 
dog or a cat, type of fuel used in cooking and heating, distance to 
major roads22 and annual concentration of nitrogen dioxide (NO2)23 
at baseline (Supplementary text 1) Data after 4 weeks of age were 
not used as risk factors due to the difficulty determining the se-
quence between these exposures and the development of eczema.

2.5  |  Allergic outcomes at 18 and 25 years

Allergic outcomes at age 18 and 25 were determined from sur-
veys and clinical assessments: Current eczema, allergic rhinitis and 
asthma were defined by reports of (a) one or more episode in the last 
12 months or (b) a history of the condition and use of medication for 
the condition in the previous 12 months. Allergic sensitization, aero 
sensitization and food sensitization were defined by the results of 
the SPT as defined above. Also, atopic dermatitis quick scores (ADQ) 
which measured eczema severity were collected on the 18-year 
follow-up.24 We elected not to include eczema at 18 and 25 years in 
the LCA to enable us to specify the temporal sequence of childhood 
eczema subclasses and subsequent allergic outcomes in adulthood.
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2.6  |  Statistical analysis

Longitudinal Latent Class Analysis (LLCA) was used to explore the 
heterogeneity and determine classes eczema from birth to 12 years 
of age, we modelled ‘age’ as an indicator of times when eczema 
prevalence was observed,25 a detailed description of the modelling 
approach is described in Supplementary text 1.26-29 Starting with a 
single latent class, additional classes were generated to the eczema 
model until the Bayesian and Akaike information criteria were opti-
mized.30 We included participants for whom data were available for 
at least half12 of the time-points studied. In LLCA, each participant 
is not allocated to a single class, but rather, have a probability for 
belonging to each identified class.31 For that reason, we classified 
participants in two ways: 1) Participants were assigned to the trajec-
tory class for which they had the highest posterior probability of 
membership and 2) Weights, equal to the probability of membership 
to each eczema subclass from the LLCA for each participant, were 
used in the probability-weighted regression32 models to account for 
the uncertainty in class assignment.

After the eczema subclasses were developed, we first exam-
ined the associations between the eczema subclasses (eczema 
subclasses as outcome) and established risk factors (parental, ge-
netic or child) using multinomial regression. Secondly, associations 
between eczema subclasses (eczema subclasses as exposures) and 
allergic outcomes at 18 and 25  years (eczema, allergic rhinitis, 
asthma and sensitization) were estimated using logistic regres-
sion. Directed acyclic graphs (Supplementary text 2) were devel-
oped to assess hypothesized causal relationships and to determine 

which confounders to include in each model. All analyses were 
carried out using the statistical software Stata (release 16; Stata 
Corporation).

3  |  RESULTS

A total of 619 participants had eczema data available from at least 12 
time-points (Figure 1). There were high proportions of parental ec-
zema and allergy history (Table 1). Most parents were tertiary edu-
cated. Most had an older sibling at 4 weeks of age and were exposed 
to heating and cooking by indoor combustion of solid or gas fuel.

Information was missing for 200 probands (32.3%) in the 18-year 
survey and 327 (52.8%) in the 25-year survey. There were no im-
portant differences in the baseline characteristics between those 
followed and those lost to follow-up at 18 and 25 years, except that 
those lost were more likely to have parents who were not tertiary 
educated, who smoked, had a lower occupation score and were less 
likely to have been breastfeed at 4 weeks (Table S1).

3.1  |  Eczema subclasses from birth to 12 years

A five eczema class model was found to best fit the data (Table S2), 
a 6-class model was considered but did not reach convergence. 
These groups were labelled based on the pattern of prevalence of 
eczema (Figure 2) from birth to 12 years of age (A) and a zoom-in 
version of the same analysis is presented (B) because there were 

F I G U R E  1  Participant flow diagram
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18 time-points from birth to 2 years. The ‘minimal eczema’ sub-
class (64.7%, 419/619) was characterized by very low probability 
of eczema at all times, this group was used as the reference point 
for all analyses. The ‘early-onset persistent’ (EOP) eczema sub-
class (9.7%, 59/619) had a high probability of eczema early in life, 
that peaked at around 5  years of age, and continued to have a 
high eczema probability. The ‘early-onset resolving’ (EOR) eczema 
subclass (8.7%. 51/619) was characterized by a high probability of 
eczema in the first 6 months of life that then sharply declined. The 
‘mid-onset persistent’ (MOP) eczema subclass (14.2% 74/619) had 
a low probability of eczema in the first year of life which increased 
thereafter. Finally, the ‘mid onset resolving’ (MOR) eczema sub-
class (2.7% 16/619) characterized by a sharp increase in cases at 
the one-year mark which started to decline at 2 years and com-
pletely resolved by 4 years. Furthermore, there were no important 
differences in the rates of loss to follow-up between the eczema 
subclasses.

3.2  |  Early-life risk factors

Early-life risk factors distributions were different between 
the eczema classes (Table  S3). Parental eczema history was as-
sociated with a two-fold increase in the odds of MOP (Table  2). 
Furthermore, higher occupation scores were associated with EOR. 
Overall, participants with FLG null mutations were more likely to 
be associated with the persistent subclasses, both EOP and MOP. 
Participants with SPINK5 G dominant mutation had a seven-fold 
increase in the odds of MOR. Female participants and those with 
parental allergy history had increased odds of MOP. Being first-
born was associated with decreased odds of EOP. Lastly, breast-
feeding at 4 weeks was associated with an approximately two-fold 
increase in the odds of MOP.

3.3  |  Allergic disease outcomes at 18 and 25 years

The prevalence of allergic diseases at 18 and 25 years varied widely 
between the identified eczema subclasses (Table  S4). Particularly, 
members of the EOP subclass had higher odds of all subsequent al-
lergic outcomes at ages 18 and 25 years (Table 3). Likewise, members 
of the MOP had high odds of eczema, allergic rhinitis and asthma at 
18 and 25 years.

3.4  |  Skin prick testing

The association of allergic sensitization in early life (Table 4), ado-
lescence and adulthood with eczema subclasses (Table 5) varied be-
tween subclasses. Participants in EOP had higher odds of developing 
allergic sensitization through this period, particularly food sensitiza-
tion. Moreover, those with EOP were a) more likely to be food sen-
sitized at six and 12 months than those from EOR (Table 6), b) have 
a higher proportion of very large (≥9 mm) SPT reactions to aero and 
food allergens in comparison with minimal eczema (Table  S5) and 
c) have more severe eczema symptoms than other subclasses ac-
cording to atopic dermatitis scores (Table S6). Likewise, participants 
from the MOP subclass had an increased risk of allergic sensitization, 
but this occurred from 2  years following their increase in eczema 
symptoms and continued into adolescence. In comparison with EOP 
subclass, the participants of the EOR subclasses presented smaller 
increases on the risk of allergic sensitization at 1,2 and at 18 years 
of age.

4  |  DISCUSSION

We identified 5 distinct eczema subclasses using LLCA from birth 
to 12 years of age. These subclasses were differentially associated 
with early life risk factors suggesting differences in their aetiology. 
Concerning genetic factors, both EOP and MOP were strongly as-
sociated with FLG Null and MOP with SPINK5 G dominant genotype. 

TA B L E  1  Baseline characteristics of the MACS study cohort

Characteristic Cohort (N = 619)

Parental %. (n/N)

Eczema history 54.5% (337/618)

Allergy history 89.0% (550/618)

Education (more than 15 years) 71.6% (443/619)

Occupation [ANU III score]a (Mean(SD)) 46.0 (20.59)

Ever smoking 41.8% (258/617)

Child

Female 49.1% (304/619)

Weight at 4 weeks [kg] (Mean(SD) Min-Max) 4.0 (0.6)

Older siblings (Median (IQR)) 1 (1)

Firstborn status 40.1% (248/619)

Breastfeeding 89.4% (554/619)

FLG Null 12.1% (52/429)

SPINK5b 75.3% (323/429)

RCT allocation

Standard cow's milk 33.1% (205/619)

Soy 33.6% (208/619)

Partially hydrolysed cow's milk 33.3% (206/619)

Environmental

Presence of pets 49.3% (298/604)

Combustion heatingc 75.1% (453/603)

Combustion cookingc 88.7% (535/603)

Distance to major roads <150 m 23.3% (141/605)

NO2 [ppb] (Median (IQR); 25–75%) 12.4 [3.39;10.9–
14.3]

Abbreviations: ANU, Australian National University; IQR, interquartile 
range; NO2, nitrogen dioxide ppb: parts per billion; RCT, randomized 
controlled trial; SD, standard deviation.
a Continuous score 0–100.
b Dominant G model.
c Gas, coal or wood.
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In terms of prognosis, both persistent classes were associated with a 
high allergy burden at 18 and 25. Furthermore, EOP had larger SPT 
reaction to food allergens and more severe symptoms of eczema 
than the other eczema subclasses. A positive skin prick in the first 
year of life was able to discriminate between those with early-onset 
resolving versus early onset persistent eczema, which may help in-
form treatment strategy and prognosis.

Determining distinct patterns of eczema could provide a clearer 
picture of the disease pathways. In contrast to previously reported 
eczema LCAs,7-10 we targeted high-risk children with 18 eczema 
assessments the first two years of life, permitting a more compre-
hensive overview of eczema in childhood as a basis for establishing 
subclasses. Our eczema subclasses have similar trajectories to those 
presented by Paternoster et al7 in a similar time span (from birth to 
11 and 16 years), except for the late onset resolving class which our 
analysis did not identify, possibly because we had a smaller sam-
ple size or a higher risk population. While Hu et al8 also identified 
a 5-class model, the classes identified were somewhat different; 
however, the patterns for the ‘persistent’ class were comparable 
to the persistent subclasses from our analysis. Moreover, Roduit 
et al9 and Suaini et al10 identified a 4-class model, they described 

similar trajectories to the similarly named subclasses in our model 
with minor differences. Ziyab et al11 described five sex-specific tra-
jectories, four trajectories applied to both sexes, these trajectories 
described similar eczema trends to our results. However, the late 
onset class, which was a female-specific trajectory, was not iden-
tified in our results. Other studies examined patterns of severity of 
eczema33 and the patterns of eczema into middle age34 describing 
different patterns to our results. The reason for these discrepan-
cies may be because of differences in the eczema definition, the 
number of time-points assessed, different populations (multi-ethnic 
vs predominantly Caucasian), age of assessment and study design. 
Nonetheless, studies that measured eczema during childhood de-
scribed comparable eczema patterns to our results, providing robust 
evidence of an underlying classification of this disease.

Our findings suggest that certain eczema subclasses were asso-
ciated with specific early-life risk factors. Although the association 
between parental history of eczema with childhood eczema is well 
known,35 our results suggest that is more strongly associated with 
MOP subclass despite all members of the cohort having a family his-
tory of allergic disease. Likewise, associations between female sex 
and eczema have been reported36 but the association was stronger 

F I G U R E  2  Longitudinal trajectories of 
eczema subclasses from birth to 12 years 
of age. A, Eczema subclasses from birth to 
12 years (B) Eczema subclasses in the first 
18 time-points from birth to 2 years
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TA B L E  2  Adjusted associations between eczema subclasses from 0 to 12 years and early-life characteristics compared with the minimal 
eczema class

Eczema subclassesa

Early-onset 
persistent [EOP] 
(59/619)

Early-onset 
resolving [EOR] 
(51/619)

Mid-onset persistent 
[MOP] (74/619)

Mid-onset resolving 
[MOR] (16/619)

Baseline risk factor aMOR (95% CI)b aMOR (95% CI)b aMOR (95% CI)b aMOR (95% CI)b

Parental factorsb

Parental eczema historyc 1.41 (0.79–2.51) 1.11 (0.64–1.91) 1.98(1.28–3.08)* 0.89 (0.34–2.37)

Parental allergy historyc,** 1.35 (0.49–3.74) 1.70 (0.58–4.93) 0.90 (0.48–1.67) 2.39 (0.32–17.87)

Parental education (more than 15 years) 1.59 (0.80–3.16) 0.76 (0.39–1.46) 0.66 (0.42–1.05) 1.40 (0.47–4.20)

Occupation score per SD increase 1.04 (0.73–1.45) 1.29 (1.00–1.69) 1.01 (0.78–1.30) 0.89 (0.49–1.63)

Ever smoking 0.99 (0.90–1.70) 1.08 (0.99–1.17) 0.96 (0.89–1.04) 1.01 (0.84–1.21)

Child factors

Femaled 0.79 (0.46–1.34) 1.15 (0.68–1.93) 1.68 (1.12–2.54) 0.59 (0.24–1.44)

Weight at 4 weeks (1 kg increase) 0.85 (0.52–1.39) 0.78 (0.50–1.23) 1.03 (0.69–1.52) 1.05 (0.48–2.34)

Older siblings 0.74 (0.49–1.11) 1.27 (0.90–1.78) 0.96 (0.69–1.33) 0.70 (0.34–1.43)

Firstborn status 0.35 (0.15–0.82) 1.46 (0.63–3.35) 0.64 (0.32–1.26) 0.32 (0.08–1.41)

Breastfeeding 1.22 (0.47–3.14) 0.68 (0.30–1.53) 2.13 (1.03–4.42) 1.73 (0.62–4.82)

FLG Nulld 2.58 (1.09–6.08) 1.22 (0.44–3.38) 2.58 (1.32–5.06) 1.23 (0.17–9.07)

SPINK5d 1.37 (0.62–3.02) 1.37 (0.66–2.84) 1.22 (0.70–2.14) 7.02 (3.23–32.37)

Environmental factors

Presence of pets 1.00 (0.58–1.72) 1.12 (0.66–1.91) 0.98 (0.65–1.49) 1.21 (0.49–2.95)

Heating by combustion 2.22 (0.69–7.17) 0.53 (0.25–1.11) 1.05 (0.52–2.12) 0.61 (0.17–2.18)

Cooking by combustion 0.84 (0.44–1.61) 0.74 (0.41–1.34) 0.91 (0.55–1.50) 1.89 (0.54–6.61)

Distance to mayor roads 0.75 (0.39–1.47) 0.79 (0.41–1.52) 0.87 (0.53–1.44) 0.52 (0.13–2.14)

NO2 (ppb) per unit increase 1.20 (0.87–1.66) 1.11 (0.87–1.42) 0.86 (0.64–1.15) 1.01 (0.65–1.58)

Abbreviations: 95% CI: 95% confidence interval; aMOR, adjusted multinomial odds ratio; kg, kilogram; ppb, parts per billion; SD, standard deviation.
aReference category: Minimal eczema.
bAdjusted multinomial odds ratio: sex, parental education, parental occupation, parental smoking.
cFurther adjusted for: cooking by combustion of solid or gas fuel, heating by combustion of solid or gas fuel, NO2, DMR, FLG and SPINK5, presence of 
dog or cat, older siblings, RCT: allocation, firstborn status and parental smoking history.
dUnivariable association estimates.
*P-values less than .05 are bolded.; **All participants had at least one family member with a history of allergies.

TA B L E  3  Adjusted associations between allergic outcomes at 18 and 25 years and eczema subclasses from 0 to 12 years

Eczema subclassesa
Early-onset persistent 
[EOP] (38/419)

Early-onset resolving 
[EOR] (37/419)

Mid-onset persistent 
[MOP] (54/419)

Mid-onset resolving 
[MOR] (10/419)

Allergic outcomes at 18 years aOR (95% CI)b aOR (95% CI)b aOR (95% CI)b aOR (95% CI)b

Current eczema [n:407] 11.8 (5.20–26.6)* 1.73 (0.77–3.90) 2.59 (1.31–5.14) 0.72 (0.11–4.90)

Current allergic rhinitis [n:419] 3.13 (1.43–6.85) 1.39 (0.72–2.69) 1.70 (1.00–2.89) 1.67 (0.51–5.44)

Current asthma [n:413] 2.16 (0.94–5.00) 1.92 (0.91–4.06) 2.00 (1.10–3.63) 2.96 (0.84–10.49)

Allergic outcomes at 25 years

Current eczema [n:241] 9.37 (3.17–27.65) 2.00 (0.81–4.97) 6.75 (3.11–14–65) 1.39 (0.23–8.34)

Current allergic rhinitis [n:240] 3.26 (1.07–9.93) 0.99 (0.42–2.32) 2.74 (1.28–5.88) 1.19 (0.33–4.32)

Current asthma [n:244] 2.91 (1.14–7.43) 1.53 (0.58–7.43) 2.50 (1.25–5.00) 2.23 (0.56–8.92)

Abbreviations: 95% CI, 95% confidence interval; aOR, adjusted odds ratios; n, number of observations in the regression model.
a Reference category: Minimal eczema.
bAdjusted odds ratio: sex, parental history of eczema, parental history of allergies, parental education, parental occupation, parental smoking, 
cooking by combustion of solid or gas fuel, heating by combustion of solid or gas fuel, NO2, DMR and Filaggrin null mutation.
*P-values less than .05 are bolded.
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with the MOP subclass. Breastfeeding at 4  weeks was associated 
with MOP, this may be due to breastfeeding delaying early mani-
festation of eczema37 in children who are at high risk of developing 
this condition (genetic predisposition as noted by a high rate of FLG 

null mutations). The protein filaggrin facilitates the terminal differ-
entiation of the epidermis and the formation of the skin barrier. Null 
mutations result in complete loss of processed functional filaggrin 
in the epidermis.38 Accordingly, we have observed that FLG null 

TA B L E  4  Adjusted associations between eczema subclasses and early life allergic sensitization and at 12 years with eczema subclasses as 
the outcomes

Eczema subclassesa
Early-onset persistent 
[EOP] (59/619)

Early-onset resolving 
[EOR] (51/619)

Mid-onset persistent 
[MOP] (74/619)

Mid-onset resolving 
[MOR] (16/619)

Allergic sensitization aMOR (95% CI)b aMOR (95% CI)b aMOR (95% CI)b aMOR (95% CI)b

Sensitization at 6 months

Allergic sensitization [n:554] 3.88 (2.10–7.15)* 1.14 (0.57–2.25) 1.41 (0.84–2.40) 1.48 (0.49–4.53)

Aero sensitization [n:553] 3.95 (1.87–8.36) 1.31 (0.49–3.51) 1.91 (0.93–3.91) 3.03 (0.89–10.28)

Food sensitization [n:554] 4.55 (2.45–8.47) 1.27 (0.63–2.59) 1.44 (0.81–2.54) 1.70 (0.55–5.24)

Sensitization at 1 year

Allergic sensitization [n:543] 6.34 (3.34–12.07) 2.09 (1.11–3.95) 1.41 (0.84–2.37) 5.06 (1.74–14.70)

Aero sensitization [n:543] 4.18 (2.17–8.06) 1.71 (0.82–3.60) 1.59 (0.86–2.91) 1.71 (0.45–6.40)

Food sensitization [n:543] 9.53 (4.91–18.50) 2.19 (1.12–4.30) 1.41 (0.79–2.50) 5.88 (2.21–15.67)

Sensitization at 2 years

Allergic sensitization [n:449] 3.94 (1.93–8.02) 2.37 (1.26–4.43) 2.03 (1.18–3.50) 1.49 (0.51–4.34)

Aero sensitization [n:449] 3.73 (1.89–7.37) 2.32 (1.22–4.39) 2.05 (1.17–3.59) 0.77 (0.19–3.08)

Food sensitization [n:449] 5.95 (2.81–12.59) 1.62 (0.75–3.53) 2.06 (1.10–3.87) 2.15 (0.68–6.75)

Sensitization at 12 years

Allergic sensitization [n:344] 4.58 (1.52–13.85) 1.50 (0.69–3.28) 1.90 (1.02–3.53) 1.87 (0.40–8.77)c

Aero sensitization [n:344] 4.66 (1.55–14.04) 1.54 (0.71–3.37) 1.86 (1.01–3.42) 2.00 (0.43–9.19)c

Food sensitization [n:331] 2.89 (1.11–7.54)x 1.99 (0.69–5.75) 3.34 (1.65–6.76) 1.25 (0.31–5.07)c

Abbreviations: 95% CI, 95% confidence interval; aMOR, adjusted multinomial odds ratio; n, number of observations in the regression model.
a Reference category: Minimal eczema
b Adjusted for sex, parental eczema history, parental allergy history, parental education, parental occupation, Filaggrin null mutation, outdoor and 
indoor air pollution.
c Firth penalized logistic regression.
*P-values less than .05 are bolded.

TA B L E  5  Adjusted associations between eczema subclasses as risk factor and allergic sensitization at 18 and 25 years

Eczema subclassesa
Early-onset persistent 
[EOP] (59/619)

Early-onset resolving 
[EOR] (51/619)

Mid-onset persistent 
[MOP] (74/619)

Mid-onset resolving 
[MOR] (16/619)

Allergic sensitization aOR (95% CI)b aOR (95% CI)b aOR (95% CI)b aOR (95% CI)b

Sensitization at 18 years

Allergic sensitization [n:389] 4.63 (1.67–12.79) 2.40 (1.12–5.16) 1.68 (0.94–3.00) 9.58 (7.32–41.44)c

Aero sensitization [n:389] 3.79 (1.47–9.76) 2.51 (1.17–5.40) 1.75 (0.98–3.16) 10.18(7.69–43.72)c

Food sensitization [n:382] 4.35 (1.99–9.51) 0.82 (0.26–2.60) 1.22 (0.58–2.58) 0.33 (0.10–1.09)c

Sensitization at 25 years

Allergic sensitization [n:216] 2.50 (0.76–8.17) 1.04 (0.36–3.01) 1.43 (0.67–3.04) 5.53 (0.30–87)c

Aero sensitization [n:215] 2.49 (0.76–8.14) 1.04 (0.36–3.01) 1.38 (0.65–2.94) 5.52 (0.32–87.6)c

Food sensitization [n:195] 1.33 (0.28–6.23) 0.65 (0.08–4.92) 2.68 (0.81–8.85) 0.22 (0.01–5.69)c

Abbreviations: 95% CI, 95% confidence interval; aOR, adjusted odds ratio; n, number of observations in the regression model.
a Reference category: Minimal eczema.
b Adjusted for sex, parental eczema history, parental allergy history, parental education, parental occupation, Filaggrin null mutation, outdoor and 
indoor air pollution.
c Firth penalized logistic regression.
*P-values less than .05 are bolded.
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mutations were strongly associated with both persistent eczema 
subclasses (EOP and MOP) which highlights a potential eczema 
development and progression pathway. Furthermore, SPINK5 was 
linked to eczema in a previous study which suggested that the bar-
rier function regulated by SPINK5, may also play an important role 
in the development of eczema.39  While we observed that SPINK5 
dominant G model was associated with MOR, this analysis was not 
well powered and should be interpreted with caution.

Our results suggested that eczema subclasses from birth to 
12  years were distinctly associated with allergic outcomes at 18 
and 25 years. Allergic rhinitis is an inflammatory condition affecting 
nasal mucosal membranes. Defective skin and mucous membrane 
barriers may promote sensitization to environmental allergens and 
subsequent atopic diseases.5 Even though, it has been shown that 
children with eczema have nearly three-fold increased odds of de-
veloping allergic rhinitis at 5-year follow-up compared with chil-
dren without eczema,8,40 our results suggest that those with the 

persistent subclasses were at a higher risk. Furthermore, like our re-
sults suggested having severe, early-onset, or persistent eczema fur-
ther increased the risks of developing allergic rhinitis and asthma.40 
Likewise, another study showed that children with infantile eczema 
have an increased risk of eczema, allergic rhinitis and asthma in pre-
adolescence, compared with children without eczema.41 Moreover, 
it has been estimated that approximately one-third of patients with 
eczema develop asthma and two-thirds develop allergic rhinitis.42,43 
Our results add to these findings by showing that EOP and MOP sub-
classes were at higher risk of further allergic disease. Additionally, 
children with eczema onset after 2 years have an increased risk of 
asthma,44 in accordance with our observations that MOP (eczema 
onset around 1.5  years) was associated with increased odds of 
asthma at 18 and 25 years. Our finding of increased risk of allergic 
outcomes in in children with persistent eczema subclasses provides 
support to the atopic march theory, the progression from eczema to 
other allergic diseases.5,42,43

We observed a complex pattern of coexistence of allergic sensi-
tization with eczema during early life. Although it has been showed 
that early eczema is associated with an increased risk of food al-
lergies,45-47 our results suggest that participants from the EOP and 
MOP showed stronger associations with food allergens in the first 
2 years of life. As such, a large proportion of children with eczema 
(around 30–40%) will have a coexisting food allergy45 and our results 
suggest most of these belong to the persistent eczema subclasses.

There are several strengths in this study including its design 
with a prospective cohort having 26 data points with 25  years of 
follow-up and well-characterized definitions of eczema considering 
the change of distribution in skin involvement over childhood. Also, 
we objectively assessed associations with sensitization at multiple 
time-points by SPT using international standards.18 However, our 
study also had some limitations, as the results were based on a high-
risk cohort, the identified eczema subclasses and their associations 
might not be applicable to the general population. Nevertheless, 
the subclasses identified were similar to those found in unselected 
birth cohorts.7 The definitions of eczema used in this study were se-
lected to facilitate comparison with previous studies in this area7 and 
modified from those used in previous MACS publications.15 These 
measures had high agreement with the well-established eczema 
definition from the International Study of Asthma and Allergies in 
Childhood48 (Supplementary text 3). Some of the data were self-
reported and may be subject to measurement error. We elected not 
to use doctor diagnoses in the definition of eczema to avoid bias from 
healthcare-seeking behaviour. Given the limited number of partici-
pants in the MOR class, its associations should be interpreted with 
caution. Loss to follow-up tended to be more pronounced among 
the less advantaged participants. However, there was no likely rea-
son that the exposure-outcome associations would be different in 
the non-participants and thereby cause spurious results.49  There 
were differences in the anatomical locations and time periods be-
tween the eczema definition up to 2 years and from 3 to 12 years, 
however, both included the report of eczema medication use. We 
did not include anatomical location of symptoms on the model, 

TA B L E  6  Adjusted associations between early eczema 
subclasses and early life allergic sensitization at 12 years as risk 
factors using early-onset resolving as the reference category

Allergic sensitizationa

Early onset persistent 
[EOP] (59/619)

aOR (95% CI)b

Sensitization at 6 months

Allergic sensitization [n:455] 3.41 (1.48–7.87)*

Aero sensitization [n:438] 3.02 (1.00–9.10)

Food sensitization [n:455] 3.57 (1.52–8.37)

Sensitization at 1 year

Allergic sensitization [n:478] 2.44 (1.00–5.92)

Aero sensitization [n:459] 2.04 (0.70–5.98)

Food sensitization [n:475] 4.35 (1.85–10.23)

Sensitization at 2 years

Allergic sensitization [n:402] 1.66 (0.70–3.94)

Aero sensitization [n:400] 1.61 (0.70–3.71)

Food sensitization [n:391] 3.66 (1.39–9.64)

Sensitization at 12 years

Allergic sensitization [n:344] 3.05 (0.84–11.05)

Aero sensitization [n:344] 3.02 (0.84–10.92)

Food sensitization [n:331] 1.45 (0.40–5.25)

Sensitization at 18 years

Allergic sensitization [n:381] 2.11 (0.63–7.04)

Aero sensitization [n:381] 1.68 (0.55–5.14)

Food sensitization [n:374] 5.10 (1.51–17.30)

Abbreviations: 95% CI, 95% confidence interval; aMOR, adjusted 
multinomial odds ratio; n, number of observations in the regression 
model.
a Reference category: Early onset resolving.
b Adjusted for sex, parental eczema history, parental allergy history, 
parental education, parental occupation, Filaggrin null mutation, 
outdoor and indoor air pollution.
*P-values less than .05 are bolded.
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future research should look at the evolution of anatomical location 
of symptoms, and their severity, over time. Finally, as almost all the 
participants were Caucasian and Anglo-Celtic of European descent, 
the findings may not be generalizable to other ethnicities. Future 
research should focus on evaluating eczema subclassification in dif-
ferent ethnicities while using multiple data points. At this time, there 
are no birth cohorts available with such frequent collection of data 
to replicate these results.

5  |  CONCLUSION

We have identified distinct eczema subclasses from birth to 12 years, 
that were both differentially associated with early life risk factors 
and with the development of allergic outcomes at 18 and 25 years. 
Use of these eczema subclasses may aid in the identification of risk 
factors and causes of these specific forms of eczema. Food sensi-
tization in early life can potentially serve as a marker of persistent 
eczema subclasses. This can be clinically important as the persistent 
eczema classes were strongly associated subsequent allergic dis-
eases in adulthood. It is possible that intensive treatment aimed at 
achieving eczema remission, might not only reduce the prevalence 
of eczema, but also the development of other allergic comorbidities. 
Future studies and interventions can be tailored to these eczema 
subclasses; early detection of eczema subclasses may be important 
for class-specific preventive or therapeutic strategies.
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