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ABSTRACT

Parents often question why one of their children would have asthma while their
siblings do not. With twins, this is especially perplexing. The gene-environment
interaction hypothesis suggests that early-life environmental exposures interact
with genes, leading to asthma and atopic diseases. This study sought to investi-
gate twins for potential early-life risk factors that modify the risk of asthma, allergic
rhinitis, and eczema. A paired population-based open cohort study was conducted
using health administrative data between April 1, 2004 and March 31, 2019 from
Ontario, Canada. The study population consisted of Ontario twins born between
2004-2017. Multivariable logistic regression was used to estimate adjusted odds
ratios (aOR) and 95% confidence intervals (Cl) for associations between discor-
dance of allergic conditions and early-life factors. 24,392 twin-pairs from Ontario
Canada aged 1 to 15 years were included. 15.7%, 17.9%, and 31.9% of twin-pairs
had discordant asthma, allergic rhinitis, and eczema, respectively. Compared to
female-female twin-pairs, male-female and male-male twin-pairs had 69% (95%
Cl:1.54-1.84) and 35% (95% Cl:1.23-1.49) higher odds of asthma discordance,
respectively. Twins delivered by Caesarean-section, compared to vaginal deliv-
eries, had significantly higher odds of asthma (aOR:1.09, 95% Cl:1.01-1.18) and
allergic rhinitis (aOR:1.11, 95% CI:1.04-1.20), while associations were strongly
suggested for eczema discordance (aOR:1.05, 95% CI:1.00-1.12). This popula-
tion-based study found associations of various early-life factors and discordances
of asthma, allergic rhinitis, and eczema between twins, though we lacked data
for control of zygosity and variance. While early-life factors were associated with
disease risks in children, other factors played an underlying role.

HIGHLIGHTS BOX

What is already known about this topic? Genetic factors play a key role in twin
discordance of asthma and atopic disease but knowledge of early life environ-
ment is limited. What does this article add to our knowledge? Preterm births,
older mothers, urban settings at birth, higher income, birthweight difference, and
early childhood air pollution play significant roles in twin discordance of atop-
ic diseases. How does this study impact current management guidelines?
Future research should explore the differences between twins, especially hered-
itary factors, that could address gene-environment interaction, leading to better
management and atopic disease prevention.
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INTRODUCTION

Parents often question why one of their children would
have asthma while their siblings do not. For parents,
this is especially perplexing with twins. Monozygotic
twins fully share their genetic makeup and dizygotic
twins share half their genetics, on average (1). Addi-
tionally, twins often strongly share an early-life environ-
ment. Despite these similarities, asthma discordance
between twins, where one twin has asthma and the
other does not, still occurs.

The “gene-environment” interaction hypothesis pro-
poses that early-life environmental exposures (or
lack thereof) interact with genes, leading to asth-
ma and atopic diseases (2). Previous twin studies
of asthma have found a strong genetic component,
with estimates ranging up to 60-90% (3, 4). One twin
study over ten years suggested that environmental
factors played an increasing role in modified gene
expression for asthma and asthma heritability (5).
Previous singleton and twin epidemiologic studies
have also found various maternal, environmental,
and perinatal predictors for childhood asthma and
atopic disease including maternal smoking, paren-
tal asthma history, air pollution, urban areas, and
preterm birth (6-9). Twin births differ from single-
ton births as twins are often born earlier, to older
mothers, at lighter birthweights (10), and have fac-
tors of atopic disease risk. By using twins for co-
twin matching, twin studies can underestimate the
effects of shared environment (11), but better control
for potential confounding that may not be effectively
controlled for in non-twin studies.

Thus, the objective of this study is to examine early-life
risk factors that modify the risk of asthma, allergic rhi-
nitis, and eczema in twins.

METHODS

Study Design and Population

A paired population-based open cohort study was
conducted using health administrative data between
April 1, 2004 and March 31, 2019 from Ontario, Can-
ada. The study population consisted of Ontario twins
born between 2004-2017 with a gestational age of
28-42 weeks to mothers aged between 13-45 years
(inclusive). Individuals were excluded if they had

158 |

Vol. 1(4), 157-166, 2023

missing or inconsistent birth data, had less than one
year of follow-up, had no valid Ontario health card
number or Ontario residence code, did not have a
sibling after other exclusions, or were part of a family
with more than one set of twins. Individuals were fol-
lowed from birth until they moved out of the province,
died, or reached the end of study period.

Data Sources

This study used routinely gathered health adminis-
trative data linked through unique coded identifiers,
collected through Ontario’s publicly funded universal
single-payer healthcare system and stored at ICES
(formerly the Institute for Clinical Evaluative Scienc-
es). Health administrative databases used in this study
included: hospital admissions (Canadian Institute for
Health Information Discharge Abstract Database),
emergency department visits (National Ambulatory
Care Reporting System), outpatient physician visit
claims (Ontario Health Insurance Plan Claims Data-
base), sociodemographic information (Provincial Reg-
istered Persons Database, Ontario Marginalization
Index), asthma (Ontario Asthma Surveillance Informa-
tion System), and maternal and newborn hospital birth
abstracts (MOMBABY).

Environmental data was also obtained from the Cana-
dian Urban Environmental Health Research Consor-
tium (12). Annual nitrogen dioxide (NO,), ozone (O,),
fine particulate matter of <2.5 um diameter (PM, ),
and normalized difference vegetation index (NDVI)
data were obtained for each Ontario Local Health In-
tegration Network (LHIN). Data on population counts
for each LHIN were obtained from the 2016 Canadian
census from Statistics Canada (13).

Outcome Definitions

In this study, discordance was defined as a difference
in disease outcome between twins (i.e., one twin was
diagnosed with asthma and the other was not). Indi-
viduals with physician diagnosed asthma were identi-
fied using a validated health administrative definition
of at least one hospitalization for asthma or at least
two outpatient visits for asthma in two consecutive
years. This case definition has been validated (14)
and used in previous studies (15-17). Allergic rhinitis
and eczema were physician diagnosed and identified
by a single health-service use claim.
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Statistical Analysis

In this paired cohort study, logistic regression mod-
els were used to estimate adjusted odds ratios (aOR)
and 95% confidence intervals (CI) for associations
between discordance of conditions (asthma, allergic
rhinitis, and eczema) and early-life factors. Individu-
als were paired with their twin and each twin-pair was
treated as a single observation unit. Income and On-
tario marginalization indices, NO,, O,, PM, ;.and NDVI
data were linked to twin-pairs by postal code and year
of birth. Covariates for models were selected a prio-
ri and assessed using a forward building method. All
models were controlled for sex pair (Male-Male (MM),
Male-Female (MF), Female-Female (FF)), birthweight
difference (g), LHIN, population, age (years), rurality
at birth (rural, urban), preterm birth (yes, no), mode
of delivery (vaginal, Caesarean-section (C-section)),
mother's age at birth (13-20, 21-25, 26-30, 31-35,
36-38, 39-45), ethnic concentration (quintile), income
(quintile), dependency (quintile), residential instabili-
ty (quintile), NO, (ppb), O, (ppb), PM,, (ug/m?), and
NDVI. Table S1 has further definitions.

Interactions between sex pair and age, sex pair and
NO,, sex pair and O,, and sex pair and PM,, were
assessed. Age was also assessed for a non-linear
relationship using a 3-, 4-, and 5-knot restricted cu-
bic spline for each model. Tests for linear trend used
the Wald test with x2 where categories of intake were
modelled as a continuous variable. Model differenc-
es were assessed using likelihood ratio tests. Model
fitting was also assessed by plotting residuals and
fitted values and assessed for multicollinearity with
variance inflation factors. All covariates had <1.5%

Table S1. Variable definitions

missing. Sensitivity analyses were conducted with
those with missing values removed. Statistical signifi-
cance was defined where p-values were <0.05. All re-
gression analyses were performed in SAS Enterprise
Guide software (v7.15; SAS Institute Inc., Cary, NC).
Graphics were created using R software (v.4.0.2) (18)
and SAS Enterprise Guide software (v7.15).

RESULTS

Descriptive Results

Among the 24,392 twin-pairs, 3,817 (15.5%), 4,362
(17.9%), and 7,779 (31.9%) twin-pairs were asthma,
allergic rhinitis, and eczema discordant respective-
ly. Approximately half of all twins were male, where
32.6% of twin-pairs were male-male and 35.4% were
male-female. Table 1 shows a summary of character-
istics by chosen covariates used in multivariate mod-
els. The average age of the twin-pairs was 8.2 years,
they were more likely at higher income quintiles, to be
born pre-term, and delivered by C-section.

Univariate Regression Results

Univariate analysis between asthma discordance and
early-life factors found several significant associations
including sex pair, rurality at birth, birth type, pre-term
,5 and NDVI. Similar
univariate associations were found for allergic rhinitis

at birth, and exposures to O,, PM

and eczema discordance.

Multivariate Regression Results — Demographic
Factors

After adjusting for covariates, asthma discordance
was significantly associated with the sexes of twins.

Variable Definition
Pre-term birth Birth before 37 weeks of gestational age.
Rurality An area with a population of less than 10.000 people.

Ontario Marginalization Indices *

Residential Instability
housing instability.

Dependency
Ethnic Concentration

Area-level concentrations of people who experience high rates of family or

Area-level concentrations of people who do not have income from employment.
High area-level concentrations of people who are recent immigrants and/or people

belonging to a “visible minority” group (defined by Statistics Canada as “persons,
other than aboriginal peoples, who are non-Caucasian in race or non-white in colour”).

T Matheson FI, van Ingen T. 2016 Ontario marginalization index: user guide. Toronto, ON: St. Michael’'s Hospital; 2018.

Joint publication with Public Health Ontario.
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Table 1. Descriptive statistics of Ontario twin-pairs by chosen co-
variates.

All

N 24392

Age of diagnosis 8.2 (3.7)

(Years) (mean(SD))

Sex pair (n(%)) Male-Male 7958 (32.6)
Male-Female 8638 (35.4)
Female- 7796 (32)
Female

BIRTH FACTORS

Birthweight 293 (253)

difference (g) (mean

(SD))

Preterm birth (n(%)) Yes 13178

(54.0)

Mode of delivery C-section 15251

(n(%)) (62.5)

Mother’s age at birth  13-20 495 (2.0)

(n(%)) 21-25 2314 (9.5)
26-30 6575 (27.0)
31-35 9330 (38.3)
36-38 3548 (14.6)
39-45 2130 (8.7)

DEMOGRAPHIC

FACTORS

Income quintile (n(%)) 1 (lowest) 4391 (18.0)
2 4586 (18.8)
3 4939 (20.3)
4 5603 (23.0)
5 (highest) 4793 (19.7)

Rurality at birth(n(%)) Rural 2216 (9.1)

ENVIRONMENTAL

FACTORS

NDVI (mean (SD)) 0.4 (0.1)

NO, (ppb) (mean (SD)) 11.5 (6.2)

O, (ppb) (mean (SD)) 259 (3.4)

PM, . (ug/m?®) (mean 8.1(1.6)

(SD))

Compared to FF twin-pairs, MF and MM twin-pairs
had 69% (95% CI: 1.54-1.84) and 35% (95% CI: 1.23-
1.49) higher odds of asthma discordance, respectively.
Similarly, after adjusting for covariates, MF twin-pairs

were significantly associated with 29% (95% CI: 1.19-
1.40) and 13% (95% CI: 1.04-1.24) increased odds of
allergic rhinitis and eczema discordance, respectively,
while MM twin-pairs were significantly associated with
higher odds of allergic rhinitis discordance (aOR: 1.16,
95% CI: 1.09-1.24) but not for eczema discordance
(aOR: 1.04, 95% CI: 0.97-1.11), compared to FF twin-
pairs (Figure 1).

Outcome Sex Pair aOR  95% CI
Asthma MF 1.68* 1.54-1.84 -
MM 1.35% 1.23-1.49 ——
FF Ref | |
Allergic Rhinitis MF 1.29* 1.19-1.40 ——
MM 1.13* 1.04-1.24 -
FF Ref | |
Eczema MF 1.16* 1.09-1.24 -
MM 1.04 0.97-1.11 -
FF Ref n

[ I T I T 1
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Figure 1. Adjusted odds ratios of discordant atopic conditions by sex
pair. Adjusted for age, birthweight difference, LHIN, population, rurality
at birth, preterm birth, mode of delivery, mother’s age at birth, ethnic
concentration, income, dependency, residential instability, NO,, Og,
PM, , and NDVI. *p < 0.01.

Age was found to have a significant non-linear asso-
ciation where each year of increase in age increased
discordance odds before age eight (aOR: 1.17, 95% Cl:
1.13-1.20; aOR: 1.38, 95% CI: 1.33-1.43; aOR: 1.07,
95% CI: 1.05-1.10) and decreased odds after age eight
(aOR: 0.99, 95% CI: 0.99-0.99; aOR: 0.98, 95% CI:
0.98-0.99; aOR: 0.995, 95% CI: 0.99-1.00) for asthma,
allergic rhinitis, and eczema discordances, respective-
ly, after adjusting for covariates (Figure 2). Additional-
ly, twin-pairs who lived in urban areas had significantly
increased odds of allergic rhinitis and eczema discor-
dances by 21% (95% CI: 1.03-1.43) and 28% (95% ClI:
1.14-1.45), respectively, compared to twin-pairs who
lived in rural areas, after adjusting for covariates.
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Figure 2. Odds of twin-pair discordance by disease outcome and age for asthma (purple), allergic rhinitis (orange), and eczema (dark blue). Adjusted
for sex pair, birthweight difference, LHIN, population, age, rurality at birth, preterm birth, mode of delivery, mother’s age at birth, ethnic concentration,

income, dependency, residential instability, NO,, O,, PM, ., and NDVI.

Multivariate Regression Results — Birth and
Environmental Factors

Twins who were delivered via C-section had signifi-
cantly higher odds of asthma (aOR: 1.09, 95% CI:
1.01-1.18) and allergic rhinitis (aOR: 1.11, 95% CI:
1.04-1.20) discordances, compared to pairs who were
delivered vaginally, after adjusting for covariates. An
association with eczema discordance (aOR: 1.05,
95% CI: 1.00-1.12) was also suggested (p = 0.067).
Preterm birth was also a significant factor where twins
that were born preterm had 23% (95% CI: 1.15-1.33)
increased odds of asthma discordance compared to
twins who were not, adjusting for covariates. O, lev-
els at birth were negatively associated with asthma
discordance and PM,, levels at birth were strongly
suggested to be positively associated with asthma
discordance (p = 0.051) (Table 2). Mother’s age at
time of birth (p-trend: <0.01) was also a significant-

ly associated factor for allergic rhinitis discordance
while higher income quintiles (p-trend: 0.09) and
birthweight difference were significantly and positive-
ly associated with eczema discordance (Table 2).

Multivariate Regression Results — Interactions
and Splines

No significant interactions between sex pairs and NO,,
O,, or PM,  were found in any of the models. Non-lin-
ear models with a 3-knot spline for age were found to
be a better fit than the linear, 4-knot, and 5-knot mod-
els in full multivariate analysis. Sensitivity analyses
showed our findings to be robust.

DISCUSSION

This study, comprised of 16 years of population-based
data, examined over 24,000 twin-pairs and associat-
ed asthma, allergic rhinitis, and eczema discordance
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Table 2. Adjusted odds ratios and 95% confidence intervals of chosen variables for atopic discordance. Adjusted for sex pair, age, LHIN, popula-
tion, ethnic concentration, dependency, residential instability, and other variables listed.

Allergic Rhinitis

Asthma Discordant Discordant Eczema Discordant
aOR 95% CI aOR 95% Cl aOR 95% CI

Birthweight
difference Per 100g 1.01 0.99-1.02 1.00 0.99-1.02 1.012 1.00-1.02
Rurality at birth Urban 1.12 0.95-1.32 1.212 1.03-1.43 1.282 1.14-1.45
Preterm birth Yes 1.232 1.15-1.33 1.04 0.97-1.11 0.96 0.91-1.02
Mode of delivery C-section 1.092 1.01-1.18 1.112 1.04-1.20 1.05 1.00-1.12

13-20 Ref - Ref - Ref -

21-25 1.32 0.98-1.78 1.22 0.90-1.65 1.02 0.82-1.28
Mother’s age at birth 26-30 1.26 0.94-1.68 1.442 1.08-1.91 1.12 0.91-1.38

31-35 1.25 0.94-1.67 1.61° 1.21-2.14 1.01 0.90-1.35

36-38 1.20 0.90-1.62 1.582 1.18-2.12 1.00 0.81-1.24

39-45 1.20 0.88-1.63 1.60° 1.19-2.18 1.14 0.91-1.42

1 (lowest) Ref - Ref - Ref -

2 0.98 0.87-1.11 1.10 0.98-1.24 1.102 1.00-1.21
Income quintile 3 1.00 0.88-1.14 0.99 0.87-1.12 1.112 1.01-1.23

4 1.04 0.91-1.19 1.12 0.98-1.27 1.142 1.03-1.27

5 (highest) 1.04 0.90-1.20 1.12 0.97-1.28 1.07 0.96-1.20
NDVI 0.76 0.55-1.07 0.86 0.62-1.19 1.01 0.78-1.30
NO, Per ppb 0.99 0.98-1.00 1.01 0.997-1.02 0.99 0.99-1.00
o, Per ppb 0.98° 0.96-0.99 0.99 0.97-1.00 1.01 0.996-1.02
PM, Per ug/m?® 1.04 1.00-1.09 1.02 0.98-1.07 1.02 0.99-1.06

ap <0.05.

with early-life factors including newborn, maternal, so-
cial, and environmental factors. To our knowledge, this
study is one of few that used population-based data to
examine twins’ discordance of diseases as a primary
point of analysis and the first population-based Cana-
dian cohort study that examined factors associated
with differences in asthma and atopic disease risks
between twins. Our study found strong and significant
positive associations between sexes, birth type, age,
and discordance of atopic diseases in multivariate
analysis. Preterm births were positively associated
with asthma discordance, older mothers, and urban
settings at birth with allergic rhinitis discordance, and
higher income, urban settings at birth, and birthweight
difference with eczema discordance. O, levels at birth
had significant negative associations on asthma dis-
cordance and PM, , levels at birth had a strongly sug-
gested positive association with asthma discordance.

For the discordance of atopic conditions, MM and MF
sex pairs displayed significant associations, with op-
posing sexes having a stronger effect. Previous stud-
ies have established similar findings that male gender
is a larger risk factor compared to females at young
ages (10, 19-21). While this study could not account
for differences in zygosity between twin-pairs, it has
been shown that dizygotic twin-pairs are more likely
to be disease-discordant than monozygotic pairs with
certain risk factors (22). This could explain some of
the differences of associations between MF and MM/
FF since MF twin-pairs are dizygotic, but MM and FF
pairs can be monozygotic. Hence, sex may be a po-
tential confounder for disease.

Similar patterns of change over age have been found
in other studies. One Danish study on twins aged
3-71 found that hereditary factors of asthma suscep-
tibility decreased with age while another on Danish
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twins aged 20-70 showed that onset of asthma in one
twin led to the decreased risk of asthma in the co-twin
(4, 23). Another twin study in Puerto Rico also found
that asthma had a more significant genetic compo-
nent at age three than age one (24).

The perinatal risk factors of atopic disease discor-
dance observed in this study are largely in line with
previous findings of atopic conditions. In particular,
this study found that birth by C-section was a signif-
icant factor for discordance of asthma and allergic
rhinitis but not eczema. In agreement, meta-analyses
have found C-sections increased risk by 20% for asth-
ma (25, 26) and allergic rhinitis, but not eczema (26).
Some (27, 28), but not all (6), twin studies have found
similar increases in risk of asthma. While this study
could not explore this interaction further, it is suggest-
ed that there was a strong interaction between mode
of delivery and genetic factors (family allergy history)
that modifies the risk of asthma (29).

Our study also found that twins born preterm had
higher chances of asthma discordance. While preterm
birth is a risk factor for atopic disease in singleton
studies (9), our findings contrast those of Rasanen
et al. (21). Finnish twin study which found no signif-
icant association with asthma. However, Kahr et al.
(6). Danish twin study also found a similar association
with asthma among twins born prematurely (gesta-
tional age <32 weeks). Evidence suggests that ma-
ternal genetic makeup may causally link preterm birth
and children’s asthma, where some mothers with
asthma have shorter pregnancies, or that preterm
birth may result in underdeveloped lungs either an-
atomically or immunologically, possibly causing chil-
dren to be more susceptible to risk factors of asthma
later in life (9). However, birthweight difference be-
tween twins was not found to be significant factor for
discordant asthma or allergic rhinitis in this study, only
eczema. One previous twin study found similar re-
sults with discordant asthma (21). Another contrasts
our finding, where there was a significant association
with higher birthweight differences and higher asthma
risk in monozygotic twins than dizygotic twins (10).
Environmental factors had mixed results in this study.
Twins born in urban settings had greater odds of aller-
gic rhinitis and eczema discordance but not asthma.
However, two Canadian studies previously found that

PEDIATR RESPIR J

farming environments reduced the risk of childhood
asthma (7, 20). O, was found to reduce the chance
of asthma discordance while PM, , was strongly sug-
gested to be associated with increased chances of
asthma discordance. It is unclear whether environ-
mental factors in a shared environment can contrib-
ute to discordance between twins. Previous works
have found that NO,, O,, and PM, ; are risk factors
for asthma (8), allergic rhinitis (30), and eczema (8)
incidence, though evidence is inconsistent (31, 32).
There may be unmeasured or residual confounding
that contributes to the differences in odds of out-
comes in twins that is beyond the shared genetics
and environment.

The strength of this study is the use of popula-
tion-based health administrative data, allowing this
study to collect information on atopic conditions,
healthcare use, and births on all Ontario twin res-
idents over a 15-year period with minimal missing
data. The use of this data source created a large pop-
ulation set that also minimized selection or response
bias. However, this study has limitations. This study
could not examine and control for certain factors,
such as maternal smoking and parental asthma histo-
ry, as data were not available. Most notably, the lack
of genetic data prevented this study to stratify by zy-
gosity, to further control for genetic variance, and to
detect gene-environment modifications from early life
exposures. As such, there is a risk that each twin may
have significantly different life habits. Furthermore,
this study only had environmental data based on the
birth year of each twin-pair and had no location-based
data in twin-pairs’ older years, limiting this study’s
ability to examine the cumulative effects of the en-
vironment on health outcomes. Moreover, given that
the air pollution data used was by LHIN, the distance
from the measurement station to children’s schools
and homes may lead to potential measurement bias.
While there are regional variations in air quality, a pre-
vious study by To et al. suggested that the variation
is relatively small across Ontario (33). Therefore, we
do not expect a significant level of measurement bias.
Finally, comparison of this study’s results to previous
research was limited given that there have been only
a few publications on early-life factors and atopic dis-
ease discordance.
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CONCLUSIONS

In summary, this study associated various early-life
factors with: 1) the incidence of asthma and atopic
conditions and 2) the differences in condition out-
comes between twins. Although early-life factors
were associated with asthma and atopic condition
discordance, genetic factors played a strong under-
lying role, though we lacked the genetic data to fur-
ther control for zygosity and variance. Despite strong
overlaps in genetic and environmental factors, resid-
ual factors remained to create condition discordance
between twins. Future research should continue to
examine twin discordance to further explore and iden-
tify risk factors of disease.
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