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ABSTRACT

Background: Some studies have shown associations of maternal age at delivery with asthma and
food allergy in offspring. However, the relationship between maternal age at delivery and allergic
rhinitis is largely unclear. This study aimed to investigate the association between maternal age at
delivery and allergic rhinitis in a population sample of Asian children, and to explore potential
effect modifiers.

Methods: A total of 1344 singleton-birth children (763 boys, 56.8%; mean age, 6.4 years)
participating in the Longitudinal Investigation of Global Health in Taiwanese Schoolchildren
(LIGHTS) cohort were evaluated by a modified International Study of Asthma and Allergies in
Childhood (ISAAC) questionnaire and interviewed by pediatricians. Allergic sensitization was
determined by using Phadiatop Infant. Multiple logistic regression models with covariates
adjustment were performed to investigate the association of maternal age at delivery with allergic
rhinitis and allergic sensitization in offspring.

Results: Among 1344 study children, 793 (59%) had physician-diagnosed allergic rhinitis.
Advanced maternal age at delivery (>40 years) was significantly associated with increased odds of
allergic rhinitis (adjusted odds ratio [AOR] = 4.58, 95% confidence interval [Cl]: 1.90-11.03) and
allergic sensitization (AOR = 2.86, 95% Cl: 1.13-7.22) in offspring. A sex-stratified analysis
revealed that the association of advanced maternal age with allergic rhinitis was statistically sig-
nificant only in female offspring (AOR = 7.02, 95% CI: 1.89-26.14). Stratified analyses by birth
order or environmental tobacco smoke exposure during pregnancy did not reveal any significant
differences.

Conclusion: Advanced maternal age at delivery was associated with increased risk of allergic
rhinitis in Asian children, probably more pronounced among girls.
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INTRODUCTION

The increasing prevalence of allergic diseases
worldwide has been a concern in the past few
decades.’ The International Study of Asthma and
Allergies in Childhood (ISAAC) studies have
reported a rising prevalence of allergic
rhinoconjunctivitis in many countries around the
world. Particularly, Taiwan has the highest
prevalence of allergic rhinoconjunctivitis in
children aged 6-7 years among 37 countries, and
the prevalence has increased by 166% during a
7-year period." Rising prevalence of allergic
rhinitis has led to substantial economic impact
and dramatic reduction in quality of life in
children with allergic rhinitis and their family.*>
At present, the causes of allergic rhinitis still are
not fully understood. Sex, birth order,
environmental tobacco smoke (ETS) exposure,
and family history of allergic diseases have been
found to be associated with allergic rhinitis in
children.®”

There has been a trend toward increasing
maternal age at delivery in many countries,
including Taiwan.®"? Growing attention has been
paid in recent years toward ascertaining adverse
outcomes in  older mothers and their
offspring.”""? A study conducted by Hsieh et al
in Taiwan revealed an increasing trend in the
mean maternal age at delivery, as the proportion
of women giving birth at age 35 or older
increased from 11.4% in 1990 to 19.1% in
2003."% They have also found that advanced
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Fig. 1 Schematic presentation of the recruitment process of the
study participants. LIGHTS: Longitudinal Investigation of Global
Health in Taiwanese Schoolchildren

maternal age at delivery was significantly
associated with adverse pregnancy and perinatal
complications. In a case-control study in the U.S.,
maternal age over 30 years at delivery was an in-
dependent predictor of food allergy in their chil-
dren.’® Several studies have shown associations
between maternal age at delivery and risk of
asthma in offspring; however, this relationship
was inconsistent across different countries,’* 1”7
suggesting that there may be ethnic differences
in the relationship between maternal age at
delivery and development of allergic diseases in
offspring. To date, the relationship between
maternal age at delivery and the development of
childhood allergic rhinitis has not been fully
explored.'®24

Although the exact cause of the rapid rise in
prevalence of allergic rhinitis in children in Taiwan
remains unclear, the trend toward increasing
maternal age at delivery during the last decades
coincides with the rising prevalence of allergic
rhinitis, indicating a potential relationship between
maternal age at delivery and allergic rhinitis in
offspring. In a large prospective population-based
cohort study, we aimed to investigate whether
maternal age at delivery was associated with
allergic rhinitis in Asian children in Taiwan and to
assess potential effect modifiers, specifically, sex,
birth order, and ETS exposure during pregnancy.

METHODS
Study design and subjects

The study population included 1344 singleton-
birth children participating in the Longitudinal
Investigation of Global Health in Taiwanese
Schoolchildren (LIGHTS) study, a prospective
population-based cohort study designed to
longitudinally investigate the effects of early-life
environmental exposures and genetic predisposi-
tion on childhood health outcomes, particularly
allergic diseases. A total of 1513 children born in
2010-2011 in the Chang Gung Memorial Hospital
attended a follow-up visit of the LIGHTS cohort at
the mean age of 6.5 years. After excluding multiple
births (n = 162) and missing data on allergic
rhinitis (n = 7), 1344 children were included in the
current study. The flow chart for subject recruit-
ment is depicted in Fig. 1. The perinatal health
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Allergic rhinitis

Characteristic All (n = 1344)

No (n = 551)

Maternal age at delivery, n (%) 0.027

<25 years 48 (3.6) 26 (3.3) 22 (4.0)
25-29 years 337 (25.1) | 204 |(25.7) | 133 |[(24.1)
30-34 years 654 (48.7) | 392 |(49.4) |262 |(47.5)
35-39 years 262 (19.5) 138 |(17.4) |124 |(22.5)

>40 years 43 (3.2) 33 (4.2) 10 (1.8)

Age, year (mean £ SD) 6.4+04 6.5+04 64+04 0.127

Male, n (%) 763 (56.8) | 468 |[(59.0) | 295 |(53.5) 0.046

Prematurityb, n (%) 0.334
Term 1139 1 (84.7) | 671 |(84.6) | 468 |(84.9)

Late preterm 156 (11.6) 96 (12.1) 60 (10.9)
Very preterm 11 (0.8) 8 (1.0) 3 (0.5)
Extremely preterm 38 (2.8) 18 (2.3) 20 (3.6)

Birth order, n (%) <0.001
First 752 (56.0) | 487 |[(61.4) |265 |(48.1)

Second 481 (35.8) | 259 |[(32.7) |222 |(40.3)
Third or later 111 (8.3) 47 (5.9) 64 (11.6)

Cesarean delivery, n (%) 479 (35.6) | 278 |(35.1) | 201 (36.5) 0.592

Pregnancy-related complications, n (%) 83 (6.2) 48 (6.1) 35 (6.4) 0.823

Maternal allergic diseases, n (%) 613 (45.9) 424 | (53.9) |189 |(34.4) |<0.001

Paternal allergic diseases, n (%) 683 (51.0) |446 |(56.6) |237 |(43.1) |<0.001

Maternal ethnicity, n (%) 0.504
Chinese 1318 (98.1) |776 |(97.9) |542 |(98.4)
Non-Chinese 26 (1.9) 17 (2.1) 9 (1.6)

Paternal ethnicity, n (%) 0.714
Chinese 1340 |(99.7) |[791 (99.7) | 549 |(99.6)
Non-Chinese 4 (0.3) 2 (0.3) 2 (0.4)

Maternal smoking, n (%) 44 (3.3) 27 (3.4) 17 (3.1) 0.751

Paternal smoking, n (%) 401 (29.8) 232 |(29.3) |169 |(30.7) 0.577

ETS exposure during pregnancy, n (%) 547 (41.7) 1314 |(40.7) |233 |(43.1) 0.397

Maternal university education, n (%) 1075 [(80.3) | 639 |(80.9) |436 |(79.4) 0.506

Paternal university education, n (%) 1013 | (76.8) | 607 |(78.3) |406 |(74.6) 0.118

Household income per year, n (%) 0.395
<300,000 NTD 43 (3.2) 20 (2.5) 23 (4.2)
300,000~600,000 NTD 221 (16.6) | 125 |[(15.9) 96 (17.6)
600,000~900,000 NTD 291 (21.8) 178 |(22.6) | 113 |(20.7)
900,000~1,200,000 NTD 371 (27.8) | 223 |(28.3) |148 |(27.1)
>1,200,000 NTD 408 (30.6) | 242 |(30.7) |166 |(30.4)

Table 1. Characteristics of study participants by allergic rhinitis. n: number, SD: standard deviation, NTD: New Taiwan Dollar. a. P value is obtained
from ANOVA test (continuous variables) or chi-squared test (categorical variables). P < 0.05 is bold. b. Classified based on gestational age: term (>37 weeks),
late preterm (32 - <37 weeks), very preterm (28 - <32 weeks), and extremely preterm (<28 weeks).
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information was obtained from electronic medical
records (EMR) in the Chang Gung Memorial
Hospital. Demographic and epidemiologic data,
general health information, and clinical data were
collected using a modified ISAAC questionnaire,
which was provided by parents of study children.
An interview conducted by pediatricians was
applied to all participants. Blood samples were
drawn for subsequent measurement of serum
allergen-specific immunoglobulin E (IgE). The
study was approved by the Institutional Review
Board of Chang Gung Medical Foundation (No.
201600334A3). Written informed consent was
provided by the parent or legal guardian of each
participant.

Maternal age at delivery

Information of maternal birth date was obtained
from the EMR in the Chang Gung Memorial Hos-
pital. The maternal age at delivery was calculated
based on the date of delivery and categorized into
the following five groups: <25, 25-29, 30-34, 35-
39, and >40 years, accordingly. The group of 30-
34 years was treated as the reference group in
subsequent analyses.

Outcome assessment

The main outcome of this study was allergic
rhinitis. Information on symptoms of allergic
rhinitis was collected using the modified ISAAC
questionnaire. Parents of study children answered
the following rhinitis related questions: “Has your
child ever had a problem with sneezing, or a runny
or blocked nose when he/she did not have a
cold?” (defined as ever rhinitis); and “In the past 12
months, has your child had a problem with
sneezing, or a runny or blocked nose when he/she
did not have a cold?” (defined as current rhinitis).
The diagnosis of allergic rhinitis was made through
a comprehensive history and physical examination
during an interview by pediatricians using the
allergic rhinitis and its impact on asthma (ARIA)
guideline?® (defined as physician-diagnosed
allergic rhinitis). Allergic sensitization was defined
based on Phadiatop Infant test result (>0.35 PAU/
L) (Phadia, Uppsala, Sweden), a reliable alternative
to skin prick test for measuring allergen-specific
IgE against the following allergens: house dust

mite, cat, dog, birch, timothy, ragweed, wall pelli-
tory, egg white, cow's milk, peanut, and shrimp.?®

Statistical analysis

For demographic characteristics, categorical
variables were compared and tested using chi-
squared test; continuous variables were tested
using analysis of variance (ANOVA). Multiple lo-
gistic regression analyses were applied to examine
the associations between maternal age at delivery
and outcomes of interest, including physician-
diagnosed allergic rhinitis, ever rhinitis, current
rhinitis, and allergic sensitization, with adjustment
of relevant covariates. Maternal age at delivery was
analyzed either as a categorical variable with five
groups (<25, 25-29, 30-34 [reference group], 35-
39, and >40 years) or as a continuous variable. The
adjusted covariates were listed as follows: child's
age, sex, prematurity (based on gestational age
[GA]: term [ >37 weeks], late preterm [32 - <37
weeks], very preterm [28 - <32 weeks], and
extremely preterm [<28 weeks]),?” birth order,
cesarean delivery, pregnancy-related complica-
tions (hypertension, preeclampsia, and gestational
diabetes mellitus), parental allergic diseases,
parental ethnicity, parental smoking status,
parental education, and household income. To
evaluate potential effect modification, we per-
formed subgroup analysis, stratified by child's sex,
birth order, and ETS exposure during pregnancy,
separately. P-values less than 0.05 were consid-
ered statistically significant. We used the statistical
program SPSS 22.0 (IBM Corp., Armonk, NY, USA)
for data analysis.

RESULTS
Subject characteristics by maternal age at delivery

A total of 1344 children were included in this
study. The mean age was 6.4 years (standard de-
viation [SD]: 0.4) and 56.8% of participants were
male. The prevalence of physician-diagnosed
allergic rhinitis, ever rhinitis, current rhinitis, and
allergic sensitization was 59.0%, 68.1%, 65.7%, and
65.1%, respectively. With increasing maternal age
at delivery, participants tended to have higher
proportions of cesarean delivery, higher parental
education level and higher household income, and
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lower proportions of being a first-born child and
ETS exposure during pregnancy (Table S1).

Association between maternal age at delivery and
allergic rhinitis

Table 1 shows the characteristics of the study
participants grouped by allergic rhinitis status.
Children  with allergic rhinitis had higher
proportions of being born to mothers aged 40

years and above, male, being a first-born child,
and parental allergic diseases, compared to those
without allergic rhinitis.

A significant positive association was found be-
tween advanced maternal age at delivery (>40
years) and physician-diagnosed allergic rhinitis
(adjusted odds ratio [AOR] = 4.58, 95% confi-
dence interval [CI]: 1.90-11.03), after adjusting for

Outcome Maternal age at delivery, years AOR (95% CI) P
Allergic rhinitis <25 0.56 (0.28-1.10) 0.093
25-29 0.91 (0.68-1.23) 0.559
30-34 Reference -
35-39 0.88 (0.64-1.20) 0.406
>40 4.58 (1.90-11.03) 0.001
per 5-year continuous increase 1.18 (1.01-1.39) 0.045
Ever rhinitis <25 0.58 (0.29-1.18) 0.133
25-29 0.92 (0.67-1.27) 0.627
30-34 Reference -
35-39 0.86 (0.62-1.19) 0.358
>40 3.62 (1.43-9.13) 0.006
per 5-year continuous increase 1.12 (0.94-1.32) 0.205
Current rhinitis <25 0.62 (0.30-1.25) 0.180
25-29 0.87 (0.64-1.19) 0.381
30-34 Reference -
35-39 0.87 (0.63-1.21) 0.405
>40 2.26 (1.01-5.08) 0.049
per 5-year continuous increase 1.10 (0.93-1.30) 0.250
Allergic sensitization <25 1.03 (0.50-2.12) 0.946
25-29 0.82 (0.61-1.12) 0.209
30-34 Reference -
35-39 1.09 (0.79-1.52) 0.594
>40 2.86 (1.13-7.22) 0.026
per 5-year continuous increase 1.16 (0.98-1.37) 0.081

Table 2. Associations of maternal age at delivery with allergic rhinitis and rhinitis symptoms in offspring. AOR: adjusted odds ratio, ClI:
confidence interval. a. Covariates included in the adjusted models are child's age, sex, prematurity, birth order, cesarean delivery, pregnancy-related
complications, parental allergic diseases, parental ethnicity, parental smoking status, parental education, and household income. P < 0.05 is bold.
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child's age, sex, prematurity, birth order, cesarean
delivery, pregnancy-related complications,
parental allergic diseases, parental ethnicity,
parental smoking status, parental education, and
household income (Table 2). Maternal age >40
years was also associated with a significantly

increased odds of physician-diagnosed allergic
rhinitis (AOR = 5.24, 95% Cl: 2.14-12.81)
compared to maternal age 35-39 years. In the
model with maternal age at delivery treated as a
continuous variable, every five year increase in
maternal age was associated with a 18% increase

Characteristic AOR (95% ClI) P
Child's age 1.39 (1.04-1.86) 0.027
Sex

Female Reference -

Male 1.27 (1.00-1.61) 0.046
Prematurity”

Term Reference -

Late preterm 1.15 (0.79-1.68) 0.475

Very preterm 2.66 (0.66-10.74) 0.170

Extremely preterm 0.62 (0.31-1.26) 0.185
Birth order

First Reference -

Second 0.59 (0.46-0.76) <0.001

Third or later 0.41 (0.27-0.65) <0.001
Cesarean delivery 0.92 (0.71-1.18) 0.504
Pregnancy-related complications 1.03 (0.62-1.73) 0.904
Maternal allergic diseases 2.24 (1.76-2.85) <0.001
Paternal allergic diseases 1.63 (1.29-2.06) <0.001
Maternal ethnicity

Chinese Reference -

Non-Chinese 2.08 (0.78-5.58) 0.145
Paternal ethnicity

Chinese Reference -

Non-Chinese 0.35 (0.04-3.01) 0.336
Maternal smoking 1.24 (0.58-2.65) 0.572
Paternal smoking 1.02 (0.77-1.34) 0.914
Maternal university education 0.73 (0.50-1.04) 0.084
Paternal university education 1.13 (0.81-1.57) 0.490
Household income per year

<300,000 NTD 0.56 (0.27-1.18) 0.129

300,000~600,000 NTD 0.78 (0.53-1.15) 0.208

600,000~900,000 NTD Reference -

900,000~1,200,000 NTD 0.86 (0.61-1.20) 0.364

>1,200,000 NTD 0.84 (0.60-1.20) 0.340

Table 3. Subject's characteristics and perinatal factors in relation to allergic rhinitis. a. The model included maternal age at delivery, child's age,
sex, prematurity, birth order, cesarean delivery, pregnancy-related complications, parental allergic diseases, parental ethnicity, parental smoking status,
parental education, and household income. P < 0.05 is bold. b. Classified based on gestational age: term (>37 weeks), late preterm (32 - <37 weeks), very

preterm (28 - <32 weeks), and extremely preterm (<28 weeks).
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(AOR = 1.18, 95% CI: 1.01-1.39; P tyeng = 0.045) in
odds of physician-diagnosed allergic rhinitis.

Consistent associations were observed between

of allergic rhinitis (AOR = 3.62, 95% Cl: 1.43-9.13
for ever rhinitis and AOR = 2.26, 95% Cl: 1.01-5.08

for current rhinitis) (Table 2). The relationships

advanced maternal age at delivery and symptoms

Maternal age at delivery,

between

covariates

and physician-diagnosed

years n (%) |[AOR| (95% CI) P n (%) |AOR| (95% ClI)
Female (n = 581) Male (n = 763)
<25 13(56.5)| 0.93 |(0.31-2.83) | 0.903 | 13(52.0)| 0.44 | (0.17-1.14) | 0.091
25-29 75(54.7)( 0.77 | (0.48-1.22) | 0.268 129 0.99 [ (0.66-1.48) | 0.950
(64.5)
30-34 162 Reference = 230 Reference =
(55.5) (63.5)

35-39 57 (53.3)| 1.15((0.70-1.89) | 0.582 | 81 (52.3)| 0.71 | (0.46-1.09) | 0.117
>40 18(81.8)| 7.02  (1.89- 0.004 | 15(71.4)| 2.90 | (0.85-9.86) | 0.089
26.14)

First-born child (n = 752) Second or later child (n = 592)
<25 24(57.1)| 0.54 | (0.29-1.47) | 0.132 | 2(33.3) | 0.31 [ (0.04-2.20) | 0.241
25-29 158 0.98 | (0.71-1.53) | 0.928 | 46 (46.5)| 0.75 | (0.45-1.26) | 0.284
(66.4)
30-34 236 Reference = 156 Reference =
(64.8) (53.8)
35-39 56 (59.6)| 0.91 | (0.62-1.72) | 0.723 | 82 (48.8)| 0.82 | (0.54-1.26) | 0.369
>40 13(92.9)| 8.62 (1.07- 0.043 | 20(69.0) 4.12 | (1.44- 0.008
69.46) 11.79)
ETS exposure during pregnancy [No ETS exposure during pregnancy
(n = 547) (n = 765)
<25 15(51.7)| 0.51 | (0.20-1.32) | 0.164 | 9 (56.3) | 0.50 | (0.15-1.62) | 0.247
25-29 102 1.06 [ (0.66-1.70) | 0.810 | 96(59.3)| 0.84 | (0.55-1.26) | 0.393
(62.2)
30-34 139 Reference - 247 Reference -
(57.9) (60.8)
35-39 46 (47.9)| 0.76 | (0.44-1.32) | 0.324 | 85(54.1)| 0.88 | (0.58-1.32) | 0.529
>40 12(66.7) 4.32 | (1.18- 0.027 | 20(83.3)| 6.57 | (1.77- 0.005
15.75) 24.33)

Table 4. Associations of maternal age at delivery with allergic rhinitis in offspring, stratified by sex, birth order, and environmental tobacco
smoke (ETS) exposure during pregnancy. AOR: adjusted odds ratio, Cl: confidence interval. ETS: environmental tobacco smoke. a. n (%) refers to the
numbers (%) of subjects with physician-diagnosed allergic rhinitis. b. Covariates included in the adjusted models are child's age, sex, prematurity, birth order,
cesarean delivery, pregnancy-related complications, parental allergic diseases, parental ethnicity, parental smoking status, parental education, and household
income. P < 0.05 is bold.
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allergic rhinitis were shown in Table 3. Age, male,
first-born child, and parental allergic diseases were
significantly associated with physician-diagnosed
allergic rhinitis (Table 3).

We further performed stratified analyses to
evaluate whether the detrimental effects of
advanced maternal age at delivery on allergic
rhinitis differed by child's sex, birth order, or ETS
exposure during pregnancy. Results from sex-
stratified analysis showed that the positive associ-
ation of advanced maternal age at delivery with
risk of allergic rhinitis was statistically significant in
female offspring (AOR = 7.02, 95% CI: 1.89-26.14),
but only marginally significant in male counterpart
(AOR = 2.90, 95% ClI: 0.85-9.86) (Table 4).
Stratified analyses by birth order or ETS exposure
during pregnancy did not reveal significant
differences.

Association between maternal age at delivery and
allergic sensitization

In addition to allergic rhinitis and related
symptoms, we also investigated the relationship
between maternal age at delivery and allergic
sensitization in 1294 children receiving measure-
ment of serum allergen-specific IgE. Table 2
indicates that advanced maternal age at delivery
was  significantly associated with allergic
sensitization in offspring (AOR = 2.86, 95% ClI:
1.13-7.22). There was an estimated 16% increase
(AOR = 1.16, 95% Cl: 0.98-1.37; P tyeng = 0.081)
in odds of allergic sensitization per 5-year in-
crease in maternal age at delivery, which was
marginally significant (Table 2).

DISCUSSION

This study of 1344 Asian children in a prospec-
tive population-based cohort is one of the first to
demonstrate that advanced maternal age at de-
livery, specifically age equal to or over 40 years, is
significantly associated with allergic rhinitis in
offspring. The results remain significant after
adjusting for a range of factors, including child's
age, sex, prematurity, birth order, cesarean de-
livery, pregnancy-related complications, parental
allergic diseases, parental ethnicity, parental
smoking status, parental education and household
income. This study further adds new evidence that
the detrimental effect of advanced maternal age at

delivery on allergic rhinitis is more pronounced
among female offspring. This study also provides
supportive evidence that advanced maternal age
at delivery is positively associated with allergic
sensitization (measured objectively by allergen-
specific IgE).

Our findings are in line with some previous
studies. In a cross-sectional study of children aged
4-6 years in China, Wang et al showed that
maternal age over 30 years was significantly
associated with increased risk of allergic rhinitis in
offspring.”® In a retrospective cohort study of
young adult men in Sweden, Brabé&ck et al found
that young maternal age (<29 vyears) was
significantly related to decreased risk of allergic
rhinitis."® Similarly, Strachan et al also observed a
protective effect of maternal youth (<30 years) on
hay fever in offspring.?%?' In contrast, a
population-based cohort study of children aged
4 years in Norway reported a decrease in the risk
of allergic rhinitis with increasing maternal age.??
No association between maternal age at delivery
and allergic rhinitis in children and adolescents
was reported by other studies.*®*?* These
inconsistent findings across different studies may
reflect ethnic differences in the relationship
between maternal age and development of
allergic rhinitis in offspring.

Our study provides an objective evidence that
advanced maternal age at delivery was associated
with allergic sensitization, which has been recog-
nized as an important risk factor to the develop-
ment of allergic rhinitis.>® None of previous studies
evaluating the relationship between maternal age
at delivery and allergic rhinitis conducted
objective measures of IgE-mediated allergy (skin
testing and/or serum allergen-specific IgE). In a
prospective cohort study of 184 atopic mothers
and their neonates, maternal age was found to be
positively associated with higher neonatal total
serum IgE levels, a well-established predictive
factor of later allergic sensitization.? To the best of
our knowledge, there is lack of direct evidence
supporting the relationship between maternal
age at delivery and allergic sensitization until the
current study. The association of advanced
maternal age at delivery with both allergic rhinitis
and allergic sensitization found in the current
study implies that the impact of maternal age on
the development of allergic rhinitis in offspring
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may be mediated
mechanisms.

through  IgE-associated

It is interesting to note the sex difference in the
relationship between advanced maternal age at
delivery and allergic rhinitis, suggesting that girls
may be more vulnerable to the detrimental effect
of advanced maternal age at delivery on allergic
rhinitis, compared to their counterpart. In a multi-
national cohort study in Europe, Gomez et al have
documented that advance maternal age at delivery
may affect offspring health in a sex-specific
manner."® In particular, advance maternal age at
delivery is related to better lung function and
lower risk of asthma in adult offspring, but only
among females."® The underlying biological
mechanisms related to the observed sex-specific
effects are largely unclear and worth further
investigation.

Our findings were in line with previous studies
that reported having older siblings as a protective
factor against allergic rhinitis.*° It can be argued
that the potential confounding effect of older
siblings, which are more common among births
to older mothers, would mask or dilute the
increased risk of allergic rhinitis in children born
to mothers with advanced age at delivery. It is
therefore reassuring to note that the associations
between advance maternal age at delivery and
allergic rhinitis are remarkably consistent among
children with and without older sibling(s).

It remains possible that maternal age at delivery
influencing allergic rhinitis in offspring may be due
to other factors, such as prematurity, birth order,
mode of delivery, pregnancy complications,
ethnicity, or socio-economic status. However, our
study demonstrates that the link between maternal
age at delivery and allergic rhinitis in offspring
remains statistically significant after adjustment of
the above factors, suggesting that maternal age at
delivery may independently, at least partly, affect
the development of allergic rhinitis in offspring.
Previous studies have suggested that maternal age
at delivery may influence the development and
health outcomes of their offspring through
affecting cytokine levels in maternal amniotic
fluid®! and epigenetic signature in offspring,®?
which we speculate might also influence the
subsequent development of allergic rhinitis.
Further studies are required to elucidate the

biological mechanisms behind the link between
maternal age at delivery and allergic rhinitis. Our
study demonstrated that the detrimental effect of
maternal aging on allergic rhinitis was mainly
confined to the upper extreme of reproductive
age, rather than an obvious linear dose-response
relationship. Previous studies reported a similar
phenomenon of more adverse pregnancy out-
comes in extremes of reproductive age,'*??
although the exact mechanisms remain unknown.

The low proportion of births to mothers under
25 years of age reflected the recent demographic
transition toward increasing maternal age at de-
livery in Taiwan. It is interesting to note the rela-
tively lower risk of allergic rhinitis in offspring born
to mothers aged less than 25 years, although the
association was only marginally significant due to
the small sample size in this age group. Taken
together with the detrimental effect of advanced
maternal age at delivery on allergic rhinitis, the
recent rising prevalence of allergic rhinitis in
Taiwan may be partly contributed by both detri-
mental effect from more births to women of
advanced age and loss of protective effect from
fewer births to women younger than age 25.

The present study has several strengths. First,
the study was conducted in a large population-
based cohort of Asian children with measure-
ment of serum allergen-specific IgE as an objective
marker of allergic sensitization. Second, the infor-
mation of maternal age at delivery and perinatal
data were obtained directly from EMR in the hos-
pital instead of self-reported data, avoiding po-
tential recall bias. Third, the diagnosis of allergic
rhinitis was reliable since the information was
evaluated and confirmed by pediatricians during
an interview. This study has some potential limita-
tions. First, the study cohort only included an Asian
pediatric population. Whether the results can be
generalized to other ethnic populations remains to
be confirmed. Second, although several pertinent
factors have been controlled and adjusted in the
analyses, it remains possible that the observed
increased risk might be partially explained by un-
measured confounding factors. Third, we did not
have information on cytokine levels or epigenetic
signature, which might be varied by different
maternal age at delivery. Fourth, the small sample
sizes for maternal subjects in the two extreme age
groups have resulted in the wide 95% confidence
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intervals. Further studies with larger sample sizes
are needed before firm conclusions can be drawn.

CONCLUSION

This large prospective population-based cohort
study of Asian children demonstrates an associa-
tion of advanced maternal age at delivery with
increased risk of allergic rhinitis in Asian children,
probably more pronounced among girls. It might
be worth paying particular attention and adminis-
tering promising strategies to prevent allergic
rhinitis in young children born to mothers of
advanced age. Further works are needed to
confirm this interpretation.
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