& frontiers | Frontiers in Pediatrics

") Check for updates

OPEN ACCESS

EDITED BY
San-Nan Yang,
E-Da Hospital, Taiwan

REVIEWED BY

HsiangYu Lin,

China Medical University, Taiwan
Yung-Ning Yang,

Eda Hospital, Taiwan

*CORRESPONDENCE
Ming-Chih Lin
mingclin@gmail.com

RECEIVED 27 August 2023
AccepTED 10 November 2023
PUBLISHED 23 November 2023

CITATION
Yang C-T, Lin C-H and Lin M-C (2023)
Gestational hypertension and risk of atopic
diseases in offspring, a national-wide cohort
study.

Front. Pediatr. 11:1283782.

doi: 10.3389/fped.2023.1283782

COPYRIGHT

© 2023 Yang, Lin and Lin. This is an open-
access article distributed under the terms of the
Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Pediatrics

Original Research
23 November 2023
10.3389/fped.2023.1283782

Gestational hypertension and risk
of atopic diseases in offspring, a
national-wide cohort study

Chun-Ti Yang', Ching-Heng Lin* and Ming-Chih Lin******

IChildren’s Medical Center, Taichung Veterans General Hospital, Taichung, Taiwan, 2Department of
Medical Research, Taichung Veterans General Hospital, Taichung, Taiwan, *Department of
Post-Baccalaureate Medicine, College of Medicine, National Chung Hsing University, Taichung, Taiwan,
“School of Medicine, National Yang Ming Chiao Tung University, Taipei, Taiwan, *Department of Food and
Nutrition, Providence University, Taichung, Taiwan, ®School of Medicine, Chung Shan Medical University,
Taichung, Taiwan

Introduction: Gestational hypertension can lead to complications, such as
preeclampsia. Preeclampsia is one of leading causes of perinatal morbidity and
mortality. Abnormal placentation, immune dysregulation, and maternal
inflammatory response are possible etiologies. The burden of atopic diseases is
increasing worldwide. Prenatal exposure might play a role in the pathogenesis of
these two diseases. The aim of this study was to evaluate the association
between gestational hypertension and atopic diseases from a nationwide
perspective.

Material and methods: The primary data were retrieved from Taiwan's National
Health Insurance Research Database. The Maternal and Child Health Database
was used to generate links between mothers and children. From 2004 to 2019,
mothers with a diagnosis of gestational hypertension were identified as cases.
The control groups were matched to the cases by maternal age, neonatal
gender, date of birth, at a control-to-case ratio of 4:1. Each child was reviewed
to confirm the diagnosis of atopic disease. Covariates including both maternal
and neonatal factors were also collected.

Results: A total of 1,935,874 primiparas were enrolled in this study. After excluding
16,851 mothers with a history of hypertension, a total of 1,919,023 offspring were
included in the study for the period 2004-2019. Gestational hypertension was
associated with asthma (HR, 1.12, 95% CI, 1.02-1.23) and atopic dermatitis (HR,
1.10, 95% ClI, 1.00-1.21) in offspring after controlling for cofactors. Nevertheless,
gestational hypertension did not play an independent factor for allergic rhinitis
(HR, 1.02, 95% Cl, 0.95-1.10) or urticaria (HR, 1.02, 95% Cl, 0.91-1.15).
Conclusion: Maternal gestational hypertension increases the cumulative risk for
asthma and atopic dermatitis in offspring.
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Introductions

Gestational hypertension is defined by the American College of Obstetricians and
Gynecologists as a systolic blood pressure greater than or equal to 140 mmHg or diastolic
pressure greater or equal to 90 mmHg on two separate occasions at least four hours apart
after 20 weeks of pregnancy when previous blood pressure was normal (1). If left
untreated, gestational hypertension can lead to complications, such as preeclampsia, a
serious condition that can cause organ damage and threaten the health of both mothers
and babies. Currently, preeclampsia remains one of the leading causes of perinatal
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maternal and infantile morbidity and mortality (2). Although
further research is needed to fully elucidate the etiology, it has
been shown that abnormal placentation, immune dysregulation,
and maternal inflammatory response appear to be involved.
Genetic ~ factors, environmental issues, and epigenetic
modifications all play roles collaboratively according to recent
studies (3).

Moreover, the burden of atopic diseases is increasing
worldwide. The prevalence is on the rise in both industrialized
and developing countries (4-7). Atopic diseases are reported to
be associated with an imbalance between T helper 1 and
2. Increased T helper 2 can drive an inflammatory response.
Immune reactions are thus exaggerated (8, 9).

The developmental origins of health and disease (DOHaD)
hypothesis indicates a link between periconceptual, prenatal,
early extrauterine environmental stress, and life-time health in
offspring (10). DNA and hormones respond to early challenges,
resulting in adaptations that can cause trans-generational
developmental changes (11). Thus, the perinatal inflammation
process caused by gestational hypertension may influence the
phenotype expression in offspring. Gestational hypertension can
lead to abnormal placentation, immune dysregulation, and
maternal inflammatory responses during the prenatal and
perinatal periods (12). In utero exposure to these stressors may
elicit persistent consequences through epigenetic modifications,
such as DNA methylation patterns (13). These epigenetic
alterations are postulated to play a contributory role in the
etiology of diseases that manifest in later stages of life (14).
There are evidences supporting for a linkage between gestational
hypertension and atopic diseases, primarily attributable to the
downregulation of anti-inflammatory mediators and an
augmentation of placental inflammation (12).

Currently, most original articles and meta-analyses focus on
the association between asthma in offspring and complications of
gestational hypertension, such as preeclampsia, which has been
identified as an independent factor for asthma in childhood (15-
17). However, the strength of the association between gestational
hypertension and offspring atopic diseases remains elusive.
Previous reported results are controversial (18-20). The aim of
this study was to conduct a nationwide longitudinal follow-up
investigation to elucidate the association between gestational

hypertension and atopic diseases.

Material and methods
Database sources

The primary data were retrieved from Taiwan’s National
Health Insurance Research Database (NHIRD). NHIRD was
established in 2002 and contains all claims data from Taiwan’s
National Health Insurance (NHI) system, a single-payer program
with mandatory enrollment that was launched in 1995. The NHI
has a coverage rate of more than 99% in Taiwan. It provides an
invaluable resource for researchers studying a wide range of
health issues in Taiwan (21).
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Since 2015, the Health and Welfare Data Center (HWDC) of
Taiwan’s Ministry of Health and Welfare (MOHW) further
merged the NHIRD and other health-related databases to
strength data analyses. In this study, we analyzed the Maternal
and Child Health Database (MCHD), which combines Taiwan’s
Birth Registration Database (BRD), the Birth Certificate
Application (BCA) database, the National Register of Death
(NRD), and the NHIRD. MCHD is a comprehensive health
database that contains health and medical information for all
Taiwanese women who have given birth, as well as their
children. This database provides a comprehensive view of
maternal and child health in Taiwan and can be used to generate
accurate and reliable links between mothers and children (21-23).

Diagnoses in the NHIRD are coded using the International
both Ninth Revision Clinical
and Tenth Revision

Classification of Diseases,
Modification  (ICD-9-CM) Clinical
Modification (ICD-10-CM) format. Researchers are required to
perform the analysis on site at HWDC through a remote
connection to the MOHW server to protect patients’ identity and
to verify databases. The study protocol was approved by the
institutional review board of Taichung Veterans General Hospital
(CE-17178A-5).

Study population

This cohort included first-time mothers who were pregnant
between 1 January 2004 and 31 December 2019. Mothers with
diagnosis of gestational hypertension (ICD-9 code 642.3 and
ICD-10 code 013, O16) were identified as cases, which excluded
mothers with a history of chronic hypertension in their medical
records. The control groups were matched to the cases by
maternal age, neonatal gender, date of birth, and were randomly
chosen at a control-to-case ratio of 4:1 (Figure 1).

Outcome measurements

Each child was reviewed to confirm the diagnosis of atopic
disease using ICD-9-CM code or ICD-10-CM code. Diseases
described as atopic included asthma (ICD-9 code 493 and ICD-
10 code J45), allergic rhinitis (ICD-9 code 477 and ICD-10 code
J30), atopic dermatitis (ICD-9 code 691 and ICD-10 code 120),
and urticaria (ICD-9 code 708 and ICD-10 code L50). The
primary outcome was any atopic disorder documented in at least
three outpatient visits or one admission.

Covariates

Covariates included both maternal and neonatal factors.
Maternal factors comprised maternal age, family income, mode

of delivery, maternal comorbidity and pregnancy-related

complications. Maternal comorbidities included hyperlipidemia,

asthma, allergic rhinitis, atopic dermatitis, and urticaria.

Pregnancy-related ~ complications  included  preeclampsia,
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Primipara mothers from 2004 to 2019
(n=1935874)
Excluded:
Maternal history of hypertension (n=16851)
A
Newborn (n=1919023)
Gestational hypertension group Control group
(n=3041) (n=1915982)
A 4
Control group (n=12164)
1:4 Match (maternal age, neonatal gender,
date of birth)
FIGURE 1
Composition of the study cohort

eclampsia, and gestational diabetes. The neonatal factors consisted
of neonatal gender, number of babies, gestational age, and birth
body weight.

Statistical analysis

Data retrieval and analysis were conducted by SAS 9.4 (SAS
Institute Inc). Student t tests were applied for continuous
variables. Categorical variables are displayed as percentages and
were compared using y” test. Using the Kaplan-Meier method,
the cumulative survival incidence of each outcome was computed
and visualized. The hazard ratio (HR) and 95% confidence
intervals (CI) were estimated using the Cox proportional hazards
regression model.

Results

A total of 1,935,874 primiparas were enrolled in the study.
After excluding 16,851 mothers with a history of hypertension, a
total of 1,919,023 offspring were included in the study for the
period 2004-2019. A total of 12,164 first-time mothers without
gestational hypertension (1:4), matched by maternal age, neonatal
gender, and date of birth, were randomly selected to serve as the
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control group. Demographic data of the control group and
gestational hypertension group are shown in Table 1. The
mothers in the gestational hypertension group had a similar
distribution in urbanization and comorbidities, such as allergic
rhinitis, atopic dermatitis, and urticaria. The group with
gestational hypertension had higher rates of asthma, Cesarean
section, gestational diabetes, hyperlipidemia, and twin birth rate.
The family income in the gestational hypertension group was
slightly lower. It is worth mentioning that this group also had a
higher proportion of preeclampsia, preterm birth, and low birth
weight infants.

Cumulative rates of atopic diseases

The
demonstrated from Figures 2 to 5. Offspring born to mothers

cumulative incidences of atopic diseases were

afflicted with gestational hypertension exhibited a statistically
significant higher risk of early-onset atopic conditions,
specifically atopic dermatitis (as Figure 2) and asthma
(Figure 3). Conversely, with regard to atopic diseases
that manifest in later life, no statistically significant disparity
was observed in the cumulative incidences of allergic
rhinitis (Figure 4) and urticaria (Figure 5) between these two

groups.
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Multiple model analysis for risk of atopic
diseases

The results of the Cox regression model are summarized in
Table 2. After adjusting for potential confounding factors,
gestational hypertension still increased the risk of asthma (HR,
1.12, 95% CI, 1.02-1.23) and atopic dermatitis (HR, 1.10, 95%
CI, 1.00-1.21). Nevertheless, gestational hypertension did not
play an independent factor for allergic rhinitis (HR, 1.02, 95%
CI, 0.95-1.10) and urticaria (HR, 1.02, 95% CI, 0.91-1.15).
Regarding other factors, there were no differences among groups
in terms of mother ages, family income, gestational ages,
multiple births, preterm labor, and low birth body weight. Rural
region was a protective factor for allergic rhinitis and atopic
dermatitis. Cesarean resection was associated with increased risk
of asthma and allergic rhinitis. Maternal asthma and allergic
rhinitis contributed to asthma and allergic rhinitis in offspring.
Maternal atopic dermatitis and urticaria were only associated
with atopic dermatitis in offspring. Maternal urticaria increased
risk of all atopic diseases in their children. Male gender was
correlated with greater risk of atopic diseases, except for atopic
dermatitis. Preeclampsia and eclampsia did not increase the risk
of atopic diseases. Conversely, preeclampsia was protective for
urticaria in offspring.

Discussion

In this population-based longitudinal follow-up study, we
found maternal hypertension increased risk of asthma and atopic
dermatitis in offspring. Preeclampsia and gestational diabetes
were not significantly associated with atopic disease. The major
strengths of this study are the large number of case numbers and
the comprehensive longitudinal follow-up for 16 years.
Furthermore, a number of variables pertaining to baby-mother
socioeconomic  status,

relations, including maternal age,

urbanization, mode of delivery, maternal comorbidities,
complications of pregnancy, neonatal gender, numbers of babies,
and preterm labor were also considered as potential confounding
factors when analyzing the data.

Henderson et al. conducted a cohort study in the United
Kingdom, and found that pregnancy-induced hypertension was
weakly associated with asthma and contributed to preterm labor.
There was a weak association between gestational hypertension
and asthma after additionally adjusting for potential cofounders,
cesarean delivery and gestational age. However, long-term
outcomes were not documented in this study (20).

In a study conducted in Norway, Byberg et al. reported that the
offspring of mothers who experienced complication of gestational
hypertension had an increased risk of allergic sensitization and
atopic rhino-conjunctivitis, but this was not associated with
asthma and atopic dermatitis. This cohort collected 617 children
who were 1:2 matched between 1993 and 1995, and then
followed up 10-12 years later. The follow-up included two types

of measurement. The first follow-up was conducted using a
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TABLE 1 Demographic data of
hypertension group.

control group and gestational

Characteristic Control Gestational
Group hypertension
Group
(n=12,164) (n=3,041)
n (%) n (%)
Maternal Factors
Maternal age 1.000
<25 972 (8) 243 (8) 1,215
25-29 2,828 (23.2) 707 (23.2) 3,535
30-34 4,624 (38.0) 1,156 (38) 5,780
>35 3,740 (30.7) 935 (30.7) 4,675
Family income® 0.009
$<18,780 2,293 (18.9) 554 (18.2) 2,847
$18,781-27,600 4,403 (36.2) 1,182 (38.9) 5,585
$27,601-42,000 2,979 (24.5) 752 (24.7) 3,731
$>42,000 2,489 (20.5) 553 (18.2) 3,042
Urbanization 0.12
Urban 7,803 (64.1) 1,905 (62.6) 9,708
Suburban 1,436 (11.8) 349 (11.5) 1,785
Rural 2,925 (24) 787 (25.9) 3,712
Mode of delivery <0.001
Vaginal delivery 7,639 (62.8) 1,179 (38.8) 8,818
Cesarean section 4,525 (37.2) 1,862 (61.2) 6,387
Maternal comorbidity
Hyperlipidemia 262 (2.2) 161 (5.3) 423 | <0.001
asthma 554 (4.6) 180 (5.9) 734 | 0.002
allergic rhinitis 3,931 (32.3) 1,004 (33) 4935 | 046
atopic dermatitis 502 (4.1) 137 (4.5) 639 0.35
urticaria 2,808 (23.1) 707 (23.2) 3,515 0.85
Pregnancy-related complication
Preeclampsia or 45 (0.4) 254 (8.4) 299 <0.001
eclampsia
Gestational 229 (1.9) 255 (8.4) 484 <0.001
diabetes
Neonatal Factors
Neonatal Gender 1.000
Female 5,780 (47.5) 1,445 (47.5) 7,225
Male 6,384 (52.5) 1,596 (52.5) 7,980
Number of babies <0.001
Singleton 11,859 (97.5) 2,895 (95.2) 14,754
Multiple 305 (2.5) 146 (4.8) 451
Gestational age <0.001
>37 wks 11,097 (91.2) 2,271 (74.7) 13,368
34-36 + 6 wks 963 (7.9) 640 (21) 1,603
28-33 + 6 wks 58 (0.5) 85 (2.8) 143
<28 wks 46 (0.4) 45 (1.5) 91
Birth body weight <0.001
>2,500 g 11,085 (91.1) 2,287 (75.2) 13,372
1,500 g-2,500 g 871 (7.2) 559 (18.4) 1,430
(LBW)
<1,500 g 167 (1.4) 176 (5.8) 343
(VLBW)
<1,000 g (ELBW) 41 (0.3) 19 (0.6) 60

°Family income values by New Taiwan Dollars.

questionnaire to determine whether the children had ever been
diagnosed with an atopic disease, such as allergic rhino-
conjunctivitis, atopic dermatitis, or asthma. The second follow-up
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FIGURE 2
Comparison of the cumulative incidences of atopic dermatitis.
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Control group
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FIGURE 3
Comparison of the cumulative incidences of asthma.

Gestational hypertension
Control group

8 10
Age(Year)
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included laboratory measurements, i.e., allergic sensitization and
lung function test. The present study had a longer follow-up
period, but was restricted to the effects of severe gestational
hypertension with complications. The other limitation was that
the definition of atopic disease was done by questionnaire only
(24).

The developmental origins of health and disease (DOHaD)
indicated a link between in utero environmental stress and life-
time health, including vulnerability to disease in offspring (10).
The concept emerged from research conducted on a population
of 300,000 men in the Netherlands, who were born to a group of
mothers during a period of food shortage in the 1930s. The

Frontiers in Pediatrics

intrauterine malnutrition contributed to different disease
patterns, metabolic health issues, and even mental problems.
Recently, Msallam et al. (2020) conducted a study on mice and
demonstrated that fetal mast cell are reactivated in the airway
after exposure to maternal IgE-mediated sensitization in utero by
crossing the placental barrier (25, 26).

Atopic diseases are common among children, adolescents, and
adults in modern society. It represents a group of diseases
associated with an uncoordinated immune system, including
asthma, atopic rhinitis, atopic dermatitis (eczema), and urticaria
(most related to food allergy). In Taiwan, the prevalence rates of

asthma, atopic rhinitis, eczema, and urticaria are 11.9%, 26.3%,
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Allergic Rhinitis

FIGURE 5
Comparison of the cumulative incidences of urticaria.
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6.7%, and 0.8%, respectively (4, 27). The theory of atopic march
includes genetic factors and environmental factors. No single
factor can be solely attributed to the cause. From a genetic
perspective, atopic disease is a heterogeneous disease. It could
also be modified by including DNA
methylation, histone acetylation, and certain specific non-coding
RNAs. Epigenetic regulation of disease can also be influenced by
environmental factors (28). The intrauterine environment is
known to play a role in this regard. Perinatal factors, including
maternal of
influence the
intrauterine environment, which contributes to the development

epigenetic factors,

age, maternal comorbidities, complications

pregnancy, and even maternal nutrition,
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of health disorders of the offspring in later life, such as atopic
disease, hypertension, diabetes, mood disorders, and other
chronic health problems (29).

Hypertensive disorder in pregnancy (HDP) occurs in up to
5%-10% of pregnancies, with 35% of HDP cases developing
complications, such as preeclampsia or eclampsia (1). Women
have a lower tolerance to high blood pressure during pregnancy,
and thus hypertensive encephalopathy could happen at a lower
the American College of
Obstetricians and Gynecologists (ACOG), “Severe hypertension is
defined as systolic blood pressure (SBP) >160 mmHg and/or
diastolic blood pressure (DBP) >110 mmHg” This is clearly

blood pressure. According to
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TABLE 2 Multivariable analysis of factors associated with atopic diseases.

10.3389/fped.2023.1283782

Variables Asthma Allergic rhinitis Atopic dermatitis Urticaria
95% Cl | P-value | HR | 95% Cl | P-value 95% Cl | P-value 95% Cl | P-value

Gestational hypertension 112 | 1.02-1.23 0.019 1.02 | 0.95-1.10 0.55 1.10 | 1.00-1.21 0.041 1.02 | 091-1.15 0.73
Maternal age

<25 1.00 1.00 1.00 1.00

25-29 1.04 | 0.89-1.20 0.64 123 | 1.10-1.38 0.000 112 | 0.96-1.30 0.14 0.95 | 0.80-1.13 0.56

30-34 0.96 | 0.83-1.11 0.60 122 | 1.09-1.36 0.000 1.13 | 0.98-1.31 0.10 0.98 | 0.83-1.16 0.83

>35 0.90 | 0.78-1.05 0.17 115 | 1.03-1.29 0.016 0.96 | 0.83-1.12 0.61 0.87 | 0.73-1.04 0.14
Family income

$<18,780 1.00 1.00 1.00 1.00

$18,781-27,600 1.05 | 0.95-1.16 0.37 0.97 | 0.90-1.04 0.42 0.86 | 0.78-0.95 0.004 0.92 | 0.81-1.04 0.17

$27,601-42,000 1.17 | 1.04-131 0.007 1.03 | 0.95-1.12 0.42 0.92 | 0.83-1.03 0.13 0.98 | 0.86-1.12 0.81

$>42,000 119 | 1.05-1.34 0.006 1.02 | 093-1.11 0.67 0.92 | 0.82-1.04 0.18 0.79 | 0.68-0.92 0.003
Urbanization

Urban 1.00 1.00 1.00 1.00

Suburban 1.00 | 0.89-1.12 0.98 1.02 | 094-1.11 0.67 0.89 | 0.80-1.00 0.06 0.99 | 0.86-1.14 0.85

Rural 0.97 | 0.88-1.06 0.44 0.90 | 0.85-0.96 0.002 0.86 | 0.78-0.93 0.001 0.92 | 0.82-1.02 0.12
Mode of delivery

Vaginal delivery 1.00 1.00 1.00 1.00

Cesarean section 1.14 | 1.05-1.23 0.001 111 | 1.05-1.18 0.000 106 | 0.98-1.14 0.17 1.04 | 094-1.14 0.48
Maternal comorbidity

Hyperlipidemia 1.16 | 0.94-1.44 0.16 091 | 0.76-1.07 0.25 1.08 | 0.88-1.33 0.47 0.98 | 0.74-1.30 0.89

asthma 127 | 1.08-1.49 0.003 1.18 | 1.04-1.33 0.010 111 | 095-1.31 0.20 1.06 | 0.86-1.31 0.60

allergic rhinitis 127 | 1.17-1.38 <0.001 134 | 126-1.42 <0.001 1.01 | 0.93-1.09 0.85 1.00 | 091-1.11 0.99

atopic dermatitis 0.99 | 0.82-1.20 0.93 1.03 | 0.90-1.18 0.65 141 | 121-1.65 <0.001 0.92 | 0.73-1.16 0.48

urticaria 113 | 1.04-1.23 0.006 1.08 | 1.02-1.16 0.013 120 | 1.11-1.30 <0.001 144 | 1.30-1.59 <0.001
Pregnancy-related complication

Preeclampsia or eclampsia | 0.85 | 0.65-1.12 0.25 111 | 092-135 0.28 1.05 | 0.81-1.35 0.74 0.65 | 0.43-0.98 0.037

Gestational diabetes 0.97 | 0.79-1.20 0.79 091 | 0.78-1.07 0.26 1.02 | 0.83-1.25 0.86 0.92 | 0.70-1.21 0.55
Neonatal Gender

Female 1.00 1.00 1.00 1.00

Male 133 | 123-143 <0.001 128 | 121-135 <0.001 107 | 0.99-1.15 0.08 LI11 | 1.02-1.22 0.02
Number of babies

Singleton 1.00 1.00 1.00 1.00

Multiple 0.81 | 0.64-1.03 0.080 0.95 | 0.80-1.12 0.53 0.97 | 0.77-1.22 0.78 0.65 | 0.47-0.92 0.014
Gestational age

>37 wks 1.00 1.00 1.00 1.00

34-36 + 6 wks 1.03 | 0.89-1.19 0.69 0.97 | 0.88-1.08 0.61 0.85 | 0.73-0.98 0.03 0.96 | 0.80-1.15 0.62

28-33 + 6 wks 1.04 | 0.69-1.56 0.87 0.98 | 0.70-1.36 0.89 1.00 | 0.64-1.55 1.00 0.57 | 0.32-1.02 0.06

<28 wks 150 | 0.79-2.86 0.21 1.03 | 0.59-1.79 0.93 0.82 | 0.37-1.80 0.62 0.29 | 0.08-1.03 0.06
Birth body weight

>2,500 g 1.00 1.00 1.00 1.00

1,500 g-2,500 g (LBW) 122 | 1.06-1.39 0.005 1.06 | 0.96-1.18 0.27 1.09 | 0.95-1.26 0.22 1.05 | 0.88-1.26 0.57

<1,500 g (VLBW) 130 | 0.97-1.75 0.09 112 | 0.89-1.42 0.33 1.06 | 0.76-1.47 0.74 179 | 126-2.55 0.001

<1,000 g (ELBW) 1.78 | 0.78-4.08 0.17 1.10 | 0.52-2.32 0.81 0.68 | 0.22-2.08 0.50 151 | 0.26-8.99 0.65

stricter than the guideline for the general population, which defines
hypertension SBP > 180 mmHg and/or DBP >
110 mmHg. The pathophysiology has not been comprehensively
established, but it is that
dysregulation  brings vascular

severe as

generally  believed placenta
endothelial
dysfunction (3, 12). The angiogenic imbalance causes vascular
endothelial growth factor (VEGF) and placental growth factor
(PIGF) to increase. VEGF and PIGF both reduce nitric oxide
synthesis and contribute to placenta ischemia by vascular

about  systemic
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remodeling and vasodilation (30). Placental ischemia also makes
CD4+ T cells increase and T regulatory cells decrease, which
leads to immune imbalance in the mother and in the intrauterine
environment (31). This imbalance is associated with chronic
inflammation, which may affect the development of the immune
system of the fetus as evidenced by the presence of maternal
immune cells and increased cytokines level, such as interleukin-4
(IL4), interleukin-6 (IL6), and interleukin-10 (IL10) in neonates
(32, 33). From an immunological

standpoint, gestational
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hypertension can be interpreted as a manifestation of a rejection
response. This is evidenced by the suppression of T helper 2
cells, known for their capacity to inhibit natural killer (NK) cell
and T helper 1 cell activation, in mothers afflicted by gestational
hypertension. Moreover, this response is potentiated by the
antibody-mediated immune response orchestrated by B cells (34,
35). These profound perturbations within the fetal immune
system may exert enduring epigenetic influences on individuals’
health, potentially culminating in the onset of atopic diseases and
other protracted health repercussions.

The atopic march in infancy and childhood resembles a
mixture of exogenous and hereditary factors. The atopic march
proposes that atopic dermatitis generated in infancy and may
progress to asthma and allergic rhinitis in specific individuals.
The pathways of atopic march involve imbalances in Th1/Th2
immune responses, IgE-mediated and non-IgE-mediated immune
reactions (36). In our investigation, we indeed identified a
correlation between gestational hypertension and an elevated
cumulative incidence of atopic dermatitis and asthma. However,
we could not establish a significant association between allergic
rhinitis and urticaria within the context of the atopic march.
This observation may indicate that the influence of gestational
hypertension is predominantly concentrated in the early stages of
life. For atopic conditions that manifest later in life, it is plausible
that environmental and genetic factors assume more prominent
roles.

This study has certain limitations. First, the diagnoses were
dependent on the physicians’ coding. The validity of the
diagnoses could not be verified due to privacy protocols.
Furthermore, laboratory data were not included in the claims
data. Hence, there might have been misclassifications. Second,
the severity of gestational hypertension, gestational diabetes, and
preeclampsia could not be clearly identified using data from the
NHIRD. Various degrees of illness might have resulted in
varying levels of inflammatory response and cytokine release.

Conclusion

Maternal gestational hypertension increased the cumulative
risk of asthma and atopic dermatitis in offspring. However, there
was no increased risk of atopic rhinitis and urticaria. Additional
prospective studies are essential to provide clarity on the
correlation and the underlying epigenetic mechanisms relevant to
this issue.
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