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1) Check for updates

Maternal Hypertensive Disorders of Pregnancy and the
Risk of Childhood Asthma

To the Editor:

Approximately 6% of children living in the United States have asthma
(1). Critical immunological changes occur during pregnancy to
prevent maternal rejection of the fetus (2), and the prenatal
environment may influence the development of recurrent wheezing
and asthma in children (3). Hypertensive disorders of pregnancy
(HDP), including preeclampsia, are estimated to affect 2-8% of
pregnancies worldwide (4-7) and may alter immune regulation at the
maternal—fetal interface and T-helper 1/T-helper 2 balance (8, 9);
however, the impact of HDP on childhood asthma remains
undefined (10, 11).

Several prior studies, primarily based in Europe, have shown that
preeclampsia may be associated with increased risk of wheezing and
asthma at various time points during childhood (12-17); however,
this association has not been consistently observed (18, 19). Because
preeclampsia is rare, affecting only 3% of live births (18, 20), prior
studies have been largely underpowered to establish this association.
Furthermore, prior population-based studies have not used robust
clinical data in the definitions for preeclampsia or examined a diverse
North American population.

Our objective was to investigate whether HDP, and specifically
preeclampsia, increase the risk of developing childhood asthma in a
large U.S. maternal-child health cohort.

Methods
We used data from the Massachusetts General Hospital (MGH)
Maternal-Child Cohort (MMCC), comprising 37,510 pregnant
individuals linked to 53,802 children born between 1998 and 2016 at
MGH. The MMCC was created by linking multiple datasets,
including the MGH Maternal Health Cohort, the MGH Birth Cohort
(21), the Mass General Brigham (MGB) Research Patient Data
Registry, and Massachusetts Department of Public Health birth
certificate data. This study was approved by the MGB Human
Research Committee. The requirement for informed consent was
waived, as data were solely obtained by linking electronic health
records.

For the analytic cohort, we included mother-child pairs if the
mother delivered and the child received care at an MGB facility, with
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the child having at least one encounter in the electronic medical
record after birth and before age 1 year, and at least one health care
encounter from 3 to 5.9 years.

We excluded pregnant individuals with first prenatal visit after
20 weeks, with multiple gestations, or with preexisting chronic
hypertension, defined as antihypertensive medication use or systolic
blood pressure (SBP) = 140 mm Hg or diastolic blood pressure
(DBP) = 90 mm Hg before 20 weeks’ gestation. We excluded children
with the following International Classification of Diseases, Ninth
Revision, Clinical Modification diagnostic codes on three or more
encounters (14): cystic fibrosis (277.0x), congenital abnormalities of
the respiratory system (748.xx), immunodeficiency (279.0x, 279.1x,
or 279.3x), or congenital heart disease (745.xx, 746.Xx, or 747.Xx).

Based on the American College of Obstetricians and
Gynecologists’ clinical practice guidelines (20, 22), HDP were defined
by: 1) SBP = 140 mm Hg or DBP = 90 mm Hg at two or more
prenatal visits at =20 weeks’ gestation; 2) documentation of a
hypertensive disorder of pregnancy as the indication for induction or
cesarean delivery, or as a labor complication in the delivery record; or
3) meeting criteria for preeclampsia (see below).

Preeclampsia was defined as evidence of new-onset hypertension
after 20 weeks’ gestation and either 1) laboratory evidence of
preeclampsia; or 2) International Classification of Diseases, Ninth
Revision, Clinical Modification diagnostic code of eclampsia (642.6x).
Evidence of new-onset hypertension was defined as either: I)

SBP = 140 mm Hg or DBP = 90 mm Hg after 20 weeks’ gestation at
one or more prenatal visits; or 2) documentation of a hypertensive
disorder of pregnancy as the indication for induction or cesarean
delivery or complication of labor in the delivery record. Laboratory
evidence of preeclampsia was defined by at least one of the following:
1) =300 mg protein per 24-hour urine collection; 2) urine protein to
creatinine ratio = 0.3; 3) urine dipstick protein = 2+ if 24-hour urine
or protein to creatinine ratio was not available; 4) serum

creatinine = 1.1 mg/dl; 5) thrombocytopenia (platelets < 100 X 10°
L); or 6) elevated liver transaminases (aspartate transaminase or
alanine transaminase > 40 IU/L).

Asthma was defined by primary diagnosis (493.xx) in the
electronic medical record billed between age 3.0 and 4.99 years, or two
or more asthma medication “events” within a 12-month period between
age 3.0 and 4.99 years in either inpatient or outpatient locations (23).
Asthma medications included short-acting bronchodilators,
inhaled corticosteroids, inhaled corticosteroids plus long-acting
bronchodilators, and oral leukotriene modifiers. Case definitions
were validated through chart review by two physicians (including an
asthma specialist) in a sample of 100 randomly selected cases.

We used logistic regressions to quantify the odds of asthma in
children born from pregnant individuals with HDP, adjusting for
maternal and child factors.

Results

A total of 14,929 mother—child pairs were included in the analytic
cohort, and 2,153 children (14.4%) were diagnosed with asthma by
age 5years (Table 1). There were 1,975 (14.3%) children with asthma
born to 13,790 individuals without HDP, 178 (15.6%) children with
asthma born to 1,139 individuals with HDP, and 92 (14.7%) children
with asthma born to 624 individuals with preeclampsia.
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Table 1. Maternal and child characteristics among those with and without childhood asthma

Full Analytical Cohort Without Asthma With Asthma
(n=14,929) (n=12,776) (n=2,153)
Maternal
Maternal age at delivery 30.3 (6.2) 30.4 (6.2) 30.1 (6.3)
(continuous), mean (SD)
Race and/or ethnicity
Non-Hispanic White 7,508 (50.3) 6,554 (51.3) 954 (44.3)
Non-Hispanic Black 1,091 (7.3) 907 (7.1) 184 (8.6)
Non-Hispanic Asian or Pacific Islander 1,220 (8.2) 1,042 (8.2) 178 (8.3)
Hispanic 3,192 (21.4) 2,674 (20.9) 518 (24.1)
None of the above 1,918 (12.9) 1,599 (12.5) 319 (14.8)
Payor at birth
Private insurance 8,244 (55.2) 7,200 (56.4) 1,044 (48.5)
Public insurance 5,253 (35.2) 4,340 (34.0) 913 (42.4)
Limited insurance or no insurance 1,432 (9.6) 1,236 (9.7) 196 (9.1)
Marital status
Yes (married) 9,700 (65.0) 8,407 (65.8) 1,293 (60.1)
No 5,229 (35.0) 4,369 (34.2) 860 (39.9)
BMI at the first PNV, mean (SD) 25.7 (5.4) 25.6 (5.3) 26.4 (5.7)
BMI at the first PNV
BMI < 30 kg/m? 11,947 (80.0) 10,306 (80.7) 1,641 (76.2)
BMI = 30 kg/m? 2,982 (20.0) 2,470 (19.3) 512 (23.8)
Gestational weight gain, mean (SD) 28.4 (11.4) 28.6 (11.3) 27.6 (11.9)
Gestational weight gain (Ib)
<15 1,471 (9.9) 1,199 (9.4) 272 (12.6)
15-24 3,824 (25.6) 3,267 (25.6) 557 (25.9)
25-34 5,506 (36.9) 4,748 (37.2) 758 (35.2)
35-44 3,017 (20.2) 2,603 (20.4) 414 (19.2)
=45 1,111 (7.4) 959 (7.5) 152 (7.1)
Maternal smoking 3 mo before
pregnancy or during pregnancy
Yes 1,090 (7.3) 906 (7.1) 184 (8.6)
No 13,839 (92.7) 11,870 (92.9) 2,004 (91.6)
Maternal history of asthma
Yes 1,162 (7.8) 885 (6.9) 277 (12.9)
No 13,767 (92.2) 11,891 (93.1) 1,876 (87.1)
Mode of delivery
Vaginal 10,985 (73.6) 9,461 (74.1) 1,524 (70.8)
Cesarean 3,944 (26.4) 3,315 (26.0) 629 (29.2)
Maternal HDP (yes) 1,139 (7.6) 961 (7.5) 178 (8.3)
Preeclampsia 624 (4.2) 532 (4.3) 92 (4.5)
Child
Gestational age at birth, wk, 39.3 (1.8) 39.4 (1.7) 39.1 (2.4)
mean (SD)
=37 14,152 (94.8) 12,161 (95.2) 1,991 (92.5)
32-36 660 (4.4) 544 (4.3) 116 (5.4)
<32 117 (0.78) 71 (0.56) 46 (2.1)
Sex
Female 7,147 (47.9) 6,321 (49.5) 826 (38.4)
Male 7,782 (52.1) 6,455 (50.5) 1,327 (61.6)
Birth weight, kg, mean (SD) 3.4 (0.55) 3.4 (0.54) 3.3 (0.64)

Definition of abbreviations: BMI = body mass index; HDP = hypertensive disorders of pregnancy; PNV = prenatal visit; SD = standard deviation.
Data are presented as n (%) unless otherwise noted.

In the unadjusted and adjusted analyses (Table 2), childrenborn ~ Discussion

from pregnancies affected by HDP did not have a higher risk of In a large diverse U.S.-based maternal-child cohort, we found that
asthma (odds ratio [OR], 1.09; 95% confidence interval [CI], HDP, including preeclampsia, were not significantly associated with
0.92-1.29; P=0.34; adjusted OR, 1.10; 95% CI, 0.92-1.31; P=0.29, childhood asthma by age 5 years. To our knowledge, this is the largest
respectively). Similarly, in the unadjusted and adjusted analyses, U.S.-based maternal-child cohort to examine the relation of HDP to
children born from pregnancies affected by preeclampsia did not asthma. Prior studies, primarily from European national registries
have a higher risk of asthma (OR, 1.01; 95% CI, 0.80-1.28; P=0.91; and allergy-enriched cohorts, have shown inconsistent findings when

adjusted OR, 0.95; 95% CI, 0.74-1.20; P = 0.64, respectively). examining the association between preeclampsia and asthma (12-19).
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Table 2. Logistic regression models for hypertensive disorders of pregnancy and risk of childhood asthma at age 5years

Model 1, HDP (n=14,929)

Model 2, Preeclampsia (n=14,414)

OR (95% ClI)

Maternal
HDP (ref: no HDP)
Preeclampsia (ref: no HDP)
Maternal age at delivery (continuous)
Race and/or ethnicity

Non-Hispanic White Ref
Non-Hispanic Black 1.25 (1.03-1.51
Non-Hispanic Asian or Pacific Islander 1.22 (1.01-1.47
Hispanic 1.18 (1.02-1.36
None of the above 1.28 (1.09-1.49
Payer at birth
Private insurance Ref
Public insurance 1.31 (1.16-1.48
Limited insurance or no insurance 1.03 (0.86-1.24
Not married (ref: married) 1.10 (0.98-1.23
BMI at the first PNV = 30 kg/m? (ref: <30) 1.08 (0.96-1.23
Gestational weight gain
<15 1.16 (0.98-1.38
15-24 1.00 (0.88-1.13
25-34 Ref
35-44 0.99 (0.87-1.13
=45 0.90 (0.74-1.10
Maternal smoking 3 mo before pregnancy 1.07 (0.89-1.29
or during pregnancy (ref: no)
Maternal history of asthma (ref: no) 1.96 (1.67-2.29)
Cesarean delivery (ref: vaginal) 1.13 (1.01-1.26)
Child
Gestational age at birth
=37 wk Ref
32-36 wk 1.28 (1.01-1.63)
<32 wk 3.77 (2.41-5.9)
Male (ref: female) 1.60 (1.45-1.76)
Birth year (continuous) 1.06 (1.04-1.07)
Birth weight (per 1,000 g; continuous) 1.03 (0.93-1.15)

1.10 (0.92-1.31)
1.00 (0.99-1.01)

P Value OR (95% CI) P Value
0.29 —
0.95 (0.74-1.20) 0.64
0.52 1.00 (0.99-1.01) 0.54
Ref
0.02 1.28 (1.06-1.56) 0.01
0.04 1.20 (0.99-1.45) 0.06
0.03 1.18 (1.02-1.37) 0.02
0.003 1.31 (1.11-1.53) 0.001
Ref
<0.001 1.30 (1.15-1.47) <0.001
0.73 1.04 (0.86-1.25) 0.68
0.11 1.10 (0.98-1.23) 0.11
0.20 1.13 (0.99-1.28) 0.07
0.08 1.12 (0.94-1.33) 0.20
0.98 0.99 (0.87-1.12) 0.85
Ref
0.87 0.98 (0.86-1.12) 0.79
0.31 0.88 (0.72-1.07) 0.20
0.46 1.07 (0.89-1.30) 0.46
<0.001 1.93 (1.65-2.27) <0.001
0.03 1.14 (1.02-1.27) 0.03
Ref
0.04 1.29 (1.01-1.64) 0.04
<0.001 3.87 (2.46-6.09) <0.001
<0.001 1.60 (1.45-1.76) <0.001
<0.001 1.06 (1.04-1.07) <0.001
0.55 1.02 (0.91-1.13) 0.78

Definition of abbreviations: BMI = body mass index; Cl = confidence interval; HDP = hypertensive disorders of pregnancy; OR = odds ratio;

PNV = prenatal visit; ref =reference; SD = standard deviation.

These inconsistencies may be related to geographic differences or
differences in asthma phenotypes, as HDP have primarily been
associated with early-life wheezing or early-onset asthma (16, 17, 19,
24), compared with null associations found in school-age children
(14, 16), although our cohort consisted of preschool age children.
Our study uses data from a large diverse cohort, with
rigorous definitions for HDP, including laboratory values, and
validated asthma definitions. Limitations include the use of
healthcare system data, which may be subject to administrative
coding errors, and data from a tertiary care center, which may not
be representative of the general population. In addition, only 28% of
the entire cohort (1 =14,929) was included in this analysis because
of exclusion criteria, with included and excluded individuals
differing by race and ethnicity (e.g., non-Hispanic White individuals
accounted for 63% of excluded individuals vs. 50% of included
individuals). However, the final analytic cohort still is diverse,
comprising 5,503 mother—child pairs (36.8%) who did not identify
as non-Hispanic White. Several other prenatal factors, such as
breastfeeding and viral infections, which have been associated with
the development of childhood asthma, also were not included in this
analysis because of data limitations; however, these data contain a
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large cohort of pregnant individuals with preeclampsia, a rare
maternal disorder.

Further studies to understand prenatal risk factors for asthma
development are critical to the development of effective strategies for
the primary prevention of childhood asthma.

Author disclosures are available with the text of this letter at
www.atsjournals.org.

Acknowledgment: The authors thank Ashley Sullivan for administrative
research support and Janice Espinola for help in data management and
statistical support.

Anna Chen Arroyo, M.D., M.P.H.*
Stanford University School of Medicine
Stanford, California

Lacey B. Robinson, M.D., M.P.H.
Beth Israel Lahey Health
Boston, Massachusetts

Kaitlyn James, Ph.D., M.P.H.

Harvard Medical School
Boston, Massachusetts

1369


http://www.atsjournals.org/doi/suppl/10.1513/AnnalsATS.202212-994RL/suppl_file/disclosures.pdf
http://www.atsjournals.org
http://www.atsjournals.org

LETTERS

and
Massachusetts General Hospital
Boston, Massachusetts

Sijia Li, M.S.

Mohammad Kamal Faridi, M.P.H.
Massachusetts General Hospital
Boston, Massachusetts

Sarah Hsu, M.S.
Massachusetts General Hospital
Boston, Massachusetts

and

Broad Institute
Cambridge, Massachusetts

Orianne Dumas, Ph.D.
Universite Paris-Saclay
Villejuif, France

Anne Y. Liu, M.D.

Maurice Druzin, M.D.

Stanford University School of Medicine
Stanford, California

Camille E. Powe, M.D.

Carlos A. Camargo, Jr., M.D., Dr.P.H.
Harvard Medical School

Boston, Massachusetts

and

Massachusetts General Hospital
Boston, Massachusetts

ORCID ID: 0000-0002-7785-4632 (A.C.A.).

*Corresponding author (e-mail: annaarroyo@stanford.edu).

References

1 Centers for Disease Control and Prevention. National current asthma
prevalence. Atlanta, GA: National Center for Environmental Health;
2020 [accessed 2023 Mar 27]. Available from: https:/www.cdc.gov/
asthma/most_recent_national_asthma_data.htm.

2 Racicot K, Kwon JY, Aldo P, Silasi M, Mor G. Understanding the
complexity of the immune system during pregnancy. Am J Reprod
Immunol 2014;72:107-116.

3 Sbihi H, Boutin RC, Cutler C, Suen M, Finlay BB, Turvey SE. Thinking
bigger: how early-life environmental exposures shape the gut
microbiome and influence the development of asthma and allergic
disease. Allergy 2019;74:2103-2115.

4 Khan KS, Wojdyla D, Say L, Gulmezoglu AM, Van Look PF. WHO
analysis of causes of maternal death: a systematic review. Lancet
2006;367:1066—1074.

5 Wallis AB, Saftlas AF, Hsia J, Atrash HK. Secular trends in the rates of
preeclampsia, eclampsia, and gestational hypertension, United States,
1987-2004. Am J Hypertens 2008;21:521-526.

6 Theilen LH, Meeks H, Fraser A, Esplin MS, Smith KR, Varner MW.
Long-term mortality risk and life expectancy following recurrent

1370

13

14

15

20

21

22

23

24

hypertensive disease of pregnancy. Am J Obstet Gynecol 2018;219:
107.e1-107.€6.

Thilaganathan B, Kalafat E. Cardiovascular system in preeclampsia and
beyond. Hypertension 2019;73:522—-531.

Laresgoiti-Servitie E, Gomez-Loépez N, Olson DM. An immunological
insight into the origins of pre-eclampsia. Hum Reprod Update 2010;16:
510-524.

Spence T, Allsopp PJ, Yeates AJ, Mulhern MS, Strain JJ, McSorley EM.
Maternal serum cytokine concentrations in healthy pregnancy and
preeclampsia. J Pregnancy 2021;2021:6649608.

Saito S, Shiozaki A, Nakashima A, Sakai M, Sasaki Y. The role of the
immune system in preeclampsia. Mol Aspects Med 2007;28:192-209.

Rusconi F, Popovic M. Maternal obesity and childhood wheezing and
asthma. Paediatr Respir Rev 2017;22:66—71.

Stokholm J, Sevelsted A, Anderson UD, Bisgaard H. Preeclampsia
associates with asthma, allergy, and eczema in childhood. Am J Respir
Crit Care Med 2017;195:614—621.

Mirzakhani H, Carey VJ, McElrath TF, Hollis BW, O’Connor GT, Zeiger RS,
et al. Maternal asthma, preeclampsia, and risk for childhood asthma at
age six. Am J Respir Crit Care Med 2019;200:638—642.

Rusconi F, Gagliardi L. Pregnancy complications and wheezing and
asthma in childhood. Am J Respir Crit Care Med 2018;197:580-588.
Nafstad P, Magnus P, Jaakkola JJ. Risk of childhood asthma and allergic
rhinitis in relation to pregnancy complications. J Allergy Clin Immunol

2000;106:867-873.

Shaheen SO, Macdonald-Wallis C, Lawlor DA, Henderson AJ.
Hypertensive disorders of pregnancy, respiratory outcomes and atopy
in childhood. Eur Respir J 2016;47:156—165.

Mirzakhani H, Carey VJ, McElrath TF, Qiu W, Hollis BW, O’Connor GT,
et al. Impact of preeclampsia on the relationship between maternal
asthma and offspring asthma: an observation from the VDAART clinical
trial. Am J Respir Crit Care Med 2019;199:32—42.

Magnus MC, Haberg SE, Magnus P, Engeland A, Nafstad P, Karlstad &,
et al. Pre-eclampsia and childhood asthma. Eur Respir J 2016;48:
1622-1630.

Byberg KK, Lundholm C, Brew BK, Rejno G, Aimqgvist C. Pre-eclampsia
and risk of early-childhood asthma: a register study with sibling
comparison and an exploration of intermediate variables. Int J
Epidemiol 2022;51:749-758.

Gestational hypertension and preeclampsia: ACOG practice bulletin
summary, number 222. Obstet Gynecol 2020;135:1492—1495.

Balekian DS, Linnemann RW, Castro VM, Perlis R, Thadhani R,
Camargo CA Jr. Pre-birth cohort study of atopic dermatitis and
severe bronchiolitis during infancy. Pediatr Allergy Immunol 2016;27:
413-418.

Hypertension in pregnancy: report of the American College of
Obstetricians and Gynecologists’ task force on hypertension in
pregnancy. Obstet Gynecol 2013;122:1122-1131.

Balekian DS, Linnemann RW, Hasegawa K, Thadhani R, Camargo CA Jr.
Cohort study of severe bronchiolitis during infancy and risk of asthma by
age 5 years. J Allergy Clin Immunol Pract 2017;5:92—-96.

Zugna D, Galassi C, Annesi-Maesano |, Baiz N, Barros H, Basterrechea M,
et al. Maternal complications in pregnancy and wheezing in early
childhood: a pooled analysis of 14 birth cohorts. Int J Epidemiol 2015;44:
199-208.

Copyright © 2023 by the American Thoracic Society

AnnalsATS Volume 20 Number 9 | September 2023


http://orcid.org/0000-0002-7785-4632
mailto:annaarroyo@stanford.edu
https://www.cdc.gov/asthma/most_recent_national_asthma_data.htm
https://www.cdc.gov/asthma/most_recent_national_asthma_data.htm



