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Trends in andMaternalOutcomesofDelivery
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OBJECTIVE: To characterize asthma prevalence and

outcomes during U.S. delivery hospitalizations.

METHODS: For this repeated cross-sectional analysis,

deliveries to women aged 15–54 years with asthma were

identified in the 2000–2018 National Inpatient Sample,

which approximates a 20% stratified sample of all hospi-

talizations nationally. Temporal trends in asthma were

analyzed using joinpoint regression to estimate the aver-

age annual percent change with 95% CIs. The association

of asthma with other comorbid conditions was analyzed.

The relationship between asthma and several adverse

maternal outcomes was analyzed with unadjusted and

adjusted logistic regression models, with unadjusted

odds ratios and adjusted odds ratios (aORs) as measures

of effect. Risk for and trends in a composite of rare, but

severe, respiratory complications also were analyzed.

RESULTS: An estimated 73,109,790 delivery hospitaliza-

tions from 2000 to 2018 were included in the analysis, of

which 2,221,644 (3.0%) had a diagnosis of asthma.

(Unweighted, the study sample included 15,213,024 deliv-

eries, of which 462,276 [3.0%] had a diagnosis of asthma.)

Asthma diagnoses rose from 1.2% in 2000 to 5.3% in 2018,

representing an average annual percent change of 8.3%

(95% CI 7.4–9.2%). Asthma was more common among

women with obesity and chronic hypertension. In adjusted

analyses, asthma was associated with severe maternal mor-

bidity (aOR 1.50, 95% CI 1.45–1.55), preeclampsia and ges-

tational hypertension (aOR 1.29, 95% CI 1.26–1.30),

postpartum hemorrhage (aOR 1.21, 95% CI 1.19–1.24),

cesarean delivery (aOR 1.16, 95% CI 1.15–1.18), gestational

diabetes (aOR 1.20, 95% CI 1.18–1.21), venous thromboem-

bolism (aOR 1.79, 95% CI 1.65–1.95), and preterm delivery

(aOR 1.27, 95% CI 1.25–1.29). From 2000 to 2018, severe

respiratory complications decreased from 72 per 10,000

deliveries with asthma to 14 per 10,000 deliveries with

asthma (average annual percent change 29.4%, 95% CI

213.3% to 25.3%). This decreasing risk was offset on a

population level by an increase in the risk of asthma.

CONCLUSION: Asthma is increasing during deliveries, is

associated with adverse maternal outcomes, and is associ-

ated with comorbid conditions. Severe respiratory compli-

cations are decreasing proportionately among deliveries

with asthma, but are stable on a population basis.

(Obstet Gynecol 2022;139:52–62)

DOI: 10.1097/AOG.0000000000004635

A sthma is one of the most common comorbid med-
ical conditions present during pregnancy, with an

estimated prevalence of 4–8%.1 A recently published
study of U.S. discharge data from the Nationwide Inpa-
tient Sample found that the presence of asthma during
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delivery hospitalizations increased from 2% to 4%
between 2003 and 2011.2 Asthma is associated with a
wide range of adverse pregnancy outcomes and com-
plications, including preeclampsia, gestational hyper-
tension, preterm birth, cesarean delivery, venous
thromboembolism, and severe maternal morbidity.2–4

However, the association between asthma and adverse
maternal outcomes is less well characterized than it is
for conditions such as pregestational diabetes, chronic
hypertension, and cardiac disease. Additionally, there
is evidence that asthma is not well controlled during
pregnancy in the United States.5 Analysis of longitudi-
nal data from nonobstetric patients has demonstrated
that adverse consequences of asthma may be decreased
with optimal medical management.6

National epidemiologic data on asthma in preg-
nancy beyond 2011 are lacking. Therefore, we con-
ducted a cross-sectional analysis using a national
database to evaluate temporal trends in and outcomes
associated with delivery hospitalizations with asthma.
We hypothesized that asthma diagnoses would con-
tinue to increase proportionally beyond 2011.

METHODS

Data were obtained from the 2000–2018 National
Inpatient Sample from the HCUP (Healthcare Cost
and Utilization Project) for this repeated cross-
sectional analysis.7 The National Inpatient Sample is
one of the largest publicly available, all-payer inpatient
databases in the United States and approximates a 20%
stratified sample of all hospitalizations nationally. More
than 7 million hospital stays are included in the
National Inpatient Sample annually. In 2018, data from
47 states were included in the National Inpatient Sam-
ple.8 The National Inpatient Sample includes popula-
tion weight files that can be applied to the raw data
(20% of hospitalizations nationally) to create national
estimates of 100% of hospitalizations in the United
States. The HCUP recommends applying weights to
create population estimates when evaluating temporal
trends.9 This study applied National Inpatient Sample
trend weights from HCUP in evaluating trends and
presents both raw data and weighted data representa-
tive of national estimates for other analyses.

Given that this study period included the switch
(on October 1, 2015) from International Classification
of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) to International Classification of Dis-
eases, Tenth Revision, Clinical Modification (ICD-10-
CM) coding, billing data from National Inpatient
Sample in the form of both ICD-9-CM and ICD-10-
CM codes were included in the analysis.10 For these
analyses ICD-9-CM codes were translated to ICD-10-

CM codes through an algorithm using the publicly
available General Equivalence Mappings provided
by the Centers for Medicare & Medicaid Services
and National Center for Health Statistics.11,12

This study had three objectives. The first objec-
tive was to estimate temporal trends in the prevalence
of asthma during delivery hospitalizations. The sec-
ond was to estimate risks for common adverse
maternal outcomes and obstetric conditions based
on the presence or absence of asthma. We analyzed
the following adverse outcomes: severe maternal
morbidity, preeclampsia or gestational hypertension,
preterm delivery, postpartum hemorrhage, cesarean
delivery, gestational diabetes, venous thromboembo-
lism (including deep vein thrombosis and pulmonary
embolism), and maternal mortality. Severe maternal
morbidity was defined based on a composite measure
from the Centers for Disease Control and Prevention
(CDC).13 The CDC composite includes 21 diagnoses
and conditions, including transfusion, shock, stroke,
heart failure, sepsis, and other conditions identified
by ICD-9-CM and ICD-10-CM codes. Because trans-
fusion is the most common diagnosis in the severe
maternal morbidity composite, is unlikely to lead to
long-term sequelae, may be a process measure, and is
not necessarily representative of large volume trans-
fusion,14 this analysis excluded transfusion from the
composite and evaluated risk for the remaining 20
diagnoses and conditions.

The third objective of this analysis was to evaluate
trends in risk for a composite of rare, but severe,
respiratory complications including: mechanical ven-
tilation, temporary tracheostomy, adult respiratory
distress syndrome, and status asthmaticus. ICD-9-
CM and ICD-10-CM codes from the CDC were used
to identify these conditions (Appendix 1, available
online at http://links.lww.com/AOG/C517). Risk for
the severe respiratory composite during delivery hos-
pitalizations was analyzed by year among women with
asthma. As an ancillary objective, risks for ventilation
or temporary tracheostomy and adult respiratory dis-
tress syndrome were analyzed based on the presence
compared with the absence of asthma.

Women aged 15–54 years who underwent
delivery from 2000 through 2018 in the National
Inpatient Sample were included in this analysis.
Data through 2018 were analyzed because this was
the latest National Inpatient Sample available at the
time of analysis. Delivery hospitalizations were
identified based on diagnosis codes using
approaches that ascertain more than 95% of deliv-
eries.15,16 Women with asthma were identified
based on ICD-9-CM codes 493.x and ICD-10-CM
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codes J45.x. Data on comorbid medical conditions,
obstetric characteristics, demographic factors, and
hospital characteristics were evaluated based on
the presence or absence of asthma. Comorbid med-
ical conditions included chronic hypertension, pre-
gestational diabetes, and obesity. Obstetric
diagnoses included prior cesarean delivery and mul-
tiple gestation. These medical and obstetric risk fac-
tors, evaluated based on ICD-9-CM and ICD-10-
CM codes (Appendix 1, http://links.lww.com/
AOG/C517), were included as they are common
in the obstetric population and are generally asso-
ciated with increased risk for adverse outcomes.17

Demographic factors included year of delivery,
maternal age, self-reported maternal race and eth-
nicity, insurance type (Medicaid, private, Medicare,
other, uninsured), and ZIP code income quartile.
Hospital characteristics included location and
teaching status (urban teaching, urban nonteaching,
and rural) and geographic region (Northeast, Mid-
west, South, or West). Race was included in this
study given that there are known large differentials
in asthma by race among the nonobstetric
population.

For the first objective evaluating trends in asthma
diagnoses during pregnancy, we reported the pro-
portion of deliveries by year with an asthma diagnosis.
Additionally, we conducted trends analysis during the
study time period (2000–2018) using the National
Cancer Institute’s Joinpoint Regression Program
4.8.0.1.18,19 This program allows the identification of
when a trend change is produced and calculates the
annual percentage change in rates between trend-
change points. The program also estimates the aver-
age annual percentage change in the whole period
studied. The average annual percentage change is
derived by first estimating the underlying joinpoint
model that best fits the data. The average annual per-
centage change is calculated using a weighted average
of the slope coefficients of the underlying joinpoint
regression line, with the weights equal to the length
of each segment. The final step of the calculation
transforms the weighted average of slope
coefficients.20,21

For the second objective evaluating the associ-
ation between asthma and adverse outcomes, we
performed unadjusted and adjusted logistic regres-
sion for each of the adverse outcomes. For the
unadjusted models, risk for each of the adverse
outcomes was determined for women with com-
pared with without asthma. Then, adjusted models
were performed including the aforementioned
demographics, hospital factors, and comorbid med-

ical conditions. The adjusted risk for women with
asthma compared with those without asthma was
then determined. Results are presented as unad-
justed odds ratio and adjusted odds ratio (aOR)
with 95% CI. Women with pregestational diabetes
were excluded from the analyses for gestational
diabetes. Adjusted analyses were not performed for
maternal mortality because of the small number of
outcomes. For the logistic regression models two
sets of analyses were performed. The first set of
models included population weights and survey
adjustment for strata in the National Inpatient
Sample (per HCUP recommendations). The second
set of models was performed analyzing raw data
without population weights and additional survey
adjustment. Additionally, joinpoint regression was
used to calculate the average annual percent change
in adverse outcomes among deliveries with asthma
with the entire delivery population as the
denominator.

For the third objective evaluating trends in the
severe respiratory composite, we analyzed risk during
delivery hospitalizations with an asthma diagnosis by
year. Risk for the composite was also analyzed with
the Joinpoint Regression Program, and the average
annual percentage change with 95% CIs was deter-
mined. Because risk for asthma changed over the
study period, we additionally evaluated likelihood of
the composite among deliveries with asthma for the
entire delivery population (including those without an
asthma diagnosis) by year.

For all trends analyses, weighted data representa-
tive of national estimates were used per HCUP
recommendations. Comparisons of comorbid medical
conditions, demographic characteristics, and hospital
factors was compared between women with and
without asthma by analyzing the absolute standard-
ized mean difference, with a value greater than 0.1
(10%) interpreted as a meaningful magnitude of
difference between the two groups.22 Standardized
mean difference was used instead of P values, because
the latter frequently demonstrate statistically signifi-
cant, but not meaningful, differences with large data
samples. All analyses were performed with SAS 9.4
(SAS Institute, Cary, North Carolina), with the excep-
tion of the temporal trends analysis performed with
the Joinpoint Regression Program. We adhered to the
STROBE (Strengthening the Reporting of Observa-
tional Studies in Epidemiology) guidelines for cross-
sectional studies for this analysis.23 Because the
National Inpatient Sample creates population esti-
mates, the anticipated sample size was 20% of U.S.
delivery hospitalizations for the unweighted data and
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an estimate of 100% of delivery hospitalizations with
the weighted data. Given that the data are de-
identified, the analysis was deemed exempt by the
Columbia University Institutional Review Board
(IRB-AAAE8144).

RESULTS

An estimated 73,109,790 delivery hospitalizations
from 2000 to 2018 were included in the analysis, of
which 2,221,644 (3.0%) had a diagnosis of asthma.
Unweighted, the study sample included 15,213,024
deliveries, of which 462,276 (3.0%) had a diagnosis of
asthma (Fig. 1). Over the study period, the presence of
asthma during delivery hospitalizations rose from
1.2% in 2000 to 5.3% in 2018, a 342% increase (Fig.
2). The joinpoint model demonstrated an average
annual percent change increase of 8.3% (95% CI
7.4–9.2%) over the study period.

Evaluating other demographic factors, asthma
was most common among deliveries covered by
Medicaid (3.5%) and Medicare insurance (7.6%)
(standardized mean difference for payer 14.0%)
(weighted data Table 1, unweighted data Appendix
2, available online at http://links.lww.com/AOG/
C517). Asthma was more common among non-
Hispanic Black (5.2%) women and non-Hispanic
White women (3.4%) than Hispanic women (2.2%)
(standardized mean difference for maternal race 32.
2%). Asthma was most common in the lowest ZIP
code income quartile (standardized mean difference
for ZIP code income quartile 12.9%). Asthma was
more common among women with medical comor-
bidities, including obesity (9.2%, standardized mean
difference 31.9%), and chronic hypertension (6.9%,

standardized mean difference 12.3%). Deliveries with
asthma were more common in urban teaching hos-
pitals (standardized mean difference 33.4% for hos-
pital location) and hospitals in the Northeast
(standardized mean difference 19.3% for hospital
region).

Evaluating unadjusted risk for adverse outcomes,
asthma was broadly associated with increased risk.
Asthma was associated with increased risk for severe
morbidity, preeclampsia and gestational hypertension,
venous thromboembolism, preterm delivery, postpar-
tum hemorrhage, cesarean delivery, gestational diabe-
tes, and maternal death. In adjusted analyses
accounting for demographic, hospital, and medical
and obstetric risk factors, increased risks for several
of these adverse outcomes were attenuated but were
still significant. Increased risk was present for severe
maternal morbidity (aOR 1.50, 95% CI 1.45–1.55),
preeclampsia and gestational hypertension (aOR 1.29,
95% CI 1.26–1.30), and postpartum hemorrhage (aOR
1.21, 95% CI 1.19–1.24), as well as preterm delivery,
cesarean delivery, gestational diabetes, and venous
thromboembolism (Table 2; weighted numbers of
adverse outcomes are presented in Table 3). Similar
estimates were noted in adjusted analyses, with
unweighted data not accounting for the survey struc-
ture of the data (Appendix 3, available online at http://
links.lww.com/AOG/C517, unweighted number of
adverse outcomes are presented in Appendix 4, avail-
able online at http://links.lww.com/AOG/C517).

Evaluating temporal trends in the risk for the
composite of severe respiratory complications (includ-
ing ventilation, temporary tracheostomy, adult

Fig. 1. Application of population weights to create national estimates. The figure demonstrates derivation of the study
population. Population weights from the National Inpatient Sample are applied to raw (unweighted) data to create national
estimates of both delivery hospitalizations and adverse events used in trends analyses.

Friedman. Delivery Hospitalizations and Asthma. Obstet Gynecol 2021.
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respiratory distress syndrome, and status asthmaticus)
among deliveries with asthma, risk decreased from 72
per 10,000 deliveries in 2000 to 14 per 10,000 in 2018
(Fig. 3A). The joinpoint model demonstrated an aver-
age annual percent change of29.4% (95% CI213.3%
to 25.3%) over the study period. This decreasing risk
was offset by an increase in the risk of asthma in the
study population. Evaluating risk for the composite of
severe respiratory complications with the entire deliv-
ery population as the denominator (including deliver-
ies to patients without asthma), risk was similar over
the study period with risk in 2018 (7.3/10,000 deliv-
eries) slightly lower than risk in 2000 (9.0/100,000
deliveries) (Fig. 3B); for these trends, the joinpoint
model demonstrated a nonsignificant annual percent-
age change over the study period of 20.2% (95% CI
23.8% to 3.6%). In comparison, calculating the aver-
age annual percent change among patients with
asthma with the entire delivery population as the
denominator, risks increased for severe maternal mor-
bidity (9.1%, 95% CI 6.9–11.4%), preeclampsia and
gestational hypertension (11.0%, 95% CI 10.1–
11.2%), postpartum hemorrhage (10.7%, 95% CI
10.1–11.2%), as well as gestational diabetes, cesarean
delivery, and preterm delivery (Appendix 5, available
online at http://links.lww.com/AOG/C517).

In ancillary analyses, risks for temporary trache-
ostomy or mechanical ventilation (odds ratio 4.42,
95% CI 3.85–5.06) and adult respiratory distress syn-
drome (RR 3.57, 95% CI 3.31–3.85) were higher with
asthma (Appendix 6, available online at http://links.
lww.com/AOG/C517).

DISCUSSION

In this serial cross-sectional study, diagnoses of
asthma more than quadrupled over the study period.
This increase was significantly larger than a small
contemporary increase in asthma prevalence among
adults in the general population from 7.1% in 2001 to
7.7% in 2018.24 Asthma was associated with modest
risk across a broad range of adverse maternal out-
comes, including severe maternal morbidity, pre-
eclampsia and gestational hypertension, postpartum
hemorrhage, gestational diabetes, maternal mortality,
and venous thromboembolism. As asthma was also
associated with higher likelihood of other chronic
medical conditions such as obesity, pregestational dia-
betes, and chronic hypertension, risk for adverse out-
comes was attenuated in adjusted models.
Demographic characteristics associated with asthma
included Medicaid and Medicare insurance, being of
non-Hispanic Black race, lower ZIP code income
quartile, and younger age, factors also consistent with
asthma in the general U.S. population.25,26

Despite risk for asthma increasing over the study
period, this study did not find that risk for the most
serious respiratory complications increased signifi-
cantly. Relative to the number of patients with
asthma, risk for a severe respiratory complication
actually decreased over time, with risk on a
population-basis stable and offset by rising asthma
prevalence. These findings may suggest that pregnant
woman with asthma received more comprehensive
asthma care over the course of the study period.
Alternatively, they may suggest that the diagnosis of

Fig. 2. Proportion of delivery hos-
pitalizations with an asthma diag-
nosis by year.

Friedman. Delivery Hospitalizations and
Asthma. Obstet Gynecol 2021.

© 2021 by the American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

56 Friedman et al Delivery Hospitalizations and Asthma OBSTETRICS & GYNECOLOGY

http://links.lww.com/AOG/C517
http://links.lww.com/AOG/C517
http://links.lww.com/AOG/C517


Table 1. Characteristics of the Study Population by Presence or Absence of Asthma (Weighted Data)*

Characteristic No Asthma Asthma Absolute SMD (%)

Demographics
All deliveries 70,888,146 2,221,644
Year of delivery 49.4

2000 3,767,429 (5.3) 47,420 (2.1)
2001 3,698,466 (5.2) 51,327 (2.3)
2002 3,846,906 (5.4) 56,499 (2.5)
2003 3,797,066 (5.4) 64,997 (2.9)
2004 3,917,024 (5.5) 81,975 (3.7)
2005 3,919,119 (5.5) 90,221 (4.1)
2006 3,964,443 (5.6) 96,060 (4.3)
2007 4,212,444 (5.9) 116,096 (5.2)
2008 3,891,994 (5.5) 120,045 (5.4)
2009 3,805,012 (5.4) 112,054 (5.0)
2010 3,557,030 (5.0) 128,122 (5.8)
2011 3,522,373 (5.0) 124,818 (5.6)
2012 3,615,791 (5.1) 133,885 (6.0)
2013 3,589,208 (5.1) 138,815 (6.3)
2014 3,631,620 (5.1) 152,805 (6.9)
2015 3,577,565 (5.1) 160,500 (7.2)
2016 3,609,676 (5.1) 172,810 (7.8)
2017 3,521,001 (5.0) 181,830 (8.2)
2018 3,443,979 (4.9) 191,365 (8.6)

Maternal race† 32.2
Hispanic 13,523,244 (19.1) 298,793 (13.5)
Non-Hispanic White 31,083,033 (43.9) 1,073,512 (48.3)
Non-Hispanic Black 7,961,617 (11.2) 436,256 (19.6)
Other 6,451,116 (9.1) 140,961 (6.3)
Unknown 11,869,136 (16.7) 272,121 (12.3)

Maternal age (y) 8.7
15–19 6,132,704 (8.7) 226,627 (10.2)
20–24 16,495,751 (23.3) 569,785 (25.7)
25–29 19,800,668 (27.9) 600,359 (27.0)
30–34 17,763,087 (25.1) 510,009 (23.0)
35–39 8,713,160 (12.3) 254,148 (11.4)
40–54 1,982,776 (2.8) 60,715 (2.7)

Payer 14.0
Medicare 391,352 (0.6) 31,923 (1.4)
Medicaid 29,139,766 (41.1) 1,036,556 (46.7)
Private insurance 37,040,240 (52.3) 1,058,393 (47.6)
Self-pay 2,203,992 (3.1) 35,561 (1.6)
No charge 132,358 (0.2) 1,938 (0.1)
Other 1,862,144 (2.6) 54,108 (2.4)
Unknown 118,294 (0.2) 3,165 (0.1)

ZIP code income quartile 12.9
1 16,726,230 (23.6) 636,188 (28.6)
2 17,162,638 (24.2) 521,872 (23.5)
3 17,270,670 (24.4) 530,850 (23.9)
4 18,608,842 (26.3) 499,264 (22.5)
Unknown 1,119,767 (1.6) 33,469 (1.5)

Obstetric and medical factors
Obesity 2,730,918 (3.9) 277,078 (12.5) 31.9
Pregestational diabetes 624,153 (0.9) 40,209 (1.8) 8.1
Chronic hypertension 937,086 (1.3) 69,704 (3.1) 12.3
Multiple gestation 1,266,253 (1.8) 47,775 (2.2) 2.6
Prior cesarean delivery 10,432,679 (14.7) 373,359 (16.8) 5.7

Hospital factors
Hospital location 33.4

(continued )
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asthma was more progressively ascertained over the
course of the study.

The findings from this analysis demonstrated that
asthma is associated with a constellation of risk factors
for adverse pregnancy outcomes, including chronic
hypertension and obesity. This study and other recent
studies2 have found larger risk estimates for adverse
pregnancy outcomes associated with asthma than old-
er data that show smaller effects.27 The finding of
asthma being more common in the setting of other
demographic factors associated with increased mater-
nal risk, including receipt of public insurance, lowest
ZIP code income quartile, and being of non-Hispanic
Black race, underscores the importance of optimal
management of this modifiable condition. An analysis
of longitudinal payer data evaluating asthma control
based on short-acting b-agonist dispensations and
exacerbations found poorly controlled asthma to be
associated with increased risk of preterm birth and
neonatal intensive care unit admissions, suggesting
that improved care may improve neonatal out-
comes.28 Tracking asthma care quality through phar-
macy billing data, comparing days covered of inhaled
corticosteroids compared with receipt of short-acting
b-agonists, may be an important target for improving
maternal quality of care.

In addition to modest, yet well characterized,
risks for several adverse pregnancy outcomes, this
study also found asthma was associated with increased
risk for venous thromboembolism. Despite the find-
ings from this study and a prior National Inpatient
Sample analysis, asthma is not considered a major risk
factor for venous thromboembolism and is not
included in even the most comprehensive obstetric
venous thromboembolism risk stratification scoring

systems.29 Other studies in nonobstetric patients have
demonstrated increased risk for venous thromboem-
bolism among patients with asthma with risk highest
among patients with frequent exacerbations and hos-
pitalizations.30–32 Studies have demonstrated that
asthma is associated with increased prothrombotic
factors and endothelial dysfunction leading to athero-
thrombosis and pulmonary embolism.30 Although
attributable risk for venous thromboembolism among
deliveries with asthma is low, further investigation is
indicated to determine to what degree asthma is a
meaningful risk factor for this complication.

There are several important limitations to con-
sider when interpreting this study. First, this study was
performed analyzing only administrative hospital
discharge data. This database does not include data
on other health care utilization, and we are not able to
assess outpatient management, prescription of asthma
medications, hospital and emergency encounters, and
other data related to asthma severity and control.
Asthma may have been underreported; asthma prev-
alence in pregnant women at delivery was consider-
ably lower than asthma prevalence in the general U.S.
population. Differential coding of more severe cases
could lead to risk associated with asthma being
overestimated. Second, this study design does not
allow for causal inferences. It is likely that comorbid
conditions associated with asthma, such as obesity,
were underascertained and that, for some adverse
outcomes, asthma may be a “risk marker” to a greater
degree than a risk factor. In the regression models,
estimates associated with asthma diagnoses generally
decreased in magnitude with risk adjustment. Further-
more, for some variables, such as race, the proportion
of unknown patients is differential between patients

Table 1. Characteristics of the Study Population by Presence or Absence of Asthma (Weighted Data)*

(continued )

Characteristic No Asthma Asthma Absolute SMD (%)

Rural 7,985,064 (11.3) 166,128 (7.5)
Urban nonteaching 26,877,048 (37.9) 596,559 (26.9)
Urban teaching 35,804,133 (50.5) 1,453,426 (65.4)
Missing 221,901 (0.3) 5,530 (0.3)

Region 19.3
Northeast 11,390,328 (16.1) 478,096 (21.5)
Midwest 15,026,699 (21.2) 535,334 (24.1)
South 26,957,671 (38.0) 706,967 (31.8)
West 17,513,449 (24.7) 501,246 (22.6)

SMD, standardized mean difference.
Data are n (%) unless otherwise specified.
* This table demonstrates weighted data to estimate all deliveries in the population.
† Maternal race included Asian and Pacific Islander, Native American, and women of other races as defined by the Nationwide Inpatient

Sample. This grouping was made to facilitate adjusted analyses for relatively rare outcomes.
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with asthma and patients without asthma. Given dif-
ferentials in missing data, as well as likely underascer-
tainment for important risk factors (such as obesity),
there is potential for both statistical bias and impreci-
sion of the point estimates that could be refined with
ascertainment of higher quality research data.

Third, we are not able to compare billing data
with clinical records to validate diagnoses. It is
possible that to some degree greater capture of
asthma diagnoses occurred over the study period,
particularly if asthma was tied to increased reim-
bursements. The finding that the composite of severe
respiratory complications decreased precipitously
relative to asthma diagnoses and was stable on a
population basis supports that more mild cases of
asthma may have been ascertained later in the study
period or that asthma treatment among pregnant
women improved over time. It is possible that
childhood and adolescent diagnoses of asthma may

be more likely to be carried through to adulthood if
electronic medical record documentation is used.
However, the trends in this study are compatible
with the findings of other large analyses. National
data from the CDC not restricted to the obstetric
population have demonstrated temporal trends in
decreased hospitalizations, asthma attacks, and
deaths, albeit not as precipitous as the decreased risk
for severe respiratory complications over the study
period in our analysis.33 Another large study using
data from the 2001 to 2016 National Health and
Nutrition Examination Survey similarly demon-
strated an increase in asthma prevalence among
reproductive aged women.34 Furthermore, among
deliveries with asthma the proportion of adverse out-
comes other than the respiratory morbidity compos-
ite increased proportionately over the study period.
To better characterize diagnosis validity and to deter-
mine the proportion of patients with asthma

Table 2. Unadjusted and Adjusted Risk for Pregnancy Complications in the Setting of Asthma (Weighted
Data)*

Adverse Outcomes OR (95% CI) aOR (95% CI)†

Severe maternal morbidity 1.76 (1.70–1.82) 1.50 (1.45–1.55)
Preeclampsia and gestational hypertension 1.60 (1.58–1.63) 1.29 (1.26–1.30)
Preterm delivery 1.29 (1.26–1.31) 1.27 (1.25–1.29)
Postpartum hemorrhage 1.27 (1.24–1.30) 1.21 (1.19–1.24)
Cesarean delivery 1.31 (1.29–1.33) 1.16 (1.15–1.18)
Gestational diabetes 1.34 (1.32–1.36) 1.20 (1.18–1.21)
Venous thromboembolism 2.08 (1.92–2.26) 1.79 (1.65–1.95)
Maternal death‡ 2.09(1.54–2.83) n/a

OR, odds ratio; aOR, adjusted odds ratio; n/a, not applicable.
* Estimates in the table demonstrate risk in the presence compared with the absence of asthma using weighted data.
† The adjusted models include all of the demographic, obstetric, and medical factors in Table 1, including year of delivery, maternal race,

maternal age, payer, ZIP code income quartile, obesity, pregestational diabetes, chronic hypertension, singleton compared with multiple
gestation, prior cesarean delivery, and obesity, with the exception of the model for gestational diabetes, which excluded women with
pregestational diabetes from the analysis.

‡ Adjusted analysis was not performed for maternal death, given the low number of outcomes

Table 3. Outcomes by Presence or Absence of Asthma (Weighted Data)

Adverse Outcomes No Asthma Asthma

Severe maternal morbidity* 475,305 (0.7%) 25,844 (1.2%)
Preeclampsia and gestational hypertension 5,369,759 (7.6%) 257,870 (11.6%)
Preterm delivery 4,633,016 (6.5%) 183,033 (8.2%)
Postpartum hemorrhage 2,099,765 (3.0%) 82,732 (3.7%)
Cesarean delivery 21,751,235 (30.7%) 814,075 (36.6%)
Gestational diabetes 4,042,857 (5.7%) 166,103 (7.6%)
Venous thromboembolism 45,574 (0.1%) 2,952 (0.1%)
Maternal death 3,373 (0.0%) 224 (0.0%)

Data are n (%).
* Severe maternal morbidity was based on a composite from the Centers for Disease Control and Prevention excluding transfusion.
Data from Centers for Disease Control and Prevention. How does CDC identify severe maternal morbidity? Accessed October 20, 2021.

https://www.cdc.gov/reproductivehealth/maternalinfanthealth/smm/severe-morbidity-ICD.htm
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diagnoses receiving medical management, future
analyses can be performed with payer data sets.

Fourth, the transition from ICD-9-CM to ICD-10-
CM codes may result in some discontinuities. After
the switch to ICD-10-CM in 2015, the number of
codes increased from around 18,000 to more than
140,000.35 The ICD-10-CM includes five times more
diagnostic codes and 19 times more procedural codes
than in ICD-9.35 The ICD-10-CM includes greater
detail about disease severity and complexity, allowing
for more precise identification of specific conditions,
and, as a result, there may not be precise equivalence
between ICD-9-CM and ICD-10-CM codes. How-
ever, for the majority of diagnoses included in this
study there were direct conversions between ICD-9-
CM and ICD-10-CM, and we attempted to mitigate

potential errors by translating codes via General
Equivalence Mappings.

The main strengths of the study include that we
were able to analyze a population that is nationally
representative, that we were powered to assess asso-
ciations between asthma and rare outcomes, that we
analyzed a broad range of comorbid risk factors and
adverse outcomes, and that the study occurred over a
19-year period.

In summary, this study found that asthma was
associated with a broad range of adverse outcomes
during delivery hospitalization even when adjusting
for known risk factors, that asthma was more common
among those with comorbid conditions, and that the
prevalence of asthma increased greatly over the study
period. These findings suggest that asthma may

Fig. 3. A. Rate of severe respiratory
complication composite per 10,000
delivery hospitalizations with
asthma by year. B. Rate of severe
respiratory complication composite
in the setting of asthma per 100,000
delivery hospitalizations by year.
The severe respiratory complication
composite includes diagnosis or
procedure codes for any one or
more of the following: status asth-
maticus, ventilation, temporary tra-
cheostomy, and adult respiratory
distress syndrome.
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represent an increasingly important medical condition
among high-risk pregnant women and an important
focus for optimizing care.
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