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Obstetric complications among US women with asthma
Pauline Mendola, PhD; S. Katherine Laughon, MD, MS; Tuija I. Männistö, MD, PhD;
Kira Leishear, PhD; Uma M. Reddy, MD; Zhen Chen, PhD; Jun Zhang, PhD, MD
OBJECTIVE: We sought to characterize complications of pregnancy, la-
bor, and delivery associated with maternal asthma in a contemporary
US cohort.

STUDY DESIGN: We studied a retrospective cohort based on electronic
medical record data from 223,512 singleton deliveries from 12 clinical
centers across the United States from 2002 through 2008.

RESULTS: Women with asthma had higher odds of preeclampsia (ad-
justed odds ratio [aOR], 1.14; 95% confidence interval [CI],
1.06�1.22), superimposed preeclampsia (aOR, 1.34; 95% CI,
1.15�1.56), gestational diabetes (aOR, 1.11; 95% CI, 1.03�1.19),
placental abruption (aOR, 1.22; 95% CI, 1.09�1.36), and placenta

previa (aOR, 1.30; 95% CI, 1.08�1.56). Asthmatic women had a
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higher odds of preterm birth overall (aOR, 1.17; 95% CI, 1.12�1.23)
and of medically indicated preterm delivery (aOR, 1.14; 95% CI,
1.01�1.29). Asthmatics were less likely to have spontaneous labor
(aOR, 0.87; 95% CI, 0.84�0.90) and vaginal delivery (aOR, 0.84; 95%
CI, 0.80�0.87). Risks were higher for breech presentation (aOR, 1.13;
95% CI, 1.05�1.22), hemorrhage (aOR, 1.09; 95% CI, 1.03�1.16),
pulmonary embolism (aOR, 1.71; 95% CI, 1.05�2.79), and maternal
intensive care unit admission (aOR, 1.34; 95% CI, 1.04�1.72).

CONCLUSION: Maternal asthma increased risk for nearly all outcomes
studied in a general obstetric population.

Key words: asthma, cesarean delivery, pregnancy complication,
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Asthma is the most common chronic
disease in pregnancy, complicating

4-8% of pregnancies nearly 10 years ago1

and the rate of asthma continues to in-
crease. Approximately 10% of US
women of reproductive age had active
asthma in 2008 through 20102 and 4.2%

sed a bronchodilator medication at
east once during the past month during
005 through 2008.3 In the National

Hospital Discharge Survey, the rate of
asthma reported during labor and deliv-
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ifferences in patient populations, me-
hodologic inadequacies (particularly
or early studies), and relatively small
umbers of women with asthma stud-

ed.6 Studies generally find that out-
comes are more adverse when asthma is
poorly controlled7 or when asthma is
more severe,8,9 but few studies are large
enough to examine specific risks for less
common complications of pregnancy,
labor, and delivery. The objectives of this
study were to use a large, recent cohort of
women in the United States to examine
specific risks for complications of preg-
nancy, labor, and delivery including less
frequent adverse outcomes and to ex-
plore the reasons for the increased risk of
preterm delivery in women with asthma.

MATERIALS AND METHODS
The Consortium on Safe Labor included
12 clinical centers (with 19 hospitals)
across 9 American Congress of Obstetri-
cians and Gynecologists (ACOG) US
districts. Details of the study and data
collection procedures are described else-
where.10 Briefly, centers provided elec-
ronic medical records and International
lassification of Diseases, Ninth Revision

ICD-9) discharge codes from the intra-
artum admission for 228,562 pregnan-
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through 2008. The majority of the cohort
(87%) delivered from 2005 through
2007. This analysis is restricted to single-
ton pregnancies (n � 223,512) among

04,180 women. Most women (n �
85,785; 83.1%) contributed only 1
regnancy. Institutional review board
pproval was obtained by all participat-
ng institutions.

Most complications of pregnancy, la-
or, and delivery as well as the diagnosis
f asthma were derived from medical re-
ord data supplemented with ICD-9
odes where available (Table 1). The
ource of case ascertainment (medical
ecord or ICD-9 codes) varied by site.
verall, only 10.7% of asthma cases were

eported in ICD-9 discharge codes alone
hile the remaining cases were noted in

he medical record or both sources. We
xamined various obstetric outcomes in-
luding gestational hypertension, pre-
clampsia, superimposed preeclampsia,
aternal seizure (with or without men-

ion of hypertension), gestational diabe-
es, chorioamnionitis, placenta previa, pla-
ental abruption, hemorrhage, pulmonary
mbolism, postpartum fever, premature
upture of membranes (PROM), preterm
ROM (PPROM) (defined as PROM �37
estational weeks), and breech presentation.

Outcomes derived solely from medical
ecords include prelabor cesarean deliv-
ry (defined as a cesarean delivery with-
ut any indication of labor and �2 vag-

nal examinations after admission to
ospital), induction, spontaneous labor,
oute of delivery (vaginal or cesarean),
reterm birth (�37 gestational weeks),

ow birthweight (�2500 g), intrauterine
etal death, maternal intensive care unit
ICU) admission, and maternal death.

Pregnancy was the unit of analysis for
ll statistical testing. Descriptive statis-
ics were calculated for all study variables
nd significance testing was based on ei-
her linear or logistic regression using
eneralized estimating equations (GEE)
o account for correlations between
regnancies contributed by the same
oman. Odds ratios (ORs) and 95%

onfidence limits were calculated using
ogistic regression with GEE using a first-
rder autoregressive covariance struc-
ure. Pregnancies among women with-
TABLE 1
ICD-9 diagnoses used to define asthma, chronic disease,
and outcomes in Consortium on Safe Labor

Definition in current
study

Collected
ICD-9 codes Definition

Asthma 493-493.9 Asthma
..............................................................................................................................................................................................................................................

Other chronic diseases
.....................................................................................................................................................................................................................................

Diabetes 250-250.9 Diabetes mellitus
.....................................................................................................................................................................

648.0 Other current conditions in mothers classifiable
elsewhere but complicating pregnancy,
childbirth, or puerperium–diabetes mellitus

.....................................................................................................................................................................................................................................

Hypertension 401 Essential hypertension
.....................................................................................................................................................................

402 Hypertensive heart disease
.....................................................................................................................................................................

403 Hypertensive renal disease
.....................................................................................................................................................................

404 Hypertensive heart and renal disease
.....................................................................................................................................................................

405 Secondary hypertension
.....................................................................................................................................................................

642.0 Benign essential hypertension complicating
pregnancy, childbirth, and puerperium

.....................................................................................................................................................................

642.1 Hypertension secondary to renal disease
complicating pregnancy childbirth and
puerperium

.....................................................................................................................................................................

642.2 Other preexisting hypertension complicating
pregnancy, childbirth, and puerperium

.....................................................................................................................................................................................................................................

Thyroid diseases 193 Malignant neoplasm of thyroid gland
.....................................................................................................................................................................

226 Benign neoplasm of thyroid glands
.....................................................................................................................................................................

240-240.9 Simple and unspecified goiter
.....................................................................................................................................................................

241-241.9 Nontoxic nodular goiter
.....................................................................................................................................................................

242-242.9 Thyrotoxicosis with or without goiter
.....................................................................................................................................................................

243 Congenital hypothyroidism
.....................................................................................................................................................................

244.0-244.9 Acquired hypothyroidism
.....................................................................................................................................................................

245-245.9 Thyroiditis
.....................................................................................................................................................................

246-246.9 Other disorders of thyroid
.....................................................................................................................................................................

648.1 Other current conditions in mothers classifiable
elsewhere but complicating pregnancy,
childbirth, or puerperium–thyroid dysfunction

.....................................................................................................................................................................................................................................

HIV 42 HIV disease
..............................................................................................................................................................................................................................................

Outcomes
.....................................................................................................................................................................................................................................

Gestational diabetes 648.8 Other current conditions in mothers classifiable
elsewhere but complicating pregnancy,
childbirth, or puerperium–abnormal glucose
tolerance

..............................................................................................................................................................................................................................................

Gestational
hypertension

642.3 Transient hypertension of pregnancy

..............................................................................................................................................................................................................................................

Preeclampsia 642.4 Mild or unspecified preeclampsia
..............................................................................................................................................................................................................................................

642.5 Severe preeclampsia
..............................................................................................................................................................................................................................................

Superimposed
preeclampsia

642.7 Preeclampsia or eclampsia superimposed on
preexisting hypertension

..............................................................................................................................................................................................................................................

Placental abruption 641.2 Premature separation of placenta
..............................................................................................................................................................................................................................................
ut asthma were the reference group in
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all analyses. All reported odds are ad-
justed for site and fully adjusted models
included site, maternal age, race/ethnic-
ity, marital status, prepregnancy body
mass index (weight in kg/height in m2),
insurance status, smoking and alcohol use
during pregnancy, presence of chronic dis-
ease (preexisting diabetes, chronic hyper-
tension, thyroid disease, or human immu-
nodeficiency virus), and parity. Women
with chronic hypertension were excluded
from the analyses of gestational hyperten-
sion and preeclampsia. Women with pre-
existing diabetes were excluded from the
analyses of gestational diabetes. In the
analyses of superimposed preeclampsia,
women with chronic hypertension were
not categorized as having a chronic disease
unless they had another chronic condition.
Analyses regarding labor and route of de-
livery were also adjusted for prior cesarean
delivery.

Multiple sensitivity analyses were con-
ducted, first to test the robustness of our
findings given potential bias or error in
medical record ascertainment, including
restriction to women with ICD-9-coded
asthma as these women may be more
likely to have active asthma (as opposed
to a history); removing sites with asthma
rates at the tails of the distribution (2
sites each at the high and the low end);
restriction to sites with complete data;
and finally, restriction to patients with
no missing data. Results from these lo-
gistic regression with GEE analyses
yielded similar findings, so only the full
sample analysis is presented. We also ran
2 subgroup analyses: (1) restricted to
nulliparas to explore the potential for re-
sidual confounding by history of pre-
term delivery, cesarean delivery, or other
prior complications in multiparas, and
(2) restricted to preterm deliveries to de-
termine if the precursors of preterm de-
livery were different for women with
asthma.

All statistical analyses were performed
using PROC GENMOD in SAS software
(version 9.2; SAS Institute Inc, Cary,
NC).

RESULTS
Maternal asthma complicated 7.6% of

singleton pregnancies. Mothers with s
asthma were younger (26.2 vs 27.5 years,
P � .0001) and more likely to be non-

ispanic black, be unmarried, and have
ublic insurance than their counterparts
ithout asthma (Table 2). Women with

sthma were more likely to be obese
rior to pregnancy and more likely to
ave smoking (12.2% vs 6.2%, P �

0001) or alcohol use (3.1% vs 1.7%, P �
0001) during pregnancy recorded in
heir medical records. Pregnancies com-
licated by asthma had a significantly
reater burden of other chronic diseases
s well (8.2% vs 6.2%, P � .0001). Parity
as similar among pregnancies with and
ithout asthma but among multiparas,
omen with asthma had more prior ce-

arean deliveries (15.3% vs 14.0%, P �
0001).

Analyses of the complications of preg-
ancy, labor, and delivery encountered
y women with and without asthma (Ta-
le 3) demonstrate a general pattern of

ncreased risk for asthmatic pregnancies.

Hypertensive disorders of pregnancy
and maternal seizure
Fully adjusted models indicate increased
odds of superimposed preeclampsia (ad-
justed OR [aOR], 1.34; 95% confidence
interval [CI], 1.15�1.56) and preeclamp-

TABLE 1
ICD-9 diagnoses used to define ast
outcomes in Consortium on Safe La

Definition in current
study

Collected
ICD-9
codes

Placenta previa 641.0
..........................................................................................................

641.1
..........................................................................................................

Pulmonary
embolism

415.1

..........................................................................................................

673
..........................................................................................................

Hemorrhage 666-666.3
..........................................................................................................

Chorioamnionitis 658.4
..........................................................................................................

762.7
..........................................................................................................

Preterm rupture of
membranes

658.1

..........................................................................................................

Breech presentation 652.2
..........................................................................................................

Fever 672
...................................................................................................................

HIV, human immunodeficiency virus; ICD-9, International Clas

Mendola. Obstetric complications among US women with
ia (aOR, 1.14; 95% CI, 1.06�1.22). Ec-

FEBRUARY 2013 Americ
ampsia was significantly associated with
aternal asthma in site-adjusted models

OR, 1.61; 95% CI, 1.10�2.36) but the risk
as attenuated after full adjustment (aOR,
.41; 95% CI, 0.96�2.07). After observing
significant relationship between asthma

nd maternal seizure, we stratified seizures
y hypertension status and found the in-
reased risk of maternal seizure was pri-
arily in the hypertensive group (aOR,

.37; 95% CI, 1.40�4.02), suggesting that
clampsia may not have been fully captured
n our dataset. Gestational hypertension was
levated in site-adjusted models but not sig-
ificant after further adjustment.

Other pregnancy complications
Gestational diabetes (aOR, 1.11; 95% CI,
1.03�1.19) and placenta previa (aOR,
1.30; 95% CI, 1.08�1.56) were both in-
creased, but chorioamnionitis was simi-
lar in pregnancies with and without
asthma.

Complications of labor and delivery
Asthmatic pregnancies had an increased
likelihood of being scheduled for prela-
bor cesarean delivery (aOR, 1.16; 95%
CI, 1.09�1.23) or of being induced
(aOR, 1.10; 95% CI, 1.06�1.14) com-
pared to pregnancies without asthma.

a, chronic disease, and
r (continued)

finition

centa previa without hemorrhage
..................................................................................................................

morrhage from placenta previa
..................................................................................................................

lmonary embolism and infarction

..................................................................................................................

stetrical pulmonary embolism
..................................................................................................................

stpartum hemorrhage
..................................................................................................................

ection of amniotic cavity
..................................................................................................................

orioamnionitis
..................................................................................................................

mature rupture of membranes

..................................................................................................................

ech presentation without mention of version
..................................................................................................................

exia of unknown origin during puerperium
..................................................................................................................

tion of Diseases, Ninth Revision.
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hm
bo

De

Pla
.........

He
.........

Pu

.........

Ob
.........

Po
.........

Inf
.........

Ch
.........

Pre

.........

Bre
.........

Pyr
.........

sifica
Asthmatic women were more likely to

an Journal of Obstetrics & Gynecology 127.e3



asth

Research Obstetrics www.AJOG.org
have a cesarean delivery than women
without asthma regardless of whether
they present in spontaneous labor (10.3

TABLE 2
Characteristics of mothers with an

Maternal characteristics
No as
n �

Demographic factors
..........................................................................................................

Maternal age, y mean (SD)
..........................................................................................................

Race, n (%)
.................................................................................................

Non-Hispanic white 10
.................................................................................................

Non-Hispanic black 4
.................................................................................................

Hispanic 3
.................................................................................................

Asian
.................................................................................................

Other
.................................................................................................

Missing
...................................................................................................................

Marital status, n (%)
.................................................................................................

Not married 7
.................................................................................................

Married 12
.................................................................................................

Missing
..........................................................................................................

Insurance, n (%)
.................................................................................................

Private 11
.................................................................................................

Public 6
.................................................................................................

Other
.................................................................................................

Missing 2
..........................................................................................................

Pregnancies per woman, n (%)
.................................................................................................

1 17
.................................................................................................

2 1
.................................................................................................

3
.................................................................................................

4
.................................................................................................

5
...................................................................................................................

Clinical factors
..........................................................................................................

Prepregnancy BMI, kg/m2, n (%)
.................................................................................................

Underweight, �18.5
.................................................................................................

Normal weight, 18.5–�25 7
.................................................................................................

Overweight, 25–�30 3
.................................................................................................

Obese, 30–�35 1
.................................................................................................

Severely obese, �35 1
.................................................................................................

Unknown 6
..........................................................................................................

Smoking during pregnancy, n (%) 1
..........................................................................................................

Alcohol during pregnancy, n (%)
..........................................................................................................

Preexisting diabetes, n (%)
..........................................................................................................

Chronic hypertension, n (%)
...................................................................................................................

Mendola. Obstetric complications among US women with
vs 9.1%, P � .0003) or undergo labor
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induction (8.1% vs 7.1%, P � .0001). As a
result, pregnancies with maternal asthma
had a lower odds overall of vaginal delivery

ithout asthma

a
,468

Asthma
n � 17,044

Site-adjusted
P valuea

..................................................................................................................

.5 (6.2) 26.6 (6.2) � .0001
..................................................................................................................

..................................................................................................................

7 (49.6) 8156 (47.9) � .0001
..................................................................................................................

0 (21.7) 5444 (31.9)
..................................................................................................................

3 (17.7) 2288 (13.4)
..................................................................................................................

0 (4.3) 211 (1.2)
..................................................................................................................

6 (2.4) 265 (1.6)
..................................................................................................................

2 (4.2) 680 (4.0)
..................................................................................................................

..................................................................................................................

8 (36.9) 8765 (51.4) � .0001
..................................................................................................................

0 (60.0) 7461 (43.8)
..................................................................................................................

0 (3.1) 818 (4.8)
..................................................................................................................

..................................................................................................................

4 (56.2) 8883 (52.1) � .0001
..................................................................................................................

7 (31.5) 7105 (41.7)
..................................................................................................................

4 (1.3) 208 (1.2)
..................................................................................................................

3 (10.9) 848 (5.0)
..................................................................................................................

..................................................................................................................

5 (91.2) 14,074 (90.7)
..................................................................................................................

8 (8.4) 1355 (8.7)
..................................................................................................................

4 (0.4) 80 (0.5)
..................................................................................................................

5 (0.02) 5 (0.03)
..................................................................................................................

1 (� .01) 0 (0.0)
..................................................................................................................

..................................................................................................................

..................................................................................................................

7 (3.6) 463 (2.7) � .0001
..................................................................................................................

2 (36.1) 4641 (27.2)
..................................................................................................................

9 (15.0) 2614 (15.3)
..................................................................................................................

2 (6.9) 1530 (9.0)
..................................................................................................................

3 (5.1) 1605 (9.4)
..................................................................................................................

5 (33.3) 6191 (36.3)
..................................................................................................................

8 (6.2) 2075 (12.2) � .0001
..................................................................................................................

9 (1.7) 532 (3.1) � .0001
..................................................................................................................

1 (1.4) 381 (2.2) � .0001
..................................................................................................................

3 (1.8) 480 (2.8) � .0001
..................................................................................................................

ma. Am J Obstet Gynecol 2013. (continued )
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PROM was similar in pregnancies
with and without asthma (7.1% vs 7.0%,
P � .98) but PPROM was higher in asth-
matics (3.0% vs 2.2%, P � .0001). Fetal
presentation also varied by asthma status
with more breech presentations among
pregnancies complicated by asthma
(aOR, 1.13; 95% CI, 1.05�1.22).

With regard to severe complications,
the odds of placental abruption (aOR,
1.22; 95% CI, 1.09�1.36), hemorrhage
(aOR, 1.09; 95% CI, 1.03�1.16), pulmo-
nary embolism (aOR, 1.71; 95% CI,
1.05�2.79), and maternal ICU admis-
sion (aOR, 1.34; 95% CI, 1.04�1.72)
were all significantly increased in preg-
nancies with asthma but there was no
difference in postpartum fever and ma-
ternal death.

As anticipated, both low birthweight
(aOR, 1.16; 95% CI, 1.10�1.23) and pre-
term delivery (aOR, 1.17; 95% CI,
1.12�1.23) were increased in pregnan-
cies with asthma but the odds of intra-
uterine fetal death were not significantly
higher compared to pregnancies without
asthma. Restricting these analyses to nul-
liparas yielded similar findings (data not
shown).

With respect to preterm delivery (Ta-
ble 4), we found no significant differ-
ences in prelabor cesarean deliveries
(aOR, 1.06; 95% CI, 0.95�1.19), spon-
taneous labor (aOR, 0.93; 95% CI,
0.85�1.01), or induction (aOR, 1.04;
95% CI, 0.94�1.15) and women with
asthma were no more likely than those
without to have a cesarean delivery. How-
ever, further examination of the precur-
sors of preterm delivery demonstrated that
women with asthma had more medically
indicated preterm deliveries (aOR, 1.14;
95% CI, 1.01�1.29) and were less likely to
deliver preterm after a spontaneous pro-
cess (labor or PPROM) (aOR, 0.89; 95%
CI, 0.81�0.97).

COMMENT
Women with asthma begin pregnancy
with a less favorable profile of demo-
graphic, lifestyle, and clinical risk factors
including increased obesity, increased
smoking, and a higher burden of other
chronic diseases. Even after adjustment
d w
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206

.........

27
.........

.........

2,44
.........

4,84
.........

6,54
.........

897
.........

496
.........

870
.........

.........

6,24
.........

3,80
.........

642
.........

.........

6,08
.........

5,09
.........

277
.........

2,51
.........

.........

2,35
.........

5,87
.........

72
.........

4
.........

.........

.........

.........

751
.........

4,44
.........

0,90
.........

4,21
.........

0,55
.........

8,83
.........

2,85
.........

355
.........

293
.........

373
.........
for these and other risk factors, asthma



r
d
d
w
o

p
d
p
r
g
c
T
t
h
g
a
d
a
i
f
w
r
c
n

asth

www.AJOG.org Obstetrics Research
was independently associated with
higher odds for nearly all complica-
tions of pregnancy, labor, and delivery
under study. Notably, asthmatic
women experienced more serious
complications including preeclampsia,
preterm birth, cesarean delivery, pla-
centa previa, placental abruption,
hemorrhage, and pulmonary embo-
lism, with a 34% increased odds of ICU
admission. Neonates born to women
with asthma were also more likely to be
low birthweight.

Our findings are consistent with the
recent review and metaanalysis by Mur-
phy et al5 that concluded risks were in-
creased for preeclampsia, low birth-
weight, and preterm delivery in women
with asthma. The literature on other
complications of pregnancy is less con-
sistent, although several studies reviewed
by Dombrowski6 have reported in-
creased risk for cesarean delivery and
maternal hemorrhage.

An observational cohort conducted by
the Maternal-Fetal Medicine Units Net-
work found increased risk for cesarean
delivery but only observed increased
risks for gestational diabetes and pre-
term delivery in women with severe
asthma (but the number of cases with se-
vere asthma was small: 8 for gestational
diabetes mellitus and 16 for preterm de-
livery).8 In contrast, in our fully adjusted
models that have substantially more
cases with asthma (927 with gestational
diabetes mellitus and 2526 preterm preg-
nancies) but no information on severity,
we observed an 11% increase in the odds
of gestational diabetes and 17% increase
in preterm birth compared to pregnan-
cies without asthma.

Results from prior large retrospective
cohorts that examined obstetric compli-
cations have also provided conflicting
results. Increased risk of miscarriage,
hemorrhage, cesarean delivery, and ane-
mia were reported in United Kingdom
primary care health system records for
pregnancies with asthma from 1988
through 200411 but risk for placental ab-
uption, placenta previa, hypertensive
isorders, diabetes, and other chronic
isease with the exception of depression
ere not elevated. Approximately 35%

f women in the study contributed �1
regnancy but the statistical modeling
id not control for correlation between
regnancies to the same women and the
ates of complications observed were
enerally lower than our findings. In
ontrast, a Medicaid-based study in
ennessee covering births from 1995

hrough 2003 observed higher risk for
ypertensive disorders, hemorrhage,
estational diabetes, cesarean section,
nd low birthweight but not for preterm
elivery.7 Again, it was unclear how the
uthors controlled for multiple deliver-
es to the same women. Failing to control
or the correlated pregnancies within
omen would likely overestimate the

isks observed in these populations, but
uriously, this was one of the few studies
ot to report a risk for preterm delivery.5

To our knowledge, no prior studies
have examined risk for pulmonary em-
bolism in relation to maternal asthma.
Pulmonary embolism remains a leading
cause of maternal mortality12 and we ob-
served twice as many cases in pregnan-
cies complicated by asthma compared to
those without asthma (12/10,000 vs
6/10,000 deliveries, respectively). It may
be that this risk was secondary to the
higher rate of cesarean delivery or
thrombosis associated with preeclamp-

TABLE 2
Characteristics of mothers with an

Maternal characteristics
No asthm
n � 206,

Thyroid disease, n (%) 6043 (2.9
...................................................................................................................

HIV/AIDS, n (%) 778 (
...................................................................................................................

Any chronic disease (diabetes,
hypertension, thyroid, HIV),
n (%)

12,722 (

...................................................................................................................

Parity, n (%)
..........................................................................................................

Nulliparous 82,417 (
..........................................................................................................

Multiparous 124,051 (
...................................................................................................................

Prior cesarean section, n (%)
..........................................................................................................

Nullipara 82,417 (
..........................................................................................................

Multipara–no 95,123 (
..........................................................................................................

Multipara–yes 28,928 (
...................................................................................................................

Analyses are based on singleton pregnancies from the Conso
AIDS, acquired immunodeficiency syndrome; BMI, body mass
a P values are based on generalized estimating equations tha

Mendola. Obstetric complications among US women with
sia but since the number of cases in our
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study was relatively small (n � 20 among
women with asthma), the cause remains
unknown. As embolism represents an-
other vascular endpoint with serious
consequences found to be associated
with asthma, further research is needed
to confirm this novel finding.

Asthma is a complex chronic disease
and the underlying immune dysfunction
may increase the likelihood of poor pla-
centation, resulting in both increases in
gestational hypertensive disorders and
placenta previa or abruption. Mothers
with asthma have high-risk profiles, so
their low likelihood of spontaneous la-
bor (with more induction and prelabor
cesarean section) may be expected but
even when women with asthma labored,
they were significantly less likely to have
a vaginal delivery than their nonasth-
matic counterparts. Perhaps the in-
creased risk of pregnancy complications
observed with asthma (eg, preeclampsia)
also contributed to unsuccessful at-
tempted vaginal delivery. Physician-
diagnosed asthma increased risk for id-
iopathic preterm labor in a small case-
control study from Quebec, Canada,13

but the authors did not observe effects
associated with methacholine challenge
suggesting nonatopic, noncholinergic

ithout asthma (continued)

Asthma
n � 17,044

Site-adjusted
P valuea

568 (3.3) .003
..................................................................................................................

107 (0.6) � .0001
..................................................................................................................

1404 (8.2) � .0001

..................................................................................................................

..................................................................................................................

) 6824 (40.0) .84
..................................................................................................................

) 10,220 (60.0)
..................................................................................................................

..................................................................................................................

) 6824 (40.0) � .0001
..................................................................................................................

) 7608 (44.6)
..................................................................................................................

) 2612 (15.3)
..................................................................................................................

on Safe Labor, 2002-2008.
x; HIV, human immunodeficiency virus.

ount for multiple pregnancies to same woman.

ma. Am J Obstet Gynecol 2013.
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mechanisms. Our data suggest an in-
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TABLE 3
Singleton pregnancy complications among US women with asthma

Outcomes

No asthma
n � 206,468
n (%)

Asthma
n � 17,044
n (%)

Site-adjusted
P valuea

Site-adjusted
odds ratio
(95% CI)a

Fully adjusted
odds ratio
(95% CI)a,b

Hypertensive disorders of pregnancy
.......................................................................................................................................................................................................................................................................................................................................................................

Superimposed preeclampsia 1680 (0.8) 213 (1.3) � .0001 1.54 (1.33–1.79) 1.34 (1.15–1.56)
.......................................................................................................................................................................................................................................................................................................................................................................

Eclampsia 207 (0.1) 33 (0.2) .01 1.61 (1.10–2.36) 1.41 (0.96–2.07)
.......................................................................................................................................................................................................................................................................................................................................................................

Preeclampsia 9628 (4.7) 924 (5.4) � .0001 1.24 (1.16–1.33) 1.14 (1.06–1.22)
.......................................................................................................................................................................................................................................................................................................................................................................

Gestational hypertension 5523 (2.7) 557 (3.3) .0003 1.18 (1.08–1.30) 1.08 (0.98–1.19)
................................................................................................................................................................................................................................................................................................................................................................................

Maternal seizure
.......................................................................................................................................................................................................................................................................................................................................................................

All maternal seizures 176 (0.1) 33 (0.2) .0008 1.93 (1.32–2.83) 1.79 (1.21–2.63)
..............................................................................................................................................................................................................................................................................................................................................................

Maternal seizure without hypertension noted 93 (0.05) 14 (0.09) .19 1.45 (0.83–2.55) 1.35 (0.77–2.37)
..............................................................................................................................................................................................................................................................................................................................................................

Maternal seizure with hypertension noted 83 (0.05) 19 (0.12) .0006 2.51 (1.48–4.25) 2.37 (1.40–4.02)
................................................................................................................................................................................................................................................................................................................................................................................

Other pregnancy complications
.......................................................................................................................................................................................................................................................................................................................................................................

Gestational diabetes 10,420 (5.1) 927 (5.4) .06 1.07 (1.00–1.15) 1.11 (1.03–1.19)
.......................................................................................................................................................................................................................................................................................................................................................................

Chorioamnionitis 6415 (3.1) 504 (3.0) .32 1.05 (0.95–1.16) 1.06 (0.96–1.17)
.......................................................................................................................................................................................................................................................................................................................................................................

Placenta previa 1444 (0.7) 141 (0.8) .06 1.19 (0.99–1.42) 1.30 (1.08–1.56)
................................................................................................................................................................................................................................................................................................................................................................................

Complications of labor and delivery
.......................................................................................................................................................................................................................................................................................................................................................................

Prelabor cesarean delivery 23,688 (11.5) 2193 (12.9) � .0001 1.15 (1.10–1.21) 1.16 (1.09–1.23)
.......................................................................................................................................................................................................................................................................................................................................................................

Spontaneous labor 111,523 (54.0) 8921 (52.3) � .0001 0.86 (0.84–0.89) 0.87 (0.84–0.90)
..............................................................................................................................................................................................................................................................................................................................................................

Cesarean delivery after spontaneous labor 18,835 (9.1) 1749 (10.3) .0003 1.10 (1.05–1.16) 1.06 (1.00–1.12)
.......................................................................................................................................................................................................................................................................................................................................................................

Induction 71,257 (34.5) 5930 (34.8) � .0001 1.10 (1.06–1.13) 1.10 (1.06–1.14)
..............................................................................................................................................................................................................................................................................................................................................................

Cesarean delivery after induction 14,746 (7.1) 1381 (8.1) � .0001 1.22 (1.15–1.29) 1.17 (1.10–1.24)
.......................................................................................................................................................................................................................................................................................................................................................................

All vaginal delivery 149,199 (72.3) 11,721 (68.8) � .0001 0.84 (0.81–0.87) 0.84 (0.80–0.87)
.......................................................................................................................................................................................................................................................................................................................................................................

PPROM 4596 (2.2) 516 (3.0) � .0001 1.23 (1.12–1.36) 1.18 (1.07–1.30)
.......................................................................................................................................................................................................................................................................................................................................................................

PROM 14,379 (7.0) 1212 (7.1) .98 1.00 (0.94–1.07) 0.99 (0.93–1.05)
.......................................................................................................................................................................................................................................................................................................................................................................

Breech presentation 8785 (4.3) 811 (4.8) .01 1.10 (1.02–1.19) 1.13 (1.05–1.22)
.......................................................................................................................................................................................................................................................................................................................................................................

Placental abruption 3242 (1.6) 380 (2.2) � .0001 1.27 (1.14–1.42) 1.22 (1.09–1.36)
.......................................................................................................................................................................................................................................................................................................................................................................

Maternal hemorrhage 13,423 (6.5) 1292 (7.6) .001 1.11 (1.04–1.18) 1.09 (1.03–1.16)
.......................................................................................................................................................................................................................................................................................................................................................................

Maternal pulmonary embolism 114 (0.06) 20 (0.12) .008 1.90 (1.18–3.07) 1.71 (1.05–2.79)
.......................................................................................................................................................................................................................................................................................................................................................................

Maternal postpartum fever 5531 (2.7) 532 (3.1) .35 1.05 (0.95–1.15) 0.99 (0.90–1.09)
.......................................................................................................................................................................................................................................................................................................................................................................

Maternal ICU admission 902 (0.6) 73 (0.6) .01 1.38 (1.08–1.76) 1.34 (1.04–1.72)
.......................................................................................................................................................................................................................................................................................................................................................................

Maternal death 18 (0.01) 1 (0.01) .70 Not calculated Not calculated
.......................................................................................................................................................................................................................................................................................................................................................................

Low birthweight, �2500 g 16,551 (8.1) 1815 (10.7) � .0001 1.26 (1.19–1.33) 1.16 (1.10–1.23)
.......................................................................................................................................................................................................................................................................................................................................................................

Preterm birth, �37 wk 23,618 (11.4) 2526 (14.8) � .0001 1.25 (1.19–1.31) 1.17 (1.12–1.23)
.......................................................................................................................................................................................................................................................................................................................................................................

Intrauterine fetal death 1148 (0.6) 110 (0.7) .26 1.12 (0.92–1.38) 1.07 (0.87–1.32)
................................................................................................................................................................................................................................................................................................................................................................................

Women with and without asthma had following rates of missing data: 5.9% and 6.9% on vertex presentation, 24.0% and 21.3% on ICU admission, 8.5% and 11.0% on seizures, and 0.8% and 1.1%
on birthweight, respectively. Analyses are based on singleton pregnancies from the Consortium on Safe Labor, 2002-2008.
CI, confidence interval; ICU, intensive care unit; PPROM, preterm premature rupture of membranes; PROM, premature rupture of membranes.
a All P values are based on generalized estimating equations that account for multiple pregnancies to the same woman. All P values are adjusted for site; b Adjusted for site; maternal age; maternal race;

marital status; insurance; prepregnancy body mass index; smoking during pregnancy; alcohol use during pregnancy; history of diabetes (except for gestational diabetes), human immunodeficiency
virus, chronic hypertension (except for gestational hypertension, preeclampsia, eclampsia, or maternal seizure with hypertension), or thyroid disease; and parity (spontaneous labor, induction, cesarean
delivery, and vaginal delivery adjusted for prior cesarean delivery instead of parity alone).
Mendola. Obstetric complications among US women with asthma. Am J Obstet Gynecol 2013.
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creased risk of eclampsia, significant in a
site-adjusted model, and given the high
risk for maternal seizure when hyperten-
sive disorders were noted in the medical
record, cases of eclampsia likely were
miscoded. This assumption is supported
by the fact that very few women had ep-
ilepsy or other seizure disorders, so our
finding that risk of maternal seizure or
eclampsia is increased in women with
asthma may be another indication of the
confluence of factors leading from poor
immunologic adaptation to pregnancy
to preeclampsia/eclampsia.14

The strengths of this analysis include
having clinical data from a large, con-
temporary US population. The number
of women with asthma in the obstetric
population continues to increase and as
management of asthma continues to im-
prove,15,16 more recent data are valuable
to examine the impact of maternal
asthma on obstetric outcomes. The elec-
tronic medical records and discharge
summaries provide a wealth of rich clin-
ical data and the large sample size allows
for rigorous analysis of less common, but
more serious obstetric complications.
With �17,000 pregnancies with asthma,
we have one of the largest study popula-
tions to date. We are, however, limited
by the data captured in the intrapartum

TABLE 4
Precursors for preterm deliveries a

Variable

Prelabor cesarean delivery
...................................................................................................................

Spontaneous labor
..........................................................................................................

Cesarean delivery after spontaneous labor
...................................................................................................................

Induction
..........................................................................................................

Cesarean delivery after induction
...................................................................................................................

PPROM
...................................................................................................................

Spontaneous process (labor or PPROM)
...................................................................................................................

Indicated
...................................................................................................................

Elective or no recorded indication
...................................................................................................................

Preterm delivery includes all singletons delivered �37 compl
CI, confidence interval; PPROM, preterm premature rupture o
a P values are based on generalized estimating equations that a

status; insurance; prepregnancy body mass index; smoking
disease; and parity/prior cesarean section.

Mendola. Obstetric complications among US women with
records and discharge summaries. Not
all clinical centers provided comparable
data, but an intensive chart review of key
variables compared to the electronic re-
cords foundverygoodagreement10 andwe
onducted a series of sensitivity analyses to
est the robustnessofourfindings(restricted
o sites with lower variability in asthma prev-
lence,siteswithcompletedata,patientswith
omplete data, and only pregnancies with
CD-9-confirmed asthma) and found simi-
ar results.

The major limitation of our study is
he lack of information on asthma con-
rol, exacerbations, and treatment. Sev-
ral studies have shown that adverse out-
omes are more common (or only
ccur) in pregnancies with poor asthma
ontrol.7,9,17 Presumably, the asthma
ases in our study represent a mix of se-
erity and treatment and we cannot eval-
ate how well our findings apply to the
ubgroup of women with well-con-
rolled asthma. It is possible that records
ould be biased and more likely to in-
lude the diagnosis of asthma when
omplications arise, but the overall prev-
lence of asthma we observed (7.6%) was
imilar to the general population esti-

ates of 10% for women of reproductive
ge and of asthma in pregnancy reported
n the early 2000s (4-8%).1

Our findings confirm that women

ng US women with asthma

No asthma
n � 23,618
n (%)

Asthma
n � 2526
n (%)

Site-adjus
P valuea

4625 (19.6) 511 (20.2) .22
.........................................................................................................................

12,726 (53.9) 1345 (53.3) .08
.........................................................................................................................

3172 (13.4) 359 (14.2) .22
.........................................................................................................................

6267 (26.5) 670 (26.5) .42
.........................................................................................................................

1606 (6.8) 176 (7.0) .39
.........................................................................................................................

4596 (19.5) 516 (20.4) .86
.........................................................................................................................

15,359 (65.0) 1609 (63.7) .009
.........................................................................................................................

3297 (14.0) 404 (16.0) .06
.........................................................................................................................

8824 (37.4) 913 (36.1) .98
.........................................................................................................................

weeks from the Consortium on Safe Labor, 2002-2008.
branes.

nt for multiple pregnancies to same woman–all P values are adjus
ng pregnancy; alcohol use during pregnancy; history of diabetes

ma. Am J Obstet Gynecol 2013.
with asthma have an increased risk of P
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preeclampsia, preterm birth, and low
birthweight.5 Since chronic inflamma-
tion is a hallmark of asthma and in-
creases in proinflammatory cytokines
are known to play an important role in
triggering the spontaneous onset of la-
bor,18 we considered the potential for
pontaneous pathways leading to pre-
erm delivery among women with
sthma. However, when we examined
he precursors of preterm delivery in our
ata, medically indicated delivery was
ore common in asthmatic pregnancies

nd women with asthma were less likely
o deliver as a result of a spontaneous
rocess (labor or PPROM). This sug-
ests that the increased risk of preterm
irth among women with asthma is not
riven by spontaneous preterm labor
ut rather is due to their compromised
edical condition. Inflammation re-

ated to asthma does not seem to be trig-
ering preterm labor at the population
evel.

We also found that asthma increased
he risk of other serious obstetric com-
lications including placental abruption,
emorrhage, pulmonary embolism, and
aternal ICU admission as well as in-

reasing risk for gestational diabetes,
reech presentation, and cesarean deliv-
ry. The National Asthma Education and

Site-adjusted
odds ratio
(95% CI)a

Fully adjusted
odds ratio
(95% CI)a,b

1.07 (0.96–1.19) 1.06 (0.95–1.19)
..................................................................................................................

0.93 (0.85–1.01) 0.93 (0.85–1.01)
..................................................................................................................

1.08 (0.96–1.22) 1.07 (0.94–1.21)
..................................................................................................................

1.04 (0.95–1.15) 1.04 (0.94–1.15)
..................................................................................................................

1.07 (0.91–1.27) 1.02 (0.86–1.21)
..................................................................................................................

1.01 (0.91–1.12) 1.02 (0.92–1.13)
..................................................................................................................

0.89 (0.81–0.97) 0.89 (0.81–0.97)
..................................................................................................................

1.13 (1.00–1.27) 1.14 (1.01–1.29)
..................................................................................................................

1.00 (0.92–1.09) 1.00 (0.91–1.09)
..................................................................................................................

r site; b Adjusted for site; maternal age; maternal race; marital
an immunodeficiency virus, chronic hypertension, or thyroid
mo

ted

......... .........

......... .........
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published guidelines for evaluation and
treatment of asthma in pregnancy15,16

and clinical strategies to manage women
with asthma and improve outcomes
have been well described.19 Monitoring

eak flow as an estimate of forced expi-
atory volume in 1 second (FEV1) is rec-
mmended and good control of asthma
ymptoms has been associated with im-
roved outcomes, particularly for pre-
erm birth. For example, �21% of
omen with poor spirometry across
regnancy (FEV1 �80% of expected) de-

ivered preterm in the Maternal-Fetal
edicine Units Network study, com-

ared to 15% when FEV1 was more fa-
vorable (�80% of expected).9 Asthma
hould be actively managed during preg-
ancy including objective assessment of
ymptoms and lung function, avoidance
f asthma triggers, patient education,
nd step therapy to adjust the number
nd frequency of medications needed to
ontrol symptoms.19 The importance of
ood asthma control for the well-being
f the baby should be clearly communi-
ated to the patient, particularly for
hose who may resist taking needed

edication due to concern about the im-
act of pharmaceuticals on the fetus.
Given that asthma is the most com-
on chronic condition in pregnancy

nd the proportion of women of repro-
uctive age with asthma is likely to in-
rease for the foreseeable future, our
ndings are concerning. We observed a
attern of increased risk for nearly all
utcomes studied in the general obstet-
ic population, which likely included
omen with mild asthma and good

sthma control. Since both asthma se-
erity and control contribute to morbid-
ty during pregnancy, more research is
eeded to determine factors that predict
oor obstetric outcomes and determine
f certain vulnerable women can benefit

127.e8 American Journal of Obstetrics & Gynecolo
rom targeted intervention to ameliorate
heir obstetric risks. Our data from a
arge, contemporary, nationwide US co-
ort suggest that we still have a long way
o go to improve obstetric outcomes for
omen with asthma. f

ACKNOWLEDGMENTS
Institutions involved in the Consortium on Safe
Labor include, in alphabetical order: Baystate
Medical Center, Springfield, MA; Cedars-Sinai
Medical Center Burnes Allen Research Center,
Los Angeles, CA; Christiana Care Health Sys-
tem, Newark, DE; EMMES Corp, Rockville, MD
(Data Coordinating Center); Georgetown Uni-
versity Hospital, MedStar Health, Washington,
DC; Indiana University Clarian Health, Indianap-
olis, IN; Intermountain Healthcare and the Uni-
versity of Utah, Salt Lake City, UT; Maimonides
Medical Center, Brooklyn, NY; MetroHealth
Medical Center, Cleveland, OH; Summa Health
System, Akron City Hospital, Akron, OH; Uni-
versity of Illinois at Chicago, Chicago, IL; Uni-
versity of Miami, Miami, FL; and University of
Texas Health Science Center at Houston,
Houston, TX.

REFERENCES
1. Kwon HL, Triche EW, Belanger K, Bracken
MB. The epidemiology of asthma during preg-
nancy: prevalence, diagnosis, and symptoms.
Immunol Allergy Clin North Am 2006;26:29-62.
2. Centers for Disease Control and Prevention,
National Center for Health Statistics. Health
data interactive. Available at: http://www.
cdc.gov/nchs/hdi.htm. Accessed July 24,
2012.
3. Centers for Disease Control and Prevention.
Health United States, 2011: with special feature
on socioeconomic status and health. Hyatts-
ville, MD: CDC, National Center for Health Sta-
tistics; 2012.
4. Berg CJ, Mackay AP, Qin C, Callaghan WM.
Overview of maternal morbidity during hospital-
ization for labor and delivery in the United
States: 1993-1997 and 2001-2005. Obstet Gy-
necol 2009;113:1075-81.
5. Murphy VE, Namazy JA, Powell H, et al. A
meta-analysis of adverse perinatal outcomes
in women with asthma. BJOG 2011;118:

1314-23.

gy FEBRUARY 2013
6. Dombrowski MP. Outcomes of pregnancy in
asthmatic women. Immunol Allergy Clin North
Am 2006;26:81-92.
7. Enriquez R, Griffin MR, Carroll KN, et al. Ef-
fect of maternal asthma and asthma control on
pregnancy and perinatal outcomes. J Allergy
Clin Immunol 2007;120:625-30.
8. Dombrowski MP, Schatz M, Wise R, et al.
Asthma during pregnancy. Obstet Gynecol
2004;103:5-12.
9. Schatz M, Dombrowski MP, Wise R, et al.
Spirometry is related to perinatal outcomes in
pregnant women with asthma. Am J Obstet Gy-
necol 2006;194:120-6.
10. Zhang J, Troendle J, Reddy UM, et al. Con-
temporary cesarean delivery practice in the
United States. Am J Obstet Gynecol 2010;203:
326.
11. Tata LJ, Lewis SA, McKeever TM, et al. A
comprehensive analysis of adverse obstetric
and pediatric complications in women with
asthma. Am J Respir Crit Care Med 2007;175:
991-7.
12. Clark SL. Strategies for reducing maternal
mortality. Semin Perinatol 2012;36:42-7.
13. Kramer MS, Coates AL, Michoud MC, et al.
Maternal asthma and idiopathic preterm labor.
Am J Epidemiol 1995;142:1078-88.
14. Verlohren S, Muller DN, Luft FC, Dechend
R. Immunology in hypertension, preeclampsia,
and target-organ damage. Hypertension 2009;
54:439-43.
15. National Asthma Education and Prevention
Program. Working group report on managing
asthma during pregnancy: recommendations
for pharmacologic treatment, update 2004.
Bethesda, MD: Department of Health and Hu-
man Services, National Institutes of Health, Na-
tional Heart, Lung and Blood Institute; 2005.
16. Dombrowski MP, Schatz M. ACOG prac-
tice bulletin: clinical management guidelines for
obstetrician-gynecologists number 90, Febru-
ary 2008: asthma in pregnancy. Obstet Gynecol
2008;111:457-64.
17. Bakhireva LN, Schatz M, Jones KL, Cham-
bers CD. Asthma control during pregnancy and
the risk of preterm delivery or impaired fetal
growth. Ann Allergy Asthma Immunol 2008;
101:137-43.
18. Christiaens I, Zaragoza DB, Guilbert L, Rob-
ertson SA, Mitchell BF, Olson DM. Inflammatory
processes in preterm and term parturition. J Re-
prod Immunol 2008;79:50-7.
19. Dombrowski MP, Schatz M. Asthma in
pregnancy. Clin Obstet Gynecol 2010;53:

301-10.

http://www.cdc.gov/nchs/hdi.htm
http://www.cdc.gov/nchs/hdi.htm

	Obstetric complications among US women with asthma
	Materials and Methods
	Results
	Hypertensive disorders of pregnancy and maternal seizure
	Other pregnancy complications
	Complications of labor and delivery

	Comment
	Acknowledgments
	References


