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Objectives. This study sought to determine the prevalence of maternal morbidity dur-
ing labor and delivery in the United States.

Methods. Analyses focused on National Hospital Discharge Survey data available for
women giving birth between 1993 and 1997.

Results. The prevalence of specific types of maternal morbidity was low, but the bur-
den of overall morbidity was high. Forty-three percent of women experienced some type
of morbidity during their delivery hospitalization. Thirty-one percent (1.2 million women)
had at least 1 obstetric complication or at least 1 preexisting medical condition.

Conclusions. Maternal morbidity during delivery is frequent and often preventable.
Reducing maternal morbidity is a national health objective, and its monitoring is key to
improving maternal health. (Am J Public Health. 2003;93:631–634)
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each record, and data are weighted to repre-
sent all hospitalizations nationally. We used
SUDAAN12 in all analyses to incorporate the
NHDS sample design, and we used statistical
weights to adjust for the complex survey de-
sign and for nonresponse.

In the NHDS, medical data are coded ac-
cording to the International Classification of
Diseases, 9th Revision, Clinical Modification
(ICD-9-CM). The NHDS data tape contains
fields for up to 7 discharge diagnoses and 4
procedure codes. We included all available
discharge and procedure fields in our analy-
sis. We estimated the total number of compli-
cations for the 5-year period, using SUDAAN
and divided by 5 to obtain average annual
figures.

Maternal Morbidity Defined
Maternal morbidity during labor and deliv-

ery was defined as a condition that adversely
affects a woman’s physical health during
childbirth beyond what would be expected in
a normal delivery. Three of the authors—an
internist (I. Danel) and 2 obstetricians (C.
Berg and H. Atrash)—reviewed ICD-9-CM
codes, including those outside the standard
pregnancy codes (640–676), to determine
whether they met the definition. Including
codes outside the 640 to 676 range in-
creased the prevalence of total maternal mor-
bidity by about 1%. We identified hospitaliza-
tions for delivery with ICD-9-CM code V27.

We did not consider all complications of
pregnancy as representing maternal morbid-
ity. We excluded, under our definition, condi-
tions that affected the fetus but had no reper-
cussions in terms of the woman’s physical
health. We also excluded mental health com-
plications. Only serious mental health prob-
lems are identified by ICD-9 codes, and the
number of deliveries with such codes was
very small (less than 0.02% of the total).

Maternal morbidity was divided into ob-
stetric complications, preexisting medical con-
ditions, and cesarean delivery. An obstetric
complication is a condition caused by the
pregnancy itself or by its management. A pre-
existing medical complication is an underly-
ing condition that may be aggravated by the
pregnancy. We analyzed cesarean delivery, a
major surgical procedure, separately and then
included data on such deliveries in the final
maternal morbidity totals.

Examples of conditions included in ICD-9-
CM codes 640 to 676 that were not classi-
fied as maternal morbidity were first- and sec-
ond-degree vaginal lacerations (considered
normal occurrences during delivery) and epi-
siotomies. Conditions that were managed ade-
quately without a substantial effect on the
woman’s health also were not classified as in-
stances of maternal morbidity. For example,
obstructed labor and placental abnormalities
(e.g., retention, abruptio, previa) were not in-
cluded if they were not associated with hem-

Nearly 4 million women give birth in the
United States each year.1 Until recently, the
only national outcome indicator of maternal
health—a woman’s health during pregnancy,
childbirth, and the puerperium—was mater-
nal mortality.2 However, if priorities are to be
established and effective interventions de-
signed to improve maternal health, the bur-
den of morbidity among women giving birth
must be defined, and protective and risk fac-
tors must be identified. The Healthy People
2010 objectives include a new maternal
health indicator: maternal morbidity during
labor and delivery.3

Several studies have shown that antepar-
tum hospitalizations for pregnancy complica-
tions are common, with 15 to 25 hospital ad-
missions for every 100 deliveries.4–7

However, most maternal deaths and serious
complications occur at approximately the
time of labor and delivery.8 Population-based
rates of certain specific complications (e.g.,
preeclampsia, placenta previa, abruptio pla-
centae) have been reported9; to our knowl-
edge, however, no population-based data
summarizing maternal morbidity during
labor and delivery have been published. In
this article, we describe national estimates
during the period 1993 to 1997.

METHODS

Data and Analysis
We used 1993 through 1997 data from

the National Hospital Discharge Survey
(NHDS), conducted annually since 1965 by
the National Center for Health Statistics.10,11

The NHDS is the principal source of informa-
tion on inpatient use of short-stay, nonfederal
hospitals in the United States; data are col-
lected on patient characteristics, lengths of
stay, and medical diagnoses and procedures.

Each year, about 200000 inpatient rec-
ords are selected from approximately 400
hospitals. Information is abstracted from
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TABLE 1—Maternal Morbidity During Labor and Delivery: National Hospital Discharge
Survey, 1993–1997

Women Giving 95% Confidence Estimated
Type of Morbidity Birth, % Interval Annual No.a

Obstetric complications

Hemorrhage

Antepartum 1.6 1.47, 1.73 61 208

Postpartum 2.0 1.79, 2.18 75 729

Preeclampsia and eclampsia

All 3.0 2.79, 3.23 115 001

Severe preeclampsia 0.6 0.56, 0.70 24 084

Eclampsia 0.1 0.06, 0.13 3 660

Transient hypertension of pregnancy 2.1 1.89, 2.27 79 205

Obstetric trauma

3rd/4th-degree laceration or hematoma 5.0 4.61, 5.28 188 803

4th-degree laceration 1.7 1.50, 1.81 63 112

Other obstetric trauma 3.8 3.49, 4.09 146 133

Ruptured uterus 0.1 0.07, 0.11 3 365

Infection

Genitourinary infection 2.7 2.42, 2.96 102 744

Amnionitis 1.9 1.74, 2.10 73 252

Other infection 1.5 1.32, 1.72 57 922

Fever 1.1 0.95, 1.31 43 127

Major puerperal infection 0.8 0.69, 0.88 30 118

Postpartum fever of unknown origin 0.3 0.29, 0.40 13 280

Sepsis < 0.1 0.01, 0.04 931

Other

Other puerperal complication 0.9 0.8, 1.1 35 884

Other major obstetric complication 0.4 0.33, 0.45 14 807

Anesthesia complication 0.4 0.28, 0.42 13 422

Wound complication 0.3 0.22, 0.29 9 701

Deep venous thrombosis < 0.1 0.02, 0.06 1 500

Gestational liver disease < 0.1 0.03, 0.06 1 797

Late vomiting < 0.1 0.01, 0.04 977

Pulmonary or amniotic embolism < 0.1 0.01, 0.03 607

Cerebrovascular accident < 0.1 0.01, 0.01 340

Gestational diabetes (abnormal GTT) 2.8 2.58, 2.94 105 377

Preexisting medical conditions

Chronic hypertension 1.5 1.37, 1.67 57 914

Cardiac disease 0.9 0.78, 0.94 32 884

Asthma 0.7 0.59, 0.78 25 977

Diabetes (excluding abnormal GTT) 0.6 0.54, 0.73 24 126

Renal disease 0.1 0.06, 0.11 3 282

Obstetric complications, total 28.6 27.7, 29.5 1 091 188

Preexisting medical conditions, total 4.1 3.8, 4.3 155 335

Any morbidity, excluding cesarean 30.7 29.81, 31.71 1 173 846

Cesarean delivery 21.8 20.87, 22.77 842 997

Total morbidity 43.0 42.54, 43.68 1 663 873

Note. The total sample of deliveries was 154 001. Individual women were counted only once, no matter how many
complications they had. Therefore, summary prevalence estimates are not the sum of the individual types of morbidity listed
but represent the percentage of women with at least 1 reported morbidity within a given category. GTT = glucose tolerance test.
aBased on total US births (n = 19 081 038).

orrhage, disseminated intravascular coagula-
tion, or infection. Preterm and operative vagi-
nal deliveries were not included unless there
was associated maternal morbidity.

RESULTS

We analyzed a total sample of 154001
records of vaginal and cesarean deliveries,
representing 19081038 deliveries occurring
between 1993 and 1997. Among women
who gave birth in this 5-year period, 21.2%
had a vaginal delivery and experienced some
type of maternal morbidity, 9.5% had a ce-
sarean delivery and some type of maternal
morbidity (obstetric complications or preexist-
ing medical conditions), and 12.3% had a ce-
sarean delivery with no occurrence of mor-
bidity. Overall, 30.7% of the women who
gave birth (nearly 1.2 million women annu-
ally) were reported to have an obstetric com-
plication, a preexisting medical condition, or
both, and 43% (nearly 1.7 million women an-
nually) experienced some form of maternal
morbidity (i.e., an obstetric complication, a
preexisting medical condition, a cesarean de-
livery, or any combination of these 3 types of
morbidity).

Table 1 shows point estimates of the per-
centages of women giving birth and experi-
encing specific types of maternal morbidity,
the 95% confidence intervals for these point
estimates, and the estimated numbers of
women affected annually by each type of
morbidity; 28.6% of women who gave birth
had at least 1 obstetric complication (1 mil-
lion women annually), and 4.1% had at least
1 preexisting medical condition (155000
women annually). The most common obstet-
ric complications were third- and fourth-
degree lacerations (5.0%), other obstetric
traumas including cervical lacerations and
pelvic trauma (3.8%), preeclampsia and
eclampsia (3.0%), gestational diabetes (2.8%),
genitourinary infections (2.7%), postpartum
hemorrhages (2.0%), and amnionitis (2.0%).
The most common preexisting medical condi-
tion was chronic hypertension (1.5%).

Table 1 also includes estimates for other
serious conditions. Some occurred in fewer
than 1% of women giving birth. However,
even these less common conditions affected
thousands of women. For instance, eclampsia
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was reported in only 0.1% of women during
childbirth. However, this life-threatening com-
plication occurred in nearly 4000 women an-
nually. Severe preeclampsia, also a potentially
life-threatening complication, occurred in only
0.6% of deliveries but affected approximately
24000 women annually. Similarly, major
puerperal infections occurred in only 0.8% of
deliveries but affected approximately 31000
women annually.

For each individual type of morbidity, the
prevalence estimates obtained included all
women for whom that outcome was reported.
Some women had more than 1 obstetric com-
plication or more than 1 preexisting medical
condition. Nevertheless, in the case of each of
the 4 summary prevalence estimates, women
were counted only once, regardless of how
many obstetric complications, preexisting
medical conditions, and so forth they may
have had.

DISCUSSION

The present study is the first, to our
knowledge, to involve the use of population-
based data to summarize the prevalence of
maternal morbidity during labor and delivery
hospitalizations in the United States. The re-
sults show that the magnitude of the problem
is greater than generally appreciated. Al-
though the prevalence of any specific type of
morbidity is low, the burden of total morbid-
ity is high. Only 57% of women experienced
a delivery involving no form of maternal
morbidity; 31% of women experienced some
type of maternal morbidity during labor and
delivery (excluding cesarean delivery alone),
and an additional 12% had a cesarean deliv-
ery but experienced no other form of mater-
nal morbidity (presumably such deliveries
were the result of fetal indications or were
elective procedures). Furthermore, some seri-
ous forms of morbidity, although reported in
a small percentage of women (<1%), affect
thousands of women each year because there
are nearly 4 million deliveries annually.
Many of the types of morbidity reported are
life threatening, and many are preventable.

Maternal morbidity is a public health prob-
lem that affects nearly 1.7 million women an-
nually, can have an impact on fetal and in-
fant health, and can lead to maternal death.

Healthy People 2010 contains several new
guidelines for reducing maternal morbidity,
including an aggregate measure involving re-
ductions in rates of maternal complications
during labor and delivery.3 Primary preven-
tion is possible for some of these complica-
tions, including certain causes of hemor-
rhage, infection, and complications of
obstructed labor. In the case of complications
that cannot be prevented, the goal is appro-
priate management to keep them from be-
coming severe or life threatening. If the ma-
ternal mortality ratio, unchanged since
1982,13,14 is to be reduced and the Healthy
People 2010 objective (a maternal mortality
ratio of 3.3 per 100000 live births) is to be
achieved,3 maternal morbidity, particularly
severe morbidity, must be addressed and
monitored.

Measuring morbidity during labor and de-
livery has advantages over the previously
used indicator of antepartum hospitaliza-
tions.15 Although the rate of antepartum hos-
pitalizations decreased between 1987 and
1992, this change was probably due to an in-
crease in ambulatory management of compli-
cations rather than to reductions in the occur-
rence of the conditions themselves.7 In
addition, multiple admissions for certain con-
ditions may occur, further complicating inter-
pretation of antepartum hospitalization rates.
In contrast, morbidity during labor and deliv-
ery involves hospitalizations not associated
with other conditions. Furthermore, the per-
centage of women hospitalized for delivery
(99%) has been stable for many years.1

The present analysis was based on ICD
codes, use of which involves certain limita-
tions. Most ICD codes do not distinguish de-
grees of severity of complications and thus
cannot always be used to assess the impact of
interventions targeted at secondary preven-
tion. For example, severe preeclampsia and
eclampsia are coded separately from
preeclampsia, but severe hemorrhage is not
coded separately from hemorrhage. One of
the challenges of monitoring maternal health
is this inability to assess severity. Length of
hospital stay after delivery may constitute a
measure of severity, but its validity for this
purpose must be evaluated.

Monitoring complications associated with
preexisting medical conditions is increasingly

important as the average age of women giv-
ing birth rises.14 However, it is unclear
whether preexisting medical conditions are
reported simply because of their existence or
because of the development of problems dur-
ing labor and delivery. The prevalence of
chronic hypertension observed here (1.5%)
seemed to reflect its prevalence among
women of reproductive age. However, the
prevalence of asthma (0.9%) was much lower
than its general prevalence, suggesting that
this condition was reported only if an exacer-
bation occurred.

If hospital discharge data are to be used to
monitor maternal morbidity, misclassification
of conditions in terms of ICD codes must be
examined (including specificity and sensitiv-
ity). For example, a hospital discharge survey
conducted in Massachusetts during 1990 to
1997 showed that, after chart reviews, the
average positive predictive value of a diagno-
sis of uterine rupture was only 50.7%.16

A complete picture of the burden of mater-
nal morbidity would include antepartum and
postpartum complications. In the case of con-
ditions that occur only during childbirth or
that do not resolve until after childbirth, the
prevalence rates reported here accurately re-
flect rates during pregnancy (e.g., obstetric
trauma, preeclampsia). Conditions that occur
and resolve antepartum or that begin after
the delivery hospitalization are not ade-
quately estimated with this methodology (e.g.,
antepartum infections, mastitis).

Two recent studies on postpartum hospital-
izations showed readmission rates of 1.2%
among women giving birth in the state of
Washington17 and of approximately 0.5%
among women covered by a large private in-
surer.18 An additional unknown number of
women require outpatient treatment for post-
partum complications. A complete assessment
of the burden of maternal morbidity requires
a longitudinal study that takes into account
multiple complications or multiple hospitaliza-
tions occurring over the entire pregnancy and
postpartum period.

Women’s burden of disease during labor
and delivery is high, and reducing maternal
morbidity is a national objective. Many of the
serious types of morbidity reported here are
preventable. If Healthy People 2010 objectives
are to be achieved, national, state, and local
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policies must address women’s needs during
pregnancy and gaps in prevention programs
and research. Improved monitoring of mater-
nal morbidity is key to assessing the impact of
policies aimed at reducing maternal illness
and death and improving maternal health.

About the Authors
At the time this study was conducted, all of the authors
were with the National Center for Chronic Disease Preven-
tion and Health Promotion, Centers for Disease Control
and Prevention, Atlanta, Ga.

Requests for reprints should be sent to Isabella Danel,
MD, MS, World Bank, MSN I7-700, 1818 H St NW,
Washington, DC 20433 (e-mail: idanel@worldbank.org).

This article was accepted April 16, 2002.

Contributors
I. Danel, C. Berg, and C.H. Johnson all contributed to
the design of the study. C.H. Johnson analyzed the data.
I. Danel was primarily responsible for preparing the ar-
ticle, with substantial contributions from C. Berg, C.H.
Johnson, and H. Atrash.

Human Participant Protection
No protocol approval was needed for this study, as the
data are publically available and contain no personal
identifiers.

References
1. Ventura SJ, Martin JA, Curtin SC, Matthews TJ.
Births: final data for 1997. Natl Vital Stat Rep. 1999;
47(18):1–96.

2. Healthy People 1990. Washington, DC: US Dept of
Health and Human Services; 1980.

3. Healthy People 2010. Washington, DC: US Dept of
Health and Human Services; 2000.

4. Franks A, Kendrick J, Olson D, Atrash HK, Saftlas
AF, Moien M. Hospitalization for pregnancy complica-
tions, United States, 1986 and 1987. Am J Obstet Gy-
necol. 1992;166:1339–1344.

5. Adams MM, Harlass FE, Sarno AP, Read JA,
Rawlings JS. Antenatal hospitalization among enlisted
servicewomen, 1987–1990. Obstet Gynecol. 1994;84:
35–39.

6. Scott CL, Chavez GF, Atrash HK, Taylor DJ, Shah
RS, Rowley D. Hospitalizations for severe complica-
tions of pregnancy, 1987–1992. Obstet Gynecol. 1997;
90:225–229.

7. Bennett TA, Kotelchuck M, Cox CE, Tucker MJ,
Nadeau DA. Pregnancy-associated hospitalizations in
the United States in 1991 and 1992: a comprehensive
view of maternal morbidity. Am J Obstet Gynecol.
1998;178:346–354.

8. Berg CJ, Atrash HK, Koonin LM, Tucker MJ. Preg-
nancy-related mortality in the United States, 1987–
1990. Obstet Gynecol. 1996;88:161–167.

9. Saftlas AF, Lawson HW, Atrash HK. Pregnancy-
related morbidity. In: Wilcox LS, Marks JS, eds. From
Data to Action: CDC’s Public Health Surveillance for
Women, Infants, and Children. Atlanta, Ga: Centers for
Disease Control and Prevention; 1994:129–139.

10. Gillum S, Graves EM, Wood E. National Hospital
Discharge Survey: annual summary, 1995. Vital Health
Stat 13. 1998;No. 133.

11. National Hospital Discharge Survey: Multi-Year
Data File for 1979–1996, Public Use File Documenta-
tion. Hyattsville, Md: National Center for Health Statis-
tics; 1998.

12. Shah BV, Barnwell BG, Bieler GS. SUDAAN
User’s Manual, Release 7.0. Research Triangle Park, NC:
Research Triangle Institute; 1996.

13. Centers for Disease Control and Prevention. Ma-
ternal mortality—United States, 1982–1996. MMWR
Morb Mortal Wkly Rep. 1998;47:705–707.

14. Hoyert D, Danel I, Tully P. Maternal mortality,
United States and Canada, 1982–1997. Birth. 2000;
27:4–11.

15. Healthy People 2000: National Health Promotion
and Disease Prevention Objectives. Washington, DC: US
Dept of Health and Human Services; 1990.

16. Centers for Disease Control and Prevention. Use
of hospital discharge data to monitor uterine rupture—
Massachusetts, 1990–1997. MMWR Morb Mortal
Wkly Rep. 2000;49:245–248.

17. Lydon-Rochelle M, Holt VL, Martin DP, Easterling
TR. Association between method of delivery and ma-
ternal rehospitalization. JAMA. 2000;283:2411–2416.

18. Gazmararian JA, Koplan JP. Length-of-stay after
delivery: managed care versus fee-for-service. Health
Aff (Millwood). 1996;15:74–80.

American Public Health Association
Publication Sales
Web: www.apha.org
E-mail: APHA@TASCO1.com
Tel: (301) 893-1894
FAX: (301) 843-0159

The Spirit of Coalition is about creating
and maintaining local community

coalitions. It teaches practitioners about
community building by providing the
“nitty gritty” details of what makes coali-
tions work. The first-hand accounts, told
by public health practitioners, illustrate
how coalitions can be built and sustained,
leading to measurable, lasting results.   

Chapters include how coalitions get
started, promoting and supporting the
coalition, structure, funding, pitfalls, and
much more.

Who will benefit by reading this
book? Public Health Workers ❚
Community Organizers ❚ Government
Leaders ❚ Public Health Educators.

ISBN 0-87553-244-6
2000 ❚ 264 pages ❚ softcover

$24.00 APHA Members
$30.00 Nonmembers

plus shipping and handling

The Spirit of the
Coalition
By Bill Berkowitz, PhD, and 

Tom Wolff, PhD

SC01J7


