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Approximately 4 million women give birth
each year in the United States, and 1 in 8 of
these births is in California.1 However, after
many years of improvement, maternal mortal-
ity may be on the rise in both the United States
and California.2,3 Although changes in surveil-
lance may have resulted in better ascertain-
ment of maternal deaths, no discernible
reduction in US maternal mortality has been
observed in 3 decades.4

Increases in maternal mortality likely reflect
worsening trends in underlying maternal
health. Studies of maternal morbidity associ-
ated with labor and delivery have varied
widely in methodology and have been espe-
cially lacking in consistency regarding the
composite measures used to aggregate dispa-
rate conditions.5---9 Depending on the defini-
tions used and the country studied, estimates of
“any” maternal morbidity range from 0.6%10

to 28.6%.11 Many of the more common condi-
tions included in some of the composite mea-
sures, such as lacerations and infections, have
been shown to decrease over time,7,12 and
more serious conditions, that is, conditions
classified as severe maternal morbidity, have
increased.6,7,13

Conceptually, severe maternal morbidity
exists along a health continuum that extends
from normal pregnancy and delivery to organ
failure and maternal death and is estimated to
affect 52 000 women annually in the United
States.5 Severe maternal morbidity can have
lifelong sequelae for both mother and child,
with high societal costs. According to Kuklina
et al.,6 conditions classified as severe maternal
morbidity, for example, renal failure, pulmo-
nary embolism, adult respiratory distress
syndrome, shock, blood transfusion, and ven-
tilation, are all on the rise nationally. In spite of
varying reports of overall rates of maternal
morbidity, multiple investigations in the United
States have confirmed an increase in severe
maternal morbidity, showing substantial racial

disparity with elevations among non-Hispanic
Black women and Hispanic women.14,15

Reasons behind these increases remain
speculative but include the observation that,
for childbirth, women are presenting with an
increasing number of comorbidities, both
pregnancy related, such as preeclampsia and
gestational diabetes mellitus (GDM), and pre-
existing, such as chronic hypertension, preges-
tational diabetes, and heart disease.5,12,13,16---18

The percentage of births to women aged 35
years and older increased from10.4% in 1993
to 14.5% in 2010,19,20 and rates of obesity
have also risen.21 According to Wen et al.,13

the presence of 1 or more preexisting comor-
bidity appeared related to a 6-fold increase in
the risk of severe obstetrical complications. If
priorities are to be established and effective
interventions designed to improve maternal
health, the burden of morbidity among
women giving birth must be identified and
monitored.

We were commissioned by the California
Department of Public Health’s Maternal, Child,
and Adolescent Health Program to study the
trends in maternal morbidity in California. In
this article, we report our findings on 6 preex-
isting or pregnancy-related medical comorbid-
ities: hypertension, diabetes, asthma, thyroid
disorders, obesity, and mental health condi-
tions. We also report on 2 risk behaviors:
substance abuse (e.g., dependence on opioids
or cocaine) and tobacco use. We chose these
conditions because of their known association
with increased risk of maternal and neonatal
pregnancy complications.7,22---24 Moreover,
they can be derived from administrative data
and therefore are amenable to tracking and
public reporting.

METHODS

We used California Office of Statewide
Health Planning and Development linked vital
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statistics and hospital discharge cohort data
for 1999, 2002, and 2005 for this analysis,
which included a total of 1 551 295 deliveries
during these 3 nonconsecutive years. The
database, which links birth certificates to ma-
ternal and infant hospital discharge records,
has been shown to match more than 97% of
all California deliveries.25 These records in-
clude data on patient characteristics, medical
diagnoses, and procedures; the latter are
coded according to the International Classifi-
cation of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM).26 Data for 2005
were the latest available at the time of the
project’s initiation; data are routinely released
after several years of delay necessary for data
collection and compilation. We selected 3
time points with a 3-year gap between con-
secutive points to allow for robust trend
estimation. To better ensure comparability in
hospital service capacity, we excluded 278
deliveries from 26 hospitals with fewer than
50 annual deliveries. After these exclusions,
1 551 017 deliveries in 310 hospitals
remained.

We included in the analyses only birth
discharge records with diagnosis-related
groups related to childbirth hospitalizations
(diagnosis-related groups 370, 371, 372, 373,
374, and 375, which include cesarean and
vaginal deliveries with or without complica-
tions and cesarean and vaginal deliveries with
or without associated procedures). For multiple
gestations, we kept for analysis only 1 of the
multiple-gestation maternal---neonatal record
combinations because we used only maternal
data, which are identical for all multiple-
gestation records for a delivery. We assumed
that if ICD-9-CM codes for a condition or
a procedure were lacking, then the condition
or procedure was not present. We did not
distinguish between primary and secondary
codes; instead, we scanned all codes to de-
termine the presence or absence of a specific
code. Details on the codes used to define
conditions are provided in Table 1. When
possible, we used results from a systematic
review of validation studies for perinatal
administrative data to report the estimated
sensitivity and specificity of the ICD-9-CM
codes designating the specific conditions of
interest.27 We used the following definitions
for covariates: previous cesarean delivery

was defined as ICD-9-CM code 654.2,
and current cesarean delivery was defined as
diagnosis-related group codes 370 and 371.

We conducted both unadjusted and adjusted
analyses of trends in maternal comorbidities
and risk behaviors. Variables used for adjusted
analyses included maternal age, parity, educa-
tion, race/ethnicity, insurance status, prenatal
care adequacy, and route of delivery. We
categorized race/ethnicity on the basis of the
levels reported to the Office of Statewide
Health Planning and Development: Asian/Pa-
cific Islander (API), Native American, Hispanic,
non-Hispanic Black, non-Hispanic White, and
unknown. Maternal education was categorized
as elementary, secondary, college, and gradu-
ate. Insurance status was reported as private,
Medi-Cal (California’s Medicaid program), and
other. We characterized route of delivery with 2
indicator variables that capture previous cesar-
ean delivery and current cesarean delivery.

We first tested the significance of the
unadjusted trends overall and stratified by

race/ethnicity with the Cochran---Armitage linear
trend test. Differences over the 3 time points
were tested with the regression t test for the
2002 and 2005 indicator covariates (relative
to 1999, the reference year). Additionally, we
examined and tested racial/ethnic differences
in the maternal comorbidities over the com-
bined study period by using hierarchical
logistic regression models, which were
implemented using generalized mixed
models (SAS GLIMMIX procedure) with
random intercepts for counties.28 Differ-
ences in the prevalence of comorbidities
such as preeclampsia, GDM, and obesity
across racial/ethnic groups have been well
documented.29---31 California data are well
suited to test such differences because of
California’s diverse population, and the per-
sistence of racial/ethnic disparities after ad-
justment is of particular interest because
education level, insurance status, and pre-
natal care adequacy are often considered
potential confounders.

TABLE 1—Definition of Maternal Morbidities and Risk Behaviors Using ICD-9-CM Codes:

California; 1999, 2002, and 2005

Morbidity or Risk Behavior ICD-9-CM Discharge Codes Sensitivity, % Specificity, %

Hypertension 401–405, 642

Chronic hypertension 401–405, 642.0, 642.1, 642.2 44–86 97–100

Pregnancy-related hypertension 642.3, 642.4, 642.5, 642.6, 642.7 49–88 100

Diabetes 250, 648.0, 648.8

Pregestational diabetes 250, 648.0 75–100 99–100

Gestational diabetes 648.8 69–96 100

Asthma 493 12–42 98

Thyroid disordersa 240–246, 648.1 10–97 100

Obesityb 278 11

Mental health conditionsc 290–302, 317–319, 648.4, V11

Substance abused 304, 305.2–305.9, 648.3, 655.5

Tobacco usee 305.1, V15.82 15–66 99

Note. ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification.26
aIncludes hyperthyroid disorder (244.9) and hypothyroid disorder (240.9).
bObesity was defined as a body mass index (weight in kilograms divided by the square of height in meters) of ‡ 30.
cMental health conditions include dementias, alcohol-induced mental disorders, drug-induced mental disorders, transient
and persistent mental disorders resulting from conditions classified elsewhere, schizophrenic disorders, episodic mood disorders,
delusional disorders, psychoses, pervasive developmental disorders, anxiety, dissociative and somatoform disorders, personality
disorders, sexual and gender identity disorders, mild intellectual disabilities, other specified intellectual disabilities, mental
disorders complicating pregnancy and childbirth or the puerperium, and personal history of mental disorder.
dSubstance abuse includes drug abuse; nondependent cannabis abuse; nondependent hallucinogen abuse; nondependent
sedative, hypnotic, or anxiolytic abuse; nondependent opioid abuse; nondependent cocaine abuse; nondependent amphetamine
or related acting symphathomimetic abuse; nondependent antidepressant type abuse; nondependent other mixed or unspecified
drug abuse; drug dependence complicating pregnancy and childbirth or the puerperium; and suspected damage to fetus from
drugs affecting management of mother.
eTobacco use includes tobacco use disorder and personal history of tobacco use.
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RESULTS

Unadjusted rates of maternal comorbidities
and risk behaviors for the combined popula-
tion and by race/ethnicity are presented in
Table 2 by year of study. For the overall
sample, trends increased for all conditions
(P £ .001). The prevalence of overall hyper-
tension increased from 5.6% in 1999 to 6.4%
in 2005, a 14.2% increase in maternal hyper-
tension over the study period. Between 1999
and 2005, pregestational hypertension in-
creased by 47.5%, and pregnancy-related
hypertension increased by 12.8%. The preva-
lence of maternal diabetes also showed a sig-
nificant rise, from 4.6% to 6.5%, a 42.5%
increase over the study period; pregestational
diabetes increased by 27.7%, and GDM in-
creased by 44.2%. Notably, asthma rates in-
creased by 74.5%, from 1.02% in 1999 to
1.78% in 2005. The rate of thyroid disorders
similarly increased from 0.81% in 1999 to
1.31% in 2005, a 61.7% increase. The prev-
alence of obesity increased from 0.84% to
1.30% in 2005, a 54.8% increase, and prev-
alence of mental health conditions increased by
65.0%.

Examination of the prevalence of risk be-
haviors demonstrated that substance abuse
increased from 1.10% in 1999 to 1.31% in
2005, a 19.1% increase, and tobacco use
trended upward from 1.26% to 1.62%,
a 28.6% increase. All results were significant
at a P value of less than or equal to .001.

Unadjusted Trends by Race/Ethnicity

The race/ethnicity distribution of patients
was as follows: Native American, 6787 (0.4%);
API, 152 099 (9.8%); non-Hispanic White,
518 113 (33.4%); non-Hispanic Black, 85510
(5.5%); Hispanic, 718 003 (46.3%); and
missing, 70 505 (4.6%). All race/ethnicity---
specific tests were statistically significant, ex-
cept for asthma and substance abuse among
Native Americans and pregnancy-related hy-
pertension and substance abuse among APIs
(Table 2). All trends increased over the study
period except for a decreasing trend in sub-
stance abuse for non-Hispanic Blacks.

Native Americans had the highest increases
in hypertension (overall, 48.9%; chronic hy-
pertension, 356%), diabetes (overall, 47.1%;
pregestational diabetes, 102%), thyroid

TABLE 2—Unadjusted Trends in Maternal Morbidities and Risk Behaviors Overall and by

Race/Ethnicity: California; 1999, 2002, and 2005

Variable

1999

(n = 503 141),

%

2002

(n = 514 681),

%

2005

(n = 533 195),

%

Alla

(n = 1 551 017),

% % Changeb Pc

Hypertensiond

All 5.56 5.81 6.35 5.92 14.2 £ .001
Native American 5.40 6.14 8.04 6.53 48.9 < .001

API 4.16 4.26 4.64 4.36 11.5 £ .001
Hispanic 5.18 5.35 5.81 5.46 12.2 £ .001
White, non-Hispanic 5.94 6.33 6.96 6.40 17.2 £ .001
Black, non-Hispanic 8.46 9.36 10.40 9.38 22.9 £ .001
Missing 5.54 5.88 6.76 6.07 22.0

Chronic hypertension

All 0.63 0.71 0.93 0.80 47.5 £ .001
Native American 0.26 0.72 1.19 0.78 355.9 < .001

API 0.56 0.75 0.94 0.79 69.5 £ .001
Hispanic 0.44 0.48 0.68 0.57 54.5 £ .001
White, non-Hispanic 0.70 0.84 1.05 0.92 50.0 £ .001
Black, non-Hispanic 1.52 1.86 2.29 2.03 50.7 £ .001
Missing 0.71 0.67 0.95 0.82 35.0

Pregnancy-related hypertension

All 3.84 4.13 4.33 4.10 12.8 £ .001
Native American 4.22 4.24 5.58 4.69 32.2 .03

API 2.87 2.92 3.02 2.94 5.2 .149

Hispanic 3.69 3.93 4.11 3.91 11.4 £ .001
White, non-Hispanic 4.06 4.46 4.72 4.42 16.3 £ .001
Black, non-Hispanic 5.31 6.06 6.25 5.88 17.7 £ .001
Missing 3.74 4.07 4.48 4.10 19.8

Maternal diabetese

All 4.56 5.77 6.50 5.63 42.5 £ .001
Native American 5.05 6.55 7.43 6.34 47.1 < .001

API 6.70 8.52 9.55 8.33 42.5 £ .001
Hispanic 4.97 6.26 7.02 6.12 41.2 £ .001
White, non-Hispanic 3.66 4.44 4.95 4.34 35.2 £ .001
Black, non-Hispanic 3.84 5.01 5.25 4.67 36.7 £ .001
Missing 4.19 5.32 6.44 5.33 53.7

Pregestational diabetes

All 0.65 0.82 0.83 0.77 27.7 £ .001
Native American 0.83 1.13 1.67 1.21 101.9 .009

API 0.61 0.81 0.78 0.74 27.3 .003

Hispanic 0.77 0.93 0.94 0.88 22.5 £ .001
White, non-Hispanic 0.50 0.64 0.63 0.59 25.8 £ .001
Black, non-Hispanic 0.82 1.04 1.17 1.00 42.9 £ .001
Missing 0.54 0.69 0.67 0.64 23.9
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disorders (85.6%), and obesity, mental health
conditions, and tobacco use (all > 100%).

Notable trends in other racial/ethnic groups
included the following:

1. Hypertension increased most among non-
Hispanic Blacks (22.9%) and least among
Hispanics (12.2%) and APIs (11.5%).

2. Increases in diabetes were similar across
non---Native American racial/ethnic groups,
ranging from 35.2% to 42.5%.

3. Asthma increased by more than 75%
among all racial/ethnic groups except for
Native Americans.

4. Thyroid disorders increased by 83.3% and
80.2% among APIs and Hispanics, respec-
tively, and by 55.8% and 55.0% among
non-Hispanic Blacks and Whites, respec-
tively.

5. Obesity increased most among Hispanics
(79.9%) and least among non-Hispanic
Whites (38.7%).

6. Mental health conditions increased most
among Hispanics (97.3%) and least among
non-Hispanic Blacks (43.9%).

7. Substance abuse increased by 38.0% and
37.8% among non-Hispanic Whites and
Hispanics, respectively, compared with
a 7.9% decrease among non-Hispanic
Blacks and a 1.0% increase in APIs.

8. Tobacco use increased most among non-
Hispanic Blacks (57.7%) and least among
non-Hispanic Whites (33.6%) and APIs
(33.3%).

Rates for deliveries with missing race/eth-
nicity were comparable with the overall rates
with the exception of tobacco use, for which
they decreased slightly.

Racial/Ethnic Prevalence Disparities

When aggregating across all study years, we
observed significant racial/ethnic disparities
(Table 2). Non-Hispanic Black women had the
highest prevalence of hypertension, asthma,
obesity, mental health conditions, and sub-
stance abuse. API women had the highest
prevalence of GDM but the lowest prevalence
of hypertension, obesity, mental health condi-
tions, and substance abuse.

Non-Hispanic White women had the highest
prevalence of thyroid disorders and the lowest
prevalence of diabetes. Hispanic women had

TABLE 2—Continued

Gestational diabetes mellitus

All 3.96 5.01 5.71 4.91 44.2 £ .001
Native American 4.40 5.51 5.89 5.26 33.9 .024

API 6.15 7.84 8.84 7.68 43.7 £ .001
Hispanic 4.27 5.38 6.11 5.29 43.1 £ .001
White, non-Hispanic 3.18 3.84 4.34 3.78 36.5 £ .001
Black, non-Hispanic 3.06 4.00 4.12 3.71 34.6 £ .001
Missing 3.69 4.71 5.79 4.75 56.9

Asthma

All 1.02 1.12 1.78 1.31 74.5 £ .001
Native American 1.70 1.44 2.46 1.87 44.7 .057

API 0.68 0.75 1.21 0.89 78.5 £ .001
Hispanic 0.59 0.67 1.13 0.81 92.2 £ .001
White, non-Hispanic 1.42 1.60 2.49 1.83 75.4 £ .001
Black, non-Hispanic 2.43 2.72 4.46 3.18 83.5 £ .001
Missing 0.96 1.06 1.72 1.26 78.6

Thyroid disorders

All 0.81 1.02 1.31 1.05 61.7 £ .001
Native American 1.04 1.22 1.93 1.40 85.6 .011

API 0.87 1.19 1.60 1.24 83.3 £ .001
Hispanic 0.44 0.57 0.80 0.61 80.2 £ .001
White, non-Hispanic 1.31 1.62 2.03 1.65 55.0 £ .001
Black, non-Hispanic 0.54 0.64 0.84 0.67 55.8 £ .001
Missing 0.89 1.10 1.53 1.18 72.9

Obesity

All 0.84 0.96 1.30 1.04 54.8 £ .001
Native American 1.18 1.94 2.42 1.84 105.1 .002

API 0.26 0.29 0.44 0.33 68.3 £ .001
Hispanic 0.68 0.82 1.22 0.92 79.9 £ .001
White, non-Hispanic 1.06 1.17 1.47 1.23 38.7 £ .001
Black, non-Hispanic 1.73 2.14 2.90 2.24 67.6 £ .001
Missing 0.76 0.80 1.00 0.85 31.7

Mental health conditions

All 1.77 2.12 2.92 2.28 65.0 £ .001
Native American 3.09 4.06 8.00 5.05 158.9 £ .001
API 0.68 0.83 1.05 0.86 54.4 £ .001
Hispanic 0.81 1.08 1.60 1.18 97.3 £ .001
White, non-Hispanic 2.81 3.48 4.90 3.72 74.4 £ .001
Black, non-Hispanic 4.51 4.85 6.49 5.25 43.9 £ .001
Missing 1.71 2.04 2.67 2.15 56.1

Substance abuse

All 1.10 1.04 1.31 1.15 19.1 £ .001
Native American 2.79 2.48 3.78 3.02 35.5 .05

API 0.29 0.25 0.30 0.28 1.0 .862

Hispanic 0.62 0.64 0.86 0.71 37.8 £ .001
White, non-Hispanic 1.37 1.39 1.89 1.55 38.0 £ .001
Black, non-Hispanic 4.19 3.48 3.86 3.85 –7.9 .031

Missing 1.06 1.08 1.17 1.10 10.4
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the lowest prevalence of thyroid disorders. API
and Hispanic women had the lowest preva-
lence of asthma and tobacco use.

Adjusted Analyses

As with the crude rates, adjusted analyses
demonstrated statistically significant in-
creases in the rates of all 12 maternal
conditions from 1999 to 2005 (P < .01;
Table 3). Adjusted rates were minimally

different (within 4% change) from the crude
rates.

Table 4 presents adjusted odds ratios for
maternal morbidities and risk behaviors by
race/ethnicity relative to non-Hispanic White
women. Odds ratios in Table 4 that are smaller
than 1 indicate decreased odds of the outcome
relative to the reference group, and we use
their reciprocal in the following paragraph for
better interpretability. Non-Hispanic Black

women had significantly increased adjusted
odds of the following conditions relative to
non-Hispanic Whites: hypertension (adjusted
odds ratio [AOR] = 1.60), asthma (AOR =
1.39), obesity (AOR = 1.58), mental health
conditions (AOR = 1.23), and substance abuse
(AOR = 1.28). API women had significantly
decreased adjusted odds of hypertension
(AOR=1.54), asthma (AOR=2.17), obesity
(AOR=4.26), mental health conditions (AOR=
4.35), substance abuse (AOR=5.56), and
tobacco use (AOR=4.24). Hispanics had signif-
icantly decreased adjusted odds of mental health
conditions (AOR=3.13), substance abuse
(AOR=3.45), and tobacco use (AOR=6.10),
and non-Hispanic Blacks had decreased adjusted
odds of thyroid disorder (AOR=1.81). Native
Americans had significantly higher adjusted odds
of obesity (AOR=1.46) than non-Hispanic
Whites.

DISCUSSION

We found increasing rates of hypertension,
diabetes, asthma, thyroid disorders, obesity,
mental health conditions, substance abuse, and
tobacco use among women giving birth in
California hospitals between 1999 and 2005.
These trends were independent of demo-
graphic shifts in maternal age, race/ethnicity,
education, and other maternal characteristics in
California during the same time period. Our
findings are consistent with previous reports of
the increasing prevalence of maternal comor-
bidities in the United States.6,7

Our analyses not only confirm but also
improve on previous studies,6,7 adjusting for
a number of maternal demographic character-
istics. Some researchers have attributed this
rise in maternal comorbidity to the changing
demographics of childbearing.7 However, even
after controlling for demographic shifts, we
continued to find significant increases in the
prevalence of these maternal conditions, sug-
gesting that not only are more women in
California becoming pregnant at an advanced
maternal age, but also, irrespective of age, they
have an increased prevalence of comorbidity
during pregnancy.

Pregnancy-related hypertension increased
by 12.7%. Using data from the National Hos-
pital Discharge Survey for 1987 to 2004,
Wallis et al.17 reported that age-adjusted rates

TABLE 2—Continued

Tobacco use

All 1.26 1.27 1.62 1.39 28.6 £ .001
Native American 1.78 2.03 4.62 2.81 159.6 £ .001
API 0.50 0.53 0.67 0.57 33.3 < .001

Hispanic 0.39 0.41 0.58 0.47 51.4 £ .001
White, non-Hispanic 2.41 2.53 3.22 2.71 33.6 £ .001
Black, non-Hispanic 2.15 2.32 3.39 2.60 57.7 £ .001
Missing 1.25 1.08 1.22 1.18 –2.4

Note. API = Asian/Pacific Islander; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modifica-
tion.26 The race/ethnicity distribution of patients was as follows (n [%]): Native American, 6787 (0.44%); Asian/Pacific
Islander, 152 099 (9.81%); White, non-Hispanic, 518 113 (33.40%); Black, non-Hispanic, 83 310 (5.51%); Hispanic, 718
003 (46.29%); missing, 70 505 (4.55%). The sample size was n = 1 551 017.
aFor all conditions, v2 test P values using all years of data were < .001 for comparisons of race/ethnicity prevalence.
bPercentage of change between 2005 and 1999.
cTwo-sided Cochran-Armitage linear trend test P values.
dChronic and pregnancy-related hypertension coding are not mutually exclusive; The ICD-9-CM code 642.9 was not assigned
to a category because it is used for unspecified hypertension.
eChronic and gestational diabetes coding are not mutually exclusive; therefore, the total percentage in any given level can be
lower than the sum of the chronic and gestational percentages.

TABLE 3—Adjusted Rates in Maternal Morbidities and Risk Behaviors: California;

1999, 2002, and 2005

Variable 1999, % 2002, % 2005, % % Changea Pb

Hypertension 5.56 5.81 6.35 14.2 £ .001
Chronic 0.63 0.71 0.93 47.5 £ .001
Pregnancy-related 4.36 4.70 4.91 12.7 .007

Diabetes 4.55 5.80 6.50 42.9 £ .001
Pregestational 0.65 0.81 0.83 27.7 £ .001
Gestational 3.96 5.01 5.71 44.2 £ .001

Asthma 1.02 1.12 1.78 75.5 £ .001
Thyroid disorderc 0.82 1.02 1.32 61.6 £ .001
Obesity 0.85 0.98 1.33 56.9 £ .001
Mental health conditions 1.72 2.06 2.85 66.1 £ .001
Substance abuse 1.04 0.96 1.24 18.9 £ .001
Tobacco use 1.23 1.27 1.62 31.2 £ .001

Note. Rates adjusted for maternal age, parity, education, race/ethnicity, insurance status, prenatal care adequacy, and route
of delivery.
aPercentage of change calculated between 2005 and 1999.
bTwo-sided t-test P values for difference in estimated slopes (2005 vs 1999) in hierarchical logistic regression model.
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of preeclampsia (ICD-9-CM codes 642.4 and
642.5) and gestational hypertension (ICD-9-CM
code 642.3) increased by 25% and 184%,
respectively. In 2003---2004, the US
age-adjusted rate (per 1000 deliveries) of
preeclampsia was 29.4; for gestational
hypertension, it was 30.6. Most recently, Berg
et al.7 reported an 11% increase in pre-
eclampsia and eclampsia, from 30 cases per
1000 in 1993---1997 to 34 per 1000 in
2001---2005. Our findings reflect a similar
increasing trend in pregnancy-related hyper-
tension in California, although the rate in our
study was higher (approximately 49/1000
deliveries in 2005).

Baraban et al.18 also observed an increase in
hypertension associated with childbirth (ICD-
9-CM code 642) between 1991 and 2003 in
Los Angeles County; the age-adjusted preva-
lence of hypertension increased from 40.5 per
1000 in 1991 to 54.4 per 1000 in 2003. Our
findings for all cases of hypertension in child-
birth were 63.5 per 1000 in 2005.

Despite differences in the data sources and
case definitions used in these studies, they
are consistent in their demonstration of an
increase in hypertensive disorders in preg-
nancy. The cause of these increasing trends is
not known; plausible contributors include
population-level increases in known risk factors
for preeclampsia (e.g., prepregnancy over-
weight and obesity, pregestational hyperten-
sion and diabetes), increasing numbers of
multiple gestations, and improved coding and
case ascertainment.

The increasing prevalence of GDM in Cal-
ifornia noted here is also consistent with
previous reports. A study of women living in
Colorado reported that the prevalence of
GDM doubled between 1994 and 2002.32 In
a cohort of 267 051 pregnancies screened for
GDM in Northern California,33 the preva-
lence increased from 5.1% in 1991 to 7.4%
in 1997 (a relative increase of 45%). Using
National Hospital Discharge Survey data from
5.9 million births in the United States
between 1989 and 2004, Getahun et al.34

found that the prevalence of GDM increased
from 1.9% in 1989---1990 to 4.2% in 2003---
2004, a relative increase of 122%. Berg
et al.7 also found a 43% increase in GDM,
from 2.8% in 1993---1997 to 3.9% in 2001---
2005. In our study, the prevalence of GDM

increased by 42.5%, from 4.0% of all de-
liveries in 1999 to 5.0% in 2002 and 5.7%
in 2005.

The reason for the increasing rates of
GDM is not well understood; we speculate that
the recent increases in the prevalence of over-
weight and obesity among women of child-
bearing age may have contributed to this
temporal increase in GDM. Using survey data
from the Pregnancy Risk Assessment Monitor-
ing System in 9 states, Kim et al.31 found
prepregnancy obesity increased 69.3% in
a decade, from13.0% in1993---1994 to 22.0%
in 2002---2003. Other factors, such as demo-
graphic shifts in maternal age and race/
ethnicity, could also have contributed to the
increase in maternal diabetes; however, we
adjusted for these demographic factors in our
model, and the substantial rise in GDM in
California appears to be independent of de-
mographic shifts.

Our analysis demonstrated substantial dis-
parities in maternal morbidity across racial/
ethnic groups in California. Notably, API
women had the highest rates of diabetes. In
2005, nearly 1 in 10 (9.55%) API women who
gave birth had diabetes, a rate that has nearly
doubled since 1999. Our finding confirmed
2 recent reports of higher rates of GDM among
API women. In a retrospective cohort study
of 139 848 women who delivered within
a managed care network in California, Caughey
et al.35 found that Asians had the highest rate
(P< .001) of GDM (6.8%) compared with
non-Hispanic Whites (3.4%), non-Hispanic
Blacks (3.2%), and Hispanics (4.9%). Using
Oregon Pregnancy Risk Assessment Monitor-
ing System data from 3883 women who
delivered in Oregon in 2004 and 2005,
Hunsberger et al.36 found that API women had
the highest prevalence of GDM (14.8%); this
was true for women with both normal and high
body mass index (defined as weight in kilo-
grams divided by height in meters squared).
The high rate of diabetes among API women
who gave birth in California, as well as the high
rate of increase, warrants more research and
closer public health surveillance. We also
found a near 50% increase in maternal hy-
pertension and diabetes among Native Ameri-
cans. To our knowledge, we are the first to
report the rising trends in maternal morbidity
among Native Americans, which is even more

TABLE 4—Racial/Ethnic Disparities

Relative to White, Non-Hispanic

Women in Maternal Morbidities and

Risk Behaviors: California; 1999,

2002, and 2005

Morbidity and Risk

Behavior and

Race/Ethnicity AOR (95% CI)

Hypertension

Native American 1.130 (1.021, 1.251)

API 0.645 (0.627, 0.664)

Hispanic 1.001 (0.982, 1.020)

Black, non-Hispanic 1.596 (1.551, 1.643)

Chronic hypertension

Native American 1.001 (0.999, 1.003)

API 0.998 (0.997, 0.998)

Hispanic 0.999 (0.999, 1.000)

Black, non-Hispanic 1.013 (1.012, 1.014)

Pregnancy-related

hypertension

Native American 1.005 (1.000, 1.010)

API 0.983 (0.982, 0.984)

Hispanic 1.001 (1.001, 1.002)

Black, non-Hispanic 1.014 (1.013, 1.016)

Diabetes

Native American 1.029 (1.024, 1.035)

API 1.036 (1.035, 1.038)

Hispanic 1.028 (1.027, 1.029)

Black, non-Hispanic 1.015 (1.013, 1.017)

Pregestational diabetes

Native American 1.007 (1.005, 1.009)

API 1.001 (1.000, 1.001)

Hispanic 1.003 (1.003, 1.004)

Black, non-Hispanic 1.004 (1.004, 1.005)

Gestational diabetes

Native American 1.024 (1.018, 1.029)

API 1.036 (1.035, 1.037)

Hispanic 1.024 (1.023, 1.025)

Black, non-Hispanic 1.011 (1.009, 1.012)

Asthma

Native American 0.934 (0.777, 1.123)

API 0.460 (0.433, 0.489)

Hispanic 0.545 (0.523, 0.567)

Black, non-Hispanic 1.385 (1.317, 1.457)

Thyroid disorders

Native American 1.242 (1.006, 1.534)

API 0.702 (0.664, 0.742)

Hispanic 0.702 (0.670, 0.735)

Black, non-Hispanic 0.554 (0.505, 0.608)

Continued
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concerning in light of the growing epidemic
of overweight and obesity among Native
American women of childbearing age.37

Strengths and Limitations

The strengths of our study include a large
sample size of more than 1.5 million births,
differentiation of pregestational and gestational
conditions, and adjustment made to account for
demographic shifts in California. Our study also
has several limitations. First, our findings re-
flect the lack of sensitivity of administrative
data for the coding of maternal comorbidities,
tobacco use, and substance abuse. For hospital
discharge data, coding standards only require
the coding of conditions that affect the current
admission, so preexisting conditions and risk
factors may not be fully documented.38 This
diminished sensitivity, together with specific-
ities approaching 100%, suggests that our
reported rates for many of the conditions
studied are likely to be conservative estimates
of the true prevalence.

Second, our findings may be limited by
potential ascertainment and reporting biases;

that is, the observed increases may be the result
of improved screening or reporting in later
years compared with earlier years rather than
real increases in disease prevalence over time.
New guidelines for screening and diagnosis of
GDM and preeclampsia were issued in 200139

and 2002,40 which may have had an impact on
screening and reporting. Likewise, increased
emphasis on weight gain during pregnancy and
obesity during the study period may have
resulted in increased reporting. However, the
publication of the Institute of Medicine41 report
on weight gain in pregnancy, the additional
requirements for reporting of prepregnancy
weight and pregnancy weight gain on Califor-
nia birth certificates in 2007, and recent ICD-
9-CM codes for documenting overweight and
obesity in hospital discharge data took place
after the study period and will likely be more
relevant to future analyses. Given the low
prevalence of obesity noted in the Office of
Statewide Health Planning and Development
data, the condition was likely underreported.
Data from the 2004 Pregnancy Risk Assess-
ment Monitoring System survey of recently
pregnant women in the United States docu-
ment a prepregnancy obesity rate of 21.9%
(body mass index ‡ 30).42 However, asthma,
thyroid disease, obesity, mental health condi-
tions, substance abuse, and tobacco use all
increased in prevalence without any clear
reason for ascertainment or reporting bias.
Thus, we believe that the observed rise in
maternal hypertension and diabetes in Cali-
fornia is unlikely to be entirely attributable to
improved screening and reporting over time.

Third, these cross-sectional data do not allow
us to make causal inferences regarding in-
creases in these comorbidities and in severe
maternal morbidity and mortality. Further-
more, we have an imperfect understanding of
how race/ethnicity may be related to both the
prevalence of and increasing trend in these
comorbidities and risk behaviors, although as
we have described, racial disparities have been
associated with maternal comorbidities, and ma-
ternal comorbidities have in turn been associated
with severe maternal morbidity and mortality.

Last, we found substantial racial/ethnic de-
mographic differences when comparing the
2005 maternal race/ethnicity distribution in
California with that of the United States as
a whole43 (both excluding missing values):

Native American, 0.5% versus 1.1%; API,
10.3% versus 5.6%; non-Hispanic White,
35.0% versus 55.1%; non-Hispanic Black,
5.6% versus 14.1%; and Hispanic, 48.6%
versus 24.1%. Therefore, although we hy-
pothesize that the trends and racial/ethnic
differences found in this report may be gener-
alizable to the United States, the specific overall
rates may not be so.

Conclusions

In this study, we demonstrated that admin-
istrative data linked to birth records can be
used to monitor the burden of maternal mor-
bidity at the state level. Between 1999 and
2005 in California, we observed increases in
asthma, thyroid disorders, obesity, mental
health conditions, substance abuse, and to-
bacco use documented during the childbirth
admission and increases in the prevalence of
maternal hypertension and diabetes both be-
fore and during childbirth. Significant racial/
ethnic disparities exist, although maternal
morbidity appears to be increasing across all
racial/ethnic groups in California. Increased
surveillance of these trends is warranted be-
cause the rates of maternal morbidity appear to
be continuing on an upward trend, which has
both a human and an economic toll. These
findings support the need to develop and refine
case-mix methods using administrative data for
monitoring and reporting of childbirth quality
indicators. For example, women could be
stratified into high- versus low-risk groups on
the basis of preexisting or pregnancy-related
conditions, and rates of severe morbidity,
near-miss morbidity, and mortality could be
determined. Such information would support
the development of health care facility guide-
lines or standards regarding the provision of
risk-appropriate maternal care,44,45 as is cur-
rently integrated into neonatal intensive care
units46 and trauma centers.47

Evolving research regarding fetal program-
ming and adult disease has suggested that
maternal health directly affects fetal and child
health, which ultimately affect population
health. Although a major application of public
health practice and policy in the preconception
and interconception periods is to focus on
prevention of conditions known to contribute
to maternal morbidity (obesity, diabetes, and
hypertension in particular) through improved

TABLE 4—Continued

Obesity

Native American 1.462 (1.210, 1.767)

API 0.235 (0.213, 0.259)

Hispanic 0.845 (0.809, 0.882)

Black, non-Hispanic 1.575 (1.484, 1.672)

Mental health conditions

Native American 1.041 (0.926, 1.171)

API 0.229 (0.216, 0.243)

Hispanic 0.315 (0.306, 0.325)

Black, non-Hispanic 1.228 (1.182, 1.277)

Substance abuse

Native American 1.046 (0.895, 1.223)

API 0.182 (0.164, 0.203)

Hispanic 0.291 (0.279, 0.304)

Black, non-Hispanic 1.280 (1.214, 1.348)

Tobacco use

Native American 0.603 (0.516, 0.706)

API 0.236 (0.219, 0.255)

Hispanic 0.164 (0.157, 0.171)

Black, non-Hispanic 0.695 (0.659, 0.734)

Note. AOR = adjusted odds ratio; API = Asian or Pacific
Islander; CI = confidence interval. Rates adjusted for
maternal age, parity, education, insurance status,
prenatal care adequacy, and route of delivery.
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nutrition and physical activity, stress reduction,
promotion of safe and healthy neighborhoods,
and general efforts to improve other social
determinants of health,48 improved data qual-
ity, data collection, database linkages, and
ongoing surveillance are also key in that they
allow trends to be readily identified and public
policy interventions to be realized.49,50 j
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