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Abstract

Asthma, diabetes, and high blood pressure are common maternal conditions
that can impact birth outcomes. Data from hospital discharges in Hawai'i
were analyzed for 107,034 singleton births from 2003-2008. Categories were
determined using the International Statistical Classification of Diseases, ninth
revision (ICD-9) from linked delivery records of mother and infant. Prevalence
estimates of asthma (ICD-9: 493), diabetes (ICD-9: 250,648.0, 648.8), high
blood pressure (ICD-9: 401-405,642) as coded on the delivery record, low birth
weight (<2500 grams), high birth weight (>4500 grams), Cesarean delivery,
and median hospital charges were calculated. Median regression analysis
assessed total hospital charges adjusting for maternal age, maternal race,
insurance, and Cesarean delivery. Maternal asthma was presentin 4.3% (95%
confidence interval=4.1-4.4%), maternal diabetes was presentin 7.7% (95%
CI=7.6-7.9%), and maternal high blood pressure was present in 9.2% (95%
CI=9.0-9.3%) of births. In the adjusted median regression analysis, mothers
with asthma had $999 (95% CI: $886 to $1,112) higher hospital charges
compared to those without; mothers with diabetes had $743 (95% CI: $636 to
$850) higher charges compared to those without; and mothers with high blood
pressure had $2,314 (95% ClI: $2,194 to $2,434) higher charges compared
to those without. Asthma, diabetes, and high blood pressure are associated
with higher hospital delivery charges and low birth weight. Diabetes and high
blood pressure were also associated with Cesarean delivery. An increased
awareness of the impact of these conditions on both adverse birth outcomes
and the development of chronic disease is needed.
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Introduction

Chronic disease is associated with morbidity and mortality,
affects quality of life, and is associated with substantial health
care expenditures. The Centers for Disease Control and Pre-
vention (CDC) estimates that 70% of deaths among Americans
each year are from chronic disease, as are 75% of the annual
health care costs.! The primary prevention of chronic disease
through improvement in modifiable risk factors such as physi-
cal inactivity, smoking, poor nutrition, and excessive alcohol
consumption has the potential to improve the long term health
of the population.? There have been significant increases in the
prevalence of many chronic conditions and their risk factors
among women of reproductive age (18-44 years) in the United
States.*# Chronic conditions such as high blood pressure, diabe-
tes, and asthma are also related to adverse reproductive health
outcomes including the morbidity associated with Cesarean
delivery, eclampsia, perinatal infections, preterm delivery, low
birth weight, macrosomia, infant death, and increased health
care utilization.>'® The primary prevention of chronic disease in
women before and between pregnancies can improve perinatal
outcomes. Addressing the risk factors of chronic disease, as
early as possible, including those identified during pregnancy

has the potential to promote overall health throughout the life
course for women and their families.

In most populations in the United States, women are delay-
ing birth of their first child to an older age, with an average
maternal age at first birth of 25.0 years in 2006 compared to
214 yearsin 1970." These women may experience an increase
in chronic conditions and the risk factors associated with them
just by being older as well as due to the increases seen in the
general population for chronic conditions, which may have an
impact on their reproductive health outcomes. In the United
States, the proportion of births to women aged 35 years and
older increased from 8.8% in 1990 to 14.2% in 2008."® The
longer a woman has risk factors for chronic disease, or has
been diagnosed with one or more chronic diseases, the higher
the likelihood she may be in poorer health entering pregnancy,
be at greater risk for adverse maternal and infant morbidity and
mortality, and develop complications of chronic disease.!*?!
With the increasing rates of chronic conditions and their risk
factors in women of reproductive age,’ it is important to docu-
ment the associated burdens through surveillance of chronic
disease during pregnancy and associated birth outcomes.

Estimates of high blood pressure, diabetes, and asthma dur-
ing pregnancy are largely unknown among the diverse Asian,
Native Hawaiian, and multiple race population that lives in
Hawai‘i. National data on the leading causes of death among
adult women in the aggregated Asian and Pacific Islander group
show higher death rates for stroke, cancer, and diabetes than the
estimate for all race and ethnic groups combined and above that
of the non-Hispanic White group.?? Within the Pacific Islander
group, data show Native Hawaiians and Other Pacific Islanders
to be one of the highest risk populations for cardiometabolic
diseases.”® These higher rates of chronic disease among Asian
and Pacific Islander populations highlight the importance of
conducting surveillance and promoting chronic disease preven-
tion at early opportunities throughout the life course, including
during and shortly after pregnancy.

The goals of this analysis are to provide prevalence estimates
of maternal asthma, high blood pressure, and diabetes among
women who had a birth and to explore their associations with
adverse birth outcomes and hospital charges for the diverse
population in the State of Hawai‘i. This surveillance can be
used to establish baseline estimates of these maternal chronic
conditions during pregnancy and provide data so that appropriate
interventions can be developed to help improve reproductive
health, reduce hospital charges, and decrease the overall burden
of disease.
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Methods

Hospital discharge data were obtained from the Hawai‘i Health
Information Corporation (HHIC)—a private, non-profit corpo-
ration that maintains a database of health care encounters in
the State that occur in an emergency department or result in
an inpatient hospitalization. The data collected are primarily
administrative in nature, but include clinical data such as the
International Statistical Classification of Diseases, ninthrevision
(ICD-9) codes, discharge disposition, birth weight, age, race,
gender, hospital charges, and other limited data. The Hawai‘i
Department of Health requested a data set from HHIC that
linked the mothers’ and infants’ birth records (>95% linkage
rate). Analysis was limited to 107,034 linked mother-infant
pairs for singleton births during 2003-2008.

Hospital discharge data are tied to billing for reimbursement
of services and thus provide an opportunity for surveillance of
conditions among women with alive birth. These datamay better
characterize the presence of maternal conditions compared to
other data sources such as birth certificate information, which
are known to underestimate the presence of maternal conditions
when compared to hospital discharge data,*** or compared to
actual medical records.”® Maternal conditions were defined
based on the presence of specific ICD-9 coding on any of the
20 available billing levels from the maternal record for each
observation (Table 1). For high blood pressure, pregnancy
associated (includes gestational hypertension, pre-eclampsia,
and eclampsia) conditions were included due to their increasing
recognition asrisk factors for development of chronic disease %
Women with either gestational diabetes or abnormal glucose
tolerance identified during the pregnancy were considered to
have diabetes due to the significantly increased risk of devel-
opment of diabetes beyond the pregnancy for both of these
diagnoses.”*? Although there are specific codes for hypertension
and diabetes complicating the pregnancy, the general ICD-9
codes for these chronic conditions (250 Diabetes, and 401-405
for Hypertension) were included to identify these conditions
that were not recorded under a pregnancy related codes. This
had little impact and identified only 10 additional cases for
diabetes (0.1% of all diabetes diagnoses) and 10 additional
cases for high blood pressure (0.1% of all high blood pressure
diagnoses). For asthma, no specific code related to pregnancy
exists so only the general ICD-9 code for the chronic condition
was used. The focus of this analysis was to combine those with
a pre-existing chronic condition and those with onset during
pregnancy and see the impact on birth outcomes. Based on the
diagnostic codes, 75% of those who were defined as having
high blood pressure had onset with the pregnancy while 25%
had chronic high blood pressure prior to or complicating the
pregnancy. This was somewhat different from those who were
defined as having diabetes where 88.3% had diabetes with an
onset with the pregnancy and only 11.7% having had it prior to
the pregnancy. These distributions were skewed towards those
with an onset of the condition during pregnancy for both of these
estimates and suggests the importance of providing appropriate
anticipatory guidance related to the risks of developing chronic
high blood pressure and diabetes post-partum >’

Table 1. International Statistical Classification of Diseases, Ninth
Revision (ICD-9) Codes Used to Define Maternal Conditions

Maternal Condition ICD-9 Coding
Asthma 493
Diabetes 250, 648.0, 648.8

High Blood Pressure 401-405, 642

Outcomes

Birth Weight

Infant birth weight is related to the rate of fetal growth and
gestational duration of the pregnancy. It is strongly related to
both newborn morbidity and mortality and is a key population
level indicator for maternal and child health.*® Birth weight
was obtained from the newborn record and categorized as
low birth weight (LBW: <2,500 grams) and high birth weight
(HBW: >4.500 grams).

Delivery Type

A Cesarean delivery is a major surgery that is typically per-
formed in the presence of pregnancy complications that could
jeopardize the health of the mother and/or fetus. The rate of
Cesarean delivery has steadily increased in the United States
from 5.8% in 1970 to 32.3% in 2008 but has not been associ-
ated with significant improvement in neonatal morbidity or
maternal health.** For this analysis, delivery type was based
on the newborn record with an ICD-9 code of ‘V3000’ signi-
fying a vaginal delivery and a code of ‘V3001’ representing a
Cesarean delivery; analyses were restricted to singleton births.
The delivery type variable was also used to stratify results for
hospital charges due to differences between vaginal and Cesarean
deliveries for these outcomes.

Total Hospital Charges

Hospital charges were obtained from both the newborn’s and
the mother’s records. Records with no information on hospital
charges (14.4%,n=15,458) were excluded from this part of the
analysis, and largely represented births from military hospitals
(n=15,440) thatdo not report charge data to HHIC. Records with
military insurance (n=1,367) that had charge information were
included in the analysis. Total hospital charges were obtained
by summing newborn and maternal charges.

Selected Maternal Characteristics

Age wasbased on mother’s age on admission and categorized as
<20,20-24,25-29,30-34,and 35 years and older. Self-identified
race/ethnicity included White, Black, Hawaiian, Filipino, Japa-
nese,and “Other.” The “Other” racial group included those who
indicated more than one race, and those for whom race did not
fall into one of the above categories. Those with race informa-
tion listed as “unknown,” “not applicable,” or “not collected”
accounted for 18.6% of records and are referred to as “unknown”
in this report. Geographic variation was categorized into county
of residency based on the mailing address reported at delivery.
Insurance status was based on payer listed on maternal delivery
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record and was categorized as “None,” “Medicaid/QUEST,”
“Military,” or “Private” insurance.

Analysis

Prevalence estimates and 95% confidence intervals (95% CI)
based on exact binomial proportions* were calculated for
each chronic condition by selected maternal characteristics.
For the continuous variable of hospital charges, the medians
are presented and two-sided Wilcoxon-Mann-Whitney tests
were used to compare median differences between those with
and without the chronic condition. A small percentage of the
population accounted for a large percentage of the hospital
charges, reflecting a skewed distribution. The log-transformed
total hospital charges were not normally distributed so the
more robust median (50" quantile) regression analysis on the
untransformed charges was performed to better account for
the positively skewed distribution of this variable.*® A median
regression analysis based on the SAS QUANTREG procedure
was used to assess the effect of chronic conditions on total
hospital charges while accounting for the potential confound-
ing factors of maternal age, maternal race, maternal insurance,
and delivery type. SAS v9.2 (SAS Institute Inc, Cary, North
Carolina) statistical software was used for analysis.

Results

Overall in Hawai‘i, in this 6-year aggregate of singleton births,
nearly three quarters of births occurred in women 20-34 years
of age, with about 25% in each of the middle three age groups
(20-24, 25-29, and 30-34 years) (Table 2). The most common
race groups represented were Hawaiian (18.7% of births),
Filipino (15.6%), and White (14.3%). Of particular note is
that 20.7% of births had a race classified as “other” and 18.6%
had no information related to race in the data—representing a
combined 39.3% of births without a specific race group noted.
Just over half the births were to those with private insurance,
nearly one-third were to those on Medicaid/QUEST insurance,
and 15.7% were to those with military insurance.

The occurrence of an asthma diagnosis decreased with in-
creasing maternal age, and was highest among those of Hawai-
ian race and lowest among those of White and Chinese race
(Table 3). The prevalence of a diagnosis of asthma was higher
among those on Medicaid/QUEST insurance and those living in
Honolulu County. Those with an asthma diagnosis had higher
proportions of low birth weight infants, but no difference in
high birth weight or cesarean sections compared to mothers
without asthma (Figures 1-3). Total median hospital charges
were higher among those with an asthma diagnosis compared
to those without (Table 4). Those with an asthma diagnosis
also had higher total median hospital charges in both cesarean
and vaginal deliveries compared to those without an asthma
diagnosis.

The occurrence of diabetes increased with increasing age and
was higher among those of Filipino and Chinese race (Table 3).
A diagnosis of diabetes was more common among those with
private and military insurance and those living in Honolulu

Table 2. Selected Characteristics of Women Who Had Singleton
Births, HHIC*, 2003-2008
| n | Proportion (%)
Age Group (years)
<20 9,166 8.6%
20-24 26,624 24.9%
25-29 28,291 26.4%
30-34 24,688 23.1%
>=35 18,264 17.1%
Subtotal 107,033
Race
White 15,357 14.3%
Black 500 0.5%
Hawaiian 20,063 18.7%
Filipino 16,671 15.6%
Japanese 9,668 9.0%
Chinese 2,699 2.5%
Other 22,175 20.7%
Unknown 19,901 18.6%
Subtotal 107,034
Insurance
None 1,622 1.5%
Medicaid/QUEST 32,825 30.7%
Military 16,807 15.7%
Private 55,624 52.0%
Subtotal 106,878
County of Residence
Hawai'i 13,364 12.6%
Honolulu 76,641 72.3%
Kaua'i 4,754 4.5%
Maui 11,285 10.6%
Subtotal 106,044
Total 107,034

Note: HHIC represents data from the Hawai'i Health Information Corporation

and Kaua‘i Counties. Women with a diagnosis of diabetes had
a higher percentage of low birth weight, high birth weight, and
Cesarean section deliveries than women without a diagnosis
of diabetes (Figures 1-3). Total median hospital charges were
higher among those with a diagnosis of diabetes compared to
those without (Table 4). Those with a diagnosis of diabetes also
had higher total median hospital charges in both Cesarean and
vaginal deliveries compared to those without a diagnosis of
diabetes.

The occurrence of high blood pressure was higher in both the
younger and the older age groups with those aged 25-29 years
having the lowestestimates (Table 3). A diagnosis for high blood
pressure was higher among those of Filipino, Hawaiian, and
“unknown” race (Table 3). It was also more common among
those with military insurance and those living in Honolulu and
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Table 3. Prevalence Estimates of Asthma, Diabetes, and High Blood Pressure Among Women Who Had Singleton Births, by Selected
Maternal Characteristics, HHIC*, 2003-2008
Asthma Diabetes High Blood Pressure
Count Prevalence 95% Cl Count Prevalence 95% CI Count Prevalence 95% Cl
(%) (%) (%)
Age Group (years)
<20 492 5.4 (4.95.8) 219 24 (2.1-2.7) 847 9.2 (8.7-9.8)
20-24 1,216 46 (4.3-4.8) 1,041 39 (3.7-4.1) 2,503 9.4 (9.1-9.8)
25-29 1,152 41 (3.8-4.3) 1,944 6.9 (6.6-7.2) 2,194 7.8 (7.4-8.1)
30-34 1,019 41 (3.9-4.4) 2,519 10.2 (9.8-10.6) 2171 8.8 (8.4-9.2)
>=35 682 3.7 (3.5-4.0) 2,524 13.8 (13.3-14.3) 2,080 1.4 (10.9-11.9)
Race
White 453 30 (2.7-3.2) 665 43 4-4.7) 1,002 6.5 (6.1-6.9)
Black 32 6.4 (4.3-8.6) 32 6.4 (4.3-8.6) 46 9.2 (6.7-11.7)
Hawaiian 1,343 6.7 (6.4-7.0) 141 7.0 (6.7-7.4) 2,014 10.0 (9.6-10.5)
Filipino 712 4.3 (4.0-4.6) 1,884 1.3 (10.8-11.8) 1,728 10.4 (9.9-10.8)
Japanese 375 39 (3.5-4.3) 852 8.8 (8.3-9.4) 670 6.9 (6.4-7.4)
Chinese 74 2.7 (2.1-3.4) 312 1.6 (10.4-12.8) 148 55 (4.66.3)
Other 942 43 (4.0-4.5) 1,665 75 (7.2-7.9) 1,712 7.7 (7.4-8.1)
Unknown 630 32 (2.9-3.4) 1,426 7.2 (6.8-7.5) 2475 124 (12-12.9)
Insurance
None 30 1.9 (1.1-2.5) 72 44 (3.4-5.4) 77 48 (3.7-5.8)
Medicaid/QUEST 1,875 5.7 (5.5-6.0) 2,033 6.2 (5.9-6.5) 2,882 8.8 (8.5-9.1)
Military 551 3.3 (3.0-3.6) 1,203 72 (6.8-7.6) 2,178 13.0 (12.5-13.5)
Private 2,088 338 (3.63.9) 4916 8.8 (8.6-9.1) 4,637 8.3 (8.1-8.6)
County of Residence
Hawai'i 202 15 (1.3-1.7) 728 55 (5.1-5.8) 1,197 9.0 (8.5-9.4)
Honolulu 4,188 55 (5.3-5.6) 6,469 8.4 (8.2-8.6) 7,689 10.0 (9.8-10.3)
Kaua'i 54 11 (0.8-1.4) 370 7.8 (7.0-8.5) 325 6.8 (6.1-7.6)
Maui 76 0.7 (0.50.8) 618 55 (5.1-5.9) 487 43 (3.944.7)
Overall 4,561 43 (4.1-4.4) 8,247 77 (7.6-7.9) 9,795 9.2 (9.0-9.3)
Note: HHIC represents data from the Hawai'i Health Information Corporation
Table 4. Median Hospital Charges Among Singleton Births for Presence or Absence of Chronic Conditions, Overall and by Delivery Type,
HHIC*, 2003-2008
Median Charge Median Charge (Cesarean) Median Charge (Vaginal)

Asthma $9,988.00 $14,926.00 $9,025.00
no Asthma $8,918.00 $12,926.00 $7,997.00
P-value ** <.001 <.001 <.001
Diabetes $10,701.00 $13,807.00 $9,002.00
no Diabetes $8,848.00 $12,908.50 $7,984.00
P-value <.001 <.001 <.001
High Blood Pressure $11,785.00 $16,240.00 $9,971.50
no High Blood Pressure $8,775.00 $12,764.00 $7,928.00
P-value <.001 <.001 <.001
Overall $8,968.00 $13,000.00 $8,041.00

*Note: HHIC represents data from the Hawai‘i Health Information Corporation. Charges not available for births occurring at military facilities (n= 15,440 births) and for 5 births
with Quest and 13 with Private Insurance. There were 1,367 births with military insurance had charges—occurred at non-military facilities.
**P-value denotes difference by a two-sided Wilcoxon-Mann-Whitney test among those with the conditions vs not having the condition.
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Chronic Diseases, HHIC*, 2003-2008

Table 5. Univariate (Crude) and Multivariable (Adjusted*) Analyses of Total Hospital Charges Among Those with and Without Selected

Univariate Analysis Multivariable Analysis**
Parameter Bt 95% CI*** Br 95% CI
Intercept - - 7,552 (7,379 - 7,726)
Asthma
Yes 1,070 (903 - 1,237) 999 (886 - 1,112)
No Reference Reference
Diabetes
Yes 1,853 (1,727 -1,979) 743 (636 - 850)
No Reference Reference
High Blood Pressure
Yes 3,010 (2,836 - 3,184) 2,314 (2,194 - 2,434)
No Reference Reference

Note: HHIC represents data from the Hawai‘i Health Information Corporation. 'Regression coefficients are derived from median regression analysis.
**Adjusted for Age group, Race group, Maternal Insurance, and Cesarean Section. *** 95% Cl refers to the 95% Confidence Interval
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Figure 1. Proportion of Low Birth Weight (<2,500 grams), Overall and by Selected Chronic Conditions, Hawai‘i Health Information Corpora-

Hawai‘i Counties. Those with a diagnosis of high blood pres-
sure had higher proportions of low birth weight and Cesarean
sections, but no difference for high birth weight as compared
with mothers without high blood pressure (Figures 1-3). To-
tal median hospital charges were higher among those with a
diagnosis of high blood pressure compared to those without
(Table 4). Those with a diagnosis of high blood pressure also

had higher total median hospital charges in both Cesarean and
vaginal deliveries compared to those without the diagnosis.
In the median regression analysis, an asthma diagnosis was
associated with a $999 (95% CI: $886 to $1,112) higher median
charge compared to those without after controlling for the two
other conditions and maternal age, maternal race, insurance,
and cesarean delivery (Table 5). A diagnosis of diabetes was
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Figure 2. Proportion of High Birth Weight (>4,500 grams), Overall and by Chronic Condition Conditions. Hawai'‘i Health Information Cor-
poration, 2003-2008 Singleton Births.
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Figure 3. Proportion of Cesarean Delivery, Overall and by Selected Chronic Conditions, Hawai‘i Health Information Corporation, 2003-2008
Singleton Births.
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associated with a $743 (95% CI: $636 to $850) higher median
charge compared to not having a diagnosis of diabetes after
controlling for other conditions and characteristics. A high
blood pressure diagnosis was associated with a $2,314 (95%
CI: $2,194 to $2,434) higher median charge compared to those
without a high blood pressure diagnosis after controlling for
other conditions and characteristics.

Discussion

This study highlighted that nearly 1 in 10 women who delivered
ababy in Hawai‘ihave a diagnosis of high blood pressure, about
1 in 12 have a diagnosis of diabetes, and about 1 in 25 have a
diagnosis of asthma as reflected in hospital discharge delivery
record. Further, these women had more adverse birth outcomes
and higher hospital charges compared to those without one of
these conditions. The burden of chronic disease among women
of reproductive age is expected to increase, particularly with the
rise in chronic disease in younger populations. Efforts to promote
healthy lifestyle choices can prevent or delay the development
of disease throughout the life course. Efforts focused among
women of reproductive age have the potential to also improve
reproductive health outcomes.

There is a growing awareness of asthma and potential links
to health and quality of life in the general population. The
prevalence of ever being diagnosed with asthma in the general
population of US women of reproductive age (18-44 years)
in 2009 was estimated to be 16.2%, an increase of 20% since
2001 .2 Estimates for current asthma in women of reproductive
age in Hawai‘i from 2010 Behavioral Risk Factor Surveillance
System (BRFSS) data was 13.3% compared to 21.3% for ever
being diagnosed with asthma, which are both significantly higher
than national estimates.?” The estimates from hospital discharge
delivery records are much lower when compared to estimates
of both current and having ever been diagnosed with asthma
and may be related to under-reporting of the condition in this
administrative record. Women with an asthma diagnosis in the
hospital discharge delivery records may represent those with
more severe disease than other mothers who had milder forms
of asthma. Additionally, unlike chronic high blood pressure and
chronic diabetes, there is no specific pregnancy related diagnostic
code for asthma, which may also contribute to under-reporting
of this disease. Estimates from Hawai‘i BRFSS data show the
highest levels of asthma among women of reproductive age
in Hawai‘i County,”” whereas this study revealed the highest
level in Honolulu County, so there may also be some differen-
tial reporting of asthma in hospital discharge delivery records
related to geography. The relationship between maternal asthma
and low birth weight represents a possible explanation for the
higher hospital charges compared to those without asthma.
This is consistent with some of the general literature showing
associations between asthma and low birth weight.'®*® Of the
three birth outcomes examined comparing those with to those
without Asthma, there was only a significant difference in low
birth weight. Thus, the finding of higher hospital charges for
those with asthma compared to those with diabetes, which is

associated with all three adverse birth outcomes, was unex-
pected and highlights that charges are likely not just related to
increased adverse birth outcomes.

A diagnosis of diabetes was listed in 7.7% of the hospital
discharge delivery records in our study, which is consistent
with the general literature and highlights that diabetes diagno-
ses may be well captured by the data. Estimates in the general
population of women of reproductive age, using BRFSS data,
highlighted that 5.8% reported having had either chronic or
gestational diabetes in 2008 and that 2.9% had chronic diabetes
in2009.3*° A population limited to those who are pregnant would
explain the higher estimates of diabetes when compared to all
women of reproductive age. Of the three adverse birth outcomes
examined, there were significant differences between mothers
with compared to those without diabetes among all of them
(high birth weight, low birth weight, and cesarean delivery).
Thus, the increased costs found in this study were expected
as these outcomes are likely associated with higher hospital
charges. Women diagnosed with gestational diabetes have a
seven-fold greater risk of developing chronic diabetes later in
life, compared to those who did not have gestational diabetes.*
Even those with just an abnormal glucose screen in pregnancy
(but normal follow up testing for gestational diabetes) are at
increasedrisk for development of diabetes later in life.>' Although
nearly all the diagnoses in our study (88.%) were related to the
pregnancy specific billing codes, the increase risk of developing
chronic diabetes among those with pregnancy related diabetes
highlights the importance of ensuring that these women have
appropriate treatment during pregnancy and follow up after
delivery. Diabetes identified during pregnancy appears to be
an early clinical marker of risk, and appropriate follow up in
the postpartum period may help decrease the burden of disease.
The American Diabetes Association recommends that mothers
who had gestational diabetes be screened six to twelve weeks
postpartum and then every three years to identify as early as
possible those who develop chronic diabetes.*

High blood pressure was diagnosed in 9.2% of all hospital
deliveries, which is also consistent with the general literature. A
recent clinical review highlighted that 5-10% of all pregnancies
are affected by hypertensive disorders (all subtypes) and that
these hypertensive disorders in pregnancy were associated with
severe morbidity as well as increased maternal, fetal,and infant
mortality.*! The variation by race group shown in our study is
consistent with that seen in the general adult population for
Hawai‘i with Hawaiian and Filipino race groups having the
highest rates of diagnosed high blood pressure.*? Those with
high blood pressure diagnoses accounted for the highest charges
of the three chronic conditions evaluated in this paper and were
consistent across delivery type with the highest median charges
in both cesarean and vaginal delivery. Associations among
high blood pressure, low birth weight, and cesarean delivery
provide a likely explanation for the increased overall charges
found among affected women. High blood pressure during
pregnancy is increasingly being recognized to have long-term
adverse consequences to mothers and children.”®?* A recent
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review showed a nearly 4-fold greater risk of hypertensive
disease at a mean of 14 years after pregnancy among those
with preeclampsia compared to those who had normal blood
pressure during pregnancy.” Although nearly all the diagnoses
in our study (75%) were related to the pregnancy billing codes,
the increase risk of developing chronic hypertension among
those with pregnancy related high blood pressure highlights
the importance of ensuring that these women have appropriate
treatment during pregnancy and follow up after delivery. High
blood pressure identified during pregnancy appears to be an early
clinical marker of cardiovascular risk, and appropriate follow
up in the postpartum period may help decrease the burden of
heart disease. The American Heart Association Effectiveness
Based Guidelines for the Prevention of Cardiovascular Disease
in Women identifies women with a history of pre-eclampsia,
gestational diabetes, or pregnancy related hypertension to have
a major risk factor for cardiovascular disease and supports the
importance of appropriate follow up in these women postpar-
tum.*

Clinical visits such as those related to preconception and
interconception services provide opportunities to help address
chronic conditions among women who have had or are planning
a pregnancy. The vast majority of those with high blood pres-
sure and diabetes did not have a diagnosis prior to pregnancy.
This finding reinforces the importance of providing appropriate
education in the interconception period related to the increase
risks of developing chronic disease. With the appropriate train-
ing, clinicians can use these opportunities to promote healthy
lifestyles which could lead to reductions in adverse reproduc-
tive outcomes,**¢ as well as reductions in the development
and morbidity associated with chronic disease.”” Additionally,
population level efforts, such as the CDC Healthy Communities
Program, could help reduce the burden of chronic disease and
achieve health equity in 52 state and territorial health depart-
ments and 331 communities nationwide through sustainable
change where people live, learn, work and play.* The Healthy
Communities Program focuses on healthy choices related to
tobacco, physical inactivity, and unhealthy eating which are
also likely to improve reproductive outcomes by promoting
these same health behaviors in women of reproductive age.

The findings in this report are subject to at least six limita-
tions. First, hospital discharge data is an administrative data
set and may under-estimate the prevalence of maternal chronic
conditions compared to clinical records if the data are not in the
hospital record used to generate the billing codes as shown for
diabetes and other chronic conditions.?**° Thus actual medical
records, including outpatient records, may be more appropriate
foratrue surveillance of chronic disease in pregnancy. Secondly,
each maternal condition was treated independently in the base
analysis and does not account for the potential of clustering of
these conditions which could potentially explain some of the
differences seen between the conditions, but the sample sizes
to investigate this clustering were not sufficient in this data set.
However, the inclusion of all three conditions in the median
regression analysis did partly account for this possibility by the

inclusion of all three conditions in the model simultaneously.
Third, the associations seen with diabetes and high blood pressure
represents those for the aggregated measures including those
with the chronic condition prior to the pregnancy compared to
those who developed the condition associated with the preg-
nancy. Despite the increased risk for long term chronic disease
in those with pregnancy associated conditions, there could be
differential outcomes if the conditions are disaggregated which
may lead to an under or over estimation of the actual hospital
charges and other birth outcomes evaluated in this study. The
focus of this study was to evaluate the impact of these aggre-
gated measures so this differential was not assessed within the
framework of this analysis, but highlights some potential areas
for future work. Fourth, we could not examine the actual level,
treatment,or control of these conditions (eg,changes indiabetes,
high blood pressure, or asthma over time due to behavioral and
pharmacological means) that could influence the impact on the
pregnancy and contribute to birth outcomes. Additionally, the
available demographic data are limited in detail, particularly
as related to racial identification and other measures that are
often associated with adverse birth outcomes. For example,one
hospital, whose births comprise approximately 15% of state
births, does not report information about race; hence, the race
for mothers giving birth there was classified “Other.” Some other
measures that could not be addressed in the analysis include the
social determinants of health, such as education, employment,
social support, and living environments that may result from
long-term health inequalities.>' Lastly, the true burden of the
impact of these conditions should include assessment for any
longitudinal outcomes such as increased morbidity and mortal-
ity that may result after the hospital admission for birth, which
are not available within the data used for this analysis.
Additional analysis could evaluate the increased costs as-
sociated with asthma and the inter-relations between these
chronic conditions and their associations with both adverse
birth outcomes, but also longitudinally evaluate the increased
utilization of health services in those identified initially with
chronic conditions or their strong risk factors during preg-
nancy. The collection of more information related to specific
subpopulations could allow a better assessment of variation and
disparities among groups such as within the Asian and Pacific
Islander subgroups. Addressing risk factors by encouraging
healthy lifestyle choices throughout the life span and in multiple
settings will likely lead to reductions in the severity of chronic
diseases, improve the quality of life for individuals, and also
promote healthy pregnancy outcomes. Ensuring that women
who are diagnosed with pregnancy related diabetes and high
blood pressure receive appropriate postpartum care as recom-
mended by the American Heart Association and the American
Diabetes Association are important foci, and can contribute to
other multi-disciplinary approaches emphasizing chronic disease
prevention atevery age. However, it will be important to monitor
the effectiveness of these initiatives to reduce chronic disease
and improve birth outcomes through appropriate evaluation to
assess the impact of these interventions. An increased aware-
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ness of the impact of these conditions on both adverse birth
outcomes and the development of chronic disease is needed.
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