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tion, we explored whether rates of poor birth outcomes, including low birth-
weight (LBW) and preterm birth (PTB), among hypertensive women differed by
race.

Methods. We restricted our analyses to births occurring between 1994 and
2003, constructing six five-year maternal age categories: 15-19 years, 20-24
years, 25-29 years, 30-34 years, 35-39 years, and 40-44 years. We used
logistic regression to determine the relative contribution of race and age to
incidence of maternal hypertension. All analyses controlled for the standard
covariates of maternal education, marital status, and tobacco use. To assess the
impact of maternal hypertension on birth outcomes, we limited the dataset to
women with any hypertensive disorder and used linear regression to determine
how particular race-age combinations affected outcomes. We also used logistic
regression to find out how particular race-age combinations affected the likeli-
hood of LBW and PTB.

Results. The risk of hypertension differed by race, with NHB women exhibiting
the highest risk and Hispanic women the lowest risk. Further, rates of hyperten-
sion increased with age. Among hypertensive women, pregnancy outcomes dif-
fered by race and age, with NHB women having the poorest outcomes (i.e., LBW
and PTB) and age exhibiting a dose-response relationship in PTB and very PTB.

Conclusions. Patterns of maternal hypertension and subsequent outcomes are
important contributors to persistent disparities in pregnancy outcomes.
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One of the most persistent disparities in American
health status is the pronounced difference in pregnancy
outcomes for non-Hispanic black (NHB) compared
with non-Hispanic white (NHW) women (Table 1).'
In 2006, compared with NHW infants, NHB infants
were nearly twice as likely to be born low birthweight
(LBW), defined as <2,500 grams (14.0% vs. 7.3%,
respectively), and almost three times as likely to be
very LBW, defined as <1,500 grams (3.2% vs. 1.2%,
respectively). The incidence of LBW and very LBW is,
respectively, 7.0% and 1.2% among Hispanic women.
Approximately 18.5% of NHB infants were preterm
births (PTB) (born at <37 completed weeks of gesta-
tion; very PTB refers to those born at <34 completed
weeks of gestation), as compared with 11.7% for NHW
women and 12.2% for Hispanic women.* In 2005, NHB
infants were more than twice as likely to die before their
first birthday; the infant mortality rate for NHB infants
was 13.63 per 1,000 live births compared with 5.76 for
NHW infants. While congenital anomalies were the
leading cause of infant mortality in the United States,
for infants of NHB women, disorders related to short
gestation and LBW were the leading cause of infant
mortality.” The relative differences have remained fairly
constant during the past several decades, narrowing
only slightly due to an increase in multiple gestation
in NHW women.*

While numerous studies have found that indicators
of socioeconomic status are correlated with birth out-
comes,” ' these are not the only factors. If that were
the case, NHB and Hispanic women would have similar
rates of poor birth outcomes given their comparable
socioeconomic standing. In fact, Hispanic women pres-
ent with rates of LBW and PTB that are very similar
to NHW women.

One potential explanation for differences in preg-
nancy outcomes may relate to differences in presenta-
tion of maternal medical complications. In particular,
hypertensive disorders complicate approximately 12%
to 22% of all pregnancies."! Maternal hypertension,
including preeclampsia, gestational hypertension,
and chronic hypertension, is a major driver of adverse
pregnancy outcomes, including reduced birthweight
and gestation.'*'® Infants of hypertensive mothers
compared with normotensive mothers have been found
to have higher rates of being small for gestational
age.'#!*15 Such infants are more likely to be admitted
to the neonatal intensive care unit."” Although rates
of fetal and maternal mortality have been found to be
similar between hypertensive and normotensive groups,
morbidity is greater in hypertensive mothers and their
neonates."”” Chronic hypertension results in increased
risk for preeclampsia, which, in turn, can cause many
morbidities and increased mortality.'*"” Understand-
ing who is most likely to present with hypertension
and what the possible associated outcomes might be is
critical to developing interventions aimed at improving
maternal health.

In 2006, chronic hypertension among NHB mothers
of all ages was twice as prevalent as that among NHW
mothers (21.0 per 1,000 births for NHB mothers and
11.0 per 1,000 births for NHW mothers). Chronic
hypertension rates among Hispanic women were very
low (5.2 per 1,000 births).* Disparities in the rate of
chronic hypertension between NHW and NHB women
increased in a linear fashion with advancing maternal
age. The rate of chronic hypertension among NHW
mothers increased from 4.2 per 1,000 births among
teenage mothers to 25.9 per 1,000 births among moth-
ers aged 40-54 years. For NHB mothers in these two

Table 1. Pregnancy outcome rates in the United States, 2006>*

Non-Hispanic Non-Hispanic Hispanic
Outcome All women white women black women women
PTB (percent) 12.8 11.7 18.5 12.2
Very PTB (percent) 2.0 17 4.1 1.8
LBW (percent) 8.3 7.3 14.0 7.0
Very LBW (percent) 1.5 1.2 3.2 1.2
Infant mortality rate per 1,000 live births (2005) 6.9 5.8 13.6 5.6

*Martin JA, Hamilton BE, Sutton PD, Ventura SJ, Menacker F, Kirmeyer S, et al. Births: final data for 2006. Natl Vital Stat Rep 2009 Jan 7;57:

1-104.

®Mathews TJ, MacDorman MF. Infant mortality statistics from the 2005 period linked birth/infant death data set. Natl Vital Stat Rep 2008 Jul

30;57:1-32.
PTB = preterm birth
LBW = low birthweight
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age categories, the increase in prevalence was more dra-
matic: rising from 5.9 per 1,000 births among women
younger than 20 years of age to 74.0 per 1,000 births
among women aged 40-54 years. For Hispanic moth-
ers, the rate of increase was much slower, from 2.2 to
21.9 per 1,000 births. Rates of pregnancy-related hyper-
tension were more similar between NHB and NHW
mothers (46.1 and 43.8 per 1,000 births for NHB and
NHW mothers of all ages, respectively) and lower for
Hispanic mothers (28.0 per 1,000 births for Hispanic
mothers of all ages); however, race- and age-specific
rates began to diverge by age 30 (Table 2).*

We analyzed data on pregnancy outcomes from
North Carolina to determine whether the pattern
of maternal hypertensive disorders differed among
NHW, NHB, and Hispanic women across the range of
maternal ages. In addition, we explored whether rates
of poor birth outcomes (e.g., LBW and PTB) among
hypertensive women differed by race category.

METHODS

Data

The North Carolina Detailed Birth Record (NCDBR)
database contains extensive information on every
documented live birth in North Carolina, including
maternal age, birthweight, clinical estimate of gesta-
tion, plurality, maternal complications, congenital
anomalies, maternal tobacco use, and a variety of
maternal and paternal demographic variables. For this
analysis, we focused on North Carolina births occurring
between 1994 and 2003. Access to the data, as well as
methods for receiving, storing, linking, and analyzing
data and presenting results related to this study, were
all governed by a research protocol approved by Duke
University’s Institutional Review Board.

The NCDBR contains three medical history variables
related to hypertension: pregnancy-related hyper-
tension, chronic hypertension, and eclampsia. We
combined all three hypertension designations into a
single category of “any hypertensive disorder.” Because
we have access to clinical data on a subset of women
in the NCDBR, we are aware that women who might
more reasonably be coded as undiagnosed chronic
hypertension when presenting in the obstetrics clinic
are, in fact, coded as pregnancy-related hypertension
within the NCDBR. Thus, the distinctions made in the
NCDBR may not always be medically accurate. This
potential limitation was considered in the interpreta-
tion of our study results.

We restricted the analysis to singleton births with no
documented congenital anomalies. To focus specifi-
cally on the presentation and impact of hypertensive
disorders, we excluded women with any other maternal
medical complications (i.e., women with diabetes or
women with chronic hypertension and diabetes were
excluded from the analysis). We used self-declared
maternal race/ethnicity to establish three distinct
subgroups: NHW, NHB, and Hispanic women. We
excluded all other maternal races from the analysis.

Maternal age is documented in integer years ranging
from 10 to 55. We restricted our analyses to mothers
between 15 and 44 years of age because of the small
cell sizes at very young or older age categories, and
then constructed six five-year age categories: 15-19,
20-24, 25-29, 30-34, 35-39, and 40-44 years of age.
Birthweight was coded in pounds (0-14) and ounces
(0-15), which we subsequently converted to grams,
resulting in 240 possible integer values for the variable.
The clinical estimate of gestation was given as number
of completed weeks and ranged from 0 to 45 as esti-
mated by the attending health-care provider. Again,

Table 2. Incidence of hypertensive disorders per 1,000 live births by maternal race, U.S., 20062

Age group

Race and type of 20-24 25-29 30-34 35-39 40-54
hypertensive disorders All ages <20 years  years years years years years
Non-Hispanic white women

Chronic hypertension 11.0 4.2 6.8 9.9 12.8 17.6 25.9

Pregnancy-related hypertension 43.8 47.9 45.6 44.8 40.4 41.0 50.1
Non-Hispanic black women

Chronic hypertension 21.0 5.9 1.1 20.9 347 53.2 74.0

Pregnancy-related hypertension 46.1 48.6 42.6 43.7 47.2 54.7 66.7
Hispanic women

Chronic hypertension 5.2 2.2 2.9 4.4 7.4 12.3 21.9

Pregnancy-related hypertension 28.0 33.0 25.9 25.1 27.7 33.0 457

*Martin JA, Hamilton BE, Sutton PD, Ventura SJ, Menacker F, Kirmeyer S, et al. Births: final data for 2006. Natl Vital Stat Rep 2009 Jan 7;57:

1-104.
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because we have access to clinical data on a subset of
women in the NCDBR, we are aware that the clinical
estimate of gestation, as compared with the last men-
strual period estimate of gestational age, more reliably
matches up with a clinical estimate based on the first
trimester ultrasound.

We restricted analyses to live births =24 weeks of
gestation and birthweight =400 grams. Finally, we
restricted analyses to first births only, because a first
birth accompanied by maternal hypertension may
decrease the willingness of women to become pregnant
again (Unpublished report, Marie Lynn Miranda, Duke
University, 2009), making the population of women
with higher parity selectively biased. Observations with-
out complete covariate data (1,039 observations) were
also omitted. The resulting dataset included 350,717
birth records.

We used logistic regression modeling to determine
the relative contribution of race and maternal age to
incidence of maternal hypertensive disorders, control-
ling for the standard covariates of maternal educa-
tion, marital status, and tobacco use. These covariates
were chosen based on their predominance in the
extant literature on adverse pregnancy outcomes and

maternal hypertension.?'*!'%!9 This analysis allowed us
to assess whether certain race-age combinations were
more prone to present with maternal hypertensive
disorders.

Because we were also interested in the impact of
maternal hypertension on birth outcomes, in additional
analyses we limited the dataset to those women with
any hypertensive disorder and used linear regression
to see how particular race-age combinations among
these women affected birthweight. We also used
logistic regression to find out how particular race-age
combinations affected the likelihood of LBW (<2,500
grams) and PTB (<37 weeks gestation). All analyses
controlled for the standard covariates of infant sex,
maternal education, marital status, and tobacco use. In
the birthweight and LBW models, we also controlled
for gestational age. We conducted analyses using SAS®
version 9.1.%

RESULTS

Figure 1 shows the age distribution of women included
in the analysis, stratified by age and race/ethnicity,
and reveals noticeable differences across subgroups:

Figure 1. Maternal age distribution by race and age in North Carolina: 1994-2003 singleton nulliparous births
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Figure 2. Covariate-adjusted odds ratios for hypertension by maternal age (left) and maternal race
(right) in North Carolina: 1994-2003 singleton nulliparous births
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compared with NHW women, a greater proportion of
births to NHB and Hispanic women occurred among
the younger age groups (15-19 and 20-24 years of
age).

Using logistic regression, we estimated the likeli-
hood of presenting with some form of hypertension as
a function of maternal race (referent group = NHW
women) and age (referent group = 25-29 years of
age), controlling for marital status, tobacco use during
pregnancy, and maternal education. In our sample,
the proportion of the population presenting with any
hypertensive disorder was 8.18% for all, 8.36% for
NHW, 8.65% for NHB, and 5.47% for Hispanic women.
Figure 2 shows the odds ratios for maternal age and
race/ethnicity. The left panel of Figure 2 clearly dem-
onstrates an increasing risk of hypertension as women
age, and the right panel demonstrates a reduced risk
for Hispanic women and increased risk of hypertension
for NHB women, both relative to NHW women.

We repeated the aforementioned analyses, adding
race X age interactions. The results are summarized
in Table 3. Compared with NHW women, NHB women
were at an elevated risk for maternal hypertension in
every age group, with the racial gap widening with
increasing age. In contrast with NHB women, Hispanic
women were at decreased risk of hypertension com-
pared with NHW women, with the difference in risk
basically stable across age categories.

In addition to considering the contribution of
maternal race and age to the likelihood of presenting
with hypertension, we conducted analyses on all NHW,
NHB, and Hispanic women in the restricted NCDBR

dataset used in the aforementioned logistic analyses
who were coded as being hypertensive (n=28,697) to
identify differential effects on birth outcomes. The age
distribution of women in this sample was very similar
to that shown in Figure 1, with a greater proportion of
births to NHB and Hispanic women occurring among
the younger age groups (15-19 and 20-24 years).

In analyses restricted to women with hypertension,
maternal race and age were individually significant
predictors of birthweight, LBW, gestational age, and
PTB, but no race X age interactions were significant.
We estimated birthweight as a function of maternal race
(referent group = NHW women) and age (referent
group = 25-29 years of age), controlling for infant
sex, marital status, tobacco use during pregnancy, and

Table 3. Covariate-adjusted odds ratios
for hypertension, including race X age
interactions, in North Carolina: 1994-2003
singleton nulliparous births

Oddis ratio®
Non-Hispanic black vs.

Od(dis ratio®
Hispanic vs.

Age group non-Hispanic non-Hispanic
(in years) white women white women
15-19 1.13 0.76
20-24 1.20 0.70
25-29 1.34 0.70
30-34 1.43 0.65
35-39 1.42 0.76
40-44 1.60 0.68

2All odds ratios are statistically significant.
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maternal education. Among women with hypertension,
NHB and Hispanic women had infants weighing a
mean of 186 grams and 121 grams less (both $<<0.0001)
compared with NHW women. Note that while Hispanic
women were less likely than NHW women to present
with hypertension, among hypertensives, Hispanic
birthweights were significantly lower than those for
NHW women. In analysis of weeks of gestation, NHB
women had gestational lengths with a mean of a
half-week shorter ($<0.0001) than NHW women. No
significant differences were observed between NHW
and Hispanic women.

Among hypertensive women, Figure 3 (left panel)
shows the U-shaped relationship between maternal
age and birthweight, with the best outcomes accruing
to women aged 25-29 years. Again, among hyperten-
sive women, younger maternal age (15-19 and 20-24
years) tended to result in longer gestations, and older
maternal age (30-34, 35-39, and 40-44 years) tended to
result in shorter gestations (Figure 3, right panel).

Table 4 summarizes the results for logistic regres-
sion on LBW, very LBW, PTB, and very PTB. (Because
none of the race X age interactions were significant
in these models, they were not included in the final
analyses.) Neither race nor age resulted in significant
odds ratios for very LBW. Maternal race, particularly
NHB, was a significant predictor of poorer outcomes
for LBW, PTB, and very PTB. Maternal age was not
significant in the LBW and very LBW model, but fol-
lowed a dose-response relationship in the PTB and
very PTB models.

DISCUSSION

We used the pattern of maternal hypertensive disor-
ders as a way to explain disparities in pregnancy out-
comes among NHW, NHB, and Hispanic women. We
attempted to explain two important issues: (1) who is
more likely to present with maternal hypertension and
(2) among hypertensive women, who is more likely to
have a poor birth outcome? We conducted all analyses
using NCDBR data from 1994-2003, which provided a
large population sample for analysis.

We found a clear association between race and age
(and their interaction) and the likelihood of hyper-
tension among pregnant women. The presentation of
hypertension clearly differs by race, with NHB women
demonstrating the highest rates, followed by NHW
women, and then Hispanic women. In addition, rates of
hypertension increase with age. Our analysis highlights
significant race X age interactions: as NHB women
age, their likelihood of presenting with hypertension
increases more quickly compared with NHW women.

As stated previously, we defined hypertension dur-
ing pregnancy as any hypertensive disorder, which
includes both pregnancy-related and chronic hyperten-
sion. While there are clear clinical and epidemiologic
differences between chronic and pregnancy-related
hypertension, the disease incidence for both conditions
follows the same pattern with regard to racial disparities
(i.e., NHB mothers have higher rates of both condi-
tions as compared with NHW and Hispanic mothers?*).
Furthermore, both diagnoses carry significant risk for
adverse pregnancy outcomes, including LBW and PTB.
Grouping the two hypertensive conditions together
eliminates our ability to determine if one is driving

Figure 3. Relationship between maternal age and birthweight (left) and gestational age (right)
among hypertensive women in North Carolina: 1994-2003 singleton nulliparous births
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the disparities in adverse pregnancy outcomes more
than the other; however, it should not have affected
our overall findings regarding the contributions of
race and age.

Among hypertensive pregnant women, we did not
note any race X age interactions; however, the main
effects were quite substantial. Among hypertensive preg-
nant women, race was associated with birthweight, with
NHW infants being significantly larger than Hispanic
infants, and with Hispanic infants being significantly
larger than NHB infants. The parameter estimates on
the age categories demonstrated a U-shaped curve,
with the highest birthweights in the 25-29 and 30-34
age categories. The risk for LBW among hypertensives
followed a similar pattern, with NHB women having the
highest risk for LBW infants, followed by Hispanic and
then NHW women. Age was not a significant predictor
in these models. Neither race nor age was a significant
predictor in the model for very LBW infants.

Finally, among hypertensives, NHB women were at
greater risk for early deliveries, as assessed by weeks
of gestation, PTB, or very PTB. Hispanic women were
not significantly different from NHW women on any
of these three measures. Age appears to have a dose-
response effect on the three measures of early deliv-
eries, with younger maternal age (15-19 and 20-24

years) tending to resultin longer gestations, and older
maternal age (30-34, 35-39, and 40-44 years) tending
to result in shorter gestations.

To understand the complex etiology of black birth
outcomes relative to white birth outcomes, Geronimus
proposed the “weathering hypothesis,”' which postu-
lates that poor birth outcomes of African Americans
are in part due to the cumulative and interactive effects
over time of negative material and psychosocial stres-
sors on the physical health of black women.?** Thus,
the weathering hypothesis posits that chronic and per-
sistent stressors lead to accelerated biological aging of
women, which may, in turn, account for excess infant
mortality and adverse pregnancy outcomes among
certain subpopulations.

Geronimus derived the weathering hypothesis after
noting that NHB women have their best birth outcomes
(lowest PTB and infant mortality rates) as teenagers,
but birth outcomes for this group begin to deteriorate
once they enter their 20s. For NHW women, the pat-
tern is reversed: birth outcomes are poorest for teen
mothers and best for women in their 20s.2?%*" The
weathering hypothesis argues that cumulative insults
to the physical and emotional health of NHB women,
beginning in early childhood, accelerate their biologi-
cal aging (as evidenced by an earlier onset of chronic

Table 4. Covariate-adjusted odds ratios demonstrating effect of race and age on LBW,
very LBW, PTB, and very PTB in North Carolina: 1994-2003 singleton nulliparous births

LBW

Subgroup of women OR (95% ClI)

Non-Hispanic black vs. non-Hispanic white 2.241
(2.004, 2.507)
Hispanic vs. non-Hispanic white 1.729
(1.404, 2.128)
Age (in years)
15-19 vs. 25-29 NS
20-24 vs. 25-29 NS
30-34 vs. 25-29 NS
35-39 vs. 25-29 NS
40-44 vs. 25-29 NS

Very LBW PTB Very PTB
OR (95% Cl) OR (95% Cl) OR (95% Cl)
NS 1.476 2.051

(1.368, 1.593) (1.822, 2.308)
NS NS NS
NS 0.868 0.805
(0.776, 0.971) (0.671, 0.966)
NS 0.967 0.898
(0.889, 1.052) (0.782, 1.031)
NS 1.225 1.248
(1.118, 1.343) (1.076, 1.448)
NS 1.337 1.272
(1.178, 1.518) (1.036, 1.561)
NS 1.443 1.775
(1.106, 1.884) (1.212, 2.600)

LBW = low birthweight
PTB = preterm birth
OR = odds ratio

Cl = confidence interval

NS = not significant
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degenerative health problems such as hypertension,
diabetes, and heart disease), thus compromising their
ability to carry their fetuses to term.*"*

Our analysis can be used to determine whether the
pattern of maternal hypertensive disorders is consistent
with previous research on the weathering hypothesis.
In particular, the weathering hypothesis suggests that
presentation of hypertension among NHB women will
be disproportionately higher in older age categories
compared with NHW women. In addition, among
women with hypertension, we expect the impact
on birth outcomes to be more significant for NHB
women compared with NHW women. Both of these
hypothesized relationships held in our data sample. In
particular, the widening gap between NHB and NHW
women as we moved from the youngest to the oldest
age categories was especially consistent with the notion
of accelerated biological aging.

Despite high rates of socioeconomic disadvantage
in North Carolina, Hispanic women tend to have
birth outcomes that are equivalent to those of NHW
women. This “Latina paradox” has been attributed to
healthy migrant effects, cultural protective factors, and
strong social support networks.?”” The erosion of these
protective factors appears to be associated with length
of residence in the United States, with U.S.-born His-
panic women having poorer birth outcomes. We were
unable to analyze this possibility, as the vast majority of
Hispanic women in North Carolina are recent migrants.
Preliminary analysis does support the notion that U.S.-
born Hispanic women in North Carolina have worse
pregnancy outcomes compared with foreign-born
Hispanic women (e.g., the PTB rate is 7.81% among
U.S.-born Hispanic women and 6.36% among foreign-
born Hispanic women). As additional data become
available, we will pursue this line of research.

Limitations

This study had a number of limitations. The analysis
was based on the NCDBR. As a vital records database,
it has the advantage of being a population sample, but
also may not accurately reflect the clinical record on all
counts. Additional relevant details, such as whether a
PTB was spontaneous or medically indicated, are also
not available. Ideally, in the PTB analyses, the clinical
estimate of gestation would be based on reconciliation
of menstrual dating and early ultrasound estimates—a
measure that is again not available in the NCDBR. The
analysis was also limited to births occurring in North
Carolina, which may not be fully representative of the
United States as a whole.

CONCLUSIONS

Persistent disparities in pregnancy outcomes have sig-
nificant implications for population health. Survivors of
LBW and PTB are at significant risk for both short-term
neonatal morbidity as well as long-term disabilities.*® Of
similar importance is the impact of LBW on increased
risk of diabetes, obesity, cardiovascular disease, and
other health problems in adulthood.?*' Thus, under-
standing, and eventually intervening to prevent, these
adverse birth outcomes is of critical importance to the
overall health of the nation. Our analysis indicated that
maternal hypertension is an important contributor to
disparities in pregnancy outcomes. Direct management
of hypertensive disorders, even preconceptionally,
holds the potential to improve maternal and child
health outcomes.

This research was supported by a grant from the U.S. Environ-
mental Protection Agency (RD-83329301-0).
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