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Abstract

Background: We considered that women with prior preterm birth (PTB) would have evidence of subclinical
atherosclerosis, endothelial dysfunction, and arterial stiffness.
Methods: Four to 12 years after pregnancy, blood pressure and fasting lipids were analyzed, and women
underwent evaluation, following standardized protocols, of carotid intima-media thickness (IMT), brachial flow-
mediated dilation (FMD), and pulse wave velocity (PWV). Women with prior preterm (< 37 weeks, n = 181) or
term births (> = 37 weeks, n = 306) were compared. Those with preeclampsia or term small-for-gestational-age
(SGA) births were excluded.
Results: Women with a prior preterm vs. term birth had higher blood pressure, on average, and a more
atherogenic lipid profile. They also had marginally higher IMT (0.579 standard error [SE] 0.005—vs. 0.567 [0.004]
mm, p = 0.06), adjusted for body size, demographics, and smoking. IMT differences were greater among those
with non-preeclamptic-indicated PTB (0.034 mm, p = 0.05) and PTB < 34 weeks (0.024 mm, p = 0.04) compared to
those with term births. These differences appeared to be explained in part by the atherogenic lipid elevations in
women with preterm birth. Women with prior PTB < 34 weeks tended to have lower FMD, but results were not
statistically significant. PWV did not differ according to PTB.
Conclusions: In the decade following pregnancy, women with non-preeclamptic-indicated PTB or PTB delivered
before 34 weeks had higher blood pressure, atherogenic lipids, and IMT compared to women with term births.
There may be subgroups of women with a prior PTB with excess cardiovascular risk that is detectable before
overt clinical disease.

Introduction

Preterm birth (PTB) affects more than 12% of births

in the United States. Women with a history of PTB have a
two- to threefold increased risk of cardiovascular disease
(CVD),1–5 but mechanisms relating these conditions are not
understood. Associations between preeclampsia and mater-
nal cardiovascular risk factors are well established; however,
some1,4 but not all studies6 indicate that non-preeclamptic
preterm births are related to maternal cardiovascular risk.

Women with PTB have elevated cholesterol before and
during pregnancy.7–10 We have previously reported that they
have dyslipidemia, higher blood pressure, and evidence
of metabolic syndrome—a cluster of cardiovascular risk fac-

tors—in the decade after pregnancies delivered preterm
without preeclamspsia.11 In the current study, we hypothe-
sized that this atherogenic profile in women with a prior non-
preeclamptic preterm birth would be related to subclinical
atherosclerosis, endothelial dysfunction, and arterial stiffness.

Atherosclerotic vascular disease is a chronic inflammatory,
fibroproliferative disease of large and medium-sized arteries
fueled by lipid.12 Artery wall thickening as assessed by inti-
ma-media thickness (IMT) is an early stage of arterial injury
and atherosclerosis and is detectable and predictive of
CVD events among young women.13–15 Endothelial dys-
function, an early and modulating process in the development
of atherosclerosis, can be quantified by flow-mediated dila-
tion (FMD), which represents the endothelium-dependent
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relaxation of the brachial artery owing to increased blood
flow.16,17 Pulse wave velocity (PWV) is a measure of arterial
stiffness that has been linked to insulin resistance, metabolic
syndrome, and central adiposity, as well as risk of cardio-
vascular events.18–20 We considered that the metabolic syn-
drome detected in women with a prior PTB vs. term birth
would be related to evidence of subclinical cardiovascular
disease as assessed by IMT, FMD, and PWV. Given the het-
erogeneity of PTB, we also examined whether subgroups of
women with preterm birth according to clinical presentation
and gestational age would have different cardiovascular risk
profiles in the decade after pregnancy.

Subjects and Methods

The Women and Infant Study of Healthy Hearts (WISH) is
a cohort study of cardiovascular factors assessed among
women 4 to 12 years after delivery of singleton infants who
were preterm, small for gestational age (SGA), or delivered at
term with normal growth (n = 702). The University of Pitts-
burgh Institutional Review Board (IRB) approved all study
procedures. Eligibility and recruitment results have been re-
ported previously.11 Briefly, eligible women were those who
gave birth between 1997 and 2002 at Magee-Womens Hos-
pital in Pittsburgh and who did not have preeclampsia or
prepregnancy hypertension or diabetes. A total of 702 women
provided informed consent and were enrolled. Those who
delivered SGA infants at term (n = 190) were excluded from
this analysis, as the pathways involved in term SGA and PTB
are distinct, and therefore the postpregnancy consequences
may also be different. There were six cases of SGA in the
preterm group, and we replicated analyses after excluding
them to ensure that results were not related to growth re-
striction. No results were affected, so these cases were re-
tained in the current study. We also excluded women who
reported their race or ethnicity as other than white or African
American, owing to small numbers (n = 12). We excluded
women with gestational diabetes (n = 11), given its well-
established relation to later-life cardiovascular disease. Women
with triglycerides > 400 mg/dL (n = 2) were also excluded, as
the estimation of low-density lipoprotein cholesterol (LDL-C)
is not valid in these individuals.21 The final study population
was 487 women.

Delivery characteristics were abstracted from hospital birth
records and included gestational age (based mainly on pre-
natal ultrasounds). Women were categorized as having de-
livered preterm ( < 37 weeks gestation, n = 181) or term; the
preterm group was further divided into those delivered < 34
weeks (n = 55) and 34– < 36 weeks (n = 126). Preterm births
were also categorized as spontaneous (following spontaneous
premature membrane rupture or preterm labor) or medically
indicated, as the processes leading to these clinical presenta-
tions are likely different. By design, women with pre-
eclampsia were excluded, and the medically indicated
preterm births in our study were related to placenta previa or
abruption, suspected growth restriction, and other fetal or
maternal conditions. Cases of gestational hypertension (blood
pressure above 140/90 without proteinuria, n = 8) were in-
cluded. Women with term, non-SGA infants ( > 10th percen-
tile) were the referent for all analyses (n = 306).

B-mode ultrasound images of the right and left distal
common carotid artery, carotid bulb, and the first centimeter

of the internal carotid artery were obtained in diastole.
Semiautomated edge-detection software (Artery Measure-
ment System, Gothenburg, Sweden) was used to identify the
lumen-intima and media-adventitia interfaces and measure
across 1 cm segments of the near and far walls of the common
carotid artery and the far wall of the bulb and internal carotid
artery. Mean IMT values across these eight sites were aver-
aged to obtain mean average IMT. Reproducibility of IMT
measures was excellent, with an intraclass correlation coeffi-
cient between sonographers of ‡ 0.87 and between readers of
0.92. Trained sonographers using a standardized protocol
measured FMD after 10 minutes of supine rest by use of high-
resolution B-mode ultrasound imaging of the right brachial
artery, from 4 to 10 cm proximal to the antecubital crease.
Images were obtained at rest (baseline) and after 4 minutes of
forearm blood flow occlusion (postdeflation) with a pneu-
matic tourniquet set to 50 mm Hg above the participant’s
systolic blood pressure. For baseline diameters, digitized im-
ages were captured on the R wave for 20 seconds. Immediately
after deflation, images were captured on the R wave for 3
minutes. Trained readers measured the arterial diameter as the
distance between the proximal and distal arterial wall media-
adventitia interfaces. All images for this study were read by one
reader using the Brachial Analysis System (Medical Imaging
Applications [MIA], University of Iowa) software developed at
the University of Iowa.22 FMD was calculated as the maximum
percentage of change in arterial diameter, relative to baseline.
Reproducibility of FMD was fair, with an intraclass correlation
coefficient between sonographers of ‡ 0.60 and within reader
of 0.67. Carotid-femoral PWV was measured by taking si-
multaneous recordings of the pressure waveforms from the
right common carotid and right femoral artery, using the au-
tomated Complior SP (Artech Medical, Pantin, France). PWV
(cm/sec) was calculated as the distance traveled by the pres-
sure wave between arterial sites of interest divided by the time
delay (or transit time) between the respective waveforms.
Three data-collection runs were performed and averaged, each
obtaining a minimum of 10 pairs of simultaneously recorded
pressure waveforms. The distance between the sampling sites
(the carotid artery and the femoral artery) was measured over
the surface of the body with a tape measure and calculated by
the indirect method (carotid–femoral distance = ((suprasternal–
umbilicus) + (umbilicus–femoral)) - (carotid–suprasternal)).23

Intraclass correlations of 0.75–0.91 for between-technician
comparisons and 0.88–0.95 for within-technician comparisons
were obtained.

Fasting blood samples were collected at the same study visit.
All measurements were completed at the University of Pitts-
burgh’s Nutrition Lab in the Department of Epidemiology,
which is certified under Clinical Laboratory Improvement
Amendments (CLIA) and participates in the CDC-NHLBI
(National Heart, Lung, and Blood Institute) Lipid Standardi-
zation and College of American Pathologists’ Proficiency Pro-
grams. Total cholesterol, high-density lipoprotein cholesterol
(HDL-C), and triglycerides were measured under standard
enzymatic procedures.24–26 LDL-C was evaluated using the
Friedewald calculation.21 The coefficient of variation (CV)
ranged from 1.3% to 6.5%. Apolipoprotein B (ApoB) was an-
alyzed by using a variation of the Boehringer Mannheim tur-
bidimetric procedure; the coefficient of variation was 9.8%.

Standard methods were used to evaluate blood pressure; a
sphygmomanometer was used at the study visit to obtain the
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mean of three measurements following a 10-minute rest, and
body mass index (BMI, kg/m2) was calculated from mea-
sured height and weight. Waist circumference was assessed in
centimeters with a tape measure at the umbilicus. Women
completed a structured interview to assess pregnancy and
medical history, demographics, and lifestyle characteristics.
Women reported the outcomes of all pregnancies before and
following the index birth, including gestational age and birth
weight. Smoking status and number of cigarettes smoked
were assessed during pregnancy and at the postpartum study
visit. Women also reported the first day of the last menstrual
period; days from menses to the study visit were calculated
because some markers may change during the menstrual
cycle.27,28 Menopause was defined as having no menstrual
periods during the previous 12 months, surgical removal of
both ovaries, or age greater than 55 accompanied by use of
estrogen, hormone therapy, or a hysterectomy. Weekly alco-
hol consumption was reported, and regular use was defined
as consumption of some alcohol at least once a week. Physical
activity was reported using the Paffenbarger Physical Activity
Questionnaire29 and analyzed as total hours of physical ac-
tivity expenditure per week (metabolic equivalent of task, or
MET, hours/week).

Characteristics of women with preterm vs. term births were
compared, using chi-square tests for categorical variables, t-
tests for continuous variables, or analysis of variance (ANOVA)
with post hoc pairwise comparisons for PTB subtypes using
Dunnett’s test. The Wilcoxon rank- sum test was used instead
of the t-test if the normality assumption did not hold, based on
quantile-quantile plots, histograms, and the Shapiro-Wilk test
for normality. Women with term births were the referent for all
analyses. IMT, FMD, and PWV were evaluated as continuous
outcomes according to preterm birth status and related to
gestational age in weeks, using linear regression. Results are
also presented as adjusted means. All tests were two-sided,
with statistical significance set at p-value = 0.05.

To obtain noncollinear covariates for our regression model,
we used variable clustering to create highly correlated groups
of variables that describe the same feature.30 As described
previously,11 we applied all covariates of interest (in Table 1)
to a hierarchical clustering graph and found three significant
variable clusters. The first included BMI and weight. The
second cluster included education, income, race, age at index
birth, and age at baseline. The third variable cluster included
smoking during pregnancy, current smoking, and ever
smoking, as well as amount smoked during pregnancy,
number of years smoked, number of cigarettes smoked at
baseline, and pack-years smoked among ever users. We then
used principal- component analysis to create three new vari-
ables that were included in our final models as covariates.
Additional adjustment for menstrual cycle phase did not af-
fect estimates and was not included in the final models. The
assumptions of linear regression models were checked, using
residual plots and the White test for homoscedasticity.

Because atherogenic lipids and blood pressure may medi-
ate the association between prior PTB and subclinical vascular
measures, we did not include them as covariates in primary
models.31 Instead, we compared a model that included these
factors modeled as a lipid cluster (comprising total choles-
terol, LDL-C, HDL-C, ApoB, and triglycerides) and systolic
blood pressure (SBP), preterm birth, and covariates to a model
in which the lipid cluster and SBP were omitted. We also

tested for interaction between the lipid cluster and preterm
birth, and SBP and preterm birth.

Analyses were performed with SAS (version 9.2, SAS In-
stitute, Inc., Cary, NC) and R (version 2.6.2, R Foundation for
Statistical Computing, Vienna, Austria).

Results

Women with a prior non-preeclamptic preterm birth ten-
ded to be older and have modestly higher rates of smoking
after pregnancy and were less likely to have Medicaid health
insurance compared to those with term births (Table 1). As
expected, those women were more likely to report that they
had additional preterm births.

Women with prior non-preeclamptic preterm vs. term
births had higher mean systolic (109.1 vs. 106.7 mm Hg,
p = 0.03) and diastolic (71.5 vs. 69.8 mm Hg, p = 0.03) blood
pressures after adjusting for body size, socioeconomic status
(SES) and smoking characteristics (Table 2). Women with
spontaneous PTBs had blood pressure elevations that were
intermediary between those measured in women with term
and non-preeclamptic- indicated PTB. Women with a prior
preterm birth also had higher total cholesterol (198.2 vs.
185.7 mg/dL, p < 0.01), LDL-C (118.4 vs. 108.9 mg/dL, p < 0.01),
triglycerides (112.2 vs. 99.4 mg/dL, p = 0.02), and ApoB con-
centrations (88.6 vs. 83.5, p = 0.03) compared to women with
term births. When evaluated according to clinical presentation
and timing of delivery, women with all preterm birth subtypes
in general had higher lipids compared to women with term
births. Women with indicated PTBs, however, had higher
HDL-C, and triglycerides were not different from those of
women with term births.

The mean IMT for women with preterm vs. term births was
marginally higher after adjustment for covariates (difference
0.015, p = 0.06; Table 3). Women with non-preeclamptic-indi-
cated preterm births (but not spontaneous PTB) had higher
mean IMTs compared to women with term births (difference
0.034 mm, p = 0.05), as did those with preterm births deliv-
ered < 34 weeks (difference 0.024, p = 0.04). We tested for dif-
ferences in brachial diameters between mothers delivered
preterm vs. term and found no significant differences. When
the gestational age of the index birth was evaluated continu-
ously, IMT increased as the gestational age of the birth de-
creased (beta = –0.003, p < 0.01), adjusted for covariates (Fig. 1,
panel A). Removal of the one potential outlier did not
change the trend of this association, and the results remained
significant ( p = 0.03).

We then considered that higher atherogenic lipids (higher
ApoB, total cholesterol, LDL-C, and triglycerides) and blood
pressure may explain this early increase in IMT among wo-
men with a prior preterm birth. Adjustment for these factors
attenuated the preterm vs. term difference in IMT among
those with indicated PTB and those with PTB < 34 weeks by
30%–40%, suggesting that higher IMT among these groups
may result in part from these factors. There was evidence of
interaction on the additive scale between the lipid cluster and
PTB ( p for interaction, 0.07) but not for the interaction of SBP
and preterm birth ( p for interaction > 0.30). Stratified analysis
revealed that higher IMT among women with indicated or
earlier PTBs was limited to those with LDL > 130 mg/dL ( p-
value for comparisons to term births 0.04 and 0.10, respec-
tively). In contrast, IMT was not higher among those with
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Table 1. Characteristics and Clinical Variables According to Pregnancy Outcome; Data Expressed

as Mean ( – Standard Deviation) or Number(%)

Term Preterm
n = 306 n = 181 pa

Index pregnancy (1997–2002)
Age (years) 28.5 (6.9) 30.5 (6.8) < 0.01
Prepregnancy weight (kg) 66.3 (18.6) 65.3 (13.2) 0.68
African American (%) 103 (34) 46 (26) 0.06
Gestational age (week) 39.3 (1.1) 34.0 (2.5) < 0.01
Multiparous (%) 269 (88) 152 (84) 0.34
First born: index pregnancy (%) 123 (40) 70 (39) 0.74
Additional preterm births (before/after index) (%) 38 (12) 54 (30) < 0.01
Gestational hypertension (%) 6 (2) 2 (1) 0.47
Smoking during pregnancy (%) 59 (21) 30 (19) 0.61

Study visit (2005–2009)
Time from index pregnancy to interview (years) 8.0 (1.7) 8.5 (1.7) 0.06
Age (years) 36.5 (7.4) 39.0 (7.0) < 0.01
Tobacco use: ever (%) 134 (44) 97 (54) 0.04
Tobacco use: current (%) 76 (25) 60 (33) 0.08
Pack-years smokedb 4.2 (5.9) 4.6 (6.5) 0.99
Body mass index (kg/m2) 27.8 (7.0) 27.3 (6.6) 0.44
Waist circumference (cm) 92.5 (15.8) 91.7 (15.1) 0.59
Systolic blood pressure (mm Hg) 106.7 (10.4) 109.0 (12.3) 0.05
Diastolic blood pressure (mm Hg) 69.8 (8.3) 71.5 (7.8) 0.03
Statin use: current (%) 3 (1) 4 (2) 0.27
Oral contraceptive use (%) 44 (14) 18 (10) 0.16
Menopause (%) 18 (6) 22 (12) 0.01
Alcohol consumption: regularb (%) 108 (35) 61 (34) 0.82
Physical activity (MET hours/week) 15.9 (32.8) 12.1 (18.0) 0.21
Education (%) 0.58

< High school 20 (7) 7 (4)
High school 88 (29) 49 (27)
College 159 (52) 99 (55)
> College 39 (13) 26 (14)

Income (%) 0.08
Less than $20,000 80 (26) 37 (20)
$20,000– < $50,000 60 (20) 50 (28)
$50,000– < $100,000 93 (30) 53 (29)
> $100,000 62 (20) 28 (15)
Don’t know 11 (4) 13 (7)

Insurance (%) < 0.01
Medicaid 77 (25) 19 (11)
Medicare 8 (3) 5 (3)
Private 205 (67) 146 (81)
None 16 (5) 11 (6)

Menstrual cycle phase at study visit (%) 0.09
< 14 days of menses 147 (48) 76 (42)
> = 14 days of menses 159 (52) 105 (58)

Family history (%)
Hypertension 175 (57) 109 (60) 0.51
Diabetes 19 (6) 9 (5) 0.57
Heart disease 73 (24) 54 (30) 0.15
Stroke 36 (12) 24 (13) 0.63
Preeclampsia 34 (11) 18 (10) 0.69

aStudent’s t-test for means and v2 test for categorical variables. The Wilcoxon rank-sum test was used to compare prepregnancy weight,
pack-years smoked, and physical activity.

bPack years smoked among ever users (at least 200 cigarettes in lifetime). Regular alcohol use was defined as drinking beer, wine, or liquor
at least once a week.

MET, metabolic equivalent of task.
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PTBs vs. term births when LDL was below this threshold ( p-
values ranging from 0.45 to 0.92; data available upon request).

Among women with a prior preterm birth, only those with
deliveries < 34 weeks had lower FMD compared to those with
term births (difference - 1.666, p = 0.07), but this difference
was not statistically significant. In the adjusted linear models,
FMD tended to decrease as gestational age of the index birth
decreased, but again this trend did not reach statistical sig-
nificance (beta 0.17, p = 0.06; Fig. 1[B]). PWV was not different
among women with preterm vs. term births; nor was there
evidence of arterial stiffness as the gestational age of the index
pregnancy decreased.

Discussion

In the decade following pregnancy, women with a prior
medically indicated preterm birth, as well as those who de-
livered before 34 weeks gestation, had higher IMT than did
women with term births. Cases of preeclampsia and SGA
were excluded, and thus medical indications for these PTB
included a variety of maternal and fetal conditions that also
appear to be related to later-life maternal cardiovascular risk.
Higher blood pressure, higher atherogenic lipids, and higher
IMT in some women with prior PTB may link this common
pregnancy complication to future maternal coronary disease.

Although epidemiologic evidence has associated PTB with
excess maternal CVD risk, very few studies of potential
mechanisms link these conditions. Our current findings of
higher blood pressure, higher lipids, and higher IMT are
consistent with postpartum studies of women following
pregnancies complicated by preeclampsia.32,33 A third of
normotensive PTBs are associated with placental abnormali-
ties commonly found in preeclampsia,34,35 suggesting some
shared pathophysiology between these pregnancy complica-
tions that may be related to excess maternal CVD risk. In
contrast to our current findings, Fraser et al. recently reported
that higher blood pressure assessed 18 years after preterm vs.
term births in the Avon Longitudinal Study of Parents and
Children (ALSPAC) cohort in England was explained by hy-
pertension in pregnancy.6 Perhaps different study popula-
tions with different predisposing risk for both preterm birth
and cardiovascular disease may explain our discordant find-
ings. For example, 30% of women enrolled in our study were
African American, a group with excess preterm births, hy-
pertension, and cardiovascular disease. Our findings of im-
paired IMT and perhaps FMD among women with preterm
births delivered before 34 weeks gestation are aligned, how-
ever, with other reports that earlier preterm births are asso-
ciated with particularly high cardiovascular disease risk even
after accounting for preeclampsia.3

IMT is a surrogate parameter for risk-factor load as op-
posed to a tool to detect stable vs. unstable plaques and
therefore is well suited to estimate cardiovascular risk among
otherwise healthy young adults many years before clinically
relevant plaques develop.14 Increasing number of metabolic
syndrome components36 and elevated LDL-C13 have been
reported to be the dominant factors related to increased ca-
rotid-wall thickness among young adults. In our data, women
with prior PTBs had higher atherogenic lipid concentrations
and higher blood pressure, which may in part explain the
higher IMTs we detected among this group. Indeed, higher
IMTs among women with indicated PTB or those delivered

FIG. 1. Vascular measures related to gestational age of in-
dex pregnancy. (A) Intima-media thickness; (B) Flow-medi-
ated dilation; (C) Pulse wave velocity. The lines are lowess
smoothers, and p values derived from linear regression
models adjusted for body size cluster (body mass index and
waist circumference), socioeconomic status cluster (mother’s
age at baseline, mother’s age at index birth, race, education,
and income), and smoking cluster (smoking during preg-
nancy (yes/no), smoked, number of years smoked (among
ever smokers), amount smoked during pregnancy, current/
not current smoking, ever smoking (yes/no), number of
cigarettes).
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before 34 weeks was limited to women with borderline high
LDL ( > 130 mg/dL) assessed at the same time as the IMT
measurement. Although the blood pressure, lipid, and IMT
differences in women with and without PTBs were modest,
they are of similar magnitude to preclinical differences that
have been associated with the accumulation of CVD risk
among young adults.37–38 It is possible that higher lipids and
SBP may temporally precede preterm birth, but we were un-
able to directly study this possibility. Regardless of the tem-
poral nature, however, we treated the lipid cluster and SBP as
potentially on the causal pathway linking preterm birth to
subclinical vascular disease and therefore accounted for them
as intermediaries rather than confounders. Longer follow-up is
needed to clarify the temporal nature of the relationship among
atherogenic lipids, higher blood pressure, and atherosclerosis
in women with prior PTBs. In addition, our results cannot rule
out the possibility that the risk of maternal CVD associated
with prior preterm delivery may not be conferred completely
through classical CVD-risk factors.

Our current study cannot evaluate whether higher IMT
preceded or was altered by the PTB, but we propose that a
prepregnancy atherogenic phenotype may be related to PTB
during the reproductive years, persist or worsen postpartum,
and be related to excess CVD later in life. PTB is a common
pregnancy complication and may be a relatively simple
marker of women at excess cardiometabolic risk who could be
identified at a time when lifestyle changes may reverse or
delay atherogenesis. Recent guidelines to classify heart dis-
ease risk in women included, for the first time, a history of
preeclampsia or gestational diabetes as a major risk factor.39

Our data suggest that PTB may also be considered in this
group of pregnancy risk factors. Indeed, weight reduction,
salt reduction, increased physical activity, smoking cessation,
and stress reduction all have been demonstrated to lower
blood pressure and atherogenic lipids, as well as to reverse
IMT impairments.40–42 Future studies that apply these inter-
ventions to women in the decade following a preterm birth
are warranted.

IMT, but not PWV, was higher in women with preterm vs.
term births. One possibility is that PWV may be less accu-
rately measured compared to IMT, or perhaps these tests
detect different pathologic cardiovascular processes. Thicker
IMTs are a measure of early arterial response to lipid deposits
before a focal plaque may be detected,43 as well as an adapta-
tion to the tensile stress associated with hypertension.44 Thus,
IMT is a marker of coronary heart disease development. PWV
is related to insulin resistance, blood pressure, and excess
stroke risk. Interestingly, in one large observational study, PTB
was associated with excess maternal coronary heart disease
deaths but not with excess stroke deaths after accounting for
infant birth weight.45 FMD was impaired only marginally in
women in our study with PTB compared to term controls,
suggesting either more variability in this test or that the subtle
endothelial dysfunction differences between groups may not
yet be robustly detectable in women at a mean age of 38. Re-
liability studies using similar imaging and reading methodol-
ogy for endothelium-dependent FMD of the brachial artery
have yielded moderate to good intrasonographer reproduc-
ibility. These reliability studies include studies within the lab
utilized in our study among younger (intraclass correlation
coefficient [ICC] = 0.72)46,47 and older (ICC = 0.7) middle-aged
women,48 as well as studies carried out in other labs among

diabetic middle-aged adults (CV = 29.7%),49 healthy young
adult volunteers (ICC = 0.6),50 and a subset of the MESA cohort
(ICC = 0.54).51 Follow-up studies that evaluate progression of
vascular impairment according to PTB history are needed to
better understand whether our findings of borderline signifi-
cance result from chance or perhaps are early indications of
endothelial-dysfunction risk.

Limitations of our study include modest enrollment of el-
igible women, which could impair generalizability. The
largest hurdle to enrollment was locating current contact in-
formation for eligible participants; therefore, our study may
reflect associations among a more stable population and thus
bias the findings toward the null. Our findings, however,
should be replicated in other populations. We evaluated
subclinical markers of cardiovascular disease; although these
markers have a demonstrated relation to clinical events, ad-
ditional longitudinal follow-up to study clinical events is
needed. In addition, we were unable to determine whether
vascular and lipid differences according to prior preterm birth
were present before or during pregnancy. We did not have
these data; however, future studies should include pre-
pregnancy and during-pregnancy assessments to determine
whether there is a common predisposing phenotype to pre-
term birth and later-life subclinical CVD. Strengths of our
study include a relatively large group of racially diverse
women with pregnancy data abstracted from hospital birth
records and direct assessment of lipids and vascular function
4–12 years after delivery.

Conclusions

Our results demonstrate that in the decade following preg-
nancy, women with a prior PTB not complicated by pre-
eclampsia have modestly higher blood pressure, atherogenic
lipids, and IMT compared to women with term births. Risk was
limited to women with non-preeclamptic- indicated preterm
births and those with earlier preterm deliveries. Subgroups of
women with preterm birth may have excess cardiovascular
risk, perhaps warranting screening and lifestyle interventions
to prevent future maternal coronary disease.
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