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Abstract

Background: Women with a history of hypertensive disorders of pregnancy and preterm delivery
have an increased risk of cardiovascular disease (CVD). Chronic inflammation, endothelial
dysfunction, and dyslipidemia may link pregnancy outcomes with CVD.
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Objective: We evaluated whether women with a history of HDP or normotensive preterm
delivery had adverse CVVD biomarker profiles after pregnancy.

Study Design: We identified parous women from the Nurses’ Health Study Il with C-reactive
protein (CRP; n=2,614), interleukin-6 (IL-6; n=2,490), glycated hemoglobin (n=885), intracellular
adhesion molecule-1 (n=1,231), high density lipoprotein cholesterol (n=931), low density
lipoprotein cholesterol (n=931), triglycerides (n=1,428), or total cholesterol (n=2,940) assessed in
stored blood samples. Multivariable-adjusted robust linear regression models evaluated percent
differences and 95% confidence intervals (Cls) in each biomarker associated with a history of
HDP or preterm delivery.

Results: Ten percent of women had a history of HDP, while 11% with normotensive pregnancies
had at least one preterm delivery. Median time from first pregnancy to blood draw was 17 years
(interquartile range: 12, 22). Plasma levels of CRP and IL-6 were 34.4% (95% Cl: 17.2, 54.1), and
11.6% higher (95% CI: 2.1, 21.9) respectively, among women with a history of HDP compared to
those with only normotensive pregnancies. Altered CVD biomarker levels were otherwise not
present in women with a history of HDP or preterm delivery.

Conclusion: CRP and IL-6, but not other CVD biomarkers, were elevated in women with a
history of HDP in the years following pregnancy, suggesting inflammation may be a pathway
linking HDP with future CVD risk.
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health

INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of mortality in women [1]. The American
Heart Association’s guidelines for CVD prevention in women identify preeclampsia,
gestational hypertension, and gestational diabetes as CVD risk factors [2]. Pregnancy may
act as a “stress test” that unmasks subclinical cardiovascular risk, providing early insight
into a woman’s cardiovascular health [3-5].

Pregnancy complications, including preeclampsia, preterm delivery, gestational diabetes, and
low birth weight, will impact approximately 20% of women [5]. Women with a history of a
hypertensive disorder of pregnancy (HDP; gestational hypertension and preeclampsia) or
preterm delivery are at nearly two-fold higher risk of CVVD than women without these
complications [6-14]. However, research evaluating mechanisms that link these conditions is
limited and primarily focused on postpartum development of clinical CVD risk factors (e.g.
chronic hypertension) [13,15-17]. Preeclampsia and preterm delivery have been linked to
elevated inflammatory biomarkers and alterations in lipid levels during pregnancy [18-24],
providing biological plausibility for persistent changes after pregnancy. Therefore, elevated
inflammatory, endothelial, and lipid biomarkers may provide insight into the development of
CVD risk after complicated pregnancies. However, studies that have investigated the
relationship between HDP, preterm delivery, and CVD biomarkers have produced
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inconsistent results, and suffer from small sample sizes or short follow-up after pregnancy
[25-30].

We evaluated the associations between HDP, preterm delivery, and CVD biomarkers 1 to 34
years after pregnancy in the Nurses’ Health Study Il (NHSII), a cohort in which we have
demonstrated associations of these pregnancy complications with increased risk of chronic
hypertension, type 2 diabetes, dyslipidemia, and CVD events [14,31,32]. We hypothesized
that women with a history of HDP or preterm delivery would have adverse CVD biomarker
profiles in the years following pregnancy.

MATERIALS AND METHODS

Study Population

The study population consisted of participants in the NHSII, a longitudinal cohort of
116,429 female U.S. registered nurses between aged 25 and 42 years at baseline in 1989.
Participants completed biennial questionnaires that assessed health-related behaviors,
medication use, reproductive history, and incident disease. Women who responded to the
1995 questionnaire and had not previously reported a cancer diagnosis were invited to
provide blood samples (n=92,888). Between 1996 and 2001, 29,611 women provided a
blood sample. Our analysis was restricted to parous women whose blood sample had been
analyzed for a previous sub-study (nested case-control studies of chronic diseases or cohort
studies of lifestyle exposures). The NHSII was approved by the Partners Human Research
Committee (Institutional Review Board) of Brigham and Women’s Hospital. Questionnaire
return was considered informed consent.

Exposure Assessment

Hypertensive Disorders of Pregnancy—On the 2009 questionnaire, women self-
reported whether each pregnancy lasting at least 20 weeks was complicated by
‘preeclampsia/toxemia’ or *high blood pressure’ (i.e. gestational hypertension). If a woman
reported either of these conditions in any pregnancy prior to her blood draw, she was
considered to have a history of HDP.

Gestational Length—In 2009, women self-reported gestation length for all pregnancies
in the following categories: <8, 8-11, 12-19, 20-27, 28-31, 32-36, 37-39, 40-42, and 43+
weeks. For this analysis, these were collapsed into term (=37 weeks), moderate preterm (=32
to <37 weeks), and very preterm (=20 to <32 weeks). Pregnancies lasting <20 weeks were
not included. For women who had more than one birth, gestation length category was
determined by the shortest length of all reported births prior to blood draw. Since HDP is an
indication for preterm delivery [33], and because we hypothesized HDP to be associated
with the CVD biomarkers of interest, primary analyses of gestation length focused on
women with no history of HDP to isolate the preterm-CVD biomarker relationship.

Exposure Validity—We assessed the validity of self-reported preeclampsia and gestation

length in a subset of participants who reported preeclampsia between 1991 and 2001.
Among 462 women with complete medical records, the positive predictive value for
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preeclampsia was 89%. Gestation length validity was evaluated using a 3-category exposure
(term, moderate preterm, very preterm) for 403 participants, yielding a Kappa statistic of
0.74.

Biomarker Assessment

Covariates

Exclusions

Participants returned blood samples to the laboratory by overnight courier for processing and
storage at <130° Celsius, as described elsewhere [34,35]. Our analysis consists of women
who had at least one of the following established CVVD biomarkers [36-38] assayed: C-
reactive protein (CRP), interleukin-6 (IL-6), glycated hemoglobin (HbA1¢), intracellular
adhesion molecule-1 (ICAM-1), low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), total cholesterol, or triglycerides; 78% of these samples
were provided after fasting for =28 hours. These biomarkers have been evaluated and shown
to be stable within 36 hours of transport [39]. Assays used to measure each biomarker are
presented in Supplemental Table 1. Most assays were conducted at the laboratory of Dr.
Nader Rifai at Boston Children’s Hospital and Harvard Medical School. Intra-assay
coefficients of variation (CVs) from replicate, blinded, quality-control samples ranged from
0.3% to 15.3%, with 92% of laboratory batches yielding CVs <10% (Supplemental Table 1).

Covariates were chosen a priori either because they were matching factors used to select
controls in the nested case-control studies or were hypothesized as potential confounders of
the pregnancy history-CVD risk association. The following matching factors were included
as covariates: menopausal status (pre, post, or unknown/missing), current smoking, alcohol
intake (none, moderate (<1 drink/day), or heavy consumption (=1 drink/day) in the month
before blood draw), current post-menopausal hormone (PMH) use, and history of infertility
at blood draw. We considered a woman to have a history of infertility if she reported trying
to become pregnant for more than one year without success. Age and parity at blood draw,
race/ethnicity, and pre-pregnancy body mass index (BMI, kilograms per meter?; <18.5, 18.5
to <25, 25 to <30, =30), diet (Alternative Healthy Eating Index-2010 (AHEI) [40] in
quintiles), and strenuous physical activity (never, 1-3, 4-6, 7-9, 10-12 months per year) were
considered potential confounders.

Our analytic sample included women who provided a blood sample, completed the 2009
pregnancy history questions, were parous before blood draw, and were =18 years old at first
birth (Figure 1). For each biomarker analysis, we excluded women who did not have the
biomarker of interest measured or who self-reported use of cholesterol-lowering or diabetes
medication before blood draw. We also excluded women whose blood sample had been
chosen for analysis because they were cases in CVD-related nested case-control studies (i.e.
hypertension, diabetes, stroke, and myocardial infarction cases) due to known relationships
between our pregnancy exposures, CVD biomarkers, and these diseases. While we did not
exclude non-CVD related cases (e.g. Barrett’s esophagus cases), as a sensitivity analysis, we
excluded all samples selected as cases for biomarker case-control studies. In the CRP
analysis, we additionally excluded women with CRP values >10 mg/L, a clinical cutoff used
to denote acute infection. Sample sizes differ for each biomarker analysis, ranging from 885
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to 2,940 women, since they are composed of different sub-studies (based on which
biomarkers were assayed).

Statistical Analysis

Biomarkers were log-transformed to improve normality. To reduce the potential for
laboratory drift, we adjusted for batch using a method described by Rosner [41].
Multivariable adjusted robust regression models were used to estimate the percent
differences in post-pregnancy CVD biomarker levels and 95% confidence intervals (Cl) by
history of HDP and normotensive preterm delivery. HDP was assessed as a binary exposure,
while preterm delivery was evaluated as both dichotomous and categorical (3 categories:
term, moderate preterm, very preterm) using indicator variables. Analyses were conducted
using SAS 9.4 (SAS Institute, Cary, NC, USA).

RESULTS

Table 1 shows age-standardized characteristics of study participants separately by history of
HDP and normotensive preterm delivery: 9.9% of women had a history of HDP, while
11.3% of women with only normotensive pregnancies delivered an infant preterm. On
average, women were 26.7 years old (standard deviation (SD)=4.3) at first birth and 44.0
years old (SD=4.5) at blood draw. Median time between first birth and blood draw was 17
years (interquartile range (IQR): 12, 22). Women were generally similar across exposure
groups, although women with a history of HDP were more likely to be overweight or obese
before first pregnancy, and more likely to smoke or use PMH at blood draw, compared to
women with normotensive pregnancies. Women who delivered an infant preterm were more
likely to be smokers at blood draw than women who delivered at term.

HDP and CVD Biomarkers

Crude post-pregnancy lipid and HbA1¢ levels were similar between women with a history of
HDP and those with only normotensive pregnancies, while levels of CRP, IL-6, and ICAM-1
were higher among women with HDP (Table 2). For example, median CRP was 1.25 mg/L
in women with HDP compared to 0.78 mg/L in women with normotensive pregnancies.

After multivariable adjustment, mean CRP levels were 40.5% (95% CI: 22.2, 61.6) higher
among women with HDP than women with normotensive pregnancies (Table 2, Model 1).
After further adjustment for parity at blood draw and pre-pregnancy BMI, diet, and physical
activity, HDP remained associated with higher levels of CRP following pregnancy (Table 2,
Model 2). Similarly, in the fully adjusted model, women with a history of HDP had 11.6%
(95% ClI: 2.1, 21.9) higher IL-6 levels compared to women with only normotensive
pregnancies (Table 2, Model 2). There were no significant associations between HDP and
HbA1c, ICAM-1, HDL-C, LDL-C, triglycerides, or total cholesterol (Table 2).

Preterm Delivery and CVD Biomarkers

In contrast to HDP, we found no associations between preterm delivery and any of the CVD
biomarkers, adjusting for age, race/ethnicity, sub-study matching factors, pre-pregnancy
lifestyle factors, and parity (Table 3).
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Sensitivity Analyses

Supplemental Table 2 shows age-standardized characteristics of controls separately by
history of HDP and normotensive preterm delivery. The distributions of these characteristics
are similar to those in Table 1, which includes controls and non-CVD related cases.
Additionally, results from multivariable-adjusted models in only controls were similar to our
primary analyses (Supplemental Tables 3 and 4).

Further adjustment for history of miscarriage and gestational diabetes mellitus before blood
draw in primary analyses did not change the results. We additionally investigated
associations between HDP and preterm delivery and each CVD biomarker among women
who had their blood drawn before age 45, since NHSII data suggest stronger relative risks of
chronic hypertension, type 2 diabetes, and dyslipidemia closer to the complicated pregnancy
[31,32]. In this analysis, sample size was reduced by 47% and mean time from first birth to
blood draw was 13.2 years (SD=4.7, range: 1-26). Results were similar to the primary
analysis for HDP. However, we found slightly higher HDL-C (9.8%, 95% CI: 1.9, 18.3),
LDL-C (8.3%, 95% CI: 1.5, 15.6), and total cholesterol (3.3%, 95% CI: 0.5, 6.1) levels in
women with a history of preterm delivery compared to women with term deliveries.

DISCUSSION

We found that CRP and IL-6 levels measured 17 years after first birth, on average, were
elevated among women with a history of HDP compared to women with normotensive
pregnancies. Other CVD biomarkers did not vary by history of HDP or preterm delivery.

HDP and CVD Biomarkers

The literature on HDP and post-pregnancy CVD biomarker profiles is inconsistent [25].
Although most studies report higher IL-6 levels after HDP, as we observed [22,42-44],
studies of CRP levels after HDP are less consistent. Four studies found higher CRP levels
after HDP [28,42,45,46], while another 4 found no difference [22,47-49]. Two null studies
had sample sizes under 80 women, while the remaining null studies evaluated CRP closer to
pregnancy — at 1 and 10 years postpartum [22,48,49]. In contrast, the Avon Longitudinal
Study of Parents and Children (ALSPAC), the most comparable to ours with respect to when
the biomarkers were measured post-pregnancy (mean=18 years) and sample size (n=3,187),
suggests higher CRP levels among women with a history of HDP [28]. Our results, with
those from ALSPAC, provide support that CRP levels remain elevated years after a
pregnancy complicated by HDP.

Previous research is inconsistent on HbA;c and ICAM-1 levels following a pregnancy
complicated by HDP. For HbA ¢, some studies suggest higher levels in women with a
history of HDP, while others found no differences [43,45,49,50]. Similarly, for ICAM-1,
studies suggest either higher levels in women with a history of HDP or no difference
[22,43,50,51]. Our results are consistent with studies reporting no association with HDP and
HbA1c or ICAM-1 after pregnancy. However, HDP does predict type 2 diabetes in the
NHSII [31], indicating that our single measurement of HbA;c may not adequately capture
the window of increased risk for type 2 diabetes.
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Studies with LDL-C and total cholesterol measured closer to preghancy (mean <8 years)
found higher LDL-C and total cholesterol levels in women with a history of HDP [42,45,48],
while most studies with blood measurements taken further after pregnancy (mean >15 years)
showed no differences [28,46,49,50,52]. The latter is analogous to our study where blood
draw occurred at a median of 17 years after pregnancy and revealed no differences in LDL-C
or total cholesterol levels between women with HDP and those with normotensive
pregnancies. Our sensitivity analysis restricted to women with blood drawn before age 45,
with a mean follow-up of 13.2 years, also found no differences in lipid levels. This suggests
that an adverse lipid profile may be present in the short term following pregnancies
complicated by HDP, but does not persist throughout adulthood, consistent with NHSII data
showing higher relative risks of clinical CVD risk factor development in the years soon after
HDP, which attenuate as risk factors increase with age in the general population [31].

Preterm Delivery and CVD Biomarkers

The literature regarding preterm delivery and CVD biomarkers is more limited. We found no
difference in CRP levels in women with a history of preterm delivery (but no history of
HDP), consistent with previous publications [28,30,53]. Another study found higher CRP
levels among women with indicated preterm deliveries, but no difference between women
with spontaneous preterm deliveries and those with term deliveries [29]. Because HDP is
one of the primary indications for preterm delivery [33], their association may reflect the
presence of HDP in women with indicated preterm delivery. We did not have sufficient data
to evaluate spontaneous and indicated preterm delivery, but, because we evaluated only
normotensive preterm deliveries, many, if not most, preterm deliveries in our women were
likely spontaneous.

Intrauterine infection, which yields an inflammatory response in pregnant women, underlies
approximately 30% of preterm deliveries [54,55]. Elevated CRP levels in early pregnancy
are associated with spontaneous preterm delivery [19,56,57], and both preterm delivery and
CRP have been shown to be associated with future CVD in women [6-14,37]. Further
investigation of the changes in CRP levels after spontaneous and indicated preterm deliveries
is warranted.

Consistent with the literature, we also found no association between preterm delivery and
IL-6 levels [30,53]. To our knowledge, this study is the first to evaluate the associations
between preterm delivery and HbA;c and ICAM-1 levels following pregnancy.
Consequently, our null findings merit replication.

Results from previous studies generally vary with respect to duration of time between
preterm delivery and evaluation of lipids. Studies which measure lipids more proximal to
pregnancy (<12 years) report an adverse lipid profile in women who delivered an infant
preterm, while a study measuring lipids further from pregnancy (mean=18 years) found no
association with LDL-C, triglycerides, or total cholesterol [26,27,28,53]. Our primary
results, which are based on a median of 17 years of follow-up, are consistent with no
association. Taken together, this literature suggests that an adverse lipid profile may be
present shortly after a preterm pregnancy, but does not persist in the longer term. This is
similar to NHSII data, which show that the relative risk of self-reported
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hypercholesterolemia is highest in the first 10 years after preterm delivery and weakens over
time [32].

The primary limitation of our study is that, to be included in this analysis, women had to
provide a blood sample and be selected previously into a relevant sub-study. However,
adjustment for the sub-study selection criteria yielded similar results to models adjusted only
for age, suggesting limited bias due to case-control selection. Additionally, women included
in this analysis were similar to all parous NHSII women who provided a blood sample (data
not shown). Our study population is primarily white, impacting generalizability to other
races, as the rates of HDP and preterm delivery are higher among African-Americans and
may result from a different mix of causes [54,58]. This study may also suffer from exposure
misclassification; however, a validation study completed in the NHSII suggests the
participants recalled their pregnancy histories with good accuracy. Furthermore, in this
cohort, self-reported history of both preterm delivery and HDP predicts CVD events with
similar hazard ratios to those from studies based on pregnancy exposures documented in
vital statistics registries [14,59].

As with all observational studies, this investigation is susceptible to unmeasured
confounding. However, we adjusted for multiple pre-pregnancy lifestyle factors, including
BMI, diet, and physical activity as well as matching factors. Only 78% of the blood samples
were collected after fasting; however, we expect this to be random regarding our exposures.
For highly variable biomarkers, a single blood measurement may not adequately represent
that biomarker over time. Lastly, it is possible that women who developed HDP had elevated
CRP levels before pregnancy [60, 61] and that the higher levels of CRP continue to persist
after pregnancy. We were unable to evaluate this in our cohort as we have only 27 women
with CRP measured before first pregnancy. However, we did adjust for pre-pregnancy diet
and lifestyle factors associated with CRP levels [34,62-65]. Regardless, HDP could be
useful as an early marker of chronic inflammation in these women. Future studies would
benefit from serial blood sample collections before and after pregnancy to characterize
biomarker trajectories over time.

The main strengths are our large sample sizes and long follow-up after pregnancy. Our
sample sizes ranged from 885 to 2,940 women. In contrast, most published studies on these
pregnancy complications and CVVD biomarkers had sample sizes less than 800, and just over
half contained fewer than 200 women. While our blood samples were collected at a median
of 17 years, but up to 34 years after pregnancy, approximately half of previous studies had
mean follow-up of less than 10 years. Furthermore, we investigated a wide range of
established CVD biomarkers, providing insight into the specific mechanisms that link
pregnancy complications and CVD.

CONCLUSIONS

Nearly two decades after first birth, on average, CRP and IL-6 levels were elevated among
women with a history of HDP compared to women with normotensive pregnancies. Altered
CVD biomarker profiles were otherwise not present among women with HDP or preterm
delivery. Previous findings consistently identify HDP and CRP as predictors of maternal
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CVD [15,16,66,67]. Our findings suggest the possibility that women with a history of HDP
have higher levels of inflammation in the years after pregnancy, which may ultimately
contribute to their elevated risk of CVD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Nurses’ Health Study II Cohort Exclusions:
n=116,429 '
No blood sample provided n=87.191
> Did not complete pregnancy history
4 questionnaire n=3,980
Parous Blood Cohort with Nulliparous at blood draw n=4,631
Detailed Pregnancy History Age at first birth <18 n=253
n=20,374
CRP | | IL-6 ‘ | HbA, || ICAM.1 | l HDL ‘ l LDL ‘ | Triglycerides ] | Cholesterol

Biomarker-Specific
Exclusions:
No biomarker n=17,597 n=17,753 n=18 887 n=18,499 n=19,360 n=19,360 n=18257 n=16,199
measurement!
Cholesterol lowering or
diabetes medication n=103 n=89 n=125 n=68 n=53 n=53 n=160 n=225
reported before blood
draw
Case in CVD-related
nested case-control study? n=60 n=42 n=477 n=576 n=30 n=30 n=529 n=1,010
Final Sample Size’ | | 2614 |[ 2400 || 885 || 1231 | ‘ 031 \ \ 931 ‘ | 148 | | 2940

Figure 1.
Exclusions by cardiovascular biomarker in the Nurses’ Health Study 11

Abbreviations: CRP: C-reactive protein; IL-6: Interleukin-6, HbA¢: Glycated hemoglobin;
ICAM-1: Intracellular adhesion molecule-1; HDL: High-density lipoprotein cholesterol;
LDL: Low-density lipoprotein cholesterol
IN=109 excluded from CRP analysis due to level >10mg/L; N =1 excluded from HbA;¢
analysis due level < 0.5%; N=3 excluded from triglyceride analysis due to level >1000
mg/dL
2Number of CVD-related nested case-control studies differ by biomarker yielding a large
variation in number of women excluded due to this criterion
3For the preterm analyses: N=2 additionally excluded from CRP, IL-6, and HbA;c, N=1
additionally excluded from ICAM-1, and N=7 additionally excluded from total cholesterol

due to missing gestation length
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Table 1.

Age-standardized characteristics of participants by history of pregnancy complications

Page 15

Ever Normotensive
Hypertensive
Disorder of
Pregnancy
Only Normotensive (n=4,442) (n=491) Only Term (n=3,931)  Ever Preterm (n=502)

(Asgs')at first birth in years,J mean 26.6 (4.3) 26.9 (4.5) 26.7 (4.2) 26.4 (4.6)
Age at blood draWJ

<40 years 17.3 19.8 16.8 211

40 to <45 years 35.6 39.7 36.4 29.5

245 years 47.2 40.5 46.9 49.4
White 97.4 97.5 97.6 96.0
s r?]eet;eﬁggi)m birth and blood 17.3(6.6) 172(6.7) 173 (6.6) 17.4(7.0)
Characteristics at Blood Draw:
Smoking at blood draw

Past or never smoker 93.1 90.0 93.5 90.1

Current smoker 6.9 10.0 6.5 9.9
Alcohol consumption in month prior
to blood draw

No drinks in past month 32.3 40.3 318 36.2

Moderate drinker in past month 59.2 52.1 59.4 57.5

Heavy drinker in past month 8.6 7.6 8.8 6.3
Menopausal status at blood draw

Pre-menopausal 82.2 78.7 82.3 81.8

Post-menopausal 10.5 114 10.7 9.7

Unknown 7.2 9.8 7.1 8.5
Elc:)sct);jn:jerr;\(;\?ausal hormone use at 16.8 220 16.7 172
History of infertility at blood draw 7.7 10.0 7.2 115
Parity at blood draw

1 birth 155 17.3 15.9 11.9

>2 births 84.5 82.7 84.1 88.1
Potential Confounders:
Pre-pregnancy BMI

Underweight (<18.5 kg/m?) 2.2 2.1 22 2.6

Normal weight (18.5-24.9 kg/m?) 88.5 79.4 88.5 88.4

Overweight (25-29.9 kg/m?) 7.9 14.0 7.9 8.2

Obese (=30 kg/m2) 13 4.6 14 08
Pre-pregnancy Alternative Healthy
Eating Index

First quintile (unhealthiest) 21.1 235 21.1 20.8
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Ever Normotensive
Hypertensive
Disorder of
Pregnancy
Only Normotensive (n=4,442) (n=491) Only Term (n=3,931) Ever Preterm (n=502)
Fifth quintile (healthiest) 18.1 16.0 17.8 20.7
Strenuous physical activity, age
18-22 years
Never 30.6 30.5 30.8 29.9
10-12 months per year 10.3 10.1 10.1 12.2

Values are percentages unless otherwise specified and are standardized to the age distribution of the study population. Values of polytomous
variables may not sum to 100% due to rounding. Characteristics at blood draw were matching factors in sub-studies included in the analysis

'ZVaIue is not age adjusted
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Table 2.

Page 17

Percent difference in post-pregnancy biomarkers and 95% confidence intervals comparing women with only

normotensive pregnancies to women with a history of a hypertensive disorder of pregnancy (HDP)

Only Normotensive

Ever HDP

CRP

n=2,356

n=258

CRP level, mg/L, median (IQR)

0.78 (0.36, 1.93)

1.25 (0.51, 2.58)

Model 1 ref 405 (22.2, 61.6)
Model 2 ref 34.4 (17.2, 54.1)
IL-6 nN=2,241 n=249

1L-6 level, pg/mL, median (IQR)

0.89 (0.63, 137)

1.01(0.72, 1.72)

Model 1 ref 15.1 (5.3, 25.8)
Model 2 ref 11.6 (2.1, 21.9)
HbA; ¢ n=792 n=93

HbA; ¢, %, median (IQR)

5.38 (5.21, 5.53)

5.38 (5.21, 5.48)

Model 1 ref -0.1(-1.0,0.8)
Model 2 ref -0.3(-1.2,0.6)
ICAM-1 n=1,117 n=114

ICAM-1, ng/mL, median (IQR)

231.8 (207.5, 261.1)

244.7 (2135, 275.1)

Model 1 ref 43(-04,9.2)
Model 2 ref 3.1(-15,7.9)
HDL-C n=833 n=98

HDL-C level, mg/dL, median (IQR)

58.8 (51.0, 69.0)

55.7 (47.2, 66.3)

Model 1 ref -3.2(-8.3,2.2)
Model 2 ref -2.3(-7.3,3.0)
LDL-C n=833 n=98

LDL-C level, mg/dL, median (IQR)

111.5 (92.6, 130.0)

109.3 (91.4, 128.7)

Model 1 ref -1.2(-6.8,4.8)
Model 2 ref -2.0(-7.6,3.9)
Triglycerides n=1,275 n=153

Triglyceride level, mg/dL, median (IQR)

85.3 (65.0, 121.3)

86.8 (67.4, 132.2)

Model 1
Model 2
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Only Normotensive Ever HDP

Total Cholesterol n=2,658 n=282

Total cholesterol, mg/dL, median (IQR) 190.6 (170.9, 214.2)  194.9 (172.6, 214.8)

Model 1 ref 0.7 (-1.3,2.8)
Model 2 ref 0.2(-1.8,2.3)

Model 1 is adjusted for the following criteria for sample selection for laboratory analysis: age at blood draw, race, menopausal status at blood draw,
smoking at blood draw, alcohol intake at blood draw, post-menopausal hormone use at blood draw, and history of infertility at blood draw.

Model 2 is additionally adjusted for pre-pregnancy BMI, diet, and physical activity, and parity at blood draw.

The null value comparing ever HDP to only normotensive is 0.0 percent difference.

Pregnancy Hypertens. Author manuscript; available in PMC 2019 June 04.



Tanz et al. Page 19

Table 3.

Percent difference in post-pregnancy biomarkers and 95% confidence intervals among women with no history
of HDP, comparing women with only term deliveries to women with a history of preterm deliveries

Ever Preterm (<37 Ever Moderate Preterm  Ever Very Preterm (<32

Only Term (=37 weeks)

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

weeks)

(=32 to <37 weeks)

weeks)

CRP

n=2,096

n=258

n=200

n=58

CRP level, mg/L, median

0.78 (0.35, 1.94)

0.77 (0.39, 1.63)

0.76 (0.38, 1.70)

0.86 (0.40, 1.56)

(IQR)

Model 1 ref -35(-155,10.2) -15(-14.8,13.9) -10.2 (-32.5, 19.5)

Model 2 ref -2.9 (-14.9, 10.8) -0.9 (-14.3, 14.5) -9.4 (-31.7, 20.3)
IL-6 n=1,986 n=253 n=197 n=56

IL-6 level, pg/mL, median

0.89 (0.63, 1.37)

0.89 (0.61, 1.39)

0.87 (0.59, 1.33)

0.96 (0.76, 1.52)

(IQR)

Model 1 ref 0.0 (-8.2,9.0) -2.9(-11.6,6.7) 11.0 (-7.8, 33.6)

Model 2 ref 0.3(-8.1,9.3) -2.6 (-11.5,7.2) 11.1(-7.5,33.4)
HbA ¢ n=706 n=84 n=65 n=19

HbA; ¢, %, median (IQR)

5.38 (5.21, 5.53)

5.41 (5.24, 5.53)

5.42 (5.21, 5.53)

5.38 (5.26, 5.53)

Model 1 ref 0.2(-0.8,1.2) 0.2 (0.9, 1.4) 0.2 (1.2, 1.6)
Model 2 ref 0.2 (-0.8,1.1) 0.2 (1.0, 1.3) 0.1(-13,1.5)
ICAM-1 n=990 n=126 n=93 n=33

ICAM-1, ng/mL, median

231.9 (208.3, 260.1)

231.2 (203.6, 265.5)

225.8 (201.3, 262.9)

246.1 (220.7, 278.6)

(IQR)

Model 1 ref 1.7 (-2.2,5.7) 0.3 (-4.0, 4.8) 5.5(-2.2,13.8)

Model 2 ref 1.6 (-2.3,5.6) 0.6 (-3.8,5.1) 4.4 (-3.2,12.6)
HDL-C n=743 n=90 n=70 n=20

HDL-C level, mg/dL,

58.7 (50.6, 68.7)

59.5 (51.7, 70.8)

59.7 (51.4, 71.0)

57.1(52.1, 70.5)

median (IQR)

Model 1 ref 25(-2.9,8.1) 1.8 (-4.3,8.2) 4.9 (-5.0,15.7)

Model 2 ref 2.7(-2.7,8.4) 2.1(-4.0,8.5) 5.1(-5.1, 16.3)
LDL-C n=743 n=90 n=70 n=20

LDL-C level, mg/dL,

111.3 (92.0, 130.0)

112.8 (96.3, 131.2)

111.3 (94.6, 126.1)

117.3 (106.9, 135.4)

median (IQR)

Model 1 ref 29(-2.2,8.3) 2.1(-3.7,8.3) 5.9 (-2.9, 15.5)

Model 2 ref 2.5(-2.6,7.8) 1.7 (-4.0,7.9) 5.1(-3.5,14.4)
Triglycerides n=1,133 n=141 n=108 n=33
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Only Term (=37 weeks)

Ever Preterm (<37
weeks)

Ever Moderate Preterm
(=32 to <37 weeks)

Ever Very Preterm (<32
weeks)

Triglycerides, mg/dL,

85.3 (65.0, 122.1)

85.0 (61.6, 117.3)

83.8 (61.3, 114.8)

100.7 (70.2, 134.7)

median (IQR)

Model 1 ref -4.4 (-12.0,3.8) -6.7 (-15.2,2.7) 3.6 (-10.1, 19.4)

Model 2 ref -4.2 (-11.7,3.9) -6.3(-14.8,3.0) 3.1(-10.3,18.5)
Total Cholesterol n=2,360 n=292 n=218 n=74

Total Cholesterol, mg/dL,

190.2 (170.2, 214.2)

193.0 (175.8, 213.8)

192.3 (173.5, 213.6)

199.4 (182.9, 217.7)

median (IQR)
Model 1 ref 0.8(-1.1,2.7) 0.2 (2.0, 2.4) 25(-1.1,6.2)
Model 2 ref 0.7 (-1.2, 2.6) 0.2 (-2.0, 2.4) 2.1(-14,58)

Model 1 is adjusted for the following criteria for sample selection for laboratory analysis: age at blood draw, race, menopausal status at blood draw,
smoking at blood draw, alcohol intake at blood draw, post-menopausal hormone use at blood draw, and history of infertility at blood draw.

Model 2 is additionally adjusted for pre-pregnancy BMI, diet, and physical activity, and parity at blood draw.

The null value comparing ever preterm groups to only term is 0.0 percent difference.
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