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Abstract

Objective—Higher parity is associated with increased subclinical cardiovascular disease (CVD)
in mid-life and older women, and with increased CVD risk overall. The relationship between
parity, subclinical CVD, and infertility in overweight and obese young women has been
infrequently evaluated.

Methods—Reproductive histories were obtained in 191 (73%) overweight and obese (BMI 25 —
39.9 kg/m?) young women participating in a weight loss trial. Baseline carotid intima-media
thickness (IMT) and inter-adventitial diameter (IAD) were assessed via B-mode ultrasound.
Linear regression was used to estimate the relationship between parity and carotid measures,
adjusted for demographic, cardiovascular and reproductive risk factors.

Results—Nulliparous women (n=70, age 34.9 + 7.1) had increased common carotid IAD (.230
mm, SE .08, P =.003) and mean CCA IMT (.031 mm, SE .01, P =.007) compared with parous
women (n=102, age 39.5 + 4.9), persisting after adjustment for age, race, and CVD risk factors.
No other reproductive factors were statistically significantly associated.

Conclusions—Nulliparity is associated with markers of less healthy carotid arteries in a sample
of disease-free, overweight or obese 25-45 year-old women. This may represent a beneficial effect
of pregnancy or indicate overall better health in overweight/obese women capable of childbearing.
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Introduction

Nearly two-thirds of US women of childbearing age are at elevated risk for cardiovascular
disease (CVD) because they are overweight or obese,(1) but little is known about how
reproductive factors influence CVD risk in this population. Studies demonstrate a
relationship between parity (number of births after 20 weeks gestation)(2) and CVD risk in
the general population. A cohort study of more than a million Swedish women demonstrated
a J-shaped relationship, with lowest CVD risk in women with 2 births. Women of lower
parity had a 10% increased risk, and women of parity 5+ had a 50% increased risk.(3) This
population, however, was leaner and more homogeneous than the US population.
Understanding the relationship between parity and CVD risk in overweight women may lead
to better screening and interventions to decrease excess risk of high or low parity in this
already high risk group.

Changes in inter-adventitial diameter (IAD) and intima-media thickness (IMT) of the carotid
arteries serve as markers of vascular aging and can be measured reliably and non-invasively
using high frequency B-mode ultrasound. Multiple studies have demonstrated that increased
IAD and thicker IMT are associated with traditional CVD risk factors and ultimately with
cardiovascular events,(4, 5) and they are often used as surrogate markers for CVD risk.
Several investigations have examined the relationship between parity and IMT with
inconsistent results. In a prospective study of women of childbearing age, each birth over a 6
year period was associated with a 7.5 £ 3.2 pm increase in mean IMT of the common carotid
artery (CCA).(6) Cross-sectional studies have largely shown increased CCA IMT with
increased parity in midlife(7, 8) and younger women;(9) one study also showed increased
CCA IMT in nulliparous women.(8)

Thus, increases in CCA IMT with parity may reflect a potential mechanism linking parity to
CVD, but many questions remain unanswered. Women in the aforementioned studies were
relatively lean and not representative of the current US population. They were primarily
mid-life or older. The existing studies did not evaluate the effect of infertility on CVD risk,
ignoring a potentially significant confounding factor. In the majority of studies, the CCA,
not other segments of the carotid artery, was assessed. IMT measured in different segments
of the carotid artery have different CVD risk factor associations and may reflect varying
pathophysiology, thus providing further insight into the underlying CVD mechanisms
involved.(10) Body mass index is most closely related to CCA IMT, while glucose
metabolism is more related to bulb and ICA IMT.(10) Furthermore, none of the studies
assessed parity's relationship with IAD, itself an independent CVD risk factor and marker of
vascular remodeling and aging.(5, 11)

The purpose of this analysis is to explore the relationship between parity and structure of the
common and internal carotid arteries and the carotid bulb in a US population of overweight
or obese women of reproductive age without history of fertility problems. We hypothesized
that parity would be positively related to IMT and IAD in the CCA.
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Methods

SAVE Study Design and Population

This study is a secondary analysis of data from the Slow Adverse Vascular Effects (SAVE)
clinical trial (NCT00366990). Methods for participant recruitment and intervention in the
SAVE trial have been previously reported.(12) Briefly, SAVE is a randomized controlled
trial examining effects of weight loss, physical activity, and sodium reduction on vascular
health. Participants (N = 349) were 25-45 year-old women and men from Allegheny County,
PA, who were physically inactive and overweight to class 11 obese (BMI 25 — 39.9).
Exclusions were: 1) diabetes; 2) hypertension; 3) current use of cholesterol-lowering,
antipsychotic, or vasoactive medicines; 4) underlying inflammatory conditions; 5) known
atherosclerotic disease; and 6) pregnancy or breastfeeding. No other requirements about
reproductive history were included. All participants signed an informed consent document
approved by the University of Pittsburgh Institutional Review Board. SAVE enrolled 290
women between June 2007 and February 2009; 191 (66%) completed the reproductive
history and 19 reported infertility, leaving 172 (59%) women for the analytic sample for this
study.

Carotid Artery Measures

Carotid ultrasounds were performed at the University of Pittsburgh Ultrasound Research
Laboratory (Pittsburgh, PA) using high resolution B-mode ultrasound (Siemans, Malvern,
PA). This analysis uses the baseline values. The carotid arteries were imaged bilaterally at
end diastole with participants supine. IMT, the distance from the media- adventitial interface
to the intima-lumen interface, was measured bilaterally in four locations: the near and far
walls of the common carotid artery 1 cm proximal to the carotid bulb, the far wall of the
carotid bulb, and the far wall of the internal carotid artery (ICA) for the first 1 cm distal to
the flow divider. Mean and maximum values were calculated for each carotid segment and
the mean and maximum of the eight readings identified. Inter-adventitial diameter was
measured as the distance from the adventitial-medial interface of the near wall of the
common carotid artery to the medial -adventitial interface of the far wall. Reproducibility of
IMT was excellent with an intraclass correlation coefficient of >0.82 between sonographers
and = 0.97 between readers.(12) A semi-automated reading program (AMS system) allowed
the reading to be done by computer. (13)

Reproductive Histories

Starting June 1, 2009, all women participants were given reproductive history forms to
complete. Studies have demonstrated high reliability and validity for maternal recall of
pregnancy-related events.(14, 15)Participants reporting they had ever been pregnant then
completed a form for each pregnancy. They designated each birth outcome as a live birth,
tubal/ectopic pregnancy, abortion, miscarriage (fetus born before 20 weeks or 5 months
gestation), stillbirth (baby lost after 20 weeks or 5 months gestation) or current pregnancy.
Parity was calculated as the sum of live (n=257) and stillbirths (n=6). Women who reported
a pregnancy since their baseline visit were coded with their parity at baseline.
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Each pregnancy form asked for date of pregnancy outcome, birth weight, length of
gestation, presence of specific pregnancy complications, and breastfeeding duration. Women
were coded as having had any pregnancy complication if they reported a stillbirth,
preeclampsia or gestational hypertension in any pregnancy, or a birth weight of < 2500
grams or gestational age of less than 37 weeks for any singleton pregnancy. Women were
designated as having a history of infertility (n=19) if they answered yes to either: “Have you
ever had a period of 12 months when you could not get pregnant although you would have
liked to get pregnant” or “Have you ever taken any fertility medication to help you get
pregnant?” Women reported usual menstrual cycle length and whether they had menstruated
in the past 12 months.

Demographic, Physical, and Laboratory Measures

Participants provided self-reported information at baseline regarding age, gender, race, and
smoking status. Staff measured height, weight and blood pressure using standardized
protocols. Body mass index (BMI) was calculated as weight in kilograms divided by height
in meters squared.

Laboratory assays were performed on fasting serum samples at the Heinz Laboratory at the
University of Pittsburgh (Pittsburgh, PA). Total cholesterol, HDL (c), LDL(c), and glucose
were determined using standard laboratory procedures.

Statistical Analysis

Normally distributed variables are presented as mean + SD and categorical variables as
percentages. Characteristics of women who did and did not participate in the reproductive
study were compared. Due to small numbers of women of high parity (parity 4 n=8, parity 5
n=1), women of parity 3 or greater were analyzed together. As only 5 women reported a race
other than white or black, women were classified as black or non-black for the analysis.
Because of significant difference in age and racial composition of the different groups, age
and race-adjusted means for the carotid measures were calculated. When analysis of
variance testing detected a significant difference among these means pair-wise comparisons
were done. Inspection of these results demonstrated that IAD and CCA IMT were greatest in
nulliparous women and approximately equal in women with parity 1, 2 and 3+ (Figure 1).
For this reason we compared nulliparous to parous women for the remaining analyses.

Multivariable linear regression was used to estimate the relationship between parity and the
carotid measures. Covariates were considered a priori according to known factors associated
with the carotid measures and CVD, and retained in the model if they were statistically
significant predictors and affected the parameter estimates for any of the outcomes. The first
model was adjusted for age, race, and educational achievement, our chosen measure of
socioeconomic status. The second model included adjustment for those demographics plus
baseline cardiovascular risk factors: BMI, current smoking, use of alcohol, average systolic
blood pressure, fasting glucose and non-HDL cholesterol concentration. Educational
achievement and non-HDL cholesterol concentration did not meet inclusion criteria;
education was maintained a priori and non-HDL cholesterol was dropped from the model to
maintain precision. A third model was considered including all of the previous covariates
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with reproductive factors: menopausal status, regularity of menstrual periods, breastfeeding,
and the composite variable for pregnancy complications. None of these met the criteria for
inclusion in the final model. Thus, the main model included parity, age, race, education,
BMI, current smoking, alcohol use, systolic blood pressure and fasting glucose level. We
explored interactions between BMI category (25-29.9, 30-34.9, 35+) and parity and between
race and parity, and also adjusted the IMT models for IAD.

A separate analysis was done for parous women to estimate the effects of levels of parity (1,
2 or 3+) on carotid measures using the main model as with additional factors unique to
parous women: age at first birth and time since last birth. These factors were not significant
predictors and results are not presented here.

A sensitivity analysis to test for potential residual confounding based on infertility history
considered a model including all women in SAVE to test the effect of known infertility on
the carotid measures, controlling for parity, demographic and cardiovascular risk factors.

All statistical analyses were performed using SAS 9.2 or 9.3 (SAS Institute, Cary, NC) with
significance level set at p = 0.05.

Participants and non-participants in the reproductive study were largely comparable at
baseline (Supplemental Table 1). Participants had a lower BMI (32.2 vs. 33.7, p = 0.01) and
higher total (207.2 vs. 193.9, p = 0.01) and LDL (125.2 vs. 116.3, p = 0.03) cholesterol. For
participants, average age increased with parity, from 34.9 years old for nulliparas to 40.7 for
women of parity 3+ (Table 1). Black women were over-represented in the group with parity
of 1 (46%, vs. < 14% in the other groups). Nulliparous women were more likely to regularly
consume alcohol. By study design all women were overweight or obese, and mean BMI of
32 did not differ significantly by parity.

Among traditional CVD risk factors, only HDL(c) differed by parity and was highest in
nulliparous women. Nulliparous women tended to be current smokers compared to women
of parity 3+ (12.9% vs 0.0%). Average systolic blood pressure, fasting glucose, total
cholesterol, LDL(c), and triglycerides were similar among all groups.

For reproductive factors, history of irregular menstrual periods was similar in each group.
Among parous women, age at first birth and rate of reporting any pregnancy complication
were similar. Women of higher parity were more likely to have ever breastfed and to be
post-menopausal, and had a shorter time since their last birth.

Nulliparous women had the highest values for IAD, average CCA IMT, maximum CCA
IMT, average IMT and maximum IMT (Table 2). For the 3 measures in the CCA,
nulliparous women had the highest values and values for the 3 levels of parity are roughly
equivalent. When comparing the adjusted means for nulliparous vs. parous women these
results were statistically significant. Patterns were less obvious for the other carotid
measures. There was no clear pattern for internal carotid artery IMT. Bulb IMT, however,
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was significantly greater for nulliparous women and for women with 3 or more births than
for women with 2 births.

Relationship between having ever given birth and the carotid measures is presented in Table
3. After adjustment for demographics and cardiovascular risk factors nulliparous women had
IAD 0.19 mm larger (p=0.014), average CCA IMT 0.03 mm thicker (p=0.009) and
maximum CCA IMT 0.04 mm thicker (p= 0.004) than parous women. Average bulb IMT,
average ICA IMT, average IMT, and maximum IMT were also greater in nulliparous
women, but these differences do not reach significance. There were no differences in
average ICA IMT based on parity. Adjustment for IAD attenuated the differences in IMT.

There was no significant interaction between BMI and nulliparity. In an adjusted model the
interaction term for black race and parity was statistically significant for mean CCA IMT
(p=0.01) and borderline significant for maximum CCA IMT (p=0.058). Figure 2 shows that
black women had thicker mean and maximum CCA IMT than did non-black women, and
the difference between IMT for nulliparous and parous women appeared greater for blacks
than for non-blacks.

In the sensitivity analysis including the 19 women with a known infertility history, infertility
was not a significant predictor of any carotid outcome, although the effect size was similar
to the effect size of nulliparity for mean and maximum CCA IMT (Supplemental Table 2).

Discussion

This analysis demonstrates that in a sample of disease-free overweight and obese young
women without known infertility history, nulliparity is associated with less healthy markers
of subclinical CVD even after accounting for traditional CVD risk factors. Nulliparous
women had greater IAD and mean and maximum CCA IMT compared to parous women,
and thicker bulb IMT compared to women with 2 births. Increased IAD seemed to mediate
some, but not all of the difference in IMT measures. This might describe a first birth effect —
a one-time change occurring after first birth but not repeated after subsequent births - as seen
with decreased HDL-c and systolic blood pressure after a first birth.(16, 17) Or it may
represent the left peak of a J-shaped relationship, similar to the J-shaped relationship seen
between parity and cardiovascular risk. The small number of women of higher parity makes
it difficult to discern if CCA IMT or IAD might increase with higher numbers of births.

Our results contradict findings of some studies. In the Rotterdam Study, among women aged
55-99 years old, there was a trend towards increased mean and maximum CCA IMT with
increased parity, significant even after adjustment for demographics and cardiovascular risk
factors.(7) The Study of Health in Pomerania detected a U-shaped association between CCA
IMT and parity in women aged 45-79 years old. After adjustment for demographic,
cardiovascular risk, and reproductive factors, greatest mean and maximum CCA IMT were
in women with parity of 0 or 3 or greater.(8) Different rates of nulliparity (20% in the
Rotterdam Study and 8.5% in the Study of Health in Pomerania) may explain the
contradiction. The authors of the Pomerania study suggest that in the Rotterdam Study many
women were nulliparous by choice, while in their population most nulliparous women had
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true infertility. Women with infertility may be at higher risk for CVD because of hormonal
conditions such as polycystic ovary syndrome that can lead to both infertility and increased
CVD risk factors.(18) Our study addressed this issue by removing women with known
infertility from the analysis.

These studies looked at mid-life and older women, as opposed to the younger women in our
study. It is possible that pregnancy has differing effects on vasculature at different times.
Our study may show short term positive effects on vasculature from the increased hormone
levels and cardiac output of pregnancy, while studies in older women may reflect negative
long-term effects of pregnancy on lipid levels, glucose metabolism, and weight and body fat.
Women in these studies were also leaner than women in our analysis, with average BMI's of
about 28 and 27, compared to the average BMI of 32 in our study. This suggests that the
effects of pregnancy on the vasculature might differ in women who are and are not obese.

Our results also differ from those of the only study done in women of childbearing age. The
Cardiovascular Risk in Young Finns Study followed 1005 women aged 24-39 years old for
6 years and found that mean CCA IMT increased 0.0075 mm for each birth occurring during
that time period, after adjusting for demographic and cardiovascular risk factors.(6) The
authors speculated this increase may be a result of atherogenic metabolic changes in
pregnancy. The women in the studies differ substantially; women in the Young Finns study
were substantially leaner, with average BMI of about 24. It is possible that pregnancy has
different net effects on vascular health depending on women's risk factor profiles, including
BML.(9)

Our finding that carotid bulb IMT is not associated with nulliparity is consistent with the
findings of Kharazmi et al. They studied 746 Finnish women between the ages of 45 and 74
years old and found no relationship between parity and the mean of the IMT in the CCA and
the carotid bulb, after adjustment for demographic and cardiovascular risk factors.(19) We
found different patterns of change in the CCA and bulb, suggesting they should not be
analyzed together. This is supported by various population-based studies that found that bulb
IMT is related to true atherosclerosis, while CCA IMT is more a marker of vascular aging
and adaptation.(10)

One possible explanation for increased CCA IMT and inter-adventitial diameter in
nulliparous women is potential residual confounding from fertility status. While we removed
all women reporting infertility from the sample, some nulliparous women may have never
attempted pregnancy and could have unidentified fertility problems. If these women had
greater IMT and IAD, the increased values we found in nulliparous women may be from the
influence of unidentified infertility, not nulliparity. In our model comparing women with
and without known fertility problems the effect size of infertility was very similar to the
effect size of nulliparity for mean and maximum CCA IMT. This suggests that some of the
nulliparous women may have unknown infertility, and that infertility-related problems may
be the cause of the less healthy arterial parameters.

Another possible explanation is that these results represent a beneficial effect of pregnancy
on the vasculature. Several studies of midlife women demonstrate that higher levels of

Obesity (Silver Spring). Author manuscript; available in PMC 2016 May 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Niemczyk et al.

Page 8

estrogen are associated with decreased IMT and/IAD.(20, 21, 22, 23) Perhaps we are seeing
a lasting positive effect from increased pregnancy hormones assessed an average of 9 years
after pregnancy.

Two findings relating to health equity deserve further study. Lower educational attainment
was associated with thicker average and maximum IMT after adjustment for age and race,
but not after adjustment for CVD risk factors. This suggests that CVD risk factors may
mediate a relationship between less education and CVVD, and merits thorough exploration in
a larger study with a more diverse population. In our study, as in others, (4, 24, 25) black
women had worse measures of subclinical CVD than non-black women; our study adds that
differences between nulliparous and parous women were greater for black women, and
indeed, may only be present in black women. This suggests that overweight, black,
nulliparous women might represent a group at particularly elevated risk for CVD, and
should be explored further.

This analysis is one of the only studies of the relationship between parity and vascular health
in overweight and obese young women and it uses well-validated, reliable measures of IMT
and inter-adventitial diameter. Limitations include small sample size and reliance on self-
report pregnancy histories. Lack of healthy weight participants makes aspects of the results
difficult to interpret; a life course epidemiologic study would be necessary to determine the
full trajectory of the relationship between reproductive events and changes in adiposity and
markers of vascular remodeling. The consideration of multiple IMT outcomes may increase
the risk of Type 1 error, and P-values should be considered in this light. The study selection
criteria are both a strength and a limitation. By including only overweight or obese women
who are non-diabetic and normotensive the study limits the generalizability of the results
and also limits its ability to determine fully whether pregnancy's effects on BMI, glucose
metabolism, and blood pressure mediate pregnancy's effect on the vasculature. At the same
time, by focusing on a uniform group of women, the study is able to limit confounding
factors and focus on the effects of the pregnancy itself.

Pregnancy affects cardiovascular health in many ways and the ability to achieve successful
pregnancy is a marker of good health. This study demonstrates that nulliparous overweight
and obese young women show poorer vascular health compared to parous women, as
measured by greater CCA IMT and inter-adventitial diameter. Nulliparous overweight and
obese women, particularly black women, may be at increased risk for CVD even if they are
normotensive and non-diabetic, and may particularly benefit from risk reduction efforts.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Age and race-adjusted carotid artery measures by parity.
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Interaction between race and parity, adjusting for age, body mass index, smoking, alcohol

use, systolic blood pressure and fasting glucose levels. P values are for race x parity

interaction.
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TABLE 1
Baseline characteristics of participants in SAVE reproductive substudy by parity
Nulliparous Parity 1 n= Parity2n= Parity3+n=31 Overall P Value  Nulliparous
n=70 26 45 vs. Parous P

Value

Age (yr) 349+7.1 375+6.1 39.8+4.6 40.7+3.8 <.000 <.000

Black race 10 (14.3) 12 (46.2) 7 (15.6) 5 (16.1) 0.004 0.135

College graduate 58 (82.9) 14 (53.9) 28 (66.6) 18 (58.0) 0.162 0.014

Body mass index (kg/m?) 32545 323+4.1 32.1+34 31.8+3.1 0.889 0.550

Alcohol consumption > 1/ 41 (58.6) 9 (34.6) 14 (31.1) 14 (45.2) 0.020 0.004

month

Average systolic blood 112.4+9.8 112.6 + 8.8 112.2+9.9 112.3+9.9 0.999 0.959

pressure

Current smoking 9(12.9) 3(11.5) 3(6.7) 0(0.0) 0.174 0.112

Fasting glucose (mg/dl) 97.1+8.7 97.2+8.1 97.2+8.6 97.6+7.3 0.995 0.863

Total cholesterol (mg/dl) 205.3 +38.9 207.1+385 198.6 + 35.7 213.1+428 0.452 0.977

LDL (mg/dl) 118.1+35.8 129.3 +36.4 1209 +28.1 133.8+37.4 0.142 0.098

Triglycerides (mg/dl) 138.8+76.8 116.4 £ 134.6 113.0 +60.0 128.7 +53.3 0.353 0.110

HDL (mg/dI) 60.0 +15.2 55.1+14.9 55.1+11.4 53.7+115 0.091 0.012

Reproductive History

Irregular menses 5(7.1) 0(0.0) 2(4.4) 2(6.5) 0.552 0.351

Post-menopause 4 (5.7) 3(11.5) 2(4.4) 7 (22.6) 0.030 0.180

Any pregnancy complication - 8(30.8) 14 (31.1) 13 (41.9) 0.563

Ever breastfed - 16 (61.5) 39 (86.7) 26 (83.9) 0.032

Age at first birth (yr) - 255+5.9 262+4.7 247+45 0.457

Time since last birth (yr) - 11.6+6.9 9.0+6.1 7.7+3.6 0.040

Values shown are means + SDs or frequency counts (with percentages).

P values from analysis of variance or chi-square test, as appropriate.
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TABLE 2

Age and race-adjusted mean carotid measures by parity in women without infertility history.

Nulliparousn=70 Parityln=26 Parity2n=45 Parity3+N=31 P value

Carotid Measure (mm)

- 1t 1 *
Inter-adventitial Diameter 6.942 (.057) 6.794 (.093) 6.657 (.069) 6.722 (.086)T 0.018
Average CCA IMT .610 (.008) .579 (.013) .579 (.010) 577 (.012) 0.062

1 * *
Maximum CCA IMT .719 (.010) .682 (.016) 686 (012) 671 (.015) 0.037
Average ICA IMT .547 (.016) .575 (.027) .518 (.020) .567 (.024) 0.254
Average bulb IMT .688 (.016) .672 (.025) 627 (.019)T 713 (.023)1 0.018
Average IMT .613 (.009) .601 (.015) 576 (.011) .606 (.014) 0.084
Maximum IMT .770 (.013) .748 (.021) .724 (.016) .756 (.019) 0.167

Values shown are means (standard error).

P values from analysis of variance.
*

Different from nulliparous at p <.01
TDifferent from nulliparous at p <.05

¢Different from parity 2 at p <.01
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TABLE 3
Carotid measures for parous vs. nulliparous women. Regression coefficients represent change from a baseline
parity of 0.
Age & Race adjusted Model 11 Model 22
Carotid Measure (mm) R (SE) Pvalue R (SE) P value R (SE) Pvalue
Inter-adventitial Diameter  -.230 (.077) .0032 -.185(.074) .0139 - -
Average CCA IMT -031(011)  .0067 -.029(011)  .0086 -.019(.010)  .0695
Maximum CCA IMT -.039 (014)  .0050 -.038(013)  .0039 —.029(013)  .0255
Average ICA IMT .000(022)  .9889 -.010(.022)  .6475 ~-.004(022)  .8489
Average bulb IMT -.024(021) 2589 -.015(021)  .4851 -.010(.022)  .6370
Average IMT -022(017)  .0801 -.021(012)  .0813 -013(012)  .2663
Maximum IMT -030(017)  .0811 =-.029(017)  .0798 -.022(017)  .1879

P values represent significance of regression coefficient for parity.

1 . . . . .
Model 1 represents the simultaneous effects of parity, age, race, BMI, education, current smoking, use of alcohol, average systolic blood pressure,
and fasting glucose level on the carotid measures.

2Model 1 with inter-adventitial diameter.
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