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IMPORTANCE Atherosclerotic cardiovascular disease (ASCVD) may have unique risk factors in
women. Most women have a history of pregnancy; common adverse pregnancy outcomes
(APOs) appear to be associated with ASCVD, but prior studies have limitations.

OBJECTIVE To assess whether APOs are associated with increased ASCVD risk independently
of traditional risk factors.

DESIGN, SETTING, AND PARTICIPANTS The APO history among participants in the Women’s
Health Initiative, a large multiethnic cohort of postmenopausal women, was assessed. The
associations of 5 self-reported APOs (gestational diabetes, hypertensive disorders of
pregnancy, low birth weight [ie, birth weight less than 2.49 kg], high birth weight [ie, birth
weight greater than 4.08 kg], and preterm delivery by 3 weeks or more) with ASCVD were
analyzed, adjusting for traditional ASCVD risk factors. Data were collected and analyzed
in 2017.

EXPOSURES APOs (gestational diabetes, hypertensive disorders of pregnancy, low birth
weight, high birth weight, and preterm delivery).

MAIN OUTCOMES AND MEASURES Adjudicated ASCVD.

RESULTS A total of 48 113 Women’s Health Initiative participants responded to the survey; the
median (interquartile range) age at time of enrollment was 60.0 (55.0-64.0) years. A total of
13 482 participants (28.8%) reported 1 or more APOs. Atherosclerotic cardiovascular disease
was more frequent in women who reported an APO compared with those without APOs
(1028 of 13 482 [7.6%] vs 1758 of 30 522 [5.8%]). Each APO, analyzed separately, was
significantly associated with ASCVD, and gestational diabetes, hypertensive disorders of
pregnancy, low birth weight, and preterm delivery remained significant after adjustment for
traditional ASCVD risk factors. When all APOs were analyzed together, hypertensive disorders
of pregnancy (odds ratio, 1.27; 95% CI, 1.15-1.40) and low birth weight (odds ratio, 1.12; 95%
CI, 1.00-1.26) remained independently associated with ASCVD. All findings were materially
unchanged by additional adjustment for parity, body mass index, and socioeconomic factors.

CONCLUSIONS AND RELEVANCE In this large multiethnic cohort of women, hypertensive
disorders of pregnancy and low birth weight were independently associated with ASCVD
after adjustment for risk factors and other APOs.
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C ardiovascular disease is the leading cause of death
among women in the US,1 and identification of sex-
specific risk factors could enhance cardiovascular risk

assessment and prevention. Pregnancy is an exposure
unique to women: 85% of women give birth at least once in
their lives, and up to 30% may experience an adverse preg-
nancy outcome (APO).2,3 The associations of APOs, such as
gestational diabetes, hypertensive disorders of pregnancy,
preterm delivery, and low birth weight, with atherosclerotic
cardiovascular disease (ASCVD) later in life have only
recently been examined.

Gestational diabetes, hypertensive disorders of preg-
nancy, preterm delivery, and low birth weight have each been
associated with subsequent development of ASCVD risk fac-
tors as well as with an increased incidence of clinically appar-
ent ASCVD.2,4-12 Consequently, the American Heart Associa-
tion recommends that taking a history of APOs be part of
ASCVD risk evaluation,13 and the 2018 cholesterol treatment
guidelines suggest that hypertensive disorders of pregnancy,
preeclampsia, gestational diabetes, small-for-gestational-
age infants, and preterm deliveries be considered risk enhanc-
ers when discussing initiation of statins for primary preven-
tion of ASCVD in women.14 The European Society of Cardiology
2016 guidelines on cardiovascular disease prevention state that
it is not clear whether APOs represent risk factors themselves
or if they predispose women by their association with other
ASCVD risk factors.15

The associations between APOs (including hypertensive
disorders of pregnancy, gestational diabetes, small-for-
gestational-age infants, and preterm deliveries) and ASCVD risk
are supported by several lines of evidence, yet there are limi-
tations and gaps in this evidence. For example, most prior stud-
ies of these APOs have not adjusted for all established ASCVD
risk factors, many were not prospective or lacked long-term
follow-up, and few have been conducted in multiethnic co-
horts. Furthermore, most studies have only examined the as-
sociation of a single APO with ASCVD risk, even though sev-
eral APOs may occur in the same woman. We sought to
overcome several of these limitations by examining data from
the Women’s Health Initiative (WHI), a large multiethnic co-
hort study with rigorous, prospective follow-up and adjudi-
cated ASCVD outcomes.

Methods
Study Population
The WHI is a longitudinal cohort study, consisting of 3 ran-
domized clinical trials (of hormone therapy, dietary changes,
and calcium/vitamin D supplementation) and an observa-
tional study.16 Women were enrolled between 1994 and 1998
and have been followed up prospectively.17 At entry, WHI par-
ticipants were aged 50 to 79 years, postmenopausal, and rep-
resented ethnically diverse populations.17 Race and ethnicity
were self-reported by the participants. Extensive baseline data
were collected at an in-person visit, including the partici-
pant’s reproductive history, but no data on APOs were col-
lected at study entry.17 This study was approved by the Uni-

versity of California, San Francisco, institutional review board,
and all participants gave written informed consent to partici-
pate in WHI and its extension study.

APO Questionnaire
In 2017, a questionnaire surveyed participants’ history of APOs
(in 1 or more pregnancies) and asked about their dental health,
memory, and changes in mental functioning (eAppendix in the
Supplement). The survey was sent to all surviving WHI en-
rollees who were still participating in the study and included
6 questions on APOs during any pregnancy, with possible re-
sponses of no, yes, and don’t know. The APOs surveyed were
gestational diabetes, gestational hypertension, preeclamp-
sia, low birth weight (ie, birth weight less than 2.49 kg), high
birth weight (ie, birth weight greater than 4.08 kg), and pre-
term delivery by 3 weeks or more (preterm delivery). More than
1 APO may have occurred in the same woman but not neces-
sarily during the same pregnancy.

Outcomes
The primary study outcome was ASCVD, defined as either myo-
cardial infarction, stroke, peripheral artery disease, or coro-
nary revascularization. These outcomes were prospectively as-
certained between study entry and the time of the 2017 survey
and were adjudicated using standard criteria.18

Covariates
We analyzed baseline characteristics from the data collected
at enrollment into the WHI. The ASCVD risk factors included
hyperlipidemia (defined as use of cholesterol-lowering drugs),
hypertension (including use of antihypertensive drugs), dia-
betes (not pregnancy related and self-reported), and smoking
status. Data on income, highest education level attained, and
self-reported ethnicity were also recorded at study entry.

Statistical Analyses
Women were eligible for this study if they had a history of preg-
nancy that lasted for more than 6 months and were alive and
still participating in the WHI in 2017 when the survey was per-
formed. Women were excluded if, at baseline, they reported
previous stroke, myocardial infarction, or coronary revascu-
larization procedure. Nonresponders were defined as eligible
WHI participants who did not answer the survey.

Key Points
Question Do adverse pregnancy outcomes represent
independent risk factors for atherosclerotic cardiovascular disease
in women?

Findings In this cohort study including 46 805 Women’s Health
Initiative participants, hypertensive disorders of pregnancy and
low birth weight were independently associated with
atherosclerotic cardiovascular disease after adjustment for
standard risk factors and other adverse pregnancy outcomes.

Meaning Adverse pregnancy outcomes are sex-specific risk
factors for atherosclerotic cardiovascular disease in women.
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We assessed differences between responders and nonre-
sponders using counts and percentages for categorical vari-
ables and medians and interquartile ranges for continuous vari-
ables. We also compared the characteristics of women who
reported an APO with those who did not, by counts and per-
centages for categorical variables and medians and interquar-
tile ranges for continuous variables. In the primary analysis, we
used multinomial logistic regression to assess the association
between each APO and ASCVD; in this model, each APO was
coded using 3 categories (yes, no, or don’t know), and the re-
sponses yes and don’t know were compared with the refer-
ence category (no) for their association with ASCVD. In second-
ary analyses, we tested whether results were changed by using
2 alternative model specifications, in which the don’t know re-
sponses were (1) treated as missing (ie, omitted from the model)
and (2) combined with the yes responses. For simplicity, we pre-
sent the results of the primary analysis in the main article and
the results of the 2 sensitivity analyses in the eAppendix in the
Supplement because the findings were similar.

For each APO, we first used a univariate model and then
adjusted for the traditional ASCVD risk factors (age, hyperlip-
idemia, hypertension, diabetes, and smoking). Finally, we as-
sessed the joint associations of each APO with ASCVD in a mul-
tivariable model that simultaneously adjusted for all APOs and
risk factors. We tested each model for interaction by race/
ethnicity. A 2-sided P value less than .05 was considered sta-
tistically significant.

All statistical analyses were conducted using RStudio
1.1.456 by RStudio (R version 3.5.1; The R Foundation). Data
retrieval was done using SAS Enterprise version 9.4 (SAS
Institute).

Results
Survey Responders
Of the 161 808 women enrolled in the WHI, 71 661 were still being
followed up in 2017 and were mailed a survey about APOs. A
total of 46 805 eligible study participants (65.3%) responded and
answered questions on APOs (Figure 1). The median (interquar-
tile range) age at the time of enrollment was 60 (55.0-64.0) years.
Responders were younger and had less hypertension, diabe-

tes, and hyperlipidemia than eligible nonresponders (Table 1).
Responders were also more likely than nonresponders to be
White, college educated, and have higher incomes (Table 1). Ath-
erosclerotic cardiovascular disease was more frequent in women
who reported an APO compared with those without APOs (1028
of 13, 482 [7.6%] vs 1758 of 30, 522 [5.8%]).

APOs
Adverse pregnancy outcomes were reported by 13 482 women
(28.8%). A single APO occurred in 8726 women, and 2 or more
APOs were reported by 4756 women (eFigure 1 in the Supple-
ment). The single most common APO was preterm delivery,
which was reported by 6790 women (14.5%), followed by low
birth weight, which was reported by 5773 women (12.3%)
(eTable 1 in the Supplement). The most common combina-
tion of APOs was preterm delivery and low birth weight, with
3719 women (7.9%) reporting having had both conditions. Be-
cause many women reported both gestational hypertension
(n = 1506) and/or preeclampsia (n = 2065), in subsequent analy-
ses, we combined these responses into the single category of
hypertensive disorders of pregnancy.

Baseline characteristics of women at entry into the WHI dif-
fered by the presence and type of APO (Table 2). Hypertension
at entry in the WHI was significantly more prevalent among
women who reported a prior hypertensive disorder of preg-
nancy (1457 of 2936 [49.6%]) than women reporting other APOs
(low: 1782 of 6790 [26.2%]; high: 332 of 959 [34.6%]) or no APOs
(6551 of 30 522 [21.5%]). Diabetes at entry into the WHI was sig-
nificantly more prevalent among women who reported prior ges-
tational diabetes (145 of 959 [15.1%]) compared with women re-
porting other APOs (low: 202 of 6790 [3.0%]; high: 158 of 2691
[5.9%]) or no APOs (556 of 30 522 [1.8%]). Other ASCVD risk fac-
tors, including age, hyperlipidemia, and smoking at study en-
try, were generally similar in women with different APOs. Base-
line characteristics according to the survey responses yes, don’t
know, and no for each APO are detailed in the eAppendix and
eTable 2 in the Supplement.

A total of 1028 of 13 482 women with an APO (7.6%) had
developed ASCVD between entry into WHI and the time of the
survey compared with 1758 of 30 522 women without an APO
(5.8%) (Table 2; eFigure 2 in the Supplement). The mean (SD)
age at onset of ASCVD was lower among women with a his-
tory of an APO than those without (70.8 years; IQR, 66.3-75.7
years vs 71.9 years; IQR, 66.9-76.9 years).

APOs and ASCVD
The associations of the responses yes and don’t know for each
APO with ASCVD were similar in the multinomial logistic
model, which separately compared the yes and don’t know re-
sponses with the reference category (no); for simplicity, we pre-
sent the odds ratios (ORs) for the yes responses in the article
and present the ORs for the don’t know responses in eFig-
ure 3 in the Supplement. The ORs for the yes responses in the
multinomial model were also similar to the ORs for yes re-
sponses in 2 alternative models of the association of APOs with
ASCVD, including a binary logistic model in which don’t know
responses were treated as missing data and a binary logistic
model in which don’t know and yes responses were com-

Figure 1. Flow Diagram for the Selection of the Study Participants
From the Women’s Health Initiative (WHI)

161 808 WHI Participants

89 745 Participants

46 805 Responders

72 063 Excluded
54 877 Died

3839 Previous cardiovascular disease
13 347 Never Pregnant

42 940 Nonresponders
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bined into a single category and compared with no responses
(eTable 3 in the Supplement).

Each of the 5 APOs was significantly associated with AS-
CVD in a univariate model (Figure 2). After adjustment for tra-
ditional ASCVD risk factors, all APOs remained statistically sig-
nificantly associated with ASCVD, with the exception of high
birth weight (Figure 2). The associations of low birth weight
and preterm delivery with ASCVD were largely unchanged by
adjustment for traditional risk factors, while the associations
of other APOs with ASCVD were attenuated by roughly half af-
ter adjustment for traditional risk factors, although they re-
mained significant (Figure 2). The association of hyperten-
sive disorders of pregnancy with ASCVD was primarily
attenuated by adjustment for subsequent development of hy-
pertension, while the association of gestational diabetes with
ASCVD was primarily attenuated by adjustment for subse-
quent development of diabetes (eFigure 4 in the Supple-
ment).

Multiple APOs
When all 5 APOs were tested jointly for their association with
ASCVD in a model that adjusted for traditional risk factors, only
hypertensive disorders of pregnancy and low birth weight were
independently associated with ASCVD. Hypertensive disor-
ders of pregnancy had an adjusted OR of 1.34 (95% CI, 1.15 to

1.54), and low birth weight had an adjusted OR of 1.18 (95% CI,
1.03 to 1.35) (Figure 3).

Additional Adjustments and Effect Modification
All results were not materially changed after additional ad-
justment for race/ethnicity, income, education, body mass in-
dex, breastfeeding, and parity (eFigure 5 in the Supplement).
There was no statistically significant effect modification by
race/ethnicity of any of the associations between APOs and
ASCVD (eFigure 5 in the Supplement). Results from all analy-
ses were virtually unchanged when multiple imputation of
missing baseline data was used.

Discussion
In this large, multiethnic cohort of women, gestational diabe-
tes, hypertensive disorders of pregnancy, preterm delivery, and
low birth weight were significantly associated with ASCVD,
even after adjustment for traditional ASCVD risk factors. When
all 5 APOs were assessed together in a single model (which also
adjusted for ASCVD risk factors), hypertensive disorders of
pregnancy and low birth weight were each independently as-
sociated with ASCVD. All of the associations between indi-
vidual APOs and ASCVD remained significant after further

Table 1. Baseline Characteristics of Survey Responders and Nonresponders

Variable

No. (%)

P value
Nonresponders
(n = 42 940)

Responders
(n = 46 805)

Total
(N = 89 745)

Age at enrollment, median (IQR), y 62.0 (56.0-67.0) 60.0 (55.0-64.0) 61.0 (56.0-66.0) <.001

Hypertension 13 625 (31.9) 11 537 (24.7) 25 162 (28.2) <.001

Diabetes 2144 (5.0) 1186 (2.5) 3330 (3.7) <.001

Smoking 19 966 (46.9) 22 124 (47.5) 42 090 (47.2) .06

Hyperlipidemia 5371 (13.3) 4513 (10.2) 9884 (11.7) <.001

Race/ethnicity

White 31 273 (74.1) 41 667 (90.0) 72 940 (82.4) <.001

Black 5853 (13.9) 2402 (5.2) 8255 (9.3)

Hispanic 3198 (7.6) 1113 (2.4) 4311 (4.9)

Other 1873 (4.4) 1136 (2.5) 3009 (3.4)

Education

High school or less 11 324 (26.6) 7811 (16.8) 19 135 (21.5) <.001

Some college or more 26 341 (61.9) 34 852 (74.9) 61 193 (68.7)

Other 4881 (11.5) 3845 (8.3) 8726 (9.8)

Income, $

<20 000 7251 (18.4) 3460 (7.8) 10 711 (12.7) <.001

20 000-74 000 25 462 (64.6) 28 745 (64.5) 54 207 (64.5)

≥75 000 6730 (17.1) 12 365 (27.7) 19 095 (22.7)

BMI, median (IQR) 27.4 (24.2-31.6) 26.2 (23.4-30.0) 26.8 (23.7-30.8) <.001

Parity

No term pregnanciesa 1420 (3.3) 531 (1.1) 1951 (2.2) <.001

1 4391 (10.3) 4384 (9.4) 8775 (9.8)

2 11 884 (27.9) 14 244 (30.6) 26 128 (29.3)

3 11 005 (25.8) 13 347 (28.6) 24 352 (27.3)

4 6949 (16.3) 7779 (16.7) 14 728 (16.5)

≥5 7001 (16.4) 6327 (13.6) 13 328 (14.9)

Breastfeeding 22 874 (53.8) 27 616 (59.3) 50 490 (56.7) <.001

ASCVD 2982 (6.9) 3053 (6.5) 6035 (6.7) .01

Age at ASCVD, median (IQR), y 72.4 (67.0-77.4) 71.7 (66.8-76.9) 72.1 (66.9-77.1) .09

Abbreviations: ASCVD,
atherosclerotic cardiovascular
disease; BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
IQR, interquartile range.
a Women with no term pregnancies

had to be pregnant for at least 6
months to be eligible.
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adjustment for race/ethnicity and socioeconomic status, with-
out evidence of effect modification by race/ethnicity. Our study
supports guideline recommendations that clinicians should
consider a history of pregnancy-associated disorders when as-
sessing ASCVD risk in older women.19,20 Indeed, our results
suggest that hypertensive disorders of pregnancy and low birth
weight are the most important APOs to consider as potential
ASCVD risk enhancers.

The association between pregnancy outcomes and wom-
en’s cardiovascular health has become a focus of research in-
terest and might identify unique mechanisms of ASCVD de-

velopment in women. Previous studies have been inconsistent
in demonstrating whether specific individual APOs add to risk
prediction. A 2019 study21 reported that adding preeclamp-
sia, gestational hypertension, preterm delivery, and small for
gestational age to risk prediction models modestly increased
risk discrimination for ASCVD events and added to informa-
tion provided by traditional risk factors. Adverse pregnancy
outcomes, which have been termed a positive stress test, are
associated with late-onset ASCVD, but it is not clear whether
these associations are independent of established ASCVD risk
factors because hypertensive disorders of pregnancy and

Table 2. Baseline Characteristics According to Adverse Pregnancy Outcome (APO) Statusa

Characteristic

No. (%)

No APOs
(n = 30 522)b

Uncertain APO
status
(n = 2801)b

≥1 APO
(n = 13 482)b

Gestational
diabetes
(n = 959)

Low birth
weight
(n = 5773)

High birth
weight
(n = 2691)

Preterm
delivery
(n = 6790)

Hypertensive
disorders of
pregnancy
(n = 2936)

Age at enrollment,
median (IQR), y

60.0
(55.0-64.0)

63.0
(57.0-67.0)

60.0
(55.0-64.0)

58.0
(54.0-61.0)

60.0
(56.0-64.0)

60.0
(56.0-65.0)

60.0
(55.0-64.0)

59.0
(55.0-64.0)

Hypertension 6551 (21.5) 1840 (65.9) 4036 (30.0) 332 (34.6) 1603 (27.9) 714 (26.7) 1782 (26.3) 1457 (49.8)

Diabetes 556 (1.8) 100 (3.6) 530 (3.9) 145 (15.1) 177 (3.1) 158 (5.9) 202 (3.0) 143 (4.9)

Smoking 14 260 (46.9) 1299 (46.7) 6565 (48.9) 422 (44.3) 3075 (53.5) 1143 (42.6) 3417 (50.5) 1366 (46.8)

Hyperlipidemia 2718 (9.4) 341 (12.9) 1454 (11.4) 106 (11.7) 593 (10.8) 278 (11.0) 706 (11.0) 394 (14.1)

Race/ethnicity

Black 1414 (4.7) 218 (7.9) 770 (5.8) 73 (7.7) 401 (7.0) 99 (3.7) 349 (5.2) 227 (7.8)

Hispanic 689 (2.3) 84 (3.1) 340 (2.5) 37 (3.9) 137 (2.4) 72 (2.7) 161 (2.4) 77 (2.7)

White 27 420 (90.7) 2318 (84.4) 11 929 (89.4) 793 (83.9) 5008 (87.7) 2472 (92.8) 6058 (90.2) 2537 (87.3)

Other 703 (2.3) 128 (4.7) 305 (2.3) 42 (4.4) 166 (2.9) 22 (0.8) 148 (2.2) 64 (2.2)

Education

High school and less 4863 (16.0) 572 (20.5) 2376 (17.7) 160 (16.8) 1024 (17.9) 560 (20.9) 1122 (16.6) 562 (19.2)

Some college
and more

23 027 (75.9) 1967 (70.6) 9858 (73.6) 706 (73.9) 4194 (73.2) 1879 (70.2) 5061 (75.0) 2089 (71.5)

Other 2430 (8.0) 247 (8.9) 1168 (8.7) 89 (9.3) 515 (9.0) 239 (8.9) 569 (8.4) 269 (9.2)

Income, $

<20 000 2062 (7.1) 332 (12.7) 1066 (8.3) 86 (9.3) 452 (8.2) 270 (10.4) 491 (7.6) 241 (8.5)

20 000-74 000 18 496 (63.6) 1773 (67.8) 8476 (65.8) 585 (63.4) 3616 (65.6) 1714 (66.0) 4199 (64.9) 1943 (68.7)

≥75 000 8508 (29.3) 509 (19.5) 3348 (26.0) 252 (27.3) 1448 (26.3) 612 (23.6) 1775 (27.5) 645 (22.8)

BMI, median (IQR) 25.9
(23.2-29.6)

26.8
(23.9-30.9)

26.7
(23.8-30.8)

28.2
(24.6-32.3)

26.0
(23.2-29.8)

28.1
(25.0-32.3)

26.1
(23.3-30.0)

28.2
(24.7-32.5)

Parity

No term pregnanciesc 372 (1.2) 60 (2.1) 99 (0.7) 1 (0.1) 37 (0.6) 5 (0.2) 84 (1.2) 5 (0.2)

1 3194 (10.5) 310 (11.1) 880 (6.5) 59 (6.2) 380 (6.6) 68 (2.5) 442 (6.5) 267 (9.1)

2 10 123 (33.2) 818 (29.2) 3303 (24.5) 253 (26.4) 1309 (22.7) 462 (17.2) 1632 (24.0) 779 (26.5)

3 8721 (28.6) 771 (27.5) 3855 (28.6) 298 (31.1) 1621 (28.1) 765 (28.4) 1947 (28.7) 860 (29.3)

4 4699 (15.4) 448 (16.0) 2632 (19.5) 169 (17.6) 1156 (20.0) 619 (23.0) 1338 (19.7) 539 (18.4)

≥5 3283 (10.8) 376 (13.4) 2668 (19.8) 175 (18.2) 1253 (21.7) 758 (28.2) 1328 (19.6) 479 (16.3)

Breastfeeding 18 194 (59.6) 1651 (58.9) 7771 (57.6) 604 (63.0) 3056 (52.9) 1770 (65.8) 3802 (56.0) 1643 (56.0)

ASCVD 1758 (5.8) 266 (9.5) 1028 (7.6) 86 (9.0) 458 (7.9) 202 (7.5) 513 (7.6) 273 (9.3)

Age at ASCVD,
median (IQR), y

71.9
(66.9-76.9)

73.6
(69.1-80.1)

70.8
(66.3-75.7)

69.5
(63.5-74.4)

70.7
(66.0-75.9)

72.4
(67.8-76.3)

70.6
(65.6-76.0)

69.6
(64.7-74.9)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; BMI, body mass
index (calculated as weight in kilograms divided by height in meters squared);
IQR, interquartile range.
a The number of women with any APO does not equal the sum of yes responses

to each APO, since some women had more than 1 APO. Data in columns for the
individual APOs refer to women who answered yes; baseline characteristics of
those who responded don’t know are summarized for each APO in eTable 2 in
the Supplement.

b Women who answered no to all APO questions are included in the No APO
column; women who answered yes to 1 or more APO are included in the Any
APO column; and women who answered don’t know to at least 1 APO without
answering yes to any APO are included in the Uncertain APO Status column.

c Women with no term pregnancies needed to be pregnant for at least 6
months to be eligible.

Adverse Pregnancy Outcomes and Risk of Atherosclerotic Cardiovascular Disease in Postmenopausal Women Original Investigation Research

jamacardiology.com (Reprinted) JAMA Cardiology Published online September 16, 2020 E5

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Stanford University Medical Center User  on 09/17/2020

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2020.4097?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2020.4097
http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2020.4097


gestational diabetes are antecedents of diabetes and
hypertension.22-24

Prior studies have not found significant associations be-
tween high birth weight (or large for gestational age) and later
maternal cardiovascular disease.25,26 Low birth weight and
small for gestational age are common metrics of the health of
a pregnancy, and each has been associated with cardiovascu-
lar disease in prior studies.2 Infants may be small for gesta-
tional age because of poor implantation of the placenta into
the uterus or from vascular insufficiency of the maternal uter-
ine artery, leading to inadequate levels of oxygen and nutri-
ents to the fetus. Low birth weight is defined as the weight of
an infant at birth, regardless of gestational age, and may be ow-
ing to premature birth. Genetic factors and maternal nutri-
tion may also affect fetal size.

Our study confirms that traditional ASCVD risk factors are
more common in women who have had the APOs we studied
but also that APOs remain significantly associated with AS-
CVD even after adjusting for these risk factors. Our study ex-
tends prior work by evaluating the joint associations of sev-
eral APOs with ASCVD, while most prior studies have assessed
only single APOs. Because a woman can have more than 1 APO
(eFigure 1 in the Supplement), it has been uncertain whether
some of the specific APOs that we studied are more closely as-
sociated with ASCVD risk, particularly because hypertensive
disorders of pregnancy, low birth weight, and preterm deliv-
ery may share the same underlying pathophysiology.2,22,27 Our
finding that hypertensive disorders of pregnancy and low birth
weight were independently associated with ASCVD suggests
that these APOs merit particular scrutiny in future epidemio-
logic and mechanistic studies.

Hypertensive disorders of pregnancy have been found to
be associated with late ASCVD in meta-analyses.6,8,9 Low birth
weight was not significantly associated with ASCVD in a 2019
meta-analysis of cohort studies,8 but we found a strong inde-
pendent association between low birth weight and ASCVD,
which is plausible because low birth weight, preterm birth, and

hypertensive disorders of pregnancy may all arise from pla-
cental dysfunction.2,22,27-30 Preterm delivery has also been
found to be associated with ASCVD in a 2018 meta-analysis,10

and while our study confirms this association, it was no lon-
ger significant after adjustment for low birth weight because
these APOs commonly occur in the same pregnancy and share
pathophysiologic mechanisms. Hypertensive disorders of preg-
nancy and low birth weight remained independently associ-
ated with ASCVD when adjusting for a full APO history, con-
firming the results of previous studies.6-9

Prior meta-analyses8 have demonstrated an association be-
tween gestational diabetes and ASCVD, which we confirmed
in this study. However, this association was attenuated by ad-
justment for subsequent development of diabetes and was not
independent of other APOs. It is important to note that the defi-
nition of gestational diabetes has evolved over the past 50
years, and with the advent of oral glucose tolerance testing in
the 1970s and more aggressive care for gestational diabetes,
the accuracy of the diagnosis of gestational diabetes has im-
proved, and more recent studies will be less subject to expo-
sure misclassification.29

It is unclear whether APOs are associated with ASCVD be-
cause they are involved in novel pathophysiologic processes or
whether their association with ASCVD serves as an indicator of
longer-term and more severe underlying cardiometabolic risk,
either by heralding earlier development of diabetes, hyperten-
sion, and metabolic syndrome or by serving as a stress test for
preexisting metabolic risk.22 Prior studies suggest that APOs re-
main associated with ASCVD even after adjustment for tradi-
tional risk factors, but they could still be serving as markers for
more severe metabolic abnormalities. Novel pathophysiologic
pathways might connect APOs with late ASCVD, and this pos-
sibility will be important to assess in future studies.

Limitations
This study has limitations. This study was based on 46 805 WHI
participants who had survived to 2017 and were able to re-

Figure 2. Association of Individual Adverse Pregnancy Outcomes (APOs)
With Atherosclerotic Cardiovascular Disease (ASCVD)

0.9 1.8
Odds Ratio (95% CI)

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7

APO
Gestational diabetes

Unadjusted

Unadjusted

Unadjusted

Unadjusted

Unadjusted

Adjusted

Adjusted

Adjusted

Adjusted

Adjusted

Low birth weight 

Responded
no

Responded
yes

Odds ratio
(95% CI)

1.45 (1.15-1.81)
1.32 (1.02-1.67)

1.29 (1.16-1.43)
1.25 (1.12-1.39)

1.18 (1.02-1.37)

1.07 (0.91-1.25)

1.23 (1.12-1.36)
1.23 (1.10-1.36)

1.61 (1.41-1.83)
1.38 (1.19-1.58)

High birth weight

Preterm delivery

Hypertensive disorders of pregnancy

Each line displays the odds ratio and
its 95% CI from the comparison of
yes and no responses based on a
multinomial logistic model. For each
APO, the top line shows the odds
ratio for the APO from an unadjusted
model and the bottom line shows the
odds ratio for the APO from a model
that adjusted for all traditional ASCVD
risk factors, including age,
hyperlipidemia, hypertension,
diabetes, and smoking.
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spond to our survey about APOs, which may have introduced
survival bias into the estimated strengths of association. How-
ever, it is most likely that the women at highest risk of ASCVD
would have died prior to the survey, which would have bi-
ased our findings toward the null and might account for the
lower ORs in our study than reported by prior studies.8

We relied on self-reported APOs, and while women’s abil-
ity to recall APOs has been validated in short-term studies,30

it has not been studied over the longer intervals in this study.
Study participants’ recall of birth weight and early delivery
seemed to be more confident than their recall of gestational
diabetes or hypertensive disorders of pregnancy. It is pos-
sible that recall bias may have affected our results. It would
have been ideal for us to have obtained objective information
from medical records about APOs in the study participants;
however, the fragmented health care system in the US and the

lack of longitudinal, searchable records going back 4 to 5 de-
cades makes retrieval of objective records on APOs infea-
sible. To the extent that self-reported APOs are uncertain, the
likely bias in our results would be toward the null.

This study did not include as many minority women as the
entire WHI because of their higher mortality and lower re-
sponse rates to the survey. Nevertheless, we had a sufficient
sample of nonwhite women to document the consistency of
the associations between APOs and ASCVD by race/ethnicity.
We had data on body mass index only at the time of enroll-
ment, not prior to pregnancy, and we lacked data on gesta-
tional weight gain and hence could not assess their effects on
ASCVD risk.

Additionally, we assessed the birth weight and preterm de-
livery in categories and not as continuous variables. It would
have been ideal to test associations of measured birth weight

Figure 3. Association of Multiple Adverse Pregnancy Outcomes (APOs) With Atherosclerotic Cardiovascular Disease (ASCVD)

0.9 1.6
Odds Ratio (95% CI)

1.0 1.1 1.2 1.3 1.4 1.5

APO
Gestational diabetes

Adjusted for ASCVD risk factors only
Adjusted for ASCVD risk factors and low birth weight
Adjusted for ASCVD risk factors and high birth weight
Adjusted for ASCVD risk factors and preterm delivery
Adjusted for ASCVD risk factors and hypertensive disorders of pregnancy
Adjusted for ASCVD risk factors and all APOs

Responded
no

Responded
yes

Low birth weight
Adjusted for ASCVD risk factors only
Adjusted for ASCVD risk factors and gestational diabetes
Adjusted for ASCVD risk factors and high birth weight
 Adjusted for ASCVD risk factors and preterm delivery
Adjusted for ASCVD risk factors and hypertensive disorders of pregnancy
Adjusted for ASCVD risk factors and all APOs

High birth weight
Adjusted for ASCVD risk factors only
Adjusted for ASCVD risk factors and gestational diabetes
Adjusted for ASCVD risk factors and low birth weight
Adjusted for ASCVD risk factors and preterm delivery
Adjusted for ASCVD risk factors and hypertensive disorders of pregnancy
Adjusted for ASCVD risk factors and all APOs

Preterm delivery
Adjusted for ASCVD risk factors only
Adjusted for ASCVD risk factors and gestational diabetes
 Adjusted for ASCVD risk factors and low birth weight
Adjusted for ASCVD risk factors and high birth weight
Adjusted for ASCVD risk factors and hypertensive disorders of pregnancy
Adjusted for ASCVD risk factors and all APOs

Hypertensive disorders
Adjusted for ASCVD risk factors and all APOs
Adjusted for ASCVD risk factors and gestational diabetes
Adjusted for ASCVD risk factors and low birth weight
Adjusted for ASCVD risk factors and high birth weight
Adjusted for ASCVD risk factors and preterm delivery
Adjusted for ASCVD risk factors and all APOs

Odds ratio
(95% CI)

1.32 (1.02-1.67)
1.30 (1.01-1.65)
1.31 (1.02-1.66)
1.31 (1.02-1.67)
1.21 (0.94-1.53)
1.19 (0.91-1.52)

1.25 (1.12-1.39)
1.25 (1.12-1.39)
1.25 (1.12-1.39)
1.18 (1.04-1.35)
1.21 (1.09-1.35)
1.18 (1.03-1.35)

1.07 (0.91-1.25)
1.04 (0.88-1.22)
1.10 (0.93-1.28)
1.09 (0.93-1.28)
1.05 (0.89-1.23)
1.06 (0.89-1.24)

1.23 (1.10-1.36)
1.21 (1.09-1.34)
1.11 (0.97-1.26)
1.21 (1.09-1.35)
1.18 (1.06-1.31)
1.07 (0.94-1.21)

1.38 (1.19-1.58)
1.36 (1.18-1.56)
1.35 (1.17-1.55)
1.37 (1.19-1.57)
1.36 (1.18-1.57)
1.34 (1.15-1.54)

Each line displays the odds ratio and it 95% CI from the comparison of yes and
no responses based on a multinomial logistic regression model. For each APO,
the top line shows the odds ratio adjusted for traditional ASCVD risk factors,
including age, hyperlipidemia, hypertension, diabetes, and smoking, but for no

other APOs. The next 4 lines show the odds ratio adjusted for the traditional
ASCVD risk factors plus an additional APO. The bottom line shows the odds
ratio for the APO adjusted for the traditional ASCVD risk factors plus all other 4
APOs.
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and gestational age at delivery as well as continuous measure-
ments of glucose tolerance and blood pressure with the de-
velopment of ASCVD.

Conclusions
One or more APOs occurred in roughly one-third of women
in this large multiethnic cohort study and were indepen-
dently associated with late ASCVD. Hypertensive disorders

of pregnancy and low birth weight were noteworthy
because their associations with ASCVD were independent of
both traditional cardiac risk factors and preterm delivery
and gestational diabetes; consequently, hypertensive disor-
ders of pregnancy and low birth weight may be particularly
important risk enhancers to consider when performing
ASCVD risk stratification in older women. Further research
is needed to understand the potential mechanisms that
might link hypertensive disorders of pregnancy and low
birth weight with late ASCVD.
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eAppendix. WHI survey of adverse pregnancy outcomes 

 

 

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T| ||| || | | | |

SERIAL #
PLEASE MAKE NO MARKS IN THIS AREA

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

Ver. 1

R:\DOC\EXT2021\FORMS\F158V1.DOC     1/2017 Page 1 of 2299123-1

0

0

0

0

0

0

0

0

1

1

2

2 3

3 4

4

5

1

1

1

1

1

1

9

9

9

9

9

9

1

1

No

No

No

No

No

No

No

No

Excellent

Never

Very good

Once or less per year Twice or more per year

Good Fair

As needed

Poor

Yes

Yes

Yes

Yes

Yes

Yes

Don’t know

Don’t know

Don’t know

Don’t know

Don’t know

Don’t know

2.1   Were any of your babies born 3 weeks early or sooner?

2.2   During any of your pregnancies, did you have preeclampsia (toxemia, high blood
         pressure during and/or right after pregnancy also associated with protein in the urine)
        or eclampsia (preeclampsia AND seizures/convulsions)?

2.3   During any of your pregnancies,  did you have high blood pressure (gestational
        hypertension, pregnancy-induced hypertension) not related to preeclampsia?

2.4   During any of your pregnancies, were you told you had gestational diabetes or high
        blood sugar, or sugar in the urine?

2.5   Have you ever given birth to a baby that weighed less than 5 pounds, 8 ounces
        (less than 2,500 grams)?

2.6   Have you ever given birth to a baby that weighed more than 9 pounds, 14 ounces
        (more than 4,500 grams)?

Go to question 3.

Yes

Yes

Print your email address on the line above.

These questions are about pregnancies.

These questions are about dental health.

Form 158
Supplemental Questionnaire 2017

This questionnaire has questions about your experiences.
Please answer each question as honestly as you can. No 
one will see your answers except for the scientists and staf f 
at WHI. (Use a pencil or blue or black pen only.)

– Barcode ID Label –

 1. Are you willing to provide your email addres s as an additional way for us to contact you?

 2. Have you ever been pregnant?

 3. How would you describe the condition of yo ur mouth and teeth?

\

\

\

\

\

\

\

\

\

\

\

\ \

\ \

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

\

U.S. GOVERNMENT PRINTING OFFICE:2016–676-910/40085

 4. During the past 3 years, how often have you gone to the dentist or dental hygienist for routine
  check-ups or cleanings?



© 2020 American Medical Association. All rights reserved. 

  



© 2020 American Medical Association. All rights reserved. 

eTable 1. Distribution of adverse pregnancy outcomes 

 

 No Yes Don’t Know 

Gestational Diabetes 44545 959 (2.0) 1005 (2.1) 

Low Birth Weight 40217 5773 (12.3) 447 (1.0) 

High Birth Weight 43487 2691 (5.7) 222 (0.5) 

Preterm delivery 38616 6790 (14.5) 879 (1.9) 

Gestational Hypertension 41835 1506 (3.2) 3130 (6.7) 

Preeclampsia 42567 2065 (4.4) 1774 (3.8) 
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eTable 2. Baseline characteristics for each APO by response (yes, don’t know, and no) 

Supplemental Table 2A: Baseline characteristics for Gestational Diabetes. 

Variable  Level  No (n=44545)  Yes (n=959)  Don't Know 
(n=1005) 

Missing 
(n=296) 

Total 
(n=46805) 

p‐value 

Age at 
enrollment 

Median {IQR}  60.0 {55.0, 
64.0} 

58.0 {54.0, 
61.0} 

62.0 {57.0, 
68.0} 

62.0 {56.0, 
66.2} 

60.0 {55.0, 
64.0} 

< 1e‐04 

Hypertension  Yes  10750 (24.2)  332 (34.6)  364 (36.4)  91 (31.0)  11537 (24.7)  < 1e‐04 
Diabetes  Yes  972 (2.2)  145 (15.1)  62 (6.2)  7 (2.4)  1186 (2.5)  < 1e‐04 
Smoking  Yes  21092 (47.6)  422 (44.3)  476 (47.7)  134 (45.4)  22124 (47.5)  0.22 
Hyperlipidemia  Yes  4244 (10.1)  106 (11.7)  134 (14.2)  29 (10.5)  4513 (10.2)  0.001 
Ethnicity  White  39770 (90.2)  793 (83.9)  846 (85.1)  258 (88.4)  41667 (90.0) 

 
 

Black  2235 (5.1)  73 (7.7)  74 (7.4)  20 (6.8)  2402 (5.2) 
 

 
Hispanic  1045 (2.4)  37 (3.9)  23 (2.3)  8 (2.7)  1113 (2.4) 

 
 

Other  1037 (2.4)  42 (4.4)  51 (5.1)  6 (2.1)  1136 (2.5)  < 1e‐04 
Education  High Sch & Below  7378 (16.7)  160 (16.8)  220 (22.1)  53 (18.1)  7811 (16.8) 

 
 

Some College & 
Above 

33250 (75.1)  706 (73.9)  686 (68.8)  210 (71.7)  34852 (74.9) 
 

 
Other  3635 (8.2)  89 (9.3)  91 (9.1)  30 (10.2)  3845 (8.3)  <0.001 

Income  Below $20K  3212 (7.6)  86 (9.3)  124 (13.1)  38 (13.7)  3460 (7.8) 
 

 
$20K ‐ $74K  27344 (64.5)  585 (63.4)  643 (67.9)  173 (62.2)  28745 (64.5) 

 
 

$75K Above  11866 (28.0)  252 (27.3)  180 (19.0)  67 (24.1)  12365 (27.7)  < 1e‐04 
BMI  median {iqr}  26.1 {23.4, 

29.9} 
28.2 {24.6, 
32.3} 

27.6 {24.2, 
31.6} 

26.6 {23.2, 
31.3} 

26.2 {23.4, 
30.0} 

< 1e‐04 

Parity  5+  5955 (13.4)  175 (18.3)  160 (16.0)  37 (12.5)  6327 (13.6) 
 

 
4  7393 (16.7)  169 (17.7)  167 (16.7)  50 (16.9)  7779 (16.7) 

 
 

3  12710 (28.7)  298 (31.2)  266 (26.6)  73 (24.7)  13347 (28.6) 
 

 
2  13635 (30.7)  253 (26.5)  266 (26.6)  90 (30.5)  14244 (30.6) 
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1  4202 (9.5)  59 (6.2)  99 (9.9)  24 (8.1)  4384 (9.4) 

 
 

No term pregnancies* 467 (1.1)  1 (0.1)  42 (4.2)  21 (7.1)  531 (1.1)  < 1e‐04 
Breastfeeding  Yes  26299 (59.4)  604 (63.4)  551 (55.3)  162 (54.9)  27616 (59.3) 

 

Age at ASCVD  Median {IQR}  71.7 {66.8, 
76.8} 

69.5 {63.5, 
74.4} 

74.0 {69.5, 
78.9} 

70.0 {64.0, 
78.6} 

71.7 {66.8, 
76.9} 

< 1e‐04 

ASCVD  Yes  2831 (6.4)  86 (9.0)  108 (10.7)  27 (9.1)  3052 (6.5)  < 1e‐04 
 

 
Supplemental Table 2B: Baseline characteristics for Low Birth Weight. 

Variable  Level  No (n=40217)  Yes (n=5773)  Don't Know 
(n=447) 

Missing 
(n=368) 

Total 
(n=46805) 

p‐value 

Age at 
enrollment 

Median {IQR}  60.0 {55.0, 
64.0} 

60.0 {56.0, 
64.0} 

64.0 {58.0, 
68.0} 

61.0 {56.0, 
66.0} 

60.0 {55.0, 
64.0} 

< 1e‐04 

Hypertension  Yes  9708 (24.2)  1603 (27.9)  121 (27.2)  105 (28.6)  11537 (24.7)  < 1e‐04 
Diabetes  Yes  976 (2.4)  177 (3.1)  16 (3.6)  17 (4.6)  1186 (2.5)  <0.001 
Smoking  Yes  18629 (46.5)  3075 (53.5)  221 (49.8)  199 (54.7)  22124 (47.5)  < 1e‐04 
Hyperlipidemia  Yes  3837 (10.1)  593 (10.8)  48 (11.2)  35 (10.4)  4513 (10.2)  0.33 
Ethnicity  White  35968 (90.4)  5008 (87.7)  374 (85.4)  317 (86.6)  41667 (90.0) 

 
 

Black  1937 (4.9)  401 (7.0)  32 (7.3)  32 (8.7)  2402 (5.2) 
 

 
Hispanic  958 (2.4)  137 (2.4)  10 (2.3)  8 (2.2)  1113 (2.4) 

 
 

Other  939 (2.4)  166 (2.9)  22 (5.0)  9 (2.5)  1136 (2.5)  < 1e‐04 
Education  High Sch & Below  6632 (16.6)  1024 (17.9)  94 (21.0)  61 (16.8)  7811 (16.8) 

 
 

Some College & 
Above 

30072 (75.2)  4194 (73.2)  317 (70.9)  269 (74.1)  34852 (74.9) 
 

 
Other  3261 (8.2)  515 (9.0)  36 (8.1)  33 (9.1)  3845 (8.3)  0.01 

Income  Below $20K  2919 (7.6)  452 (8.2)  55 (13.3)  34 (9.9)  3460 (7.8) 
 

 
$20K ‐ $74K  24623 (64.3)  3616 (65.6)  269 (65.0)  237 (68.7)  28745 (64.5) 

 
 

$75K Above  10753 (28.1)  1448 (26.3)  90 (21.7)  74 (21.4)  12365 (27.7)  < 1e‐04 



© 2020 American Medical Association. All rights reserved. 

BMI  median {iqr}  26.2 {23.4, 
30.0} 

26.0 {23.2, 
29.8} 

25.7 {23.1, 
29.5} 

25.8 {23.0, 
29.9} 

26.2 {23.4, 
30.0} 

0.01 

Parity  5+  4926 (12.3)  1253 (21.8)  82 (18.5)  66 (18.0)  6327 (13.6) 
 

 
4  6490 (16.2)  1156 (20.1)  69 (15.5)  64 (17.5)  7779 (16.7) 

 
 

3  11508 (28.7)  1621 (28.2)  113 (25.5)  105 (28.7)  13347 (28.6) 
 

 
2  12756 (31.9)  1309 (22.7)  103 (23.2)  76 (20.8)  14244 (30.6) 

 
 

1  3929 (9.8)  380 (6.6)  45 (10.1)  30 (8.2)  4384 (9.4) 
 

 
No term pregnancies* 437 (1.1)  37 (0.6)  32 (7.2)  25 (6.8)  531 (1.1)  < 1e‐04 

Breastfeeding  Yes  24086 (60.2)  3056 (53.3)  262 (59.3)  212 (58.2)  27616 (59.3) 
 

Age at ASCVD  Median {IQR}  71.8 {66.9, 
77.0} 

70.7 {66.0, 
75.9} 

74.9 {68.6, 
79.3} 

70.6 {66.7, 
77.4} 

71.7 {66.8, 
76.9} 

0.001 

ASCVD  Yes  2525 (6.3)  458 (7.9)  39 (8.7)  30 (8.2)  3052 (6.5)  < 1e‐04 
 

 
Supplemental Table 2C: Baseline characteristics for High Birth Weight. 

Variable  Level  No (n=43487)  Yes (n=2691)  Don't Know 
(n=222) 

Missing 
(n=405) 

Total 
(n=46805) 

p‐value 

Age at 
enrollment 

Median {IQR}  60.0 {55.0, 
64.0} 

60.0 {56.0, 
65.0} 

64.0 {58.0, 
68.0} 

61.0 {57.0, 
65.0} 

60.0 {55.0, 
64.0} 

< 1e‐04 

Hypertension  Yes  10658 (24.6)  714 (26.7)  55 (24.9)  110 (27.2)  11537 (24.7)  0.06 
Diabetes  Yes  1006 (2.3)  158 (5.9)  10 (4.5)  12 (3.0)  1186 (2.5)  < 1e‐04 
Smoking  Yes  20676 (47.8)  1143 (42.6)  111 (50.0)  194 (48.1)  22124 (47.5)  < 1e‐04 
Hyperlipidemia  Yes  4164 (10.1)  278 (11.0)  28 (13.7)  43 (11.4)  4513 (10.2)  0.14 
Ethnicity  White  38657 (89.8)  2472 (92.8)  182 (84.7)  356 (89.0)  41667 (90.0) 

 
 

Black  2254 (5.2)  99 (3.7)  18 (8.4)  31 (7.8)  2402 (5.2) 
 

 
Hispanic  1026 (2.4)  72 (2.7)  6 (2.8)  9 (2.2)  1113 (2.4) 

 
 

Other  1101 (2.6)  22 (0.8)  9 (4.2)  4 (1.0)  1136 (2.5)  < 1e‐04 
Education  High Sch & Below  7133 (16.5)  560 (20.9)  52 (23.4)  66 (16.4)  7811 (16.8) 
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Some College & 
Above 

32526 (75.3)  1879 (70.2)  150 (67.6)  297 (73.7)  34852 (74.9) 
 

 
Other  3546 (8.2)  239 (8.9)  20 (9.0)  40 (9.9)  3845 (8.3)  < 1e‐04 

Income  Below $20K  3125 (7.5)  270 (10.4)  23 (11.4)  42 (11.0)  3460 (7.8) 
 

 
$20K ‐ $74K  26653 (64.4)  1714 (66.0)  134 (66.3)  244 (64.0)  28745 (64.5) 

 
 

$75K Above  11613 (28.1)  612 (23.6)  45 (22.3)  95 (24.9)  12365 (27.7)  < 1e‐04 
BMI  median {iqr}  26.1 {23.3, 

29.9} 
28.1 {25.0, 
32.3} 

26.5 {23.4, 
30.4} 

26.6 {23.7, 
30.2} 

26.2 {23.4, 
30.0} 

< 1e‐04 

Parity  5+  5462 (12.6)  758 (28.3)  42 (18.9)  65 (16.1)  6327 (13.6) 
 

 
4  7058 (16.3)  619 (23.1)  41 (18.5)  61 (15.1)  7779 (16.7) 

 
 

3  12425 (28.7)  765 (28.6)  49 (22.1)  108 (26.7)  13347 (28.6) 
 

 
2  13618 (31.4)  462 (17.3)  53 (23.9)  111 (27.5)  14244 (30.6) 

 
 

1  4264 (9.8)  68 (2.5)  16 (7.2)  36 (8.9)  4384 (9.4) 
 

 
No term pregnancies* 482 (1.1)  5 (0.2)  21 (9.5)  23 (5.7)  531 (1.1)  < 1e‐04 

Breastfeeding  Yes  25470 (58.9)  1770 (66.2)  136 (62.4)  240 (59.4)  27616 (59.3) 
 

Age at ASCVD  Median {IQR}  71.7 {66.6, 
76.9} 

72.4 {67.8, 
76.3} 

75.6 {72.4, 
81.5} 

70.4 {66.3, 
73.8} 

71.7 {66.8, 
76.9} 

0.04 

ASCVD  Yes  2789 (6.4)  202 (7.5)  24 (10.8)  37 (9.1)  3052 (6.5)  <0.001 
 

 
Supplemental Table 2D: Baseline characteristics for Preterm Delivery. 

Variable  Level  No (n=38616)  Yes (n=6790)  Don't Know 
(n=879) 

Missing 
(n=520) 

Total 
(n=46805) 

p‐value 

Age at 
enrollment 

Median {IQR}  60.0 {55.0, 
64.0} 

60.0 {55.0, 
64.0} 

63.0 {58.0, 
67.0} 

61.0 {57.0, 
66.0} 

60.0 {55.0, 
64.0} 

< 1e‐04 

Hypertension  Yes  9357 (24.3)  1782 (26.3)  246 (28.1)  152 (29.4)  11537 (24.7)  < 1e‐04 
Diabetes  Yes  927 (2.4)  202 (3.0)  26 (3.0)  31 (6.0)  1186 (2.5)  < 1e‐04 
Smoking  Yes  18041 (46.9)  3417 (50.5)  409 (46.6)  257 (49.7)  22124 (47.5)  < 1e‐04 
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Hyperlipidemia  Yes  3640 (10.0)  706 (11.0)  102 (12.2)  65 (13.4)  4513 (10.2)  <0.01 
Ethnicity  White  34456 (90.1)  6058 (90.2)  708 (82.0)  445 (86.6)  41667 (90.0) 

 
 

Black  1919 (5.0)  349 (5.2)  92 (10.7)  42 (8.2)  2402 (5.2) 
 

 
Hispanic  915 (2.4)  161 (2.4)  20 (2.3)  17 (3.3)  1113 (2.4) 

 
 

Other  935 (2.4)  148 (2.2)  43 (5.0)  10 (1.9)  1136 (2.5)  < 1e‐04 
Education  High Sch & Below  6393 (16.7)  1122 (16.6)  189 (21.7)  107 (20.7)  7811 (16.8) 

 
 

Some College & 
Above 

28822 (75.1)  5061 (75.0)  605 (69.4)  364 (70.3)  34852 (74.9) 
 

 
Other  3151 (8.2)  569 (8.4)  78 (8.9)  47 (9.1)  3845 (8.3)  <0.001 

Income  Below $20K  2796 (7.6)  491 (7.6)  120 (14.7)  53 (10.8)  3460 (7.8) 
 

 
$20K ‐ $74K  23691 (64.4)  4199 (64.9)  546 (66.7)  309 (63.2)  28745 (64.5) 

 
 

$75K Above  10310 (28.0)  1775 (27.5)  153 (18.7)  127 (26.0)  12365 (27.7)  < 1e‐04 
BMI  median {iqr}  26.2 {23.4, 

30.0} 
26.1 {23.3, 
30.0} 

26.9 {23.8, 
30.5} 

26.2 {23.6, 
30.3} 

26.2 {23.4, 
30.0} 

0.09 

Parity  5+  4772 (12.4)  1328 (19.6)  155 (17.7)  72 (13.9)  6327 (13.6) 
 

 
4  6210 (16.2)  1338 (19.8)  145 (16.6)  86 (16.6)  7779 (16.7) 

 
 

3  11019 (28.7)  1947 (28.8)  232 (26.5)  149 (28.8)  13347 (28.6) 
 

 
2  12255 (31.9)  1632 (24.1)  229 (26.2)  128 (24.7)  14244 (30.6) 

 
 

1  3793 (9.9)  442 (6.5)  89 (10.2)  60 (11.6)  4384 (9.4) 
 

 
No term pregnancies* 399 (1.0)  84 (1.2)  25 (2.9)  23 (4.4)  531 (1.1)  < 1e‐04 

Breastfeeding  Yes  23027 (60.0)  3802 (56.4)  500 (57.1)  287 (55.3)  27616 (59.3) 
 

Age at ASCVD  Median {IQR}  71.8 {66.9, 
76.9} 

70.6 {65.6, 
76.0} 

74.7 {70.7, 
79.7} 

71.8 {66.6, 
76.3} 

71.7 {66.8, 
76.9} 

< 1e‐04 

ASCVD  Yes  2399 (6.2)  513 (7.6)  85 (9.7)  55 (10.6)  3052 (6.5)  < 1e‐04 
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Supplemental Table 2E: Baseline characteristics for Hypertensive Disorders of Pregnancy. 

Variable  Level  No (n=40354)  Yes (n=2936)  Don't Know 
(n=3425) 

Missing (n=90)  Total 
(n=46805) 

p‐
value 

Age at 
enrollment 

Median {IQR}  60.0 {55.0, 
64.0} 

59.0 {55.0, 
64.0} 

62.0 {57.0, 
67.0} 

61.0 {56.0, 
67.0} 

60.0 {55.0, 
64.0} 

<1e‐
04 

Hypertension  Yes  8784 (21.8)  1457 (49.8)  1263 (37.0)  33 (36.7)  11537 (24.7)  <1e‐
04 

Diabetes  Yes  874 (2.2)  143 (4.9)  165 (4.8)  4 (4.4)  1186 (2.5)  <1e‐
04 

Smoking  Yes  19092 (47.5)  1366 (46.8)  1619 (47.5)  47 (52.2)  22124 (47.5)  0.72 
Hyperlipidemia  Yes  3681 (9.6)  394 (14.1)  426 (13.2)  12 (15.0)  4513 (10.2)  <1e‐

04 
Ethnicity  White  36156 (90.5)  2537 (87.3)  2897 (85.8)  77 (86.5)  41667 (90.0) 

 
 

Black  1904 (4.8)  227 (7.8)  261 (7.7)  10 (11.2)  2402 (5.2) 
 

 
Hispanic  944 (2.4)  77 (2.7)  90 (2.7)  2 (2.2)  1113 (2.4) 

 
 

Other  945 (2.4)  64 (2.2)  127 (3.8)  0 (0.0)  1136 (2.5)  <1e‐
04 

Education  High Sch & Below  6532 (16.3)  562 (19.2)  702 (20.6)  15 (16.7)  7811 (16.8) 
 

 
Some College & 
Above 

30311 (75.6)  2089 (71.5)  2389 (70.2)  63 (70.0)  34852 (74.9) 
 

 
Other  3250 (8.1)  269 (9.2)  314 (9.2)  12 (13.3)  3845 (8.3)  <1e‐

04 
Income  Below $20K  2790 (7.3)  241 (8.5)  419 (13.0)  10 (11.9)  3460 (7.8) 

 
 

$20K ‐ $74K  24557 (63.9)  1943 (68.7)  2192 (67.9)  53 (63.1)  28745 (64.5) 
 

 
$75K Above  11084 (28.8)  645 (22.8)  615 (19.1)  21 (25.0)  12365 (27.7)  <1e‐

04 
BMI  median {iqr}  26.0 {23.3, 

29.7} 
28.2 {24.7, 
32.5} 

27.1 {24.0, 
31.3} 

26.8 {23.6, 
33.3} 

26.2 {23.4, 
30.0} 

<1e‐
04 

Parity  5+  5297 (13.2)  479 (16.4)  543 (15.9)  8 (8.9)  6327 (13.6) 
 

 
4  6633 (16.5)  539 (18.4)  594 (17.4)  13 (14.4)  7779 (16.7) 
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3  11559 (28.8)  860 (29.4)  908 (26.7)  20 (22.2)  13347 (28.6) 

 
 

2  12496 (31.1)  779 (26.6)  947 (27.8)  22 (24.4)  14244 (30.6) 
 

 
1  3768 (9.4)  267 (9.1)  339 (10.0)  10 (11.1)  4384 (9.4) 

 
 

No term pregnancies* 433 (1.1)  5 (0.2)  76 (2.2)  17 (18.9)  531 (1.1)  <1e‐
04 

Breastfeeding  Yes  23972 (59.7)  1643 (56.3)  1959 (57.6)  42 (46.7)  27616 (59.3) 
 

Age at ASCVD  Median {IQR}  71.8 {66.8, 
76.7} 

69.6 {64.7, 
74.9} 

73.2 {68.2, 
78.0} 

71.9 {66.5, 
79.4} 

71.7 {66.8, 
76.9} 

<1e‐
04 

ASCVD  Yes  2416 (6.0)  273 (9.3)  354 (10.3)  9 (10.0)  3052 (6.5)  <1e‐
04 
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eTable 3. Primary and secondary analyses of the association of APOs with ASCVD 

 

Supplemental Table 3: Secondary analyses displaying the results of 3 different models, adjusted for traditional ASCVD risk factors 

(hypertension, diabetes, smoking, hyperlipidemia and age), that compare “yes” responses to APO survey questions with “no” responses as 

the reference category. The first column shows the odds ratios for the “yes” response in a multinomial model (i.e. a model that compares 

“yes” to “no” and “don’t know” to “no”). The second column shows the odds ratios for the “yes” response in a binary logistic model in 

which the “don’t know” responses were set to “missing” (i.e. omitted from the regression). The third column shows the results of a binary 

logistic regression model in which the “yes” and “don’t know” responses were combined (i.e. forming a new category of “not no”) and 

compared with the “no” response. 

APO  Multinomial   ”Don't Know” set to  ”missing”  "Don't Know" combined with 
"Yes" 

Gestational Diabetes  1.32  1.31  1.37 
Hypertensive 
Disorders 

1.38  1.37  1.33 

Preterm Delivery  1.23  1.22  1.25 
Low Birth Weight  1.25  1.25  1.24 
High Birth Weight  1.07  1.04  1.08 
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eFigure 1. Overlap between the different adverse pregnancy outcomes (APOs) 

 

 

Figure 1: Venn diagram showing the overlap (n) between the different adverse pregnancy outcomes 

(APOs). White represents women with one APO, green represents women with two APOs, yellow 

represents three APOs, orange represents four and red represents all five APOs. 
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eFigure 2. Prevalence of ASCVD by APO response (yes, don’t know, and no) 

 

Figure 2: Bar graphs displaying prevalence of ASCVD according to answers to the questionnaire in 

percentage (yes, no, don’t know). Numbers underneath bars represent number of answers for each 

category. 
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eFigure 3. Associations between don’t know responses to APO survey items and ASCVD 
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Figure 3A+B: Association between “don’t know” responses for each adverse pregnancy outcome 

(APO) and atherosclerotic cardiovascular disease (ASCVD) in the Women’s Health Initiative.  

Plot A displays odds ratios and 95% confidence intervals from multinomial logistic regression 

models adjusting for traditional ASCVD risk factors individually and a final model adjusted for all 

ASCVD risk factors. 
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Plot B displays odds ratios and 95% confidence intervals from multinomial logistic regression 

models adjusted for traditional ASCVD risk factors and each of the other APOs individually and 

fully adjusted for every APO.  

Results are for women who answered “don’t know”, using the answer “no” as the reference and 

ASCVD as the outcome. 

  



© 2020 American Medical Association. All rights reserved. 

eFigure 4. Associations between APOs and ASCVD adjusted for individual traditional risk 
factors 

   

Figure 4: Association between adverse pregnancy outcomes (APOs) and atherosclerotic 

cardiovascular disease (ASCVD) in the Women’s Health Initiative.  
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The plot displays odds ratios and 95% confidence intervals from multinomial logistic regression 

models adjusting for traditional ASCVD risk factors individually and a final model adjusted for all 

ASCVD risk factors.  

Odds ratios compare women who answered “yes” with the reference category of women who 

answered “no,” with ASCVD as the outcome. 
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eFigure 5. Associations between APOs and ASCVD, with additional adjustment for 
race/ethnicity, education, income, parity, breastfeeding, and body mass index 

 

Figure 5: Adverse Pregnancy Outcomes and CVD Women’s Health Initiative Study. The plot 

displays odds ratios and 95% confidence intervals from multinomial logistic regression models, 

comparing “yes” responses to the reference category of “no,” adjusting for ethnicity, education, 

income, parity, breastfeeding and BMI, with ASCVD as the outcome. 


	Sondergaard, APOs and ASCVD, JAMA Cardiol 2020
	APO Suppl

