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Adverse pregnancy outcomes are associated with long-term risk for
cardiometabolic disease in both women and their offspring.1

Individual cardiovascular risk factors (e.g. obesity and hypertension)
present before pregnancy have been associated with higher risk for
maternal and neonatal morbidity and mortality;2 however, the pres-
ence of multiple co-occurring risk factors may be associated with
greater risk for adverse pregnancy outcomes than any single risk fac-
tor alone. Given the rising prevalence of cardiovascular risk factors in
women of reproductive age,3,4 identifying the association between
the total burden of pre-pregnancy cardiovascular risk factors and ad-
verse maternal and offspring outcomes can help inform comprehen-
sive prevention strategies that move beyond targeting any single risk
factor.

We conducted a cross-sectional analysis of maternal and foetal
data from the National Center for Health Statistics (NCHS), which
collects data on all live births and foetal deaths (after 20 weeks’ gesta-
tion) in the USA. Data are reported to the NCHS by healthcare pro-
fessionals present at delivery according to a standard protocol that
includes a chart review, medical record abstraction, and maternal
self-report.5,6 We pooled individual-level data from births to women
aged 15–44 years from 2014 to 2018 to allow for adequate power to
examine rare outcomes. Four pre-pregnancy cardiovascular risk fac-
tors were assigned 1 point if present and 0 points if absent, including
body mass index (BMI) <18.5 kg/m2 or >24.9 kg/m2 and smoking by
maternal self-report, and hypertension and diabetes ascertained by
the medical professional at delivery, to construct a risk factor score
ranging from 0 to 4. Pre-pregnancy hypertension and diabetes were
defined by diagnosis prior to pregnancy and excluded diagnoses
made during pregnancy.6 In a secondary analysis, we examined all
four risk factors individually. We excluded records missing data on
any of the pre-pregnancy risk factors or pregnancy outcomes of
interest (3.9%). We used modified Poisson regression to estimate

relative risks for maternal ICU admission, preterm birth (<37 weeks),
low birthweight (<2500 g), and foetal death associated with greater
risk factor burden (1, 2, 3, or 4) compared with no risk factors (0).
Women with foetal death (0.5%) were included only in the analysis
for this outcome. All analyses were adjusted for maternal age at deliv-
ery, race/ethnicity, education, receipt of prenatal care, parity, and
birth plurality. We conducted a complete case analysis due to low
missingness in covariates (3.7%). We completed a sensitivity analysis
in nulliparous women to minimize bias related to repeat pregnancies
included in the de-identified dataset. This study was exempt from IRB
review due to the de-identified, publicly available dataset.

Of 18 646 512 pregnancies included, mean (SD) maternal age was
28.6 (5.8) years, and 53.6% of women were non-Hispanic White,
14.8% non-Hispanic Black, 23.0% Hispanic, 6.8% non-Hispanic Asian,
and 1.9% other race/ethnicity. More than 60% of women had one or
more pre-pregnancy cardiovascular risk factors (52.5%, 7.3%, 0.3%,
and 0.02% had 1, 2, 3, and 4 risk factors, respectively). Compared
with women with no risk factors, women with one or more risk fac-
tors had on average lower educational attainment (79.5-85.3% vs.
88.7% graduated high school), less receipt of prenatal care (97.8–
98.5% vs. 98.7%), higher prevalence of multiparity (64.4–69.3% vs.
56.9%), and higher prevalence of prior spontaneous or induced preg-
nancy loss (27.4–46.0% vs. 23.4%) There were consistent and marked
graded associations between greater pre-pregnancy risk factor bur-
den and higher risk of adverse maternal and foetal outcomes (Figure
1); for example, the risk ratios (95% CI) of maternal ICU admission
(compared to women with no pre-pregnancy risk factors) were 1.12
(1.09, 1.15) for one risk factor, 1.86 (1.78, 1.94) for two risk factors,
4.24 (3.85, 4.68) for three risk factors, and 5.79 (4.07, 8.23) for four
risk factors. Individual components of the risk factor score were dir-
ectly associated with adverse outcomes, with heterogeneity in effect
sizes, except for non-ideal BMI, which was inversely associated with
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low birthweight (Table 1). Similar patterns were observed in sensitiv-
ity analyses in nulliparous women (data not shown).

In this analysis of nationwide data, we found that pre-pregnancy
cardiovascular risk factors are highly prevalent, and there are consist-
ent and graded associations between greater risk factor burden and
key adverse maternal and offspring outcomes. Although individual
risk factors were generally associated with these outcomes, the cu-
mulative risk factor burden was associated with higher risk than any
single risk factor; compared to women with no pre-pregnancy risk
factors, those with all four risk factors (3242 women) had approxi-
mately 5.8-fold higher risk for ICU admission, 3.9-fold for preterm
birth, 2.8-fold for low birthweight, and 8.7-fold for foetal death.
Limitations of this analysis include the potential for misclassification of

pre-pregnancy risk factor status such as bias related to self-report of
BMI, inability to characterize risk factor control and its potential to
modify associations with adverse pregnancy outcomes, lack of avail-
able data on lifestyle factors, and absence of linkage with maternal
mortality. However, the NCHS Birth Data Files represent the most
robust and comprehensive surveillance dataset, which captures all
pregnancies in the USA resulting in a live birth or foetal death. While
the primary sample included repeat pregnancies, data from nullipar-
ous women demonstrated similar findings.

The association between risk factor counting and cardiovascular
and non-cardiovascular outcomes has been examined extensively
outside of pregnancy.7,8 Our data extend prior findings by validating
the importance of the pre-pregnancy cardiovascular risk factor

Figure 1 Relative risk of pre-pregnancy cardiovascular risk factor burden for adverse maternal and offspring outcomes. There were positive and
graded associations of greater cardiovascular risk factor burden, compared with no pre-pregnancy risk factors, for all four outcomes. RR represents
relative risk; CI confidence interval.
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.profile for risks of several key adverse maternal and offspring out-
comes, which are known to influence the risk of subsequent cardio-
vascular disease.1 Future studies should seek to incorporate
measures of cholesterol and lifestyle factors, as well as important
non-modifiable risk factors such as family history of cardiovascular
disease, which has been associated with pregnancy loss9 and may
warrant increased attention to optimizing pre-pregnancy cardiovas-
cular health. Assessment of cardiovascular risk factors on the individ-
ual level could be applied before pregnancy, when prevention may
have a greater benefit than during pregnancy when the time period
to intervene is limited.
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Table 1 Relative risk of individual pre-pregnancy cardiovascular risk factors for adverse maternal and offspring
outcomes

Pre-pregnancy risk

factor

Adjusted RRa (95% CI)

Maternal ICU admission Preterm birth Low birthweight Foetal death

Non-ideal BMI 1.04 (1.01, 1.07) 1.08 (1.08, 1.09) 0.94 (0.94, 0.94) 1.39 (1.36, 1.41)

Smoking 1.23 (1.18, 1.28) 1.28 (1.28, 1.29) 1.64 (1.64, 1.65) 1.59 (1.55, 1.64)

Hypertension 2.84 (2.70, 2.99) 1.92 (1.91, 1.93) 1.98 (1.96, 1.99) 1.92 (1.84, 2.00)

Diabetes 2.71 (2.53, 2.90) 2.27 (2.24, 2.29) 1.36 (1.34, 1.38) 2.98 (2.84, 3.13)

aBased on modified Poisson regression including all four risk factors coded as 1 if present and 0 if absent. Adjusted for maternal age at delivery, race/ethnicity (non-Hispanic
White, non-Hispanic Black, Hispanic, Asian, or Other), education (Less than high school, high school graduate, or any college), receipt of prenatal care (or no prenatal care),
parity (nulliparous or multiparous), and birth plurality (singleton or multiple gestation).
BMI, body mass index; CI, confidence interval; RR, relative risk.
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