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ORIGINAL RESEARCH

Preeclampsia Across Pregnancies and 
Associated Risk Factors: Findings From a 
High- Risk US Birth Cohort
S. Michelle Ogunwole , MD; George Mwinnyaa , MHS; Xiaobin Wang , MD, MPH, ScD;  
Xiumei Hong, MD, PhD; Janice Henderson, MD, MFA; Wendy L. Bennett , MD, MPH

BACKGROUND: Preeclampsia increases women’s risks for maternal morbidity and future cardiovascular disease. The aim of 
this study was to identify opportunities for prevention by examining the association between cardiometabolic risk factors and 
preeclampsia across 2 pregnancies among women in a high- risk US birth cohort.

METHODS AND RESULTS: Our sample included 618 women in the Boston Birth Cohort with index and subsequent pregnancy data 
collected using standard protocols. We conducted log- binomial univariate regression models to examine the association between 
preeclampsia in the subsequent pregnancy (defined as incident or recurrent preeclampsia) and cardiometabolic risk factors (ie, 
obesity, hypertension, diabetes mellitus, preterm birth, low birth weight, and gestational diabetes mellitus) diagnosed before and 
during the index pregnancy, and between index and subsequent pregnancies. At the subsequent pregnancy, 7% (36/540) had 
incident preeclampsia and 42% (33/78) had recurrent preeclampsia. Compared with women without obesity, women with obesity 
had greater risk of incident preeclampsia (unadjusted risk ratio [RR], 2.2 [95% CI, 1.1– 4.5]) and recurrent preeclampsia (unadjusted 
RR, 3.1 [95% CI, 1.5– 6.7]). Preindex pregnancy chronic hypertension and diabetes mellitus were associated with incident, but not 
recurrent, preeclampsia (hypertension unadjusted RR, 7.9 [95% CI, 4.1– 15.3]; diabetes mellitus unadjusted RR, 5.2 [95% CI, 2.5– 
11.1]. Women with new interpregnancy hypertension versus those without had a higher risk of incident and recurrent preeclampsia 
(incident preeclampsia unadjusted RR, 6.1 [95% CI, 2.9– 13]); recurrent preeclampsia unadjusted RR, 2.4 [95% CI, 1.5– 3.9]).

CONCLUSIONS: In this diverse sample of high- risk US women, we identified modifiable and treatable risk factors, including obe-
sity and hypertension for the prevention of preeclampsia.

Key Words: hypertension ■ obesity ■ preeclampsia/pregnancy ■ pregnancy and postpartum ■ prevention ■ women and minorities

Preeclampsia, a pregnancy- specific multisystem 
disorder characterized by the development of hy-
pertension and proteinuria (or other evidence of 

end- organ damage) after 20 weeks of gestation, com-
plicates approximately 2% to 8% of pregnancies in the 
United States.1 Similar to broader trends in overall ma-
ternal morbidity and mortality, preeclampsia dispro-
portionately affects underrepresented racial and ethnic 
groups.2,3 Black women experience a 1.5 times higher 
incidence of severe preeclampsia and >3 times higher 
incidence of preeclampsia superimposed on chronic 

hypertension, compared with White women.4 In addi-
tion, Black women experience more maternal and ob-
stetric complications related to preeclampsia5 and have 
a 2 to 3 times higher preeclampsia case fatality rate 
compared with White women.6 Similarly, preeclamp-
sia represents the leading cause of pregnancy- related 
death among Hispanic women, and the risk of mortal-
ity related to preeclampsia is 3 to 8 times higher among 
Hispanic women compared with White women.3,7

Although the definitive management for preeclamp-
sia involves delivery, preeclampsia is recognized as a 
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risk factor for future diagnoses of chronic hyperten-
sion8,9 and other significant cardiovascular outcomes 
such as stroke, coronary artery disease, and heart 
failure.10– 14 Preeclampsia itself is an independent risk 
factor for the development of early cardiovascular dis-
ease.15,16 Importantly, preventable prepregnancy car-
diometabolic risk factors are also significant risk factors 
for the development of preeclampsia. For example, 
women with prepregnancy chronic hypertension have 
a 5- fold greater risk of superimposed preeclampsia, 
and chronic diabetes mellitus (DM) is associated with 

a 3-  to 4- fold greater risk of preeclampsia. In terms 
of pregnancy- related factors, having a history of pre-
eclampsia in a prior pregnancy is the strongest risk 
factor for preeclampsia development (unadjusted risk 
ratio [RR] 8.4 [95% CI, 7.1– 9.9]).17,18

In trying to understand associations between car-
diometabolic risk factors and preeclampsia risk, most 
previous studies have focused on the role of pre-
pregnancy body mass index (BMI) or interpregnancy 
weight change on preeclampsia risk and included 
predominantly White populations.19 Few longitudinal 
studies have broadly assessed multiple cardiomet-
abolic health conditions (chronic DM, chronic hy-
pertension, gestational DM [GDM], preterm birth, 
low- birth- weight infant) and considered the timing of 
diagnosis (ie, prepregnancy, during pregnancy, and 
between pregnancies).

A prospective birth cohort with repeat pregnan-
cies provides a unique opportunity to (1) examine 
longitudinal associations between maternal health 
conditions and preeclampsia risk in subsequent 
pregnancy and (2) propose life course– informed in-
terventions to ameliorate risk and improve future 
pregnancy outcomes and long- term health.20,21 Using 
maternal data from the Boston Birth Cohort, a ra-
cially/ethnically diverse cohort of predominantly low- 
income pregnant women and infants, we identified 
a subsample of women who had both an index and 
subsequent pregnancy captured within the cohort. 
We had 2 study outcomes and corresponding aims. 
We assessed the association between prepregnancy, 
pregnancy, and interpregnancy cardiometabolic risk 
factors and the outcome of incident preeclampsia, 
that is, preeclampsia diagnosed only in a subsequent 
pregnancy compared with never having preeclampsia 
(Aim 1); and the outcome of recurrent preeclampsia, 
that is, preeclampsia diagnosed in both pregnancies 
compared with diagnosed only in the index preg-
nancy (Aim 2).

METHODS
The data used to conduct this research will be made 
available by the corresponding author upon reason-
able request and after institutional review board review.

The institutional review boards of Boston Medical 
Center and the Johns Hopkins Bloomberg School of 
Public Health approved the study protocol, and all par-
ticipants gave written informed consent.

Study Design, Setting, and Sample 
Selection
We analyzed maternal data from the Boston Birth 
Cohort. The Boston Birth Cohort is a prospective 
birth cohort designed with oversampling of preterm 

CLINICAL PERSPECTIVE

What Is New?
• In a large birth cohort in a racially and ethnically 

diverse population, we identified women who 
had 2 pregnancies (index and subsequent) and 
assessed the relationship between prepreg-
nancy (versus interpregnancy) cardiometabolic 
risk factors and preeclampsia.

• Preindex pregnancy obesity, diabetes mellitus, 
and chronic hypertension were independently 
and jointly associated with the risk of incident 
preeclampsia at a subsequent pregnancy.

• Preindex pregnancy overweight and obesity and 
a new diagnosis of interpregnancy hypertension 
were associated with recurrent preeclampsia (in 
both index and subsequent pregnancies).

What Are the Clinical Implications?
• A life course perspective considers reproductive 

health in the development of chronic disease 
and adverse pregnancy outcomes; obesity and 
chronic hypertension are modifiable risk factors 
that impact incident and recurrent preeclamp-
sia risk.

• Behavioral interventions to reduce prepreg-
nancy and interpregnancy overweight or obe-
sity are important to address preeclampsia risk 
and may also reduce risk of postpartum devel-
opment of other obesity- related cardiometa-
bolic diseases.

• There is a need to develop effective behavio-
ral interventions for low income and historically 
marginalized communities who face structural 
and interpersonal barriers to weight loss to 
enhance long- term sustainability of behavior 
change and wellness.

Nonstandard Abbreviations and Acronyms

DM diabetes mellitus
GDM gestational diabetes mellitus
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birth/low- birth- weight infants. The study took place at 
Boston Medical Center, which serves a low- income, 
predominately minority population in the inner city of 
Boston, Massachusetts. Details about the study de-
sign have been previously published.22 Women were 
recruited into the study if they met the criteria for 
a case (gestational age <37  weeks or birth weight 
<2500  g) or control (gestational age ≥37  weeks and 
birth weight ≥2500 g). For every case, approximately 
2 controls matched for age and ethnicity were enrolled 
in the study. Women were excluded from the study if 
they had a multiple gestation pregnancy, a pregnancy 
that resulted from in vitro fertilization, a preterm birth 
caused by trauma, or a fetus with severe birth defects. 
Since 1998 to the end of 2015, there have been 7890 
unique mother– infant pairs enrolled in the parent study.

This study includes a subset of the Boston Birth 
Cohort, which consisted of 618 mothers who had 2 
live births (index birth and subsequent birth), enrolled 
in the cohort.

Definition of Key Variables
Maternal electronic health record data and laboratory 
data, including maternal blood samples, were col-
lected for all participants. In addition, all participants 
were interviewed 1 to 3 days after delivery using stand-
ardized questionnaires.

Primary Exposures: Prepregnancy, 
Pregnancy, and Interpregnancy Cardiometabolic 
Risk Factors

The primary exposures of interest were cardiometa-
bolic risk factors in 1 of these 3 perinatal intervals: be-
fore the index pregnancy (preindex), diagnosed during 
the index pregnancy, or acquired between pregnan-
cies (ie, not present at index pregnancy) but reported 
as diagnosed before the subsequent pregnancy 
(interpregnancy).

We assessed several chronic cardiometabolic 
conditions including obesity, chronic DM, and chronic 
hypertension. We used self- reported prepregnancy 
weight and height (ascertained during maternal in-
terview) to calculate BMI (kilograms per meters 
squared). Validation of self- reported prepregnancy 
weight in this cohort has been previously described; 
the Pearson correlation coefficient between self- 
reported prepregnancy weight and electronic health 
record– documented weight at first prenatal appoint-
ment was 0.93.23 We defined BMI cut points and 
categorized overweight as a BMI≥25 and <30 kg/m2 
and obesity as a BMI≥30 kg/m2.24 Chronic hyperten-
sion was defined using the electronic health record 
as blood pressure ≥140/90 persistently present (eg, 
>1 elevated blood pressure reading) before or up to 
20 weeks of gestation. Chronic DM was defined by 

physician diagnosis as documented in the electronic 
health record.

We evaluated pregnancy complications known to 
be independently associated with future cardiovascu-
lar disease (GDM, preterm birth, and low- birth- weight 
infant).25 GDM diagnosis was ascertained via the elec-
tronic health record. Preterm birth was defined as de-
livery at gestational age <37 weeks. Gestational age 
was defined by an algorithm based on 2 methods: time 
since the first day of the last menstrual cycle and con-
firmed by early ultrasound as previously described.22 
Low birth weight was defined as infant birth weight 
<2500 g at delivery.

Definition of Main Outcomes: Incident or 
Recurrent Preeclampsia

Preeclampsia was defined using standard clinical cri-
teria with data abstracted from the electronic health 
record.1 These criteria were: blood pressure >140/90 
on 2 separate occasions, and evidence of at least 1+ 
proteinuria in urine after 20 weeks gestation.1 In this 
study, eclampsia and hemolysis, elevated liver en-
zymes, and low platelets syndrome were included in 
the diagnosis of preeclampsia.26 Gestational hyper-
tension was not included in the definition because of 
>10% missingness of this variable. Women with ges-
tational hypertension were classified as not having 
preeclampsia.

We defined the subsequent pregnancy outcomes 
based on the preeclampsia status at the index and 
subsequent pregnancies: “never preeclampsia,” no 
preeclampsia at either the index or subsequent preg-
nancy; “incident preeclampsia,” no preeclampsia at 
the index pregnancy, preeclampsia at the subsequent 
pregnancy; “nonrecurrent preeclampsia,” preeclamp-
sia at the index pregnancy, no preeclampsia at the 
subsequent pregnancy; or “recurrent preeclamp-
sia,” preeclampsia at both the index and subsequent 
pregnancy.

Other Covariates
We calculated the time interval between pregnancies, 
the interpregnancy BMI change, and the interpreg-
nancy percent weight change. Maternal age at delivery 
and parity were obtained from the electronic health re-
cord. Maternal race/ethnicity, education level, income 
level, marital status, smoking history, alcohol use his-
tory, lifetime stress, and stress during the index preg-
nancy were obtained from the study questionnaire and 
maternal interview.

Statistical Analysis
We performed χ2 and t tests to describe differences 
between groups based on preeclampsia status at 
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subsequent pregnancy. For the main analysis, we 
created unadjusted log- binomial models to estimate 
RRs to evaluate the association between each of the 
cardiometabolic risk factors and risk of incident and 
recurrent preeclampsia. For Aim 1, which focused 
on the outcome of incident preeclampsia, the refer-
ence group was no preeclampsia. For Aim 2, which 
focused on the outcome of recurrent preeclampsia, 
the reference group was nonrecurrent preeclampsia. 
All models were unadjusted because of small cell 
sizes.

Because parity is an important consideration 
in assessing preeclampsia risk (eg, nulliparous 
women have higher risk of preeclampsia17) and be-
cause not all women enrolled in the study had con-
secutive live births, nor were they all nulliparous, we 
performed a sensitivity analysis restricted to nullip-
arous women with a parity difference of 1 (indicat-
ing a consecutive pregnancy). We also examined 
the combined effect of obesity and chronic hyper-
tension, as well as obesity and DM, as additional 
sensitivity analysis.

We used simple imputation (using means to replace 
continuous variables and highest frequency categories 
to replace categorical variables) for missing variables if 
the missingness was <5% and assumed to be missing 
at random. This technique approximates multiple im-
putation for variables missing <5%.

All analyses were conducted using Stata version 15 
(StataCorp, College Station, TX).

RESULTS
Of the 7890 women in the parent study, 618 women 
had an index and subsequent pregnancy captured 
(Figure 1). Among the 540 without preeclampsia at the 
index pregnancy, 36 (7%) women had incident preec-
lampsia at the subsequent pregnancy. Among the 78 
women with preeclampsia in the index pregnancy, 33 
(42%) had recurrent preeclampsia at the subsequent 
pregnancy.
Table  1 shows the baseline characteristics by pre-
eclampsia status at the index and subsequent preg-
nancy. The racial/ethnic distribution was similar across 
groups. Women from racial/ethnic minorities were the 
majority across all diagnoses, with non- Hispanic Black 
women representing 61% of the sample, followed 
by Hispanic women (23%), White women (8%), and 
women from other racial and ethnic groups (7%).

Compared with women with never preeclampsia, 
women with incident preeclampsia were older at both 
their index (aged 29.4 years; SD, 5.2 years versus aged 
26.2 years; SD, 5.7 years) and subsequent pregnan-
cies. They were also less likely to be nulliparous at 
the index pregnancy (33% versus 54%). Women with 

incident preeclampsia (versus never preeclampsia) 
had a higher mean BMI before the index pregnancy 
(29.6  kg/m2; SD, 9.9  kg/m2 versus 25.7  kg/m2; SD, 
6.3  kg/m2), as well as before the subsequent preg-
nancy (31.8 kg/m2; SD, 6.8 kg/m2 versus 27.2 kg/m2; 
SD, 6.4 kg/m2).

Compared with women with nonrecurrent pre-
eclampsia, women with recurrent preeclampsia had a 
higher mean BMI before both their index (29.5 kg/m2; 
SD, 7.1 kg/m2) versus (25.0 kg/m2; SD, 5.3 kg/m2) and 
subsequent (30.0 kg/m2; SD, 6.4 kg/m2 versus 27.1 kg/
m2; SD, 4.7 kg/m2) pregnancies.

Table  2 compares prepregnancy, pregnancy, and 
interpregnancy cardiometabolic risk factors for women 
by preeclampsia status at index and subsequent preg-
nancy. We assessed the Aim 1 outcome of incident 
preeclampsia. Compared with women with never pre-
eclampsia, women with incident preeclampsia had 
higher proportions of all measured preindex and inter-
pregnancy cardiometabolic risk factors. There were no 
differences in the during index pregnancy risk factors 
between women with never versus incident preeclamp-
sia. However, the proportion of women with new in-
terpregnancy hypertension was significantly higher 
among women with incident preeclampsia compared 
with never preeclampsia (24% versus 4%). Women with 
incident preeclampsia also had a higher proportion of 
preterm birth and low- birth- weight infants in their sub-
sequent pregnancies (64% and 67%, respectively) 
compared with women with never preeclampsia (25% 
and 23%, respectively).

We assessed the Aim 2 outcome of recurrent pre-
eclampsia. Compared with women with nonrecurrent 
preeclampsia, women with recurrent preeclampsia 
had higher proportions of obesity before index preg-
nancy (30% versus 13%). There were no other signifi-
cant differences between any of the preindex or during 
index pregnancy risk factors. However, women with re-
current preeclampsia (versus nonrecurrent preeclamp-
sia) had a higher proportion of new interpregnancy 
chronic hypertension (40% versus 8%). In their subse-
quent pregnancy, women with recurrent preeclampsia 
had a higher proportion of preterm birth and low- birth- 
weight infants (63% and 48%, respectively) compared 
with women with nonrecurrent preeclampsia (29% and 
24%, respectively).

Risk of Incident and Recurrent 
Preeclampsia Using Regression Models
Figure  2 shows the results of log binomial regres-
sion assessing the unadjusted relative risk of incident 
preeclampsia (Figure 2A) and recurrent preeclampsia 
(Figure 2B) associated with preindex pregnancy, dur-
ing pregnancy, and interpregnancy cardiometabolic 
risk factors.
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Outcome of Incident Preeclampsia (Study Aim 1)

Compared with women with a normal preindex preg-
nancy BMI, women with preindex pregnancy obesity 
had a 2- fold greater risk of incident preeclampsia (un-
adjusted RR, 2.2 [95% CI, 1.1– 4.5]). Women with prein-
dex pregnancy chronic hypertension and chronic DM 
were more likely to have incident preeclampsia com-
pared with women without these risk factors (chronic 
hypertension unadjusted RR, 7.9 [95% CI, 4.1– 15.3]; 
DM unadjusted RR, 5.2 [95% CI, 2.5– 11.1]).

Additionally, we performed a sensitivity analysis 
to evaluate the individual and combined association 
of obesity and hypertension, and obesity and DM for 
incident preeclampsia. Women with chronic hyper-
tension alone, obesity alone, and both hypertension 
and obesity had higher risk for incident preeclampsia, 

compared with those who had none of these risk fac-
tors (obesity unadjusted RR, 1.9 [95% CI, 0.87– 4.2], 
chronic hypertension unadjusted RR, 8.9 [95% CI, 3.4– 
23.1], both hypertension and obesity unadjusted RR, 
9.2 [95% CI, 4.0– 21.4]). Similarly, the risk of recurrent 
preeclampsia was higher with obesity alone, chronic 
DM alone, and both compared with none (obesity un-
adjusted RR, 1.8 [95% CI, 0.85– 4.0], chronic DM un-
adjusted RR, 3.9 [95% CI, 1.1– 14.5], both unadjusted 
RR, 7.9 [95% CI, 3.3– 18.6]).

There was no statistically significant association 
between cardiometabolic risk factors (GDM, preterm 
birth, and low birth weight) during the index pregnancy 
and incident preeclampsia.

Women with new interpregnancy hypertension 
(versus those without) were 6 times more likely to 

Figure 1. Flowchart of sample included in the analysis.
 

7,890
Eligible mother-infant pairs enrolled at 

birth as part of molecular epidemiological 
study of preterm birth, with births 
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have incident preeclampsia (unadjusted RR, 6.1 
[95% CI, 2.9– 13]). Neither interpregnancy obesity 
nor chronic DM were significantly associated with 
incident preeclampsia. Women with incident pre-
eclampsia gained more weight in between pregnan-
cies than those with never preeclampsia (2.1- unit 
BMI increase versus 1.6- unit BMI increase, respec-
tively), and this trend was apparent regardless of 
index pregnancy obesity categories (ie, normal 
weight, overweight, and obese). Neither interpreg-
nancy percent weight change nor interpregnancy 

interval was significantly associated with incident 
preeclampsia.

Outcome of Recurrent Preeclampsia (Study Aim 2)

Compared with women with a normal preindex preg-
nancy BMI, women with preindex pregnancy over-
weight or obesity were 3 times more likely to have 
recurrent preeclampsia (overweight unadjusted RR, 
3.0 [95% CI, 1.4– 6.6]; obese unadjusted RR, 3.1 [95% 
CI, 1.5– 6.7]). The other preindex pregnancy cardiomet-
abolic risk factors were not associated with recurrent 

Figure 2. Risk ratios and 95% CIs for incident preeclampsia (A) and recurrent preeclampsia (B) by prepregnancy, 
pregnancy, and interpregnancy cardiometabolic risk factors.
Asterisk denotes statistical significance at a p value <.05. BMI indicates body mass index.
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preeclampsia, and tests to evaluate the individual and 
combined association between chronic hypertension 
and obesity, and between chronic DM and obesity, 
did not meet statistical significance. We conducted a 
sensitivity analysis showing the ratios of hypertension 
in each BMI category (Table S1). However, because of 
small cell sizes with 2 strata we could not draw mean-
ingful conclusions.

There was no statistically significant association 
between the during index pregnancy cardiometabolic 
risk factors (GDM, preterm birth, and low birth weight) 
and recurrent preeclampsia.

Women with interpregnancy hypertension had a 
2- fold greater risk of recurrent preeclampsia, com-
pared with women without hypertension (unadjusted 
RR, 2.4 [95% CI, 1.5– 3.9]). Interpregnancy obesity and 
DM were not significantly associated with recurrent 
preeclampsia. Women with recurrent preeclampsia 
had less weight gain between pregnancies than those 
with nonrecurrent preeclampsia (4.4- unit BMI increase 
versus 11.5- unit BMI increase), and this trend was ap-
parent regardless of index pregnancy obesity category 
(ie, normal weight, overweight, and obese). Neither in-
terpregnancy weight change nor interpregnancy inter-
val was associated with a statistically significant risk 
of recurrent preeclampsia. In a sensitivity analysis re-
stricting our sample to nulliparous women with a parity 
difference of 1 (reflecting consecutive pregnancies), 
the inferences did not change.

DISCUSSION
In this racially and ethnically diverse cohort of women 
with both index and subsequent pregnancy data cap-
tured, we found strong associations between preindex 
pregnancy and new interpregnancy cardiometabolic 
risk factors and both incident (Aim 1) and recurrent 
(Aim 2) preeclampsia in the subsequent pregnancy. 
For study Aim 1, preindex pregnancy obesity, DM and 
chronic hypertension independently and jointly influ-
enced the risk of incident preeclampsia at a subse-
quent pregnancy. Importantly, a new interpregnancy 
diagnosis of hypertension was associated with a 6- fold 
greater risk of incident preeclampsia. We also showed 
that the combined effect of obesity with other cardio-
metabolic risk factors (chronic hypertension and DM) 
was associated with higher risk of incident preeclamp-
sia. For study Aim 2, a diagnosis of overweight and 
obesity before the index pregnancy, as well as inter-
pregnancy hypertension, were associated with recur-
rent preeclampsia. There was no statistically significant 
combined effect of obesity with other cardiometa-
bolic risk factors and risk of recurrent preeclampsia. 
Pregnancy risk factors, including preterm birth, hav-
ing a low- birth- weight infant, and GDM, were not as-
sociated with incident or recurrent preeclampsia in a 

subsequent pregnancy. Interpregnancy risk factors, 
such as interpregnancy interval and interpregnancy 
weight change, were also not associated with incident 
or recurrent preeclampsia in a subsequent pregnancy.

Similar to other recent studies, we found strong 
associations between preexisting prepregnancy car-
diometabolic risk factors including obesity, hyper-
tension, and DM, and both incident and recurrent 
preeclampsia.27– 29 In addition, we were able to evalu-
ate the timing of risk- factor acquisition (preindex preg-
nancy versus interpregnancy) and by doing so offered 
a life course perspective that considered reproduc-
tive health in the longitudinal development of chronic 
disease and adverse pregnancy outcomes. We also 
stratified our analysis by preeclampsia status at index 
pregnancy, which helped define a high- risk group of 
women with recurrent preeclampsia.

In Aim 1, we focused on incident preeclampsia and 
showed that preindex pregnancy obesity, DM, and 
chronic hypertension, as well as new interpregnancy 
hypertension, were all associated with incident pre-
eclampsia. Although several other studies have as-
sessed obstetric risk factors associated with incident 
preeclampsia in a subsequent pregnancy, few have fo-
cused on prepregnancy cardiometabolic risk factors. 
Catov et al evaluated the population attributable risk of 
preexisting conditions on preeclampsia among 70 924 
women in a Danish cohort study and found similar 
importance of cardiometabolic risk factors.27 The in-
vestigators found that among multiparous women, 
having at least 1 identified risk factor (ie, prior pre-
eclampsia, definite hypertension, obesity, or DM) was 
associated with over half of all cases of preeclampsia 
(52.2% [95% CI, 46.4– 57.9]). Prior preeclampsia (26%) 
followed by obesity (11%) and overweight (8%) con-
tributed most, whereas DM (0.2%) and hypertension 
(1.3%) contributed negligible amounts. When history 
of prior preeclampsia was removed from the model, 
cardiometabolic risk factors accounted for nearly 30% 
of all preeclampsia case (29.6% [95% CI, 24.2– 35.4]).

In Aim 2 we focused on the outcome of recurrent 
preeclampsia. Our main finding was that preindex 
pregnancy overweight and obesity were strongly as-
sociated with recurrent preeclampsia, as well as a new 
diagnosis of interpregnancy hypertension, although 
to a lesser extent. Other studies have examined the 
outcome of recurrent preeclampsia. In a population- 
based cohort study of 103 860 mostly White women 
in Missouri with 2 or more deliveries, Mostello et al 
assessed risk factors associated with recurrent pre-
eclampsia.30 Similar to our findings, the investigators 
found that women with preindex pregnancy overweight 
and obesity had higher risk of recurrent preeclampsia 
(14% and 19.3%, respectively) compared with women 
with normal weight (11.2%). In a large hospital- based 
study of 26 613 nulliparous women, Boghossian and 
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colleagues also found that prepregnancy obesity was 
associated with recurrent preeclampsia (though to a 
lesser extent and without the dose response that was 
seen with incident preeclampsia).19 In this study, the 
risk of recurrent preeclampsia was highest among 
women with obese class I (obese class I women RR, 
1.60 [95% CI, 1.06– 2.42]). Neither studies considered 
independent associations of other cardiometabolic risk 
factors such as chronic hypertension or chronic DM.

Our null findings related to the pregnancy- associated 
cardiometabolic risk factors and preeclampsia risk are 
inconsistent with prior research.31,32 For example, in a 
retrospective, population- based, nested case- control 
study, Wainstock et al evaluated risk factors for inci-
dent preeclampsia in a subsequent pregnancy among 
40  673 Israeli women.32 The investigators reported 
significant independent associations between low- 
birth- weight infant, preterm birth, GDM, and incident 
preeclampsia. They also found the odds of incident 
preeclampsia increased with 2 or more pregnancy 
complications versus 1 or none. It is likely that we were 
underpowered to detect the influence of these preg-
nancy complications, and larger studies in diverse, 
higher- risk populations such as ours are needed to 
understand how index pregnancy complications may 
also contribute to preeclampsia risk in subsequent 
pregnancies.

In terms of interpregnancy interval, we did not find 
an association with either incident or recurrent pre-
eclampsia. However, prior literature shows that ex-
treme interpregnancy intervals (either too short [eg, 
<6 months] or too long [eg, >5– 10 years]) are associ-
ated with adverse outcomes such as placental abrup-
tion in women with a history of cesarean section, 
GDM, and preterm birth.33 Accordingly, the American 
College of Obstetrics and Gynecology and the Society 
of Maternal Fetal Medicine recommend avoiding preg-
nancy intervals <6 to 18 months and >5 to 10 years.34

Our study did not show a statistically significant as-
sociation between interpregnancy weight change and 
recurrent preeclampsia. When these results were strat-
ified by obesity class, the 16 obese women who de-
veloped recurrent preeclampsia paradoxically had lost 
more weight (−5.8% loss of body weight) than the 11 
obese women with nonrecurrent preeclampsia (+2.1% 
gain of body weight) (shown in Table  2). The weight 
loss of 5% to 6% of their body weight is consistent with 
current recommendations that recommend a weight- 
loss target of 5% to 10% body weight to reduce meta-
bolic abnormalities and adverse pregnancy outcomes 
such as preeclampsia.35– 37 These findings may be 
explained by the fact that women with recurrent pre-
eclampsia had a higher preindex pregnancy BMI than 
women with nonrecurrent preeclampsia and so may 
be more inclined to attempt to lose weight. Notably, 
in a cross- sectional study assessing the prepregnancy 

lifestyle and weight behaviors of 223 pregnant women, 
Lang and colleagues found that 77% of obese women 
compared with 38% overweight and 16% of normal 
weight women reported trying to lose weight before 
pregnancy.38 However in our small sample, this weight 
loss did not impact their risk of recurrent preeclamp-
sia, possibly because of the complexity of risk factors 
for preeclampsia. Importantly, because of the small 
sample size, this analysis was only exploratory, and 
we are unable to draw conclusions about the effect of 
interpregnancy weight change on future preeclampsia 
incidence.

In women without preeclampsia at index preg-
nancy, we see perhaps more expected findings related 
to interpregnancy weight change. Women with a lower 
BMI at the subsequent pregnancy and no preeclamp-
sia had greater interpregnancy weight loss compared 
with women with incident preeclampsia.

Our results suggest the need to further evaluate the 
role of intensive and targeted interpregnancy weight 
loss strategies in high- risk groups of women, such as 
women with prepregnancy obesity and women with a 
history of prior preeclampsia. Our findings also sug-
gest that regardless of women’s preeclampsia history, 
postpartum weight reduction may improve subsequent 
pregnancy outcomes.

Clinical Implications
We identified important clinical implications and targets 
for future intervention and screening. First, obesity that 
impacts preeclampsia risk both directly and indirectly 
through its association with other cardiometabolic 
risk factors for preeclampsia such as prepregnancy 
chronic hypertension and DM, is a high- yield target 
for intervention. Prepregnancy obesity is an important 
risk factor for both incident and recurrent preeclamp-
sia; thus, prepregnancy and interpregnancy weight 
loss may reduce the risk of preeclampsia among 
women with obesity. We did not show a statistically 
significant effect of interpregnancy weight change 
and preeclampsia in subsequent pregnancy, because 
we did not have an adequate sample size to address 
this question. Thus, this question remains to be de-
termined by future larger studies. A recently published 
meta- analysis of 12 observational studies, represent-
ing 415  605 women, showed that interpregnancy 
weight loss reduced risk of hypertensive disorders of 
pregnancy, including preeclampsia (10% risk reduction 
for gestational hypertension and 7% risk reduction for 
preeclampsia).39

Behavioral interventions aimed at prepregnancy and 
interpregnancy weight reduction among women with 
overweight or obesity may be an important compo-
nent of risk reduction and may also reduce risk of other 
obesity- related cardiometabolic risk factors, which are 
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also risk factors for preeclampsia, such as chronic hy-
pertension and chronic DM. However behavioral inter-
ventions targeting obesity may be challenging to deliver 
and sustain, and innovative multilevel approaches are 
needed that include community- informed adaptation 
of evidence– based lifestyle interventions,40,41 commu-
nity health worker or peer- supported interventions,42,43 
and electronic health technologies with culturally rele-
vant messaging for diverse populations.44 Escalation 
beyond behavioral interventions (eg, antiobesity med-
ication or surgical options) should also be considered 
among women with a BMI>27 and cardiometabolic 
risk factors who fail to improve with behavioral inter-
ventions alone.45 However, women who pursue these 
options before pregnancy need an adequate contra-
ceptive plan in place, because antiobesity medication 
and surgical weight loss therapy are contraindicated 
during pregnancy.

Second, related to hypertension, there is an oppor-
tunity for behavioral interventions for prevention and 
enhanced screening around the time of pregnancy 
for high- risk groups. For women without a history of 
preeclampsia, interpregnancy lifestyle interventions to 
target the risk factors for chronic hypertension devel-
opment (eg, obesity and chronic DM) could potentially 
reduce the risk of these diseases as well as incident 
preeclampsia in a subsequent pregnancy.46 This may 
be especially important among women with multiple 
prepregnancy or pregnancy- acquired cardiometabolic 
risk factors.47,48 Women with a history of preeclampsia 
in a prior pregnancy represent a group at a uniquely 
high risk for postpartum or new interpregnancy hyper-
tension development, as well as future cardiovascu-
lar disease.15,49 In a large Danish cohort of 482 972 
women without preexisting hypertension, Behrens and 
colleagues showed compelling evidence that the risk of 
hypertension following a hypertensive disorder of preg-
nancy is highest in the early postpartum period (within 
the first year).49 These findings, along with numerous 
others studies,9,50,51 consistently show increased risk 
of early cardiovascular disease following a hyperten-
sive disorder of pregnancy. Together, they highlight the 
role for postpartum and ongoing screening for hyper-
tension and other cardiovascular disease risk factors in 
women with a history of preeclampsia.16,52,53

Related to the combined effect of obesity and other 
cardiometabolic risk factors, we found a statistically 
significant combined effect in risk for incident, but not 
recurrent, preeclampsia. The lack of statistically signif-
icant risk for recurrent preeclampsia associated with 
the combined effect of obesity and other cardiometa-
bolic risk factors may be attributable to small sample 
size. Larger studies are needed to evaluate the impact 
of multiple cardiometabolic risk factors on risk of recur-
rent preeclampsia. Regardless, the strong evidence 
supporting associations between obesity and other 

cardiometabolic risk factors, including preeclampsia, 
further underscores the potential impact of weight loss 
among women of childbearing age who are obese.45,54

Limitations
There are several limitations of this study. First, we 
sought to identify women who had 2 pregnancies 
captured in the Boston Birth Cohort, which limited the 
sample size and our ability to conduct robust multivari-
ate analysis and fully control for confounding. Second, 
our sample represents a high- risk group of women, the 
prevalence of incident preeclampsia was 7%, and re-
current preeclampsia was 42%. These rates are 2-  to 4- 
fold higher than rates reported in larger studies.19,30,55,56 
These differences likely reflect both the higher overall 
risk of the women included in our study, because the 
parent study recruited women with low birth weight and 
preterm birth infants, as well as the higher proportion 
of women with comorbid conditions. The characteris-
tics of our study sample may limit external validity but 
highlight the importance of cardiometabolic risk factors 
and preeclampsia outcomes among an increasingly di-
verse and chronic disease- laden US population. Third, 
prepregnancy weight is self- reported in this study, which 
is subject to recall bias. Also, multiple studies have 
shown that women are more likely to underreport their 
weight and overreport their height leading to lower re-
ported BMIs.57,58 If this was the case, our results would 
be potentially biased toward the null. However, given 
the previous validation of prepregnancy weight against 
documented electronic health record weight with high 
Pearson correlation coefficient (0.93),23 we believed 
the use of self- reported prepregnancy weight was ac-
ceptable and would not meaningfully change the infer-
ences. Finally, although the duplicate enrollment of the 
618 women occurred by chance, there is the possibility 
of selection bias at the stage when subjects were se-
lected into this study. To assess for this, we compared 
the study population to the parent study population 
(Table S2). The 2 groups were not significantly different 
in terms of the proportion of women with obesity and 
chronic hypertension; however, there were other nota-
ble differences at index pregnancy such as the parent 
study participants were older, had a lower proportion of 
Black women, lower proportion of nulliparous women, 
and higher proportion of pregnancies complicated by 
GDM, preterm birth, and low- birth- weight infant, all 
of which are associated with an increased the risk of 
preeclampsia, which in turn is associated with preterm 
delivery and low- birth- weight infants.

CONCLUSIONS
Providers who care for women of childbearing age and 
manage chronic disease should take into account a 
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history of pregnancy complications such as preec-
lampsia, and consider pursuing programs focused on 
prevention and management of cardiometabolic risk 
factors in the prepregnancy and interpregnancy peri-
ods. Such strategies have the potential to improve fu-
ture pregnancy outcomes and long- term health. The 
challenge of how best to do this among underserved 
populations, such as those with low socioeconomic 
status and those who are from racially and ethnically 
underrepresented groups is not insignificant and will 
require multilevel, multimodal approaches. To advance 
a maternal health research agenda aimed at achieving 
health equity, future research should involve longitudi-
nal and life course– informed study designs, as well as 
test patient- centered interventions responsive to social 
and structural determinants of health.

ARTICLE INFORMATION
Received October 5, 2020; accepted April 7, 2021.

Affiliations
Department of Medicine, Division of General Internal Medicine (S.M.O., 
W.L.B.); Department of Pediatrics (X.W.); and Department of Gynecology and 
Obstetrics (J.H.), Johns Hopkins University School of Medicine, Baltimore, 
MD; Department of International Health (G.M.) and Center on the Early Life 
Origins of Disease, Department of Population, Family and Reproductive 
Health, Johns Hopkins University Bloomberg School of Public Health, 
Baltimore, MD (X.W., X.H., W.L.B.).

Sources of Funding
The Boston Birth Cohort (the parent study) is supported in part by Maternal 
and Child Health Bureau (UJ2MC31074) and the National Institutes of 
Health (R03HD096136, R21AI154233, R01HD086013, 2R01HD041702, 
R01HD098232, R01ES031272). The content is solely the responsibility of the 
authors and does not necessarily represent the official views of the funding 
agencies.

Disclosures
Dr. Ogunwole is supported by a training grant from the Health Resources 
and Services Administration (Institutional National Research Service Award 
T32HP10025BO). No other disclosures to report.

Supplementary Material
Tables S1– S2

REFERENCES
 1. The American College of Obstetricians and Gynecologists. ACOG 

practice bulletin no. 202: gestational hypertension and preeclampsia. 
Obstet Gynecol. 2019;133:e1– e25. DOI: 10.1097/AOG.00000 00000 
003018.

 2. Howell EA. Reducing disparities in severe maternal morbidity and mor-
tality. Clin Obstet Gynecol. 2018;61:387– 399. DOI: 10.1097/GRF.00000 
00000 000349.

 3. Hopkins FW, MacKay AP, Koonin LM, Berg CJ, Irwin M, Atrash HK. 
Pregnancy- related mortality in Hispanic women in the United States. 
Obstet Gynecol. 1999;94:747– 752. DOI: 10.1016/s0029 - 7844(99)00393 
- 2.

 4. Zhang J, Meikle S, Trumble A. Severe maternal morbidity associ-
ated with hypertensive disorders in pregnancy in the United States. 
Hypertens Pregnancy. 2003;22:203– 212. DOI: 10.1081/PRG- 12002 
1066.

 5. Shahul S, Tung A, Minhaj M, Nizamuddin J, Wenger J, Mahmood E, 
Mueller A, Shaefi S, Scavone B, Kociol RD, et al. Racial disparities in co-
morbidities, complications, and maternal and fetal outcomes in women 

with preeclampsia/eclampsia. Hypertens Pregnancy. 2015;34:506– 
515. DOI: 10.3109/10641 955.2015.1090581.

 6. Tucker MJ, Berg CJ, Callaghan WM, Hsia J. The black- white disparity 
in pregnancy- related mortality from 5 conditions: differences in prev-
alence and case- fatality rates. Am J Public Health. 2007;97:247– 251. 
DOI: 10.2105/AJPH.2005.072975.

 7. Rosenberg D, Geller SE, Studee L, Cox SM. Disparities in mortality 
among high risk pregnant women in illinois: a population based study. 
Ann Epidemiol. 2006;16:26– 32. DOI: 10.1016/j.annep idem.2005.04.007.

 8. Brown MC, Best KE, Pearce MS, Waugh J, Robson SC, Bell R. 
Cardiovascular disease risk in women with pre- eclampsia: systematic 
review and meta- analysis. Eur J Epidemiol. 2013;28:1– 19. DOI: 10.1007/
s1065 4- 013- 9762- 6.

 9. Egeland GM, Skurtveit S, Staff AC, Eide GE, Daltveit A- K, Klungsøyr K, 
Trogstad L, Magnus PM, Brantsæter AL, Haugen M. Pregnancy- related 
risk factors are associated with a significant burden of treated hyper-
tension within 10 years of delivery: findings from a population- based 
Norwegian cohort. J Am Heart Assoc. 2018;7:e008318. DOI: 10.1161/
JAHA.117.008318.

 10. Wu P, Haththotuwa R, Kwok CS, Babu A, Kotronias RA, Rushton C, 
Zaman A, Fryer AA, Kadam U, Chew- Graham CA, et al. Preeclampsia 
and future cardiovascular health: a systematic review and meta- 
analysis. Circ Cardiovasc Qual Outcomes. 2017;10:e003497. DOI: 
10.1161/CIRCO UTCOM ES.116.003497.

 11. Reddy S, Jim B. Hypertension and pregnancy: management and fu-
ture risks. Adv Chronic Kidney Dis. 2019;26:137– 145. DOI: 10.1053/j.
ackd.2019.03.017.

 12. Ying W, Catov JM, Ouyang P. Hypertensive disorders of pregnancy and 
future maternal cardiovascular risk. J Am Heart Assoc. 2018;7:e009382. 
DOI: 10.1161/JAHA.118.009382.

 13. Riise HKR, Sulo G, Tell GS, Igland J, Nygård O, Iversen AC, Daltveit AK. 
Association between gestational hypertension and risk of cardiovas-
cular disease among 617 589 Norwegian women. J Am Heart Assoc. 
2018;7:e008337. DOI: 10.1161/JAHA.117.008337.

 14. Riise HK, Sulo G, Tell GS, Igland J, Nygård O, Vollset SE, Iversen AC, 
Austgulen R, Daltveit AK. Incident coronary heart disease after pre-
eclampsia: role of reduced fetal growth, preterm delivery, and parity. J 
Am Heart Assoc. 2017;6:e004158. DOI: 10.1161/JAHA.116.004158.

 15. Stuart JJ, Tanz LJ, Missmer SA, Rimm EB, Spiegelman D, James- 
Todd TM, Rich- Edwards JW. Hypertensive disorders of pregnancy and 
maternal cardiovascular disease risk factor development: an observa-
tional cohort study. Ann Intern Med. 2018;169:224– 232. DOI: 10.7326/
M17- 2740.

 16. Paauw ND, van Rijn BB, Lely AT, Joles JA. Pregnancy as a critical win-
dow for blood pressure regulation in mother and child: programming 
and reprogramming. Acta Physiol. 2017;219:241– 259. DOI: 10.1111/
apha.12702.

 17. Bartsch E, Medcalf KE, Park AL, Ray JG. Clinical risk factors for pre- 
eclampsia determined in early pregnancy: systematic review and meta- 
analysis of large cohort studies. BMJ. 2016;353:i1753. DOI: 10.1136/
bmj.i1753.

 18. Duckitt K, Harrington D. Risk factors for pre- eclampsia at antenatal 
booking: systematic review of controlled studies. BMJ. 2005;330:1– 7. 
DOI: 10.1136/bmj.38380.674340.E0.

 19. Boghossian NS, Yeung E, Mendola P, Hinkle SN, Laughon SK, 
Zhang C, Albert PS. Risk factors differ between recurrent and inci-
dent preeclampsia: a hospital- based cohort study. Ann Epidemiol. 
2014;24:e873. DOI: 10.1016/j.annep idem.2014.10.003.

 20. Russ SA, Larson K, Tullis E, Halfon N. A lifecourse approach to health 
development: implications for the maternal and child health research 
agenda. Matern Child Health J. 2014;18:497– 510. DOI: 10.1007/s1099 
5- 013- 1284- z.

 21. Rich- Edwards JW, McElrath TF, Karumanchi SA, Seely EW. Breathing 
life into the lifecourse approach: pregnancy history and cardiovascu-
lar disease in women. Hypertension. 2010;56:331– 334. DOI: 10.1161/
HYPER TENSI ONAHA.110.156810.

 22. Wang X, Zuckerman B, Pearson C, Kaufman G, Chen C, Wang G, Niu 
T, Wise PH, Bauchner H, Xu X. Maternal cigarette smoking, metabolic 
gene polymorphism, and infant birth weight. JAMA. 2002;287:195– 202. 
DOI: 10.1001/jama.287.2.195.

 23. Zheng Z, Bennett WL, Mueller NT, Appel LJ, Wang X. Gestational weight 
gain and pregnancy complications in a high- risk, racially and ethnically 
diverse population. J Womens Health (Larchmt). 2019;28:375– 383. 
DOI: 10.1089/jwh.2017.6574.

https://doi.org/10.1097/AOG.0000000000003018
https://doi.org/10.1097/AOG.0000000000003018
https://doi.org/10.1097/GRF.0000000000000349
https://doi.org/10.1097/GRF.0000000000000349
https://doi.org/10.1016/s0029-7844(99)00393-2
https://doi.org/10.1016/s0029-7844(99)00393-2
https://doi.org/10.1081/PRG-120021066
https://doi.org/10.1081/PRG-120021066
https://doi.org/10.3109/10641955.2015.1090581
https://doi.org/10.2105/AJPH.2005.072975
https://doi.org/10.1016/j.annepidem.2005.04.007
https://doi.org/10.1007/s10654-013-9762-6
https://doi.org/10.1007/s10654-013-9762-6
https://doi.org/10.1161/JAHA.117.008318
https://doi.org/10.1161/JAHA.117.008318
https://doi.org/10.1161/CIRCOUTCOMES.116.003497
https://doi.org/10.1053/j.ackd.2019.03.017
https://doi.org/10.1053/j.ackd.2019.03.017
https://doi.org/10.1161/JAHA.118.009382
https://doi.org/10.1161/JAHA.117.008337
https://doi.org/10.1161/JAHA.116.004158
https://doi.org/10.7326/M17-2740
https://doi.org/10.7326/M17-2740
https://doi.org/10.1111/apha.12702
https://doi.org/10.1111/apha.12702
https://doi.org/10.1136/bmj.i1753
https://doi.org/10.1136/bmj.i1753
https://doi.org/10.1136/bmj.38380.674340.E0
https://doi.org/10.1016/j.annepidem.2014.10.003
https://doi.org/10.1007/s10995-013-1284-z
https://doi.org/10.1007/s10995-013-1284-z
https://doi.org/10.1161/HYPERTENSIONAHA.110.156810
https://doi.org/10.1161/HYPERTENSIONAHA.110.156810
https://doi.org/10.1001/jama.287.2.195
https://doi.org/10.1089/jwh.2017.6574


J Am Heart Assoc. 2021;10:e019612. DOI: 10.1161/JAHA.120.019612 15

Ogunwole et al Preeclampsia Across Pregnancies and Risk Factors

 24. Acosta A, Streett S, Kroh MD, Cheskin LJ, Saunders KH, Kurian M, 
Schofield M, Barlow SE, Aronne L. White paper AGA: Power -  prac-
tice guide on obesity and weight management, education, and re-
sources. Clin Gastroenterol Hepatol. 2017;15:e610. DOI: 10.1016/j.
cgh.2016.10.023.

 25. Hauspurg A, Ying W, Hubel CA, Michos ED, Ouyang P. Adverse preg-
nancy outcomes and future maternal cardiovascular disease. Clin 
Cardiol. 2018;41:239– 246. DOI: 10.1002/clc.22887.

 26. National High Blood Pressure Education Program Working Group on 
High Blood Pressure in Pregnancy. Report of the national high blood 
pressure education program working group on high blood pressure in 
pregnancy. Am J Obstet Gynecol. 2000;183:S1– S22.

 27. Catov JM, Ness RB, Kip KE, Olsen J. Risk of early or severe pre- 
eclampsia related to pre- existing conditions. Int J Epidemiol. 
2007;36:412– 419. DOI: 10.1093/ije/dyl271.

 28. Magnussen EB, Vatten LJ, Lund- Nilsen TI, Salvesen KA, Davey Smith 
G, Romundstad PR. Prepregnancy cardiovascular risk factors as 
predictors of pre- eclampsia: population based cohort study. BMJ. 
2007;335:978. DOI: 10.1136/bmj.39366.416817.BE.

 29. Hedderson MM, Darbinian JA, Sridhar SB, Quesenberry CP. 
Prepregnancy cardiometabolic and inflammatory risk factors and 
subsequent risk of hypertensive disorders of pregnancy. Am J Obstet 
Gynecol. 2012;207:68.e61– 68.e69. DOI: 10.1016/j.ajog.2012.05.017.

 30. Mostello D, Kallogjeri D, Tungsiripat R, Leet T. Recurrence of pre-
eclampsia: effects of gestational age at delivery of the first pregnancy, 
body mass index, paternity, and interval between births. Am J Obstet 
Gynecol. 2008;199:55.e1– 55.e7. DOI: 10.1016/j.ajog.2007.11.058.

 31. Rasmussen S, Ebbing C, Irgens LM. Predicting preeclampsia from a 
history of preterm birth. PLoS One. 2017;12:e0181016. DOI: 10.1371/
journ al.pone.0181016.

 32. Wainstock T, Sergienko R, Sheiner E. Who is at risk for preeclampsia? 
Risk factors for developing initial preeclampsia in a subsequent preg-
nancy. J Clin Med. 2020;9:1– 13. DOI: 10.3390/jcm90 41103.

 33. Gebremedhin AT, Regan AK, Malacova E, Marinovich ML, Ball S, Foo 
D, Pereira G. Effects of interpregnancy interval on pregnancy compli-
cations: Protocol for systematic review and meta- analysis. BMJ Open. 
2018;8:e025008. DOI: 10.1136/bmjop en- 2018- 025008.

 34. American College of Obstetricians and Gynecologists, Society for 
Maternal- Fetal Medicine. Obstetric care consensus no. 8: inter-
pregnancy care. Obstet Gynecol. 2019;133:e51– e72. DOI: 10.1097/
AOG.00000 00000 003025.

 35. Delcore L, Lacoursiere DY. Preconception care of the obese woman. 
Clin Obstet Gynecol. 2016;59:129– 139. DOI: 10.1097/GRF.00000 00000 
000182.

 36. The American College of Obstetricians and Gynecologists. ACOG 
practice bulletin no 156: obesity in pregnancy. Obstet Gynecol. 
2015;126:e112– e126. DOI: 10.1097/AOG.00000 00000 001211.

 37. Schummers L, Hutcheon JA, Bodnar LM, Lieberman E, Himes KP. Risk 
of adverse pregnancy outcomes by prepregnancy body mass index: 
a population- based study to inform prepregnancy weight loss coun-
seling. Obstet Gynecol. 2015;125:133– 143. DOI: 10.1097/AOG.00000 
00000 000591.

 38. Lang AY, Harrison CL, Boyle JA. Preconception lifestyle and weight- 
related behaviors by maternal body mass index: a cross- sectional 
study of pregnant women. Nutrients. 2019;11:1– 13. DOI: 10.3390/nu110 
40759.

 39. Martínez- Hortelano JA, Cavero- Redondo I, Álvarez- Bueno C, Sanabria- 
Martínez G, Poyatos- León R, Martínez- Vizcaíno V. Interpregnancy 
weight change and hypertension during pregnancy: a systematic review 
and meta- analysis. Obstet Gynecol. 2020;135:68– 79. DOI: 10.1097/
AOG.00000 00000 003573.

 40. Rosal MC, Haughton CF, Estabrook BB, Wang ML, Chiriboga G, 
Nguyen OHT, Person SD, Lemon SC. Fresh start, a postpartum weight 
loss intervention for diverse low- income women: design and methods 
for a randomized clinical trial. BMC Public Health. 2016;16:1– 8. DOI: 
10.1186/s1288 9- 016- 3520- 0.

 41. Nápoles AM, Stewart AL. Transcreation: an implementation science 
framework for community- engaged behavioral interventions to reduce 
health disparities. BMC Health Serv Res. 2018;18:1– 15. DOI: 10.1186/
s1291 3- 018- 3521- z.

 42. Ruff E, Analyst P, Sanchez D, Sinsi HC. Advancing health equity through 
community health workers and peer providers: mounting evidence and 
policy recommendations evidence for equity initiative. Center on Health 
Equity Action at Families. Available at https://familiesusa.org/resources/

advancing- health- equity- through- community- health- workers- and- 
peer- providers- mounting- evidence- and- policy- recommendations/. 
Accessed January 10, 2021.

 43. Ramchand R, Ahluwalia SC, Xenakis L, Apaydin E, Raaen L, Grimm 
G. A systematic review of peer- supported interventions for health pro-
motion and disease prevention. Prev Med. 2017;101:156– 170. DOI: 
10.1016/j.ypmed.2017.06.008.

 44. Christiansen PK, Skjøth MM, Rothmann MJ, Vinter CA, Lamont RF, 
Draborg E. Lifestyle interventions to maternal weight loss after birth: 
a systematic review. Systematic Reviews. 2019;8:1– 11. DOI: 10.1186/
s1364 3- 019- 1186- 2.

 45. Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato 
KA, Hu FB, Hubbard VS, Jakicic JM, Kushner RF, American College 
of Cardiology/American Heart Association Task Force on Practice 
Guidelines, Obesity Society, et al. 2013 AHA/ACC/TOS guideline 
for the management of overweight and obesity in adults: a report of 
the AMERICAN College of Cardiology/American Heart Association 
task force on practice guidelines and the obesity society. Circulation. 
2014;129:S102– S138. DOI: 10.1161/01.cir.00004 37739.71477.ee.

 46. Luke S, Kirby RS, Wright L. Postpartum weight retention and subse-
quent pregnancy outcomes. J Perinat Neonatal Nurs. 2016;34:292– 
301. DOI: 10.1097/JPN.00000 00000 000160.

 47. Dunlop AL, Dubin C, Raynor BD, Bugg GW Jr, Schmotzer B, Brann AW 
Jr. Interpregnancy primary care and social support for African- American 
women at risk for recurrent very- low- birthweight delivery: a pilot evaluation. 
Matern Child Health J. 2008;12:461– 468. DOI: 10.1007/s1099 5- 007- 0279- z.

 48. Arnett Donna K, Blumenthal Roger S, Albert Michelle A, Buroker 
Andrew B, Goldberger Zachary D, Hahn Ellen J, Himmelfarb Cheryl D, 
Khera A, Lloyd- Jones D, McEvoy JW, et al. 2019 ACC/AHA guideline 
on the primary prevention of cardiovascular disease: a report of the 
American College of Cardiology/American Heart Association task force 
on clinical practice guidelines. Circulation. 2019;140:e596– e646. DOI: 
10.1161/CIR.00000 00000 000678.

 49. Behrens I, Basit S, Melbye M, Lykke JA, Wohlfahrt J, Bundgaard H, 
Thilaganathan B, Boyd HA. Risk of post- pregnancy hypertension in 
women with a history of hypertensive disorders of pregnancy: nation-
wide cohort study. BMJ. 2017;358:j3078. DOI: 10.1136/bmj.j3078.

 50. Haug Eirin B, Horn J, Markovitz Amanda R, Fraser A, Vatten Lars J, 
Macdonald- Wallis C, Tilling K, Romundstad Pål R, Rich- Edwards Janet 
W, Åsvold BO. Life course trajectories of cardiovascular risk factors 
in women with and without hypertensive disorders in first pregnancy: 
the hunt study in Norway. J Am Heart Assoc. 2018;7:e009250. DOI: 
10.1161/JAHA.118.009250.

 51. Cain MA, Salemi JL, Tanner JP, Kirby RS, Salihu HM, Louis JM. 
Pregnancy as a window to future health: maternal placental syndromes 
and short- term cardiovascular outcomes. Am J Obstet Gynecol. 
2016;215:484.e481– 484.e414. DOI: 10.1016/j.ajog.2016.05.047.

 52. Arabin B, Baschat AA. Pregnancy: an underutilized window of opportu-
nity to improve long- term maternal and infant health- an appeal for con-
tinuous family care and interdisciplinary communication. Front Pediatr. 
2017;5:1– 18. DOI: 10.3389/fped.2017.00069.

 53. Smith GN, Pudwell J, Roddy M. The maternal health clinic: a new win-
dow of opportunity for early heart disease risk screening and interven-
tion for women with pregnancy complications. J Obstet Gynaecol Can. 
2013;35:831– 839. DOI: 10.1016/S1701 - 2163(15)30841 - 0.

 54. Lopez- Jaramillo P, Barajas J, Rueda- Quijano SM, Lopez- Lopez C, Felix 
C. Obesity and preeclampsia: common pathophysiological mecha-
nisms. Front Physiol. 2018;9:1– 10. DOI: 10.3389/fphys.2018.01838.

 55. Mostello D, Jen Chang J, Allen J, Luehr L, Shyken J, Leet T. Recurrent 
preeclampsia: the effect of weight change between pregnancies. 
Obstet Gynecol. 2010;116:667– 672. DOI: 10.1097/AOG.0b013 e3181 
ed74ea.

 56. Basso O, Christensen K, Olsen J. Higher risk of pre- eclampsia after 
change of partner. An effect of longer interpregnancy intervals? 
Epidemiology. 2001;12:624– 629. DOI: 10.1097/00001 648- 20011 
1000- 00008.

 57. Hodge JM, Shah R, McCullough ML, Gapstur SM, Patel AV. Validation 
of self- reported height and weight in a large, nationwide cohort 
of U.S. adults. PLoS One. 2020;15:e0231229. DOI: 10.1371/journ 
al.pone.0231229.

 58. Luo J, Thomson CA, Hendryx M, Tinker LF, Manson JE, Li Y, Nelson DA, 
Vitolins MZ, Seguin RA, Eaton CB, et al. Accuracy of self- reported weight 
in the women’s health initiative. Public Health Nutr. 2019;22:1019– 1028. 
DOI: 10.1017/S1368 98001 8003002.

https://doi.org/10.1016/j.cgh.2016.10.023
https://doi.org/10.1016/j.cgh.2016.10.023
https://doi.org/10.1002/clc.22887
https://doi.org/10.1093/ije/dyl271
https://doi.org/10.1136/bmj.39366.416817.BE
https://doi.org/10.1016/j.ajog.2012.05.017
https://doi.org/10.1016/j.ajog.2007.11.058
https://doi.org/10.1371/journal.pone.0181016
https://doi.org/10.1371/journal.pone.0181016
https://doi.org/10.3390/jcm9041103
https://doi.org/10.1136/bmjopen-2018-025008
https://doi.org/10.1097/AOG.0000000000003025
https://doi.org/10.1097/AOG.0000000000003025
https://doi.org/10.1097/GRF.0000000000000182
https://doi.org/10.1097/GRF.0000000000000182
https://doi.org/10.1097/AOG.0000000000001211
https://doi.org/10.1097/AOG.0000000000000591
https://doi.org/10.1097/AOG.0000000000000591
https://doi.org/10.3390/nu11040759
https://doi.org/10.3390/nu11040759
https://doi.org/10.1097/AOG.0000000000003573
https://doi.org/10.1097/AOG.0000000000003573
https://doi.org/10.1186/s12889-016-3520-0
https://doi.org/10.1186/s12913-018-3521-z
https://doi.org/10.1186/s12913-018-3521-z
https://doi.org/10.1016/j.ypmed.2017.06.008
https://doi.org/10.1186/s13643-019-1186-2
https://doi.org/10.1186/s13643-019-1186-2
https://doi.org/10.1161/01.cir.0000437739.71477.ee
https://doi.org/10.1097/JPN.0000000000000160
https://doi.org/10.1007/s10995-007-0279-z
https://doi.org/10.1161/CIR.0000000000000678
https://doi.org/10.1136/bmj.j3078
https://doi.org/10.1161/JAHA.118.009250
https://doi.org/10.1016/j.ajog.2016.05.047
https://doi.org/10.3389/fped.2017.00069
https://doi.org/10.1016/S1701-2163(15)30841-0
https://doi.org/10.3389/fphys.2018.01838
https://doi.org/10.1097/AOG.0b013e3181ed74ea
https://doi.org/10.1097/AOG.0b013e3181ed74ea
https://doi.org/10.1097/00001648-200111000-00008
https://doi.org/10.1097/00001648-200111000-00008
https://doi.org/10.1371/journal.pone.0231229
https://doi.org/10.1371/journal.pone.0231229
https://doi.org/10.1017/S1368980018003002


 

 

 

 

 

 

 

SUPPLEMENTAL MATERIAL 



BMI=body mass index; SD=standard deviation 

Table S1. Sociodemographic Characteristics at INDEX Pregnancy (parent study participants 

vs. analytic sample participants) 

Overall Study Sample Excluded Sample  p-value

N (column %) 7890 618 (counted twice) 7272 

Race <0.001 

Non-Hispanic Black 4,012 (51) 380 (62) 3,632 (50) 

Hispanic 2,281 (29) 143 (23) 2,138 (30) 

White 948 (12) 52 (8) 896 (12) 

Other 649 (8) 43 (7) 606 (8) 

Maternal age (years); mean (±SD) 28.0±6.5 26.3± 5.8 28.2±6.5 <0.001 

Parity at index <0.001 

0 3,662 (46) 337 (55) 3,325 (46) 

1 2,201 (28) 156 (25) 2,045 (28) 

>1 2,027 (26) 125 (20) 1,902 (26) 

Delivery Type 0.63 

Vaginal 5,282(67) 431 (70) 4,851 (67) 

Caesarean 2,519 (32) 185 (30) 2,334 (32) 

Unknown 89 (1.1) 2 (0.32) 87 (1.2) 

BMI (kilograms); mean (±SD) 26±5.7 26±6.6 26±5.9 0.20 

Obesity 0.82 

    Normal (BMI<25) 3,932 (50) 315 (51) 3,617 (50) 

    Overweight (BMI:25-29.9) 2,489 (32) 190 (31) 2,299 (32) 

    Obese (BMI>30) 1,469 (19) 113 (18) 1,356 (19) 

Chronic Hypertension 0.46 

No 7,447 (94) 589 (95) 6,858 (94) 

Yes 386 (5) 24 (4) 362 (5) 

    Unknown 57 (0.7) 5 (0.8) 57 (0.7) 

Pre-gestational Diabetes Mellitus <0.001 

No 7,129 (90) 591 (96) 6,538 (90) 

Yes 761 (10) 27 (4) 734 (10) 

Gestational Diabetes Mellitus <0.001 

    No 6,832 (87) 582 (94) 6,250(86) 

    Yes 1,058 (13) 36 (6) 1,022 (14) 

Preeclampsia Severity 0.023 

None 7,125 (90) 541 (88) 6,584 (90) 

Mild 290 (4) 34 (6) 256 (4) 

Severe 475 (6) 43 (7) 432 (6) 

Low birth weight infant Index  

>2500g 5,834 (74) 429 (69) 5405 (74) <0.001 

 <2500g 2056 (26) 189 (31) 1867 (26) 

Preterm birth Index pregnancy 0.016 

>37 weeks 5,767 (73) 426 (70) 5,341 (73) 

 <37 weeks 2,123 (27) 192 (31) 1,931 (27) 



 

BMI= body mass index; SD= standard deviation  

 

Table S2. Sociodemographic Characteristics at INDEX Pregnancy (parent study participants 

vs. analytic sample participants) 

    

  

 
Overall  Study Sample   Excluded Sample   p-value 

N (column %) 7890 618 (counted twice) 7272  
Race    <0.001 

Non-Hispanic Black  4,012 (51) 380 (62) 3,632 (50)  

Hispanic  2,281 (29) 143 (23) 2,138 (30)  

White  948 (12) 52 (8) 896 (12)  

Other  649 (8) 43 (7) 606 (8)  

Maternal age (years); mean (±SD) 28.0±6.5 26.3± 5.8 28.2±6.5 <0.001 

Parity at index    <0.001 

0 3,662 (46) 337 (55) 3,325 (46)  

1 2,201 (28) 156 (25) 2,045 (28)  

  >1 2,027 (26) 125 (20) 1,902 (26)  

Delivery Type    0.63 

Vaginal  5,282(67) 431 (70) 4,851 (67)  

Caesarean  2,519 (32) 185 (30) 2,334 (32)  

Unknown  89 (1.1) 2 (0.32) 87 (1.2)  

BMI (kilograms); mean (±SD) 26±5.7 26±6.6 26±5.9 0.20 

Obesity     0.82 

    Normal (BMI<25)               3,932 (50) 315 (51) 3,617 (50)  

    Overweight (BMI:25-29.9) 2,489 (32) 190 (31) 2,299 (32)  

    Obese (BMI>30) 1,469 (19) 113 (18) 1,356 (19)  

Chronic Hypertension     0.46 

No  7,447 (94) 589 (95) 6,858 (94)  

Yes 386 (5) 24 (4) 362 (5)  

    Unknown 57 (0.7) 5 (0.8) 57 (0.7)  

Pre-gestational Diabetes Mellitus     <0.001 

No 7,129 (90) 591 (96) 6,538 (90)  

Yes 761 (10) 27 (4) 734 (10)  

Gestational Diabetes Mellitus     <0.001 

    No 6,832 (87) 582 (94) 6,250(86)  

    Yes 1,058 (13) 36 (6) 1,022 (14)  

Preeclampsia Severity    0.023 

None 7,125 (90) 541 (88) 6,584 (90)  

Mild 290 (4) 34 (6) 256 (4)  

Severe  475 (6) 43 (7) 432 (6)  

Low birth weight infant Index       

 >2500g  5,834 (74) 429 (69) 5405 (74) <0.001 

 <2500g 2056 (26) 189 (31) 1867 (26)  

Preterm birth Index pregnancy     0.016 

 >37 weeks  5,767 (73) 426 (70) 5,341 (73)  

 <37 weeks 2,123 (27) 192 (31) 1,931 (27)  


