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Abstract

OBJECTIVE To assess the relationship between allostatic load in early pregnancy and CVD, 2 to 7 years postpartum, and
potential pathways contributing to racial disparities in CVDs. DESIGN Secondary analysis of an observational cohort study.
SETTING nuMom?2b Heart Health Study. POPULATION Pregnant individuals. METHODS Our primary exposure was
dichotomous high allostatic load in the first trimester, defined as four or more out of 12 biomarkers in the “worst” quartile. The
primary outcome was new diagnosis of composite CVD, consisting of HTN and or MD (fasting glucose greater than 100 mg/dL
or medication for diabetes). Each outcome and allostatic load component was analyzed secondarily. Multivariable logistic
regression was used to test the association between high allostatic load and CVD adjusted for potential confounders. Mediation
and moderation analyses assessed the role of high allostatic load in racial disparities of CVD. MAIN OUTCOME MEASURE
Composite CVD. RESULTS Among 4,022 individuals, CVD was identified in 1,462 (36.4%); 26.6% had HTN, and had 15.4%
MD. High allostatic load was present in 33.0%. After adjustment for covariates, high allostatic load was associated with CVD
(aOR 2.0, 1.8-2.3), HTN (2.1, 1.8-2.4), and MD (1.7, 1.5-2.1). There was a reduction in the magnitude of the relationship
between race and CVD with the addition of allostatic load. Self-reported race did not significantly moderate the relationship
between allostatic load and CVD. CONCLUSION High allostatic load is associated with CVD. Allostatic load was a partial
mediator between race and CVD. Race did not moderate the relationship between allostatic load and CVD.
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ABSTRACT:
OBJECTIVE

To assess the relationship between allostatic load in early pregnancy and CVD, 2 to 7 years postpartum,
and potential pathways contributing to racial disparities in CVDs.

DESIGN

Secondary analysis of an observational cohort study.
SETTING

nuMom2b Heart Health Study.

POPULATION

Pregnant individuals.

METHODS

Our primary exposure was dichotomous high allostatic load in the first trimester , defined as four or more
out of 12 biomarkers in the “worst” quartile. The primary outcome was new diagnosis of composite CVD,
consisting of HTN and or MD (fasting glucose greater than 100 mg/dL or medication for diabetes). Each
outcome and allostatic load component was analyzed secondarily. Multivariable logistic regression was used
to test the association between high allostatic load and CVD adjusted for potential confounders. Mediation
and moderation analyses assessed the role of high allostatic load in racial disparities of CVD.



MAIN OUTCOME MEASURE
Composite CVD.
RESULTS

Among 4,022 individuals, CVD was identified in 1,462 (36.4%); 26.6% had HTN, and had 15.4% MD. High
allostatic load was present in 33.0%. After adjustment for covariates, high allostatic load was associated with
CVD (aOR 2.0, 1.8-2.3), HTN (2.1, 1.8-2.4), and MD (1.7, 1.5-2.1). There was a reduction in the magnitude
of the relationship between race and CVD with the addition of allostatic load. Self-reported race did not
significantly moderate the relationship between allostatic load and CVD.

CONCLUSION

High allostatic load is associated with CVD. Allostatic load was a partial mediator between race and CVD.
Race did not moderate the relationship between allostatic load and CVD.

INTRODUCTION:

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality among individuals in the
United States (US).? Older age, obesity, smoking, use of opioids?, prior CVD, diabetes, high blood pressure,
thromboembolism, and previous adverse pregnancy outcomes (APOs) are risk factors for CVD. Racism and
inequities contribute to disparities in birth outcomes and CVD across an individual’s life course.? In addition,
chronic stress, a measure of cumulative wear and tear on the body’s adaptive system, can be estimated by
allostatic load (AL) and has been associated with increased odds of CVD.*

Pregnancy has been described as a window into future maternal health because of the significant anatomical,
physiological changes during pregnancy and the association between adverse pregnancy outcomes and subse-
quent CVD. ® 7 Chronic stress and allostatic load have been associated with adverse pregnancy outcomes.® ?
However, the relationship between chronic stress during pregnancy and subsequent CVD has not been as-
sessed.

Significant racial disparities exist in CVD events among pregnant individuals, and data on racial disparities
in CVD outcomes after pregnancy are limited. Chronic stress may, in part, explain racial disparities noted
in CVD, with higher rates noted in non-Hispanic Black individuals. * Compared to non-Hispanic White
individuals, non-Hispanic Black individuals have a higher risk of mortality, myocardial infarction, stroke,
pulmonary embolism, and peripartum cardiomyopathy. '°

We aimed to assess the relationship between allostatic load and CVD-related outcomes. We hypothesize that
allostatic load measured in early pregnancy is associated with subsequent maternal CVD-related outcomes.
Secondarily, we hypothesize that allostatic load during pregnancy may be a pathway that contributes to
racial disparities in subsequent CVD-related outcomes. .

METHODS:

The Nulliparous Pregnancy Outcomes Study: Monitoring mothers-to-be (nuMoM2b) is a geographically
diverse, prospective, observational cohort study in which 10,038 nulliparous individuals with singleton preg-
nancies were enrolled between October 2010 and September 2013. Individuals were eligible for enrollment
if they were nulliparous (no prior delivery at 20 weeks or later gestational age), had a viable singleton ges-
tation, had an estimated gestational age of pregnancy between 6°-13% weeks, and intended to deliver at a
participating clinical site. The study protocol included three study visits during pregnancy and a final visit
at the time of delivery. Maternal characteristics and other covariates were ascertained from baseline clinical
assessments, medical record abstraction, and standardized questionnaires by trained personnel. Details of
the study procedures have been described elsewhere. '! Each institutional review board approved the study,
and all participants gave written informed consent.

A follow-up study, nuMoM2b-Heart Health Study (HHS), included nuMoM2b participants 2 to 7 years after
the nuMoM2b index pregnancy. 4508 HHS participants completed an in-person cardiovascular risk factor



evaluation. HHS participants had not withdrawn from the primary parent study, had pregnancy outcome
data available, and agreed to follow-up contact at 6 month intervals beginning at least 6 months after
delivery of the index pregnancy. After the in-person study CVD visit, participants agreed to be contacted
at an interval of every 12 months. Biometric data, measurements, questionnaires, and bio-specimens were
obtained at the in-person nuMoM2b-HHS visit. Further details on the methods of the HHS have been
described elsewhere. 12

This study was a secondary analysis of the nuMoM2b-HHS cohort. We excluded participants for whom the
index pregnancy ended in fetal demise < 20 weeks or termination. Participants with missing 15 trimester
index pregnancy biomarker measurements, details of APOs, preexisting diabetes, chronic diabetes and other
missing delivery details at index pregnancy were excluded from the primary analysis. Chronic hypertension
and preexisting diabetes at the index pregnancy, were exclusion criteria from the primary analysis, but were
included in analyses of secondary outcomes MD and incident HTN, respectively.

Allostatic load biomarkers were processed from stored urine or serum samples, collected in the first trimester
during the nuMoM2b index pregnancy. Samples were stored at -80°C at a central core biorepository. Assays
were completed at the HHS core laboratory (Lundquist Institute, Torrance, CA) using standard protocols
on a Beckman AU480.

This study’s definition of allostatic load modifies the NHANES' 4 commonly used risk biomarkers by
adding triglycerides, insulin and glucose. Based on available data and assays, allostatic load was defined
using: clinically-measured (systolic blood pressure (SBP) diastolic blood pressure (DBP), and body mass
index (BMI) (kg/m2)), serum-measured (cholesterol (mg/dL), low-density lipoprotein (LDL) (mg/dL), high-
density lipoprotein (HDL) (mg/dL), high sensitivity C-reactive protein (hsCRP) (mg/dL), triglycerides
(mg/dL), insulin (ulU/mL), and glucose (mg/dL)) and urine-measured (creatinine (mg/dL) and albumin
(mg/dL)). Numerous variations and definitions of allostatic load that have been used, and one is not clearly
superior to another [14]. We decided to use biomarkers that were available in our dataset and had been used
in other definitions of allostatic load commonly utilized in studies of health disparities. These biomarkers
exemplify organ and tissue damage within the following physiological systems: cardiovascular, inflammation,
metabolic, and immune.!416

A high allostatic load score was defined as four or more out of 12 biomarkers in the worst quartile; the
'worst’ quartile was lowest for HDL and albumin and highest for the rest. 7 For each biomarker, if values
were at or above the worst quartile (high risk), that biomarker received a value score of ”1.” Values not in
the worst quartile were characterized as ”low risk” and given a value score of 70”. 3 The total allostatic
load score was summed for an allostatic load index ranging from 0 to 12. Low allostatic load was reported
as an allostatic load index of 4 or less, and high allostatic load was an allostatic load index of more than 4
since this threshold has been discriminatory. 7

The study’s primary outcome, a composite CVD-related outcome, consisted of hypertension (HTN), and
metabolic disorder (MD) newly diagnosed in the 2 to 7 years after the index pregnancy. The diagnostic
threshold for HTN was based on confirmed elevated or high clinical measurements of blood pressure (SBP
[?] 120 mm Hg, DBP [?] 80 mm Hg) or antihypertensive medication use. The diagnostic threshold for
MD cousisted of diabetes as diagnosed by a health care provider, fasting glucose levels >= 100 mg/dL, or
medication use for glucose control. Individually, HTN and MD were assessed as secondary outcomes and
were chosen due to their strong associations with CVD risk and mortality.'? Definitions for these outcomes
were standard and previously reported in detail.

Obstetric, medical history, clinical features of pregnancy, maternal demographic, and health behavior char-
acteristics, all measured during the index pregnancy, were evaluated as risk factors for CVD. Obstetric and
medical history included: gravida, prior miscarriages, and previous abdominal surgery. Clinical features of
pregnancy included bleeding in the first trimester. Maternal demographic and health behavior characteristics
included maternal age, education, smoking, federal poverty level, and health insurance status. We report
time between index pregnancy and HHS visit.



Non-Hispanic black race has been associated with chronic stress and allostatic load. 32 Thus, although race is
a social construct, we evaluated it as a proxy for social experience, systematic, racism, and other unmeasured
social determinants of health that potentially manifest through chronic stress. Outcomes were compared
between people of self-reported non-Hispanic Black race, and non-Hispanic White, Hispanic, Asian, Native
American, Native Hawaiian, Multiracial, and additional racial backgrounds. It was not possible to analyze
some groups separately due to small numbers.

Risk factors associated with the composite outcome were identified by testing differences in percentages with
chi-square between individuals with and without composite outcome. Unadjusted and adjusted odds ratios
(ORs) and 95% confidence interval (ClIs) were calculated from bi-variable logistic regression models between
individuals with and without composite outcome.

Our primary analysis assessed the association between allostatic load and composite outcome. Unadjusted
odds ratios (ORs) and 95% confidence interval (CIs) for the association of high allostatic load with composite
outcome were calculated from bi-variable logistic regression models. As secondary outcomes, we evaluated
each component of composite outcome in a separate model using a similar methodology. For multivariable
modeling of composite outcome, maternal age, smoking status, gravidity, the time between index pregnancy,
bleeding at the first trimester, and health insurance status were chosen either a priori based on reported
associations'® 20 or were risk factors with an association with the outcome of P-value <0.10. The same
covariates were used in the HTN model with the addition of preexisting diabetes and in the MD model
with the addition of chronic hypertension. As an additional exploratory analysis, we modeled each of the
twelve individual allostatic load component with three outcomes for a total of 36 comparisons. A sensitivity
analysis of the primary outcome was performed excluding blood pressure and insulin from the allostatic load
definition, and similarly for each secondary outcome allostatic load was redefined excluding blood pressure
and insulin separately.

To test whether allostatic load is a pathway that contributes to racial disparities in CVDs, we conducted a
four-step mediation analysis to test whether allostatic load is a mediator of the relationship between self-
reported race and composite outcome. We first examined the association of maternal race on composite
outcome (path ¢, Figure 2).21-23 Second, we examined the impact of maternal race on allostatic load (path
a, Figure 2). 2123 Third, we report the association between allostatic load with composite outcome (path b,
Figure 2). 21-23 In the final step, we assessed whether the race-composite outcome relationship was mediated
by allostatic load (path ¢’, Figure 2). We conducted a sensitivity analysis of the mediation examining the
association between allostatic load and composite outcome, limiting the analytical population to individuals
of non-Hispanic Black and non-Hispanic White race and ethnicity. This was repeated for secondary outcomes.

As an exploratory analysis, we tested whether there’s an effect modification by race between allostatic load
and composite outcome. In unadjusted and adjusted models of composite outcome, we tested for an inter-
action between race (non-Hispanic Black vs. “Non-Hispanic White, Hispanic, Asian, Native American, and
Native Hawaiian, multiracial and additional racial backgrounds”.) and high allostatic load. A significant
interaction would demonstrate a difference in the association between high allostatic load and CVD out-
comes for people of non-Hispanic Black race compared to people of “Non-Hispanic White, Hispanic, Asian,
Native American, and Native Hawaiian, multiracial and additional racial backgrounds”. (i.e., moderation).
We conducted a sensitivity analysis of the exploratory moderation examining the association, limiting the
analytical population to individuals of non-Hispanic Black and non-Hispanic White race and ethnicity. This
was repeated for secondary outcomes.

Data analyses were conducted using SAS 9.4 software (SAS Institute Inc., Cary, NC, USA). All tests were
performed at a significance level of p < 0.05, and all single degrees of freedom tests were 2-sided.

RESULTS:

The primary analysis included a total of 4,022 pregnant individuals (Figure 1). High allostatic load was
identified in 33.0% (n=1327) of individuals. Maternal age, race, gravidity, prior miscarriage, prior bleeding
at the first trimester, and insurance status were associated with high allostatic load (Table 1)



The composite outcome was identified in 36.4% (n=1,462) individuals; 1079 (26.6%) had HTN, and 636
(15.4%) had MD. The time between index pregnancy and HHS, maternal age, race, education, gravidity of
3 or more, smoking status, and government health insurance were associated with CVD outcomes, while
other maternal characteristics were not (Tables S1, S2, and S3). High allostatic load (OR= 2.1; 95% CI:
1.8-2.4) was significantly associated with composite outcome. After adjustment for the time between index
pregnancy and HHS, maternal age, race, education, smoking status, gravidity, smoking status, bleeding in
the first trimester, prior adverse pregnancy outcomes, and government health insurance status, allostatic
load remained significantly associated with composite outcome (aOR 2.0, 1.8-2.3), (Table 2).

Associations persisted in the analysis of both components of composite outcome. In bi-variable analysis,
a high allostatic load was associated with HTN (OR= 2.1; 95% CI: 1.8-2.4) and MD (OR= 1.9; 95% CI:
1.6-2.2). In an adjusted model, HTN and MD remained significantly associated with high allostatic load
(aOR= 2.1; 95% CI: 1.8-2.4), and (aOR= 1.7; 95% CI: 1.5-2.1), respectively. Results were similar in the
sensitivity analysis, where we included prior APOs: composite outcome (aOR = 1.9; 95% CI: 1.6-2.2), HTN
(aOR = 1.9, 95% CI: 1.6-2.2), and MD (aOR = 1.8, 95% CI: 1.5-2.1) (Table 2).

In the exploratory analyses, the individual components of allostatic load: BMI, DBP, SBP, triglycerides,
HDL, creatinine, and CRP, were significantly associated with composite outcome, HTN, and MD while
others were not. In addition, glucose was associated with composite outcome and MD, LDL was associated
with composite outcome, and HTN and total cholesterol were associated with composite outcome (Table
S4). In a sensitivity analysis, an allostatic load score excluding both DBP and SBP remained significantly
associated with composite outcome (aOR = 1.9, 95% CIL: 1.6-2.2), HTN (aOR = 1.7, 95% CI: 1.5-2.0).
Similarly, an allostatic load index excluding insulin remained significantly associated with MD (aOR = 1.9,
95% CI: 1.6-2.3) (Table ST7).

High allostatic load was a partial mediator in the association between race and composite outcome, but
not the individual components HTN or MD (Table 3). In greater detail, first, we established a significant
association between race and composite outcome (path ¢, Table 3), race and high allostatic load (path a, Table
3), and high allostatic load and composite outcome (path b, Table 3). The magnitude of the relationship
between race and composite outcome in the presence of high allostatic load was modestly smaller (path ¢’ vs.
path ¢, Table 3). For composite outcome components, HTN and MD, a significant association between race
and each outcome was present (path c¢). The association between race and high allostatic load is significant
(path a). The association between allostatic load and each component of CVD outcomes was significant
(path b). However, we did not see a reduction in the magnitude of the relationship between race and each
component of the composite outcome with the addition of high allostatic load. Thus, high allostatic load
was not demonstrated to mediate the association between race and HTN or MD (Table 3). In a sensitivity
mediation analysis where we restricted the population to examine the association of allostatic load and
CVD between non-Hispanic Black and non-Hispanic White individuals, results were similar in magnitude,
significance, and interpretation (Table S5).

In the exploratory analysis testing whether race moderates the relationship between allostatic load and
composite outcome, the association between allostatic load and CVD outcomes) was not significantly differ-
ent for non-Hispanic Black compared to “Non-Hispanic White, Hispanic, Asian, Native American, Native
Hawaiian, multiracial and additional racial backgrounds”. The interaction test (difference in the association
of high allostatic load and CVD outcomes by race) was not significant for any outcome in either unadjusted
or adjusted modeling. (Table 4), as such, race was not a significant moderator of the relationship between
allostatic load and composite outcome. In a sensitivity moderation analysis where we restricted the popu-
lation to examine the difference in association of allostatic load and CVD outcomes between non-Hispanic

Black and non-Hispanic White individuals, results were similar in magnitude, significance, and interpretation
(Table S6).

DISCUSSION:

In this prospective cohort study, high allostatic load in early pregnancy was associated with subsequent



composite outcome 2 to 7 years after delivery. After adjustment for covariates, high allostatic load was
significantly associated with composite outcome, HTN, and MD. Results were similar in sensitivity analysis,
where we adjusted for prior APOs. The components of allostatic load most strongly associated with CVD
outcomes in exploratory analyses were BMI, SBP, DBP, and CRP. These data support growing evidence
that cumulative stress is associated with subsequent CVD-related outcomes.

Others also have noted allostatic load as a risk factor for increased risk of contemporaneous coronary artery
disease, ischemic heart disease, and peripheral arterial disease. 2427 Similarly, individuals with type 2
diabetes, elevated blood pressure and worse glycemic control have higher allostatic load. 2427 Again, these
studies assessed contemporaneous allostatic load.3

Generally, subclinical higher levels of blood pressure and glucose metabolism are associated with subsequent
HTN and MD.?® As such blood pressure and metabolic parameters were individually associated with subse-
quent CVD and high allostatic load remained significantly associated with subsequent CVD, even when we
excluded blood pressure and insulin from the allostatic load index for the composite, HTN and MD.

Self-reported race has been included as a proxy for social experience, systematic and interpersonal racism,
and other unmeasured social determinants of health. As such allostatic load has been strongly associated
with the non-Hispanic Black race in several studies.??> 39 Black individuals reporting greater perceived racial
discrimination had a higher allostatic load. 3'However, one study noted that this was somewhat mitigated
by additional educational attainment. 32 We found that non-Hispanic Black race was associated with high
allostatic load and CVD outcomes. The addition of allostatic load only partially mediated the relationship
between race and CVD outcomes in our study and not between race and each component of the composite
outcome as such these associations were not significantly different by race.

Our study has several limitations. Our cohort lacks some generalizability since it was limited to nulliparous
individuals who could access tertiary medical care centers and had the means to participate in a complex
longitudinal study. This analysis was restricted to individuals in a follow-up study, introducing potential
bias in the cohort. Also, we only evaluated allostatic load during the first trimester of the index pregnancy.
Thus, we could not assess the trajectory relationship between allostatic load later in pregnancy or allostatic
load and CVD outcomes longitudinally. Also, we could not assess the impact of subsequent pregnancies
between the index pregnancy and HHS in person visit 2-7 years postpartum. Although we assessed a 12-
factor index and individual components of allostatic load, we did not assess other combination, including
additional metabolic and cardiovascular indicators that make up a broader allostatic load index, which may
be more robust for evaluating allostatic load and CVD.33

This study had notable strengths. We utilized a large, well-characterized prospective cohort with stan-
dardized data collection by trained research personnel. Outcomes used rigorous definitions, and physicians
adjudicated uncertain cases. "'Importantly, our population was geographically, racially, and ethnically di-
verse and is somewhat representative of the US population. Another strength is that each allostatic load
biomarker component was weighted equally, a scientifically sound approach. Evidence suggests no significant
difference between empirical and clinical cut-off assessments. 34

In summary, early pregnancy high allostatic load is associated with composite maternal CVD outcomes 2-7
years postpartum, particularly HT'N and MD. High allostatic load early in pregnancy could indicate increased
risk for subsequent HTN and MD. High allostatic load modestly mediated the association between self-
reported race and composite outcome, but not individual components of the composite outcome. Discovery
of early pregnancy biomarkers that are associated with increase long-term CVD risk might have impact on
public health. Thus, pathways contributing to allostatic load such as stress and inflammation should be
investigated as therapeutic targets intended to decrease CVD.
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Table 1: Demographic and clinical characteristics of individuals with high and low allostatic

loads.

Study cohort N (%)  High Allostatic Low Allostatic Load
Variables N = 4,022 Load [?7] 4N =1327 < 4 N = 2695 P-value
Time elapsed 3.2 £0.9 3.2+0.9 3.2+0.9 0.393
from index
pregnancy

10



Study cohort N (%)  High Allostatic Low Allostatic Load

Variables N = 4,022 Load [?7] 4N =1327 < 4 N = 2695 P-value
Maternal Age >= 378 (9.4) 142 (10.7) 236 (9.0) 0.047
35

Race 495 (12.3) 181 (13.6) 314 (11.7) 0.071
(Non-Hispanic

Black)

Education (Some 1506 (37.4) 568 (42.8) 938 (34.8) <0.001
college or less)

Gravidity >= 3 248 (6.2) 94 (7.1) 154 (5.7) 0.089
Smoking 625 (15.6) 235 (17.7) 390 (14.5) 0.008
Alcohol Use 2500 (62.4) 800 (60.3) 1709 (63.4) 0.054
(ever)

Prior Miscarriage 599 (14.9) 222 (16.7) 377 (14.0) 0.021
Prior Abdominal 408 (10.1) 149 (11.2) 259 (9.6) 0.110
Surgery

Prior Bleeding at 272 (6.8) 108 (8.1) 164 (6.1) 0.015
First Trimester

[?] 200% of 1013 (30.3) 354 (32.2) 659 (29.4) 0.094
federal poverty

level

Government 1066 (26.6) 353 (26.8) 713 (26.6) 0.894

Health Insurance

Data are expressed as binary variables and as n (column %)

Table 2: Adjusted logistic regression estimating the association between cardiovascular related
outcomes and allostatic load score.

High Allostatic Load Score [?] 4 Low Allostatic Load Score < 4 Odds Ratio

Cardiovascular related Event (2 to 7yrs) n/N (%) n/N (%)

Composite Outcome 635,/1327(48.0) 827/2695(30.7)
New Hypertension 496/1354(36.6) 583/2707(21.5)
Metabolic disorder 296,/1408(21.0) 340/2715 (12.5)

Unadjusted
2.1 (1.8-2.4)
2.1 (1.8-2.4)
1.9 (1.6-2.2)

*Model 1: Odds ratios and Cis are reported using logistic regression after adjusting for covariates (maternal
age, education level, gravida, smoking status, bleeding at first trimester, health insurance status, and elapsed
time since index pregnancy).

**Model 1: Odds ratios and Cis are reported using logistic regression after adjusting for covariates from
model 1 and prior APOs (preterm delivery, small for gestational age, stillbirth, and hypertensive disorders
of pregnancy).

Composite outcome: (N=4,022): Odds ratios and Cls were reported using logistic regression after adjusting
for covariates in model 1 and model 2.

Hypertension outcome (N= 4,061): Odds ratios and Cls are reported from logistic regression after adjusting
for covariates in model 1, model 2 and preexisting diabetes.

Metabolic disorder outcome (N= 4,123): Odds ratios and CIs are reported using logistic regression after
adjusting for covariates from model 1, model 2 and chronic hypertension.
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Table 3: Mediation analysis assessing allostatic load as a mediator of the association between
race and cardiovascular related outcomes.

Outcome Total Effect: Direct Effect:
Step 1 Step 2 Step 3 Step 4
(path ¢) (path a) (path b) (path ¢”)

1. composite outcome 1.4 (1.1-1.6) 1.2 (1.0-1.5) 2.1 (1.8-2.4) 1.3 (1.1-1.6)
2. New HTN 1.4 (1.2-1.7) 1.2 (1.0-1.5) 2.1 (1.8-24) 1.4 (1.1-1.7)
3. MD 1.2 (1.0-1.6) 1.3 (1.1-1.6) 1.9 (1.6-2.2) 1.2 (0.9-1.5)

Abbreviations: AL, allostatic load; HTN, hypertension; MD, metabolic disorder. Data are expressed as n(column %) or Odds Ratio and 95% CI as indicat

Grey cells indicate significant differences.

Table 4: Moderation of race in the association between cardiovascular related outcomes and
high allostatic load ([?] 4), unadjusted and adjusted logistic regression model estimates.

Black N = 495 Non-Hispanic White and additional race and ethnicities N = 3,527 P value

Composite outcome 212 (42.8) 1250 (35.4)

uOR (95%CI) 1.8 (1.3-27) 2.1 (1.8-2.4) 0.555
aOR. (95%CI) 1.8 (1.2-2.6) 2.1 (1.8-2.4) 0.457
New Hypertension 166 (33.1) 913 (25.7)

uOR (95%CI) 1.8 (1.3-27) 2.1 (1.8-2.5) 0.483
aOR (95%CI) 1.7 (1.226) 2.1 (1.8-2.5) 0.326
Metabolic disorder ~ 94 (17.9) 542 (15.1)

uOR (95%CI) 2.1(1.3-3.3) 1.8 (1.5-2.2) 0.534
aOR (95%CI) 2.2 (1.43.4) 1.7 (1.5-2.1) 0.396

Abbreviations: uOR, unadjusted odds ratios; aOR, adjusted odds ratio; CI, confidence interval; *Adjusted
Odds ratios and CIs were reported using unconditional logistic regression after adjusting for maternal age,
the time elapsed since index pregnancy, education level, gravida, smoking status, bleeding at first trimester,
health insurance status.

Data are expressed as binary variables and as n (column %); n = proportion of individuals with outcomes in each racial category.
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NuMoM2b Parent Study

N=10,038
Did not meet eligibility Criteria for HHS Study (n= 4,502)
¢ Notwithdrawn from main study

¥ + Agreed to follow-up contact
+ *  Pregnancy outcome data available
* HHS Interval Contact (2-5 years postpartum)
Eligible for HHS Study
N=5536

5| Excluded from HHS (n=1028)
* Declined in-person visit, or problems scheduling

v

Attended HHS in-person visit
N=4508

Excluded from analyses (n=486)
+ Fetal Demise < 20 weeks, Elective terminations, and
indicated terminations (n=22)
*  Missing adverse obstetric outcome (n=22)
* Ambiguous biomarker measurements (n=198)
J| * Preexisting diabetes and chronic hypertension (n=19)
*  Missing CVD outcomes (n=85)
+ HTN(n=9)
* Metabolic disorder (n=71)
* HTNand Metabolic disorder (n=5)
f « Preexisting diabetes only (n=39)
Chronic hypertension only(n=101)

Included in primary outcome

N=4,022
Included in the individual outcomes analyses (n=143)
4——| -« HTN analysis: Preexisting diabetes (n=39)
l l * MD analysis: Chronic hypertension (n=101)
Included in dary analysi Included in dary
of HTN N=4,061 analysis of MD N=4,123

Figure 1. Flow diagram of the study participant included in the analysis.

Abbreviations: HTN, hypertension; MD, metabolic disorder; CVD, cardiovascular disease; NuMoM2b, Nulliparous Pregnancy Outcomes Study Monitoring

Figure 2. Causal Diagram

Race/Ethnicity » CVD

High AL

Causal Pathway
Race/Ethnicity > CVD

C!
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Abbreviations: CVD, cardiovascular disease; AL, allostatic load
Step 1 (Path ¢) = Association of maternal race on adverse CVD outcomes (race predicting CVD)
Step 2 (Path a) = Association of maternal race on high allostatic load (race predicting high allostatic load)

Step 3 (path b and ¢’) = Association of maternal race on adverse CVD outcomes mediated by or adjusted
for high allostatic load (race and high allostatic load predicting CVD)

Supplementary Tables:

Table S1. Demographic and clinical characteristics of with and without composite outcomes.

Variables HH Study N (%) N = 4,022 Composite Outcome N (%) N = 1,462 No Composits
Time elapsed from index pregnancy 3.2 £0.9 3.2 £0.9 3.2 £0.9
Maternal Age >= 35 378 (9.4) 159 (10.9) 219 (8.6)
Race (Non-Hispanic Black) 495 (12.3) 212 (14.5) 283 (11.1)
Education (Some college or less) 1506 (37.4) 592 (40.5) 914 (35.7)
Gravidity >= 3 248 (6.2) 107 (7.3) 141 (5.5)
Smoking 625 (15.6) 282 (19.3) 343 (13.4)
Alcohol Use (ever) 2509 (62.4) 902 (61.7) 1607 (72.8)
Prior Miscarriage 599 (14.9) 232 (15.9) 367 (14.3)
Prior Abdominal Surgery 408 (10.1) 151 (10.3) 257 (10.0)
Prior Bleeding at First Trimester 272 (6.8) 106 (7.3) 166 (6.5)
200% of the federal poverty level 1013 (30.3) 410 (34.0) 603 (28.2)
Government Health Insurance 1066 (26.6) 428 (29.4) 638 (25.0)

Data are expressed as binary variables and as n (column %)

Table S2: Demographic and clinical characteristics of individuals with and without new hy-

pertension.

Variables HH-Study N (%) N = New HIN N (%) N = 1,079 No New HIN N (%) N
Time elapsed from index pregnancy 3.2 £0.9 3.2 £0.9 3.2 £0.9
Maternal Age >= 35 381 (9.4) 121 (11.2) 260 (8.7)
Race (Non-Hispanic Black) 502 (12.4) 166 (15.4) 336 (11.3)
Education (Some college or less) 1526 (37.6) 423 (39.2) 1103 (37.0)
Gravidity >= 3 253 (6.2) 90 (8.3) 163 (5.5)
Smoking 635 (15.6) 205 (19.0) 430 (14.4)
Alcohol Use (ever) 2531 (62.3) 664 (61.5) 1867 (62.6)
Prior Miscarriage 607 (15.0) 173 (16.0) 434 (14.6)
Prior Abdominal Surgery 413 (10.2) 117 (10.3) 296 (9.9)
Prior Bleeding at First Trimester 276 (6.8) 77 (7.1) 199 (6.7)
200% of federal poverty level 1024 (30.4) 292 (32.5) 732 (29.6)
Government Health Insurance 1081 (26.8) 302 (28.2) 779 (26.2)
Preexisting Diabetes 39 (1.0) 15 (1.4) 24 (0.8)

Abbreviations: HTN, hypertension; HH, heart health study

Data are expressed as binary variables and as n (column %)

Table S3: Demographic and clinical characteristics of individuals with and without the

metabolic disorder.



Variables

HH-Study N (%) N = 4,123 Metabolic Disorder N (%) N = 636 No Metabolic Dj

Time elapsed from index pregnancy

Maternal Age >= 35
Race (Non-Hispanic Black)

Education (Some college or less)

Gravidity >= 3
Smoking

Alcohol Use (ever)
Prior Miscarriage

Prior Abdominal Surgery

Prior Bleeding at First Trimester

200% of federal poverty level
Government Health Insurance
Chronic Hypertension

3.2 4.9
395 (9.6)
525 (12.7)
1558 (37.8)
258 (6.3)
654 (15.9)
2572 (62.4)
621 (15.1)
412 (10.0)
284 (6.9)
1042 (30.5)
1109 (27.0)
101 (2.5)

3.0+0.8
76 (12.0)
94 (14.8)
272 (42.8)
39 (6.1)
133 (20.9)
397 (72.4)
108 (17.0)
67 (10.5)
51 (8.0)
186 (36.7)
213 (33.5)
36 (6.7)

3.240.9
319 (9.2)

431 (12.4)
1286 (36.9)
219 (6.3)

521 (15.0)
2175 (62.4)
513 (14.7)

(

345 (9.9)
233 (6.7)
856 (29.4)
896 (25.8)
65 (1.9)

Data are expressed as binary variables and as n (column %)

Table S4: Adjusted logistic regression estimating the association between cardiovascular re-
lated outcomes and allostatic load components.

Composite Outcome N (%) (N = 1,462)

New Hypertension N (%) (N = 1,079)

Metabolic disorder |

High AL
Unadjusted
Adjusted
BMI
Unadjusted
Adjusted
DBP
Unadjusted
Adjusted
SBP
Unadjusted
Adjusted
CRP
Unadjusted
Adjusted
Triglycerides
Unadjusted
Adjusted
Glucose
Unadjusted
Adjusted
HDL
Unadjusted
Adjusted
LDL
Unadjusted
Adjusted
Total Cholesterol
Unadjusted

635 (43.4)
2.1 (1.8-2.4)
1.9 (1.7-2.2)
495 (33.9)
2.5 (2.1-2.9)
2.2 (1.9-2.7)
534 (36.5)
2.2 (1.9-2.5)
2.1 (1.8-2.5)
509 (34.8)
2.2 (1.9-2.5)
1.9 (1.6-2.3)
248 (16.9)
1.9 (1.6-2.3)
1.8 (1.4-2.2)
424 (29.0)
1.4 (1.2-1.6)
1.3 (1.1-1.5)
407 (27.8)
1.3 (1.1-1.5)
1.3 (1.1-1.5)
399 (27.3)
1.3 (1.1-1.5)
1.1 (1.0-1.4)
374 (25.6)
1.1 (1.0-1.3)
1.1 (1.0-1.3)
370 (24.3)
1.1 (0.9-1.2)
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496 (46.0)
2.0 (1.8-2.3)
1.9 (1.7-2.2)
367 (34.0)
2.1 (1.8-2.5)
1.9 (1.6-2.2)
437 (40.5)
2.5 (2.1-2.8)
2.3 (1.9-2.7)
415 (38.5)
2.4 (2.0-2.8)
2.2 (1.9-2.5)
190 (17.6)
1.8 (1.5-2.2)
1.7 (1.4-2.1)
326 (30.2)
1.4 (1.2-1.7)
1.3 (1.1-1.5)
295 (27.3)
1.1 (1.0-1.3)
1.1 (0.9-1.3)
303 (28.1)
1.3 (1.1-1.5)
1.3 (1.1-1.5)
282 (26.1)
1.0 (1.0-1.3)
1.1 (1.0-1.3)
273 (25.3)
1.1 (0.9-1.2)

296 (46.5)
1.9 (1.6-2.2)
1.8 (1.5-2.1)
258 (40.6)
2.5 (2.1-3.0)
2.2 (1.9-2.7)
213 (33.5)
1.4 (1.2-1.7)
1.4 (1.2-1.7)
214 (33.6)
1.5(1.3-1.8)
1.4 (1.2-1.7)
124 (19.5)
1.9 (1.5-2.3)
1.8 (1.4-2.2)
201 (31.6)
1.5 (1.2-1.7)
1.5 (1.2-1.8)
214 (33.7)
1.6 (1.4-1.9)
1.6 (1.3-2.0)
185 (29.1)
1.3 (1.1-1.6)
1.2 (1.0-1.4)
162 (25.5)
1.1 (0.9-1.3)
1.1 (0.9-1.3)
157 (24.7)
1.0 (0.8-1.2)



Composite Outcome N (%) (N = 1,462)

New Hypertension N (%) (N = 1,079)

Metabolic disorder I

Adjusted 1.1 (1.0-1.3) 1.0 (0.9-1.2) 1.1 (0.9-1.3)
Insulin 373 (25.5) 201 (27.0) 180 (28.3)

Unadjusted 1.1 (1.0-1.3) 1.2 (1.0-1.4) 1.2 (1.0-1.5)
Adjusted 1.0 (0.8-1.2) 1.1 (0.9-1.3) 1.1 (0.9-1.4)
Creatinine 399 (27.3) 289 (26.8) 183 (29.0)

Unadjusted 1.3 (1.1-1.6) 1.2 (1.0-1.4) 1.3 (1.1-1.5)
Adjusted 1.2 (1.0-1.4) 1.2 (1.0-1.4) 1.2 (1.0-1.5)
Albumin 347 (23.7) 255 (23.6) 147 (23.1)

Unadjusted 0.9 (0.8-1.0) 0.9 (0.8-1.1) 0.9 (0.7-1.1)
Adjusted 0.9 (0.8-1.1) 1.0 (0.8-1.2) 1.0 (0.8-1.2)

Abbreviations: AL, allstatic load; BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; CRP,c-reactive protein; HDL high -

Data are expressed as binary variables and as n (column %); n = proportion of individuals with “worst” or highest quartile.

*Adjusted analyses: Odds ratios and CIs were reported using unconditional logistic regression after adjusting
for maternal age, education level, gravida, smoking status, bleeding at first trimester, health insurance status,
preterm delivery, small for gestational age, stillbirth, hypertensive disorders of pregnancy and elapsed time
since index pregnancy.

Grey cells indicate significant differences.

Table S5: Mediation analysis assessing allostatic load as a mediator of the association between
race (non-Hispanic Black vs. non-Hispanic White) and cardiovascular related outcomes.

Outcome Total Effect: Direct Effect:
Step 1 Step 2 Step 3 Step 4
(path ¢) (path a) (path b) (path ¢”)

1. composite outcome 1.4 (1.2-1.7) 1.2 (1.0-1.5) 2.1 (1.8-2.4) 1.3 (1.1-1.6)
2. New HTN 1.4 (1.2-1.7) 1.3 (1.0-1.5) 2.1 (1.8-24) 1.4 (1.1-1.7)
3. MD 1.4 (1.1-1.8) 1.3 (1.1-1.6) 1.9 (1.6-22) 1.2 (0.9-1.5)

Abbreviations:HTN, hypertension; MD, metabolic disorder. Data are expressed as n(column %) or Odds Ratio and 95% CI as indicated.
Grey cells indicate significant differences.
Table S6: Moderation of race (non-Hispanic Black vs. non-Hispanic White) in the association

between cardiovascular related outcomes and high allostatic load ([?] 4), unadjusted and
adjusted logistic regression model estimates.

Non-Hispanic Black N = 495 Non-Hispanic White N = 2,577 P value

Composite outcome 212 (42.8) 893 (34.6)
uOR (95%CT) 1.9 (1.3-2.7) 2.4 (2.0-2.8) 0.250
aOR (95%CI) 1.8 (1.2-2.6) 2.3 (2.0-2.7) 0.175
New Hypertension 166 (33.1) 672 (25.8)
uOR (95%CT) 1.8 (1.3-2.7) 2.4 (2.0-2.9) 0.241
aOR (95%CI) 1.7 (1.2-2.5) 2.4 (2.0-2.8) 0.155
Metabolic disorder 94 (17.9) 359 (13.7)
uOR (95%CT) 2.1 (1.3-3.3) 1.9 (1.5-2.4) 0.652
aOR (95%CI) 2.2 (1.4-3.4) 1.8 (1.5-2.3) 0.572
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Abbreviations: uOR, unadjusted odds ratios; aOR, adjusted odds ratio; CI, confidence interval; *Adjusted
Odds ratios and Cls were reported using unconditional logistic regression after adjusting for maternal age,
the time elapsed since index pregnancy, education level, gravida, smoking status, bleeding at first trimester,
health insurance status.

Data are expressed as binary variables and as n (column %); n = proportion of individuals with outcomes in each racial category.

Table S7: Adjusted logistic regression estimating the association between individual compo-
nents of cardiovascular related outcomes and allostatic load score.

High Allostatic Load AL [?] 4 Low Allostatic Load AL < 4 Odds Rat

Cardiovascular Event (2 to 7yrs) n/N (%) n/N (%)
Composite Outcome*** 345/702 (49.1) 1117/3320 (33.6)
New Hypertension” 333/934 (35.6) 746/3127 (23.9)
Metabolic disorder# 270/1213 (22.3) 366/2910 (12.6)

Unadjust
1.9 (1.6-2.2
1.7 (1.5-2.1
2.0 (1.7-2.4

* Model 1: Odds ratios and Cis are reported using logistic regression after adjusting for covariates (maternal
age, education level, gravida, smoking status, bleeding at first trimester, health insurance status, and elapsed
time since index pregnancy)

** Model 2: Odds ratios and Cis are reported using logistic regression after adjusting for covariates from
model 1 and (prior APOs (preterm delivery, small for gestational age, stillbirth, and hypertensive disorders
of pregnancy).

*** Composite outcome does not include insulin and blood pressure in the allostatic load index: Odds
ratios and Cls are reported from logistic regression after adjusting for covariates in model 1 and preexisting
diabetes.

allostatic load index: Odds ratios and Cls are reported from logistic regression after adjusting for covariates
in model 1, model 2and preexisting diabetes.

# Metabolic disorder outcome does not include insulin in the allostatic load index: Odds ratios and Cls
are reported using logistic regression after adjusting for covariates from model 1, model 2 and chronic
hypertension.

17



