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Abstract

Purpose of Review—Pregnancy can be seen as a “stress test” with complications predicting 

later-life cardiovascular disease risk. Here, we review the growing epidemiological literature 

evaluating environmental endocrine-disrupting chemical (EDC) exposure in pregnancy in relation 

to two important cardiovascular disease risk factors, hypertensive disorders of pregnancy and 

maternal obesity.

Recent Findings—Overall, evidence of EDC-maternal cardiometabolic associations was mixed. 

The most consistent associations were observed for phenols and maternal obesity, as well as 

for perfluoroalkyl substances (PFASs) with hypertensive disorders. Research on polybrominated 

flame retardants and maternal cardiometabolic outcomes is limited, but suggestive.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) 
and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third 
party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

Tamarra James-Todd, tjtodd@hsph.harvard.edu. 

Compliance with Ethical Standards
Conflict of Interest The authors declare no competing interests.

Supplementary Information The online version contains supplementary material available at https://doi.org/10.1007/
s40471-021-00272-7.
Human and Animal Rights and Informed Consent This article does not contain any studies with human or animal subjects 
performed by any of the authors.
Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

HHS Public Access
Author manuscript
Curr Epidemiol Rep. Author manuscript; available in PMC 2022 March 14.

Published in final edited form as:
Curr Epidemiol Rep. 2021 September ; 8(3): 130–142. doi:10.1007/s40471-021-00272-7.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://creativecommons.org/licenses/by/4.0/


Summary—Although numerous studies evaluated pregnancy outcomes, few evaluated the 

postpartum period or assessed chemical mixtures. Overall, there is a need to better understand 

whether pregnancy exposure to these chemicals could contribute to adverse cardiometabolic health 

outcomes in women, particularly given that cardiovascular disease is the leading cause of death in 

women.
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Introduction

During pregnancy, cardiometabolic, vascular, endocrine, and immune adaptations radically 

transform maternal physiology to support and nurture the developing fetus [1–3]. Over 

the course of a typical pregnancy, weight accumulation, lipid levels, inflammation, and 

insulin resistance increase, accompanied by decreases in vascular resistance [1–4]. A 

greater appreciation of the magnitude of these physiological changes has led to the 

conceptualization of pregnancy as a “stress test,” with the mother’s ability to appropriately 

recalibrate to (and later, recuperate from) these changing demands providing a window into 

underlying cardiometabolic health [5–8]. From this perspective, pregnancy complications, 

such as hypertensive disorders of pregnancy (HDP), may be indicators of underlying 

metabolic and cardiovascular dysfunction, as well as predictors of future cardiometabolic 

disease risk. Additionally, overweight and obesity prior to pregnancy and high gestational 

weight gain (GWG) contribute to pregnancy complications [9], with implications for future 

maternal health ramifications, such as weight retention [10, 11], type 2 diabetes (T2D), 

hypertension [10, 12], metabolic syndrome, and negative metabolic profiles following 

pregnancy [13]. All of these outcomes are, in turn, associated with future cardiovascular 

disease (CVD), the leading cause of death in women [14, 15].

More recently, a body of work has emerged suggesting that endocrine-disrupting chemicals 

(EDCs) may dysregulate physiological adaptations during pregnancy, resulting in an 

increased risk of complications and adverse outcomes for the mother and child. This premise 

is supported by a large body of work in animal models and non-pregnant adults indicating 

that EDCs interfere with metabolic activity through effects on adipocyte number and size, 

metabolic set points, and hormonal pathways [16, 17] (Fig. 1). Given the growing evidence 

that these chemicals may have long-lasting metabolic effects, an important next step is 

evaluating their impact on maternal metabolic health during pregnancy and beyond. The 

objective of this review is to summarize the growing body of epidemiological evidence 

evaluating EDC exposure in pregnancy in relation to maternal cardiometabolic health 

outcomes during and after pregnancy. We focus on two important cardiometabolic outcomes 

that have been assessed in this context across multiple studies: HDP and maternal obesity 

during and after pregnancy. Both outcomes are associated with later-life CVD risk in women 

[18, 19]. To date, four classes of synthetic EDCs have been studied in relation to these 

outcomes and are considered in this review: phthalates, phenols, perfluoroalkyl substances 

(PFASs), and polybrominated diethyl ethers (PBDEs). This burgeoning area of research 
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highlights the need to consider pregnancy as a sensitive window of environmental chemical 

exposure as it relates to women’s long-term health.

Methods

Search Strategy

We conducted a scoping review using electronic literature searches in the PubMed database 

for original research articles with publication dates through May 27, 2020. We performed 

two separate searches, combining our set of exposure terms with each set of outcome 

category terms (i.e., hypertensive disorders of pregnancy, and maternal weight/adiposity-

related outcomes). We used a combination of Medical Subject Headings (MeSH) terms 

and free text title or abstract terms (tiab). Specific search terms and strategies are included 

in Supplemental Table 1. In addition to our PubMed search, we manually crosschecked 

listed references within identified articles for additional relevant studies not captured in our 

database search.

Study Screening and Selection

We considered original epidemiologic studies in pregnant or postpartum women relating 

exposure to one or more EDCs of interest (i.e., phenols, phthalates, PFASs, flame retardants 

[PBDEs], and organophosphate flame retardants [OPFRs]) to one or both of our outcome 

categories (i.e., HDP and maternal obesity). Although OPFRs were included in the initial 

search, no relevant studies were identified; thus, they were not considered further. After 

removing duplicate articles, we performed an initial screening of the articles from our 

database searches by reviewing article titles and abstracts. We obtained full-texts for all 

remaining articles (excluding duplicates), which were then screened for relevance. We 

excluded articles that were conducted on animals, focused on populations that were not 

pregnant or postpartum, had irrelevant outcomes or exposures, or were irrelevant study types 

(e.g., case reports, review articles, editorials). Papers that were not available in English or in 

full-text were excluded as well.

Summary of Search Results

We identified 989 articles in our initial PubMed search. After removing duplicates and 

screening titles and abstracts for relevance, we identified 29 potential articles for which the 

full-texts were reviewed for relevance. Ultimately 18 articles on HDP, and 9 articles on 

maternal weight and obesity-related outcomes were included in the review.

Results: EDCs and Maternal Health During Pregnancy and the Postpartum

Hypertensive Disorders of Pregnancy

HDP, including gestational hypertension, chronic hypertension, pre-eclampsia, eclampsia, 

and HELLP syndrome, are a group of high blood pressure disorders that pose serious risks 

to both mother and fetus. Women who experience these disorders during pregnancy are 

at increased risk of poor downstream cardiometabolic health including T2D, hypertension, 

hypercholesterolemia, and CVD [7, 20–23]. HDP incidence is rising [24–26], demonstrating 

the importance of identifying potentially modifiable risk factors. In addition to lifestyle 
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factors, it has been suggested that environmental chemicals may play an important 

role. Indeed, some research in non-pregnant populations has suggested that the EDCs 

of interest may be associated with blood pressure and hypertension [27–29]. Here we 

review the growing epidemiological literature on these exposures in relation to maternal 

cardiometabolic health in pregnancy and the postpartum (Table 1).

Phthalates—Four published studies have examined associations between phthalates and 

HDP with inconsistent results. Two studies reported a positive association between phthalate 

metabolites and HDP. In the US Health Outcomes and Measures of the Environment 

(HOME) study (n=369), mid-gestation mono-benzyl phthalate (MBzP) was associated with 

higher diastolic blood pressure (DBP) in mid- and late gestation as well as increased 

risk of developing pregnancy-induced hypertensive diseases (RR=2.92, 95% CI 1.15–7.41) 

[48]. A case-control study nested within the Boston LIFECODES study (50 pre-eclampsia 

cases, 431 controls) observed that higher early pregnancy mono-ethyl phthalate (MEP) was 

associated with subsequent development of pre-eclampsia (hazard ratio=1.72; 95% CI:1.28, 

2.30). Higher di(2-ethylhexyl) phthalate (DEHP) metabolite levels across pregnancy were 

additionally associated with increased risk of pre-eclampsia, with stronger associations in 

women carrying female fetuses [33]. By contrast, in a small European study (n=152), higher 

MEP and monoisobutyl phthalate (MiBP) were associated with lower blood pressure in 

pregnancy [32]. In the largest study on this topic, Generation R (n=1396), no consistent 

associations between early pregnancy urinary phthalate metabolite concentrations and blood 

pressure, gestational hypertension, or pre-eclampsia were observed [31]. However, even this 

study may have been underpowered to examine pre-eclampsia (n=24 cases).

Phenols—The literature on phenols in relation to blood pressure and HDP is similarly 

mixed. In general, beyond bisphenol A (BPA), few studies have evaluated phenols and 

HDP. In two large pregnancy cohorts, Generation R (n=1233) and Maternal-Infant Research 

on Environmental Chemicals (MIREC) (n=1909), overall, early pregnancy BPA was not 

associated with blood pressure or HDP, though effect modification by parity was reported in 

the latter [30, 31]. Effect modification of the relationship between phenols and hypertensive 

outcomes by fetal sex has also been reported, though the sex-specific effects have not been 

consistent across studies [33, 35].

Two additional small case-control studies (n=173 and n=58) have examined BPA in blood 

and placental tissue in women with and without pre-eclampsia, reporting higher BPA levels 

in cases [34, 37]; however, blood and placental tissue are non-preferred matrices for BPA 

assessment due to non-persistence of BPA and potential for contamination [36], and reverse 

causation is also possible. Finally, Warembourg et al. (n=152) reported that higher urinary 

concentrations of ethylparaben, methylparaben, BPA, and triclosan (TCS) were associated 

with lower maternal systolic and diastolic blood pressure in the second and third trimesters 

[32]. For example, a doubling of BPA concentrations was associated with a 0.91 mmHg 

decrease in systolic blood pressure (SBP) (95% CI: −1.65, −0.17).

PFAS—The earliest work on PFASs and HDP came from the US C8 cohort, who were 

exposed to elevated perfluorooctanoic acid (PFOA) through drinking water contamination 

[49]. In a nested case-control study using birth record data from 224 participants with 
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pregnancy-induced hypertension and a sample of term birth controls, no differences in 

modeled estimates of serum PFOA were observed [49]. In a larger analysis from the 

same cohort based on modeled PFOA concentrations and self-reported pregnancy history 

(n=11,737 pregnancies), an interquartile increase in log-transformed PFOA was associated 

with slightly increased odds of pre-eclampsia (OR: 1.13; 95% CI: 1.00–1.28); however, the 

lack of direct exposure data and self-reported outcome data were notable limitations [43]. 

An additional analysis in the subset of women with measured (rather than estimated) serum 

PFAS examined pregnancy outcomes in the 5 years prior to study participation and reported 

weak associations between PFOA concentrations and pre-eclampsia (aOR: 1.3, 95% CI: 0.9, 

1.9) as well as PFOS concentrations (aOR: 1.3, 95% CI: 1.1, 1.7) [44].

Several international cohorts have examined these associations as well. In a cross-

sectional Chinese study (n=687), cord blood concentrations of perfluorobutane sulfonate 

(PFBS), perfluorohexanesulfonate (PFHxS), and perfluoroundecanoic acid (PFUA) were all 

associated with pre-eclampsia in elastic net penalty regression models; however, in fully 

adjusted models, only PFBS concentrations were associated with odds of pre-eclampsia 

(aOR: 1.81, 95% CI: 1.03, 3.17) and higher HDP (aOR: 1.64, 95% CI: 1.09, 2.47) [45]. 

By contrast, a follow-up prospective cohort study by the same research team (n=3220) did 

not observe any consistent associations between early pregnancy PFAS concentrations and 

gestational hypertension, pre-eclampsia, or overall HDP [40].

In a study of nulliparous participants in the Norwegian Mother and Child (MoBa) cohort 

(466 pre-eclampsia cases, 510 non-cases), although there was an unexpected inverse 

association between pre-eclampsia and PFUA concentrations, overall results did not support 

a relationship between PFASs and hypertensive disorders [38]. By contrast, in the Swedish 

SELMA study (n=1773 including 64 women with pre-eclampsia), a doubling of PFOS 

and perfluorononanoic acid (PFNA) concentrations in early pregnancy was associated with 

38% (95% CI: 1.01, 1.89) and 53% (95% CI: 1.07, 2.20) increased risk of pre-eclampsia, 

respectively [42]. Finally, the Canadian MIREC study (n=1739) observed fetal sex-specific 

associations between PFAS concentrations and HDP [41]. A doubling of PFHxS levels 

was associated with higher odds of pre-eclampsia in women carrying female fetuses, 

whereas among women carrying male fetuses, perfluorooctanesulfonate (PFOS) and PFHxS 

were associated with increased odds of gestational hypertension. Overall, higher PFAS 

concentrations were associated with increases in diastolic blood pressure.

PBDEs—To our knowledge, only two studies have examined PBDEs in relation to HDP. In 

the Longitudinal Investigation of Fertility and the Environment (LIFE) study, pre-conception 

concentrations of PBDEs were measured; given the persistence and long half-life of many 

PBDEs in the body, pre-conception levels are likely to be a reasonable approximation of 

concentrations in pregnancy [39, 47]. In that study, a 1 SD increased in ln-transformed 

serum BDE-66 was associated with a 56% increased odds of gestational hypertension 

(95% CI: 0.93, 2.64); however, >80% of values were below the limit of detection and 

only 27 of 231 women had gestational hypertension, suggesting limited power to detect 

associations [46]. In a smaller Iranian study (45 pre-eclampsia cases, 70 controls), four 

of eight PBDE congeners measured (28, 47, 99, 153) were significantly higher among 

cases in unadjusted models. After adjustment for covariates, the odds of pre-eclampsia were 
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significantly associated with total PBDE concentrations (aOR: 2.19; 95% CI: 1.39, 3.45) 

[50].

Maternal Weight/Obesity-Related Outcomes

Compared to HDP, maternal obesity and excess GWG have attracted relatively little 

attention in the context of EDCs. Overweight and excess GWG increase risks for both 

adverse birth outcomes, as well as weight retention in the postpartum [11], a vicious 

cycle which contributes to increasing baseline weight over successive pregnancies and, 

ultimately, elevated cardiometabolic risk [51]. Excess GWG refers to weight gain above 

the recommended amount for a woman’s pre-pregnancy BMI [52]. Evidence from animal 

models and epidemiological studies of non-pregnant adults suggests a potential role of 

EDCs in weight gain, adipogenesis, and metabolic dysregulation [16, 17]. It is plausible, 

therefore, that pregnancy, a period characterized by extensive physiological changes that 

promote weight gain and fat deposition [51], may be a period of particular vulnerability to 

EDC exposure. Numerous studies have considered maternal body mass index (BMI) and 

GWG as predictors of EDC concentrations [53]; however, few have considered the reverse 

scenario that EDCs contribute to maternal BMI, GWG, and weight retention. Here we 

briefly describe current research on these outcomes in relation to the EDCs of interest (Table 

2).

Phthalates—Four studies have examined maternal phthalate exposure in relation to 

BMI, GWG, and/or postpartum weight retention. Bellavia et al. evaluated cross-sectional 

associations between first trimester phthalate metabolite concentrations (measured median 

9.9 weeks) and first trimester BMI (assessed at the same time period) (n=347 women). This 

study also prospectively assessed associations between phthalates measured at that same 

time point and GWG gain assessed from the first trimester to early second trimester (median 

difference between the two pregnancy weight measurements was 7.4 weeks) [55]. Their 

results indicated that increased concentrations of several metabolites (namely MEP, MBzP, 

mono(3-carboxypropyl) phthalate [MCPP], and ΣDEHP) were associated with a higher 

BMI in the first trimester suggesting that women with higher concentrations had higher 

pre-pregnancy BMIs. Higher MEP concentrations were associated with higher GWG from 

the first prenatal visit until early 2nd trimester, while inverse associations were observed 

for ΣDEHP. More recently, the Generation R study (n=1213) observed no associations 

between phthalate metabolite concentrations in early pregnancy (median 13.1 weeks) or 

mid-pregnancy (median 20.4 weeks gestation) at total and total GWG [54]. Limited inverse 

associations were observed between the di-n-octylphthalate (DNOP) metabolites and low 

molecular weight phthalate metabolites and weight gain during mid-to-late pregnancy.

In one of the few studies to examine EDCs in relation to postpartum weight retention, 

Rodriguez-Carmona et al. followed 178 women from the Mexican pregnancy cohort, Early 

Life Exposure in Mexico to Environmental Toxicants (ELEMENT), and assessed maternal 

body weight 5 times in the first year postpartum and at follow-up visits at approximately 

7 and 10 years postpartum [57]. Overall, a one-unit increase in log-transformed MCPP 

concentrations in pregnancy was associated with 0.33 kg (95% CI: 0.09, 0.56) increase in 

weight gain per postpartum year, whereas a one-unit increase in log-transformed MBzP in 
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pregnancy was associated with 0.21 kg (95% CI: −0.38, −0.03) decrease in weight gain - per 

postpartum year. However, data collection on additional pregnancies (including associated 

weight gain) during the follow-up period was limited and presents a potentially important 

source of error. A second analysis of data from the same study population (n=199) assessed 

effects over a shorter time frame, namely the first year postpartum [61]. They observed that 

women with a higher exposure to EDCs during pregnancy lost less weight during the first 

postpartum year. For example, an interquartile increase in ΣDEHP was associated with 1.01 

kg (95% CI: 0.41, 1.61) less weight loss at 1 year postpartum [61].

Phenols—To date, four studies have examined phenols in relation to maternal perinatal 

weight gain and loss. In the Generation R study (n=1213), high total bisphenol (combined 

molar concentrations of BPA, BPS, BPF) and BPS concentrations in early pregnancy were 

associated with less total GWG. In stratified analyses, associations were only observed in 

normal weight women; however, there were insufficient numbers in other BMI categories 

to assess associations [54]. The MIREC study (n = 1795) reported on GWG in relation to 

triclosan, but no other phenols [56]. Although mean first trimester triclosan was highest in 

women who went on to meet or exceed Institute of Medicine (IOM) recommendations 

for GWG [58], in adjusted models, triclosan concentrations were not associated with 

total GWG. Wen et al. examined paraben exposure and GWG in each trimester (n=613), 

observing that concentrations of methyl (MeP), ethyl (EtP), and propyl (PrP) paraben as 

well as the Σparabens were positively associated with trimester-specific GWG. All paraben 

concentrations (individual and sum) in the first trimester were associated with first trimester 

GWG rates; these early pregnancy associations were stronger than those observed in the 

second or third trimesters [59]. Effect modification by maternal pre-pregnancy BMI was 

again noted, such that associations were stronger in overweight/obese women compared 

to normal/underweight women. Finally, to our knowledge, only one study (ELEMENT, 

n=199) has examined phenols in relation to postpartum weight retention, observing that 

BPA concentrations during pregnancy were associated with less weight loss over the first 

postpartum year [61].

PFAS—Three studies have examined PFAS in relation to GWG. In the Avon Longitudinal 

Study of Parents and Children (ALSPAC, n = 905), Marks et al. observed no associations 

between serum PFAS (median 18 weeks gestation) and absolute weight gain (measured 

prior to 18 weeks gestation and after 28 weeks gestation) [60]. However, in stratified 

analyses, higher PFNA concentrations were associated with higher GWG in under/normal 

weight women. Under/normal weight women (BMI < 25 kg/m2) also appeared to be 

vulnerable to PFAS exposure in the LIFE study (n=218). In the under/normal weight group, 

pre-conception plasma PFOS concentrations were positively associated with the area under 

the curve of GWG, calculated as the sum of trapezoids resulting from consecutive measures 

of weight gain (relative to baseline weight) across pregnancy (ß=280.29, 95% CI: 13.71, 

546.86). However, no associations were observed for women with a BMI = 25 kg/m2 nor 

for the other six PFASs studied [62]. In addition, PFAS concentrations were not associated 

with total GWG, nor odds of inadequate or excessive weight gain. Somewhat consistent 

with these results were findings from the MIREC cohort (n=1723) suggesting that higher 

maternal first trimester PFOS concentrations were associated with greater GWG per week 
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across the second and third trimesters [63]. Again, no associations were noted for the other 

PFASs studied.

PBDEs—Only one study to our knowledge has evaluated PBDEs and maternal weight 

outcomes. In the LIFE study (n=218), in addition to PFAS, Jaacks et al. assessed pre-

conception plasma PBDE concentrations and GWG in pregnancy [62]. Of 10 PBDEs 

measured, most notably, higher BDE-99 concentrations were associated with greater total 

GWG (ß=1.07, 95% CI: 0.00, 2.14). In addition, BDE-66 concentrations were negatively 

associated with the area under the curve of GWG among women who were overweight 

or obese (ß=−376.04, 95% CI: −734.05, −19.03). Jaacks et al. interpret the AUC as 

“additional pound-days carried by a women during her pregnancy relative to remaining at 

her pre-pregnancy weight,” suggesting that women with higher BDE-66 concentrations had 

significantly fewer “pound-days” compared to women with lower BDE-66 concentrations. 

Of note, 87% of samples had BDE-66 concentrations below the LOD. No additional 

associations were noted.

Conclusions/Future Directions

In this scoping review, we evaluated four classes of EDCs to assess their association 

with maternal cardiometabolic outcomes as they relate to exposure during pregnancy. This 

continues to be an emerging area of research, with more studies in the area of maternal 

hypertensive disorders of pregnancy compared to maternal obesity. Few studies evaluated 

related postpartum outcomes, a major gap in the literature given the rapid metabolic change 

that occurs during this period. To date, the primary chemical class that has been evaluated 

is phthalates. Although results have been mixed, some studies have observed positive 

associations with certain phthalate metabolites (i.e., MBzP and MEP) and there is a clear 

need for larger studies with greater power. In addition, the majority of studies have found 

associations between phthalates with weight measures, with MBzP consistently implicated. 

A number of studies have evaluated PFAS and maternal cardiometabolic outcomes, with 

PFHxS identified as a chemical of concern. In fact, PFHxS was associated with risk of 

maternal dysglycemia as well as HDP. Other PFASs were also highlighted as potential risk 

factors for HDP, though findings were inconsistent. Mixed results were observed for BPA as 

well, which most consistently associated with maternal weight changes. Finally, only a few 

studies evaluated PBDEs; however, results suggest that these chemicals may be important to 

consider with respect to maternal cardiometabolic health outcomes.

Many of the studies reviewed were sizeable prospective cohort studies. However, quite a 

few were small case-control studies with limited power. That said, several of the larger 

prospective cohort studies also had limited power, given the fact that they were low-risk 

populations for these cardiometabolic outcomes and had relatively few participants with 

the relevant outcomes (such as pre-eclampsia). Only a few studies evaluated associations 

in high-risk populations or conducted stratified analyses to evaluate higher risk subsets 

of the population. Interestingly, these studies found differing associations, suggesting the 

need to consider other mitigating factors such as family history of diabetes, maternal 

obesity in the context of gestational diabetes and HDP, and race/ethnicity when evaluating 

these associations. Of concern, some studies evaluated exposure following diagnosis of 
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the cardiometabolic outcome, putting into question temporality and raising difficulty with 

interpretation of results. More generally, variation in timing of exposure assessment makes it 

difficult to draw conclusions given that exposures across different windows of pregnancy 

may affect maternal physiology and disease risk in substantially varied ways. This is 

particularly true for nonpersistent chemicals, such as phthalates and phenols, which have 

half-lives in hours or days. Of note, few studies evaluated prevalent chemicals, such as TCS 

and OPFRs. Importantly, few studies considered chemical mixtures, an important emerging 

area of research. Finally, the preponderance of the evidence to date comes from a small 

number of cohorts, such as MIREC, Generation R, LIFECODES, and the LIFE studies, 

though additional studies (including in China and Mexico), are now beginning to evaluate 

these associations as well. Given the demographic composition of the studies above, which 

include a majority of women from White, North American, or European backgrounds, 

there is a need for more diverse cohorts to better understand the impact of these chemicals 

on maternal cardiometabolic health. Environmental health cohorts specifically designed 

to examine maternal health as a primary outcome (rather than being secondary to child 

developmental outcomes) are warranted.

Maternal cardiometabolic health (and complications) in pregnancy has been linked 

to a number of later-life chronic diseases. Interventions are currently underway that 

involve lifestyle and diet modifications, as well as pharmaceutical interventions, such as 

daily low-dose aspirin to reduce cardiovascular disease risk after pregnancy. However, 

these interventions are unable to completely eliminate risk [64], perhaps because they 

do not address critical underlying factors that contribute to pregnancy complications. 

Environmental toxicants may be one such factor. Removing or reducing exposure to 

environmental toxicants—whether before, during, or after pregnancy— may improve 

maternal cardiometabolic health. Several strategies could be implemented to bolster research 

in this area:

1. Leverage ongoing pregnancy/birth cohorts with environmental health data to 

conduct long-term follow-up of mothers for chronic disease outcomes

2. Standardize data collection of maternal health to include cardiometabolic 

outcomes, such as blood pressure, fasting and postprandial glucose 

measurements, lipid levels, adverse pregnancy outcomes, and anthropometric 

measurements

3. Consider the importance of timing of exposure, including the different windows 

of susceptibility during pregnancy by including measurements during the 1st, 

2nd, and 3rd trimesters

4. Consider the extended postpartum period (up to several years after birth), given 

its significance for a metabolic reset that is critical for return to a normal, 

non-pregnant metabolic state

5. Consider the social, cultural, and behavioral drivers of environmental exposures 

in the context of pregnancy and the postpartum period
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6. Identify the mechanisms that could be involved in pregnancy and the postpartum 

as sensitive windows of exposure to determine whether elevated disease risks are 

temporary or permanent

7. Determine potential strategies for interventions to reduce toxicant exposures that 

impact pregnancy, postpartum, and later-life cardiometabolic health risk

8. Incorporate environmental assessments as a part of obstetrics, gynecologic, and 

primary care to assess risk as a strategy for environmental disease prevention

As a discipline, environmental health has made tremendous strides in understanding the 

links between environmental risk factors and adverse health outcomes. Research in the 

areas of prenatal exposure and child health outcomes is particularly robust. However, 

understanding of other life-course sensitive periods is less well-studied, particularly as it 

relates to women’s health. Many environmental health pregnancy/birth cohorts have key 

exposure data that would enable evaluating pregnancy as a sensitive period for later-life 

cardiometabolic health risk in women. However, many of these cohorts have not captured 

maternal exposure and outcome information beyond pregnancy. Furthermore, as we consider 

the pregnancy period, it is just as critical to consider the postpartum period—a time of rapid 

metabolic transition. With CVD being the leading cause of death in women, determining 

the extent to which pregnancy and postpartum exposure to these prevalent environmental 

chemicals plays a role in the development of adverse cardiometabolic outcomes during 

and after pregnancy is imperative. If pregnancy and the postpartum prove to be sensitive 

windows of exposure, interventions could be developed to reduce exposure to these EDCs 

during sensitive periods with implications for reducing HDP and maternal obesity—critical 

factors that contribute to future CVD risk in women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding NIH grants P30ES005022; T32ES007069, T32ES019854, P30ES000002

References

Papers of particular interest, published recently, have been highlighted as:

• Of importance

•• Of major importance

1. Greer IA. Thrombosis in pregnancy: maternal and fetal issues. Lancet. 1999;353(9160):1258–65. 
[PubMed: 10217099] 

2. Martin U, et al. Is normal pregnancy atherogenic? Clin Sci (Lond). 1999;96(4):421–5. [PubMed: 
10087251] 

3. Sacks GP, Studena K, Sargent IL, Redman CWG. Normal pregnancy and preeclampsia both produce 
inflammatory changes in peripheral blood leukocytes akin to those of sepsis. Am J Obstet Gynecol. 
1998;179(1):80–6. [PubMed: 9704769] 

Barrett et al. Page 10

Curr Epidemiol Rep. Author manuscript; available in PMC 2022 March 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4. Lü AG, Ke J, Weng SA. Inhibited effects of amitriptyline on rabbit basilar and mesenteric artery 
rings. Zhongguo Yao Li Xue Bao. 1990;11(6):518–20. [PubMed: 2130616] 

5. Hauspurg A, Ying W, Hubel CA, Michos ED, Ouyang P. Adverse pregnancy outcomes and future 
maternal cardiovascular disease. Clin Cardiol. 2018;41(2):239–46. [PubMed: 29446836] 

6. Perng W, Stuart J, Rifas-Shiman SL, Rich-Edwards JW, Stuebe A, Oken E. Preterm birth and 
long-term maternal cardiovascular health. Ann Epidemiol. 2015;25(1):40–5. [PubMed: 25459086] 

7. Stuart JJ, Tanz LJ, Missmer SA, Rimm EB, Spiegelman D, James-Todd TM, et al. Hypertensive 
disorders of pregnancy and maternal cardiovascular disease risk factor development: an 
observational cohort study. Ann Intern Med. 2018;169(4):224–32. [PubMed: 29971437] 

8. Timpka S, et al. Lifestyle in progression from hypertensive disorders of pregnancy to chronic 
hypertension in Nurses’ Health Study II: observational cohort study. Bmj. 2017;358:j3024. 
[PubMed: 28701338] 

9. English FA, Kenny LC, McCarthy FP. Risk factors and effective management of preeclampsia. 
Integr Blood Press Control. 2015;8: 7–12. [PubMed: 25767405] 

10. Groth SW, Holland ML, Kitzman H, Meng Y. Gestational weight gain of pregnant African 
American adolescents affects body mass index 18 years later. J Obstet Gynecol Neonatal Nurs. 
2013;42(5): 541–50.

11. Siega-Riz AM, et al. A systematic review of outcomes of maternal weight gain according to 
the Institute of Medicine recommendations: birthweight, fetal growth, and postpartum weight 
retention. Am J Obstet Gynecol. 2009;201(4):339.e1–14. [PubMed: 19788965] 

12. Fraser A, Tilling K, Macdonald-Wallis C, Hughes R, Sattar N, Nelson SM, et al. Associations of 
gestational weight gain with maternal body mass index, waist circumference, and blood pressure 
measured 16 y after pregnancy: the Avon Longitudinal Study of Parents and Children (ALSPAC). 
Am J Clin Nutr. 2011;93(6): 1285–92. [PubMed: 21471282] 

13. Rooney BL, Schauberger CW, Mathiason MA. Impact of perinatal weight change on long-term 
obesity and obesity-related illnesses. Obstet Gynecol. 2005;106(6):1349–56. [PubMed: 16319262] 

14. Mosca L, Benjamin EJ, Berra K, Bezanson JL, Dolor RJ, Lloyd-Jones DM, et al. Effectiveness-
based guidelines for the prevention of cardiovascular disease in women–2011 update: a guideline 
from the American Heart Association. J Am Coll Cardiol. 2011;57(12): 1404–23. [PubMed: 
21388771] 

15. Pencina MJ, D'Agostino RB Sr, Larson MG, Massaro JM, Vasan RS. Predicting the 30-year 
risk of cardiovascular disease: the Framingham Heart Study. Circulation. 2009;119(24):3078–84. 
[PubMed: 19506114] 

16. Gore AC, Chappell VA, Fenton SE, Flaws JA, Nadal A, Prins GS, et al. EDC-2: the 
Endocrine Society’s second scientific statement on endocrine-disrupting chemicals. Endocr Rev. 
2015;36(6):E1–e150. [PubMed: 26544531] 

17. Heindel JJ, Blumberg B. Environmental obesogens: mechanisms and controversies. Annu Rev 
Pharmacol Toxicol. 2019;59:89–106. [PubMed: 30044726] 

18. Lo CCW, Lo ACQ, Leow SH, Fisher G, Corker B, Batho O, et al. Future cardiovascular disease 
risk for women with gestational hypertension: a systematic review and meta-analysis. J Am Heart 
Assoc. 2020;9(13):e013991. [PubMed: 32578465] 

19. Mosca L, Benjamin EJ, Berra K, Bezanson JL, Dolor RJ, Lloyd-Jones DM, et al. Effectiveness-
based guidelines for the prevention of cardiovascular disease in women–2011 update: a guideline 
from the American Heart Association. Circulation. 2011;123(11):1243–62. [PubMed: 21325087] 

20. Grandi SM, Vallée-Pouliot K, Reynier P, Eberg M, Platt RW, Arel R, et al. Hypertensive disorders 
in pregnancy and the risk of subsequent cardiovascular disease. Paediatr Perinat Epidemiol. 
2017;31(5):412–21. [PubMed: 28816365] 

21. Heida KY, Franx A, van Rijn BB, Eijkemans MJC, Boer JMA, Verschuren MWM, et al. Earlier 
age of onset of chronic hypertension and type 2 diabetes mellitus after a hypertensive disorder 
of pregnancy or gestational diabetes mellitus. Hypertension. 2015;66(6):1116–22. [PubMed: 
26459420] 

22. Honigberg MC, Zekavat SM, Aragam K, Klarin D, Bhatt DL, Scott NS, et al. Long-term 
cardiovascular risk in women with hypertension during pregnancy. J Am Coll Cardiol. 
2019;74(22):2743–54. [PubMed: 31727424] 

Barrett et al. Page 11

Curr Epidemiol Rep. Author manuscript; available in PMC 2022 March 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



23. Timpka S, Markovitz A, Schyman T, Mogren I, Fraser A, Franks PW, et al. Midlife development 
of type 2 diabetes and hypertension in women by history of hypertensive disorders of pregnancy. 
Cardiovasc Diabetol. 2018;17(1):124. [PubMed: 30200989] 

24. Ananth CV, Keyes KM, Wapner RJ. Pre-eclampsia rates in the United States, 1980–2010: age-
period-cohort analysis. Bmj. 2013;347:f6564. [PubMed: 24201165] 

25. Kuklina EV, Ayala C, Callaghan WM. Hypertensive disorders and severe obstetric morbidity in the 
United States. Obstet Gynecol. 2009;113(6):1299–306. [PubMed: 19461426] 

26. Wallis AB, Saftlas AF, Hsia J, Atrash HK. Secular trends in the rates of preeclampsia, eclampsia, 
and gestational hypertension, United States, 1987–2004. Am J Hypertens. 2008;21(5):521–6. 
[PubMed: 18437143] 

27. Bae S, Hong YC. Exposure to bisphenol A from drinking canned beverages increases blood 
pressure: randomized crossover trial. Hypertension. 2015;65(2):313–9. [PubMed: 25489056] 

28. Bao WW, Qian ZM, Geiger SD, Liu E, Liu Y, Wang SQ, et al. Gender-specific associations 
between serum isomers of perfluoroalkyl substances and blood pressure among Chinese: Isomers 
of C8 Health Project in China. Sci Total Environ. 2017;607–608:1304–12.

29. Shiue I, Hristova K. Higher urinary heavy metal, phthalate and arsenic concentrations accounted 
for 3–19% of the population attributable risk for high blood pressure: US NHANES, 2009–2012. 
Hypertens Res. 2014;37(12):1075–81. [PubMed: 25077919] 

30. Camara LR, Arbuckle TE, Trottier H, Fraser WD. Associations between maternal exposure to 
bisphenol A or triclosan and gestational hypertension and preeclampsia: the MIREC study. Am J 
Perinatol. 2019;36(11):1127–35. [PubMed: 30551231] 

31. Philips EM, Trasande L, Kahn LG, Gaillard R, Steegers EAP, Jaddoe VWV. Early pregnancy 
bisphenol and phthalate metabolite levels, maternal hemodynamics and gestational hypertensive 
disorders. Hum Reprod. 2019;34(2):365–73. [PubMed: 30576447] 

32. Warembourg C, Basagaña X, Seminati C, de Bont J, Granum B, Lyon-Caen S, et al. Exposure 
to phthalate metabolites, phenols and organophosphate pesticide metabolites and blood pressure 
during pregnancy. Int J Hyg Environ Health. 2019;222(3):446–54. [PubMed: 30595366] 

33. Cantonwine DE, Meeker JD, Ferguson KK, Mukherjee B, Hauser R, McElrath TF. Urinary 
concentrations of bisphenol A and phthalate metabolites measured during pregnancy and risk of 
preeclampsia. Environ Health Perspect. 2016;124(10):1651–5. [PubMed: 27177253] 

34. Leclerc F, Dubois MF, Aris A. Maternal, placental and fetal exposure to bisphenol A in women 
with and without preeclampsia. Hypertens Pregnancy. 2014;33(3):341–8. [PubMed: 24724919] 

35. Liu H, Li J, Xia W, Zhang B, Peng Y, Li Y, et al. Blood pressure changes during pregnancy in 
relation to urinary paraben, triclosan and benzophenone concentrations: a repeated measures study. 
Environ Int. 2019;122:185–92. [PubMed: 30503318] 

36. Ye X, Zhou X, Wong LY, Calafat AM. Concentrations of bisphenol A and seven other phenols in 
pooled sera from 3–11 year old children: 2001–2002 National Health and Nutrition Examination 
Survey. Environ Sci Technol. 2012;46(22):12664–71. [PubMed: 23102149] 

37. Ye Y, Zhou Q, Feng L, Wu J, Xiong Y, Li X. Maternal serum bisphenol A levels and risk 
of pre-eclampsia: a nested case-control study. Eur J Pub Health. 2017;27(6):1102–7. [PubMed: 
29186464] 

38. Starling AP, Engel SM, Richardson DB, Baird DD, Haug LS, Stuebe AM, et al. Perfluoroalkyl 
substances during pregnancy and validated preeclampsia among nulliparous women in the 
Norwegian Mother and Child Cohort Study. Am J Epidemiol. 2014;179(7):824–33. [PubMed: 
24557813] 

39. Sjodin A, et al. Serum elimination half-lives adjusted for ongoing exposure of tri-to 
hexabrominated diphenyl ethers: determined in persons moving from North America to Australia. 
Chemosphere. 2020;248:125905. [PubMed: 32004881] 

40. Huo X, Huang R, Gan Y, Luo K, Aimuzi R, Nian M, et al. Perfluoroalkyl substances in early 
pregnancy and risk of hypertensive disorders of pregnancy: a prospective cohort study. Environ Int. 
2020;138:105656. [PubMed: 32222612] 

41. Borghese MM, Walker M, Helewa ME, Fraser WD, Arbuckle TE. Association of perfluoroalkyl 
substances with gestational hypertension and preeclampsia in the MIREC study. Environ Int. 
2020;141: 105789. [PubMed: 32408216] 

Barrett et al. Page 12

Curr Epidemiol Rep. Author manuscript; available in PMC 2022 March 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



42. Wikström S, Lindh CH, Shu H, Bornehag CG. Early pregnancy serum levels of perfluoroalkyl 
substances and risk of preeclampsia in Swedish women. Sci Rep. 2019;9(1):9179. [PubMed: 
31235847] 

43. Savitz DA, Stein CR, Bartell SM, Elston B, Gong J, Shin HM, et al. Perfluorooctanoic acid 
exposure and pregnancy outcome in a highly exposed community. Epidemiology. 2012;23(3):386–
92. [PubMed: 22370857] 

44. Stein CR, Savitz DA, Dougan M. Serum levels of perfluorooctanoic acid and perfluorooctane 
sulfonate and pregnancy outcome. Am J Epidemiol. 2009;170(7):837–46. [PubMed: 19692329] 

45. Huang R, Chen Q, Zhang L, Luo K, Chen L, Zhao S, et al. Prenatal exposure to perfluoroalkyl and 
polyfluoroalkyl substances and the risk of hypertensive disorders of pregnancy. Environ Health. 
2019;18(1):5. [PubMed: 30626391] 

46. Smarr MM, Grantz KL, Zhang C, Sundaram R, Maisog JM, Barr DB, et al. Persistent organic 
pollutants and pregnancy complications. Sci Total Environ. 2016;551–552:285–91.

47. Wong F, Cousins IT, Macleod M. Bounding uncertainties in intrinsic human elimination half-lives 
and intake of polybrominated diphenyl ethers in the North American population. Environ Int. 
2013;59:168–74. [PubMed: 23831542] 

48. Werner EF, Braun JM, Yolton K, Khoury JC, Lanphear BP. The association between maternal 
urinary phthalate concentrations and blood pressure in pregnancy: the HOME study. Environ 
Health. 2015;14:75. [PubMed: 26380974] 

49. Savitz DA, Stein CR, Elston B, Wellenius GA, Bartell SM, Shin HM, et al. Relationship of 
perfluorooctanoic acid exposure to pregnancy outcome based on birth records in the mid-Ohio 
Valley. Environ Health Perspect. 2012;120(8):1201–7. [PubMed: 22450153] 

50. Eslami B, Malekafzali H, Rastkari N, Rashidi BH, Djazayeri A, Naddafi K. Association of serum 
concentrations of persistent organic pollutants (POPs) and risk of pre-eclampsia: a case-control 
study. J Environ Health Sci Eng. 2016;14:17. [PubMed: 27904751] 

51. Gilmore LA, Klempel-Donchenko M, Redman LM. Pregnancy as a window to future health: 
excessive gestational weight gain and obesity. Semin Perinatol. 2015;39(4):296–303. [PubMed: 
26096078] 

52. in Weight gain during pregnancy: reexamining the guidelines, Rasmussen KM and Yaktine AL, 
Editors. 2009: Washington (DC).

53. Vizcaino E, Grimalt JO, Glomstad B, Fernández-Somoano A, Tardón A. Gestational weight 
gain and exposure of newborns to persistent organic pollutants. Environ Health Perspect. 
2014;122(8):873–9. [PubMed: 24786842] 

54. Philips EM, Santos S, Steegers EAP, Asimakopoulos AG, Kannan K, Trasande L, et al. Maternal 
bisphenol and phthalate urine concentrations and weight gain during pregnancy. Environ Int. 
2020;135:105342. [PubMed: 31864031] 

55. Bellavia A, Hauser R, Seely EW, Meeker JD, Ferguson KK, McElrath TF, et al. Urinary phthalate 
metabolite concentrations and maternal weight during early pregnancy. Int J Hyg Environ Health. 
2017;220(8):1347–55. [PubMed: 28939183] 

56. Shapiro GD, Arbuckle TE, Ashley-Martin J, Fraser WD, Fisher M, Bouchard MF, et al. 
Associations between maternal triclosan concentrations in early pregnancy and gestational 
diabetes mellitus, impaired glucose tolerance, gestational weight gain and fetal markers of 
metabolic function. Environ Res. 2018;161:554–61. [PubMed: 29241065] 

57. Rodríguez-Carmona Y, Cantoral A, Trejo-Valdivia B, Téllez-Rojo MM, Svensson K, Peterson KE, 
et al. Phthalate exposure during pregnancy and long-term weight gain in women. Environ Res. 
2019;169:26–32. [PubMed: 30408750] 

58. Whyatt RM, Adibi JJ, Calafat AM, Camann DE, Rauh V, Bhat HK, et al. Prenatal di(2-
ethylhexyl)phthalate exposure and length of gestation among an inner-city cohort. Pediatrics. 
2009;124(6): e1213–20. [PubMed: 19948620] 

59. Wen Q, Zhou Y, Wang Y, Li J, Zhao H, Liao J, et al. Association between urinary paraben 
concentrations and gestational weight gain during pregnancy. J Expo Sci Environ Epidemiol. 
2020;30: 845–55. [PubMed: 32042059] 

60. Marks KJ, Jeddy Z, Flanders WD, Northstone K, Fraser A, Calafat AM, et al. Maternal serum 
concentrations of perfluoroalkyl substances during pregnancy and gestational weight gain: the 

Barrett et al. Page 13

Curr Epidemiol Rep. Author manuscript; available in PMC 2022 March 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Avon Longitudinal Study of Parents and Children. Reprod Toxicol. 2019;90:8–14. [PubMed: 
31415809] 

61. Perng W, Kasper NM, Watkins DJ, Sanchez BN, Meeker JD, Cantoral A, et al. Exposure to 
endocrine-disrupting chemicals during pregnancy is associated with weight change through 1 year 
postpartum among women in the early-life exposure in Mexico to environmental toxicants project. 
J Women's Health (Larchmt). 2020;29:1419–26. [PubMed: 32233978] 

62. Jaacks LM, et al. Pre-pregnancy maternal exposure to persistent organic pollutants and gestational 
weight gain: a prospective cohort study. Int J Environ Res Public Health. 2016;13(9).

63. Ashley-Martin J, et al. Maternal and neonatal levels of perfluoroalkyl substances in relation to 
gestational weight gain. Int J Environ Res Public Health. 2016;13(1).

64. Zhang C, Tobias DK, Chavarro JE, Bao W, Wang D, Ley SH, et al. Adherence to healthy 
lifestyle and risk of gestational diabetes mellitus: prospective cohort study. Bmj. 2014;349:g5450. 
[PubMed: 25269649] 

Barrett et al. Page 14

Curr Epidemiol Rep. Author manuscript; available in PMC 2022 March 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Conceptual model for pregnancy as a sensitive window for EDC exposure as it relates to 

later-life maternal cardiometabolic health
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