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Abstract

Purpose: Maternal stress is a risk factor for adverse pregnancy outcomes (APOs). This study 

evaluates the associations of prenatal stress and APOs with maternal stress years after pregnancy.

Methods: The 10-item Perceived Stress Scale (PSS) (0-40 range) was completed in the first and 

third trimesters, and 2-7 years after delivery among a subsample (n = 4,161) of nulliparous women 

enrolled at eight U.S. medical centers between 2010-2013 in a prospective, observational cohort 

study. Demographics, medical history, and presence of APOs (gestational diabetes (GDM), 

hypertensive disorders of pregnancy (HDP), preeclampsia (PE), and medically-indicated or 

spontaneous preterm birth (miPTB, sPTB)) were obtained. The associations of prenatal PSS and 

the presence of APOs with PSS scores years after delivery were estimated using multivariable 

linear regression.

Results: Mean PSS scores were 12.5 (95% CI 12.3, 12.7) and 11.3 (95% CI 11.1, 11.5) in the 

first and third trimesters respectively and 14.9 (95% CI 14.7, 15.1) 2-7 years later, an average 

increase of 2.4 points (95% CI 2.2, 2.6) from the start of pregnancy. Regressing PSS scores after 

delivery on first-trimester PSS and PSS increase through pregnancy showed positive associations, 

with coefficients (95% CI) of 2.8 (2.7, 3.0) and 1.5 (1.3, 1.7) per 5-point change, respectively. 

Adding APO indicator variables separately showed higher PSS scores for women with HDP (0.7 

(0.1, 1.3)), PE (1.3 (0.6, 2.1)), and miPTB (1.3 (0.2, 2.4)), but not those with GDM or sPTB.

Conclusions: In this geographically and demographically diverse sample, prenatal stress and 

some APOs were positively associated with stress levels 2-7 years after pregnancy.

Keywords

prenatal maternal stress; adverse pregnancy outcomes; perceived stress; preterm birth; 
preeclampsia (5)

INTRODUCTION:

Prenatal stress has been associated with increased risk of pregnancy complications, 

including preterm birth (PTB), gestational diabetes (GDM) and preeclampsia (PE) (Hobel 

2009, Alderdice 2012, Osbourne 2015). These complications have lasting implications, as 

hypertensive disorders of pregnancy (HDP; i.e., PE or gestational hypertension (GHTN)) 

and PTB are associated with increased risk of hypertension and cardiovascular disease in 

mothers (Ray 2005, Bellamy 2007, Catov 2013, Cirillo 2015, Catov 2016, Cortes 2018), 

while GDM is associated with increased risk of type 2 diabetes and renal and cardiovascular 

disease (Gunderson 2014, Beharier 2015, Appiah 2016, Lowe 2018). A few studies suggest 

that prenatal stress is also associated with postpartum mental health, although these reports 

generally have followed women only up to six months postpartum (Ngai 2015, Misri 2010). 

Information on the trajectories of stress from pregnancy to years after delivery is limited 

(Fredriksen 2017, Bayrampour 2016, Santos 2017, Mora 2009).
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An additional potential consequence of adverse pregnancy outcomes (APOs) is an alteration 

in maternal mental health, possibly attributable to the milieu of immediate trauma and 

stressful sequelae of infant and maternal morbidity and caregiving. The comparatively high 

prevalence of post-traumatic stress disorder among women who experienced traumatic 

pregnancies is well-documented (Forray, 2009, Garthus, 2013, Kjeldgaard, 2018). In 

addition, studies specifically examining the mental health of mothers after PTB demonstrate 

higher stress levels and greater anxiety in the first few weeks after delivery (Misund 2014, 

Pichler-Stachi 2016, Helle 2016). Another study found that parents of very preterm children 

were more likely to experience moderate anxiety, depressive symptoms, and stress up to 

seven years after delivery (Treyvaud 2014). One study found that women who developed 

GDM were more likely to have a new diagnosis of a mood or anxiety disorder during 

pregnancy or within one year of delivery (Beka 2017). A systematic review found positive 

associations between HDP and depressive symptoms; most studies evaluated women 2 

months to 2 years after delivery (Delahajje 2013). Nevertheless, the number of studies 

evaluating the association between APOs and maternal mental health is relatively few, those 

that do exist often do not distinguish between different indications for preterm delivery, and 

the typical follow-up is relatively short. Moreover, there is little information as to how 

maternal mental health during pregnancy is related to the APOs as well as to mental health 

many years later (Ngai 2015, Misri 2010, Fredriksen 2017, Bayrampour 2016, Santos 2017, 

Mora 2009).

The Nulliparous Pregnancy Outcomes Study: Monitoring Mothers-to-Be (nuMoM2b), a 

cohort study of nulliparous women prospectively followed during pregnancy, with a 

subsample who underwent follow-up 2-7 years later as part of the Heart Health Study 

(HHS), provides a unique opportunity to investigate: (1) the patterns of stress during and for 

several years after pregnancy, and (2) the associations of stress during pregnancy and 

specific APOs with long-term maternal stress. We hypothesized that greater prenatal stress 

and the presence of APOs would be associated with greater maternal stress several years 

after delivery. Figure 1 provides a conceptual model of the postulated associations between 

stress during pregnancy, APOs, stress at follow-up, and potential confounders.

MATERIALS AND METHODS:

Study Population

NuMoM2b is a geographically and demographically diverse, prospective, observational 

cohort study of 10,038 nulliparous pregnant women recruited from eight medical centers 

between October 2010 and September 2013 and followed throughout their pregnancy by 

research staff. Data were obtained through interviews, questionnaires, medical record 

review, ultrasounds, clinical measurements, and biological specimen collection during four 

study visits throughout pregnancy. Further details on the methods have been published 

elsewhere (Haas 2015). The subsequent HHS included 7,003 women, 4,508 of whom 

completed an in-person cardiovascular risk factor evaluation from 2 to 7 years after their 

nuMoM2b study pregnancy. The purpose of the HHS was to assess the association between 

APOs and long-term maternal cardiovascular health. Building on the resources of the 

nuMoM2b parent study, HHS data were collected via interviews, self-report questionnaires, 
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physical examinations, and review of medical records. Further details on the methods have 

been published elsewhere (Haas 2016).

Perceived Stress Scale

The Perceived Stress Scale (PSS) was completed during nuMoM2b study visits in the first 

and third trimesters, and during the HHS in-person visit. The PSS is a 10-item questionnaire 

assessing the extent to which, during the past month, respondents judge their lives to be 

“unpredictable, uncontrollable or overloaded” using a 0-4 Likert scale (Cohen 1983). The 

scores are summed, resulting in a maximum score of 40 such that higher scores represent 

greater perceived stress (Cohen 1988). The PSS has been used and validated in over 17 

languages and among diverse populations in both research and clinical settings, including 

among this study’s population (Taylor 2015, Karam 2012, Bann 2017).

APOs

For the purposes of this analysis, APOs were defined as categorical variables. GDM and 

HDP (PE or GHTN) were each defined as binary variables (yes or no), and PTB was ternary 

(miPTB, sPTB, or no PTB). Each outcome was identified by direct medical record 

abstraction according to pre-defined classifications (Haas 2015).

Statistical analysis

Multivariable linear regression was used to address pre-specified hypotheses regarding the 

association of prenatal stress and APOs with the outcome of interest – stress measured 2-7 

years after first pregnancy (“HHS stress”). The initial multivariable model estimated the 

association between HHS stress and perceived stress during pregnancy, and considered 

whether that association may diminish with elapsed time since pregnancy. This model 

regressed HHS stress on the independent variables of first-trimester stress, the change in 

stress between the first and third trimesters of pregnancy, the time elapsed between third-

trimester visit and the follow-up HHS visit, and the interaction between the change in stress 

and time elapsed.

Subsequently, to address hypotheses regarding the association between APOs and HHS 

stress, this model was extended by adding APOs and the interaction between APOs and the 

change in stress during pregnancy. The extended model was fit separately for each of the 

four APOs of interest (GDM, PE, HDP and PTB). Secondary analyses were conducted to 

adjust for potential confounders. These included race/ethnicity (non-Hispanic white, non-

Hispanic black, Hispanic, Asian, other), maternal age, attained education (6 levels), 

insurance status (commercial, government/military, or private/other), and the presence of 

one or more major medical comorbidities documented in the medical record at the time of 

pregnancy (diabetes mellitus, chronic hypertension, asthma and kidney disease).

Finally, to assess whether the observed associations between APOs and HHS stress reflect 

independent contributions of APOs to HHS stress, rather than appearing as an artifact of a 

causal pathway in which APOs mediate pre-existing stress caused by underlying illness, a 

mediation analysis was completed. This analysis framework (Baron 1986) requires that four 

criteria be met to support a claim of mediation: (1) baseline comorbidities are associated 
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with HHS stress, (2) baseline comorbidities are associated with APO occurrence, (3) in a 

model with both baseline comorbidities and APOs, APOs are associated with HHS stress, 

and (4) in a model with both baseline comorbidities and APOs, the association between 

baseline comorbidities and HHS stress is nullified. These criteria were assessed using linear 

regression (criteria 1, 3, 4) and logistic regression (criterion 2), respectively.

Regression model assumptions were evaluated using residual plots. Results are presented as 

estimated regression parameters and associated 95% confidence intervals. All analyses were 

performed using SAS version 9.4.

RESULTS:

Sample Characteristics

Baseline demographic characteristics are presented in Table 1 for the 10,028 evaluable 

nuMoM2b participants and for the 4,161 women who completed all PSS surveys and who 

provided full covariate data. Among the HHS participants included in this analysis, 65.0% 

were non-Hispanic white, and 82.7% had at least some education beyond high school. These 

participants were demographically similar to the full cohort, with the exception of slightly 

higher representation of non-Hispanic white women at follow-up. Their median age upon 

entry into the nuMoM2b study was 27 years (min-max: 15-44). Overall, mean PSS scores 

were 12.5 (95% CI 12.3, 12.7) in the first trimester of pregnancy, 11.3 (95% CI 11.1, 11.5) 

in the third trimester of pregnancy, and 14.9 (95% CI 14.7, 15.1) 2-7 years after pregnancy. 

This reflects an estimated increase of 2.4 points (95% CI 2.2, 2.6) in the PSS score between 

the first trimester and follow-up 2-7 years later. 10.5% of the sample had PSS scores greater 

than 21 (the average for healthy pregnant women (Evans 2008)) at the first-trimester visit 

and 7.6% at the third-trimester visit. 49.9% of the sample had scores greater than 14 (the 

average for a population of healthy women (Cohen 1988)) at the HHS visit 2-7 years after 

delivery.

Association of Stress During Pregnancy with Long-Term Stress

In unadjusted regression models (data not shown), first-trimester PSS and PSS change 

between the first and third trimesters of pregnancy were positively associated with higher 

PSS scores at the HHS visit 2-7 years after pregnancy. Each 5-point increment in PSS during 

the first trimester corresponded to an increase of 2.8 points (95% CI 2.7, 3.0) in the HHS 

visit PSS, and each 5-point increase between trimesters was associated with a PSS increase 

of 1.5 points (95% CI 1.3, 1.7) at the HHS visit. Elapsed time between the third trimester 

and HHS visits contributed negligibly to stress at the HHS visit (0.2 points per elapsed year; 

95% CI −0.2, 0.7). In addition, there was minimal evidence that the associations between 

first-trimester PSS and HHS stress, and between change in stress during pregnancy and HHS 

stress, diminished with elapsed time (interaction coefficient = −0.1, 95% CI −0.3, 0.1; 

coefficient = 0.1, 95% CI −0.1, 0.3; per elapsed year and 5-point increment in first-trimester 

PSS or change in stress during pregnancy, respectively). Terms related to elapsed time were 

thus not retained for additional models.
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Association of APOs with Long-Term Stress

Independent of first-trimester stress and the change in stress during pregnancy, women who 

had HDP had 0.7 points higher stress at the HHS visit than those without HDP (Table 2 

Model 1; 95% CI 0.1, 1.3). Women with PE also demonstrated higher stress at the HHS visit 

(1.3 points (95% CI 0.6, 2.1)). When considering PTB, miPTB was associated with higher 

stress at the HHS visit than no PTB (1.3 points (95% CI 0.2, 2.4)), but not sPTB. Also, 

GDM during pregnancy was not associated with stress at the HHS visit, after accounting for 

stress levels during pregnancy.

Adjustments for Demographic and Clinical Covariates

The associations of PSS scores in pregnancy and of APOs with PSS scores at the HHS visit 

remained similar even after adjusting for race/ethnicity and baseline values of age, attained 

education, insurance type, and the presence of medical comorbidities (Table 2 Model 2).

The association between APOs and long-term stress may reflect a causal pathway in which 

APOs serve as a mediator of stress due to underlying or pre-existing illness. In this scenario, 

an association between APOs and HHS stress would be observed due to APOs serving as a 

surrogate for the underlying comorbidities, rather than independently contributing to HHS 

stress. To explore this possibility, we evaluated the four mediation criteria described by 

Baron and Kenny (Baron 1986) and noted above in the Statistical Analysis, with results as 

follows: (1) baseline comorbidities were associated with HHS stress: participants with pre-

pregnancy medical comorbidities had PSS scores 1.2 (95% CI 0.7, 1.8) points higher at the 

HHS visit than healthier participants (data not shown); (2) comorbidities were associated 

with some APOs, including HDP, PE, and miPTB, but not GDM or sPTB (Table 3, Model 

1); in stress models including both APOs and comorbidities, (3) individual APOs remained 

associated with stress at follow-up with estimates of association similar to those previously 

described (Table 3, Model 2), and (4) the associations between baseline comorbidities and 

stress 2-7 years after delivery are preserved (Table 3, Model 2). Because result (4) violates 

the final criterion for mediation, we conclude that the association between APOs and stress 

at the HHS visit is not attributable to APOs serving a mediating role between pre-pregnancy 

comorbidity and stress at the HHS visit. Rather, the estimated associations reflect the 

independent contributions of APOs and their inseparable milieu of physical and 

psychological stressors.

DISCUSSION:

In this analysis of data from a multi-center observational cohort study, we investigated the 

longitudinal relationship of stress during pregnancy and APOs to women’s stress levels 2-7 

years after pregnancy. The study supported our hypothesis that greater prenatal stress, as 

well as certain APOs, are independently associated with higher stress levels several years 

later.

This study demonstrated the maintenance of perceived stress patterns during and beyond 

pregnancy. First-trimester stress and stress change between the first and third trimesters of 

pregnancy were positively associated with higher stress scores in later years. Each estimated 
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5-point increment in first-trimester stress predicted nearly 3 points higher stress years later, 

while each estimated 5-point increase in stress between trimesters was associated with 1.5 

points higher stress at follow-up. The relationships with stress levels 2-7 years after 

pregnancy are consistent with prior studies that have observed maternal stress over shorter 

periods (Ngai 2015, Misri 2010, Fredriksen 2017, Bayrampour 2016, Santos 2017, Mora 

2009), and extend those findings by additionally demonstrating the extent to which these 

relationships persist over the longer term.

Of note, mean stress levels during pregnancy (12.5 and 11.3 on the PSS) in this cohort were 

below what is typically viewed as clinically significant (approximately 26 points), and 

changes in stress were relatively small. However, our lower values in part reflect our use of 

the 10 versus 14 item PSS with ranges of 0-40 versus 0-56. Our finding of positive 

associations between baseline stress, changes in stress during pregnancy, and later stress 

levels nonetheless suggest that modestly higher baseline levels and increases during 

pregnancy could signal several future years of chronically elevated stress levels (Cohen 

1988, Evans 2008, Chang 2015, Woolhouse 2014). Further studies are necessary to better 

understand whether it may be particularly important to provide mental health interventions 

to improve the long-term mental health and well-being of women with the greatest levels of 

perceived stress during pregnancy.

HDP, PE, and miPTB were also associated with higher stress years after pregnancy, while 

sPTB and GDM were not. These associations of prenatal stress and APOs with stress many 

years later remained even after controlling for a variety of potential confounding factors. 

These independent associations aligned with our hypotheses and underscore the importance 

of considering maternal experiences during pregnancy as part of an integrative approach to 

improving women’s future well-being.

To our knowledge, few studies have investigated the long-term association of distinct APOs 

with maternal stress several years after delivery in a large and diverse prospective cohort. 

The fact that only some APOs had associations with long-term stress may suggest that 

different perceptions of individual APOs may influence their contribution to later stress 

experiences. Because HDP and PE are associated with future cardiovascular health risks 

(Ray 2005), including risk for HDP and PE in future pregnancies which tend to be 

understood by women (Brown 2013, Traylor 2015), these conditions may be perceived as 

more concerning for long-term health and thus related to stress levels years later. Similarly, 

as the most common indications for miPTB are related to ischemic placental syndromes 

such as PE, fetal growth restriction, or placental abruption, this event also may be perceived 

as having a more lasting impact on maternal health and later stress levels (Ananth 2006). In 

contrast, GDM and sPTB may be perceived as time-limited conditions without future health 

implications. Although GDM is a risk factor for future development of cardiovascular or 

renal disease (Beharier 2015), 16% of women with GDM in one study and 47% in another 

underestimated their personal risk for developing type 2 diabetes, despite the vast majority 

of participants (90 and 89% respectively) understanding the general association between 

GDM and type 2 diabetes (Mukerji 2015, Kim 2007).
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Predictably, the presence of comorbidities was associated with greater odds of HDP, PE, and 

miPTB. Pre-existing major medical conditions may have influenced the stress levels of some 

women both during and after pregnancy. It is important to note that while APOs may be 

thought of as mediators of an association between baseline comorbidities and stress years 

after pregnancy, the failure to meet established criteria for mediation indicated that APOs are 

independent factors in their association with future stress.

This study had several notable strengths including its large sample size and the relative 

demographic and geographic diversity of the participants. Its weaknesses include reliance on 

a self-report measure for indexing stress levels, and the relatively low number of women 

enrolled in Medicaid, the insurance program supported by federal and state governments for 

those with limited financial means. In the U.S., roughly 45% of births are to women enrolled 

in Medicaid; in this sample, approximately 25-28% were enrolled in government supported 

insurance, and this included insurance via the military. Our results may not generalize to 

women in lower socioeconomic circumstances.

CONCLUSION:

In this study of a large, geographically and demographically diverse U.S. sample, prenatal 

stress and some APOs were positively and independently associated with levels of stress 2-7 

years after pregnancy. Routine prenatal care, with its structure of frequent patient-provider 

contact, offers a unique opportunity to screen for behavioral health issues and provide 

interventions. Moreover, clinician awareness of the psychosocial strain and potentially 

traumatic nature of APOs and associated provision of support services could diminish their 

negative impact on women’s well-being. Overall, attention to women’s mental, as well as 

physical, status during prenatal care could significantly improve their long-term health. As 

demonstrated in a systematic review of existing antenatal behavioral health interventions 

intended to address women’s well-being, women at greater risk for developing maternal 

distress benefited in the first year postpartum from interventions during pregnancy, including 

group prenatal care and peer or professional mentoring (Fontein-Kuipers 2014). It will be 

important to characterize further risk factors for prenatal and long-term stress, and risk-

stratify women who would benefit from additional support during the prenatal and postnatal 

periods.
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Figure 1. 
Conceptual Model Guiding our Research Questions.
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Table 1.

Baseline demographic and clinical characteristics of participants in the nuMoM2b cohort and follow-up Heart 

Health Study (HHS).

nuMoM2b cohort
N=10,028

HHS follow-up
N=4,161

Baseline Characteristics Frequency % Frequency %

Age (years), median (min, max) 27 (13, 45) 27 (15, 44)

Race/Ethnicity

 Non-Hispanic White 5,989 59.7% 2,705 65.0%

 Non-Hispanic Black 1,418 14.1% 502 12.1%

 Hispanic 1,700 17.0% 640 15.4%

 Asian 407 4.1% 122 2.9%

 Other 514 5.1% 192 4.6%

Education

 Less Than High School 816 8.1% 278 6.7%

 High School 1,171 11.7% 442 10.6%

 Some College 1,948 19.4% 794 19.1%

 Associate/Technical Degree 1,005 10.0% 468 11.3%

 Bachelor’s Degree 2,772 27.7% 1,212 29.1%

 Beyond Bachelor’s Degree 2,308 23.0% 967 23.2%

Insurance Status

 Commercial 6,778 68.1% 2,970 71.4%

 Government/Military 2,800 28.1% 1,048 25.2%

 Private/Other 381 3.8% 143 3.4%

Comorbidities* 1,575 15.7% 623 15.0%

APOs

 GDM 396 4.2% 177 4.3%

 PE 586 6.2% 256 6.2%

 HDP 1,244 13.1% 535 12.9%

 miPTB 338 3.6% 124 3.0%

 sPTB 477 5.0% 190 4.6%

Missing data for full cohort as follows: education, n=8; insurance, n=69; GDM, n=616; PE and HDP, n=563; miPTB and sPTB, n=562. Percentages 
are calculated based on denominators that exclude participants with missing data.

nuMoM2b = Nulliparous Pregnancy Outcomes Study: Monitoring Mothers-to-Be, HHS = Heart Health Study, APOs = adverse pregnancy 
outcomes, GDM = gestational diabetes mellitus, PE = preeclampsia, HDP = hypertensive disorders of pregnancy, miPTB = medically-indicated 
preterm birth, sPTB = spontaneous preterm birth

*
Denotes the self-reported presence of one or more of the following major medical comorbidities at the time of pregnancy: diabetes mellitus, 

chronic hypertension, asthma and kidney disease.
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