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The analysis code is available in the eAppendix and at https://github.com/degoin/Stress-fetal-growth. 

The sharing of anonymized data from this study is restricted due to ethical and legal restrictions. Data 

contains sensitive personal health information, which is protected under Health Insurance Portability and 

Accountability Act (HIPPA), thus making all data requests subject to Institutional Review Board (IRB) 

approval. Per University of California, San Francisco (UCSF) IRB, the data that support the findings of 

this study are restricted for transmission to those outside the primary investigative team. Data sharing 

with investigators outside the team requires IRB approval. Data requests may be submitted to the 

Program on Reproductive Health and the Environment (PRHE) by contacting Lynn Harvey at 

Lynn.Harvey@ucsf.edu. All requests for anonymized data will be reviewed by PRHE and then 

submitted to the UCSF IRB for approval. 
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Abstract  

Background: Women can be exposed to a multitude of hardships prior to and during pregnancy that 

may affect fetal growth, but previous approaches have not analyzed them jointly as social exposure 

mixtures.  

Methods: We evaluated the independent, mutually adjusted, and pairwise joint associations between 

self-reported hardships and birthweight for gestational age z-scores in the Chemicals in Our Bodies-2 

prospective birth cohort (N=510) using G-computation. We examined financial hardship, food 

insecurity, job strain, poor neighborhood environment, low community standing, caregiving, high 

burden of stressful life events, and unplanned pregnancy collected via questionnaire administered in the 

second trimester of pregnancy. We used propensity scores to ensure our analyses had sufficient data 

support and estimated absolute differences in outcomes.  

Results: Food insecurity was most strongly associated with reduced birthweight for gestational age z-

scores individually, with an absolute difference of -0.16, 95% CI -0.45, 0.14. We observed an 

unexpected increase in z-scores associated with poor perceived neighborhood environment (0.18, 95% 

CI -0.04, 0.41). Accounting for co-exposures resulted in similar findings. The pairwise joint effects were 

strongest for food insecurity in combination with unplanned pregnancy (-0.45, 95% CI-0.93, 0.02) and 

stressful life events (-0.42, 95% CI -0.90, 0.05). Poor neighborhood environment in combination with 

caregiving was associated with an increase in z-scores (0.47, 95% CI -0.01, 0.95). 

Conclusions: Our results are consistent with the hypothesis that experiencing food insecurity during 

pregnancy, alone and in combination with stressful life events and unplanned pregnancy, may affect 

fetal growth.  

Keywords: stress, hardship, pregnancy, fetal growth, birthweight 
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Introduction 

Poor fetal growth is associated with infant morbidity and mortality (1, 2), and there is 

evidence that restricted growth in-utero is associated with increased disease risk later in life (3). 

Causes of poor fetal growth, also known as intrauterine growth restriction or fetal growth 

restriction, are multifactorial (4). Placental insufficiency is recognized as the best-known 

predictor of fetal growth restriction (5, 6), but severe malformations and chromosomal disorders 

may also cause retarded growth, and mothers with severe preeclampsia and/or chronic 

hypertension with superimposed preeclampsia tend to have higher risks of delivering growth 

restricted infants (7).  

Previous evidence suggests exposure to stressors prior to or during pregnancy may also 

increase the likelihood of fetal growth restriction (8-13). In particular, experiencing economic 

and/or social hardships or other stressful experiences during pregnancy can affect fetal growth 

via behavioral or physiologic mechanisms (9, 14-16). For example, women who experience 

stressful events or hardships are more likely to use substances, including cigarettes, alcohol, and 

illicit substances, while pregnant (17, 18). Use of such substances during pregnancy has been 

linked to increased risk of low birthweight and poor fetal growth (19-21). Furthermore, stressful 

experiences during pregnancy can dysregulate the maternal immune system (22, 23), increasing 

risk for infection, preeclampsia, and other pregnancy complications that have been tied to fetal 

growth restriction (24).  

There are a number of adverse experiences that could have implications for both maternal 

and fetal health during pregnancy, and women are often exposed to a multitude of these stressors 

during their pregnancies (25). However, prior studies have tended to focus on individual 

hardships as an attempt to isolate their hypothesized individualistic effects. Exposure to one 
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stressful experience or hardship is likely to be correlated with exposure to others, especially for those 

that are associated with lower maternal socioeconomic status. Studies that have examined multiple 

adverse experiences, like stressful life events checklists, exclude other hardships that may also play a 

role in shaping maternal stress during pregnancy (26). While some previous studies have examined 

multiple stressors in relation to low birthweight (27, 28), birthweight (29, 30), or small-for-gestational-

age (31), and have mutually adjusted for other stressors, we are not aware of any that have examined the 

joint effects of multiple stressors, nor any that have focused on continuous measures of fetal growth.  

There is currently a lack of understanding about how multiple hardships jointly affect pregnancy 

outcomes; addressing this gap requires methods that can evaluate multiple stressors and their cumulative 

impacts.  

Environmental epidemiologists have developed methodologies for studying the health effects of 

chemical mixtures (32, 33), in which the tendency for clustering or co-occurrence of chemicals is 

acknowledged and investigated. Due to the fact that chemicals tend to originate from a point source of 

pollution or to co-occur in industrial or commercial applications, novel approaches were necessary to 

evaluate the individual and joint relationships between these multiple correlated exposures and health 

outcomes (34). Mixtures methodology comprises both statistical methods and a conceptual approach 

that could be applied to studies of social factors that tend to co-occur in accordance with socioeconomic 

patterning. Socioeconomic position can be conceived as a point source of inequality and material 

hardship that has downstream effects on health.  

In particular, given what is known about how fundamental causes of poor health, like poverty 

and low educational attainment, operate through access to resources and adverse life experiences (35-

37), further attention toward examining sets of hardships jointly as social exposure mixtures is 

warranted (38, 39). This study aims to address this gap by examining multiple hardships that women 
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may experience either prior to or during pregnancy, using an approach inspired by analysis of 

chemical mixtures in environmental epidemiology (40). We evaluate the joint and independent 

relationships of fetal growth with financial hardship, food insecurity, job strain, stressful life 

events, caregiving, low perceived social status, poor perceived neighborhood, and unplanned 

pregnancy.  

Methods 

Study population  

Our study utilized the University of California, San Francisco Chemicals in Our Bodies-2 

cohort, which recruited pregnant women in their second trimester from the Moffitt Long, 

Mission Bay, and Zuckerberg San Francisco General Hospitals during 2014-2018. Information 

about eligibility is available in the supplemental material. Mothers filled out questionnaires 

during the second trimester, which we linked to medical records from their pregnancy and 

delivery. The Institutional Review Boards of the University of California, San Francisco and 

Berkeley approved this study (Protocol # 13-12160).  

Measurement of hardships  

At the second trimester visit, we asked participants to answer questions from validated 

questionnaires about various sources of stress in their lives prior to and during pregnancy that 

have previously been linked to reduced fetal growth, including financial hardship (41), food 

insecurity (8), job strain (42), neighborhood environment (43, 44), stressful life events (26, 45), 

and unplanned pregnancy (46). We also investigated perceived low community standing and 

caregiving. Low community standing, or low perceived social status, has previously been 

associated with worse maternal health (47, 48), although to our knowledge no prior studies have 

evaluated subjective social status with infant birthweight or other measures of fetal growth. 
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Caregiving has also been associated with stress and emotional burden, although most work has 

evaluated the effects on older adults (49). To our knowledge, no prior studies have evaluated the 

relationship between caregiving and fetal growth.  

Caregiving  

Women were classified as experiencing caregiving burden if they were often responsible for the 

care and well-being of a parent or older relative, or a child who needs or uses more medical care, mental 

health, or educational services than is usual.  

Financial hardship  

We categorized women as experiencing financial hardship if they had a household income below 

the 2017 poverty level for their family size, or if they found it difficult to pay for basics like food, 

housing, medical care, and heating.  

Food insecurity  

Women were considered to be food insecure if they responded that they had skipped or cut the 

size of meals, if they ate less than they felt they should, or if they were hungry but didn’t eat because 

there wasn’t enough money. They were also considered food insecure if the food they bought didn’t last 

and they didn’t have money to get more, or if they couldn’t afford to eat balanced and nutritious meals.  

Job strain  

We categorized women as experiencing job strain if they reported having a job that was high 

demand and low control. Women were classified as having high demand jobs if they were expected to 

do excessive amount of work, their pay was not fair given their accomplishments, or they felt too tired 

after work. Women were classified as having low control jobs if they were not able to make decisions or 

did not have opportunities to develop abilities in the workplace.  
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Low perceived social status  

Women were classified as having low perceived social status if, when asked to rate themselves 

from 1-10 according to status in their community (50), gave themselves a 4 or below.  

Poor perceived neighborhood environment  

We asked women to rate their neighborhoods for collective efficacy, neighborhood safety, 

neighborhood satisfaction, and neighborhood physical disorder (51, 52). Women were classified as 

having poor neighborhood quality if they experienced low collective efficacy; did not feel safe in their 

neighborhood; reported loud noise, vacant lots, or heavy traffic in the neighborhood; did not agree that 

their neighborhood was a good place to live; or responded they would move out of their neighborhood if 

they could.  

Stressful life events  

Women were classified as experiencing a high burden of stressful life events if they experienced 

two or more of the following: close family member was sick and went to the hospital, separated from 

partner, moved to a new address, partner lost a job, she lost a job, partner didn’t want her to be pregnant, 

had a lot of bills she couldn’t pay, was in a physical fight, partner had legal problems, someone close to 

her had a substance use problem, someone close to her died, she or a close family member had 

immigration problems.  

Unplanned pregnancy  

We considered women to have an unplanned pregnancy if she didn’t want to be pregnant or 

wanted to be pregnant later.  
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We created binary indicators for each hardship, indicating the presence or absence of each 

exposure prior to or during pregnancy. Detailed explanations of the questions we asked participants and 

the coding used to characterize each measure are provided in the eAppendix.   

Covariates  

We identified covariates a priori based on factors we hypothesized would be related to 

socioeconomic status and fetal growth, which included maternal age, educational attainment, 

race/ethnicity, parity, marital status, and pre-pregnancy body mass index (BMI). Maternal age at 

delivery and pre-pregnancy BMI were abstracted from the medical record. Educational attainment, 

race/ethnicity, and parity were self-reported using the second-trimester questionnaire. We used multiple 

imputation with 30 imputed data sets to account for data missingness. The number of missing values that 

were imputed for each covariate and hardship are shown in eTable 1. A correlation matrix for the 

covariates and hardships is visualized in eFigure 1.  

Fetal growth measurement 

We assessed fetal growth using birthweight for gestational age z-scores, which were calculated 

from a population reference (53) to disentangle potential effects on gestational age versus fetal growth 

(54). Birthweight and gestational age at birth were both abstracted from the mother’s medical record 

which was linked to the child’s medical record at birth. We include birthweight in the eAppendix as a 

stand-alone measure for comparability with other studies and to enhance interpretability of the results. 

We did not control for gestational age in the birthweight models as it may operate as a mediator of the 

hardship-birthweight relationship (55).  
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Statistical analysis  

To estimate the associations between hardships and fetal growth, we used linear 

Since we modeled continuous outcomes and binary exposures, linear regression coefficients 

equivalent to estimates of the average treatment effect of reported hardships on fetal growth 

computation, which has been used to estimate population-level parameters (56), hypothetical 

interventions (57), and exposure mixtures (40, 58).  We elected to use this method rather than 

weighted quantile sum regression (59), another approach to estimate the effects of exposure 

mixtures, which was used previously to study combinations of stressors and depressive or post-

traumatic-stress-disorder symptoms on oxidative stress (60). We chose G-computation over 

weighted quantile sum regression because the latter does not allow for exposures to act in 

opposite directions, does not allow exposures to interact, and is best suited for continuous 

exposures due to the creation of quantiles for each of the exposures. Because our exposures were 

binary rather than continuous, we used G-computation rather than quantile G-computation.  

We estimated the absolute difference in fetal growth associated with: 1) each individual 

hardship, 2) the mutually adjusted effects, for which we estimated the association of individual 

hardships while controlling for the remaining hardships, and 3) pairwise joint effects, in which 

exposure to a pair of hardships was compared to lack of exposure for both. For the estimation of 

pairwise joint effects, we included an interaction between the exposure pair, and controlled for 

the remaining hardships and covariates. Since we examined eight individual hardships, pairwise 

joint combinations resulted in 28 hardship pairs. We elected to focus on pairwise combinations 

rather than all hardships together because only one woman in our study experienced all of the 

hardships (eTable 3).  
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We calculated variances for the individual and mutually adjusted effects from the standard error 

of the hardship exposure coefficient for each imputed data set, and those for pairwise joint effects were 

calculated using the delta method. We used Rubin’s combining rules to calculate the final variance for 

each parameter (61), which we then used to calculate Wald-type 95% confidence intervals.  

To ensure adequate support within the data for evaluating individual, mutually adjusted, and 

pairwise joint effects of an extensive set of stressors, we examined variability in exposure assignment 

within strata of covariates (62). To do this, we used logistic regression to predict for each participant the 

probability of experiencing each hardship (their propensity score). For the individual effects, propensity 

models were conditional on maternal age, race or ethnicity, educational attainment, and parity. For the 

mutually adjusted and pairwise joint effects, propensity models were conditional on the covariates and 

all remaining hardships. We chose covariates a priori as factors we hypothesized could influence the 

likelihood of experiencing the hardships considered in this study.  

We then identified the area of common support, which is defined as the range between the 

minimum propensity score among participants who reported experiencing a hardship and the maximum 

propensity score among participants who did not report experiencing that hardship (Supplemental Figure 

2). The area of common support was ascertained separately for each imputed data set and hardship. For 

each exposure and dataset, only those participants whose propensity scores fell within the area of 

common support were included in the analyses described below (62). The average sample sizes across 

imputed datasets for each exposure and effect type (individual, mutually adjusted, or pairwise joint) are 

provided in the Supplemental Tables 4 and 5. 

Analyses were conducted using R version 3.6.0 (63); code is available in the eAppendix.  
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Results  

On average, participants were approximately 32 years old at the time of delivery (Table 

were well-educated, the majority were White or Latina, and the index pregnancy was the first 

child for almost half of the women. Stressful life events (59% of our cohort reporting) and 

financial hardship (45% of our cohort reporting) were the most commonly experienced 

hardships. Low community standing was the least common hardship (11% reporting). 

Descriptive statistics of maternal characteristics by individual hardship exposure status are 

available in eTable 2. The number of hardships experienced, and the most common combinations 

of hardships, are described in eTable 3.  

Restriction to the area of common support resulted in different sample sizes for each 

hardship, and for the individual and mutually adjusted effects. For example, we included 507 out 

of 510 in the individual analysis of stressful life events and 507 out of 510 in the analysis of 

unplanned pregnancy, whereas the individual analysis of food insecurity included 325 women 

(eTable 4). Controlling for remaining hardships further restricted the support within the data for 

all hardships except job strain and caregiving, for which the support increased. The mutually 

adjusted analysis of stressful life events included 488 women and unplanned pregnancy 500 

women, while the mutually adjusted effects of food insecurity included 238 women.  

When examined individually, the hardships with the strongest negative relationships with 

birthweight for gestational age z-scores were food insecurity (-0.16 (95% confidence interval 

(CI) -0.45, 0.14)) and unplanned pregnancy (-0.10 (95% CI -0.31, 0.11)) (Figure 1 and eTable 4). 

The associations did not change meaningfully when we controlled for the other exposures—the 

mutually adjusted associations for -0.21 (95% CI -0.53, 0.11) for food insecurity and -0.12 (95% 

CI -0.33, -0.10) for unplanned pregnancy. In the individual analysis, financial hardship was 
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associated with slightly reduced birthweight for gestational age z-scores (-0.02 (95% CI -0.35, 0.31)), 

but was associated with increased birthweight in the mutually adjusted analysis (0.09 (95% CI -0.26, 

0.44)), although both estimates were very imprecise. Poor perceived neighborhood was associated with 

an increase in z-scores in the individual (0.18 (95% CI -0.04, 0.41)) and mutually adjusted analyses 

(0.24 (95% CI 0.00, 0.48)). 

Food insecurity and unplanned pregnancy were both associated with a reduction in birthweight 

in the individual analyses, with differences of -139.8 g (95% CI -306.7, 27.2) and -78.1 g (95% CI -

203.0, 46.9), respectively (eFigure 3 and eTable 4). These patterns were also observed in the mutually 

adjusted analysis, with differences in birthweight of -154.1 g (95% CI -333.5, 25.3) and -79.5 (95% CI -

204.4, 45.5) for food insecurity and unplanned pregnancy, respectively.  Job strain was associated with a 

difference in birthweight of -174.5 g (95% CI -340.6, -8.4) in the individual analyses and -179.0 g (95% 

CI -350.4, -7.5) in the mutually adjusted. It was not associated with a difference in birthweight for 

gestational age z-scores in either the individual (-0.02 (95% CI -0.33, 0.29)) or the mutually adjusted 

analyses (-0.03 (95% CI -0.35, 0.29)).  

When we examined pairwise combinations of hardships, we observed the strongest negative 

associations with birthweight for gestational age z-scores and food insecurity and unplanned pregnancy 

(-0.45 (95% CI -0.93, 0.02)] and food insecurity and stressful life events (-0.42 g (95% CI -0.90, 0.05)] 

(Figure 2 and eTable 5). In contrast, poor perceived neighborhood and caregiving and poor perceived 

neighborhood and financial hardship had the strongest positive relationships (0.47 (95% CI -0.01, 0.95) 

and 0.38 (95% CI -0.09, 0.85), respectively).  

Food insecurity, unplanned pregnancy, and stressful life events were also among the strongest 

pairwise associations with birthweight (eFigure 4 and eTable 5). For example, food insecurity and 

unplanned pregnancy were associated with a difference in birthweight of -314.6 g (95% CI -591.0, -
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38.3) and food insecurity and stressful life events were associated with a difference of -343.5 g 

(95% CI -607.0, -79.9). Job strain and unplanned pregnancy (difference of -357.7 g (95% CI -

623.2, -92.2) and job strain and stressful life events (-332.7 g; 95% CI -554.3, -111.1) were also 

among the strongest associations with birthweight.  

Discussion  

We estimated the individual, mutually adjusted, and pairwise joint effects of hardships 

experienced by a diverse cohort of pregnant women on fetal growth. We used propensity scores 

to ensure our analyses did not rely on extrapolation, and applied a methodology associated with 

chemical mixtures to hardships experienced prior to and during pregnancy. Controlling for 

hardship co-exposures allowed us to isolate important individual associations with fetal growth. 

Furthermore, analyzing pairs of hardships permitted the assessment of the potential impact of 

experiencing multiple hardships simultaneously during pregnancy on fetal growth, which can 

help identify those most at risk of delivering a growth-restricted infant. Our findings are 

consistent with the hypothesis that experiencing food insecurity during pregnancy reduces fetal 

growth. We observed stronger associations with fetal growth for the joint effects of food 

insecurity and stressful life events, and food insecurity and unplanned pregnancy. We also 

observed these patterns in associations with birthweight; the magnitudes of association were 

similar to smoking more than a half a pack of cigarettes a day during the third trimester (64). 

Thus, this study demonstrates that while investigating the influence of individual hardships can 

identify key exposures, assessing combinations of hardships holds promise to explain even 

greater differences in fetal growth.  

Our results are consistent with prior studies that have shown food insecurity is associated 

with reduced birthweight. In particular, exposure to the Dutch famine during pregnancy was 
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famously associated with reduced birthweight (65), and linked to long-term health effects (66, 67). A 

study of mothers in Illinois found food insecurity associated with elevated odds of delivering a low 

birthweight baby (8), and evidence from the Supplemental Nutrition Program for Women, Infants, and 

Children (WIC) estimates that nutritional assistance programs can be effective in improving fetal growth 

for mothers who receive benefits during pregnancy (68-70). Food insecurity may reduce fetal growth via 

nutritional deprivation that restricts a fetus’ access to calories or nutrients necessary for sufficient 

growth (65), stress due to worry about providing for an expanding family (71, 72), or chronic diseases 

and/or pregnancy complications that may result from poor diet quality (73, 74). Very few participants 

reported smoking (2%) or drinking (1%) during pregnancy, so these are unlikely to be mechanisms 

underlying our findings.  

Our results did not, however, reflect prior literature’s findings that poor perceived neighborhood 

quality or financial hardship are associated with reduced birthweight (41, 43, 44). In this study, poor 

neighborhood quality was associated with higher birthweight for gestational age z-scores, which was 

unexpected. Our findings also suggest that the association of job strain with birthweight is driven 

primarily by reduced gestational age, rather than fetal growth. Prior evidence suggests job strain is 

associated with increased risk of both preterm birth and small for gestational age (42, 75-77), although 

some studies suggest no effect (78). We only found associations of stressful life events and unplanned 

pregnancy in combination with food insecurity, which contrasts other studies that have found 

independent associations of these factors with fetal growth (26, 45, 46).  

Differences between our findings and those of prior studies could be due to our unique cohort 

population. For example, women living in San Francisco may be more likely than women living in other 

areas of the country to report financial hardship due to the high cost of living. San Francisco women 

may also be more likely to report their neighborhood is of low quality, despite the fact that they have 
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relatively high income, due to affordable housing shortages in the region. In addition, previous 

evidence has suggested that neighborhood environment, in particular, is less relevant for 

immigrant mothers (79). Given that approximately one-third of mothers in our sample were not 

born in the United States, it is possible that our unexpected findings regarding the neighborhood 

environment are related to this phenomenon.  

Despite addressing some shortcomings of prior research in this area, this analysis had 

some important limitations. The sample size was modest, especially after restricting to the area 

of common support for some exposures, and there was a lack of precision for smaller effect 

sizes. We were also unable to assess exposure to all hardships at once, because only one woman 

experienced all of them. This lack of exposure variability, in addition to the challenges in 

capturing social exposures with high accuracy and precision, is a challenge when applying the 

chemical exposure mixture model to social exposures. Participants in our cohort had 

predominantly high or low-socioeconomic position; this was a challenge, especially for 

estimating the effects of poverty-related hardships, as some women were simply not 

exchangeable with others and had to be excluded to avoid positivity violations.  

Furthermore, hardships were assessed based on questions relating to different time 

periods; for example, caregiving and neighborhood quality were evaluated for the prior 5 years, 

and food insecurity and stressful life events were evaluated for the prior 12 months, while the 

other hardships were assessed at the time of the survey. These timeframes may not have been the 

most appropriate for characterizing hardships relevant to pregnancy for this study population. 

Furthermore, experience of these hardships before versus during pregnancy may have differential 

effects, and there may be differential effects based on the timing of hardship experience during 

pregnancy. Due to our limited sample size, we were not able to evaluate critical windows of 
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exposure for each hardship. In addition, the hardships we examined likely have complex relationships 

with one another that we were not able to tease apart, since all of the hardships were assessed at the 

same study visit during the second trimester. We have, however, completed a path analysis in an attempt 

to better understand how these hardships relate (80). Furthermore, we did not assess potential modifiers 

of the hardship-fetal growth relationship, such as social support, coping, or resilience.  

The cohort study recruited women during prenatal visits, but recruitment was not random and 

therefore we cannot guarantee the generalizability of our results. We also cannot exclude the possibility 

that residual confounding or a lack of treatment variability irrelevance (commonly called consistency, 

see (81-83) for detailed discussion of this issue) affected our findings. The latter is likely to be an issue 

especially for the composite exposures (84). Furthermore, it is possible women who could have been 

recruited experienced early pregnancy loss or termination as a result of exposure to one or more of the 

stressors we examined, which could have induced selection bias. However, we would expect this 

selection to have biased our results toward the null.    

Economic forces are meaningful sources of stress in women’s lives, and this study suggests that 

food insecurity and job strain among pregnant women are linked to worse fetal growth outcomes at 

birth. Applying a mixtures analysis approach to this set of social exposures, we found even stronger 

reductions in birthweight for gestational age z-scores associated with joint exposure to food insecurity 

and stressful life events, and food insecurity and unplanned pregnancy. The extent of economic 

hardships experienced by mothers in California, particularly that almost 30% report being food insecure 

during pregnancy (25), imply potentially large population-level impacts from food insecurity on fetal 

growth.  
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Figure Legends 

Figure 1. Differences in birthweight for gestational age z-scores and 95% CI associated with reported 

hardships prior to and during pregnancy, analyzed individually and mutually adjusted for other 

hardships.  

Note: Exposures are binary indicators of experiencing each hardship during pregnancy. Positivity was 

assessed for each comparison and the sample was restricted to the area of common support (see eTable 3 

for the sample sizes for each comparison). Outcome models were adjusted for maternal age, educational 

attainment, race/ethnicity, parity, marital status, and pre-pregnancy BMI. Mutually adjusted results 

additionally control for other hardships. 

Figure 2. Differences in birthweight for gestational age z-scores and 95% CI associated with pairwise 

combinations of reported hardships prior to and during pregnancy.  

Note: Exposures are binary indicators of experiencing each hardship during pregnancy. Positivity was 

assessed for each comparison and the sample was restricted to the area of common support (see eTable 4 

for the sample sizes for each comparison). Outcome models were adjusted for maternal age, educational 

attainment, race/ethnicity, parity, marital status, pre-pregnancy BMI, and other hardships.  
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Table 1. Descriptive statistics of study participants.  

   
Overall (N=510)  

   

Birthweight (grams)    

Mean (SD)  3,331 (587) 

Birthweight for gestational age z-score    

Mean (SD)  0.07 (1.05) 

Age (years)     

Mean (SD)  32.4 (5.4) 

Pre-pregnancy BMI (kg/m2)    

Mean (SD)  25.9 (5.6) 

Educational attainment    

Less than high school   61 (12%)  

High school / GED   78 (15%)  

Some college   64 (13%) 

College degree  120 (23%) 

Master's degree  104 (21%)  

Doctoral degree   83 (16%)  

Household income    

Less than $40,000/year  194 (38%) 

$40,000-$79,000/year  66 (13%) 

$80,000 or more/year  251 (49%) 

Marital status 
    Married 
    Widowed, separated, or divorced 
    Never married  
Race/ethnicity  

 
343 (67%) 

25 (5%) 
141 (28%)  

Latina   175 (34%) 

Asian or Pacific Islander   86 (17%) 

Black  37 (7%) 

White  186 (37%) 

Other or multiple   25 (5%)  

Parity     

0  251 (49%) 

1  155 (30%) 

2  73 (14%) 

3+   32 (6%) 

Hardships    

Caregiving  81 (16%) 

Financial hardship  231 (45%) 

Food insecurity  84 (16%) 

Job strain  80 (16%) 

Low perceived community standing   56 (11%) 

Poor perceived neighborhood environment  124 (24%) 

Stressful life events  300 (59%) 

Unplanned pregnancy  145 (29%) 

Note: These are averages across the multiply imputed datasets and therefore will not in all cases sum 
to exactly 510.  
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