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Abstract

Objective: Evaluate racial/ethnic differences in maternal resilience and its associations with low 

birthweight (LBW).

Study Design: Retrospective cohort study of 3244 women surveyed in the Longitudinal Study of 

Adolescent to Adult Health. The Add Health Resilience Instrument assessed resilience. Logistic 

regression models explored associations between women’s resilience and risk of LBW.

Result: Resilience scores were lowest in American Indian women. Women with the lowest 

resilience scores were more likely to deliver a LBW infant than highly resilient women, after 

adjusting for demographic and health-related factors (aOR 1.58 95% CI 1.05–2.38). The risk- 

adjusted rate of LBW among highly resilient Black women (15.6%) was significantly higher than 

the risk-adjusted rate of LBW among highly resilient white women (9.1%, p = 0.01) and highly 

resilient Hispanic women (8.6%, p=0.04).
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Conclusion: Resilience scores differ significantly among women of different race and ethnicity 

but do not appear to entirely account for racial/ethnic disparities in LBW.

Introduction

Low birthweight (LBW) represents an important measure of population health given its 

relationship to infant mortality, adult cardiovascular morbidity and mortality, insulin 

resistance and potentially adult reproductive fertility.[1–4] LBW most often occurs in the 

context of preterm birth and/or intrauterine growth restriction.[5] Significant racial/ethnic 

disparities in LBW exist in the United States, with non-Hispanic Black (NHB) women 

having a LBW rate twice that of non-Hispanic white (NHW) women.[6] Hispanic women 

also have a higher LBW rate than NHW women, although the overall gap is smaller.[6] 

Furthermore, racial/ethnic disparities in LBW persist after controlling for patient-level 

socioeconomic variables such as income, education, and health behaviors.[7]

One important driver of LBW may be social determinants of health.[7,8] Social 

determinants of health are thought to lead to LBW either directly, such as through lack of 

access to reproductive health care or indirectly, such as through increased stress associated 

with personal and structural racism.[9,10] The importance of stress as a driver of poor birth 

outcomes has been bolstered by the observation that the psychosocial stress burden appears 

greatest in NHB women,[11,12] and may be associated with physiologic dysfunction. The 

term “allostatic load” refers to these measurable stress-related pathologic changes in the 

body,[13] and there is evidence that allostatic load is higher in those who are NHB, older 

and have lower socioeconomic status.[14]

Resilience can be defined as the many factors that allow individuals to maintain good health 

despite experiencing stress or adversity in their lives.[15] In addition, racial disparities with 

respect to resilience appear to exist among pregnant women.[11] However, the literature on 

maternal resilience during pregnancy and its relationship with birth outcomes is limited and 

contradictory. Some groups have found resilience to be protective against adverse birth 

outcomes,[9,16,17] while others have not.[18] Because resilience often has been defined 

using scales that are neither comprehensive nor validated, study populations have often been 

small, and neonatal outcome definitions have varied, the true relationship between maternal 

resilience and birth weight remains uncertain.

Therefore, in this study, we used a validated scale in a large population to investigate the 

relationship between maternal resilience, race/ethnicity, and LBW specifically. We 

hypothesized that racial/ethnic disparities might exist with respect to resilience to stress and 

that racial differences in resilience may be associated with the racial/ethnic disparities in 

LBW.

Methods

Study Participants

Data were drawn from an existing prospective longitudinal cohort, the National Longitudinal 

Study of Adolescent to Adult Health (Add Health), which is a nationally-representative 
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longitudinal cohort that followed middle and high school students in the United States into 

adulthood. Students were initially recruited to the study in grades 7–12 during the 1994–95 

school year, and thereafter followed into adulthood with in-school and in-home surveys 

collected over five waves of data collection spanning 24 years, making the Add Health study 

one of the broadest data sets on the social, economic, academic, psychological and physical 

health status of adolescents transitioning into adulthood.[19] For this analysis, we 

specifically used data from the fourth wave of Add Health data collection in order to 

maximize information on participants’ birth outcomes. Conducted in 2008, this wave 

consisted of in-home interviews of 15,701 young adults ages 24–32 years. Given the interest 

in the association between maternal resilience and LBW, the cohort for our analysis was 

restricted to female participants who had experienced at least one pregnancy at the time of 

the 2008 wave four interviews. Exclusion criteria were primarily not having a liveborn infant 

at the conclusion of the pregnancy and not answering questions related to resilience.

Although some Add Health data are publicly available via the Add Health website (https://

www.cpc.unc.edu/projects/addhealth/documentation/publicdata), this study utilized the 

extensive restricted-use data available by contractual agreement. Written consent was 

obtained from participants by the original investigators. This study was deemed exempt by 

our local institutional review board due to the de-identified nature of the data.

Key Variables

Resilience is examined alternately as an exposure and an outcome in this study. We 

measured resilience using the Add Health Resilience Instrument (AHRI).[20] No resilience 

instruments were used during any of the Add Health interviews, but many of the questions 

participants were asked during the fourth wave of data collection are related to themes 

common to resilience instruments. As such, our team created a resilience instrument specific 

to Add Health using the fourth wave of Add Health data and the Connor Davidson 

Resilience Scale (CD RISC) as a model.[20] We modeled the AHRI after the CD RISC 

because the CD RISC has strong psychometric properties[21] and has been validated in 

diverse populations of many ages.[22–24] In our previous work, we showed that the AHRI 

exhibited appropriate internal consistency and discriminant validity. The AHRI consists of 

13 items grouped into 3 factors: personal competence, feeling supported vs. overwhelmed, 

and optimism (See Table 1 for the full instrument). The maximum possible score on the 

AHRI is 29, with higher scores indicating higher resilience. AHRI scores are normally 

distributed, and for some aspects of our analyses, were stratified into tertiles in this study 

population of Add Health participants, with low scores defined as < 10, medium as 10–19 

and high as 20–29.[20]

For our aim of looking for racial/ethnic differences in resilience, self-reported race and 

ethnicity were considered as the relevant exposure. Six mutually exclusive racial/ethnic 

categories were created from self-reported Add Health data: NHW, NHB, American Indian, 

Asian, Hispanic and other. For the second aim of exploring the association between maternal 

resilience and low birthweight (i.e. weight <2500 grams at birth), resilience was the 

exposure variable. In Add Health, birthweight was self-reported by parents. LBW was 
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considered to have occurred if a given participant had at least one LBW delivery prior to the 

2008 interview.

Statistical Analyses

Sampling weights were used per guidelines provided by the Add Health research team for all 

multivariable analyses and to report summary statistics for each racial/ethnic group or 

resiliency tertile.[25] In order to estimate the association between self-reported race/

ethnicity and AHRI resilience scores, bivariable analyses were conducted using ANOVA 

tests. Adjusted Wald tests with Bonferroni corrected p-values were conducted for all 

pairwise comparisons of resilience scores amongst different race/ethnicity categories. 

Poisson regression multivariable regression models were then employed to estimate the 

relative change in resilience scores for each racial/ethnic category compared to the reference 

group (non-Hispanic white women). These models were sequentially adjusted for education 

and household income, as these variables have been documented to be associated with 

resilience in the literature.[26,27]

We then turned our attention to the outcome of LBW and estimated risk of LBW in this 

cohort by race/ethnicity. In order to examine the association between resilience and LBW, 

resilience score tertiles were used as the exposure. Logistic regression models with LBW as 

the outcome adjusted for factors previously associated with LBW: age, race/ethnicity, 

education, body mass index (BMI), smoking/alcohol use, prenatal care and household 

income, where each covariate was obtained from specific questions in waves 1 and 4 of the 

Add Health survey. All Poisson and logistic regression models were clustered by the high 

school where participants were initially recruited and surveyed. Finally, we conducted a 

series of prespecified interaction analyses to assess whether the strength of the association 

between resilience and LBW differed for women of different races/ethnicities. This was 

done by interacting our race/ethnicity variables with resilience tertile in the regression 

models that used LBW as the outcome. Finally, we calculated the predicted probability of 

LBW by both race/ethnicity and resilience tertile using the margins command in STATA. 

This methodology allows for the prediction of the probability of an outcome based on 

varying levels of an exposure variable.[28] In our case, the predicted probabilities we 

generated correspond to a covariate risk-adjusted rate of LBW in each race/ethnicity and 

resilience grouping. We then performed pairwise comparisons of these predicted 

probabilities of LBW using Bonferroni corrected p-values to assess significance.

Code Availability

We used STATA version 15 (StataCorp LLC, College Station, TX) for all analyses. Codes 

used for analyses are available upon request.

Results

Of the 15,701 participants sampled in wave 4, 53% were women (n=8352). Of these women, 

58% (n= 4813) reported on 5985 pregnancies that ended with a live born infant. Less than 

0.5% of these women failed to answer the questions on the AHRI resilience instrument we 

constructed, thus we felt this was a negligible source of bias. 583 of the infants reported on 
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during this wave of data collection were LBW. In order to not overrepresent multiparous 

women’s resilience, we collapsed women’s pregnancy outcomes to a binary variable 

indicating whether she had ever had a LBW infant or not. This left an analytic sample of 

3244 women and infants.

Table 2 summarizes descriptive statistics for this analytic sample. Two thirds of the cohort 

identified as white, 15% as non-Hispanic Black and 12% as Hispanic. 13.1% of the cohort 

had completed college and over half of the cohort reported a household income of less than 

$100,000/year. The median resilience score was 14 (interquartile range, IQR 11–18). 

American Indian (AI) participants had the lowest scores (median 12, IQR 7–15) and 

participants in the “other” race/ethnicity category had the highest resilience scores (median 

15, IQR 12–19) (Table 3). In pairwise comparisons, AI scores were significantly lower than 

resilience scores among NHW women (p=0.008), NHB women (p=0.013), Hispanic women 

(p=0.014) and participants in the “other” racial/ethnic category (p=0.028). After adjusting 

for household income and education in the multivariable Poisson regression models, AI 

women had an 11% lower resilience score than NHW women (aRR 0.89, 95% CI 0.81–0.98) 

and Asian women had a 10% lower resilience score than NHW women (aRR 0.90, 95% CI 

0.84–0.96). None of the other relative differences in resilience scores were statistically 

significant (Table 3).

In this cohort, 13.5% of births were LBW, which is higher than the LBW rate of 8.2% 

reported by the CDC in the United States in 2008.[29] NHB women had the highest rates of 

LBW (20.1%), which was nearly double that seen among NHW women (11.4%) 

(Supplementary Table 1). The next highest LBW rates were seen among Asian (15.4%) and 

AI women (13.6%). Among Hispanic women, 10.8% in our cohort had delivered a LBW 

infant. In multivariable analyses adjusted for maternal demographics, BMI and smoking, 

NHB women had a 1.9 times higher risk of delivering a LBW infant compared to White 

women (95% CI 1.3–2.8). Women from other racial/ethnic categories had similar risk of 

LBW compared to NHW women (Supplementary Table 1).

Table 4 reports on the association between resilience and LBW in our cohort. We found that 

compared to women with a resilience score that fell into the highest tertile, women with a 

resilience score in the lowest tertile were 1.6 times more likely to have had a LBW infant 

(95% CI 1.05–2.38), after adjusting for covariates. Although the direction of the association 

between medium resilience and LBW was similar to the association between low resilience 

and LBW, this association did not reach statistical significance (aOR 1.3, 95% CI 0.89–

1.89).

We found no significant interaction between race/ethnicity and resilience tertile for the 

outcome of LBW (p-values for interactions all > 0.05). Figure 1 summarizes the predicted 

probability of LBW within each combined race/ethnicity and resilience tertile grouping. We 

found that NHB women in the highest resilience category had a higher predicted probability 

of LBW (15.5%) than highly resilient NHW women (9.1%, p=0.010) and highly resilient 

Hispanic women (8.6%, p = 0.038) (Figure 1), after adjusting for covariates. Similarly, the 

risk-adjusted rate of LBW among NHB women in the lowest resilience tertile (22.5%) was 
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significantly higher than the risk-adjusted rate of LBW for both NHW women (13.6%, 

p=0.010) and Hispanic women (13.0%, p=0.038) in the lowest resilience tertile.

Discussion

In this large cohort of US women of childbearing age, we found that there were racial/ethnic 

differences in resilience as determined on the Adolescent to Adult Health Resilience 

Instrument, with AI and Asian participants having the lowest resilience scores. In addition, 

we demonstrated an association between resilience and risk of LBW: mothers with the 

overall lowest resilience scores exhibited a higher risk of having a LBW infant than mothers 

with the highest resilience scores.

Our study results differ from prior literature primarily because of the instrument we used to 

assess resilience. The Add Health Resilience Instrument our group developed and used in 

this study was modeled off the CD-RISC (Table 1),[20] which in a recent systematic review 

of existing resilience measures was found to have one of the top psychometric ratings of all 

validated resilience scales.[21] It is also considered one of the most comprehensive scales 

because it assesses both internal personal assets and external resources that together might 

comprise an individuals’ ability to tolerate and respond positively in the face of stress.

[21,30] The AHRI was developed to be able to apply the strengths of the CD RISC to the 

existing Add Health dataset, but it has not been used by others to assess perinatal resilience.

Despite differences in how we defined and measured resilience, several studies have found 

similar associations between maternal resilience and adverse birth outcomes. For instance, 

one group reported lower rates of LBW among women who were most optimistic on the 

Life Orientation Test during the second trimester of pregnancy.[17] In a much larger cohort, 

Bhatia et al. examined rates of preterm birth amongst a large cohort in Los Angeles and 

found that women who perceived themselves to have low resilience had significantly more 

preterm births than those who perceived themselves to have high resilience.[16] In this 

study, resilience was measured postnatally using five questions pulled from the Rosenberg 

self-esteem scale and the Pearlin Mastery scale.[16]

The largest study which has assessed the relationship between resilience and perinatal 

outcomes using the CD-RISC was conducted by Grobman et al. using the nuMoM2b cohort 

of over 9,000 women across the United States. In this study, researchers reported no 

significant association between CD-RISC resilience scores measured during the second 

trimester of pregnancy and preterm birth or small-for-gestational age (SGA) size at birth.

[11] They did however find that lower reported social support was associated with a 

marginally increased risk in preterm birth and SGA.[11] It is unclear why we found a 

relationship between resilience and LBW in our cohort while this association was not found 

in the nuMom2b cohort, though it may be related to the fact that our group looked at 

associations between resilience and LBW, not preterm birth or SGA, two clinically distinct 

populations which do not always overlap with LBW. SGA in particular, encompasses all 

infants affected fetal growth restriction and adjusts for gestational age; as such the term 

includes infants born both preterm and term.[31] In addition, resilience was measured 

prenatally in the nuMom2b study while in the present analysis it was measured in the 
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months to years after the infant in question was born, similar to the design used by Bhatia et 

al.[16] Additionally, our group used tertiles to define low resilience score cutoffs, while 

Grobman et al used quartiles, thereby defining their low resilience population more 

stringently than our group did.

These inconsistent findings in the literature coupled with the various time points when 

resilience was measured bring up unanswered questions about whether pregnancy changes a 

woman’s resilience profile such that her answers on a defined resilience scale become 

negatively associated with her risk of a poor birth outcome only when measured outside of 

the actual pregnancy period. To our knowledge, no studies have examined the relationship 

between women’s birth outcomes and their resilience either before conception or shortly 

thereafter, nor examined resilience longitudinally before and after pregnancy. It is thus 

unclear whether resilience is changed by the psychosocial and physical load of pregnancy 

and birth.

Another important area of future exploration that our study highlights is the relationship 

between stress, resilience to stress and birth weight among NHB women in particular. There 

is evidence that pregnant NHB women experience increased stress compared to women of 

other racial/ethnic groups.[32,33] In the setting of these known stress disparities, our 

findings that even the most highly resilient NHB women in our cohort had higher rates of 

LBW than NHW and Hispanic women with similarly high resilience scores, raises questions 

about whether the impact of stress on birth weight is particularly magnified among Black 

women. Although resilience did appear to improve risk of LBW in our cohort, it did not 

overcome baseline racial differences in risk of LBW. Given that race is a social construct 

which likely serves as a proxy measure for sociopolitical and environmental risk factors 

related to structural racism,[34,35], our findings indicate that solely focusing on individual 

resilience may be insufficient to fully address birth outcomes disparities for Black women if 

not accompanied by attention to the structural roots of maternal stress.

Limitations of our study include the small sample size within some of the racial/ethnic 

categories. In particular, the two groups who demonstrated the lowest resilience scores in 

our cohort, American Indian and Asian women, were among the smallest. Given that only 12 

American Indian women and 25 Asian women, respectively, reported a LBW pregnancy, our 

limited sample size likely affected our power to detect a significant interaction between low 

resilience and LBW. However, resilience effects in this study were noted to be consistent 

across all racial/ethnic groups, with all groups showing progressively higher rates of LBW 

as resilience decreased, which indicates a trend that merits future study. Interestingly, 

resilience scores were highest among women in the “Other” racial/ethnic category. Although 

this category could include multi-racial women, we have no way of confirming who self-

identified in this way. As such, this highlights the need for improved racial/ethnic 

categorizations in administrative and research datasets.[36] Another limitation of our study 

is that, since resilience instruments were not employed by the original Add Health 

investigators, the AHRI we created retrospectively only captures resilience data at one point 

in time (wave 4 of Add Health data collection). Thus, although there is evidence that 

resilience is dynamic and can change in response to stressors,[37] we had no way to assess 

whether resilience changed in participants over the course of the multiple pregnancies 
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assessed during the wave 4 data collection. In general, this is a gap in the literature: there is 

no published data on the trajectory of resilience over the course of a pregnancy or across 

different pregnancies in the same woman. Finally, the necessary cross-sectional nature of the 

AHRI led us to collapse the outcome of LBW into a single binary variable for women 

interviewed during this wave of data collection. This meant we could not include risk factors 

for LBW related to prior pregnancy history, such as interpregnancy interval or previous 

history of a LBW or preterm infant, in our models.[38] We also could also not explore the 

risk of LBW across pregnancies in multiparous women. These all represent areas worthy of 

future investigation.

In this study of Add Health participants, we found evidence that postnatal maternal 

resilience may be associated with low birthweight. Future research is needed to assess 

whether resilience plays a modifying role in the known relationship between stress and 

adverse birth outcomes and if such an effect is present, whether it varies for women of 

different racial/ethnic background.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Differences in the risk adjusted rate of LBW by race/ethnicity and resilience tertile 
grouping.
These rates were adjusted for maternal age, education, household income, BMI and nicotine 

use during pregnancy.
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Table 1.

Add Health Resilience Instrument

Factors Items from Add Health

Personal Competence/Agency I can’t change the important things in my life.*

I avoid having to deal with problems in my life.*

Other people determine what I can and cannot do.*

Many things interfere with what I want to do.*

I feel confident in my ability to handle my problems.

I hardly ever expect things to go my way.*

I have no way to solve the problems I have.*

Support / Feeling Overwhelmed I often feel isolated.*

Difficulties pile up so high that I can’t overcome them.*

I feel I can’t control the important things in my life.*

Optimism I’m always optimistic about my future.

I am not easily bothered.

I expect more good things to happen to me than bad.

*
These items are reverse coded in order for higher scores to indicate higher resilience.
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Table 2.

Demographic characteristics of women with at least one completed pregnancy at time of 2008 interview (N= 

3244)

Variable Mean (SD) or % of Cohort

Mean Age in years (SD) 28.6 (1.9)

Race/Ethnicity

 Non-Hispanic White 66.5%

 Non-Hispanic Black 15.2%

 Non-Hispanic American Indian 2.4%

 Non-Hispanic Asian 2.9%

 Other Non-Hispanic 1.0%

 Hispanic 12.0%

Foreign Born 7.4%

Highest Level of Education Achieved

 Less than High School 12.1%

 Less than College 68.1%

 College Degree 13.1%

 More than College 6.7%

Household Income

 <$20,000 13.1%

 $20–49,999 34.5%

 $50–99,999 40.7%

 $100–149,999 8.1%

 >$150,000 3.6%

 Missing 0%

BMI

 Underweight 2.4%

 Normal 29.3%

 Overweight 25.0%

 Obese 43.4%

Mean Resilience Score (SD) 13.8 (5.2)

Low Birth Weight (% of all births) 13.5%
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Table 3.

Differences in Resilience by Race/Ethnicity

Race/Ethnicity 
Category

Median AHRI score 
(Interquartile Range)

Unadjusted Relative 
Change in Resilience 

Score*
P-value

Adjusted Relative 
Change in Resilience 

Score**
P-value

Non-Hispanic White 14 (11–18) Ref – Ref –

Non-Hispanic Black 14 (11–17) 0.98 (0.94–1.03) 0.455 1.04 (0.99–1.09) 0.122

Non-Hispanic American 
Indian

12 (7–15) 0.81 (0.72–0.91) <0.001 0.89 (0.81–0.98) 0.020

Non-Hispanic Asian 13 (10–16) 0.90 (0.83–0.97) 0.006 0.90 (0.84–0.96) 0.003

Other Non- Hispanic 15 (12–19) 1.11 (0.98–1.25) 0.088 1.08 (0.96–1.22) 0.215

Hispanic 14 (11–18) 0.99 (0.94–1.04) 0.568 1.04 (0.97–1.10) 0.249

**
Adjusted for education and household income
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Table 4.

Associations Between Resilience and Risk of Low Birthweight

Resilience Category Unadjusted Odds of LBW (95% CI) P-value Adjusted Odds of LBW* (95% CI) P-value

High Resilience Ref – Ref –

Medium Resilience 1.25 (0.89–1.78) 0.212 1.29 (0.88–1.89) 0.191

Low Resilience 1.59 (1.07–2.38) 0.023 1.58 (1.05–2.38) 0.030

*
Adjusted for maternal age, race/ethnicity, education, household income, BMI, prenatal care and nicotine/alcohol use during pregnancy
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