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Highlights

Prenatal adversity is associated with adult CRP, independent of childhood adversity.

High prenatal adversity was associated with a 3-fold elevated odds of high-risk CRP. 

It remains necessary to identify underlying mechanisms for the observed associations.
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Abstract

Background: Children exposed to social adversity carry a greater risk of poor physical and 

mental health into adulthood. This increased risk is thought to be due, in part, to inflammatory 

processes associated with early adversity that contribute to the etiology of many adult illnesses. 

The current study asks whether aspects of the prenatal social environment are associated with 

levels of inflammation in adulthood, and whether prenatal and childhood adversity both 

contribute to adult inflammation. Methods: We examined associations of prenatal and childhood 

adversity assessed through direct interviews of participants in the Collaborative Perinatal Project 

between 1959-1974 with blood levels of C-reactive protein in 355 offspring interviewed in 

adulthood (mean age=42.2 years). Linear and quantile regression models were used to estimate 

the effects of prenatal adversity and childhood adversity on adult inflammation, adjusting for 

age, sex, and race and other potential confounders.

Results: In separate linear regression models, high levels of prenatal and childhood adversity 

were associated with higher CRP in adulthood. When prenatal and childhood adversity were 

analyzed together, our results support the presence of an effect of prenatal adversity on (log) 

CRP level in adulthood (β=0.73, 95% CI: 0.26, 1.20) that is independent of childhood adversity 

and potential confounding factors including maternal health conditions reported during 

pregnancy. Supplemental analyses revealed similar findings using quantile regression models 

and logistic regression models that used a clinically-relevant CRP threshold (>3 mg/L). In a 

fully-adjusted model that included childhood adversity, high prenatal adversity was associated 

with a 3-fold elevated odds (95% CI: 1.15, 8.02) of having a CRP level in adulthood that 

indicates high risk of cardiovascular disease.
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Conclusions: Social adversity during the prenatal period is a risk factor for elevated 

inflammation in adulthood independent of adversities during childhood. This evidence is 

consistent with studies demonstrating that adverse exposures in the maternal environment during 

gestation have lasting effects on development of the immune system. If these results reflect 

causal associations, they suggest that interventions to improve the social and environmental 

conditions of pregnancy would promote health over the life course. It remains necessary to 

identify the mechanisms that link maternal conditions during pregnancy to the development of 

fetal immune and other systems involved in adaptation to environmental stressors.

Keywords: C-reactive protein; inflammation; prenatal exposure; childhood adversity; adult; 

stress; cohort study; longitudinal.
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Children exposed to adversity carry a greater risk of poor physical and mental health into 

adulthood; in part this increased risk is due to up-regulated inflammatory processes associated 

with early adversity that contribute to the etiology of many adult illnesses (Johnson et al., 2013; 

Miller et al., 2011). The current study asks: is adversity during the prenatal associated with 

inflammation in adulthood, and independent of that association, does adversity during childhood 

contribute additional risk for adult inflammation? Identifying developmental periods when

adversity influences the development of stress response systems would provide information 

regarding the timing of interventions designed to mitigate the long-term harms of early adversity 

(Bornstein, 1989; Fox et al., 2010).  

Most studies that have examined early life adversity in relation to adult inflammation

have considered adversity occurring only during a single period. One small retrospective study 

(n=62) found an association between maternal prenatal stress (i.e., major negative life events 

during pregnancy) and altered cytokine production in response to antigen stimulation in their 

offspring in adulthood, adjusting for childhood stressors (Entringer et al., 2008a). Several larger

studies show that abuse during childhood (e.g., between ages of 0 to 10 years (Danese et al., 

2007)) and adolescence (e.g.,, between 11 to 17 years (Bertone-Johnson et al., 2012)) is 

associated with increased circulating inflammatory markers in adulthood. However, prior

prospective studies have not examined the independent associations of prenatal and childhood 

social adversity on levels of inflammation in adulthood.

Inflammation is a common pathway to multiple diseases (Bosch et al., 2012; Mathilda 

Chiu et al., 2012; Ziol-Guest et al., 2009), and the acute phase reactant C-reactive protein (CRP) 

functions as a marker of systemic inflammation (Ridker et al., 2002). CRP is mainly produced in 

the liver (Libby et al., 2002), and rises in response to inflammatory cytokines that that are 
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typically modulated by infection or injury (Ridker et al., 2002). Serum concentration of CRP is 

an independent predictor of future cardiovascular, metabolic, and psychiatric diseases (Danesh et 

al., 2004; Howren et al., 2009; Ridker, 2003; Ridker, 2007). The long-term stability of CRP 

levels in adulthood is similar to that of blood pressure and total serum cholesterol (Danesh et al., 

2004).

Several mechanisms are thought to link prenatal adversity to inflammation later in life. 

First, maternal experiences of adversity could contribute to obstetric complications that are 

associated with elevated inflammation in the mother during pregnancy (Coussons-Read et al., 

2007); these biological alterations can affect the developing immune and cardiovascular systems 

in the fetus in a number of ways (e.g., epigenetic changes, preterm birth) that put the fetus at risk 

for heightened inflammation later in life (Rogers and Velten, 2011). Second, maternal hyper-

secretion of cortisol can influence development of the fetal hypothalamic-pituitary-adrenal 

(HPA) axis and immune functioning (Entringer et al., 2009; Entringer et al., 2008a; O’Donnell et 

al., 2009), particularly because glucocorticoids can cross the placenta (Gitau et al., 1998; Seckl 

and Meaney, 2004). The resulting increased activation of the HPA axis in the offspring induces a 

cascade of elevated levels of cortisol, followed by decreased responsiveness of immune cells to 

glucocorticoid signaling (that typically functions to down-regulate inflammatory processes), 

ultimately resulting in an increase in circulating markers of inflammation (Miller et al., 2009; 

Miller et al., 2011). 

A number of mechanisms could explain why childhood adversity might lead to 

inflammation in adulthood, including dysregulated HPA-axis activity (as described above), 

emotional (Appleton et al., 2011) or behavioral (Slopen et al., 2013) problems in childhood, 

psychosocial functioning in adulthood (Taylor et al., 2006), increased body mass index (Slopen 
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et al., 2011), greater susceptibility to infection (Dowd et al., 2009), and poorer health behaviors 

including poor diet, cigarette smoking, low physical activity, and excess alcohol consumption 

(O'Connor et al., 2009). Because of the plausibility of both of these sets of mechanisms, we 

hypothesize that adversity during the prenatal and childhood periods have independent effects on 

inflammation in adulthood. We use data from the New England Family Study, a multi-generation 

cohort study, to test this hypothesis. 

METHODS

Sample

Participants were offspring of pregnant women enrolled between 1959 and 1966 in the 

Collaborative Perinatal Project (CPP) (Broman et al., 1975; Niswander and Gordon, 1972). At 

the time of enrollment, expectant mothers provided comprehensive data on health, behavior, and 

demographic characteristics; subsequent information on mothers and their offspring was 

collected at birth and periodically through the child’s first 7 years. The New England Family 

Study (NEFS) was initiated to locate and interview samples of the adult offspring at the 

Providence, Rhode Island, and Boston, Massachusetts sites (N=17,921 live births).   

The sample for the present analysis comes from a study conducted between 2005 to 2007 

on the pathways linking educational attainment and health. As reported previously, 618 NEFS 

participants (Gilman et al., 2008) were selected for a re-interview study that covered 

socioeconomic, psychological, and health histories as well as a clinical assessment (Loucks et 

al., 2012), including a blood draw in which 430 individuals participated (Appleton et al., 2011; 

Appleton et al., 2012). Respondents with CRP levels above 10 mg/L were removed from the 

sample (n=16) given that values greater than 10 can indicate infection or acute illness (Pearson et 
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al., 2003). After we removed individuals with CRP values above 10 mg/L or with missing 

information on other covariates (n=59), there were 355 individuals in our analytic sample. 

Institutional review boards at Harvard and Brown Universities approved the study protocol, and 

written informed consent was obtained from participants at the time of interview. 

Measures

Social Adversity 

We created composite scores of social adversity prenatally and during early childhood 

(Evans et al., 2013; Sameroff, 1998). This approach accounts for the clustering of risk factors 

together, and allows for the examination of the inflammatory consequences of exposure to 

multiple forms of adversity at each time point. Consistent with prior research that has compared 

advantaged and disadvantaged groups of children into adulthood, we collapsed the prenatal and 

childhood adversity scores into 3-category variables (corresponding to low, medium, and high 

adversity) with roughly similar distributions for the prenatal and childhood scores. This allowed 

us to examine levels of inflammation across the spectrum of exposure to childhood adversity, 

making comparisons between the low and medium categories to the highest category, in a way 

that balances efficiency without imposing an assumption of linearity.

Prenatal adversity was measured using a composite score based on information collected 

during prenatal visits about family structure, parental education, parental occupation, and family 

income. Parental education was categorized as less than high school, high school, and above high 

school; parental occupation was categorized as unemployed (including a small number of full-

time students), manual, and non-manual; economic risk was categorized as high (income-to-

poverty ratio < 1), medium (income-to-poverty ratio of 1-1.5), and low (income-to-poverty ratio 

≥ 1.5) (consistent with commonly-used thresholds used to define “poor” and “nearly poor” 
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(Freeman and Corey, 1993)); and family structure was categorized as 

divorced/separated/widowed, single parent, or both parents present in the household. Our 

categorization of family structure was based on literature showing that conflict (related to 

divorce/separation) or tragedy (widowhood) would be more adverse than single status. Each 

component of adversity was scored from 0 to 2, with higher values reflecting greater 

disadvantage. The values for each component were then summed to create the prenatal adversity 

score: a score of 0 to 1 was categorized as low adversity, 2 to 3 was categorized as medium 

adversity, and 4 or above was categorized as high adversity. 

Childhood adversity was measured using a composite score created from information on 

8 characteristics of the respondents’ social environment recorded at the age 7 follow-up 

assessment. Categorical variables were constructed, and higher scores reflect greater 

disadvantage. Economic risk was categorized as high (income-to-poverty ratio < 1), medium 

(income-to-poverty ratio of 1-1.5), and low (income-to-poverty ratio > 1.5). Parental occupation 

was categorized as non-manual and manual. Changes in parental marital status between birth and 

age 7 were categorized as no marital status changes, 1 marital status change, and 2 or more 

marital status changes. Residential moves were categorized as 0 or 1 move, 2 moves, and 3 or 

more moves. Major shifts in the family environment (i.e., changes lasting more than 1 month in 

the persons responsible for the child) between birth and age 7 were categorized as none and one 

or more. Death of a sibling between birth and age 7 was categorized as no death of a sibling and 

death of a sibling. Father’s unemployment in the past year at age 7 assessment was categorized 

as father employed, father unemployed 1-12 weeks, and father unemployed 13+ weeks. Crowded 

housing at age 7 was categorized as housing density < 1 person per room, 1-1.5 persons per 

room, and >1.5 persons per room. The indicators of each type of childhood adversity were then 



Page 10 of 28

Acc
ep

te
d 

M
an

us
cr

ip
t

10

summed to create the childhood adversity score: a score of 0 to 2 was categorized as low 

adversity, a score of 3 to 6 was categorized as medium adversity, and a score of 7 or above was 

categorized as high adversity. 

C-Reactive Protein (CRP)

Serum concentration of CRP was analyzed using a high-sensitivity immunoturbidimetric 

assay on a Hitachi 917 analyzer (Roche Diagnostics, Indianapolis, IN), with reagents and 

calibrators from DiaSorin (Stillwater, MN). The assay had a sensitivity of 0.03 mg/L, and day-to-

day variabilities of the assays at concentrations of 0.91, 3.07, and 13.38 mg/L were 2.81%, 

1.61%, and 1.1%, respectively. Our primary analyses treated CRP as a continuous variable; this 

variable was log10-tranformed due to the skewed distribution. To evaluate clinical relevance, we 

also examined CRP as a dichotomous variable according to the Centers for Disease Control and 

Prevention /American Heart Association threshold for cardiovascular risk (>3 mg/L) (Pearson et 

al., 2003).

Covariates

Confounders of the association between prenatal and childhood adversity and 

inflammation in adulthood include maternal conditions that could act as prior common causes. 

Binary indicators for the following maternal self-reported conditions were assessed in the CPP 

upon mother’s enrollment into the study and were adjusted for in all of the analyses: A) lifetime 

history of psychiatric disorders (e.g. mental retardation, psychosis and neurosis, alcoholism, drug 

addiction); B) neurologic disorders (e.g. epilepsy, central nervous system infection and tumor, 

neurologic surgery, cerebral palsy); C) cardiovascular disorders (e.g. rheumatic fever, 

thrombophlebitis, anemia, cardiovascular surgery, pericarditis); D) pulmonary disorders (e.g.

tuberculosis, pneumonia, bronchial asthma, pulmonary surgery, pulmonary embolism, 
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sarcoidosis); and E) metabolic disorders (e.g. diabetes, thyroid disorders, endocrine surgery). In 

addition we included the following factors as control variables: maternal age at child’s birth, 

offspring age at follow-up interview (years), sex (male/female), and self-reported race 

(white/non-white). 

Analyses

Regression analyses were used to examine associations of prenatal and childhood 

adversity with CRP in adulthood. First, we conducted a series of linear regression models that 

evaluated associations between prenatal and childhood adversity and CRP, with scores for 

prenatal and childhood adversity included individually and together in the same model. If both 

prenatal and childhood adversity are associated with CRP independent of each other, coefficients 

for both prenatal and childhood adversity should maintain significant associations with CRP in 

the model that includes both adversity scores (Baron and Kenny, 1986; Ben-Shlomo and Kuh, 

2002).  We present models with and without adjustment for child and maternal characteristics 

(child sex, race/ethnicity, and age; mother’s age at child’s birth, and pre-existing maternal health 

conditions reported during pregnancy). 

Second, we assessed whether associations of prenatal and childhood adversity with CRP 

are constant across the distribution of CRP by fitting quantile regression models. Quantile 

regression can provide insights into possible variations in the associations between adversity and 

inflammation across segments of the distribution of CRP; this is more likely to be the case for 

non-normal dependent variables such as CRP, the distributions of which are often not fully 

captured by shifts in the mean. Quantile regression coefficients contrast the qth quantile (e.g., the 

50th percentile, or median) of CRP across levels of childhood adversity (Glymour et al., 2012; 

Koenker and Bassett, 1978; Liu et al., 2012; Rehkopf, 2012). If adversity affects one part of the 
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CRP distribution more than another part of the distribution, this will be reflected by systematic 

differences in quantile regression estimates across the distribution of CRP. 

Third, we examined associations between prenatal and childhood adversity and clinically 

significant CRP values (> 3 mg/L) using logistic regression. In supplementary analyses, we 

examined the four component indicators of the prenatal adversity score separately, and we tested 

for a potential interaction between prenatal- and childhood adversity. Analyses were performed 

using SAS v. 9.2. Variance estimates were adjusted for the presence of sibling sets in the 

analysis sample using generalized estimating equations. 

RESULTS

Characteristics of the sample are presented in Table 1. The sample had more females 

(57.75%) than males, and was predominantly white (80.66%). Ages at the adult follow-up 

ranged from 39 to 47 (mean ± SD, 42.07 ± 1.70). Approximately 37 percent of the sample was in 

the medium prenatal adversity category, and 8 percent of the sample was in the high prenatal 

adversity category. Considering childhood adversity, 44 percent of the sample was in the 

medium adversity category, and 9 percent was in the high adversity category. The prenatal and 

childhood adversity scores were moderately correlated with one another (r for the continuous 

adversity scores= 0.47). In the supplementary materials we present frequency tables of the 

individual components of the prenatal (Supplemental Table 1) and childhood (Supplemental 

Table 2) adversity measures, and the cross-tabulation of the prenatal score against the childhood 

score (Supplemental Table 3), which indicates the extent of transitions across prenatal and 

childhood adversity categories. CRP values ranged from 0.07 to 9.89 (mean ± SD, 1.69 ± 1.98), 

and 16.62 percent of the sample had CRP values above the threshold for clinical risk. Figure 1 

presents the distributions of CRP by prenatal and childhood adversity categories.
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[Table 1 and Figure 1]

As shown in Table 2, high prenatal adversity (Model 1) and high childhood adversity 

(Model 2) were associated with elevated CRP in bivariate associations (β=0.79, 95% confidence 

interval (CI): 0.35, 1.23, and β=0.43, 95% CI:  0.002, 0.85, respectively), and these associations 

were maintained in models that adjusted for participant sex, age, race, and pre-existing maternal 

health conditions (Models 3 and 4). In a model that included both prenatal and childhood 

adversity (Model 5), the regression coefficients for the associations of prenatal and childhood 

adversity with adult CRP were not substantially changed, but only the coefficient for high 

prenatal adversity was significantly different from zero (β=0.73, 95% CI: 0.26, 1.20).  

[Table 2]

Table 3 presents quantile regression coefficients for deciles between the 10th to the 90th 

quantiles, adjusting for all covariates. The plotted values in Figure 2 contain the full set of 

quantile regression coefficients for the effects of medium and high prenatal (Panel A) and 

childhood (Panel B) adversity on CRP. Panel A illustrates that high prenatal adversity shifted the 

entire distribution of CRP upwards, particularly in the center of the distribution of CRP; the 

coefficients did not vary significantly across quantiles (χ2=41.3, df=36, p=0.25). Consistent with 

the linear regression analyses, there was no significant association between childhood adversity 

and CRP (Panel B).

[Table 3, Figure 2]

Analyses examining associations of prenatal and childhood adversity with clinically 

elevated CRP values (Table 4) showed that high prenatal adversity was associated with high-risk 

CRP in bivariate (Model 1) and adjusted (Model 3) models (adjusted odds ratio (OR)=3.18, 95% 

CI=1.22, 8.27). In contrast, high childhood adversity was not significantly associated with high-
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risk CRP in bivariate (Model 2) or adjusted (Model 4) models, although the odds ratios for 

medium and high childhood adversity were >1 (e.g., adjusted OR for high childhood 

adversity=1.50, 95% CI=0.51, 4.45). When both prenatal and childhood adversity were modeled 

together (Model 5), high prenatal adversity continued to be significantly associated with high-

risk CRP (OR=3.03, 95% CI: 1.15, 8.02), and the effect estimate for high childhood adversity 

was somewhat attenuated (OR=1.34, 95% CI: 0.45, 4.06).

In supplemental analyses, we fitted 4 linear regression models that analyzed the 

components of the prenatal adversity score separately. The strongest associations with CRP 

levels involved highest-risk categories of parental education and family structure, and to a lesser 

degree, parental occupation (Supplemental Table 4). However, the magnitudes of the coefficients 

for each adversity indicator individually were smaller than the estimate for the composite 

adversity score. Finally, using a linear regression model that tested for interactive effects of pre-

natal and childhood adversity, we did not find evidence for an interaction (p=0.35).

DISCUSSION 

We sought to investigate the independent associations of prenatal and childhood 

adversity with adulthood inflammation, consistent with a life course accumulation model. When 

prenatal and childhood adversity were considered separately, each was associated with higher 

levels of inflammation in adulthood after adjustment for individual characteristics (age, sex, 

race) and other potential confounders including pre-existing maternal health conditions. When 

we analyzed the effects of prenatal and childhood adversity together, prenatal adversity predicted 

inflammation in adulthood independently from childhood adversity. Moreover, elevation of 

inflammatory risk was clinically significant: prenatal adversity was associated with over a 3-fold 

elevated odds of having CRP concentrations at or above the CDC/American Heart Association’s 
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cut point for being at high-risk of cardiovascular disease. Finally, quantile regressions revealed 

that prenatal adversity shifted virtually the entire CRP distribution upwards. Exposure to 

adversity during gestation may therefore have long-term effects on immune function in 

adulthood, effects which are not contingent on social adversity in childhood.  

The following limitations are important to consider. First, the composite scores of social 

adversity that we analyzed did not cover extreme forms of adversity (e.g., domestic violence, 

child maltreatment or neglect) that have been previously shown to predict elevated inflammation 

(Danese et al., 2007; Entringer et al., 2008a); as a result, our analyses may have underestimated 

the relative importance of prenatal or childhood as a sensitive periods for exposure to social 

adversity. That said, it is well documented that extreme forms of adversity are more likely to 

occur in the presence of characteristics such as those included in our  composite measures 

(Brown et al., 1998; Sidebotham et al., 2002).  Second, the prenatal adversities that we consider 

are not discrete time-limited events to which exposure is bounded by the prenatal period; rather, 

they reflect social and economic conditions that have the potential to change or endure. This 

limitation has several implications. From the developing child’s perspective, social adversity 

may not be defined in the same way across all periods of development. This poses a challenge 

for evaluating sensitive period effects, because differences in the associations of prenatal and 

childhood adversity with adult inflammation could also be due to measurement differences. 

Third, the current models may not be fully adequate to capture the pathophysiologic 

consequences of adverse environments if such consequences depend on the timing of exposure, 

magnitude of exposure, as well as the duration of exposure. Fourth, we assessed only a single 

marker of inflammation in adulthood. We cannot determine if elevations in CRP among adults 
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exposed to childhood adversity reflect effects on a specific immune pathway, immune pathways 

with which CRP is correlated, or more generalized effects on immune functioning.  

This study contributes to increasing empirical evidence from animal and human studies 

that suggest intrauterine exposures influence susceptibility for a variety of common chronic 

diseases. Stress-related maternal-placental-fetal endocrine and immune processes may mediate 

the effects of social adversity during gestation on offspring health, because affected hormones 

and cytokines are integral to key developmental events including cellular growth, replication, 

hand differentiation, and thus can alter structure and function of the brain and peripheral biology 

(Entringer, 2013; Entringer et al., 2010). Obstetric complications (e.g., hyperglycemia, 

pregnancy-induced hypertension, gestational diabetes, infection, reduced utero-placental blood 

flow), under- or over-nutrition, diet composition, and unhealthy behaviors during pregnancy 

(e.g., cigarette smoking) (Entringer et al., 2010), which are more common in disadvantaged 

pregnancies, may also influence the immune system of the fetus in a manner that promotes 

susceptibility to inflammation later in life.

Although the results of this study support the importance of social conditions during the 

prenatal period (and that may endure through childhood) as relevant to inflammation in 

adulthood, they do not exclude the role that other—potentially related—postnatal experiences 

have on inflammatory pathways. In this regard, Appleton et al. examined the role of children’s 

emotional functioning on adult CRP levels in the NEFS cohort, in combination with childhood 

socioeconomic disadvantage, and reported that socioeconomically deprived children exhibiting 

poor emotional functioning had the highest levels of CRP in adulthood (Appleton et al., 2012). 

Viewed together, these studies suggest that the socioeconomic conditions of infancy studied here 

have direct, lasting effects on inflammatory pathways, and may also influence the psychological 
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or behavioral factors that activate mechanisms underlying inflammation. Other post-natal 

mechanisms that could explain our results and should be explored in future studies include 

metabolic function and obesity in childhood, and health status (e.g., body mass index, blood 

pressure) and mental health in adulthood.  

Our findings support elevated CRP as a potential biological pathway for documented 

associations between prenatal environment and later risk for chronic diseases (Gluckman et al., 

2007; Roseboom et al., 2006). However, this is unlikely to be the only pathway to elevated 

chronic disease risk. For example, several small retrospective studies show that prenatal stress 

exposure was a significant predictor of telomere length (Entringer et al., 2011) and alterations in 

glucose-insulin metabolic function (Entringer et al., 2008b) in young adult offspring, 

independent of childhood events and concurrent stress. Other research from a large population-

based cohort shows that maternal bereavement one year before conception until birth is 

associated risk factors for adult chronic diseases, including  overweight (Li et al., 2010) and 

type-2 diabetes (Li et al., 2012) in children. 

Our findings align with the results of prior studies showing that adverse exposures during 

the prenatal period and early infancy have effects independent of subsequent adversity, in 

samples of children (Mathilda Chiu et al., 2012), adolescents (Bosch et al., 2012), and adults 

(Entringer et al., 2011; Entringer et al., 2008a; Entringer et al., 2008b; Ziol-Guest et al., 2009). 

Some of this work suggests that gestation or early childhood is a “sensitive period” for the 

effects on social adversity on later health. For example, in a nationally representative prospective 

study, family income during the prenatal and first year of life was associated with greater body 

mass index in adulthood, whereas no association was observed for household income between 1 

to 5 years and 6 to 10 years of age (Ziol-Guest et al., 2009). 
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In conclusion, using a prospective population-based birth cohort that has reached middle 

adulthood, high prenatal adversity predicted elevated inflammation, as indicated by CRP. Our 

results suggest that social adversity during the prenatal period may influence the development of 

stress response systems independent of later experiences in early childhood. Future studies of the 

physiologic consequences of social adversity should therefore search as early in the life course as 

possible for the developmental origins of adult disease. Mechanisms for the observed 

associations also need to be discovered; based on existing knowledge, they will exist across 

multiple domains including social experiences later in childhood, neurological and psychological 

development, and as well as behavioral pathways that include physical growth trajectories 

(Appleton et al., 2011; Non, 2014 ).
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Figure 1. Box plots of C-reactive protein (CRP, log scale) by prenatal and childhood adversity 
categories. Central line: median; boxes: 25th to 75th percentiles; diagonal notches: 95% 
confidence intervals around the median.  Prevalence of clinically relevant high CRP (>3 mg/L) 
follows the same patterning. Percent of respondents with high CRP across prenatal adversity 
categories: low, 13.27% (26/196 respondents); medium, 18.32% (24/131 respondents); high, 
32.14% (9/28 respondents). Percent of respondents with high CRP across childhood adversity 
categories: low, 14.29% (24/168 respondents); medium, 18.59% (29/156 respondents); high, 
19.35% (6/31 respondents).

Figure 2. Prenatal and childhood adversity quantile regression coefficients from the 10th to 90th

percentiles for CRP. The red dotted lines and shaded area (95% confidence intervals) show 
differences in log CRP (mg/L) between high and low adversity; the blue dotted lines and shaded 
area show differences in log CRP (mg/L) between medium and low adversity. The lower 
quantiles correspond to the lower CRP values. Regression coefficients were generated from a 
single model that included variables for prenatal and childhood adversity, as well as participant 
age, sex, and race, and maternal age at child’s birth and pre-existing health conditions reported 
during pregnancy.   
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Table 1. Sample characteristics (N=355)   

 N %  Mean (SD) 

Prenatal adversity    

Low 196 55.21  

Medium 131 36.90  

High 28 7.89  

Childhood adversity (%)    

Low 168 47.32  

Medium 156 43.94  

High 31 8.73  

CRP (mean) 355  1.69 (1.98) 

CRP > 3 59 16.62  

Child’s sex (female) 205 57.75  

Child’s ethnicity (non-white) 69 19.44  

Child’s age   42.07 (1.70) 

Maternal age at child’s birth  355  25.33 (5.31) 

Pre-existing maternal health 

conditions at pregnancy 

   

Psychiatric 36 10.14  

Neurologic 20 5.63  

Cardiovascular 12 3.38  

Pulmonary 21 5.92  

Metabolic 18 5.07  

Abbreviations: SD=standard deviation; CRP=C-reactive protein. 

Table(s)
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Table 2. Associations between prenatal and childhood adversity and log CRP (mg/L) (N=355) 

 

 Model 1 Model 2 Model 3 Model 4 Model 5 

 β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) 

Prenatal adversity      

High 0.79 (0.35, 1.23)  0.77 (0.30, 1.23)  0.73 (0.26, 1.20) 

Medium 0.16 (-0.10, 0.41)  0.16 (-0.11, 0.42)  0.08 (-0.19, 0.36) 

Low (reference) Reference  Reference  Reference 

Childhood adversity      

High  0.43 (0.002, 0.85)  0.45 (0.003, 0.90) 0.40 (-0.05, 0.85) 

Medium  0.17 (-0.07, 0.41)  0.15 (-0.09, 0.39) 0.07 (-0.18, 0.32) 

Low (reference)  Reference  Reference Reference 

Child covariates      

Male   0.19 (-0.05, 0.43) 0.22 (-0.03, 0.46) 0.20 (-0.04, 0.44) 

White   -0.13 (-0.44, 0.19) -0.21 (-0.53, 0.11) -0.11 (-0.43, 0.22) 

Age    0.04 (-0.04, 0.11) 0.03 (-0.05, 0.10) 0.04 (-0.03, 0.12) 

Maternal covariates      

Age at child’s 

birth 

  

-0.01 (-0.04, 0.01) -0.01 (-0.03, 0.01) -0.01 (-0.03, 0.01) 

Pre-existing 

maternal health 

conditions  

  

   

Psychiatric   -0.02 (-0.42, 0.39) 0.03 (-0.39, 0.44) -0.05 (-0.46, 0.35) 

Neurologic   -0.08 (-0.64, 0.47) -0.02 (-0.59, 0.55) -0.07 (-0.63, 0.49) 

Cardiovascular   0.56 (-0.03, 1.14) 0.61 (-0.01, 1.23) 0.59 (0.002, 1.19) 

Pulmonary   -0.12 (-0.59, 0.35) -0.21 (-0.68, 0.26) -0.18 (-0.66, 0.31) 

Metabolic   -0.06 (-0.63, 0.51) -0.07 (-0.62, 0.48) -0.11 (-0.65, 0.44) 

Note: coefficients were estimated using linear regression models that account for clustering within families; CI=confidence interval. 
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Table 3: Quantile regression coefficients for the associations between prenatal and childhood adversity and log CRP (mg/L) (N=355)  

 
Quantiles 

 
10

th
 30

th
 40

th
 50

th
 60

th
 70

th
 90

th
 

Prenatal 

Adversity 

β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI) 

High 0.61 (-0.50, 1.72) 1.00 (0.26, 1.74) 0.89 (0.26, 1.49) 0.60  (0.03, 1.17) 0.67 (0.05, 1.30) 0.66 (-0.11, 1.42) 0.56 (-0.42, 1.54) 

Medium -0.01 (-0.39, 0.38) 0.23 (-0.06, 0.52) 0.07 (-0.23, 0.38) -0.04 (-0.35, 0.26) 0.06 (-0.31, 0.44) 0.06 (-0.44, 0.55) -0.05 (-0.49, 0.39) 

Low Reference Reference Reference Reference Reference Reference Reference 

Childhood 

Adversity        

High 0.71 (-0.11, 1.52) 0.44 (-0.17, 1.06) 0.60 (-0.03, 1.23) 0.53 (-0.05, 1.11) 0.44 (-0.16, 1.03) 0.37 (-0.33, 1.08) 0.38 (-0.49, 1.25) 

Medium 0.10 (-0.29, 0.49) 0.04 (-0.26, 0.35) 0.24 (-0.09, 0.57) 0.05 (0.29, 0.39) 0.02 (-0.30, 0.34) 0.16 (-0.20, 0.52) 0.04 (-0.37, 0.44) 

Low Reference Reference Reference Reference Reference Reference Reference 

Note: coefficients were estimated using quantile regression models that account for clustering within families; SE=standard error. Models were adjusted 

for participant sex, race, age, and mother’s age at child’s birth and pre-existing health conditions at time of pregnancy (psychiatric, neurological, 

cardiovascular, pulmonary, and metabolic). CI=confidence interval. Chi-square for difference in coefficients across quantiles=41.29 (df=36), p=0.25. 
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Table 4. Associations between prenatal and childhood adversity and CRP > 3 mg/L (N=355)  

  Model 1  Model 2  Model 3  Model 4  Model 5  

 OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Prenatal adversity       

High  3.10 (1.25, 7.68)  3.18 (1.22, 8.27)  3.03 (1.15, 8.02) 

Medium  1.47 (0.79, 2.73)  1.36 (0.71, 2.64)  1.28 (0.64, 2.53) 

Low  1.00  1.00  1.00 

Childhood adversity       

High   1.44 (0.53, 3.93)  1.50 (0.51, 4.45) 1.34 (0.45, 4.06) 

Medium   1.37 (0.76, 2.46)  1.32 (0.72, 2.42) 1.12 (0.59, 2.14) 

Low   1.00  1.00 1.00 

Child covariates       

Male    0.79 (0.43, 1.44) 0.82 (0.45, 1.50) 0.79 (0.43, 1.45) 

White    0.63 (0.31, 1.25) 0.53 (0.27, 1.03) 0.64 (0.32, 1.27) 

Age    1.04 (0.87, 1.25) 1.01 (0.84, 1.22) 1.05 (0.87, 1.26) 

Maternal covariates       

Age at child’s birth    1.02 (0.97, 1.07) 1.02 (0.97, 1.08) 1.02 (0.97, 1.08) 

Pre-existing maternal 

health conditions 

   

   

Psychiatric    0.63 (0.23, 1.70) 0.71 (0.25, 1.98) 0.61 (0.22, 1.66) 

Neurologic    0.75 (0.16, 3.50) 0.80 (0.18, 3.50) 0.76 (0.16, 3.56) 

Cardiovascular    1.59 (0.43, 5.83) 1.68 (0.45, 6.24) 1.64 (0.44, 6.10) 

Pulmonary    0.82 (0.22, 3.03) 0.73 (0.19, 2.89) 0.78 (0.20, 3.07) 

Metabolic    0.56 (0.10, 3.17) 0.58 (0.13, 2.48) 0.53 (0.10, 2.77) 

Note: coefficients were estimated using logistic regression models that account for clustering within families. OR=odds ratio; 

CI=confidence interval. 
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Figure 1 - Box Plots
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