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Abstract

Links between child maltreatment and low-grade inflammation in adulthood are well documented, 

but these studies often rely on adults to report retrospectively on experiences of childhood abuse. 

Further, these findings raise questions about whether exposure to childhood maltreatment needs 

time to “incubate,” only giving rise to nonresolving inflammation in adulthood, or whether 

heightened inflammation may be observable in childhood, closer in time to the maltreatment 

exposure. The present study examined this question in a sample of 155 low-income children (ages 

8-12), half of whom had been exposed to maltreatment. Trained coders evaluated case reports to 

classify maltreatment based on timing and exposure type. Blood samples from children assessed 

C-reactive protein and cytokines, which were used to form a composite of low-grade 

inflammation. Analyses revealed a marginally significant Maltreatment Exposure × Sex 

interaction, which suggested that maltreatment exposure was associated with higher inflammation 

for girls but not boys. Additionally, analyses focused the accumulation of maltreatment 

experiences (through multiple forms of maltreatment or across multiple time points) revealed that 

girls with greater diversity in their maltreatment experiences and those who experienced 

maltreatment at multiple time points were at greatest risk. Finally, examination of timing of first 

onset of maltreatment suggested that girls whose exposures occurred before the age of five had the 

highest low-grade inflammation. These findings add new evidence linking maltreatment to 

inflammation in childhood, which could increase risk for mental and physical health problems 

across the lifespan.
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1. Introduction

Child maltreatment is a serious public health concern that poses significant mental and 

physical health burdens on its victims (Cicchetti & Toth, 2005) as well as substantial 

economic burdens on society as a whole (Fang, Brown, Florence, & Mercy, 2012). Estimates 

suggest that nearly 700,000 children were victimized in the United States in 2018, and over 

half were under six years old at the time of the abuse (U.S. Dept. of Health and Human 

Services, 2020). Alarmingly, childhood maltreatment is most often perpetrated by primary 

caregivers, with almost 80% of cases involving abuse with one or more parents (U.S. Dept. 

of Health and Human Services, 2018).

Decades of research highlight the psychological, social, and academic sequelae for children 

who are victims of maltreatment, and recent meta-analyses support the notion that 

maltreatment experiences have a pervasive and toxic influence on a wide variety of 

developmental outcomes across the lifespan (e.g., Fry et al., 2018; Infurna et al., 2016; Liu, 

2019). Victims of maltreatment are less likely to graduate from high school (Fry et al., 

2018), are more likely to experience depressive episodes (Infurna et al., 2016), have more 

problematic relationships (Rogosch, Cicchetti, & Aber, 1995), and are at greater risk for 

substance use problems (Simpson & Miller, 2002), relative to non-abused individuals. In 

addition, evidence suggests that maltreatment is associated with physical health problems, 

including obesity (Danese & Tan, 2014) and perceived health (Min, Minnes, Kim, & Singer, 

2013). One meta-analysis suggested that child abuse was associated with a range of physical 

health outcomes in adulthood, including neurological and musculoskeletal problems, 

cardiovascular disease, respiratory problems, gastrointestinal issues, and metabolic 

dysregulation (Wegman & Stelter, 2009). Maltreatment has also been linked to premature 

mortality (Chen, Turiano, Mroczek, & Miller, 2016).

Several studies have focused on possible biological mediators that might help explain, in 

part, why maltreatment is associated with physical health problems and premature mortality. 

Inflammation has received attention as a possible mechanism, which is perhaps not 

surprising given its role in a number of mental and physical health problems (Ridker, 2007; 

for a review, see Ehrlich, Miller, & Chen, 2016). Some theories suggest that inflammation 

may explain some of the short- and long-term consequences of early maltreatment (see 

Danese & McEwen, 2012; Nusslock & Miller, 2016). Several studies have linked childhood 

maltreatment with elevated levels of inflammatory markers in adulthood (e.g., Baumeister, 

Akhtar, Ciufolini, Pariante, & Mondelli, 2016; Coelho, Viola, Walss-Bass, Brietzke, & 

Grassi-Oliveira, 2013). For example, in the Dunedin Longitudinal Study, childhood 

maltreatment (a composite of observed maternal rejection at age 3, parent-reported harsh 

discipline at ages 7 and 9, repeated caregiver changes through age 11, and physical abuse 

retrospectively reported at age 26) predicted higher levels of C-reactive protein (CRP), a 

biomarker of low-grade inflammation, at age 32 (Danese et al., 2009; Danese, Pariante, 
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Caspi, Taylor, & Poulton, 2007). Similarly, older adults who reported abuse during 

childhood had significantly higher circulating levels of another inflammatory biomarker, 

interleukin (IL)-6, and marginally higher tumor necrosis factor (TNF)-α levels relative to 

adults who did not report being abused as children (Kiecolt-Glaser et al., 2011). 

Interestingly, one study of women found that retrospectively reported sexual abuse, but not 

physical abuse, during adolescence was associated with heightened CRP and IL-6 in 

adulthood (Bertone-Johnson, Whitcomb, Missmer, Karlson, & Rich-Edwards, 2012). 

Studies utilizing retrospective reports of harsh, chaotic, and unsupportive family 

environments have also revealed associations between these difficult early environments and 

heightened inflammatory activity in adolescence and adulthood (Miller & Chen, 2010; 

Slopen et al., 2010; Taylor et al., 2006).

Only a handful of studies have examined associations between maltreatment and 

inflammation in children and adolescents (e.g., Danese et al., 2011). For example, in a study 

of 40 children (18 of whom experienced maltreatment), maltreatment status was not 

associated with salivary IL-1β or CRP (Tyrka, Parade, Valentine, Eslinger, & Seifer, 2015). 

Similarly, Cicchetti, Handley, and Rogosch (2015) did not find an association between 

maltreatment status and salivary CRP in a sample of nearly 500 youth (approximately half of 

whom had been maltreated). These studies used salivary markers of inflammation, however, 

which predominately reflect immunologic activity in the mouth, rather than tissues where 

diseases of interest develop (e.g., the brain, lungs, and heart). This is especially true for 

markers that do not readily pass from serum to saliva (e.g., CRP). Evidence from some 

studies, however, suggests that salivary markers of inflammation are modestly related to 

markers in serum, at least when levels in blood are expected to be high (e.g., Byrne et al., 

2013).

Some evidence, however, suggests that exposure to victimization (including maltreatment) 

across childhood is associated with serum markers of inflammation at age 18 (Baldwin et 

al., 2018). In this large longitudinal sample of twins, researchers identified a main effect of 

victimization on CRP (measured in dried blood spots) at age 18 that was qualified by a 

significant interaction with child sex. Follow-up analyses revealed that this association was 

significant for females but not for males. Although speculative, Baldwin and colleagues note 

that some research suggests that females may be more vulnerable than males to the toxic 

effects associated with early life adversity (e.g., Chen et al., 2016), although data from 

animal models suggests that these sex differences may not be straightforward (Ganguly & 

Brenhouse, 2015).

We were interested in building on the findings of Baldwin et al. (2018) to explore how 

exposure to maltreatment in childhood might be associated with inflammation in childhood. 

Whereas Baldwin et al. created a composite measure of victimization experiences (a score 

that reflected children’s exposure to domestic violence, bullying by peers, and 

maltreatment), in the present study, we focused specifically on children’s maltreatment 

experiences. We obtained detailed reports of official case records, which allowed us to 

extract information about what types of maltreatment children experienced (i.e., neglect, 

emotional maltreatment, physical abuse, or sexual abuse) as well as the developmental 

timing of when these exposures occurred (ranging from infancy through late childhood). 
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This extensive information allows us to capture detailed portraits of children’s maltreatment 

experiences, which in turn may shed light on which features of those experiences are most 

likely to be associated with inflammation. Further, Baldwin et al. examined CRP in late 

adolescence and found that childhood victimization was associated with inflammation by 

this period of development (an advance over the majority of the literature that has focused 

on inflammation in adulthood). Our sample includes assessments of multiple markers of 

low-grade inflammation in late childhood—an earlier developmental period that provides an 

opportunity to start evaluating questions about how early in development these proposed 

links between maltreatment and inflammation become evident. In addition, we included a 

panel of cytokines as well as CRP in our analysis, which is notable because, although CRP 

is a proxy marker for inflammation and may predict future health problems, it is not causally 

involved in disease (e.g., Pepys, 2005; Timpson et al., 2005). The cytokines included in our 

analysis (IL-6, IL-8, IL-10, and TNF-α) have pleiotropic and coordinated effects within the 

body, including both the activation and inhibition of other cellular responses to pathogens, 

and together play an important role in the innate immune response (see Cohen & Cohen, 

1996, for a review).

In the present study, we explored several research questions related to the ways in which 

maltreatment might confer risk for elevations in low-grade inflammation among low-income 

children. Across analyses, we tested for main effects of maltreatment and the role of 

children’s sex as a possible moderator, given evidence described earlier from Baldwin and 

colleagues (2018) as well as animal studies (Ganguly & Brenhouse, 2015) that negative 

outcomes associated with maltreatment may differ by sex. First, we evaluated the association 

between maltreatment exposure and children’s low-grade inflammation. We hypothesized 

that children who experienced maltreatment would have higher levels of inflammation than 

nonmaltreated youth. Second, we examined questions surrounding the extent to which the 

accumulation of maltreatment experiences—including diversity of types of maltreatment and 

chronicity across multiple time points—were linked to children’s inflammation. Like 

Copeland et al. (2012), who found that cumulative depressive episodes were linked to later 

CRP, we predicted that youth who had more than one type of maltreatment experience or 

multiple periods of maltreatment exposure would have elevations in their low-grade 

inflammation. Finally, we conducted exploratory analyses to determine whether the age of 

first onset of maltreatment exposure mattered for children’s low-grade inflammation.

2. Methods

2.1 Participants

Participants included 155 children ranging in age from 8-12 yr (Mage = 10.1, SD = .97; 

52.3% male) who attended a summer day camp research program (see Cicchetti & Manly, 

1990, for more information about the camp procedures). This program was designed for 

school-aged low-income children and included both maltreated children (n = 78) and 

nonmaltreated children (n = 77). The sample was racially diverse (72.9% Black, 18.7% 

White, 8.4% biracial or other race).

To recruit children who had experienced maltreatment, a DHS liaison examined Child 

Protective Services reports to identify families with a child in the targeted age range who 
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had been maltreated. The DHS liaison contacted a random group of eligible families and 

explained the camp and research involvement. Interested families consented to having their 

contact information shared with our project staff. Participating families were representative 

of those receiving services through DHS.

Because maltreating families primarily have low socioeconomic status (National Incidence 

Study; Sedlak et al., 2010), we recruited nonmaltreated children from families with similar 

demographics. The DHS liaison identified families who were receiving Temporary 

Assistance to Needy Families but had no history of CPS involvement. The DHS liaison 

contacted a random group of these families and explained the camp and research 

involvement. Interested families consented to having their contact information shared with 

our project staff. Of note, families who received preventive DHS services due to risk for 

maltreatment were not included in this study. During initial enrollment, research assistants 

interviewed mothers of children in this group using the Maternal Child Maltreatment 

Interview (Cicchetti, Toth, & Manly, 2003) to confirm that the child did not have any prior 

unreported incidents that would have been classified as maltreatment.

For all families, we obtained informed consent from parents for their participation and for 

their child’s participation in the summer camp research program, as well as for examination 

of any Department of Human Services (DHS) family records. Children provided informed 

assent. All study procedures were approved by the university Institutional Review Board.

2.2 Procedures

2.2.1 Day camp study design.—Children were invited to participate in a five-day 

summer camp, which included a research component (see Cicchetti & Manly, 1990). 

Children were randomly assigned to groups of 10 same-sex and same-age peers (half of each 

group included maltreated children). Groups were led by three trained camp counselors, who 

were unaware of children’s maltreatment statuses and study hypotheses. Each camp day 

lasted 7 hr and included both recreational activities and research assessments conducted by 

trained research assistants.

2.3 Measures

2.3.1 Maltreatment Classification System (MCS).—The Maltreatment 

Classification System (MCS; Barnett, Manly, & Cicchetti, 1993) was used to capture 

detailed information about children’s exposure to maltreatment. This system utilizes DHS 

records about investigations and findings regarding maltreatment experiences in families. 

Based on operational definitions, raters make independent judgments and classify the 

maltreatment exposures by (a) subtypes that each child experienced, (b) frequency of the 

occurrence, (c) severity, and (d) developmental period in which the exposure occurred 

(infancy [0-18 months], toddlerhood [19-35 months], preschool [36-59 months], early 

school age [ages 5 to 7], or later school age [ages 8-12]). Coding is based on all available 

information in DHS records and does not rely on DHS determinations.

Maltreatment subtype experiences included neglect, emotional maltreatment, physical abuse, 

and sexual abuse. Neglect experiences reflect a failure of caregivers to provide for the 
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child’s basic physical needs (food, clothing, shelter, medical treatment). Neglect can also 

include a lack of supervision, moral-legal neglect (e.g., involving the child in a crime), and 

educational neglect. Emotional maltreatment involves extreme thwarting of a child’s basic 

emotional needs for psychological safety and security. Evidence of emotional maltreatment 

includes belittling and ridiculing the child, extreme negativity and hostility, abandonment, 

and suicidal or homicidal threats. Individuals who commit physical abuse engage in 

nonaccidental physical injury to the child, and can be identified by bruising, welts, burns, 

broken bones, and reports of choking. Finally, sexual abuse involves attempted or actual 

sexual contact between the child and caregiver for purposes of the adult’s sexual satisfaction 

or financial benefit. Examples of sexual abuse include exposure to pornography or adult 

sexual activity, sexual touching and fondling, and forced intercourse with the child.

The MCS is the gold standard assessment of maltreatment, and its reliability and validity has 

been established (e.g., Bolger, Patterson, & Kupersmidt, 1998; Dubowitz et al., 2005; 

English et al., 2005; Manly, 2005; Manly, Kim, Rogosch, & Cicchetti, 2001; Smith & 

Thornberry, 1995). Trained research staff and a clinical psychologist who had achieved 

adequate reliability prior to the start of this study coded DHS records. Kappas for the 

presence of each maltreatment subtype ranged from 0.90 to 1.00.

In the sample used in the present analyses, 66.7% of the maltreated children experienced 

emotional maltreatment, 55.1% were victims of neglect, 34.6% were victims of physical 

abuse, and 7.7% experienced sexual abuse. Consistent with other samples of maltreatment, 

many children experienced more than one subtype of maltreatment (51.3%; M = 1.64, SD 
= .74), and 34.6% of children experienced maltreatment across multiple developmental 

periods (M = 1.36, SD = .48).

2.3.2 Low-grade Inflammation.—All children provided non-fasting blood samples via 

antecubital venipuncture in the early- to mid-afternoon on day four of the camp week. 

Samples were collected in EDTA-treated Vacutainers, which were frozen at −80 °C until 

analysis. At that time the samples were thawed, the plasma was harvested, and five 

biomarkers of low-grade inflammation were measured: C-reactive protein (CRP), 

interleukin-6 (IL-6), interleukin-8 (IL-8), interleukin-10 (IL-10), and tumor necrosis factor-

α (TNF-α). CRP was measured in duplicate by high-sensitivity immunoturbidimetric assay 

on a Roche/Hitachi cobas c502 analyzer. The average intra- and inter-assay coefficients of 

variation were 2.5% and 5.6%, respectively. This assay’s lower limit of detection is 0.2 

mg/L. Undetectable CRP values (n = 80) were replaced with .19mg/L. The cytokines were 

measured in duplicate by electrochemiluminescence on a SECTOR Imager 2400A 

(MesoScale Discovery) with a Human Pro-Inflammatory 4-Plex Ultra-Sensitive assay 

(MesoScale Discovery), following instructions provided by the manufacturer (Fu et al, 

2010). The kit’s lower limits of detection range from 0.10 pg/mL (IL-8) to 0.80 pg/mL 

(IL-10). Across runs, the average intra-assay coefficients of variation were 6.72% (IL-6), 

1.99% (IL-8), 15.01% (IL-10), and 3.00% (TNF-α). All inter-assay coefficients of variation 

were < 8%.

We removed extreme values (> 3SD from the mean), which included four IL-10 values 

(scores above 4.56pg/mL), four IL-6 values (scores above 5.43pg/mL), and two CRP values 
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(scores above 6.08mg/L). We then log-transformed variables that had skewness values of 2.0 

or greater, which included IL-6, IL-8, and CRP. The five biomarkers were then standardized 

and used to create a mean composite of low-grade inflammation (Cronbach’s alpha = .68).

2.3.3 Body Mass Index (BMI).—Weight and height were measured on a single 

occasion using standard procedures. Weight was measured using a digital scale. To measure 

children’s height, children stood against a wall, and trained research assistants used a 

standard measuring tape. BMI was calculated using the standard formula (weight divided by 

height squared).

3. Results

3.1 Sample Characteristics and Preliminary Analyses

Children in the maltreated and non-maltreated groups were comparable on age, sex, and 

BMI. The groups differed by race, however, such that there were more African American 

children in the nonmaltreated group relative to the maltreated group, X2 (3) = 11.89, p 
= .008.

As is common in pediatric samples, 80 children had undetectable CRP values. Children with 

undetectable versus detectable values did not differ by child sex X2 (1) = 2.78, p = .10 or 

maltreatment status X2 (1) =.01, p = .94, however.

3.2 Statistical approach

Below, we present three series of analyses. First, we used analyses of covariance (ANCOVA) 

to examine differences in low-grade inflammation as a function of sex and maltreatment 

status. Second, we considered the role of cumulative exposure as a factor that may relate to 

low-grade inflammation. We conceptualized cumulative exposure in two ways. First, we 

examined the diversity of maltreatment exposures (either within the same developmental 

period or at different points in time). Then, we examined the extent to which children 

experienced maltreatment across developmental periods, thereby providing an assessment of 

the chronicity of maltreatment. Finally, we examined whether children’s inflammation 

differed as a function of the age of onset for their first maltreatment experience. All analyses 

control for age and BMI.

3.3 Maltreatment Exposure and Low-Grade Inflammation

We first tested group differences in children’s low-grade inflammation and whether boys and 

girls differed in this association. Although there were no main effects of maltreatment or sex 

(ps > .10), there was a marginally significant Maltreatment × Sex interaction predicting the 

inflammation composite (F[1, 148] = 3.54, p = .062; see Figure 1). Post-hoc probing of the 

estimated marginal means revealed that girls who were maltreated had marginally higher 

levels of inflammation than non-maltreated girls (Mdiff = .255, p = .09) and had significantly 

higher levels than boys who were maltreated (Mdiff = .369, p = .014). Maltreated and 

nonmaltreated boys did not differ in their levels of inflammation, however (p = .33).
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3.4 Diversity of Maltreatment Exposures and Low-Grade Inflammation

We next examined whether children who experienced multiple forms of maltreatment (i.e., 

emotional maltreatment, neglect, physical abuse, or sexual abuse) would have higher levels 

of inflammation compared to children who experienced only one type of maltreatment. 

Although the main effect of Diversity of Maltreatment exposure was not significant (F[2, 

146] = .799, p = .45), analyses revealed a significant Diversity of Maltreatment × Sex 

interaction (F[2, 146] = 6.325, p = .002, see Figure 2). For girls, those who were exposed to 

two or more forms of maltreatment had higher inflammation compared to girls who were not 

maltreated (Mdiff = .54, p = .003) and had higher inflammation compared to girls who 

experienced one form of maltreatment (Mdiff = .57, p = .012). Nonmaltreated girls’ low-

grade inflammation did not differ from girls who had experienced only one type of 

maltreatment (Mdiff = .03, p = .86). Among children who experienced multiple forms of 

maltreatment, girls had higher inflammatory composite scores than boys (Mdiff = .79, p 
< .001). Boys’ inflammation scores did not differ as a function of the number of types of 

maltreatment they experienced (all ps > .06).

3.5 Chronicity of Maltreatment Exposure and Low-Grade Inflammation

Similarly, we examined whether children who experienced maltreatment across multiple 

developmental periods (i.e., infancy, toddlerhood, preschool, early childhood, or later 

childhood) showed higher levels of inflammation relative to nonmaltreated children and 

children who experienced maltreatment at one time point only. We note here that this index 

overlapped with the diversity of exposure index described above. Specifically, of the 27 

children who experienced maltreatment at two or more periods, only one child experienced 

the same maltreatment type at each time point. Conversely, of the 39 children who 

experienced two or more types of maltreatment, 13 children experienced this treatment 

during one developmental period, and 26 children experienced maltreatment at two or more 

time periods.

Although the main effect of Maltreatment Chronicity was not significant (F[2, 143] = 1.574, 

p = .21), analyses revealed a significant Maltreatment Chronicity × Sex interaction (F[2, 

143] = 7.09, p = .001). For girls, those who were exposed to maltreatment at two or more 

time periods had higher inflammation compared to girls who were not maltreated (Mdiff 

= .79, p = .001) or who experienced maltreatment in one period only (Mdiff = .70, p = .004). 

Nonmaltreated girls’ inflammatory composites did not differ from girls who had been 

maltreated during one time period (Mdiff = .08, p = .60). Among children who experienced 

maltreatment at two or more time periods, girls had higher inflammatory composite scores 

than boys (Mdiff = 1.06, p < .001). Boys’ inflammation scores did not differ as a function of 

the number of developmental periods when they experienced maltreatment (all ps > .09).

3.6 Age of First Onset of Maltreatment and Low-Grade Inflammation

Lastly, we conducted exploratory analyses to evaluate whether the age of onset of children’s 

first maltreatment exposure was associated with low-grade inflammation. Using the MCS 

scoring information, we categorized children based on their maltreatment exposure as early 
onset, occurring between infancy and preschool (roughly between the ages of 0-4 yr; n = 51) 

versus childhood onset (approximately ages 5-12; n = 24). Although there was no main 
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effect of age of first onset, analyses highlighted a significant Maltreatment Onset Age × Sex 

interaction (F[2, 148] = 3.81, p = .024; see Figure 3). Among girls, those who had their first 

maltreatment experience early (that is, before age 5) had higher inflammatory composite 

scores than girls who were not maltreated (Mdiff = .46, p = .009) and had marginally higher 

inflammatory composite scores than girls whose exposure occurred at age 5 or later (Mdiff 

= .41, p = .08). Girls whose first maltreatment exposure occurred at age 5 or later did not 

differ from nonmaltreated girls in their levels of inflammation (Mdiff = .06, p = .79). Among 

children who were first exposed to maltreatment before the age of 5, girls had higher levels 

of inflammation than boys (Mdiff = .53, p = .004). Boys’ inflammation scores did not differ 

as a function of age at first onset (all ps > .11).

4. Discussion

The present study is among the first to examine whether maltreatment exposures are 

associated with low-grade inflammation in childhood. In contrast to previous studies of 

children that have focused on saliva, we measured inflammatory biomarkers in circulation. 

This approach better reflects inflammatory activity in the tissues where common health 

problems develop, and is validated by large-scale prospective studies linking circulating 

values to subsequent major depression, diabetes, heart disease, and premature mortality 

(Danesh, Collins, Appleby, & Peto, 1998; Libby, Ridker, & Hansson, 2009; Ridker, 2007; 

Yeh & Willerson, 2003). We found that childhood maltreatment—for girls—was associated 

with marginally higher levels of low-grade inflammation in late childhood. Subsequent 

analyses evaluated differences in inflammation as a function of the diversity and chronicity 

of exposures, and again we found a consistent pattern in which, for girls only, the experience 

of multiple forms and repeated instances of maltreatment was associated with higher 

inflammation. Finally, our exploratory analyses focused on the age of onset suggested that 

girls’ greatest risk for elevated inflammation emerged when they experienced maltreatment 

early in life—before the age of 5. One challenge with these analyses, however, is that it is 

difficult to distinguish between early onset from greater accumulation of maltreatment 

experiences across childhood. Indeed, in our sample, children who experienced 

maltreatment before age five had, on average, 1.84 maltreatment exposures, whereas 

children who were maltreated after age 5 had 1.25 documented exposures (t[73] = 3.66, p 
< .001). Given the exploratory nature and small Ns in these groups, we consider these 

findings preliminary until substantiated in subsequent projects.

Collectively, these findings provide support for the hypothesis that childhood maltreatment 

may give rise to low-grade inflammation, and these associations may appear earlier in 

development than previously observed. Given inflammation’s role in many chronic diseases 

of aging, as well as mental health outcomes in children and adults (e.g., Dantzer, O’Connor, 

Freund, Johnson, & Kelley, 2008; Miller & Cole, 2012), these findings shed light on a 

possible mechanism that may explain, in part, how experiences like maltreatment in 

childhood may forecast chronic mental and physical health problems by midlife. These 

findings further suggest that maltreatment’s association with inflammation does not lie 

dormant for decades, only to emerge in adulthood. Rather, the findings suggest the 

possibility that these traumatic experiences have a more immediate impact on inflammatory 

signaling. This question deserves greater attention in future research, as do questions about 
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timing of exposure and duration of effect. Because we collected blood samples at only one 

time point, our conclusions regarding these issues must be considered tentative. In this 

regard, our analyses do suggest the possibility that, for girls, exposure to maltreatment in 

childhood is associated with higher inflammation prior to the onset of adolescence. Whether 

this effect of maltreatment exposure in childhood is associated with sustained inflammation 

across adolescence and into adulthood remains unknown, however. Such longitudinal 

investigations will be important in order to evaluate whether maltreatment exposure puts 

individuals at risk for chronic mental and physical health problems. Also important in future 

studies will be the use designs that permit stronger causal inferences; the discordant twin 

approach used in Baldwin et al. (2018) is particularly useful in this regard.

Our use of the Maltreatment Classification System is a particular strength of the study that 

merits further discussion. By evaluating official case files with explicit operational 

definitions of multiple child maltreatment parameters, which detailed children’s experiences 

and events in the family, we were able to delineate more precise characterizations of 

children’s maltreatment exposures than would have been available with primary case 

determinations alone, Further, the detailed coding of records provided more precise 

information regarding frequency, timing, and maltreatment subtypes. This information is 

independent of biases related to parent-report or retrospective recall. As noted earlier, 

because of the distribution of maltreatment subtypes in our sample, we were unable to 

examine whether subtypes of abusive experiences were individually linked to children’s 

inflammation. Larger sample sizes will be important in future investigations to make more 

conclusive statements about whether there is some specificity in the types of maltreatment 

exposure and developmental timing of that exposure that is most strongly linked to 

inflammation, and whether the consequences of these variations in exposures differ for girls 

and boys.

Nevertheless, these findings provide an important step in linking maltreatment exposure to 

inflammation in childhood—a period of development generally considered to be an 

exceptionally healthy time in life. In fact, researchers looking to connect social experiences 

to inflammation in childhood often struggle with “floor effects” because the distribution of 

inflammatory markers is so restricted (Miller & Chen, 2010). Children in this sample were 

ostensibly healthy and free of chronic disease (and only 17% of the sample was considered 

overweight), yet approximately 25% of the sample had CRP values of 1.0mg/L or greater—

values that the American Heart Association considers “moderate risk” for heart disease 

(Ridker, 2003). As noted earlier, caution is warranted here because we are relying on a one-

time assessment of children’s CRP and other inflammatory biomarkers, so it is possible that 

we captured a temporary elevation that was soon mitigated. Longitudinal studies with 

multiple assessments of inflammatory markers will be informative for examining the extent 

to which maltreatment is associated with chronic elevations. Further, future studies that 

include multiple assessments of both maltreatment and inflammation across development 

would allow researchers to test more nuanced models about the timing of hypothesized links 

between maltreatment and inflammation (e.g., how soon does inflammation rise following 

exposure?). Similarly, multiple assessments would also allow for consideration of the 

developmental trajectories of inflammation across childhood (e.g., following maltreatment 
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exposure, does inflammation rise gradually or is there a rapid spike in levels, and is this 

increase maintained over time?).

Another priority for future research is to unpack the possible explanations for the sex 

differences observed in the present study. In this sample, girls and boys did not differ in 

overall maltreatment exposure, number of subtypes, or number of developmental periods in 

which they experienced maltreatment. Sex differences in outcomes following maltreatment 

exposure have been reported (e.g., Chen et al., 2016; Gallo, Munhoz, Loret de Mola, & 

Murray, 2018; Godinet, Li, & Berg, 2014; Hagborg, Tidefors, & Fahlke, 2017), although 

findings appear to be inconsistent, and our understanding of why these differences occur has 

been lacking. Frequently, researchers include children’s sex as a control variable but do not 

consider possible sex differences in the negative outcomes associated with maltreatment. We 

speculate that sex differences in coping may be one possible explanation for the patterns 

observed in the present study, although we were unable to test this hypothesis in the present 

study.

In summary, research with adult samples suggests that the extent to which individuals are 

exposed to maltreatment in childhood is related to mild, chronic inflammation in adulthood. 

The present study adds to this literature and further suggests that, at least for girls, exposure 

to maltreatment is associated with inflammation much earlier in development during 

childhood. Future research should investigate why this effect is specific to girls, and whether 

any protective factors might mitigate these links.
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Figure 1. 
Standardized inflammation composite scores as a function of maltreatment and child sex. 

Maltreated girls had marginally higher inflammation composite scores than girls who were 

not maltreated and significantly higher inflammation composite scores than boys who were 

maltreated
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Figure 2. 
Standardized inflammation composite scores as a function of child sex and the diversity in 

maltreatment exposure types. Maltreated girls who experienced multiple forms of 

maltreatment had significantly higher inflammation composite scores than nonmaltreated 

girls or girls who experienced one form of maltreatment
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Figure 3. 
Standardized inflammation composite scores as a function of child sex and the age of first 

onset of maltreatment exposure. Among girls, those who had their first maltreatment 

experience before age 5 had higher inflammatory composite scores than girls who were not 

maltreated and had marginally higher inflammatory composite scores than girls whose 

exposure occurred at age 5 or later. Boys’ inflammation scores did not differ as a function of 

age at first onset
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