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Abstract

Childhood trauma may confer risk for poorer adult health through changes in systemic 

inflammation. Emotion regulation may plausibly moderate associations between childhood trauma 

and adult psychological well-being, but it remains unclear whether moderation effects extend 

to differences in systemic inflammation. To examine whether childhood trauma and emotion 

regulation separately and interactively predict prospective changes in C-reactive protein (CRP) 

and interleukin-6 (IL-6) and whether biopsychosocial factors account for observed associations. 

Healthy midlife adults (N = 331) retrospectively reported on childhood trauma, current trait-level 

cognitive reappraisal and expressive suppression, and had their blood drawn. At baseline and then 

a median of 2.85 years later, 279 of the 331 participants had their blood drawn, body mass index 

calculated, and reported on health behaviours (smoking, sleep), psychological distress (perceived 

stress, depressive symptoms), and years of education. Childhood trauma predicted prospective 

increases in CRP (B= 0.004, p= 0.049), which were partially accounted for by differences 

in adiposity, psychological distress, and health behaviours. In contrast, cognitive reappraisal 

predicted prospective decreases in IL-6 (B = −0.007, p = 0.006), which were independent 

of biopsychosocial influences. Cognitive reappraisal further moderated the association between 

childhood trauma and prospective changes in IL-6 (B = −0.001, p = 0.012) such that childhood 

trauma predicted greater IL-6 increases but only among adults lower in cognitive reappraisal (B = 

0.006, p = 0.007). There were no main or moderation effects of expressive suppression (ps > 0.05). 

Cognitive reappraisal may attenuate IL-6 changes over time and may moderate the prospective 

association between childhood trauma and systemic inflammation in midlife.
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In the United States and other high-income countries, one in 10 youth experience physical, 

sexual, or psychological abuse or neglect each year, which can have lasting effects on 

psychological and physiological well-being into adulthood (Gilbert et al., 2009). Adults who 

experience childhood trauma are at heightened risk for a host of health conditions, including 

depression (Humphreys et al., 2020), cancer (Holman et al., 2016), cardiovascular diseases 

and type II diabetes (Basu et al., 2017). Childhood trauma may confer risk for poorer health 

through various behavioural, psychological, and physiological pathways, including increased 

levels of peripheral, low-grade systemic inflammation (Kerr et al., 2021).

Nonetheless, individual differences in psychosocial risk and protective characteristics 

may influence the extent to which childhood trauma contributes to poorer health and 

changes in systemic inflammation (Fritz et al., 2018). Emotion regulation refers to a 

set of strategies that individuals use to modulate their emotions (Gross et al., 2006). 

Although emotion regulation may moderate psychological well-being outcomes among 

childhood trauma survivors (England-Mason et al., 2017), what is still not clear is whether 

the influence of emotion regulation strategies on psychological well-being among adults 

exposed to childhood trauma extends to indicators of their physical health, such as systemic 

inflammation. This study will therefore examine whether emotion regulation strategies 

moderate the extent to which retrospective reports of childhood trauma are associated with 

prospective, multi-year changes in markers of systemic inflammation among a sample of 

midlife adults.

Cognitive reappraisal and expressive suppression are two emotion regulation strategies that 

have received attention for their physical health relevance. Cognitive reappraisal involves 

reframing one’s interpretation of an event to change an emotional experience, such as 

viewing a setback as a learning opportunity. In contrast, expressive suppression involves 

inhibiting the outward expression of an emotion despite feeling the emotion internally (e.g., 

maintaining a neutral expression despite feeling anger or frustration when receiving negative 

feedback).

Although each of these emotion regulation strategies can be socially adaptive depending 

on the context, trait-level cognitive reappraisal is generally considered health-protective, 

whereas trait-level expressive suppression is generally viewed as detrimental for health. For 

example, among midlife adults, Appleton et al. (2013) found that greater use of cognitive 

reappraisal was cross-sectionally associated with lower levels of peripheral C-reactive 

protein (CRP) and that greater expressive suppression was associated with higher levels 

of CRP. Extending these findings, Ellis et al. (2019) found that crosssectional associations 

between cognitive reappraisal, expressive suppression, and systemic inflammation were 

partly accounted for by differences in concurrent perceived stress and sleep quality. 

Although these studies add to our understanding of how emotion regulation strategies 

associate with concurrent levels of systemic inflammation, it is unknown whether these 
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emotion regulation strategies relate to changes in immune parameters and interact with 

childhood trauma to contribute to changes in systemic inflammation over time.

Indeed, little attention has been given to whether emotion regulation strategies in 

adulthood moderate the link between childhood trauma and prospective changes in systemic 

inflammation. Yet, there is reason to believe that cognitive reappraisal and expressive 

suppression would act as moderators. Specifically, trait-level emotion regulation strategies 

are often cultivated in childhood and adolescence such that youth who are facing abuse and 

neglect may gravitate towards emotion regulation strategies that are adaptive within their 

home environment (Wadsworth, 2015). These strategies may include engaging in cognitive 

reappraisal to reduce psychological distress (Boyes et al., 2016) or using expressive 

suppression to preserve the parent-child relationship (Gross & Cassidy, 2019). The habitual 

use of these emotion regulation strategies over time could in turn exacerbate or mitigate 

the effects of childhood trauma on changes in systemic inflammation. For example, 

Jones et al. (2018) found that under conditions of chronic family stress, youth higher in 

cognitive reappraisal had indicators of better cardiometabolic health (e.g., lower resting 

blood pressure) compared to their peers who were lower in reappraisal. In contrast, youth 

who were higher in expressive suppression evidenced decreased sensitivity of immune cells 

to the anti-inflammatory effects of glucocorticoids under conditions of chronic family stress.

It is unclear whether the moderation effects of emotion regulation that Jones et al. (2018) 

observed would extend into adulthood, years after childhood trauma has occurred. Some 

support for this possibility comes from research examining emotion regulation strategies 

among bereaved older adults. Although the authors did not examine moderation effects 

specifically, Lopez et al. (2020) found an independent effect of expressive suppression on 

a measure of inflammatory response to challenge (i.e., greater stimulated pro-inflammatory 

cytokine production) among a sample of bereaved adults, and this effect held after adjusting 

for biopsychosocial factors including health behaviours and depressive symptoms. Despite 

being very different experiences, both the loss of a spouse and childhood trauma are types 

of psychosocial stressors that have been associated with greater systemic inflammation 

(e.g., Kerr et al., 2021; Knowleset al., 2019), and the strength of this association may vary 

depending on whether a person is higher or lower in cognitive reappraisal or expressive 

suppression.

The present study aims to (1) examine whether childhood trauma, cognitive reappraisal, 

and expressive suppression are associated with prospective, multi-year changes in peripheral 

levels of CRP and interleukin-6 (IL-6), two markers of systemic inflammation, and (2) 

whether cognitive reappraisal and expressive suppression moderate associations between 

retrospective reports of childhood trauma and prospective changes in systemic inflammation 

in adulthood. Because childhood trauma and emotion regulation strategies may influence 

systemic inflammation through various psychosocial and physiological pathways, we further 

consider whether any significant findings are accounted for by individual differences in 

adiposity (body mass index [BMI]), health behaviours (self-reported sleep, smoking status), 

psychological distress (depressive symptoms, perceived stress) and socioeconomic position 

in adulthood (years of education) as these could point to potential areas of intervention.
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In ancillary analyses, we will test for sex differences given that men and women may 

differ in their use of emotion regulation strategies (McRae et al., 2008) and in their 

exposure to childhood trauma (Tolin & Foa, 2006). Because prior research suggests 

that associations between childhood trauma and systemic inflammation may be stronger, 

or only observed among, women (Ehrlich et al., 2021; Osborn & Widom, 2020), we 

hypothesize that childhood trauma may be associated with greater prospective increases 

among women compared to men in the sample. We further consider whether associations 

between childhood trauma, emotion regulation strategies, and systemic inflammation 

differ depending on whether childhood trauma is characterized by threat or deprivation 

(McLaughlin & Sheridan, 2016). This analysis is exploratory and we do not have a 

directional hypothesis given that much of the research on the differential effects of neglect 

and abuse on health outcomes have focussed on emotional well-being or brain processes and 

not changes in systemic inflammation over time.

1 | METHODS

1.1 | Participants

A community sample of 331 midlife adults (ages 30–51 years, 167 self-reported as 

female, 69.5% identifying as white, non-Hispanic) were recruited from Allegheny county, 

Pennsylvania, to participate in the Pittsburgh Imaging Project. Participants completed 

a series of baseline visits and a follow-up visit approximately 3 years later (median 

= 2.85 years, interquartile range = 3.47 years). To be included, adults needed to be 

free of common chronic physical health conditions (e.g., clinical cardiovascular diseases, 

cancer, diabetes, pulmonary and respiratory diseases) and not currently diagnosed with a 

substance or mood disorder at baseline. Adults were also ineligible if they were regularly 

taking lipid-lowering, weight loss, insulin, cardiovascular, hypoglycemic, glucocorticoid, or 

psychotropic medications or were pregnant at baseline. Additional eligibility criteria for the 

study that are not specific to the analyses presented here were as follows: being colourblind, 

claustrophobic, having a neurological condition, history of cerebrovascular trauma, and 

having ferromagnetic implants of any kind. All participants provided informed consent and 

the University of Pittsburgh approved the study. See Table 1 for sample characteristics. For 

additional details on recruitment methods, study design, and sample characteristics, please 

see Gianaros et al. (2017, 2022).

1.2 | Procedure

As part of baseline and follow-up visits, participants provided written consent, had their 

blood drawn and anthropometric measurements taken, and completed a set of questionnaires 

and a semi-structured interview. Other study procedures not included in the analyses 

described here included psychophysiological assessments and an fMRI scanning session. 

Data collection occurred between 2008 and 2017.

1.3 | Measures

1.3.1 | Childhood Trauma Questionnaire—As part of the baseline visit, participants 

retrospectively reported on experiences of childhood trauma by completing the 28-item 

Childhood Trauma Questionnaire (CTQ) (Bernstein et al., 2003). On a five-point Likert 
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scale from 1 (‘never true’) to 5 (‘very often true’), participants indicated to what extent 

statements in the following five domains were reflective of their own experiences ‘growing 

up as a child and a teenager’: physical abuse (‘People in my family hit me so hard that 

it left me with bruises or marks’), emotional abuse (‘People in my called me things like 

stupid, lazy, or ugly’), sexual abuse (‘Someone tried to touch me in a sexual way, or tried 

to make me touch them’), physical neglect (‘My parents were too drunk or high to take care 

of the family’), and emotional neglect (‘There was someone in my family who helped me 

feel that I was important or special’). Positively phrased items were reverse scored. We then 

summed across the five subscales to create a total CTQ score, with higher summary scores 

indicating greater childhood trauma. A childhood abuse variable was also calculated by 

summing across the physical, emotional, and sexual abuse subscales and a childhood neglect 

variable was created by summing scores on the physical and emotional neglect subscales. In 

the sample, the CTQ had strong internal reliability when considering the scale in its entirety 

(α = 0.90) and when considering abuse (α = 0.87) and neglect separately (α = 0.88).

1.3.2 | Emotion Regulation Questionnaire—At baseline, participants reported on 

their habitual use of cognitive reappraisal and expressive suppression by completing the 

10-item Emotion Regulation Questionnaire (ERQ) (Gross & John, 2003). On a scale of 1 

(‘strongly disagree’) to 7 (‘strongly agree’), participants indicated to what extent they agreed 

with statements about modulating their emotions. Six items assessed cognitive reappraisal 

(‘When I want to feel less negative emotion, I change the way I’m thinking about the 

situation’) and four items focussed on expressive suppression (‘I keep my emotions to 

myself’). Individual items for each subscale were summed to create a total score for 

cognitive reappraisal and expressive suppression, respectively. Internal consistency was 

adequate for each subscale (reappraisal: α= 0.80, suppression: α = 0.75).

1.3.3 | Systemic inflammation—Participants were instructed to fast from food, drink 

(except water), exercise, and tobacco products for 8 h prior to their baseline and follow-up 

visit. All blood draws were completed between 7:00 and 11:00 AM and participants were 

rescheduled if they experienced symptoms of acute infection, were taking antibiotics or 

antivirals, or were vaccinated or received a tattoo in the prior 2 weeks. Participants’ blood 

was drawn by antecubital venipuncture into sodium citrate and serum separator tubes that 

were centrifuged within 1 h of the blood draw. Plasma and serum samples were aliquoted 

and frozen at −80°C until batch processing.

The University of Pittsburgh’s Behavioural Immunology Laboratory measured IL-6 in 

plasma samples using a high-sensitivity enzyme-linked immunoassay kit (Human IL-6 

Quantikine HS ELISA, R&D system; detection range 0.2–10 pg/ml; intra-assay coefficient 

of variation (CV) = 4.24%). Serum samples were sent to the university’s Clinical Services 

Laboratory where CRP was measured using a high-sensitivity CRP assay with CRPH 

reagent and the SYNCHRON LX system (Beckman Coulter, Inc.; intra-assay CV = 5.0%). 

All samples were run in duplicate for both analytes.

1.3.4 | Covariates—At baseline, participants reported on their age, sex assigned at 

birth, and racial and ethnic identity. Based on the sample distribution, participants were 

categorized as male (n = 164; 49.5%) or female (n = 167; 50.5%) and either belonging to a 
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racial or ethnic minority group (n = 101; 30.5%) or white, non-Hispanic (n = 230; 69.5%). 

We also calculated the time in years between the baseline and follow-up visit (median = 2.85 

years, interquartile range = 3.47 months).

1.3.5 | Physiological, psychosocial, and health behaviour pathways—
Individual differences in health behaviours and physiological and psychosocial 

characteristics could account for associations between childhood trauma, emotion regulation 

strategies, and prospective changes in systemic inflammation. At the follow-up visit, we 

estimated participants’ level of adiposity by taking their height and weight, which were 

used to calculate body mass index (BMI; kg/m2). To assess health behaviours, participants 

reported on their sleep by completing the Pittsburgh Sleep Questionnaire Index (PSQI; 

Buysse et al., 1989), and indicated whether they currently or previously smoked cigarettes 

or consumed tobacco products. For sleep, we used the Pittsburgh Sleep Quality Index 

(PSQI) total sleep score, which estimates global sleep quality and has a range of 0–21. 

The mean sleep score in the sample was 5.03, which is suggestive of sleep disturbance 

or poorer quality sleep, on average (Buysse et al., 1989). Given the distribution of 

smoking behaviours, participants were categorized as current or former smokers (n = 

103; 37.1%) versus non-smokers (n = 228; 68.9%). To assess psychological distress, 

participants completed the 21-item Beck Depression Inventory (BDI; Beck et al., 1996) 

and 10-item Perceived Stress Scale (PSS; Cohen et al., 1994), both of which had acceptable 

internal consistency within the sample (BDI: α = 0.84, PSS: α = 0.89). Participants also 

indicated how many years of education they completed, which was used as a proxy of adult 
socioeconomic position.

1.4 | Statistical analyses

Research questions and analyses were pre-registered on Open Science Framework (OSF). In 

transparency, the analyses presented here deviate from those initially proposed. Instead of 

averaging IL-6 and CRP values across time points as pre-registered, we assessed changes 

in inflammatory markers over time. This decision was made because inflammatory markers 

did not meet the pre-registered effect size threshold for the correlations across baseline 

and follow-up time points, particularly for IL-6. Accordingly, the prospective study design 

was leveraged to examine changes over time. For completeness of reporting, results based 

on average CRP and IL-6 levels across time points (pre-registered) can be found in the 

supplemental file.

Prior to fitting regression analyses, we examined variable distributions and correlations 

between study variables. Multiple regression analyses examined the separate main effects 

of childhood trauma and emotion regulation strategies on prospective levels of peripheral 

inflammation by predicting CRP and IL-6 levels at follow-up, adjusting for baseline 

levels of CRP and IL-6, respectively. Using Hayes’ PROCESS macro moderation models 

were fit with childhood trauma as the predictor and either cognitive reappraisal or 

expressive suppression as the moderator. Significant interaction effects were probed at 

±1 standard deviation (SD) above and below the sample mean for cognitive reappraisal 

and expressive suppression and to assess the conditional effects of childhood trauma 

on changes in peripheral levels of systemic inflammation. For interaction models with 
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significant conditional effects falling outside of ±1 SD, we ran a Johnson-Neyman region of 

significance test, which includes the score at which conditional effects became significant 

(p < 0.05) and the percentage of participants with scores in this range. For significant main 

and moderation effects only, we then added adiposity (i.e., BMI), health behaviours (PSQI, 

smoking status), psychological distress (PSS, BDI), and years of education one at a time to 

the models to see whether significant effects were accounted for by individual differences in 

these psychosocial and physiological characteristics and health behaviours. Baseline levels 

of systemic inflammation, age, sex, race, and the number of years between baseline and 

follow-up visits were included as covariates in all analyses.

In ancillary analyses, we considered potential sex differences and whether associations 

between childhood trauma, emotion regulation strategies, and prospective changes in 

systemic inflammation differed depending on whether childhood trauma was characterized 

by threat (i.e., sum of physical, emotional, and sexual abuse subscales) or deprivation (i.e., 

sum of physical and emotional neglect subscales). For sex differences, we fit moderation 

models using PROCESS with either childhood trauma, cognitive reappraisal, or expressive 

suppression as the predictor variable and sex assigned at birth variable (0 = male, 1 = 

female) as the moderator.

In post-hoc sensitivity analyses, we excluded participants who developed and were receiving 

treatment for new chronic health conditions that emerged in between their baseline 

and follow-up visits as these conditions and the medications to treat these conditions 

could contribute to changes in systemic inflammation. At the follow-up visit, participants 

reported on whether they had experienced a range of health conditions including a 

cardiac event (myocardial infarction; n = 1), traumatic ischaemic attack (n = 1) or cancer 

(adenocarcinoma; n = 1). They also reported whether they were told by a doctor on two 

separate occasions that they had certain chronic health conditions that needed to be managed 

with medications, including high blood pressure (n = 5; one of whom had both high blood 

pressure and myocardial infarction) and chronic obstructive pulmonary disease (n = 1). 

We also learnt at the time of follow-up that one participant included at baseline had been 

taking blood pressure lowering medications for decades. There was also another participant 

who was involved in a multi-vehicle car accident shortly before their follow-up visit and 

endorsed high levels of posttraumatic stress, anxiety, and depressive symptoms at follow-up. 

Consequently, we ran post-hoc sensitivity analyses excluding this participant and the nine 

other participants diagnosed with and taking medication for one or more of the above listed 

chronic health conditions. Results remained substantively the same as when including these 

participants, with one exception detailed below. As such, the results presented here are based 

on data that includes these 10 participants. All statistical analyses were performed in R (R 

Core Team).

2 | RESULTS

2.1 | Preliminary descriptives

When examining variable distributions, one outlying IL-6 value at baseline (15.223 pg/ml) 

was excluded from analyses for being greater than 9 standard deviations above the mean, 

which is unlikely to be biological plausible in a slightly overweight (BMI = 26.4%), healthy 
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adult in the absence of infection. IL-6 and CRP values at baseline and follow-up were 

not normally distributed and subsequently log-transformed. Of the 331 participants who 

completed baseline, 279 participants were retained at follow-up. Participants who completed 

only the baseline assessments were slightly younger (38.37 years) than the participants who 

completed both baseline and follow-up visits (40.58 years; t[329] = −2.372, p = 0.018), but 

did not differ with respect to race, self-reported sex assigned at birth, childhood trauma, 

cognitive reappraisal, expressive suppression, CRP, or IL-6 at baseline (ps > 0.40).

Cognitive reappraisal and expressive suppression were not reliably correlated with one 

another (r = 0.037, p = 0.500) and they variably related to childhood trauma, both when 

considering total childhood trauma (cognitive reappraisal: r = 0.055, p = 0.323; expressive 

suppression: r = 0.047, p = 0.393) and neglect (cognitive reappraisal: r = −0.056, p = 0.312, 

expressive suppression: r = 0.129, p = 0.019) and abuse separately (cognitive reappraisal: r 
= 0.143, p = 0.009, expressive suppression: r = −0.041, p = 0.460). Peripheral levels of IL-6 

at baseline and follow-up were moderately correlated (r = 0.381, p < 0.001), with stronger 

correlations between CRP levels at baseline and follow-up (r = 0.679, p < 0.001). See Table 

2 for a summary of all bivariate correlations.

2.2 | Primary analyses

Do childhood trauma, cognitive reappraisal, and expressive suppression 
separately contribute to prospective changes in peripheral levels of systemic 
inflammation?—Please see Table 3 for results of main effects models. For significant 

moderation effects, see Figure 1 for interactions between childhood trauma and cognitive 

reappraisal and Figure 2 for interactions between childhood trauma and expressive 

suppression. Greater childhood trauma was associated with prospective, multiyear increases 

in CRP (B = 0.004, SE = 0.002, p = 0.049) but not IL-6 (B = 0.001, SE = 0.001, p = 0.603). 

This association was independent of years of education (B = 0.005, SE = 0.002, p = 0.044), 

but became non-significant when accounting for BMI (B = 0.004, SE = 0.002, p = 0.070), 

smoking and sleep behaviour (B = 0.004, SE = 0.002, p = 0.060), and depressive symptoms 

and perceived stress (B = 0.004, SE = 0.002, p = 0.064).

Greater cognitive reappraisal was associated with a prospective, multi-year decrease in IL-6 

(B = −0.007, SE = 0.003, p = 0.006), but not CRP (B = −0.005, SE = 0.004, p = 0.253). The 

association between cognitive reappraisal and prospective change in IL-6 was independent 

of BMI (B =−0.006, SE = 0.002, p = 0.014), sleep and smoking behaviour (B = −0.007, SE 

= 0.003, p = 0.005), depressive symptoms and perceived stress (B = −0.007, SE = 0.003, 

p = 0.009), and years of education (B = −0.006, SE = 0.002, p = 0.011) when included 

separately and then in a saturated model (B = −0.005, SE = 0.002, p = 0.037). When running 

sensitivity analyses, these results remained substantively the same except that the association 

between cognitive reappraisal and IL-6 became marginal when included in the saturated 

model of all psychosocial and physiological pathways (B = −0.005, SE = 0.003, p = 0.063). 

There were no main effects of suppression on prospective change in IL-6 (B = 0.003, SE = 

0.003, p = 0.294) or CRP (B = −0.005, SE = 0.005, p = 0.362).
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Do cognitive reappraisal and expressive suppression moderate associations 
between childhood trauma and prospective changes in peripheral levels of 
systemic inflammation?—Cognitive reappraisal moderated the association between 

childhood trauma and prospective change in IL-6 (B = −0.001, SE = 0.0003, p = 0.012; 

Figure 1a) but not CRP (B = −0.001, SE = 0.001, p = 0.115). Participants who reported 

exposure to greater childhood trauma had greater prospective increases in IL-6, but only 

if they were lower in cognitive reappraisal (B = 0.006, SE = 0.002, p = 0.007). Among 

participants relatively higher in cognitive reappraisal, there was no association between 

childhood trauma and prospective levels of IL-6. This moderation effect was independent of 

BMI (B = −0.001, SE = 0.0002, p = 0.020), smoking and sleep behaviour (B = −0.001, SE 

= 0.0003, p = 0.006), perceived stress and depressive symptoms (B = −0.001, SE = 0.0003, 

p = 0.007) and years of education (B = −0.001, SE = 0.0003, p = 0.008) when considered 

separately and then in saturated models (B = −0.001, SE = 0.0002, p = 0.007).

Expressive suppression did not moderate associations between childhood trauma and CRP 

(B = 0.001, SE = 0.001, p = 0.117) or IL-6 (B = 0.001, SE = 0.0003, p = 0.074).

2.3 | Ancillary analyses

Do associations between childhood trauma, emotion regulation, and 
prospective changes in peripheral levels of systemic inflammation differ by 
self-reported sex assigned at birth?—There were no sex differences (all ps > 0.10; 

please see Table S1).

Do associations between childhood trauma, emotion regulation, and 
prospective changes in peripheral levels of systemic inflammation differ 
depending on whether trauma is abusive or neglectful?—Childhood abuse was 

associated with greater prospective increases in CRP (B = 0.009, SE = 0.004, p = 0.023), but 

not IL-6 (B = 0.001, SE = 0.002, p = 0.579). There was no main effect of childhood neglect 

on prospective changes in CRP (B = 0.004, SE = 0.003, p = 0.246) or IL-6 (B = 0.001, SE = 

0.002, p = 0.716).

Both cognitive reappraisal and expressive suppression moderated the association between 

childhood abuse and markers of systemic inflammation in ways consistent with prior 

research. Cognitive reappraisal moderated the association between childhood abuse and 

prospective change in IL-6 (B = −0.001, SE = 0.0003, p = 0.043; Figure 1b) such that 

greater childhood abuse was associated with greater prospective increases in IL-6, but only 

among participants lower in cognitive reappraisal (−1 SD; B = 0.006, SE = 0.003, p = 

0.040). There were no moderation effects for CRP (B = 0.001, SE = 0.001, p = 0.518). When 

considering expressive suppression, there was a moderation effect of expressive suppression 

on the association between childhood abuse and prospective change in CRP (B = 0.002, 

SE = 0.0008, p = 0.011; Figure 2a) and IL-6 (B = 0.001, SE = 0.0003, p = 0.033; Figure 

2b), such that greater childhood abuse was associated with greater prospective increases in 

systemic inflammation but only among participants higher in expressive suppression (CRP: 

B = 0.013, SE = 0.005, p = 0.020; IL-6: B = 0.005, SE = 0.003, p = 0.079). However, the 

conditional effects of childhood abuse on prospective changes in IL-6 were only significant 
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for suppression scores greater than 6.712 units (9.7% of participants) as indicated by the 

Johnson-Neyman region of significance test.

When considering childhood neglect, moderation effects were only observed for cognitive 

reappraisal and not expressive suppression (CRP: B = 0.0003, SE = 0.001, p = 0.636; IL-6: 

B = −0.0002, SE = 0.0003, p = 0.472). Cognitive reappraisal moderated the association 

between childhood neglect and prospective change in CRP (B = −0.002, SE = 0.0007, 

p = 0.036; Figure 1c) and IL-6 (B = −0.001, SE = 0.0003, p = 0.009; Figure 1d) such 

that greater childhood neglect was associated with greater prospective increases in systemic 

inflammation but only among participants lower in cognitive reappraisal (CRP: B = 0.012, 

SE = 0.006, p = 0.050; IL-6: B = 0.005, SE = 0.002, p = 0.042).

3 | DISCUSSION

We examined whether retrospective reports of childhood trauma and trait-level cognitive 

reappraisal and expressive suppression in adulthood separately and interactively predicted 

prospective changes in peripheral levels of systemic inflammation. Importantly, we found 

that childhood trauma was associated with prospective increases in peripheral levels of 

IL-6, but only among participants who were relatively lower in cognitive reappraisal. 

Similar patterns were observed when considering abuse and neglect separately. Greater 

abuse and neglect were each associated with increases in prospective levels of IL-6 (and 

to a lesser extent CRP), but only among participants lower in cognitive reappraisal. 

This fairly consistent pattern supports a growing body of research focussed on the 

stress-buffering effects of cognitive reappraisal (Shahane et al., 2019), particularly when 

considering uncontrollable stressors, such as childhood trauma (Troy et al., 2013). For 

example, Kalia and Knauft (2020) and Boyes et al. (2016) found that cognitive reappraisal 

buffered individuals from the effects of adverse childhood experiences on perceived stress 

in adulthood and adolescence, respectively. Stress-buffering effects of cognitive reappraisal 

could reflect a decrease in negative emotions and perceived stress in response to concurrent 

stressors. Cognitive reappraisal has been further tied to social functioning and feelings of 

life satisfaction more broadly (Cutuli, 2014), which appear health-protective (e.g., Diener 

& Chan, 2011), even among individuals who have experienced childhood trauma (Logan-

Greene et al., 2014). An important next step will be to consider how trait-level cognitive 

reappraisal and expressive suppression may jointly relate to associations between childhood 

trauma and inflammation, as the combination of being lower in suppression and higher in 

cognitive reappraisal has been linked to better physical and mental health outcomes in other 

samples (Eftekhari et al., 2009; Raymond et al., 2019).

Expressive suppression did not moderate the association between total childhood trauma and 

changes in systemic inflammation. However, suppression did exacerbate the extent to which 

childhood abuse was associated with changes in systemic inflammation. Adults higher in 

expressive suppression had greater prospective increases in both CRP and IL-6. Because 

expressive suppression requires the inhibition of external behaviour despite the internal 

experience of an emotion, this strategy requires effortful control that may be physiologically 

and psychologically taxing, especially for individuals who habitually use this strategy 

(Cutuli, 2014). Thus, for youth who regularly experience abuse, expressive suppression 
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(e.g., not expressing anger or sadness when being hit or berated) may mitigate the escalation 

of abuse but come at a cost to psychological and physiological functioning. Moreover, 

the habitual use of expressive suppression has been linked to greater negative affect and 

less social support (Cutuli, 2014), which are also associated with systemic inflammation 

(Marsland et al., 2008) and may exacerbate the effect of childhood trauma on systemic 

inflammation (Runsten et al., 2013).

We did not find moderation effects of expressive suppression on changes in systemic 

inflammation when considering childhood neglect, however. It is not clear why this might be 

the case. It is possible that people who experience childhood neglect are more likely to use 

different emotion regulation strategies, such as avoidance or disengagement, which we did 

not consider here. Childhood neglect has also been associated with difficulties identifying 

different emotional states (Aust et al., 2013; Pollak et al., 2000), which may make it more 

challenging to employ a desired emotion regulation strategy. For example, someone who has 

experienced neglect may not know whether they are experiencing sadness, anger, or both, 

which could make it more difficult to suppress their outward expression of these emotions.

When considering how childhood trauma and emotion regulation strategies separately 
related to changes in systemic inflammation, results were generally consistent with prior 

literature. Childhood trauma was associated with prospective increases in CRP but not IL-6, 

and this was partly accounted for by individual differences in adiposity, health behaviours, 

and psychological distress. This aligns with prior work linking greater childhood trauma 

exposure to higher BMIs, riskier health behaviours, and greater perceived stress (e.g., 

Brindle et al., 2018; Min et al., 2013; Nelson et al., 2017; Ruiz & Font, 2020), all of 

which may increase systemic inflammation over time (McDade et al., 2006; Park et al., 

2005; Raison et al., 2006). Nonetheless, the size of the effect was modest and at the upper 

end of the conventional threshold for determining statistical significance.

Similarly, abuse (but not neglect) was associated with prospective increases in CRP. 

This pattern partially supports the dimensional model of adversity, which posits that 

neglect and abuse have differential effects on health and well-being (McLaughlin & 

Sheridan, 2016). Characterized by high deprivation and low threat, neglect may reflect 

the absence of sufficient social and cognitive stimulation, whereas abuse (i.e., high threat 

and low deprivation) may contribute to poorer social-emotional processing, especially to 

threatening or ambiguous stimuli (McLaughlin & Sheridan, 2016). Childhood abuse has 

also been associated with lower resting connectivity and stress-related activity patterns in 

brain networks that may be involved in both affective processing and immune regulation 

(Banihashemi et al., 2015, 2022). Thus, abuse could contribute to increasing inflammation 

through central changes in visceral control networks (Kraynak et al., 2018, 2019), or via 

emotional processing and threat appraisal. Nonetheless, reappraisal moderated associations 

between abuse, neglect, and changes in inflammation. This suggests that for adults reporting 

childhood trauma, reappraisal and suppression may differentially relate to brain networks 

jointly involved in affective regulation and inflammatory control (Gianaros et al., 2014; 

Koban et al., 2021; Kraynak et al., 2018).
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As hypothesized, cognitive reappraisal was associated with a decrease in IL-6 from 

baseline to follow-up, building upon prior cross-sectional research linking greater cognitive 

reappraisal to lower systemic inflammation (Appleton et al., 2013). However, unlike Ellis et 

al. (2019), associations were independent of biopsychosocial factors and health behaviours. 

This suggests that cognitive reappraisal may uniquely influence changes in systemic 

inflammation above and beyond biopsychosocial factors and possibly via other pathways 

not studied here (e.g., physical activity, diet).

Counter to prior cross-sectional work (Appleton et al., 2013), expressive suppression did 

not predict prospective changes in IL-6 or CRP. The absence of main effects could 

suggest that suppressing emotions may matter more for concurrent versus prospective 

levels of systemic inflammation or that expressive suppression indirectly influences changes 

in systemic inflammation through health behaviours and sleep (Ellis et al., 2019). The 

ERQ also estimates general, trait-level expressive suppression so we cannot infer whether 

suppressing negative emotions specific to childhood trauma may have differential effects 

on inflammation compared to suppressing emotions more generally. ERQ scores also do 

not tell us how well or how frequently a person implements these strategies and relies 

on participants’ perceptions of the emotion regulations strategies they employ. To assess 

whether expressive suppression relates to prospective changes in systemic inflammation over 

time and for whom, experimental tasks or daily diary methods that assess both general 

emotion regulation strategies and in the context of childhood trauma are needed.

Interestingly, there were differences in findings when considering changes in CRP versus 

IL-6. Specifically, when considering changes in CRP, there were two main effects of trauma 

(total, abuse) and two interaction effects (neglect by reappraisal, abuse by suppression). For 

IL-6, there was one main effect of reappraisal and four interaction effects (total trauma 

by reappraisal, neglect by reappraisal, abuse by reappraisal, abuse by suppression). As 

such, it is difficult to discern whether the overall pattern in results for IL-6 versus CRP is 

meaningful or not. One possibility is that CRP may be more strongly influenced by longer-

lasting events (e.g., childhood trauma happening over years of childhood) whereas IL-6 

levels may be more sensitive to temporal experiences, including dynamic affective processes 

in the past days, weeks, or years. This is partially supported by meta-analytic evidence 

finding reliable increases in IL-6, but not CRP in response to acute laboratory stressors 

(Marsland et al., 2017). Nonetheless, we are hesitant to overinterpret these differences 

given that there were significant effects for CRP when considering interactions between 

suppression and abuse and reappraisal and neglect. Thus, in addition to replication studies, 

more research is needed to better understand how emotion regulation and childhood trauma 

come to be associated with changes in systemic inflammation and whether these pathways 

are distinct for CRP versus IL-6.

This study must be considered in view of several limitations. Foremost, this was a 

community sample of adults who, at baseline, were not currently diagnosed with chronic 

physical or mental health conditions. As such, we may have underestimated the effects 

of childhood trauma and emotion regulation strategies on prospective changes in systemic 

inflammation. Future studies should include clinical samples of adults with chronic physical 

or psychiatric conditions for whom the negative consequences of childhood trauma on 
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emotion regulation and physical and mental health may be more severe. Yet, we still 

found associations between mild-to-moderate childhood trauma and prospective increases 

in systemic inflammation among adults who were higher in expressive suppression or lower 

in cognitive reappraisal, although again the effect sizes were modest. The study included 

retrospective reports of childhood trauma and self-reports of emotion regulation strategies 

and health behaviours. An important next step will be to leverage data from prospective, 

longitudinal studies beginning in childhood to better understand how emotion regulation 

strategies unfold in the context of childhood trauma and whether associations between 

childhood trauma, emotion regulation strategies, and systemic inflammation change over 

time. Moreover, it is unclear whether associations change depending on whether individuals 

receive therapeutic interventions that focus on developing emotion regulation strategies and 

addressing cognitive distortions, such as trauma-focussed Cognitive Behaviour Therapy. 

Future studies could also consider other types of emotion regulation strategies, such as 

denial and acceptance.

There are also additional methodological limitations to consider. We used BMI as an 

approximation of adiposity; however, body fat percentage or visceral fat may better estimate 

adiposity. Similarly, we used years of education as a rough proxy of socioeconomic status, 

which could be more adequately measured using an index that considers multiple measures 

of prestige, wealth, and subjective social status in comparison to others. We also did not 

have information on participants’ gender identity, which may differ from their sex assigned 

at birth and differentially relate to study findings (Juster et al., 2019). We were limited to a 

single blood draw at each timepoint and there is the possibility of batch and freezer effects. 

Although CRP levels are generally stable over time, peripheral levels of IL-6 are more 

dynamic and multiple assessments of IL-6 levels at a single time point may better estimate 

stable inter-individual differences in circulating IL-6. Nonetheless, potential confounds 

were mitigated by rescheduling individuals who reported current or recent infections or 

vaccinations, and having participants complete fasting, morning blood draws and refraining 

from eating, exercising, smoking, and taking anti-inflammatory medications prior to 

appointments. Results also held in post-hoc sensitivity analyses excluding participants who 

developed chronic physical health conditions in between their two visits, with only one 

attenuated effect.

Despite these limitations, this study has several strengths. Although the strict inclusion 

criteria may limit generalizability of study findings, these criteria enable the identification 

of associations between childhood trauma, emotion regulation, and changes in systemic 

inflammation that are not attributed to extraneous factors, such as pre-existing chronic 

conditions and medications. We also included two markers of systemic inflammation 

and examined multiyear changes from baseline to follow-up. Adiposity, psychological 

distress, and health behaviours were also considered as potential biopsychosocial pathways 

underlying observed associations. In ancillary analyses, we also considered potential sex 

differences and whether results differed depending on the nature of the childhood trauma. 

Although there were no observed sex differences, we did find that cognitive reappraisal and 

expressive suppression moderated associations between childhood abuse and neglect and 

prospective changes in markers of systemic inflammation, but in different ways.
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Adding to prior cross-sectional research, we found that cognitive reappraisal attenuates 

increases in IL-6 and may offset the extent to which childhood trauma contributes to greater 

increases in systemic inflammation in adulthood. Findings further suggest that greater 

habitual use of expressive suppression may exacerbate associations between childhood abuse 

and increases in peripheral levels of CRP and IL-6 over time. Preliminary study findings 

support the notion of cultivating cognitive reappraisal, particularly among adults who may 

have experienced childhood trauma, which may have benefits for physiological functioning, 

as indicated by slower changes in systemic inflammation over time.
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FIGURE 1. 
Trait-level cognitive reappraisal moderated the association between retrospective reports 

of childhood trauma (total, neglect, abuse) and prospective changes in C-reactive protein 

(CRP) and interleukin-6 (IL-6). Greater childhood trauma was associated with prospective 

increases in systemic inflammation, but only among adults who lower in cognitive 

reappraisal. Moderation effects are graphed at one standard deviation (SD) above and below 

the mean level of childhood trauma and cognitive reappraisal reported in the sample. The 

black solid line represents associations for higher levels of cognitive reappraisal (+1 SD) and 

the light grey, dashed line represents associations for lower levels of cognitive reappraisal 

(−1 SD). IL-6 and CRP were log-transformed prior to fitting interaction models, hence 

the negative values. Figure 1A depicts the interaction between total childhood trauma and 

cognitive reappraisal on prospective changes in IL-6. Figure 1B depicts the interaction 

between childhood abuse and cognitive reappraisal on prospective changes in IL-6. Figure 

1C shows the interaction between childhood neglect and cognitive reappraisal on propsective 
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changes in CRP, and Figure 1D shows the between childhood neglect and cognitive 

reappraisal on prospective changes in IL-6.
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FIGURE 2. 
Trait-level expressive suppression moderated the association between retrospective reports 

of childhood abuse and prospective changes in C-reactive protein (CRP) and interleukin-6 

(IL-6). Greater childhood trauma was associated with prospective increases in systemic 

inflammation, but only among adults higher in expressive suppression. Moderation effects 

are graphed at one standard deviation (SD) above and below the mean level of childhood 

trauma and expressive suppression reported in the sample. The dotted black line represents 

associations at higher levels of expressive suppression (+1 SD) and the solid, dark grey 

line reflects associations at lower levels of expressive suppression (−1 SD). IL-6 and 

CRP were log-transformed prior to fitting interaction models, hence the negative values. 

Figure 2A depicts the interaction between childhood abuse and expressive suppression on 

prospective changes in CRP and Figure 2B depicts the interaction between childhood abuse 

and expressive suppression on prospective changes in IL-6.

Jones et al. Page 20

Stress Health. Author manuscript; available in PMC 2023 September 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jones et al. Page 21

TABLE 1

Sample descriptives

n (%) M (SD)

Race

 Asian or Asian American 15 (4.5)

 Black or African American 80 (24.2)

 Indigenous or Native American 0(0)

 White or Caucasian American 230 (69.5)

 Bi- or multi-racial American 3 (0.9)

 Other race 3 (0.9)

Female sex assigned at birth 167 (50.5)

Male sex assigned at birth 164 (49.5)

Age (baseline) 40.24 (6.24)

Childhood trauma (total) 36.21 (11.35)

 Neglect 16.35 (6.29)

 Abuse 19.86 (6.77)

Reappraisal 30.84 (5.83)

Suppression 14.30 (4.71)

Psychosocial and physiological pathways (follow-up)

 BMI 27.51 (5.23)

 Sleep score (total) 5.03 (2.99)

 Smoking status

  Former or current smoker 103 (37.1)

  Never smoked 228 (68.9)

 Perceived stress 12.68 (6.61)

 Depressive symptoms 4.47 (4.84)

 Education (years) 16.88 (3.31)

Systemic inflammation

 IL-6 (baseline, pg/mL, raw) 1.50 (1.22)

 IL-6 (follow-up, pg/mL, raw) 1.88 (1.24)

 CRP (baseline, mg/L, raw) 0.24 (0.38)

 CRP (follow-up, mg/L, raw) 0.29 (0.46)

Note: Of the 331 participants who completed the baseline visit, 279 were retained for the follow-up visit. The participants who were lost to 
follow-up were younger than the 279 who were retained, but did not differ with respect to race, sex assigned at birth, childhood trauma, cognitive 
reappraisal, expressive suppression, CRP, or IL-6 as baseline. Abbreviations: BMI, body mass index; CRP, C-reactive protein; IL-6, interleukin-6; 
M, mean; SD, standard deviation.
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