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Abstract
The present study furthers understanding of how childhood adversity connects to inflammation and, in turn, poor health. 
Using the publicly available Midlife in the United States II (MIDUS II) dataset, we test a recent theoretical model that sug-
gests emotion regulation is a potential mechanism of associations between adversity and inflammation. We examined the 
indirect effects of various types of adversity (e.g., stressful events, maltreatment, threat, and deprivation) on inflammation  
via two emotion regulation strategies (i.e., expressive suppression and reappraisal). Participants included 1096 adults without 
a history of cancer or HIV/AIDS who had completed the initial MIDUS II follow up and a sub-study examining biomarkers. 
Participants completed self-report measures inquiring about psychosocial factors including stressful life events, childhood 
trauma, and emotion regulation as well as provided blood samples. Bivariate correlation indicated that multiple forms of 
childhood adversity were associated with both C-reactive protein and fibrinogen. Deprivation, as measured by a stressful life 
events scale, was positively associated with both reappraisal and suppression. Tests of indirect effects indicated that depriva-
tion was positively associated with fibrinogen through both emotion regulation strategies, particularly for female participants. 
Our findings partially support recent theory positing emotion regulation as a pathway through which childhood adversity 
may impact inflammation in adulthood. Further, deprivation may be particularly critical in understanding how adversity is 
connected to maladaptive emotion regulation and inflammation. Emotion regulation may be an important treatment target 
to mitigate the negative impact of childhood adversity on health and well-being.

Keywords Childhood adversity · Reappraisal · Expressive suppression · Emotion regulation · Fibrinogen · C-reactive 
protein · Inflammation

Childhood adversity refers to events and experiences that 
negatively impact development and functioning, such as pov-
erty, early life stress, abuse, and neglect (Felitti et al., 1998).  
Childhood adversity has been linked to poor mental health 
outcomes (McLaughlin et al., 2010), more physical health 
problems (Danese & Tan, 2014) as well as interpersonal 
difficulties (Poole et al., 2018) and increased healthcare  
utilization (Bellis et al., 2017; Chartier et al., 2010). While 
childhood adversity covers a wide range of experiences, 

childhood maltreatment (e.g., abuse and neglect) is a spe-
cific form of adversity that has been recognized as a preva-
lent, significant, and costly public health risk (CDC, 2019; 
Renna et al., 2021). The CDC has estimated lifetime health-
care cost to be over $200,000 per survivor (CDC, 2019). In 
order to best allocate prevention and intervention resources, 
greater understanding of how childhood adversity contrib-
utes to these negative health outcomes is needed.

The present study focuses on connections between 
childhood adversity and inflammation, one proposed 
pathway through which trauma impacts health (Kendall-
Tackett, 2009). Inflammatory markers, including cytokines 
(e.g., interleukin- 6[IL-6]) and acute phase proteins (e.g., 
C-reactive protein (CRP) and fibrinogen), are released in 
response to infection or injury. Critically, these markers 
of inflammation can also increase in response to stress  
(Marsland et al., 2017). Excessive activation and increased 
circulation of these makers can negatively impact overall 
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health (Coussens & Werb, 2002; Lopez-Candales et al., 
2017; Yilmaz et  al., 2011). Chronic or dysregulated 
inflammation has been associated with a range of physical 
and mental health conditions including cardiovascular 
disease (Lopez-Candales et al., 2017), cancer (Shacter & 
Weitzman, 2002), diabetes (Tsalamandris et  al., 2019), 
depression (Beurel et  al., 2020), posttraumatic stress 
disorder, and anxiety (Michopoulos et al., 2017). Many 
studies have suggested childhood adversity is associated with  
higher inflammation in adulthood (Baumeister et al., 2016; 
Chiang et al., 2022; Coelho et al., 2014; Danese & McEwen, 
2012; Renna et  al., 2021). However, it remains unclear 
whether different forms of adversity impact inflammation 
in unique ways, and the mechanisms linking childhood 
adversity to adult inflammation are still being explored.

Adversity is a broad construct often derived of sev-
eral subtypes (e.g., childhood maltreatment or early life 
stress). Much of the previous research examining associa-
tions between childhood adversity, development and adult 
functioning has primarily focused on either a specific type 
of adversity, like physical abuse, or on a total score cap-
turing multiple forms of adversity (i.e., cumulative risk). 
However, these approaches are limited because they do not 
take two things into account: 1) various types of adversity 
often co-occur, and 2) looking solely at cumulative scores 
suggest different forms of adversity impact development in  
similar ways (Lambert et al., 2017; McLaughlin & Sheridan,  
2016; Sheridan & McLaughlin, 2014). An emerging 
approach to address these limitations is to examine child-
hood adversity as the subdomains of threat and deprivation. 
Threat can be defined as the experience of actual, threat-
ened, or witnessed physical harm, violence, or death, and is 
consistent with definitions of trauma and abuse (McLaughlin  
et al., 2014). In contrast, deprivation is consistent with 
neglectful experiences, institutional rearing, poverty, and 
lack of expected social or cognitive stimulation (McLaughlin  
et al., 2014). Notably, previous studies have demonstrated 
that threat and deprivation have different effects on biologi-
cal aging, neural development (Colich et al., 2020; Sheridan  
et al., 2017; Sumner et al., 2019), emotion regulation, and 
executive functioning (Lambert et al., 2017; Machlin et al., 
2019; Sheridan et al., 2017). The present study builds on 
previous research by examining multiple measures of child-
hood adversity.

A secondary aim of this work is to examine whether 
other factors, that may be more responsive to treatment, 
may account for associations between childhood adversity 
and inflammation. Previous research has supported the idea 
that the associations between childhood maltreatment and 
inflammation are both direct and indirect (i.e., through other 
factors; Baumeister et al., 2016; Brown et al., 2021; Miller 
et al., 2011; Renna et al., 2021; Schrepf et al., 2014). Mathur 
and colleagues (2022) recently proposed that emotion 

regulation, which includes the conscious and unconscious 
processes used to manage emotion (Gross, 1998), is an 
understudied potential mediator connecting childhood adver-
sity and inflammation. This proposed theory is plausible  
due to previous findings of associations between emotion 
dysregulation and elevated inflammation (Appleton et al., 
2011, 2013; Miller et al., 2011; Renna, 2021) as well as 
existing research suggesting childhood maltreatment is con-
nected to emotion dysregulation in adulthood (Bradley et al., 
2011; Charak et al., 2019; Janiri et al., 2021; Poole et al., 
2018; Tinajero et al., 2020). The present study tests this 
proposed theory by examining two commonly studied emo-
tion regulation strategies: reappraisal and expressive sup-
pression. Reappraisal is an adaptive strategy which involves 
reinterpretation of thoughts or events to reduce the influence 
of negative emotions and has been found to act as buffer 
to negative mental health outcomes (Gross & John, 2003; 
McRae et al., 2012; Miu et al., 2022). In contrast, expres-
sive suppression is a maladaptive emotion regulation strat-
egy that involves effortful inhibition of emotional expres-
sion (Gross & John, 2003). Findings in samples of midlife 
adults and trauma-exposed veterans indicate that expressive 
suppression is associated with elevated inflammation (Ellis 
et al., 2019; Khan et al., 2020). Additionally, several studies 
have found connections between childhood adversity and 
maladaptive emotion regulation, including expressive sup-
pression (Gruhn & Compas, 2020; Heleniak et al., 2016; 
Weissman et al., 2019), as well as associations with emo-
tion reactivity, a form of early occurring emotion regulation 
(Gruhn & Compas, 2020; McLaughlin et al., 2010; Sheridan 
et al., 2020). However, a gap in the literature is the test of 
whether emotion regulation strategies explain the relation-
ship between childhood adversity and inflammation.

The present study builds on existing research connect-
ing childhood adversity and inflammation by conducting 
secondary data analysis on a publicly available dataset from 
a nationally recruited longitudinal study of health and well-
being. Our aims were to 1) explore how different domains 
of childhood adversity (e.g., stressful events, maltreatment, 
threat, and deprivation) are related to emotion regulation and 
inflammation and 2) to examine the indirect effects of child-
hood adversity and inflammation via two emotion regulation 
strategies (e.g., expressive suppression and reappraisal). This 
manuscript differs from previous MIDUS II studies examin-
ing childhood adversity and inflammation (Hostinar et al., 
2015, 2017; Lee et al., 2017; Schrepf et al., 2014; Slopen 
et al., 2010) in its focus on different domains of childhood 
adversity, its focus on CRP and fibrinogen independently, as 
well as the focus on emotion regulation. Additionally, as part 
of our exploratory analysis, we included two measures of 
self-control (e.g., cognitive control and burden of conscious-
ness), a construct which is closely related to emotion regula-
tion (Gross, 1998; Paschke et al., 2016). While self-control 
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is not the focus of this paper, including these less studied 
measures will allow us to explore potential pathways through 
which childhood adversity may impact functioning. Based 
on previous findings, we hypothesized that expressive sup-
pression, but not reappraisal, would be positively associated 
with both childhood adversity and inflammation. Further, 
we predicted that expressive suppression would partially 
account for the relationship between childhood adversity 
and inflammation.

Methods

Participants

Participants included a subsample from the second phase 
of a national longitudinal study of health and wellbeing, 
Midlife in the United States (MIDUS II; Ryff et al., 2021). 
The first phase of MIDUS recruited English speaking, 
non-institutionalized adults ages 25–74 between 1995 
and 1996 using random digit dialing. The second phase 
was completed between 2004 and 2006, which included a 
follow-up on MIDUS participants (Project 1; N = 3,487). 
To increase diversity in MIDUS II, an additional African 
American sample (N = 592) was recruited from Milwaukee, 
Wisconsin, who completed questionnaires and procedures 
parallel to those in Project 1. In the present study, Project 1 
and the Milwaukee sub-project will be collectively referred 
to as baseline. Participants who completed baseline meas-
ures were invited to participate in several sub-projects of 
MIDUS II, including the MIDUS II Biomarker Project 
(Project 4; N = 1,255; Ryff et al., 2019). Informed consent 
was obtained from participants for each project they par-
ticipated in. Participants received financial compensation 
for their participation.

The present study analyzed data from 1096 adults aged 
34–84 who participated in both baseline and Project 4. We 
further excluded individuals with a history of HIV, AIDS, or 
Cancer due to the influence these conditions have on inflam-
mation (n = 156) as well as those who did not complete the 
childhood trauma questionnaire (n = 3). A small portion of 
participants did not provide a blood sample (n = 19), but 
were included in the analyses not including inflammation.

Procedure

In terms of procedures relevant to the present study, par-
ticipants completed a telephone interview and were mailed 
packet of self-administered questionnaires related to health, 
wellbeing, and functioning at baseline. Project 4 participants 
were recruited via recruitment letters and study brochures 
to participate in a two-day overnight study session at one 
of three General Clinical Research Centers (at University 

of California Los Angeles, University of Wisconsin, and 
Georgetown University). On day one, participants completed 
a physical exam provided their medical history, and com-
pleted a questionnaire packet. A 12-h fasting blood draw 
was taken at approximately 7:00 am the following morning 
for assay of inflammatory markers.

Measures

Childhood Adversity

The different measures of childhood adversity are summa-
rized in Table 1.

Stressful Events At baseline, participants completed a 
27-item Stressful Life Events Scale (SLE), which was 
adapted from a life stress measure (Turner & Wheaton, 
1995) for use in the MIDUS studies. For the first 7 items, 
participants selected each stressful event they had experi-
enced as a child or teenager up to age 19 (e.g., one or both 
parents used drugs so often it regularly caused problems). 
Each item endorsed by the participant was given a score of 
1. For the remaining 20 items, participants were instructed to 
indicate which events they had experienced, at any point in 
their lifetime (e.g., a parent died), as well as their age at the 
time of the event. To remain consistent with the 7 childhood/
adolescent items, and current definitions of adolescence 
(Canadian Pediatric Society, 2003; World Health Organi-
zation, 2022) events which occurred at age 19 or younger 
were included in our conceptualization of early stressful 
life events (i.e., given a score of 1 if it was endorsed and 
occurred prior to age 20). For the present study, exposure 
to each of the 7 childhood/adolescent stressful events and 
endorsement of the remaining items prior to age 20 were 
summed to represent total early stressful life events (eSLE) 
score. For analysis, the eSLE was recoded to 0, 1, 2 and 
3 + to improve distribution as there were low rates of expo-
sure above three events.

Childhood Maltreatment At project 4, participants com-
pleted the 28-item Childhood Trauma Questionnaire (CTQ; 
Bernstein, 1994), a validated measure of childhood trauma 
which assesses the experience of emotional abuse, physical 
abuse, sexual abuse, emotional neglect, and physical neglect, 
as well as a 3-item subscale for minimization/denial which 
was not included in analysis. Responses are measured on a 
5-point Likert scale of 1 = never true to 5 = always true, with 
total scores on the CTQ ranging from 25–125. For the pre-
sent study, a CTQ total score was used for primary analysis 
to represent childhood maltreatment.

Threat and Deprivation Finally, building on theory, we 
also used three separate measures of deprivation and threat. 



322 Journal of Child & Adolescent Trauma (2024) 17:319–334

1 3

Three separate measures were incorporated due to variance 
between frequency and exposure measures in the available 
MIDUS measures. Our first measure of threat and depriva-
tion was a frequency score created by summing the emo-
tional neglect and physical neglect subscales of the CTQ 
to represent CTQ deprivation, and summing the physical 
abuse, sexual abuse, and emotional abuse subscales to rep-
resent CTQ threat.

Next, we created a score of the number of tactics the 
individual was exposed to using the SLE, which inquiries 
about whether an item happened or not. Based on previous 
research conceptualizing threat as experiences of, or 
exposure to, physical harm or violence (Banihashemi et al., 
2021; Busso et al., 2017; Carrera et al., 2020; Heleniak 
& McLaughlin, 2020; Milojevich et al., 2019; Sheridan 
& McLaughlin, 2014), our measure of SLE threat was a 
single score composed of yes/no responses to items related 
to threatening or potentially traumatic experiences. Based 
on other research conceptualizing deprivation as poverty, 
lack of expected social or cognitive stimulation, and 
institutionalization (Banihashemi et al., 2021; Busso et al., 
2017; Carrera et al., 2020; Heleniak & McLaughlin, 2020; 
Milojevich et al., 2019; Sheridan & McLaughlin, 2014), our 
score of SLE deprivation was a single score comprised of 
yes/no responses to associated items.

Lastly, an alternate measure of threat and deprivation 
scores were calculated using both the CTQ and SLE. First, 
participants were assigned a 1 for each subscale of the CTQ 
that they screened positive for (e.g., physical abuse, sexual 
abuse, emotional abuse, emotional neglect, and physical 

neglect) using previously established cut scores (Bernstein 
& Fink, 1998; Hori et al., 2021). Since there are also items 
inquiring about physical abuse and sexual abuse on the SLE 
and because abuse is often underreported, endorsing this on 
either the SLE or screening positive on the CTQ was consid-
ered indicative of physical threat or sexual threat. The CTQ 
emotional abuse screening, sexual threat, physical threat, 
and the remaining SLE threat items were summed to create 
a single score for total threat. CTQ screening for emotional 
and physical neglect and each of the SLE deprivation items 
were summed to create a single score for total deprivation. 
For analysis, all exposure measures were recoded to 0, 1, 2 
and 3 + to improve distribution as there were low rates of 
exposure greater than 3.

Emotion Regulation

At project 4, participants completed a self-control ques-
tionnaire that included a shortened version of the emo-
tion regulation questionnaire (ERQ; Gross & John, 2003; 
Markus & Kitayama, 1991). Participants rated the degree 
to which they agreed with 2 items measuring reappraisal 
(“I control my emotions by changing the way I think 
about the situation I’m in,” and “when I’m faced with 
a stressful situation, I make myself think about it in a 
way that helps me stay calm”) and 2 items measuring 
expressive suppression (“When I am feeling negative 
emotions I make sure not to express them” and “I keep 
my emotions to myself”). Responses to each item ranged 
from 1 = strongly disagree to 7 = strongly agree. For the 
present study, the two items were summed to create an 

Table 1  Descriptions for measures of adversity

Note. eSLE = early stressful life events, CTQ = Childhood Trauma Questionnaire, SLE = stressful life events

Measure of adversity Description Potential scores

eSLE A score of exposure (yes/no) to any of the 27 SLE items occurring in childhood through late 
adolescence

0, 1, 2, 3 + 

CTQ total A frequency score of childhood maltreatment derived from physical abuse, sexual abuse, emotional 
abuse, physical neglect and emotional neglect subscales of the CTQ

25–125

CTQ threat A frequency measure of threat derived from the physical abuse, sexual abuse and emotional abuse 
subscales of the CTQ

15–75

SLE threat A score of exposure (yes/no) to 9 items that capture threat (i.e. parental alcohol/substance abuse, assault, 
combat, disaster) occurring in childhood through late adolescence

0, 1, 2, 3 + 

Total threat A score of exposure (yes/no) to CTQ emotional abuse screen (yes/no using a cut score), physical or 
sexual threat (i.e. yes/no to CTQ physical/sexual abuse screen OR yes/no to SLE physical/sexual 
assault), and the remaining 7 SLE threat items occurring in childhood through late adolescence

0, 1, 2, 3 + 

CTQ deprivation A frequency measure of deprivation derived from the emotional neglect and physical neglect subscales 
of the CTQ

10–50

SLE deprivation A score of exposure (yes/no) to 8 items that capture deprivation (i.e. dropout/expulsion from school, 
parental death or divorce, jail/detention, and use of welfare) occurring in childhood through late 
adolescence

0, 1, 2, 3 + 

Total deprivation A score of exposure (yes/no) to the 8 SLE deprivation items occurring in childhood through late 
adolescence, CTQ physical neglect screening and CTQ emotional neglect screening

0, 1, 2, 3 + 



323Journal of Child & Adolescent Trauma (2024) 17:319–334 

1 3

expressive suppression measure (α = .71). There was poor 
response consistency between the two items measuring 
reappraisal (α = .53). Previous reports in the MIDUS II 
study examining reappraisal have also reported low cor-
relations between the item responses (Ellis et al., 2019), 
therefore we used a single-item assessment of reappraisal 
(“when I’m faced with a stressful situation, I make myself 
think about it in a way that helps me stay calm”).

Additionally, the self-control scale included a 6-item sub-
scale for cognitive control (e.g., “It is important to me to 
be able to think, feel, and act differently depending on the 
needs and demands of the situation”; α = .59), as well as a 7 
item subscale measuring burden of consciousness (e.g., “It 
is important to me that I not bother others; α = .64). Analysis 
with these subscales were considered exploratory.

Inflammation

The present study considered two inflammatory markers that 
were measured in plasma: CRP and fibrinogen. Both CRP 
and Fibrinogen were measured using an immunonepholo-
metric assay measured by the BNII nephelometer from Dade 
Behring (Ryff et al., 2021). Fibrinogen values are reported 
in mg/dL and assays were reported to have excellent CVs: 
inter-assay CV: 2.6% and intra-assay CV: 2.7%. CRP is pre-
sented in ug/mL and was also reported to have excellent 
CVs: inter-assay CV: 2.1 – 5.7% and intra-assay CV: 2.3 
– 4.4%.

Covariates

Demographics As part of the baseline questionnaires, par-
ticipants reported on their date of birth, education, sex, race, 
and ethnicity.

Depression As part of project 4, participants completed 
the 20-item Center for Epidemiological Studies Depression 
Inventory (CES-D; Randolff, 1977). For each item (e.g., “I 
thought my life had been a failure” and “I could not get 
“going”), participants reported how often they experienced 
that symptom in the past week on a scale ranging from 
1 = rarely or none of the time to 4 = most or all of the time. 
A total depression score was calculated in the parent study 
by summing all items (α = .89).

Medical History As part of project 4, participants com-
pleted a standardized medical history interview that 
included participants health related symptoms and con-
ditions in the past 12 months. Additionally, participants 
reported all medications they were currently taking, which 

was used to create a total number of medications score, 
and body mass index (BMI) was calculated using measure-
ments of height and weight.

Data Analysis

All analyses were conducted using IBM SPSS Statistics 
20. Two people were missing CTQ data for the sexual 
abuse subscale only. We imputed these as 5 (i.e., the low-
est possible score) to keep these individuals in the dataset. 
Descriptive analysis revealed that the CTQ total, eSLE, 
SLE threat, SLE deprivation, expressive suppression, 
as well as both CRP and fibrinogen were significantly 
skewed. Log transformation did not fully normalize these 
variables, so primary analyses use Spearman correlations 
with non-transformed variables. For the multivariate 
analyses, the adversity variables were log transformed to 
reduce skewness. Expressive suppression was made worse 
by log transformation, so non-log transformed expressive 
suppression was used in analysis. To reduce the influence 
of several biologically plausible but outlying biomarker 
levels, individuals with biomarker levels more than or less 
than 3.29 standard deviations from the mean were replaced 
with a value representing 3.29 standard deviations from 
the mean (Tabachnick & Fidell, 2007). After, CRP was log 
transformed. Though fibrinogen was positively skewed, 
log transformation worsened and negatively skewed this 
variable, therefore we used non-log transformed fibrino-
gen in analysis.

Because our interest was in pathways through which 
adversity may impact inflammation, we considered indirect 
effects when we observed an association between the pre-
dictor (i.e., childhood adversity) and the proposed media-
tors (i.e., expressive suppression or reappraisal) as well as 
between the mediator and the outcome (i.e., inflammation; 
Shrout & Bolger, 2002). The first two steps were conducted 
using bivariate Spearman correlations. Then, statistical 
mediation models were conducted using PROCESS for 
SPSS which uses 5000 bootstrap samples for confidence 
intervals (Hayes, 2022). The effect is statistically signifi-
cant if the 95% confidence interval (CI) does not include 
zero. These models were adjusted for demographics of age 
(continuous) and sex (0 = male, 1 = female), depression 
symptoms (continuous) and health variables of number 
of medications (continuous), chronic medical conditions 
(continuous) and BMI (continuous). These were selected 
based on recommendations for research with inflammation 
in health research (O’Connor et al., 2009; Szabo & Slav-
ish, 2021). Due to small amounts of missing data for the 
covariates, n is smaller for adjusted models and n is clearly 
noted for all models.
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Results

Sample demographics and characteristics are presented in 
Table 2. Associations between various measures of child-
hood adversity, emotion regulation, self-control, and inflam-
mation are illustrated in Table 3.

Associations Between Childhood Adversity and Inflamma-
tion When examining associations between inflamma-
tion and childhood adversity, CTQ total, CTQ threat, CTQ 
deprivation, as well as total threat and total deprivation, 
were positively associated with both fibrinogen and CRP. 
The measures of eSLE and SLE deprivation, were posi-
tively associated with CRP only. There were no significant 

associations between SLE threat and any measure of 
inflammation.1

Associations Between Childhood Adversity and Emotion Reg-
ulation In terms of associations between childhood adver-
sity and emotion regulation, SLE deprivation was positively 

Table 2  Demographics and 
sample characteristics

The names for level of education options were slightly modified from the MIDUS II questionnaire
Note. eSLE = early stressful life events, CTQ = Childhood Trauma Questionnaire, Mdn = median, IQR = 
interquartile range, M = mean, SD = Standard deviation

Characteristic Mdn(IQR) M(SD) % (n)

Gender
  Male 43.9% (n = 481)
  Female 56.1% (n = 615)

Age 53.67(11.37)
Race

  White 77.8% (n = 850)
  Black/African American 17.8% (n = 195)
  American Indian/Alaskan Native 1.6% (n = 17)
  Asian/ Asian American .3% (n = 3)
  Other 2.5% (n = 27)
  Missing .4% (n = 4)

Education
  No school/ some grade school .2% (n = 2)
  Eighth grade/ junior high school .9% (n = 10)
  Some high school/ no diploma 4.5% (n = 49)
  GED 1.3% (n = 14)
  Graduated from high school 20.8% (n = 228)
  1–2 years of college no degree 17.6% (n = 193)
  3 or more years of college no degree 4.5% (n = 49)
  Graduated from 2 year college or associates 

degree
7.7 (n = 84)

  Graduated with bachelor’s degree 20.8% (n = 228)
  Some graduate school 4.0% (n = 44)
  Master’s degree 13.2% (n = 145)
  Doctorate or other professional degree 4.3% (n = 47
  Missing .3% (n = 3)

CTQ total 33(15)
eSLE 1(2)
Total deprivation 1(2)
Total threat 1(2)
Suppression 10(3)
Single item reappraisal 5(1)

1 The present study examines the indices of threat and deprivation 
due to new theoretical importance. Given historical norm to use sub-
scales, we present exploratory correlations with CTQ subscales in 
Supplemental Table 1  in supplementary materials. We do not report 
on associations between subscales of the CTQ and CRP as Schrepf 
and colleagues (2014) presented those findings on a sub sample of 
MIDUS II participants.
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associated with expressive suppression (r = .071, p < .05) and 
reappraisal (r = .064, p < .05). In contrast, CTQ deprivation 
was negatively associated with expressive suppression (r = 
-.082, p < .01) but not reappraisal. For our exploratory self-
control measures, Total threat was positively associated with 
burden of consciousness (r = .068, p < .05). Additionally, 
CTQ total (r = -.125, p < .01), CTQ deprivation (r = -.146, 
p < .01), CTQ threat (r = -.074, p < .05), and total deprivation 
(r = -.074, p < .05) were negatively associated with cognitive 
control. There were no significant associations between total 
eSLE, CTQ total, total deprivation, or any measure of threat 
with either measure of emotion regulation.

Associations Between Emotion Regulation and Inflamma-
tion Reappraisal (r = .106, p < .01) and expressive sup-
pression (r = .078, p < .05) were positively associated with 
fibrinogen, but not CRP. There were no associations between 
cognitive control or burden of consciousness and either 
measure of inflammation.

Indirect Effects of Adversity on Inflammation Through 
Emotion Regulation To test whether emotion regulation 
accounts for associations between childhood adversity and 
inflammation, a final set of linear regression models were 
conducted. Based on the preliminary correlations, the only 
pathways examined were 1) SLE deprivation → reappraisal 
→ fibrinogen, 2) SLE deprivation → expressive suppres-
sion → fibrinogen and 3) CTQ deprivation → expressive 
suppression → fibrinogen (all shown in Table 4).

When both SLE deprivation and reappraisal were included 
in the model with covariates, reappraisal (b = 6.01, p = .002), 
but not SLE deprivation (b = 13.03, p = .33) was a signifi-
cant predictor of fibrinogen. There was a significant indirect 
effect of SLE deprivation on fibrinogen through reappraisal, 
b = 4.01, CI [.94, 8.24], p < .05. This suggests that greater 
exposure to deprivation as measured by the SLE was associ-
ated with greater reappraisal, which in turn was associated 
with higher fibrinogen. As shown in the final model, greater 
BMI, older age and more frequent depression symptoms were 
all associated with greater fibrinogen, as was female sex.

When both SLE deprivation and expressive suppres-
sion were included in the model with covariates, expres-
sive suppression (b = 2.39, p = .03), but not SLE depri-
vation (b = 14.65, p = .28) was a significant predictor of 
fibrinogen. There was a significant indirect effect of SLE 
deprivation on fibrinogen through expressive suppression 
b = 2.38, [.05, 6.00], p < .05. This suggests greater expo-
sure to deprivation as measured by the SLE was associated 
with greater expressive suppression, which in turn was 
associated with higher fibrinogen. As shown in the final 
model, greater BMI, age and depression symptoms were 
all associated with greater fibrinogen, as was female sex.Ta
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When both CTQ deprivation and expressive suppres-
sion were included in the model with covariates, expres-
sive suppression (b = 2.57, p = .02), but not CTQ depri-
vation (b = 27.63, p = .10), was a significant predictor of 
fibrinogen. However, there was no evidence of a signifi-
cant indirect effect. As shown in the final model, greater 
BMI, depression, and age were all associated with greater 
fibrinogen, as was female sex.

Sex Differences Because sex was a significant predictor 
in all mediation models and there is existing research 
documenting gender and sex differences in emotion and 
inflammation (Cartier et al., 2009; Gardener et al., 2013; 
Kwon et  al., 2013; Lasselin et  al., 2018; McRae et  al., 
2008; Nolen-Hoeksema, 2012;), we reran the two models 
with significant indirect effects by sex (see Supplemental 
Tables 2 and 3). The association with the SLE deprivation 

Table 4  Linear Regression Models Examining Deprivation as a Predictor of Fibrinogen

Note. CTQ = Childhood Trauma Questionnaire, SLE = stressful life events, CES-D = Center for Epidemiological Studies Depression Scale, BMI 
= body mass index

Final model of SLE deprivation and reappraisal predicting fibrinogen
R2 = .15, F(8, 1063) = 23.93, p <.001

Predictor B SE p
 Constant 91.53 20.99 <.001
 SLE deprivation 13.03 13.41 .33
 Reappraisal 6.01 1.92 .002
 CES-D .87 .33 .009
 Age 1.06 .23 <.001
 Sex 28.95 4.98 <.001
 Total number of medications -.83 .61 .17
  BMI 4.0 .37 <.001
 Number of health conditions .11 1.25 .93

N = 1072. Indirect effect of SLE deprivation on fibrinogen through suppression, b = 
4.01, SE = 1.88, 95% confidence interval [.94, 8.24], p < .05

Final model of SLE deprivation and suppression predicting fibrinogen
R2 = .15, F (8, 1063) = 23.12, p <.001

 Constant 97.03 21.88 <.001
 SLE deprivation 14.65 13.43 .28
 Suppression 2.39 1.13 .03
 CES-D .79 .33 .02
 Age 1.06 .23 <.001
 Sex 29.08 5.00 <.001
 Total number of medications -.82 .61 .18
 BMI 3.98 .37 <.001
 Number of health conditions .09 1.26 .94

N = 1072. Indirect effect of SLE deprivation on fibrinogen through suppression, b = 
2.38, SE = 1.53, 95% confidence interval [.05, 6.00], p < .05

Final model of CTQ deprivation and suppression predicting fibrinogen
R2 = .10, F (8, 1063) = 23.35, p <.001.

Constant 66.16 29.14 .02
CTQ deprivation 27.63 16.54 .10
Suppression 2.57 1.12 .02
CES-D 0.66 .34 .05
Age 1.04 .23 <.001
Sex 28.99 4.99 <.001
Total number of medications -.87 .61 .16
BMI 4.00 .37 <.001
Number of health conditions .06 1.27 .96
N = 1072. Indirect effect of CTQ deprivation on fibrinogen through suppression, b = -1.50, SE = 1.42, 95% confidence interval [-4.72, 1.02], 

p <.05
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and expressive suppression was observed in females only. 
In the final model, expressive suppression but not SLE 
deprivation predicted fibrinogen. However, there was no 
indirect effect of SLE deprivation through suppression 
on fibrinogen. The association with SLE deprivation and 
reappraisal was also observed for female participants. 
Reappraisal was associated with fibrinogen in both models. 
In addition, there was evidence of an indirect effect of 
deprivation on inflammation through reappraisal (b = 7.13, 
[1.05, 14.67], p < .05) in female participants only.

Discussion

This study aimed to better understand the relationship 
between childhood adversity and adult inflammation. Our 
use of the MIDUS II dataset allowed us to examine multi-
ple forms of childhood adversity (e.g., early stressful life 
events, childhood maltreatment, threat, and deprivation) and 
their associations with emotion regulation and inflamma-
tion. Extending previous research, we observed associations 
between various forms of childhood adversity and greater 
inflammation. Specific forms of childhood adversity were 
differentially associated with emotion regulation, and we 
observed some early evidence of emotion regulation as 
one pathway through which childhood adversity relates to 
inflammation. The present study extends our understand-
ing of potential contributors to poor health outcomes among 
those exposed to childhood adversity.

Our findings are in line with previous literature connect-
ing childhood adversity to elevated inflammation in adult-
hood, research conducted using the MIDUS II dataset and 
independent samples (Baumeister et al., 2016; Chiang et al., 
2022; Hostinar et al., 2015, 2017; Lee et al., 2017; Renna 
et al., 2021; Schrepf et al., 2014; Slopen et al., 2010). Of 
note, previous studies using MIDUS II data have docu-
mented associations between the CTQ total and subscales 
as well as an 8 item adverse childhood experiences measure 
derived from the CTQ and additional MIDUS II items, with 
composite inflammatory scores and CRP (Hostinar et al., 
2015; Lee et al., 2017; Schrepf et al., 2014). In addition, 
one study from the MIDUS II study found an association 
between early life adversity (measured using childhood spe-
cific SLE items, and additional self-report items related to 
relationship/conflict with parents) with both fibrinogen and 
CRP (Slopen et al., 2010). Our findings extend this research 
by utilizing the CTQ and SLE measures to assess associa-
tions between domains of adversity (e.g., threat and depriva-
tion) and specific markers of inflammation (e.g., fibrinogen 
and CRP). Specifically, we found that our measures of threat 
and deprivation as measured by the CTQ, as well as our 
total scores of threat and deprivation, were positively asso-
ciated with both markers of inflammation. Two additional 

measures of adversity, derived from the SLE, were associ-
ated with CRP only. One possible explanation is that CRP 
is sensitive to early exposure to stress whereas greater fre-
quency of exposure, as measured by the CTQ, may contrib-
ute to a global inflammatory state. However, the variation 
in statistical significance among the specific measures of 
adversity may be due to the types of measures used. Notably, 
all associations were in the expected direction and gener-
ally suggest associations exist between childhood adversity 
and elevated inflammation as measured by acute phase pro-
teins, which could have important implications for health. 
Chronic inflammation has been associated with a range 
of physical health problems (Lopez-Candales et al., 2017; 
Rodríguez-Hernández et al., 2013; Yilmaz et al., 2011). Of 
note, associations observed were small in magnitude. This 
underscores the need to examine potential mediating factors 
more closely to determine whether they have meaningful 
associations with health.

The present study extends previous research by testing 
a theoretical model suggesting that childhood adversity 
impacts inflammation in part through emotion regulation 
(Mathur et al., 2022). In support of this, we observed asso-
ciations with childhood adversity and a range of emotion 
regulation strategies. Partially supporting our hypotheses, 
we observed a positive relationship between SLE depriva-
tion and expressive suppression. However, CTQ depriva-
tion was negatively associated with expressive suppression 
(i.e., in the opposite direction than hypothesized). Together, 
these findings suggest that specific aspects of deprivation 
may uniquely impact emotion regulation. The items that 
comprise the CTQ deprivation measure captured more 
neglectful experiences (Lambert et al., 2017), whereas the 
SLE deprivation measure also captures aspects of social and 
cognitive deprivation. This could imply social or cognitive 
stimulation play an important role in emotion regulation 
and that being deprived of socially or cognitively enriching 
experiences may lead to greater use of maladaptive strat-
egies. Furthermore, this pattern of findings differs from 
existing conceptual models and previous findings link-
ing threat, but not deprivation, to difficulties in emotion 
regulation (Lambert et al., 2017; McLaughlin et al., 2015; 
Milojevich et al., 2019; Sheridan et al., 2020). While the 
use of different measures may partially explain these differ-
ences, more research with individuals who have only expe-
rienced threat or only experienced deprivation is needed to 
determine how they uniquely influence emotion regulation. 
Notably, there are many factors which may contribute to 
experiences of cognitive or social deprivation in childhood 
such as financial hardship, institutional rearing, neglectful 
caregiving environments (Mclaughlin et al., 2014), as well 
as societal and geographic factors such as social marginali-
zation or living in a rural area (Kurani et al., 2022; Pearce 
et al., 2010). Recognizing these factors could be critical for 
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those working closely with youth to improve early interven-
tion promoting adaptive emotion regulation.

Interestingly, reappraisal was also positively associated 
with SLE deprivation, which was inconsistent with our 
hypotheses and previous research (Khan et al., 2021; McRae 
et al., 2012; Miu et al., 2022). This could be explained by 
our use of a single item measure of reappraisal. While single 
item measures of psychosocial constructs can be useful and 
valid (Matthews et al., 2022), it is possible that this item 
alone did not capture reappraisal well. The item we selected 
specifically asked about whether individuals reappraise 
stressful situations to keep calm and was part of a broader 
emotional control subscale, which measured both expressive 
suppression and reappraisal. It is possible that this item 
better reflects emotional control. Recent evidence has 
demonstrated individuals make greater attempts to control 
their emotions or reappraise stressful situations if they have 
been exposed to moderate levels of stress in childhood 
(Schweizer et al., 2016; Shapero et al., 2015; Zeier et al., 
2021). Another explanation is that individuals with high 
levels of childhood adversity may have maintained their 
resilience by using reappraisal. In support of this possible 
interpretation, the MIDUS II sample is largely healthy, 
evidenced by low rates of chronic health conditions and low 
rates of depression, therefore it is plausible. Future studies 
may consider exploring emotional control as a resiliency 
factor within the MIDUS II sample. However, more research 
is needed to support these post hoc interpretations of an 
unexpected finding.

The present study is, to our knowledge, the first to explore 
associations between childhood adversity, cognitive control 
and burden of consciousness, two forms of self-control. 
Previous studies have documented difficulties in task-based 
measures of cognitive control in samples of maltreated 
children and adolescence (e.g., Kim-Spoon et al., 2021; 
McLaughlin et al., 2015; Thompson et al., 2014). Our find-
ings extend this research by demonstrating that adults with 
a history of childhood adversity, as measured by the CTQ, 
reported lower engagement in cognitive control as meas-
ured by a self-reported behavioral measure of self-control. 
Additionally, our findings indicated that there was a positive 
relationship between total threat and burden of conscious-
ness, which captures the extent to which individuals attempt 
not to burden others. Prior research has suggested that those 
exposed to threat in childhood are more sensitive to threat 
cues (McLaughlin et al., 2015), which has been associated 
with emotion dysregulation (Thompson et al., 2014). This 
may indicate that those who experienced greater levels of 
threat may make greater attempts to control how others per-
ceive them to reduce potential threats. Future researchers 
may consider testing the predictive validity of both meas-
ures of self-control for health and well-being among those 

exposed to childhood adversity. However, there are cultural 
differences to consider as those with collectivist cultural 
backgrounds may report high rates of burden of conscious-
ness without any negative impact on wellbeing (Markus & 
Kitayama, 1991; Srirangarajan et al., 2020).

When examining the relationship between emotion 
regulation and inflammation, we found that the use both 
of expressive suppression and reappraisal were associated 
with higher levels of fibrinogen. The positive relationship 
between expressive suppression and fibrinogen supports our 
hypothesis and extends recent findings connecting elevated 
inflammation and maladaptive emotion regulation strate-
gies (Appleton et al., 2013; Ellis et al., 2019; Khan et al., 
2020; Lopez et al., 2020; Mathur et al., 2022). Conversely, 
the positive relationship between reappraisal and fibrino-
gen was surprising as previous studies have indicated this 
adaptive emotion regulation strategy may serve as buffer 
against heightened inflammatory activity (Appleton et al., 
2013; Ellis et al., 2019; Mathur et al., 2022). It is worth 
noting that studies reporting on associations between reap-
praisal and inflammation have primarily focused on CRP or 
cytokines such as IL-6, and findings have not consistently 
linked reappraisal to lower inflammation (Khan et al., 2020; 
Lopez et al., 2020). As such, our findings could indicate 
that fibrinogen, which has been understudied in research 
connecting emotion regulation and inflammation, is particu-
larly sensitive to psychological efforts to control emotion. 
More research using a variety of inflammatory markers, as 
well as measures that examine expressive suppression and 
reappraisal as separate constructs, would allow us to better 
understand how emotion regulation influences inflammatory 
processes. Furthermore, with few exceptions (i.e., one study 
examining veterans with PTSD; Khan et al., 2020), stud-
ies examining emotion regulation and inflammation have 
been limited to community samples. Examining association 
between maladaptive emotion regulation strategies in clini-
cal samples could be an important next step in understand-
ing how trauma and childhood adversity influence factors 
related to health.

A sizable contribution of this paper is the testing of indi-
rect associations between childhood adversity and inflam-
mation through emotion regulation, above the contributions 
of several covariates. Greater deprivation as measured by the 
SLE, but not the CTQ, was associated with greater use of 
expressive suppression, which in turn was associated with 
higher levels of fibrinogen. Cognitive or social deprivation, 
which was included in the SLE measure of deprivation but 
not the CTQ, may have influence over emotion regulation, 
which in turn elevates risk for dysregulation in inflammatory 
processes. Surprisingly, there was also a significant indirect 
effect of SLE deprivation on fibrinogen through reappraisal, 
such that greater deprivation was associated with greater 
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engagement with reappraisal, which in turn was associated 
with higher fibrinogen. This may suggest that deprivation 
is uniquely related to efforts to control emotion, which in 
turn is related to fibrinogen. Exploratory models stratified 
by sex suggested that this remained significant in female 
participants but not male participants. This is somewhat 
surprising given that previous research suggests men are 
more likely to engage in expressive suppression (Fladung  
& Kiefer, 2016; Gross & John, 2003; Kring et al., 1994; 
Kwon et al., 2013) and that woman, compared to men, have 
greater emotional reactivity (Domes et al., 2010; Gardener 
et al., 2013). MIDUS II asks participants to self-report 
their sex, which conflates this variable with gender. Fur-
ther research focusing on hormonal sex differences and 
the impact of gender on these variables is needed. Notably 
our findings also considered the contributions of a range 
of covariates, including symptoms of depression. Taken 
together, our findings provide evidence that emotion regu-
lation is one potential pathway through which certain forms 
of childhood adversity are connected to elevated inflamma-
tion, partially supporting the hypotheses laid out by Mathur 
and colleagues (2022). Extending this line of research could 
inform prevention and intervention efforts to lower the risk 
of negative health outcomes associated with inflammation 
and childhood adversity. As an example, previous studies 
have noted improved mental health among youth following 
interventions specifically targeting emotion regulation such 
as dialectical behavioral therapy skills (DBT; Asarnow et al., 
2021; Zapolski & Smith, 2017). Similarly, treatments focus-
ing on emotion regulation have been developed for those 
with childhood abuse related psychopathology such as the 
skills training in affect and interpersonal regulation (STAIR;  
Cloitre et al., 2010). Additionally, research has supported the 
use of school-based mindfulness and social emotional learn-
ing programs to improve both mental health and academic 
outcomes (Pedrini et al., 2022; Phillips & Mychailyszyn,  
2022), which might be particularly important for those who 
have experienced adversity in the form of deprivation. Our 
findings may also have important implications for screen-
ing for deprivation in childhood for both practitioners and 
research, such as the potential use of measures that capture 
cognitive and social deprivation, for example, the Multidi-
mensional Neglectful Behavior Scale (MNBS; Kaufman 
Kantor et al., 2004). Further research will inform implications  
for practice and screening.

Limitations and Future Directions

The present study is a useful first step to clarify associa-
tions between different measures of childhood adversity 
with emotion regulation and their association with inflam-
mation. However, there are a number of limitations that 
should be considered when interpreting these results and 

offer opportunity for future research to build on these find-
ings. Notably, the sample utilized in the present study was 
primarily healthy and white/Caucasian, which potentially 
limits generalizability to clinical and minoritized samples. 
Additionally, this sample was not recruited for the experi-
ence of childhood adversity and other reports from this sam-
ple suggest low rates of adversity as measured by the CTQ 
(Lee et al., 2017). This highlights the need for research with 
more variability in exposure to adversity to better under-
stand how frequency of exposure influences inflammation 
and overall health.

In regard to measurement, the self-report retrospective 
measures of childhood trauma and stressful life events may 
have been subject to response bias due to memory problems 
or other factors. It is also important to note that our measures 
of adversity were taken at different timepoints (i.e., SLE at 
baseline and CTQ at project 4). Because baseline included 
many more self-report measures, it is also possible that par-
ticipants underreported exposure to stressful events in early 
life due to response fatigue. Additionally, the CTQ and SLE 
were not designed to capture specific aspects of deprivation, 
particularly poverty and institutional rearing, or forms of 
threat such as exposure to community or domestic violence. 
Furthermore, researchers have critiqued the use of the CTQ 
neglect subscales when measuring deprivation noting that 
the emotional neglect items measure family cohesion which 
could be influenced by many factors other than neglect, and 
that the physical neglect items have poor reliability (Lam-
bert et al., 2017). It is important for future researchers to 
consider measures that adequately capture unique aspects 
of threat and deprivation such as the Screen for Adolescent 
Exposure to Violence (SAVE; Hastings & Kelley, 1997), 
HOME environment questionnaire (Frankenburg & Coons, 
1986), or a retrospective enriching early-life activities inven-
tory (Chan et al., 2018). Lastly, we utilized a non-validated 
short form of the ERQ to conceptualize suppression and 
reappraisal. Using the full ERQ, or other validated measures 
of emotion regulation, such as the Difficulties in Emotion 
Regulation Scale (DERS; Gratz & Roemer, 2003), or more 
objective measures of emotion regulation such as functional 
neuroimaging tasks may improve our understanding of how 
emotion regulation impacts inflammation.

This investigation offers partial support of a model pro-
posed by Mathur and colleges (2022). However, emotion 
regulation is not the only pathway through which childhood 
adversity may impact inflammation. For example, studies 
using data from MIDUS II have provided evidence for the 
mediating role of emotional eating, BMI, anxiety, (Schrepf 
et al., 2014), recent life stress (Hostinar et al., 2015), and 
frontal brain asymmetry (Hostinar et  al., 2017) on the 
relationship between childhood trauma and inflammation. 
Additionally, among community adults sleep deprivation 
strengthened the relationship between childhood adversity 
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and inflammation, which in turn was associated with hyper-
tension (Petrov et al., 2016). In addition to examining other 
mediators simultaneously, there is a need to understand for 
whom these associations may be strongest. The present 
study suggests that the experience of deprivation, particu-
larly in the domains of cognitive and social stimulation, is 
critical. Furthermore, sex stratified analyses suggested that 
associations between deprivation and suppression might be 
observed only in female adults and encourage further inquiry 
in this area.

Conclusion

In sum, the present study tests a recent proposal that child-
hood adversity impacts inflammation in adulthood through 
emotion regulation. We observed some support for both 
associations between childhood adversity and emotion reg-
ulation, as well as expressive suppression specifically, and 
inflammation. In addition, we observed associations for both 
childhood adversity and emotion regulation with inflamma-
tion alone. This encourages further study of emotion regula-
tion, and other factors, as mediators of associations of adver-
sity on health. Critically, emotion regulation is amendable 
to intervention and often improves following psychosocial 
intervention (Gratz & Tull, 2010; Sloan et al., 2017; Spidel 
et al., 2018). This offers promise as one pathway to mitigate 
the harm of childhood adversity on health and well-being.
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