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Childhood maltreatment and inflammation: Leveraging structural equation 
modeling to test the social signal transduction theory of depression 
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A B S T R A C T   

Background: The experience of childhood maltreatment has long been understood to increase the risk for 
experiencing depressive symptoms and is often associated with an overall worse course of illness when these 
symptoms are elevated to a major depressive episode. Despite this, current treatments for depression continue to 
require a need for a greater understanding of the underlying mechanisms. 
Method: We utilized structural equation modeling to test the effects of childhood maltreatment on inflammation 
and depressive symptoms. Inflammation was conceptualized as a latent variable, estimated by CRP, fibrinogen, 
IL-6, sICAM-1, sE-selectin, and TNF- α; whereas depressive symptoms were estimated using the subscales for the 
Center for Epidemiological Studies-Depression scale and childhood maltreatment was estimated using the sub
scales for the Childhood Trauma Questionnaire. 
Results: Multivariate results identified that childhood maltreatment had a significant positive relationship with 
inflammation as well as depressive symptoms, and inflammation had a significant positive relationship with 
depressive symptoms. Notably, childhood maltreatment also had a significant positive relationship with 
perceived stress over the last month and this perceived stress had a positive relationship with depressive 
symptoms; however perceived stress had no relationship with inflammation. 
Limitations: Data from the present study is cross-sectional, requiring replication with longitudinal data. Some 
measures such as childhood maltreatment were measured by self-report and should be replicated with verified 
reports. 
Conclusions: These results provide support for the Social Signal Transduction Theory of Depression, emphasizing 
the importance of the immune system and inflammation as a relevant mediator between early social treats and 
adulthood depressive symptoms.   

1. Introduction 

Depression is one of the most common forms of mental health 
problems in the U.S. with an annual incidence rate of 8.3%, which is one 
of the highest rates globally (De Aquino et al., 2017). While the scientific 
literature on depression has expanded greatly over recent years, findings 
have been slow to generate improvements in treatment, with current 
frontline treatments only being effective in 30–50% of those experi
encing depression(Roose and Schatzberg, 2005; Rush and Jain, 2018). 
The underwhelming treatment response is further underscored by 
findings that even subsyndromal levels of depression are likely to lead to 
a future depressive episode, and those that do experience depression are 
likely to experience an episode of moderate to severe symptom levels 
(Hasin et al., 2018; Rush and Jain, 2018; Lee et al., 2019) When these 

findings are considered in the context of additional epidemiological 
evidence that the fastest growing age group to experience depression in 
the U.S. are those between ages 12–25, the need to develop efficient and 
effective interventions is of extreme public importance for both current 
and future generations (Weinberger et al., 2017). 

Of the many etiological factors associated with the experience of 
depressive symptoms, few rival the attention received by the investi
gation of adverse childhood experiences (ACE's). Beginning with semi
nal work by Felitti et al. (1998), the original ACE's study explored how 
various forms of abuse, neglect, family violence, and other forms of 
trauma or adversity might affect individuals mental and physical health 
into adulthood. Significant evidence for ACE's being positively associ
ated with later adulthood depressive symptoms now exists, and with 
some additional evidence suggesting that the experience of ACE's may 
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also be associated with increased inflammation into adulthood for those 
experiencing depressive symptoms (Chapman et al., 2004; De Venter 
et al., 2013; Iob et al., 2020). 

Among the various forms of ACE's, the experience of childhood 
maltreatment may be one of the most salient factors for depression, with 
as many as 46% of those experiencing depression also endorsing a his
tory of childhood maltreatment (Nelson et al., 2017). Indeed, childhood 
maltreatment has also been found to be associated with an overall worse 
course of depression, characterized by greater symptom severity, greater 
risk for multiple and persistent depressive episodes, higher risk for sui
cidal ideations, higher odds of chronic medical illness, and a decreased 
chance for a positive response to treatment (Nanni et al., 2012; Nelson 
et al., 2017). Thus, an understanding of how childhood maltreatment, 
specifically, is connected to depression may hold significant promise for 
the creation of new interventions that can provide significant relief to a 
broad number of those experiencing depression. 

Of the possible explanations for the connection between childhood 
maltreatment and depression in adulthood, significant attention has 
been given to the dysregulation of various biological systems, especially 
as it pertains to the inflammation system. Indeed, several studies have 
identified the association between childhood maltreatment and upre
gulation of inflammation markers in adulthood (Danese et al., 2007; 
Coelho et al., 2014; Baumeister et al., 2016), as well as the experience of 
depression being associated with higher levels of various inflammation 
markers (Miller and Raison, 2016; Majd et al., 2020). Furthermore, a 
history of childhood maltreatment and a history of depression have both 
been found to be associated with medical pathology that are thought to 
have a strong inflammatory component such as various forms of heart 
disease (Whooley et al., 2007; Baldwin and Danese, 2019). 

Slavich and Irwin's (2014) Social Signal Transduction Theory of 
Depression (SSTTD), a multilevel theory for the etiology, pathogenesis, 
and maintenance of depressive symptoms may provide significant 
theoretical backing for these connections. The SSTTD proposes that 
perception of social threat or adversity are processed by neural circuits 
associated with physical pain, which then cause an increase in inflam
mation through activation of the hypothalamic-pituitary-adrenal axis, 
sympathetic nervous system, and vagus nerve. The activation of these 
systems then leads to a cascade of biochemical signaling that is associ
ated with changes at the genetic level, causing an upregulation of 
proinflammatory cytokines. This increase in proinflammatory cytokines 
is then thought to induce several depressive symptoms. Repeated acti
vation of this system may cause the inflammation response to become 
sensitized, leading to low grade chronic inflammation and a heightened 
response to stress. 

Despite the epidemiologic and theoretical convergence of these lines 
of evidence, empirical studies that link childhood maltreatment to 
adulthood depression via inflammation are few and limited in their 
conclusions. In a study of German individuals who were currently hos
pitalized for mental health problems, allostatic load (which included C- 
reactive protein (CRP) as a measure of inflammation) mediated child
hood maltreatment and adulthood depressive symptoms (Scheuer et al., 
2018). Despite this, another study utilizing a community sample of non- 
institutionalized American individuals identified that allostatic load 
(which included CRP, interlukin-6 (IL-6), and tumor necrosis factor 
alpha (TNF-α) as measures of inflammation), was associated with 
depressive symptoms in females only, and childhood maltreatment did 
not have a significant relationship with allostatic load for either males or 
females (O’Shields and Gibbs, 2021). In turning to studies that evaluate 
inflammation only, a study lead by Danese et al. (2008) identified that 
childhood maltreatment was associated with adulthood depression and 
childhood maltreatment was associated with adulthood inflammation as 
measured by CRP; however, inflammation was not found to mediate the 
relationship between childhood maltreatment and depression. Addi
tionally, Cohen-Woods and colleagues (2018) identified that a single- 
nucleotide polymorphism of the IL-6 gene increased the risk for recur
rent depressive episodes in individuals exposed to moderate to severe 

childhood maltreatment. Furthermore, work by Zeugmann et al. (2013) 
identified that fibrinogen, but not CRP, IL-6, TNF-α, resistin, soluble E- 
selectin (sE-selectin), CD40ligand, or serum-amyloid A were elevated in 
individuals with a history of childhood maltreatment and depression. 
Lastly, a secondary analysis of cross-sectional data by Hostinar et al. 
(2015) identified that ACE's, including childhood maltreatment, and 
inflammation (as measured by CRP, IL-6, fibrinogen, sE-selectin, and 
soluble intercellular adhesion molecule-1 (sICAM-1)) were mediated by 
depressive symptoms. 

1.1. Research questions 

While previous studies have consistently identified that inflamma
tion is associated with childhood maltreatment and adulthood depres
sion in some capacity, measurement of inflammation has focused on an 
inconsistent selection of markers which may not accurately capture its 
relationship with depression. For instance, while CRP has been consid
ered a strong indicator for the inflammation system and associated with 
several aspects of depression (Pariante, 2017; Felger et al., 2020). And 
some results have identified significant findings for other markers but 
not CRP in the context of depression (Zeugmann et al., 2013). Further
more, studies have identified that markers such as intercellular adhesion 
ICAM-1, and E-selectin may be relevant components of the inflammation 
process associated with depression (van Dooren et al., 2016; Muller, 
2019). Thus, the present study sought to answer several questions:  

1) Can the association of childhood maltreatment and inflammation be 
confirmed when inflammation is measured broadly? 

2) Is childhood maltreatment, inflammation, and recent stress associ
ated with depressive symptoms in adulthood?  

3) Does a relationship between childhood maltreatment, inflammation, 
and depressive in adulthood symptoms exist, as proposed in the 
SSTTD? 

2. Method 

2.1. Sample 

The present study uses secondary cross-sectional data from the 
Midlife Development in the United States (MIDUS) data set, specifically, 
the combined samples from the biomarker subsets of Wave Two (n =
1255), collected from 2004 to 2009, and the Refresher Wave (n = 863), 
collected from 2012 to 2016 (Ryff et al., 2019; Weinstein et al., 2019). 
This resulted in a final sample of 2118 participants. Individuals were 
eligible for the biomarker subsets only if they provided data for the main 
study which collected information on sociodemographic qualities, psy
chosocial characteristics, and physical health. Individuals agreeable to 
participating in the biomarker subsection attended an overnight visit at 
University of Wisconsin, University of California Los-Angeles, or Geor
getown University to collect additional psychological and biometric 
data. For a comprehensive review of the MIDUS project methodology, 
including sample recruitment and strategy, quality control, and spatial 
coverage please see Radler (2014) as well as publicly available docu
mentation at the Inter-university Consortium for Political and Social 
Research (ICPSR) (Ryff et al., 2019; Weinstein et al., 2019). This study 
received approval from the institutional review board of the author 
group's home institution. 

2.2. Measures 

2.2.1. Depression 
Depression was estimated as a latent variable using the four sub

scales of the Center for Epidemiologic Studies-Depression Inventory 
(CES-D), a widely utilized self-report measure for depressive symptoms 
(Radloff, 1977). The four subscales of the CES-D include measures of 
depressed affect, somatic activity, anhedonia, and interpersonal 
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challenge. Possible scores for the total CES-D range from 0 to 60, with 
greater values indicating greater severity of depressive symptoms. Prior 
testing of the CES-D has demonstrated criterion validity with symptom 
cut offs for major depressive episodes ranging from 16 or greater being 
indicative of a depressive episode (Smarr and Keefer, 2011). Evaluation 
of the CES-D's reliability has found moderate test-retest reliability and 
demonstrates adequate ability to detect change in depressive symptoms 
(Smarr and Keefer, 2011). Alpha for the CES-D using data from the 
present study was found to indicate acceptable internal consistency (α =
0.75). 

2.2.2. Childhood maltreatment 
Childhood Maltreatment was estimated as a latent variable using the 

five subscales of the Childhood Trauma Questionnaire (CTQ), a self- 
report measure of retrospective abuse and neglect as self-reported dur
ing adulthood (Bernstein and Fink, 1998). The five subscales of the CTQ 
include measures of emotional abuse, physical abuse, sexual abuse, 
emotional neglect, and physical neglect, all with higher scores indi
cating greater history of childhood maltreatment. Possible scores for the 
total CTQ range from 25 to 125, with greater values indicating greater 
severity of reported childhood maltreatment. Prior testing of the CTQ 
has found it to be valid and reliable in both clinical and community 
settings (Bernstein et al., 1994; Scher et al., 2001). Alpha for the CTQ 
using data from the present study was found to indicate good internal 
consistency (α = 0.82). 

2.2.3. Inflammation 
Inflammation was estimated as a latent variable using six bio

markers: CRP, fibrinogen, IL-6, sE-selectin, TNF-α, and sICAM-1. Selec
tion of biomarkers was based on two complimentary lines of evidence. 
First, evidence for the inclusion of CRP, IL-6, fibrinogen, sICAM-1, and 
sE-selectin was drawn from a bifactor model of allostatic load (a mea
sure of broad biological dysregulation) using the MIDUS data set which 
contained each of these measures in a subfactor measuring inflammation 
(Wiley et al., 2016). Second, the five initial markers, as well as TNF-α, 
have all been linked to both the experience of childhood maltreatment, 
adulthood depression, or both through a combination of theory and 
empirical evidence (Baumeister et al., 2016; Slavich and Irwin, 2014; 
Zeugmann et al., 2013; Hostinar et al., 2015; van Dooren et al., 2016; 
Muller, 2019; Wium-Andersen et al., 2013). 

All six biomarkers were obtained via fasting blood draw before 
breakfast on the second day of their visit (Love et al., 2010). Serum was 
used to derive values for IL-6, TNF- α, CRP, sE-selectin, and sICAM-1, 
whereas citrated plasma was used to derive values for fibrinogen. 
Assay method, range, and mean levels can be reviewed in Table 1. Inter- 
assay and intra-assay coefficients of variability were less than 10% for all 

assays, with the sole exception of sE-selectin, which had an inter-assay 
coefficient of variability of 7.1–11.15%. Assay methods were consis
tent across both MIDUS Two and MIDUS Refresher. A full review of the 
laboratory methods is publicly available at ICPSR (Ryff et al., 2019; 
Weinstein et al., 2019). 

2.2.4. Recent stress 
Because a large portion of the evidence for the SSTTD is derived from 

laboratory studies in which inflammation is measured in response to a 
recent stressor, the Perceived Stress Scale was included as a measure of 
recent stress (Slavich and Irwin, 2014). The PSS is a ten item self-report 
measure aimed at measurement of perceived stress over the past thirty 
days in which participants respond via a likert scale ranging from never 
(0) to very often (4) (Cohen and Williamson, 1988). Prior testing of the 
PSS has acceptable reliability and validity in older adult samples, and 
some limited evidence suggests that PSS scores may be positively asso
ciated with levels of CRP, IL-6, and TNF-α (Main et al., 2009; Jiang et al., 
2017). Alpha computed with data from the present study identified that 
the PSS demonstrated good internal consistency (α = 0.86). 

2.2.5. Controls 
Body mass index (BMI) was included as a continuous measure, pre- 

calculated in its typical formulation (Kg/m2). Age was included as a 
continuous variable with overall age range for the present sample being 
between 23 and 84 years of age. Current regular tobacco smoking status 
included as a categorical measure with “no current use (0)” being 
included as a reference group. Current use of antidepressant medications 
was included as a self-report categorical measure with “no current use 
(0)” being included as the reference group. Current use of non-steroidal 
anti-inflammatory drugs (NSAIDs) via oral consumption was included as 
a self-report categorical measure with “no current use (0)” being 
included as the reference group. Racial identity was assessed by asking 
participants “what are your main racial origins – that is, what race or 
races are your parents, grandparents and other ancestors” with possible 
responses including “White,” “Black and/or African American,” “Native 
American or Alaskan Native Aleutian Islander/Eskimo,” “Asian,” 
“Native Hawaiian or Pacific Islander,” or “Other.” Due to low cell size 
across racial identities other than White, racial identity was collapsed 
into “White (0)” and “non-White (1)” racial identities for analytic pur
poses. Participant sex was assessed by reporting of participants gender 
as either “male (0)” or “female (1).” Last, income was assessed via 
participant self-report, with values ranging from 0.00–300,000.00. 
Values above 300,000.00 were coded as 300,000.00 in the MIDUS data 
set to help protect the identity of participants. 

2.3. Analysis plan 

A structural equation model was constructed to understand the ef
fects of childhood maltreatment, inflammation, and recent stress on 
depressive symptoms. All continuous predictor variables were Z-trans
formed and centered prior to their inclusion in the model. Because data 
collected here are from a community sample, a non-normal distribution 
of predictors is to be expected. Therefore, the robust maximum likeli
hood with Satorra-Bentler correction estimation method was utilized. A 
measurement model was first estimated which included only latent 
variables: depression, childhood maltreatment, and inflammation. 
Covariance of predictors were determined via model fit indices and were 
restricted to covary within their respective latent variables. After 
establishment of the measurement model, the structural model was then 
estimated with maltreatment being regressed onto inflammation and 
recent stress, and maltreatment, recent stress, and inflammation being 
regressed onto depression. Recent stress was also regressed onto 
inflammation. Control variables were included in the structural model 
with their effects set to only predict the dependent variable. Addition
ally, descriptive statistics and a correlation matrix were drafted to better 
understand the nature of the variables included in the study. Because 

Table 1 
Inflammation markers.   

Assay method Assay range Mean (SD) 

CRP Immunoelectrochemiluminescence 0.014–216 
μg/mL 

2.99 (4.94) 
ug/mL 

IL-6 Immunoelectrochemiluminescence 0.156–10 μg/ 
mL 

1.21 (3.62) 
pg/mL 

Fibrinogen Immunoturbidometric 2.8–4560 
mg/mL 

346.65 
(82.40) mg/ 
dL 

TNF-α Immunoelectrochemiluminescence 0.69–248 
pg/mL 

2.20 (1.21) 
pg/mL 

sE-selectin ELISA 1.25–80 ng/ 
mL 

42.34 (21.49) 
ng/mL 

sICAM-1 ELISA 31–1000 ng/ 
mL 

279.45 
(145.09) ng/ 
mL 

CRP: C-reactive protein; IL-6: interlukin-6; TNF-α: Tumor necrosis factor alpha; 
sICAM-1: intercellular adhesion molecule 1; ELISA: enzyme-linked immuno
sorbent assay. 
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continuous variables were Z-transformed for the multivariate model, 
variables included in the correlation matrix were also Z-transformed; 
however descriptive statistics are reported without transformation. 
Because of the high number of continuous measures, and therefore the 
high number of correlations tested, the Bonferroni correction based on 
171 tests set significance for Pearson's r at 0.00029. Inspection of 
missing data revealed only 5.14% missingness throughout the analytic 
sample, and therefore missingness is unlikely to influence multivariate 
results (Bennett, 2001; Dong and Peng, 2013). 

All analyses were performed in R with all structural equation ana
lyses performed using the lavaan package (Rosseel, 2012; R Core Team, 
2020). 

3. Results 

Most individuals were in middle to late adulthood (M = 53.02, SD =
12.55), relatively evenly split across male (n = 1163) and female sex (n 
= 953) and were predominately White in racial identity (n = 1511). 
Overall, the sample demonstrated low depressive symptoms (M = 15.37, 
SD = 5.39), with maximal scores for the sample topping out at 45 given a 
possible range of 0–60. Using the established cut off scores for the CES- 
D, the sample had higher rates of those not likely experiencing a current 
depressive episode (n = 1294) than those likely to be experiencing a 
current depressive episode (n = 817). Those likely to be experiencing a 
current depressive episode were also more likely to endorse current use 
of an antidepressant (n = 167) relative to those not likely to be experi
encing a current depressive episode (n = 146), χ2(1, N = 2111) = 33.25, 
p < 0.001. Recalled maltreatment was also relatively low (M = 38.51, 
SD = 14.57) with maximal scores topping out at 121 given a possible 
score range of 25–125; however, a moderate degree of recent stress was 
noted in the sample with an average PSS score of 22.34 (SD = 6.34) 
given a possible range of 0–40. A full review of sample descriptives can 
be located in Table 2. 

3.1. Correlations 

Bivariate analyses showed several notable correlations. Measures of 
maltreatment were found to have a weak but significant relationship 
with measures of depression including depressed affect and emotional 
abuse (r = 0.28, p < 0.0001), emotional abuse and somatic complaints (r 
= 0.26, p < 0.0001), emotional abuse and interpersonal difficulties (r =
0.27, p < 0.0001), and emotional neglect and positive affect (r = − 0.29, 
p < 0.0001). Correlation coefficients across measures of childhood 
maltreatment and inflammation markers were also weak but significant, 
with notable relationships being identified between physical abuse and 
sE-selectin (r = 0.10, p < 0.0001), sexual abuse and CRP (r = 0.10, p <
0.0001), and sexual abuse and fibrinogen (r = 0.10, p < 0.0001). A 
similar trend was noted among measures of depression and inflamma
tion in that weak correlations were observed between CRP and somatic 
complaints (r = 0.09, p < 0.0001), sE-selectin and somatic complaints (r 
= 0.08, p = 0.0001), sICAM-1 and somatic complaints (r = 0.08, p <
0.0001), and sE-selectin and positive affect (r = − 0.08, p = 0.0002). A 
full review of correlations can be located in Table 3. 

3.2. Structural equation model 

Factor loadings for measures of both Depression and Childhood 
Maltreatment were found to be above 0.50; however, factor loadings for 
Inflammation were mixed with IL-6 (0.150), sICAM-1 (0.253), TNF-α 
(0.250), and sE-selectin (0.270) demonstrating poor loadings, while CRP 
(0.682) and Fibrinogen (0.630) demonstrated acceptable loadings. 
Covariance among predictors were determined by model fit indices, 
with the final measurement model demonstrating excellent model fit (χ2 

= 289.207 (df = 80), χ2/df = 3.61, CFI = 0.974, TLI = 0.966, RMSEA =
0.036 (95% CI [0.032–0.040]), SRMR = 0.029). 

The structural equation model without any control variables 
demonstrated excellent model fit indices (χ2 = 3338.002 (df = 120), χ2/ 
df = 7.268, CFI = 0.976, TLI = 0.965, RMSEA = 0.038 (95% CI 
[0.033–0.042]), SRMR = 0.027). Inspection of regression coefficients 
showed that childhood maltreatment (b = 0.109, p < 0.001), inflam
mation (b = 0.160, SE = 0.05), and recent stress (b = 0.599, p < 0.001) 
each demonstrated a significant relationship with depression. Further
more, childhood maltreatment was found to have a significant rela
tionship with both recent stress (b = 0.363, p < 0.001) and 
inflammation (b = 0.082, p < 0.01); however, recent stress did not 
demonstrate a significant relationship with inflammation (p = 0.11). 

The structural model with control variables included also showed 
acceptable model fit indices, although model fit is slightly worse with 
their inclusion (χ2 = 1628.32 (df = 212), χ2/df = 7.680, CFI = 0.867, 
TLI = 0.844, RMSEA = 0.059 (0.056–0.061), SRMR = 0.069). Regres
sion coefficients showed similar findings with the prior model in that 
that there was a significant positive relationship between childhood 
maltreatment and inflammation (b = 0.064, p < 0.01) and between 
childhood maltreatment and recent stress (b = 0.363, p < 0.001). With 
respect to depression, maltreatment (b = 0.090, p < 0.001), recent stress 
(b = 0.581, p < 0.001), and inflammation (0.139, p < 0.001) each had a 
significant positive relationship, indicating that an increase in each of 
these variables was associated with an increase in depressive symptoms. 
Additionally, inspection of control variables revealed that racial identity 
other than White (b = 0.067, p < 0.05), BMI (b = 0.026, p < 0.05), 
antidepressant use (b = 0.114, p < 0.01), current tobacco smoking status 
(b = 0.179, p < 0.001) had a significant positive relationship with 
depression, while reported female sex (b = − 0.063, p < 0.05) and in
come (b = − 0.036, p < 0.01) both had a significant negative relation
ship with depression. Notably, recent stress did not have a significant 
relationship with inflammation (p = 0.130), nor did age (p = 0.918) or 
NSAID use (p = 0.904) with depression. A full review of regression co
efficients can be located in Table 4 and a corresponding path diagram 
can be seen in Fig. 1. 

Table 2 
Descriptive statistics.   

Raw mean (SD) or N Range or % 

CES-D 15.37 (5.39) 0–45 
Depressed affect 2.09 (3.14) 0–20 
Somatic complaints 9.208 (2.73) 0–12 
Positive affect 3.68 (3.21) 0–18 
Interpersonal challenge 0.45 (0.88) 0–6 
CTQ 38.51 (14.57) 25–121 
Emotional abuse 8.12 (4.19) 5–25 
Physical abuse 7.05 (3.15) 5–25 
Sexual abuse 6.63 (4.05) 5–25 
Emotional neglect 9.83 (4.57) 5–25 
Physical neglect 6.88 (2.75) 5–24 
PSS 22.34 (6.34) 10–48 
Age 53.02 (12.55) 25–84 
BMI 30.02 (7.06) 14.99–77.58 
Income 75,635.49 (61,970.02) 0.00–300,000.00 
Tobacco smoking   
Current use 281 13.26% 
No current use 1837 86.74% 
Antidepressant   
Current use 315 14.39% 
No current use 1803 85.61% 
NSAID   
Current use 953 44.99% 
No current use 1165 55.01% 
Race/ethnic identity   
White 1591 75.33% 
Non-White 521 24.66% 
Sex   
Female 1163 54.91% 
Male 955 45.09% 

CES-D: Center for Epidemiologic Studies Depression Inventory; CTQ: Childhood 
Trauma Questionnaire; BMI: body mass index; PSS: Perceived Stress Scale. 
Range reported as actual score range for collected data. 
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4. Discussion 

The present study sought to build on the small number of studies 
examining the role of childhood maltreatment and inflammation in the 
experience of depressive symptoms in adulthood. While some studies 
have examined how individual markers of inflammation may be 
important predictors of depression, it is also well understood that bio
logical systems are dynamic and act in concert (Danese et al., 2008; 
Zeugmann et al., 2013). Thus, the study of a single marker may not yield 
a holistic representation. The novel analyses presented here identified 
that the experience of childhood maltreatment is associated with a broad 
upregulation of the broader inflammation system, and that experiences 
of childhood maltreatment and increased inflammation are both asso
ciated with depressive symptoms in adulthood. Furthermore, the present 
analyses also showed how recent stress may be relevant, suggesting that 
childhood maltreatment is associated with the experiences of recent 
stress in adulthood and recent stress is associated with depressive 
symptoms; however, recent stress is not associated with inflammation. 

Results of this study can be viewed as building on the work of Hos
tinar et al. (2015) who also utilized the MIDUS data set to examine how 
adverse childhood experiences and recent stress may impact several 
mediators which then influence adulthood inflammation. Notably, 
Hostinar et al. (2015) work examined adulthood depressive symptoms 
as a possible mediator, identifying that both recent life and aversive 
childhood experiences were associated with depressive symptoms, and 
that these depressive symptoms were associated with adulthood 
inflammation. Several differences should be considered in that 1) the 
present study includes a greater number of individuals from the MIDUS 
data set, 2) the present study included TNF- α in its measurement of 
inflammation, 3) Hostinar et al. (2015) broadly measured aversive 
childhood experiences whereas the present study focused on the phe
nomenon of childhood maltreatment. However, an important finding 
surrounding the results of both studies is the hypothesis that inflam
mation and depression may be bi-directional in their effects, as has been 
theorized by others (Beurel et al., 2020). If inflammation and depressive 
symptoms do indeed have a bi-directional effect, then the combined 
treatment of both constructs may be essential to achieving sustained 
remission of depressive symptoms. This has been supported by the 
successful use of concurrent anti-depressant and anti-inflammatory 
medications in the treatment of depressive symptoms for individuals 
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Table 4 
Multivariate models.   

Structural model without 
controls n = 2062 b(SE) 

Structural model with controls 
included n = 2009 b(SE) 

PSS   
Maltreatment 0.363 (0.029)** 0.363 (0.028)** 
Inflammation   
Maltreatment 0.082 (0.027)** 0.064 (0.021)** 
PSS 0.026 (0.016) 0.022 (0.015) 
Depression   
Inflammation 0.160 (0.070)* 0.139 (0.052)** 
PSS 0.599 (0.024)** 0.581 (0.024)** 
Maltreatment 0.109 (0.020)** 0.090 (0.020)** 
BMI – 0.026 (0.013)* 
Current tobacco 

smoking 
– 0.179(0.046)** 

Anti-depressant 
use 

– 0.114 (0.040)** 

NSAID use – 0.003 (0.025) 
Age – 0.001 (0.012) 
Income – − 0.036 (0.012)** 
Non-white race – 0.067 (0.033)* 
Female sex – − 0.062 (0.027)* 

PSS: Perceived Stress Scale; BMI: body mass index; NSAID: non-steroidal anti- 
inflammatory drug. 

* p < 0.05. 
** p < 0.01. 
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with CRP levels greater than 3 mg/L (Kohler et al., 2016). Furthermore, 
a need to treat both inflammation and depressive symptoms, concur
rently, may help explain the mixed results of cognitive-behavioral 
therapy in effectively reducing the depressive symptoms of individuals 
with higher levels of inflammation (Lopresti, 2017). While neither 
inflammation nor depression should be viewed in a vacuum as isolated 
targets for treatment where holistic treatment methods are possible, the 
current lack of effective treatments may signal a need for more 
comprehensive treatment strategies. 

The present study also confirms the finding that childhood 
maltreatment has broad aversive consequences that are felt during 
adulthood, including depressive symptoms, inflammation, and percep
tions of recent stress; however, the precise reasoning for this phenom
enon is still unclear. Some evidence supports that the experience of 
childhood maltreatment may be associated with several neurological 
changes that may then help explain the experience of depressive 
symptoms. For instance, frontal EEG asymmetry in survivors of mod
erate to severe childhood maltreatment has been found to be associated 
with low-grade inflammation in adulthood (Hostinar et al., 2017). 
However, it should also be considered that survivors of childhood 
maltreatment may be at an increased risk for experiencing further 
trauma in adulthood (Gama et al., 2021). This process of being exposed 
and re-exposed to traumatic events may alter an individual's cognitive 
understanding of the world or themselves, which may help explain why 
childhood maltreatment is associated with increased perceptions of 
recent stress in the present study (Kaysen et al., 2005; Jopling et al., 
2020). Thus, the experience of childhood maltreatment may represent a 
significant etiological marker, the identification of which should be of 
high priority for early intervention to attenuate or prevent future major 
depressive episodes and commonly comorbid diseases (Chu et al., 2021). 
Indeed, some evidence for this approach has already been identified in 
the use of a 10-day course of hydrocortisone for adults within 12 h of 
experiencing physical trauma, which was associated with lower rates of 
future depressive symptoms compared to the placebo group (Delahanty 
et al., 2013). 

Further, the examination of the association between childhood 
maltreatment and adulthood inflammation at both the bivariate and 

multivariate level replicates several notable findings. Indeed, childhood 
maltreatment has been associated with increased CRP in adulthood as 
well as several proinflammatory cytokines; however, inconsistencies 
have been noted in the literature (Danese et al., 2007; Danese et al., 
2008; Coelho et al., 2014; Palmos et al., 2019). A review of inflamma
tory markers and childhood maltreatment by Coelho et al. (2014) 
highlights that some inconsistencies in the association between the type 
of childhood maltreatment experienced and the upregulation of specific 
inflammatory markers may be due in-part to differences in trauma 
assessment measures across studies. The present study utilized the CTQ, 
a widely employed measure of recalled childhood maltreatment that has 
been used in several studies to evaluate the association between 
maltreatment and inflammation in adulthood. Despite this, the present 
study was not able to replicate the association between maltreatment 
and TNF-α or maltreatment and IL-6, both of which have mixed findings 
(Coelho et al., 2014). Although, the present study did confirm an asso
ciation between fibrinogen and maltreatment, particularly as it pertains 
to a history of physical neglect and sexual abuse. This finding replicates 
previous work by Zeugmann et al. (2013) who identified that fibrinogen 
levels in adulthood are significantly associated with a history of physical 
neglect as measured by the CTQ in a group of 25 individuals who were 
hospitalized with severe depressive symptoms. Additionally, Bruassoulis 
et al. (2007) have identified that a history of childhood maltreatment 
was associated with increased sE-selectin and sICAM-1 in individuals 
being treated for sepsis or acute respiratory distress syndrome relative to 
active controls receiving ventilator treatment; however, the present 
study only identified significant findings for sE-selectin, not sICAM-1. 
Thus, findings presented here seem to indicate that while a broad 
measurement of maltreatment and inflammation may have utility, 
future work focused on precision may benefit from interrogating indi
vidual inflammatory molecules and their associations with specific high 
stress environmental events. 

Last, the differences in association between childhood maltreatment 
and inflammation, and recent stress and inflammation raises important 
questions for how stress responsivity is understood. Previous studies 
identified that childhood maltreatment was associated with several 
neurological changes that were implicated in sensitization for social 

Fig. 1. Path model 
All path coefficients reported are significant at least at the 0.05 level with the exception of control variables which are not reported on here. See Table 4 for a full 
review of coefficients. 
Coefficients are reported as b(se). 
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stress such as frontal EEG asymmetry, and alterations in dorsolateral and 
ventromedial prefrontal cortex activation (Hostinar et al., 2017; Zhong 
et al., 2020). Thus, results from the present study offer an important 
discrepancy in that recent stress was not associated with inflammation; 
however, it should be considered that this may be due to how the PSS 
measures stress. Indeed, the PSS measures stress perception broadly over 
the last month, asking participants about their ability to “control irri
tations” and “if things were going their way,” and not necessarily 
measuring social stress, specifically (Cohen and Williamson, 1988). This 
point is underscored by previous findings that only interpersonal stress 
(not non-interpersonal stress), has been associated with increased 
cytokine reactivity in a sample of adolescent girls (Slavich et al., 2020). 
Thus, the differential associations between recent stress and the expe
rience of childhood maltreatment confirms the SSTTD model assump
tions that only interpersonal stress is associated with inflammation 
(Slavich and Irwin, 2014). 

4.1. Limitations 

Despite the notable strengths of the present study, results should be 
interpreted within the context of several limitations. From a methodo
logical standpoint, the present study utilizes a cross-sectional design 
with many self-reported measures. Future studies should attempt to 
replicate analyses using longitudinal data or objective reports of child
hood maltreatment such as Child Protective Services case records to 
strengthen the causal inference of associations presented here (Maxwell 
and Cole, 2007; Newbury et al., 2018; Osborn and Widom, 2020). 
Additionally, the MIDUS data set lacks ability to highlight racial/ethnic 
health disparities, given the low numbers of multiple racial/ethnic 
groups. Future studies may benefit from replication of analyses of the 
present study, disaggregated across multiple racial/ethnic groupings, to 
better understand how the social environment affects groups differently 
to create health inequities (Mezuk et al., 2013). Furthermore, various 
sex hormones, as well as adherence to socialized gender roles have been 
identified as affecting stress response, and may be critical for explaining 
health disparities, requiring a more careful analysis of gender beyond 
the traditional male/female dichotomy examined here (Derry et al., 
2015; Slavich and Sacher, 2019; Kerr et al., 2020; Keenan et al., 2021). 
Last, the present study accounts for the variance in overall depressive 
symptoms but does not account for the presence or absence of specific 
symptom clusters or subtypes of major depression. Future studies may 
benefit from the use of a case-control design to control for the presence 
of a major depressive episode, specific depressive symptom subtypes, or 
a higher likelihood of receiving antidepressant treatment which may be 
linked with state-specific upregulation of inflammatory markers (Syed 
et al., 2018; Beurel et al., 2020). Further, the use of non-recursive 
structural equation modeling to account for the potentially joint- 
sustaining effects of health problems strongly linked to inflammation 
and major depression (Gold et al., 2020). 

4.2. Conclusion 

Major Depression represents a major health problem for a significant 
portion of the U.S. population and often occurs more frequently and 
severely when individuals have a history of childhood maltreatment. 
The analyses presented in the present study confirm prior findings of the 
field while also offering further support to the SSTTD. Future studies 
may seek to build on the analyses presented here through use of longi
tudinal design, improving racial/ethnic representation, disaggregating 
analyses based on various demographic characteristics, or analyzing the 
effects of reported maltreatment against confirmed case records. 

CRediT authorship contribution statement 

JO conceptualized the study, completed all statistical analyses, and 
drafted the abstract, main text, and tables of the paper. DP assisted with 

the literature review, as well as the drafting of the introduction and 
results sections of the paper. OM provided oversight for the study 
conceptualization, data analytic process, and drafting. All authors pro
vided critical revisions to the manuscript, approved the final version, 
and consented to its publication. 

Role of funding 

There was no funding for this research. 

Conflict of interest 

All authors deny any conflicts of interest. 

Acknowledgments 

None. 

References 

Baldwin, J.R., Danese, A., 2019. Pathways from childhood maltreatment to 
cardiometabolic disease: a research review. Adopt. Foster. 43, 329–339. 

Baumeister, D., Akhtar, R., Ciufolini, S., Pariante, C.M., Mondelli, V., 2016. Childhood 
trauma and adulthood inflammation: a meta-analysis of peripheral C-reactive 
protein, interleukin-6 and tumor necrosis factor-α. Mol. Psychiatry 21, 642–649. 

Bennett, D.A., 2001. How can I deal with missing data in my study? Aust. N. Z. J. Public 
Health 25, 464–469. 

Bernstein, D.P., Fink, L., 1998. Childhood Trauma Questionnaire: A Retrospective Self- 
report. The Psychological Corporation, San Antonio, Texas.  

Bernstein, D.P., Fink, L., Handelsman, L., Foote, J., Lovejoy, M., Wenzel, K., Sapareto, E., 
Ruggiero, J., 1994. Initial reliability and validity of a new retrospective measure of 
child abuse and neglect. Am. J. Psychiatry 151, 1132–1136. 

Beurel, E., Toups, M., Nemeroff, C.B., 2020. The bidirectional relationship of depression 
and inflammation: double trouble. Neuron 107, 234–256. 

Bruassoulis, G., Papassotiriou, I., Mavrikiou, M., Lazaropoulou, C., Margeli, A., 2007. 
Longitudinal course and clinical significance of TGF-β1, sL- and sE- selectins and 
sICAM-1 levels during severe acute stress in children. Clin. Biochem. 40 (5–6), 
299–304. 

Chapman, D.P., Whitfield, C.L., Felitti, V.J., Dube, S.R., Edwards, V.J., Anda, R.F., 2004. 
Adverse childhood experiences and the risk of depressive disorders in adulthood. 
J. Affect. Dis. 82, 217–225. 

Chu, A.L., Hickman, M., Steel, N., Jones, P.B., Smith, G.D., Khandaker, G.M., 2021. 
Inflammation and depression: a public health perspective. Brain Behav. Immun. 95, 
1–3. 

Coelho, R., Viola, T.W., Walss-Bass, C., Brietzke, E., Grassi-Oliveira, R., 2014. Childhood 
maltreatment and inflammatory markers: a systematic review. Acta Psychiatr. 
Scand. 129, 180–192. 

Cohen, S., Williamson, G.M., 1988. The social psychology of health: Claremont 
symposium on applied social psychology. In: Spacapam, S., Oskamp, S. (Eds.), 
Perceived Stress in a Probability Sample of the United States. Newbury Park, 
California.  

Cohen-Woods, S., Fisher, H.L., Ahmetspahic, D., Douroudis, K., Stacey, D., Hosang, G.M., 
Korszun, A., Owen, M., Craddock, N., Arolt, V., Dannlowski, U., Breen, G., Craig, I. 
W., Farmer, A., Baune, B.T., Lewis, C.M., Uher, R., McGuffin, P., 2018. Interaction 
between childhood maltreatment on immunogenic risk in depression: Discovery and 
replication in clinical case-control samples. Brain Behav. Immun. 67, 203–210. 
https://doi.org/10.1016/j.bbi.2017.08.023. 

Danese, A., Pariante, C.M., Caspi, A., Taylor, A., Poulton, R., 2007. Childhood 
maltreatment predicts adult inflammation in a life-course study. Proc. Natl. Acad. 
Sci. U. S. A. 104, 1319–1324. 

Danese, A., Moffitt, T.E., Pariante, C.M., Ambler, A., Poulton, R., Caspi, A., 2008. 
Elevated inflammation levels in depressed adults with a history of childhood 
maltreatment. Arch. Gen. Psychiatry 65, 409–416. 

De Aquino, J.P., Londono, A., Carvalho, A.F., 2017. An update on the epidemiology of 
major depressive disorder across cultures. Understanding Depression 309–315. 

De Venter, M., Demyttenaere, K., Bruffaerts, R., 2013. The relationship between adverse 
childhood experiences and mental health in adulthood: a systematic literature 
review. Tijdschr. Psychiatr. 55, 259–268. 

Delahanty, D.L., Gabert-Quillen, C., Ostrowski, S.A., Nugent, N.R., Fischer, B., Morris, A., 
Pitman, R.K., Bon, J., Fallon Jr., W., 2013. The efficacy of hydrocortisone 
administration at preventing posttraumatic distress in adult trauma patients: a 
randomized trial. CNS Spectr. 18, 103–111. 

Derry, H.M., Padin, A.C., Kuo, J.L., Hughes, S., Kiecolt-Glaser, J.K., 2015. Sex differences 
in depression: does inflammation play a role? Curr. Psychiatry Rep. 17 https://doi. 
org/10.1007/s11920-015-0618-5. 

Dong, Y., Peng, C.-Y.J., 2013. Principled missing data methods for researchers. 
Springerplus 2. https://doi.org/10.1186/2193-1801-2-222. 

van Dooren, F.E.P., Schram, M.T., Schalwijk, C.G., Stehouwer, C.D.A., Henry, R.M.A., 
Dagnelie, P.C., Schaper, N.C., van der Kallen, C.J.H., Koster, A., Sep, S.J.S., 
Denollet, J., Verhey, F.R.J., Pouwer, F., 2016. Association of low grade inflammation 

J. O'Shields et al.                                                                                                                                                                                                                               

http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845563781
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845563781
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845558863
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845558863
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845558863
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845564886
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845564886
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160842142720
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160842142720
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845570947
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845570947
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845570947
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845572352
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845572352
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160842182565
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160842182565
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160842182565
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160842182565
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845576579
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845576579
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845576579
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160842191283
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160842191283
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160842191283
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845577985
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845577985
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845577985
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843133921
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843133921
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843133921
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843133921
https://doi.org/10.1016/j.bbi.2017.08.023
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845579590
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845579590
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845579590
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843145904
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843145904
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843145904
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843277939
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843277939
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845593309
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845593309
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845593309
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845595028
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845595028
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845595028
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845595028
https://doi.org/10.1007/s11920-015-0618-5
https://doi.org/10.1007/s11920-015-0618-5
https://doi.org/10.1186/2193-1801-2-222
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845080521
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845080521
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845080521


Journal of Affective Disorders 311 (2022) 173–180

180

and endothelial dysfunction with depression – the Maastricht study. Brain Behav. 
Immun. 56, 390–396. 

Felger, J.C., Haroon, E., Patel, T.A., Goldsmith, D.R., Wommack, E.C., Woolwine, B.J., 
Le, N.-A., Fienberg, R., Tansey, M.G., Miller, A.H., 2020. What does plasma CRP tell 
us about peripheral and central inflammation in depression? MolPsychiatry 25, 
1301–1311. 

Felitti, V.J., Anda, R.F., Nordenberg, D., Williamson, D.F., Spitz, A.M., Edwards, V., 
Koss, M.P., Marks, J.S., 1998. Relationship of childhood abuse and household 
dysfunction to many of the leading causes of death in adults: the adverse childhood 
experiences (ACE) study. Am. J. Prev. Med. 14, 245–258. 

Gama, C.M.F., Portugal, L.C.L., Goncalves, R.M., de Souza Junior, S., Vilete, L.M.P., 
Mendlowicz, M.V., Figueira, I., Volchan, E., David, I.A., de Oliveira, L., Pereira, M. 
G., 2021. The invisible scars of emotional abuse: a common and highly harmful form 
of childhood maltreatment. BMC Psychiatry 21 (156). 

Gold, S.M., Kohler-Forsberg, O., Moss-Morris, R., Mehnert, A., Miranda, J.J., 
Bullinger, M., Otte, C., 2020. Comorbid depression in medical diseases. Nat. Rev. 
Dis. Prim. 6 (69). 

Hasin, D.S., Sarvet, A.L., Meyers, J.L., Saha, T.D., Ruan, W.J., Stohl, M., Grant, B.F., 
2018. Epidemiology of adult DSM-5 major depressive disorder and its specifiers in 
the United States. JAMA Psychiatry 75, 333–346. 

Hostinar, C.E., Lachman, M.E., Mroczek, D.K., Seeman, T.E., Miller, G.E., 2015. Additive 
contributions of childhood adversity and recent stressors to inflammation at midlife: 
findings from the MIDUS study. Dev. Psychol. 51, 1630–1644. 

Hostinar, C.E., Davidson, R.J., Graham, E.K., Mroczek, D.K., Lachman, M.E., Seeman, T. 
E., van Reekum, C.M., Miller, G.E., 2017. Frontal brain asymmetry, childhood 
maltreatment, and low-grade inflammation at midlife. Psychoneuroendocrinology 
75, 152–163. 

Iob, E., Lacey, R., Steptoe, A., 2020. The long-term association of adverse childhood 
experiences with C-reactive protein and hair cortisol: cumulative risk versus 
dimensions of adversity. Brain Behav. Immun. 87, 318–328. 

Jiang, J.M., Seng, E.K., Zimmerman, M.E., Sliwinski, M., Kim, M., Lipton, R.B., 2017. 
Evaluation of the reliability, validity, and predictive validity of the subscales of the 
perceived stress scale in older adults. J. Alzheimers Dis. 59, 987–996. 

Jopling, E., Tracy, A., LeMoult, J., 2020. Childhood maltreatment, negative self- 
referential processing, and depressive symptoms during stress. Psychol. Res. Behav. 
Manag. 13, 79–87. 

Kaysen, D., Scher, C.D., Mastnak, J., Resick, P., 2005. Cognitive mediation of childhood 
maltreatment and adult depression in recent crime victims. Behav. Ther. 36, 
235–244. 

Keenan, K., Berona, J., Hipwell, A.E., Stepp, S.D., Romito, M.T., 2021. Validity of the 
trier social stress test in studying discrimination stress. Stress 24, 113–119. 

Kerr, P., Da Torre, M.B., Giguere, C.-E., Lupien, S., Juster, R.-P., 2020. Occupational 
gender-roles in relation to allostatic load, workplace stress and mental health of 
psychiatric hospital workers. Psychoneuroendocrinology 119, 104975. 

Kohler, O., Krogh, J., Mors, O., Benros, M.E., 2016. Inflammation in depression and the 
potential for anti-inflammatory treatment. Curr. Neuropharmacol. 14, 732–742. 

Lee, Y.Y., Stockings, E.A., Harris, M.G., Doi, S.A.R., Page, I.S., Davidson, S.K., 
Barendregt, J.J., 2019. The risk of developing major depression among individuals 
with subthreshold depression: a systematic review and meta-analysis of longitudinal 
cohort studies. Psychol. Med. 49, 92–102. 

Lopresti, A.L., 2017. Cognitive behaviour therapy and inflammation: a systematic review 
of its relationship and the potential implications of depression. Aust. N. Z. J. 
Psychiatry 51, 565–582. 

Love, G.D., Seeman, T.E., Weinstein, M., Ryff, C., 2010. Bioindicators in the MIDUS 
national study: protocol, measures, sample, and comparative context. Journal of 
Aging and Health 1–22. https://doi.org/10.1177/0898264310374355. 

Main, L.C., Dawson, B., Grove, J.R., Landers, G.J., Goodman, C., 2009. Impact of training 
on changes in perceived stress and cytokine production. Res. Sports Med. 17, 
112–123. 

Majd, M., Saunders, E.F.H., Engeland, C.G., 2020. Inflammation and the dimensions of 
depression: a review. Front. Neuroendocrinol. 56 https://doi.org/10.1016/j. 
yfrne.2019.100800. 

Maxwell, S.E., Cole, D.A., 2007. Bias in cross-sectional analyses of longitudinal 
mediation. Psychol. Methods 12, 23–44. 

Mezuk, B., Abdou, C.M., Hudson, D., Kershaw, K.N., Rafferty, J.A., Lee, H., Jackson, J.S., 
2013. “White box” epidemiology and the social neuroscience of health behaviors: the 
environmental affordances model. Soc. Ment. Health 3, 79–95. 

Miller, A.H., Raison, C.L., 2016. The role of inflammation in depression: from 
evolutionary imperative to modern treatment target. Nat. Rev. Immunol. 16, 22–34. 

Muller, N., 2019. The role of intercellular adhesion molecule-1 in the pathogenesis of 
psychiatric disorders. Front. Pharmacol. 10 https://doi.org/10.3389/ 
fphar.2019.01251. 

Nanni, V., Uher, R., Danese, A., 2012. Childhood maltreatment predicts unfavorable 
course of illness and treatment outcome in depression: a meta-analysis. Am. J. 
Psychiatry 169, 141–151. 

Nelson, J., Klumparendt, A., Doebler, P., Ehring, T., 2017. Childhood maltreatment and 
characteristics of adult depression: meta-analysis. Br. J. Psychiatry 201, 96–104. 

Newbury, J., Arseneault, L., Moffitt, T.E., Caspi, A., Danese, A., Baldwin, J., Fisher, H.L., 
2018. Measuring childhood maltreatment to predict early-adult psychopathology: 
comparison of prospective informant-reports and retrospective self-reports. 
J. Psychiatr. Res. 96, 57–64. 

O’Shields, J., Gibbs, J.J., 2021. Depressive symptoms, childhood maltreatment, and 
allostatic load: the importance of sex differences. Psychoneuroendocrinology 126, 
105130. 

Osborn, M., Widom, C.S., 2020. Do documented records and retrospective reports of 
childhood maltreatment similarly predict chronic inflammation? Psychol. Med. 50, 
2406–2415. 

Palmos, A.B., Watson, S., Hughes, T., Finkelmeyer, A., McAllister-Williams, R.H., 
Ferrier, N., Powell, T.R., 2019. Associations between childhood maltreatment and 
inflammatory markers. BJPsych Open 5 (e3), 1–7. 

Pariante, C.M., 2017. Why are depressed patients inflamed? A reflection on 20 years of 
research on depression, glucocorticoid resistance and inflammation. Eur. 
Neuropsychopharmacol. 27, 554–559. 

R Core Team, 2020. R: A language environment for statistical computing. R Foundation 
for Statistical Computing, Vienna, Austria.  

Radler, B.T., 2014. The midlife in the United States (MIDUS) series: a national 
longitudinal study of health and well-being. Open Health Data 2 (1). 

Radloff, L.S., 1977. The CES-D scale: a self-report depression scale for research in the 
general population. Appl. Psychol. Meas. 1, 385–401. 

Roose, S.P., Schatzberg, A.F., 2005. The efficacy of antidepressants in the treatment of 
late-life depression. J. Clin. Psychopharmacol. 25, 4. 

Rosseel, Y., 2012. Lavaan: an R package for structural equation modeling. J. Stat. Softw. 
48, 1–36. 

Rush, A.J., Jain, S., 2018. Antidepressants. Handbook of experimental pharmacology. In: 
Macaluso, M., Preskorn, S. (Eds.), Clinical Implications of the STAR*D Trial, 250. 
Springer, Cham. https://doi.org/10.1007/164_2018_153.  

Ryff, C.D., Seeman, T., Weinstein, M., 2019. Midlife in the United States (MIDUS 2): 
Biomarker project, 2004–2009. Inter-university Consortium for Political and Social 
Research, Ann Arbor, MI. https://doi.org/10.3886/ICPSR29282.v9.  

Scher, C.D., Stein, M.B., Asmundson, G.J.G., McCreary, D.R., Forde, D.R., 2001. The 
childhood trauma questionnaire in a community sample: psychometric properties 
and normative data. J. Trauma. Stress. 14, 843–857. 

Scheuer, S., Wiggert, N., Bruckl, T.M., Awaloff, Y., Uhr, M., Lucase, S., Kloiber, S., 
Holsboer, F., Ising, M., Wilhelm, F.H., 2018. Childhood abuse and depression in 
adulthood: the mediating role of allostatic load. Psychoneuroendocrinology 94, 
134–142. 

Slavich, G.M., Irwin, M.R., 2014. From stress to inflammation and major depressive 
disorder: a social signal transduction theory of depression. Psychol. Bull. 140, 
774–815. 

Slavich, G.M., Sacher, J., 2019. Stress, sex hormones, inflammation, and major 
depressive disorder: extending social signal transduction theory of depression to 
account for sex differences in mood disorders. Psychopharmacology 236, 
3063–3079. 

Slavich, G.M., Giletta, M., Helms, S.W., Hastings, P.D., Rudolph, K.D., Nock, M.K., 
Prinstein, M.J., 2020. Interpersonal life stress, inflammation, and depression in 
adolescence: testing social signal transduction theory of depression. Depress. Anxiety 
37, 179–193. 

Smarr, K.L., Keefer, A.L., 2011. Measures of depression and depressive symptoms. 
Arthritis Care Res. 63, 454–466. 

Syed, S.A., Beurel, E., Loewenstein, D.A., Lowell, J.A., Craighead, W.E., Craighead, W.E., 
Nemeroff, C.B., 2018. Defective inflammatory pathway in never-treated depressed 
patients are associated with poor treatment response. Neuron 99 (5), 914–924. 

Weinberger, A.H., Gbedemah, M., Martinez, A.M., Nash, D., Galea, S., Goodwin, R.D., 
2017. Trends in depression prevalence in the USA from 2005 to 2015: widening 
disparities in vulnerable groups. Psychol. Med. 48 (8). 

Weinstein, M., Ryff, C.D., Seeman, T.E., 2019. Midlife in the United States (MIDUS 2): 
Biomarker Project, 2004–2009. Inter-university Consortium for Political and Social 
Research, Ann Arbor, MI. https://doi.org/10.3886/ICPSR36901.v6.  

Whooley, M.A., Caska, C.M., Hendrickson, B.E., Rourke, M.A., Ho, J., Ali, S., 2007. 
Depression and inflammation in patients with coronary heart disease: findings from 
the heart and soul study. Biol. Psychiatry 62, 314–320. 

Wiley, J.F., Gruenewald, T.L., Karlmangla, A.S., Seeman, T.E., 2016. Modeling 
multisystem physiological dysregulation. Psychosom. Med. 78, 290–301. 

Wium-Andersen, M.K., Orsted, D.D., Nodestgaard, B.G., 2013. Association between 
elevated plasma fibrinogen and psychological distress, and depression in 73367 
individuals from the general population. Mol. Psychiatry 18, 84–855. 

Zeugmann, S., Buehrsch, N., Bajbouj, M., Heuser, I., 2013. Childhood maltreatment and 
adult proinflammatory status in patients with major depression. Psychiatr. Danub. 
25, 227–235. 

Zhong, X., Ming, Q., Dong, D., Sun, X., Cheng, C., Xiong, G., Li, C., Zhang, X., Yao, S., 
2020. Childhood maltreatment experience influences neural response to 
psychosocial stress in adults: an fMRI study. Front. Psychol. 10 https://doi.org/ 
10.3389/fpsyg.2019.02961. 

J. O'Shields et al.                                                                                                                                                                                                                               

http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845080521
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845080521
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843513687
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843513687
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843513687
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843513687
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843523554
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843523554
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843523554
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843523554
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843536433
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843536433
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843536433
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160843536433
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844070536
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844070536
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844070536
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844080420
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844080420
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844080420
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846015130
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846015130
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846015130
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846019661
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846019661
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846019661
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846019661
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846312256
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846312256
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846312256
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846020442
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846020442
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846020442
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844087407
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844087407
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844087407
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846030827
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846030827
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846030827
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846348779
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846348779
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844097101
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844097101
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844097101
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844102257
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844102257
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846034080
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846034080
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846034080
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846034080
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846035044
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846035044
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846035044
https://doi.org/10.1177/0898264310374355
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846039419
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846039419
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846039419
https://doi.org/10.1016/j.yfrne.2019.100800
https://doi.org/10.1016/j.yfrne.2019.100800
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846039576
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846039576
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846048626
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846048626
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846048626
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846048938
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846048938
https://doi.org/10.3389/fphar.2019.01251
https://doi.org/10.3389/fphar.2019.01251
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846075453
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846075453
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846075453
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844111461
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844111461
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844112994
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844112994
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844112994
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844112994
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846077953
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846077953
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846077953
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846085317
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846085317
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846085317
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844118306
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844118306
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844118306
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846084692
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846084692
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846084692
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844120330
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844120330
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846087036
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846087036
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844127130
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844127130
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844155295
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844155295
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844129382
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844129382
https://doi.org/10.1007/164_2018_153
https://doi.org/10.3886/ICPSR29282.v9
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846385160
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846385160
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846385160
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844194639
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844194639
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844194639
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160844194639
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846093130
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846093130
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846093130
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846095161
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846095161
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846095161
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846095161
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846096255
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846096255
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846096255
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846096255
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845070748
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845070748
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845552303
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845552303
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845552303
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845088936
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845088936
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845088936
https://doi.org/10.3886/ICPSR36901.v6
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846407562
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846407562
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160846407562
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845263868
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845263868
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845283497
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845283497
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845283497
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845291073
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845291073
http://refhub.elsevier.com/S0165-0327(22)00591-2/rf202205160845291073
https://doi.org/10.3389/fpsyg.2019.02961
https://doi.org/10.3389/fpsyg.2019.02961

	Childhood maltreatment and inflammation: Leveraging structural equation modeling to test the social signal transduction the ...
	1 Introduction
	1.1 Research questions

	2 Method
	2.1 Sample
	2.2 Measures
	2.2.1 Depression
	2.2.2 Childhood maltreatment
	2.2.3 Inflammation
	2.2.4 Recent stress
	2.2.5 Controls

	2.3 Analysis plan

	3 Results
	3.1 Correlations
	3.2 Structural equation model

	4 Discussion
	4.1 Limitations
	4.2 Conclusion

	CRediT authorship contribution statement
	Role of funding
	Conflict of interest
	Acknowledgments
	References


