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Objective: Childhood maltreatment (CM) has been associated with
several diseases in adult life, including diabetes, obesity and mental
disorders. Inflammatory conditions have been postulated as possible
mediators of this relationship. The aim was to conduct a systematic
review regarding the association between CM and inflammatory
markers in adulthood.
Method: A literature search of the PubMed, ISI, EMBASE and
PsychINFO databases was conducted. The key terms used were as
follows: ‘Child Maltreatment’, ‘Childhood Trauma’, ‘Early Life Stress’,
‘Psychological Stress’, ‘Emotional Stress’, ‘Child Abuse’ and ‘Child
Neglect’. They were cross-referenced separately with the terms:
‘C-reactive Protein (CRP)’, ‘Tumor Necrosis Factor’, ‘Cytokine’,
‘Interleukin’, ‘Inflammatory’ and ‘Inflammation’.
Results: Twenty articles remained in the review after exclusion
criteria were applied. Studies showed that a history of CM was
associated with increased levels of CRP, fibrinogen and
proinflammatory cytokines. Increased levels of circulating CRP in
individuals with a history of CM were the most robust finding
among the studies. Data about anti-inflammatory mediators are still
few and inconsistent.
Conclusion: Childhood maltreatment is associated with a chronic
inflammatory state independent of clinical comorbidities. However,
studies are heterogeneous regarding CM assessment and definition.
Important methodological improvements are needed to better
understand the potential impact of CM on inflammatory response.
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Summations

• Childhood maltreatment is associated with increased levels of C-reactive protein.

• Childhood maltreatment is related to with increased proinflammatory cytokines.

Considerations

• Non significant effects could be related to the heterogeneity of methods.

• Chronic inflammatory state is independent of clinical comorbidities.

Introduction

Childhood maltreatment (CM) has been defined as
acts of commission or omission by parents or care-
givers that result in potential harm to the child’s

health, and include experiences such as physical,
sexual and psychological abuse, as well as physical
or emotional neglect (1). Accumulating evidence
shows that individuals that suffered CM present
higher rates of morbidity and mortality from
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chronic diseases (2) and are more vulnerable to the
development of mental disorders (3–5), diabetes,
asthma, obesity, atherosclerosis, neurodegenera-
tion and coronary heart disease (6–8).

Adults who experienced abuse or neglect as chil-
dren appear to have alterations in hypothalamic–
pituitary–adrenal (HPA) axis functioning (9).
These alterations have been investigated by several
studies that focused on how early adverse experi-
ences can become important risk factors for poor
adult health and clinical impairment (10–12). It
was shown that CM survivors present neuroendo-
crine stress response desensitization, including
enhanced cortisol resistance, as well as increased
central corticotropin-releasing factor (CRF) activ-
ity (13, 14). Furthermore, researchers have
explored the interactive pathways between the cen-
tral nervous system, the endocrine system and the
immune system to understand the physiological
sequelae of childhood adversities (15). The HPA
axis and the autonomic nervous system provide
immune system regulation in a bidirectional associ-
ation (16). Examples of these relationships are that
several immune cells have receptors for one or
more of the stress hormones released by the HPA
axis, and that lymphocytes can synthesize hor-
mones such as adrenocorticotropic hormone
(ACTH) (17).

Based on this, recent studies have investigated
the overall effect of early-life stress on the produc-
tion of acute-phase proteins that modulate inflam-
mation (18–20). The inflammatory response is
part of the complex immune system response of
the organism to harmful stimuli, such as patho-
gens, damaged cells or environmental demands
(i.e. ‘stressors’), with both local and systemic
effects. Research has demonstrated evidence for
long-term alterations in human inflammatory
response associated with CM, including the
increase in the production of C-reactive protein
(CRP) (21) and proinflammatory cytokines, such
as Interleukin (IL)-6 (22) and Tumour necrosis
factor (TNF)-a (23). In addition, data from ani-
mal models supports this idea, since the first evi-
dence of certain immune responses being
compromised following removal from the mother
was reported in young monkeys (24). Thereby,
there has been an increasing volume of studies
exploring the relationship between CM and
immune system (8, 10, 25). Alterations in inflam-
matory markers are now a candidate biomarkers
for mediating the health consequences associated
with childhood adversities (10). A recent system-
atic review sought to investigate similar questions
about childhood adversities and poor health but
was limited to the research on inflammatory

biomarkers associated with cardiovascular risk in
young adults only (8).

Aims of the study

This article presents a systematic review of the lit-
erature regarding CM and inflammatory media-
tors, focusing entirely on human studies. In
addition, it discusses methodological issues that
might explain inconsistencies among studies, which
might be enhanced in future research.

Material and methods

The research question that directed this review was
as follows: Is CM history associated with changes
in inflammatory mediators? To conduct this review,
the following search engines were consulted: Pub-
Med, ISI, EMBASE and PsychInfo, at or around
January 2013. The keywords used were ‘Child
Maltreatment’, ‘Childhood Trauma’, ‘Early Life
Stress’, ‘Psychological Stress’, ‘Emotional Stress’,
‘Child Abuse’ and ‘Child Neglect’. They were
cross-referenced separately with the terms:
‘C-Reactive Protein’, ‘Tumor Necrosis Factor’,
‘Cytokine’, ‘Interleukin’, ‘Inflammatory’ and
‘Inflammation’. The search criteria were presence
of at least one selected term in any field of article.
In addition, the reference lists of selected studies
were consulted searching for relevant articles.
Well-conducted observational studies, randomized
controlled trials (RCT), cross-sectional, and case-
control studies were considered. Articles from 2002
to 2013 were included from peer-reviewed publica-
tions only. We included articles published in Eng-
lish. The selected articles were systematically and
independently examined by two investigators (RC
and TV) according to the inclusion and exclusion
criteria. We excluded the following: (i) reviews and
theoretical articles, (ii) letter to editors, case
reports, animal studies, (iii) articles without inflam-
matory mediators as dependent variable, (iv)
articles without CM as independent variable and
(v) republished data. Any discordance between
the reviewers was discussed to reach a shared
conclusion.

In addition, we measured the methodological
weight of studies (0–6) using a quality score
described by Fisher and Hosang (26), attributing
one point to each one of the following characteris-
tics: standardized CM assessment measure; con-
trolling for body mass index (BMI); assessment of
inflammatory mediators using more than one tech-
nique; longitudinal design; samples composed by
more than 100 subjects, with at least 25% of the
sample referencing a history of CM.
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Results

The search identified 760 papers. This list was
screened by hand, and exclusion criteria were
applied. The flow chart is shown in Fig. 1. The
final search resulted in 20 studies analysing the
association between CM and inflammatory media-
tors. Most of final studies were retrospective,
except for four studies. A summary of these stud-
ies, including their methodological characteristics
is shown in Table 1.

Childhood maltreatment assessment

Most articles used the concept of childhood abuse
(physical, sexual or emotional) and neglect (emo-
tional or physical) as an independent variable, but
others used trauma, early life stress, maltreatment
or adverse childhood experiences to define this
kind of event. Ten studies (50%) (19, 20, 22, 23,
27–32) used the Childhood Trauma Questionnaire
(CTQ) (33), which investigates the frequency of
CM-related experiences. The CTQ is a 28-item
self-report instrument consisting of five subscales:
emotional abuse, emotional neglect, physical
abuse, physical neglect and sexual abuse. The

psychometric properties of CTQ is Cronbach’s
alpha = 0.79–0.94; and reliability coefficients
= 0.80–0.83 (34). The scores from CTQ were based
on 4-point likert-scale, ranging from 1 absence to 4
severe evaluating level of CM. The CTQ yields a
total score and subscale scores for each type of
CM. Dennison et al. (30) used a short CTQ ver-
sion with eight questions to identify presence or
absence of childhood traumatic events.

Three prospective longitudinal studies from
birth accessed CM and adverse childhood experi-
ences using behavioural observations, parent
reports and retrospective reports once they reached
adulthood (21, 35, 36). Although it was not a stan-
dardized CM measurement, those authors demon-
strated careful methodological investigation of
CM experiences, including several indicators
related to it. Two studies (37, 38) used The Risky
Families questionnaire (39), which assesses the
relation of family stress to mental and physical
health outcomes in adulthood. The Risky Families
questionnaire Cronbach’s alpha is = 0.77–0.85
(40). They evaluated whether individuals felt love
and were cared for, were verbally and/or physically
abused, lived with a substance abuser, and were
shown physical affection. Participants responded
on a scale ranging from 1 (rarely or none of the
time) to 4 (most or all of the time).

Two studies (19, 41) used the Early Trauma
Inventory (ETI) (42) that investigates childhood
trauma experiences. The ETI provides separate
scores in four domains: physical, sexual, and emo-
tional abuse, and general trauma (i.e. natural
disaster, family mental illness). The values from
ETI can be analysed using each trauma domain or
an index of total early trauma exposure through
the sum of the domains. The ETI Cronbach’s
alpha is = 0.75–0.95 (34). Pace et al. (19) used only
the scores of physical and sexual abuse of the ETI.
Tietjen et al. (43) investigated adverse childhood
experiences using a 10-item self-report question-
naire, and the questions were related to experiences
including abuse, neglect and exposure to house-
hold dysfunction (violence against mother/step-
mother, parental substance abuse, mental illness,
criminal behaviour and parental separation or
divorce).

Lehto et al. (44) examined the history of CM in
a subsample from a part of the clinical arm of gen-
eral population study, using the initial background
questionnaire required in 1998, with questions
‘Did you experience maltreatment at home?’ and
then, subdivided the sample in two groups
(absence or presence of CM. However, this investi-
gation method of CM was not standardized. Hep-
gul et al. (45) used a modified version of the

Search results (n = 760)
Pubmed (n = 224)
Embase (n = 236)
ISI (n = 138)
PsychInfo (n = 162)

Retrieved for full text 
evaluation (n = 66)

Excluded title and abstract analysis (n = 389)

Exclusion criteria (n = 47)

⎯ Theoretical articles and reviews;
⎯ Letter to editors, case reports, animal 

models;
⎯ No inflammation biomarker as dependent 

variable
⎯ No childhood maltreatment as independent 

variable

Selected (n = 19)

Republished data (n = 1)

Final selection (n = 20)

Repeated Excluded (n = 305)

New publication after the selection process (n = 2)

Fig. 1. Flow chart of method.
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Table 1. Methodological characteristics of selected studies

Study Sample (mean age/mean BMI)
Trauma

assessment Design Assay Mediators
Quality
score

Levandowski
et al. (32)

67 women with crack cocaine dependence
(26/ns)

37 women with crack cocaine dependence
(26.5/ns)

18 women healthy controls (45.5/ns)

CTQ Cross-sectional Plasma ELISA Adiponectin, Resistin
and Leptin

4

Lu et al. (20) 22 patients with MDD and with CM (30.2/21.1)
21 patients with MDD without CM (30.1/21.8)
22 healthy controls (27.7/21.8)

CTQ Cross-sectional Plasma
Protein
antibody array

IL-6, TNF-a, AgRP,
b-FGF, BTC, GITR-L,
I-TAC, IL-1b, IL-1 R1,
MEC, TECK, TGF-b,
TRAIL-R4 and VEGF

3

Pace
et al. (19)

12 women with PTSD and with childhood physical
or sexual abuse (28.75/22.44)

24 women healthy controls (33.88/22.42)

ETI Cross-sectional PBMC ELISA NFkB 3

Lopes
et al. (23)

16 women with MDD and PTSD symptoms with CM
(41.06/26.18)

22 women with MDD without CM (39.73/26.65)
15 women healthy controls (37.03/25.37)

CTQ Cross-sectional PBMC
CBA

IL-2, IL-4, IL-6, IL-10,
IFN-c and TNF-a

3

Carpenter
et al. (31)

92 healthy subjects (30.5/26.1)
23% endorsed criteria for moderate CM

CTQ Cross-sectional Plasma
QRN

CRP 2

Zeugmann
et al. (29)

25 patients with MDD (47.8/ns)
32% endorsed criteria for severe childhood
emotional abuse

32% endorsed criteria for severe childhood
emotional neglect

CTQ Cross-sectional Plasma
ELISA

Fibrinogen 3

Lehto
et al. (44)

30 subjects with adverse mental symptoms with CM
(54.5/26.85)

117 subjects with adverse mental symptoms without
CM (56/27.1)

Questionnaire
created by authors

Cross-sectional Serum
MultiPlex Kit

Adiponectin and
Resistin

2

Tietjen
et al. (43)

100 women with migraine and 41 healthy women
90 of them with early adversity (36.24/30.49)
51 of them without early adversity (38.27/25.53*)

Adverse childhood
experiences

Cross-sectional Plasma
Nephelometry;
AssayGate;
Multiplex Kit

CRP, IL-6, TNF-a,
TGF-b, Adiponectin

4

Dennison
et al. (30)

40 schizophrenia patients (24 with psychological
trauma and 16 without) (38.33/27.94†)

40 healthy controls (36.2/23.89)

CTQ Cross-sectional Plasma
ELISA

IL-1b, IL-6, IL-8 and
TNF-a

3

Hepgul
et al. (45)

10 first-episode psychotic patients with CM
(30.2/25)

18 first-episode psychotic patients without
CM (27.9/24.7)

45 healthy controls (26.5/23.4)

CECAQ (modified
version)

Cross-sectional Plasma
Cormay hsCRP assay

CRP 2

Rooks
et al. (41)

245 male middle-aged twins with early trauma
(55/30)

237 male middle-aged twins without early trauma
(55/30)

ETI Cross-sectional Plasma
hs Beckman
Coulter Assay
ELISA

CRP and IL-6 4

Miller and
Chan (38)

135 adolescents (females) at high risk to develop
initial episode of depression (17/21.61)

Risky Families
questionnaire

Longitudinal Serum and in vitro
ELISA

IL-6 5

Carpenter
et al. (22)

19 healthy subjects with moderate-severe CM
(32.84/28.11)

50 healthy subjects without CM (24.5/24.61)‡

CTQ
TSST

Cross-sectional
TSST

Plasma
ELISA

IL-6 3

Grassi-Oliveira
et al. (27)

30 patients with MDD (39.21/26.89)
19 healthy controls (37.36/25.54)

CTQ Cross-sectional Plasma
ELISA

TNF-a, sTNFR1 and
sTNFR2

2

Danese
et al. (36)

853 participants who completed the age 32
assessment from Dunedin birth cohort

26.7% experienced 1 indicator of CM

Behavioural
observation and
parental reports

Longitudinal Immunoturbidimetric
assay

CRP 5

Danese
et al. (21)

865 (673 control group; 109 depressed group; 56 CM
group; 27 depressed with CM group) participants
who completed the age 32 assessment from
Dunedin birth cohort

Behavioural
observation and
parental reports

Longitudinal Immunoturbidimetric
assay and Coagulation
analyser

CRP
Fibrinogen

4

Danese
et al. (35)

866 (551 without CM; 232 probable CM; 83 definite
CM history) participants who completed the age 32
assessment from Dunedin birth cohort

Behavioural
observation and
parental reports

Longitudinal Immunoturbidimetric
assay and Coagulation
analyser

CRP
Fibrinogen
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Pace
et al. (28)

14 male subject with current MDD (29.9/27.8)
14 healthy controls (29.4/24.3)

CTQ Cross-sectional
TSST

Plasma
PBMC
ELISA

IL-6 and nuclear NFkB
DNA binding

3
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Childhood Experience of Care and Abuse Ques-
tionnaire (46) with questions about loss of parents,
separation from parents for more than 6 months,
and physical and sexual abuse before the age of 17.
The Childhood Experience of Care and Abuse
Cronbach’s alpha is = 0.86 to 0.91 (47). The physi-
cal and sexual abuse was dichotomized with a
score of 0 for absence of any CM and a score of 1
for presence of one or more CM variables (physical
or sexual or both). Chen et al. (48) assessed psy-
chological stress with University of California Los
Angeles Life Stress Interview (49), focusing on
family relationships, friendships, school and home
life (parental work stress, family member health,
and neighbourhood quality). In this study, an
interviewer rated the extent of chronic stress on a
1–5 scale.

In general, we found there is great heterogeneity
in the methods used for CM assessment. Most of
the studies [n = 16 (80%)] used a general CM score
and did not analyse the effect of different types of
CM experiences on inflammatory measurements.
Moreover, in agreement with a review (34) which
focused on comparing the existing instruments of
retrospective interpersonal assessment of CM, the
CTQ and the ETI stand out for having more
favourable characteristics, such as assessing multi-
ple types of trauma, and reporting better psycho-
metric properties.

Inflammatory mediators

Cytokines. Cytokines are a heterogeneous group
of messenger proteins produced by immune cells as
well as non-immune cells. The primary role of
these proteins/molecules is the communication
between cells to regulate immune responses; how-
ever, they exert effects beyond the inflammatory
response (50). Cytokines have specific biological

activities that vary according to the interplay
between pro- and anti-inflammatory mediators.
Thus, some cytokines are directly or indirectly
involved in inflammatory processes, while others
are known to dampen the immune response, by
counteracting cellular activation, as well as the
production of proinflammatory cytokines. The
proinflammatory cytokines investigated in the
studies included were TNF-a, soluble TNF recep-
tor 1 (sTNFR1), sTNFR2, IL-1b, IL-1 receptor 1
(IL-1 R1), IL-2, IL-6, IL-8, interferon (IFN)-c,
agouti-related protein (AgRP), basic fibroblast
growth factor (b-FGF), glucocorticoid-induced
tumour necrosis factor-ligand (GITR-L), inter-
feron induced T cell a chemoattractant (I-TAC),
mucosa-associated epithelial chemokine (MEC),
thymus expressed chemokine (TECK), tumour
necrosis factor related apoptosis inducing ligand-
receptor 4 (TRAIL-RA), vascular endothelial
growth factor (VEGF), leptin and resistin. The
anti-inflammatory cytokines investigated were IL-
4, transforming growth factor (TGF)-beta1, IL-5,
IL-10, IL-13, adiponectin and betacellulin (BTC).

Eight studies (40%) tested association between
IL-6 and history of CM with controversial results.
Tietjan et al. (43) showed that women with
migraine reported adversity more commonly than
controls, and demonstrated that those who
reported adversity had higher IL-6 plasma levels.
Dennison et al. (30) compared subjects with
schizophrenia diagnoses with positive and negative
history of trauma and a healthy control group and
found increased IL-6 levels only in schizophrenia
patients with positive history of childhood trauma.
Moreover, Miller and Chen (38) assessed adoles-
cent females with repeated measures of psychologi-
cal stress, harsh family climate in early life and
inflammatory markers. They found a significant
interaction between harsh family climate and early

Table 1. (Continued)

Study Sample (mean age/mean BMI)
Trauma

assessment Design Assay Mediators
Quality
score

Taylor
et al. (37)

3248 participants without symptoms of long-term
disease or disability (40.1/28.48)

Risky Families
questionnaire

Cross-sectional Plasma
Immuno
nephelometric assay

CRP 3

Chen
et al. (48)

37 children with asthma (13.2/ns)
39 healthy children (13.4/ns)

SES, UCLA Life
Stress Interview

Cross-sectional PBMC
ELISA

IL-4,IL-5, IL-13 and
IFN-c

2

*,†, ‡Differences in BMI between groups, but the authors adjusted the analysis for it.
PTSD, Post-Traumatic Stress Disorder; CTQ, Childhood Trauma Questionnaire; ETI, Early Trauma Inventory; PBI, Parental Bonding Instrument; PBMC, peripheral blood mononuclear
cells; BCA, Bicinchoninic acid assay; CBA, Cytometric Bead Array; ELISA, Enzyme-linked immunosorbent assay; TSST, Trier Social Stress Test; SES: socioeconomic status; BMI,
body mass index; BO, behavioural observation; CECAQ, Childhood Experience of Care and Abuse Questionnaire; IL, Interleukin; CRP, C-reactive protein; IFN, interferon; NFkB,
nuclear factor kappa beta; TNF, tumour necrosis factor; sTNFR, Soluble TNF receptor; TGF, transforming growth factor; AgRP, agouti-related protein; b-FGF, basic fibroblast growth
factor; GITR-L, glucocorticoid-induced tumour necrosis factor-ligand; I-TAC, interferon induced T cell a chemoattractant; MEC, mucosa-associated epithelial chemokine; TECK, thy-
mus expressed chemokine; TRAIL-RA, tumour necrosis factor related apoptosis inducing ligand-receptor 4; VEGF, vascular endothelial growth factor; BTC, betacellulin; CM, child-
hood maltreatment; MDD, Major Depression Disorder.
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life stress in predicting IL-6 production in cultured
white blood cells with lipopolysaccharide (LPS)
stimulation, but no IL-6 systemic effect. Carpenter
et al. (22) investigated plasma IL-6 response to the
Trier Social Stress Test (TSST) (a procedure
designed to induce psychosocial stress) in healthy
adults in comparison with individuals with moder-
ate–severe CM history. This study found that
greater stress-induced increase in IL-6 plasma lev-
els was associated with a history of CM. On the
other hand, Lopes et al. (23) and Lu et al. (20)
found no differences in IL-6 levels between women
with Major Depression Disorder (MDD) without
history of CM, women with MDD and CM, and
healthy controls. Furthermore, Pace et al. (28)
found no association between CTQ scores and
IL-6 levels after the TSST in MDD patients. In the
same way, Rooks et al. (41) found no association
between early trauma and IL-6 levels in middle-
aged twins. However, those with early trauma had
13% higher levels of IL-6 compared with those
without.

Tumour necrosis factor-a levels were analysed in
five studies. Dennison et al. (30) compared patients
with schizophrenia with and without history of
CM and healthy controls. They found a significant
positive association between TNF-a levels and the
number of traumatic events during childhood in
individuals with schizophrenia. In line with this
observation, Tietjen (43) compared women migrai-
neurs with history of adversity and women without
migraine and without history of early life adversity
and demonstrate that those reporting adversity
have a higher risk of biomarker levels indicating
coagulation. In addition, a positive association
between childhood adversity and TNF-a levels was
found to be independent of age, oral contraceptive
use, BMI, smoking, hypertension, hyperlipidemia
and migraine. On the other hand, Lopes et al. (23),
Grassi-Oliveira et al. (27) and Lu et al. (20) found
no significant difference in TNF-a levels compar-
ing woman with current MDD without history of
CM, woman with MDD and CM history, and
healthy controls.

Two studies analysed IFN-c levels. Lopes et al.
(23) did not find any group differences in IFN-y
levels between women with MDD with or without
history of CM and with healthy controls. In the
same way, Chen et al. (48) found no associations
regarding chronic family stress with IFN-c levels
in children with or without asthma.

In addition, two studies analysed the association
between CM and IL-4 production. Chen et al. (48)
found no associations regarding chronic family
stress with IL-4 levels in healthy children or chil-
dren with asthma. Lopes et al. (23) found that

women with history of CM and MDD had lower
IL-4 levels compared with healthy subjects. How-
ever, they found no differences in IL-4 levels
regarding women with MDD without CM history.

Other proinflammatory cytokines were analysed
regarding the association with CM. Lu et al. (20)
demonstrated that peripheral levels of AgRP, b-
FGF, GITR-L, I-TAC, IL-1b, IL-1 R1, MEC,
TECK, TRAIL-R4 and VEGF were higher in
MDD patients with CM compared with MDD
patients without CM and normal controls. Lopes
et al. (23) found that women with history of CM
and MDD had lower IL-2 levels compared with
healthy subjects, but no differences regarding
women with MDD without CM history. Further-
more, Dennison et al. (2012) analysed IL-1b and
IL-8 levels and found no significant differences
between schizophrenia patients with or without
CM history and healthy subjects. Lu et al. (20)
found higher levels of TGF-beta1 and BTC in
MDD patients with CM compared to two others
groups. In addition, Tietjen et al. (43) found a
positive association between CM and TGF-beta1
levels in women with migraine. However, Lopes
et al. (23) found no differences in IL-10 levels
between women with MDD with or without CM
history and healthy subjects. Chen et al. (48) found
that higher levels of home stress were associated
with higher IL-13 and IL-5 levels among children
with asthma. Conversely, among healthy children,
higher stress was associated with lower IL-13 and
IL-5 levels.

Some studies investigated adipocyte-related
cytokines, including adiponectin, leptin and resi-
stin. Adiponectin exerts an anti-inflammatory
effect. The impact of CM on adiponectin levels
was investigated in three studies, with heteroge-
neous results. Lehto et al. (44) compared a group
of individuals with psychiatric symptoms with and
without history of CM, and reported reduced lev-
els of adiponectin in those reporting history of
CM. In the same way, Levandowski et al. (32)
found reduced levels of plasma Adiponectin in
women with crack cocaine-dependence and history
of CM. On the other hand, in female patients with
migraine, adverse childhood experiences were asso-
ciated with lower levels of adiponectin, although
statistical significance was lost when results were
adjusted for age, education levels and stroke risk
factors. Tietjen et al. (43), Lehto et al. (44) and
Levandowski et al. (32) also found no association
between CM and resistin or leptin levels.

The sTNFR1 and sTNFR2 peripheral levels
were analysed in MDD patients and controls by
Grassi-Oliveira et al. (27). The authors found
that levels of sTNFR2, but not sTNFR1, were

6
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associated with childhood trauma severity. How-
ever such association did not remain in regression
analysis.

Other inflammatory mediators. C-reactive protein is
an acute-phase protein synthesized by the liver in
response to systemic effects of inflammation, such
as the release of proinflammatory cytokines by
macrophages. Eight studies (40%) analysed the
association between CM and CRP levels. Danese
et al. (21, 35, 36) demonstrated that individuals
with CM presented CRP average levels heightened
compared with individuals without CM. In addi-
tion, although depression was associated with high
CRP levels, this association was significantly
attenuated and no longer significant when the
effect of CM was taken into account. Tietjen et al.
(43) demonstrated a positive association of child-
hood adversity with elevated CRP levels, indepen-
dent of migraine presence, since the sample
included women with and without migraine. Hep-
gul et al. (45) showed higher CRP levels for first-
episode psychosis patients who had experienced
CM when compared with patients without CM
history and with healthy controls. Rooks et al.
(41) examined male middle-aged twins and found
that when twins were analysed as individuals,
increasing levels of early trauma were positively
correlated with CRP levels. Taylor et al. (37) dem-
onstrated that low childhood socioeconomic status
and poor family environment contributed to eleva-
tions in CRP levels, although the association
between these variables was partially mediated by
BMI. On the other hand, Carpenter et al. (31) did
not find the same results, but because the preva-
lence of threshold early life events cases based on
CTQ was low, this may have contributed to the
null result.

Nuclear factor kappa beta (NF-kB) is an intra-
cellular protein that regulates the transcription of
DNA encoding inflammatory cytokines. It oper-
ates in survival and cell proliferation, cytokines
expression, apoptosis and central nervous system
function, and it is found in almost all cell types
(51). Pace et al. (19) evaluated women with Post-
Traumatic Stress Disorder (PTSD) and history of
childhood abuse and controls. The results sug-
gested a positive association of nuclear NF-kB
DNA binding with the ETI emotional abuse sub-
scale score. However, NF-kB DNA binding was
not associated with ETI total score. Additionally,
Pace et al. (28) compared male subjects with
current MDD and increased early life stress and
healthy controls. They found no association
between CTQ scores and nuclear NF-kB DNA
binding.

Fibrinogen is a protein that is essential for the
coagulation of blood and it is produced by the liver
and synthesized by hepatocytes. As a non-specific
phase-reactant, it is a down-stream component of
the inflammatory cascade. Three studies investi-
gated this factor. Zeugmann et al. (29) showed
that CM and metabolic syndrome both indepen-
dently influenced fibrinogen levels in depressed
patients. Danese et al. (21) analysed fibrinogen lev-
els in participants divided into four groups:
depressed group, CM group, depressed with CM
history group and a control group, who completed
the age 32 assessment from the Dunedin birth-
cohort. The association between CM and elevated
adult fibrinogen levels was significant. Further-
more, in 2007, Danese et al. (35) analysed partici-
pants without CM, participants with probable CM
history and participants with definite CM experi-
ences, who completed the age 32 assessments from
Dunedin birth cohort. There was a significant
dose–response association between CM and the
composite factor score of inflammation generalized
(logged CRP, fibrinogen and white blood cells) by
continuous measures.

Methodological quality. Three studies (15%) were
scored as having higher methodological quality (5
points) but none achieved all six possible methodo-
logical points. In addition, three studies (15%)
scored 4 points; eight studies (40%) scored 3 points
and five studies (25%) scored 2 points. A summary
of the CM effects on each inflammatory mediator
described above, taking into account the methodo-
logical quality weight of the evidences, is shown in
Table 2. In addition, a summary of the most stud-
ied inflammatory mediators is shown in Fig. 2.

Discussion

In this study, we conducted a systematic literature
review focused on the impact of CM on inflamma-
tory mediators. Although at present the evidence is
strong in supporting an association of increased
inflammatory response with CM, there were a con-
siderable number of studies that did not find a sig-
nificant effect of CM on immune markers. This is
not surprising due to the heterogeneity of the
methodological characteristics of the selected stud-
ies. For instance, a considerable number of studies
cited were compromised by sample heterogeneity
and low number of subjects with history of CM
(19, 29, 44, 45) – issues that might have inhibited
the detection of differences between groups or the
relationship between CM and inflammatory medi-
ators. Nevertheless, the present review corrobo-
rates the literature on the association between CM
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and inflammatory response, and highlights the
potential long-term consequences of stressful expe-
riences during early life development on increasing
risk for manifestation of psychopathology later in
life.

Proinflammatory cytokines. Independent of the
sample clinical comorbidity, particularly depres-
sion, most of the findings demonstrated an increase
in the peripheral plasma/serum levels of several

proinflammatory cytokines with presence of CM.
Therefore, it is possible that those who experienced
major stressors early in life may be more vulnera-
ble to immune dysregulation in adulthood regard-
less of their subsequent physical or mental health
sequelae. The strongest results that showed sys-
temic elevated baseline inflammation levels associ-
ated with CM experiences were in studies
supported by longitudinal data and investigations
with larger samples. In addition, relevant to the
specific effects of CM on lymphocytes, one study
(38) investigated in vitro IL-6 production and
found a significant interaction between harsh fam-
ily environment and early life stress in predicting
IL-6 production over time in cultured white blood
cells. Moreover, regarding IL-6, recent studies
have shown that IL-6 is a cytokine not only
involved in inflammation and infection responses
but also in the regulation of metabolic, regenerative
and neural processes. The IL-6 regenerative effect is
an anti-inflammatory activity mediated by classic
signalling, whereas proinflammatory responses of
IL-6 are mediated by transsignalling (52). Whereas
only few cells express the IL-6 receptor that
responds to IL-6 (classic signalling), all cells can be
stimulated via a soluble IL-6 protein receptor
(trans-signalling) since this protein – gp130 – is
ubiquitously expressed. This is important since IL-6
was the most investigated cytokine by the selected
studies, but some studies found no association
between CM and higher levels of IL-6.

In addition, adult individuals with a history of
CM showed not only elevated baseline

Table 2. Pondered results of selected studies

Childhood maltreatment influence on inflammatory mediators

Higher
levels

No
association

Lower
levels

Clinical samples
investigated

Proinflammatory cytokines
IL-1b ● ● Depression and

schizophrenia
IL-1 R1 ● Depression
IL-2 ● Depression
IL-6 ●●●● ●●●●● Depression, schizophrenia,

migraine
IL-8 ● Schizophrenia
TNF-a ●● ●●● Depression, schizophrenia,

migraine
IFN-y ●● Depression and asthma
sTNFR1 ● Depression
sTNFR2 ● Depression
AgRP ● Depression
b-FGF ● Depression
GITR-L ● Depression
I-TAC ● Depression
MEC ● Depression
TECK ● Depression
TRAIL-RA ● Depression
VEGF ● Depression
Leptin ● Drug dependents
Resistin ●● Adverse mental symptoms

and drug dependents
Anti-inflammatory cytokines
IL-4 ●● Depression and asthma
IL-5 ● ● Asthma
IL-10 ● Depression
IL-13 ● ● Asthma
TGF-beta1 ●● Depression and migraine
BTC ● Depression
Adiponectin ● ●● Adverse mental symptoms,

migraine and drug
dependents

Others mediators
CRP ●●●●●●● ● First-episode psychosis,

depression and migraine
NFkB ● ● Depression
Fibrinogen ●●● Depression

Dot size was proportional to the methodological score of the study.
IL, Interleukin; CRP, C-reactive protein; IFN, interferon; NFkB, nuclear factor
kappa-light-chain-enhancer of activated B cells; TNF, tumour necrosis factor; sTNFR,
soluble TNF receptor; TGF, transforming growth factor; AgRP, agouti-related protein;
b-FGF, basic fibroblast growth factor; GITR-L, glucocorticoid-induced tumour necrosis
factor-ligand; I-TAC, interferon induced T cell a chemoattractant; MEC, mucosa-
associated epithelial chemokine; TECK, thymus expressed chemokine; TRAIL-RA,
tumour necrosis factor related apoptosis inducing ligand-receptor 4; VEGF, vascular
endothelial growth factor; BTC, betacellulin.
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Inflammatory mediators
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Higher levels

Fig. 2. Effects of childhood maltreatment on the most studied
inflammatory mediators. The width of each evidence block
was proportional to the methodological score of the study; IL:
interleukin; CRP: C-reactive protein; TNF: tumour necrosis
factor.
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inflammation levels but also greater inflammatory
response to psychosocial stress (TSST) (22). Miller
et al. (7) proposed a model to explain why those
who experienced CM have an enhanced proinflam-
matory phenotype. The model’s central premise is
that the stress that occurs during a sensitive period,
when immune function is highly plastic, gets
embedded in the functioning of the cells that regu-
late inflammation. Therefore, the monocytes/mac-
rophages will develop response tendencies that give
rise to a chronic proinflammatory state, increasing
the levels of circulating cytokines. In addition, how
the innate immune cells respond to stimuli has
important consequences for the activities of other
leucocytes, particularly the T- and B-cells that
orchestrate adaptive immune responses. As a result,
it is possible that chronic inflammation renders the
host vulnerable to infection and tumour growth by
also suppressing adaptive immune functions.

Regarding particularly diseases, immune altera-
tions have been previously reported in several psy-
chiatric phenotypes, including mood disorders and
schizophrenia (for review see 53, 54), and these
immune changes are linked to symptom severity.
The mechanisms underlying this association also
include an increase in the levels of peripheral pro-
inflammatory cytokines. Cytokines might modify
the balance of several neurotransmitters, as well as
mitochondrial dysfunction, free radical production
and also degeneration in nervous cells (55).This is
important since almost all of the included studies
were conducted with psychiatric patients.

The neuroinflammation signalling between
peripheral and central response involves the activa-
tion of resident macrophages on central nervous
system, called microglia. Microglial functioning
dysregulation is associated with both mental dis-
eases and critical changes in neuronal activity (56).
The classical M1 microglial activation results in
secretion of innate proinflammatory cytokines
TNF-a and IL-1b, which can directly injure spe-
cific neurons if overexpressed (57). Furthermore,
animals injected with IL-1b or TNF-a in specific
brain regions stay in a corner of their home cage in
a curved posture and demonstrate reduced interest
in their social environment – depressive-like behav-
iour (58). In this vein, studies with rodents have
also showed that early life stress induces premature
activation of the immune system that can signifi-
cantly shift the developmental trajectory of micro-
glia, changing the patterns of activation of these
cells regarding subsequent challenges (for review
see 59). As a consequence, rats exposed to stress
early in life are more vulnerable to exaggerated
proinflammatory cytokine production following
an LPS challenge in adulthood, suggesting that

this proinflammatory state remains throughout the
years and increases the risk for subsequent brain
disorders.

Finally, it is particularly important that previous
reports evidenced that the fold-change in levels of
proinflammatory cytokines in blood from psychi-
atric patients do not seem to behave at the same
level of magnitude as those in the blood of inflam-
matory-related disorders patients such as rheuma-
toid arthritis (60, 61). Although we have not
explored this kind of different patterns, it is possi-
ble that distinct psychiatric phenotypes may also
induce distinct proinflammatory cytokines levels
unbalance, as well as the effects of CM on these
markers.

Anti-inflammatory cytokines. Few of the reviewed
studies investigated anti-inflammatory mediators
and the results were very inconsistent. Some of the
findings pointed to increased levels of IL-5, IL-13
and TGF-beta1, whereas others found no associa-
tion or reduced levels of anti-inflammatory
mediators. For instance, Lehto et al. (44) and
Levandowski et al. (32) report lowered serum/
plasma adiponectin levels in individuals with a
history of CM. In animal studies, adiponectin
administration attenuates sympathetic nervous
system activity (62, 63). However, as highlighted
above, there is a complex network of bidirectional
signals between the nervous, endocrine and
immune systems. For example, cortisol is a power-
ful anti-inflammatory regulator of the transcrip-
tional-control pathways that orchestrate immune
responses to infection and injuries (16). In a classic
negative feedback circuit, cortisol binds to glucocor-
ticoid receptors located within macrophages and
other immune cells, and slows down the inflamma-
tory processes. Thus, the dysregulation of the HPA
axis in maltreated individuals, because of pituitary
hyporesponsiveness to CRH and/or increased glu-
cocorticoid receptor sensitivity to cortisol, has the
potential to create a systemic proinflammatory
state. In a similar manner, reduced levels of anti-
inflammatory cytokines might be because of feed-
back mechanisms and may have a role in the
chronic inflammation state associated with CM.

The role of others mediators. Elevation in circulat-
ing CRP levels in individuals with history of CM
was the most robust finding among the reviewed
studies. Because cytokines have short half-lives,
research usually focuses on CRP as an alternative,
especially because it has a long half-life and can be
detected at low levels (7). Since CRP is an acute-
phase protein released by the liver in response to
IL-6 and TNF-a liberation, it is widely used as a
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marker of inflammation. In addition, CRP is a
component of the humoral innate immune system
and facilitates recognition of pathogens and their
killing through the activation of complement or
the recruitment of macrophages and neutrophils.
Therefore, increased CRP levels, as well as fibrino-
gen, corroborate with the systemic elevated base-
line inflammation levels associated with CM
experiences.

Only two studies sought to investigate NFkB
functioning and just one found a positive associa-
tion with childhood emotional abuse experiences.
However, NFkB is a promising candidate for con-
verting psychosocial stress, including CM experi-
ences, into immune intracellular activation and
gene expression (64). Increased NFkB activation
has been described in blood lymphocytes of
women stressed by the experience of breast biopsy,
an extreme life-threatening stressful situation char-
acterized by anxiety and desperation (65). More-
over, a growing body of evidence supports that
altered NFkB activation contributes to the patho-
physiology of lifestyle-related diseases such as dia-
betes mellitus, cardiovascular disease and
atherosclerosis (66–68). Therefore, the role of
NFkB in mediating long-term immune response
alterations associated with childhood adversities
should be further explored.

Methodological issues. Our results must be consid-
ered taking into account some methodological lim-
itations of the reviewed studies. In addition, it
should be noted that in accordance with our crite-
ria, only three studies were scored with five meth-
odological quality points. First, most of the studies
were cross-sectional or report retrospective data.
Retrospective CM assessment is susceptible to
memory bias, because participants were asked to
recall events that happened a long time ago, and
the harmful memories can be underestimated. Sec-
ond, although there were three longitudinal studies
reviewed, they were all from the New Zealand
birth-cohort (21, 35, 36). Considering that inflam-
mation response can be influenced by ethnicity and
ancestry (69), studies in other parts of the world,
involving repeated collection of biological data,
would be useful. Third, certain associations may
have been missed because of small sample sizes,
especially regarding anti-inflammatory mediators,
which lead to the studies receiving low methodo-
logical quality points. The most consistent findings
of this review were extracted from studies with
larger samples.

Fourth, the modest quantity of studies that
have attempted to refine the assessment of inflam-
matory mediators, including both ex vivo and in

vivo measurements, resulted in a large amount of
data on the systemic effects of CM experiences,
but few data regarding specific associations with
immune cell function. Fifth, most of the studies
investigated IL-6, TNF-a and CRP. Hence, there
is limited information about other pro-and anti-
inflammatory cytokines, as well as intracellular
immune pathways. Therefore, stronger conclu-
sions about the effects of CM on inflammatory
cytokines may be investigated in future meta-
analysis. Finally, the majority of studies consid-
ered different types of trauma and abuse as one
phenomenon and⁄ or did not distinguish the nat-
ure of maltreatment. This may be because of the
fact that much of the published literature is based
on studies originally designed for other proposes,
with CM effects deriving from secondary analyses.
However, the nature of adverse childhood experi-
ences can be very different depending, for exam-
ple, on the number, the duration, the timing, the
type, and the method of assessment of adversities.
In this sense, the response to even very similar
adversities can be very different depending on
individual characteristics of resilience and vulner-
ability, including genetic background and previ-
ous experiences. Thus, the impact of different
types of childhood adversities on inflammatory
mediators definitely should be addressed in fur-
ther research.

Future directions. Exactly how CM generates a
proinflammatory phenotype is still unclear and
probably is a result of a complex network of bio-
logical pathways affected by such experiences. Epi-
genetic processes hold substantial promise to
resolve and explain many of these unsolved mecha-
nisms, since they operate at the interface between
genetics and the environment (70, 71). For exam-
ple, Krukowski et al. (72) showed that at least in
part, glucocorticoids dysregulate immune function
(natural killer cell activity and cytokine produc-
tion), by modifying chromatin accessibility at pro-
moter regions proximal to immune effector genes.
However, there is scarce evidence that early life
stress, psychosocial distress, maladaptive behav-
iours or emotions result in epigenetic modifications
that impact immune function. This evidence will
probably emerge from animal studies or in studies
with CM survivors (73).

In addition, recent studies have focused on the
role of Toll-Like Receptors (TLRs) regarding how
the brain monitors and triggers peripheral immune
signals (58, 74). The discovery that not only
immune cells, but also neurons, astroglia and resi-
dent microglia, express a large majority of the 13
already identified TLRs has challenged the way
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neuroscience explains neuroimmune interactions.
Some findings demonstrated that TLRs is relevant
in the activation of NFkB proinflammatory path-
ways elicited by stress exposure in the brain pre-
frontal cortex (75, 76). However, these findings are
incipient and derived from studies with adult ani-
mals, thus little is known about the impact of
early-life stress on TLRs.

In summary, CM experiences may result in
physiological responses that endure long after the
initial threat has ceased, thus becoming detrimen-
tal to immune system functioning, and resulting in
a chronic inflammatory state. This is a major issue
since several studies have provided convincing evi-
dence linking childhood stress-induced immune
dysregulation with morbidity and mortality (77).
However, more research is needed to understand
why the consequences of CM persist across the life-
span, and perhaps with the increase of studies in
this field it will be possible to investigate particu-
larly effects of CM regarding inflammatory path-
ways in specific diseases. Future studies should
also offer new insights on the reversibility of the
damage associated with CM experiences, including
studies testing if interventions focused on the
behavioural sequelae of childhood adversities
could reduce the abnormalities in immune system
function.

Acknowledgements

We thank CAPES (Brazil) and CNPq (Brazil) for their finan-
cial support.

Declaration of interest

Roberta Coelho is supported by CAPES and declares no con-
flict of interest. Thiago Viola is supported by CNPq and
declares no conflict of interest. Dr. Walss-Bass declares no con-
flict of interest. Dr. Brietzke has been supported by CNPq and
FAPESP (Brazil), and declares no conflict of interest. Dr.
Grassi-Oliveira has been supported by CNPq and CAPES, and
declares no conflict of interest.

References

1. Daruy-Filho L, Brietzke E, Lafer B, Grassi-Oliveira R.
Childhood maltreatment and clinical outcomes of bipolar
disorder. Acta Psychiatr Scand 2011;124:427–434.

2. Kelly-Irving M, Lepage B, Dedieu D et al. Adverse child-
hood experiences and premature all-cause mortality. Eur J
Epidemiol 2013;28:721–734.

3. Moffitt TE, Caspi A, Taylor A et al. How common are
common mental disorders? Evidence that lifetime preva-
lence rates are doubled by prospective versus retrospective
ascertainment. Psychol Med 2010;40:899–909.

4. Hovens JG, Giltay EJ, Wiersma JE, Spinhoven P, Penninx
BW, Zitman FG. Impact of childhood life events and
trauma on the course of depressive and anxiety disorders.
Acta Psychiatr Scand 2012;126:198–207.

5. Wigman JT, van Winkel R, Ormel J, Verhulst FC, van Os

J, Vollebergh WA. Early trauma and familial risk in the
development of the extended psychosis phenotype in ado-
lescence. Acta Psychiatr Scand 2012;126:266–273.

6. Shonkoff JP, Garner AS, Committee on Psychosocial
Aspects of Child and Family Health; Committee on Early
Childhood, Adoption, and Dependent Care; Section on
Developmental and Behavioral Pediatrics. The lifelong
effects of early childhood adversity and toxic stress. Pedi-
atrics 2012;129:e232–e246.

7. Miller GE, Chen E, Parker KJ. Psychological stress in
childhood and susceptibility to the chronic diseases of
aging: moving toward a model of behavioral and biologi-
cal mechanisms. Psychol Bull 2011;137:959–997.

8. SlopenN, KoenenKC, Kubzansky LD. Childhood adversity
and immune and inflammatory biomarkers associated with
cardiovascular risk in youth: a systematic review. Brain
Behav Immun 2012;26:239–250.

9. Tyrka AR, Burgers DE, Philip NS, Price LH, Carpenter
LL. The neurobiological correlates of childhood adversity
and implications for treatment. Acta Psychiatr Scand
2013; doi: 10.1111/acps.12143 [Epub ahead of print].

10. Danese A, McEwen BS. Adverse childhood experiences, al-
lostasis, allostatic load, and age-related disease. Physiol
Behav 2012;106:29–39.

11. Hunter AL, Minnis H, Wilson P. Altered stress responses
in children exposed to early adversity: a systematic review
of salivary cortisol studies. Stress 2011;14:614–626.

12. Seldenrijk A, Hamer M, Lahiri A, Penninx BW, Steptoe A.
Psychological distress, cortisol stress response and subclin-
ical coronary calcification. Psychoneuroendocrinology
2012;37:48–55.

13. Carpenter LL, Shattuck TT, Tyrka AR, Geracioti TD,
Price LH. Effect of childhood physical abuse on corti-
sol stress response. Psychopharmacology 2011;214:
367–375.

14. Lee R, Geracioti TD Jr, Kasckow JW, Coccaro EF. Child-
hood trauma and personality disorder: positive correlation
with adult CSF corticotropin-releasing factor concentra-
tions. Am J Psychiatry 2005;162:995–997.

15. Graham JE, Christian LM, Kiecolt-Glaser JK. Stress, age,
and immune function: toward a lifespan approach.
J Behav Med 2006;29:389–400.

16. Glaser R, Kiecolt-Glaser JK. Stress-induced immune dys-
function: implications for health. Nat Rev Immunol
2005;5:243–251.

17. Webster JI, Tonelli L, Sternberg EM. Neuroendocrine
regulation of immunity. Annu Rev Immunol 2002;20:
125–163.

18. Bertone-Johnson ER, Whitcomb BW, Missmer SA, Karlson
EW, Rich-Edwards JW. Inflammation and early-life abuse
in women. Am J Prev Med 2012;43:611–620.

19. Pace TW, Wingenfeld K, Schmidt I, Meinlschmidt G,
Hellhammer DH, Heim CM. Increased peripheral NF-kap-
paB pathway activity in women with childhood abuse-
related posttraumatic stress disorder. Brain Behav Immun
2012;26:13–17.

20. Lu S, Peng H, Wang L et al. Elevated specific peripheral
cytokines found in major depressive disorder patients with
childhood trauma exposure: a cytokine antibody array
analysis. Compr Psychiatry 2013;54:953–961.

21. Danese A, Moffitt TE, Pariante CM, Ambler A, Poulton
R, Caspi A. Elevated inflammation levels in depressed
adults with a history of childhood maltreatment. Arch
Gen Psychiatry 2008;65:409–415.

22. Carpenter LL, Gawuga CE, Tyrka AR, Lee JK, Anderson
GM, Price LH. Association between plasma IL-6 response

11

Childhood maltreatment and inflammation



to acute stress and early-life adversity in healthy adults.
Neuropsychopharmacology 2010;35:2617–2623.

23. Lopes RP, Grassi-Oliveira R, de Almeida LR et al. Neuro-
immunoendocrine interactions in patients with recurrent
major depression, increased early life stress and long-
standing posttraumatic stress disorder symptoms. Neuro-
ImmunoModulation 2012;19:33–42.

24. Laudenslager ML, Reite M, Harbeck RJ. Suppressed
immune response in infant monkeys associated with
maternal separation. Behav Neural Biol 1982;36:40–48.

25. Fagundes CP, Glaser R, Kiecolt-Glaser JK. Stressful early
life experiences and immune dysregulation across the life-
span. Brain Behav Immun 2013;27:8–12.

26. Fisher HL, Hosang GM. Childhood maltreatment and
bipolar disorder: a critical review of the evidence. Mind
Brain J Psychiatr 2010;1:1–11.

27. Grassi-Oliveira R, Brietzke E, Pezzi JC, Lopes RP, Teixeira
AL, Bauer ME. Increased soluble tumor necrosis factor-
alpha receptors in patients with major depressive disorder.
Psychiatry Clin Neurosci 2009;63:202–208.

28. Pace TW, Mletzko TC, Alagbe O et al. Increased stress-
induced inflammatory responses in male patients with
major depression and increased early life stress. Am J Psy-
chiatry 2006;163:1630–1633.

29. Zeugmann S, Quante A, Popova-Zeugmann L, Kossler W,
Heuser I, Anghelescu I. Pathways linking early life stress,
metabolic syndrome, and the inflammatory marker fibrin-
ogen in depressed inpatients. Psychiatr Danub
2012;24:57–65.

30. Dennison U, McKernan D, Cryan J, Dinan T. Schizophre-
nia patients with a history of childhood trauma have a
pro-inflammatory phenotype. Psychol Med 2012;42:
1865–1871.

31. Carpenter LL, Gawuga CE, Tyrka AR, Price LH. C-
reactive protein, early life stress, and wellbeing in healthy
adults. Acta Psychiatr Scand 2012;126:402–410.

32. Levandowski ML, Viola TW, Tractenberg SG et al. Adipo-
kines during early abstinence of crack cocaine in depen-
dent women reporting childhood maltreatment.
Psychiatry Res 2013 (in Press).

33. Bernstein DP, Stein JA, Newcomb MD et al. Development
and validation of a brief screening version of the Child-
hood Trauma Questionnaire. Child Abuse Negl
2003;27:169–190.

34. Roy CA, Perry JC. Instruments for the assessment of
childhood trauma in adults. J Nerv Ment Dis
2004;192:343–351.

35. Danese A, Pariante CM, Caspi A, Taylor A, Poulton R.
Childhood maltreatment predicts adult inflammation in a
life-course study. Proc Natl Acad Sci USA 2007;104:1319–
1324.

36. Danese A, Moffitt TE, Harrington H et al. Adverse child-
hood experiences and adult risk factors for age-related dis-
ease: depression, inflammation, and clustering of
metabolic risk markers. Arch Pediatr Adolesc Med
2009;163:1135–1143.

37. Taylor SE, Lehman BJ, Kiefe CI, Seeman TE. Relationship
of early life stress and psychological functioning to adult
C-reactive protein in the coronary artery risk development
in young adults study. Biol Psychiatry 2006;60: 819–824.

38. Miller GE, Chen E. Harsh family climate in early life pre-
sages the emergence of a proinflammatory phenotype in
adolescence. Psychol Sci 2010;21:848–856.

39. Felitti VJ, Anda RF, Nordenberg D et al. Relationship of
childhood abuse and household dysfunction to many of
the leading causes of death in adults. The Adverse Child-

hood Experiences (ACE) Study. Am J Prev Med
1998;14:245–258.

40. Loucks EB, Almeida ND, Taylor SE,Matthews KA. Child-
hood family psychosocial environment and coronary heart
disease risk. Psychosom Med 2011;73:563–571.

41. Rooks C, Veledar E, Goldberg J, Bremner JD, Vaccarino
V. Early trauma and inflammation: role of familial
factors in a study of twins. Psychosom Med 2012;74:
146–152.

42. Bremner JD, Vermetten E, Mazure CM. Development and
preliminary psychometric properties of an instrument for
the measurement of childhood trauma: the Early Trauma
Inventory. Depress Anxiety 2000;12:1–12.

43. Tietjen GE, Khubchandani J, Herial NA, Shah K. Adverse
childhood experiences are associated with migraine and
vascular biomarkers. Headache 2012;52:920–929.

44. Lehto SM, Elomaa AP, Niskanen L et al. Serum adipokine
levels in adults with a history of childhood maltreatment.
Prog Neuropsychopharmacol Biol Psychiatry 2012;37:
217–221.

45. Hepgul N, Pariante CM, Dipasquale S et al. Childhood
maltreatment is associated with increased body mass index
and increased C-reactive protein levels in first-episode psy-
chosis patients. Psychol Med 2012;42:1893–1901.

46. Brown GW, Craig TK, Harris TO, Handley RV, Harvey
AL. Validity of retrospective measures of early maltreat-
ment and depressive episodes using the Childhood Experi-
ence of Care and Abuse (CECA) instrument – a life-course
study of adult chronic depression – 2. J Affect Disord
2007;103:217–224.

47. SmithN, LamD, Bifulco A, Checkley S. Childhood Experi-
ence of Care and Abuse Questionnaire (CECA.Q). Valida-
tion of a screening instrument for childhood adversity in
clinical populations. Soc Psychiatry Psychiatr Epidemiol
2002;37:572–579.

48. Chen E, Hanson MD, Paterson LQ, Griffin MJ, Walker

HA, Miller GE. Socioeconomic status and inflammatory
processes in childhood asthma: the role of psychological
stress. J Allergy Clin Immunol 2006;117:1014–1020.

49. Adrian C, Hammen C. Stress exposure and stress generation
in children of depressed mothers. J Consult Clin Psychol
1993;61:354–359.

50. Brietzke E, Mansur RB, Grassi-Oliveira R, Soczynska JK,
McIntyre RS. Inflammatory cytokines as an underlying
mechanism of the comorbidity between bipolar disorder
and migraine. Med Hypotheses 2012;78:601–605.

51. Song XQ, Lv LX, Li WQ, Hao YH, Zhao JP. The interac-
tion of nuclear factor-kappa B and cytokines is associated
with schizophrenia. Biol Psychiatry 2009;65:481–488.

52. Scheller J, Chalaris A, Schmidt-Arras D, Rose-John S. The
pro- and anti-inflammatory properties of the cytokine
interleukin-6. Biochim Biophys Acta 2011;1813:878–888.

53. Modabbernia A, Taslimi S, Brietzke E, AshrafiM. Cytokine
alterations in bipolar disorder: a meta-analysis of 30 stud-
ies. Biol Psychiatry 2013;74:15–25.

54. Miller BJ, Buckley P, Seabolt W, Mellor A, Kirkpatrick
B. Meta-analysis of cytokine alterations in schizophrenia:
clinical status and antipsychotic effects. Biol Psychiatry
2011;70:663–671.

55. Berk M, Kapczinski F, Andreazza AC et al. Pathways
underlying neuroprogression in bipolar disorder: focus on
inflammation, oxidative stress and neurotrophic factors.
Neurosci Biobehav Rev 2011;35:804–817.

56. Stertz L, Magalhaes PV, Kapczinski F. Is bipolar disorder
an inflammatory condition? The relevance of microglial
activation. Curr Opin Psychiatry 2013;26:19–26.

12

Coelho et al.



57. Schuitemaker A, Kropholler MA, Boellaard R et al.
Microglial activation in Alzheimer’s disease: an (R)-[(1)(1)
C]PK11195 positron emission tomography study. Neuro-
biol Aging 2013;34:128–136.

58. Dantzer R, O’connor JC, Freund GG, Johnson RW, Kelley
KW. From inflammation to sickness and depression: when
the immune system subjugates the brain. Nat Rev Neuro-
sci 2008;9:46–56.

59. Bilbo SD, Frank A. Beach award: programming of neuro-
endocrine function by early-life experience: a critical role
for the immune system. Horm Behav 2013;63:684–691.

60. Dean B. Understanding the role of inflammatory-related
pathways in the pathophysiology and treatment of psychi-
atric disorders: evidence from human peripheral studies
and CNS studies. Int J Neuropsychopharmacol 2011;14:
997–1012.

61. Chen DY, Hsieh TY, Chen YM, Hsieh CW, Lan JL, Lin FJ.
Proinflammatory cytokine profiles of patients with
elderly-onset rheumatoid arthritis: a comparison with
younger-onset disease. Gerontology 2009;55:250–258.

62. Tanida M, Shen J, Horii Y et al. Effects of adiponectin on
the renal sympathetic nerve activity and blood pressure in
rats. Exp Biol Med (Maywood) 2007;232:390–397.

63. Bassi M, do Carmo JM, Hall JE, da Silva AA. Chronic
effects of centrally administered adiponectin on appetite,
metabolism and blood pressure regulation in normoten-
sive and hypertensive rats. Peptides 2012;37:1–5.

64. Bierhaus A, Wolf J, Andrassy M et al. A mechanism con-
verting psychosocial stress into mononuclear cell activa-
tion. Proc Natl Acad Sci USA 2003;100:1920–1925.

65. Nagabhushan M, Mathews HL, Witek-Janusek L. Aberrant
nuclear expression of AP-1 and NFkappaB in lympho-
cytes of women stressed by the experience of breast biopsy.
Brain Behav Immun 2001;15:78–84.

66. Christen V, Meili N, Fent K. Microcystin-LR induces
endoplasmatic reticulum stress and leads to induction of
NFkappaB, interferon-alpha, and tumor necrosis factor-
alpha. Environ Sci Technol 2013;47:3378–3385.

67. Barazzoni R, Zanetti M, Gortan Cappellari G et al.
Fatty acids acutely enhance insulin-induced oxidative

stress and cause insulin resistance by increasing mito-
chondrial reactive oxygen species (ROS) generation and
nuclear factor-kappaB inhibitor (IkappaB)-nuclear fac-
tor-kappaB (NFkappaB) activation in rat muscle, in the
absence of mitochondrial dysfunction. Diabetologia
2012;55:773–782.

68. Urtasun R, Lopategi A, George J et al. Osteopontin,
an oxidant stress sensitive cytokine, up-regulates colla-
gen-I via integrin alpha(V)beta(3) engagement and
PI3K/pAkt/NFkappaB signaling. Hepatology 2012;55:
594–608.

69. Khoo CM, Sairazi S, Taslim S et al. Ethnicity modifies the
relationships of insulin resistance, inflammation, and
adiponectin with obesity in a multiethnic Asian popula-
tion. Diabetes Care 2011;34:1120–1126.

70. Feinberg AP. Epigenetics at the epicenter of modern medi-
cine. JAMA 2008;299:1345–1350.

71. Cohen-Woods S, Schosser A, McGuffin P. From age correc-
tion to genome-wide association. Acta Psychiatr Scand
2009;120:355–362.

72. Krukowski K, Eddy J, Kosik KL, Konley T, Janusek LW,
Mathews HL. Glucocorticoid dysregulation of natural
killer cell function through epigenetic modification. Brain
Behav Immun 2011;25:239–249.

73. Mathews HL, Janusek LW. Epigenetics and psychoneu-
roimmunology: mechanisms and models. Brain Behav Im-
mun 2011;25:25–39.

74. Crack PJ, Bray PJ. Toll-like receptors in the brain and
their potential roles in neuropathology. Immunol Cell Biol
2007;85:476–480.

75. Garate I, Garcia-Bueno B, Madrigal JL et al. Stress-
induced neuroinflammation: role of the Toll-like receptor-
4 pathway. Biol Psychiatry 2013;73:32–43.

76. Caso JR, Pradillo JM, Hurtado O, Leza JC, Moro MA,
Lizasoain I. Toll-like receptor 4 is involved in subacute
stress-induced neuroinflammation and in the worsening of
experimental stroke. Stroke 2008;39:1314–1320.

77. Wegman HL, Stetler C. A meta-analytic review of the
effects of childhood abuse on medical outcomes in adult-
hood. Psychosom Med 2009;71:805–812.

13

Childhood maltreatment and inflammation

Joseph George
Rectangle


