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Childhood Violence Exposure and Inflammatory Disease Processes 

Andrea Danese 
 
PART 1 of the briefing paper: The evidence base 
 
1.What is the psychobiological outcome?  (e.g., neuropsychological functioning, 
immune functioning, telomere erosion). Define and describe it briefly. 
INFLAMMATION. Inflammation is part of the innate immune response, a powerful defense 
mechanism that enables recognition of evolutionarily-conserved microorganisms’ antigens 
and triggers rapid, non-specific response against them without any prior contact. This is 
possible because innate immune receptors have been shaped through contact with 
common pathogens by natural selection during our evolutionary past and are encoded 
through the germ line. Thanks to innate immunity, newborns are protected from pathogens 
in the environment since birth (1). Inflammation is triggered by ‘inducers’, which could be 
both exogenous and endogenous (2). The exogenous inducers include the above-
mentioned microbial pathogen-associated molecular patterns (PAMPs) and non-microbial 
factors, such as allergens, irritants, foreign bodies, and toxic compounds. The endogenous 
inducers include different biological signals produced by stressed, damaged, or otherwise 
malfunctioning tissues. In response to these signals, the innate immune system develops 
a non-specific response involving blood vessels, white blood cells, and the so-called 
acute-phase proteins: the inflammatory response (2). A successful inflammatory response 
will achieve the elimination of the signals that originated the response (i.e., inducers), the 
resolution of the response, and the repair of damaged tissues.  

 

2.  Is the psychobiological outcome important for physical health?  Explain why.   
If the resolution phase does not occur, the protective, acute inflammatory response 
becomes a detrimental, chronic inflammatory state. Because the inflammatory response is 
non-specific, the effectors of the inflammatory response are unable to discriminate 
between inflammation inducers (e.g., microorganisms) and surrounding tissues. Collateral 
damage during chronic inflammatory states may therefore lead to significant tissue 
damage leading to age-related disease, such as cardiovascular disease, type-2 diabetes, 
and dementia (3-5). For example, inflammation contributes to the progression of 
atherosclerosis, the basic pathophysiological process underlying cardiovascular disease 
(3, 6). Toxic factors, such as oxidized-LDL and free radicals accumulated in the arteries’ 
walls are endogenous inducers of the inflammatory response, and experimental evidence 
from knocked-out mice with impaired inflammation activation showed that the magnitude 
of the inflammatory response triggered by these inducers is proportional to the speed of 
atherosclerosis progression (7-9). In humans, a meta-analysis of the longitudinal-
epidemiological studies suggests that even mild elevation in plasma inflammation 
biomarkers, such as CRP, fibrinogen, and white blood cells count (WBC), predicts 
elevated risk for cardiovascular disease (10). Inflammation could similarly influence the 
pathophysiology of other age-related diseases, such as type-2 diabetes and dementia (4, 
5). Elevated inflammation levels have also been linked to risk for psychopathology. 
Although inflammation has been associated with several psychiatric disorders, findings are 
arguably more established with regard to depression (11). Meta-analyses have shown that 
depression is associated with high levels of pro-inflammatory cytokines and acute-phase 
proteins, such as C-Reactive Protein (CRP) (12, 13). Inflammation and depression 
appeared to show a two-way interaction, with longitudinal studies showing that baseline 
inflammation levels predict risk of depressive episodes (14) but also that baseline 
depressive symptoms predict later increase in inflammation levels (15, 16). The causal 
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influence of inflammation on depression is supported by findings from randomized 
controlled trials (17-19) and experimental work in animal models (20).  

  
3.  How much literature is there linking juvenile violence victimization to the 
psychobiological outcome?  Comment on the size and nature of the evidence base. 
There are several possible answers to this question:  
(a) A lot: If so, please summarize it.  

(b) None:  if so, please note what research needs to be done.  

(c) Some. We recognize that in some areas of research, there may actually be little 
evidence about violence victimization and the outcome of interest.  Instead, there 
may be evidence about cognate exposures.  For example, there may be very little 
on childhood violence victimization per se and DNA methylation, but much more 
work on stress in general and methylation.  Likewise, there may be no literature 
on childhood violence exposure and your outcome, but more on adult violence 
exposure and your outcome, perhaps in the PTSD literature. If you need to bring 
in this cognate literature because you think it’s a key, please do. But we ask that 
you label it as such, and say how it is possible to extrapolate from it to make 
inferences  about juvenile violence exposure.  

There is some direct evidence regarding the influence of juvenile violence victimization on 
inflammation, both in children and adult individuals. Our team reported initial evidence of 
innate immune system changes in young people exposed to adverse psychosocial 
experiences (21). Among 12-year old participants of the UK Environmental Risk (E-Risk) 
Twin Longitudinal study, we observed that maltreated children experiencing current 
depression already exhibited elevated inflammation levels in childhood. This finding could 
not be explained by potential confounders, such as family socio-economic circumstances, 
obesity, or current infections. Furthermore, both post-institutionalized children living in 
adoptive homes and children with substantiated cases of physical abuse still residing with 
their families showed elevated secretory IgA for Herpes Simplex Virus compared to 
controls (22), indicating impairment in the acquired immune response that normally 
contains the reactivation of this latent virus. Immune abnormalities have also been 
described in adult individuals with a history of childhood maltreatment. Our team tested the 
association between a prospectively-collected measure of childhood maltreatment and 
circulating inflammation biomarkers at age 32 years among participants of the Dunedin 
Multidisciplinary Health and Development Study (23). We observed that children who had 
been exposed to maternal rejection, harsh parenting, disruptive caregiver changes, 
physical abuse or sexual abuse were almost twice as likely as non-maltreated children to 
show greater levels of multiple clinically-relevant inflammation biomarkers, such as C-
reactive protein, fibrinogen, and white blood cells count, in adulthood. These findings were 
independent of the influence of co-occurring early life risks, stress in adulthood, adult 
health and health behavior, and current active infections. Furthermore, maltreatment 
accounted for more than 10% of cases of low-grade inflammation in the population. The 
findings of elevated inflammation levels in adults with a history of maltreatment have been 
replicated in several other papers (24-26). Maltreated individuals showed not only elevated 
basal levels of inflammation but also heightened inflammatory response to psychosocial 
stress. Compared to non-depressed individuals, patients with major depression and 
increased early life stress showed greater interleukin-6 secretion and NF-kB DNA-binding 
in response to the Trier Social Stress Test (27). Moreover, adult individuals with a history 
of childhood maltreatment but no current psychopathology showed greater interleukin-6 
secretion and maximum interleukin-6 concentration in response to the Trier Social Stress 
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Test (28). Consistent with the evidence in children, immune abnormalities in adults with a 
history of childhood maltreatment are not limited to innate immunity but also extend to 
adaptive immunity. For example, adults with a history of childhood maltreatment and 
current PTSD diagnosis showed greater delayed-type hypersensitivity than control 
individuals (29), a phenomenon mediated by T cells in the skin.  

 

4.  What does the research literature show?  Here focus on major points and 
conclusions.  

Juvenile violence victimization is linked to abnormal immune system functioning with 
elevated inflammation levels. The effects of juvenile violence victimization appeared to be 
independent of the influence of several correlated risk factors. Furthermore, these effects 
may onset in childhood and persist into adult life. These findings have important 
implications for health, as detailed below.  
 
 
5.  Establishing causality.  Does the empirical evidence support the inference that 
juvenile victimization actually ‘causes’ the psychobiological outcomes? If this 
evidence is missing and work still needs doing, say so.  

(a) Is there experimental work?  If yes, most of this will probably involve model 
organisms. 

(b) Do any research studies establish the unique, independent effects of violence 
victimization on the psychobiological outcome?  This can take the form of 
ruling out confounding effects by relying on sibling designs, by using 
propensity matching, etc.  

(c) Do any research studies rule out selection effects (i.e., child characteristics 
that lead to violence victimization)?  This can take the form of ruling out 
selection effects by relying on studies of within-individual change, discordant 
MZ-twin designs, etc.   

Experimental work in animal models supports the observational findings that stressful 
experiences, such as juvenile violence victimization, are linked to elevated inflammation 
levels. In 1968, Solomon et al (30) were among the first to report that early psychosocial 
experiences could have enduring effects on the immune function. They reported that pulps 
that were separated repeatedly for brief periods from their dams in the first days of life 
showed greater immune (antibody) response against flagellin polymer than non-handled 
pulps. Several other examples of immune consequences of early experiences have been 
reported both in mice and non-human primates (31-33). With regard to inflammation, 
Avitsur et al (34) reported that pulps that were separated repeatedly for brief periods from 
their dams in the first days of life showed greater expression of genes for pro-inflammatory 
cytokines IL-1, IL-6, and TNF-alpha in response to infection with influenza virus in later life. 
Similarly, maternal separation has been associated with potentiation of colic inflammation 
after treatment with dextran sulfate sodium, as indicated by secretion of pro-inflammatory 
cytokines interferon-gamma and TNF-alpha, and by inflammatory reduction in colon length 
(35). Furthermore, maternal separation has been linked with potentiation of airways 
inflammation after sensitization with ovalbumin (36, 37).  

The experimental findings from animal models point to the effects of early life stress on 
long-term functioning of the immune system, and particularly inflammation. Experimental 
findings are consistent with evidence in humans. Observational findings in humans 
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appeared to meet several criteria suggestive of causal association between childhood 
maltreatment and adult inflammation (23, 38). First, longitudinal-prospective observations 
showed that violence victimization measured in childhood is associated with inflammation 
measured in adult life, suggesting that the exposure to violence preceded the outcome. 
Second, greater severity of juvenile violence victimization appeared to predict greater 
elevation in inflammation levels, suggesting the presence of a dose-response relation. 
Third, the association between juvenile violence victimization and inflammation remained 
significant in multivariate regression models, suggesting that findings were independent of 
key potential intervening variables, such as co-occurring early life risks, stress in 
adulthood, adult health and health behavior, and current active infections. Fourth, the 
association between juvenile violence victimization and inflammation was biologically 
plausible and consistent with pre-clinical and clinical data suggesting that juvenile violence 
victimization is associated with impaired functioning of anti-inflammatory hormones, 
glucocorticoids (39). Nevertheless, it is possible that residual bias or confounding may 
account for the long-term association between juvenile violence victimization and 
inflammation described in observational studies. In particular, no study has, so far, directly 
tested the possibility of selection bias, that is, that elevated inflammation levels could have 
preceded and possibly caused violence victimization. Furthermore, it is possible that 
unmeasured variables could account for the findings. Findings from animal models 
described above suggest that selection and confounding bias are not likely. 

Preclinical findings do not clarify whether juvenile violence victimization has a unique 
influence on inflammation or whether similar effects could also be observed as a 
consequence of other stressful life experiences in childhood. Observational studies in 
humans suggest that other adverse childhood experiences, such as socio-economic 
disadvantage and social isolation, may also predict adult inflammation (40, 41). Adverse 
childhood experiences appeared to exert independent and cumulative effect on adult 
inflammation (41). Therefore, the association between adverse childhood experiences and 
inflammation does not appear to be sensitive to the type of adversity encountered but 
rather could be generalized to multiple indicators of stress in childhood. Although no clear 
qualitative differences have been described, it is possible that juvenile violence 
victimization could exert quantitatively greater effect on inflammation than other 
adversities. However, because adversities are often correlated in the population, it is 
challenging to test this hypothesis in observational studies. Furthermore, different 
mediating mechanisms could underlie the effects of different adverse childhood 
experiences on inflammation. 

 
 
6.  Effect moderation: Why do some children who are victimized develop the 
psychobiological outcome whilst others do not?  If this evidence is missing and 
work still needs doing, say so.  
For example, some of the factors that have been proposed to moderate the 
influence of violence victimization on mental health are: 
Genetic vulnerability 
The quality of children’s relationships with their parents / social support 
Intelligence 
 
There is no clear and direct evidence of factors modifying the effect of juvenile violence 
victimization on inflammation levels or immune functioning. However, it is possible to 
extrapolate findings suggesting that age and concurrent psychopathology might moderate 
this relationship. We found elevated inflammation levels in both maltreated-only and 
maltreated+depressed members of the Dunedin Study at age 32 years (42). However, we 
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found elevated inflammation levels in maltreated+depressed but not in maltreated-only 
members of the E-Risk Study at age 12 years (21). These divergent findings may be due 
to between-study differences in age or in concurrent psychopathology. However, several 
other factors could clearly have accounted for the divergent results in the Dunedin and the 
E-Risk studies. More studies are needed to identify moderators of the association between 
juvenile violence victimization and inflammation. 

 
 
7.  Effect mediation: What accounts for the influence of victimization on the 
psychobiological outcome? If this evidence is missing and work still needs doing, 
say so. For example, some of the mediating factors that have been proposed in the 
area of research on the effects of violence victimization on mental health.  
Revictimization 
Attributional styles 
Threat perception 
Neurobiological alterations  
Developmental and phenotypic cascades 
 
Research in animal models and humans has begun to uncover the biological and 
molecular mechanism through which exposure to juvenile violence victimization could be 
translated into abnormalities in immune system functioning. It is useful to review here the 
systemic mechanisms through which the inflammatory response is activated and inhibited 
under conditions of perceived threat. Sensory experiences are continuously, and often 
unconsciously, monitored by a neurobiological network including the thalamus, the 
sensory cortex, and the amygdala (43). In conditions of perceived threat, the amygdala 
triggers firing in the locus coeruleus, which in turn induces the activation of the 
sympathetic nervous system - the ‘fight or flight’ response. The sympathetic activation 
triggers an inflammatory response under conditions of acute psychosocial stress (44-46), 
presumably conferring an evolutionary advantage by preparing the body to face potential 
tissue damage and infection. When the inflammatory response is not needed, it should be 
rapidly terminated to avoid unnecessary damage. Inflammation could be inhibited by the 
activation of the parasympathetic nervous system (47). Furthermore, inflammation could 
be inhibited by the activation of the hypothalamic-pituitary-adrenal (HPA) axis through the 
secretion of anti-inflammatory hormones, glucocrticoids (48). Individuals with a history of 
childhood maltreatment showed impaired functioning of the glucocorticoid hormones, and 
weakening of the anti-inflammatory HPA axis could promote chronic elevation in 
inflammation levels (49).  
Significant abnormalities in HPA axis functioning have been described in both maltreated 
children and adults with a history of childhood maltreatment (39, 50). Basal (unstimulated) 
levels of cortisol were higher, and the normal circadian variation in cortisol levels - with 
peak in the morning and low value at bedtime - was blunted in maltreated children 
compared to non-maltreated children. HPA axis abnormalities have also been described in 
the context of reactivity tests. Maltreated children showed blunted cortisol response to 
standard psychosocial stress tasks (e.g., public speaking, mental arithmetical calculation). 
Maltreated children also showed blunted adrenocorticotropic hormone (ACTH) and normal 
cortisol response to pharmacological stimulation with corticotropin-releasing hormone 
(CRH), suggesting the presence of compensatory mechanisms to high basal cortisol 
levels. However, maltreated children with concurrent depression diagnosis showed 
heightened ACTH response to CRH, suggesting disruption of these compensatory 
mechanisms. Adult individuals with a history of childhood maltreatment showed similar 
abnormalities in HPA axis functioning, with higher basal activation measured through CRH 
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levels in the cerebrospinal fluid. Maltreated adults showed a blunted cortisol response to 
psychosocial stress tasks when free of psychiatric disorders but greater cortisol response 
compared to non-maltreated individuals when presenting with concurrent psychiatric 
disorders (e.g., depression). Similarly, maltreated adults showed a blunted ACTH and 
cortisol response to combined dexamethasone/CRH test when free of psychiatric 
disorders but greater responses compared to non-maltreated individuals when presenting 
with concurrent psychiatric disorders. Overall, this body of research suggests that 
individuals exposed to childhood maltreatment show greater cortisol secretion under basal 
conditions and blunted response to psychosocial and pharmacological stimuli than non-
maltreated individuals. Experimental studies in animal models suggested that disruption in 
HPA axis functioning following early life stress might be due to epigenetic changes in the 
glucocorticoid receptor gene (51).  
In addition to insufficient glucocorticoid signalling, other physiological changes could 
contribute to the elevated inflammation levels observed in individuals with a history of 
juvenile violence victimization. Additional mediating pathways include the imbalance 
between sympathetic and parasympathetic nervous system activation and the disruption in 
other stress-sensitive neuroendocrine pathways. However, more research is needed to 
clarify the contribution of these alternative pathways. 

 
 

PART 2 of the briefing paper:  Implications for prevention and intervention.  
 
The next three sections encourage you to examine in the briefing paper how 
knowledge about the effects of juvenile violence victimization on the 
psychobiological outcome can be used to develop effective interventions.  This part 
uses the evidence in part 1 as a “jumping-off point” to launch ideas about how to 
improve victim’s health and reduce population health burden.  

(a) Implications for primary prevention of juvenile violence exposure. 
(b) Implications for secondary prevention and treatment of health outcomes 

among children and adolescents who have been victimized.  
(c) Implications for secondary prevention and treatment of health outcomes 

among adults who have a history of violence victimization in their juvenile 
backgrounds.  

For example, you might wish to suggest that CBTs to reduce depression in people 
with maltreatment histories should routinely collect biomarker data on 
inflammation.  Or, you might wish to recommend public health campaigns, from 
television spots to giving out rope hammocks to encourage use of relaxation 
techniques.  (Just kidding, but you get the idea, think creatively!) 
 
Some questions to consider are:  
(a) Is there any evidence that interventions can normalize development among 
victimized children?   
 
There are several effective treatments that could reduce inflammation levels. Several 
classes of medications have anti-inflammatory effects. Commonly used non-steroidal anti-
inflammatory drugs (NSAIDs) include salicylates (e.g., aspirin), propionic acid derivates 
(e.g., ibuprofen, naproxen), acetic acid derivates (e.g., diclofenac), enolic acid derivates 
(e.g., piroxicam), and selective COX-2 inhibitors (e.g., celecoxib). Exogenous 
glucocorticoid hormones are frequently used as potent (steroidal) anti-inflammatory drugs. 
Other drugs including antidepressant medications also have anti-inflammatory effects (11). 
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Furthermore, dietary intake of omega-3 poly-unsaturated fatty acids (PUFA) and physical 
exercise have shown anti-inflammatory effects (52, 53). Complementary and alternative 
medical therapies, such as acupuncture and meditation, may also have anti-inflammatory 
properties (54, 55). Finally, intial evidence suggests that psychotherapy could reduce pro-
inflammatory gene expression (56). 
 
(b) Is there potential for reversing the effects of juvenile violence victimization on 
the psychobiological or health outcome?   
 
Reversing the effect of juvenile violence victimization on inflammation could prevent a 
large health burden owing to both physical and psychiatric disorders. Inflammation has 
been linked to elevated risk of chronic, age-related disease, such as cardiovascular 
disease, type-2 diabetes, and dementia (3-5). The influence of inflammation on the 
pathophysiology of age-related disease is likely to begin in childhood, well before the 
onset of clinical symptoms. Already in childhood, inflammation levels are positively 
correlated to the extent of atherosclerosis (57). Therefore, the stress-related elevation in 
inflammation levels linked to juvenile violence victimization could promote the 
pathophysiology of age-related disease, which will only become clinically apparent years 
after victimization. Consistent with the association of juvenile violence victimization with 
inflammation and the influence of inflammation on age-related disease, adult individuals 
with a history of maltreatment have greater risk of developing age-related disease than 
non maltreated individuals (58). 
Inflammation has also been linked to elevated risk of psychiatric disorders including 
depression (11). The causal influence of inflammation on depression is supported by 
findings from randomized controlled trials (17-19) and experimental work in animal models 
(20). Elevated inflammation levels may also predict poor response to treatment with 
antidepressant medications (59). Consistent with the association of juvenile violence 
victimization with inflammation and the influence of inflammation on depression, adult 
individuals with a history of maltreatment have overall greater risk of developing 
depression than non-maltreated individuals (60). In particular, maltreated individuals are at 
elevated risk of developing the most impairing forms of depression, with recurrent and 
persistent depressive episodes, and to show poor response to treatment (61).  
Because juvenile violence victimization may influence long-term clinical outcomes through 
elevation in inflammation levels, reversing the effect of victimization on inflammation could 
prevent large health burden. 
 
(c) What new data should be collected in the context of randomized clinical trials to 
evaluate the effects of interventions on psychobiological outcomes? 
 
Randomized clinical trials evaluating the impact of interventions to buffer the effect of 
juvenile violence victimization (62) should routinely assess inflammatory biomarkers, such 
as acute-phase proteins (CRP, fibrinogen), pro- and anti-inflammatory cytokines, and pro- 
and anti-inflammatory mediators, such as adipokines (leptin, adiponectin) and 
glucocorticoids. Routine collection of these biomarkers could shed light on the 
mechanisms through which victimization affects the immune system, and inform on 
effective treatments. However, in order to enable clinicians to routinely obtain inflammatory 
biomarkers, it is important to develop technology that allows minimally-invasive collection 
methods including assays for salivary and dried blood spot analysis (63, 64).  
 
(d) What does the research about the effects of juvenile violence victimization on 
the psychobiological outcome suggest with regard to the timing of interventions? 
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There is only initial evidence to inform the debate about the relevance of timing of 
interventions in this area. We reported that, among 12-year-old members of the E-Risk 
Study, only maltreated children experiencing current depression showed elevated 
inflammation levels. In contrast, inflammation levels were not elevated in non-depressed 
maltreated children or in non-maltreated depressed children compared to controls (21). 
This may be interpreted to suggest that interventions targeted at reducing depression in 
maltreated children are effective in preventing elevation in inflammation levels. However, 
as discussed above, it is also possible that inflammation may lead to depression or that 
inflammation and depression could cluster together because of shared etiological factors, 
such as childhood maltreatment. Further research is needed to inform about the best 
timing of intervention to prevent the effects of juvenile violence victimization on 
inflammation. 
 
(e) What does the research about the effects of juvenile violence victimization on 
the psychobiological outcome suggest with regard to shaping the content of 
therapy?  
 
As detailed above, several treatment options might be effective to normalize development 
among victimized children. Classical anti-inflammatory medications, antidepressant 
medications, diet, physical activity, acupuncture, meditation, and psychotherapy all 
showed anti-inflammatory properties and might therefore be used to normalize 
inflammation in maltreated children. However, juvenile violence victimization could affect 
multiple inter-related biological pathways and focus on inflammation alone could not 
address all observed biological abnormalities. For a broader understanding of the 
biological abnormalities linked to juvenile violence victimization, it may be important to 
consider the suggested evolutionary contribution of early experiences to child 
development (49). Early experience could profoundly affect the maturation of biological 
systems, which largely takes place in early life. The influence of early experiences on 
biological system could be aimed at improving child survival until reproductive age (65) 
regardless of health outcomes at older ages, which are less important for evolutionary 
fitness (66).  Therefore, children exposed to threat early in life may undergo multiple 
biological changes aimed to improve survival in the context of likely harm, such as a 
potentiated inflammatory response. However, as the context becomes less noxious, the 
priorities shift from immediate to long-term goals, and the responses persist for years after 
the threat has ceased, the biological changes induced by threatening early experiences 
may become detrimental (49). In order to effectively prevent the negative health outcomes 
linked to juvenile violence victimization, it may therefore be important to focus on central 
aspects of threat perception and emotion regulation in young people. 
 
 
(f) What does the research about the effects of juvenile violence victimization on the 
psychobiological outcome suggest with regard to management of patients?   
 
First, clinicians may consider that the routine inquiry about juvenile violence victimization is 
not harmful (67) and could add important prognostic information to their assessment (61). 
Second, because patients reporting victimization may be at high risk of comorbidity 
between psychiatric and medical disorders (42), clinicians may consider carrying out more 
holistic enquiries while working with this population.  
 
 
 
 



         Klaus-Grawe ThinkTank paper [A Danese – JVV & immunity] 
 

9 

 
 
 
 
 
REFERENCES 
 
 
1. Medzhitov R, Janeway C, Jr. Innate immunity. The New England journal of 
medicine. 2000;343(5):338-44. 
2. Medzhitov R. Origin and physiological roles of inflammation. Nature. 
2008;454(7203):428-35. 
3. Ross R. Atherosclerosis--an inflammatory disease. The New England journal of 
medicine. 1999;340(2):115-26. 
4. Hotamisligil GS. Inflammation and metabolic disorders. Nature. 
2006;444(7121):860-7. 
5. Nguyen MD, Julien JP, Rivest S. Innate immunity: the missing link in 
neuroprotection and neurodegeneration? Nature reviews Neuroscience. 2002;3(3):216-27. 
6. Libby P. Inflammation in atherosclerosis. Nature. 2002;420(6917):868-74. 
7. Boring L, Gosling J, Cleary M, Charo IF. Decreased lesion formation in CCR2-/- 
mice reveals a role for chemokines in the initiation of atherosclerosis. Nature. 
1998;394(6696):894-7. 
8. Cybulsky MI, Iiyama K, Li H, Zhu S, Chen M, Iiyama M, et al. A major role for 
VCAM-1, but not ICAM-1, in early atherosclerosis. The Journal of clinical investigation. 
2001;107(10):1255-62. 
9. Smith JD, Trogan E, Ginsberg M, Grigaux C, Tian J, Miyata M. Decreased 
atherosclerosis in mice deficient in both macrophage colony-stimulating factor (op) and 
apolipoprotein E. Proceedings of the National Academy of Sciences of the United States of 
America. 1995;92(18):8264-8. 
10. Danesh J, Collins R, Appleby P, Peto R. Association of fibrinogen, C-reactive 
protein, albumin, or leukocyte count with coronary heart disease: meta-analyses of 
prospective studies. JAMA : the journal of the American Medical Association. 
1998;279(18):1477-82. 
11. Miller AH, Maletic V, Raison CL. Inflammation and its discontents: the role of 
cytokines in the pathophysiology of major depression. Biological psychiatry. 
2009;65(9):732-41. 
12. Howren MB, Lamkin DM, Suls J. Associations of depression with C-reactive protein, 
IL-1, and IL-6: a meta-analysis. Psychosomatic medicine. 2009;71(2):171-86. 
13. Dowlati Y, Herrmann N, Swardfager W, Liu H, Sham L, Reim EK, et al. A meta-
analysis of cytokines in major depression. Biological psychiatry. 2010;67(5):446-57. 
14. Pasco JA, Nicholson GC, Williams LJ, Jacka FN, Henry MJ, Kotowicz MA, et al. 
Association of high-sensitivity C-reactive protein with de novo major depression. The 
British journal of psychiatry : the journal of mental science. 2010;197(5):372-7. 
15. Stewart JC, Rand KL, Muldoon MF, Kamarck TW. A prospective evaluation of the 
directionality of the depression-inflammation relationship. Brain, behavior, and immunity. 
2009;23(7):936-44. 
16. Copeland WE, Shanahan L, Worthman C, Angold A, Costello EJ. Cumulative 
depression episodes predict later C-reactive protein levels: a prospective analysis. 
Biological psychiatry. 2012;71(1):15-21. 



        Klaus-Grawe ThinkTank paper [A Danese – JVV & immunity] 

10 

17. Musselman DL, Lawson DH, Gumnick JF, Manatunga AK, Penna S, Goodkin RS, et 
al. Paroxetine for the prevention of depression induced by high-dose interferon alfa. The 
New England journal of medicine. 2001;344(13):961-6. 
18. Tyring S, Gottlieb A, Papp K, Gordon K, Leonardi C, Wang A, et al. Etanercept and 
clinical outcomes, fatigue, and depression in psoriasis: double-blind placebo-controlled 
randomised phase III trial. Lancet. 2006;367(9504):29-35. Epub 2006/01/10. 
19. Muller N, Schwarz MJ, Dehning S, Douhe A, Cerovecki A, Goldstein-Muller B, et al. 
The cyclooxygenase-2 inhibitor celecoxib has therapeutic effects in major depression: 
results of a double-blind, randomized, placebo controlled, add-on pilot study to reboxetine. 
Molecular psychiatry. 2006;11(7):680-4. 
20. Dantzer R, O'Connor JC, Freund GG, Johnson RW, Kelley KW. From inflammation 
to sickness and depression: when the immune system subjugates the brain. Nature 
reviews Neuroscience. 2008;9(1):46-56. 
21. Danese A, Caspi A, Williams B, Ambler A, Sugden K, Mika J, et al. Biological 
embedding of stress through inflammation processes in childhood. Molecular psychiatry. 
2011;16(3):244-6. 
22. Shirtcliff EA, Coe CL, Pollak SD. Early childhood stress is associated with elevated 
antibody levels to herpes simplex virus type 1. Proceedings of the National Academy of 
Sciences of the United States of America. 2009;106(8):2963-7. 
23. Danese A, Pariante CM, Caspi A, Taylor A, Poulton R. Childhood maltreatment 
predicts adult inflammation in a life-course study. Proceedings of the National Academy of 
Sciences of the United States of America. 2007;104(4):1319-24. 
24. Surtees P, Wainwright N, Day N, Brayne C, Luben R, Khaw KT. Adverse 
experience in childhood as a developmental risk factor for altered immune status in 
adulthood. International journal of behavioral medicine. 2003;10(3):251-68. 
25. Slopen N, Lewis TT, Gruenewald TL, Mujahid MS, Ryff CD, Albert MA, et al. Early 
life adversity and inflammation in African Americans and whites in the midlife in the United 
States survey. Psychosomatic medicine. 2010;72(7):694-701. 
26. Kiecolt-Glaser JK, Gouin JP, Weng NP, Malarkey WB, Beversdorf DQ, Glaser R. 
Childhood adversity heightens the impact of later-life caregiving stress on telomere length 
and inflammation. Psychosomatic medicine. 2011;73(1):16-22. 
27. Pace TW, Mletzko TC, Alagbe O, Musselman DL, Nemeroff CB, Miller AH, et al. 
Increased stress-induced inflammatory responses in male patients with major depression 
and increased early life stress. The American journal of psychiatry. 2006;163(9):1630-3. 
28. Carpenter LL, Gawuga CE, Tyrka AR, Lee JK, Anderson GM, Price LH. Association 
between plasma IL-6 response to acute stress and early-life adversity in healthy adults. 
Neuropsychopharmacology : official publication of the American College of 
Neuropsychopharmacology. 2010;35(13):2617-23. 
29. Altemus M, Cloitre M, Dhabhar FS. Enhanced cellular immune response in women 
with PTSD related to childhood abuse. The American journal of psychiatry. 
2003;160(9):1705-7. 
30. Solomon GF, Levine S, Kraft JK. Early experience and immunity. Nature. 
1968;220(5169):821-2. 
31. Ader R. Developmental psychoneuroimmunology. Developmental psychobiology. 
1983;16(4):251-67. 
32. Coe CL, Lubach GR, Karaszewski JW, Ershler WB. Prenatal endocrine activation 
alters postnatal cellular immunity in infant monkeys. Brain, behavior, and immunity. 
1996;10(3):221-34. 



         Klaus-Grawe ThinkTank paper [A Danese – JVV & immunity] 
 

11 

33. Shanks N, Lightman SL. The maternal-neonatal neuro-immune interface: are there 
long-term implications for inflammatory or stress-related disease? The Journal of clinical 
investigation. 2001;108(11):1567-73. 
34. Avitsur R, Hunzeker J, Sheridan JF. Role of early stress in the individual differences 
in host response to viral infection. Brain, behavior, and immunity. 2006;20(4):339-48. 
35. Veenema AH, Reber SO, Selch S, Obermeier F, Neumann ID. Early life stress 
enhances the vulnerability to chronic psychosocial stress and experimental colitis in adult 
mice. Endocrinology. 2008;149(6):2727-36. 
36. Chida Y, Sudo N, Sonoda J, Hiramoto T, Kubo C. Early-life psychological stress 
exacerbates adult mouse asthma via the hypothalamus-pituitary-adrenal axis. American 
journal of respiratory and critical care medicine. 2007;175(4):316-22. 
37. Vig R, Gordon JR, Thebaud B, Befus AD, Vliagoftis H. The effect of early-life stress 
on airway inflammation in adult mice. Neuroimmunomodulation. 2010;17(4):229-39. 
38. Grimes DA, Schulz KF. Bias and causal associations in observational research. 
Lancet. 2002;359(9302):248-52. 
39. Heim C, Newport DJ, Mletzko T, Miller AH, Nemeroff CB. The link between 
childhood trauma and depression: insights from HPA axis studies in humans. 
Psychoneuroendocrinology. 2008;33(6):693-710. 
40. Miller GE, Chen E, Fok AK, Walker H, Lim A, Nicholls EF, et al. Low early-life social 
class leaves a biological residue manifested by decreased glucocorticoid and increased 
proinflammatory signaling. Proceedings of the National Academy of Sciences of the United 
States of America. 2009;106(34):14716-21. 
41. Danese A, Moffitt TE, Harrington H, Milne BJ, Polanczyk G, Pariante CM, et al. 
Adverse childhood experiences and adult risk factors for age-related disease: depression, 
inflammation, and clustering of metabolic risk markers. Archives of pediatrics & adolescent 
medicine. 2009;163(12):1135-43. 
42. Danese A, Moffitt TE, Pariante CM, Ambler A, Poulton R, Caspi A. Elevated 
inflammation levels in depressed adults with a history of childhood maltreatment. Archives 
of general psychiatry. 2008;65(4):409-15. 
43. LeDoux JE. Emotion circuits in the brain. Annual review of neuroscience. 
2000;23:155-84. 
44. Bierhaus A, Wolf J, Andrassy M, Rohleder N, Humpert PM, Petrov D, et al. A 
mechanism converting psychosocial stress into mononuclear cell activation. Proceedings 
of the National Academy of Sciences of the United States of America. 2003;100(4):1920-5. 
45. Steptoe A, Hamer M, Chida Y. The effects of acute psychological stress on 
circulating inflammatory factors in humans: a review and meta-analysis. Brain, behavior, 
and immunity. 2007;21(7):901-12. 
46. Segerstrom SC, Miller GE. Psychological stress and the human immune system: a 
meta-analytic study of 30 years of inquiry. Psychological bulletin. 2004;130(4):601-30. 
47. Tracey KJ. Reflex control of immunity. Nature reviews Immunology. 2009;9(6):418-
28. 
48. Chrousos GP. The hypothalamic-pituitary-adrenal axis and immune-mediated 
inflammation. The New England journal of medicine. 1995;332(20):1351-62. 
49. Danese A, McEwen BS. Adverse childhood experiences, allostasis, allostatic load, 
and age-related disease. Physiology & behavior. 2012;106(1):29-39. 
50. Tarullo AR, Gunnar MR. Child maltreatment and the developing HPA axis. 
Hormones and behavior. 2006;50(4):632-9. 
51. Weaver IC, Cervoni N, Champagne FA, D'Alessio AC, Sharma S, Seckl JR, et al. 
Epigenetic programming by maternal behavior. Nature neuroscience. 2004;7(8):847-54. 



        Klaus-Grawe ThinkTank paper [A Danese – JVV & immunity] 

12 

52. Zhang MJ, Spite M. Resolvins: Anti-Inflammatory and Proresolving Mediators 
Derived from Omega-3 Polyunsaturated Fatty Acids. Annual review of nutrition. 2012. 
53. Handschin C, Spiegelman BM. The role of exercise and PGC1alpha in inflammation 
and chronic disease. Nature. 2008;454(7203):463-9. 
54. Oke SL, Tracey KJ. The inflammatory reflex and the role of complementary and 
alternative medical therapies. Annals of the New York Academy of Sciences. 
2009;1172:172-80. 
55. Kiecolt-Glaser JK, Christian L, Preston H, Houts CR, Malarkey WB, Emery CF, et 
al. Stress, inflammation, and yoga practice. Psychosomatic medicine. 2010;72(2):113-21. 
56. Antoni MH, Lutgendorf SK, Blomberg B, Carver CS, Lechner S, Diaz A, et al. 
Cognitive-behavioral stress management reverses anxiety-related leukocyte transcriptional 
dynamics. Biological psychiatry. 2012;71(4):366-72. 
57. Jarvisalo MJ, Harmoinen A, Hakanen M, Paakkunainen U, Viikari J, Hartiala J, et al. 
Elevated serum C-reactive protein levels and early arterial changes in healthy children. 
Arteriosclerosis, thrombosis, and vascular biology. 2002;22(8):1323-8. 
58. Felitti VJ, Anda RF, Nordenberg D, Williamson DF, Spitz AM, Edwards V, et al. 
Relationship of childhood abuse and household dysfunction to many of the leading causes 
of death in adults. The Adverse Childhood Experiences (ACE) Study. American journal of 
preventive medicine. 1998;14(4):245-58. 
59. Lanquillon S, Krieg JC, Bening-Abu-Shach U, Vedder H. Cytokine production and 
treatment response in major depressive disorder. Neuropsychopharmacology : official 
publication of the American College of Neuropsychopharmacology. 2000;22(4):370-9. 
60. Widom CS, DuMont K, Czaja SJ. A prospective investigation of major depressive 
disorder and comorbidity in abused and neglected children grown up. Archives of general 
psychiatry. 2007;64(1):49-56. 
61. Nanni V, Uher R, Danese A. Childhood maltreatment predicts unfavorable course of 
illness and treatment outcome in depression: a meta-analysis. The American journal of 
psychiatry. 2012;169(2):141-51. 
62. Macmillan HL, Wathen CN, Barlow J, Fergusson DM, Leventhal JM, Taussig HN. 
Interventions to prevent child maltreatment and associated impairment. Lancet. 
2009;373(9659):250-66. 
63. Ouellet-Morin I, Danese A, Williams B, Arseneault L. Validation of a high-sensitivity 
assay for C-reactive protein in human saliva. Brain, behavior, and immunity. 
2011;25(4):640-6. 
64. McDade TW, Burhop J, Dohnal J. High-sensitivity enzyme immunoassay for C-
reactive protein in dried blood spots. Clinical chemistry. 2004;50(3):652-4. 
65. Kuzawa C, Quinn E. Developmentl Origins of Adult Functin & Helth: Evolutionary 
Hypotheses. Annu Rev Anthropol. 2009;38:131-47. 
66. Kirkwood TB, Austad SN. Why do we age? Nature. 2000;408(6809):233-8. 
67. Becker-Blease KA, Freyd JJ. Research participants telling the truth about their lives: 
the ethics of asking and not asking about abuse. The American psychologist. 
2006;61(3):218-26. 
 
 


