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He used to say:

If I am not for myself, who will be for me?

And if I am only for myself, what am I?

And if not now, then when?

–Hillel Mishna Avot 1:14

Who is wise? He who learns from every person

–Ben Zoma Mishna Avot 4:1

For my daughters: Ophira and Feridey
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The idea for this book of essays arose after several years during which the 
co-editors collaborated at the University of Pittsburgh on the medical 
oncology and psychological care of patients diagnosed with hepato-biliary 
cancer. Although the need for patient psychosocial support was evident, the 
time available in an ever-busy clinic was not conducive to the extended 
discussions that many patients and families wanted. The time pressures on 
staff in US hospitals are increasing annually, in the name of system and 
business efficiencies. We noted a dichotomy between ideal total patient care 
in clinical practice and the realities of limited time per patient for employees 
of medical organizations. To some extent, patient-enabling Internet 
communication and services with health-care providers are beginning to be 
introduced with this dichotomy in mind. Still, the need for real-time, face-to-
face contact and sufficient time with health professionals to hear and address 
their concerns are a patient priority.

The medical/psychological literature has exponentially expanded in the 
last decade with increasing documentation and sub-set characterization of 
various aspects of the quality of life of patients and their loved ones. Moreover, 
feedback from patients has resulted in a further proliferation of research that 
has extended to family and caregivers, who are rightly seen as important 
components of the patient environment, as well as subjects in need of study 
and care in their own right.

The arrival of unwelcome health-related news in the form of a cancer 
diagnosis would be expected to interrupt a person’s self-perception and plans 
for his or her unfolding life story. Reflection on this interruption will likely 
result in fear and anxiety about the unknown quality and quantity of life that 
will now lie ahead. The major part of this book is taken up by considerations 
of the available resources in support of patient coping with his or her post-
diagnosis new life structure as it is imagined and might become. Much of that 
is worldview driven, as seen in Part 3. Constructing a post-diagnosis new life 
structure involves concepts of hope, meaning, and spirituality and their vari-
ous impacts on coping, which in turn may change during the development 
and course of an individual’s disease. All of this is concerned with the various 
cognitive and emotional aspects of coping with cancer and flows logically 
from the expected effects of disease on a person’s thoughts, hopes, plans, and 
feelings. An emerging concept, however, is the idea of the potential revers-
ibility of this process, in which thoughts and emotions might influence body 
function and disease development and its progression. For example, the con-
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cept that stress might be involved in and predisposing of cardiac ischemia and 
peptic dysfunction is very old. Evidence is emerging that these psychological 
and behavioral processes might also be involved in the development and/or 
progression of several chronic diseases, such as the inflammatory diseases 
and cancer. If mental processes can impact the immune and endocrine sys-
tems, then they might modulate the inflammatory and tumor growth pro-
cesses that these systems mediate.

This book opens with two essays on the biological basis of emotion/
mental-driven body processes and disease. The consequence of such 
considerations is that since thoughts and emotions can be modulated and 
changed with assistance from health-care professionals, then psychological 
counseling might be seen not only to help patients cope but possibly to 
influence the disease itself. The book then proceeds to a part on genetic 
predispositions to cancer and the psychological considerations involved in 
screening and preemptive therapies and decision-making in cancer therapy. 
The third part deals with the philosophical and religious underpinnings of 
psychological factors involved in coping with disease state stressors and the 
roles of hope in coping. The fourth part is an acknowledgment that patients 
live in a social context, which often includes a partner and/or caregiver. The 
fifth part includes several essays on aspects and modalities of caregiving that 
are designed to help patients coping with their cancer and its aftermath, which 
increasingly extends for years. This is followed by a part with some 
considerations of approaches to dying and concerns of those who are left 
behind. The last part seeks to tie all this together and provide a resource 
chapter.

This book is not intended as a textbook, but as a set of essays for both 
health-care professionals and all people whose lives are directly or indirectly 
affected by cancer, to provide a sense of the activity and several new concepts 
in the rapidly expanding field of psychological support and psycho-social 
needs and context of the patient with cancer.

The book is presented in seven parts: A. Biological Basis; B. Prevention 
and Decision-Making; C. Theory in Psychosocial Oncology; D. The Social 
Context; E.  Patient Support; F.  Advanced Cancer; G.  Wide-Angle Lens: 
Resources and Overview.

Puglia, Italy
Philadelphia, PA, USA�
 

Brian I. Carr  
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Inflammation, Chronic Disease, 
and Cancer: Is Psychological 
Distress the Common Thread?

Feridey N. Carr, Elizabeth M. Sosa, and Brian I. Carr

Inflammation is a hallmark of immunological 
responses to invading microbes and has been 
implicated in a growing list of major diseases, 
including rheumatoid arthritis and lupus, inflam-
matory bowel disease, pulmonary and cardiovas-
cular diseases, obesity, and diabetes mellitus. The 
focus on chronic inflammation has intensified 
since it has been linked with specific types of 
cancer, particularly those associated with viral 
infection or an inflammatory response. Although 
some chronic inflammatory diseases have long 
been acknowledged to increase the risk of malig-
nancy, it is only within the past decade that 
chronic inflammation has been hypothesized to 
be a key factor in the development of several can-
cer types, such as cancer of the pancreas, colon, 
and liver (hepatocellular carcinoma or HCC). 
While there is as of yet little evidence to suggest 
that psychological distress, particularly chronic 
stress and depression, directly affects the patho-

genesis of tumors, there is an increasing amount 
of scholarship indicating that psychosocial fac-
tors directly contribute to the development and 
maintenance of chronic inflammation. In fact, it 
is possible that while depression may contribute 
and increase the levels of circulating pro-
inflammatory cytokines, inflammation may itself 
act on the brain to induce depressive symptom-
atology. This chapter focuses on the primary dis-
ease categories in which inflammation is a known 
contributor and discusses the mechanisms by 
which the inflammatory processes interact with 
carcinogenesis as well as psychological aspects 
of chronic inflammation. Some clinical consider-
ations are offered for interventions targeting the 
anxio-depressive symptoms associated with 
major illness that may also disrupt the chronic 
inflammatory cycle and its resultant disease 
process.

�Inflammation and Cancer

In 1863, Rudolf Virchow hypothesized that 
tumors originated at sites of chronic inflamma-
tion within the human body [1]. Virchow identi-
fied the role of inflammation in carcinogenesis 
when he noticed the presence of leucocytes in 
neoplastic tissue and suggested that the “lympho-
reticular infiltrate” reflected the origin of malig-
nancies where inflammatory processes occurred 
[1]. Virchow’s claim was not investigated for 
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more than a century. Researchers have recently 
begun examining the hypothesized relationship 
and directing efforts to research the possible con-
nection between chronic inflammation and can-
cer. Epidemiological studies have demonstrated 
that chronic inflammation predisposes individu-
als to a variety of cancers such as thyroid, blad-
der, cervical, prostate, esophageal, gastric, 
pancreas, liver, and colon [1, 2]. About 25% of all 
deaths from cancer worldwide are attributable to 
underlying infections and inflammatory 
responses [3]. Chronic infection and inflamma-
tory responses are known to have associations 
with the development of certain cancers, such as 
the human papilloma virus (HPV) and its rela-
tionship to cervical cancer or the infection of 
hepatitis B or C viruses leading to hepatocellular 
carcinoma (HCC) [4]. Increased risk of tumor 
growth can be associated with chronic inflamma-
tion caused by microbial infections and autoim-
mune diseases, as in inflammatory bowel disease 
and the risk of colon and colorectal cancers, as 
well as inflammatory conditions resulting from 
uncertain origins such as prostatitis, which can 
lead to prostate cancer [5–7]. Chronic inflamma-
tion contributes to a tumor-promoting environ-
ment through various avenues that may include 
cellular transformation, the proliferation and sur-
vival of malignant cells, development of angio-
genesis and metastasis, reduction of adaptive 
immune responses, and tumor response to che-
motherapeutic drugs and hormones [7]. The 
inflammatory response and resultant tumors may 
be conceptualized as wounds that do not heal [8].

The role of chronic inflammation in the devel-
opment of cancerous tissue easily becomes con-
voluted with many aspects that must be 
considered, such as the contributions of various 
inflammatory cells, mediators, and signaling 
pathways in carcinogenesis [7]. The inflamma-
tory process involves the presence of inflamma-
tory cells and inflammatory mediators, which 
include chemokines and cytokines in tumor tis-
sues, tissue remodeling, and angiogenesis [7]. 
The prime endogenous promoters include tran-
scription factors such as nuclear factor-kappa B 
(NF-kB) and signal transducer activator of tran-
scription-3 (Stat3) as well as major inflammatory 

cytokines, such as interleukin beta (IL-1 b), inter-
leukin 6 (IL-6), interleukin 23 (IL-23), and tumor 
necrosis factor alpha (TNF-a) [9–12]. TNF-a was 
the first factor isolated as an anticancer cytokine, 
but at dysregulated levels within the immune sys-
tem, its presence mediates a variety of diseases 
[13]. TNF-a has also been demonstrated to be a 
major predictor of inflammation [14]. Several 
pro-inflammatory cytokines have been related to 
tumor growth, indicating that inflammation is 
associated with carcinogenesis [1, 15]. These 
include IL-1, IL-6, IL-8, and IL-18. Interleukins 
are involved in different steps of tumor initiation 
and growth. Specifically, Negaard et al. demon-
strated that individuals with hematological 
malignancies have increased bone marrow 
microvessel density as well as elevated levels of 
IL-6 and IL-8, possibly contributing to the malig-
nant phenotype [16].

Chemokines are a family of proteins that play 
several roles in cancer progression, including in 
angiogenesis, inflammation, cell recruitment, and 
migration. Chemokines also play a central role in 
leucocyte recruitment to sites of inflammation 
[1]. Most tumors produce chemokines that are 
one of two major groups, alpha and beta chemo-
kines [1]. Evidence from murine models and 
human tumors support the idea that beta chemo-
kines greatly contribute to macrophage and lym-
phocyte infiltration in melanoma; carcinoma of 
the ovary, breast, and cervix; as well as in sarco-
mas and gliomas [1, 17, 18]. A key molecular 
link between inflammation and tumor promotion 
and progression is transcription factor NF-kB, 
which regulates TNF, interleukins, chemokines, 
and other molecular factors [9]. Although NF-kB 
is inactive in most cells, there is an activation 
state that is induced by a wide variety of inflam-
matory stimuli and carcinogens that, in turn, 
mediate tumorigenesis [19].

�Inter-Relationship Between 
Depression and Inflammation

The relationship between the brain and the 
peripheral organs, often referred to as the “mind–
body” connection, is based on alterations in the 
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endocrine and immune systems that lead to the 
chemical changes that occur in clinical depres-
sion. Pro-inflammatory cytokines, particularly 
IL-6, have been found to occur in greater quanti-
ties in depressed patients [20]. It has also been 
shown that about 45% of patients being treated 
medically with pro-inflammatory cytokine 
interferon-alpha (IFNa) developed symptoms of 
depression that was reversed once the treatment 
ended [21]. Inflammation is not only a contribut-
ing factor in depression but also in many domains 
of medical illness. Among patients diagnosed 
with major depression, there is evidence to sug-
gest that relationships exist between severity and 
duration of depression and increased prevalence 
of other disease processes, such as cardiovascular 
disease, type 2 diabetes, a variety of autoimmune 
diseases, and cancer [22]. Major depressive dis-
orders are also more prevalent in patients who 
suffer from illnesses that are associated with 
chronic inflammation than in healthy people [23]. 
While the presence of an inflammatory disease 
may initiate depressive symptoms in patients 
without preexisting psychological disorders, it is 
also the case that inflammation occurs in 
depressed patients who are not suffering from 
concurrent inflammatory disorders [24].

It is now known that the brain is not the 
“immune-privileged” organ that it was once pre-
sumed, as many thought it to be protected by the 
blood–brain barrier. Rather, the brain is very 
much influenced by the peripheral immune sys-
tem where large molecules such as cytokines, 
chemokines, and glucocorticoids originating in 
the peripheral organs can affect the neuronal 
pathways implicated in depression [20, 25]. 
Recently, it has been shown that symptoms of 
sickness (fatigue, decreased appetite, social with-
drawal, disturbed sleep cycles, and mild cogni-
tive impairment), the normal bodily response to 
infection, are triggered by pro-inflammatory 
cytokines, including IL-1a and IL-1b TNF-a and 
IL-6 [20]. These cytokines are responsible for 
developing the body’s inflammatory (local and 
systemic) response to invading microbes. In 
doing so, they also impact neural circuitry within 
the brain, resulting in the behavioral symptoms 
of sickness. Such sickness behavior is remark-

ably similar to the symptoms of clinical depres-
sion. It is generally the role of anti-inflammatory 
cytokines to regulate the duration of these sick-
ness symptoms, possibly by inhibiting pro-
inflammatory cytokine production and interfering 
with pro-inflammatory cytokine signaling [26].

Despite the evidence to support the mecha-
nism by which pro-inflammatory cytokines act 
on the brain, the directionality of the inflamma-
tion–depression relationship is as yet unclear. As 
mentioned earlier, there is also research to sug-
gest that depression may predispose people to 
developing illness. One study attempting to 
examine the directionality of the inflammation–
depression relationship found that baseline 
depression scores of healthy (no medical illness) 
patients independently predicted change in IL-6. 
In contrast, IL-6 did not predict change in depres-
sion score [27]. The implication of those findings 
suggests that depression in previously healthy 
people may lead to inflammation and inflamma-
tion may be the mechanism through which 
depression potentiates chronic illness.

�Rheumatic Disease

Rheumatic diseases, including rheumatoid arthri-
tis (RA) and systemic lupus erythematosus 
(SLE), are autoimmune conditions that often 
involve periods of painful swelling and inflam-
mation in the joints and muscles. The inflamma-
tory stages of RA involve the infiltration by 
inflammatory cells of the synovial sublining, 
activating the production of pro-inflammatory 
cytokines, chemokines, and growth factors that 
results in synovial lining hyperplasia [28]. This 
process results in the hyper-activation of macro-
phage and fibroblast-like synoviocytes, which 
releases additional cytokines, chemokines, and 
growth factors [28]. This process leads to sys-
temic inflammation and the production of 
enzymes that destroy the organized extracellular 
matrix [29]. IL-6, a cytokine that regulates the 
immune and inflammatory response, is thought 
to play pathologic roles in RA [30]. Increased 
IL-6 levels have been found in both serum and 
synovial fluid in patients with RA and are also 
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known to correlate with increased disease activ-
ity [31, 32]. Baecklund et  al. examined disease 
activity and various secondary symptoms of 
rheumatic disease, as well as drug treatment to 
evaluate risk factors for the development of lym-
phoma, a cancer associated with RA [33]. In a 
nested case–control study with 41 patients and 
113 controls, no association was found between 
any specific immunosuppressive drug and 
increased risk of lymphoma. However, a strong 
association was seen between disease activity 
and risk of developing lymphoma. In a similar 
study, Baecklund et  al. investigated both RA 
patient cancer risk and the danger of antirheu-
matic treatment in lymphoma development [34]. 
After comparing 378 RA patients positive for 
malignant lymphoma history with 378 healthy 
controls, data revealed that individuals with 
severe disease activity were at increased risk of 
lymphoma. In addition, increased level of pro-
inflammatory cytokines, not drug treatment, pre-
dicted lymphoma risk.

Although RA patients’ increased risk for 
developing malignant lymphomas is not com-
pletely understood, there are several possible 
hypotheses that have emerged, including the role 
of immunosuppression, Epstein-Barr virus infec-
tion, and unregulated systemic inflammation 
[33–39]. In one systematic review and meta-
analysis, Smitten et al. characterized the associ-
ated risk of four site-specific malignancies that 
included lymphoma, lung, colorectal, and breast 
cancer in patients with RA [40]. Results indi-
cated that compared with the general population, 
RA patients have an approximately twofold 
increase in lymphoma risk and greater risk of 
Hodgkin’s than non-Hodgkin’s lymphoma. There 
was also data to suggest an increased risk of lung 
cancer but a decreased risk for colorectal and 
breast cancer.

The prevalence of psychological distress 
among patients with rheumatic diseases is a well-
known and highly documented phenomenon. 
Among patients with SLE, there is evidence to 
suggest a range of 16–65% of patients in active 
disease states who meet criteria for a psychologi-
cal disorder [41, 42]. In particular, mood and 

anxiety disorders appear to be the most frequently 
occurring [41, 43]. One study showed that 69% 
of patients diagnosed with SLE were positive for 
a lifetime history of mood disorder and 52% for 
lifetime anxiety disorder [44]. Some research 
links psychological distress, particularly depres-
sion, with disease activity in SLE.  Segui et  al. 
evaluated patients for depression and anxiety 
during both active and inactive stages of their dis-
ease [42]. Forty percent of participants were 
diagnosed with a psychological disorder during 
the acute phase, but only 10% met criteria a year 
later when the participants no longer displayed 
disease activity associated with SLE. However, it 
is often difficult to determine whether this phe-
nomenon has biological influences or is a psy-
chological adaptation to managing a chronic 
illness. In a study comparing depressive symp-
toms in patients with RA and patients diagnosed 
with osteoarthritis (a chronic non-inflammatory 
degenerative disease), those with the inflamma-
tory disease were found to have significantly 
higher depressive symptoms [45]. The authors 
point out that while the two diseases are similar 
in terms of pain and functional impairments, the 
difference may be the neuroimmunobiological 
cytokine mechanism in inflammatory diseases, 
postulated to play a role in the development of 
depression. Psychological distress is associated 
with increased inflammation in both healthy indi-
viduals and RA patients [23, 46]. Depression 
could facilitate the development of inflammation 
by leading to poor health behaviors, hormonal 
dysregulation, and vulnerability to atherogenesis 
[47, 48]. Depression has also been specifically 
linked to increased levels of CRP and IL-6, as 
well as increased weight, which itself has been 
associated with the release of pro-inflammatory 
cytokines [49, 50].

While results suggest that some depressive 
symptoms are correlated with CRP and other bio-
markers of inflammation, particularly among 
women with RA, the relationship may be at least 
partially explained by disease-related factors, 
such as increased pain among patients with 
higher levels of inflammation [51]. The proposi-
tion that inflammation leads to depression among 
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RA patients may deserve closer evaluation in lon-
gitudinal studies. In addition to experiencing 
increased pain, patients with RA and SLE often 
have symptoms such as fatigue and sleep distur-
bance that may mimic or interact with depres-
sion. Results have indicated that depression is a 
stronger contributor to patient fatigue than self-
reported disease activity [52]. Moreover, depres-
sion in patients with inflammatory disease 
predictor of mortality affects quality of life, 
increases healthcare costs, and contributes to dis-
ability [53].

�Gastrointestinal Disease

Inflammatory bowel disease (IBD), including 
both Crohn’s disease (CD) and ulcerative colitis 
(UC), is characterized by chronic inflammation 
and abnormal physiological immune response 
that flares and then remits throughout an individ-
ual’s lifetime, often beginning in childhood. 
Current prevalence rates estimate that inflamma-
tory bowel diseases affect 1.4 million people in 
the USA [54]. IBD is an example of a disease 
process where chronic inflammation is known to 
mediate the risk of cancer and involves both 
immune deregulation and autoimmunity. The 
precise mechanisms by which inflammation 
leads to tumor development are not yet clear; 
however, patients with IBD, both UC and CD, are 
at increased risk of developing colorectal cancer 
[55]. Ulcerative colitis is characterized by the 
inflammation of the mucosa of the colon and rec-
tum. CD involves inflammation of the bowel wall 
and may include any part of the digestive tract 
from the mouth to the anus. Itskowitz and Yio 
highlight the various predisposing factors that 
contribute to the link between chronic inflamma-
tion and colorectal cancer (CRC) in IBD, explain-
ing how risk of colorectal cancer in IBD increases 
with longer duration of colitis and with the extent 
of involvement of the large intestine [56]. There 
is also a positive association between the severity 
of colitis and the risk for colon cancer where the 
risk of colon cancer increases with the severity of 
disease. Rutter et  al. examined risk factors for 

colorectal neoplasia in patients with UC using a 
case–control study. Sixty-eight participants were 
matched with two control patients from the same 
population on various factors [55]. Results 
revealed a highly significant correlation between 
colonoscopic and histological inflammation 
scores and the risk of colorectal neoplasia, dem-
onstrating that the severity of colonic inflamma-
tion is an important determinant of colorectal 
neoplasia risk. Other studies have shown that 
IL-6 and STAT3 are activated in the intestinal 
mucosa in murine models of IBD and colitis-
associated cancers [57, 58]. TNF-a concentration 
is also elevated in the serum and stool of IBD 
patients [59]. The increased level of TNF-a stim-
ulates the production of other pro-inflammatory 
cytokines that further promotes the inflammatory 
process within the microenvironment [60]. Landi 
et  al. examined the specific molecular elements 
that contribute to inflammatory responses in 
colorectal cancer and assessed the contributions 
of IL-6, IL-8, TNF-a, and peroxisome proliferator-
activated receptor gamma (PPARG) genes toward 
the risk of colorectal cancer [61]. Results sug-
gested that a polymorphism in the promoter of 
the IL-6 gene is associated with a significantly 
increased risk of colorectal cancer, whereas poly-
morphisms in the PPARG genes and IL-8 were 
related to significantly decreased risk. They con-
cluded that IL-6 could be related to CRC through 
its role in affecting the low-grade inflammation 
status of the intestine.

The risk of colorectal cancer is much greater 
in a small subset of IBD patients who also have 
primary sclerosing cholangitis (PSC), a disorder 
characterized by inflammation, cholestasis, and 
fibrosis in the intrahepatic and extrahepatic bili-
ary ducts [56, 62]. Shetty et al. compared patients 
with ulcerative colitis and co-occurring PSC with 
a random sample of UC controls without PSC 
and found that 25% of 132 UC patients with PSC 
developed colorectal cancer or dysplasia com-
pared with 5.6% of 196 controls [63]. This study 
demonstrates that UC patients with PSC are at 
increased risk for developing colorectal cancer or 
dysplasia and therefore should be closely moni-
tored by their physicians. Research also suggests 
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that some anti-inflammatory medications can 
reduce the development of colorectal dysplasia 
and cancer [56, 64]. This last factor provides 
strong support for the relationship between 
chronic inflammation and resultant carcinoma 
and suggests that utilization of anti-inflammatory 
medications may reduce cancer risk.

Itskowitz and Yio suggest several possibilities 
that explain how inflammation may result in neo-
plastic transformation and progression in IBD 
[56]. One theory suggests that an increase in epi-
thelial cell turnover occurs, perpetuating the 
molecular and DNA damage caused by height-
ened levels of pro-inflammatory cytokines and 
potentially exacerbating the carcinogenic process 
[56]. Another theory is that the oxidative stress 
accompanying chronic inflammation among 
patients with IBD creates an environment that is 
malignancy prone [65]. While more research is 
needed to better understand the link, there is 
mounting evidence demonstrating that chronic 
inflammatory processes foster an environment 
where carcinoma is more likely to occur.

Major depression has been shown to occur in 
31% of patients diagnosed with CD and in 27% 
of patients with UC [66]. Compared with patients 
diagnosed with erosive esophagitis, those with 
Crohn’s disease (and thus chronic inflammation) 
have been found to have significantly higher rates 
of depression (25.4% vs. 8.2%). Depression was 
also found to be highest among patients with 
active disease states. Patients with functional gas-
trointestinal disorders such as irritable bowel 
syndrome have been shown to have even higher 
depressive symptoms than patients with organic 
disorders, such as IBD, as well as more severe 
depressogenic dysfunctional attitudes [67]. While 
there is little evidence that psychological distress 
is related to the onset of IBD, there is more con-
sistent evidence that psychological factors such 
as depression, anxiety, and chronic life stress 
contribute to disease course. This may be particu-
larly true of daily life stress and depression 
among patients with UC and CD [68]. One study 
evaluating more than 450 patients with CD dis-
covered that the odds of a patient presenting with 
an exacerbation of their illness increased 1.85 
times for 1 standard deviation of perceived stress. 

After statistically controlling for the mood and 
anxiety components, the association between 
perceived stress and exacerbation of illness no 
longer existed [69].

An interesting theory surrounding the recent 
increase in reported cases of IBD suggests that 
lack of exposure to certain microorganisms in 
industrialized societies may play a role in sensi-
tizing modern immune systems. The theory 
implicates the over-sanitation of these societies 
in the rise of major depressive disorder, which 
may arise from a lack of contact with sources of 
anti-inflammatory, immunoregulatory signaling 
[70]. Due to a paucity of immune training, some 
predisposed individuals may be at greater risk of 
unnecessary inflammatory attacks on benign 
environmental and organic antigens. Increased 
levels of pro-inflammatory and depressogenic 
cytokines may lead to a higher prevalence of 
depressive disorders. This theory is often referred 
to as the “hygiene hypothesis,” and though it is 
still in its infancy in terms of supporting evi-
dence, the idea is rapidly gaining momentum. To 
this end, one randomized double-blind study was 
able to decrease anxiety in patients with chronic 
fatigue syndrome by introducing a probiotic [71]. 
Although these are certainly intriguing results, 
thus far there is little else in the clinical literature 
to suggest that intestinal microbiota may influ-
ence emotional state.

Patients with inflammatory bowel disease are 
viewed as a population at high risk for develop-
ing colorectal cancer, a leading cause of cancer-
related mortality. One study evaluating the 
psychological implications of having such high-
risk status found that among patients with IBD, 
those with higher perceived social support 
reported lower generalized distress [72]. 
Additionally, those with first-degree relatives 
with both colorectal and non-colorectal cancers 
were found to have higher reported generalized 
distress. Although there is not yet much research 
connecting better psychological status with lower 
incidence of colorectal cancer, it is tempting to 
surmise whether psychological interventions 
could improve the course of irritable bowel dis-
ease and therefore decrease risk of related 
cancers.

F. N. Carr et al.
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�Obesity and Type 2 Diabetes

The prevalence of obesity is increasing signifi-
cantly in the USA, and recent estimates demon-
strate that nearly two-thirds of the population is 
currently either overweight or obese [73]. When 
abdominal obesity is accompanied by other met-
abolic risks such as insulin resistance, low HDL, 
and elevated triglycerides, individuals are at 
increased risk for developing type 2 diabetes, 
hypertension, hyperlipidemia, and cardiovascular 
disease [74, 75]. Type 2 diabetes, hypertension, 
and cardiovascular disease are all complications 
of disease processes that also involve chronic 
inflammatory mechanisms. Obesity is associated 
with a chronic, low-grade inflammation and can 
itself be viewed as an inflammatory condition 
since weight gain activates inflammatory path-
ways [76]. Studies have demonstrated that 
numerous inflammatory markers are highly cor-
related with the degree of obesity and insulin 
resistance [77, 78]. Serum levels of pro-
inflammatory cytokines, including IL-6, TNF-a, 
and CRP, are generally all elevated in individuals 
with obesity and insulin resistance [79].

It is clear that the adipocyte is an active par-
ticipant in the generation of the inflammatory 
state in obesity. Adipocytes secrete several pro-
inflammatory cytokines that promote inflamma-
tion, including IL-6 and TNF-a [80, 81]. Among 
patients with type 2 diabetes, these cytokines 
can enhance insulin resistance directly in adipo-
cytes, muscle, and hepatic cells [82, 83]. 
Hotamisligil et al. examined the expression pat-
tern of TNF-a in adipose tissue and found that 
TNF-a plays a role in the abnormal regulation of 
this cytokine in the pathogenesis of obesity-
related insulin resistance [84]. The increased 
levels of cytokines lead to hepatic production 
and the secretion of CRP, plasminogen activator 
inhibitor-1 (PAI-1), amyloid-A, alpha1-acid 
glycoprotein, and haptoglobin, which are all 
inflammatory markers that appear in the early 
stages of type 2 diabetes and increase as the dis-
ease progresses [85]. Panagiotakos et al. evalu-
ated the association between various markers of 
chronic inflammation in a population-based 
sample of 3042 adults and found that compared 

with participants with normal body fat distribu-
tion, individuals with central fat exhibited 53% 
higher CRP levels, 20% higher TNF-a levels, 
26% higher amyloid-A levels, 17% higher white 
blood cell counts, and 42% higher IL-6 levels 
[86]. They also found that all inflammatory bio-
markers were related to body mass index (BMI), 
waist, and waist-to-hip ratios. This study dem-
onstrates a relationship between central adipos-
ity and inflammation that can be associated with 
increased coronary disease risk. Some research 
suggests that obesity stimulates inflammation 
through oxidative stress, which can result either 
from high levels of free radical production, a 
decrease in endogenous antioxidant defenses, or 
both [87–89]. The oxidative stress that is cre-
ated activates the pro-inflammatory transcrip-
tion factor, NF-kB, continuing to promote 
low-grade chronic inflammation [90, 91].

Several epidemiological studies have demon-
strated that elevated weight and obesity, defined 
by a BMI higher than 25, results in significant 
increase for risk of cancer [92–94]. In a large 
population-based study, Calle et al. found that the 
relative risk of cancer-related deaths for men and 
women was 1.52 and 1.62, respectively [94]. The 
increase in risk was dependent on the type of can-
cer, with the largest observed risk being for HCC, 
the most common form of liver cancer. BMI, in 
both men and women, was also significantly 
associated with increased mortality due to cancer 
of the esophagus, colon and rectum, liver, gall-
bladder, pancreas, and kidney. Moreover, men 
with higher BMI were at increased risk of death 
from cancers of the stomach and prostate. Women 
showed increased risk for death from cancers of 
the breast, uterus, cervix, and ovary. Park et al. 
examined how obesity enhanced cancer risk and 
development by studying HCC in mice [95]. 
Results revealed that dietary and genetic obesity 
promoted the growth of tumors associated with 
the liver. There was a direct association between 
obesity-promoted HCC development and 
enhanced production of the tumor-promoting 
cytokines IL-6 and TNF, both of which cause 
hepatic inflammation and activate the oncogenic 
transcription factor STAT3. Such data suggests 
that inflammatory mechanisms may mediate the 
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association between obesity and cancer 
development.

The link between depression and obesity is a 
well-researched one with copious studies sup-
porting it [96–98]. Both obesity and depression 
are public health problems with high prevalence 
rates and carry multiple health implications [99]. 
Evidence suggests that depressed individuals 
have about an 18% increased risk of becoming 
obese [96]. An examination of the association 
between obesity and depression revealed that 
large waist circumference and class III obesity 
(BMI >40  kg/m2) were associated with higher 
prevalence of depression among female partici-
pants only [100]. In a systematic review and 
meta-analysis of longitudinal studies examining 
the relationship between depression, weight, and 
obesity, results suggested a reciprocal relation-
ship between depression and obesity [101]. In a 
separate review, Taylor and MacQueen examined 
the role of adipokines (cytokines that are secreted 
by adipose tissue) in mediating the relationship 
between obesity and depression [102]. Data 
revealed that obesity was generally accompanied 
by the presence of pro-inflammatory cytokines as 
well as elevated levels of adipokines. Such 
inflammation increases the risk for individuals 
with obesity to develop functional bowel disor-
ders such as irritable bowel syndrome, as well as 
colorectal cancer [103, 104]. Given that sweep-
ing behavioral changes are often necessary to 
avoid the extensive tissue damage that may result 
in uncontrolled type 2 diabetes, targeting possi-
ble depression in patients with obesity and/or 
diabetes appears to be an important area for clini-
cal intervention. In fact, assessing overweight or 
prediabetic patients for depression may also be a 
crucial step in prevention of serious medical 
illness.

�Pulmonary and Cardiovascular 
Disease

Pulmonary disease, in particular chronic obstruc-
tive pulmonary disease (COPD), deserves special 
mention due to the fact that it is a progressive ill-
ness initiated and exacerbated by inflammatory 

processes. The illness involves a significant and 
generally progressive limitation in airflow of the 
lungs after long-term exposure to irritants and 
resultant inflammation [105]. COPD is a disease 
noted for its chronic inflammation in both stable 
phases and during periods where it becomes 
exacerbated. It is often associated with comor-
bidities including cardiovascular disease, diabe-
tes, and hypertension, illnesses involving chronic 
inflammatory mechanisms. COPD is an impor-
tant risk factor for atherosclerosis, the beginning 
stage of heart disease [106, 107]. Several studies 
have demonstrated that even minimal reductions 
in expiratory flow volume elevate the risk of isch-
emic heart disease, stroke, and sudden cardiac 
death two- to threefold, independently of other 
risk factors [106–108]. Even though the mecha-
nisms responsible for this link continue to be 
examined, persistent low-grade systemic inflam-
mation is believed to play a significant role in the 
development of clot formation [109]. CRP spe-
cifically has been implicated in the pathogenesis 
of plaque formation [110, 111]. Sin and Man 
(2003) examined data from participants evalu-
ated in the Third National Health and Nutrition 
Examination Survey to determine whether CRP 
and other systemic inflammatory markers are 
present in patients with chronic airflow obstruc-
tion and whether they may be associated with 
cardiac injury [112]. Results indicated that indi-
viduals with severe airflow obstruction had circu-
lating leukocyte, platelet, and fibrinogen levels 
that were higher than in individuals without air-
flow obstruction. They also discovered that these 
individuals were more likely to have an elevated 
circulating CRP level. This data suggests that 
low-grade systemic inflammation was present in 
participants with moderate to severe obstruction 
and was associated with increased risk of cardiac 
injury.

One of the hallmarks of COPD is a chronic 
inflammation of the lower airway. COPD 
increases the risk of lung cancer up to 4.5-fold 
among long-term smokers [112–114]. Cigarette 
smokers develop some degree of lung inflamma-
tion, but individuals with COPD develop a greater 
degree that progresses with advanced disease 
[115]. Cigarette smoke induces the release of 
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several pro-inflammatory cytokines and growth 
factors including IL-1, IL-8, TGF-beta, and 
G-CSF through an oxidative pathway [116]. The 
activation of epithelial growth factor receptor 
(EGFR) is elevated in bronchial biopsies from 
smokers with or without COPD compared to 
nonsmokers [117, 118]. The increased activation 
of EGFR has been identified to be an early abnor-
mality found in smokers at high risk for develop-
ing lung cancer [119]. Moreover, NF-kB is 
activated by inflammatory processes and by oxi-
dative stress. Since NF-kB is highly activated in 
both COPD and lung cancer, it is possible that it 
may provide the molecular association between 
inflammation and the pathogenesis of tumor in 
the lung [120].

Among patients with COPD, depression 
occurs with such a high prevalence that such psy-
chological distress cannot be easily attributed to 
behavioral factors. In a recent study, prevalence 
of depression in a Japanese male sample of 
patients with COPD ranged from just under 
30–40%, depending on the screening tool [121]. 
The severity of COPD also significantly pre-
dicted depressive symptoms in participants. In 
one study investigating whether depression was 
associated with systemic inflammation in COPD 
by using a range of biomarkers and several 
depression and fatigue scales, it was found that 
TNF-a was correlated with depression score. 
Patients with a higher TNF-a level had higher 
mean depression scores. A slightly weaker cor-
relation occurred between TNF-a and fatigue 
[122]. As COPD results from inflammation and/
or changes in immunological repair mechanisms, 
a “spillover” of inflammatory mediators into cir-
culation often results in greater systemic inflam-
mation [123]. Systemic inflammation may 
aggravate any comorbid diseases, such as isch-
emic heart disease, lung cancer, diabetes, and 
depression. Such co-occurring health problems 
may increase the severity of COPD, resulting in 
frequent hospitalizations, increased healthcare 
costs, and disability. Psychological comorbidi-
ties, such as major depression and anxiety, affect 
the patient’s ability to adhere to their physicians’ 
recommendations and to cope personally with 
COPD.

Hypertension is a major risk factor for the 
development of cardiovascular disease, the prev-
alence of which is dramatically higher in women 
with a chronic inflammatory disease, such as 
SLE. In fact, some studies have shown that up to 
74% of their patient samples have significant 
hypertension [124, 125]. It is likely that the 
pathogenesis of hypertension involves inflamma-
tory mechanisms, including metabolic factors as 
well as pro-inflammatory cytokines. The inflam-
matory process involves adipose tissue, which 
produces cytokines (leptin and adiponectin) 
[126]. Blood pressure has been found to correlate 
with circulating inflammatory cytokines, such as 
IL-6, TNF-a, and CRP [127]. One study found 
that the concentration level of circulating IL-6 
and adhesion molecules could be modified by 
decreasing blood pressure in hypertensive sub-
jects. After successfully treating the high blood 
pressure of participants, the circulating IL-6 was 
found to be significantly lower [128]. 
Relationships between inflammation and auto-
nomic function have also been observed: in a 
sample of cardiac patients, heart rate variability 
(HRV) was demonstrated to be negatively corre-
lated with inflammatory biomarkers, CRP and 
IL-6 [129].

Hypertension is a significant risk factor for the 
development of certain types of malignancies 
[130–132]. In a study of health records evaluat-
ing almost 364,000 men, data revealed a direct 
relationship between higher blood pressure and 
increased risk of renal cell carcinoma [133]. 
Another association was found to occur between 
obesity and hypertension and higher risk of renal 
cell carcinoma. Importantly, after the sixth-year 
follow-up, the cancer risk rose further with 
increasing blood pressure and decreased with 
lowered blood pressure. In a systematic review of 
articles published between January 1966 and 
January 2000 examining the relationship between 
hypertension and malignancy, Grossman et  al. 
suggested that individuals with hypertension 
experienced an increased rate of global cancer 
mortality, particularly with regard to renal cell 
carcinoma [134].

Evidence suggests that depression and anger 
suppression (as opposed to anger expression) are 
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strong predictors of hypertension [135]. Other 
types of psychological distress that are known to 
relate to higher blood pressure and poorer cardio-
vascular outcomes include loss of social support, 
cultural alienation, and difficulty coping with 
stressful events [136]. In the USA, historically 
underserved populations are especially likely to 
have overlapping psychological distress and 
higher rates of hypertension, particularly among 
the urban American Indian and African American 
communities [137, 138]. Recent research demon-
strates that this pattern is also true among newly 
urbanized peoples, such as urban black South 
African community. Among a sample of urban 
black South Africans with hypertension, psycho-
logical distress was associated with higher blood 
pressure as well as left ventricular hypertrophy 
[139]. It is interesting to note that depression 
among historically neglected communities is 
linked not only to hypertension but also to cardio-
vascular disease, obesity, and chronic inflamma-
tory diseases [140].

Despite increased media attention focused on 
prevention of cardiovascular disease (CVD), it 
continues to be the leading cause of death in the 
USA and the second most common cause of 
death worldwide [139]. Researchers have 
recently begun to examine the role of inflamma-
tion in atherogenesis and thrombosis and found 
that inflammatory processes play a role in all 
stages of atherothrombosis, known to be the 
underlying cause of approximately 80% of all 
sudden cardiac deaths [141]. The molecular pro-
cess involves a response to oxidized low-density 
lipoprotein cholesterol, injury, or infection 
whereby leukocytes bind monocytes to the site of 
a developing lesion. The monocytes become 
macrophages, forming foam cells and initiating 
fatty streaks [142]. The macrophages are the 
main atherosclerotic inflammatory cells that 
induce a microenvironment that facilitates 
inflammation. At this stage, activation of macro-
phages, T lymphocytes, and smooth muscle cells 
(SMCs) leads to the release of additional media-
tors, including adhesion molecules, cytokines, 
chemokines, and growth factors, all of which 
play important roles in atherogenesis [142, 143]. 
In a study of carotid artery intima-media thick-
ness (IMT) in hypertensive older adults, research-

ers found that inflammation, as measured by 
CRP, was one of the few predictors of arterial 
IMT [144]. In fact, new therapies aimed at pre-
venting and treating atherosclerosis have targeted 
cytokine-based inflammatory mechanisms pre-
cisely because of the role of chronic inflamma-
tion in the development of atherosclerotic plaques 
[145].

Several studies have shown that elevations in 
CRP predict future risk of coronary episodes 
[146, 147]. Specifically, Pasceri et al. examined 
the effects of CRP on the expression of adhesion 
molecules in both human umbilical vein and cor-
onary artery endothelial cells and found that CRP 
induces adhesion molecule expression in human 
endothelial cells in the presence of serum [148]. 
These findings support the hypothesis that CRP 
may play a direct role in promoting the inflam-
matory component of atherosclerosis. Sakkinen 
et al. evaluated the relationship between CRP and 
the development of myocardial infarction (MI) 
over a 20-year period in men in the Honolulu 
Heart Program and found that the odds of MI 
increased not only in the first few years of follow-
up but also as far as 20 years into the follow-up 
period, indicating that inflammation continues to 
affect the atherosclerotic process throughout all 
stages [149]. IL-6 is understood to be the princi-
ple procoagulant cytokine and can increase 
plasma concentrations of fibrinogen, plasmino-
gen activator inhibitor type 1, and CRP, thereby 
amplifying inflammatory and procoagulant 
responses [148, 150].

Recent attention has focused on the role of 
mood disturbance among cardiac patients recov-
ering from acute MI as results have suggested 
that depression contributes to adverse outcomes 
following cardiac events [151, 152]. In addition 
to other complications of cardiovascular disease, 
depression is known to increase the risk of mor-
tality among this population [153]. In fact, the 
rate of mortality among depressed patients with 
cardiovascular disease is twice that of their non-
depressed peers. Depression has also been dem-
onstrated to have a predictive role in the 
development of coronary heart disease (CHD) in 
healthy individuals [154]. The risk of developing 
CHD has been shown to be about 60% greater in 
depressed but otherwise healthy patients. 
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Depression is associated with poor health behav-
iors, higher life stress, passive coping styles, as 
well as behavioral risk factors such as smoking, 
high fat diets, sedentary lifestyle, and lack of 
adherence to medical advice [153]. Depression 
also plays a role in the development of local and 
systemic inflammation, which is associated with 
CHD [155]. Following episodes of cardiac arrest 
and cardiopulmonary resuscitation (CPR), survi-
vors often suffer global cerebral ischemia after 
periods of brain blood flow deprivation. The lev-
els of pro-inflammatory cytokines have been 
shown to increase dramatically following cere-
bral ischemia, and this often results in the trans-
portation of circulating immune cells across the 
blood–brain barrier [156]. Data indicate that the 
prevalence of depression rises considerably fol-
lowing the occurrence of cerebral ischemia, fur-
ther exacerbating neuro-inflammation.

�Treatment Considerations

Building on the past decade’s examination of the 
psychological contributors to inflammation and 
consequent disease and cancer, an interesting 
question is whether psychological intervention 
may disrupt chronic inflammation and its resul-
tant disease process. A few promising studies 
have attempted to shed light on the answer by tar-
geting depressive symptoms in patients diag-
nosed with cancer. In one randomized clinical 
trial, newly diagnosed breast cancer patients with 
clinically significant symptoms of depression 
were assigned to one of two groups: one received 
the psychological intervention and the other only 
an assessment. Participants who received the psy-
chological intervention demonstrated signifi-
cantly reduced levels of depression, pain, fatigue, 
and pro-inflammatory biomarkers [157]. 
Interestingly, the effect of the intervention was 
mediated by its effect on depressive symptoms. 
In another randomized clinical trial, both 
depressed and nondepressed women post-
coronary artery bypass graft (CABG) surgery 
were assigned to either home-based cognitive 
behavioral therapy (CBT) or no intervention 
[158]. Depressed post-CABG women demon-
strated decreased natural killer cell cytotoxicity 

(NKCC) as well as a higher frequency of infec-
tious illness in the first 6  months after 
CABG.  Depressed women who received the 
intervention demonstrated an increase in NKCC 
(D = 0.67) and a decrease in IL-6 (D = 0.61), CRP 
(D = 0.85), and postoperative infectious illnesses 
(D = 0.93). These results indicate that psycholog-
ical status is related to impaired immunological 
functioning and increased rates of preventable 
illness.

Another angle examined in recent years has 
been the pharmacological treatment of depres-
sion, particularly with regard to selective sero-
tonin reuptake inhibitors (SSRIs) and tricyclics. 
Researchers have found that activation of the 
serotonin 5-hydroxytryptamine (5-HT) 2A recep-
tor, known for its role in brain neurotransmission, 
results in inhibition of TNF-a-mediated inflam-
mation [159]. One clinical trial that involved 
SSRI treatment of patients with major depression 
demonstrated a significant decrease in TNF-a and 
CRP [160]. The changes reflected similar 
decreases in self-reported depression symptoms. 
Similarly, other studies found that among patients 
with major depression treated with an SSRI, 
IL-6, IL-1 b, and TNF-a, levels were significantly 
lower posttreatment [161, 162]. It has been dem-
onstrated that the presence of serotonin is 
required for expression of the inflammatory 
markers IL-6 and TNF-a. However, it is interest-
ing to note that lower serotonin levels increase, 
and higher levels decrease, the expression of pro-
inflammatory cytokines [163]. The inverted 
U-shaped trend suggests that serotonin, and 
therefore mood state in general, is significant in 
influencing the inflammatory mechanism [159].

�HCC: An Example of Multistep 
Processes: Depression-Obesity- 
Inflammation-NAFLD-Tumor

Just as there is a relationship between depression 
and obesity, as discussed above, so there is also a 
relationship between depression and obesity-
associated liver disease or nonalcoholic fatty 
liver disease or NAFLD [164–170]. Nonalcoholic 
steatohepatitis (NASH) is a chronic, inflamma-
tory, and progressive form of NAFLD, and its 
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global incidence is increasing. NASH patients 
are at risk of HCC development. Thus, NASH 
has become an epidemic and an increasing cause 
of HCC [171–175]. Thus, not only is inflamma-
tion associated with HCC from viral causes 
[176], but it is also associated with the metabolic 
syndrome of obesity-associated HCC.  Patients 
with HCC also have increased levels of depres-
sion and stress as measured on quality of life 
questionnaires [177–182]. Furthermore, HCC 
patients with post-traumatic growth have 
increased survival compared to those that do not 
[179], suggesting that psychological factors may 
play a role in HCC-associated survival. Overall 
survival was also found in an HCC group of 
patients who received a comprehensive education 
and care program, compared to an HCC group 
that did not [177], lending support to the idea that 
psychological factors might impact HCC patient 
survival. Several studies have shown the prog-
nostic significance of anxiety, depression, and 
quality of life in relation to survival in HCC 
patients [183–185]. The unanswered question 
relates to which is cause and which is conse-
quence. If stress and anxiety are causally related 
to poorer survival in HCC patients, then psycho-
logical interventions might have a role in improv-
ing HCC patient survival. Regardless, anxiety 
and especially depression thus are associated 
with HCC causation (obesity and NASH) and 
HCC outcomes.

�Conclusions and Future Directions

A current major debate among healthcare provid-
ers centers on the nature of the role of chronic 
inflammation in the pathogenesis of cancer. 
While it appears likely that the inflammatory 
mechanism is a major contributor toward a 
tumor-promoting environment that may also 
involve cellular transformation, the proliferation 
and survival of malignant cells, development of 
angiogenesis and metastasis, and reduction of 
adaptive immune response, direct causation 
between inflammation and tumor has not yet 
been established. Due to the rapid expansion of 
clinical and scientific literature on the topic, it is 

possible that more decisive evidence will be dis-
covered within the next 5 years. Of perhaps equal 
interest (though perhaps to slightly different par-
ties) is the interaction between psychological dis-
tress and chronic inflammation. While the 
directionality of this relationship remains unclear, 
and there is even evidence supporting bi-
directionality, data suggests that psychological 
factors such as major depression, anxiety, chronic 
and daily life stress, and anger suppression may 
trigger an inflammatory response. Unregulated, 
and often aggravated by the contribution of 
behavioral factors (dietary obesity, smoking, sed-
entary lifestyle), such immunological response 
often develops into chronic disease, some of 
which have been discussed in this chapter. 
Although there is no evidence to support a direct 
effect of psychological distress on the develop-
ment of malignancies, psychosocial factors 
should be a target of critical importance in clini-
cal settings as they are often modifiable and such 
intervention may alter or even prevent the course 
of chronic diseases associated with cancer devel-
opment. Much of the literature discussed in this 
chapter indicated that illnesses such as rheumatic 
disease, gastrointestinal disease, obesity and type 
2 diabetes, and pulmonary and cardiovascular 
disease all have increased risk cancer develop-
ment associated with chronic inflammation. The 
obvious and necessary question that follows is 
whether, and to what extent, reduction of psycho-
logical distress could improve the course of cer-
tain inflammatory diseases (or diseases where 
inflammation is a major feature) and therefore 
decrease risk of cancer.

The interaction between psychological dis-
tress and chronic disease is most acute in the 
health disparities among historically underserved 
populations in the USA, particularly among some 
American Indian/Alaska Natives (AI/AN), 
African American, and Hispanic communities. 
Various risk factors contribute to such health dis-
parities including ethnicity, social economic sta-
tus, age, gender, literacy, transportation, and 
availability of services [186]. Compared with 
non-Hispanic Whites, AI/AN, Hispanics, Asians, 
and Pacific Islanders have much higher rates of 
cancer [187]. National data revealed increased 
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long-term rates of renal cell, HCC, thyroid, mela-
noma, bladder, and pancreatic carcinomas as well 
as increased mortality rates from melanoma, 
esophageal, pancreatic, and liver cancers [187]. 
Ethnic and racial minority groups in the USA, 
particularly non-Hispanic Blacks, have a higher 
prevalence of CVD risk factors. Racial discrimi-
nation contributes to disparities in health-related 
domains, as new studies have linked self-reported 
experiences of discrimination to adverse cardio-
vascular health outcomes and hypertension and 
have been more pronounced for African 
Americans [188, 189]. In fact, among a sample of 
older African American adults, experiences of 
discrimination have been associated with 
increased levels of pro-inflammatory cytokines 
[190]. Understanding the role of psychosocial 
factors can provide important targets for clinical 
assessment, connection with resources, and inter-
ventions. Clinical literature examining health dis-
parities within the context of the interaction 
between psychological distress and chronic dis-
ease is a relatively new but rapidly expanding 
field and warrants more efforts in this promising 
direction.
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