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Abstract

Background: Inflammation is a risk factor for chronic physical illnesses. Evidence is building that inflammation is also
a risk factor for mental illnesses making inflammation a common mechanism which could explain the high comorbidity
between mental and physical illnesses.

Method: Based on a systematic search, a review on factors associated with inflammation in the depressed chronically ill
has been conducted. Relevant articles have been selected according to the methodological considerations (scope, sample
size, type of analysis and bias).

Results: Five categories of factors mediate the association between chronic physical and mental illnesses: (I) social—
demographic factors, (2) social-economic background, (3) adverse health behaviours, (4) psychological stress and (5)
genetics. Psychological therapies and medication also moderate this association. A theoretical model of the interplay
between inflammation, depression and chronic physical illness is then presented.

Discussion: Inflammation contribute to both chronic physical and mental illnesses. These conclusions support future

advances in clinical and research practice, as well as training and education.
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Introduction

Inflammation is a well-known risk factor for chronic physi-
cal illnesses. Evidence is building that inflammation is also
arisk for mental illnesses making inflammation a common,
modifiable mechanism which could potentially explain
why mental and physical illnesses are highly comorbid.
Low-grade chronic inflammation affects around a third of
patients with depression potentially characterising a par-
ticular subset of the disease.! Evidence for a key role of
activated immune cells — such as monocytes and T cells — in
depression now exists.> Peripheral inflammation impacts
brain function® and predisposes the brain in such a way that
genetic and environmental influences — such as stress or
trauma — can precipitate the symptoms of depression.*
There is also evidence — albeit preliminary — that the asso-
ciation between inflammation and depression might be
causal. Inflammation, when chronic, predicts the develop-
ment of depressive symptoms in previously healthy indi-
viduals® while anti-inflammatory drugs reduce depressive
symptoms in people with or without classic inflammatory
diseases.® Mendelian randomisation studies also suggest
that pro-inflammatory cytokines such interleukin-6 (IL-6)
are likely causal to the development of depression.’
Peripheral inflammation is even more prevalent in those
with more complex depression such as those with comorbid

physical illnesses.®® This results in higher morbidities and
a lower life expectancy than the physically healthy
depressed individual or the chronically ill without mental
illness. The detection of chronic low-grade inflammation in
the periphery may then guide the clinician to better evalu-
ate patients’ risks factors for depression and physical
chronic illness and evaluate the need of an add-on
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anti-inflammatory treatment to potentiate the effect of tra-
ditional monoaminergic antidepressants.®

To guide today’s science, and clinical practice for the
implementation of a better detection, diagnosis and treat-
ment of depression in the chronically ill, we conducted a
comprehensive assessment of factors associated with
inflammation in the depressed chronically ill. We then pro-
duced a theoretical model of the interplay between inflam-
mation, depression and chronic physical illness that could
guide future advances in research and clinical practice in
the medical field.

Method

Based on a systematic search strategy,'® we conducted a
review which aim to gather the factors associated with
inflammation in the depressed chronically ill. This led to
the creation of a theoretical model presenting the interplay
between inflammation, depression and chronic physical
illness.

Search strategy

Relevant studies published between 2000 and December
2021 have been selected from ‘Pubmed’, “Web of Science’,
‘Science direct’, ‘Psychinfo and Psycarticle’, ‘Cochrane’,
‘Biomed’ and ‘Google Scholar’ databases. A combination of
keywords was used by matching the three following lists:
‘Non-Communicable Disease’, ‘NCD’, ‘Chronic disease’,
‘Chronic illness” with ‘Inflammation’; ‘Low-grade
Inflammation’ with ‘Depression’, ‘Depressive symptoms’,
‘MDD’. The scope of this research includes publications
focusing on the interplay between chronic physical illness,

inflammation and depression and notably papers focusing on
the main non-communicable diseases such as cardiovascular
diseases, cancers, diabetes, chronic kidney disease and
chronic obstructive pulmonary disease. !

Inclusion criteria rely on the scope of the review and the
type of article (meta-analysis, systematic reviews, literature
reviews, quantitative and qualitative articles). We excluded
opinion articles, editorials and short comments.
Identification of the studies was carried out by the title and
abstract content.

Study selection

A study selection was performed after a full-text assess-
ment. For every relevant factor mentioned by scientific lit-
erature, we first selected studies based on the design of the
study. More precisely, we considered studies providing
information about potential associated factors in the inter-
play between inflammation and depression in chronically
ill patients. Then we retain studies presenting critical con-
sideration regarding the factor’s type of association (cau-
sality, association and mediation). Then, in line with the
new evidence-based pyramid,'? we only selected one to two
studies per relevant factor, based on the methodological cri-
teria (type of study, sample size, implementation of poten-
tial cofounders, type of analysis, potential bias and quality
of the review).

Presentation of the results

The conducted selection process then led to group 17
selected publications with the help of a thematic categorisa-
tion (Figure 1). We considered five categories of factors
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Figure 2. Theoretical model representing the association between depression, chronic physical ilness, inflammation and their

interrelated mechanisms.

which impact depression and chronic physical illness
through inflammation, and one category that moderates this
association. A model representing the interrelation between
depression, chronic physical illness and inflammation is
then presented (Figure 2). We finally present a discussion
about the clinical and theoretical implications of these
results, considering its perspectives for the medical
profession.

Results

Five categories of factors have an impact on chronic physi-
cal illness and depression through inflammation: (1) social—
demographic factors (e.g. age, gender, marital status); (2)
social-economic background (e.g. education level, profes-
sion, income or wealth); (3) adverse health behaviours (e.g.
smoking, alcohol or drug abuse, poor diet, obesity); (4)
psychological stress (e.g. childhood maltreatment, social
isolation/lack of social support, domestic violence, psycho-
logical trauma) and (5) genetics. One category of factors
moderates the association between physical and mental ill-
nesses such as depression: psychological therapies and
medications. Each category and their influential relations
on inflammation, depression and chronic physical illness
have been gathered in a theoretical model (Figure 2).

First, social-demographic factors play a significant role
in the physical and mental illness comorbidity by being
particularly associated with worse comorbid depression
symptoms in woman,'® in the elderly!® and in ethnical
minorities.'* Research in this area is still ongoing, but there
is initial evidence to suggest that women and the elderly
respond to psychological stress laboratory tests with higher
levels of peripheral inflammation.!® Inconclusive results
may also be a factor of different authors screening different
inflammatory biomarkers.!

Second, inflammation is impacted by a range of social—
economic factors.!® A multi-cohort study identifies that a dis-
advantaged socioeconomic position at each life stage is
independently associated with systemic inflammation.!’

Recent meta-analysis shows childhood socioeconomic status
is linked to inflammation.'® Other socioeconomic disadvan-
tages may contribute to depression by increasing psychologi-
cal stress related to, for example, job uncertainty, lack of
enough food or lack of nutritional value, potable water,
decreased access to care and medical treatment.

Increased inflammation due to adverse health behaviours
including sleep quality, cigarette consumption, drug abuse
and a poor diet may contribute to the development of depres-
sion.!*?° Mendelian randomisation and meta-analysis stud-
ies show a likely causal association of inflammation and
obesity,?! with nonetheless inconsistent conclusions about
its detailed pathway. Studies also suggest the link between
adverse health behaviours and inflammation to be partly due
to decreased antioxidants molecules and decreased anti-
inflammatory molecules by lack of exercise.??

Recently, low socioeconomic factors and adverse health
behaviours have also been associated with inflammation
due to an unhealthy change in the microbiota.?* Microbiota
influence on inflammation occurs through its connection
with the central nervous system and immune system in a
bidirectional causal way.?® Through is afferent fibres, the
vagus nerve can stimulate cholinergic anti-inflammatory
pathway and anti-inflammatory hypothalamic—pituitary—
adrenal (HPA) axis pathway to regulate inflammation.?+?%
Through internal dysbiosis or a leaky gut, microbiome can
also impact the level of inflammation and contribute or
aggravate chronic illness and depression.?® Studies suggest
that healthier, anti-inflammatory diet may be beneficial to
patients by reducing depression symptomatology.?°

Individuals who are genetically determined to have
higher inflammation have increased risk of chronic physi-
cal illness and depression levels.?” Polymorphism in the
IL-10 promoter —1082 gene shows that (A/A) individuals
(lower IL-10 producers) report higher depressive levels
than (A/G) allele carriers.”’ In addition to cytokines,
chronic stress may also increase inflammation via epige-
netic changes and predict higher rates of depressive
symptoms.?®
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Finally, there is some evidence to suggest that factors
that improve depressive symptoms such as psychological
therapies and psychotropic anti-inflammatory medication
can also decrease inflammation levels. Meta-analysis con-
firmed that antidepressant therapy®’ and anti-inflammatory
therapy® decreased depression and inflammation.

Discussion

The higher prevalence of depression commonly observed
in the chronically physically ill may be partly explained by
the impact of low-grade chronic inflammation.” In the
physically ill, unabated activation of the immune system
may occur due to systemic infection, cancer, auto-immune
diseases and other inflammation-related illnesses.’® As a
response, innate immune cells produce pro-inflammatory
cytokines which impair brain function and cause sickness
behaviours such as depression.*3!

Peripheral inflammation as shown by increased
cytokines and acute phase proteins such as C-reactive pro-
tein (CRP), tumour necrosis factor, IL-6 and IL-1B protein
levels can lead to neuroinflammation. Transduction path-
way from peripheral immune signals to the brain includes
(a) neural pathway where peripherally produced pathogen-
associated molecular patterns (PAMPs) and cytokines acti-
vate afferent nerves, which, in turn, project to several other
brain areas related to mood; and (b) humoral pathway
where PAMPs at the choroid plexus and circumventricular
organs PAMPs induce the production and release of
cytokines via mechanisms still not exactly known.** Once
in the brain, pro-inflammatory cytokines may influence
mood via different pathways. First, cytokines can induce
the kynurenine pathway by metabolising tryptophan into
kynurenine, and then to neurotoxic metabolites. Decreased
tryptophan will also impair its availability for serotoniner-
gic and melatonin production.*? Second, pro-inflammatory
cytokines also induce HPA axis hyperactivity and subse-
quently induce glucocorticoid resistance.’® Third, pro-
inflammatory cytokines can lead to an increase in cell
death, apoptosis and impairments in neuroplasticity and
neurogenesis that can precipitate the symptoms of
depression.?*33

The causal impact of depression on inflammation is still
under investigation. Longitudinal studies that explored
causal impact of depression on inflammation suggested that
depression is a predictor for future increased levels of
inflammatory markers such as CRP and I1L-6.>%*" These
studies are subjected to bias due to reverse causation and
confounders. In a recent mendelian randomisation study,
there was no evidence of a direct causal association of
depression in inflammation levels.3® These results should
be regarded with caution as preliminary genetic instru-
ments for depression used in mendelian randomisation
analysis are still relatively weak, and only account for 1.5—
3.2% of explanation of depression.>

Today, understanding and assessing the interrelation
between chronic physical illnesses, inflammation and
depression as the main mental health comorbidity appears

to be one of the next main focal points in the medical field.
The existing interplay between inflammation and depres-
sion implies that chronic physical illnesses generate higher
inflammation levels, that can induce depression.*’ In paral-
lel, depression and its related psychosocial stress are asso-
ciated with future higher levels of inflammation and,
subsequently, can induce worse clinical outcomes among
these patients.®%37

In the years to come, targeting inflammation levels to
hinder the onset of depressive symptoms and aggravation
of chronic physical illnesses could be one of the primary
objectives of clinical support. To do so, medical field will
have to implement prevention strategies that decrease
inflammation levels. First, providing a better evaluation of
the inflammatory profile of patients could be used to assess
potential depression prognostics,* while evaluating the
potential risk of developing chronic physical illnesses from
high inflammation levels. Second, using the theoretical
model of this present article, prevention strategies could
target causal risks factors for inflammation (social-demo-
graphic factors, social-economic background, adverse
health behaviours, psychological stress and genetics).
Future prevention strategies could also favour protective
behaviours to hinder the impact of high inflammation lev-
els. Adjusted clinical guidance, such as exercising,*!
endorse an adaptative diet,* targeting an adjusted BMI or
using an anti-inflammatory add-on such as omega 3,
could therefore protect patients from the morbid conse-
quences of constant high inflammation levels. Finally,
alongside with the anti-inflammatory effect of psychologi-
cal interventions** and antidepressants therapy,”® future
potential treatments such as anticytokine treatments* and
anti-inflammatory therapy'® could be used to target morbid
consequences of low-grade inflammation. Implementation
of these prevention strategies could help reduce/stabilise
the synergetic impact from the interplay between inflam-
mation, depression and chronic physical illnesses.

Conclusion

Our model points to inflammation as a common, shared
mechanism contributing to both chronic physical and men-
tal illnesses. This was partly explained by inflammation-
related poor social-economic and demographic background,
chronic psychological stress and poor health behaviours.
Future prevention strategies in the medical field should
address these risk factors categories to better support physi-
cal and mental health.
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