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INFLAMMATION

Diseases attributed to chronic inflammation account for 

50% of ALL deaths, CVD,stroke, DM, NAFLD, CKD, 

neurodegenerative disease, autoimmunity  (GBD 2017 causes 

of death Lancet 392:1736,2018)
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Inflammation - Physiologic

• Evolutionary conserved process integrating 
immune/no-immune cells which protect the host from 
DANGER without collateral damage

• Inflammation is accompanied by 
local/metabolic/neuroendocrine and behavioral 
changes to conserve/allocate energy

• Normal inflammation is self limited (following 
eleimantion of the danger) and coupled with tissue 
repair

Inflammation- pathologic

• In certain circumstances  various environmental, 
behavioral, social, psychologic factors prevent 
resolution of acute inflammation and promote a 
state of chronic (sterile) inflammation

• Leads to breakdown of tolerance leading to end 
organ damage, autoimmunity, poor response to 
vaccines & lowered host resistance to infections
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Systemic Chronic Inflammation and Disease

• Clinical consequences are severe CVD, metabolic syndrome, stroke, 
DM, CKD, neurodegenerative disease, NAFLD, depression, sarcopenia
and autoimmune diseases

• CRP is marker of CVD in men and and women (Ridker, PJ am Col Card 
67:712,2016)  

• CANTOS trial of IL-1i in 10,000 individuals lowered risk of MI, death and 
lung cancer (Ridker, P NEJM 377:1119,2016)

• TNFi reduces rate of MI and insulin resistance in RA (Burska, AQN Plos One 
2015)

• CRP, PMN# and Albumin predict 8 year mortality (Proctor M Plos one 2015)

Advanced Flow – 73 

subsets

Transcriptomics

Cytokine 

responsiveness
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LIFE STRESS
Smoking 

Drugs 

ETOH

SLEEP 

DISTURBANCE 

IMID 

Framingham Heart Study participants stratified based on 

median values of their IMM-AGE scores adjusted to 

cardiovascular risk factors and cardiovascular disease.

Yellow and blue curves correspond to individuals with low 

and high IMM-AGE scores, respectively (P = 0.018, n = 

2,290, two-sided log-rank test).

Immune Age predicts all cause mortality BEYOND known predictors of CVD
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Sources of Chronic Inflammation

• Immune aging/immunosenescence

• Chronic Infections

• Lifestyle, social, and environment
- Microbiome dysbiosis

- Diet

- Sleep

- Exercise

- Stress, social and cultural issues

• Developmental (Maternal/paternal)

Exposome
• the measure of all the exposures of an 

individual in a lifetime and how those 
exposures relate to health
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Causes and Consequences of Chronic Low Grade 
Inflammation

Furman D et al Nature Med Dec 5 2019

Immune Changes Occurring During Aging

Cellular senescence is 

characterized by an arrest of 

proliferation and the development 

of a senescence associated 

secretory phenotype (SASP)

SASP secrete inflammatory 

cytokines, chemokines and other 

pro-inflammatory molecules 

• SASP cells arise due to 

ENDOGENOUS factors 

(molecular)

• Non-ENDOGENOUS –

Lifestyle/pollution/cultural 

changes etc
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There is considerable heterogeneity in immunological parameters 

between individuals, but its sources are largely unknown. To assess the 

relative contribution of heritable versus non-heritable factors, we have 

performed a systems-level analysis of 210 healthy twins between 8–82 

years of age. We measured 204 different parameters, including cell 

population frequencies, cytokine responses, and serum proteins, and 

found that 77% of these are dominated (> 50% of variance) and 58% 

almost completely determined (> 80% of variance) by non-heritable 

influences.

Chronic Infections 

• The role of chronic infections (EBV,CMV, HCV etc) on 
SCI and immunity remain controversial

• Infections appear to act synergistically with 
environmental factors and unlikely the primary factor

• Chronic HIV infection is associated with premature 
aging Lancet. 2013 Nov 2;382(9903):1525-33

• Hunter gatherers are heavily infected Amazon, 
Tanzania, Ghana rarely exhibit diseases associated 
with SCI (Raichen D et al Am J Hum iol29:e22929,2017)
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Chronic Infections: the case for CMV

• 20 years ago John Looney described the dramatic 
impact CMV had on the immune system of older 
individuals (Looney J et alClin Imm (1999) 90:213–9.)

• In older people, one or a few clonal populations can 
occupy more than 25% of the entire CD8+ cell pool 

• CMV memory T cells maintain efficient effector 
functions for lifetime but wane with age

• Immune changes  from HCMV may have significant 
impact during co-infection and vaccination, as well as 
on general and immunological fitness. (controversy**)

Lifestyle Social and physical 
environment

• Industrialization is associated with many 
benefits (technology/vaccines/hygiene but 
has caused radical shifts in diet/lifestyle 
that has left evolutionary mismatch from 
those habits experienced by our recent 
ancestors

• POSTULATE: Evolutionary mismatch may 
be a major cause of SCI
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Physical Activity and Immune Reponse
• Moderate-Vigorous Physical Activity MVPA

- Min 150 min/week; 10K steps most days

- >50% US insufficient (Fiuza-Lucas, C Nat Rev Cardiol 15:7312018)

• Strong evidence association of physical Inactivity and all       
cause mortality

• Physical inactivity linked to obesity VAT and inflammation  
(CRP) and inflammatory cytokines

• Inflammatory cytokines (TNF,IL-6) induce fat/liver insulin 
resistance & lipolysis and contributes to accelerated 
aging, AID, cancer CVD neurodegenerative diseases 
(Vesini M Autoimm Rev 13:981,2014) (Frasca, D Front Immunol
8:1745,2017)
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0
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Sedentary Moderate

Exercise

Heavy

Exertion

URTI 

Risk

Exercise Workload

Elevated

Normal

Reduced

Nieman DC. Is infection risk linked to exercise workload?  Med Sci

Sports Exerc 32:S406-S411, 2000.

Clinical 
Influences

40-50%↓

2-6-fold ↑

Moderate physical activity is associated with 
reduced incidence of respiratory infections
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J Clin Onc on line Jan 1 2020

CONCLUSION Health care providers, 
fitness professionals, and public 
health practitioners should encourage
adults to adopt and maintain physical 
activity at recommended levels to 
lower risks of multiple cancers.

Diet and Microbiome Dysbiosis

• Modern diets are generally low in fruits and vegetables, fiber, 
pre-biotic foods and high in refined grains, ultra processed 
foods with excipients

• Such diet is linked to dysbiosis and increased gut permeability 
and microbial translocation (Zmora N Cell Metab 25:506,2017; Fuman d Nat Med 

25:1822,2019)

• Immunologic ill effects also documented for high slat and 
TH17 )Burkett, P et al J Clin Invest 2015;125:2211) ;

• SAD diet (low fiber+ high vegetable oils) - Low OMEGA-3 
leading to lowered resolvins, maresins, protectins (Serhan,C JCI 

128:2657,2018) while increased OMEGA-3 diet is anti-inflammatory 
(Calder, PC Proc Nut Sci 77:52,2018)
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PRUDENT 

DIET 

WESTERN 

DIET 

0.78 0.72 0.81 1.00 1.40 1.60 1.70

INTERQUARTILE RISKS OF INCIDENT RA OVER 1991-2011

Remained significant after adjustment for age, smoking, obesity/BMI, income

An inflammatory dietary pattern was associated with

increased seropositive RA risk with onset ≤ 55 years 

old, and this association may be partially mediated 

through BMI.
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MICROBIOME EFFECTS

Consistent association of 

diet responsive taxa with 

different measures of frailty, 

cognitive function and 

inflammation

The NU-AGE rationale is that a one year Mediterranean 

whole diet, newly designed to meet the nutritional needs 

of the elderly, will reduce inflammaging in fully 

characterized subjects aged 65–79 years of age, and will 

have systemic beneficial effects on health status (physical 

and cognitive).

The Immune System – The 7th Sense
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What Triggers the Immune Response

FOREIGN ANTINGENS?

INFECTIONS?

DANGER?

DANGER
EXTRINSIC 
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Affective Disturbances and RA
Mood and Disease Activity 

Interconnectedness 

“Slumber…...the chief
nourisher in life's feast”  

William Shakespeare

What are the mechanisms 
linking sleep and health? 
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The American Journal of Medicine (2015) 128, 268-275

The causal link between 
sleep disturbance and 

inflammatory mechanisms  
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Sample: 72 studies (n > 50,000) 

Measures:  C-reactive protein (CRP),  interleukin-6 (IL-6), and tumor necrosis 

factor alpha (TNFalpha)

Sleep disturbance: self-reported items, questionnaires, diagnosis

Sleep duration: long (>8 h) and short (<7 h), self report, actigraphy

38

39



12/22/2020

19

Cole, S Current Opinion in Behavioral Sciences 2019, 28:31–37

Chronic stress 

poverty

Bereavement

PTSD
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Conserved transcriptional response to 
adversity (CTRA) 

In setting of chronic stress, threat or uncertainty
INCREASED GENE EXPRESSION

• genes involved in inflammation

(e.g., proinflammatory cytokines such as IL1B, IL6,IL8, and TNF)

DECREASED GENE EXPRESSION

• type I IFN antiviral responses (e.g., IFI-, OAS-, and MX- family

genes)  

• IgG1 antibody synthesis (e.g., IGJ) (12, 33–35). 

• The CTRA transcriptional program likely evolved to help the 
immune system counter the changing patterns of microbial 
threat ancestrally associated with changing socio-
environmental conditions

• Eudynamic well being is associated with 
downregulation of  
- NFkB

- AP-1

PNAS 110:13684,2013
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Alongside physical 

danger the immune 

system responds to 

psychosocial adversity 

with chronic low grade 

inflammation
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Mindfulness: A state of consciousness 

characterized by attention to the present 

moment.  

Mindful awareness:  A systematic practice 

of attending to moment-by-moment 

experiences, thoughts, and emotions from 

a nonjudgmental perspective

What is Mindfulness Meditation?

48

Relaxation Response and 
Genomic Counter-Stress Changes

Dusek JA et al., PLoS One,  2008 Jul 2;3(7):e2576.

Novice
Novice

after

8-weeks

of training

Meditation

masters

• M_Long-term relaxation response (RR) practice 

• N1_Novices with no prior RR experience

• N2_Novice after 8 weeks of RR training
– a 20-minute elicitation of the RR

– 8 weekly individual RR-training sessions 

1. diaphragmatic breathing

2. body scan

3. mantra and mindfulness meditation

Mind-body approaches that elicit the RR include: 
various forms of meditation, repetitive prayer, yoga, 
tai chi, breathing exercises,progressive muscle 
relaxation, biofeedback, guided imagery andQi Gong  
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There is substantial heterogeneity 

exists among studies and most are 

small in size small size 

• “Mindfulness mediation may be 

salutogenic for immune system 

dynamics, but additional work 

is needed to examine these 

effects”

COLD EXPOSURE 
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SUBJECTS: n=12 and controls=12  (age 19-27)

INTERVENTION: 1 week of intermittent cold 

exposure; breathing retention & meditation

EXPERIMENT: E coli endotoxin exposure IV 

Multiple tests of physiologic and immunologic function 

RESULTS:  Levels of proinflammatory mediators 

TNF-α, IL-6, and IL-8 were lower in the intervention 

group and correlated negatively with IL-10 

levels.Finally, flu-like symptoms were lower in the 

intervention group

These results could have important implications 

for the treatment of conditions associated with 

excessive or persistent inflammation

PLOS ONE | https://doi.org/10.1371/journal.pone.0225749 

December 2, 2019

Conclusions
This proof-of-concept study in axial spondyloarthritis met its 

primary endpoint with no safety signals during the 

intervention. There was a significant decrease in ESR levels 

and ASDASCRP upon the add-on training program in the 

intervention group. These findings warrant full-scale 

randomized controlled trials of this novel therapeutic 

approach in patients with inflammatory conditions.
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Building Immune Strength 

3 approaches to WELLNESS in 
RHEUMATOLOGY 

• One on one
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PLOS ONE | https://doi.org/10.1371/journal.pone.0225749 

December 2, 2019

Conclusions
This proof-of-concept study in axial spondyloarthritis met its 

primary endpoint with no safety signals during the 

intervention. There was a significant decrease in ESR levels 

and ASDASCRP upon the add-on training program in the 

intervention group. These findings warrant full-scale 

randomized controlled trials of this novel therapeutic 

approach in patients with inflammatory conditions.

“I learned many years ago that not a single patient 

with an immune mediated disease doesn’t want to 

know what else they can do to improve their health. 

What to eat, how to exercise, how to de-stress and 

how to optimize sleep!

This monograph has been my vehicle for education 

it has been given to many thousands of physicians 

and patients and has been well received but limited 

in its impact throughout the population.”

For 15 years I have been teaching 

patients one on one about wellness 

and immunologic disease
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Referal: CCF Services Offered

Individual Consults

• Integrative Medicine

• Lifestyle Medicine

• Holistic Psychotherapy

• Acupuncture*

• Traditional Chinese Medicine*

• Chiropractic Care

• Nutrition Consult

• Culinary Consult*

SMAs

• Eating Well for Optimal Health

• Living Well with Chronic Pain

• Lifestyle Essentials

• Brain Health & Wellness

• Culinary Medicine for Chronic Disease

• Integrative Management of Anxiety, 
Stress ad Insomnia

• Weight Management & Healthy Living

• Living Well After Breast Cancer

• Living Well After Colorectal Cancer

ALL covered by medical insurance, except 
* these therapeutic modalities are not always covered
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Wellness and Life Style Management 
for IMIDS 

• BARRIERS
• Wellness and Life Style Management not 

prioritized by provers
• Providers unconvinced about their role 
• WELLNESS often considered ‘alternative 

care’ 
• Providers lack confidence in their skills
• Providers lack time and resources
• Patients may not ‘buy in’ or have $

Undergoing Beta 

testing

Research planned 

2021

Available end of 

20121
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Nature Rev Rheum 16:53,2019

USING HEALTH ECCONOMICS TO CHANGE 

WELLNESS BEHAVIOR
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Sleep deprivation: 11 p.m. to 3 a.m.Uninterrupted sleep: 11 p.m. to 7 a.m.
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Lonely 

Integrated

78131

Transcriptional Profiling

CTRA  – Conserved Transcriptional Response to Adversity

Iriwin & Cole (2011) Nature Reviews Immunology
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