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Introduction
Oh, the Stories We Tell

“Not until we tell ourselves a story can we understand a thing.”
—Jerome Bruner



Mood by Microbe: Towards Clinical Translation

Dinan TG, et al. Genome Med. 2016;8(1):36.

“All disease begins in the gut.”
—Hippocrates



Unifying Theory of Mental Illness and 
Diseases of Civilization

• Chronic degenerative conditions—DOCs—including most mental disorders 
are on the rise and have overtaken infections as the major source of death 
and illness

• This epidemiological transition is due, at least in part, to environmental 
changes that have increased the disease liability of genetic profiles that were 
previously benign

• This epidemiological transition is associated with low-grade, chronic, 
systemic inflammation (“metaflammation”)

• Multiple converging lines of evidence have shown that the primary cause of 
inflammation may be the dysfunction of the “gut–brain axis”

• Said system wide inflammation causes perturbations in psycho-neuro-
immunological parameters (neurotransmitters, hormones, growth factors, and 
immune reactivity)

DOCs = diseases of civilization.
Cordain L, et al. Am J Clin Nutr. 2005;81(2):341-354. Raison CL, et al. Arch Gen Psychiatry. 2010;67(12):1211-1224. Egger G. Prev Chronic 
Dis. 2012;9:E95.



The Wheel of Inflammatory Mis-Fortuna

BBB = blood–brain barrier; LPS = lipopolysaccharide.
Egger G. Prev Chronic Dis. 2012;9:E95. Smythies LE, et al. Front Hum Neurosci. 2014;8:720. 
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Lipopolysaccharide Endotoxins
• LPS is a structural fragment of the external membrane of gram-

negative bacteria (≥ 1 gram in human lumen)
• In healthy adults only miniscule amounts of LPS are found in the blood 

indicating intact intestinal barrier function
• LPS administration at low levels causes acute anxiety, depressed 

mood, cognitive blunting, and increased visceral pain sensitivity
• Higher circulating LPS is positively associated with: 

– Abdominal obesity
– Metabolic syndrome parameters (elevated insulin/triglycerides/total 

cholesterol)
– Diabetes 

• Circulating LPS causes and perpetuates increased permeability of 
the intestinal and blood–brain barriers

Bested AC, et al. Gut Pathog. 2013;5(1):3.



“Classic” vs Chronic Inflammation

Egger G. Prev Chronic Dis. 2012;9:E95.
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• Pain (dolor)
• Redness (rubor)
• Heat (calor)
• Swelling (tumor)

• Short-term response to 
infection and injury

• Aims to remove infective 
stimulus and allow repair of 
damaged tissue
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• Described in 1993
• Low-grade, causing only a 
small rise in immune system 
markers

• Persistent, resulting in chronic, 
rather than acute, allostasis

• Has systemic, rather than local 
effects

• Has antigens that are less 
apparent as foreign (“inducers”)

• Appears to perpetuate, rather 
than resolve disease

• Is associated with reduced, 
rather than increased 
metabolism



A Healthy Microbiome

Kelly JR, et al. Front Cell Neurosci. 2015;9:392. Cryan JF, et al. Nat Rev Neurosci. 2012;13(10):701-712.

Healthy Microbiome

• Normal gut microbiota
• Normal behavior and 

cognition
• Healthy levels of 

inflammatory cells/mediators
• Normal intestinal permeability
• Intact BBB



A Less Than Healthy Microbiome: Dysbiosis  

*Examples of potential causes of dysbiosis. Not an exhaustive list.
Kelly JR, et al. Front Cell Neurosci. 2015;9:392. Cryan JF, et al. Nat Rev Neurosci. 2012;13(10):701-712.

Dysbiosis

• Increased inflammation
• Altered behavior and cognition
• Increased gut permeability



Dysbiosis Defined
An alteration in the 
microbiome caused by a 
change in the composition 
of the microbiota, a 
change in microbial 
metabolic activity, and/or 
a shift in local distribution 
of communities of 
microbes.

Round JL, et al. Nat Rev Immunol. 2009;9(5):313-323.

Symbionts Commensals Pathobionts



Dysbiosis

Vitetta L, et al. Pharmaceuticals. 2014;7(9):954-989.

“Dysbiosis provides a plausible clue as to the origin of systemic 
metabolic disorders encountered in clinical practice that may 
explain the epidemic of chronic diseases.”



MS = multiple sclerosis.
Round JL, et al. Nat Rev Immunol. 2009;9(5):313-323.

Dysbiosis Causes and Effects
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Infection, trauma, 

interpersonal rejection, 
anger

Host Genetics (NOD2, 
IL23R, ATG16L, IGRM)

Lifestyle (diet, sleep, 
pace, exercise)

Early Colonization (MS, 
hospitalization, maternal 

diet/stress)

Medical Practices 
(Antibiotics, vaccinations, 

hygiene, sanitation)

• Localized gut inflammation
• Systemic inflammation
• Oxidative stress
• Nitrosative stress
• Altered synthesis of 

neurotransmitters
• Intestinal permeability
• Chronic infections
• Impaired detoxification/regulation of 

O and NO stress
• Impaired nutrient synthesis and 

absorption
• Impaired enzyme activity
• Autoimmunity



Taking Antibiotics Can Change 
the Gut Microbiome for Up to Year

• A single course of antibiotics—especially clindamycin and ciprofloxacin—
showed a severe and long-term impact on the health-associated butyrate 
producing microbial community in the gut with a corresponding decrease in 
the synthesis of SCFA  

• Additionally, exposure to different antibiotics enriched genes associated 
with antibiotic resistance

• In conclusion, healthy individuals, exposed to a single antibiotic treatment, 
undergo considerable microbial shifts and enrichment in antibiotic 
resistance in their feces, while their salivary microbiome composition 
remains unexpectedly stable

• The health-related consequences for the gut microbiome should increase 
the awareness of the individual risks involved with antibiotic use, especially 
in a (diseased) population with an already dysregulated microbiome

SCFA = short-chain fatty acid.
Zaura E, et al. MBio. 2015;6(6):e01693-15.



Proton Pump Inhibitors Affect the Gut Microbiome
• PPIs are among the top 10 most widely used drugs in the world
• The difference between PPI users and non-users observed in this 

study are consistently associated with changes towards a less 
healthy gut microbiome

• Theses differences are in line with known changes that 
predispose to C. difficile infections and can potentially explain the 
increased risk of enteric infections in PPI users

• On a population level, the effects of PPI are more prominent than 
the effects of antibiotics or other commonly used drugs  

PPI = proton pump inhibitor.
Imhann F, et al. Gut. 2016;65(5):740-748. 



Antidepressants, Antimicrobials, or Both
• Both antidepressants and antimicrobials exert neuroprotective, 

antidepressant, and antimicrobial effects  
• One negative effect would be the introduction of gut microbial alteration 

or resistance due to the chronic use of antidepressants with 
antimicrobial activity

• The antimicrobial properties of antidepressant drugs could cause the 
development of tardive dysphoria 

• People who develop tardive dysphoria initially respond to 
antidepressant drugs, invariably at high doses for prolonged periods of 
time

• The chronic use of some antidepressant drugs could lead to adaptive 
alterations in gut microbiota, such as drug-induced resistance, which 
could contribute to the development of tardive dysphoria 

Macedo D, et al. J Affect Disord. 2017;208:22-32.



Psychostimulant Drugs and the BBB

Kousik SM, et al. Front Pharmacol. 2012;3:121.

“Most stimulants dysregulate the BBB through alterations 
in tight junction complexes or through oxidative stress 
and neuroinflammation.”



Drugs of Abuse and BBB Dysfunction
• Psychostimulants and nicotine are the most widely abused drugs 

with a detrimental impact on public health globally
• Short- or long-term administration of psychostimulants or nicotine 

is known to disrupt BBB integrity/function, thus leading to an 
increased risk of brain edema and neuroinflammation

Sajja RK, et al. J Cereb Blood Flow Metab. 2016;36(3):539-554.



Antipsychotic-Induced Weight Gain and 
Gut Microbiota

• “We have demonstrated that olanzapine and risperidone when 
administered chronically induce alterations in the gut microbiota of 
rats, in conjunction with several other metabolic abnormalities 
including weight gain, increased visceral fat, and a 
proinflammatory phenotype.”   

• “Thus our studies add impetus to research investigating the 
microbiota as a therapeutic target in obesity and metabolic 
disease by opening an entirely new avenue for the use of such 
treatments ie, antipsychotic-induced metabolic dysfunction.”

• “The gut microbiota represents both a biomarker and potential 
therapeutic target for drug-induced weight gain.”

Davey K. The gut microbiota as a contributing factor to antipsychotic-induced weight gain and metabolic dysfunction. 2013. PhD Thesis, 
University College Cork. https://cora.ucc.ie/handle/10468/1243. Accessed August 7, 2018. Davey KJ, et al. Transl Psychiatry. 2013;3:e309. 
Morgan AP, et al. PLoS One. 2014;9(12):e115225. 



Diseases Associated with Dysbiosis of Gut Microbiota

Cekanaviciute E, et al. Proc Natl Acad Sci U S A. 2017;114(40):10713-10718. Sampson TR, et al. Cell. 2016;167(6):1469.e12-1480.e12. 
Senthong V, et al. J Am Heart Assoc. 2016;5(6). Li J, et al. Microbiome. 2017;5(1):14. Carding S, et al. Microb Ecol Health Dis. 
2015;26:26191. Fond G, et al. Pathol Biol. 2015;63(1):35-42. Tai N, et al. Rev Endocr Metab Disord. 2015;16(1):55-65. Dunlop AL, et al. Adv 
Neonatal Care. 2015;15(6):377-385.

Psychiatric and Mood Disorders
• Anxiety
• Depression
• Autism spectrum disorder
• Bipolar disorder
• Schizophrenia

Neurodegenerative Disorders
• Multiple sclerosis
• Parkinson’s disease

Cardiovascular Disease
• Coronary artery disease
• Hypertension Metabolic Disorders

• Metabolic syndrome
• Obesity
• Types 1 and 2 diabetes

Intestinal Disorders
• Inflammatory bowel 

disease
• Crohn’s disease
• Ulcerative colitis

• Irritable bowel syndrome
• Celiac disease

Pregnancy-Related Conditions
• Gestational hypertension
• Gestational diabetes



Estimated Autism Prevalence 2018

Baio J, et al. MMWR Surveill Summ. 2018;67(6):1-23. Autism Speaks. CDC increases estimate of autism’s prevalence by 15 percent, to 1 in 
59 children. April 26, 2018. www.autismspeaks.org/science/science-news/cdc-increases-estimate-autism%E2%80%99s-prevalence-15-
percent-1-59-children. Accessed July 3, 2018.



Gut Microbiome in ADHD and Its Relation to 
Neural Reward Anticipation

ADHD = attention-deficit/hyperactivity disorder.
Aarts E, et al. PLoS One. 2017;12(9):e0183509.



Leaky Gut as a Danger Signal for 
Autoimmune Disease

Mu Q, et al. Front Immunol. 2017;8:598. Bach JF. N Engl J Med. 2002;347(12):911-920. 



The Link between Inflammation, Bugs, the Intestine 
and the Brain in Alcohol Dependence

• “…chronic alcohol abuse increases intestinal permeability and alters 
the composition of the gut microbiota, allowing bacterial components 
from the gut lumen to reach the systemic circulation”

• These gut-derived bacterial products are recognized by immune cells 
circulating in the blood or residing in target organs, which consequently 
synthesize and release pro-inflammatory cytokines

• Circulating cytokines can reach the CNS and induce neuroinflammation 
that is associated with change in mood, cognition, and drinking 
behavior

• These observations support the possibility that targeting the gut 
microbiota, by the use of probiotics or prebiotics, could restore the gut 
barrier function, reduce systemic inflammation, and may have beneficial 
effect in treating alcohol dependence and in reducing alcohol relapse

CNS = central nervous system. 
Leclercq S, et al. Transl Psychiatry. 2017;7(2):e1048.



The Gut Microbiome and Alzheimer’s Disease
• “The increased permeability of the gut and [BBB] induced by 

microbiota dysbiosis may mediate or affect AD pathogenesis and 
other neurodegenerative disorders, especially those associated 
with aging.”

• “Intestinal environmental changes can gradually destroy the ability 
of the brain to protect itself from toxic substances. Leaky gut 
induced inflammation will eventually lead to leaky brain, which is 
increased permeability of the BBB.”

AD = Alzheimer’s disease.
Jiang C, et al. J Alzheimers Dis. 2017;58(1):1-15. Hu X, et al. Sci China Life Sci. 2016;59(10):1006-1023.



BBB Disruption with Chronic Sleep Loss 

Hurtado-Alvarado G, et al. J Immunol Res. 2016;2016:4576012.

Sleep Deprivation

Release of        
Pro-inflammatory 

Chemicals

Increased BBB 
PermeabilityNeuroinflammation

Cognitive 
Impairment



The Latest Research Progress of Depression:  
The Microbiota Hypothesis

• Depressed patients have different gut microbiota from healthy 
persons

• Depressive symptoms can be transmitted following fecal 
microbiota transplantation

• Gut microbiota disturbances increase the susceptibilities of 
depression

• Gut microbiota restoration alleviates depression
• The mechanism of traditional antidepressant therapies are 

probably related with microbiota 
• New therapies integrating gut microbiota regulation present 

promising effects

Liang S, et al. Int J Mol Sci. 2018;19(6). 



Maes M, et al. Neuro Endocrinol Lett. 2008;29(1):117-124. Haroon E, et al. Neuropsychopharmacology. 2012;37(1):137-162. 
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Diseases of Civilization

CHD = coronary heart disease; DM = diabetes mellitus; GERD = gastroesophageal reflux disease; IBD = inflammatory bowel disease.
Goldstein BI, et al. J Clin Psychiatry. 2009;70(8):1078-1090. Szelényi J, et al. Ann N Y Acad Sci. 2007;1113:311-324. Egger G. Prev Chronic Dis. 2012;9:E95. 
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Panel 1:
Major 
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Panel 2:
hsCRP > 3 mg/L
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Childhood Adversity Represents a Risk for 
Adulthood Disease

32-year prospective study.
Major depression (panel 1): z=4.94, P<.001. hsCRP level > 3 mg/L (panel 2): z=3.24, P=.001. Clustering of metabolic risk markers (panel 3): z=4.58, P<.001. ≥ 1 
age-related disease risks (panel 4): z=5.66, P<.001. hsCRP = high-sensitivity C-reactive protein.
Danese A, et al. Arch Pediatr Adolesc Med. 2009;163(12):1135-1143. 



Early Life Adversity 
• Negative in utero and early life experiences alter initial gut 

colonization which predisposes an individual to stress induced 
inflammation later in life by
– Establishing a hyperactive HPA axis set point
– Increasing intestinal permeability
– Decreasing mucosal immune tolerance by shifting Th0 cell 

differentiation from Treg to Th1 or Th2 effector cells
– Influencing epigenetic regulation

• In essence, early life experiences, through modification of the gut 
ecology, magnify stressors, amplify the stress response, and inhibit 
corrective homeostatic mechanisms resulting in chronic sustained 
inflammation

Treg = regulatory T-cells; Th = T-helper. 
Sudo N, et al. J Physiol. 2004;558(Pt 1):263-275. Gur TL, et al. Front Psychiatry. 2015;6:5.



C-Section-Induced Alterations in Microbiota–Gut–Brain Axis

Moya-Pérez A, et al. 
Nutr Rev. 

2017;75(4):225-240. 



Clinical Considerations



Subtypes of Major Depressive Disorder
• Subtypes of MDD were found to be stable across a 2-year follow-

up and to have distinct determinants, supporting the notion that 
the identified subtypes are clinically significant

• Significant heterogeneity in depressive symptomatology exists in 
US samples. Profiling symptom patterns is potentially useful as a 
first step in developing tailored intervention and treatment 
programs

• In the National Comorbidity Survey, 36% of individuals with MDD 
had atypical features and 53% had melancholic features

MDD = major depressive disorder.
Lamers F, et al. Psychol Med. 2012;42(10):2083-2093. Carragher N, et al. J Affect Disord. 2009;113(1-2):88-99. Matza LS, et al. Arch Gen 
Psychiatry. 2003;60(8):817-826.



Atypical Depression More Frequent Than We Thought?

• DSM-IV-TR
• 107 consecutive newly 

registered patients with 
depression receiving no 
treatment for at least 1 
month

• SCID-I

SCID-I = Structured Clinical Interview for DSM-IV Axis I Disorders.
Deshpande S, et al. Asian J Psychiatr. 2013;6(4):338-343.

55%
45%

% Patients

With Atypical Features Without Atypical Features



“Biological Correlates” in 
Melancholic vs Atypical Depression

IL-6 = interleukin 6; TNF-α = tumor necrosis factor-alpha; BMI = body mass index; AUCg = area under the curve with respect to the 
ground; AUCi = area under the curve with respect to the increase. 
Lamers F, et al. Mol Psychiatry. 2013;18(6):692-699.

hs-CRP

IL-6

TNF-α

Metabolic syndrome components

BMI

Saliva cortisol awakening curves (AUCg and AUCi)

Diurnal cortisol slope



CRP is Elevated in Atypical But Not 
Non-Atypical Depression

• In a sample of younger adults 
representative of the US population, 
investigators examined differences in 
serum CRP among individuals with 
atypical MDD, non-atypical MDD, and 
no MDD  

• CRP is elevated in atypical but not 
non-atypical depression even after 
adjustment for potential confounders 
of anxiety, body mass, and smoking

• Nearly twice as many adults with 
atypical MDD had CRP levels in the 
high cardiovascular risk range than 
did those with no MDD or non-
atypical MDD  

Hickman RJ, et al. J Behav Med. 2014;37(4):621-629. 

“Individuals with 
atypical depression 
may be partially 
driving the overall 
depression-
inflammation 
relationship and may 
be a subgroup at 
elevated risk for 
coronary artery 
disease.”



Atypical Depression Associated with 
Obesity, Diabetes, and Metabolic Syndrome

Centers for Disease Control and Prevention. Healthy Weight. www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/index.html. Accessed 
July 5, 2018. Levitan RD, et al. J Clin Psychiatry. 2012;73(8):1119-1124. Glaus J, et al. Acta Psychiatr Scand. 2013;128(4):282-293. 

“To conclude, results emphasize the need to subtype depression 
and to pay particular attention to the atypical subtype.”



Atypical Depression is Associated with 
a History of Trauma

• Lifetime trauma was reported significantly more often by 
depressed patients with atypical features than by those without 
(P<.001)

• Patients with atypical features reported significantly more 
traumatic experiences both prior to (P=.012) and following 
(P=.015) depression onset

• When sex and age at onset or duration of depression were used 
as covariates, depressive subtype was a significant predictor of 
reported trauma both prior to (P=.028) and following (P=.011) 
depression onset

• Trauma and atypical depression may be interrelated throughout 
life

Withers AC, et al. J Clin Psychiatry. 2013;74(5):500-506.



Neural Sensitivity to Social Rejection is 
Associated with Inflammation 

dACC = dorsal anterior cingulate cortex.
Slavich GM, et al. Proc Natl Acad Sci U S A. 2010;107(33):14817-14822.

• 124 healthy young adults
• Lab-based social stressor
• ↑ TNF-α, ↑ IL-6
• ↑ activity in the dACC and 

anterior insula
• “These data thus elucidate a 

neurocognitive pathway that 
may be involved in potential 
inflammatory responses to 
acute social stress.”



Clinical Signs of Inflammation: “Sickness Behavior”

Maes M, et al. BMC Med. 2012;10:66.
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Inflammatory and Metabolic Dysregulation and the 2-Year 
Course of Depressive Disorders in Antidepressant Users

In conclusion, inflammatory and metabolic dysregulations were 
found to predict a more chronic course of depressive disorders 
among patients using antidepressants. This could suggest that 
inflammatory and metabolic dysregulation worsens depression 
course owing to reduced antidepressant treatment response and 
that alternative intervention treatments may be needed for 
depressed persons with inflammatory and metabolic dysregulation.

Vogelzangs N, et al. Neuropsychopharmacology. 2014;39(7):1624-1634. 



Treatment Considerations



Evidence-Based Medicine

Sackett DL, et al. Evidence-Based Medicine: How to Practice and Teach EBM. Second Edition. London: Churchill-Livingstone; 2000.

“…the integration of the best 
research evidence with clinical 
expertise and patient values.” 



“Inflammation and Its Discontents”

Miller AH, et al. Biol Psychiatry. 2009;65(9):732-741.

People with evidence of 
increased inflammatory 
activity prior to 
treatment have been 
reported to be less 
responsive to 
antidepressants, 
lithium, or acute sleep 
deprivation. 

Moreover, people with a 
history of nonresponse to 
antidepressants have 
been found to 
demonstrate increased 
plasma concentrations of 
IL-6 and acute phase 
reactants.



An Inflammatory Biomarker as a Differential Predictor of Outcome 
of Depression: Treatment with Escitalopram and Nortriptyline
Results
• CRP level at baseline differentially predicted treatment outcome with 

the 2 antidepressants (CRP-drug interaction: β = 3.27, 95% CI = 1.65, 
4.89). For patients with low levels of CRP (< 1 mg/L), improvement on 
the MADRS score was 3 points higher with escitalopram than with 
nortriptyline. For patients with higher CRP levels, improvement on the 
MADRS score was 3 points higher with nortriptyline than with 
escitalopram. CRP and its interaction with medication explained more 
than 10% of individual-level variance in treatment outcome.

Conclusions 
• An easily accessible peripheral blood biomarker may contribute to 

improvement in outcomes of MDD by personalizing treatment choice

MADRS = Montgomery-Åsberg Depression Rating Scale.
Uher R, et al. Am J Psychiatry. 2014;171(12):1278-1286.



An Inflammatory Biomarker as a Differential Predictor of Outcome 
of Depression: Treatment with Escitalopram and Nortriptyline

Uher R, et al. Am J Psychiatry. 2014;171(12):1278-1286.



Can CRP Inform Antidepressant Medication 
Selection in Depressed Outpatients?

• Participants included CO-MED trial participants randomly assigned to either 
escitalopram plus placebo (SSRI monotherapy, n=51) or bupropion plus 
escitalopram combination (bupropion-SSRI combination, n=55) 

• The treatment arms did not differ in depressive symptom or side effect outcomes. 
Most participants (69.8%, 74/106) had baseline CRP levels > 1 mg/L (indicative of 
systemic inflammatory activity). Higher baseline CRP levels were associated lower 
depression severity (correlation coefficient = -0.63) with bupropion-SSRI 
combination but not with SSRI monotherapy (correlation coefficient = 0.40). The 
overall remission rate was 41.5%. The estimated remission rate with CRP threshold 
based assignment (SSRI monotherapy for < 1 mg/L and bupropion-SSRI for ≥ 1 
mg/L) was 53.1%, with a number needed to treat of 8.6. Side effect burden was 
unrelated to any baseline inflammatory marker.

Conclusions 
– Baseline CRP levels relate differentially to antidepressant treatment outcomes in 

persons with MDD
CO-MED = Combining Medications to Enhance Depression Outcomes; SSRI = selective serotonin reuptake inhibitor.
Jha MK, et al. Psychoneuroendocrinology. 2017;78:105-113.



IL-17 Selectively Predicts Better Outcome with…
• IL-17 is produced by highly inflammatory Th17 cells and has been implicated in 

pathophysiology of depression. IL-17 putatively disrupts the BBB and affects 
dopamine synthesis whereas dopamine has been shown to decrease Th17 cell-
mediated immune response

• CO-MED trial participants who provided baseline plasma and were treated with 
either bupropion plus escitalopram (bupropion-SSRI), escitalopram plus placebo 
(SSRI monotherapy), or venlafaxine plus mirtazapine (n=166)

• Higher baseline IL-17 level was associated with greater reduction in depression 
severity (effect size = 0.78, P=.008) in the bupropion-SSRI but not the other 2 
treatment arms. Other T and non-T cell markers were not associated with 
differential treatment outcomes.

Conclusion
• Higher baseline levels of IL-17 are selectively associated with greater 

symptomatic reduction in depressed patients treated with bupropion-SSRI 
combination

Jha MK, et al. Brain Behav Immun. 2017;66:103-110. 



Depression Symptom (Interest) Dimensions as 
Predictors of Antidepressant Treatment Outcome

GENDEP = Genome-based Therapeutic Drugs for Depression; STAR*D = Sequenced Treatment Alternatives to Relieve Depression.
Uher R, Psychol Med. 2012;42(5):967-980.



Serotonin and Beyond

Blier P, et al. Philos Trans R Soc Lond B Biol Sci. 2013;368(1615):20120536. 

“The enhancement of 5-HT transmission by [SSRIs], which leads to a 
dampening of the activity of NE and DA neurons, may account in part 
for the low remission rate achieved with these medications and/or the 
residual symptoms after remission is achieved.”  



Selected Anti-Inflammatory Strategies



Pro-inflammatory Anti-inflammatory or neutral

Inactivity Fast food/Western-
style diet*

Exercise Capsaicin*

Obesity High omega-6:omega-
3 ratio*

Weight loss Cocoa/chocolate*

Excessive energy intake Low fiber intake* Restricted energy intake High fiber intake*

Smoking Fructose/glucose* Smoking cessation Garlic*

Sleep deprivation High glycemic load* Fish/fish oils Grapes/raisins*

Stress/anxiety/depression Air pollution* Fruits/vegetables Mediterranean diet*

High fat diet/Saturated and 
trans fats

Inequality/economic 
insecurity*

Nuts Moderate alcohol*

Secondhand smoke Domesticated meat** Monounsaturated fats Tea/green tea*

Excessive exercise** Excessive alcohol Lean game meat Eggs

Selected Pro- and Anti-inflammatory 
“Inducers” of Metaflammation

Egger G. Prev Chronic Dis. 2012;9:E95.

Strength of Evidence:

Strong Moderate Limited



Dietary Strategies for Improving Inflammation and 
“Postprandial Dysmetabolism”

• Minimally processed, high-fiber, 
plant-based foods (vegetables, 
fruits, whole grains, legumes, nuts)

• Lean protein
• Vinegar
• Fish oil
• Tea
• Cinnamon
• Calorie restriction
• Weight loss
• Exercise
• Low- to moderate-dose alcohol

O’Keefe JH, et al. J Am Coll Cardiol. 2008;51(3):249-255.

“This anti-inflammatory diet 
should be considered for the 
primary and secondary 
prevention of coronary 
artery disease and 
diabetes.” 



The Effects of Stress and Meditation on the 
Immune System, Human Microbiota, and Epigenetics

• Psychological stress typically triggers a fight-or-flight response 
…ultimately disturbing the microbiota

• In the absence of stress, a healthy microbiota produces SCFAs that 
exert anti-inflammatory and antitumor effects

• During stress, an altered gut microbial population affects the regulation 
of neurotransmitters mediated by the microbiome and gut barrier 
function

• Meditation helps regulate the stress response, thereby suppressing 
chronic inflammation states and maintaining a healthy gut-barrier 
function

Conclusions
• The current research team recommends the integration of meditation 

into conventional health care and wellness models 
Househam AM, et al. Adv Mind Body Med. 2017;31(4):10-25.



Factors Proposed to Support the Gut Barrier

Bischoff SC, et al. BMC Gastroenterol. 2014;14:189.

Dietetic

• Reduce sugar
• Avoid energy-

dense 
Western diet

• Prebiotics/fiber
• Glutamine

Probiotics

• Selected 
strains

• Probiotic 
cocktails

• Synbiotics
(combination 
of probiotics 
and prebiotics) 

Others

• SCFA
• Metformin
• Quercetin



Maintaining Intestinal Tissue Integrity
• Glutamine is the most abundant free amino acid in the human 

body
• In human gut physiology, glutamine promotes enterocyte 

proliferation, regulates tight junction proteins, suppresses pro-
inflammatory signaling pathways, and protects cells against 
apoptosis, and cellular stress during normal and pathologic 
conditions

• As glutamine stores are depleted during severe metabolic stress 
including trauma, sepsis, and inflammatory bowel diseases, 
glutamine supplementation has been examined in patients to 
improve their clinical outcomes

Kim MH, et al. Int J Mol Sci. 2017;18(5). 



“Inflammatory Microbiome”

Bested AC, et al. Gut Pathog. 2013;5(1):3. 

Fiber
Omega-3 FA
Bifidobacteria
Polyphenols

Dietary antioxidants

“…dietary antioxidant sources such as cocoa, 
coffee, green tea, blueberries, and curcumin 
have all been linked in epidemiological 
studies to lowered risk of depression and/or 
cognitive decline. Meanwhile, these dietary 
agents have been shown in human and 
animal studies to have beneficial effects on 
gut microbiota, including promoting the 
growth of lactobacilli and bifidobacteria. 
Curcumin was recently shown to prevent 
LPS-induced intestinal permeability … while 
green tea reduces LPS-induced sickness 
behavior and BBB permeability.”



Impact of Omega-3 
Fatty Acids on the 

Gut Microbiota

PUFA = polyunsaturated fatty acid; EPA = 
eicosapentaenoic acid; DHA = 
docosahexaenoic acid.
Costantini L, et al. Int J Mol Sci. 2017;18(12).



Nrf2 Pathway Activators (BBB Bondo)

Nrf2 = nuclear factor erythroid 2 related factor.
Sun Y, et al. CNS Neurol Disord Drug Targets. 2017;16(3):326-338.

• Nrf2 is known for it ability to regulate 
the expression of a series of enzymes 
with antioxidative, prosurvival, and 
detoxification effects 



Preventive and Protective Role of 
Nrf2 Pathway Activators Against CNS Diseases 
• Sulforaphane – broccoli, brussels sprouts, cabbage, cauliflower
• Curcumin
• EGCG (epigallocatechin gallate) – green tea
• Allyl sulfides – garlic
• Resveratrol
• Lycopene
• Capsaicin
• Coffee
• Cinnamon
• Quercetin – red kidney beans, radish, onion, capers

Sun Y, et al. CNS Neurol Disord Drug Targets. 2017;16(3):326-338.



Differential Effects of Antidepressants
• Evidence suggests that noradrenaline has a tonic anti-

inflammatory action in the CNS via its ability to suppress 
microglial and astrocytic activation and inhibit the production of 
inflammatory mediators

• Therapy with sertraline had a strong influence on suppressing 
cortisol secretion

• Mirtazapine has been shown to acutely inhibit cortisol secretion in 
healthy and depressed participants

O’Sullivan JB, et al. Int J Neuropsychopharmacol. 2009;12(5):687-699. Dziurkowska E, et al. Arch Womens Ment Health. 2013;16(2):139-
147. Laakmann G, et al. Neuropsychobiology. 2003;47(1):31-36. 



Increased Monoaminergic Neurotransmission Improves Compliance with 
Physical Exercise Recommendations in Depressed Patients with Fatigue

• Physical activity helps treat and 
prevent

• Inactivity increases risk
• Depressed patients often prescribed 

antidepressants
• Most common (SSRIs) contribute to 

fatigue
• Fatigue decreases the ability and 

motivation to exercise

• Said fatigue is commonly linked to 
“disturbed” DA and NE transmission

• Physical activity improves DA and 
NE transmission

• “…increased dopaminergic and 
noradrenergic neurotransmission … 
improves the compliance with 
prescribed physical activity in 
patients with depression and 
residual fatigue.”

Stenman E, et al. Med Hypotheses. 2013;80(1):47-49.



Minocycline as an Adjunct for Treatment-Resistant 
Depression and Bipolar Depression

• Multisite, 12-week, double-blind, placebo-controlled, pilot trial of minocycline 
added to TAU for patients with DSM-5 MDD, whose current episode has failed to 
respond to at least 2 antidepressants

• Primary outcome measure: Mean change in Hamilton Rating Scale for 
Depression (HAM-D-17) scores from baseline to week 12

• Secondary measures: Clinical Global Impression scale (CGI), Patient Health 
Questionnaire-9 (PHQ-9), the Generalized Anxiety Disorder scale (GAD-7), and 
EuroQoL (EQ-5D) quality-of-life questionnaire

• Minocycline started at 100 mg once daily and increased to 200 mg after 2 weeks
• 41 participants were randomized (n=21, minocycline; n=20, placebo)
• Large decrease in HAM-D scores in the minocycline group compared to the 

placebo group (standardized effect size = -1.21, P<.001)
• CGI scores in the minocycline group also showed a large improvement 

compared with placebo (odds ratio: 17.6, P<.001)
TAU = treatment as usual.
Husain MI, et al. J Psychopharmacol. 2017;31(9):1166-1175. Soczynska JK, et al. Bipolar Disord. 2017;19(3):198-213.



Alzheimer’s Disease and Gut Microbiota Modifications

One of the recent greatest novelties in the field of 
neurodegenerative diseases is the chance to prevent or 
slow down AD progression with agents, such as probiotics 
and prebiotics, acting outside the CNS.

Mancuso C, et al. Pharmacol Res. 2018;129:329-336. 



Human Gut 
Microbiota: 

The Links with 
Dementia 

Development

Alkasir R, et al. Protein Cell. 2017;8(2):90-102.



Clinical and Metabolic Response to Probiotic 
Supplementation in Patients with Multiple Sclerosis

• Double-blind placebo controlled clinical trial among 60 patients 
with MS

• This study demonstrated that the use of probiotic capsule for 12 
weeks among participants with MS had favorable effects on:
– Expanded disability status scale (EDSS) P=.001
– Beck Depression Inventory (BDI) P<.001
– General health questionnaire P<.001
– Depression anxiety and stress scale P=.001
– hsCRP P=.01
– Nitric oxide metabolites P=.002
– Fasting insulin P<.001

Kouchaki E, et al. Clin Nutr. 2017;36(5):1245-1249. 



Probiotics in 
Mood and Anxiety 

Disorders 

Dickerson F, et al. Bipolar Disord. 2018 Apr 25;[Epub ahead of print]. Aiken C. Psychiatric Times. 2018;35(6). 
www.psychiatrictimes.com/bipolar-disorder/probiotics-lower-rehospitalization-rates-bipolar-disorder. Accessed July 5, 2018.



Probiotics Lower Rehospitalization Rates in 
Bipolar Disorder

• Patients hospitalized for mania (N=66) were randomized upon discharge to 
receive 24 weeks of adjunctive probiotics (Lactobacillus rhamnosus GG and 
Bifidobaceterium animalis Bb12) or adjunctive placebo in a parallel 2-group 
design

• Primary outcome measure was the risk of rehospitalization
• The administration of the probiotics was associated with a significant 

advantage in time to all psychiatric re-admissions (P=.007) and fewer total 
days rehospitalized (P=.017) 

• The effect of the probiotic treatment on the prevention of rehospitalization 
was increased in individuals with elevated levels of systemic inflammation at 
baseline

• Probiotic supplementation is associated with a lower rate of rehospitalization 
in patients who have been recently discharged following admission for mania

Dickerson F, et al. Bipolar Disord. 2018 Apr 25;[Epub ahead of print]. Aiken C. Psychiatric Times. 2018;35(6). 
www.psychiatrictimes.com/bipolar-disorder/probiotics-lower-rehospitalization-rates-bipolar-disorder. Accessed July 5, 2018.



Intervention Strategies for C-Section-Induced 
Alterations in the Microbiota–Gut–Brain Axis

• The BBB ensures an optimal microenvironment for neuronal 
growth and development

• An intact and regulated BBB is essential for protecting neonates 
during the critical periods of neurodevelopment

• Increased BBB permeability has been associated with cytokine 
infiltration and neuroinflammation, resulting in abnormal neuronal 
development  and disrupted immune priming, leading to 
neurodevelopmental, immune, and autoimmune disorders 

Moya-Pérez A, et al. Nutr Rev. 2017;75(4):225-240.



Summary of 
Strategies to 

Restore the Gut 
Microbiota after 

C-Section

Moya-Pérez A, et al. Nutr Rev. 2017;75(4):225-240.



A Possible Link between Early Probiotic Intervention and the 
Risk of Neuropsychiatric Disorders Later in Life: A Randomized Trial

• 75 infants randomized to receive Lactobacillus rhamnosus or 
placebo during the first 6 months of life followed up to 13 years

• Gut microbiota was assessed at the age of 3 weeks; 3, 6, 12, 18, 
24 months; and 13 years

• At the age of 13 years, ADHD or Asperger syndrome was 
diagnosed in 6/35 (17.1%) of children in the placebo group and 
none in the probiotic group (P=.008)

• “Probiotic supplementation early in life may reduce the risk of 
neuropsychiatric disorder development later in childhood possible 
by mechanisms not limited to gut microbiota composition.”   

Pärtty A, et al. Pediatr Res. 2015;77(6):823-828. 



Probiotics and Disease: A Comprehensive Summary

Dolan KE, et al. Integr Med. 2016;15(5):46-58. 

Health Concern Strains
ADHD L Rhamnosus GG

Age-related 
cognitive decline

S boulardii, S thermophilius, L fermentum, L acidophilus, L breveis, L bulgaricus, L casei, L helveticus, L plantarum, 
L rhamnosus, L salivarious, L lactis, B coagulans, B bifidum. B breve, B infantis, B lactis, B longum, P acidilacti

Age-related
cognitive decline

B longum, B infantis, B breve, L acidophilus, L casei, L delbrueckii (bulgaricus), L plantarum, S salivarius
thermophiles

Autism L plantarum

Autism L plantarum, B longum

Autism L rhamnosus. L acidophilus, L plantarum, L salivarius, L casei, B bifidum, B infantis, B longum, B breve

Autism L rhamnosus, L casei, L salivarius, B infantis, B bifidum, B longum, B breve

Autism L rhamnosus, B bifidum, L acidophilus, L casei, B longum, B breve

Autism L acidophilus

Depression B longum, B bifidum, B breve, B infantis, L helveticus, L rhamnosus, L acidophilus, L casei, L plantarum + 
ashwaganda

Depression L acidophilus, L rhamnosus, B bifidum/lactis, B longum

Depression L helveticus, B longum

Depression L helveticus, L rhamnosus, B longum



In Summary
• Inflammation occurs in subgroups of depressed and other psychiatric patients
• Inflammation is associated with poor response to conventional antidepressant 

medications
• Stratify patients with depression according to symptom-based subtypes and 

internal comorbidities
• Obtain a peripheral blood marker of inflammation (eg, CRP: < 1 mg/L, low 

inflammation; 1–3 mg/L, moderate inflammation; > 3 mg/L, high inflammation)
• Consider NOT using SSRI or other serotonin-dominant treatments as first-line 

therapy in an inflamed depressed patient
• Consider using (or adding) medications that increase dopamine and 

norepinephrine
• Employ anti-inflammatory lifestyle modifications 
• Consider use of strategies shown to decrease intestinal and BBB permeability 

such as prebiotics, probiotics, and select supplements and nutraceuticals such 
as fish oil and Nrf2 pathway activators 

Miller AH. Psychiatric Times. 2018;35(4). www.psychiatrictimes.com/special-reports/five-things-know-about-inflammation-and-depression. 
Accessed July 5, 2018.
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