




Housekeeping
ÅYou are muted and your camera is turned off 

ÅWrite questions in Q&A section 

ÅContinuing Education* and Zoom recording will 
be available on AmericanDairy.com

CPEU & CME credit 
provided by New Jersey 
Academy of Nutrition & 
Dietetics and New Jersey 
American Academy of 
Pediatrics

Accreditation Statement:
This activity has been planned and implemented in accordance with the accreditation requirements of the Medical Society of New Jersey through the joint providership of Atlantic Health System and New Jersey Chapter, American 
Academy of Pediatrics. Atlantic Health System designates this live educational activity for a maximum of 1.0 AMA PRA Category 1 Creditsϰ for September 28, 2023
Physicians should claim only the credit commensurate with the extent of their participation in the activity. Successful completion of this CME activity, which includes participation in the activity, with individual assessments of the 
participant and feedback to the participant, enables the participant to earn 1 MOC Part 2 points in the American Board of PediatǊƛŎǎΩ ό!.tύ aŀƛƴǘŜƴŀƴŎŜ ƻŦ /ŜǊǘƛŦƛŎŀǘƛƻƴ όah/ύ ǇǊƻƎǊŀƳΦ Lǘ ƛǎ ǘƘŜ
/a9 ŀŎǘƛǾƛǘȅ ǇǊƻǾƛŘŜǊΩǎ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ǘƻ ǎǳōƳƛǘ ǇŀǊǘƛŎƛǇŀƴǘ ŎƻƳǇƭŜǘƛƻƴ ƛƴŦƻǊƳŀǘƛƻƴ ǘƻ !//a9 ŦƻǊ ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ ƎǊŀƴǘƛƴƎ !.t MOC credit.

In order to receive credit the participant must view 85% of the presentation and complete evaluation
Within 30-Řŀȅǎ ƻŦ ŜǾŀƭǳŀǘƛƻƴ ŎƻƳǇƭŜǘƛƻƴΣ ǘƘŜ /a9 ŎŜǊǘƛŦƛŎŀǘŜ ǿƛƭƭ ōŜ ƛǎǎǳŜŘ ǘƻ ǘƘŜ ŀǘǘŜƴŘŜŜΦ

https://www.americandairy.com/dairy-diary/making_sense_of_saturated_fat/
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Diet & 
Inflammation

Presented by Dr. Brad Bolling

Bioactives for health



https://www.rockefellerfoundation.org/report/true-cost-of-food-measuring-what-matters-to-transform-the-u-s-food-system/

500,000 deaths annually in US $1.1 Trillion for health care



Recommended dietary patterns for health

DGA: Healthy U.S.-Style Dietary Pattern

DGA: Mediterranean-style Dietary Pattern

DGA: Vegetarian Dietary Pattern 

Dietary Approaches to Stop Hypertension (DASH)

https://www.nhlbi.nih.gov/health-topics/dash-eating-plan

https://www.fda.gov/food/food-labeling-nutrition/authorized-health-claims-meet-significant-scientific-agreement-ssa-standard

Diet & risk of chronic disease (in healthy individuals)



Most Americans Do Not Follow a Healthy Dietary Pattern 

Underconsumed nutrients of concern: 

potassium, dietary fiber, choline, 

magnesium, calcium, vitamin A, vitamin 

D, vitamin E, vitamin C, iron (adolescent 

girls, women 19-50 y.o.)



https://doi.org/10.1016/j.cmet.2019.05.008https://health.clevelandclinic.org/ultra-processed-foods/



Ultra-processed Unprocessed

BIOACTIVES



Healthful diets include nutrients and bioactives

Nutrients Bioactives

Macronutrients

Lipids, proteins, carbohydrates

Micronutrients

Vitamins, minerals

Alkaloids

Organosulfurs

Phenolics

Carotenoids

Phytosterols

Peptides

Many othersé

quercetin

lycopene

caffeine

(-)-epicatechin



Healthful diets include nutrients and bioactives

Flavonols Nutrients
Å Vitamins
Å Minerals
Å Fiber



Dairy is a good source of nutrients and bioactives

Images: Milk, Cheese: UW-Madison College of Agriculture and Life Sciences (CALS); Yogurt: Michael P. King/UW-Madison CALS

Bioactives
-hlactalbumin
-̡lactoglobulin

glycomacro-peptide
lactoferrin
polar lipids

Bioactives
cultures

probiotics
peptides

metabolites

Bioactives
cultures

probiotics
metabolites

peptides
exopolysaccharides



Acute 
inflammation

is a short -term 
process occurring 

in response to 
tissue injury. 

Chronic 
inflammation is a 
slow, long -term 
inflammation that 
prolonged periods 
of time (months to 
years). 
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INFLAMMATION  is a vital part of the immune systemôs response to injury and infection. It is one of the ways to 
defend against foreign invaders as well as a way to signal the immune system to heal and repair damaged tissue. 
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Chronic Inflammation - StatPearls - NCBI Bookshelf (nih.gov)

https://www.ncbi.nlm.nih.gov/books/NBK493173/


Characteristics

Low-grade & unresolved

May not have outward symptoms 

Associated with chronic diseases

Risks

obesity

environmental chemical exposure

stress

nutrition

microbiome 

https://www.niehs.nih.gov/health/topics/conditions/inflammation/index.cfm

Chronic Inflammation



Tissues

Biomarkers

ÅC-reactive protein (CRP)

Å Tumor necrosis factor (TNF)-Ŭ

Å Interleukins (IL): IL-6, IL-10

GutThe gut is an important

site of immune function

Vancamelbeke & Vermeire '17 Expert Rev Gastroenterol Hepatol 11:821-834

Chronic Inflammation



Nutrients and bioactives interface with the intestinal 

immune system

Biorender

Diet

Bioactives

Direct
Cytokine inhibition
Antioxidant

Indirect
Microbiota

Activated Regulatory

Th17 Plasticity



The gut is also linked to the immune system, brain, liver, lung, oral, and many othersé

Yang & Cong

Microbial metabolites involved in 

pathogenesis of:

Inflammatory bowel diseases

Diabetes

Rheumatoid arthritis

Systemic lupus erythematosus

Cardiovascular disease

Cancers



The gut microbiota are integral to health

Factors include genetics, co-habitation, diet, age, environment, health history

Personalized Responses to Dietary 
Composition Trial (PREDICT 1)

Distinct microbial signatures discriminate between positive

and negative metabolic health indices under fasting conditions

Microbial species segregate into groups associated with more 

and less healthy plant- and animal- based foods.

The strongest microbiome habitual diet associations are 

driven by poorly characterized microbes.

Microbial indicators of obesity are reproducible across varied 

populations.

Still, much to learn!



http://dailycampus.com/stories/2017/3/8/the-magic-aronia-berry-sustainable-fruit-for-a-healthier-future
http://today.uconn.edu/2012/08/uconn-scientists-work-to-develop-potential-of-native-aronia-in-the-field-and-in-the-laboratory/

Aronia berry



Cyanidin



Anti-inflammatory mechanisms of berry consumption

Current Opinion in Biotechnology 2020, 61:153ï159

Alters microbiota

Increases Tregs in MLN

Prevents barrier dysfunction

Inhibits cytokine release

Increases IL-10+ Th17

Reduces immunocyte ROS

Martin et al., 2014 J Funct Food 8C:68-75

Martin et al., 2018 J Funct Food 44:48-57



Week

Initial Screening

Assessment 1
(PE, diet, blood, urine)

0 4 16

Equilibrium period

(4 wks)

Dietary intervention period

(12 wks)

Assessment 3
(PE, diet, blood, urine)

Control Group
(n = 24)

Treatment Group
(n = 25)

Placebo 

Chokeberry Polyphenols 

Eligible Volunteers Randomization

Assessment 2
(PE, diet, blood, urine)

10

Design of randomized placebo-controlled trial

Dose: 500 mg encapsulated aronia extract 
  15% anthocyanins

Xie et al., Nutr Res. 2017:37:67-77 

[5[  Ҩ у҈
¢ƻǘŀƭ ŎƘƻƭŜǎǘŜǊƻƭ Υ Ҩ мл҈

No changes in markers of 
inflammation or oxidative 
stress



(-)-epicatechin

Adv Nutr 2022;13:2070ς2083 Adv Nutr 2023;14:270ς282

Polyphenols & Inflammation

άaƻŘŜǊŀǘŜ ŜǾƛŘŜƴŎŜ ǎǳǇǇƻǊǘƛƴƎ 
cardiometabolic protection resulting from 
flavan-3-ol intake in the range of 400ς600 
ƳƎκŘ ǿŀǎ ǎǳǇǇƻǊǘŜŘ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜΦέ

!ƳƻƴƎ пс w/¢ǎ ǿƛǘƘ Ϥнрлл ǇŀǊǘƛŎƛǇŀƴǘǎΧ 

No significant impact on IL-6 or CRP



Other bioactives & foods

Lycopene & tomato  [Curr Pharm Des 2023;29(21) 1671-1700]

Å34 RCTs

Å ź CRP, IL-6, TNF-Ŭ 

Almond [Adv Nutr 2022;13(5):1462-1475]

Å16 RCTs

Å Ź CRP (-0.252 mg/L, 95% CI -0.43,-0 .06] at < 60 g/d

Åź TNF-Ŭ

Recent meta-analyses



Misconceptions about dairy and inflammation

https://www.health.harvard.edu/blog/dairy-health-food-or-health-risk-2019012515849

Dairy is pro-inflammatory

Dairy is bad for gut health 



Dairy Foods Are Not ñPro-inflammatoryò

ɈOur review suggests that dairy 
products, in particular fermented 
products, have anti -inflammatory 

properties in humans not suffering from 
allergy to milk, in particular in subjects 

with metabolic disorders.ɉ

Systematic Review

52 Clinical Trials

Systematic Review

16 Studies

ɈThe consumption of milk or 
dairy products did not show a 

proinflammatory effect in 
healthy subjects or individuals 
with metabolic abnormalities.ɉ

Systematic Review

27 Randomized Control Trials

Milk and Dairy Product Consumption and 
Inflammatory Biomarkers: 
An Updated Systematic Review of 
Randomized Clinical Trials

Dairy products and inflammation: 
A review of the clinical evidenceThe Effects of Dairy Product and Dairy 

Protein Intake on Inflammation: A 

Systematic Review of the Literature

ɈThis systematic review shows that 
consumption of dairy products  [i.e., 
milk, cheese, yogurt]  and proteins 
[i.e., whey, casein] has neutral to 

beneficial effects on biomarkers of 
inflammation."

Nieman K, et al. The Effects of Dairy Product and Dairy Protein Intake on 
Inflammation: A Systematic Review of the Literature. J Am Coll Nutr . 2021 Aug; 
40 (6) 571 - 582.

Bordoni  A, et al. Dairy Products and Inflammation: A Review of the 
Clinical Evidence. Crit Rev Food Sci Nutr . 2017 Aug 13; 57 (12): 2497 -
2525.

Ulven  SM, et al. Milk and Dairy Product Consumption and 
Inflammatory Biomarkers: An Updated Systematic Review 
of Randomized Clinical Trials. Adv Nutr .  2019 May 1: 10 
(suppl_2): S239 - S250.



Systematic Review

14 Randomized Control Trials

άΧǘƘŜ ŎƻƴǎǳƳǇǘƛƻƴ ƻŦ C5tǎ ǿŀǎ ǎƭƛƎƘǘƭȅ 
ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǊŜŘǳŎŜŘ ƛƴŦƭŀƳƳŀǘƛƻƴΧ

ΧŦǳǊǘƘŜǊ ŜȄǇƭƻǊŀǘƛǾŜ ǿƻǊƪ ƛǎ ǊŜǉǳƛǊŜŘ ǘƻ 
investigate the effects of long-term use of 
FDPs as part of overall dietary patterns on 

ŎƘǊƻƴƛŎ ƛƴŦƭŀƳƳŀǘƛƻƴΦέ

yogurt (n = 9)
fermented milk (n =4)
kefir (n = 2)

Fermented Dairy Foods may be ñanti-inflammatoryò



Yogurt and gut health

wash in
participants 

avoid yogurt

Week: 0 2 11

n = 66, low-fat yogurt, 2x daily

n = 66, control snack, 2x daily

Visit 1: screening Visit 2: Start Intervention, 

Acute Meal

Visit 5: End Intervention, 

Acute Meal

health screening, 

informed consent, 

anthropometrics

anthropometrics, 

collect fasting 

blood, high-fat 

meal + control or 

yogurt, blood @ 

1, 2, 3, 4 hours 

following meal, 

collect dietary 

records

anthropometrics, 

collect fasting 

blood, high-fat 

meal + control or 

yogurt, collect 

blood @ 1, 2, 3, 4 

hours following 

meal, collect 

dietary records

5 8

Visit 3 and 4: 
anthropometrics, 

collect fasting blood

or

Non-obese: 18.5-27 kg/m2

Obese: 30-40 kg/m2

Nutrient Low-fat 

Yogurt

Control 

(soy pudding)

Serving (g) 339  (12 oz.) 324

Calories (kcal) 330 330

Total fat (g) 3 3

Carbohydrate (g) 66 66

Protein (g) 9 6-9

Cholesterol 15 0

Sodium (mg) 180 165-210

Calcium (mg) 450 180-450

Vit. D (IU) 6.75 6.75

Vit A (IU) 1500 600



8 oz. yogurt or equivalent control

960 kcal

56-60 g fat

     82 g carbohydrate

28-30 g protein

226 kcal

Overnight fast

Challenge meal

Baseline (0 h blood draw)

~ 30 min

Postprandial blood draws

~ 10 min

Yogurt and gut health

or



Premeal consumption of yogurt reduces post-meal markers of gut barrier dysfunction and inflammation 

Pei et al. J Nutr. 2018

Biomarker of inflammation

Biomarker of barrier dysfunction

BMI 30-40 kg/m2

BMI 30-40 kg/m2

LBP: LPS-binding protein

Vesy et al. Inf Immun. 2000; 68:2410-7



Yogurt improves postprandial glucose responses

Pei et al. J Nutr. 2018

BMI 30-40 kg/m2



Yogurt improves postprandial glucose responses

BMI 18.5-27 kg/m2



Yogurt and gut health: Fasted responses after 9 wk consumption

Marker (O) Yogurt (O) Control (N) Yogurt (N) Control

sCD14 ҭ ҭ ҭ ҭ

LBP/sCD14* -5% +11% +12% +17%

Endocab* +5% -1% +6% -2%

IL-6 ҭ ҭ ҭ ҭ

hsCRP ҭ ҭ ҭ ҭ

TNF- /hsTNFRII* -7% -2% -8% +10%

P<0.05, *treatment, #obesity Pei et al., Br. J. Nutr (2017)



Systemic LBP &

Inflammation

Insulin 

resistance

Change in gut 

microbiota
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Colon 

inflammation

Colon Lbp

Mechanisms of yogurt bioactives in the gut

Hasegawa et al. J Nutr. 2023;153:703-12

Pei et al. J Nutr. 2018; 148:1-7

Pei et a. Br J Nutr. 2017;118:1043-51

Putt et al.  Food & Function; 2017;8: 406-14

Summarized in: Hasegawa & Bolling. Curr Opin 

Food Sci. 2023;51:101017



Summary and conclusions

Å The gut mediates the beneficial actions of               
nutrition and bioactives.

Å Diet mediates immune health, more information 
needed on mechanisms from specific foods.

Å Healthful dietary patterns include fruits, vegetables, 
whole grains, and dairy.

Å Certain foods might modestly reduce biomarkers of 
inflammation, but more work is needed to confirm 
association with chronic disease risk. 


