




Housekeeping
• You are muted and your camera is turned off 

• Write questions in Q&A section 

• Continuing Education* and Zoom recording will 
be available on AmericanDairy.com
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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 others…

quercetin

lycopene

caffeine

(-)-epicatechin



Healthful diets include nutrients and bioactives

Flavonols Nutrients
• Vitamins
• Minerals
• 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
α-lactalbumin
β-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 system’s 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

• C-reactive protein (CRP)

• Tumor necrosis factor (TNF)-α

• 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 others…

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, 61:153–159

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 

LDL  ↓ 8%
Total cholesterol : ↓ 10%

No changes in markers of 
inflammation or oxidative 
stress



(-)-epicatechin

Adv Nutr 2022;13:2070–2083 Adv Nutr 2023;14:270–282

Polyphenols & Inflammation

“Moderate evidence supporting 
cardiometabolic protection resulting from 
flavan-3-ol intake in the range of 400–600 

mg/d was supported in the literature.”

Among 46 RCTs with ~2500 participants… 

No significant impact on IL-6 or CRP



Other bioactives & foods

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

• 34 RCTs

•  ↔ CRP, IL-6, TNF-α 

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

• 16 RCTs

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

• ↔ TNF-α

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 “Pro-inflammatory”

“Our 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.”

Systematic Review

52 Clinical Trials

Systematic Review

16 Studies

“The consumption of milk or 
dairy products did not show a 

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

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

“This 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

“…the consumption of FDPs was slightly 
associated with reduced inflammation…

…further explorative work is required to 
investigate the effects of long-term use of 
FDPs as part of overall dietary patterns on 

chronic inflammation.”

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

Fermented Dairy Foods may be “anti-inflammatory”



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 ↔ ↔ ↔ ↔

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

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

IL-6 ↔ ↔ ↔ ↔

hsCRP ↔ ↔ ↔ ↔

TNF-α/sTNFRII* -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

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

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

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

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



Emerging evidence Scientific agreement Consensus

• 3 c dairy for 1,600 to 3,200 

kCal

• 2020-2025 Dietary Guidelines 

for Americans state:

“ A healthy dietary pattern is 
associated with beneficial outcomes 
for all-cause mortality, cardiovascular 
disease, overweight and obesity, type 
2 diabetes, bone health, and certain 
types of cancer (breast and 
colorectal)…..” 

Anti-inflammatory effects of 

yogurt consumption

Lack of direct pro-inflammatory 

response of dairy in healthy 

individuals at levels 

recommended in DGA

Dietary Guidelines for Americans, 2020-2025
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POLL #2



What are people saying 
about dairy? 



Dairy in the media
in celebrity media spokespeople

“Chemical defoamers are 
added to yogurt."

No: Coffee, alcohol, caffeine, 
tomatoes, peppers, 
mushrooms, eggplants, 
fungus, dairy, gluten, corn, 
soy, added sugar, artificial 
sweeteners, MSG, GMOs.

“Don’t drink less than 
2% milk because it 
contains more sugar 
than full fat"

"I just tried a goat milk 
cleanse for eight days to rid 
my system of parasites.



Dairy in our media



Dairy in the community
in our hometowns



Dairy and dietary recommendations 



Conflicting Information Creates 
“Confusion”

59% Strongly 
or  Somewhat 
Agree 

78% Encounter 
a lot of 
conflicting 
information

80% Strongly 
or somewhat 
agree 

Food Insight. Survey: Nutrition Information Abounds, 
But Many Doubt Food Choices. 2017. 





What are the science-based 
recommendations on 
inflammation?



Anti-inflammatory lifestyle practices

50% 
Stress 

40 M
Sleep

21%
Exercise

 National Institute of HealthAmerican Psychological Association National Sleep Association



52

Stress Causes Inflammation 

[Infographic] Effects of Stress on the Human Body | Jefferson Online

https://online.jefferson.edu/behavioral-and-health-services/effects-of-stress-on-the-human-body/


Stress
• Meditate 

• Try deep breathing exercises

• Get a massage

• Yoga

• Tai Chi

• Acupuncture

• Biofeedback

• Prayer

53

• Volunteer Work
• Hobbies
• Playing with pets
• Shopping
• Keeping a Journal
• Therapy
• Behavioral modification
•  Listening to music
•  Time Management

Source: American Institute of Stress



Exercise: Acute Inflammation vs Long Term Anti-
Inflammatory Effects

• Acute, high intensity, or unaccustomed exercise causes 

the skeletal muscles to release pro-inflammatory 

molecules.

• A single bout of exercise may elevate oxidative stress 

which increases inflammation.

• According to research, exercise decreases inflammation 

in the long term by:

1. Reducing fat mass

2. Increasing the production of anti-
inflammatory molecules

Chronic Low-grade Inflammation after Exercise: Controversies https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3586919/pdf/IJBMS-15-1008.pdf

Exercise, Inflammation and Aging https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3320801/#:~:text=There%20is%20evidence%20that%20exercise,intensities%20and%20for%20prolonged%20durations

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3586919/pdf/IJBMS-15-1008.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3320801/#:~:text=There%20is%20evidence%20that%20exercise,intensities%20and%20for%20prolonged%20durations


Exercise recommendations for adults

55

Cardiovascular training

•All healthy adults aged 18–65 years should participate in moderate 
intensity aerobic physical activity for a minimum of 30 min on five days per 
week, or vigorous intensity aerobic activity for a minimum of 20 min on 
three days per week.

Weight training

•Every adult should perform activities that maintain or increase muscular 
strength and endurance for a minimum of two days per week.

Physical Activity Guidelines for Americans, 2nd 
edition.

https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fhealth.gov%2Four-work%2Fphysical-activity%2Fcurrent-guidelines&data=04%7C01%7CKerry.Clifford%40dairy.org%7C28a667a5df7f4c6cffc408d964296c0a%7C4a5c3ca3613143b194be00fe342a7c7c%7C0%7C0%7C637650951338661657%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=hXZ1Sltkty%2FyERC4FH2kVxjUKobM21%2BHw%2BHNwSwB98I%3D&reserved=0
https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fhealth.gov%2Four-work%2Fphysical-activity%2Fcurrent-guidelines&data=04%7C01%7CKerry.Clifford%40dairy.org%7C28a667a5df7f4c6cffc408d964296c0a%7C4a5c3ca3613143b194be00fe342a7c7c%7C0%7C0%7C637650951338661657%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=hXZ1Sltkty%2FyERC4FH2kVxjUKobM21%2BHw%2BHNwSwB98I%3D&reserved=0


Sleep and Impact on Inflammation 

56

Growth hormone

Energy levels

Immune system

Testosterone

Mood

Better reaction time

Regulates metabolism

Anti inflammatory properties 
when prolactin released

Muscle repair

Reilly T, Piercy M. The effect of partial sleep deprivation on weight-lifting performance. Ergonomics. 1994; 37(1): 107-15.
-https://www.ncbi.nlm.nih.gov/pubmed/9415946 -https://www.ncbi.nlm.nih.gov/pubmed/21632481

Impact of Poor Sleep Impact of Good Sleep 

Fatigue

Obesity

Increase in cortisol
 

Fatigue 



Sleep

57

◼ https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.marieclaire.com%2F

health-fitness%2Fnews%2Fa13230%2Fnew-national-sleep-foundation-

guidelines%2F&psig=AOvVaw05FFxW1XK3VBOdElsmxX6L&ust=1588552672473000

&source=images&cd=vfe&ved=0CAIQjRxqFwoTCLC48YK6lukCFQAAAAAdAAAAABAD



Sleeping Tips

58

10-3-2-1-0 Rule of sleeping

◼ 10 hours before bed no caffeine

◼ 3 hours before bed no food, exercise 

or alcohol

◼ 2 hours before bed no work related 

activities

◼ 1 hour before bed no screen time 

(Turn off all devices)

◼ 0 The number of times you hit the 

snooze button 

◼ Sleepy time tea, time released 
melatonin

◼ Room 68 degrees

◼ Weighted blanket

◼ Dark room (Shades)

◼ White noise

◼ Blue light therapy

◼ Read before bed

◼ Go to bed same time every night



MYTH:  Dairy products cause inflammation



Foods Found to reduce inflammatory biomarkers

• Apples
• Berries
• Tomatoes
• Deep yellow and orange fruits and vegetables
• Dairy foods (e.g., whole and low-fat milk, cheese 

and yogurt)
• Leafy green vegetables
• Cruciferous vegetables
• Nuts
• Legumes
• Fish 
• Poultry
• Coffee 
• Tea

Foods Found to 

Reduce Inflammatory Biomarkers

Byrd, et al. The Journal of Nutrition. 2020. doi: 10.1093/jn/nxz165.



The evidence is clear – dairy foods do not cause inflammation 

Resources and recipes available on USDairy.com



• Increased dairy, whole grains, fruits, 
vegetables in diet

• Reduce fried foods, refined 
carbohydrates

• Went to yoga 2x a week
• Slept 8 hours a night

Case study: Feared dairy, gluten, meat caused inflammation

Meet Victor

✔ Lost 93 pounds over 
2 years

✔ Gained 100 pounds 
on his bench press

Client testimonials have approved with Jim White Fitness Inc. to showcase their success stories for all and any presentation materials. 



Problem:  Super restrictive diets



Milk is a good or excellent source of 13 
essential nutrients. 

+

+

+

FDA’s Daily Value (DV) for potassium of 4700 mg is based on a 2005 DRI recommendation. In 2019, 

NASEM updated the DRI to 3400 mg. Based on the 2019 DRI, a serving of milk provides 10% of the DRI. 
FDA rule-making is needed to update this value for the purpose of food labeling.

Elimination of dairy = benefits lost

Dairy Food Protein Leucine 

Low-fat Cheddar Cheese 
(1 oz)

7 g 0.61 g

Low-fat Milk 
(regular or lactose-free dairy milk) (8 oz)

8.5 g 0.8 g

Low-fat Cottage Cheese 
(4 oz)

14 g 1.44 g

Low-fat Greek Yogurt (8 oz) 18.5 g 1 g

Whey Protein Isolate Powder 
(unflavored) (1 scoop, 28 g)

24 g 3.2 g

Dairy delivers protein along with great taste

Nutrition information obtained from: USDA FoodData Central: 
Low-fat Cheddar Cheese (173439) Low-fat milk (170873)  Cottage cheese (173417) Strawberry Greek yogurt (171300)
https://fdc.nal.usda.gov/fdc-app.html#/
Whey Protein Powder *Stephan Van Vliet, et al. The Skeletal Muscle Anabolic Response to Plant- versus Animal-Based Protein Consumption. Journal of Nutrition. 2015. 

+

https://fdc.nal.usda.gov/fdc-app.html#/


Victors Anti-inflammatory 
meal plan

◼Breakfast: Plain yogurt, handful of 
nuts, handful of blueberries, coffee

◼Snack: Avocado toast with 
smoked salmon, cucumber, tomato, 
tea 

◼Lunch: Salad with chicken, topped 
with cheese + Greek yogurt dressing

◼Snack: Almond butter + apple

◼Dinner: Fish, veggie + brown rice 
bowl



#HaveAPlantWithDairy

◼ Cheese + apple

◼ Yogurt + blueberries + nuts

◼Milk + fruit

◼ Cottage cheese + cucumbers

◼Grilled halloumi and veggie skewers

◼Veggie grain bowl with cheese

◼Veggies + ranch-style Greek yogurt dip

◼ Fruit smoothie w/spinach



• 3 servings dairy a day

• Limit inflammatory foods and habits

• Don't forget improving lifestyle habits

• Include anti-inflammatory foods

• However, we can enjoy ALL foods!

Take home messages

Jim White Nutrition & Fitness Studios. 2021. 



@jimwhitefit

Jim White Fitness & Nutrition Studios

www.jimwhitefit.com



Questions? 



Visit Us
AmericanDairy.com 

✓ Recording
✓ Slide Deck 
✓ Continuing Education Credits        
❑ CME Survey Link: 

https://www.surveymonkey.com/r/82YQWX7

❑ CPEU Certificate: CLICK HERE

❑ Professional Development: CLICK HERE

✓ Additional Educational Resources
✓ Webinar Library 

https://www.americandairy.com/dairy-diary/making_sense_of_saturated_fat/
https://www.surveymonkey.com/r/82YQWX7
https://dairyspot.box.com/s/psv00xvgmf9lammvvx2424eke3zjc5fi
https://dairyspot.box.com/s/dhsflca4da9gmby8cvegphgnkuz500zh
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