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Human Milk: 
The Ultimate Superfood & 
Personalized Medicine

Meg
ha

n A
za

d



Disclosures

Research grants: 
 Canadian Institutes of Health Research
 Allergy Genes and Environment (AllerGen) 

Network of Centers of Excellence
 Canadian Lung Association
 Research Manitoba
 Children’s Hospital Foundation of 

Manitoba
 Prolacta Biosciences
 Bill and Melinda Gates Foundation
 Canada Foundation for Innovation
 W. Garfield Weston Foundation
 Health Data Research UK
 Canadian COVID Immunity Task Force

Unrestricted research funding:
 Canada Research Chairs Program
 Healthy Child Manitoba Office, 

Government of Manitoba
 Canadian Institute for Advanced 

Research (CIFAR)

Advisory Committee Membership:
 Malaika Vx

Conference presentation honoraria:
 Prolacta Biosciences

Last 3 years (Apr 2021)
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“Human breastmilk is not only a perfectly adapted nutritional supply
for the infant, but probably the most specific personalized medicine 
that he or she is likely to receive, given at a time when gene expression is being fine 
tuned for life.”
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“Human breastmilk is not only a perfectly adapted nutritional supply
for the infant, but probably the most specific personalized medicine 
that he or she is likely to receive, given at a time when gene expression is 
being fine tuned for life.”

Victora et al. 
The Lancet 
Breastfeeding Series (2016)
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“Human breastmilk is not only a perfectly adapted nutritional supply
for the infant, but probably the most specific personalized medicine 
that he or she is likely to receive, given at a time when gene expression is 
being fine tuned for life.”
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Got (Breast) Milk?
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Child mortality (<5 years) attributable to suboptimal breastfeeding (2013)
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Azad et al. 2013 - CHILD Stewart et al. 2018 - TEDDY

Bruce Squires 
Award: 

Paper of 
the Year
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Developmental Origins of Health and Disease (DOHaD)
and the Microbiome

What happens 
in the first 1000 

days lasts a 
lifetime

Obesity
Allergies
Asthma

Diabetes
Cardiovascular Disease

Mental Disorders
etc…
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“Human breastmilk is not only a perfectly adapted nutritional supply
for the infant, but probably the most specific personalized medicine 
that he or she is likely to receive, given at a time when gene expression 
[and the microbiome] is being fine tuned for life.”

Victora et al. 
The Lancet Breastfeeding 
Series (2016)

What happens 
in the first 1000 

days lasts a 
lifetime
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Personalized Nutrition
Matches the changing nutritional 
needs of the (human!) infant

Personalized Medicine 
Delivers (optimized!) immunity
while infant immune system develops

Dynamic
Varies diurnally, within feedings, 
across lactation, and among mothers

Human Milk is
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Name 
something 

found in 
human milk 
that is not 
found in 

infant formula

?
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PLUS:
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$56M Invested
500,000 Samples:

Blood, Urine, Stool,
Nasal Swabs, Dust,
Breast Milk

200,000 Questionnaires
3600 Families
40+ Researchers
20+ Disciplines
8(+) Years Follow-Up
93% Retention

N=3500

The Canadian 
Healthy Infant 
Longitudinal 
Development 
(CHILD) Study
How do genes

and the 
environment 
influence child 

health and 
development?

www.childstudy.ca
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Completed or Underway
 Endocrine Hormones (C. Field, U. Alberta) – Chan et al. Int J Obesity 2017
 Oligosaccharides (L. Bode, UC San Diego) – Azad et al. Am J Clin Nutr 2018
 Microbiota (E. Khafipour, U. Manitoba) – Moossavi et al. Cell Host & Microbe 2019
 Fatty Acids (C. Field, U. Alberta) – Miliku et al. Am J Clin Nutr 2019
 Cytokines (J. Marshall, Dalhousie)
 Peptides (K. Hettinga, Wageningen University)

Coming Soon
 Bioactive Proteins (L. Bode, UC San Diego)
 Antigen-specific Immunoglobulins (T. Eiwegger, SickKids & ADI Inc.)
 Proteomics (Precision Biomarker Laboratory)
 Untargeted Metabolomics (M. Jain, UC San Diego)
 Targeted Metabolomics (Biocrates)
 Micro & Macro nutrients (L. Allen, USDA)

Wish List (Your name here! ) 
 Toxins, Food Antigens, Artificial Sweeteners, Choline, Cortisol…

Human Milk
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(Petherick Nature 2010)

HMOs
Non-digestible 
carbohydrates
Food for microbes 
(not for baby!)

Structurally diverse 
& species-specific
Cows: ~40 vs. 
Humans: >100

Highly variable 
(How & Why??)

Health Impact?
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HMOs in the CHILD Cohort

Total HMO: 3.7x Variation
Individual HMOs: 
20 to >100x Variation

Azad, Bode et al. J Nutrition 2018

Lars Bode

Kozeta Miliku
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While no single HMO predicts food 
sensitization, the overall HMO profile does.

HMOs & Infant Food Sensitization

Partial Least Squares Discriminant Analysis (PLS-DA) 
Robust to leave-one-out cross validation.

N=430 dyads (59 sensitized vs. 362 controls); 19 HMOs

Miliku, Azad, Bode et a l. Allergy 2018

What is the 
MECHANISM?

What about 
OTHER milk 

components?

OTHER conditions?
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CHILD
Canada
Cohort Study

MINT 
Nepal 
RCT

MISAME-3
Burkina Faso
RCT

ELICIT
Tanzania 
RCT

VITAL 
Pakistan 
RCT

Human 
Milk

MMS
RUFS

Nicotinamide
DHA

Choline
Pre/probiotics

Antibiotics
Other

Nutrition
Infection

Stress
Genetics

Contraceptives
Age

Microbiome
Other

Maternal 
FactorsInterventions

Meg
ha

n A
za

d



Human 
Milk

MMS
RUFS

Nicotinamide
DHA

Choline
Pre/probiotics

Antibiotics
Other

Gut Health

Nutritional 
Status

Growth & Body 
Composition

Neuro 
Development

Immune 
Development

Infant / Child 
Health 

Microbiota
Bacteria, Fungi

Micronutrients
Vitamins, Minerals

Macronutrients
Fat, Protein, 

Carbohydrates

Bioactives

Lactoferrin

Lysozyme

Cytokines

Immunoglobulins

Hormones

miRNAs

Peptides

Immune Cells

Oligosaccharides

Nutrition
Infection

Stress
Genetics

Contraceptives
Age

Microbiome
Other

Maternal 
FactorsInterventions

N = 1000 dyads

Field Site Partners

Laboratory Partners

Data 
Science
Partners
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Alan Hubbard 
Berkeley Public Health

• Causal inference
• Machine learning
• Epidemiology
• Precision medicine

Nima Aghaeepour 
Stanford Medicine

• Bioinformatics
• Multiomics
• Algorithm benchmarking
• Explainable artificial intelligence
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Meghan Azad PhD MSc
Human Milk & Epidemiology

Nathan Nickel MPH PhD
Public Health & Biostatistics

• All mothers in Manitoba
• Report infant feeding at routine vaccination visits
• Data faxed to MILC using Teleform

Infant Feeding & 
Lactation Database

•General population at selected clinics & hospitals
•Targeted clinical studies
• Provide milk + additional research data
•Macronutrient profile + long-term storage

Human Milk 
Biorepository

• All mothers-infant dyads in Manitoba
• Administrative health + sociodemographic data
• Linked to all MILC data and samples

Manitoba 
Population Research 

Data Repository

www.milcresearch.com  
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Knowledge
Translation
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$10k 
Travel 

AwardsMeg
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Natalie Rodriguez Nicole Fiorentino Larisa Lotoski
Tricia Choquette Sarah Turner Bridget McGann
Rilwan Azeez Kelsey Fehr Merilee Brockway 
Stephanie Goguen Allison Daniel (Kozeta Miliku)

Manitoba: Elinor Simons, Allan Becker, Scarlet Salas & Team
National: PJ Subbarao, Stuart Turvey & Team
Collaborators: Lars Bode (UC San Diego, MoMI CORE)

Nathan Nickel (Manitoba Centre for Health Policy)
Drs. Raimondi & Kearns (Winnipeg Breastfeeding Centre)
MILC Club members

azadlab.ca  | @MeghanAzad |  meghan.azad@umanitoba.ca
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https://www.queensu.ca/epower/supporters
https://blog.lung.ca/


Meghan Azad, PhD
Canada Research Chair in Developmental Origins of Chronic Disease
Deputy Director, CHILD Cohort Study
Director, International Milk Composition (IMiC) Consortium
co-Director, Manitoba Interdisciplinary Lactation Centre (MILC)
co-Lead, international Perinatal Outcomes in the Pandemic (iPOP) Study
Children’s Hospital Research Institute of Manitoba
Department of Pediatrics & Child Health, University of Manitoba, Canada

www.azadlab.ca     
www.childstudy.ca 
www.milcresearch.com
www.ipopstudy.com

meghan.azad@umanitoba.ca    @MeghanAzad

Questions?
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