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WHAT IS CHOLINE?

Daily adult choline requirement estimated at 400-500 mg (Adequate Intake)
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THE HUMAN BODY PRODUCES CHOLINE

phosphatidylethanolamine phosphatidylcholine

PEMT

Phosphatidylethanolamine-N-transferase



WHY IS CHOLINE IMPORTANT?

• Liver  (Low choline causes fatty liver)

• Muscle (low choline and its relation with muscle injury)

• Essential for proper brain development

• Important for memory center in brain



WE NEED CHOLINE FROM FOODS AND 
FROM DE NOVO

PEMT

Images from FoodInsight and Wikipedia
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From: http://choilnecouncil.com/health_professional/

Adequate Intake

Actual Intake

Slide courtesy of SHZ



GENETIC VARIATION CAN ALTER NUTRITENT 
REQUIREMENTS

PEMT

Image from neuroendoimmune.wordpress.com

• Many of us have “spelling differences”
in our DNA

• Common SNPs influence choline demand



WE NEED CHOLINE FROM FOODS AND 
FROM DE NOVO

SNP PEMT
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Choline and its metabolites are important for:

WHY IS CHOLINE IMPORTANT?

• Liver  (Low choline causes fatty liver)

• Muscle ( low choline and its relation with muscle injury

• Essential for proper brain development

• Important for memory center in brain

HOW DO WE KNOW CHOLINE IS IMPORTANT?



SCIENTIFIC MODELS FOR RESEARCH

E11 E17

Neurogenesis

Adequate choline Low choline



DIETARY CHOLINE REGULATES BRAIN DEVELOPMENT IN MICE

Nestin-CFP

Adequate choline

VZ

Nestin-CFP

Low choline

VZ

Wang Y, et al. (2015). Maternal dietary intake of choline in

mice regulates development of the cortex in the offspring

FASEB J.

Cerebral cortex



Wang Y, et al. (2015). Maternal dietary intake of choline in

mice regulates development of the cortex in the offspring

FASEB J.

Adequate Choline Low Choline

DIETARY CHOLINE REGULATES BRAIN DEVELOPMENT IN MICE

Cerebral cortex



Low Choline
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Adequate Choline

DIETARY CHOLINE REGULATES EYE DEVELOPMENT IN MICE

Trujillo-Gonzalez, et al. (2019). Low availability of choline in utero
Disrupts development and function of the retina. FASEBJ
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DIETARY CHOLINE REGULATES BRAIN DEVELOPMENT IN MICE

Adequate Choline Low Choline

Green: Neurons

Magenta: Dividing Cells

Trujillo-Gonzalez, et al. (2019). Low availability of choline in utero
Disrupts development and function of the retina. FASEBJ



CHOLINE FROM MOTHER ESSENTIAL FOR BRAIN 
DEVELOPMENT

Meck and Williams. 2003.
Neurosci Biobehav 2003
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• Higher gestational choline intake was associated with better child visual memory at 7 y o
Boeke et al, 2012, American Journal Of Epidemiology

• Adequate choline during pregnancy reduces neural tube defects in developing fetuses.  
Shaw et al, 2009, American Journal Of Epidemiology

DIETARY CHOLINE IN PREGNANT WOMEN



CHOLINE  IN ADULTHOOD

• Higher choline intake was associated with better cognitive performance
in 744 women and 647 men. (Age range 36-83 y)

Poly et al, 2011, American Journal of Clinical Nutrition

• Choline intake  prevents age-related memory decline and protects from 
changes associated with Alzheimer’s Disease. 

Blusztajn et al, 2017, Nutrients



LOSS OF A GENE IMPORTANT FOR CHOLINE METABOLISM 
CAUSES FATTY LIVER

FATTY LIVER IN MICE

• Hospitalized patients in total parenteral nutrition developed fatty liver. 
Hepatic symptoms were reversed after choline supplementation. 

Buchman. 2009. Gatroenterology

Teng et al. 2011. J Biol Chem



CHOLINE AND MUSCLE  DAMAGE

Kohlmeier and Olivia Dong. 2016. FasebJ Supplement.Image from www.interactivebiology.com

Males susceptible to exercise-induced muscle
damage reported low choline intake.



WHY IS CHOLINE IMPORTANT?

• Liver  (Low choline causes fatty liver)

• Muscle (low choline and its relation with muscle injury)

• Essential for proper brain development

• Important for memory center in brain



HOW DO YOU KNOW IF YOU ARE EATING 
ENOUGH  CHOLINE?



DEVELOPING A CHOLINE BIOMARKER

Steven H. Zeisel, MD, PhD
Funding NIH, DK056350, DK115380
Balchem



SEEKING HEALTHY PARTICIPANTS

• Males and Females 17-70 years old
• Participate for up to 6 weeks
• Participants will be paid. 

• No smoking
• No substance abuse
• No overweight, unusual diets, allergy to soy
• History of liver or kidney disease 



CHOLINE STUDY DESIGN

Choline 100% Choline-d9 

2 weeks we provide the diet

Two week washout

• Plasma sample
• Urine sample
• Fibroscan
• Heart Rhythm

• Plasma sample
• Urine sample
• Fibroscan
• Heart Rhythm



PARTICIPANT’S MEALS
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PARTICIPANT’S MEALS



• Heart Rate • Saliva sample • Blood sample

Images from amazon.com, bbc.com and IT

CHOLINE STUDY DESIGN



Images from eBay and www.cancer.gov

PREGNANCY TEST FOOD   FREQUENCY 
QUESTIONNAIRE



FIBROSCAN  MEASURES FAT 
CHANGES IN YOUR LIVER

Images from NRI and IT

ABDOMINAL ULTRASOUND  
EXAM
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MRI IMAGING TO CALCULATE 
CHOLINE IN YOUR LIVER

BODY COMPOSITION AND 
MUSCLE STRENGTH



Fibroscan

MRI

Metabolomics

SNPs
(misspellings)

MS

DEXA
(muscle)

WHICH IS THE MOST ACURATE WAY TO 
TEST FOR CHOLINE STATUS



JOIN OUR STUDY

CONTACT
JULIE STEGALL

704-250-5035 or 5062
hrc_studies@unc.edu



NUTRITION RESEARCH INSTITUTE

CHOLINE GROUP

• Steven H. Zeisel, MD, PhD
• Martin Kohlmeier, MD, PhD
• Sunil Hwang, PhD
• Steve Oreña, M in Sc
• Julie Stegall
• Tondra Blevins
• Jaina Hattabaugh
• Tonia Hermon, PhD
• Walter Friday
• Evan Paules, PhD c
• Isi Trujillo, PhD

CHOLINE BIOMARKER STUDY AND 
PRESENT LAB MEMBERS 



Celebrating a Decade of Nutrition Discoveries  2008 - 2018


