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1) Analogy between nutrient consumption and chemical exposure
• Nutrients are “chemicals”

• Exposure assessment (nutrient consumption assessment)

• Measurement of biomarkers

• Dose-response relationships

2) Diet is one of the most important sources of chemical exposure

3) Nutritional factors can attenuate chemical toxicokinetics
• Absorption, metabolism, distribution, and excretion

4) Nutritional factors can attenuate chemical toxicity
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Why [Chemical Exposure] X [Diet] ?



SNU Workshop (Aug 24, 2024) | Habyeong Kang, MEExD Lab, Hanyang Univ

[Food substitution model]    𝑦 = 𝛽1𝐺𝑟𝑜𝑢𝑝1 + 𝛽2𝐺𝑟𝑜𝑢𝑝2 + 𝛽3𝐺𝑟𝑜𝑢𝑝3 + 𝛽4(𝐺𝑟𝑜𝑢𝑝1 + 𝐺𝑟𝑜𝑢𝑝2 + 𝐺𝑟𝑜𝑢𝑝3 + 𝐺𝑟𝑜𝑢𝑝1)
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1) Analogy between Diet/Nutrients & Chemicals

• Estimation of food substitution effects on health benefits

Food substitution

(Lancet Planetary Health 2023; 7: e219–32)

[Food substitution model]     𝑦 = 𝜷𝟏𝑮𝒓𝒐𝒖𝒑𝟏 + 𝛽2𝐺𝑟𝑜𝑢𝑝2 + 𝛽3𝐺𝑟𝑜𝑢𝑝3 + 𝛽4(𝑮𝒓𝒐𝒖𝒑𝟏 + 𝐺𝑟𝑜𝑢𝑝2 + 𝐺𝑟𝑜𝑢𝑝3 + 𝑮𝒓𝒐𝒖𝒑𝟏)

10% substitution

All cancer risk: 2% (1-3%) ↓

Head and neck cancer risk: 24% (19-28%) ↓

Colon cancer risk: 7% (2-11%) ↓
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1) Analogy between Diet/Nutrients & Chemicals

(Yeonju Kim et al., in preparation)

• Estimation of chemical substitution effects on health benefits

Exposure substitution

BPA BPS

DEHP DINCH
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3) Nutrients attenuate chemical toxicokinetics

>90% Pb is 
stored in bone

Calcium supplementation

(Hyunkyung Kim et al., unpublished data)

Korean nationwide pregnant women cohort (Ko-CHENS) 

No calcium supplementation at early pregnancy  (n = 704)

Regular calcium supplementation at early pregnancy  (n = 176)
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Diet/nutrient consumption space Chemical exposure space

Health
Outcome

Calcium
Pb

Diet/nutrient – chemical exposure spaces 
& health outcome relationship

Diet (Food) Nutrient Chemical group 1
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3) Nutrients attenuate chemical toxicokinetics

• Hypothesis: Dietary fiber can reduce PFAS body burden

Enterohepatic Circulation &
Fecal Excretion of PFAS
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3) Nutrients attenuate chemical toxicokinetics

• Hypothesis: Dietary fiber can reduce PFAS body burden

200 Healthy adults

Questionnaire
(FFQ)

PFAS
analysis

(expected result)
Inverse association

Quantification
of dietary fiber

PFAS
analysis

Blood PFAS (body burden)

Long-term (recent 1 yr) intake

Short-term (recent 1 wk) intake

Fecal PFAS (excretion amount)

(expected result)
Positive association

Prof. Hyo-Bang Moon   Prof. Sangwon Lee
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Diet/nutrient consumption space Chemical exposure space

Health
Outcome

Calcium
Pb

Fiber
PFOS

PFOA
PFNA

Diet/nutrient – chemical exposure spaces 
& health outcome relationship

Diet (Food) Nutrient Chemical group 1

Chemical group 2
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4) Nutrients attenuate chemical toxicity

Serum antioxidant
status

Influenza 
mortality

Urinary cadmium
level

A. Low antioxidant status
(n=3,453)

Urinary cadmium (μg/g) Urinary cadmium (μg/g)

B. High antioxidant status
(n=3,453)
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(Habyeong Kang et al., unpublished data)

[U.S. NHANES III – mortality linkage data]
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Diet/nutrient consumption space Chemical exposure space

Health
Outcome

Calcium
Pb

Fiber
PFOS

PFOA
PFNA

Vitamin C
Lycopene Cd

Diet/nutrient – chemical exposure spaces 
& health outcome relationship

Diet (Food) Nutrient Chemical group 1

Chemical group 2
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Diet/nutrient consumption space Chemical exposure space

Health
Outcome

Calcium
Pb

Fiber
PFOS

PFOA
PFNA

Vitamin C
Lycopene

Diet/nutrient – chemical exposure spaces 
& health outcome relationship

CdFruits

Sandwich
(packaged)

Seafood

Omega-3

Diet (Food) Nutrient Chemical group 1

Chemical group 2
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Cardiovascular Prevention 
Cohort (n=21,714, age:40-60 y)
(Yangpyeong: n=3,563)

Cognitive Health
Sub-cohort (n=2,908)

(Yangpyeong: n=543)

PFAS sub-cohort
(Yangpyeong: n=543)

Repeated Food Frequency Questionnaire

2005 2007 2011 2014 2017 2020 2023 2026 2029

Health checkup + clinical markers

Disease incidence follow-up

Cognition test + brain MRI

APOE4 gene

Repeated Food Frequency 
Questionnaire

Plasma PFAS (to be measured) Plasma PFAS (to be measured)

+ food contamination
DB (KFDA)

Dietary chemical exposure
(metals, PFAS, POPs)

+ food contamination
DB (KFDA)

Prof. Mi Kyung Kim

Prospective Cohort for
Diet/Nutrient–Chemical Interaction Study
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Diet/nutrient consumption

Dietary chemical exposure
Cognitive

Health

Metals

PFAS

CVD
Health

Diet (Foods)

POPs

Blood chemical measurement

PFAS Metals ??

Prospective Cohort for
Diet/Nutrient–Chemical Interaction Study

Methods in Nutritional epidemiology Methods in Environmental epidemiology

• Mixture approach (BKMR, QGcomp, …)
• EWAS

• Residual model
• Substitution model
• DWAS

Adoption

Nutrients

+ AI?



(sites.google.com/view/meexd)
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• Contact:

• habyeongkang@hanyang.ac.kr

Lab webpage
(sites.google.com/view/meexd)

YouTube Channel
(www.youtube.com/@habyeongkang)
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