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Greatest Challenges of Our Time
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Greatest Challenges of Our Time:

Population Growth and Farmland

B 2017 [ 2050
1.34bn

P e S 1.6

: N 1 4 1bn
China | N |36 br

Nigeria Il I o 410 641

: o= DN 324.46m
United States = [ ERERE

Indonesia = B ©53.99m
I 0 .S55m

B 197.02m

Pakistan IS I 306 94m
, 209.29m
Brazil =232_69m
Bangladesh |l __”%%ngm
34
DR Conzo 24 5 4o

o B 104.96
Ethiopia R 100 87m

https://www.forbes.com/sites/niallmccarthy/2017/06/22/the-worlds-most-populous-nations-

in-2050-infographic/#726189339f60

The U.S. loses about 175
acres of farmland every
hour, mostly due to the
expansion of urban and

suburban areas.

American Farmland Trust
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Agriculture’s
URBAN FOOTPRINT




Greatest Challenges of Our Time:
The Future of Food

We can engineer the food supply with
unprecedented capability.

What do we want to achieve?
» Avoid nutrient deficiency

* Optimize function

e Chronic disease prevention

» Disease management

* Lower health care costs

* Lower environmental footprint

» Economic sustainability

» Be affordable & accessible

Texas A&M AgrilLife




NEW EXPECTATIONS:

Agriculture and Food Systems

Historical
Expectations—

Produce
e Food
 Fiber
e Fuel

Texas A&M AgrilLife

CAN
SCIENCE
FEED THE

WORLD?

PLANETARY SCIENCE
The first 400 years

THE NEW MADRID
EARTHQUAKES
Spreading the risk
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New Expectations—

Nourish and Sustain
 Food for life-long health
 Protect and sustain our
environment
 Ensure agriculture is
economically viable



NEW EXPECTATIONS:
Agriculture and Food Systems

“Human Nutrition Research—The Committee directs ARS to provide to the Committee not later than 180 days after the
enactment of this Act a report on the connection between how to advance science, policy, and practice for how healthier
food enhances overall health, reduces obesity and related co-morbidity, and could lower health care costs.”

CONGRESS *GOV Advanced Searches Browse Search Tools = Signin~

Committee Reports$ | Examples: oversight, "postal service" n

MORE OPTIONS Vv

Home > Committee Reports > 116th Congress > H. Rept. 116-107 =Print E) Subscribe Share/Save GJlGive Feedback

H. Rept. 116-107 - AGRICULTURE, RURAL DEVELOPMENT, FOOD AND DRUG
ADMINISTRATION, AND RELATED AGENCIES APPROPRIATIONS BILL, 2020

116th Congress (2019-2020)

COMMITTEE REPORT Show Overview v
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NEW EXPECTATIONS:

Agriculture and Food Systems
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NEW EXPECTATIONS:
Agriculture and Food Systems

Page 1 — Workshop summary:

- “The US Food System provides many benefits,
iﬂﬂﬂm” » mmﬂ .L... not the least of which is a safe, nutritious and
cﬂs ,‘ FUUD consistent food supply. However, the same
system creates significant environmental, public
health, and other costs that generally are not
recognized and not accounted for in the retall
price of food”

2012




Food, Agriculture and Health
are Interconnected Systems

A FRAMEWORK FOR ASSESSING

DECISIONS
ABOUT FOOD &
AGRICULTURE

To ensure that the benefits of a decision outweigh its risks, decision
makers must carefully consider the full range of potential effects in
the health, environmental, social, and economic domains.

THE FOOD SUPPLY CHAIN is deeply
interconnected with human health,
the health of the environment, and
social and economic systems.
Decisions, therefore, have impacts
far beyond the supply chain itself.

THE FRAMEWORK

Farm Input Envirenment
Supply Health
Farm
Pradustion ﬂ

Manufacturers

ko e
‘Wholesalers

[ =
Thorough data
Collection

EXAMPLE SCENARIO—
APPLYING THE FRAMEWORK

-d @
“7 ” iﬁi (v/ What is the goal of the assessment?
snci-l//|

SIX STEPS FOR ASSESSMENT

\ \.. identify the PROBLEM

Define the SCOPE of the
assessment
‘What are the time, geographic,

What do we know from studies

. -] already conducted about
“} potential drivers or effects? What
... [ ] . are the 9aps in knowledge?
il Identity the SCENARIOS
Movements

What are potential
interventions (e.g. policies
or practices) that should be
considered and compared
to the baseline scenario?

Conduct the ANALYSIS
What ara the data needs,
and which analytic tools
are most appropriate?

SYNTHESIZE the results

What are the impacts and tradeoffs
across the health, environmental,
social, and economic domains? How
can they be compared?

REPORT the findings

Wheo are the key stakeholders
to inform?

budgetary, and other limitations?

A Framework for Assessin
Effects of the Food System
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NEW EXPECTATIONS:
Agriculture and Food Systems

The Mandate Is Clear ....

The Pathway Is Not



NEW EXPECTATIONS:
Agriculture and Food Systems

L

BOEMCES < EMGMNETRING + MIDECINE

CONSENSUS STUDY REFPORY

Few chronic diseases are affected by:
* single nutrients
* single pathways
Consider systems/networks over pathways

Establish system readouts as biomarkers (integrative
biomarkers)

Consider DRIs as ranges in lieu of point estimates
Understand biomarkers of aging — system decay



NEW EXPECTATIONS:

Agriculture and Food Systems

ABOUTUS  PUBLICATIONS  ACTIVITIES  MEETINGS Explore by Topic <[l o Keyword search B

Meeting Other Meeting Resources

<4 Presentations

2017 Redesigning the Process for Establishing the Dietary
Guidelines for Americans - Report Release (Webinar)

Staff
When: September 14, 2017 (11:00 AM Eastern)
= Samantha Chao, Study Director
_ _ = View Full Study Staff Roster
Topics Education, Food and Nutrition, Public Health

How the DGA can better prevent chronic disease, ensure nutritional
sufficiency for all Americans, and accommodate a range of
Individual factors, including age, gender, and metabolic health.

1. How the advisory committee selection process can be improved to provide more transparency, eliminate

bias, and include committee members with a range of viewpoints; Mailing Address

2. How the Nutrition Evidence Library (NEL) is compiled and utilized, including whether NEL reviews and other Keck Center
systematic reviews and data analysis are conducted according to rigorous and objective WS718
scientific standards; 500 Fifth St. NW

3. How systematic reviews are conducted on long-standing DGA recommendations, including whether Washington, DC 20001

scientific studies are included from scientists with a range of viewpoints; and

4. How the DGA can better prevent chronic disease, ensure nutritional sufficiency for all Americans, and
accommodate a range of individual factors, including age, gender, and metabolic health.




National Nutrition Research Roadmap 2016—-2021
USA Interagency Committee on Human Nutrition Research

Question 1: How can we better understand and define eating patterns to improve

and sustain health?

Question 1 Topic 1 (Q1T1): How do we enhance our understanding of the role of
nutrition in health promotion and disease prevention and treatment?

Question 1 Topic 2 (Q1T2): How do we enhance our understanding of individual
differences in nutritional status and variability in response to diet?

Question 1 Topic 3 (Q1T3): How do we enhance population-level food- and nutrition-
related health monitoring systems and their integration with other data systems to
increase our ability to evaluate change in nutritional and health status, as well as in the
food supply, composition, and consumption?

https://www.google.ch/?gfe rd=cr&ei=0g8SWOLrLcHCaNn8gOAN#qg=national+nutrition+roadmal

Texas A&M AgriLife 16



https://www.google.ch/?gfe_rd=cr&ei=Og8SWOLrLcHCaNn8gOAN#q=national+nutrition+roadmal

Dietary Requirements as Complex Traits

Texas A&M AgrilLife

Physiological

Processes
Absorption
Catabolism

Excretion
Metabolism
Stability

Transport
Bioactivation
Energetic State
Nutrient Storage

Modifiers and Sensitizers

Disease
Epigenetics

Food Matrix _

Genetics

Nutrient-Nutrient
Interactions

Pharmaceuticals
Toxins
Age/Physiological Decay

Microbiome/Pregnancy/Sex

17



Genomics — Are we are all different?

Nutrigenomics g ‘
_ ANUBBYUHd | e NUTRIGENOMICS

The National Academies of

SCIENCES - ENGINEERING - MEDICINE

2018

Scientific American November 13, 2002 William R. Leonard

Texas A&M AgrilLife



Amylase CNVs expanded in agrarian human populations to
Improve starch digestion

Genotype Location

Duplication mutation 4= L ss

Chromosome —|
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Low-starch diet High-starch diet

Texas A&M AgriLife BMC Evolutionary Biology 2010, 10:36



Agriculture-induced positive selection
In fatty acid metabolism

Cultivation of Cereals
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ARA,
EPA

Metabolic Changes
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Dervied allele frequency

0.5 1.0

FADS1-2 (rs174546)

0.0
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= Spain (IBS)

Hunter-gatherer (HG) I~8kya
Early Farmer (AN)
Early Farmer (CEM) 8-4kya
Early Farmer (INC)
Steppe Ancestry (CLB)
Steppe Ancestry (STP)
Northwest Europe (CEU)
Great Britain (GBR)

| 5-3kya

present-day

Tuscan (TSI)

Mol Biol Evol 2017, 34: 1307-18



Improving Metabolic Health
through Precision Dietetics in Mice

Human-Comparable Mouse Diets 3 o & &
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William T. Barrington'?, Phillip Wulfridge®, Ann E. Wells®, Carolina Mantilla Rojas’,
Selene Y.F. Howe', Amie Perryj" Kunjie Hua’, Michael A. Pellizzon'’, Kasper D.
Hansen™®’, Brynn H. Voy’, Brian J. Bennett’, Danicl Pomp’, Andrew P. Feinberg’,
David W. Threadgill"***

Genetics: Early Online, published on November 20, 2017 as 10.1534/genetics.117.300536
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Special Nutrient Needs:
Disease can modify nutrient requirements

PROCEEDHMGS OF A WORKSHOP

. EXAMINING
SPECIAL
NUTRITIONAL
REQUIREMENTS
IN DISEASE, STATES

As of 2014, 60% of adult Americans had a least one
chronic condition, and 40% had more than one. Rand,
2017

Reviewed evidence for special nutritional
requirements in disease states and medical conditions
that cannot be met with a normal diet

The workshop explored how these requirements may
apply to the management of chronic or acute
conditions or diseases: inborn errors of metabolism,
burns or surgical trauma, cancer, inflammatory bowel
disease, traumatic brain injury, and other non-
communicable diseases or medical conditions.



Disease influences whole-body nutrient
status and/or specific tissue nutrient status

Impact on
Human Nutrition

Whole-body deficiencies

Disease-Related Physiological Impact on  (ccc««c (T:iSSléfijspelclsific defif;_ielncies
: . . 555> ondituonally essentia

Etiology Nutrients & Function e

e Inflammation << « Gut absorption Nutrient toxicities

» Genetic predisposition 55553 « Brain/Nerve Barriers

o Autoimmunity » Degradation/turnover

« Mitochondrial dysfunction » Excretion Impact on

« Pharmaceuticals * Metabolism KLKLKK Biomarkers

e Trauma « Redistribution 222222

Function & Status

Whole-body (serum)
Tissue-specific (CSF, tissue)
Predictive Biomarkers

Stem cells

Texas A&M AgriLife Inspired by: Aust N Z J Med 2, 69-77 (1972).



Classifying and Evaluating
Human Nutrient Needs In Disease

Disease Prevention Disease Management
Primary - Secondary —Tertiary Acute - Chronic

Groups

Whole Body Nutritional Status —
Normal Physiological Function >
— Clinical Outcomes ——— : >
>

S

— Predictive Biomarkers

)
e
o]
b
T
=
T
=

Tissue Specific Nutritional Statu
Restoration of Function
Tissue Regeneration

I—— Dietary Reference Intakes 4' I—— Special Nutritional Requirements
(DRIs) (SNRs)

Texas A&M AgrilLife




The Challenge of Food Systems and Nutrition

Food Systems Nutrition is Individual
are Global

Texas A&M AgriLife




Precision / Personalized Nutrition:
Real World Experiments and Becoming Scalable

orsr ]

N 1L
> | I | — —>
Metabolomics
Genomics
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Personal -Individual- “N of 1”
Profile Formula Therapy

. http://doi.org/10.1039/c6lc00393a
Texas A&M AgrilLife



http://doi.org/10.1039/c6lc00393a
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Personalized nutrition solutions have used different approaches

Address the “physiological and behavioral” aspects of
“Individuality”

Personalized nutrition solutions include many
technologies offered at several levels of specificity

§ Glucovation
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Fixed NS
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(Frequency of recommendations)

(Personalization specificity)
Physical traits

; Biomarkers Genetics Microbiome
‘" luxexecutivesummit & ||festy|e

Presented at: LUX Executive Summit; April 4-6, 2017

Texas A&M AgrilLife



Harmonization:
Moving towards consensus

* “the DRIs must be based on the best possible and most up-to-date
science .... Despite the long and challenging road that led to the
GLOBAL 7 current DRIs, it must not finish in a dead end.”

HARMON'ZATION * “Aharmonized model for setting nutrient standards could ensure a
METHODOLOGICAL consistent approach, and collaboration on systematic reviews could

APPROACHES ensure the same scientific basis for standards. Although agreement on
the numeric values for the EARs and ULs would yield the greatest time
and resource savings, this step should be undertaken only after there is
agreement on methodology.

NUTRIENT INTAKE
RECOMMENDATIONS

Ny o Suzanne P Murphy, Allison A Yates, Stephanie A Atkinson, Susan | Barr, and
Johanna Dwyer. History of Nutrition: The Long Road Leading to the Dietary
Reference Intakes for the United States and Canada. Adv Nutr. 2016 Jan; 7(1):

2018 157—168.

Texas A&M AgrilLife



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4717892/

NEW EXPECTATIONS:
Agriculture and Food Systems

Page 81.:

“Conduct of original systematic
R reviews will need to be transparent .

and follow state-of-the-art methods, “_\lf‘.';,;,f
such as the GRADE approach and /
the AHRQ .... approach.”

Redesigning the Process
for Establishing the
Digtary Guidelines for
Americans

Page 144

“The committee adopted
the GRADE system as the RN
reference point for the 2017
evidence reviews relating to

NOFS-chronic disease

considerations.”

Texas A&M AgrilLife



Nutrition and Public Trust

Nutrition

CLINICAL NUTRITION

and Practice

. . . Advanced
Issues MoreContent ¥ Submit ¥ About ¥ Purchase Advertise ¥ All The American Jc ¥ Q Gl

American
The American Journal of (ASN Society for

Best practices in nutrition science to earn and keep the public's
B trust @

= — Cutberto Garza, Patrick J Stover, Sarah D Ohlhorst ™, Martha S Field, Robert Steinbrook, Sylvia Rowe,
== = Catherine Woteki, Eric Campbell

The American Journal of Clinical Nutrition, Volume 109, Issue 1, January 2019, Pages 225-243,

Volume 109, Issue 1 https://doi.org/10.1093/ajcn/nqy337
January 2019 Published: 18 January 2019 Article history v
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Failures of scientific and ethical standards © =

&

Steady erosion of public trust in expertise

Failures of professional standards

Iterative nature of science

Size of the food
and agriculture economy

’ Public Trust

- -

Beliefs \ , Beneficiaries of Public Funds

Information - Complexity of
explosion modern science

Growing polarization of
social and policy sectors

f Polltlcs

Deficit perspectives

EST. 1928

Texas A&M AgriLife Financial Gain



Nutrition and Public Trust

About half of the public has a positive view of nutrition
research scientists
% of U.S. adults who say the following about nutrition research scientists

Mostly Mostly

" o The Food and Nutrition Board
e —— The need has never been greater

Nutrition research scientists do each of the following ...

All or most of Some of ﬁg'lg/?‘?"e . . .
care sbout e best pEEEEmee s 2 o NeXt generation data, analytics, devices, research methods

interests of the public

Doagood job conducting ey ¢ Harmonization of approaches to evidence synthesis and standards

research

rowse oo seovens INECNNIT 1 of evidence
e « Communication of benefit, Risk and Uncertainty to the Public
mit mistakes and take _ . . @ " . . .
= S « Continue to drive “Systems” thinking across the Food Value Chain,

responsibility
Very big  Moderately Small Nota

povim of oserch PRI T T and be a catalyst for solutions
misconduct

All or most ~ Some of Only a little/
of thetime thetime none of the time

Face serious consequences _
for misconduct 8 38 53

Note: Respondents who did not give an answer are not shown. “Neither” means “neither

positive nor negative.”

Source: Survey conducted Jan. 7-21, 2019.
“Trust and Mistrust in Americans’ Views of Scientific Experts”

PEW RESFARCH CENTFR

https:/mwww.pewresearch.org/science/2019/08/02/trust-and-mistrust-in-americans-views-of-scientific-experts/



Thank you!
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