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Disclosure statement

24-year industry consultant with 37 years of experience in
nutritive (caloric) sweeteners.

Past and present consulting relationships include individual
companies, trade organizations and research institutes
related to the manufacture and use of nutritive
sweeteners.

Clients have an on-going interest in nutritive sweetener
research, development, production, applications, safety
and nutrition.



What are added sugars?



Added sugars

Caloric sweeteners added to foods as ingredients
during processing or at the table

Glucose only sugars Glucose+Fructose sugars

¢ Dextrose (glucose) € Sucrose (common table sugar)
Liquid sugar

¢ Corn syrups Invert sugar

(glucose polymers)

& High fructose corn syrup
(HFCS, HFS, SBS, isoglucose)

& Honey/syrups

¢

Fruit juice concentrates

€ Agave nectar

www.ars.usda.gov/research/publications/publication/?seqNo115=335039; 7/11/2017



Why add sugars...?

Sweetness and functionality

Monosaccharides — especially fructose and HFCS

O

O

O

Liquid handling

Hygroscopicity — attracts/absorbs moisture

Humectancy — binds/retains moisture

Colligative properties — freezing point; osmotic control (microbes)
Reducing sugars — Maillard browning; color stability
Sweetness/profile — Sweetening/flavor enhancement

Sugars stability in acidic foods/beverages

Fermentability

Disaccharides — especially sucrose

O

O

Crystallize well

Many of the properties above; relative effects



Why the current focus on
aclded sugars?



Sugars have been a focus of attention
for decades



Some hold sugars uniquely responsible

thei535project.wordpress.com



Top five diet-related chronic diseases
Dietary Guidelines for Americans, 2010

Cardiovascular Disease
81.1 million Americans — 37% of the population.

Hypertension
74.5 million Americans — 34% of U.S. adults.

Diabetes
Nearly 24 million people age 20+ — almost 11% of the population.

Cancer
Almost one in two men and women— about 41% of the population.

Osteoporosis
50% of women and 25% of men ages 50 years and older



Rationale for the Added Sugars Hypothesis

1. Significant diseases related to intermediary metabolism are
increasing around the world.

2. Added sugars contribute calories but no essential nutrients.
3. Added sugars are increasing in the human diet.

4. HFCS is unique compared with sucrose and other
sweeteners.

5. Fructose is a good proxy for added sugars.

6. High value, cause-and-effect evidence uniquely links added
sugars metabolism to these diseases in humans at typical
exposure levels and patterns.

7. Reducing added sugars will reverse overweight and obesity
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Evolving views on added sugars

¢ Regulatory recommendations

o <25% of energy (= 500 kcal/day)
Institute of Medicine Carbohydrate Report (2002);
Dietary Guidelines for Americans 2010

o <10% of energy (Men < 150 kcal/day; Women < 100 kcal/day)
American Heart Association

o <5-10% of energy (= 200 kcal/day)
World Health Organization; Scientific Advisory Committee on Nutrition (UK)

o <10% of energy (= 200 kcal/day)
Dietary Guidelines for Americans 2015

& Legislative activity
o Taxes on sugar-sweetened beverages

o Proposed bans/limits uniquely on HFCS (Turkey; FL School Lunch Program)

Supporting evidence is of low value



Scientivic evidence is hot
all created equal..
the EBvidence Pyramiec
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Value hierarchy in
evidence-based medicine

—Highest

Systematic
Reviews &
meta-analyses

RCTs

Cohorts studies

Case-control studies

Cross-sectional studies

Case series/time series

Animal, microbial and in vitro studies —Low
Expert opinion

www.sign.ac.uk/guidelines/fulltext/50/annexb.html
www.cnpp.usda.gov/Publications/Nutritioninsights/Insight38.pdf
www.nice.org.uk/niceMedia/pdf/GDM_Chapter7_0305.pdf




Are aclced sugars increasing
in the human diet?
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Epidemiologic data

[low-to-moderate evidentiary value;
correlations of disease with large populations]

Do added sugars correlate with obesity?



Sugar availability was remarkably

constant in the U.S., 1920-1975
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HFCS displaced sugar 1:1,
1972-1986
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Sweetener per capita availability, loss adjusted (g/d)

e QObesity vs. added sugars # correlation
e Total sugars/fructose = 30y ago
e 100y fructose data is 38+4 g/d/capita
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We live in a sugar-sweetened world:
Sugar production > 10x HFCS
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LMC Starch & Fermentation Analysis: Jan 2013 (LMC International Ltd)



Calories from added sugars
are not driving obesity

Average daily per capita calories (U.S.) Percent of 40-y calorie increase

1970 2010

2,604
2,155 +449 Calories
(+21%)

USDA-ERS. Average daily per capita calories from the U.S. food supply, adjusted for spoilage and other waste: 1970-2010.
Note: USDA fats & oils data unavailable after 2010.



Are added sugars increasing in the diet?
Conclusions

1.  Claims that added sugars, HFCS and fructose are increasing
are false — actually in decline for 19y

2. Rising obesity rates don’t correlate with added sugars

3.  >1.5x more sugar than HFCS is consumed in the U.S.;
>10x more sugar worldwide

4.  Sugars increase is not driving increased calorie intake:
21% increase since 1970 is a good explanation for obesity;
=90% of the increase came from added fats and cereal grains

5. We are eating more of everything

22



Is HIFCS processing by the boely
unique comparead with
sucrose and other sugars?

Short-term stucdies
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Once sugars are absorbed,
the original source is irrelevant

Predict: metabolism is similar, not different



Randomized Controlled Trials
[high evidentiary value]



Melanson etal, 2007, Nutrition
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Melanson etal, 2007, Nutrition

Zukley etal, June 2007, Endocrine Soc Program Abstract #P2-46. Lowndes etal, June 2007, Endocrine Soc Program Abstract #P2-45. 7



Does high value,
cause-and-eifect evidence
uniquely link addec sugars to
diet-relatead chronic diseases?

Long-term stuclies
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Lipid effects of HFCS or sucrose at
8, 18 or 30% of E (10 weeks; N=342)
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Blood pressure effects of HFCS or sucrose
at 8, 18 or 30% of E (10 weeks; N=342)
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Uric acid effects of HFCS or sucrose at
8, 18 or 30% of E (10 weeks; N=342)
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Skeletal muscle effects of HFCS or sucrose
at 8, 18 or 30% of E (10 weeks; N=342)
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Randomized controlled trials conclusions:
Do added sugars have long-term effects
on disease risk factors?

1. No significant differences between HFCS, sucrose,
fructose and glucose

2. No adverse effects on:

e Energy regulating hormones

e Lipids

e Blood pressure

e Obesity risk factors (slight weight gain at highest level)
 Diabetes risk factors

e Metabolic syndrome risk factors



Is fructose a good proxy
ror aclded sugars?









1) Fructose studies don’t model
consumption patterns

& Humans don’t eat fructose or glucose alone...always in
combination in the diet from:

o Fruits, vegetables and nuts

o Added sugars






2) Fructose studies don’t
model the range of human intake

Marriott et al, J Nutr, 2009; Human/animal data from 57 papers published 2004-2012; White JS, Adv Nutr, 2013



Are aclded sugars harmyul?
A look at the evidence
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Meta-analysis
[highest evidentiary value]

Are added sugars a unique or significant
cause of disease?

Sievenpiper JL et al., The relationship of sugars to chronic disease risk:
results from systematic reviews and meta-analyses, 2015.



Meta-Analysis

A statistical method of combining evidence from similarly designed
randomized controlled studies to provide an understanding of
relative risk from a specific treatment.

First condition — Addition trials

Comparisons are unmatched for energy:
energy from fructose is added to the diet

Hypercaloric



Hypercaloric comparisons with any CHO

Harmful effect due to excess E (max +250 g/d; +50% E)

Cardiometabolic end point Comparisons No. Standardized Mean Difference (SMD) with 95% ClI 12
Body weight“l 10 119 1.24 (0.61, 1.85) — 30%
Fasting lipidst® LDL-C 4 79 0.14 (-0.39, 1.57) T 77%*
Apo-B 2 48 2.00 (0.55, 3.33) B S 0%
Non-HDL-C 2 43 0.30 (-1.11, 1.66) —t———— 93%*
TG 8 125 1.20 (0.51, 1.89) — 66%*
HDL-C 4 79 -0.41(-1.39,0.57) ol 0%
Postprandial TGI8 2 32 0.65 (0.30, 1.01) —.— 22%
Glycemic controlf3! GBP 2 31 -0.33 (-0.62, -0.04) - 0%
FBG 8 98 1.25(0.59, 1.98) . 59%*
FBI 8 98 0.50 (-0.19, 1.19) | 41%
Insulin sensitivity!3! Whole body 7 74 0.25(0.12, 0.39) . 0%
Hepatic 3 31 0.38 (0.01, 0.75) o 0%
HOMA-IR 9 113 0.26 (-0.01, 0.52) . 77%*
Blood pressurel”] MAP 2 24 -0.76 (-2.15, 0.62) — | 24%
Uric acid®] 3 35 2.26 (1.13, 3.39) e 0%
NAFLD!] IHCL 5 60 0.45(0.18, 0.72) - 51%*
ALT 4 59 0.99 (0.01, 1.97) L e 28%

Sievenpiper, et al; U. Toronto.

Benefit
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Meta-Analysis

A statistical method of combining evidence from similarly designed
randomized controlled studies to provide an understanding of
relative risk from a specific treatment.

Second condition — Substitution trials

Comparisons are matched for energy:
fructose is substituted for other sources of carbohydrate in the diet

Isocaloric



Isocaloric comparisons with any CHO
> 50 trials (N>1000); dose = 22-300 g/d; 1-52 wk follow-up

Cardiometabolic endpoint Comparisons No. Standardized Mean Difference (SMD) with 95% CI 12
Body weight!4 31 637 -0.22 (-0.58, 0.13) —or 37%*
Fasting Lipids!® LDL-C 26 327 0.36 (-0.27, 0.50) — 11%
Apo-B 8 176 -0.21(-0.96, 0.43) —— 62%*
Non-HDL-C 26 457 0.09 (-0.30, 0.47) 92%*
TG 49 815 0.08 (-0.20, 0.36) 62%*
HDL-C 27 525 0.00 (-0.38, 0.38) 49%*
Postprandial TG 14 290 0.14 (-0.02, 0.30) 54%*
Glycemic controlf! GBP 19 277 -0.28 (-0.45, -0.11) * 56%*
FBG 47 881 -0.04 (-0.34, 0.26) -4 78%*
FBI 34 622 -0.25 (-0.60, 0.09) —or 70%*
Insulin sensitivityts] Whole body 16 265 -0.21 (-0.42, 0.01) * 66%*
Hepatic 3 25 0.42 (-0.25, 1.09) T* 51%
HOMA-IR 39 806 0.09 (-0.03, 0.20) * 66%*
Blood pressurel” SBP 13 352 -0.39 (-0.93, 0.16) — 31%
DBP 13 352 -0.68 (-1.23, -0.14) —— AT%*
MAP 13 352 -0.64 (-1.19, -0.10) —— 97%*
Uric acid®! 18 390 0.04 (-0.43, 0.50) —— 0%
NAFLDI®I IHCL 4 95 -0.09 (-0.36, 0.18) o 0%
ALT 6 164 0.07 (-0.73, 0.87) — 0%

Sievenpiper, et al; U. Toronto.
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Population attributable burden of disease

for 20 leading risk factors in North America in 2010
How do sugar sweetened beverages compare?

Lim et al. Lancet 2012; 380: 2224-60



Meta-Analysis conclusions:
Are added sugars a unique or significant cause of disease?

& Effects of added sugars are small and lack demonstrated harm in
comparison with other sources of excess energy in the diet and
common lifestyle choices.

& Effects on body weight or disease risk are highly dependent on energy
balance and nutrient adequacy.

& There are many pathways to overconsumption leading to weight gain
and downstream consequences. The greatest risk occurs when these
pathways converge.

& Attention should focus on reducing overconsumption of all caloric
foods, promoting healthier dietary patterns, and increasing physical
activity.



Conclusions from the Added Sugars Hypothesis

1.  Significant diseases related to intermediary metabolism are increasing
around the world.

2. Added sugars do contribute calories but no essential nutrients.
3.  Added sugars are not increasing in the human diet.

4.  HFCS processing by the body is not unique compared with
sucrose and other sweeteners.

5.  Fructose is not a good proxy for added sugars.

6.  High value, cause-and-effect evidence does not uniquely link added
sugars metabolism to these diseases in humans at typical exposure
levels and patterns.

7.  Considering the disproportionate increase in consumption of added
fats and cereal grains over the past 50y, it is unlikely reducing added
sugars will reverse the trend toward overweight and obesity.
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Questions... ?
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