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Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 1985 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data           <10%          10%–14% 

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 1986 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data           <10%          10%–14% 

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 1987 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data           <10%          10%–14% 

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 1988 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data           <10%          10%–14% 

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 1989 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data           <10%          10%–14% 

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 1990 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data           <10%          10%–14% 

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 1991 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data           <10%          10%–14%      15%–19%  

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 1992 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data           <10%          10%–14%      15%–19%  

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 1993 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data           <10%          10%–14%      15%–19%  

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 1994 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data           <10%          10%–14%      15%–19%  

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 1995 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data           <10%          10%–14%      15%–19%  

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 1996 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data           <10%          10%–14%      15%–19%  



Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 1997 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data          <10%           10%–14%      15%–19%           ≥20% 

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 1998 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data          <10%           10%–14%      15%–19%           ≥20% 

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 1999 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data          <10%           10%–14%      15%–19%           ≥20% 

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 2000 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data          <10%           10%–14%      15%–19%           ≥20% 

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 2001 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data          <10%           10%–14%      15%–19%           20%–24%          ≥25% 

Source: Behavioral Risk Factor Surveillance System, CDC. 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

Obesity Trends* Among U.S. Adults 
BRFSS, 2002 

No Data          <10%           10%–14%      15%–19%           20%–24%          ≥25% 

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 2003 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data          <10%           10%–14%      15%–19%           20%–24%          ≥25% 

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 2004 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

No Data          <10%           10%–14%      15%–19%           20%–24%          ≥25% 

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 2005 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

 No Data          <10%           10%–14%      15%–19%           20%–24%          25%–29%           ≥30%  

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 2006 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

 No Data          <10%           10%–14%      15%–19%           20%–24%          25%–29%           ≥30%  

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 2007 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

 No Data          <10%           10%–14%      15%–19%           20%–24%          25%–29%           ≥30%  

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 2008 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

 No Data          <10%           10%–14%      15%–19%           20%–24%          25%–29%           ≥30%  

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 2009 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

 No Data          <10%           10%–14%      15%–19%           20%–24%          25%–29%           ≥30%  

Source: Behavioral Risk Factor Surveillance System, CDC. 

Obesity Trends* Among U.S. Adults 
BRFSS, 2010 

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person) 

 No Data          <10%           10%–14%      15%–19%           20%–24%          25%–29%           ≥30%  
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Fraternity 1950s



Kids in the 1950s



Sorority 2015



Fraternity 2015



WHAT HAPPENED? 

WHAT CHANGED?



Macronutrient intake

Ford ES & Dietz WH AJCN 97(4) (2013) 848-853

WHY?



Added fats & oils

0.0	

5.0	

10.0	

15.0	

20.0	

25.0	

30.0	

35.0	

40.0	

45.0	

50.0	

1970	 1971	 1972	 1973	 1974	 1975	 1976	 1977	 1978	 1979	 1980	 1981	 1982	 1983	 1984	 1985	 1986	 1987	 1988	 1989	 1990	 1991	 1992	 1993	 1994	 1995	 1996	 1997	 1998	 1999	 2000	 2001	 2002	 2003	 2004	 2005	 2006	 2007	 2008	 2009	 2010	

G
ra
m
s/
da
y	

Lard	

Butter	

Beef		tallow	

Margarine	

Veg	oils	

Data from Economic Research Service   7/26/2017 



Added fats, oils & shortening
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Veg oils + veg shortening





Guyenet & Carlson Adv Nutr (2015) 6:660-4



0.0	

5.0	

10.0	

15.0	

20.0	

25.0	

30.0	

35.0	

40.0	

45.0	

50.0	

1970	 1971	 1972	 1973	 1974	 1975	 1976	 1977	 1978	 1979	 1980	 1981	 1982	 1983	 1984	 1985	 1986	 1987	 1988	 1989	 1990	 1991	 1992	 1993	 1994	 1995	 1996	 1997	 1998	 1999	 2000	 2001	 2002	 2003	 2004	 2005	 2006	 2007	 2008	 2009	 2010	

G
ra
m
s/
da
y	

Added		fats		&		oils	

Lard	

Butter	

Beef		tallow	

Margerine	

Veg	oils	

Trends in obesity vs trends in vegetable oil intake

Clearly vegetable fats are correlative.  Are they causative?  And if so, how?





Attitude toward saturated fat 
prior to ~1980



Attitude toward 
saturated fat 
after ~1980



Americans have Followed the 
US Dietary Guidelines 

Food Availability
1970 - 2014
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Fresh Vegetables +20%

Fresh Fruits +35%

Grains +28%

Red Meat -28%
Vegetable Oils +87%

Whole Milk -79%
Eggs -13%
Animal Fats -27%
Butter -9%

Foods the guidelines recommend to increase

Foods the guidelines recommend to decrease

NOTES: The latests data on animal fats and vegetable oils are reported from 2010, not 2014; Food 
consumption (food availability minus loss) is also calculated in this report, and the trends track closely 
with those of food availability. This chart has been constructed with availability data because the units of 
measurement are consistent across food categories, whereas they differ.

2014

SOURCE: Jeanine Bentley. U.S. Trends in Food Availability and a Dietary Assessment of Loss- Adjusted Food 
Availability, 1970-2014, EIB-166, U.S. Department of Agriculture, Economic Research Service, January 2017; 
chart by Nina Teicholz.

-20.5%

WE’VE BEEN PLUCKY 
LITTLE SOLDIERS



Saturated fat intake

Cohen et al Nutrition 31 (2015) 727-732

~-25%-20.5%



Change since ~1980

Linoleic acid  

Saturated fat 

Kcal



The Perfect Storm 

Wholesale adoption of vegetable oils 

Increased consumption of refined carbs 

The demonization of saturated fat



Hypothesis

1. Linoleic acid promotes obesity 

2. Saturated fats protect against obesity



BUT BATMAN, I CUT 
MY CARBS TO 

ALMOST ZERO AND 
I STILL CAN’T 

LOSE…

FOOL! I’VE TOLD YOU 
THERE’S MORE TO THE 
EQUATION THAN JUST 

CUTTING CARBS…



Hypothesis

1. Linoleic acid promotes obesity 

2. Saturated fats protect against obesity

(In addition to  the C-I hypothesis)



Mechanism????

http://high-fat-nutrition.blogspot.com/



What we know 
for pretty sure

What we know 
for pretty sure



FOOD ATP LIFE

LIFE 
SIMPLIFIED



FOOD ATP



MITOCHONDRION
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COMPLEX V 
ATP SYNTHASE

150 revolutions 
per second

Churns out your 
body weight in ATP 

daily
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Reverse 
electron 
transport 

(RET)

SO



H2O2

ROS as signaling 
molecules

Increased mitochondrial biosynthesis 
Antioxidants lower ROS leak, mtDNA, and 
ATP synthesis 

Cause localized insulin resistance

Inhibits 
autophosphorylation of 

the insulin receptor

Local insulin resistance
Physiological insulin resistance

Starvation or fasting 
Low-carb dieting



How do we generate 
FADH2 & NADH?



Palmitic Acid (C16)

Beta-oxidation

Chops off two carbons at a time until the fatty acid is completely oxidized



Beta-oxidation

FAD 

FADH2

NAD+ 
 
NADH

16 C saturated fat completes 7 cycles of  
beta-oxidation, each creating an acetyl CoA

7 FADH2 

7 NADH 

8 ACETYL COA



Krebs Cycle

7 FADH2 

7 NADH 

8 ACETYL COA

8 FADH2     + 

24 NADH  + 

=  15 FADH2 

=  31 NADH

FADH2/NADH (F/N Ratio) = 0.48



Beta-oxidation

Palmitoleic Acid (16 C fat)
6 FADH2 

7 NADH 

8 Acetyl CoA

After running all 8 acetyl 
CoA thru Krebs Cycle:
6 FADH2 + 8 FADH2 = 14 FADH2 

7 NADH + 24 NADH = 31 NADH

F/N ratio =  13/28 =  0.45



Beta-oxidation
Oleic acid (18 C fat with one double bond)

8 cycles of beta oxidation provides:
8 NADH + 7 FADH2 + 9 acetyl CoA

9 acetyl CoA ——>  27 NADH +  9 FADH2
Krebs

35 NADH + 16 FADH2

F/N ratio = 16/35 = 0.46

Linoleic acid (18 C fat with two double bonds)
8 NADH  +  6 FADH2 + 9 acetyl CoA

35 NADH + 15 FADH2

F/N ratio = 15/35 = 0.43



F/N Ratio

Palmitic acid 
Oleic acid 
Palmitoleic acid 
Linoleic acid 
Glucose

0.48 
0.46 
0.45 
0.43 
0.20 

Drives RET?
++ 

+ 

— 

— 
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ADIPOSE CELL

STEARIC ACID 
+ 

GLUCOSE

McDonald’s fries 
cooked in beef tallow

Back to circulation
Increases EE 
Reduces hunger



ADIPOSE CELL

LINOLEIC ACID 
+ 

GLUCOSE

McDonald’s fries 
cooked in vegetable oil

No Local IR 
Adipose cell expands

ADIPOSE CELL



Exp 1 Exp 2



ADIPOSE CELL

STEARIC ACID 
+ 

GLUCOSE

Low-carb diet

Back to circulation
Increases EE 
Reduces hunger 
Spares glucose



ADIPOSE CELL

Back to circulation

ADIPOSE CELL

NEFA

Critical size 
ATGL 
Perilipin A

Viscera



ECTOPIC FAT
FAT WHERE YOU DON’T WANT IT TO BE



ECTOPIC FAT
MACROPHAGE INFILTRATION OF FAT CELLS

Can be 50 - 60% 
of fat cell mass



Reverse electron transport protects the 
fat cells (and others) from over nutrition

Saturated fat drives reverse electron transport
Saturated fat is a beneficial macronutrient

Linoleic acid prevents reverse electron 
transport and fills the cells with fat. It acts 

like a supercharged carb.
Linoleic acid should be avoided



RECOMMENDATIONS

1.CUT THE CARBS 

2. METICULOUSLY AVOID LINOLEIC ACID 

3. EAT MORE AT HOME 

4. EAT MORE SATURATED FAT


