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Erroneous Weight Loss Projections
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3500 kcal per lb rule



Calories InCalories Out

Calories In & Out are NOT Independent
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Feedback Regulation of Body Weight

Calories InCalories Out

Leptin, etc.
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Feedback Regulation of Body Weight

Calories InCalories Out

Leptin, etc.
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Mathematical Model 
of Human Metabolism

Baseline
Demographics &
Anthropometrics

Physical Activity
Food Intake

Body Weight
Body Fat

Mathematical Modeling of Metabolism

7KD Hall et al. The Lancet 378:826-37 (2011)
KD Hall. Am J Physiol 298: E449–66 (2010)



BWplanner.niddk.nih.gov

KD Hall et al. The Lancet 378:826-37 (2011) 8



The Biggest Loser Competition
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Mean ± SD
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Total Energy Expenditure
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Biggest Loser Energy Balance Dynamics

Mean ± SD
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Biggest Loser Energy Balance Dynamics

Mean ± SD
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Biggest Loser Energy Balance Dynamics

Mean ± SD
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Biggest Loser Energy Balance Dynamics
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Metabolic Rate before the Biggest Loser
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R2 =0.85 

DL Johannsen et al. JCEM 97(7):2489–2496 (2012) 



Metabolic Rate after the Biggest Loser

16DL Johannsen et al. JCEM 97(7):2489–2496 (2012) 
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Two Thirds of the Lost Weight was Regained 6 Years Later
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*

*

*p <0.05 vs. baseline
26

13% weight loss!
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Weight Regain was Unrelated to Metabolic Slowing 
at the End of the Competition
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Less Weight was Regained in those with the 
Greatest Metabolic Slowing
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P = 0.003

P = 0.83

J Kerns et al. Obesity 25(11):1838-1843 (2017)



Those with the Greatest Increase in Physical Activity 
Regained Less Weight

31

r = -0.82
p = 0.0003

J Kerns et al. Obesity 25(11):1838-1843 (2017)
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Spring Model of Metabolic Slowing



Metabolic 
Slowing
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Spring Model of Metabolic Slowing



Metabolic Slowing
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Spring Model of Metabolic Slowing



Feedback Regulation of Body Weight

Calories InCalories Out

Leptin, etc.

35

~25 kcal/d 
per kg

~95 kcal/d 
per kg

D. Polidori, A. Sanghvi, R. Seeley, K.D. Hall. Obesity, 24:2289 (2016)



Intensive Calorie Restriction Intervention

Mean ± 95% CI

36J Guo et al. Am J Clin Nutr 107:558–65 (2018).

Body Weight

Body Fat



Corresponding Energy Balance Dynamics

Exponential decay
of diet adherence?

Intake

Expenditure

37

Mean ± 95% CI

J Guo et al. Am J Clin Nutr 107:558–65 (2018).



Perceived Effort

Appetite increases ~95 kcal/d per kg weight lost

Intake

Interpreting Lifestyle Weight Loss 

38

Mean ± 95% CI

J Guo et al. Am J Clin Nutr 107:558–65 (2018).



Large & Persistent Perceived Effort

Intake

Perceived Effort

39

Mean ± 95% CI

J Guo et al. Am J Clin Nutr 107:558–65 (2018).



New Rule: 55 kcal/d per lb (120 kcal/d per kg)

40KD Hall et al. JAMA 319(22): 2336-7 (2018)

Sustained dieting efforts do not result in a constant 
calorie reduction. Rather, objective measurements 
show that calorie intake exponentially increases over 
time, resulting in a weight loss plateau within ~1 yr. 



New Rule: 55 kcal/d per lb (120 kcal/d per kg)

41KD Hall et al. JAMA 319(22): 2336-7 (2018)

Sustained dieting efforts do not result in a constant 
calorie reduction. Rather, objective measurements 
show that calorie intake exponentially increases over 
time, resulting in a weight loss plateau within ~1 yr. 

The physiological adaptations to weight loss that 
decrease calorie expenditure and increase appetite 
require a new rule of thumb relating diet calories to 
weight loss: 55 kcal/d per pound or 120 kcal/d per kg



42KD Hall et al. JAMA 319(22): 2336-7 (2018)

For example, a patient who initially cuts 500 
kcal per day from their diet and sustains a 
constant effort to adhere to the intervention 
would be expected to lose only about 9 lbs in 
total (500 kcal/d divided by 55 kcal/d/lb) with no 
further weight losses after the ~1 year plateau. 

New Rule: 55 kcal/d per lb (120 kcal/d per kg)
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The Promise of Low Carb Diets



DS Ludwig & CB Ebbeling JAMA Intern Med 178:1098-1103 (2018). 

Carbohydrate-Insulin Model of Obesity

“a high-carbohydrate diet … produces postprandial hyperinsulinemia,
promotes deposition of calories in fat cells instead of oxidation in lean
tissues, and thereby predisposes to weight gain through increased
hunger, slowing metabolic rate, or both.”



45Weighted Mean Difference in Energy Expenditure (kcal/d)

P < 0.0001

Hall & Guo Gastroenterology 
152:1718–27 (2017)

Energy Expenditure: Isocaloric Carb vs. Fat
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Testing the Calorie Intake Predictions
of the Carbohydrate Insulin Model

ClinicalTrials.gov NCT03878108

24hr 
Chamber OGTT

Meal
Test 

14d 10% Fat, 75% Carb Diet14d 10% Carb, 75% Fat Diet

DXA 
Fasted 
Blood

14d 10% Carb, 75% Fat Diet14d 10% Fat, 75% Carb Diet

Randomize
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Insulin Levels were Much Higher After Low Fat Meals

NutriXiv Preprint: https://osf.io/preprints/nutrixiv/rdjfb/

Mean ± SE

Low Carb

Low Fat

https://osf.io/preprints/nutrixiv/rdjfb/
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Less Calorie Intake on the Low Fat Diet

Mean ± SE

Low Carb

Low Fat

NutriXiv Preprint: https://osf.io/preprints/nutrixiv/rdjfb/

∆EI = 689 ± 73 kcal/d; P<0.0001

https://osf.io/preprints/nutrixiv/rdjfb/
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More Body Fat Loss on the Low Fat Diet

Mean ± SE

NutriXiv Preprint: https://osf.io/preprints/nutrixiv/rdjfb/

Low Carb

Low Fat

https://osf.io/preprints/nutrixiv/rdjfb/
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No Differences in Self-Reported Appetite

Mean ± SE

NutriXiv Preprint: https://osf.io/preprints/nutrixiv/rdjfb/

Low Carb Low Fat

https://osf.io/preprints/nutrixiv/rdjfb/
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No Differences in Pleasantness or Familiarity

Mean ± SE

NutriXiv Preprint: https://osf.io/preprints/nutrixiv/rdjfb/

Low Carb Low Fat

https://osf.io/preprints/nutrixiv/rdjfb/
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Low Carb Low Fat

Can We Transcend the Diet Wars?
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Dietary Quality of Food Purchases

Moubarac et al. Can J Diet Pract Res. 75:15-21 (2014)
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Diet Quality & Ultra-processed Food
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Ultra-processed vs Unprocessed Diets

The meals had similar amounts of: 
Calories, Carbs, Fat, Protein, Sugar, Sodium, Fiber

20 Adults were instructed to eat as much or as little as desired

Primary Outcome: Energy Intake Differences

KD Hall et al. Cell Metabolism 30:1-11 (2019).
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Ultra-processed Diets Cause Increased Intake

Mean ± SE

KD Hall et al. Cell Metabolism 30:1-11 (2019).

∆EI = 508 ± 106 kcal/d; P=0.0001
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Ultra-processed Diets Cause Body Fat Gain

Mean ± SE

KD Hall et al. Cell Metabolism 30:1-11 (2019).
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More Carbs & Fat with Ultra-processed Diets

Mean ± SE

490±34

1102±75

1387±105

872±60

492±31

1106±82

KD Hall et al. Cell Metabolism 30:1-11 (2019).

∆EI = 508 ± 106 kcal/d; P=0.0001
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No Differences in Self-Reported Appetite

Mean ± SE

490±34

1102±75

1387±105

872±60

492±31

1106±82

KD Hall et al. Cell Metabolism 30:1-11 (2019).
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No Differences in Pleasantness or Familiarity

Mean ± SE

490±34

1102±75

1387±105

872±60

492±31

1106±82

KD Hall et al. Cell Metabolism 30:1-11 (2019).



• The body resists weight loss and promotes weight regain via 
slowing metabolism and increased appetite
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• The body resists weight loss and promotes weight regain via 
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• Long-term maintenance of lost weight requires ongoing 
support and persistent effort
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• Long-term maintenance of lost weight requires ongoing 
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• Increased physical activity may be especially beneficial for 
maintaining lost weight, in addition to its overall health 
benefits
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• The body resists weight loss and promotes weight regain via 
slowing metabolism and increased appetite

• Long-term maintenance of lost weight requires ongoing 
support and persistent effort

• Increased physical activity may be especially beneficial for 
maintaining lost weight, in addition to its overall health 
benefits

• Reengineering your food environment may help facilitate 
maintenance of lost weight

• Less ultra-processed foods with lower energy density
66

Summary
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