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Objectives 
 Review recently published articles conducted in 

the metabolic wards 

 Discuss how to translate and implement these 
conclusions in the obesity clinic with practical 
weight maintenance and weight loss techniques 



Calorie for Calorie, Dietary Fat Restriction Results in 
More Body Fat Loss than Carbohydrate Restriction in 
People with Obesity 

-1000

-800

-600

-400

-200

0

Reduced Carb
Reduced Fat

In
ta

ke
 (

kc
al

) 

Carbs Fat  Protein 

Hall et al. 2015, Cell Metabolism 22,1-10. Sept 1. 



Calorie for Calorie, Dietary Fat Restriction Results in More 
Body Fat Loss than Carbohydrate Restriction in People with 
Obesity 
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Hall et al. 2015, Cell Metabolism 22,1-10. Sept 1. 

N=19, NIH (vs Low carb), crossover 
Inpatient metabolic chamber, 30% lower calorie 
Greater insulin decrease, more fat oxidation with LC 
Reduced carb had lower energy expenditure 

30% carb 
 
8% fat 

Fixed protein 



Energy expenditure and body composition changes after an 
isocaloric ketogenic diet in overweight and obese men 

 Carb-insulin model of obesity 
suggests eating high carb diets 
sequesters fat in adipocytes and 
decreases energy expenditure. 

 KD increase EE and body fat loss 

 N=17 

 Baseline high carb for 4 weeks then 
4 weeks of isocaloric KD clamped 
protein (5% carb, fixed protein) 

 2 days in metabolic chamber = 

 DXA/ EE - DLW 

4 week inpatient 
Baseline Diet 

4 week inpatient 
Ketogenic Diet 

Day-28 Day-15 Day 28 Day 15 Day 0 

Hall et al.  Am J Clin Nutr doi: 10.3945/acjn.116.133561 



Energy expenditure and body composition changes after an 
isocaloric ketogenic diet in overweight and obese men 
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Energy expenditure and body composition changes after an 
isocaloric ketogenic diet in overweight and obese men 

• Subjects lost weight and body 
fat throughout the study 

• RQ decreased within 1 week 

• KD increased EE 57 kcal/d 

• Body fat loss slowed during 
KD coinciding with increased 
protein utilization and loss of 
fat-free mass 
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 Authors suggest nullifies insulin/carb theory and confirms “calorie is 
a calorie” as far as EE/body fat 
 (Inpatient metabolism study, not ad lib diet, not studying effect 

of changes in insulin, not study of health of calorie) 

 Weight loss from water, increase REE was not sustained 

 Transient increase EE related to ketogenesis – 1 week reached 
maximum 

 Participants lost fat on low fat diet 

 There was increase RMR but authors suggest this is at the limits of 
detection 

 Hall et al.  Gastroenterology 152:1718—27 metanalysis – controlled 
feeding studies increase energy expenditure with low fat -27 
kcal/day difference 



A plant-based, low-fat diet decreases ad libitum 
energy intake compared to an animal-based, 
ketogenic diet:  An inpatient randomized 
controlled trial 

 N=20 for 28 days BMI 27.8, age 29 

 PBLF (75% carb, 10% fat, ED 1kcal/g) vs ABLC 
(78% fat, 10% carb, ED 2kcal/g)  for 2 weeks 
then crossover 

 3 meals plus snack at 2 times estimated energy 
requirement as much or as little as desired 

Hall et al.  2020 in press https://osf.io/preprints/nutrixiv/rdjfb/  

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


A plant-based,low fat diet decreases ad libitum energy 
intake compared to an animal-based, ketogenic diet: An 
inpatient randomized controlled trial 

 Carb-insulin model of obesity 
suggests eating high carb diets 
sequesters fat in adipocytes and 
decreases energy expenditure. 

 N=20 

 As much as little as they wanted, 
double energy requirement 

 24 hour in metabolic chamber = 

 DXA/meal test/OTT 

 Lower insulin and glucose with LC 

14d 10% carb, 
75% fat diet 

14d 10%fat, 75% 
carb diet 

Hall et al.  Am J Clin Nutr doi: 10.3945/acjn.116.133561 

14d 10% carb, 
75% fat diet 

14d 10%fat, 75% 
carb diet 



ABLC PBLF 



ABLC PBLF 



ABLC PBLF 





Greater Intake (689 kcal) with ABLC 
All subjects had lower intake with PBLF 



PBLF 60 grams fiber vs 20 













Ultra-Processed Diets Cause Excess Calorie Intake and 
Weight Gain:  An Inpatient Randomized Controlled Trial 
of Ad Libitum  Food Intake 

 Inpatient 

 Ultra-processed – “formulations mostly of cheap 
industrial sources of dietary energy and nutrients plus 
additives using a serial of process using minimal 
whole foods.”   --  NOVA food classification system 

 Fries 
 Five Guys (potatoes, salt, oil) 953 kcal (2.3 

kcal/gram) 
 McDonalds (+ dextrose, sodium acid 

pyrophosphage) 230 kcal (3.2 kcal/gram) 
 

But what makes them altogether different from the other NOVA groups is their use of 
substances derived from foods seldom if ever used in culinary preparation, such as 
protein isolates, hydrogenated oils, and modified starches. Or their use of flavors, colors, 
emulsifiers, and other cosmetic additives designed to mask their basic ingredients and to 
make the final product attractive to the senses (Monteiro et al., 2019Monteiro C.A. et al. 
Ultra-processed foods: what they are and how to identify them.Public Health Nutr. 2019; 
22: 936-941 
 
Color ,flavor, texture, taste 

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

https://www.cell.com/cell-metabolism/fulltext/S1550-4131(19)30309-2?_returnURL=https://linkinghub.elsevier.com/retrieve/pii/S1550413119303092?showall%3Dtrue
https://www.cell.com/cell-metabolism/fulltext/S1550-4131(19)30309-2?_returnURL=https://linkinghub.elsevier.com/retrieve/pii/S1550413119303092?showall%3Dtrue
https://www.cell.com/cell-metabolism/fulltext/S1550-4131(19)30309-2?_returnURL=https://linkinghub.elsevier.com/retrieve/pii/S1550413119303092?showall%3Dtrue


Ultra-Processed Diets Cause Excess Calorie Intake and 
Weight Gain:  An Inpatient Randomized Controlled Trial of 
Ad Libitum  Food Intake 

 N=20 (10M,10F), CROSSOVER 

 BMI 27 

 1 days in metabolic chamber = 

 DXA/ EE – DLW, MRI 

 OGTT 

2 week inpatient 
Ultra-processed 

2 week inpatient 
Unprocessed 

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

2 week inpatient 
Unprocessed 

2 week inpatient 
Ultra-processed 



Ultra-Processed Diets Cause Excess Calorie Intake and 
Weight Gain:  An Inpatient Randomized Controlled Trial 
of Ad Libitum  Food Intake 

 Eat as much of little as desired 

 7 days of menus 

 Diets matched for calories, sugar, 
fat,fiber, macronutrients 

 Primary Outcome:  Energy Intake 

 

 

 MATCHED FOR: 
 Salt 
 Sugar  
 Fat 

 

 

Ultra- 
Processed 

Unprocessed 

Energy (kcal) 3,905 3,871 

Carb (%) 49.2 46.3 

Fat (%) 34.7 35.0 

Protein(%) 16.1 18.7 

Fiber (g/1000 kcal) 21.3 20.7 

Energy ultra-
processed 

83.5 0 

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

 



Unprocessed 

 

Ultra-processed 



Ultra-processed Unprocessed 



Ultra-processed Unprocessed 



Ultra-processed Unprocessed 



Ultra-processed Unprocessed 



Ultra-processed Unprocessed 



Ultra-processed Unprocessed 



 

+508 



Ultra-Processed Diets Cause Excess Calorie Intake and 
Weight Gain:  An Inpatient Randomized Controlled Trial 
of Ad Libitum  Food Intake 
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Hall et al.  Cell Metabolism 30:1-11 (2019) 

Carb 
1106 

Fat 
872 

Protein 
492 

Protein is similar 



Ultra-Processed Diets Cause Excess Calorie Intake 
and Weight Gain:  An Inpatient Randomized 
Controlled Trial of Ad Libitum  Food Intake 
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Papkaonstanknou et al.  Diabetes and metabolism 44 (2018) 226-234 

P=0.008 P=0.003 



Self-Reported Appetite/Pleasantness/Familiarity 
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Weight Change 
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Hall et al.  Cell Metabolism 30:1-11 (2019) 

P=0.009 

P=0.007 

P=0.0015 

P=0.05 



Eating Rate 
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Mechanisms??? 

 Fat, fiber, sugar? 

 Can not rule out palability? 

 Hormones?  (PYY, Ghrelin) but not variability 

 Energy density of non-beverage foods? 

 Higher eating rate? 

 Ultra-processed? 

 Microbiome? 

 Eating rate, volume, energy density 



Ultra-Processed Diets Cause Excess Calorie 
Intake and Weight Gain 

 

Some individuals consume more caloric 
high dense, easy to eat food when 
presented with unlimited foods in a 
inpatient setting and thus gain weight 



 



•570Calories 
•21gTotal Fat 
•470mgSodium 
•87gTotal Carb 
•3gFiber 
•7gProtein 

60% food in US is ultraprocessed 



Ultra-Processed Diets Cause Excess Calorie 
Intake and Weight Gain 

Some individuals consume more caloric 
high dense, easy to eat food when 
presented with unlimited foods in a 
inpatient setting and thus gain weight 

Many individuals consume more caloric 
high dense, easy to eat food when 
presented with semi-unlimited foods at 
home, at work, at restaurants and thus 
gain weight 



How Strongly Does Appetite Counter Weight Loss?  
Quantification of the Feedback Control of Human Energy 
Intake 
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weeks N=153, 90g urinary loss of glucose 
Covert manipulation of energy balance 
Mathematical model of energy intake 
100 kcal increase in intake per kg lost 



Appetite increased by 100 kcal/day above baseline per 
kilogram of lost weight – an effort several fold larger 
than corresponding energy expenditure adaptations.  
The few individuals who successfully maintain weight 
loss over time do so by heroic and vigilant efforts to 
maintain behavior changes in the face of increased 
appetite along with persistent suppression of energy 
expenditure in an omnipresent obesogenic environment.  



1. Plateau at 6-8 months 
2. Initial significant reduction in energy intake 
3. Increase in appetite 
4. Small decrease in energy expenditure (3>4) 
5. Exponential increase in energy intake 
6. Effort continues as weight increases 
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Mean bodyweight changes and energy changes 
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24h recall 

Freedhoff Y. Hall K.  The Lancet volume 338, 849-51, 2016 



Persistent Metabolic Adaptation 6 Years 
After “The Biggest Loser” Competition 

Baseline 30 week 6 year B vs 30 B vs. 6 y 30w vs 6y 

Age 34.9 35.4 41.3 <0.0001 <0.0001 <0.0001 

Weight (kg) 148.9 
(40) 

90.6 131.6 <0.0001 0.0294 0.0002 

BMI 49.5 30.2 43.8 <0.0001 0.0294 0.0002 

%BF 49.3 28.1 44.7 <0.0001 0.0894 0.0003 

RMR measured 2,607 1,996 1,903 0.0004 0.0312 0.3481 

RMR predicted 2,577 2,272 2,403 <0.0001 0.0058 0.0168 

Metabolic 
adaption 

29 -275 -499 0.0061 <0.0001 0.0075 

TEE (kcal/d) 3,804 3,002 3,429 0.0014 0.0189 0.0034 

Physical activity 
(kcal/kg/d) 

5.6 10.0 10.1 0.0027 0.001 0.8219 

Fothergill et al.  Obesity 2016.  doi:10.1002/oby.21538 



Persistent Metabolic Adaptation 6 Years 
After “The Biggest Loser” Competition 
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Fothergill et al.  Obesity 2016.  doi:10.1002/oby.21538 



The Biggest Loser 
 Lost 1 lb per day 

 1300 kcal intake/ 5,000 kcal exercise 

 Maintained 11.9% +/- 16.8% (57% > 10% weight loss) 

 Learned behaviors, no diabetes developed 

 Maintained physical activity but intake (appetite) near 
return to baseline 

 Metabolic slowing with massive weight loss despite 
preservation of fat-free mass 

 Metabolic adaptation was not related to weight regain at 6 
years 

 Greater weight loss (most successful) at 6 years 
experienced greater metabolic slowing 



Inpatient is not Outpatient but… 
 Small numbers, healthy, low variables 

 Maybe passionately focusing on the macronutrient 
quantity and not quality, behavior, adherence, portion 
size lessens success 
 Suggests able lose fat on LF diets 
 KD may not promote satiety (protein) especially 

with unlimited available food 
 LC decreases insulin, glucose and does not marked 

increase energy expenditure 

 A sustained, increase in physical activity is needed to 
help sustain weight loss 

 Diet recall is not accurate 
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