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The Promise of Low Carb Diets

“You can eat more calories… as 
long as no carbohydrates are 
present [and] still lose weight.”

Robert C. Atkins, 
Dr. Atkins Diet Revolution: 
The High Calorie Way to Stay 
Thin Forever (1972).

Two Month Inpatient Isocaloric Ketogenic Diet Study
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No Significant Energy Expenditure Difference
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Isocaloric Selective Reduction of Dietary Carbs vs Fat 
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KD Hall et al. Cell Metabolism 22:427-436 (2015). 

Isocaloric 30% Calorie Restricted Diets

Mean ± 95% CI
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Only the RC Diet Increased Fat Oxidation

**
** **

** p<0.001
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Only the RC Diet Decreased Energy Expenditure

Mean ± SE

KD Hall et al. Cell Metabolism 22:427-436 (2015). 
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Body Fat: Isocaloric Carb vs. Fat, Matched Protein

Weighted Mean Difference in Body Fat (g/d) 14

P < 0.0001

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

15A. Buga et al. Front. Nutr. March 24, 2021 https://doi.org/10.3389/fnut.2021.618520

***p < 0.001 from WK0

Since the Meta: Very Low Carb vs. Low Fat Isocaloric Diets

No significant diet 
group differences 

P=0.47

16Weighted Mean Difference in Energy Expenditure (kcal/d)

P < 0.0001

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

Expenditure: Isocaloric Carb vs. Fat, Matched Protein
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Ebbeling et al. BMJ 2018 Study Design
“The pre-weight-loss value…,
rather than [post-weight-loss],
was originally specified in the
registry as the anchor for
calculating change scores, but
this error was corrected…”

The pre-specified analysis was
not reported in the final paper

Two potential points
of comparison:

Pre-Weight Loss vs 
Post Weight Loss
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Ebbeling et al. BMJ 2018 Reanalysis

Hall, Guo, Speakman. Int J Obesity (2019) https://doi.org/10.1038/s41366-019-0456-3

Mean ± SE

Methodology: Indirect Calorimetry 101
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RQ

Doubly Labeled Water (DLW) indirectly estimates 
the daily average CO2 production rate

DLW also requires estimating the daily average 
Respiratory Quotient (RQ = VCO2:VO2)

KD Hall et al. AJCN 109:1328-1334 (2019)
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No Significant Diet Effect on CO2 Production

Mean ± SE

Hall, Guo, Speakman. Int J Obesity (2019) https://doi.org/10.1038/s41366-019-0456-3 22

RQ Sensitivity of Expenditure Keto vs. Baseline Diets

KD Hall et al. AJCN 109:1328-1334 (2019)

P=0.43

P=0.02

P=0.49

(N=17) (N=17) (N=15)
Mean ± SEM
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DLW Expenditure Effect Depends on Assumed RQ

Mean ± SE

P=0.001

P=0.015

P=0.11

P=0.47

P=0.90

Hall, Guo, Speakman. Int J Obesity (2019) https://doi.org/10.1038/s41366-019-0456-3

by Ebbeling et al. 

24S Guyenet & KD Hall. J Nutr 151:2496-7 (2021).
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Does Diet Composition Affect Ad Libitum Energy Intake?

24hr 
Chamber

OGTT
Meal
Test 

14d 75% Carb, 10% Fat14d 10% Carb, 75% Fat

DXA 
Fasted 
Blood

14d 10% Carb, 75% Fat14d 75% Carb, 10% fat

Randomize

KD Hall et al. Nature Medicine 2021 https://doi.org/10.1038/s41591-020-01209-1 26

Less Energy Intake on the Low Fat Diet

± 73 kcal/d; P<0.0001

KD Hall et al. Nature Medicine 2021 https://doi.org/10.1038/s41591-020-01209-1

Mean ± SE
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More Body Fat Loss on the Low Fat Diet

KD Hall et al. Nature Medicine 2021 https://doi.org/10.1038/s41591-020-01209-1

Mean ± SE
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Greater Loss of Fat-free Mass on the Low Carb Diet

KD Hall et al. Nature Medicine 2021 https://doi.org/10.1038/s41591-020-01209-1

Mean ± SE
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Faster Weight Loss on the Low Carb Diet

KD Hall et al. Nature Medicine 2021 https://doi.org/10.1038/s41591-020-01209-1

Mean ± SE
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Low Carb Low Fat

31 32

Ultra-processed vs Unprocessed Diet Study

KD Hall et al. Cell Metabolism 30:1-11 (2019).
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Ultra-processed vs Unprocessed Diets

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

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

Primary Outcome: Mean Daily 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).

± 106 kcal/d; P=0.0001
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Ultra-processed Diets Cause Weight Gain

Mean ± SE

KD Hall et al. Cell Metabolism 30:1-11 (2019).
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Ultra-processed Diets Cause Body Fat Gain

Mean ± SE

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



• Isocaloric variation in the ratio of dietary carbohydrate:fat
– has small effects on Energy Expenditure (& methods matter!)
– has small effects on Body Fat Mass
– has large effects on metabolic fuel utilization as well as circulating 

hormones & metabolites (not shown)

• Diet composition has large effects on ad libitum Energy Intake
– Very low carb diets result in greater energy intake than very low fat

diets
– Ultra-processed diets result in greater energy intake than 

unprocessed diets matched for various nutrients
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