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Abstract

The Biggest Loser television show is watched by millions of people worldwide. Obesity experts 

have criticized its portrayal of an unrealistic intervention that raises false expectations for weight 

loss. Here, I quantify the diet and exercise intervention using a validated computational model of 

metabolism to integrate data on energy expenditure, body weight and body fat collected during 

The Biggest Loser competition.Participant age, body mass index, weight, and percent body fat at 

baseline were 33 ± 11 y, 48.7 ± 10.1 kg/m2, 144.9 ± 39.4 kg, and 49 ± 6 % (mean ± SD), 

respectively. During the first phase of the competition when the contestants were isolated in a boot 

camp environment, the average rate of weight loss was 0.4 ± 0.1 kg/d which decreased to 0.19 ± 

0.1 kg/d after returning home for the final phase. The total weight loss was 58.2 ± 26 kg with 81.6 

± 8.4 % coming from body fat. The computer simulations closely matched the data and calculated 

that average energy intake during the first phase was 1300 kcal/d while participating in 3.1 h/d of 

vigorous exercise. After returning home, energy intake increased to 1900 kcal/d and vigorous 

exercise decreased to 1.1 h/d. Simulation of diet alone resulted in 34 kg of weight loss with 65% 

coming from body fat, whereas exercise alone resulted in a loss of 27 kg with 102% from fat. 

Simulated weight loss maintenance could be achieved with a modest 20 min/d of vigorous 

exercise and a 3000 kcal/d diet.

Keywords

diet; exercise; energy expenditure; weight loss

INTRODUCTION

Millions of people watch reality television programs depicting dramatic weight loss. The 

most popular is “The Biggest Loser” which began in 2004 in the U.S.A. and has since been 

replicated around the world, mirroring the rise of the global obesity pandemic (1). The show 

portrays a cast of obese people engaged in strenuous exercise and rapidly losing a large 

amount of weight. While the focus of the television show is the exercise component of the 
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weight loss program, the relative contribution of diet restriction is unclear. Here, I calculate 

the contributions of diet and exercise to the observed weight loss using a validated 

computational model of human metabolism (2) to simulate the body composition and energy 

expenditure data measured during the competition (3).

METHODS AND PROCEDURES

The methods and procedures used to collect the experimental data have been previously 

described (3). Briefly, 16 obese participants were housed on a ranch near Los Angeles, CA 

where 6 days per week they engaged in 90 minutes per day of directly supervised vigorous 

circuit training and/or aerobic training and were encouraged to exercise up to an additional 3 

h/d on their own. Participants stayed on the ranch until being “voted off” every 6–11 days. 

At week 13, the 4 remaining participants at the ranch returned home. At week 30, all 

participants returned to Los Angeles for testing. Resting metabolic rate (RMR), fat mass 

(FM), and total energy expenditure (TEE) were measured at baseline, week 6 and week 30 

in 11 participants who were the subject of the current analysis.

I used a validated computational model of human metabolism (2) to simulate the diet and 

exercise program required to match the average body weight (BW) change and TEE data. 

The computational model quantitatively tracks the metabolism of dietary macronutrients and 

simulates how diet and exercise changes result in adaptations of whole-body energy 

expenditure, metabolic fuel selection, and alterations in the major whole-body fluxes 

contributing to macronutrient balance and body composition change. The model simulates 

both the energy cost of exercise as well as its effect on fuel mobilization and utilization. To 

simulate the Biggest Loser intervention, I specified that the model parameter defining the 

average energy intake was a constant for the period of time on the on the ranch followed by 

another constant energy intake phase after the participants went home. The model parameter 

representing exercise was chosen to increase upon starting the program and ramp up linearly 

while on the ranch to represent a training effect. Upon returning home, the exercise 

parameter was assumed to be constant. No other model parameters were adjusted to fit the 

data.

The values of the four model parameters defining the average energy intake and exercise 

during periods on the ranch and at home were the only model parameters adjusted to fit the 

BW and TEE data. The best fit parameter values were determined using a downhill simplex 

algorithm (4) implemented in the Berkeley Madonna software (version 8.3; http://

www.berkeleymadonna.com) to minimize the summed squares of the weighted residuals 

between the simulation outputs and the BW and TEE data. Note that the measurements of 

RMR and FM were not used in the model fitting process and comparison of the model 

predictions to these measurements provides a test of the model. Vigorous exercise was 

defined as a metabolic equivalent of 6 kcal/kg/h. The calculated average energy intake and 

hours of vigorous exercise are reported to two significant figures. To test the sensitivity of 

the model to the calculated parameters, I performed 1000 runs of the model, each time 

randomly sampling the four parameter values from normal distributions centered on the 

parameter best-fit values with standard deviations of 20%.
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RESULTS

Participant age, body mass index, weight, and percent body fat at baseline were 33 ± 11 y, 

48.7 ± 10.1 kg/m2, 144.9 ± 39.4 kg, and 49 ± 6 % (mean ± SD), respectively. Figure 1A 

illustrates the BW and FM loss and Figure 1B shows the components of energy balance. 

While the contestants were on the ranch, the average rate of weight loss was 0.4 ± 0.1 kg/d 

which decreased to 0.19 ± 0.1 kg/d after returning home. The total weight loss was 58.2 ± 

26 kg with 81.6 ± 8.4 % of the weight loss coming from body fat. The computer simulations 

closely matched the observed changes in BW, FM, RMR, and TEE.

While the participants were on the ranch, the model calculated that their average energy 

intake decreased by 65%, eating only 1300 kcal/d, while engaging in an average of 3.1 h/d 

of vigorous exercise. During the last 17 weeks when the contestants were at home, the 

average energy intake increased to 1900 kcal/d and the time spent engaged in vigorous 

exercise decreased to 1.1 h/d. Randomly varying these parameters by 20% reproduced the 

approximately 10% standard error of the mean measured weight loss. Thus, the calculated 

parameter values have uncertainties of roughly 20%.

To investigate the relative contribution of exercise and diet, I simulated the results of either 

intervention alone and found that diet alone led to 34 kg of weight loss at week 30 with 65% 

coming from body fat, whereas exercise alone resulted in 27 kg of weight loss with 102% 

from fat loss. Thus, exercise alone was predicted to lead to slight increases in lean mass and 

5 kg greater fat loss compared to the diet alone which led to a loss of 11.7 kg of lean mass. 

Exercise alone was predicted to decrease RMR by only 1% versus baseline whereas diet 

alone was predicted to suppress RMR by 25%.

Extending the duration of the computer simulations with the final average energy intake of 

1900 kcal/d along with 1.1 h/d of vigorous exercise led to life-threatening reductions of 

body fat (<5 kg) after 1.3 years (not shown) thereby demonstrating that the diet and exercise 

intervention during the competition was not sustainable. Figure 1C depicts the simulated 

slow time course of weight regain if the contestants were to return to their original sedentary 

lifestyle and 3700 kcal/d diet. Figure 1D simulates maintained weight loss with 20 minutes 

of daily vigorous exercise along with a 3000 kcal/d diet. If this modest intervention were 

instituted from the start, the model predicted that only 17.5 kg of the total weight loss would 

have been achieved at the end of the 30 week intervention and about 4 years would be 

required to produce 95% of the remaining weight loss (not shown).

DISCUSSION

Nearly half of Americans believe that television shows like “The Biggest Loser” will have a 

positive effect on the obesity epidemic (5). Obesity experts generally disagree, arguing that 

the show perpetuates weight bias, raises false expectations for weight loss, and depicts an 

intervention that is unrealistic for most people (6–8). To help address the latter point, I 

quantified the diet and exercise intervention using a validated computational model to 

quantitatively integrate the experimental data.
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The model calculated that the observed magnitude of rapid weight loss required huge 

changes in both diet and exercise that were especially striking during the period of time 

when the contestants were on the ranch. But even after returning home for the last phase of 

the competition, the contestants maintained an impressive amount of daily vigorous exercise 

and a substantial degree of caloric restriction that, in combination, would not be sustainable. 

However, model simulations suggest that maintenance of the weight loss could be achieved 

with a more feasible sustained behavior change comprising 20 minutes of daily vigorous 

activity along with an average energy intake of 3000 kcal/d. While the model predicts that 

the same eventual weight loss would be accomplished if this more modest intervention were 

instituted from the start, it would require many years to achieve.

If the contestants were to return to their original sedentary lifestyle and diet immediately 

after the competition, the model simulated a slow rate of weight gain. It takes many years to 

regain the lost weight because of the slow response time to changes in diet and physical 

activity (9). Thus, follow-up measurements demonstrating incomplete weight regain do not 

necessarily mean that a weight loss intervention was sustained – especially following 

substantial weight loss.

While simulation of the diet intervention alone was predicted to lead to more weight loss, 

35% was due to loss of lean mass. In contrast, exercise alone led to greater body fat loss and 

a slight increase in lean mass despite the substantial negative energy balance. Of course, 

these model predictions could not be corroborated with experimental data in this group, but 

they are generally in line with the expected effects of energy restriction and exercise training 

(10–13).

The measured RMR and FM data compared favorably with the model simulations despite 

not being used in the parameter fitting process. This provides further validation of the 

computational model and illustrates that the model appropriately captured the effects of 

exercise to preserve lean mass while at the same time accurately representing the substantial 

metabolic slowing during rapid weight loss that was previously noted in The Biggest Loser 

contestants (3).

ACKNOWLEDGEMENTS

I thank Nicholas Knuth, Darcy Johannsen, Eric Ravussin, and Robert Huizenga for their assistance in collecting the 
previously published data used in this study. This research was supported by the Intramural Research Program of 
the NIH, National Institute of Diabetes & Digestive & Kidney Diseases.

Funding: This research was supported by the Intramural Research Program of the NIH, National Institute of 
Diabetes & Digestive & Kidney Diseases.

REFERENCES

1. Swinburn BA, Sacks G, Hall KD, et al. The global obesity pandemic: shaped by global drivers and 
local environments. Lancet. 2011; 378:804–14. [PubMed: 21872749] 

2. Hall KD. Predicting metabolic adaptation, body weight change, and energy intake in humans. Am J 
Physiol Endocrinol Metab. 2010; 298:E449–66. [PubMed: 19934407] 

3. Johanssen DL, Knuth ND, Huizenga R, Rood J, Ravussin E, Hall KD. Metabolic slowing with 
massive weight loss despite preservation of fat-free mass. J Clin Endocrinol Metab. 2012 In press. 

Hall Page 4

Obesity (Silver Spring). Author manuscript; available in PMC 2013 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4. Press, W.; Flannery, B.; Teukolsky, S.; Vetterling, W. Numerical recipes: the art of scientific 
computing. Cambridge University Press; New York: 1986. 

5. Thomson Reuters Poll Finds Half of Americans Believe Shows Like The Biggest Loser Have 
Positive Impact on Obesity Epidemic. Thompson Reuters/NPR Poll. Sep 20.2011 

6. Domoff SE, Hinman NG, Koball AM, et al. The effects of reality television on weight bias: an 
examination of the biggest loser. Obesity (Silver Spring). 2012; 20:993–8. [PubMed: 22240725] 

7. Hill JO. Is “The Biggest Loser” really a big winner or just a big loser? Obesity Management. 2005; 
1:187–8.

8. Thomas S, Hyde J, Komesaroff P. “Cheapening the Struggle:” Obese people's attitudes towards The 
Biggest Loser. Obesity Management. 2007; 3:210–5.

9. Hall KD, Sacks G, Chandramohan D, et al. Quantification of the effect of energy imbalance on 
bodyweight. Lancet. 2011; 378:826–37. [PubMed: 21872751] 

10. Ballor DL, Katch VL, Becque MD, Marks CR. Resistance weight training during caloric restriction 
enhances lean body weight maintenance. Am J Clin Nutr. 1988; 47:19–25. [PubMed: 3337037] 

11. Geliebter A, Maher MM, Gerace L, Gutin B, Heymsfield SB, Hashim SA. Effects of strength or 
aerobic training on body composition, resting metabolic rate, and peak oxygen consumption in 
obese dieting subjects. Am J Clin Nutr. 1997; 66:557–63. [PubMed: 9280173] 

12. Hunter GR, Byrne NM, Sirikul B, et al. Resistance training conserves fat-free mass and resting 
energy expenditure following weight loss. Obesity (Silver Spring). 2008; 16:1045–51. [PubMed: 
18356845] 

13. Whatley JE, Gillespie WJ, Honig J, Walsh MJ, Blackburn AL, Blackburn GL. Does the amount of 
endurance exercise in combination with weight training and a very-low-energy diet affect resting 
metabolic rate and body composition? Am J Clin Nutr. 1994; 59:1088–92. [PubMed: 8172096] 

Hall Page 5

Obesity (Silver Spring). Author manuscript; available in PMC 2013 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
A) Simulated (curves) and measured (boxes, mean ±SD) body weight (BW) and fat mass 

(FM) changes during The Biggest Loser competition. B) Components of energy balance 

including total energy expenditure (TEE), resting metabolic rate (RMR) and energy intake. 

C) Slow simulated regain of BW and FM upon return to the original diet and sedentary 

lifestyle after 7 months. D) Simulated maintenance of BW and FM loss with a sustained 

3000 kcal/d diet and 20 minutes of daily vigorous exercise after 7 months.
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