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Abstract

Objective—To explore how physical activity (PA) and energy intake (EI) changes were related to 

weight loss and regain following the Biggest Loser competition.

Methods—At baseline, six weeks, 30 weeks, and six years after the competition we measured 

body composition via dual energy X-ray absorptiometry, resting energy expenditure using indirect 

calorimetry, and EI and PA using doubly labeled water.

Results—Six years after the competition, median weight loss in 14 Biggest Loser participants 

was 13%, with those maintaining greater weight loss (mean ± SE) of 24.9 ± 3.8% having 

increased PA by 160 ± 23% compared to a PA increase of 34 ± 25 % (p = 0.0033) in the weight 

regainers who were 1.1 ± 4.0% heavier than the pre-competition baseline. EI changes were similar 

between weight loss maintainers and regainers (−8.7 ± 5.6% vs −7.4± 2.7 %, respectively; 

p=0.83). Weight regain was inversely associated with absolute changes in PA (r= −0.82, p=0.0003) 

but not with changes in EI (r = −0.15, p=0.61). EI and PA changes explained 93% of the individual 

weight loss variability at six years.

Conclusions—Consistent with previous reports, large persistent increases in physical activity 

may be required for long-term maintenance of lost weight.

Introduction

Maintenance of lost weight is an elusive yet important goal of patients with overweight and 

obesity, as partial or complete weight regain remains the most common long-term outcome 

of lifestyle interventions (1, 2, 3). A very public example was recently provided by our 

investigation of subjects with class III obesity who participated in a single season of “The 

Biggest Loser” televised weight loss competition (4, 5, 6). After losing about 60 kg on 
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average during an intensive 30 week diet and exercise intervention (5), participants 

experienced substantial average weight regain over the subsequent six years (4). However, 

there was a wide degree of individual variability, with one subject losing more weight after 

six years while five other subjects regained weight to within 1% or greater than their starting 

weight.

What determines successful weight loss maintenance? Previous studies using self-reported 

measures have suggested that high levels of physical activity (PA) decrease the risk of short- 

and long-term weight regain after weight loss (7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17). 

However, self-reported PA may be quantitatively unreliable as it typically exceeds PA 

determined by objective measurements (18, 19, 20, 21, 22) and is poorly correlated with 

actual PA (20, 21, 23). Two studies using accelerometry found that weight loss maintainers 

engaged in significantly more PA as well as more time in higher intensity activities 

compared to weight regainers after several years (24, 25). One study used a proprietary 

multi-sensor device to show that PA was increased in subjects with greater percent weight 

losses over 18 months of a behavioral weight loss intervention (26).

Here, we report an exploratory analysis of the Biggest Loser participants (4, 5) to investigate 

the correlates of long-term weight regain.

Methods

The detailed methods for this study were previously described (4, 5). Briefly, the study 

protocol was approved by the Institutional Review Board of the National Institute of 

Diabetes and Digestive and Kidney Diseases (ClinicalTrials.gov Identifier: NCT02544009) 

and all subjects provided informed consent. Body composition was determined by dual 

energy x-ray absorptiometry (DXA) in the overnight fasted state. Body fat-free mass (FFM) 

and fat mass (FM) were calculated from weight and whole-body percent fat using the thick 

scan mode. All participants’ whose supine body width exceeded the dimensions of the scan 

window and were analyzed using the iDXA MirrorImage™ application (27).

Resting energy expenditure (REE) measurements were performed following a 12-hour 

overnight fast. Participants rested supine in a quiet, darkened room for 30 minutes before 

making measurements of oxygen consumption (VO2) and carbon dioxide production 

(VCO2) for 20 minutes with the last 15 minutes used to determine REE according to:

assuming that protein oxidation contributed 15% to REE (28). REE measurements were 

available for all 16 participants in a single season of the Biggest Loser at the pre-competition 

baseline, 10 participants at six weeks, 16 participants at 30 weeks, and 14 participants six 

years after the end of the competition.

The doubly labeled water (DLW) method was used to calculate the average carbon dioxide 

production rate (rCO2) at baseline, week six, week 30, and six years after the end of the 

competition as estimated from the rate constants describing the exponential disappearance of 
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the labeled 18O and D water isotopes (kO and kD) in repeated spot urine samples collected 

for 7 days during the competition and for 14 days at the six-year follow-up. We used the 

parameters of Racette et al. (29) with the poolsize, N, was estimated to be 73% of the FFM 

as determined by DXA measurements that were performed within the same week as DLW 

dosing:

The average total energy expenditure (TEE) from rCO2 was calculated as:

where the daily respiratory quotient (RQ) was assumed to be 0.86 representative of the food 

quotient of a typical diet at baseline and six years. At weeks six and 30, daily RQ was 

assumed to be 0.76 and 0.8, respectively, to account for the contribution from body fat 

oxidation to fuel usage as estimated using mathematical model simulations (30). TEE data 

were available for all 16 subjects at the pre-competition baseline, 11 subjects at week six, 14 

subjects at week 30, and 14 subjects after six years.

Since body weight was stable at baseline and six years after the end of the Biggest Loser 

competition, energy intake (EI) was assumed to be equal to TEE. During the weight loss 

competition, average EI was estimated using the intake balance method (31):

The average rate of change of body energy stores, dES/dt, was calculated using the FM and 

FFM changes from baseline at weeks six and 30 as follows:

The average TEE for the 30 week period was estimated as the mean of the week six and 

week 30 TEE measurements. The average TEE for the six-week period was estimated by the 

TEE measurement at six weeks. To the extent the TEE measurements occurring over week-

long periods at weeks six and 30 may not necessarily represent the true mean TEE over the 
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entire six and 30 week durations, the intake balance method provides EI estimates that are 

somewhat uncertain (31).

Physical activity energy expenditure was calculated as the non-resting energy expenditure 

(TEE-REE) minus the estimated thermic effect of food which was assumed to be 10% of EI 

and was calculated as 0.1×TEE at baseline and six years. As previously described (4), we 

assumed the thermic effect of food was 0.1×TEEbaseline - 240 kcal/d and 0.1×TEEbaseline - 

180 kcal/d since energy intake was estimated to have decreased by ~2400 kcal/d and ~1800 

kcal/d compared to baseline at weeks six and 30, respectively (30). Because most physical 

activities involve locomotion and therefore have an energy cost that is proportional to body 

weight for a given intensity and duration (32), we normalized the physical activity energy 

expenditure by dividing by body weight.

Statistical Analysis

Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC). 

Data are expressed as mean ± SE and were analyzed by analysis of variance (PROC GLM, 

SAS) with each subject as a fixed block effect. Associations were examined using Pearson 

correlation (PROC CORR, SAS). Significance was declared at p < 0.05.

Results

Table 1 presents the mean body composition and energy expenditure data for the Biggest 

Loser participants at the pre-competition baseline, after six weeks and 30 weeks of the 

intervention, and six years later. The median weight loss after six years was 13%, with the 

seven subjects above the median (the maintainers) weighing (mean ± SE) 24.9 ± 3.8% less 

than baseline while the seven subjects below the median (the regainers) were 1.1 ± 4.0% 

above their baseline body weight (p=0.0005). The increase in PA from baseline was 

significantly higher in the weight loss maintainers (160 ± 23%) compared to the weight 

regainers (34 ± 25 %; p = 0.0033) (Figure 1). Weight loss maintainers had a mean PA of 

12.2 ±1.3 kcal/kg/d at six years which was significantly greater than the PA of 8.0 ±1.4 

kcal/kg/d in the weight regainers (p = 0.04). The percent change in EI from baseline was 

similar between weight loss maintainers and regainers (−8.7 ± 5.6% vs −7.4± 2.7 %, 

respectively; p=0.83).

Across the entire cohort, there was no significant correlation between absolute weight loss 

(r=0.32, p=0.27) nor percent weight loss (r=−0.004, p=0.99) at the end of the competition 

with the respective values six years later. The percent weight change after six years was not 

significantly correlated with percent change in EI from baseline (r=0.27, p=0.36), but was 

significantly correlated with percent change in PA from baseline (r=−0.63, p=0.017). The 

absolute weight change from baseline was not significantly correlated with percent change 

in EI at six years (r=0.46, p=0.10) but was significantly correlated with changes in absolute 

EI (r=0.54, p=0.046) (Figure 2A) and PA (r=−0.57, p=0.035) (Figure 2B). The linear 

combination of the absolute changes in EI and PA explained ~93% of the individual weight 

loss variability at six years.
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Figure 3A shows that EI changes from baseline were not significantly correlated with weight 

regained in the six years after the competition (r = −0.15, p=0.61). In contrast, Figure 3B 

illustrates a significant inverse relationship between PA changes from baseline with six-year 

weight gain (r= −0.82, p=0.0003). Since most of the weight gain was body fat (4), FM gain 

at six years was also strongly correlated with changes in PA (r=−0.82, p=0.0003).

During the Biggest Loser competition, neither the weight lost at six weeks (r=0.53, p=0.12) 

(Figure 4A), nor 30 weeks (r=0.16, p=0.58) (Figure 4B) was significantly associated with 

PA changes. Conversely, changes in EI were significantly correlated with weight loss at both 

six weeks (r=0.87, p=0.0005) (Figure 4C) and 30 weeks (r=0.91, p<0.0001) (Figure 4D). EI 

change at 30 weeks was significantly correlated with EI change at six years (r=0.69, 

p=0.006), but PA changes were not correlated between these time points (r=0.31, p=0.33). 

Finally, concurrent EI and PA changes were not significantly correlated with each other at 

either 30 weeks (r=0.20, p=0.49) or six years (r=0.34, p=0.23).

Discussion

Ours is the first study to use the gold-standard DLW method to measure both EI and PA in 

weight-reduced individuals with obesity beyond the first year of weight loss. We found that 

both the weight lost at six years as well as the weight regained since the end of The Biggest 

Loser competition were strongly inversely correlated with changes in PA. These correlations 

persisted regardless of whether PA and weight changes were expressed in absolute terms or 

as percentages. In contrast, percent change in EI from baseline was not significantly 

correlated with percent weight loss nor weight regained six years after the competition. 

However, absolute changes in EI and PA from baseline both significantly correlated with 

absolute weight loss after six years and together explained ~93% of the individual weight 

loss variability.

Only two previous reports have used the DLW method to relate PA with future maintenance 

of lost weight (33, 34). Schoeller et al. showed that higher PA at the end of the weight loss 

phase was associated with less weight regain one year later in women who previously had 

obesity, but neither PA nor EI was reported at the 1 year time point (34). Schoeller et al. 

suggested that a PA threshold of 11 kcal/kg/d was required to maintain weight loss (34) – a 

value midway between the observed mean PA of 12.2 ±1.3 kcal/kg/d in weight loss 

maintainers and 8.0 ±1.4 kcal/kg/d in the weight regainers who participated in The Biggest 

Loser competition. The 11 kcal/kg/d physical activity threshold for maintenance of lost 

weight corresponds to approximately 80 min/d of moderate physical activity or 35 min/d of 

vigorous activity (34). Therefore, a relatively high degree of physical activity may be 

required for long-term maintenance of lost weight.

The DLW study by Del Corral et al. is more difficult to interpret because the investigators 

first split their sample into tertiles of women according to adherence to a very low calorie 

diet during a weight loss intervention (33). Highly adherent women had lower EI one year 

after the intervention and they also maintained greater weight loss after two years compared 

to women in the lowest adherence tertile. Interestingly, the women with greater dietary 

adherence also had lower PA expenditure during the weight loss intervention, but 
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subsequently PA increased in the highly adherent women such that there was no difference 

between the groups at one year. No data on PA or EI was presented after the first year. 

Therefore, in contrast to the Biggest Loser participants, the highly adherent women studied 

by Del Coral et al. (33) maintained greater weight loss after one year by reducing EI rather 

than by increasing PA.

Several previous studies have reported associations between increased PA and long-term 

maintenance of weight loss, but most have used self-reported measures of activity (7, 8, 9, 

10, 11, 12, 13, 14, 15, 16, 17). For example, over 3,600 participants in the National Weight 

Control Registry (NWCR), a large observational cohort of self-reported successful weight 

losers who have maintained at least a 13.6 kg weight loss for at least one year, reported 

expending an average estimated 2,621 ± 2,252 kcal/week in PA to maintain their weight loss 

(8). A similar observational study looking at 2,886 NWCR subjects who completed at least 

10 years of follow-up determined that 86.6% of participants were estimated to be 

maintaining at least a 10% weight loss from their maximum weight at 10 years, and that 

those participants who reported large decreases in PA were more likely to regain lost weight 

(17).

The Look AHEAD Study, the largest and longest prospective randomized controlled trial of 

an intensive lifestyle intervention for weight loss undertaken to date, reported that 39.3% of 

825 subjects in the intensive lifestyle intervention who had lost >10% of their baseline 

weight at year one maintained at least 10% weight loss after eight years, while 14.2% of 

these initially successful subjects regained weight above their baseline (15). The subjects 

who successfully maintained at least a 10% weight loss at eight years reported significantly 

more PA energy expenditure than did the regainers.

While the NWCR and the Look AHEAD study have large cohorts of subjects who have lost 

weight and had long-term (≥ five year) follow-up, the use of self-reported PA is a significant 

limitation. Three studies have objectively examined PA in long-term weight-reduced 

subjects with obesity (24, 25, 26). Phelan et al. used accelerometry to compare a group of 

previously overweight or obese women who had lost and maintained at least 10% of their 

maximum body weight for at least 5 years to a control group of never-overweight women 

and found that the weight-loss-maintainers spent significantly more time engaged in PA as 

well as more time in higher intensity activities (25). Catenacci, et al. used accelerometry to 

compare subjects who had maintained at least a 13.6 kg weight loss (mean 24.7 kg) for at 

least two years (mean 14.2 years) with a group of matched never-obese subjects as well as 

an overweight control group (24). Weight-loss maintainers spent significantly more time per 

day than overweight controls in bouts of moderate-vigorous PA, but no significant 

differences were found in other PA measures. Furthermore, weight-loss-maintainers did not 

significantly differ from never-obese controls in total PA time, intensity, or number of PA 

bouts. Jakicic et al. used a proprietary multi-sensor device to measure PA during an 18 

month behavioral weight loss intervention and found that increased moderate-vigorous PA 

as well as light PA were associated with improved percent weight loss at 18 months (26).

We found that PA changes were unrelated to weight losses at weeks six and 30 during the 

intensive diet and exercise intervention. While increased PA likely contributed to short-term 
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weight loss in the group as a whole (30), the individual weight loss differences could not be 

attributed to differences in PA. In contrast, short-term weight losses were strongly correlated 

with changes in EI, suggesting that weight loss differences were likely attributable to 

different degrees of EI reduction. However, it is important to note that the intake balance 

method has not been validated under periods of rapid weight loss that were observed during 

the 30-week Biggest Loser competition and there is a relatively large degree of imprecision 

for individual subject energy expenditure measurements using the doubly labeled water 

method during caloric restriction (35). Furthermore, body fat and fat-free mass changes were 

used in the calculation of EI at weeks six and 30 and these body composition variables are 

themselves strongly related to weight loss. Thus, changes in EI and body weight were not 

independent variables during the active weight loss phase of the Biggest Loser and the 

likelihood of obtaining spurious correlations is quite high.

Other limitations of our study include its relatively small sample size due to investigating 

only the participants of a single season of the Biggest Loser competition. We also lack data 

between the end of the competition and the six-year follow up, so the detailed time course of 

weight and energy balance dynamics is unknown. Despite the extreme nature of the Biggest 

Loser intervention, our results concord with previous estimates of the overall PA 

requirement for long-term maintenance of lost weight and correspond to increases of about 

80 min of daily moderate activity or 35 min of daily vigorous activity compared to baseline 

(34). While these estimates provided by the doubly labeled water method provide an 

accurate and objective measure of overall PA expenditure, they do not specify the PA 

patterns, intensities, or durations that can be obtained with other methods such as 

accelerometry.

In conclusion, The Biggest Loser participants who were most successful maintaining lost 

weight had the greatest increase in physical activity after six years. Our results support 

previous recommendations that large persistent increases in physical activity may be 

required for long-term maintenance of lost weight.

Acknowledgments

We thank the Biggest Loser contestants for volunteering to participate in this study. Alison Baskin, Courtney 
Duckworth, and Brooks P. Leitner helped conduct the follow-up measurements. Darcy L. Johannsen, Robert 
Huizenga, Jennifer C. Rood, and Eric Ravussin assisted with the measurements during the competition.

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

JCK was previously a contestant on another season of The Biggest Loser as well as a medical consultant.

References

1. Loveman E, Frampton GK, Shepherd J, Picot J, Cooper K, Bryant J, et al. The clinical effectiveness 
and cost-effectiveness of long-term weight management schemes for adults: a systematic review. 
Health technology assessment (Winchester, England). 2011; 15:1–182.

2. Wing RR, Phelan S. Long-term weight loss maintenance. Am J Clin Nutr. 2005; 82:222S–225S. 
[PubMed: 16002825] 

Kerns et al. Page 7

Obesity (Silver Spring). Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. Wu T, Gao X, Chen M, van Dam RM. Long-term effectiveness of diet-plus-exercise interventions 
vs. diet-only interventions for weight loss: a meta-analysis. Obes Rev. 2009; 10:313–323. [PubMed: 
19175510] 

4. Fothergill E, Guo J, Howard L, Kerns JC, Knuth ND, Brychta R, et al. Persistent metabolic 
adaptation 6 years after "The Biggest Loser" competition. Obesity (Silver Spring). 2016; 24:1612–
1619. [PubMed: 27136388] 

5. 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; 97:2489–
2496. [PubMed: 22535969] 

6. Knuth ND, Johannsen DL, Tamboli RA, Marks-Shulman PA, Huizenga R, Chen KY, et al. 
Metabolic adaptation following massive weight loss is related to the degree of energy imbalance and 
changes in circulating leptin. Obesity (Silver Spring). 2014; 22:2563–2569. [PubMed: 25236175] 

7. Barnes AS, Kimbro RT. Descriptive study of educated African American women successful at 
weight-loss maintenance through lifestyle changes. Journal of general internal medicine. 2012; 
27:1272–1279. [PubMed: 22539067] 

8. Catenacci VA, Ogden LG, Stuht J, Phelan S, Wing RR, Hill JO, et al. Physical activity patterns in 
the National Weight Control Registry. Obesity (Silver Spring). 2008; 16:153–161. [PubMed: 
18223628] 

9. Jakicic JM, Marcus BH, Lang W, Janney C. Effect of exercise on 24-month weight loss maintenance 
in overweight women. Archives of internal medicine. 2008; 168:1550–1559. discussion 1559–1560. 
[PubMed: 18663167] 

10. Jeffery RW, Wing RR, Sherwood NE, Tate DF. Physical activity and weight loss: does prescribing 
higher physical activity goals improve outcome? Am J Clin Nutr. 2003; 78:684–689. [PubMed: 
14522725] 

11. Kayman S, Bruvold W, Stern JS. Maintenance and relapse after weight loss in women: behavioral 
aspects. Am J Clin Nutr. 1990; 52:800–807. [PubMed: 2239754] 

12. Klem ML, Wing RR, McGuire MT, Seagle HM, Hill JO. A descriptive study of individuals 
successful at long-term maintenance of substantial weight loss. Am J Clin Nutr. 1997; 66:239–246. 
[PubMed: 9250100] 

13. Kruger J, Blanck HM, Gillespie C. Dietary and physical activity behaviors among adults successful 
at weight loss maintenance. The international journal of behavioral nutrition and physical activity. 
2006; 3:17. [PubMed: 16854220] 

14. Kruger J, Blanck HM, Gillespie C. Dietary practices, dining out behavior, and physical activity 
correlates of weight loss maintenance. Preventing chronic disease. 2008; 5:A11. [PubMed: 
18082000] 

15. Look AHEAD Research Group. Eight-year weight losses with an intensive lifestyle intervention: 
the Look AHEAD study. Obesity (Silver Spring). 2014; 22:5–13. [PubMed: 24307184] 

16. Tate DF, Jeffery RW, Sherwood NE, Wing RR. Long-term weight losses associated with 
prescription of higher physical activity goals. Are higher levels of physical activity protective 
against weight regain? Am J Clin Nutr. 2007; 85:954–959. [PubMed: 17413092] 

17. Thomas JG, Bond DS, Phelan S, Hill JO, Wing RR. Weight-loss maintenance for 10 years in the 
National Weight Control Registry. American journal of preventive medicine. 2014; 46:17–23. 
[PubMed: 24355667] 

18. Calabro MA, Kim Y, Franke WD, Stewart JM, Welk GJ. Objective and subjective measurement of 
energy expenditure in older adults: a doubly labeled water study. Eur J Clin Nutr. 2015; 69:850–
855. [PubMed: 25351651] 

19. Lichtman SW, Pisarska K, Berman ER, Pestone M, Dowling H, Offenbacher E, et al. Discrepancy 
between self-reported and actual caloric intake and exercise in obese subjects. N Engl J Med. 
1992; 327:1893–1898. [PubMed: 1454084] 

20. Neilson HK, Robson PJ, Friedenreich CM, Csizmadi I. Estimating activity energy expenditure: 
how valid are physical activity questionnaires? Am J Clin Nutr. 2008; 87:279–291. [PubMed: 
18258615] 

Kerns et al. Page 8

Obesity (Silver Spring). Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



21. Racette SB, Schoeller DA, Kushner RF. Comparison of heart rate and physical activity recall with 
doubly labeled water in obese women. Med Sci Sports Exerc. 1995; 27:126–133. [PubMed: 
7898328] 

22. Walsh MC, Hunter GR, Sirikul B, Gower BA. Comparison of self-reported with objectively 
assessed energy expenditure in black and white women before and after weight loss. Am J Clin 
Nutr. 2004; 79:1013–1019. [PubMed: 15159231] 

23. Bonnefoy M, Normand S, Pachiaudi C, Lacour JR, Laville M, Kostka T. Simultaneous validation 
of ten physical activity questionnaires in older men: a doubly labeled water study. Journal of the 
American Geriatrics Society. 2001; 49:28–35. [PubMed: 11207839] 

24. Catenacci VA, Grunwald GK, Ingebrigtsen JP, Jakicic JM, McDermott MD, Phelan S, et al. 
Physical activity patterns using accelerometry in the National Weight Control Registry. Obesity 
(Silver Spring). 2011; 19:1163–1170. [PubMed: 21030947] 

25. Phelan S, Roberts M, Lang W, Wing RR. Empirical evaluation of physical activity 
recommendations for weight control in women. Med Sci Sports Exerc. 2007; 39:1832–1836. 
[PubMed: 17909412] 

26. Jakicic JM, Tate DF, Lang W, Davis KK, Polzien K, Neiberg RH, et al. Objective physical activity 
and weight loss in adults: the step-up randomized clinical trial. Obesity (Silver Spring). 2014; 
22:2284–2292. [PubMed: 25376395] 

27. Rothney MP, Brychta RJ, Schaefer EV, Chen KY, Skarulis MC. Body composition measured by 
dual-energy X-ray absorptiometry half-body scans in obese adults. Obesity (Silver Spring). 2009; 
17:1281–1286. [PubMed: 19584885] 

28. Hall KD, Bemis T, Brychta R, Chen KY, Courville A, Crayner EJ, et al. Calorie for Calorie, 
Dietary Fat Restriction Results in More Body Fat Loss than Carbohydrate Restriction in People 
with Obesity. Cell Metab. 2015; 22:427–436. [PubMed: 26278052] 

29. Racette SB, Schoeller DA, Luke AH, Shay K, Hnilicka J, Kushner RF. Relative dilution spaces of 
2H- and 18O-labeled water in humans. Am J Physiol. 1994; 267:E585–590. [PubMed: 7943308] 

30. Hall KD. Diet versus exercise in "the biggest loser" weight loss competition. Obesity (Silver 
Spring). 2013; 21:957–959. [PubMed: 23404767] 

31. Racette SB, Das SK, Bhapkar M, Hadley EC, Roberts SB, Ravussin E, et al. Approaches for 
quantifying energy intake and %calorie restriction during calorie restriction interventions in 
humans: the multicenter CALERIE study. Am J Physiol Endocrinol Metab. 2012; 302:E441–448. 
[PubMed: 22127229] 

32. Schoeller DA, Jefford G. Determinants of the energy costs of light activities: inferences for 
interpreting doubly labeled water data. Int J Obes (Lond). 2002; 26:97–101.

33. Del Corral P, Bryan DR, Garvey WT, Gower BA, Hunter GR. Dietary adherence during weight loss 
predicts weight regain. Obesity (Silver Spring). 2011; 19:1177–1181. [PubMed: 21164500] 

34. Schoeller DA, Shay K, Kushner RF. How much physical activity is needed to minimize weight 
gain in previously obese women? Am J Clin Nutr. 1997; 66:551–556. [PubMed: 9280172] 

35. de Jonge L, DeLany JP, Nguyen T, Howard J, Hadley EC, Redman LM, et al. Validation study of 
energy expenditure and intake during calorie restriction using doubly labeled water and changes in 
body composition. Am J Clin Nutr. 2007; 85:73–79. [PubMed: 17209180] 

Kerns et al. Page 9

Obesity (Silver Spring). Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



What is already known about this subject

• Lifestyle interventions to treat obesity often result in short-term weight loss, 

but long-term maintenance of lost weight is rare

• High levels of physical activity have been associated with improved long-term 

weight loss maintenance

What this study adds

• The doubly labeled method was used to objectively measure energy intake 

and physical activity beyond the first year of weight loss

• Long-term weight regain in Biggest Loser participants was significantly 

inversely correlated with changes in physical activity from baseline

• Percent changes in energy intake were not significantly related to weight loss 

or regain six years after the competition.
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Figure 1. 
Six years after the Biggest Loser competition, the median percent weight loss compared to 

the pre-competition baseline was 13%. The increase in physical activity from baseline to six 

years was significantly higher in the seven weight loss maintainers (160 ± 23%) compared to 

the seven weight regainers (34 ± 25 %; p = 0.0033), while the percent change in energy 

intake did not significantly differ between weight loss maintainers and regainers (−8.7 

± 5.6% vs −7.4± 2.7 %, respectively; p=0.83).
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Figure 2. 
Individual changes in absolute (A) energy intake, and (B) physical activity from pre-

competition baseline to six years after the Biggest Loser competition were both significantly 

correlated with weight loss six years after the competition.
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Figure 3. 
(A) Energy intake changes were not significantly correlated with weight regained in the six 

years after the Biggest Loser competition. (B) Physical activity changes were significantly 

inversely related to weight regained.
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Figure 4. 
Neither the weight lost at six weeks (A), nor 30 weeks (B) was significantly associated with 

physical activity changes from the pre-competition baseline. Changes in energy intake were 

significantly correlated with weight loss after both six weeks (C) and 30 weeks (D).

Kerns et al. Page 14

Obesity (Silver Spring). Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kerns et al. Page 15

Table 1

Anthropometric and energy expenditure variables (mean ±SE) in participants of the Biggest Loser weight loss 

competition.

Pre-
competition

Baseline

Week six of the
competition

Week 30 of the
competition

Six years after
the competition

N (F/M) 16 (9/7) 11(7/4) 16 (9/7) 14 (8/6)

Age (y) 33.2±2.7 36.0±3.2 33.8±2.7 41.3±2.8

Weight (kg) 149.2±9.5 129.9±10.6 91.6±5.7 131.6±12.1

BMI (kg/m2) 49.4±2.4 43.6±2.7 30.4±1.6 43.8±3.6

FM (kg) 73.5±5.3 59.1±5.8 26.4±3.5 61.4±8.0

REE (kcal/d) 2595±151 2209±145 2001±83 1903±125

TEE (kcal/d) 3827±220 4417±294 3066±150 3429±155

PA (kcal/kg/d) 5.8±0.5 16.8±1.8 10.3±1.2 10.1±1.1
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