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Abstract

 Objective—To test 3 proposed models for adaptive thermogenesis in compartments of energy 

expenditure following different degrees of weight loss. Specifically, 1.) There is no adaptive 

thermogenesis (constant relationship of energy expenditure (EE) to metabolic mass). 2.) There is a 

fixed degree of adaptive thermogenesis once fat stores are below a “threshold”. 3.) The degree of 

adaptive thermogenesis is proportional to weight loss.

 Methods—The relationship between weight loss and EE was examined in seventeen weight 

stable in-patient subjects with obesity studied at usual weight and again following a 10% and a 

20% weight loss.

 Results—Following initial weight loss (10%), resting (REE) and non-resting (NREE) EE were 

significantly below those predicted on the basis of the amount and composition of weight lost. 

Further reductions below predicted values of NREE but not REE occurred following an additional 

10% weight loss. Changes in body weight, composition, and/or energy stores were significantly 

correlated with changes in EE.

 Conclusion—All models are applicable to the decline in EE following weight loss. The 

disproportionate decline in REE is consistent with a threshold model (no change with further 

weight loss) while the disproportionate decline in NREE is largely reflective of the degree of 

weight loss.
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 Introduction

In adults, the constancy of body weight and composition over long periods of time (the 

average American gains 0.5–2kg/year or about 4000 kcal of stored energy)1–4, despite 

ingestion of ~900,000–1,000,000 kcal/year2, 3, suggests that there are compensatory changes 

in energy intake and/or output that favor weight (fat mass) homeostasis5. It has been 

proposed that declines in energy expenditure (EE) following weight loss are simply 
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proportional changes in body mass or composition (mechanical model); includes reductions 

in EE once a minimum threshold for fat mass is crossed (threshold model), or invoked 

continuously, with increasing strength, in proportion to the reduction in fat mass (spring-

loading model) (Figure 1)6, 7.

The mechanical model is similar to that originally proposed by Wirtshafter and Davis8 as a 

body weight “settling point” which is dictated primarily by the environment. This model was 

analogized by Speakman et al7 to a lake. If rain (energy input) is increased or decreased 

there will be a change in the depth of the water (energy stores) and in drainage velocity 

(energy output) in the same direction, resulting passively in a new equilibrium between 

intake, storage, and output without changing the relationship of these variables.

In the lipostatic threshold model, maintenance of energy stores below an individual’s 

minimum limit (determined by genetics, development, and possibly environmentally-

induced changes in the brain) provokes decreases in EE to below those attributable solely to 

changes in body mass or composition9–11. This model predicts that maximal adaptive 

thermogenesis will be invoked once energy stores are brought below this threshold5, 12.

In the spring-loading model, the relative strength of adaptive thermogenesis is proportional 

to the decline in energy stores in a manner that can be analogized to Hooke’s law13 which 

stipulates that the tension (T) on a spring is equal to the product of a constant (k) multiplied 

by the change in length of the spring (x). “T” in our body weight regulation experiments 

would be adaptive thermogenesis, “k” would vary between individuals but not be affected by 

the amount of weight lost, and “x” would be the amount of weight lost.

As shown in Figure 1, in the mechanical model, the relationship between EE and body 

composition is not affected by weight loss. In the threshold model, there is a new 

relationship between EE and body composition that is constant at all weights below the 

threshold. In the spring-loading model, the degree of adaptive thermogenesis is proportional 

to the decline in energy stores. Calculation of “residuals”, i.e changes in energy expenditure 

beyond those predicted solely on the basis of changes in body weight and composition 

following weight loss14 are a good means to test these models. The mechanical model 

predicts a zero residual at all degrees of weight loss since there is a constant relationship 

between EE and body composition. The threshold model predicts a significant residual once 

fat stores have fallen below a threshold but then no additional residual following further 

weight loss. Finally, the spring-loading model predicts that there is a significant negative 

residual that increases in proportion to the degree of weight loss.

We examined these models using data collected during in-patient studies of individuals who 

were obese and maintained on a controlled liquid formula diet at their usual weight, again at 

10% reduced body weight; and again at 20% below usual15. We found that no model fully 

accounts for the decline in 24 hour EE following weight loss, and that adaptive 

thermogenesis – which does occur – was differentially accounted for by combined elements 

of the several models depending upon the specific component of EE being examined.
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 Methods

 Subjects

Fourteen female and 3 male subjects with obesity (BMI>30.0 kg/m2) were studied at usual 

weight (Wtinitial), while maintaining a 10% weight loss (Wt−10%), and again while 

maintaining a 20% reduced body weight (Wt−20%). All subjects were healthy and at their 

maximal lifetime weight and had maintained this weight within a range of 2 kg for at least 

six months prior to enrollment. None were taking medications or eating special diets. These 

studies were IRB-approved and are consistent with guiding principles for research involving 

humans16. Written informed consent was obtained from all subjects 9 of whom have been 

described previously15. Screening and exclusion criteria have been described previously15.

 Study Design

Subjects were in-patients on a Clinical Research Center and fed a liquid formula (40 percent 

fat [corn oil], 45 percent carbohydrate [glucose polymer], and 15 percent protein [casein 

hydrolysate]) supplemented daily with 5.0 g of iodized NaCl, 1.9 g of potassium ions as 

potassium salt, and 2.5 g of calcium carbonate, bi-weekly with1 mg of folic acid, and t36 mg 

of ferrous iron every other day throughout the study. The formula caloric content was 1.36 

kcal/gm (bomb calorimetry) and 1.25 kcal/gm corrected for standard digestibility 

quotients17. Caloric intake was adjusted until weight stability, defined as mean weight 

variation of <10 gm/day over 14 days, was achieved15.

All subjects then underwent studies of body composition (Dual-energy X-ray 

Absorptiometry)18 and EE during an approximately 14 day. Twenty-four hour EE (TEE) 

defined as caloric intake required to maintain weight as described above, which correlates 

well (r2=0.88) with studies in the same subjects using the doubly labeled water method19. 

Resting EE (REE) and the thermic effect of feeding (TEF) were determined by indirect 

calorimetry with the use of a Beckman MMC Horizon Metabolic Cart (Beckman 

Instruments, Fullerton, Calif.). REE was measured in the post-absoprtive state at 8 AM. At 9 

AM subjects were given 60 percent of the 24-hour REE measured that morning. TEF was 

calculated as the area of the polygon whose base is the prefeeding value of REE and whose 

other vertexes are EE at 9 AM,11 AM, and 1 PM. Non-resting EE (NREE, energy expended 

above resting not related to diet-induced thermogenesis) was calculated as:

Once subjects had completed studies at Wtinitial, all were fed 800 kcal/day of the liquid 

formula diet (range 7–13 weeks) until they had lost approximately 10% of Wtinitial. Energy 

intake was then titrated to maintain weight stability at a reduced weight as described above. 

Once stabilized, subjects underwent the same studies at Wt−10% as they had at Wtinitial. 

Following completion of studies at Wt−10%, all 17 subjects were again fed 800 kcal/day 

(range 8–14 weeks) until they had lost an additional 10% of their initial body weight 

(Wt−20%). Caloric intake was then titrated to maintain them at this reduced body weight and 

studies were repeated as described above.
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 Calculations and Statistical Analyses

All data are expressed as mean (S.D.). TEE and REE are expressed as kcal and as kcal/kg of 

fat-free mass (FFM). NREE is expressed as kcal kcal/kg of body weight20. For calculation of 

energy stores, chemical energy content was assigned as 9.4 kcal/g wet weight of fat mass 

and 0.91kcal/g wet weight of fat-free mass excluding bone4.

Initial statistical analyses were conducted using a forward stepwise regression analysis 

containing (F to enter = 1.0, F to remove = 0, Tolerance = 0.0010) in which EE (TEE, REE, 

or NREE) was the dependent variable and weight, fat mass, and fat-free mass, were the 

independent variables. Analyses presented include only variables that were included in the 

stepwise regression. Similar stepwise regressions were then run to see if the fractional 

change in body weight was a significant covariate of the relationship between EE and body 

composition or mass. When there was a significant weight plateau effect, similar analyses 

were conducted comparing each plateau. Comparisons between plateau values were made by 

ANOVA with repeated measures.

Regression lines relating EE to body composition and body mass do not have zero intercepts 

(Table 2A) and thus ratios of energy to mass may be different following weight loss even if 

values remain on the same regression line14. To enable the increased sensitivity of paired 

testing, and account for the non-zero intercepts described above, regression equations at 

Wtinitial were used to predict EE at Wt−10% and Wt−20%. The observed-minus-predicted 

values (residuals) were then tested against the null hypothesis that they equaled zero to 

determine there were significant plateau effects on the relationship of EE to body mass or 

composition14. Residual values between Wt−10% and Wt−20% were compared by ANOVA 

with repeated measures to determine whether additional weight loss significantly altered the 

magnitude of the residual. Regression equations relating changes from baseline in weight, 

FFM, and FM to residual changes in EE across plateaus were also calculated to determine if 

the magnitude of the residual was correlated with the absolute change in body composition 

(as predicted by the spring-loading model).

To ascertain whether data analyses of the effects of 10% weight loss on EE and the 

correlations between changes in EE and body composition were similar in this relatively 

small group of subjects with obesity to a larger more somatotypically diverse population, 

similar analyses were performed on an additional 50 subjects (30 obese, 20 never-obese; 20 

males, 30 females) who were studied by us at Wtinitial and Wt−10% but not at 

Wt−20%
15, 21–23. To compare effects of weight maintenance of increased and decreased body 

weight, we also included similar analyses of 12 subjects studied at Wtinitial, during 

maintenance of a 10% weight gain (Wt+10%) at Wt−10%.

Following weight loss, the changes in EE predicted based on Wtinitial data are predicted by 

the mechanical model. The residual at Wt−10%, minus any additional residual at Wt−20%, are 

accounted for by the threshold model. Any additional residual at Wt−20% vs. Wt−10% reflects 

the spring-loading model.

All statistical tests were two-tailed and statistical significance was prospectively defined as 

pα<0.05.
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 Results

 Composition of Weight Loss of 10% and 20%

Changes in somatic energy stores were similar during both weight loss periods [Table 1, 

Mean (SD) % of weight loss as fat was 78.6 (22.7)% from Wtinitial to Wt−10% and 77.5 

(24.7) % from Wt−10% to Wt−20%].

 Regression Equations

At Wtinitial, and in analyses entering weight plateau as a covariate, TEE and REE were 

significantly correlated with both FFM and FM; therefore, both components of body 

composition were utilized in the calculation of residual values for TEE and REE following 

weight loss. NREE was significantly correlated with body weight and entry of FFM or FM 

into the regression did not improve the correlation. Therefore, calculations using NREE data 

included only body weight as a covariate (Table 2A).

 Weight Plateau Effects

Fractional body weight change was a significant covariate of all measures of EE over all 

study plateaus (Table 2A) but in regressions containing data only at Wt−10% and Wt−20% 

was only significant for TEE and NREE (Table 2B). Maintenance of a reduced body weight 

was associated with significant declines in both the intercept and the regression coefficient 

relating TEE and REE to FM but not FFM. Similarly, there was a significant negative 

residual for all measures of EE at both reduced weight plateaus compared to Wtinitial. 

Compared to Wt−10%, residuals at Wt−20% were significantly lower for TEE, nearly 

significantly lower for NREE, and essentially unchanged for REE. The relative contributions 

of REE and NREE to adaptive thermogenesis following 10% weight loss, and the magnitude 

of the additional decline in the NREE residual from Wt−10% to Wt−20%, are similar to those 

in an earlier report on 9 of these subjects studied at 10% and 20% below usual weight15. 

Apportioning these changes to initial weight loss (Wt−10% − Wtinitial) and subsequent weight 

loss (Wt−20% − Wt−10%), declines in TEE during initial weight loss reflect approximately 

equal net contributions of REE and NREE while declines during subsequent weight loss 

reflect about 70% NREE and 30% REE (Table 1).

Overall, there were significant correlations of TEE and NREE residuals with changes in 

body weight across all three study periods (Figure 2). Further analyses of changes in the 

three components of EE between weight plateaus found no significant correlations between 

changes in EE and changes in body composition or body weight, between Wtinitial and 

Wt−10%. However, changes in TEE and NREE, but not REE, were significantly correlated 

with changes in weight, energy stores and FM, but not FFM between Wt−10% and Wt−20% 

(Table 2B).

 Additional Data Analyses

It is not clear from this study whether the correlations between EE and body weight/

compensation noted above would be evident in a larger more diverse population and whether 

they would be evident following weight gain. We conducted similar analyses from our 

previous data sets15 of a separate group of 50 subjects (20 male, 30 female; 20 never-obese, 
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30 obese) who were studied at Wtinitial and Wt−10% and 12 subjects (8 obese, 4 never-obese; 

7 female, 5 male) who were studied before and after a 10% weight gain (Wt+10%) 

accomplished by overfeeding with solid food (5000–7000 kcal/day) and again at Wt−10% 

following weight reduction on 800 kcal/day of the liquid formula diet using a similar study 

design (schematized in Figure 3). As shown in Table 3, EE normalized to FFM or weight, 

and EE residuals following weight loss, were not significantly different from the 17 subjects 

described in Table 1.

Similar weight loss effects to the present study were noted in the larger weight-reduced 

group where changes in body weight, as well as body composition and energy stores, were 

correlated with changes in TEE and NREE. For both TEE and NREE, the correlation with 

body weight (representing ~ 23% of the variance in changes in TEE, and 10% of the 

variance in changes in NREE) was greater than that for FM, FFM, or energy stores. As 

shown in Table 3, there was significant adaptive thermogenesis following weight gain and 

weight loss in this population but, unlike weight loss, maintenance of an elevated body 

weight was not associated with any change in the slope function relating TEE to fat mass 

though there was a significant effect of both weight gain and weight loss on the y-intercept 

of the regression.

 Discussion

Here we compare aspects of EE in seventeen subjects with obesity each studied at usual 

weight and following a 10% and 20% dietary weight loss. Diet macronutrient composition 

and physical activity were “clamped” throughout the study15. The major findings of these 

analyses are: 1.) There is a relationship between the amount of weight loss and the decline in 

TEE and REE adjusted for body composition, and NREE adjusted for body mass, during 

maintenance of that reduced weight. However, the declines in adjusted REE and NREE in 

response to the Wt−10% weight loss are greater than those following an additional 10% 

weight loss to Wt−20%; 2.) The contribution of FM but not FFM, to TEE and REE is 

similarly diminished following weight loss to Wt−10% or Wt−20% 3.) These findings most 

consistent with a multi-mechanism (mechanical, threshold, and spring-loading) model for 

metabolic responses to weight loss.

The mechanical model predicts that the slope and intercept of the line relating EE to body 

composition is constant at all weights and that there is no adaptive thermogenesis (zero 

residual). This model is supported by the significant correlation of the amount of weight lost 

and the decline in EE, but cannot account for the adaptive thermogenesis at Wt−10% and 

Wt−20%. In actuality, at both reduced weight plateaus there are quantitatively identical 

significant decreases in both the intercept and the regression coefficient for FM in equations 

relating REE and TEE, but not NREE, to body composition and weight which are most 

consistent with a threshold model in which the importance of adipose tissue in determining 

EE is maximal at ~Wt−10% and is equally diminished anywhere below a threshold. The 

threshold model is clearly applicable to REE, which declines disproportionately after the 

initial 10% weight loss without further disproportionate decline following weight loss to 

Wt−20%, but does not account for the additional decline in NREE following weight reduction 

from Wt−10% to Wt−20%. The spring loading model is consistent with the similar declines in 
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NREE for each 10% of weight loss. Unlike REE, residuals of NREE, and as a result, TEE 

are significantly correlated with the degree of weight loss (Figure 2). These data suggest that 

all 3 models are relevant, but encompass different components of EE.

The contribution of FM to TEE (as reflected in the slope function of regression equations 

relating TEE to body composition) is not affected by weight gain, is significantly diminished 

following a10% weight loss, and is not further diminished by an additional 10% weight loss 

(Tables 2 and 3). These observations suggest that a “signal” from adipose tissue regulates EE 

asymmetrically with more potent effects to decrease EE after weight loss than to increase EE 

after weight gain. We have hypothesized that the “signal” is the adipocyte-derived hormone 

leptin24 based on its known pharmacology25. Teleologically, this early maximal response to 

reduction in fat mass preserves a “buffer” of energy stores critical to survival and 

reproductive5, 12, 26 as opposed to other metabolic signals, such as hypoglycemia, for which 

there is often a relatively narrow difference (<10 mg/dl) between the induction of counter-

regulatory hormones and attainment of symptomatically critical low values5, 27–30. Leptin 

repletion during reduced weight maintenance reverses approximately 2/3 of the decline in 

TEE and NREE and increase in skeletal muscle work efficiency, and also partially reverses 

the increased expression of the more efficient myosin heavy chain 1 isoform but not the 

sarcoplasmic endoplasmic reticulum Ca++-dependent ATPase isoform in skeletal 

muscle22, 23, 31. Similarly, leptin repletion restores sympathetic nervous system (SNS), 

triiodothyronine, thyroxine, but not parasympathetic nervous system (PNS) tone or thyroid 

stimulating hormone to pre-weight loss levels32. The incomplete reversal of the weight-

reduced phenotype following leptin repletion suggests that there are non-leptin dependent 

mechanisms producing adaptive thermogenesis following weight loss.

An alternative explanation for the additional adaptive thermogenesis noted after weight loss 

to Wt-20% is that some of the subjects did not descend below their “threshold weight” by 

virtue of the initial 10% weight loss. If this were true, then there should be a negative 

correlation of residuals between Wtinitial and Wt−10% vs. Wt−10% and Wt−20% since subjects 

who remained above threshold during the first weight loss period (smallest negative residual 

at Wt−10%) would have the largest negative residual below threshold at Wt−20%. As shown in 

Figure 4, the opposite is true. The correlation of residual EE after the first and second 10% 

of weight loss is most consistent with the spring loading model. As shown in Figure 5, it is 

only by invoking the 3 mechanisms of response that the changes in EE following increasing 

degrees of weight loss can be fully accounted for and the relative contribution of each 

mechanism to the decline in EE following weight loss (both adaptive and non-adaptive) is 

influenced by the degree of weight reduction. The diminished relative contribution of REE 

to adaptive thermogenesis with progressive weight reduction may account, in part, for the 

wide variation in reported REE-mediated adaptive thermogenesis following different degrees 

of weight reduction15, 33, 34.

Figure 4 also illustrates the substantial inter-individual variability in the degree of adaptive 

thermogenesis following weight loss. The significant within-individual correlation and 

between-individual variance in the degree of adaptive thermogenesis at different degrees of 

weight loss suggests that adaptive thermogenic responses to weight loss are individualized 

traits. These findings are consistent with Bouchard’s work documenting the substantial 
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variation in metabolic responses to weight perturbation between fraternal twins versus 

identical twins35–37.

The highly controlled nature of this study was necessary to permit detailed assessment of 

energy expenditure without such confounding influences as lack of weight stability, 

adiposity-related co-morbidities, variations in dietary macronutrient content, and variations 

in physical activity. However, the applicability of these results to an environment outside of a 

Clinical Research Resource will require further investigation. This is also a small study 

population of predominantly women who lost 20% of their initial body weight. It is possible 

that a larger study population would reveal significant gender effects and that the models 

proposed might not be applicable in individuals maintaining a greater than 20% weight loss.

Adaptive thermogenesis is demonstrable following both short-term and long-term weight 

reduction9–11 and weight-reduced patients will have to eat less and/or exercise more than 

their never-obese peers of the same weight and body composition if they wish to sustain 

weight loss. This inference is consistent with observations of in-patients who have sustained 

weight loss which have demonstrated persistence of adaptive thermogenesis10 as well as 

endocrine changes (such as decreased thyroid hormones and alterations in circulating 

concentrations of various gut peptides) all of which favor weight regain38 and by out-patient 

studies via the National Weight Control Registry39, 40. Furthermore, the observation that the 

strength of adaptive thermogenesis increases with additional weight loss implies that the 

dichotomy between weight-reduced individuals and those of similar body composition but 

who have never lost weight will increase as more weight is lost, requiring further decreases 

in energy intake and/or increases in physical activity.
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What is known about this subject?

• There is strong evidence that body weight is biologically regulated in 

individuals who are obese and never-obese.

• Energy expenditure declines following weight loss to a greater degree 

than predicted solely on the basis of the amount of weight lost.

• Mechanical, threshold, and spring-loading models for body weight 

regulation have been proposed each of which predicts different changes 

in energy expenditure following weight loss.

What does this study add?

• This study examines different models for energy homeostasis in the 

context of different components of energy expenditure.

• This study indicates that different components of energy expenditure 

are differentially regulated in concordance with various models of body 

weight regulation.
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Figure 1. 
Models of changes in EE during maintenance of a reduced body weight.

A. Mechanical (solid line): In a mechanical model the reduction in EE following weight loss 

is directly proportional to the loss of energy stores (predominantly fat).

B. Threshold (dashed line: In a threshold model, reduction of body energy stores below a 

threshold induces adaptive thermogenesis resulting in a decline in EE but there is no further 

increase in adaptive thermogenesis following more weight loss below the threshold.
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C. Spring loading (dotted line): In the stretching model the degree of adaptive thermogenesis 

is directly proportional to the amount of weight reduction being maintained.
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Figure 2. 
Relationship between adaptive thermogenesis (residuals of TEE, REE, and NREE) and 

changes in body weight from Wtinitial in subjects at Wt−10% and Wt−20%. The regression 

equations are:
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Figure 3. 
Schematic of study protocols and time range for each protocol phase for 17 subjects with 

obesity studied at Wtinitial, Wt−10%, and Wt−20% (Figure 3A), 50 subjects (20 never-obese, 

30 obese) studied only at Wtinitial and Wt−10% (Figure 3B), and 12 subjects (8 never-obese, 

4 obese) studied at Wtinitial,Wt+10%, and Wt−10% (Figure 3C). There was no subject overlap 

between groups and subject characteristics are presented in Table 3. All subjects underwent 

the same protocols during each period of weight stability. Analyses of these additional data 

were performed to examine the effects of population size and diversity and weight gain 
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versus loss on the relationship of changes in EE to changes in body mass and composition. 

*Weight gain was accomplished by overfeeding subjects solid food with a daily intake of 

5000–7000 kcal/day until they had gained 10% of Wtinitial at which time they were 

stabilized on the liquid formula diet15. † Weight loss was accomplished by underfeeding 

subjects 800 kcal/day of the liquid formula diet. Subjects with obesity suspended weight loss 

for 6–8 weeks when they had returned to their initial weight and were studied at that weight 

before reducing to Wt−10%
15.
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Figure 4. 
Relationship of adaptive thermogenesis (residuals of 24 hour EE (TEE)) at Wt−10% and 

Wt−20% in 17 subjects. The regression equation is:
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Figure 5. 
A. Partitioning of absolute changes (4A) and percentage of the total decline (4B) in EE 

during the 1st 10% weight loss (Wt−10%−Wtinitial) and 2nd 10% weight loss 
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(Wt−20%−Wt−10%) plateaus attributable to each model. The mechanical effect is the mean 

number of calories predicted based on the regression equation relating EE to body 

composition (TEE and REE) or weight (NREE) at Wtinitial applied to both weight-reduced 

states. The threshold effect is whatever residual decline in EE occurs following the first 10% 

of weight loss but, by definition, does not increase once subjects have lost weight to a point 

below that threshold and cannot be attributed to the spring effect. The spring effect is 

whatever additional decline in EE residuals occurs between 10% and 20% weight loss (since 

the threshold model would predict no further decline in residuals after the first 10% weight 

reduction. As shown in Table 1, there is substantial inter-individual variation in these data.
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Table 1

Mean (S.D.) description of subjects and EE at each weight plateau. EE is compartmentalized into Twenty-four 

Hour EE (TEE), Resting EE (REE), the Thermic Effect of Feeding (TEF), and non-Resting EE (NREE).

Wtinitial Wt−10% Wt−20%

Age (years) 28.4 (8.8)

Gender 3 Males, 14 Females

Weight (kg) 126.9 (32.5) 113.5 (29.4)* 100.1 (26.5)

Body Mass Index (BMI,kg/m2) 44.6 (11.2) 39.5 (10.2)* 34.4 (8.7)

Fat-free Mass (FFM, kg) 63.4 (18.3) 61.2 (16.5)* 57.8 (16.0)

Fat Mass (FM, kg) 63.4 (21.2) 52.3 (17.9)* 42.3 (16.0)

% Body Fat 49.3 (9.3) 45.3 (8.8)* 41.4 (9.8)

FFM compared to Wtinitial (kg) −2.3 (4.6) −5.6 (6.0)

FM compared to Wtinitial (kg) −11.1 (4.2) −21.2 (6.7)

Change in Energy Stores compared to Wtinitial (kcal) −106,773 (37,258) −210,986 (73,635)

TEE (kcal/day) 3151 (724) 2575 (600)* 2232 (575)

TEE/FFM (kcal/kg/day) 50.6 (7.6) 42.2 (5.7)†‡ 39.0 (5.1)

REE (kcal/day) 1904 (429) 1630 (438)* 1522 (370)

REE/ FFM (kcal/kg/day) 30.5 (3.7) 26.9 (3.6)† 26.8 (4.0)

TEF (kcal/day) 114 (74) 74 (47) 82 (39)

NREE (kcal/day) 1133 (364) 871 (330)* 618 (341)

NREE/body weight (kcal/kg/day) 9.0 (2.0) 7.5 (2.6)†# 6.1 (3.0)

*
P<0.001 vs., Wtinitial and Wt−20%;

†
P<0.001 vs. Wtinitial;

‡
P<0.005 vs. Wt−20%;

#
p<0.05 vs. Wt−20%.
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Table 3A

Description of subjects and EE in a discrete group of 50 subjects studied at Wtinitial and Wt−10%. Twenty-four 

Hour EE (TEE) is divided into 3 components: Resting EE (REE), the Thermic Effect of Feeding (TEF), and 

non-Resting EE (NREE). Data are mean (S.D.).

Wtinitial Wt−10%

Age (yrs) 29.3 (7.9)

Gender 20 males, 30 females

Somatotype 20 never-obese, 30 obese

Weight (kg) 99.2 (34.2) 87.3 (29.9)*

BMI (kg/m2) 35.4 (12.2) 31.0 (10.7)*

Fat-free Mass (kg) 63.4 (18.3) 61.2 (16.5)*

Fat Mass (kg) 57.1 (13.4)# 42.1 (25.9)*#

% Body Fat 39.2 (14.3)# 33.7 (15.4)*#

Delta Energy Stores (kcal) −97393 (48497)†

TEE (kcal/day) 2913 (569) 2301 (492)*

TEE/FFM (kcal/kg/day) 51.8 (7.0) 42.7 (7.3)8*

TEE Residual (kcal/day) −434 (239)†

REE (kcal/day) 1708 (397) 1572 (429)*

REE/ FFM (kcal/kg/day) 30.3 (4.5) 28.8 (4.9)†

REE Residual (kcal/day) −85 (280)‡

TEF (kcal/day) 84 (45) 59 (51)

NREE (kcal/day) 1120 (381) 670 (352)*

NREE/ body weight (kcal/kg/day) 11.7 (3.0) 8.0 (3.39)†

NREE Residual (kcal/day) −365 (338)†

*
P<0.001 vs., Wtinitial;

†
P<0.001 vs. zero,

‡
P<0.05 vs. zero.
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Table 3B

Data from 12 subjects studied at usual weight (Wtinitial), during maintenance of a 10% weight gain (Wt+10%) 

and during maintenance of a 10% weight loss (Wt−10%).

Wtinitial Wt+10% Wt-10%

Gender/Somatotype 5 males, 7 females; 8 obese, 4 never-obese

Weight (kg) 112.3 (32.6) 123.0 (34.6)* 99.9 (29.1)*

Fat-free Mass (kg) 61.2 (8.7) 65.3 (18.9)* 59.6 (8.7)†

Fat Mass (kg) 51.1 (30.1) 57.8 (31.5)* 40.3 (25.0)*

TEE (kcal/day) 3009 (629) 3844 (717)* 2463 (545)*

TEE/FFM (kcal/kg/day) 49.0 (7.3) 58.89 (7.6)* 41.1 (5.0)*

TEE Residual (kcal/day) 579 (472)‡ -367 (252)‡

Regression Equation Relating
TEE to body composition

46.6(FFM) + 9.8(FM) −342
Adjusted R2=0.67, p=0.003
RFFM=0.64, p=0.005
RFM=0.47, p=0.025

51.2(FFM) + 9.7(FM) −96
Adjusted R2=0.71, p=0.002
RFFM=0.63, p=0.004
RFM=0.40, p=0.035

46.4(FFM) + 6.8(FM) −576
Adjusted R2=0.76, p<0.001
RFFM=0.70, p=0.002
RFM=0.29, p=0.076

*
P<0.005 vs. Wtinitial;

†
P<0.05 vs. Wtinitial;

‡
P<0.005 vs. zero
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