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• As you lose weight, your body tries to resist change by decreasing your energy expenditure and 
increasing your appetite

– Resting metabolic rate (RMR, also known as resting energy expenditure or REE) decreases to 
a greater extent than you would expect based on the weight loss alone

– Physical activity energy expenditure and non-exercise activity thermogenesis (NEAT) also 
decrease to a greater extent than you would expect based on the weight loss alone

• This decrease in energy expenditure in response to weight loss is known as adaptive 
thermogenesis

Background

https://weightology.net/why-is-it-so-easy-to-regain-weight/
https://weightology.net/why-is-it-so-easy-to-regain-weight/


• Adaptive thermogenesis can reduce the 
efficiency of weight loss

– You lose less fat per unit of initial energy 
deficit

• Example:  You’ve calculated your deficit as 500 
calories per day, but as time goes on, it ends up 
only being 300 calories per day, and you don’t 
lose as much fat as you would expect

Background

https://www.ncbi.nlm.nih.gov/pubmed/22825659


The Research Question

• Some research has suggested that 
adaptive thermogenesis continues 
even after you return to energy 
balance, but other research suggests 
7-14 days of energy balance can 
reverse adaptive thermogenesis

– Caveat:  The latter studies are not 
as well controlled!

• Could taking diet breaks minimize 
adaptive thermogenesis and 
improve fat loss efficiency?

https://weightology.net/why-is-it-so-easy-to-regain-weight/
https://www.ncbi.nlm.nih.gov/pubmed/12791611


• Minimizing Adaptive Thermogenesis and Deactivating Obesity Rebound (MATADOR)

• 51 obese male subjects, aged 25-54 years

– Randomly assigned to continuous or intermittent calorie restriction

• Three phases

– 4 week baseline phase

• 47 men completed this phase

– Diet phase

• 16 weeks continuous (continuous group) OR

• Eight 2-week blocks of calorie restriction alternated with seven 2-week 
blocks of energy balance (30 total weeks)

• 41 men completed this phase

– 8 week energy balance phase

• 36 men completed this phase

• Follow-up after 6 months of free living

The MATADOR Study



The MATADOR Study Timeline
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Continuous Calorie Restriction
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Intermittent Calorie Restriction

Each bar represents 
2 weeks



• The famous Minnesota semi-starvation 
experiment found reductions in REE 
occurred in 2 phases
– Rapid early phase (~2 weeks)

• Acute changes in energy balance cause changes in 
processes that regulate cell metabolism

– Later phase

• Loss of body tissue causes reduction in REE

Why 2 Week Blocks?



• Researchers multiplied REE by an activity factor

– Activity factor was based on self-reported leisure-time and 
work-time physical activity

• Subjects weighed themselves daily on a home electronic scale

– If subjects gained or lost weight consistently over 3 days, 
calorie intake was adjusted to try to maintain weight stability

• This is a “rough” way to determine energy balance

– More precise methods would be measurement of daily 
energy expenditure with doubly labeled water, or housing 
people in a metabolic ward and titrating liquid formula diets 
to achieve weight stability

How They Determined Calories for Energy Balance 
(i.e., Calories to Maintain Weight) for the Baseline 

Phase



• Calories were set at 67% of weight 
maintenance requirements during 
the diet phase

• Calorie intake was adjusted every 4 
weeks of the diet to account for 
reductions in measured REE

• During 2-week energy balance 
phases in the intermittent group, 
subjects were provided with 100% of 
weight maintenance requirements

Diets

Continuous 
Group 
Energy 
Deficit (kcal)

Intermittent 
Group 
Energy 
Deficit (kcal)

Weeks 1-4 -991 -959

Weeks 5-8 -956 -929

Weeks 9-12 -933 -907

Weeks 13-16 -911 -895



• Subjects were provided with all main 
meals and morning/afternoon snacks for 
the duration of the study

–Base diet supplied majority of subject calorie 
requirements

• Remaining diet came from additional 
discretionary items, chosen by the subjects in 
consultation with one of the researchers

Diets



• Macronutrient distribution

–15-20% protein

–50-60% carbohydrate

–25-30% fat

• Subjects completed daily food diaries for entire 
study

–Data was not analyzed for dietary adherence

Diets



• Body weight

• Body composition (Bod Pod)

• Resting Energy Expenditure (REE)

Measurements



Measurements
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Intermittent Calorie Restriction

Red arrows show where 
measurements were 
taken

Measurements also 
taken at 6 month follow-
up

Measurements 
taken after every 
4 weeks of dieting



• Cumulative weight loss was significantly greater in the intermittent group compared 
to the continuous group
– -14.1 kg in intermittent versus -9.2 kg in continuous group

Results:  Body Weight



• Cumulative weight loss was significantly greater in the intermittent group compared to the continuous group whether you looked 
at people who completed the study, or included people who did not complete the study (an intent-to-treat or ITT analysis)

– In an ITT analysis, you carry the last measurement forward to all other measurements (e.g., if someone completes baseline 
but doesn’t complete the diet, the last baseline measurement is used for all of the measurements made during the diet 
period)

Results:  Body Weight

Continuous Intermittent Difference

All subjects (even ones 
who were randomized 
at the beginning but 
didn’t complete 
baseline)

-7.4 kg

25 subjects

-10.9 kg

26 subjects

3.5 kg

Completed baseline -8.1 kg
23 subjects

-11.9 kg
24 subjects

3.8 kg

Completed all 16 weeks 
of diet

-9.2 kg
19 subjects

-14.1 kg
17 subjects

4.8 kg

Completed all 16 weeks 
of diet and 6-month 
follow-up

-7.7 kg
13 subjects

-13.9 kg
15 subjects

6.2 kg



• This charts shows the weight change during each 2-week block in the intermittent 
group.  ER = energy restriction and EB = energy balance

Results:  Body Weight



• This charts shows weight loss over time for people who completed the entire study 
(including 6-month follow-up period).
– Weight regain was 3.5 kg in INT and 5.9 kg in CON, which was not significantly different (P = 0.24)

– Body weight was still significantly lower in the intermittent group after 6 months (-11.1 kg in INT vs -3.0 
kg in CON).

Results:  Body Weight



• Cumulative weight loss was significantly greater in the intermittent group compared to the 
continuous group when you looked at completers.

– In the ITT analysis which included non-completers, the difference was close to, but no 
statistically significant

Results:  Fat Mass

Continuous Intermittent Difference

All subjects (even ones 
who were randomized 
at the beginning but 
didn’t complete 
baseline)

-6.5 kg -9.2 kg 2.7 kg

P = 0.09

Completed baseline -7.0 kg -10.0 kg 2.9 kg
P = 0.06

Completed all 16 weeks 
of diet

-8.0 kg -12.3 kg 4.3 kg
P = 0.009*

Completed all 16 weeks 
of diet and 6-month 
follow-up

-6.6 kg -12.3 kg 5.7 kg
P = 0.001*



Results:  Fat Mass



• There were no significant differences in cumulative fat-free mass changes 
between groups.

Results:  Fat-Free Mass

Continuous Intermittent Difference

All subjects (even ones 
who were randomized 
at the beginning but 
didn’t complete 
baseline)

-1.0 kg -1.7 kg 0.7 kg

P = 0.21

Completed baseline -1.1 kg -1.9 kg 0.8 kg
P = 0.2

Completed all 16 weeks 
of diet

-1.2 kg -1.8 kg 0.6 kg
P = 0.42

Completed all 16 weeks 
of diet and 6-month 
follow-up

-1.1 kg -1.6 kg 0.5 kg
P = 0.49



• This charts shows fat mass (FM) and fat-free mass (FFM) over time for people who 
completed the entire study (including 6-month follow-up period).  Fat mass was still 
significantly lower in the intermittent group after 6 months.

Results:  Body Composition in People 
Who Completed Entire Study 



• There were no significant differences in the drop in absolute REE between groups 
(kcal/d = calories per day).

Results:  Resting Energy Expenditure

Continuous Intermittent Difference

All subjects (even ones 
who were randomized 
at the beginning but 
didn’t complete 
baseline)

-119 kcal/d -85 kcal/d 34 kcal/d

P = 0.41

Completed baseline -129 kcal/d -92 kcal/d 37 kcal/d
P = 0.4

Completed all 16 weeks 
of diet

-149 kcal/d -120 kcal/d 29 kcal/d
P = 0.48

Completed all 16 weeks 
of diet and 6-month 
follow-up

-131 kcal/d -108 kcal/d 23 kcal/d
P = 0.65



• REE decreased significantly more in the continuous group after correction for fat mass 
and fat-free mass, indicating more of a decrease in resting energy metabolism per 
kilogram of tissue.

Results:  Resting Energy Expenditure, 
Corrected for FM & FFM

Continuous Intermittent Difference

All subjects (even ones 
who were randomized 
at the beginning but 
didn’t complete 
baseline)

-145 kcal/d -60 kcal/d 85 kcal/d

P = 0.01*

Completed baseline -160 kcal/d -63 kcal/d 97 kcal/d
P = 0.01*

Completed all 16 weeks 
of diet

-179 kcal/d -86 kcal/d 93 kcal/d
P = 0.03*

Completed all 16 weeks 
of diet and 6-month 
follow-up

-184 kcal/d -61 kcal/d 123 kcal/d
P = 0.02*



• The initial decrease in absolute REE (after only 4 weeks) was greater in the intermittent group, but both groups 
were similar by the end of the 16 weeks of dieting.

• When corrected for fat-free mass and fat mass, the initial 4-week decrease in REE tended to be greater 
(although not statistically significant) in the intermittent group, but at week 16 of dieting, the decrease was 
significantly greater in the continuous group.
– REE is very sensitive to changes in energy balance, and the initial greater drop, along with slightly greater initial weight loss, in the intermittent 

group suggests the energy deficit was larger in this group to start off with.

– It seems unlikely that the initial larger energy deficit is due to reductions in adaptive thermogenesis.  It could be due to better adherence in the 
intermittent group, which, in turn, may have increased their motivation, buy-in, and ultimately adherence for the remainder of the study

Results:  Resting Energy Expenditure

Absolute REE REE Corrected for Body Composition



• The drop in REE was similar to what you would predict in the intermittent group, but was greater than what 
you would predict in the continuous group at the end of the 16 weeks.

• However, the drop in the intermittent group was greater than you would predict after the first 4 weeks.

• As with the previous slide, this data suggests a greater energy deficit within the first 4 weeks of the study in 
the intermittent group
– While this could be due to attenuation of adaptive thermogenesis, we can’t say for sure because the biggest component of adaptive thermogenesis 

(spontaneous physical activity or NEAT) was not measured in this study.  This again could be due to greater dietary compliance in the intermittent 
group, which, in turn, would lead to greater initial weight loss and ultimately greater long-term success due to increased motivation and buy-in.

– There also may have been greater dietary compliance in the intermittent group because they know they only have to diet for 2 weeks before taking 
a break

Results:  Resting Energy Expenditure



• Intermittent dieting (2 weeks of dieting, 
interspersed with 2 weeks of maintenance) 
resulted in approximately 50% greater weight 
and fat loss than continuous dieting, even 
though the total number of weeks in an energy 
deficit were the same (16 weeks)

– While the authors attribute the results to a 
reduction in adaptive thermogenesis, certain details 
and limitations suggest that adaptive thermogenesis 
may not have been the mechanism

Summary of Findings



• Relative change in REE did not favor the intermittent group until the final 4 
weeks of the study

– This is insufficient to explain approximately 50% greater fat loss

– Relative change in REE actually favored continuous group early in the 
study, even though weight loss & fat loss favored the intermittent group 
early

Why Changes in Adaptive Thermogenesis 
are Not a Good Explanation for Results

Absolute REE REE Corrected for Body Composition



• An approximate 100 calorie difference in 
adjusted REE in the final 4 weeks is insufficient 
to explain 3-5 kg greater weight loss

– According to Kevin Hall’s models, a 100 calorie 
difference would only account for 0.6 kg additional 
weight loss over 4 weeks

– Even if extrapolated over 16 weeks (which did not 
happen in this study), it would only account for 1.7 
additional kg over that period

Why Changes in Adaptive Thermogenesis 
are Not a Good Explanation for Results

https://www.supertracker.usda.gov/bwp/index.html


• The primary component of changes in adaptive thermogenesis comes from decreases in 
spontaneous physical activity, or NEAT (non-exercise activity thermogenesis), not REE

– NEAT was not measured in this study, either with doubly labeled water or accelerometers

– REE is not predictive of weight loss success

Why Changes in Adaptive Thermogenesis 
are Not a Good Explanation for Results

https://weightology.net/why-is-it-so-easy-to-regain-weight/
https://weightology.net/the-members-area/the-rapid-research-rundown/rapid-research-rundown-2-16-2017-low-carb-vs-high-carb-detraining-protein-supplementation-and-metabolism-weight-loss/


• When precise weight stability (less than 10 gram fluctuation over 2 weeks!!!!) is achieved in 
metabolic ward conditions using liquid formula diets after weight loss, adaptive thermogenesis 
has been found to persist
– This questions whether extended periods of energy balance can truly restore energy expenditure to what it “should” be 

and attenuate adaptive thermogenesis 

Why Changes in Adaptive Thermogenesis 
are Not a Good Explanation for Results

https://www.ncbi.nlm.nih.gov/pubmed/18842775


• The intermittent group showed a weight loss advantage very early in the 
study, before you would expect adaptive thermogenesis to start to really 
impact weight loss outcomes

– In fact, there was a distinct weight loss advantage in the intermittent 
group in the first 8 weeks, and no signs of adaptive thermogenesis at that 
point

Why Changes in Adaptive Thermogenesis 
are Not a Good Explanation for Results



• While all food was provided for the subjects, the researchers did not track adherence to the provided diets

– They did not check to see if dietary logs matched provided food

– Subjects did not return uneaten food

– The study was “very demanding for participants” according to the researchers, with some attrition, 
meaning sticking with the diets was difficult

– 16 weeks is a long time for subjects to consume only food provided to them by researchers

• Adherence may be better in the intermittent group since they know they only have to diet for 2 
weeks at a time

– Better adherence in this group would explain the more rapid initial weight loss

– More rapid initial weight loss may increase long-term motivation, leading to better long-term 
adherence

– Weight loss in the intermittent group closely matched expected weight loss for the 
prescribed energy deficit

– There may be physiological benefits to intermittent restriction in terms of satiety

• Hunger levels may have been higher in the continuous group, leading to dietary non-compliance

– The researchers did not track hunger or satiety

– Weight loss in the continuous group was lower than expected weight loss for the prescribed 
energy deficit

Why Differences in Adherence May Be A 
Better Explanation for Results



• There was no weight or fat loss advantage when 15 weeks of dieting was compared to 5 week 
dieting/energy balance intervals

– Limitation:  Food was not provided to subjects

• There was no weight or fat loss advantage between continuous dieting and alternating diet/usual 
diet every week for 8 weeks

– Results tended to favor continuous dieting, however

– Limitation:  Food was not provided to subjects

– Limitation:  Energy deficit not matched between groups

• No differences in weight or fat loss between continuous restriction (25%) or restricting two days 
per week (75%) and consuming maintenance the rest of the week

– Limitation:  Food was not provided to subjects

• No differences in weight or fat loss between continuous restriction (33%) or a VLCD (3 days of 
partial fasting per week, and ad libitum the rest of the week)

– No differences in appetite ratings

– REE decreased, and exercise efficiency increased (burning less calories for same movement) 
increased in the intermittent group only, in contrast with the current study

– Limitation:  Food was not provided to the subjects

Findings in Other Studies

https://www.ncbi.nlm.nih.gov/pubmed/22735163
https://www.ncbi.nlm.nih.gov/pubmed/25826770
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3017674/
https://www.ncbi.nlm.nih.gov/pubmed/28446382


• No assessment of dietary adherence

• No evaluation of REE during energy balance blocks in the intermittent group

• No evaluation of NEAT or total daily energy expenditure

• What are the impacts on women?

• What would results be when combined with resistance training/exercise?

• What is the impact of other ratios (3 weeks on, 3 weeks off; 2 weeks on, 1 week off;
etc.)?

• How would intermittent calorie restriction compare to more moderate daily 
restriction?

– Energy deficit was nearly 1000 calories per day, which is very large

• Adherence to this deficit for 16 straight weeks (rather than 2 weeks at a time) 
may have been too difficult, explaining inferior results

• Perhaps results would be different if a more modest deficit was used in the 
continuous group

Other Limitations



• Alternating 2 weeks of 33% calorie restriction with 2 weeks of maintenance 
resulted in superior fat loss to continuous restriction for 16 straight weeks

– Attenuation of adaptive thermogenesis is likely NOT the mechanism, 
although there is insufficient data to say for certain

– The more probable mechanism is superior dietary adherence, as a nearly 
1000 calorie per day deficit is easier to stick to for only 2 weeks, versus 16 
straight weeks

– More research is needed that includes determinations of NEAT, total daily 
energy expenditure, appetite, and dietary adherence

– As always, the best dietary strategy for fat loss is the one that results in 
the best adherence

Practical Application


