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Dunning-Kruger Effect (2001 Nobel Prize for Psychology)

“The trouble with ignorance is that it feels so much like expertise” – David Dunning



What are we made of?

● Myoglobin 
○ Water + Protein
○ Oxygen carrying component of 

muscle
● Blood

○ Hemoglobin carries oxygen
○ Almost none in 

slaughtered/processed meat
● Freezing meat slow vs. fast

○ Water combined with meat/proteins 
freezes slower than pure water

■ Slow freezing causes large ice crystals which can 
break cell walls and release liquids drying out 
the meat. Faster freezing reduces the size of ice 
crystals and improves meat quality after 
thawing. *

* http://amazingribs.com



● Myoglobin and Hemoglobin both influence 
the “redness” of meat

○ Mixed fiber vs. single fiber types
■ Beef is mixed while poultry is typically either dark or light

○ Dark meat has more hemoglobin (More Type I 
(Oxidative) muscle fibers)

■ Chicken leg vs. chicken breast, duck breast vs. chicken breast

○ Turns clear between 140-180 degrees 
depending on pH

■ Chicken legs and thighs may need to reach 170-180 degrees, 
well above the 165 degree USDA safe temperature for chicken

● 64% (Salmon)-72% (Beef) water, chicken, 
pork, etc. are in the middle

● What's the main component here? WATER

Chicken 
Breast

Duck 
Breast

What are we made of?

* http://amazingribs.com



Fat and Fat Free Mass

● Two-compartment (2C) model divides body into molecular 
components:

○ Fat
■ Lipid molecules

○ Fat Free Mass (FFM)
■ Water, Protein, Mineral, and Carbohydrate molecules
■ Water, protein, and Mineral are all assumed constant within FFM

○ Assumed “Chemical Constancy” 
■ But shown to vary with sex, race, age, fitness, and fatness.

● Examples: Bodpod, underwater weighing

FAT = TOTAL MASS - FAT FREE MASS



Body composition changes with hydration

● Water is found in fat and lean 
tissues

● Over time, changes in water are 
reflected in both tissues

● Tissues ≠ Molecules



• Glycogen ≈ 1% of FFM (< 1% of muscle)
• 3-4 Parts water????

• For every gram of Glycogen we store 3-4g H2O??

• Research shows: 
• ↓ 400g of glycogen after 4d of low carb
• ↓ 1/3 of normal
• After diet glycogen ↑ 6 fold baseline
• No real further ↓ for the next 65 days
• Up to 5 kg of weight loss could be due to water 

and glycogen and not fat (so what is it then? 
More on this later)

Kreitzman 1992, AJCN: MacKay 1931, JBC

• Creatine Location?

• 95% in Muscle

• Creatine and water

• Typical increase from 1.3-2.3 L

• = ↑ of 1.3-2.3 kg of weight/water

• ↑ in water was both Intracellular and 
extracellular

• Did not change fluid distribution

Powers 2003, J Athletic Training

Deminice 2015, Int J Sports Med



The Truth About Glycogen and Water

• 1940’s (McBride et al.)
• 3 g of water per 1 g of glycogen is based on a rat study

• 1970 (Olsson and Saltin)
• 3-4 g of water per 1 g of glycogen in humans

• 1982 (Sherman et al.)
• Ratio not constant in rats

• 2015 (Fernandez Elias et al.)
• 1:3 ratio only found when 400 mL of water was consumed in humans

• 1:17 when they replaced all the fluid lost during exercise in humans



Adipose (fat) tissue

● A type of connective tissue
○ Stores energy as fat

● Not just fat/lipids
“Adipose tissue, being the morphological dimension, can 
be defined anatomically as the panniculus adiposus (e.g. 
subcutaneous, intramuscular, and visceral) including 
connective tissue and microscopic blood supply and 
nerves.” - Provyn, 2008

1. Wang, Z., Deurenberg, P., Wang, W., Pietrobelli, A., Baumgartner, R. N., & Heymsfield, S. B. (1999). 
Hydration of fat-free body mass: review and critique of a classic body-composition constant. Am J Clin
Nutr, 69(5), 833-841.

2. Provyn S, Clarys JP, Wallace J et al. (2008) Quality control, accuracy, and prediction capacity of dual 
energy X-ray absorptiometry variables and data acquisition. J Physiol Anthropol 27, 317-323.

Adipose Tissue (AT) ≈

80%

Other 
Lipids/Fats ≈

20%

Total Body Fat (%Fat)

Adipose Tissue (AT) ≈ Other Lipids/Fats ≈





Where is fat?

● Fat is everywhere

The brain is ≈ 60% 
fat.



Regional adipose tissue

● Two types of adipose tissue
○ Subcutaneous (red arrow)

■ Layer under the skin
○ Visceral (blue arrows):

■ Omental (near pancreas)
■ Mesenteric (around intestines)
■ Epicardial (around heart)

○ ≈ 60-89% is subcutaneous fat. 
Muller, 2010

● Visceral adipose tissue (VAT)
○ Increased in obesity
○ More pro-inflammatory
○ Higher in men
○ Related to CVD



Individual Variability (within)



Individual Variability (within)





Individual Variability (Between)

• Ask yourself if you think the %Fat scale you purchased for $80 is considering how much water is in your 
adipose tissue. What about your DXA and/or BODPOD

• Do you think this is constant even from day-to-day?



Muscle Mass / Skeletal Muscle Mass (SMM)

● Skeletal muscle mass is all the muscles in the body not including smooth 
or cardiac muscles found around organs or the heart, respectively.  

● Can change due to 
○ Age
○ Diet
○ Training 

● Contains about 
○ 68-80% water 
○ 20-33% protein
○ 2-3% fat (intermuscular fat)
○ ≈ 75% located in your arms and legs

Skeletal Muscle Smooth Muscle

Cardiac Muscle
SMM ≠ FAT FREE MASS



Some fat is in Muscle Too

● NOT Fat-Free Mass (FFM) 
● FFSMM = Fat-Free Skeletal Muscle Mass

1. Wang, Z., Deurenberg, P., Wang, W., Pietrobelli, A., Baumgartner, R. N., & Heymsfield, S. B. (1999). Hydration of fat-free 
body mass: review and critique of a classic body-composition constant. Am J Clin Nutr, 69(5), 833-841.
2. Provyn S, Clarys JP, Wallace J et al. (2008) Quality control, accuracy, and prediction capacity of dual energy X-ray 
absorptiometry variables and data acquisition. J Physiol Anthropol 27, 317-323.
3. Sheng, H. P., and R. A. Huggins. A review of body composition studies with emphasis on total body water and fat. Am. J. 
Clin. Nutr. 32: 630–647, 1979.

Grade Marbling

Prime Abundant

Choice Moderate

Select Slight



Individual Variability (within)



Individual Variability (Between)

• Ask yourself if you think the scale you use that gives you a muscle mass and FFM readout that you purchased for $80 is 
considering how much water is in your muscle tissue. What about DXA and/or BODPOD?

• Do you think this is constant even from day-to-day? What about with training? What About age?







Fat To Lean Ratio Can Change

10% body fat

35% body fat



Total Body Water is Contained In

Muscle Mass contains nearly 5 times more water than any other 
organ or tissue



16.2%

83.8%

Adipose Tissue (BIG Fat Cells)

Water Lipids/Fat, Connective Tissue, etc.

83.2%

16.8%

Adipose Tissue (SMALL Fat Cells)

Water Lipids/Fat, Connective Tissue, etc.



Water, 
80.40%

Protein, 
19.60%

FFM of Skeletal Muscle
Endurance/More Slow Twitch

Water, 
67.50%

Protein, 
32.50%

FFM of Skeletal Muscle (FFSMM)
Strength/More Fast Twitch



Body Water Turnover

● ≈ 9% of body water is turned over per day
● This equals 3.12 kg or 6.88 lbs per day

* Calculated from data recorded in Chicago, IL (Schoeller et al. 1986a).

Estimates of Average Daily Total Body Water (TBW) Flux in Young Adult 
Subjects Living in a Temperate Climate*.

Route TBW turnover %/hr Absolute g/hr

Urine 0.23 82

Breath 0.1 34

Sweat 0.02 6

Transdermal 0.02 8

Total 0.37 130



Total Body Variability
Fat free body mass (FFM) hydration (TBW:FFM) evaluated in 9 human cadavers

1. Wang Z, Deurenberg P, Wang W et al. (1999) Hydration of fat-free body mass: review and critique of a classic body-composition constant. Am J Clin Nutr 69, 833-841.

2. Wang Z, Deurenberg P, Wang W et al. (1999) Hydration of fat-free body mass: new physiological modeling approach. Am J Physiol 276, E995-E1003.

3. Obesity Research Center, St. Luke’s-Roosevelt Hospital, Columbia University

TBW:FFM ranges from 68 to 81% (Bodpod, Underwater weighing, and DXA assume the average as the “Chemical Constancy”)

Sex Age (yrs) Body Mass (kg) TBW (kg) FFM (kg) TBW:FFM (kg) Cause of death Reference and year

M 46 53.8 29.7 43.3 0.686 Skull fracture Forbes et al (4), 1953

M 60 73.5 37.2 53.0 0.702 Heart attack Forbes and Lewis (5), 1956

M 25 71.8 44.4 61.1 0.726 Uremia Widdowson et al (6), 1951

M 63 58.6 35.0 48.0 0.729 Esophageal cancer Knight et al (7), 1986

F 59 25.9 13.3 18.2 0.731 Extreme cachexia Knight et al (7), 1986

F 42 45.1 25.3 34.5 0.733 Drowning Widdowson et al (6), 1951

M 48 62.0 43.9 59.3 0.740 Infectious endocarditis Forbes and Lewis (5), 1956

M 35 70.6 47.9 61.7 0.776 Mitral insufficiency Mitchell et al (8), 1945

F 67 43.4 32.0 39.6 0.808 Advanced malignancy Moore (9), 1946

x ± SD 49 ± 14 50.1 ± 15.8 34.3 ± 10.8 46.6 ± 14.5 0.737 ± 0.036



Direct vs. Indirect Measurements/Calculation 

● BODY COMPOSITION (Fat, Muscle, etc.) IS NOT MEASURABLE IN LIVING MAMMALS

● Body composition variables ARE “calculated” from measured data
○ Height (inches), weight (lbs), age (years), impedance (Ohms), circumference (inches), X-ray absorption (rems), 

isotope quantities (grams), pressure (psi), skinfold thickness (mm), water displacement (kg), pixel number (#), 
etc.

● Using raw measured data, each method calculates body composition directly or indirectly
○ “Direct”

■ Known constants from cadavers (“Reference Body”) or living humans
● Multi-compartment models, DXA, BodPod, hydrostatic weighing, etc.

○ “Indirect”
■ Population-based equations/algorithms that predict a “Direct” method variable

● Skinfolds, Single frequency and most multi-frequency BIA devices, etc.

● BOTH Direct and Indirect measurements/calculations have limitations 



Correlations and Indirect Estimates



BIA, MFBIA, Skinfolds, Other prediction equations

● BIA
○ Single frequency (50 kHz)
○ Cannot accurately access intracellular fluid
○ Population specific equations
○ Current follows path of least resistance

■ Foot to foot or hand to hand

● MFBIA
○ Multiple Frequencies (usually 5-20)
○ More accurate than single frequency, but still 

require the use of population equations

● Skinfolds and circumferences
○ Subcutaneous adipose tissue only
○ Population specific equations
○ Large repeatability errors with untrained testers



What can we measure? Reference Methods 
(DIRECT)

● Multiple-compartment models used to validate laboratory and field methods
○ IDEAL/BEST

■ Six-compartment (6C) - Atomic level
■ Five-compartment (5C) - Molecular level
■ Four-compartment (4C) - Molecular level
■ Three-compartment (3C) - Water molecular level

○ NOT IDEAL/NOT BEST
■ Three-compartment (3C) - Mineral molecular level
■ Three-compartment (3C) - Tissue level  (DXA model)

● Advanced imaging techniques
○ MRI, CT, Ultrasound - Tissue level



Accuracy vs Precision of Methods

Low accuracy
Low precision

High accuracy
Low precision

High accuracy
High precision

3C  and 4C Models with 

TBW Measurement

Low accuracy
High precision

Dilution/Deuterium

Fat (lb)



4-Compartment models

3-Compartment model with TBW

DXA
Underwater weighing
BodPod

Skinfold

BIA

Compared to a 6-Compartment model (2 SD 95%)

Fat (lb)

DXA, Underwater Weighing, BodPod
● 150 lb man or women with 18lb (12%) Fat:

○ +/- 10 lbs (8 or 28) of Fat (5.3 or 18.7%)
■ +/- 6.7% Fat 

4C and 3C models with TBW
● 150 lb man or women with 18lb (12%) Fat:

○ +/- 5 lbs (13 or 23) of Fat (8.7 or 15.3%)
■ +/- 3.3% Fat 

Skinfold and BIA
● 150 lb man or women with 18lb (12%) Fat:

○ +/- 15 lbs (3 or 33) of Fat (2.0 or 22%)
■ +/- 10% Fat 

TBW from Dilution

Wang et al. 1998



Dual-Energy X-Ray Absorptiometry (DXA)

● Based on two different X-ray energies (40 and 70 kV) 
passing through tissues that are attenuated (reduced) 
based on the difference in densities and chemical 
composition.

● DXA estimates of whole-body composition are based on 
a 3-C “tissue-level” model.

● Not a true 3-C as the final %fat value is based on only fat 
and all other tissue.

● Lean soft tissue (LST), FM, soft tissue mass (STM = LST + 
FM), FFM, and %Fat.







BIS

www.hellosozo.com/



InBody 720

• Frequencies: 1, 5, 50, 250, 500, 1,000 kHz

• 8-point (octapolar) Bioelectrical Impedance 
Analysis



SECA mBCA MFBIA

• Frequencies: 1, 1.5, 2, 3, 5, 7.5, 10, 15, 20, 30, 
50, 75, 100, 150, 200, 300, 500, 750, 1,000 
kHz

• 8-point (octapolar) Bioelectrical Impedance 
Analysis

• Based on a 4-Compartment model
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The Addition of BIS to a 3-Compartment model dramatically improves BOD POD 
measurements with predicted lung volumes.



-0.20

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

In
d

iv
id

u
al

 V
ar

ia
b

ili
ty

 (
+/

-
2

SD
)

Female %Fat Difference

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

In
d

iv
id

u
al

 V
ar

ia
b

ili
ty

 (
+/

-
2

SD
)

Female %Fat Abnormal Hydration

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

In
d

iv
id

u
al

 V
ar

ia
b

ili
ty

 (
+/

-
2

SD
)

Female %Fat All Data



0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

In
d

iv
id

u
al

 V
ar

ia
b

ili
ty

 (
+/

-
2

SD
)

Male %Fat Difference

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

In
d

iv
id

u
al

 V
ar

ia
b

ili
ty

 (
+/

-
2

SD
)

Male %Fat Abnormal Hydration

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

In
d

iv
id

u
al

 V
ar

ia
b

ili
ty

 (
+/

-
2

SD
)

Male %Fat All Data



Conclusions: Basic Body Composition
• The ‘true’ value of total body fat is unmeasurable in living humans/mammals

• Mammals are mostly made of water, which is found in almost all tissue

• Fat is found almost everywhere in the body

• Tissues and molecules are not the same

• Both muscle tissues and fat tissues contain water

• Most body water is found in muscle - 5 times more than any other organ or tissue

• Water is dynamic with about 9% being lost per day

• Water content of fat free mass changes with age, diet, training, medication, etc. and can range from 68% to 81%

• Water content/hydration is unmeasurable through urine color/specific gravity or using a 2C body composition model

• Direct measurements are better than indirect measurements

• Diet and supplements can significantly effect FFM hydration and impact all methods that are not multi-compartment models that 
measure TBW

• Adding BIS TBW to 2-Compartment models can improve overall accuracy

• Freeze your meat fast and don’t call the juices blood 



Body Composition and 
Energy

Gain More Muscle and Burn More Fat

Is it really that simple?



Elia 1992, Holliday 1971, Gallagher et al. 1998, Grande 1980





Muscle (21.72%) Ranges from 18-25%



So Yes it’s TRUE…

HEYMSFIELD, Am J Physiol Endocrinol Metab, 2002

1MJ = 239 Kcal
1kg +/- 21.51 Kcal/Day



As we age

Anja Bosy-Westphal, Nutr & 
Aging, 2003

Young
1kg +/- 19.12 Kcal/Day

Old
1kg +/- 8.99 Kcal/Day



WHAT?

• The present study strongly supports the hypothesis that fat-
free mass is not an energetically homogeneous compartment 
but varies systematically in heat-producing components as a 
function of body mass and fat-free mass.



“The anticipated effect, one that is 
actually observed in vivo, is a 

lowering of REE relative to fat-free 
mass with increasing body size 

and fat-free mass.”



It’s not that Bad
Adding FFM Increases AND Decreases Resting Metabolism

• 1kg increase ≈ -0.14 Kcal/kg of FFM/day (loss)

• If you added 2.5kg’s of muscle mass (FFM)
• Say you went from 55kg’s to 57.5kg’s of FFM

• At 55kg’s of FFM you would burn 28.7 Kcal per kg of FFM:  1,578.5 Kcal/Day

• At 57.5lb’s of FFM you would burn 28.32 Kcal per kg of FFM: 1,628.4 Kcal/Day

• A loss of 0.0015 Kcal  per kg for an increase of 5 2.5kg’s of FFM 

• But there is and always will be a net gain! In this case + 49.9 Kcal/Day

• Compare this to burning the same 0.1185 Kcal/kg of FFM at 55 kg’s
• 55 x 28.32 = 1,557.6 Kcal

• Actual  55 x 28.7 = 1,578.5 Kcal

• For a 20.9 total Kcal loss per day for 2.5 kg’s of added FFM



Perspective
FFM Gain 

(kg)
Additional Resting  Calories 

Needed  per day (kCal)
Food Equivalent

0.5 9.8 Just over 3 grapes

2.3 48.8 1 Apple, 1 Chicken McNugget

4.5 97.6 1 Banana, 1.2 oz Top Sirloin

6.8 146.4 12 oz Minute Maid Orange Juice

9.1 195.2 3.5 oz Ground Beef (<1/4 lb burger patty)

11.3 244.0 20oz bottle of Coke/1 Slice Pep Pizza

13.6 292.8 1 Egg  McMuffin, 1 Chicken Breast

15.9 341.6 Taco Bell Beef Chalupa Supreme

18.1 390.0 Filet-o-fish, < ½ Double Quarter Pounder



Perspective
FFM
Gain 
(kg)

Additional Resting  
Calories Needed  per 

day (kCal)

Days to lose 
0.5 kg of fat

Months to lose
0.5 kg of fat

Years to lose
0.5 kg of fat

0.5 9.8 357 11.7 0.98

2.3 48.8 72 2.4 0.20

4.5 97.6 36 1.2 0.10

6.8 146.4 24 0.8 0.07

9.1 195.2 18 0.6 0.05

11.3 244.0 14 0.5 0.04

13.6 292.8 12 0.4 0.03

15.9 341.6 10 0.3 0.03

18.1 390.0 9 0.3 0.02



Perspective
• So for every 0.5 kg of FFM you gain you burn 0.5 extra 

kg’s of fat per year!!!
• Assuming you do nothing different in your diet and don’t eat the 

extra needed calories… 

• From a practical point of view (Still not easy)
• If you gained 4.5 kg’s of FFM

• 36 Days to burn 0.5 kg’s of fat

• Or 1 year to burn 4.5 kg’s of fat

• Adding FFM to burn fat… Good strategy?

• IT GETS EVEN WORSE!!!



A 3,500 kcal reduction in energy intake = 1 lb of fat?

• Hall et al. 2017
• “The origin of the “3500 kcal per pound” rule is based on the calculated energy content of 

body weight change and is often misapplied to predict the weight-change time course after a 
given intervention”

• “…changes in body weight are expected when the macronutrient composition of the diet is 
altered, even when the energy content of the diet is held constant.” 

• “…changes in body weight also include changes in body water, which may be variable, and 
therefore weight change may not directly represent energy imbalances, particularly over the 
short term.” 

• NEW RULE
• “Every permanent 10-kcal change in energy intake/d will lead to an eventual weight change of 1 lb

when the body weight reaches a new steady state (≈100 kJ/d per kg of weight change). It will take 
nearly 1 y to achieve 50% and ;3 y to achieve 95% of this weight loss.”

• http://bwsimulator.niddk.nih.gov
• http://www.pbrc.edu/the-research/tools/weight-loss-predictor

http://bwsimulator.niddk.nih.gov/
http://www.pbrc.edu/the-research/tools/weight-loss-predictor


FFM
Gain (kg)

Additional Resting  Calories 
burned (kCal)

Food Equivalent

2.3 48.8 1 Apple, 1 Chicken McNugget

• Cutting out 40 kcal/day using the 3,500 rule 
would result in about a 20 lb weight loss in 5 
years

• Using the new rule, cutting 40 kcal/day will 
only get you a 4lb loss in 5 years.



Consider if you MOVED that new FFM!

Activity (1 hour) 59kg 70kg 86kg

Running, 16 km/h 944 1126 1380

Running, 8 km/h 472 563 690

Running, stairs, up 885 1056 1294

Scrubbing floors, on hands and knees 325 387 474

Skiing, cross-country, vigorous effort 531 633 776

Stair-treadmill ergometer, general 354 422 518

Swimming, leisurely, general 354 422 518

Walking, 3.2 km/h, slow pace 148 176 216

Walking, 5.6 km/h, uphill 354 422 518

Walking, 6.4 km/h, very brisk pace 236 281 345

Walking, upstairs 472 563 690



1 calorie = 1 calorie
Are all calories created equal?



A Calorie ≠ A Calorie (TEF)
• "A calorie is a calorie" violates the second law of thermodynamics

• Richard D Feinman and Eugene J Fine

• Nutrition Journal, 2004

• Thermic Effect of Feeding - Represents the amount of energy it takes to digest, absorb, and 
metabolize the food we eat.

o TEF represents between 5% and 15% of daily energy.

o TEF for carbs or protein only meals occurs within 5-10 min post-ingestion.

o TEF occurs up to 4 hours after a meal.

• In general:
– Protein – 20 to 30%

– Carbohydrate – 5 to 10%

– Fat – 0 to 3%

• The 20-30% means that for every 100 kcals ingested (for protein), you burn ~20-30 kcals to 
digest/absorb it.

Jequier E: Pathways to obesity. Int J Obes Relat Metab Disord 2002, 26 Suppl 2:S12-7.
Flatt JP. The biochemistry of energy expenditure. In: Bray GA, ed. Recent advances in obesity research. London: Newman, 1978:211–28. 
Tappy L. Thermic effect of food and sympathetic nervous system activity in humans. Reprod Nutr Dev 1996;36:391–7.
Scott CB, et al. Onset of the Thermic Effect of Feeding (TEF): a randomized cross-over trial. J Int Soc Sports Nutr. 2007 Dec 5;4:24.



Fat type matters

MCT (medium chain triglycerides) - (Hill et al 1989)
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Olive Oil
Olive Oil – (Rodriguez et al 2002); Olive oil may ↑ metabolism
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Timed Protein ↑ Energy Expenditure 

 Consume 20 minutes pre-weight training.

 ~90 kcals

 18 g whey protein, 2 g carb, 1.5 g fat

 1 g whey protein, 19 g carb, 1 g fat

Hackney et al. Timing Protein Intake Increases Energy Expenditure 24 Hours Post-Resistance Training. Med Sci
Sports Exerc. 2009 Dec 4. 



Hackney et al.

 At 24 hours post, REE was greater with 
Protein feeding vs Carbs.

 “Increasing REE could facilitate 
reductions in body fat mass and improve 
body composition if nutritional intake is 
stable.”



Higher PRO vs. Traditional

 Healthy men and women

 Assessed 24-hour response to isocaloric feedings:

 1) 60% carb, 30% fat, 10% protein

 2) 40% carb, 30% fat, 30% protein

Westerterp-Plantenga et al. Sex differences in energy homeostasis following a diet relatively 
high in protein exchanged with carbohydrate, assessed in a respiration chamber in humans. 
Physiol Behav. 2009 Jun 22;97(3-4):414-9. Epub 2009 Mar 21. 



Higher PRO = Greater TEF
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Overfeeding: CHO vs. FAT/PRO 

 Addition of 20 kcal/kg  body weight of either candy 
or roasted peanuts, to the regular caloric intake.

 Duration: two weeks; Healthy men and  women

 That’s equal to an extra 1545 kcals for an avg. male 
(~170 lb).

Claesson AL, et al. Two weeks of overfeeding with candy, but not 
peanuts, increases insulin levels and body weight. Scand J Clin Lab 
Invest. 2009;69(5):598-605. 



Claesson et al.

 Body-weight and waist circumference ↑ 
significantly only in the candy group

 LDL cholesterol ↑ in the candy group

 REE increased only in the peanut group.

How did 1,545 kcals result in significant 
weight gains and waist circumference?

Did body water or fat change in 2 weeks?   

Donut Diet? Go for it ☺



Eating all the time vs. fasting
Is one better than the other?



Based on what we know

• Is eating small meals throughout the day really going to increase your 
metabolism?

• What does this really do?

• Is fasting a good strategy to cut out weekly calories?



Study One: 3 vs. 14 Meals

• What did they measure?
• 24 hour energy expenditure (8am to 8am)

• Resting metabolic rate

• Dietary induced thermogenesis 

• Sleeping metabolic rate

Munsters MJ & Saris WH (2012) Slide donated by Bill Campbell



Study Results

• No significant difference in 24-hour total energy 
expenditure

• However, there was a significant difference in RMR.

• Which one do you think elevated RMR to the greatest 
extent – 3 meals/day or 14 meals/day?

3 Meals 14 Meals

Resting Metabolic Rate 2,030 kcals 1,910 kcals

Munsters MJ & Saris WH (2012) Slide donated by Bill Campbell



Fasting

• Several studies have shown that when you resistance train even with 
extreme caloric restriction you can maintain your FFM and lose 
significant body fat

• So why do you need to eat “All the time”

• Bryner RW. Effects of resistance training vs. Aerobic training combined with an 800 calorie
liquid diet on lean body mass and resting metabolic rate. Journal of the American College of
Nutrition 1999; 18(1): 115-121.
• Rice B, Janssen I, Hudson, R, Ross R. Effects of aerobic or resistance exercise and/or diet on
glucose tolerance and plasma insulin levels in obese men. Diabetes Care 1999; 22: 684-691.
• Janssen I, et al. Effects of an energy-restrictive diet with or without exercise on abdominal
fat, intermuscular fat, and metabolic risk factors in obese women. Diabetes Care 2002; 25:431-
438.



Heilbronn LK, et al. Alternate-day fasting in non-obese subjects: effects on body weight, body 
composition, and energy metabolism. American Journal of Clinical Nutrition. 2005; 81:69-73



Meal Frequency Summary
(in non-athletic populations)

• Increasing meal frequency does not improve metabolism or total daily 
energy expenditure.

• Increasing meal frequency does not increase fat loss.
• If anything, reducing meal frequency enhances fat loss (Stote et al., 2007).

Slide donated by Bill Campbell http://www.onesteptoweightloss.com/weight-loss-tips



Things We Should Not Say

• “Eat a lot of small meals throughout the day to boost your 
metabolism and increase fat loss.”

• “By eating 5 to 6 small meals per day, you will increase your 
energy levels, accelerate muscle growth, and speed up your 
metabolism without storing fat.” 

• “Frequent eating will actually allow you to eat up to 50% more 
calories without storing an ounce of it as fat.” 

Slide donated by Bill Campbell



General Effects of Physical 
Activity on Body Composition

What is changing





The Wheel lock model

Days 0-21 

Spent with mom 

(no running wheel)

Days 21-28 

Weaning, solo housing

(no running wheel)

Days 28-42/-70

Solo housing

(with running wheel)

Human eq. age (yr) 

0-5 5-6 8-middle teenage years

1-7 day WL

(removal of wheel access)

4-6 km per day



The WL model: findings with skeletal muscle

Seven days of WL reduces fatty acid oxidation

Laye et al. J Appl Physiol 106: 161–168, 2009



1-2 days of WL increases visceral fat mass

The WL model: findings with adipose tissue

Kump and Booth. J Physiol. 15;565(Pt 3):911-25. 2005 



Working hypothesis

Inactivity  initial increase in cell # (attempt to keep adipocytes small and 

healthy)  eventual increase in adipocyte size

The WL model: findings with adipose tissue

Adipocytes (yellow)

Pre-adipocytes (blue)

↑ IL-6 secretion

↑ MCP-1 secretion

↑ leptin secretion

↓ adiponectin secretion

Maury et al. Am J Physiol Endocrinol Metab. 293(3):E656-65. 2007



What Can Brown (fat) Do For You?

• Brown Fat (Rediscovered in humans in 2009)

• Mammals have it to keep warm during hibernation
• Helps burn white fat to generate heat

• Higher amount of mitochondria and blood flow (gives it the brown color)

• High amount in human babies and decreases with age

• Women usually have more BAT than men

• Located in the trunk in order to help heat blood

• Is effected by prolonged cold exposure

• Can burn hundreds of calories on its own per day

• Thought to have decreased in humans over the last several centuries and decades 

• The reason for people having “fast” and “slow” metabolism?

• Lower amounts are linked to an increased risk of diabetes



• South Asians 
• Used 32 % less energy than the 

Caucasian group

• Brown fat was a34 % smaller in 
volume.





New SAT Research
• Joslin Diabetes Center at Harvard Medical School

• Increased glucose tolerance

• Increased insulin sensitivity

• Decreased Fat mass



“Exercise training in both mice and humans has a 
marked effect on scWAT, with ~2000 genes and 

numerous metabolic pathways significantly 
increased”. 









Global warming causing global obesity?

• Cold exposure that causes shivering can have a 300% increase in RMR
• Can result in similar calorie burn to actual exercise

• Can release hormones that help burn fat (adiponectin and irisin)
• Increases mitochondrial biogenesis

• Improves muscle function

• Possible cardio protective and cancer preventing

https://cardiologydoc.wordpress.com/2012/01/30/brown-fat-and-obesity/









http://www.motioncryo.com/cryotherapy/

“Ice pack on steroids”

“The FDA has not cleared or approved any whole body 

cryogenic devices. Cryotherapy machines intended for 

use in the prevention, treatment, or mitigation of disease, 

or intended to affect the structure or function of the body, 

are medical devices regulated by FDA,” 

-Deborah Kotz, a spokeswoman for the FDA
http://www.franchisetimes.com/January-2016/Cold-is-new-hot-for-cryo-fans/

http://www.motioncryo.com/cryotherapy/
http://www.franchisetimes.com/January-2016/Cold-is-new-hot-for-cryo-fans/


• “What makes cryotherapy different and how does it actually 

work to burn the calories it claims? The idea is that it increases 

the body’s metabolism naturally to create a safe, sustainable 

caloric expenditure of up to 800 calories over the following 8 

hours after a 3-minute session in the cryotherapy chamber.”

• “Inside the cryotherapy chamber, nitrogen gases drop 

temperatures at the skin’s surface to between -200 and -250 

degrees Fahrenheit. As the body perceives this change in 

temperature, the sympathetic nervous system kicks in to 

“survival mode” to protect the body. Blood is redirected to the 

core to insulate the vital organs and induces a hyperthermic

(heat-generating) response. Most noticeable as the shaking or 

shivering one experiences during the last minute or two of the 

session, this is the body’s signal that it has turned on its 

internal heat-producing metabolism to save the body from the 

perceived freezing.”

https://virginiabeach.restorecryotherapy.com/calorie-burn-with-cryotherapy/

https://virginiabeach.restorecryotherapy.com/calorie-burn-with-cryotherapy/




https://www.fda.gov/ForConsumers/ConsumerUpdates/ucm508739.htm

https://www.fda.gov/ForConsumers/ConsumerUpdates/ucm508739.htm


FINAL CONCLUSIONS
• Changes in body composition are not easy to detect due to variations in tissue hydration.

• Changes in diet (Low Carb) and using supplements (Creatine for example) can falsely indicate changes in both FFM and FM.
• Using a multi-compartment model with a TBW measurement is the only way to actually measure FFM hydration.

• Adding FFM is not a productive way to increase RMR and lose more fat.

• Stop using 3,500 calories to predict weight loss amounts

• The “browning” of WAT requires exercise and the absence of exercise can rapidly change AT.

• Not all calories are created equal when it comes to increasing RMR and burning more fat.

• Fasting may be more productive at reducing body fat compared to increasing meal frequency and could even increase brown fat 
activity

• Cold exposure can help burn fat and increase RMR but you need to be careful and do your research
• Longer exposure (30-60 min) with a slight shiver may be the safest, cheapest, and most effective method over super low temperatures for a short 

duration
• Cold showers could be effective for activating brow fat but may not be the most effective method



Ask yourself this

• Do you think you can accurately “measure” energy requirements (RMR) 
now that you understand everything that can effect RMR?

• What else effects RMR and weight loss/gain that we didn’t discuss?
• How much is being consumed and spent? Hall et al. 2012

• Self reported data has been shown to be off by as much as 1,000 kcal a day
• Dilution methods for RMR have a 5% (> 100 kcal) error
• The best calorimetry (gas) methods (entire room) have RMR errors of 1-2%

• Not discussed related to RMR and changes in body composition
• Medications
• Supplements (stimulants)
• Certain foods (Polyphenols, alcohol, etc.)
• Sunlight exposure
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Thank you



The More Certain You Are, The Further From The Truth You Become

British philosopher, logician, mathematician, historian, writer, social critic, political activist and Nobel laureate.

Questions?


