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Today’s Goal: To Understand Fat Metabolism and Calorie Burning From Cell to Practical Application 
I. Functions of Fat in the Body: Nature’s energy savings account! Visceral vs. Subcutaneous  
 A. Lipids (oils and fats): Oil=liquid, fat=solid, relatively insoluble in water, 95% in body are triglycerides    

(TG) also known as triacylglycerols 
 B. Usually 12-18 carbon fatty acids in the human body 
 C. Three basic roles of fat 
  1. Fuel source: 9 kcals per gram, about 100,000 kcals stored in body 
  2. Provide essential fatty acids: linoleic acid (omega-6), alpha-linolenic acid (omega-3) 
  3.  Flavor and texture of foods we eat 
 D. Omega-3 vs Omega-6 Ration: Western diets are deficient in omega-3 fatty acids, and have excessive 

amounts of omega-6 fatty acids (typical ratio of 15 omega-6 to every omega-3) 
  1. A 15/1 ratio promotes the pathogenesis of many diseases, including cardiovascular disease, cancer, 

and inflammatory and autoimmune diseases 
  2. A ratio of 4/1 is associated with a 70% decrease in total mortality (Simopoulous, A.P. 2002, 

Biomedical Pharmacotherapy) 
  3. Foods with high omega-3 to omega-6 ratios: snow crab, Atlanta cod, tuna, mussels, broccoli, spinach, 

flax seeds, mangos lettuce, kidney beans 
  4. Foods high in omega-6 fatty acids: snacks (corn chips), fast foods, firm tofu, walnuts, safflower oil, 

cake with frosting, peanut butter, roasted chicken thigh, cured meats (pepperoni), creamy soups 
 E. Six functions of fat: cell membrane, lipoproteins, organ protection, thermal regulation, carrier for 

vitamin A, D, E, K, and nerve (axon) insulation 
F. Lipoproteins: lipids in protein packages. Chylomicrons deliver fatty acids (FA) to adipose tissue, 

VLDL-C (FA to muscle and heart), HDL-C (healthy, mostly protein and a scavenger for plaque), LDL-
C (mostly cholesterol and fatty acids);  
What does density refer to? lower density = increased fat (TG); and higher density = lower fat (TG) 

 G.  Jeukendrup et al. (1998) Nutrition for Sport and Exericse: Store about 2216 Kcals of CHO and 
>100,000 Kcals of Fat (enough fat energy to run 25 marathons. (Horowitz, 2003. Trends in 
Endocrinology and Metabolism). 

 H. Fuel comparisons: 4 kcals/gram for CHO and Protein versus 9 kcals/gram for fat 
 I Saturated: coconut oil, palm kernel oil, chocolate, milk, beef, palm oil, lard, chicken 
 J. Monounsaturated: canola oil, poultry without skin, olive oil, almonds, most margarine, haddock,  

peanuts and peanut oil, cottonseed oil 
 K. Polyunsaturated: soft margarine (most), sesame oil, mayonnaise, soybean oil, corn oil, sunflower oil, 

safflower oil, salmon 
 L. Most fats are a combination of all types of fatty acids: Example from U.S. Dept. of Agr. Nut. Data Base 
II. Fat, blood cholesterol, fatty acids and health 

A. Saturated are sticky molecules; very un-reactive which potentially will harden in arteries 
B. Introducing Frank Sacks, M.D. World renowned researcher on diet, blood pressure, lipids and wt loss. 

Sacks, F. (2017) The heart of the matter. Nutrition Action Healthletter, 44(9), 3-9. 
C. Why so much emphasis on reducing saturated fat? Cardiovascular Disease (CVD). “The evidence that 

saturated fat caused atherosclerosis and heart disease is compelling. It is consistent across randomized 
trials, large observational epidemiologic studies, and animal studies.” Sacks 2017 

D. “Saturated fat increases LDL—or low-density lipoprotein cholesterol. And LDL cholesterol is a cause 
of heart disease. It’s not a risk factor. It’s a direct, absolute cause.” Sacks 2017 



E. Are large LDL particles safer than small LDL? “No…if you have a lot of big LDL, it’s no better than a 
lot of little LDL.” In fact, big LDL is probably worse , because it’s loaded up with more cholesterol.” 

F. Do high triglyceride (TG) levels cause heart disease? ‘The evidence linking TG to heart disease is 
getting stronger.’ Sacks 2017 

G. Why is HDL-C a Negative risk factor?  Because it negates the CVD risk 
H. Is coconut oil, a saturated fat, that bad for me? “About half of the saturated fat in coconut oil is the 12-

carbon variety, called lauric acid. However, plant-based oils are more than just fats. They contain many 
antioxidants and other healthy substances. But for now, I’d use coconut oil sparingly. Most of the 
research so far has consisted of short-term studies to examine its effect on cholesterol levels. We don’t 
really know how coconut oil affects heart disease.” W.C Willet, M.D. Harvard School of Public Health 

III. Transport of fat in the body and hormonal interactions 
 A. Chewing: lingual lipase initiates fat breakdown in the mouth 

B. Stomach is temporary holding tank for fat 
C. Small intestines where fat breakdown initiates 

1. Bile: emulsify (breaks fat into smaller particles) 
2. Pancreatic lipase: disassembles TGs into free fatty acids and glycerol  

D. Absorption (villi and microvilli) into small intestines as micelle cell packages; and transportation in 
chylomycrons via the lymph and blood 

E. Lipoprotein lipase (LPL) lines capillary membrane: extracts fat from lipoproteins; apolipoprotein C-II is 
key messenger taking lipoproteins to target tissue  

F. Female thigh adiposity: alpha receptors (inhibit lipolysis); beta receptors (stimulate lipolysis); women 
have more alpha receptors in hips/thighs/buttocks and more LPL in hips/thighs 

IV. Fat metabolism in muscle 
A. Hormone sensitive lipase (HSL) story in initiating lipolysis (breakdown of fat) via cAMP (a secondary 

cell messenger); fat mobilizing hormones are epinephrine, norepinephrine, glucagon, and growth 
hormone): albumin is the protein transporter of free fatty acids in the blood stream; fat enters cells with 
3 proteins (FABPpm, FAT/CD36, FATP) 

B. Two fates of fat in muscle cell: The amount of intramuscular TG (IMTAG) in slow twitch muscles (the 
slow oxidative fibers) is 2 to 3 times greater than the IMTAG stored in fast twitch fibers; this is used 
during endurance exercise 

1. Transported to mitochondria for ATP synthesis (80%) 
2. Stored as an intramuscular triglyceride (Shaw, C.S. (2010). Annual Review for Nutrition) 

C. Fat breakdown (called oxidation) occurs in the mitochondria.  
D. TCA Metabolism review: TCA cycle (this is analogous to a metabolic grindstone at work)  
E. Electron transport chain (ETC) is where the greatest amount of ATP is synthesized (this is like a 

metabolic conveyor belt) 
F. Cell-Mitochondrion (fat burning furnace of cell); from aerobic exercise can make 35% bigger and 

increase in size 15-50% (NOTE: muscle cells have 400 to 2000 mitochondria per muscle cell) 
G. Master switch in muscle is PGC-1alpha. This protein turns on the following: increase in fat oxidative 

capacity, increase in GLUT4 and glycogen metabolism, increase in mitochondrial density (which means 
increase in size and number), increase in slow twitch muscle fibers function. The CaMK pathway from 
steady state exercise and the AMPK pathway from HIIT activate PGC-1alpha 

V. Calorie and Fat Burning Questions? 
 A. Can resistance training build more mitochondria…new findings are suggesting that high volume, low-

intensity resistance training evokes metabolic stress and energy turnover that increases muscle cell 
oxidative capacity 

 B. Why does fat yield twice as many calories as carbohydrates: Follow the hydrogens in the ETC 



 C.  Why does the body prefer carbohydrate (CHO) for fuel, if fat yields more ATP? Fat has a 30 to 40 times 
slower breakdown; mobilization, lipolysis, beta oxidation all take much more time then CHO 
breakdown 

Does exercise improve fat burning capability?  Original study investigating this topic is by Hurley, B.F. 
et al. (1986). Muscle triglyceride utilization during exercise: effect of training. Journal of Applied 
Physiology. 60, 562-567. (Most cited article on topic) 
Trials: Fuel source utilization before and after 12-week training program (9 men doing a 2-hour bout of 
exercise at 60% VO2max). Did 3 days a week of interval training for 40 min and 3 days a week of 
continuous training for 40 min: TG went from 20-40%; carbohydrate went from 71-37% 

V. What hormones regulate fat metabolism and lipolysis 
 A. Epinephrine and norepinephrine, known as catacholamines, are major hormones of lipolysis in adipose 

and intramuscular tissue at rest and exercise 
 B. Insulin is the strongest inhibitor of lipolysis either before or during exercise. During endurance exercise 

when the need for fat is HIGH, insulin levels are typically lower 
 C. Growth hormone as a stimulator effect on lipolysis and fat metabolism during exercise and recovery 
 D. Thyroid stimulating hormone and thyroxine are involved in fat metabolism particularly during submax 

aerobic exercise 
VI.  Special Topics on Fat and Fat Burning 

A. How much fat-free mass is lost in ‘diet only’ programs: 30% (Ballor, D. L. (1994) Int. J. Obesity and 
Related Metabolic Disorders 

B. How do we measure Fat and CHO use in the lab? Understanding the respiratory exchange ratio (RER): 
VCO2/VO2 

D.  What is the BEST kept secret about resistance training and ‘fat loss’? Post workout fat oxidation! 
VII. I’ve heard if I do cardio first thing in the morning I will burn more fat. Is this true? 
Paoli et al. (2011). Int. J. of Sports Nutrition and Exercise Metabolism, 21, 48-54 

A. Fed or Fast Study: 8 exercise-trained men (27 yrs), 36-min treadmill run under 2 conditions 
separated by 1 week; Breakfast either BEFORE OR AFTER run, Breakfast-Mediterranean (25% 
protein, 53% carbohydrate, 22% fat); did 12 and 24-hour oxygen consumption and respiratory 
exchange ratio (RER): FED burned more calories and more fat calories! 

10 Great Programs that BURN a Lot of Calories 
Make sure clients always do a good warm-up and cool-down. Always have clients do HIIT at their 
own preferred intensity. Modify programs for clients needs. Perform HIIT and Steady State 
exercise on different modes of exercise to avoid overuse injuries. 
1) 4/4 HIIT (Smilios et al. 2017) 
Warm-up: Progressive  
Interval: 4 min run at 15 to 16 RPE scale, “Hard”  
Relief Interval: 4 min at ‘light’, 11-12 RPE, Less metabolic stress (i.e., lactate) and good for clinical and 
less fit populations with this longer relief 
4 intervals; Workout is 32min; can complete on any mode of exercise 
2) 4/2 HIIT (Smilios et al. 2017) 
Warm-up: Progressive  
Interval: 4 min bout at 15 to 16 RPE scale, “Hard”  
Relief Interval: 4 min at ‘light’, 11-12 RPE, More metabolic stress (i.e., lactate) with this shorter relief, 
better workout for very fit populations 
4 intervals on any exercise mode; Workout is 24min; called LVIT or Low volume interval training 



3) 60/75 LVIT (Jacobs et al. 2013) 
Warm-up: Progressive 
Alternate 60 second bouts of high intensity (‘Hard’ to ‘Very Hard’ RPE 16-18) wit 75 second relief 
intervals (Light RPE 11-12) 
Complete 8-12 intervals on any exercise mode 
LVIT; This study showed an increase in skeletal muscle mitochondrial content and function in as little as 
6 training sessions 
4) Indoor Fartlek Play Training (Kravitz 2009) 
Fartlek is a Swedish word for ‘Speed Play’ 
Randomize 2-min, 4-minute or 6-minute bouts of exercise on the different modes while changing modes, 
intensities and duration in an unstructured or random order. Below is an example with a treadmill, 
elliptical trainer and cycle ergometer. 
Rotation 1: treadmill (2 min), elliptical trainer (4 min), cycle ergometer (6 min);  
Rotation 2: elliptical trainer (6 min), cycle ergometer (2 min), treadmill (4 min);  
Intensity: During the 2-min duration have the client train at a RPE of 15 (Hard). With the 4-min duration 
have the student train at a RPE of 13 (Somewhat hard). For the 6-min duration have the client train at a 
RPE of 11 (Light) 
Duration is 24min, LVIT workout 
5) Metabolic Base Conditioning (Burgomaster et al. 2008) 
Continuous steady aerobic exercise at RPE of 14 ‘Somewhat Hard’ 
Duration: 20-60 minutes on any mode 
6) Supramaximal Interval Training (Lafogia et al. 1997) 
8-20 supramaxial exercise bouts (105-11-% VO2max) {all out sprint} for 1 min 
Variable active relief between bouts 
Duration based on fitness level of client 
7) High-Volume Continuous Circuit Resistance Training (Gotchalk et al., 2004). 
Protocol: The circuit consists of performing 10 repetitions of the following exercises: leg press, bench 
press, leg curl, latissimus pull-down, arm curl, seated shoulder press, triceps push-down, upright row, leg 
extension, and seated row. The subjects completed 5 circuits in this study. All repetitions were performed 
at a 40 repetitions/min cadence with 2-5 second rests between exercises (the time needed to quickly 
change to the next exercise station). 
Intensity: The subjects trained at 40% of their 1RM. This would be analogous to training at a light-to-
moderate perceived intensity level for each exercise. Note that the RPE scale is not defined for resistance 
training exercises, so guide each client to ascertain her/his light-to-moderate level for each exercise. 
Duration: This total workout takes approximately 17 to 20 minutes to complete. 
Special Comments: In designing high-volume continuous circuit resistance training programs, alternate 
upper and lower-body joint actions to provide an optimal muscle recovery in this swiftly moving 
program. Also, for muscular balance about a joint, try to incorporate opposite action exercises (i.e., 
flexion and extension at the elbow). As well, by substituting some multi-joint exercises (for some of the 
single joint exercises), which involve more muscle mass, a higher caloric yield should result. 



8) COMBINATION HITT AND CV CONDITIONING (Adapted from Laursen 2010) 
Warm-up: 10min of light exercise;  
Interval: 20seconds of sprinting (any mode) 
Relief Interval: 40second relief; work/relief ratio: 1-to-2 ratio 
After completion of first interval session perform a 15min slow jog or walk at 55-65% HRmax 
After completion of steady state bout perform second interval 
Interval: 30seconds of sprinting;  
Relief Interval: 90seconds; Work/Relief Ratio: 1-to-3 ratio 
Duration: Perform for up to 6 min 
Modify: Complete workout on multiple modes (cycling, elliptical training, running, rowing, stair 
stepping, etc.) 
9) Variable Intensity Interval Training (VIIT) (Adapted from Akubat 2010) 
Warm-up 5-10min of light exercise 
4-8 continuous endurance intervals 
Each interval is 4min followed by a 4min low-intensity relief (self-selected pace) 
Each successive interval is at a faster pace: Let’s look at an example 
1) 6 mph 
2) 6.3 mph 
3) 6.6 mph 
4) 7.0 mph 
5) 7.3 mph 
Complete on multiple modes; 1-to-1 work/relief ratio 
Continuous aerobic exercise at your maximal steady state (Lactate threshold) 
Duration: 20-40 minutes; runners call this tempo training 
10) Maximal Steady State Training (Smith, J. et al. 1993) 
Continuous aerobic exercise at your maximal steady state capacity (you are at you lactate threshold). This 
has been show to be the level for optimal fat oxidation. Go for 20-40 minutes. Runners call this tempo 
training. 
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Thank you for coming to this session! 


