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Why this topic and this talk…

35+ yrs research in: 

Nutrient metabolism; 

Exercise & calorie restriction in insulin signaling & diabetes; 

Body composition change & physique design; 

Computer simulation of physical performance

20+ yrs cutting-edge course and online MS program development.



Physique Design for Physical Performance



Energy Balance Model

Ritchie, CB; Havens, K; Davidson, RT (2005) Body weight simulation using self-reported energy intake and expenditure. FASEB Journal 19(4):A466.

Hart, RT; Davidson, RT. (2005) Simulation of body composition changes from energy balance. FASEB Journal 19(4):A466.



Arms: y = 0.8423x + 1.5814 R² = 0.78326

Legs: y = 0.8772x + 3.3353 R² = 0.83443

Trunk: y = 0.8038x + 10.163 R² = 0.73739

Arms + Legs: y = 1.0893x - 4.6153 R² = 0.78917
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Linear regression of initial versus final percent of body fat in each region

Davidson, RT; Gibson, G. (2014) Proportionality of regional fat 

pattern changes with weight change. FASEB J 28:1031.14.



y = 1.0022x - 0.1519 R² = 0.97099

0

10

20

30

40

50

60

70

0 20 40 60 80

F
in

a
l 

%
 o

f 
B

o
d

y
 F

a
t 

in
 

R
e
g

io
n

Initial % of Body Fat in Region

Linear regression of initial versus final percent of body fat after combining regional data

Davidson, RT; Gibson, G. (2014) Proportionality of regional fat 

pattern changes with weight change. FASEB J 28:1031.14.



Ellsworth, R; Ritchie, CB; Davidson, RT. (2006) Simulating changes in regional body 

composition with weight change using STELLA. FASEB Journal 20(5):A1029.



Obesity-Related Tidbits I have learned

• Fat changes are proportional to where it already is.

• Fat placement or pattern is regulated by hormones.
• Puberty and menopause see shifts in pattern in females.

• Not all obesity is from single cause.

• Body weight does not lie (but does not tell you body comp changes).

• Body composition changes do not lie.



Regional Fat Pattern Differences Between 8-11, 12-15, 

and 16-19 Year-Old Male and Female Children 

Introduction 

Obesity is one of the greatest epidemics we are currently seeing 

around the world. Currently, over 17% of children in the US are 

obese.1 According to the Center for Disease Control, seventy percent 

of obese youth had at least one risk factor for cardiovascular disease. 

They are also more likely to develop prediabetes, bone and joint 

problems, sleep apnea, along with social and psychological related 

problems.2 In adults, the fat pattern is predictive of these conditions 

with truncal fat being linked to cardiovascular and metabolic 

conditions. In children it is expected to be similar but regional fat 

patterns of fat accumulation during growth are not well defined. We 

plotted changes in regional fat accumulation at different ages and 

compared gender and age differences in these accumulation 

patterns. 

 

 

Abstract 
Objective. In our quest to accurately predict whole-body and regional body 
composition changes in growing children we needed to determine whether male 

and female fat accumulation patterns were similar in growing children. 

  

Methods. Regional body composition data published by the U.S. Dept. of Health 

& Human Services Center for Disease Control was utilized and analyzed by 
comparing the percentage of body fat accumulated in arm, leg, trunk and head 

regions of the body for 8-11, 12-15, and 16-19 year old males and females as 

determined by Dual Energy X-ray Absorptiometry (DEXA). Linear regression and 

correlations were used to identify trends in fat accumulation patterns using group 

average data as well as body mass-ranked data from each group. 
  

Results. Average body fat percent decreases in males and increases in females 

with age. Using age-group average data regional fat patterns are similar for 

males and females. However, comparisons of age group body mass ranked-data 
determined that the observed range of the percent of body fat in the arm region 

decreases with age while there is an observed increase in the percent of body fat 

that occurs in the trunk region. Older males also have much lower percent of 

body fat in the leg region. 

  
Conclusions. Post-puberty fat patterns are different for male versus female 

children. Future DEXA studies should further distinguish chest, mid-torso/waist, 

and hip/buttock distribution in trunk region.  

Conclusions 

•  Male and female regional fat accumulation patterns are different in 

children. 

•  Both male and female regional fat accumulation patterns change 

with age. 

Discussion 

Using average age-group and gender data it is clear that there are 

gender differences in fat accumulation patterns seen as early as 8-11 

years old – particularly looking at the total percent body fat. However, 

regional fat accumulation patterns show a different picture depending 

on whether you use group average data or percentile-ranked data. 

The percent of whole-body fat in each region using group average 

data (table 1) suggest that there is not much gender difference in fat 

accumulation patterns. As shown in figure 2 graphs, fat accumulation 

patterns widely diverge between genders as body fat increases with 

increasing age from fairly similar patterns at younger ages.  

Direct comparisons between male and female regional fat 

accumulation (figure 1) show that females tend to accumulate 

proportionately more to the trunk with the linear regression slope 

increasing with age and less to the leg region with the linear 

regression slope decreasing with age.  

Further evaluation of DEXA data should further delineate truncal 

region fat into chest, mid-torso/waist, and hip/buttock areas.  

This information should be useful in developing predictions of fat 

change and body composition changes with weight change. 

1031.10 
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Robert T. Davidson, Wesley Corbin 

Fig 1 – Percent of the body’s fat in trunk (A), arm (B), and leg (C) 
regions of males versus females using percentile data. 

        

Nutrition and Human Performance, Logan University, Chesterfield, MO 63006 

Results 

Table 1 reports the average total percent body fat value for each in 

each age group in each gender as well as average values for the 

percent of body fat that appears in each body region for males and 

females in each age group. 

Figure 1 reports linear regression equations for male versus female 

comparisons of the percent of total body fat appearing in trunk, arm 

and leg regions using fat mass in region percentile data (5th, 10th, 

15th, 25th, 50th, 75th, 85th, 90th, and 95th) for each age group. 

Figure 2 compares total body fat percentage to the percent of total 

body fat appearing in each body region (trunk, arms, and legs) using 

percentile data in each age group and gender. 

Methods  

Using Dual Energy X-ray Absorptiometry (DEXA) data from children 

available from the CDC3 we calculated the percentage of total body 

fat in each region (trunk, arms, and legs) of males and females 

separately for each age group and plotted either group average data 

or using percentile data comparing gender and age effects. 

8-11: y = 0.9861x + 1.4349 R² = 0.95077 

12-15: y = 1.109x - 1.8924 R² = 0.97115 

16-19: y = 1.1501x - 6.5745 R² = 0.95453 
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8-11: y = 0.5454x + 4.9136 R² = 0.82685 

12-15: y = 1.0119x - 0.2635 R² = 0.69176 

16-19: y = 0.867x + 1.6156 R² = 0.39864 
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8-11: y = 0.3205x + 28.515 R² = 0.18455 

12-15: y = 0.2724x + 30.227 R² = 0.06633 

16-19: y = -0.0703x + 43.761 R² = 0.0017 
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8-11 Females 

12-15 Females 
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A 

B 

C 

Males 

Age % Body Fat for 
Whole Body 

% of Body 
Fat in Trunk 

% of Body 
Fat in Arms 

% of Body 
Fat in Legs 

% of Body 
Fat in Head 

8-11 29.7 37.4 12.2 41.8 7.8 

12-15 26.4 38.5 11.2 41.6 6.2 

16-19 24.3 42.8 11.2 38.6 5.9 

Females 

Age % Body Fat for 
Whole Body 

% of Body 
Fat in Trunk 

% of Body 
Fat in Arms 

% of Body 
Fat in Legs 

% of Body 
Fat in Head 

8-11 33.3 38.1 12.0 41.8 6.7 

12-15 33.8 41.1 11.2 41.1 4.6 

16-19 36.2 41.6 11.3 41.0 4.2 

Table 1 – Average Percent Body Fat and Average Percent of 
Body Fat in Each Region, Males and Females. 

A 

B 

C 

Fig 2 – Percent of the body’s fat in trunk (A), arm (B), and leg 
(C) regions of males versus percent body fat using percentile 

data. 

        

Experimental Biology 2014, San Diego

Davidson, RT; Corbin, W. (2014) Regional fat pattern differences between 8-11, 12-15, and 16-19 year-old male and female children. FASEB J 28:1031.10.



Obesity-Related Tidbits I have learned

• Fat changes are proportional to where it already is.

• Fat placement or pattern is regulated by hormones.
• Puberty and menopause see shifts in pattern in females.

• Not all obesity is from single cause.

• Body weight does not lie (but does not tell you body comp changes).

• Body composition changes do not lie.



2000-2010

• 2003-2004 – several publications reported people would lose more
wt on a low-cal high-protein diet than same calorie low-cal high-carb. 
Questioned whether a calorie was a calorie.
• Used faulty assumptions, used 10% TEF value in calculations.

• Gary Taubes – 2007: “Good Calories, Bad Calories”; 2010: “Why we 
get fat and what to do about it”
• Question basic assumptions – are they correct?

• Robert Lustig – ”sugar is a poison”
• Question basic assumptions – are they correct?



Taubes’ Analogy to Energy Balance Idea

This room is full of people because more people came in 
than went out.

- Does not tell us why the people came into the 
room or what is making them stay or when they can leave.

Quantitative with metabolic control rather than simply qualitative



Fuel Selection
• Increasing carb or protein intake increases oxidation of carb & 

protein, not fat

Young et al. (2000) J Nutr 130:761-766
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Diet Composition

Sakita, S; Davidson, RT. (2010) Development and use of a computer model to predict and compare how changing macronutrient 

composition influences changes in weight and body composition. FASEB Journal 24:343.1.
Davidson, RT; Sakita, S. (2010) Using STELLA to model macronutrient relationships and contributions to weight and body composition 

change. FASEB Journal 24:748.1.



Simulation Results
Male, 47yr old, 6ft tall, 240 lbs. Energy Bal ~3000kcal/day (sedentary)

Energy Bal  90 days BW FM LBM

60:20:20 0 0 0

40:30:30 -1 -5 +4

-500kcal   90 days BW FM LBM

60:20:20 -10 -8 -2

40:30:30 -11 -11 0

+500kcal   90 days

60:20:20 +10 +6 +4

40:30:30 +9 +1 +8



Obesity-Related Tidbits I have learned

• Fat changes are proportional to where it already is.

• Fat placement or pattern is regulated by hormones.
• Puberty and menopause see shifts in pattern in females.

• Body weight does not lie (but does not tell you body comp changes).

• Body composition changes do not lie – tells us diet macro composition.

• Not all obesity is from single cause.



Obesity Causes & Contributors

Lack of exercise?
Gluttony?
Diet composition?
Meal timing?
Selective metabolism of macronutrients?
Hormones and hormone dysregulation?
Sleep deprivation/circadian rhythm disruption?
Pharmaceuticals/Drugs?
Environmental Toxins?
Fetal Programming?
Gut Microbiome?
Virus?
Fructose intoxication?
Food Addictions?



Males 1970 1980 1990 2000 2010 2020

Body Wt 173.4 173.8 182.4 191 195.6 199.8

Calorie Intake 2450 2439 2666 2618 2512 2485

Carb Calories 1039   (42%) 1039   (43%) 1285    (48%) 1283      (49%) 1205      (48%) 1143      (46%)

Protein Calories 404     (17%) 393     (16%) 411      (15%) 406        (16%) 402        (16%) 398        (16%)

Fat Calories 904     (37%) 989     (37%) 904      (34%) 859        (33%) 904        (36%) 944        (38%)

Females 1970 1980 1990 2000 2010 2020

Body Wt 144 145.4 154.1 164.2 168.5 170.8

Calorie Intake 1542 1522 1798 1785 1834 1849

Carb Calories 700     (45%) 700      (46%) 910      (51%) 969      (52%) 917      (50%) 869      (47%)

Protein Calories 261     (17%) 244      (16%) 277      (15%) 283      (15%) 275      (15%) 277      (15%)

Fat Calories 557     (36%) 548      (36%) 601      (33%) 616      (33%) 641      (35%) 702      (38%)

https://www.cdc.gov/nchs/products/series/series03.htm

https://www.cdc.gov/nchs/products/databriefs.htm?program=nhanes

https://www.cdc.gov/nchs/products/series/series03.htm
https://www.cdc.gov/nchs/products/databriefs.htm?program=nhanes


Obesity Causes: Diet Composition



Diet Composition – Identify and Educate

• Determine macronutrient intake ratios.

• Rule out other possible fat accumulation causes.

• Optimize dietary lifestyle.

• If intervention warranted, adjust dietary macro ratios to favor fat loss. 



Obesity Causes - Behavior
• Energy Balance – More calories in than out results in fat accumulation

• Laws of Thermodynamics (assumes independent variables)

• Except: Energy utilization and energy intake are not independent of each 
other
• The more you exercise the more you want to eat (hormone: Ghrelin - hunger)

• The less you eat the less you want to move (hormone: Epinephrine or adrenaline 
released – but no glycogen stores so makes glucose from amino acids and that 
takes time and wastes protein)

• Obesity leads to hormone cortisol increase and insulin resistance  - and increased 
insulin levels which:
• leads to hormone leptin resistance – lowers satiety signaling

• lowers dopamine clearance – promotes food reward sensation so you eat more

• Increases energy uptake into fat tissue – increases stored fat



Hormone Sensitive Lipase/Insulin



Sugary drinks & Sports Drinks



HSL/Insulin Identification

• List out carbohydrate consumption timing. Identify how much time is 
available for fat to be mobilized. 



HSL/Insulin Education

• Educate client on how insulin blocks HSL action and need for fat utilization 
by muscle.

• Chart carbohydrate intake with client.

• Continuous glucose monitoring can be very helpful in making client aware 
just how much/long glucose is elevated leading to insulin release.

• Educate on proper use of hydration during exercise: role of sports drinks, 
electrolyte drinks and water.



Obesity Causes - Satiety 
Signaling

• Ghrelin: increases hunger

• Leptin: signals satiety

• GLP-1: slows gastric emptying, feel full

• PYY: suppresses appetite

• CCK: slows gastric emptying



Satiety Signaling – Identification

• Ghrelin 
• Individuals with higher fasting ghrelin levels exhibit higher impulsivity (lower 

self control)

• Leptin (missing or resistance)
• Fasting Leptin at 0 (missing) or >12ng/ml (resistance)



Satiety Signaling - Education

• Ghrelin
• Lifestyle management to include 7-9hrs sleep, reduce sugary foods, consume 

fiber & protein, regular exercise.

• Leptin
• No FDA-approved medications.

• Lifestyle management to reduce inflammation.



Obesity Causes – Sleep Disruption & Food Timing

Circadian Rhythms in Gastrointestinal Health and Diseases. Bishehsari et al. Gastroenterology, Volume 151, Issue 3, e1 - e5



Circadian Rhythm & Food Timing -
Identification
• Sleep diary w/follow-up food log



Circadian Rhythm & Food Timing - Education

• Lifestyle management to help to get back on schedule or help adjust 
to schedule. 

• Light and activity help to reset internal clock.

• Restrict eating/snacking during sleep hours.



Obesity Cause - Gut Microbiome Dysbiosis



Obesity and the gut microbiota: implications of neuroendocrine and immune signaling. (2024) The FEBS Journal 292(6):1397-1420.



Microbiota Dysbiosis Identification & 
Education
• Stool-based analysis that evaluate the balance, diversity and 

functionality of GI bacteria.

• Gut permeability testing.

• Intestine inflammation testing.

• Increase dietary fiber, probiotics and prebiotics to increase good 
bacteria.



Obesity Causes - Pharmaceuticals

• Antipsychotics

• Antidepressants

• Corticosteroids

• Diabetes Medicines

• Beta-Blockers

• Anti-Seizure Meds

• Hormonal Contraceptives

• Antihistimines



https://www.ncbi.nlm.nih.gov/books/NBK537590/



Pharmaceuticals - Identifying

• Compare clients list of medications to weight gaining pharmaceutical 
list.

• Identify any medications that are known to contribute to weight gain.



Pharmaceuticals - Education

• Educate client on mechanism of action for drug effect on weight if it is 
known. 

• Recommendations for countering the drug effect on fat accumulation.

• Provide your client list of options that may be presented to their 
physician to see if substitutions may be possible.



Obesity Causes - Genetics

• Genetics
• Height – genetic, nutrition, and 

sleep - some kids are shorter or 
taller than others

• Muscle – genetic, growth 
hormone, sleep, nutrition –
some kids have less or more 
muscle than others

• Intramuscular Fat – genetic, 
maternal and individual 
nutrition - some kids have less 
or more fat marbling of muscle



Genes

• MC4R – linked to early onset obesity. Variants reduce satiety feelings.

• FTO – Variants feel less satiety, crave energy-dense food.

• Genes also interact w/food (nutrigenetics, nutrigenomics).



Genetic Education

• Let kids grow to fit their genes – no shame, no bullying

• Mitigate risk through lifestyle: regular exercise and health eating.

• More education will become available throughout your career.



Obesity Causes - Environmental

• Endocrine-disrupting chemicals
• Bisphenol A (BPA)

• Phthalates

• Pesticides

• Flame retardants

• Natural/synthetic estrogens

• Environmental contaminants

• Phytoestrogens/mycoestrogens



Environmental Education

• Reduce exposure from environmental obesogenic compounds.



Obesity Causes

• Maternal
• Mg deficiency during fetal development leads to obesity & diabetes

• Fetal vitA hormone determines fat cell differentiation in mammals



Maternal/Fetal Programming Education

• Focus on good maternal nutrition to maximize positive effects of nutrients on 
genes. 

• Too late to reverse this in kids?



Confounding Factors

• Advertising

• Food deserts

• TV

• Gaming 

• Social media

• Other addictions

• Food security

• Health messaging & policies



Obesity Causes & Contributors

Lack of exercise
Gluttony
Diet composition
Meal timing
Selective metabolism of macronutrients
Hormones and hormone dysregulation
Sleep deprivation/circadian rhythm disruption
Pharmaceuticals/Drugs
Environmental Toxins
Fetal Programming
Gut Microbiome
Virus
Fructose intoxication
Food Addictions



Treating Obesity Thoughts

• Focus on fat not weight.

• Identify possible causes and contributors – work to correct and educate. 
Obesity may not be resolvable without addressing causes.

• Adopt healthy lifestyle, observe how body responds.

• Intervention may be warranted to improve body composition. 

• Interventions at energy balance preferred.



Thanks!

• Questions?

• In graduate education we end up asking more questions than we 
answer.





• The biological clock consists of a central clock located in 
the suprachiasmatic nucleus (SNC) in the hypothalamus 
and synchronized by the day/night cycles. 

• The central clock tunes peripheral clocks located in all 
cells/organs. The synchronization of peripheral clocks can 
also be influenced by other stimuli, such as feeding/fasting 
cycles. 

• The molecular clock consists of transcription–translation 
feedback loops. The transcription factors BMAL1/CLOCK 
induce the expression of the negative regulators Period 
(PER) and Cryptochrome (CRY). 

• In turn, the PER/CRY heterodimer inhibits the 
transcriptional activity of BMAL1/CLOCK. 

• Once PER and CRY levels are sufficiently low, a new cycle 
starts. 

• CLOCK/BMAL1 induce the expression of the nuclear 
receptors Rev-erbα/β and retinoid-related orphan receptor 
α (RORα). 

• Rev-erbs and RORα repress or activate, respectively, Bmal1 
and Clock.Duez, H., Staels, B. Circadian Disruption and the Risk of Developing Obesity. Curr Obes

Rep 14, 20 (2025). https://doi.org/10.1007/s13679-025-00610-6
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