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Asymptotic attractors

c)
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Fixed point Invariant manifold

d)

Multiple fixed points Limit cycle

Chow and Hall, PLoS Comp Bio,4: e1000045, 2008
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Physical activity
Energy due to PA « Mass

Eps=aM = a(L + F)

a ranges from 0 to 0.1 MJ/kg/day

Tuesday, July 12, 2011



Physical activity
Energy due to PA « Mass

Eps=aM = a(L + F)

a ranges from 0 to 0.1 MJ/kg/day

Eis linear in F and L
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The problem with measuring 1

In energy balance, f reflects diet f(F,L) = ]TF

Need dynamical (i.e. longitudinal) data
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Impose Forbes law

aF _ F

dl,  10.4

dF

= — ([pr —
PF - (Ip — fF)

dL

0

L = (I — (1= f)E)




Impose Forbes law

dF F

dL 104

d_F o (IF — fE) PL




Impose Forbes law

(Ir — fE)PL
(I — (1= f)E)PF




Impose Forbes law




Impose Forbes law




Impose Forbes law




Matches data

— .
RD O O O

<)

@©

O

=3

O

X (I-f)E

- . . u n u u u u

0

O]

: 11
0 ‘
0 2 4 6 8 10 12

Time (days)

Hall, Bain, and Chow, Int J. Obesity, (2007)

Tuesday, July 12, 2011



Energy partition model
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Steady state is line attractor E(F, L) =1
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Consequences of line attractor
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Living on the Forbes curve
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One dimensional model
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*Need catchy name for €

~ 22 kcal/kg/day

10 Calories a day = 1 pound




Weight gain increases with weight

L=C InF+D

Tuesday, July 12, 2011



Weight gain increases with weight
E(EL)=I

L=C InF+D

Tuesday, July 12, 2011



Weight gain increases with weight
E(EL)=I

L=C InF+D

Tuesday, July 12, 2011



Weight gain increases with weight
E(EL)=I

L=C InF+D

Tuesday, July 12, 2011



Weight gain increases with weight
E(EL)=I

L=C InF+D

Tuesday, July 12, 2011



Weight gain increases with weight
E(EL)=I

L=C InF+D

Tuesday, July 12, 2011



Weight gain increases with weight

\ L=C InF+D

E(EL)=I

R .
.
.
R .
NS +L =M
. .
. .
. s
.

Tuesday, July 12, 2011



Weight gain increases with weight

L=C InF+D

E(EL)=I

R .
.
.
R .
NS +L =M
. .
. .
. s
.

Tuesday, July 12, 2011



Weight gain increases with weight
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T = p/e€

p ~ 7700 kcal/kg, € ~ 22 kcal/day = 7 ~1 year
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T Increases with weight, decreases with activity
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Excess food more than explains obesity epidemic
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*But what explains BMI distribution?
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Predicting intake in individuals
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Predicting intake in individuals

~— use linear regression
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Predicting intake in individuals

~— use linear regression

G(M — M())

+ p

aM

dt

I

*Need to estimate initial intake

122

12€ep

n(n? — 1)1

0 10

20

30

40 50 60
Time (days)

70 80 90

100

AEI (kcal/d)

(n+ 1)1T?

var(M)

A

- ] / \ N 7\ //\ .
S BN W N A WAV

_________ DO N VA B AL A N A P §
-3000 - (o e e %t e AN A
-4000 - /’\//.' / k\/\.//«\ \/// \\\ - /\%‘M\ n \ / \//\"-\'\
5000 - ..“,/ / v/ / N/ \/ \/ \.
-6000 A -/\/
-7000 A /
-8000 A
-9000 A
-10000 . . ; ; :

0 20 40 60 80 100
Time (days)

Hall and Chow, 2011

Tuesday, July 12, 2011



*How do we model children?




*How do we model children?

AM
Pt

=] —eM—b ?




*How do we model children?

AM
Pt

=] —eM—b ?

Hard because children grow




Growth is nonlinear
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Growth is nonlinear
moving target
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Growth is nonlinear
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Growth is nonlinear
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Growth is piecewise linear
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J

FiG. 2. Height (growth distance) chart of a boy with
acquired hypothyroidism, diagnosed at the age of 12
years and followed for a period of 6 yecars under sub-
stitution therapy with thyroid extract (from Prader, A.,
Tanner, J.M. and von Harnack, C.A., Catch-up growth
following illness or starvation. An example of develop-
mental canalization in man. Jowrnal of Pediatrics, 62,
646 (1963) by permission of the publisher)

18

‘6 -

4 J

12 4

Thyroid

Growth depends on history

Fi1G. 4. Growth velocity chart of the same boy as in Figs
2 and 3, plotted in a stepwise fashion.

“Catch-up” growth
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Can we model growth?
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Can we model growth?

Growth hormones
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Can we model growth?
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Viva data (N. Butte)
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Viva data (N. Butte)
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Viva data (N. Butte)
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Viva data (N. Butte)

Forbes
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Viva data (N. Butte)
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Viva data (N. Butte)
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Leptin scales with body fat percentage

Study 1 Study 2
100 - 100
o)
. r = 0.96 ¢ men & _
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- P < 0.0001 S
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= 10 4 103
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2 e
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% Body Fat % Body Fat
Jensen et al. Obesity Research (1999)
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Leptin scales with body fat percentage

Study 1 Study 2
100 < 100
o)
_ r = 0.96 @ men & _
) O women 5 )
= P < 0.0001 °
o 5
< 10 F 4 10 5
= Q
= =
o C
1 L - 1
| 1 | L 1 |
0 30 60 0 30 60

% Body Fat % Body Fat
Jensen et al. Obesity Research (1999)

Low leptin - eat more, high leptin - eat less
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Growth model

prF = (1-p)(I-E)—g




Growth model




Growth model

pprF = (1-p)(I—-FE)—g
prL = p(I—-FE)+g \
F
I = h (—> growth hormones

Leptin signal




Growth model

prF = (1-p(I—-E)—g
prL = p(I—E)+g \

. F
]/h (f) growth hormones

Leptin signal Eat more when % body fat

below threshold




Numerical simulation
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Numerical simulation

| | | | | |
o) 1000 2000 3000
Time (days)

*Is growth model correct!?
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Numerical simulation

| | | | | |
o) 1000 2000 3000
Time (days)

*Is growth model correct!  *Will it ever be published?
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Asymptotic solution

0
F = t Int + 0
PF 0—g or(0)

g PFO
PL pL(0 —g)

Int + ¢ (0)

I—FE=054+A(®)

Transients decay (i.e. catch up growth)
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Linear growth model
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Linear growth model

— 1 —eM — b

/*p dt

Cost of tissue
deposition here
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Linear growth model

— 1 —eM — b

/*p dt

Cost of tissue
deposition here M = vt + Mo

|

Velocity

I[(t) = evt + pv+ eMy + b




Linear growth model

— 1 —eM — b

/'p dt

Cost of tissue
deposition here M = vt + Mo

|

Velocity

I[(t) = evt + pv+ €My + b Predicted intake
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