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Is there a recent obesity epidemic?
Yes… and no



B
M

I a
t 

ag
e

 5
0

Komlos, J., & Brabec, M. (2010). The Trend of Mean BMI Values of US Adults, Birth Cohorts 1882-1986 
Indicates that the Obesity Epidemic Began Earlier than Hitherto Thought. doi: 10.3386/w15862

BMI Deciles
90th

50th

10th

Deciles trends in white US males by birth cohort

Radical differences!

Rate of change of deciles trends

Remember: Evolution likes diversity

What factors (behaviours)
are at the root of these 
differences?



Why is there obesity?
Eat to live not live to eat!



Nature versus nurture versus environment
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As a physicist… I have

to say Energy Balance
This should almost be a tautology



Energy “in”
Food

Energy “out”=

Energy “needed”

Conservation of Energy

Metabolized

Non-metabolized

And what does ”Needed” mean anyway?

How do we measure this? How do we measure this?

How do we measure this?

This has to hold for ALL processes over ALL time scales 

Ein(t)

⍺ Ein(t)

(1 - ⍺)Ein(t)



Energy “in”
Food

Two principal dimensions: Quantity and 
“Quality” 

How do we measure it? 
The gross energy measured through bomb 
calorimetry is an upper limit on extractable 
energy

Standard calorie values try to account for 
digestibility

What happens to one unit of a given food?
Extremely complex

Behaviour in a given 

environment controls how 
much and what

time
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What happens to one unit of a given food?
In the next 20 mins, 20 hours, 20 days, 20 years

Extremely complex

Everybody else is more
expert than me



Energy “out”

Metabolized

Non-metabolizedHow do we measure this?

Microbiome
Behaviour

and other things…

Activity

Body 
processes

Storage

Heat 
generation/loss

time

En
er

gy

time
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2) How do they depend on behaviour?
3) How are they correlated in time?

1) How do we measure these?
Directly vs. indirectly⎰ ⍺ Ein(t)dt = ⎰Ea(t)dt +⎰EBMR(t)dt +⎰Ef(t)dt +⎰Eh(t)dt

Ea(t)

EBMR(t)

Ef(t)

Eh(t)

Back to Energy Conservation

No net storage when

⎰⍺ Ein(t)dt = ⎰Ea(t)dt +⎰EBMR(t)dt +⎰Eh(t)dt



Energy “needed”

Needed for what?

This is dependent on
the environment both

now and in the future

Need versus 
Behaviour versus
Environment

Result of a 12000 
calorie per day diet

Result of a 12000 
calorie per day diet

Activity BMR Heat generation

Behaviour: 
Direct and 
Indirect 

Behaviour: 
Direct and 
Indirect 

Behaviour: 
Indirect 



1. What are some of those behaviours? 
2. How do we quantify/measure them?
3. What are risk factors for those behaviours?
4. How plastic are they?
5. How do we model them?

You can’t gain weight without an associated set of 

decisions/actions that correspond to a behaviour



1) What are some of those behaviours?
Consumption and Exercise



2. Consumption…
You aren´t what you eat you become what you eat

Energy balance point

Energy balance point

Calorie deficitCalorie excess
max aprox 250 cals

This gradually decreasing calorie excess
seems to be the motor for the population
level increase in BMI

This isn’t noise its
multifactoriality

Epidemiological data from ENSANUT 2006  

Biggest risk group 70% 
of weight gain here

Standard 
deviation
is 1300 cal

Standard 
deviation
is 5.17kg/m2

Regression of BMI change versus calorie excess

This is just one dimension of 
Behaviour – total consumption



The Challenge of Measuring ”Real World” Energy Imbalance: 
Some Phenomenological Observations

1) Population Energy Balance is a truly Emergent phenomenon

Why? 

2) Maximum calorie excess is 250 cal but the population level std dev is 1300 cal

3) Calorie excess changes by only 8 calories per year

4) Average BMI increase per year is 0.15kg/m2 (400g) but the population level std dev is 5.17kg/m2

5) For an excess of 250 cal one expects a yearly increase of 13kg
Over a 30 year period the excess is over 1,000,000. Using the 3500 cal/pound rules this should correspond to an
increase of 140kg! 

6) We should be even fatter! Where do all the calories go?
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2. Exercise …
Obesity % versus historical exercise behavior
A > recommended exercise, B < recommended, * don’t care;
(30y, 20y, 10y, 5y, 1y, now)

Its worse to have had good 
habits and lost them than 
never to have had them 
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Aerobics Yes

Aerobics no

Athletics Yes

Athletics no

Bicycling Yes

Bicycling no

Walking Yes

Walking no

Running Yes

Running no

Obesity incidence vs exercise type
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Likes exercise Doesn’t like exercise Likes intense
exercise

Doesn't like intense
exercise

What do you think about exercise?

Proportion population Probability obesity Proportion obese

How many dimensions do we need to describe our decision 
making/actions and behavior with respect to exercise?



Probability to be an academic versus historical exercise behavior
A > recommended exercise, B < recommended, * don’t care;
(30y, 20y, 10y, 5y, 1y, now)

Why are shorter people more likely
to be obese? Unit bias?*

* Katherine Stephens

Big Mac meal 
for a large person

Torta Cubana
for a large person

Big Mac meal 
for a short person

Torta Cubana
for a short person

Effect of cognitive biases
• Self-serving
• Anchoring
• Unit

3. And some risk factors… being short, being non-academic, looking at the

world through rose-tinted glasses,… 



4. How plastic are they?
Estimates of Funding for Various Research, Condition, and 

Disease Categories NIH

Research/Disease Areas
FY 2016Actual  

(Dollars in millions)
2015 US 

Mortality
2015 US Prevalence 
(Standard deviation)

Cancer 5589.00 652,672 8.7% (0.20%)

Cardiovascular 2108.00 1,464,485 -

Chronic Obstructive Pulmonary Disease 97.00 292,471 6.2% (0.18%)

Diabetes 4/ 1084.00 252,806 9.7% (0.22%)

Digestive Diseases 1745.00 - -

Heart Disease 1289.00 1,202,319 11.7% (0.26%)

Heart Disease - Coronary Heart Disease 419.00 536,339 6.1% (0.17%)

Hypertension 224.00 427,631 27.0% (0.33%)

Inflammatory Bowel Disease 126.00 2,966 -

Obesity 965.00 39,590 30.0% (0.38%)

Stroke 308.00 234,867 -

13,954 5,106,146

% of total 17% 73%

Physical Activity 392.00 - -

Prevention 7566.00 - -

Tobacco 299.00 - -

Nutrition 1615.00 - -

Basic Behavioral and Social Science 1804.00 - -

Behavioral and Social Science 4137.00 - -

15,813

Not very! Well, at least not the healthy behaviors 



5. How do we model them?



P(C(t)|X(t))
Decision/Action The “World”

The Conductome also implicitly represents a Prediction Model where 
the prediction is that the decision/action will lead to some benefit.

Here we know the 
”World” because we 
create it. We also know
the algorithm P( | ) and 
the payoff from our prediction
and action

Here we neither know the 
”World” nor the algorithm 
P( | ) nor the payoff from 
our prediction and action

CONDUCTOME
“World” + algorithm +payoff

This… 

is the



The Conductome Landscape

Drink the Coke

Don’t drink the Coke

Behaviour change –
Just how plastic is it? 

Reduce cognitive stress versus 
5 more years of education? 

(X1, X2) – Conductome dimensions

Decision/action
threshold

The Conductome landscape
is dynamic and adaptive.
There is a landscape for every
decision/action/behaviour



What does the Conductome represent?
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None/Kinder Primary Secondary High School Undergraduate Postgraduate

Men v Women: Level of Error

Men Women

The difference between them depends on many factors, e.g. educational level
And has consequences…

BMI Obese Education level (n; %)

Intention to 
lose None/Kinder Primary Secondary High School Undergraduate Postgraduate

All 17; 6.3 100; 7.1 61; 9.2 28; 10.9 24; 15.7 2; 25.0

Men 2; 3.9 23; 8.0 10; 6.4 10; 12.2 10; 16.1 1; 25.0

Women 15; 6.8 77; 6.8 51; 10.0 18; 10.3 14; 15.4 1; 25.0

1) “In the last year have you lost or gained weight?”

2) “Was this weight loss intentional?”



Constructing the Conductome
What data? What algorithm? What payoff?

What data do we want? Rather, what data isn’t potentially useful?
How should we organize the data part of the Conductome? Ontology and taxonomy. 

X(t)

Environment

F(t)
The “Future”

H(t)
The “Past”

We don’t just eat for now, we eat for a predicted future
Our behavior is associated with that predicted future

But ”who” does the prediction?
And how good is the prediction model?



Constructing the Conductome
First we need data
Goal: Construct the deepest data base on the planet (Deep Data, not Big Data) – to be publically available

Phase 0: National Epidemiological Surveys: ENSANUT 2006, 2012; ENCOPREVENIMSS

Phase I: (03-05/2014) 1,076 academicos and non-academicos from 12 institutes and faculties of the UNAM
2,524 variables - Genetic, epidemiological, physiological,… Epidemiological: Personal (81), Personal history (130), Family 
History (548), Self-health evaluation (226), Nutrition (220), Lifestyle (390), Health knowledge (293); Genetic (772); 
Anthropometric and physiological (49).

Phase II: (03/2017-09/2018) 500 medical students from the Fac. Med UNAM; (06/17) 100 workers and teachers from 
the FM. Addition of psychological variables.

Phase III: (12/2018-02/2019) 500 diabetics from the ISSTE

Phase IV: (01-03/2019) Follow up on 1,076 from Phase I. Repetition of blood analysis, addition of psychological 
variables, a new chip of approx. 700,000 SNPs (INMEGEN)

Phase V: (01/19-12/19) Construction and publication of data base associated wth Phases 1-4 with a Machine learning
based analysis platform

(CONACyT Fronteras 1093, CONACyT, Redes y PAPIIT, SECITI)







obesity

obesity

347 SNPs considered - Subsets with
obesity, DM2, dislipidemias, hepatic;
Collaboration with Dr. Samuel Canizales
UNAM/INMEGEN

The model doesn’t offer
much predictability 

(score = 0.904, predictive but rare)

(score = 0.105, not so predictive but common)

Relevence of genetics

Project UNAM: Genetic analysis of 568 participants

consistent with:

What is the genetics
of conduct?

Where is the ”thrifty gene”?



Conclusions and questions

• Why can’t we revert the obesity crisis at a large scale? We need new paradigms. Hopefully the 
Conductome can be useful.

• The Conductome is enormously multifactorial, it requires big, deep data at multiple scales: 
genetic, epigenetic, physiologcal, psychological, neurosciencies, epidemiology, sociology, 
economics,… 

• We don’t have them.

• The Conductome requires adequate frameworks for the generation and sharing of data

• We don’t have them.

• The Conductome requires truly interdisciplinary teams to analyse and model these data

• We don’t have them.

• The Conductome requires new frameworks capable of modelling Complex Adaptive Systems

• We don’t have them.

• The Conductome implies that we have to look at science in a different way; how we do it and how 
we present it - the challenge of multifactoriality

• Hopefully in this meeting we can make some progress.



Questions

1. What is the appropriate taxonomy of those “universal” tendencies in human 
physiology/ behaviour that are associated with the obesity pandemic? 

2. What are the genetic/ epigenetic underpinnings of these “universal” tendencies? 

3. What are the phenotypic variables that will most help to identify these tendencies? 
(Stop looking for only high signal to noise relations)

4. How have the consequences of those tendencies changed due to environmental 
changes (and how has the environment objectively changed?)

5. How do we quantify the effect of a given variable/ class of variables?

6. What is the impact of time horizon on a given variable (e.g., the difference between 
being obese for one year versus 20)

7. How do we disentangle the cause-effect relationships?

8. What is actionable? What factors are plastic and what is their degree of plasticity?


