
Data mining and time-series 
analysis as two complementary 
approaches to study body 
temperature in obesity


Chris Stephens, C3 y ICN, UNAM


Digital Health  2017, 


London 3rd-5th July 2017
 Work in collaboration with: Ruben Fossion, Karla Garcia, Lorena Garcia



The Problem: 

The Obesity Pandemic

Obesity, type 2 diabetes, heart disease, strokes etc. 
are diseases associated with “lifestyle” and arise 
partly from nature and partly from nurture

analyzing the potential risk factors of cancer and explore our
options for modulating these risk factors.

Cancer is caused by both internal factors (such as
inherited mutations, hormones, and immune conditions) and
environmental/acquired factors (such as tobacco, diet, radia-
tion, and infectious organisms; Fig. 1). The link between diet
and cancer is revealed by the large variation in rates of
specific cancers in various countries and by the observed
changes in the incidence of cancer in migrating. For example,
Asians have been shown to have a 25 times lower incidence
of prostate cancer and a ten times lower incidence of breast
cancer than do residents of Western countries, and the rates
for these cancers increase substantially after Asians migrate
to the West (http://www.dietandcancerreportorg/?p=ER).

The importance of lifestyle factors in the development of
cancer was also shown in studies of monozygotic twins (8).
Only 5–10% of all cancers are due to an inherited gene
defect. Various cancers that have been linked to genetic
defects are shown in Fig. 2. Although all cancers are a result
of multiple mutations (9, 10), these mutations are due to
interaction with the environment (11, 12).

These observations indicate that most cancers are not of
hereditary origin and that lifestyle factors, such as dietary

habits, smoking, alcohol consumption, and infections, have a
profound influence on their development (13). Although the
hereditary factors cannot be modified, the lifestyle and
environmental factors are potentially modifiable. The lesser
hereditary influence of cancer and the modifiable nature of
the environmental factors point to the preventability of
cancer. The important lifestyle factors that affect the inci-
dence and mortality of cancer include tobacco, alcohol, diet,
obesity, infectious agents, environmental pollutants, and
radiation.

RISK FACTORS OF CANCER

Tobacco

Smoking was identified in 1964 as the primary cause of
lung cancer in the US Surgeon General’s Advisory Commis-
sion Report (http://profiles.nlm.nih.gov/NN/Views/Alpha
Chron/date/10006/05/01/2008), and ever since, efforts have
been ongoing to reduce tobacco use. Tobacco use increases
the risk of developing at least 14 types of cancer (Fig. 3). In
addition, it accounts for about 25–30% of all deaths from
cancer and 87% of deaths from lung cancer. Compared with
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Fig. 1. The role of genes and environment in the development of cancer. AThe percentage contribution of
genetic and environmental factors to cancer. The contribution of genetic factors and environmental factors
towards cancer risk is 5–10% and 90–95% respectively. B Family risk ratios for selected cancers. The
numbers represent familial risk ratios, defined as the risk to a given type of relative of an affected individual
divided by the population prevalence. The data shown here is taken from a study conducted in Utah to
determine the frequency of cancer in the first-degree relatives (parents + siblings + offspring). The familial
risk ratios were assessed as the ratio of the observed number of cancer cases among the first degree relatives
divided by the expected number derived from the control relatives, based on the years of birth (cohort) of
the case relatives. In essence, this provides an age-adjusted risk ratio to first-degree relatives of cases
compared with the general population. C Percentage contribution of each environmental factor. The
percentages represented here indicate the attributable-fraction of cancer deaths due to the specified
environmental risk factor.
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Nature: Genetic susceptibilities are known to play an important 
role - multi-genic.


Nurture: They are behavioral diseases, i.e. diseases arising from 
decision making.


Human behavior and physiology is complex and requires 

“deep data”.




Deep Data and the Data 
Revolution

A revolution in the 

generation of data

A revolution in 

data storage

A revolution in 

data analysis

Human brain 

10-100 Terrabytes

All the books in the 

world 30-50 Terrabytes 

In electronic form 

1 zettabyte

1 human genome 

= 1GB (200)

CT image 

= 10MB

MRI image

= 40MB


 Traditional

Digital



The Data
✤ Study 1: Population - 1076 academics and staff of the Universidad 

Nacional Autonoma de Mexico

✤ Measurement: Axilliary temperature was taken at a single time moment between 

9am and 11am by qualified medical practitioners using a standard thermometer 
and registered visually to 0.1C accuracy. 


✤ Notes: Participants were seated and had fasted for at least 8 hours. Measurements were taken in different buildings of the university and as 
much as possible it was attempted to recreate the same conditions in each session. Typically, 20-30 subjects were tested that daily in a three 
hour session. For BMI, weight was measured using a standard scale and height using a stadiometer. Both measurements were taken by 
qualified medical professionals and in the same session temperature was measured.


✤ Study 2: Population - 22 male young adult volunteers (20-40yo) from 
the general university population. 

✤ Measurement: Wrist temperature continuously measured for one week using a 

Thermocron iButton with a sampling frequency of 1/3min, a resolution of 0.0625C 
and an accuracy of 0.5C.


✤ Notes: Climatic season (rainy season August-October 2016) The model DS1922L was fixed to the non-dominant wrist using medical tape. Weight 
and height were recorded. In this pilot study, we focused on males because in females the timing of the 1-week monitoring period with respect 
to the monthly menstrual cycle is important and requires a separate investigation.



The Hypothesis:

You aren’t what you eat you become what you eat but…

In	Table	1	we	see	the	number	and	percentage	of	participants	by	age	interval	and	category	in	the	
sample.	The	larger	number	of	female	respondents	is	due	to	the	fact	that	women	were	more	likely	to	
be	at	home	when	the	interviewer	called.		

Table	1	–	Number	and	percentage	of	the	different	categories	by	age	group	

Gender	 Male	 Female	 All	Adults	
		 #	 %	Males	 %	Age	 #	 %	Females	 %	Age	 #	 %	Adults	
Age	 		 	 		 		 	 	 		 		
20-29	 1170	 20.66%	 33.15%	 2359	 23.41%	 66.85%	 3529	 22.42%	
30-39	 1511	 26.69%	 31.70%	 3256	 32.31%	 68.30%	 4767	 30.29%	
40-49	 1250	 22.08%	 37.63%	 2072	 20.56%	 62.37%	 3322	 21.11%	
50-59	 755	 13.33%	 41.26%	 1075	 10.67%	 58.74%	 1830	 11.63%	
60-69	 545	 9.63%	 43.15%	 718	 7.13%	 56.85%	 1263	 8.03%	
	70-80	 431	 7.61%	 41.97%	 596	 5.92%	 58.03%	 1027	 6.53%	
Total	 5662	 		 		 10076	 		 		 15738	 		
	

In	Figure	1	we	see	a	graph	of	BMI	versus	age	for	the	15,738	included	participants.	Also	included	is	
the	data	corresponding	to	average	BMI,	<BMI(t)>,	per	age	group	and	a	quadratic	polynomial	fit	to	
the	binned	data.	A	linear	fit	was	also	considered	but	was	less	statistically	significant.	

		

Figure	1:	BMI	against	age	for	all	adults,	male	and	female.	

The	summary	statistics	for	this	regression	can	be	seen	in	Table	2,	where	we	see	the	relationship	

between	age	and	BMI	for	the	full	sample	and	for	the	different	groupings	using	a	regression	with	

linear	and	quadratic	age	terms.		As	can	be	seen,	the	fit	to	a	quadratic	curve	is	very	impressive,	with	f	

values	in	the	range	290-370	and	absolute	t	values	for	the	regression	coefficients	between	14	and	27.	

The	relatively	low	value	of	the	R2	coefficient	is	associated	with	the	fact	that	although	the	quadratic	

tendency	is	extremely	statistically	significant	there	is	also	a	great	deal	of	underlying	statistical	

variation.	

		 Variable(s)	 Unstd.	B	 Std.	Error	 t	 f	 R^2	 Sig	 Lower	 Upper	

BMI	 		 		 		 		 372.668	 0.045	 0	 		 		

ALL	 Constant	 18.533	 0.347	 53.445	 		 		 0	 17.853	 19.212	

		 Age	 0.433	 0.016	 27.278	 		 		 0	 0.402	 0.464	

		 Age^2	 -0.004	 0	 -26.678	 		 		 0	 -0.005	 -0.004	

		 Variable(s)	 Unstd.	B	 Std.	Error	 t	 f	 R^2	 Sig	 Lower	 Upper	

BMI	 		 		 		 		 103.539	 0.035	 0	 		 		

Men	 Constant	 20.06	 0.493	 40.666	 		 		 0	 19.093	 21.027	

		 Age	 0.321	 0.022	 14.347	 		 		 0	 0.277	 0.364	

		 Age^2	 -0.003	 0	 -14.326	 		 		 0	 -0.004	 -0.003	

		 Variable(s)	 Unstd.	B	 Std.	Error	 t	 f	 R^2	 Sig	 Lower	 Upper	

BMI	 		 		 		 		 290.452	 0.055	 0	 		 		

Women	 Constant	 17.399	 0.46	 37.821	 		 		 0	 16.497	 18.301	

		 Age	 0.504	 0.021	 23.794	 		 		 0	 0.463	 0.546	

		 Age^2	 -0.005	 0	 -22.767	 		 		 0	 -0.006	 -0.005	

	

Table	2:	Regressions	of	BMI	against	age	for	all	adults,	male	and	female.	

	

	

Figure	2:	Daily	calorie	consumption	against	age	for	all	adults,	male	and	female.	

y	=	-0.0078x	+	2.5646	
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In	Figure	2	we	see	a	graph	of	average	daily	calories	consumption	versus	age	for	the	15,738	included	
participants.	Also	included	is	the	data	corresponding	to	average	calorie	consumption,	<C(t)>,	per	age	
group	and	a	linear	polynomial	fit	to	the	binned	data.	A	quadratic	fit	was	also	considered	but	did	not	
lead	to	a	more	statistically	significant	f	value.	

		 Variable(s)	 Unstd.	B	 Std.	Error	 t	 f	 R^2	 Sig	 Lower	 Upper	
Total	Cals	 		 		 		 		 197.52	 0.012	 0	 		 		
ALL	 Constant	 2.565	 0.024	 105.479	 		 		 0	 2.517	 2.612	
		 Age	 -0.008	 0.001	 -14.054	 		 		 0	 -0.009	 -0.007	
		 Variable(s)	 Unstd.	B	 Std.	Error	 t	 f	 R^2	 Sig	 Lower	 Upper	
Total	Cals	 		 		 		 		 69.552	 0.012	 0	 		 		
Men	 Constant	 2.638	 0.042	 62.809	 		 		 0	 2.556	 2.721	
		 Age	 -0.008	 0.001	 -8.34	 		 		 0	 -0.009	 -0.006	
		 Variable(s)	 Unstd.	B	 Std.	Error	 t	 f	 R^2	 Sig	 Lower	 Upper	
Total	Cals	 		 		 		 		 144.087	 0.014	 0	 		 		
Women	 Constant	 2.544	 0.03	 85.301	 		 		 0	 2.485	 2.602	
		 Age	 -0.008	 0.001	 -12.004	 		 		 0	 -0.01	 -0.007	
	

Table	3:	Regressions	of	total	reported	daily	consumption	against	age	for	all	adults,	male	and	
female.	

In	Table	3	we	see	the	summary	statistics	for	the	relationship	between	age	and	total	calorie	
consumption	for	the	full	sample	and	for	the	different	groupings	using	a	regression	with	only	a	linear	
term.	Once	again,	the	strong	statistical	significance	of	the	underlying	tendency	is	apparent	with	f	
values	in	the	range	69	to	197	and	absolute	t	value	for	the	regression	coefficient	in	the	range	8-14.	As	
with	BMI,	the	low	R2	value	is	an	indication	of	a	high	degree	of	statistical	variability.	

	

	

Figure	3:	BMI	against	daily	calorie	consumption	for	all	adults,	male	and	female.	
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We eat less the older we getWe get fatter then we get thinner

The obese eat as much as the thin

equilibrium

pointequilibrium


point

calorie
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excess

Its not “noise”its 

multifactoriality

Epidemiological data 

from ENSANUT 2006  

The data shows an overconsumption of 200-300 Cals/
day at age 20-30. 8 Cal/day is enough (naively 
through the famous/infamous 3500 cal rule) to 
generate the observed increase in BMI. Where do the 
other calories go?

Why aren’t we even fatter?



Do you become what you eat?
                                   Study 1                                   Study 2


                points          deciles            7-day mean      1-day mean

slope           0.0072        0.0067             0.0093               0.015

intercept      35.99          36.00               33.69                 33.524

CI slope       0.0028        0.0024           -0.019                  0.0019

                     0.012          0.011               0.038                  0.029

CI intercept  35.88          35.89              32.88                  33.15

                      36.11           36.12              34.51                 33.90

tslope           3.18             3.56               0.68                    2.25

tintercept     590.34        708.93            86.9                   174.92

F                   10.15          12.64               0.46                    5.06

p                    0.0015 (*)    0.0074 (*)        0.50                   0.026 (*)

R2                 0.0094         0.61                 0.022                 0.027

Relation between temperature and BMI

Study 1

Study 2

Body temperature found to increase with 

BMI using two different populations and 

two completely different measuring 

protocols



0.07ºC doesn't sound like 
much, but…

can make a difference of 
500-1200 cal per day in 
energy radiated! 



Differences in the protocols…

Higher moments

“Exercise” 

component

Study 1 Study 2

Transverse Longitudinal

Less/More

Variance/kurtosis



Conclusions

✤ Obesity is probably the world’s number one health problem which,  in spite of a huge 
investment in research and public health initiatives, is still increasing


✤ It is representative of a Complex Adaptive System with a highly multifactorial, 
multiscale set of risk factors


✤ Digital health technology offers a tremendous opportunity, especially in conjunction 
with traditional methods, to measure physiological and behavioural parameters


✤ Temperature, in spite of being a standard physiological variable, is not as well 
understood as it should be and especially its link to obesity


✤ We hypothesis that the obesity epidemic is not as severe as it should be and that the 
obese have higher temperatures as a way to offset consumption against weight gain


✤ Our multi-population, multi-protocol study is consistent with this hypothesis


