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Evaluadon de mecanismos para las
enfermedades cronicas a partir de

datos epidemiologicos.

Intentando desentranar la “caja negra”
desde una perspectiva integradora

Il Jornadas del Centro Nacional de Epidemiologia
“Conoce el CNE”

Maria Téllez Plaza, MD PhD
Cientifica Titular
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MODELO DE LA CAJA NEGRA PARA EL ESTUDIO DE LAS
ENFERMEDADES CRONICAS

* Una desventaja del modelo, es que
e Implica una deficiente comprension de

N \ los eventos que se investigan, al no ser
by . necesario comprender todo el proceso

',/'

DE ESTILOS DE VIDA ~ —_ *
FACTORES '

DE RIESGO < RELACIONADOS CON LA
ATENCION A LA SALUD

Enfermedad®| Para adoptar medidas eficaces de
control.

SOCIO-CULTURALES

o

. ECONOMICOS
e

* Enfermedad como resultado de la acumulacion de riesgos en la persona; El riesgo como EI mOd e I O d e Ia CaJ a n eg ra ta m b I é n
e oy e e e ¢ flene como limitacion la dificultad para
epidemIcioqiios en grupos de pobiactnes distinguir entre los determinantes

— Individuales y poblacionales de la

https://promociondesaludyepidemiologiauacm.wordpress.com/2015/05/28/los- e nfe 'm ed ad ]
modelos-explicativos-del-proceso-salud-enfermedad-atencion/




“Epidemiology is the study and
analysis of the distribution,
patterns and determinants of
health and disease conditions in
defined populations. It is a
cornerstone of public health, and
shapes policy decisions and
evidence-based practice by
identifying risk factors for disease
and targets for preventive
healthcare” (Fuente: A Dictionary
of Epidemiology (6th ed.))
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EL ESTUDIO DE MECANISMOS EN EPIDEMIOLOGIA DE LAS
ENFERMEDADES CRONICAS: INTENTANDO ABRIR LA CAJA

CONTEXTO

Fuente: https://saludpublicayotrasdudas.wordpress.com/2014/05/18/la-evaluacion-realista/
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a extrapolacion de los resultados experimentales en
humanos es incierta

Population
Health

Science

Los estudios mecanisticos ’m

a partir de estudios

poblacionales pueden increased pved
indicar qué mecanismos cimical Wq rlevance and
biolégicos son mas e ‘

relevantes YN -

Discovery

, Sciencf , ,
Fuente: https://www.bristol.ac.uk/blackwell/health-research/research-strands/mechanisms-to-populations/
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ESTUDIOS EPIDEMIOLOGICOS CON TRABAJO DE CAMPO +
MUESTRAS BIOLOGICAS + SEGUIMIENTO EN LOS QUE EL
DEPARTAMENTO DE ENFERMEDADES CRONICAS PARTICIPA
ACTIVAMENTE
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Atherocierosis Atherocierosis

Follow-up

ARAGON
WORKERS'
HEALTH
STUDY

& & | DDM-Spain

MULTI-CASO CONTROL - SPAIN
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Biomarcadores de efecto
Biomarcadores de exposicion
Dosic Dosis Efectos Alteracion
EXPOSICION —> S L bioldgicamente | —| biologicos | | estructura | — ENFERMEDAD
primarios o funcién

Metabolitos en Aductos con
fluidos corporales ADNy proteinas

\ Susceptibilidad /)

Fuente: https://www.engormix.com/micotoxinas/articulos/aplicacion-biomarcadores-campo-control-t39846.htm

Mutaciones
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Y 37 unique studies

Study quality
Newcastle-Ottawa score
0=9, high scores better

Environmental toxic

metal contaminants
and risk of cardiovascular disease

§ 348259
non-overlapping

participants

S 6 7 8 9

012 3 4

Relative risk (95% Cl) Top v bottom third of baseline level
g &
Arsenic ra Exposure is associated with an
increased risk of coronary heart
il disease (CHD) and overall
Lead S > cardiovascular disease (CVD).
ke =
A linear dose-response association
—— was also observed,
Cadmium ¢
== J
—— et Lo o
Mercury o cardiovascular outcomes,
o Increased risk of cardiovascular
Copper — outcomes, but no dose-response
05 . 5 S assoclation observed.

) 2018 BM) Publishing

group Lid
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e Revision sistematica de 37
estudios Unicos

* >300,000 participantes

* Exposicion al arsénico, el plomoy
el cadmio asociada con aumento
de riesgo de cardiopatia
isquémica y enfermedad
cardiovascular con una dosis-
respuesta clara

Fuente: Chowdhury et al.
BMJ 2018
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Metales y estres oxidativo a unas dosis de
osiciones que son propias de la poblacion genera

GMR (95%Cl) P-trend GMR (95%Cl) P-trend GMR (95%Cl) P-trend

Co 0.98 (0.89, 1.08) 0.70 0.99 (0.94,1.03) 0.543 1.03 (0.98, 1.09) 0.195

I A

£ Cu  106(0951.18 030 1.04(0.98109) 018  104(0.99,1.10) 0.142 Fuente: Domingo-Relloso

@ .

© Mo 1.14(1.03,1.27) 0.01 1.01(0.96,1.07) 0611  1.04(0.94,1.15) 0.201 et al. Environment

Ll International, 2019
Zn 0.99 (0.88, 1.11) 0.85 1.07 (1.01, 1.14) 0.019 1.07 (1.01, 1.13) 0.02

. Sb 0.99 (0.90, 1.09) 0.84 1.00 (0.95, 1.05) 0.883 1.05 (0.96, 1.15)* 0.001*

(¢0)

-E Ba 1.17 (1.05, 1.31) 0.006 1.02 (0.96, 1.08) 0.561 1.00 (0.95, 1.06) 0.962

@

g Cd 1.07 (0.97, 1.19) 0.19 1.12 (1.02, 1.23) 0.02 1.09 (0.99, 1.20)* 0.08

g Cr 1.23 (1.04, 1.46)* 0.002* 0.98 (0.92, 1.03) 0.413 1.04 (0.99, 1.10) 0.131

=z

Vv 1.18 (1.00, 1.40)* <0.001* 0.97(0.92,1.03) 0.288 1.03 (0.98, 1.09) 0.256

Models adjusted for sex, education (<high school, >.high school), smoking status (never, former and current smoker), cumulative smoking dose (0, 0-12, >12 pack-years), urine
cotinine (<34, 34-500 and >.500 ng/ml), estimated glomerular filtration rate (ml/min per 1.73m2), residence (urban or rural), HDL colesterol level (mg/dl), total cholesterol level
(mg/dl), dyslipidaemia treatment (yes/no), hypertension treatment (yes/no), diabetes mellitus of type 2 (yes/no) and systolic pressure (mmHg).



e o Interacciones gen-ambiente:
s %% E| cadmio y la albuminuria

bjetivo: Evaluar la hipotesis de que , SLC30A4: Transportador de zinc en el
portadores de genotlpos esp_ecmcos son mas reticulo endoplasmico. No tiene papel
susceptibles al cadmio. Las interacciones conocido en la albuminuria

gen-ambiente también pueden apuntar a
mecanismos relevantes

9.0

RAC1:Rho-GTPasa, con un papel en el
mantenimiento de los podocitos y la
integridad de los tubulos proximales.
Asociado con disfuncion endotelial

4.3

I
—_
(00)

GMR of albuminuria levels comparing 80t to 20" percentile of
cadmium distribution, by genotypes of SNPs with significant
interactions at the Bonferroni level

2.0

I
N
abejuadlad paybiopn

Geometric Mean Ratio of Albuminuria

1.0 - - 6 SLC30A4  |RACH1 N GMR (95% Cl) P-int
rs3087816  [rs4720672 <0.001
T/T + T/C (ref) [T/T (ref) 892 1.82 (1.65, 2.01)
T/T + T/C (ref) [T/C + CIC 344 3.02 (1.85, 4.94)
0.5 - -0 C/C T/T (ref) 34 2.43 (2.07, 2.85)
00 01 03 15 50 C/C T/C + CIC 14 19.1 (8.02, 45.49)

Urine Cadmium, ug/g
Fuente: Grau-Perez et al. Environment International 2017

— overall - -- males == never smokers no hypertension ---- no diabetes - - eGFR>=60
- - females -—+- ever smokers - - - yes hypertension yes diabetes — eGFR<60
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La epigenetica y la metilacion del DNA

NH, NH,

+ Metilacion del DNA: cambia la expresion de los HﬁN N
genes sin alterar la secuencia genética | N/go | N/go
H H
Cytosine methylated Cytosin

» Sensible al ambiente

» Se puede heredar

+» Reversible y modificable
farmacologicamente




Il lornadas del CNE

Los metales y el tabaco como determinantes del
metiloma y el riesgo cardiovascular

: Schlosser P, et al. Meta-analyses identify DNA methylation associated with kidney function and damage. Nat Commun. 2021 Dec
9;12(1):7174.

2: Domingo-Relloso A, et al. Arsenic exposure and human blood DNA

methylation and hydroxymethylation profiles in two diverse populations from Bangladesh and Spain. Environ Res. 2021 Sep 10;204(Pt
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3: Navas-Acien A, et al.Blood DNA Methylation and Incident Coronary Heart Disease: Evidence From the Strong Heart Study. JAMA
Cardiol. 2021 Nov 1;6(11):1237-1246.
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7: Domingo-Relloso A, et al. Cadmium, Smoking, and Human Blood DNA Methylation Profiles in Adults from the Strong Heart Study.
Environ Health Perspect. 2020 Jun;128(6):67005.

8: Bozack AK, et al. Locus-Specific Differential DNA Methylation and Urinary Arsenic: An Epigenome-Wide Association Study in Blood
among Adults with Low-to-Moderate Arsenic Exposure. Environ Health Perspect. 2020 Jun;128(6):67015.
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12: Istas G, et al. Identification of differentially methylated BRCA1l and CRISP2 DNA regions as blood surrogate markers for
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Los metales y el tabaco como determinantes del
metiloma y factores relacionados con el riesgo
cardiovascular

ney function and damage. Nat Commun. 2021 Dec

. /\\,/ A

naturc .
COMMUNICATIONS ladesh and Spain. Environ Res. 2021 Sep 10;204(Pt
2: Evidence From the Strong Heart Study. JAMA =
atopoietic versus solid cancers in the Strong Heart )
SryoY

ARTICLE /M chth trans-ethnic effects. Clin Epigenetics. 2021 Feb

LSS g B S R w ’ )y ry 8
J - - o %

-~ 2 association study among adults in the Strong

Meta'analyses |dent|fy DNA methylathn rofiles in Adults from the Strong Heart Study.
associated with kidney function and damage ;nic: A Epigenone-ide Association Study in Blood

s of Health: a Systematic Review. Curr Environ

NA methylation and hydroxymethylation proportions.

Chronic kidney disease is a major public health burden. Elevated urinary albumin-to- d031/sagmb-2018-0031.xml.
cal atherosclerosis in middle aged men: pilot
. 2018 Jun 5;373(1748):20170084.

DNA regions as blood surrogate markers for

creatinine ratio is a measure of kidney damage, and used to diagnose and stage chronic
kidney disease. To extend the knowledge on regulatory mechanisms related to kidney
function and disease, we conducted a blood-based epigenome-wide association study for
estimated glomerular filtration rate (n=33,605) and urinary albumin-to-creatinine ratio ts: a systematic review of the epidemiologic
(n=15,068) and detected 69 and seven CpG sites where DNA methylation was associated
with the respective trait. The majority of these findings showed directionally consistent
associations with the respective clinical outcomes chronic kidney disease and moderately

nydroxymethylation with metals and other exposures
: 10.1289/ehp.1306674.
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Los metales y el tabaco como determinantes del
metiloma y factores relacionados con el riesgo
cardiovascular

4 7 | /\ JAMA Cardiology | Original Investigation
?’dlﬁ‘g - Blood DNA Methylation and Incident Coronary Heart Disease

COMMUNICATIONS : =
Evidence From the Strong Heart Study SRS
Ana Navas-Acien, MD, PhD; Arce Domingo-Relloso, MS; Pooja Subedi, MPH; Angela L. Riffo-Campos, PhD; Rui Xia, PhD; Lizbeth Gomez, MP! ’)
Karin Haack, PhD; Jeff Goldsmith, PhD; Barbara V. Howard, PhD; Lyle G. Best, MD; Richard Devereux, MD; Ali Taugeer, MD, PhD; Ying Zhang

ARTICLE Amanda M. Fretts, PhD; Gernot Pichler, MD, PhD, MSc; Daniel Levy, MD; Ramachandran S. Vasan, MD; Andrea A. Baccarelli, MD, PhD;

_ OF Miguel Herreros-Martinez, MS; Wan-yee Tang, PhD; Jan Bressler, PhD; Myriam Fornage, PhD; Jason G. Umans, MD, PhD;
R/ by /S SR SRS T Maria Tellez-Plaza, MD, PhD; M. Daniele Fallin, PhD; Jinying Zhao, MD, PhD; Shelley A. Cole, PhD

Meta-analyses ident

adSSOC | a te d W |t h k | d 1 IMPORTANCE American Indian communities experience a high burden of coronary heart
disease (CHD). Strategies are needed to identify individuals at risk and implement preventive

interventions.

Supplemental con

OBJECTIVE To investigate the association of blood DNA methylation (DNAm) with incident
creatinine ratio is a measure of kidney damage, z  -HD Using alarge number of methylation sites (Cytosine-phosphate-guanine [CpG]) in a

kidney disease. To extend the knowledge on re;  Single model.
function and disease, we conducted a blood-base

Chronic kidney disease is a major public healtt

DESIGN, SETTING, AND PARTICIPANTS This prospective study, including a discovery cohort (the
Strong Heart Study [SHS]) and 4 additional cohorts (the Women's Health Initiative [WHI], the
Framingham Heart Study [FHS], the Atherosclerosis Risk in Communities Study
([ARIC]-Black, and ARIC-White), evaluated 12 American Indian communities in 4 US states;

estimated glomerular filtration rate (n=33,605)
(n=15,068) and detected 69 and seven CpG sites
with the respective trait. The majority of these {
associations with the respective clinical outcomes
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Desarrollo metodologicos/aplicaciones para
abordar el papel de marcadores “omicos” en
las enfermedades cronicas

B llumina MethylationEPIC BeadChip
® (850K): over 850K CpG sites per sample
at single nucleotide resolution

AW
HIS,

o

‘:Q ) %’3\
3. Integracion de resultados en mecanismos con K‘ ; )

evidencia disponible en bases de datos I K“’“"“
bioinformaticas

1. Seleccion de variables de marcadores multi-
dimensionales correlacionados

2. Analisis de mediacidn para evaluar mediadores
correlacionados en el context de datos de
supervivencia




m Il lornadas del CNE

1. Seleccion de variables en el contexto de datos
omicos correlacionados: extension del paquete “SIS”

» Version extendida del paquete

de R SIS (proximamente en

. Seleccidn de posiciones diferencialmente metiladas en
CRAN) acopla ) relacion al indice de Masa Corporal (IMC) segiin métodos de
regularizacién en el Strong Heart Study

Elastic- SCAD [MCP Regres
seleccionar las variables relevantes de net ion

Arce Domingo  Dr. Yang Feng

+ Iterative Sure Screening (ISIS):

(a=0.05) linear
N varlables selected bk, 229 113 93 42 -

un grupo de variables correlacionadas

+» Adaptive Elastic-Net (AENET).

Medldas de rendimiento

22.89 1450 1573 2425 1471 20.18 15.97
entrenamiento

Error c. medio 31.78 38.29  35.38 42.0 41.65 33.77 35.84

validacion

descubrimiento bioldgico, asi como una  EilE e o el “ 0.8 8.7 7.3 1.7 0.9 Imme

estimacion de parametros menos

sesgada, que puede favorecer el

(dias)

diate

1/

mejor precision predictiva
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e 3. INntegracion de resultados de investigacion con
informacion relevante de bases de datos bioinformaticas

A. Riffo

AAAAAA Redes de
e interaccion de
R ) // proteinas
\ /// - ds o_mad dsS
" = N\ 17 77 = regiones
ARAGON N e e——— = / 2 diferencialmente

AW
H S
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Gene identification

A Differentially methylated in atherosclerosis

}%&E#ERS’ N
‘ - m
: % M metiladas en
NS . . -
e ~ relacionala
] Differentially methylated in metal-exposed = .' ‘ ‘. - 2 m eta I s y a I a
<> Differentially methylated in qfherosclerd@ﬁ%ﬁw%&ﬂ 2 e i o Myoto \\FIL RRRRR . ',%\\ ' ARHGA::: ZZZZZ ate ros c I e ros is

/7 ®

STUDY = éééifiz'
T
> v
LT -y . i
Ny ] exposicion a
Type of variable (Outline) ArferichI origin \
/

 Binary Femoral

MPC1 KCNAB2  BOC
. PM20D1
\ Continuous N Coronary | e | WR60 RG‘SW SCARAS
.o.‘ . KCNA6
“. Both mm Carotid e \ CASA WRTPB | ,L, TBC1D16 4‘

- F I d C SPG21 RNF219
Femoml qnd CorO:Zry : / ‘ ‘ - Hub proteins related to both atherosclerosis and metals-DMRs (e.g. SMAD3, NOP56...)
emordl dnd ~arot - Hub proteins related to metals-DMRs (e.g. SSTR5, HDAC4, AP2A2, CXCL12, SSTR4 ...)

*  Significantly atherosclerosis

related protein
B Coronary and Carotid

Bold  Effectors B Femoral, Coronary and

Carorid Source: Riffo-Campos et al. Philosophical Transactions B. 2017



/ RETOS

* Integracion adicional (multinivel):
» Factores Contextuales
 Trayectorias vitales

» s Factores causales o
correlacionales?

» Confusion residual y otros
Sesgos...

N
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Retos en el estudio de mecanismos a partir de
datos epidemioldgicos y trabajo en marcha

N

/ TRABAJO EN MARCHA \

* Proyecto PID2019-108973RB-C21: “El
papel causal del selenio en la
diabetes: un estudio omico para
informar a la medicina de precision
(SelenOMICs)”

« Subproyecto 1 (ISCIIl): Mendelian
randomization study of Se and
diabetes-related endpoints: an

/

\integrative approach a ﬁ

M.Téllez

R. Pastor D. Monleon



GWAS (SNPs) -> Selenio
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EATORIZACION MENDELIANA DEL SELENIO Y LA DIABETES:
UNA ESTRATEGIA DE ANALISIS CUASI-EXPERIMENTAL

GENES AS PROXY OF EXPOSURE

Holmes et al. 2017; Nature Reviews | Cardiology

No association @
' ------------------------------ )
[ |

Reliable association )
. A

-------------------------------------------

No independant association
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Metals associated with

cardiovascular disease, do metals

cause cardiovascular disease?
Check whether people with
genetically elevated cadmium
biomarker levels have more
cardiovascular disease

é

Resistencia a la insulina
Diabetes

Complicaciones de la diabetes

R. Pastor

Z. Rodriguez M. Grau



The Metal-GWAS

STUDIES FROM SPAIN

\ar:

Jose A. Casasnovas; Martin
Laclaustra Belen Moreno,
Fernando Civeira, Instituto
Investigacion Sanitaria de
Aragon (l1AS)

¥

géh Wofkers Health Study

Juan C. Martin-Escudero (Hospital
Rio Hortega); Josep Reddn (and

MULTI-CASO CONTROL - SPAIN\
I I B O N

Beatriz Perez-Gomez (ISCIll);
V. Moreno (Instituto Catalan
de Oncologia)

Daniel Monleon (INCLIVA)

Hortega Study Co-MCC-Spain /

STUDIES FROM THE US

Shelley A. Cole (Texas
Biomedical Research

- Institute

San Antonio)

Strong Heart Study and

k Strong Heart Family Study

~

Ana Navas-Acien
(Columbia University,
New York)

Q €SA

Multi-Ethnic Study of
Atherosclerosis

/
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nltlatlve

> 15000

participants with
metal biomarkers
and genome wide
SNPs




7 Incidencia de Diabetes
W Oriega

Table 4 Difference in type 2 diabetes incidence per 10,000 person-year per 1-point HLS increase®

Estilo de Vida Saludable, Metabolomica e

Adjustment models Difference in type 2
diabetes rates
per 10,000 person-

year (95% Cl)

Percent
explained, % (95% Cl)¢

Age, sex, education, prevalent hypertension, total plasma cholesterol, use of lipid lowering medica- —8.23 (—16.3, —0.13)
tion (Reference Model)

Reference model + lipoprotein subclasses
Reference model 4+ amino acids

—445(—1265,3.75)
—4.49 (—13.06,4.08)
—6.38 (—15.00, 2.24)
— 1458, 2.34)
—13.93,3.54)

Reference model + fatty acids
Reference model + fluid balance —6.12
Reference model 4+ energy —5.20
Reference model 4 products of bacterial co-metabolism —5.10(—13.82,362)
Reference model 4+ O-phosphoethanolamine —6.24 (—14.79, 2.31)
Reference model + phenylpropionate, and medium HDL and small LDL particle concentrations®  —3.91 (— 12.25, 4.44)

(
(
(
(
(
(
(
(

Reference

459
454
225

3.6,238.7)
7.2,274.0)
—11.2,164.1
44, 223.7)
0.3, 285.2)
2.8,266.2)
29,211.3)
15.9,384.3)

256
368
380
242
525

e B . .

Abbreviations: Cl, confidence interval
# Aalen additive models with progressive degrees of adjustment; n=2830, 51 incident type 2 diabetes cases and 779 non-cases
b Relevant metabolites defined as showing a PIP > 20% in BKMR-P regression

¢ Bias-corrected and accelerated 95% confidence intervals from bootstrap based on 1000 resamplings as conducted by the boot R package

Source: Delgado-Velandia, 2021. International Journal
of Behavioral Nutrition and Physical Activity. In press.

El “score” de vida
saludable mostro una
asociacion inversa
fuerte con la incidencia
diabetes tipo 2
iIncidente, que se
explico en gran medida
por los metabolitos
plasmaticos medidos
anos antes del
diagnostico clinico
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CONCLUSION

La investigacion mecanistica en

epidemiologia de las @Ci“m“"mic
enfermedades crénicas puede Impact:
ayudarnos a mejorar la Understanding
comprension de como nuestros Car;‘:;f:t":l')a;frisk

antecedentes familiares,
comportamientos, medioambiente

d

y genes funcionan juntos y Benefits for the (’.‘ J] i
ademas ayudar a encontrar nuevas society: Health Companies citizens
herramientas para la prevenciony \ providers /

el control.
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