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CARGA DE ENFERMEDADES CRONICAS
+41M MUERTES POR ENT [~71%]

EU [~90%]
40% <60 ANOS

500.000M EUROS

b

WHO, 2018
EU Science Hub, 2019
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A 25% relative reduction in risk of At least a 10% relative A 10% relative At least 50% of
premature mortality from cardiovascular reduction in the reduction in prevalence eligible people
disease, cancer, diabetes or chronic harmful use of alcohol of insufficient physical receive drug
respiratory diseases activity therapy and

counselling to
prevent heart
attacks and strokes

(@

reduction in mean ) A 25% relative
population intake the affordable basic reduction in prevalence

of salt/sodium tecl.mologigs. and of raised blood
essential medicines,

incl. generics, required
to treat NCDs

. . A 30% relative
A 30% relative reduction An 80% availability of

in prevalence of current
tobacco use

pressure or contain the
prevalence of raised
blood pressure

Halt the rise in
diabetes and
obesity
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ESTILOS DE VIDA
FACTORES DE RIESGO MODIFICABLES
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ESTILOS DE VIDA

Community
environment

Sociocultural

Individual

Age, gender, personal norms, education,
income, taste preferences, nutritional
knowledge and skills, health status, eating
behaviors, attitudes, motivation, sleep,
screen time, alcohol use

norms

Social sup

Social class

Race/ethnicity

Neighborhood
socioeconomic
status

Accessibility
to transport

Social and culture

Agricultural,
industry, market

Workplace
food environment

Global

Governmental

Land use and
transportation

FACTORES DE RIESGO MODIFICABLES

Global food
availability

Government—
society
“_structures

Climate and season

SISTEMAS

Government International

Food production

School and distribution priorities trade agreements
e COMPLEJOS
S Food and International
Food availability Food and agricultural food standards
port atlocalistores beverage policies
S industry International
Accessibility to : : . o
incentives / ;
supermarket and Food assistance commediy(prcing

Accessibility food industry food distribution
to restaurants lobbying and shipping
and fast food Economic
outlets Food marketing systems Multinational
and media corporate lobbying
Food safety " Healthcare

grocery stores

programs

Agriculture and International

systems Dietary research

and science

Afshin, Pefialvo, [...] & Mozaffarian. 2015. Curr Cardiol Rep
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ESTILOS DE VIDA
FACTORES DE RIESGO MODIFICABLES
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screen time, alcohol use Social class supermarket and ' Food assistance pricing
rocery stores
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FERE Y Accessibility " foodindustry / food distribution
to restaurants lobbying . and shipping
Neighborhood A ibili and fast food 2 Economic -
socioeconomic  Accessibility g yets " Food marketing systems Multinational
status [ tan=port and media ) Z corporate lobbying
Food safety - Healthcare
systems Dietary research
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Afshin, Pefalvo, [...] & Mozaffarian. 2015. Curr Cardiol Rep
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PREVENCION CARDIOVASCULAR

MODELADO EPIDEMIOLOGICO

* MODELADO COMO HERRAMIENTA PRIORITARIA PARA ELUCIDAR [NjejerNe[e]\\a
VIUIRy[TNSR['N E INTERACCIONES COMPLEJAS ENTRE FACTORES DE RIESGO Y

DETERMINANTES SOCIOECONOMICOS DE LA SALUD

 EVALUACION DE (3@ f\¥[s):\s] DE POLITICAS Y ESTRATEGIAS DE SALUD PUBLICA

* CON BBDD CADA VEZ MAS DISPONIBLES Y DE MAYOR CALIDAD, EL |\Yle]s]3w:\n]e;
2] \Y[[e]Nelellele) ES UNA PIEZA CLAVE PARA INFORMAR POLITICAS DE PREVENCION Y
CONTROL DE ENFERMEDADES CRONICAS
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PREVENCION CARDIOVASCULAR

MODELADO EPIDEMIOLOGICO

The Bell-Curve Shift in Populations

Shifting the whole population into a lower risk category benefits c
more individuals than shifting high risk individuals into a lower risk o000 [ ] g Observed
category g B'|0|ogica'| Observed summa
5 e T—— G system data D,,, ioics
s S /\hg antine o a statistics S _,
] o ‘s entire distribution
g P X o 5
= .’. obs
5 o E
ES o
‘.' c
Rk ductin N S . imulati Simulated
r Mdovedh\glhrisk \/é\/ ﬁ \I‘\/ © Stochastic Simulation summary
R P n . . —> >
i e IR N | 2 simulation = resultDy, T LS I,
AN n % s s

“Low” “Normal” “High”
Level of risk

Source: Rose G. Sick Individuals and sick
populations. /nt J Epidemiol. 1985; 12:32-38. Hartig et al . (2011). Ecology Letters
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The Bell-Curve Shift in Populations

Shifting the whole population into a lower risk category benefits
more individuals than shifting high risk individuals into a lower risk
category

Population approach:
encourage everyone to

change, shifting the
| entire distribution

MODELOS DE
EVALUACION
COMPARATIVA
DE RIESGOS
[CRA]

% of Population

Risk reduction
approach:
Move high risk
individuals into
normal range

“Low” “Normal” “High”

Level of risk

Source; Rose G, Sick Individuals and sick
populations. /ot Epidemicl 1985, 12:32-38
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EFECTIVIDAD COMPARATIVA

MODELOS DE EVALUACION COMPARATIVA DE RIESGOS (CRA)

Oante(facujal Study pqpulation

5
g
] ppp Joo RROOPGIx = [ RR)P ()
] S RR(x)P(x)dx
__p(RR—1)
PAF_p(RR— 1)+ 1’

RR(x) is the relative risk at exposure (in this case, food intake) level x
P(x) is the population distribution of exposure

P’(x) is the counter-factual population distribution of exposure (had
a different food policy been in effect)

m is the maximum exposure level

INVESTIGACION EN EPIDEMIOLOGIA DE LAS ENFERMEDADES CRONICAS HUMANAS | JOSE L. PENALVO



MODELO CRA

EXPOSICION RIESGO

ENCUESTAS

EFECTO DE LA POLITICA

META-ANALISIS

\ 4

COUNTERFACTUAL

NI

ASOCIACIONES RR

META-ANALISIS

P 8
|
/

MORTALIDAD
IHD
ACvV
DM2

REGISTROS

inputs estratificados
EDAD

SEXO

INDICADORES SES

Outputs

DISEASE-SPECIFIC
DEATHS

TOTAL
DEATHS

L}

DEMOGRAFIA

REGISTROS




CARGA
ATRIBUIBLE

EFECTOS ETIOLOGICOS DE FACTORES DIETETICOS [eN\{eS

Dietary Risk Factors Studies

Fruits

Vegetables

Whole grains

Nuts and seeds

Omega-3 FA

PUFA

9 cohorts
9 cohorts
5 cohorts

9 cohorts
8 cohorts

5 cohorts

6 cohorts
6 cohorts

1 RCT, 5 cohorts
1 RCT, 5 cohorts

5 RCTs, 7 cohorts

8 RCTs, 10 cohorts

Outcomes

CHD
Ischemic stroke
Hemorrhagic stroke

CHD
Ischemic stroke
Hemorrhagic stroke

CHD
Diabetes

CHD
Diabetes

CHD

CHD

100g/day
100g/day
100g/day

100g/day
100g/day
100g/day

50g/day
50g/day

28g/day
28g/day

100mg/day

5% energy

RRs (95% Cl)

0.91(0.87, 0.96)
0.88 (0.83, 0.93)
0.73(0.62, 0.87)

0.93(0.90, 0.96)
0.89(0.82,0.97)
0.83(0.72,0.96)

0.89 (0.85, 0.92)
0.89 (0.85, 0.93)

0.84 (0.76, 0.93)
0.95(0.92, 0.99)

0.89(0.86,0.92)

0.89 (0.84, 0.95)
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CARGA
ATRIBUIBLE

EFECTOS ETIOLOGICOS DE FACTORES DIETETICOS (MY g\OR

Dietary Risk Factors Studies Outcomes Unit RRs (95% Cl)
Red meat 9 cohorts Diabetes 100g/day 1.19(1.04,1.37)
Processed meat 5 cohorts CHD 50g/day 1.42 (1.07,1.89)
8 cohorts Diabetes 50g/day 1.51(1.25,1.83)
SSBs 3 cohorts BMI (<25) 226g/day 0.09 kg/m2(0.05, 0.14)
3 cohorts BMI (=25) 226g/day 0.23kg/m2(0.14, 0.32)
8 cohorts Diabetes 226g/day 1.26(1.12,1.41)
Trans FA 2 cohorts CHD 2% energy 1.27(1.18,1.35)
Sodium 107 RCTs SBP 100mmol/day -3.71 mmHg (-5.14, -2.29)

Micha, Pefialvo, et al. (2017) JAMA

INVESTIGACION EN EPIDEMIOLOGIA DE LAS ENFERMEDADES CRONICAS HUMANAS | JOSE L. PENALVO



EFECTIVIDAD COMPARATIVA

MODELOS DE EVALUACION COMPARATIVA DE RIESGOS (CRA)

Absolute cardiometabolic mortality attributable to Proportional cardiometabolic mortality attributable to

" overall suboptimal diet in the United States in 2012 overall suboptimal diet in the United States in 2012
Overall Overall
Cpnhanes Sex Sex
Men Men
Women Women
Age, y B Hypertensive heart disease Age,y
2534 Other ¢ 25H34
45% MUERTES 3544 _onerels 3544
45854 [ Ischemic stroke 45054
ATRIBUIBLES A B oo
65K74 65K74
575 [ Other stroke 575
DI ETA Education || Diabetes Education
7 College College
SU BO PTIMA High school High school
<High school <High school
Race/ethnicity Race/ethnicity
White White
Black Black
Hispanic

fiﬁ““‘ —_‘*WWF Hispanic
{ Other

S

’5{:%":'\'% \J/““f 0 50000 100000 150000 200000 250000 300000 350000 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Deaths pery, No. Deaths pery, %

Other |

Micha, Pefalvo, et al (2017) JAMA
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ESTILOS DE VIDA

FACTORES DE RIESGO MODIFICABLES

The burden of diabetes

+ 10.5% of adults are living with diabetes
» Co-existing with obesity epidemic

* Unequal burden distribution

Aetiological factors of SSBs
+ Empty calories
+ Glucose and glycaemic load

+ Fructose
+ Caffeine
/ (50)
|59 |
SSBs as a target |

+ Largest source of added sugars in diet lL- '__J

+ Habit-forming potential L
+ Discretionary nature

NAFLD, non-alcoholic fatty liver disease; SSB, sugar-sweetened bewv

Worldwide SSBs

+ Implemented by 50 governments

* Excise and sales taxes most common
« Information on revenues scarce

Effectiveness

* Increased price/reduced
consumption of S5B8s

* Impact on diabetes only assessed
via modelling studies; empirical
evaluation needed

» Other outcomes (NAFLD, oral
health) unknown

Outlook
= Need for evaluation of health cutcomes

* Revenues to subsidise complementary
strategies to reduce diabetes burden

= Address health inequalities

arage

Pefialvo. 2024. Diabetologia
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REDUCCION DE CONSUMO POR MODIFICACION (10%) DE PRECIOS

Diatary % price echange  Othar Y%charga in inake par 10% Waigh
Shudy Year Design faroe change ininlake  component cRoreasa inoice (RSSO e
Fruits & Vegetables |
L1 311 INT Mot & Vegembla = 18 = ' 1 TIO(T 14, T4} EaT
By i1 RCT  Fesls & Vepatabkes 125 i nE —-— 506 561 REd) a7
WL M) RCT Frak & Vgl B L] E = 1000 08 5% 1367 [+ ]
L1 311 INT Mot & Vegembla 10 " = i 1000 ¢ 0 B, 11,354 EaT
Franch MW RCT Mot & Vegembla 10 12 AN L —— 125005, B4R 24
Wi 3313 RCT ks & Vgt Bl T ME —'.— .l S RS, 1 b E5
Killke 2210 INT Sadwl Ba 0 "3 R ] 16 60 ¢ 95 B0, 17,484 £
Franch T INT Froin, coaroin, anbec 20 12 P~ : e 00T, BT Baa
Jultary TEEINT Mot asbwh =0 1903 AN ! }:ﬂmmmn:ﬂ 412

1d 2400 35, 17509 B2

ESTRATEGIAS e

Other Healthful Foods

—mmngy

ichal 3338 INT Hanl il daads a0 5 ME [ ] 3002 3T, X7E) [X.5]
P R EV E N T I VAS Lisw 313 IMT Cabade Tl b a0 17 &4, KE —— LE TSR R EFE a7
vy 3 [ iz il ME -.—: CRUTEE R 485
MEDIDAS FISCALES Fremiin i0 ] L.P —.-:— 3060 38, 16dE 241
Franzh 3= = LB il EFLTILE TS =3n
Frasvh Bl ™ L I 15 B0 84 4D, 1B BDY a7
K 0 AL -;-.— 18 0010 B, FLAT) aan
Franeh 01 =] LP | B EEEIRER B8
Pairse-frsiwan 328 A0 = iy 1201 DT L]
orpn %5 1 - : =5 D0 AT 55, BT A 188
Sl (. cr.:::: LE T T T ]
o Healthful Beverages i
- 2 o L] B2 ORCT  Lowcoks bowesiges <10 B, L - h SIZEOISAT, ADEY] 572
r PaiwsArgiews T8 INT Lors Lo vl 25 1 .-u —— | 1B B3, 8] 253
- ! . " 3T Zargaied § Dranag  <i0 2 ] i : & B B, B i
Subiotal J-uquaned = 3.2%, p = 0K {}I D15, 1R M
: —— i
fIKES Choornl (b ipuiied = LA, § = QO] & 1RAE(MIE 14 E8 10080
WIOTE 0 . o o ewknm B gt !
Bmiti - e
-20 Q +20

Afshin, Pefialvo, Et al (2016), PLoS One
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ESTIMACION DE REDUCCION DE MUERTES POR CMD POR MODIFICACION (10%) DE PRECIOS

CHD
Stroke
CvD, total * SES
Diabetes
CMD, total
~5% MUERTES POR o 5 % (95%UT)
~ MUERTES
CMD PREVENIDAS AL ANO PREVENIDAS
ANUALMENTE
Stroke
‘;Zﬂ- e CVD, total
% I = Diabetes
g li CMD, total * SES

0 2 4 6 8 10 12

Pefialvo et al. (2017). BMC Medicine
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ESTIMACION DE REDUCCION EN BRECHAS POR MODIFICACION (10% OR 30%) DE PRECIOS

8
g 6 1=
:g_ ' T 7
4 : i i i
5 ' |
£ . - !
_g ) § 1 . —— _—
ESTRATEGIAS : L |
PREVENTIVAS i
2
-4
SESgradient Low High Low High Low High Low High Low High Low High Low High Low High Low High Low High
Price change | 10% 30% | | 10% 30% | L 10% 30% | | 10% 30% | | 10% 30%

[—— S CHD Hypertensive HD Stroke Diabetes CMD

Protebity ety frcicn

Bars represent the potential relative (%, 95%4UI) change of the ratio of annual deaths per million adults of low (<high schoal) versus high (=college)
education according to 10% or 30% price change in all 7 dietary targets. Lowhigh refers to a low SES gradient (18.2%) or high SES gradient (65%9
of price responsiveness between low (<high school) and high (=college) education strata. CHD, coronary heart disease; HHD, heart disease; CVD,
o cardiometabolic diseases.

Pefialvo et al. (2017). BMC Medicine
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1

MODELOS DE
EVALUACION
COMPARATIVA
DE RIESGOS

LogRR

SIMPLICIDAD CONCEPTUAL

MENOR DEMANDA DE DATOS

ESTABILIDAD EN RESULTADOS

NO CONSIDERAN LA VARIABILIDAD

SENSIBILIDAD A CONDICIONES INICIALES

INCAPACIDAD PARA MODELAR EVENTOS ALEATORIOS
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PREVENCION CARDIOVASCULAR

MODELADO EPIDEMIOLOGICO

The Bell-Curve Shift in Populations

Shifting the whole population into a lower risk category benefits c
more individuals than shifting high risk individuals into a lower risk o000 [ ] g Observed
category g B'|0|ogica'| Observed summa
5 e T—— G system data D,,, ioics
s S /\hg antine o a statistics S _,
] o ‘s entire distribution
g P X o 5
= .’. obs
5 o E
ES o
‘.' c
Rk ductin N S . imulati Simulated
r Mdovedh\glhrisk \/é\/ ﬁ \I‘\/ © Stochastic Simulation summary
R P n . . —> >
i e IR N | 2 simulation = resultDy, T LS I,
AN n % s s

“Low” “Normal” “High”
Level of risk

Source: Rose G. Sick Individuals and sick
populations. /nt J Epidemiol. 1985; 12:32-38. Hartig et al . (2011). Ecology Letters

1 2
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ESTILOS DE VIDA

FACTORES DE RIESGO MODIFICABLES

Maternal health ¢ birth weight { Physical activity | Physical activity . Physical activity

Malnutrition Malnutrition Malnutrition Malnutrition Malnutrition
Environmental Environmental Environmental Environmental Environmental
exposures exposures exposures exposures exposures
Breastfeeding Addictions Addictions Addictions
Stress Stress
Occupational
exposures

a g g

Genetics Fetal Childhood Adolescence Adulthood Elderly
Accumulated lifetime risk of NCDs >
Obesity Obesity Obesity Obesity
Stunting Prediabetes Diabetes CKD
Infections Dyslipidemia CcvD
Hypertension Cancer
Atherosclerosis Dementia

Mental illnesses
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MODELOS
ESTOCASTICOS

MICROSIMULACION

fwo

O JEI\eW=L3IEIF]: desarrollar y validar un método de modelizacidon
del curso de la vida capaz de captar la contribucion del de los
factores de riesgo a la carga de las ENT a lo largo de la vida

Health

> Obesity » T2D

—

——\/L

» Death

/

Burden
* Incidence, Prevalence, Mortality
* YLL, YLD, DALYs
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MODELOS
ESTOCASTICOS

MICROSIMULACION

fwo

O JEI\eW=L3IEIF]: desarrollar y validar un método de modelizacidon
del curso de la vida capaz de captar la contribucion del de los
factores de riesgo a la carga de las ENT a lo largo de la vida

Health

> Obesity » T2D

CvD

Cancer

Death

B

Burden
* Incidence, Prevalence, Mortality
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ACUMULACION DE RIESGO

MODELOS DE MICROSIMULACION [MSM]

B  Modelo de simulacion de eventos discretos y procesos continuos basados en transiciones
probabilisticas entre estados de salud

B En base a poblacion tedrica semejante a la poblacion de interés

B Simulacién en ciclos anuales a través de procesos estocasticos:
Actualizacién anual de factores de riesgo por medio de probabilidades de transicidon
Actualizacion de la prediccidn anual del riesgo de evento por medio de ecuaciones de riesgo

Actualizacion de supervivencia por medio de probabilidad de muerte por franjas poblacionaes

Risk factor Disease Survival
Module Module Module

the simulation to update each module

Mertens [...] & Pefialvo et al. (2023). Res Square
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# ACUMULACION DE RIESGO

MODELOS DE MICROSIMULACION [MSM] > COHORTE SINTETICA

Al N
« BELGIAN HEALTH INTERVIEW SURVEY 2018 7// ;T :‘ 3
+ 2,172 (0-17) + 9,439 (18+) L rreiitel TATR
* EDAD, SEXO, PROVINCIA T 0% % \
+ IMC (0-80), BP MED, T2D STATUS - aEesw
« BELGIAN HEALTH EXAMINATION SURVEY 2018 ij/@ 5;5'
¢ 1,184 (18+) v ¢
* EDAD, SEXO, PROVINCIA \1\? o

* CC, GLICEMIA
* BELGIAN CENSUS 2018
* 11,430,000
* EDAD, SEXO, PROVINCIA

cran/simPop

Mertens [...] & Pefialvo et al. (2023). Res Square
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Sex

Region

Nationality

Education level

BMI status®

Waist circumference?

High blood pressure
Hyperglycemia

Diabetes

Men

Women

Brussels

Flanders

Wallonia

Belgians

Non-Belgians, Europeans
Non-Europeans

Low

Intermediate

High

<25 kg/m2

25-30

>30

M: <94cm; F:<80cm

M: 94-102cm; F: 80-88cm
M: 2102cm; F: 288cm
Yes/No

Yes/No

Yes/No

<18yrs
(n=2,301,495)
51.17
48.83
11.94
55.25
32.8
90.11
5.94
3.95
12.21
27.97
59.82
74.75
14.97
10.28
NA
NA
NA
NA
NA

NA

18-34 yrs
(n=2,374,218)
50.27
49.73
12.93
54.95
32.12
86.1
6.51
7.4
12.16
33.88
53.96
67.76
22.98
9.26
62.02
20.94
17.04
2.56
134

1.37

ACUMULACION DE RIESGO

MODELOS DE MICROSIMULACION [MSM] > COHORTE SINTETICA

35-64 yrs
(n=4,561,902)
50.09
49.91
10.07
58.19
31.74
87.32
7.65
5.03
14.08
33.7
52.22
45.62
35.78
18.61
34.83
26.8
38.37
17.46
3.7

5.07

>65 yrs
(n=2,138,454)
44.04
55.96
7.37
61.83
30.8
95.17
4.06
0.77
38.44
29.9
31.66
41.29
38.86
19.85
18.49
24.18
57.33
38.27
11.95

13.83

/_,/i A
f\;/\( L
f i e *
mataliied’
3 ; = —
L \ 0203 ¢

@ Vernaps.com

2018.2019. 2020. 2021. 2022. 2023. 2024. 2025. 2026. 2027. 2028. 2029. 2030

Mertens [...] & Pefialvo et al. (2023). Res Square
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3 ACUMULACION DE RIESGO

MODELOS DE MICROSIMULACION [MSM] > COHORTE SINTETICA

= Nt
COHORTE ABIERTA, TODAS LAS EDADES 2018-2030, EN CADA CICLO / i \L/\i HJ\“
° Q:RW“fY«/ ?
+ ENTRAN NACIDOS VIVOS (CENSO) ;\ hA o = (f
+ SALEN DECESOS P ;C:;;L-t'“-xfﬁ.m $i-
* MIGRACION INVARIABLE o ‘ﬁ;;”' : {i_ﬁ
* INCREMENTO DE EDAD EN CADA CICLO ANNUAL Wd\g { K:;x\[ﬁvf‘lﬂf\
» SEXO, RESIDENCIA, EDUCACION, NIVEL ECONOMICO INVARIABLE E_HB/J/: . : ;f
E
N
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1 ACUMULACION DE RIESGO

MODELOS DE MICROSIMULACION [MSM] > FACTORES DE RIESGO
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ACUMULACION DE RIESGO

MODELOS DE MICROSIMULACION [MSM] > INCIDENCIA ANUAL

EPIDEMIOLOGY/HEALTH SERVICES/PSYCHOSOCIAL RESEARCH | MARCH 01 2003 \v/ CVvD

The Diabetes Risk Score:

A practical tool to predict type 2 diabetes risk @3 — —
Health H Obesit: M T2D > Death «

Jaana Lindstrom, MSC; Jaakko Tuomilehto, MD, PHD ’ - Y ‘ ;J

M) Check for updates
Cancer

Diabetes Care 2003,26(3):725-731
https://doi.org/10.2337/diacare.26.3.725 V

Regression coefficients Categories Log odds OR (95% CI)
Intercept -5.514
Age (years) <45 0 (Ref) 1 (Ref)
45-54 0.628 1.87 (1.12,3.13) PY ° @ Burden
BMI (kg/m?) 55532 Oo('sgf) 244 (1'481’ ?ﬁoelfg M\ 'H\ ’ﬂ‘ ’H\ * Incidence, Prevalence, Mortality
>25-<30 0.165 1.18 (0.57, 2.45) ( ’
230 1.096 2.99(1.31, 6.81) oot Midcwecs  iiosd R
Waist circumference (cm) men: <94; women: <80 0 (Ref) 1 (Ref)
men: 94-102; women: 80-88 0.857 2.36 (1.25, 4.45)
men: 2102; women: 288 1.350 3.86 (1.92, 7.71)
Use of BP medication No 0 (Ref) 1 (Ref)

Yes 0.711 2.04 (1.46, 2.83)
History of high blood glucose No 0 (Ref) 1 (Ref)
Yes 2.139 8.49 (5.66, 12.73)
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PREVISION DE EVOLUCION DE
DIABETES TIPO 2
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