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SES-Environment    Direct & indirect impact

Exposome

Key Components:
General external factors:
❑ Urban or rural settings.

❑ Socioeconomic condition

❑ Climate setting 

Specific external factors:
❑ Exposure to heatwaves,  chemicals, 

microplastic, soil

❑ Air, noise & light pollution.

❑ Lifestyle, diet, activity, habits 

Internal Factors:
❑ Inflammatory response, oxidative 

stress

❑ Aging 

❑ Microbiome activity



Exposome (II)
The study of the exposome is essential 
because genetic burden accounts for only 
a small fraction of CVD disease.

Unexplained fraction
Hypertension: 65–70%

Stroke: 60–65%.

Coronary Artery Disease: 50–60%

*Heritability (H2) as the range of phenotypic variability attributed to 
genetic variability in a population

H2=σ2
Genome / σ

2
Population

Source: SNPedia.com



Health burden 
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94% of the global population are exposed to 
air pollution levels considered unsafe by the 

WHO
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Air pollution

EP-PARTICLES Cohort
❑63,154 hospitalizations due to STEM
❑76,543 hospitalizations due to NSTEMI

Short—and mid-term effects of air pollution
Upper on NSTEMI incidence, bottom on STEMI incidence



Air pollution (II)
Most Vulnerable Groups:
❑Women demonstrated a stronger 

association between short- and mid-term 
exposure to PM₂.₅ and BaP with an increased 
risk of ACS

❑Younger individuals exhibited a more 
pronounced effect of PM₂.₅ and BaP, on 
NSTEMI risk 

❑Older individuals were more affected by 
pollution-induced STEMI.

❑ Residents with lower SES showed a 
significantly elevated risk of NSTEMI, 
particularly from BaP

❑ Individuals living in rural areas were more 
vulnerable to air pollution, with higher risks 
of STEMI



Air pollution (III)

Key findings:
❑ Exposure to air pollution, especially PM₂.₅ and B(a)P, is 

associated with an increased risk of IS

❑ Even low levels of smog can have harmful impacts, 
indicating that there are no ‘safe’ thresholds for air 
pollution exposure.

❑ Harmful lifestyle habits, such as high tobacco and alcohol 
consumption, may exacerbate the negative effects of air 
pollution

Most Vulnerable Groups:
❑ Women

❑ Non-elderly people

❑ Residents of areas with high alcohol and tobacco 
consumption



Light pollution

Model 1: Light pollution
Model 2: Light pollution + SES
Model 3: M2 + weather cond.

Model 4: M3 + NO₂
Model 5: M3 + PM₂.₅

Model 6: M3 + O₃
Model 7: M3 + CO

Model 8: M4 + PM₂.₅
Model 9: M8 + CO

Model 10:  M8 + O₃

The impact of light pollution on the number of hospitalizations due to CVD
P. Jemielita, M. Święczkowski, A. Kurasz__G.Y.H. Lip, Ł. Kuźma 

An increase in light pollution intensity by 1 interquartile range (2479.42 nW/cm²/sr) in models adjusted for SES & air pollution
exposure was associated with a 15% increase in AF and a 7% increase for IS

Light pollution data were obtained from the Suomi NPP satellite system operated by NASA.
Between 2011 and 2020, 131,085 IS cases (51.6% women, avg. age 74), 228,410 AF cases (52.7% women, avg. age 70), and 55,081 STEMI cases (64.6% men, avg.
age 67) were recorded.

STEMI Atrail fibrilation Ischemic stroke



SES

POL-HF Study
➢1,618,734 HF hospitalizations
➢82% > 65 y. o.

The study highlights the combination of long-term air 
pollution exposure with factors such as GDP per capita, 
unemployment rate, lack of green areas intensifies the 
impact of air pollution on health outcomes.



Climate changes
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Title: Effect of heatwaves on daily hospital admissions and premature
mortality in Poland, 2011–2020 an observational study (PL-PARTICLES
Study)
Authors: Kuźma Ł, Jemielita L, Kurasz A, Święczkowski M,__ Lip G Y H
on behalf of EP-PARTICLES Investigators

Key points
➢Heatwaves are significantly associated with increased 

mortality & MACCE occurrences

➢The observed decrease in hospitalizations for ACS and 

the lack of effect IS may indicate increased pre-

hospital mortality during heatwave events.
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Future perspective

NEW DIRECTIONS IN RESEARCH
▪ Genomics
▪ Randomized Controlled Trials (RCTs)
▪ Phenotyping
▪ Neuroradiology

NEW SOURCES OF DATA
▪ Big Data from EHRs
▪ RWD from Wearable Devices
▪ Geostationary Satellites for country level
▪ Low Earth Orbit Satellites for city level 
▪ Smart City Infrastructure Sensors



‘ePM-years index‘
Our approach to new index ci : yearly concentration for the i-th year of observation

∑ : the sum of yearly concentrations from the 1st to Nth year

cw : WHO annual norm for PM2.5 concentration

t : age or time of observation in years

'ePM-years index’ = max ( － ∑ ci − t, 0)
N1

cw i=1
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‘ePM-years index‘ (II)

Analysis of an Effect of ‘ePM-years Index’ on Heart Failure Mortality in Poland (EP-PARTICLES Study) Ł. Kuźma__G.Y.H. Lip: In publication.



‘ePM-years index‘ (III)
‘AF-CAD’ Cohort
6,935 participants
Media age 66 (58-73) 
10 years of observation 
Primary outcome: CVD death

Key points:

➢ Question: Does integrating environmental risk factors into CVD risk 

scores improve their predictive value?

➢ Findings: In this prospective cohort-based study of 6935 patients adding 

‘ePM-years index’ to ML models improved correct classification of CVD 

risk from 72.59% to 92.75% of patients.

➢ Meaning: ML incorporating AP demonstrated greater predictive abilities 

and clinical utility

Machine learning to improve cardiovascular disease mortality risk prediction due to air 
pollution: Insights into the ‘exposome’ from the EP-PARTICLES project

A. M. Wijata, G. Y.H. Lip, A Kurasz. M Swięczkowski, 
P. Jemielita__Łukasz Kuźma  (In revison) 
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Future perspective
DTs models for evidence generation
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Interpretation of multi-omics phenotypes Identification of multi-omics phenotypesInsight

Multi-omics models integrating 
demographic and clinical characteristics

Impact of pollutants on cardiovascular 
mechanics and structure

Simulations of CVD outcomes based on 
multi-omics profiles & pollution 

exposure

Predictive modelling of CVD events 
related to environmental pollution 

exposure

Definition of multi-omics, demographic, 
clinical predictors related to air 

pollution exposure
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Extraction of multi-omics biomarkers
related to CVD effects of air pollution
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Future perspective
DTs as controls for pollution exposure scenarios
DTs for translation of pollution impact across diverse populations

Enviroroment    Mobiles      Mulitomics         Clinical reports

PATIENT-SPECIFIC DATA

POPULATION DATA

PATIENT DATA ENHANCES 
POPULATION DATA

Clinical interpretation

Tailored intervention

Outcome & follow-up

Patient specific 
Digital Twin

Set of patient 
Digital Twin

OUTCOME DATA INFORMS 
POPULATION DATA

Follow-up data enhances the accuracy of the digital twin

ENVIROMENTAL DATA



Future perspective
‘Pollution Guardian’
Real-time reporting on environmental risks tailored to planned activities, your 
health condition, and risk factors
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Future perspective
’Pollution Guardian’ scenario

Mr. X, a 65-year-old man with HFpEF, PAF, obesity is exercising outdoors

Wearable device have recorded episodes of atrial tachycardia. 

The temperature is 25°C, PMs & NOx levels are very high, triggering analysis.

LLM models analyse the EHR, and transfer data to the DT

The Digital Twin model provides recommendation and information for:

Mr. X, regarding the optimal duration and intensity of exercise that aligns with health 

benefits while minimizing risks

Mr. X’s physician regarding the occurrence of AT and needs for further test 

The DT, based on knowledge from previous studies, guidelines, comparison with other DTs,

Mr. X’s current activity and forecast of the PMs levels

concluding that Mr. X is likely to experience an episode of AF.
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Future perspective
’ePM-years index’

Our approach to new index ci : yearly concentration for the i-th year of observation

∑ : the sum of yearly concentrations from the 1st to Nth year

cw : WHO annual norm for PM2.5 concentration

t : age or time of observation in years

'ePM-years index’ = max ( － ∑ ci − t, 0)
N1

cw i=1

EP-SCORE

✓ Enhanced risk stratification, showing differences within each risk region

✓ CVD risk reclassification, identifies the cohorts at high risk

✓ More information & role in decision-making for those at "intermediate" risk

✓ Allows for modification of intensity of monitoring & preventive strategies
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EP-SCORE

Future perspective

Calibrated to predict CVD risk in:
Low, moderate, high, and very high-risk regions of Europe

Development Process

Original SCORE2 algorithms:
Predictors: age, sex, smoking, SBP, total  & HDL cholesterol

Adaptation of EP-SCORE for individuals 
Added predictors: ’ePM-years index’ according to postal code & age

Validation of EP-SCORE
In low, moderate, high, and very high-risk regions of Europe

Creating an ’ePM-years index’ map for Poland
High resolution data at LAU2



+ ’ePM-years index’

4.9% 11.2%

7.2% 7.2%

13% for very high-risk region5% for low-risk region

EP-SCORE

SCORE2

RZESZOW

BIALYSTOK

61

35

EP-SCORE scenario

Future perspective

BIALYSTOK                           RZESZÓW

52 y.o., male,
smoker, SPB 120 mmHg,  
TC 250  mg/dl, HDL 60 mg/dl

SCORE2

5.2%
MURCIA

LIVERPOOL

ATHENS

MILAN

BIALYSTOK

KRAKOW

BELGRAD

VILNIUS

6.8%

7.2%

13.2%



Health = f (Exposome; Genome)                   

PM2.5 >

Take home message 

Thank you
lukasz.kuzma@umb.edu.pl
@LukaszKuzma
www.polishsmog.com


