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Heart Disease and Stroke Statistics—
2020 Update

Circulation. 2020;141:¢139-e596. DOI: 10.1161/CIR.0000000000000757
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Despite good control of various risk factors,
cardiovascular mortality is still very high
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The exposome beyond traditional cardiovascular risk factors

Exposome in ischaemic heart disease: beyond
traditional risk factors

Rocco A. Montone ® '#f, Massimiliano Camilli ® "*t, Camilla Calvieri®, . \ g
Giulia Magnani ® *, Alice Bonanni © ', Deepak L. Bhatt ® °, Sanjay Rajagopalan®, ‘)) Xog”
Filippo Crea'"?, and Giampaclo Niccoli*
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Global estimated deaths
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Pollution and human health

|

Interpersonal Roadinjuries  AIDS, Drugand  Malnutrition Smokingand ~ Total

violence tuberculosis, alcoholuse  (childand  secondhand  pollution
and malaria maternal)  smoking
Female Male Total
Total air pollution* 2:92(253-333) 375(331-4.25) 667 (590-7-49)
Household airt 113 (0-80-150) 118(079-1-66) 231(163-312)
Ambient particulate$§ 170 (1:38-2:01) 244 (2:02-2-83) 414 (3454 8)
Ambient ozone$ 016 (0:07-0-25) 021(009-033) 037 (0-17-0-56)
Total water pollution* 073 (0-40-126) 063 (0-46-0-95) 1:36 (0-96-1-96)
Unsafe sanitationt 0-40 (0-23-0-68) 036 (0-26-0.54) 076 (0-54-1-09)
Unsafe source t 0-66 (0-35-115) 057 (0:39-0-88) 1.23(0-82-179)
Total occupational poliution* 022 (0:17-0-28) 065 (0-54-0-79) 087 (074-1.02)
Carcinogenst 0-07 (0-05-0-09) 028(0-22-035) 035 (0-28-0-42)
Particulatestq 015(0-10-0-21) 037(0-27-0-47) 052 (0-42-0-64)
Lead pollution*# 035 (019-053) 056 (0:36-0.77) 090 (0-55-1:29)
Total modem pollution® 228(1:86-267) 355 (3-08-4.04) 584(503-661)
Total traditional pollution* 1.85(139-2-42) 1.81(136-2:38) 366 (2-82-4.63)
Total pollution* 392(339-447) 509 (457-568) 9.01(812-10-0)

Data are N in millions (95% Cl). *Custom aggregate from Institute for Health Metrics and Evaluation corrected for
overlap. The totals for air, water, modem, traditional, and all pollution are less than the arithmetic sum of the

individual risk factors within each of these categories because their ibuti '---';--(eg,L hold air and
bient air pollution each can ibute to the di Traditional p 'nskbaov ‘,"'
risk factors. SAmbient particulate matter is PM, .. 90ccupational exp to le, thoracic, or inhalabk
particulate matter.

Table: Global estimated pollution-attributable deaths (millions) by type of pollution and sex, 2019

N

Pollution
Smooking

Malnutrition

The Lancet Planetary Health Volume 6 Issue 6 Pages €535-e547 (June 2022)



Air pollution: non-traditional risk factors of CVDs

Air pollution has been shown to reduce the global
average life expectancy by 2.9 years, a reduction
that is more extensive when compared with
L""olii’mm traditional cardiovascular risk factors such as
tobacco smoking (2.2 years)
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Montone RA et al., Exposome in ischaemic heart disease: beyond traditional risk factors. Eur Heart J. 2024



Pollution and cardiovascular disease

Cardiovascular
Disease

PFAS
Phthalates

Carbon-capture composites

Alternatives to plastics,
PFAS, phthalates, PCBs,
and BPA

Rajagopalan S. et al., 2021 N ENGL J MED Pollution and the Heart

CVDs

Ischemic heart disease
*Stroke

*Atrial fibrillation
*Ventricular arrhythmias
*Coronary-artery calcification

*Atherosclerotic plaque
formation

*Left ventricular hypertrophy
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Dan L Longa M.0, Edr D Exposure-Response Relationship Between PM, , Pollution and

pellitioe and the Tt Cardiovascular Disease

Sanjay Rajagopalan, M.D., and Philip J. Landrigan, M.D

B
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Figure 2. Air Pollution and Cardiovascular Disease.

Panel A shows age-standardized deaths per 100,000 persons in 2019 that were attributable to PM, , air pollution, according to country.
Data are from the 2019 Global Burden of Disease (GBD) Study.' Panel B shows the numbers of deaths from poliution-related noncom-
municable disease globally, according to the cause of death, in 2019. Data are from the 2019 GBD Study.' Panel C shows annual mean
population-weighted PM, , levels in the United States, China, and India from 1990 through 2019. PM, , estimates were derived with the
use of a blended model combining satellite observations, global chemical mmpoﬂ models. and ground-level data from 10,408 moni
tors representing urban and rural data in 116 © To derive kL gh ages, PM, | levels were adjusted by popula-
tion size. The line rep: sthe US Amb: Alr Quality S ‘-‘(NAAQS)ollanﬂnb-cm-ﬂm and the
dashed gray line represents the Wodd Huhh ngamul-on (WHO) annual mean air-quality guideline level of 10 pg per cubic millimete
Panel D shows exp PM, , air polh and ¢ ular disease, jed for a 50-year-old person
The response function repmenn a meta B i d, (MR-BRT) curve derived by relaxing the log-linear
assumption with the use of cubic splines. Dan are hom the 2019 GBD Study.'
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Risk of Cardiovascular Hospital
Admission After Exposure to
Fine Particulate Pollution

VOL. 78, NO. 10, 2021

[]

Yi Zhang, MPH,* Runmei Ma, MSc,? Jie Ban, MD,* Feng Lu, PuD,” Moning Guo, MD,” Yu Zhong, MSc,?

Ning Jiang, BSMen,” Chen Chen, MSc,” Tiantian Li, PuD,”* Xiaoming Shi, MD*

CONCLUSIONS Heavy and extremely heavy PMs s pollution events resulted in substantial increased hospital admission
risk for cardiovascular disease. With higher PM; s concentration and longer duration of heavy PM, s pollution events, a
greater risk of cardiovascular hospital admission was observed. (J Am Coll Cardiol 2021;78:1015-1024) © 2021 by the

American College of Cardiology Foundation.

CENTRAL ILLUSTRATION Heavy PM, s Pollution Events Increased the Risks of Hospital Admission for
Cardiovascular Diseases
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POLLUTION

-—

Air pollutants Microplastics
A _"‘w :

What are the main sources of primary air pollutants?

Click on each air pollutant to see its main source or sources; or
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Pollutants are substances that pollute the environment, especially gases from vehicles, poisonous
chemicals and microplastics produced as waste by industrial processes.



A plastics world

Cox, K.D.,, et al., Environmental Science & Technology 2019



Microplastics and nanoplastics: size, shape an
composition

The production of plastics is
constantly increasing, and this
trajectory is set to persist until
2050. Humans are exposed to

different types of fibers and

particles, including micro-
nanoplastics; the potential
health effects of microplastics
are largely unknown.
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Pivokonsky, M., Cermakova, L., Novotna, K., Peer, P., Cajthaml, T., Janda, V., 2018. Occurrence of microplastics in raw and treated drinking water.



Le micro-nanoplastiche sono dannose
per la salute cardiovascolare nell’'uomo?

GAPs

 Le MNPs entrano nel corpo umano?
« Le MNPs alterano i processi fisiologici cellulari?

e Le MNP Incidono sulla malattia cardiovascolare?



Twenty years of microplastics pollution research—what
h ave We le amed? Richard C. Thompson', Winnie Courtene-Jones', Julien Boucher?, Sabine Pahl®, Karen Raubenheimer*,

Albert A. Koelmans®

Science

Cite as: R. C. Thompson et al., Science
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Sources of micro-nanoplastic contfamination
@)HDPE

G) PET

« Water bottles
« Soft drink bottles
* Polyester garments

@)PP

» Disposable cups
* Baby bottles

* Medicine bottles
* Yogurt cups

* Bottle caps

Plumbing pipes
Bath toys
Jackets
Umbrellas

Milk cartons
Cleaning bottles
Shampoo bottles
Detergent bottles
Cosmetic containers

é:) LDPE

* Single-use bags
* Resealable bags
e Cling wrap

* Food packaging
¢ Six-pack rings

&PS

» Styrofoam

* Packing foam

* Single-use cutlery
* Meat trays




Entry and accumulation of micro-nanoplastics |

the human body: cardiovascular effects
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Zhu X, et al., Micro- and nanoplastics: a new cardiovascular risk factor? Environ Int 2023;171:107662.



PLASTIC POLLYUTION ©AP 1N SV D)
« Accumulation of micro-nanoplastics in human arteriese
« Accumulation of micro-nanoplastics and CVD?2
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Microplastics and Nanoplastics
in Atheromas and Cardiovascular Events

R. Marfella, F. Prattichizzo, C. Sardu, G. Fulgenzi, L. Graciotti, T. Spadoni,

N. D'Onofrio, L. Scisciola, R. La Grotta, C. Frigé, V. Pellegrini, M. Municino,
M. Siniscalchi, F. Spinetti, G. Vigliotti, C. Vecchione, A. Carrizzo, G. Accarino,
A. Squillante, G. Spaziano, D. Mirra, R. Esposito, S. Altieri, G. Falco, A. Fenti,
S. Galoppo, S. Canzano, F.C. Sasso, G. Matacchione, F. Olivieri, F. Ferraraccio,

|. Panarese, P. Paolisso, E. Barbato, C. Lubritto, M.L. Balestrieri, C. Mauro,

A.E. Caballero, S. Rajagopalan, A. Ceriello, B. D’Agostino, P. lovino,
and G. Paolisso

L The NEW ENGLAND
N Engl J Med 2024;390:900- JOURNAL of MEDICINE

910.




The NEW ENGLAND
JOURNAL of MEDICINE

Hypothesis

Microplastic pollution
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Plastic pellets Released Abrasions of Abrasion of tires, Oceanic and Reachin
(e.g. cosmetic from synthetic textiles shoes, roads environmental the foo
products) industry pollution chain

Stable plaque Macrophages Microplastics More prone to rupture
atherosclerosis type

N Engl J Med 2024;390:900-910.
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Follow-up (3 years)
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¢ Stable carotid plaque MACE
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Microplastics and Nanoplastics in Atheromas and
Cardiovascular Events

PRIMARY
ENDPOINT

Composite of nonfatal | Tissue levels biomarkers

myocardial infarction, interleukin-18,
nonfatal stroke, or death | interleukin-1p, TNF-a,
from any cause among interleukin-6, CD68,
patients with plaque CD3, and collagen in

containing MNPs and | patients with evidence of
patients with plaque that | MNPs as compared with
did not contain MNPs. those without.

&% The NEW ENGLAND
JOURNAL of MEDICINE

R Marfellaet al. N Engl J Med 2024;390:900-910.



Microplastics and Nanoplastics in Atheromas an

Cardiovascular Events
MNPs in Carotid Artery Plaque

312 Patients were screened

° 8 Were excluded
Aat 4

—_— 6 Had a stroke
’H\ L 2 Died
'ir/” A !

304 Were enrolled in the study

47 Were excluded
—| 26 Had incomplete data
21 Were lost to follow-up

\l

257 Completed follow-up

\i

\

150 Had evidence of MNPs in 107 Did not have evidence of MNPs
carotid artery plaque in carotid artery plaque
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Polyvinyl Chloride

R Marfellaet al. N Engl J Med 2024;390:900-910.

Polyethylene

The NEW ENGLAND
JOURNAL of MEDICINE
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Figure S2. Proportion of individuals with MNPs among different centers of recruitment (A) and areas of living (B).
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Microplastics and Nanoplastics in Atheromas an

Cardiovascular Events
Characteristics of the Patients at Baseline

Table 1. Characteristics of the Patients at Baseline.*
MNPs Present MNPs Not Present
Variable (N=150) (N=107)

[Age 1QR) —yr 71 (65-75) 73 (67-77) |
Male sex— no. (%) 116 (77.3) 79 (73.8)
Body-mass index (IQR)T 28 (27-29) 28 (26-29)

[ Hypertension — no. (%) 78 (52.0) 69 (64.5) |
Systolic blood pressure (IQR) — mm Hg 124 (118-130) 127 (118-129)
Diastolic blood pressure (IQR) — mm Hg 78 (75-83) 77 (75-85)
Heart rate (IQR) — beats/min 85 (79-91) 81 (76-86)
Stenosis severity (IQR) — % 77 (73-83) 78 (73-83)

| Diabetes — no. (%) 36 (24.0) 32(29.9) |
Cardiovascular disease — no. (%)i 50 (33.3) 35(32.7)
Dyslipidemia — no. (%) 55 (36.7) 40 (37.4)
Total cholesterol (IQR) — mg/dI 150 (145-158) 147 (139-158)
LDL cholesterol (IQR) — mg/dl 77 (69-84) 74 (69-82)
HDL cholesterol (IQR) — mg/d| 42 (40-43) 42 (40-44)
Triglycerides (IQR) — mg/d| 178 (165-192) 182 (163-193)
Creatinine (IQR) — mg/dl 1.00 (0.90-1.10) 0.96 (0.96-1.06)
Smoker — no. (%) 24 (16.0) 17 (15.9)
Medication use — no. (%)

Beta-blockers 48 (32.0) 35 (32.7)
ACE inhibitors 75 (50) 53 (49.5)
ARBs 35 (23.3) 31 (29.0)
Calcium-channel blockers 13 8.7) 8 (7.5)

Diuretics 17 (11.3) 16 (15.0)
Heparin 12 (8.0 10 (9.3)

Antiplatelet drugs 146 (97.3) 105 (98.1)
Statin 143 (95.3) 101 (94.4)
Ezetimibe 26 (17.3) 20 (18.7)

The NEW ENGLAND

JOURNAL of MEDICINE

R Marfellaet al. N Engl J Med 2024;390:900-910.



JOURNAL of MEDICINE Microplastics and Nanoplastics in Atheromas and

Cordiovosculor Events R Marfella et al. N Engl J Med 2024;390:900-910.
A TEleetrdrriieroscopy Analysis of Atheromatous Plaque

Inside Macrophage Outside Macrophage
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Microplastics and Nanoplastics in Atheromas and

Cardiovascular Events

Inflammatory Markers in plaque sample

R Marfellaet al. N Engl J Med 2024;390:900-910.
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Abstract

BACKGROUND

Microplastics and lastics (MNPs) are ing as a potential risk factor for N
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cardiovascular disease in preclinical studies. Direct evidence that this risk extends to humans )
is lacking. B
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We conducted a prospective, multicenter, observational study involving patients who were
undergoing carotid endarterectomy for asymptomatic carotid artery disease. The excised
carotid plaque specimens were analyzed for the presence of MNPs with the use of pyrolysis—
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gas chromatography-mass spectrometry, stable isotope analysis, and electron microscopy. R=0.370
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Microplastics and Nanoplastics in Atheromas an

Cardiovascular Events:
Associations between the presence of MNPs and
cardiovascular events

Table 53. Cox regression analysis for the primary outcome.

197 27 Hazard ratio, 4.53 patl’\e/lr;\i]:;:vlth Variables Hazard Ratio (95% Confidence Interval)
< 904 204  (95% Cl, 2.00-10.27)
é 80— P<OOO]_ » Presence of MINPs 4.33 (2.00-10.27)
"2 70 154 ‘4- Age 1.04 (098 -1.09)
:>: T | Sex 0.55(D.26-2.00)
- 10+
E 60 2 Body-mass index* 0.82(068-097)
& 07 54 = s Patients without [Bibews 176 @235-960)
T 40 - MNPs
T 5 0 L T T T 1 Hypertension 1.37 (0.69-2.72)
s ] 0 10 20 30 40 Cardiovascular diseases™ 1.65(0.80-3.41)
g 20+ ;
= € : Total chelesterol 1.01 (0.97-1.04)
& 104 : :
5 ) _._.—,_.—-—'—'_ LDL cholesterol 0.96 (0.93 — 1.00)
0 1I0 2|0 310 410 HDL cholesterol 0.97(0.86-1.09)
Months Since Enrollment Triglycerides 1.01 (1.00-1.03)
No. at RiSk Creatinine 0.30 (0.04-2.46)
Patients with MNPs 150 144 136 126 120
e Patients without MNPs 107 105 103 99 99
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Micro-nanoplastics and cardiovascular
diseases: evidence and perspectives

Francesco Prattichizzo @ '*, Antonio Ceriello'*, Valeria Pellegrini’,

Rosalba La Grotta', Laura Graciotti’, Fabiola Olivieri’*, Pasquale Paolisso ® °,
Bruno D'Agostino®, Pasquale lovino®, Maria Luisa Balestrieri’, Sanjay Rajagopalan®,
Philip ). Landrigan®'®, Raffaele Marfella'', and Giuseppe Paolisso'"'*

Micro-nanoplastics and cardiovascular diseases

Supposed sources Routes of absorption Evidence of MNPs accumulation in the
(environmental studies (demonstrated in cardiovascular system, as demonstrated
and modelling) animal models) in ex-vivo samples from humans

‘ Carotid phques
Air pollution
Association with the composite
of myocardal nfarction, stroke,

and all-cause mortalty
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Prevention

What can xi&do?

» Reducing the use of single-use plastics

products, such as reusable water bottles,
reusable bags, and stainless steel or wooden

B m— hen. = T o 0
* Avoiding products containing microplastics,
such as some laundry detergents, facial
exfoliants, and cosmetics containing plastic

-
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What can we
do now to
reduce the
MNP’s effects
on health?

MNPs Vanvitelli Research
Center

Universita
degli Studi

@ dclla Campania
Luigi Vanvitelli

Scuola di Medicina e Chirurgia
Dipartimento di Scienze Mediche e

Chirurgiche Avanzate
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PHASE 1: PHASE 2:
Clhinical and pathogenetic Non-invasive diagnostic
studies studies
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PHASE 4: T

Assessment of plastic-free materials

PHASE 3:

. Intervention study
and environments ’



THE FACTS

.ﬁ ......
10 MILLION

TONS OF PLASTIC ARE DUMPED IN
OUR OCEANS ANNUALLY. THAT'S
EQUAL TO MORE THAN A GARBAGE
TRUCK LOAD EVERY MINUTE!

LESS THAN

‘ OF ALL PLASTIC
GETS RECYCLED

HUMANS EAT OVER

40 POUNDS

OF PLASTIC IN THEIR LIFETIME

a0%

OF ALL PLASTIC PRODUCED
(380 MILLION TONS PER YEAR)
IS FOR SINGLE-USE PURPOSES

- USED FOR JUST MINUTES

AND THEN THROWN AWAY

i
e

MARINE ANIMALS ARE KILLED
BY PLASTIC POLLUTION
EVERY YEAR

OF MUSSELS TESTED
HAVE CONTAINED
MICROPLASTICS

“THERE WILL BE MORE '
PLASTIC IN OUR OCEANS THAN x
FISH BY 2050." ra

The Ellen MacArthur Foundation
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Microplastics linked to a greater risk of
heart attack and stroke

People with artery plaques containing microplastics were about four times as likely to have
aheart attack or stroke as those with plastic-free plaques
By Grace Wade

£ 6 March 2024

uj us > 'l‘he .
Gy Guardian

News l()p'mion Sport Culture
LS

Environment

Microscopic plastics could raise risk of stroke
and heart attack, study says

Scientists link tiny particles in blood vessels with substantially higher risk of
death

Ian Sample Science editor

Ve

NBCNEWS

% REUTERS" Worav Businessv Marketsv  Sustainabity  Legalv  Breakingviews  Techaokogy v Investigations

Plastic lodged in arteries may be linked
to higher risk of heart disease and death

By Nancy Lapid

Rolationships

Arab News Network « Source: Oman News Agency
Editorial | AE | Mar 07 - 11:59 PM

00®602

Study Links Nanoplastics to Heart Attack, Stroke, Early Death

A groundbreaking study published in the New England Journal of Medicine reveals a significant

association between microplastic and

New England Journal of Medicine,microplastic Marfella

Saltite

lastiche nelle placche delle artes

diinfarto e ietus, lo studio

Doctors found tiny nanoplastics in people’s arteries. Their presence was tied to a higher risk of heart disease.
The: wrch is t

che raddoppiato

@

Acrobats gotit.

Microplastiche, provati per la prima volta i danni
causati alle arterie: raddoppia il rischio di infarto
e ictus. «Scoperta rivoluzionaria»

Lo stui, ideato e coordinato dalfUniversith della Campania Luigi Vanvtel & pubicalo su The New Englond Joumal
of M

A

Acrobat's got it

€he New FJork Times
Busiess «  Arts~  Lfestle -~ Opimion Audo~  Games . Cooking v  Wirecutter

Microplastics Are a Big Problem, a
New Film Warns

At SXSW, a documentary traces the arc of plastics in our lives,
and highlights evolving research of the potential harm of its
presence in our bodies.

Poweramse S [ Qi
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