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Air pollution and cardiovascular disease: Linking global and local



Melissa Burroughs Pena, MD September 22, 2014



CVD in Low- and Middle Income Countries • Causes 34% of deaths in Latin America • Affects the poor as well as the wealthy • Events occur at an earlier age than in high-income countries



• Hospitalizations can cause catastrophic household spending • Environmental CVD risk factors such as air pollution are more prevalent in low- and middle-income countries
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Outline • Review existing literature on air pollution and CVD



• Describe two ongoing air pollution studies in Peru • Relate work in Peru to current and future projects with the Duke database • Describe the next steps in this line of research
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AIR POLLUTION AND CVD: CONTEXT
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Two Types of Air Pollution Ambient Air Pollution • Fossil fuel combustion (cars, trucks, coal power plants) • Higher NO2 • PM (fine particulate matter PM2.5)



Household Air Pollution • Biomass fuel combustion (wood, dung, organic debris) • Lower NO2 • PM (fine particulate matter PM2.5)



Brook RD et al (2010) Circulation, 121: 2331-78 All Rights Reserved, Duke Medicine 2007



Ambient Air Pollution in China
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Household Air Pollution
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State of the Air Report • 46.2 million Americans live with harmful levels of air pollution • 8.9 million Americans with CVD live in counties that received an F for a least one pollutant • 22.9 million people living in poverty live in polluted counties – Factories and highways often closer to low-income communities



Stateoftheair.org All Rights Reserved, Duke Medicine 2007



Air Pollution and Mortality
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Air Pollution and Mortality • 8111 adults prospectively followed for 14 to 16 years



• Six cities: St Louis, Mo; Topeka, KS; Watertown, MA; Steubenville, OH; Portage, WS; Harriman, TN



All Rights Reserved, Duke Medicine 2007



Air Pollution and Causes of Mortality
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Similar Findings, Other Countries
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Heart Failure Hospitalization and Death



• Meta-analysis published in the Lancet in 2013 • 35 studies • All high-income countries except one study from Brazil • Temporal exposure to air pollution (including PM2.5) and heart failure hospitalizations and mortality All Rights Reserved, Duke Medicine 2007



PM2.5 and Heart Failure Outcomes
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Air Pollution and Myocardial Infarction



Each 10μg/m3 increase in ambient fine particulate matter (
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Ischemia, Heart Failure and Arrhythmia in UK • England and Wales • 3 health statistics databases: mortality, hospitalization and MI • Linked to daily air pollution monitoring in the area on the day of the event • NO2 vs PM2.5 • Association greatest between elevated NO2 with arrhythmias, atrial fibrillation and heart failure • No association found with ischemic events Milojevic et al 2014 Heart. Published Online First 4 June 2014 All Rights Reserved, Duke Medicine 2007



Air Pollution and Heart Failure Pathogenesis • Mouse exposure to PM2.5 and the effect on cardiac function • Results in exposed mice: Negative cardiac remodeling, increased fibrosis, decreased fractional shortening and diastolic dysfunction • Conclusion: PM2.5 exposure cause changes in heart function that could lead to heart failure Wold et al (2012) Circ Heart Failure,. 5(4): 452-61. All Rights Reserved, Duke Medicine 2007



HOUSEHOLD AIR POLLUTION AND CVD IN RURAL PUNO, PERU
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Conceptual Framework Air Pollution (PM2.5)



Lung Disease (restrictive or obstructive) All Rights Reserved, Duke Medicine 2007



Household Air Pollution (biomass fuel)



Heart Failure (left and/or right)



Objective • Determine the association between exposure to household air pollution with left ventricular function as measured by transthoracic echocardiography • Determine the association between exposure to household air pollution with carotid intimal-medial thickness
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Hypothesis • Exposure to PM2.5 from air pollution (ambient and household) is associated with decreased left ventricular cardiac function
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Setting • • • •



Puno, Peru Rural and Urban Low-income High-altitude
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CRONICAS cohort study (2009-2014) • Age- and sex-stratified random sample, 3 sites in Peru (Lima, Puno, and Tumbes) • Age 35+, 1000 participants at each site



• 5 year follow-up • Funded by the NHLBI COE grant • Universidad Cayetano Heredia, AB Prisma, Johns Hopkins University All Rights Reserved, Duke Medicine 2007



Sample derived from CRONICAS • Randomly selected subgroup of 200 participants from the Puno cohort (100 rural and 100 urban) • Age- and sex- stratified



• Johns Hopkins University, Duke University, Washington University, AB Prisma, Cayetano
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Exposure • Rural- exclusively use biomass fuels (dung)



• Urban- LPG is the primary fuel source for cooking
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3



Median of maximum hourly indoor PM concentrations ( g/m )



3



Median of average hourly indoor PM concentrations ( g/m )



PM2.5 in Rural and Urban Homes in Puno Urban Rural with chimney Rural without chimney 1000 500 250 100 50 25 10 5 12AM



6AM



12PM Hour of the day



6PM



11PM



Urban Rural with chimney Rural without chimney 1000 500 250 100 50 25 10 5 12AM



6AM



12PM



6PM



11PM



Hour of the day
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Cardiovascular Endpoints • Echocardiography – Primary: Global longitudinal strain – Secondary: Other measures of LV and RV function



• Carotid Ultrasound – CIMT
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Global Longitudinal Strain • Speckle-tracking technology measuring deformation of the myocardium during systole • Detects decreases in systolic function before the ejection fraction falls • Currently used in the Duke clinical echo protocol – Especially useful in monitoring subclinical LV systolic dysfunction (cardiotoxicity from chemotherapy) • Vendor-independent software available and validated



All Rights Reserved, Duke Medicine 2007



Measurement



Echo views



Echo protocolPLX



LV mass (SWT, PWT)



Echo Mode 2D



LVEDD



PLX



2D



LVESD



PLX



2D



LA diameter



PLX



2D



TR velocity



PLX, PSX, apical 4chamber



Continuous wave Doppler



RVOT Time to Peak



PLX, PSX



Pulse wave Doppler



TAPSE



Apical 4-chamber



M mode



LA volume



Apical 4-chamber, Apical 2-chamber



2D



LA length



Apical 4-chamber



2D



EF



Apical 4-chamber, apical 2-chamber



2D



E and A wave (mitral inflow)



Apical 4-chamber



Pulse wave Doppler



E’, a’, s



Apical 4-chamber



Tissue Doppler
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Data Collection in Puno • 187 echos done as of 9-22-14



• Currently reading from Digiview
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Preliminary Analysis of Puno Data • 27 rural and 27 urban participants, age- and sexmatched Urban



Rural



p value



EF



51.5



52.6



0.49



E/A ratio



1.05



1.09



0.64



LA 2 chamber



16.4



18.5



0.12



LA 4 chamber



16.4



17.8



0.19



LV mass



174.0



176.5



0.87



RVSP



27.7



27.8



0.98



RVOT time to peak



176.94



185.17



0.25
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Conceptual Framework Air Pollution (PM2.5)



Lung Disease (restrictive or obstructive) All Rights Reserved, Duke Medicine 2007



Ambient Air Pollution



Heart Failure (left and/or right)



Periurban Lima, Peru (Pampas)
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Moving from Household to Ambient Air Pollution: Pampas • • • • •



Low-income peri-urban community Prior asthma study Distance from the road analysis Same echo and carotid US protocol as Puno 151 studies completed, scheduled to complete 200 by November 2014
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CONNECTING GLOBAL AND LOCAL: DUKE DATABASE
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Conceptual Framework Air Pollution (PM2.5)



Lung Disease (restrictive or obstructive) All Rights Reserved, Duke Medicine 2007



Heart Failure (left and/or right)



Bringing global work to a local context • Duke database



• Lung function (FEV1 and FVC) and echocardiography • Next Steps
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FUTURE STEPS
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Remaining Questions • Measures of individual PM2.5 exposure • Does air pollution exposure cause heart failure or just worsen illness in those who already have heart failure? • By what mechanism does air pollution worsen heart failure outcomes? • Does pulmonary disease mediate the relationship between air pollution exposure and CVD?



• Advocacy to reduce air pollution
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Ambient Air Pollution in Lima • Measurement of individual exposure



• Larger sample (400 participants) • Longitudinal follow-up of the 200 participants studied this year
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Systems-based Approach to CVD Prevention • Environmental risk factors for CVD – Air Pollution • Bidirectional relationship between CVD and poverty – Effects of Poverty Reduction on CVD • Health systems solutions to reducing CVD health disparities – Comparing CVD outcomes in various primary health care setting in the US and Latin America (Arachu Castro- Tulane School of Public Health)
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