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58-year-old patient with Type 2 Diabetes Mellitus
(T2DM): HbA,.=7.5 and Blood Pressure (BP)=135/80

10-year Cardiovascular (CV) event = 5%



Natural History of T2DM
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Defronzo & Felber. Diabetes. 1988; 37: 667-687 and Metabolism. 1990; 39: 1068-75. INS = insulin resistant



Multiple defects contribute to the progression of
type 2 diabetes mellitus
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IF TRADITIONAL RISK FACTORS
WERE WORSENED BY AIR
POLLUTION... THE GLOBAL RISK
POSED WOULD BE EVEN
LARGER...




Number of Pollution
Related Deaths = 9 Million
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How may Air Pollution Cause Type 2 DM?
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: iﬁiauas cause metabolic mayhem

o Chronic low level inflammation represents a convergent
pathway for multiple diseases

e Cellular inflammation has emerged as a primary determinant of
many components of the metabolic syndrome

Hotamisligil G et al. Nature 2006; 444; 86-67; Shoelson S et al. JCI 2006; 116; 3015-26; Olefsky et al. Ann Rev Physiol 2010; 72; 1-28




Chronic PM, . Ambient Exposures (20 wk) Potentiates
Inflammation/Insulin Resistance in Mice
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FA =filtered air PM = particulate matter SVF = ??
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		Insulin Standard

		ng/ml		OD450		OD630		B-C				OD450		OD630		B-C

		6.4		0.845		0.037		0.808				0.896		0.037		0.859		0.8335				6.4		0.8335

		3.2		0.443		0.036		0.407				0.506		0.037		0.469		0.438				3.2		0.438

		1.6		0.282		0.038		0.244				0.288		0.037		0.251		0.2475				1.6		0.2475

		0.8		0.16		0.036		0.124				0.171		0.037		0.134		0.129				0.8		0.129

		0.4		0.111		0.036		0.075				0.114		0.036		0.078		0.0765				0.4		0.0765

		0.2		0.083		0.035		0.048				0.087		0.035		0.052		0.05				0.2		0.05

		0.1		0.075		0.037		0.038				0.074		0.035		0.039		0.0385				0.1		0.0385

		0		0.061		0.034		0.027				0.061		0.035		0.026		0.0265				0		0.0265

		Samples		OD450		OD630		B-C		Concentration

		FA3-0		0.129		0.036		0.093		0.5059288538

		FA3-30		0.141		0.037		0.104		0.5928853755

		FA3-60		0.136		0.036		0.1		0.5612648221						Min		FA3		FA4		FA5		FA6		Average		STD		SEM		P

		FA3-90		0.14		0.037		0.103		0.5849802372						0		0.5059288538		0.1739130435		0.2134387352		0.2213438735		0.2786561265		0.1529291867		0.0764645934

		FA3-120		0.188		0.035		0.153		0.9802371542						30		0.5928853755		0.1660079051		0.4664031621		0.1106719368		0.3339920949		0.2328440125		0.1164220063

		FA4-0		0.086		0.035		0.051		0.1739130435						60		0.5612648221		0.1739130435		0.5375494071		0.1739130435		0.3616600791		0.2170076864		0.1085038432

		FA4-30		0.084		0.034		0.05		0.1660079051						90		0.5849802372		0.4822134387		0.5533596838		0.1501976285		0.442687747		0.1996732164		0.0998366082

		FA4-60		0.086		0.035		0.051		0.1739130435						120		0.9802371542		0.442687747		0.6324110672		0.3003952569		0.5889328063		0.2941943726		0.1470971863

		FA4-90		0.126		0.036		0.09		0.4822134387

		FA4-120		0.123		0.038		0.085		0.442687747								PM3		PM4		PM5		PM6

		FA5-0		0.092		0.036		0.056		0.2134387352						0		0.4031620553		0.7747035573		0.2845849802		0.3873517787		0.4624505929		0.2147037125		0.1073518563		0.2126136546

		FA5-30		0.124		0.036		0.088		0.4664031621						30		0.1818181818		0.1976284585		0.4980237154		0.4031620553		0.3201581028		0.1556462654		0.0778231327		0.9245245882

		FA5-60		0.132		0.035		0.097		0.5375494071						60		0.1501976285		0.1739130435		0.5059288538		0.4031620553		0.3083003953		0.1742719975		0.0871359988		0.7146128825

		FA5-90		0.134		0.035		0.099		0.5533596838						90		0.2292490119		0.3003952569		0.5612648221		0.5059288538		0.3992094862		0.159480166		0.079740083		0.7452439166

		FA5-120		0.144		0.035		0.109		0.6324110672						120		0.3241106719		0.347826087		0.5059288538		0.5691699605		0.4367588933		0.1196046821		0.0598023411		0.3748980315

		FA6-0		0.092		0.035		0.057		0.2213438735

		FA6-30		0.079		0.036		0.043		0.1106719368								FA+LA1		FA+LA2		FA+LA3		FA+LA4

		FA6-60		0.089		0.038		0.051		0.1739130435						0		0.2292490119		0.1185770751		0.0869565217		0.3241106719		0.1897233202		0.1083897961		0.054194898

		FA6-90		0.083		0.035		0.048		0.1501976285						30		0.0632411067		0.1422924901		0.2134387352		0.5849802372		0.2509881423		0.2309576957		0.1154788478

		FA6-120		0.103		0.036		0.067		0.3003952569						60		0.1106719368		0.1739130435		0.3557312253		0.4268774704		0.266798419		0.1489267361		0.074463368

		PM3-0		0.115		0.035		0.08		0.4031620553						90		0.1422924901		0.2371541502		0.1660079051		0.442687747		0.2470355731		0.1365210754		0.0682605377

		PM3-30		0.089		0.037		0.052		0.1818181818						120		0.4664031621		0.2371541502		0.2134387352		0.4822134387		0.3498023715		0.1442371868		0.0721185934

		PM3-60		0.085		0.037		0.048		0.1501976285

		PM3-90		0.094		0.036		0.058		0.2292490119								PM+LA3		PM+LA4		PM+LA5

		PM3-120		0.106		0.036		0.07		0.3241106719						0		0.4664031621		0.1818181818		0.1818181818				0.2766798419		0.1643052149		0.0821526075

		PM4-0		0.165		0.038		0.127		0.7747035573						30		0.3873517787		0.4743083004		0.1660079051				0.3425559947		0.1589568499		0.0794784249

		PM4-30		0.089		0.035		0.054		0.1976284585						60		0.2134387352		0.4901185771		0.2213438735				0.3083003953		0.1575087656		0.0787543828

		PM4-60		0.086		0.035		0.051		0.1739130435						90		0.442687747		0.4901185771		0.1343873518				0.3557312253		0.1931508573		0.0965754286

		PM4-90		0.102		0.035		0.067		0.3003952569						120		0.5296442688		0.3241106719		0.3557312253				0.4031620553		0.1106719368		0.0553359684

		PM4-120		0.108		0.035		0.073		0.347826087

		PM5-0		0.104		0.039		0.065		0.2845849802

		PM5-30		0.127		0.035		0.092		0.4980237154

		PM5-60		0.129		0.036		0.093		0.5059288538

		PM5-90		0.138		0.038		0.1		0.5612648221						FA		PM		FA+LA		PM+LA

		PM5-120		0.128		0.035		0.093		0.5059288538				0		0.2786561265		0.4624505929		0.1897233202		0.2766798419

		PM6-0		0.117		0.039		0.078		0.3873517787				30		0.3339920949		0.3201581028		0.2509881423		0.3425559947

		PM6-30		0.116		0.036		0.08		0.4031620553				60		0.3616600791		0.3083003953		0.266798419		0.3083003953

		PM6-60		0.115		0.035		0.08		0.4031620553				90		0.442687747		0.3992094862		0.2470355731		0.3557312253

		PM6-90		0.131		0.038		0.093		0.5059288538				120		0.5889328063		0.4367588933		0.3498023715		0.4031620553

		PM6-120		0.136		0.035		0.101		0.5691699605

		FA+LA1-0		0.094		0.036		0.058		0.2292490119				SEM

		FA+LA1-30		0.074		0.037		0.037		0.0632411067				0		0.0764645934		0.1073518563		0.054194898		0.0821526075

		FA+LA1-60		0.08		0.037		0.043		0.1106719368				30		0.1164220063		0.0778231327		0.1154788478		0.0794784249

		FA+LA1-90		0.084		0.037		0.047		0.1422924901				60		0.1085038432		0.0871359988		0.074463368		0.0787543828

		FA+LA1-120		0.128		0.04		0.088		0.4664031621				90		0.0998366082		0.079740083		0.0682605377		0.0965754286

		FA+LA2-0		0.079		0.035		0.044		0.1185770751				120		0.1470971863		0.0598023411		0.0721185934		0.0553359684

		FA+LA2-30		0.081		0.034		0.047		0.1422924901

		FA+LA2-60		0.099		0.048		0.051		0.1739130435

		FA+LA2-90		0.097		0.038		0.059		0.2371541502

		FA+LA2-120		0.096		0.037		0.059		0.2371541502

		FA+LA3-0		0.076		0.036		0.04		0.0869565217

		FA+LA3-30		0.092		0.036		0.056		0.2134387352

		FA+LA3-60		0.109		0.035		0.074		0.3557312253

		FA+LA3-90		0.085		0.035		0.05		0.1660079051

		FA+LA3-120		0.09		0.034		0.056		0.2134387352

		FA+LA4-0		0.105		0.035		0.07		0.3241106719

		FA+LA4-30		0.139		0.036		0.103		0.5849802372

		FA+LA4-60		0.12		0.037		0.083		0.4268774704

		FA+LA4-90		0.121		0.036		0.085		0.442687747

		FA+LA4-120		0.126		0.036		0.09		0.4822134387

		PM+LA3-0		0.123		0.035		0.088		0.4664031621

		PM+LA3-30		0.114		0.036		0.078		0.3873517787

		PM+LA3-60		0.113		0.057		0.056		0.2134387352

		PM+LA3-90		0.121		0.036		0.085		0.442687747

		PM+LA3-120		0.131		0.035		0.096		0.5296442688

		PM+LA4-0		0.089		0.037		0.052		0.1818181818

		PM+LA4-30		0.125		0.036		0.089		0.4743083004

		PM+LA4-60		0.127		0.036		0.091		0.4901185771

		PM+LA4-90		0.126		0.035		0.091		0.4901185771

		PM+LA4-120		0.105		0.035		0.07		0.3241106719

		PM+LA5-0		0.09		0.038		0.052		0.1818181818

		PM+LA5-30		0.085		0.035		0.05		0.1660079051

		PM+LA5-60		0.094		0.037		0.057		0.2213438735

		PM+LA5-90		0.082		0.036		0.046		0.1343873518

		PM+LA5-120		0.115		0.041		0.074		0.3557312253

		Insulin Standard

		ng/ml		OD450		OD630		B-C				OD450		OD630		B-C

		6.4		0.722		0.044		0.678				0.755		0.046		0.709		0.6935				6.4		0.6935

		3.2		0.434		0.04		0.394				0.454		0.038		0.416		0.405				3.2		0.405

		1.6		0.231		0.038		0.193				0.25		0.041		0.209		0.201				1.6		0.201

		0.8		0.147		0.039		0.108				0.158		0.038		0.12		0.114				0.8		0.114

		0.4		0.102		0.037		0.065				0.107		0.041		0.066		0.0655				0.4		0.0655

		0.2		0.079		0.036		0.043				0.079		0.036		0.043		0.043				0.2		0.043

		0.1		0.07		0.037		0.033				0.068		0.036		0.032		0.0325				0.1		0.0325

		0		0.06		0.038		0.022				0.057		0.036		0.021		0.0215				0		0.0215

		Samples		OD450		OD630		B-C		Concentration

		FA1-0		0.07		0.041		0.029		0.0159027128

		FA1-30		0.11		0.039		0.071		0.4087932647

		FA1-60		0.107		0.04		0.067		0.3713751169

		FA1-90		0.122		0.037		0.085		0.539756782

		FA1-120		0.122		0.035		0.087		0.5584658559

		FA2-0		0.073		0.035		0.038		0.1000935454

		FA2-30		0.077		0.037		0.04		0.1188026193

		FA2-60		0.103		0.039		0.064		0.3433115061

		FA2-90		0.114		0.037		0.077		0.4649204864

		FA2-120		0.138		0.036		0.102		0.6987839102

		PM1-0		0.193		0.037		0.156		1.2039289055

		PM1-30		0.144		0.039		0.105		0.726847521

		PM1-60		0.162		0.036		0.126		0.923292797

		PM1-90		0.138		0.036		0.102		0.6987839102

		PM1-120		0.146		0.035		0.111		0.7829747428

		PM2-0		0.118		0.039		0.079		0.4836295603

		PM2-30		0.085		0.036		0.049		0.2029934518

		PM2-60		0.107		0.037		0.07		0.3994387278

		PM2-90		0.116		0.036		0.08		0.4929840973

		PM2-120		0.157		0.037		0.12		0.8671655753

		PM+LA1-0		0.091		0.037		0.054		0.2497661366

		PM+LA1-30		0.085		0.036		0.049		0.2029934518

		PM+LA1-60		0.079		0.035		0.044		0.1562207671

		PM+LA1-90		0.088		0.038		0.05		0.2123479888

		PM+LA1-120		0.087		0.035		0.052		0.2310570627

		PM+LA2-0		0.109		0.035		0.074		0.4368568756

		PM+LA2-30		0.111		0.038		0.073		0.4275023386

		PM+LA2-60		0.131		0.038		0.093		0.6145930776

		PM+LA2-90		0.137		0.036		0.101		0.6894293732

		PM+LA2-120		0.111		0.036		0.075		0.4462114125

		Min		FA3		FA4		FA5		FA6		FA1		FA2		Average		STD		SEM		P

		0		0.5059288538		0.1739130435		0.2134387352		0.2213438735		0.0159027128		0.1000935454		0.2051034607		0.166508854		0.067976955

		30		0.5928853755		0.1660079051		0.4664031621		0.1106719368		0.4087932647		0.1188026193		0.3105940439		0.2055557906		0.0839178001												FA		PM		FA+LA		PM+LA

		60		0.5612648221		0.1739130435		0.5375494071		0.1739130435		0.3713751169		0.3433115061		0.3602211565		0.1683422924		0.0687254531										0		0.2051034607		0.5895601396		0.1897233202		0.3033325076

		90		0.5849802372		0.4822134387		0.5533596838		0.1501976285		0.539756782		0.4649204864		0.4625713761		0.1594695708		0.0651031797										30		0.3105940439		0.3684122307		0.2509881423		0.3316327549

		120		0.9802371542		0.442687747		0.6324110672		0.3003952569		0.5584658559		0.6987839102		0.6021634986		0.2330648748		0.0951483367										60		0.3602211565		0.425988851		0.266798419		0.3391430061

																														90		0.4625713761		0.4647676587		0.2470355731		0.3937942076

				PM3		PM4		PM5		PM6		PM1		PM2		Average		STD		SEM										120		0.6021634986		0.5661959819		0.3498023715		0.3773509282

		0		0.4031620553		0.7747035573		0.2845849802		0.3873517787		1.2039289055		0.4836295603		0.5895601396		0.3439740305		0.1404268099		0.0334331964

		30		0.1818181818		0.1976284585		0.4980237154		0.4031620553		0.726847521		0.2029934518		0.3684122307		0.2180964708		0.0890375114		0.646672766								SEM

		60		0.1501976285		0.1739130435		0.5059288538		0.4031620553		0.923292797		0.3994387278		0.425988851		0.2809023323		0.114677897		0.6333912764								0		0.067976955		0.1404268099		0.054194898		0.0619764528

		90		0.2292490119		0.3003952569		0.5612648221		0.5059288538		0.6987839102		0.4929840973		0.4647676587		0.1726574872		0.070487124		0.982188875								30		0.0839178001		0.0890375114		0.1154788478		0.0618997412
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Hypothetical Model of PM, . Mediated Hepatic
Insulin Resistance (IR) and Steatosis
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Does Air Pollution Induce Metabolic
Changes and Shift in Thermogenesis?



Does Air Pollution Alter Brown Adipose
Structure and Function?
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Long Term PM, . Exposure (40 weeks): Impact on
Mitochondrial Structure
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PM, - Mediated Changes in Whole Body Metabolism
and Thermogenesis
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Are Central Nervous System Pathways
Responsible for Metabolic Control
Involved?



Hypothalamic Inflammation with Long-Term
Exposures in C57/BlI6 mice
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Intracerebroventricular (ICV) infusion of IKKB Inhibitor (IMD-0354)
Inhibits PM,, - Effects
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Regression associations between cumulative
averages of daily PM, . and metabolic outcomes
over 0-90 days prior to FSIGT
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1-SD (5.1 pg/m?3) increase in 040 days’ PM, . was significantly associated
with a 4.9% decrease in Sl. Effect size similar to 1% increase in body fat.

FSIGT = frequently sampled intravenous glucose tolerance Zhanghua Chen et al. Dia Care 2016;39:547-554



Original Article

Extreme Air Pollution Conditions Adversely Affect Blood
Pressure and Insulin Resistance

The Air Pollution and Cardiometabolic Disease Study

Robert D. Brook, Zhichao Sun, Jeffrey R. Brook, Xiaoyi Zhao, Yanping Ruan, Jianhua Yan,
Bhramar Mukherjee, Xiaoquan Rao, Fengkui Duan, Lixian Sun, Ruijuan Liang, Hui Lian,
Shuyang Zhang, Quan Fang, Dongfeng Gu, Qinghua Sun, Zhongjie Fan, Sanjay Rajagopalan

Abstract—Mounting evidence supports that fine particulate matter adversely affects cardiometabolic diseases particularly
in susceptible individuals; however, health effects induced by the extreme concentrations within megacities in Asia are
not well described. We enrolled 65 nonsmoking adults with metabolic syndrome and insulin resistance in the Beijing
metropolitan area into a panel study of 4 repeated visits across 4 seasons since 2012. Daily ambient fine particulate
matter and personal black carbon levels ranged from 9.0 to 552.5 pg/m? and 0.2 to 24.5 pg/m?, respectively, with extreme
levels observed during January 2013. Cumulative fine particulate matter exposure windows across the prior 1 to 7 days
were significantly associated with systolic blood pressure elevations ranging from 2.0 (95% confidence interval, 0.3-3.7)
to 2.7 (0.6-4.8) mmHg per SD increase (67.2 pg/m?®), whereas cumulative black carbon exposure during the previous
2 to 5 days were significantly associated with ranges in elevations in diastolic blood pressure from 1.3 (0.0-2.5) to 1.7
(0.3-3.2) mmHg per SD increase (3.6 pg/m?). Both black carbon and fine particulate matter were significantly associated
with worsening insulin resistance (0.18 [0.01-0.36] and 0.22 [0.04-0.39] unit increase per SD increase of personal-level
black carbon and 0.18 [0.02-0.34] and 0.22 [0.08-0.36] unit increase per SD increase of ambient fine particulate matter
on lag days 4 and 5). These results provide important global public health warnings that air pollution may pose a risk
to cardiometabolic health even at the extremely high concentrations faced by billions of people in the developing world
today: (Hypertension. 2016;67:00-00. DOI: 10.1161/HYPERTENSIONAHA.115.06237.)
® Online Data Supplement
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TRATEGIES FOR PERSONALIZED
NTERVENTION TO
EDUCE EXPOSURE

SPONSOR: National Institutes of Health (NIH)
Location: Beijing China

Collaborators: Peking University, Peking Union Medical College.
Fuwai Hospital

Principal Investigator(s): Sanjay Rajagopalan, Robert D. Brook
Co-Investigators: Wei Huang (Peking University)
Dong Feng Gu (Fuwai Hospital)
Zhongjie Fan (PUMC)



Andrew Maiseyeu
Jeffrey Deiulis
Palanivel Rangasamy
Xiaoguan Rao

Jixin Zhong

Qinghua Sun

Robert Brook
Bhramar Mukherjee
Zhichao Sun
Masako Morishita
Timothy Dvonch

Jeffrey Brook

Jack Harkema

Lung-Chi Chen
Terry Gordon

Shyam Biswal
Thomas Sussan

Zhongjie Fan
Dong Feng Gu

Wei Huang

Fumo Yang

Thomas Muenzel

Robert Devlin
Wayne Cascio
Dan Costa

Henning Morawietz



	Slide Number 1
	58-year-old patient with Type 2 Diabetes Mellitus (T2DM): HbA1c=7.5 and Blood Pressure (BP)=135/80
	Natural History of T2DM
	De Fronzo’s Ominous Octet 
	If traditional risk factors WERE WORSENED BY AIR POLLUTION… the global risk posed would be even larger…
	Slide Number 6
	How may Air Pollution Cause Type 2 DM?
	Slide Number 8
	Chronic PM2.5 Ambient Exposures (20 wk) Potentiates Inflammation/Insulin Resistance in Mice
	Slide Number 10
	Slide Number 11
	Hypothetical Model of PM2.5 Mediated Hepatic Insulin Resistance (IR) and Steatosis
	Does Air Pollution Induce Metabolic Changes and Shift in Thermogenesis?
	Does Air Pollution Alter Brown Adipose Structure and Function?
	Long Term PM2.5 Exposure (40 weeks): Impact on Mitochondrial Structure
	PM2.5 Mediated Changes in Whole Body Metabolism and Thermogenesis
	Are Central Nervous System Pathways Responsible for Metabolic Control Involved?
	Hypothalamic Inflammation with Long-Term Exposures in C57/Bl6 mice
	Intracerebroventricular (ICV) infusion of IKKb Inhibitor (IMD-0354) Inhibits PM2.5 Effects �
	Slide Number 20
	Slide Number 21
	ASPIRE: Air Pollution: Strategies for Personalized Intervention to�Reduce Exposure�
	Slide Number 23

