Biomass exposure and COPD

Chantal Raherison Semjen, MD, PhD
Université de Bordeaux INSERM U897 ISPED

Service des Maladies Respiratoires
CHU Bordeaux

l’éﬂ CHU universite S P
\E | o “BORDEAUX LS,._,BEMP




Deaths in 2010 (95% Cl)

Household air pollution®
Ambient pollution
Ocoupational nsk factorst
Lead exposure
Second-hand smoke
Unimproved sanitation
Unimproved water source
Residential radon

*Household air pollution contributes about 16% to the worldwide disease burden
of ambient air pollution.” tOccupational risks include carcinogens, asthmagens,
air pollutants, etc. Adapted from Lim and colleagues.”

3-55 million (2.68 million to 3-62 million)
3-22 milhion (2-82 million to 3-62 million)
0-85 million {0-66 million to 1-06 millon)
2-67 million {0-58 million to 078 million)
0-60 million (0-45 million to 0:52 million)
024 million (0-01 million to 0-48 million)
0-12 million (0-01 million to 0-23 million)
010 million {0-:01 mullion to 022 million)

Table 1: Deaths attributable to environmental risks worldwide

Gordon, Lancet Respir Med 2014; 2: 823-60



Figure 3: Use of biomass fuel for cooking in an Indian village

Chest Fepsairh Founcation, Pung india



Health impact. Malawi

Figure 1 Charcoal stove in urban Blantyre.

igure 2 Three-stone wood burning fireplaces in rural Chikwawa.

Fullerton, Int J Tuberc Lung Dis 2011




Mortimer, Chest 2012



Utilization of cleaner fuels is related to

development
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Total population using solid fuels

Peroentags
[ ]S
B 55
-51—&1

] &t-058

B

[ ] Dstanot evadable
[77] Met applicabie

FIGURE 1. Toal popuinon wang soid bisls n peroariage. ModSed bom [8] wih permsson bom e Wodd Hed$ Ogancaion (WHOL The: bounderes used on s
ra it ndd rmply e Sretaon o any opinnon whobsoeve' an Fie part ol WHIO conoaming e legal =inedie of any oouniry ar lendiory, or oonoeming Fe deimitsdon of iss
onfes or oundaring

Kurmi, Eur Resp ] 2012



Household air pollution and mortality
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Figure 2:2WHO map of household air pollution and mortality
World map of poverty { not shown) shows nearly identical geographical distribution. ©@WHO 2005, All rights reserved.

Gordon, Lancet Respir Med 2014; 2: 823-60



Higher levels of pollution in kitchen during 12

hours

50000

:

—— Mon-hiomass 17/08/12
~ Dung 25/09/12

Concentration (ug/m?)

g.

Devakumar, Environ Int 2014
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Experimental results in animals :

Emphysema and bronchiolitis

 After exposure to wood smoke for 3 hours a day for3
months, guinea-pigs developed mild emphysema

« Rats exposed intermittently to wood smoke for
75 minutes daily for 15 days had

* mononuclear bronchiolitis
* and mild emphysema;
» these conditions became more severe following exposure
for 30 and 45 days
« A fibrotic lung reaction simulating silicosis has been
produced experimentally in animals exposed to wood
smoke

« Exposure to wood smoke may be associated with
interstitial lung disease (inflammation of the lung
structure leading to fibrosis)

Bruce, WHO 2000



Comparison of lung morphology in COPD secondary to

cigarette and biomass smoke (necropsy) in women

Table 3 Histological findings

Cigarette smoke

Biomass smoke

mean + SD mean = SD P value*
Emphysema grade, n (%)
1 1(4.76) 2 (7.41)
2 0 8(29.63) 0.0197
3 20 (95.24) 17 (62.96)
Large airways
The Reid index 862.25 ¥ 283.03 975.81 £ 280.370 240"
Fibrosis/pigment in bronchial wall 1.66 £ 1.25 2.16 = 1.65 0.1#
mall airways>
Inflammation 17.1 + 185 107 =+ 154 Q27
| Fibrosis 52 7 +20.1 762 + 15.5 <0.001*
Pigment deposition 24.2 +21.6 365+ 270 0.1%
Smooth muscle hyperplasia 339 +259 34.7 + 18.7 0.9%
Goblet cell metaplasia 22.6 + 20.8 10.0 = 144 0.02%
External diameter 340.3 = 60.3 349.0 = 70.0 0.6%
Medial thickness 552 %267 493 + 19,2 0.4%
Intimal thickness 223+ 84 31.8 & 204 0.034
Fibrosis/pigment on vascular wall 1.7+£10 2T=* 09 0.08+%

* Statistical significance was accepted at the P < 0.05 level of confidence.

INT J TUBERC LUNG DIS 12(8):972-977

R. M. Rivera et al.




Cigarette smoke Small airways Biomass smoke

Métaplasia’
FA>B :




Cigarette smoke  Pulmonary arteries Biomass smoke

More de
fibrosis
B>FA

Vascular
lesions:
intima
inflammatio
B>FA

Rivera’ INT J TUBERC LUNG DIS 12(8):972-977



Table 1 Lung morphology described after exposure to biomass smoke

Author and

reference Year Exposure Specimens Histological findings

Padmavati'> 1959  BS Necropsies Emphysema, interstitial fibrosis. Blood vessels
show subintimal thickening

Padmavati's 1964  BS Necropsies Emphysema, interstitial fibrosis, pleural
thickening, CB

Woolcock 3 1970 Necropsies Large amount of fibrosis, emphysema

Master'? 1974  Air pollution Lung biopsy  Emphysema, mucus gland hyperplasia,
increased anthracotic pigmentation,
irregular areas of pulmonary fibrosis

Anderson'! 1978 Wood smoke Intrapulmonary fibrosis

Anderson? 1979  Wood smoke  Necropsies Emphysema extensive fibrosis

Ramage’# 1988 (CS + wood Lung biopsy  Fibrosis and carbon pigment deposit around

smoke bronchioles, thickened septae

Grobbelaar'® 1991  BS + quartz Lung biopsy 1) Simple anthracosis, 2) anthracosis with
macula formation, 3 ) mixed dust fibrosis

Dhar'? 1991 BS Lung biopsy  Mild to moderate fibrogenic reaction, carbon
nodules resembling the anthracotic
nodules of coal miners

Sandoval'® 1993 Wood smoke  Lung biopsy  Deposition of anthracotic material, focal

emphysema, vascular lesion




How inhalation of particulate mattar
may affect sur health
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Respiratory tracts infections : cause of mortality

in children <5 yrs old

Fig. 2. A traditional home in KwaZula, Natal, South Africa with an open wood fire

Fig. 1. A rural home in the highlands of Bolivia with walls blackened by smoke from an open wood fire

Bruce, WHO 2000



Mexico : Significant increase of respiratory

symptoms

TABLE 2. CRUDE PREVALENCE OF RESPIRATORY SYMPTOMS AND RESPIRATORY DISEASES
DIAGNOSED BY PHYSICIANS ACCORDING TO FUEL USED FOR COOKING AT TIME
OF SURVEY

Gas Only (n = 67) Biomass (n = /778)

Variable No. Percent No. Percent  p Value*

FEV,/FVC < 70% (GOLD stage | and above) 6 91 105 13.5 0.31
FEV,/FVC < 70% and FEV, < 80% predicted (GOLD stage Il and above) 0 0 21 Z.7 0.17
i 1

/m?) 2 313 180 23.1 0.13
| g:z EEIE E ; E gﬁ;mz 1 16 149 207 ~0001 ]

Passive smoking 19 28.8 211 27.3 0.79
Asthma diagnosed by a physician 3 4.5 38 4.9 0.87

[Bringing up phlegm all day 6 8.9 211 27.3 0.001
Phlegm more than 3 mo/yr - 6.3 127 16.7 0.03

Cough or phlegm all day 14 209 286 36.8 0.009
Tough all day lasting more than 3 mo/yr g TT0 B0 T0.3 0.67
Phlegm all day lasting more than 3 mo/yr 2 3.0 99 12.7 0.02
Has wheezed in the past 20 30.3 355 46.1 0.01

— Medicine prescribed 1or Wheezing in the past g T1.9 T34 172 0.28
Previous attacks of wheezing with dyspnea 9 13.4 167 21.5 0.12

Am | Resplir Crit Care Med Vol 174. pp 901-205, 2006

Regalado,



Exposure to biomass smoke is associated with deficits in lung function,

= FEV1 and FVC were significantly reduced in the
population using biomass compared with non-biomass
using population

= Even in the yougest age group (18-25 yrs old) and in

women

= Biomass add an additive effect to tobacco exposure

Kurmi Eur Resp ] 2013



Exposure to biomass and risk of COPD

Studes g separaed by degnoss oitens OR [(85%C10) Wesght %
COPD: fung functon I
Kraz af af. [&5] 2003  Turkey Biomass - = 2800{BTI-0500) 434
Dos=wna af af. [66] 1994  Saudi Arabia Wood —— 1740 (10.55-28.70) 6.21
Orozco-Len ef &l [67] 2008  Spain Wood and charcosi e 4 50 (1.43-14.20) 4.47
Deines ef al. j58) 1006 Columbis Wood B 3.00 (1.67-0.10) 5.3t
Lur ef &, [69] 2007 China Biomaas —— 310 (1:63-500) 586
Lu af &l [69] 2007 China Coal 2 B0 (0.84-0.30) 4.33
Esacs @t &l [70] 2008  Turkey Biomaas —5— 2 50 (1.56-4.00) 627
Cramieao ef &l [T1] 2008 Columiea Wood 240 (1.98-280) 6.73
Orozco-ien of al. [67] 1998  Spain Wood -+ 180 (0.54-600) 4,33
Lu ef 2l [69] 2007 China Biomaas ——-- 1.70 (1.20-2.40) 652
Lu ef af [&9] 2007 China Coal - 1.60 (0.80-320) 573
Recacana af . [33] 2008 KMexico Biomaas e 150 (0.52—.30) 4T3
Ororeo-lew of &l [67] 2006  Spain Chamoal -+ 1.50 (0.49-460) 4 .55
Zrices et af. (T2 2007 China Biomaas - 140 (1.31-1.50) 6.81
Subiotal (F=01 &% p<0.001) <1 > 206 (2.01-4.37) 76.18
COPD: Soctor disyg nosed
Serenat al. [73) 2004  Turkey Biomass - 650 {2.16-20.20) 4 .55
Crspsaps af al. [T4] 2005 Cheéna Coal - 5 20 (4. T4-5T0) &.80
Mu af &l [75] 2007 China Coal R 1.30 (0.T7-220) 615
M f &l [75] 2007 China Frewoodistraw — 0.70 {0.45-1.10) 6.31
Bubiotal (F=069%; p<0.001) o N 2 26 (0.7T0-7 53) 23.82
Ornerall (12207 3%, pr<0 .001) < <zm (1.85-423) 12
I LI 1 1 1
1 F 345 B 2030
Log of cdds ratia

Kurmi Thorax 2010



Indoor particulate matter less than 2.5 microns in mean aerodynamic diameter
(PM25) and Carbon Monoxide (CO) levels during the burning of mosquito coils
and their association with respiratory health

Coil Background WCDC WODC WODO

PMs 5 levels (pg/m®)

Mosquito Coil — A

(n=3) 72+10 1031 + 582 510 £ 511 84 £ 35

Mosquito Coil - B

(n=3) 53+ 10 848 + 623 467 + 514 61+ 31

Mosquito Coil — C
(Low Smoke) 74 £ 20 355+ 179 170 £ 142 62 £ 10
(n=3)

(WCDC: Window Closed, Door Closed, WODC: Window Open, Door Closed,
WODO: Window Open, Door Open)

Salvi et al. Chest 2015



Intervention studies

Selected households N=668

Randomization

Baseline household survey
338 Int / 330 Con -~

Refused to participate
Reason: Clinical tests
N=101 46 Int/ 55 Con

k

r

Clinical tests:
Baseline spirometry
MN=567 292 Int /275 Con

_—
Lost
Reason: Migration
N=15 10 Int/ 5 Con

L 3

Follow-up
M=552 282 Int/ 270 Con

#,a-""

No valid spirometry
v test
N=24 9Int/ 15 Con

i
Lung function (at least two

valid tests)
MN=528 273 Int /255 Con

Romieu, Am J Respir Crit Care Med 2009



Intervention : decrease of respiratory symptoms and in lung function decline after one year of

follow-up (31 ml vs 62 ml)
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Cough  Phlegm Masal Masal  Breathing Wheezing Chest Headache  Eye

Back Pain
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Romieu, Am J Respir Crit Care Med 2009



Evaluation of interventions to reduce air pollution from
biomass smoke on mortality in Launceston, Australia:
retrospective analysis of daily mortality, 1994-2007

: 4 (| b e /ﬂ_ U I =
Fig 2 Launceston, Tasmania, showing reduced visibility associated with smoke from domestic wood heaters (left) and same
view on clear day (right)
Deaths per 1000 person years

1994-2000 2001-07 Percent decrease (95% CI)

All Tasmania

All cause mortality:

All year 8.33 7.12 14.6 (5.2 to 24.0)

Winter 9.32 7.88 15.5 (6.4 to 24.6)

Cardiovascular mortality:

All year 3.73 2.65 28.9 (5.6 to 42.2)

Winter 4.28 2.96 p1.1 (18610 43.7)

Respiratory mortality:

All year 0.78 0.62 20.5 (8.3 to 32.7)

Winter 1.00 0.76 22.9 (7.6 to 38.3)

Fay H Johnston research fellow’, Ivan C Hanigan research assocfa!?a, Sarah B Henderson BMJ 2013:345:e8446
epidemiologist*, Geoffrey G Morgan associate professor®®




FOUR SOLAIRE

LE CUISEUR SOLAIRE
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Summary

ALRI [children <5 years]
COPD (women]

Lung cancer [coal) (women)]
Solid fuel COPD [men]

smoke
exposure

Figure 3 - The major
respiratory health effects
associated with exposure to
biomass and solid fuel smoke.
ALRI: acute lower respiratory
infection; COPD: chronic
obstructive pulmonary disease;
Cl: confidence interval.
Reproduced and modified from
Torres-Duaue et al., 2008.

Lung cancer [(coal] [men])

Lung cancer [biomass) (women]

Asthma (all)

Tuberculosis [all)




Conclusions

« Biomass exposure : priority of public health

» Biomass smoke : heterogeneity in composition
particules (coal, particules..)

« Respiratory and cardio-vascular effects
= New-born babies
= Young children
= Women

* Increase of respiratory symptoms
 Lung function decline

e Risk factor of COPD
» Intervention studies are needed



Rural
N=500

.

Urbain N=500

Rural
N=500

Mahajanga

Rural N=500

J/

.

Urbain
N=500

Urbain N=500

J/

.

La population étudiée sera sélectionnée par un sondage en grappe dont

I'unité est le foyer, a partir d'un recensement de la population.



Comité scientifique

. >/ 8
Wi
MADABIOMASSE

-Madagascar :
Antananarivo :

Dr RAKOTOMIZAO Jocelyn (CHU befelatanana, Antananarivo), Pr
ANDRIANARISOA Ange (CHU Befelatanana, Antananarivo), Dr
RANDRIANARIMANANA Daniella (CHU Befelatanana Antananarivo), Dr
RABEMANANJARA Charlin (CHU Befelatanana Antananarivo), Dr
RAVALISON Bakoly (CHU Antananarivo), Dr Bertrand Cauchoix (PNLT
Antananarivo)

Mahajanga :
Pr RAHARIMANANA Rondro (CHU Majunga), Pr RALISON Andrianaivo
(CHU Mahajanga),

Tamatave : Dr ANDRIAMIHAJA Rabezanahary (CHU Tamatave), Dr

RAZAFINDRAKOTO Lucien (CHU Tamatave),

-France
Pr P UHER (Soutien Pneumologique International, SPLF), Pr

RAHERISON Chantal (Université Bordeaux CHU Bordeaux), Pr Denis
Charpin (Marseille)



ald
n
7]
<
L =
=}
o
= <
(=)
<
2




Thanks



