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ABSTRACT

PRE-CLINICAL MEASURES OF EYE DAMAGE (LENS OPACITY) FROM BPOSURE
TO BIOMASS SMOKE AND CASE-CONTROL STUDY OF TUBERCULOSIS AND
INDICATORS OF INDOOR AIR POLLUTION EXPOURE

By
Amod Kumar Pokhrel

Doctor of Philosophy in Environmental Health Sciences
University of California, Berkeley
Professor Kirk R Smith, Chair

This dissertation examines the level of two major pollutanthénkitchens from biomass,
kerosene and liquefied petroleum gas (LPG) stoves, and two hedlitlerps associated with
use of biomass and kerosene compared with LPG stove in Nepalapterch) characterizes
the exposure levels of two pollutants-fine particles (PM2.5) andthalene from three
cookstoves, b) validate exposure questionnaire used in two epidemioldgdiak swith the
gold standard, c) showcase method to estimate sample size (dwilmoeasurements) to
reliably characterize levels of PM2.5 across rural households éaminuously measured
PM2.5 data, and d) examines the association of use of biomass and kdéueseméh pre-
clinical damage of lens (lens opacity) and tuberculosis in women.

Divided on 5 chapters, the chapter 1 gives an overview of the dissertation. Chapted@spa

detailed background, materials and methods and results of validity, stad measurement
results of naphthalene and PM2.5 from passive samplers. Simtaubyer 2 validates method
for determining sample size from continuously measured PM2.5 ddthough there exist
studies of associations of TB and cataracts from use of biofoassbut the possible
associations of TB and cataracts with the use of kerosenereuelirtually uninvestigated.
Chapter 3 investigates association between biomass and kerosemsefughd pre-clinical
damage of lens (lens opacity) in women and chapter 4 investit@esssociation between
biomass and kerosene fuel use and TB in women. The chapter Jasmasthe main findings
of chapters 2, 3 and 4.

The results of the three main chapters suggest that in Nepkd who use unvented biomass
cookstoves experience very high mean and peak exposure of PM2.5 comilarkerosene
and LPG stoves. By contrast, the cooks experience higher exposwaphtfialene from both
kerosene and biomass cookstoves compared with LPG cookstoves. Currenttamsk pafs
biomass cookstoves is associated with an increase risk of nuclear opacitg ahthiosnass as
a heating fuel and kerosene, either in stoves or in lamps,risk gactor for TB. Thus,
promotion of low-emission biomass stoves, such as semi-gasifiersstwvether cleaner
burning fuels (biogas or LPG) for cooking and heating, and promotion af kohps or
cleaner burning devises for lighting could minimize the risk of tgrecity and TB in women
in rural areas of Nepal.
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CHAPTER 1

Background



Background

1.0 Introduction

Approximately half of the world’s population and up to 90% of rural houslshal developing
countries still rely on unprocessed solid fuels, such as wood, crop esidaling cake, for
cooking and, sometimes, heating the house[1]. In most of the developingiexusiid fuels
are burned in an unvented stove in poorly ventilated kitchens or rooms,hbubulge year. As
the stoves are not energy efficient, fuels are not burned conypl€ted incomplete combustion
releases a complex mixture of organic and inorganic compounds, suahe gsarticulates
(PM2.5), carbon monoxide (CO), poly-cyclic-aromatic hydrocarbons {PAétmaldehyde
(HCHO), naphthalene etc [1-3]. In addition to biomass fuel, many poor households wpdayel
countries also use kerosene for cooking and or lighting. Like biomassndpuinkerosene also
emits PM2.5, CO, carbon dioxide, sulphur dioxide, nitrogen dioxide , H®idxene, toluene,
hexane and various VOCs (volatile organic carbons)[4, 5]. A humbeudies have suggested
that exposure to indoor air pollution (IAP) from household solid fuel nseases the risk for
several diseases, particularly in women and children, who retigveighest exposures. For
example, based on the strength of evidence from meta-analysssitfh et al (2004) have
reported strong evidence of association of IAP with acuterloggpiratory infection (ALRI in
children <5 years), chronic obstructive pulmonary disease (COPD)Juagdcancer (from
exposure to coal smoke: for women and rreB0 years). Although associations with asthma,
cataracts (and other eye conditions), adverse pregnancy outdaocledirig low birth weight),
other cancers, heart disease, and tuberculosis (TB) have beentfmyndre not as robust as
those for ALRI, COPD and lung cancer. In the case of catamuliSTB, there exist only a few
studies of the relationship with indoor air pollution, and they all have important longd®, 8].
Although the associations of TB and cataracts from use of bicimelskave been studied, the
possible associations of TB and lens opacity (cataracts) witlofuserosene fuel are virtually
uninvestigated.

1.1 Indoor air pollution and tuberculosis: biological plausibility, eisting studies and
limitations

Pulmonary tuberculosis (TB) is a contagious infection caused Iprag Mycobacterium
tuberculosigMTB) bacteria.TB etiology is separated into two main stages -- becomingtede
and having latent infection turn into an active case — although peapleéevelop disease at the
time of first infection. Worldwide TB kills more than 2 milligmeople a year. In addition to
higher prevalence of TB, there has been a coincident ri$e icaise of multi drug-resistant TB,
and the HIV epidemic has made situation more complicated becdise the chief fatal
outcome of HIV infection globally. In 1991, the World Health OrganizatiMQ) set up the
objectives of treating successfully 85 % of the TB cases amigtetting at least 70 % of the
smear positive TB cases by introducing the directly obseneadment short-course strategy
(DOTs). However, case detection rate for new smear-positsesda DOTs was estimated at
61% in 2006, which is lower than the anticipated detection rate (70%puijh case findings
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(TB) still remain largely passive in many developing countf$eslO], a global public health
effort to fight TB is largely focused on treatment without rhatg efforts on prevention. The
steady rise in TB incidence in developing countries raisegubstion whether only delivery of
treatment programs is sufficient to control this global burdert®e gublic health history of
industrialized countries suggests that part of the decline oiw@B achieved by improving
housing and habitat, better nutrition, decreasing crowding, and introdoettey hygiene and
sanitation [10, 11]. While society continues to apply new drug combnsatnd improved
treatment programs in developing countries, therefore, it would seadent also to more
thoroughly explore the roles of environment and socio-economic factoist¢heases the risk of
TB in population. Arange of social, environmental, and behavioral factors influengesexe

and susceptibility toMycobacterium tuberculosigfection. Thus, identification of TB risk
factors and minimizing exposure to them could reduce the TB burden from the world.

Exposure to smoke from both active/passive tobacco smoking and bionmassnfibeistion has
been shown to have consequences on the human respiratory system ih gedefiB in
particular [12-14]. Inhalation of fine particles (PM2.5) and chelsifcaund in smoke from these
sources generates an inflammatory response and impairs the nmanahce of secretions from
the tracheobronchial mucosal surface. This may allow TB bacteriescape the first level of
host defenses, which prevent bacilli from reaching the alveoli BBloke also impairs the
function of pulmonary alveolar macrophages, an important early defeaskanism against
bacteria [16]. Compared with macrophages from non-smoker, alveolapphages isolated
from the lungs of smokers have reduced phagocytic ability anawar Ilevel of secreted
proinflammatory cytokines[17]. Exposure to wood smoke in rabbits has Wdemmnsto
negatively affect antibacterial properties of alveolar macroghagaech as the ability to
phagocytize bacteria, and intracellular bactericidal procEsesSix epidemiological studies
have investigated the association between IAP and TB. Howéeee, are important limitations in
these studies and the results are also inconsistent [19-24]. oMbt studies had only very limited
adjustment for potentially important confounding factors. In addition, exposnformation
ascertained in all studies is solely based on interviews stéthdardized questionnaires. None of
these studies have validated their questionnaire with either epassessment/measurement or a
validity study. These limitations clearly suggest thate¢hsra need to confirm the findings of IAP
and TB using exposure measures and fully controlling for potential confounders.

1.2 Indoor air pollution and cataracts/lens opacity: biological plausibity, existing
studies and limitations

According to WHO estimates, there are 37 million blind and 135 anmillrisually disabled

people worldwide who depended on family support or care on aluksig [25]. About 60% of
blindness is due to cataracts and refractive error [25]. Basetheoprojection of global

population and their aging, the WHO has estimated 75 million blind @dnpP020 of which

50% blindness would be due to cataracts or opacification of lens. Cataractsopaeity that is

associated with visual symptoms and some visual disability. Aenks opacity is a locus of
increased light scattering in the crystalline lens resulinga decrease of lenticular
transparency[26]. The opacities in eye range from minor (netféming with vision) to major

(interfering with total vision loss or blindness).



A causal relationship between exposure to indoor smoke and catabdmibgically plausible.
There is an evidence of a dose-response relationship between thetimenaifacts of tobacco
smoking and the risk of cataracts [27]. Smoke can induce oxidati\es stnel deplete plasma
ascorbate, carotenoids and glutathione, which provide antioxidant protexjainst cataract
formation [28-30]. Tobacco smoke and biomass smoke have many sigs[ari28] and several
studies have indicated that tobacco smoking and fuel smoke condensate enhamc®tios fof
super-oxide radical, which decreases the formation of antioxidantd),vihiturn, increases the
risk of cataract[29, 31-34].Six epidemiological studies have found an association between IAP
exposure from biomass fuel combustion and cataracts or blindness [7,. 26t33ligh the findings

of existing studies of IAP and cataracts/blindness are consigaah of these studies has
important limitations. Like IAP-TB studiesxgosure information ascertained in all studies are
solely based on interview/questionnaire. None of these studies hhgiated their questionnaire
with either exposure assessment/measurement or a validity Sunjarly none of these studies
have examined the association of IAP exposure by anatomicaldfypataract at the pre-clinical
stages. Identification of risk factors for cataracts atgireeal stages would offer prevention
strategies for the most common form of blindness in women in developing countries.

1.3 Consideration of measurement error in the epidemiological studies

In environmental epidemiological studies, several issues relaingeasurement errors require
detailed consideration. Among others, validity or accuracy of theument or method used to
collect exposure information, selection of exposure agents or polldtantseasurement, and
assessment of magnitude of variability of exposure are imporidmeed special consideration.
These issues are further discussed below.

1.3.1 Validity and accuracy of measurement instrument

Unbiased results of a study on health hazards can be obtained thielyeKposure and outcomes
are correctly classified. Existing epidemiological studies stigating the association between
solid fuel use and TB or cataracts have used surrogates of indgailation (IAP) exposure
such as types of fuel used in the house, kitchen location and ventilatibavainot validated
the questionnaire or these exposure proxies. Thus, validation of instrufgeessionnaire or
monitors) before launching an epidemiological study will increasdidence in epidemiologic
association between exposure and health outcomes and reduces thbabiagses from
exposure misclassifications in the study.

1.3.2 Selection of exposure agents for IAP and lens opacity and TB studies

Exposures to high level of fine particles (PM2.5) in kitchens ftbamass or kerosene fuel
combustion have been closely related to health effects in sewadadss In the kitchen, poor
combustion of cooking fuel not only generates PM2.5 but also pollutantsClikenitrogen

oxides and naphthalene. Although fine particulate matter is closeked to health effects, it is
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not clear whether it acts alone or it is an indicator of thecefsf the mixture of pollutants. For
example animal studies have shown an association of catardcteapitthalene. Biomass and
kerosene smokes contain substantial amounts of naphthalene, which hagmahdasured
previously in household’s using biomass and kerosene stoves. Thus, develapthealidation
of an affordable passive sampler to measure naphthalene indoorkelgario document
naphthalene concentration in developing countries where biomass and kerasd¢nestion is
common. Similarly, estimation of mean concentrations of PM2.5 and thehabpid/PM2.5
ratio across different fuel--stove types can help to decide wheti2.5 can be used as a proxy
for naphthalene concentration. This has not been done before.

1.3.3 Variability of PM2.5 from biomass and kerosene fuel combustion

Indoor air pollution from biomass fuel combustion is known to vary bothinvéind between
households. However, the magnitude of variability of air pollution concemtsasrising from
kerosene and liquefied petroleum gas (LPG) is not known. These vaciamp®nents and any
predictors that influence the variance should be taken into accourpasuge assessment to
validate the group level exposure as well as to control for thesexes[40, 41]. For example if
the variability of exposure is high within certain exposure grobmsmass, kerosene and LPG
cookstove users) then a statistically representative samplecdinataccurately characterize
exposure across population or households should be chosen. Till date vabflatiodels and
methods to calculate the statistically representative satopkeliably characterize between
household differences in IAP levels from continuously measured PM2sbhd& not been
undertaken.

1.3.4 Contributions of the dissertation

This dissertation builds on three studies carried out in the Rediobairculosis Center (RTC)
and Manipal Teaching Hospital (MTH) in Pokhara city, Nepal itabalration with the Division
of Environmental Health Sciences, (School of Public Health) anddheoEof Optometry of
the University of California at Berkeley.

The collaboration focused on characterization of PM2.5 and naphthalenethoceesstove-fuel
groups (unimproved biomass, kerosene and LPG), validation of the exposurenmaést, and
two epidemiological studies: ‘use of biomass and kerosene and rigk iof women’ and ‘pre-
clinical damage of lens (lens opacity) from use of biomass anderera@®okstoves in women in
Pokhara Nepal'.

In chapter 2 of this dissertation, | have provided the methods andsrettite validity study.
Also chapter 2 documents the level of naphthalene and PM2.5 and withirhblousend
between-household variance of PM2.5 across three groups of cookstovestiém aGtiapter 2
showcases a method to estimate the needed sample size tg wieaicterize IAP level across
households in rural areas of Nepal. Building on the validity study, simey--based
guestionnaire was used to study the association between use ofb@rddsrosene cookstoves
and risk of TB. Similarly using the survey--based questionnaick lans photography, the
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association between use of biomass and kerosene cookstoves andoresklofical damage of
lens (lens opacity) in women was investigated.

1.3.5 Dissertation structure

Outcomes of this collaborative study are separately discusskail in five different chapters.
Chapter 1 presents the relevant background. Chapter 2 has detailecbbagkgnaterials and
methods and results section of validity study, and measuremaeits re§ naphthalene and
PM2.5 from passive samplers. Chapter 3 has detailed background, imaedamethods and
results relating to the study of the possible association batwsee of biomass and kerosene
cookstoves and pre-clinical damage of lens (lens opacity) in woRleapter 4 has detailed
background information, materials and methods and results’- of the atadsociation between
use of biomass and kerosene fuel and tuberculosis in women. Chapterh# lsasnmary of
findings of chapters 2-4.
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Validation of the survey-based exposure questioarfar
iIndoor air pollution and lens opacity and Tubersigdo
study

And

Exposure variability of fine particulate matter (MP.5)
and measurement of naphthalene indoors
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Validation of the survey-based exposure questionnaire for indoor aitipoliand lens opacity
and tuberculosis study, and exposure variability of fine particuledtter (<PM2.5) and
measurement of naphthalene indoors

2.0 Introduction

2.1 Exposure measurement error and its effect in epidemiological sties

Exposure measurement errors are one of the major sources af kisliemiological studies.
Measurement errors can happen in any phase of the studyralBenlack of validation of
exposure instruments, and lack of consideration of exposure variahiliggs the measurement
errors[1]. Validation of exposure instruments and consideration of expweatability before
starting main study, during data analysis or interpretation phase minimize the bias. These
issues are further discussed below under separate headings.

2.1.1 Instrument validation

Validation is defined as the extent to which a study is dgteatimating what it is intended to
estimate. Till date none of the epidemiological studies examihe association between indoor
air pollution (IAP) and cataracts/lens-opacity or tuberculosisekample, have validated the
exposure instruments (questionnaire or exposure proxies) by eithduatimg air pollution
measurements or actually inspecting or confirming main expogar@bles in the study
participants’ house [2-10].

2.1.2 Validation of naphthalene passive sampler and measurements of PM2.5 and
naphthalene concentration indoors

Biomass and kerosene cooking fuel combustion contains high amount of fiicelatr matter
(PM2.5) and semi-volatile hydrocarbons like naphthalene [11, 12]. Théhheféécts from
exposure to fine particulate matter (PM2.5) are well documehtgdhealth effects from
exposure to naphthalene are not. Along with PM2.5, long or short term exposiaghthalene
can affect both lungs and eyes[13]. For example it has been knowmffertiman a century that
an accidental human intake of naphthalene results in lens opacitactat@nd degeneration of
the retina and crystalline deposits in the vitreous body of the hayeaji4, 15]. Animal studies
have shown association of cataracts with naphthalene [11, 16]. Degjite\sdences, very few
studies have investigated naphthalene exposure indoors from cookingrivmistion. Lack of
affordable tools to measure naphthalene has been one main reagmnlémk of such studies.
Thus, development, deployment and validation of an affordable sampker, phssive
naphthalene badges would help to investigate the naphthalene concenimdtons in
developing countries where combustion of biomass and kerosene is commoookimng,
heating and lighting. In addition, such tools can be used in epidemiological stuahesieg the
association between biomass or kerosene fuel use and risk of tuberculosis ar. catarac
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2.1.3 Magnitudes of exposure variability and its importance in exposure assessrmand
epidemiological studies

Combustion of biomass and kerosene fuel in the kitchens exhibit hightastmoy and different
within and between variability of exposure [17, 18]. From health point of, véhort-term
variability is important as it can potentially affect the beabf exposed people [19]. For
exposure assessment, exposure control, and epidemiological resedhoh, and between
exposure variability information is important. For example ithi variability of exposure is
greater than between variability of exposure, then grouping ppenits into a single exposure
category increases the chance of exposure misclassificatibare®s, greater between than
within variability of exposure increases the probabilities ofemily classifying exposure [20].
Similarly for exposure control, a group level intervention such pecement of unimproved
biomass stove with improved stove or biogas can be suggested, if theirexpasability is
greater within than between (ie when between variasfeg:approaches 0).Whereas the focus of
intervention should be shifted at individual level, when exposure varialsligyeater between
than within [20-22].

Until now, the magnitudes of variability, both short and long term, andirwdnd between
cooking fuel stoves (biomass, kerosene and LPG) have not been stystmdadically. Very
few studies of IAP [23], and IAP and health have formally exachithe question of exposure
uniformity by stove groups. These studies are limited to only bieifueet stove [17]. Thus the
guestion, whether users of typical kerosene or LPG fuel stove exigeriences uniform
exposures have not been investigated. Kerosene and LPG stoves ar®ncamergy
technologies in many urban and peri-urban areas of developing couKktr@sing whether or
not users of typical biomass, kerosene or LPG stove experiemoesnsean level of exposure

(Whenc52 by approaches 0 or whejRoes < 2) will provide a basis for designing efficient IAP
monitoring strategies for IAP-health research.

2.1.4 Exposure measurements (sample size calculation) based on varianéermation

The presence of exposure variability of IAP also puts a premium agil@cting a large number
of measurements or measurements of sufficient duration to yelhlalracterize IAP across
households or persons. For example if there is a higher temporabilrgriof exposure then

multiple measurements or measurements for longer durations qué&ece to accurately

characterize exposure[20]. On the other hand if between varsunghi and temporal variance
is low then few measurements would be sufficient to accuratedyacterize the exposure.
Application of random effects model in repeatedly measured 1A% atat generate information
of the components of variance including intra-class correlatipnsThe value ofp can be

exploited to estimate the sample size to optimize exposurssasset strategies. Till date only
one study has used the continuously measured IAP data and its vadanpanents to estimate
the sample size for indoor air pollution measurements[24]. Thisstualy conducted in India
used minute by minute average carbon monoxide (CO) data of fiveaagsmate the temporal

1 A ratio of 97.8" and 2.8 percentiles of the log normally distributed exposure concentrations
containing 95% of the estimated mean concentration values.
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variance of CO, and sample size [24]. Compared with CO, measusieRM2.5 is very
common in both IAP-health studies, and larger IAP monitoring programdeveloping
countries. Currently with the availability of affordable PM2.5 mosiidee UCB, it has become
much easier to collect PM2.5 data continuously for a sufficient idaraif time [25-27].
However, none of the IAP researchers have utilized the minuterhyteraverage UCB PM2.5
data of one week (covering weekdays and weekends) to charaaepasure, its variance
components, and sample size. Thus, development of model to investigate the exposulig/variabi
of PM2.5 and confirmation of method to calculate sample size tbhglcharacterize between
household differences of PM2.5 will be valuable in the IAP field.

In order to validate the main exposure proxies: main stove type aithtren in the kitchen
obtained during face to face interviews; investigate the naftuvariability of PM2.5; test new
naphthalene passive sampler; document weekly mean concentration of naphthalévi2.&nd P
the kitchens, a weeklong measurements of PM2.5 and naphthalene were embimlirtkhara,
Nepal. This study was conducted in the houses of a sub-set of gaanisci of two
epidemiological studies: IAP and pre-clinical damage of lens (@gasity) and TB in women
(chapter 3 and 4). The main objectives of the study were;

1. To examine the validity/reliability of exposure information obtdinkeiring face-to- face
interviews (from questionnaire ) at the hospital with data obtaired the indoor air
pollution measurements and actual inspection of these featureshioubes of sub-set of
study participants of IAP-TB and lens opacity studies.

2. To estimate the magnitude of exposure variability of PM2.5 includmgvariance
components (variances between and within three groups of stove: biontasenkeand
LPG) and document if users of these three stoves have similauexposfile of PM2.5;
and determine required sample size to reliably characteriz23Phtross households
using biomass stove in Pokhara Nepal.

3. To develop and test an affordable passive badges to meagimbalene indoors and
investigate the naphthalene concentrations from three main cookstoveskhara,
Nepal.

2.1.5 Chapter summary

This chapter examines the accuracy of survey-based exposureowmp@st used in two
epidemiological studies (Chapter 3 and 4) and reports the concentrati®®M®H and
naphthalene from three major cookstoves in Pokhara, Nepal. Usinghatfon of week-long
PM2.5 measurement data, this chapter examines the contribution oastbwether covariates to
the variability of PM2.5 concentration indoors. Using variance mé&dion from weeklong
measured PM2.5 data, this chapter examines whether users of hikenasene and LPG stoves
experience uniform exposure to PM2.5 concentration within stove groupla®mising
variance information, this chapter validates and suggests possilbledhetcalculate the sample
size or measurements duration to reliably characterize heta@esehold differences of PM2.5
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concentrations in households using biomass fuel stove. In the presgntisvel of nicotine in
the kitchen and bedroom was also measured. These results argqueseparately in the annex
2.7.

2.2 Methods

2.2.1 Household selection for indoor air pollution and survey based questionnair
validation study

Households for the study were selected from the first twentyt-@igrticipants of the I1AP- TB
and lens opacity studies conducted in Regional Tuberculosis Centdr) (®@ Manipal
Teaching Hospital (MTH) in Pokhara sub-metropolitan city opdePokhara sub-metropolitan
city is a third largest city of Nepal after Kathmandu (apénd Biratnagar in the east. This city
is about 200 km west from Kathmandu and has about 200,000 inhabitants. Agrienidure
animal husbandry are the main occupations in this area. Households irraPakbkawood,
kerosene or liquefied petroleum gas (LPG) as their main coolglg $ince many households
have domestic animals, bio-gas also supplies bulk of energy needsods$es in the city area
are well-ventilated, due to large gaps between the wallsr@mfd, and open windows and
opening doors in the house and the kitchen.

Under IAP monitoring, fine particulate matter (PM2.5), naphthaleden&otine were measured
for one week. PM2.5 and naphthalene were measured in the kitchensjcatide (as an
indicator of environmental tobacco smoke) was measured in the kitstteim the bedroom.
Since, PM2.5 concentrations had weeklong (minute-by-minute) data, watidn between
fractions of variances of PM2.5 concentrations were evaluated. Tocabewa method to
calculate sample size or measurement duration for IAP measotg€mminute-by-minute
average data of PM2.5 was used. To study the magnitude of exposakelitysaof PM2.5 from
three stove types over time (including its variances-between dhih Wwousehold), the minutes’
measurements were converted into an hourly average measwgamentised in the analysis
(this data somewhat met the normality assumption of residudddransformed PM2.5 data).
Similarly, the covariates influencing the between households vasiantePM2.5 was
investigated. However, this investigation was limited to households using bicmass s

Along with the documentation of level of pollutants by major stove,type accuracy of

reported main exposure variables (stove type and ventilation in tHeerkjtdy participants

during face-to-face interviews (at the hospital) were verifiethomes during IAP monitoring.
The IAP measurements were accompanied by the administratiore-ofupd post-monitoring

guestionnaires. These questionnaires documented household charactsdties the presence
of primary and secondary stove in the house, kitchen type, quantftyelotised per week,

ventilation in the kitchen and sources of other smoke exposures in the dumhsas tobacco
smoking, use of incense and mosquito coil and use of non-electric lamgsdike lamps).

Instruments, samplers and methods used for these studies are further disdassed be
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2.2.2 Measurement of fine particulate matter (2.5 micro meter size)

A UCB particulate matter monitor was used to measure the PMB,526]. The PM2.5
concentrations were measured in the kitchens, where minute-by-nparitele levels were
recorded for one week. The UCB particle monitor is a small,, |gfesive, battery-operated data
logger developed at the University of California at Berkele€B)[27]. Along with particles,
UCB also continuously records temperature and humidity. The UCB gentaio sensor
chambers, the photoelectric (optical scattering by airbornecleajt and ionization (ion
depletion by airborne particles). For the purpose of this study, dats collected using
photoelectric chambers were used. The photoelectric chamber isensgtve to particle size of
2.5 micron (PM2.5). This chamber uses a light-emitting diode with outpuglength of 880 nm
and a photodiode that measures the intensity of scattered light angke of 48 from the
forward direction. Each UCB'’s default particle coefficient YR@lue is 0.0225 but as the light-
scattering efficiency is a function of particle size andicdUCBs can mis-report the levels of
gravimetric fine particulate matter (gold standard methodripaliution study) if they are not
carefully calibrated with appropriate aerosols. For this reasoldsU&kre calibrated against
combusting aerosols, such as mosquito coils, incense, wood chips, ab tiiddrchant lab at
UC Berkeley) against another field-validated instrument; DagtTbefore launching them into
the field. The DustTrak is a battery-operated laser photometeayittes real-time digital readout
of particle concentrations to PM10, PM2.5, PM1.0 or respirable simetidns
http://www.raeco.com/products/particulate/tsi_dusttrak.html

The particle coefficients (PC) for each UCB were derivedhi& lab running UCBs and the
DustTrak simultaneously, where PC was calculated from thgesbf the line between the
independent variable “mean UCB mass in |fgamd the dependent variable “mean PM2.5 mass
in ug/nt from DustTrak”. The experiment was run for about 30 minutes whereaterage
concentration of participles in the chamber obtained through DustTwask 168 pg/m
(Standard Deviation: 46 pugfmwith minimum and maximum concentration ranging 17 and 229
ng/nt, respectively. For this study, the field based particle caefiis were not obtained. The
field based experiment conducted for different studies in Guateandldexico have shown
>85% correlation between mean UCB PM2.5and gravimetric PM2.5[27]. Tiubkis study
average PC generated in the lab were incorporated in each I0Giige field, all UCBs were
zeroed in Ziploc bags for 30-60 minutes before and after monitooingdetermine baseline
concentration. Particle and temperature coefficients along witlmethdts from zeroing were
subsequently used in the data processing. In the kitchens, UCB mamgi@splaced at 1.5
meter height and about 1 meter from the combustion source. ThebR@sed from different
combustion sources and temperature coefficients by UCBs are prawvidennex-2.0.9 table
A.0.1. Similarly, Annex 2.7 table A.0.2 has the values of average PC incorporated inGch U

The detail information of other sources of emissions in the house ahérkitluring monitoring
periods, and information, such as whether UCB and other monitors werel mowksturbed
during the monitoring period, were documented on pre and post-monitoring queséionnai
Exposure and other sources of emission in the house-related informatierused to identify
the best predictors for the higher concentrations of PM2.5 and naphthalene in the kitchens.
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2.2.3 Naphthalene measurements method

The naphthalene constituents in the kitchens from indoor smoke were collectedvia padges
with XAD-4 resin coated quartz filters. Annex 2.7.1 has protocolADXoating and extraction
of PAH (naphthalene) from the XAD coated filter. These passivieisiliin samplers were
developed in Dr. Katharine Hammond'’s lab in UC Berkeley fa garticular study, and were
analyzed in GC-MS in the same lab. Passive badges were expose@-week in the kitchens
and were co-located with nicotine passive badges and UCB particléonsoifter completion
of the sampling and before analysis, the passive badges wegereded in Pokhara and at the
lab in UC Berkeley. The sampling rate of the passive monitondphthalene in air determined
in the lab for these tests, 36 cc/min, agreed well with the theoreticaliyjatalt value.

2.2.4 Survey-based questionnaire validation method

The goals of a validity study were; a) to examine the @egfeagreement of responses on the
exposure information (current stove/fuel type, ventilation) obtainedngluface-to-face
interviews at the hospital with the actual measurements and iimsp@é these variables at
participants’ house, and b) to identify the probability of misdi@sgion of exposure from
guestionnaire based information to gold standard method - actuattiospef these variables in
the house. There are several ways to describe the misckssific In this study, the
misclassification was calculated in terms of error rate and agcpesicentage.

2.2.5 Error rate and accuracy percentage calculation method

Equation 1 was applied to calculate the error rate [28]:

Errorrate = (NP-=NR)) = (NR) oo, 1

Where NPRis the number of stoves reported during face to face interview apds Nienumber
of stoves observed during indoor air pollution monitoring.

Equation 1.1 was applied to calculate the accuracy percentage calculation

Accuracy percentage = (true reports + total reports)........1.1
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2.2.6 Assessment of Inter-vs. Intra household and temporal variability of PM2.5 and
sample size (or measurement duration) calculation to reliably charactere IAP level across
rural households

A one-way random effects model with restricted maximum likelih®EML) estimator was
used to calculate the variability of PM2.5 for each group of stovesdé&tagled methods are
further discussed below (section 2.2.8).

2.2.7 Analysis of Variance (ANOVA) test

The differences in mean concentrations of PM2.5 and naphthalene byyptes'e@vere compared
by ANOVA test. The Proc GLM option in SAS 9.1 was used to testiffierences in mean
concentrations from three stove types. For naphthalene data, a IKWelka and Tukey test
(non-parametric ANOVA test) was further carried out to evalulie difference in mean
concentration by stove types.

2.2.8 Inter vs. Intra household and temporal variability of PM2.5 in the kitchens

From the weeklong PM2.5 data, mean and maximum (peak) concentratibnster, intra
household and temporal variation of PM2.5 concentrations were evaluatstbvay groups
(biomass, kerosene and LPG). A one way random effects model egthcted maximum
likelihood (REML) estimator was applied to calculate variabiityPM2.5 by stove groups and
days [29]. The REML estimates the random-intercept variance takimgccount the loss of 1
degree of freedom resulting from the estimation of the overalhrifi@gaA proc mixed procedure
in SAS 9.1 was used for this analysis. The model had following form:

Yij = In(Xij ) = MY + Bi + & 2

WhereX; represents PM2.5 level for th& stove on day; uY represents the true fixed logged
mean exposure level for the group (stove tyfie)epresents the random effects for thestove

(Bi = 1Yi- nY); g; represents the random deviation of the observed logged exposur¥ jevel
the j™ day for stove i ¥ij — wnYi). The model 2 assumes that fieand ¢ij are mutually
independent and normally distributed random variables, with means ofrebr@bances” by
and szy, representing betweeand within variances of PM 2.5. Thus, the total variability in
logged exposure levels experienced by group is giver?\by: o2 by + szy_

Alsoin model 2,Yj = In(X;; ) is normally distributed with meaxY and varianceszyl Thefixed
logged mean exposure level for the group obtained from model 2 was izeanahd group
level mean x) was calculatethy applying equation 3 as shown below:
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X = @XP (Y + 6%y F 2) teiiieiie e e 3

o’ = /[exp(2uY + o"2V)][(exp(c™2Y)— 1)]............3.1

The estimators qfx ando? have properties that make them preferable to thelsiunbiase:
estimators of population me@x) and variance (°), which generally have larger variau, for
lognormally data[29].

2.2.9 Relative measures of variability of PM2.5 (1d range) by stove group

Since ranges of exposure levels (between and withiiances indicated bwz by andczwy are
in logged scale, to interpret results in simple tearscal-independent measure of expos
variability, the fold range (f:) was used [29]Fold range is a ratio of 97" and 2.%'
percentiles of the log normally distributed PM2.bncentrations containing 95% of t
estimated mean values [29, 30he estimated fold ranges wetalculated for each group

stove by substitutingalues of o by (between variance) armzwy (within variance)obtained

from the random effects model (model 2) using following a@lgons pRo - « > Y and

Y * sqrto2 bY +52WY )
WRo.95 =2 """ and overall fold range & Ro.g5 = o2 54"~ P *2"Y ragpectivel [30].

The values 0fRg gssugges how broad the distribution of mean exposures iwithgiven grouy
of stove is, thusyRp 95 Was used to define the basis of uniformity of expewithin a stove
group. For example #Ro.g5is <2,then the group is considered to be uniforestpose21].

2.2.10 Application d mixed model to determine the factors/covariateshiat affects the
between stoveiousehold variance of PM2.

A mixed effects model, with and without fixed effe@ovariates (such as housing characteris
burning incense and naglectric lamps during monitoring period etc) wagplagul to determin:
the important covariates that inence the between stove variance of PM2.5. Mixedced
model is a generalization of the ordinary leastasguegression that enables the analysis of
generated from several sources of variation instéamhe[31]. A procmixed procedure in SA
9.1 was used in model 2 for this investigatiBefore considering the final model, a suita
variance structure was chosen from three variatwestares; separate within and betwe
common within but separate between and common nwihid between variance structures
likelihood ratio test was us to compare and choose the variance struc29]. Only
households using biomass stove were included sranalysis. The model had following for

Y hij = In (Xhij) = Hyh +OuniCuhij + Bi + Eij ver e 5.0
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Where, h is a group (biomass stove group), i is particular stovenlB group, j is R
measurements for stove i in group h and u is a covariate@nt regression coefficient
representing fixed effects of the covariates.

2.2.11 Application of random effects model to determine the sample siziifation of
monitoring period) for IAP monitoring

The fundamental statistical principle suggests that variance tauteduced by increasing the
number of samples (n) [32]. In indoor air pollution studies, a samplecaizde increased by
either adding number of houses or number of hours or days of measurerhestshe optimal
choice of monitoring would depend on the relative magnitude of variancean acceptable
level of temporal variance that study team feels comfortalille. Wartitioning of variance
components and estimation of intra-class correlation (ICCp)oris possible in repeated
measurements data by applying random effects model. The randects ehodel yields a
between stove/households ¢vn) and within stove/households®y,) variances and the fraction
of the overall variance attributable to between stove/house variability as imaduat

- 2 . 2 2
P =0 pyh~ ((5 byht © WYh) ........................................... 6.0

The ICC directly measures the closeness of observations. ArhiQBevalue also indicates
lower temporal variance to the total variance, suggesting thatasiog duration of
measurements is no longer necessary. Or in other words the duadtionwhich IAP

measurements yields no new information as data will be highly correiatgd [

A one way random effects model was applied to PM2.5 dataset of lsigtoa® group (n=17),

which had complete minute by minute data for 7 days (week). nidael 2 was applied to
moving average values of 1, 3, 15 minutes and 1, 12, 24, 36, 48, 60, 72, 96, 120, 114 and 168
hours, respectively. A PROC EXPAND command in SAS 9.1 was vsead¢ulate the moving
averages. A (ICC) of 0.80 was chosen as the acceptable level of variabfliBM2.5 in the

random effects model. The random effects model @ddr each moving averages were then
plotted against time. Since sample variance decreases wigasing sample size (n), the term
s°WwYh + n can be substituted fewYh in the equation 6.0. This provides an expression to
calculate the sample size or measurement duration requiredgigera reduction of temporal
variability [24].

ICC =6 bYh + 6° bYh +6®WYh = N) .ooeeeoeeeiiiieeeee 7.1

N=p 6 WYh=6ZDBYN (1P, 7.2
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2.2.12 Linear Regression

Linear regression is a modeling technique used to describe thiengtdp between dependent
(outcome) variable and a set of an independent (predictor or explgnetoigble. A linear
regression model was used to predict quantitative exposures of napbthbhsed on
concentration by stove type and housing characteristics. Beforenguhinear regression, the
concentrations data were observed graphically. On the basisué ridtthe data, they were
transformed. Regression models were run on transformed data (lag thiaesformed), which
was later normalized (exponentiated). An ordinary least squarstapaise regression model
was used to arrive at the most parsimonious model and to assesholbug®racteristics
associated with higher concentrations of Naphthalene in the kitdfemous interactions
between predictors were analyzed before considering the final mAdetgression model
diagnostic was used to check the assumptions of functional form andrdovatiance of the
final regression model. For this purpose a Shapiro-Wilks (Swilt)was used and a g norm
graph was plotted. A largp value (>0.05) under the Shapiro-Wilks test indicates that the
variance is normally distributed in the model. The model with Ia&apiro-Wilksp value was
considered as a final model.
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2.3 Results

2.3.1 Households characteristics

Participants’ demographics and household characteristics are preseatdd ihQ.1.

Table 2.0.1 Participants' general household characteristicsegport

General characteristics of respondent

Frequency (%) fronfiace to face interview

Age

20-30 years
30-40 years
40-50 years
>50 years

Literacy
Can read & write

Cannot read and write

Level of education
Primary schooling
Middle schooling
High schooling
University/Collage
Adult education
None of these

Area of residency
Rural
Urban & Per-urban

9 (32.1)
7 (25.9)
5 (17.9)
7 (25.1)

13 (46.4)
15 (53.6)

4 (14.3)
4 (14.3)
3 (10.7)
1(3.6)
1(3.6)
15 (53.6)

2 (7.1)
26 (92.9)
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Table 2.0.1 contd Participants' general household characteristics reported

General characteristics of respondent

Frequency (%) fronflace to face interview

Current main occupation
Farming (on family land)
Agriculture labor (paid)
Government services
Commerce/business
Industry

Housewife

Teaching & studying

Current cooking status
Cook now
Not now but cooked in the past

Days of cooking per week
4 days
7 days

Total duration of cooking/day
1-2 hours
2-3 hours
3-4 hours
>4 hours

Main stove type
Unimproved biomass stove

Improved biomass stove
Kerosene stove
LPG stove

Mean years of using present stove
years

1-3 years

3-6 years

>6 years

Kitchen location

Cook outdoor including (open air)
Separate kitchen inside the house
Kitchen not separated inside the house

Windows in the kitchen
Yes
No

Closing door
Yes

No

12 (42.9)
2 (7.14)
1 (3.57)
2 (7.14)
1 (3.57)
7 (25.0)
3 (10.7)

22 (78.6)
6 (21.4)

1 (3.70)
26 (96.3)

8 (28.6)
9 (32.1)
5 (17.9)
6 (21.4)

18 (64.3)
1 (3.6)
4 (14.2)
5 (17.9)

7 (25.0)
1 (3.57)
3 (10.7)
17 (60.7)

6 (21.4)
12 (42.9)
10 (35.7)

26 (92.9)
2(7.1)

22 (78.6)
6 (21.4)
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Table 2.0.1 contdParticipants' general household characteristics reported

General characteristics of respondent Frequency (%) from face t@te interview

Current tobacco smoker

Yes 10 (35.7)
No 18 (64.3)
Annual income

<Rs 25,000 4 (14.3)
Rs 25,000-50,000 9(32.1)
Rs 50,000-100,000 9(32.1)
Rs> 100,000 2 (7.14)
Don’t know 2 (7.14)
Refused to answer 2 (7.14)

Ceiling fan/exhaust fan
Yes 1 (3.7)
No 26 (96.3)

2.3.2 Survey based questionnaire validation study results

Comparisons of exposure variables reported during face-to-faceiemieaind IAP monitoring
are presented in table 2.0.2. During the face-to-face interview, fiipeamnts had reported their
main stove as unimproved biomass stove (biomass stove without flue) gaudicipant had
reported her main stove as improved biomass stove ( biomass sthwautwilue). All
participants (19) were found using stoves as reported during fdaegdnterview. Similarly
during face to face interview, 4 participants had reported keroseves & their main stove but
only 3 participants were found using kerosene stoves. In the caseso$tbi?e, during face to
face interview, 5 participants had reported LPG stove asrttair stove but 6 LPG stoves were
found during monitoring. One person who had reported kerosene stove raaihestove was
found using LPG stove. Participants over reported use of LPG stovesidedeported use of
kerosene stove. Similarly in the case of kitchen location, pEatits over reported the separate
kitchen inside the house and under reported the kitchen not separatelll ingiden Results are
presented in table 2.0.3.
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Table 2.0.2 Comparison of exposure variables reported during facetimfarview and IAP monitoring

Main stove and kitchen location Frequency (%) from Frequency (%) from the
face to face interview household inspection

Main stove type

Unimproved biomass stove 18 (64.3) 18 (64.3)
Improved biomass stove 1( 3.6) 1( 3.6)
Kerosene stove 4(14.2) 3(10.7)
LPG stove 5(17.9) 6 (21.4)
Kitchen location

Cook outdoor including (open air) 6 (21.4) 6 (21.4)
Separate kitchen inside the housd 2 (42.9) 13 (46.4)
Kitchen not separated inside th&0 (35.7) 9 (32.2)
house

Table 2.0.3 Error rate of stoves and kitchen location reporting

Stove and kitchen location reported during face-to-face inter@w at Error Rate %
the hospital

Primary stove reported during face to face interview at the hospital

Unimproved and improved biomass stove 0
Kerosene stove 33.33

LPG stove - 20

Kitchen location reported during face to face interview at the tabspit

Cook outdoor including (open air) 0
Separate kitchen inside the house -8.33
Kitchen not separated inside the house 10

2.3.3 Accuracy percentage

All 19 participants who had reported their main cookstove as beingreabs stove were found
to be correct, as were the five reporting use of a LPG stoveofQhe four participants who had
reported using kerosene stove, however, was found to be using an LPG stthat kasis, the
accuracy (true reports =+ total reports) of stove reporting was B6#te inspection of ventilation
characteristics, one participant who had reported not having a wimdber kitchen was found
to have a temporary outside kitchen with a window-sized opening. Twaipants who
reported having a window in the kitchen actually did not have a windogedBan these data,
the accuracy for reporting ventilation was 89%.

24



2.3.4 Results of kitchen concentrations of PM2.5
Table 2.0.4 summarizes the PM2.5 concentration for all stoves combined (biomass, kardsene

LPG stoves). Kitchen concentrations are approximately log normalljbdigtd. See figure
2.0.1.

Table 2.0.4 PM2.5 mgfhtoncentrations for all stoves combined -hourly average PM2.5 data

Moments Kitchen concentration In (Kitchen concentration
PM2.5 mg/m PM 2.5 mg/m)

N 28 28

Mean 0.558 -2.285

Standard Deviation (SD) 1.668 1.544

Coefficient of variation (CoV%) 299.103 -67.565

Minimum 0.171 -4.07

Maximum 27.265 3.306

Std. Error of Mean 0.0264 0.0244

Upper 95% mean 0.506 -2.237

Lower 95% mean 0.610 -2.333

Figure 2.0.1 PM2.5 concentration in mdhy stove types over a week from an hourly average PM2.5
data
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Note: All stoves combined kitchen PM2.5 concentration mg{mtransformed-left figure and
log transformed-right figure)

A mean concentration of PM2.5 was compared across stove types byAANSt. A significant

differences in kitchen concentrations across different stovgarads were foundp(= 0.000).
See figure 2.0.2 and table 2.0.5.

25



Figure 2.0.2 One-way analysis of variance of In(PM2.5 in Mdémprimary stove (ANOVA)
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Table 2.0.5 PM2.5 concentration in mghy stove types over a week from an hourly average PM2.5

data
Moments Biomass stove Kerosene stove LPG stove
N 19 3 6
Weekly
Mean (SD) 0.778 (1.99) 0.156 (0.25) 0.076 (0.09)
Coefficient of variation (COV %) 256.12 158.117 119.8
Geometric mean (GSD)
Minimum 0.122 (5.95) 0.099 (2.22) 0.059 (1.88)
Maximum 0.017 0.046 0.028
Std. Error of Mean 27.27 2.98 1.60
Upper 95% mean 0.038 0.012 0.003
Lower 95% mean 0.85 0.18 0.082
0.70 0.13 0.07
Hourly
2" highest value 24.64 1.63 0.89
3% highest value 18.39 1.50 0.81
4™ highest value 17.55 1.36 0.72
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2.3.5 Variability of PM2.5 by days and stove groups

A temporal variability of PM2.5 concentrations was evaluated sigharfar three stove groups
by days, which are discussed in detail below.

2.3.5.1 Temporal variability of PM PM2.5 by days from biomass stove

Figure 2.0.3 summarizes the range of mean concentrations of PM#rs’[rby household IDs
over a week from biomass stoves. Table 2.0.6 summarizes the me&ah &mcentrations by
days, variance components- between, within and total variastgs ¢%.y, 6°y) and exposures
fold ranges-between, within and totgiR¢ 95 WRo .95, YR0.95).

Figure 2.0.3 PM2.5 concentrations (mg/fior the ith house from biomass stove during a week period
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Note: X axis household IDs and Y axis PM2.5 concentrations (fg/m
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Table 2.0.6 Within and between fractions of variation of PM2.5 condiemtfar biomass stove by days
(fold range) from an hourly data

Days ux ny” 6 by o wy o’y P=6"by Gy
(mg/m®  (mg/m®  ®Ross) (WRo.95) (vRo.e5)

Sunday 0.366 -2.304 0.589 2.012 2.601 0.227
(20.277) (259.763)  (556.699)

Monday 0.825 -1.989 0.837 2.757 3.5938 0.233
(36.124) (670.660) (1687.949)

Tuesday 0.568 -2.192 0.937 2314 3.2513 0.288
(44.493) (388.740) (1174.143)

Wednesday 0.803 -2.016 0.678 2.916 3.5937 0.189
(25.217) (807.287) (1687.775)

Thursday 0.649 -2.041 0.753 2.464 3.2167 0.234
(30.005) (470.138) (1130.69)

Friday 0.709 -1.961 0.629 2.604 3.2333 0.195
(22.414) (558.732) (1151.362)

Saturday 0.523 -2.132 0.359 2.609 2.9683 0.121
(10.493) (561.929) (857.201)

*EXP (uy + 6% /2): unbiased mean estimates; ** true fixed logged mean exposure

2.3.5.2 Temporal variability of PM 2.5 by days and time from kerosene stove

Figure 2.0.4 summarizes the range of mean concentrations of PM@i&Jrby household IDs
over a week from kerosene stoves. Table 2.0.7 summarizes the meandeM&btrations by

days, variance components- between, within and total variam%gfa, (52Wy, (Szy) andexposures

fold ranges-between, within and totgiR§ o5 WRo.95 YR0.95).

Figure 2.0.4 PM2.5concentrations (md)fior the ith house using kerosene stove over a week
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Table 2.0.7 Within and between fractions of variation of PM2.5 contientfar kerosene stove

Days T y 6 by S wy oy P=0"py/0%
(mg/n?)  (mg/n?)  ©Ro.9s) (WRy 95 (vRo.95)

Sunday 0.194 -2.144 0.659 0.353 1.012 0.651
(24.112)  (10.271)  (51.626)

Monday 0.108 -2.434 0.2424  0.183 0.425 0.570
(6.889) (5.337) (12.874)

Tuesday 0.134 -2.261 0.008 0.486 0.494 0.016
(1.426) (15.37) (15.728)

Wednesday 0.199 -2.189 0.459 0.696 1.154 0.397
(14.216)  (26.314)  (67.476)

Thursday 0.179 -2.221 0.205 0.796 1.001 0.205
(5.905) (33.036) (50.529)

Friday 0.120 -2.371 0.281 0.221 0.502 0.559
(7.973) (6.317) (16.059)

Saturday 0.135 -2.328 0.319 0.330 0.649 0.492

(9.1461)  (9.512)  (23.523)
*EXP (uy + 0% /2); ** true fixed logged mean exposure

2.3.5.3 Temporal variability of PM 2.5 by days and time from Liquefied Petr@um Gas (LPG) stove

Figure 2.0.5 summarizes the range of mean concentrations of PM#rs’[rby household IDs
over a week from (LPG) stove. Table 2.0.8 summarizes the mean Pdizéntrations by days,

variance components- between, within and total variam?a;a(,(cszwy, Gzy) and exposures fold
ranges-between, within and tOtﬂRé.%’WRo.g& YRO.95)-

Figure 2.0.5 PM2.5 concentrations (mg)/fior the ith house using LPG stove over a week
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Table 2.0.8 Within and between fractions of variation of PM2.5 coratiemt for LPG stove by days
(fold range) from an hourly data

Days px Hy 6 by S wy o’y P =6by Gy
(mg/m®  (mg/m®)  ©Ro.95) (WRg.95) (vRo.05)

Sunday 0.071 -2.848 0.257 0.157 0.414 0.620
(7.281)  (4727)  (12.437)

Monday 0.067 -2.885 0.239 0.110 0.349 0.685
(6.802)  (3.674)  (10.146)

Tuesday 0.069 -2.871 0.220 0.149 0.369 0.596
(6.296)  (4.553)  (10.846)

Wednesday 0.071 -2.8581 0.266 0.153 0.419 0.635
(7.546)  (4.627)  (12.628)

Thursday 0.077 -2.797 0.221 0.249 0.471 0.471
(6.325)  (7.074)  (14.715)

Friday 0.076 -2.825 0.235 0.259 0.494 0.476
(6.688)  (7.352)  (15.724)

Saturday 0.076 -2.806 0.2083 0.232 0.439 0.474

(5.984)  (6.596)  (13.463)
*EXP (uy + 0% /2); ** true fixed logged mean exposure

2.3.5.4 Inter vs. Intra-household variability of PM2.5 concentrations bytsve group

The estimated weekly mean concentration of PM2.5, within and betvee@mce of PM2.5 and
exposure fold range (R0.95) for three groups of stove are presentdder2.0.9. For biomass
stove, the estimated weekly PM2.5 mean value of the lognormabdigtn, ux (0.663 mg/m)
was smaller than that of the corresponding simple estimatéseahean ~ X (0.778 mgfn
Whereas for kerosene and LPG stove group, the lognormal distribupignard simple
estimates of mean X were very close. The closeness of catioentralues of lognormal
distribution and simple estimates provides indirect evidence teatuhderlying exposure
distributions of the X(or jth concentration received by all members of the obsenadtgroup)
are approximately log normally distributed.

The concentrations of PM2.5 were found varying more within than between btmysstiolds in
biomass and kerosene stove group. However between and within variati®d2d were
similar in LPG stove group. The most variable of exposures waterd in biomass stove group
(6®y = 3.306) followed by kerosene and LPG stove graifp £ 0.723 and 0.426). The higher
within than between variance of exposure in biomass and keroseeegsbup suggest that day
to day differences in exposure to PM2.5 are more prominent thareddts in mean exposures
between stoves within a group. The exposures experienced within bistogs group had 495-
fold range (highest value + lowest value), whereas in Keeoaad LPG stove group, the within
stove exposure fold ranges were 14 and 6, respectively. Estinfaies o5 and WR) g5 both
covered wide ranges ~6 to ~1200, which suggest many sourcesaldilitgroperating at both

between and within households in all stove groups. The intra-clastatiom ) values ranged
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from 0.24 to 0.55, which suggests that many repeated measuremeiis reijuired to estimate
unbiased mean exposure from biomass, followed by kerosene stove compared witoveRG s

Since uniform exposure occurs when the between variability of expappreaches Got by

=0) or bR0.95 i< 2, the higher between variability of exposure in all groups of steuggest
that exposure to PM2.5 is not homogenous in any stove groups (biomass bR0.95 ~88gkeros
bR0.95 ~8 and LPG fuel stove bR0.95 ~7) in this study population.

Table 2.0.9 Within and between households’ variances and fold ranly2ddiring a week period by
stove type (hourly average data)

Stove X " iy Ky 6 by 6oy o’y P =6° Ly, 6
(meanin (mg/m® (mg/m®)  ®Ro.9s) (WRo99  (vRo.9
mg/m’) = o
Biomass 0.778 0.663 -2.064 0.801 2.505 3.306 0.242
(33.42)  (494.85) (1246.30)
Kerosene 0.156 0.144 -2.300 0.270 0.453 0.723 0.373
(7.666) (13.99) (27.99)
LPG 0.076 0.073 -2.835 0.235 0.191 0.426 0.552

(6.689) (5.546)  (12.92)
*EXP (uy + 6% /2): unbiased mean estimates; ** true fixed logged mean exposure

2.3.5.5.1 Normality of predicted random effects and residuals

A normality assumption of model 2, which was applied to generatesvédudable 2.0.9, was
tested for each group of stove. For this test, a random stove effects wadesstipfs; +~standard
error (3i) and these values were plotted as normal probability plot. LaterrShaflks W test
was applied to test the normality assumption. The normal Wdsslts are presented in table
2.0.10. Probability plots are shown in figures 2.0.6-2.0.8. Models developed fooali gf
stoves met the criteria of normality as they had p value >0.05.

Table 2.0.10 Assumption of normality of random stove eff@itsitder model 1 for three stove type
using the Shapiro-Wilks W statistics to test thigSE pi) — hourly data

Stovetype N Normality test statistics (W p-value of normality
test) of test statistics

Biomass 19 0.933 0.194

Kerosene 3 0.906 0.406

LPG 6 0.917 0.482

31



Figure 2.0.6 Probability plot for biomass stove
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Figure 2.0.7 Probability plot for kerosene stove

o plots of std randorm effects

-+

-1 —-. 75 -0 .5 - .25 o] 0.25 0.5 0.75 1
Nermal Quantiles

Figure 2.0.8 Probability plot for LPG stove

g plots of std random effects

+

-1.5 —1 -0.5 0 0.5 1 1.5
Noermal Quantiles

Similarly a residual &), specific to stove (i) was tested by plotting a probability plfts
residuals. A normality assumption of these plots was tested byafityr graphs. Figures, 2.0.9-
2.0.11 presents the probability plots of residuals by group of stove. Altipuagloes are <0.05
but the visual representation of residual for biomass stoves irdliteteresiduals are normally
distributed. Large residual tail is due to ~3 hours of cooking evenergting higher

32



concentrations of PM2.5 and remaining ~21 hours generating loweerdostoon or baseline
concentration values in a typical day in the kitchens.

Table 2.0.11 Assessment of assumption of normalityj ahder model 2 for three stove type using the
Shapiro-Wilks W statistics to test the estimatigethourly data

Stove type N Normality test statistics (W test)  p-value of normality of
test statistics

Biomass 19 0.254 0.01

Kerosene 3 0.818 0.001

LPG 6 0.622 0.001

Figure 2.0.9 Probability plots of residuals for Biomass stove -hourly
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Figure 2.0.10 Probability plots of residuals for Kerosene stouely
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Figure 2.0.11 Probability plots of residuals for LPG stove-hourly
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2.3.6 Inter vs. Intra stove and temporal variability of PM2.5 concentrations

The moving averages, standard deviation and maximum values of PM2.5 cainmestr
(mg/nT) by stove types for various time intervals are presentedbie20.12. Table 2.0.13
shows a within-household @-and between household fractiopg 6f total measurement
variance for biomass stove. Similarly, Figure 2.0.12 shows tke (¥ values from random
effects model as a function of moving average and averaging time for bidmass s

Table 2.0.12 PM 2.5 concentrations (md)/by stove types evaluated on the basis of moving averages
(MA)

Metric Biomass stove Kerosene stove LPG stove
(MA) Mean SD Max Mean SD Max Mean SD Max

C3-min  0.776 3.33 129.132 0.156 0.391 12.546 0.082 0.200 13.884
C15-min 0.776 2.613 74.936 0.156 0.313 5583 0.082 0.144 5.780
Ci1-hr 0.776  2.005 40.948 0.156 0.242 2979 0.082 0.094 1.596
Cl2-hrs 0.773 0.811 5.330 0.155 0.129 0.784 0.092 0.088 1.258
C24-hrs 0.770 0.695 4.247 0.153 0.102 0.524 0.100 0.087 0.799
C36-hrs 0.767 0.652 3.461 0.152 0.094 0.474 0.109 0.100 1.120
C48-hrs 0.764 0.624 3.098 0.153 0.089 0.380 0.117 0.111 0.920
C60-hrs 0.760 0.607 3.088 0.155 0.087 0.352 0.125 0.117 0.797
C72-hrs 0.757 0.593 3.025 0.157 0.086 0.326 0.133 0.121 0.971
C96-hrs 0.749 0.567 2.711 0.160 0.085 0.307 0.153 0.147 0.969
C120-hrs 0.741 0.542 2.617 0.165 0.085 0.307 0.171 0.158 0.923
Cli4 hrs 0.734 0.520 2.511 0.168 0.084 0.301 0.189 0.164 0.874
C168 hrs 0.727 0.498 2.465 0.173 0.085 0.334 0.206 0.173 0.958

Number of samples/measurements: (Biomass stove = 160607 minutes, Kerosene stove = 25902
minutes, LPG stove= 60371 minutes)
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Table 2.0.13 Within-household and between household fractions of total ereastivariance () for
Biomass stove group

Metric (MA times) Between household Within-household fraction of total
variance (p) measurement variance ICC (1p)

C3-minutes 0.04 0.96

C15-minutes 0.06 0.94

C1-hr (60 minutes) 0.11 0.89

C12-hrs (720 minutes) 0.58 0.42

C24-hrs (1440 minutes) 0.74 0.26

C36-hrs (2160 minutes) 0.79 0.21

C48-hrs (2880 minutes) 0.82 0.18

C60-hrs (3600 minutes) 0.83 0.17

C72-hrs (4320 minutes) 0.84 0.16

C96-hrs (5760 minutes) 0.84 0.16

C120-hrs (7200 minutes) 0.86 0.14

C114-hrs (8640 minutes) 0.86 0.14

C168-hrs (10080 0.87 0.13

minutes)

(Note: Appendix 2.7 table A.0.8 has detailed data)
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Figure 2.0.12 Intra-class correlation coefficients (IQ@er various moving average times for
biomass stove

ICC (p) for various moving average times for Biomass stove
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Figure 2.0.12 above confirms the statistical properties that sarapénce decreases as sample
size (duration of air pollution measurements) increases. Basttk malues of table 2.0.13 and
figure 2.0.12, an averaging time of 48 hours or more are needed toyrehalpacterize between
household differences in PM2.5 in the present study population with doleeptéthin
household variance (@) of 0.20. For example, for a group of biomass stove, the 1 hour between
and within household variances were 0.444 and 3.633 frgspectively (Appendix 2.0.7 table
A.0.8). As within-house/stove variance scales with averagng (n hours), the time needed to
optimize the desired ICC (0.8®an be calculated as follows;

og?, n=3.633/n

p =c’bYh + ©*bYh +c®wYh + n)
n =p s°wYh =+ 6* bYh (1-p)
= (0.80*4.077) + (0.444*0.20)
= 36 hours

2|CC (0.80) = 36 hrs
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2.3.7 PM2.5 concentration from biomass stove by housing characteristics

Identification of factors that affect exposure or concentratiopotititants indoors is central to
the exposure assessment. The uniform exposure to pollutant occurs whetwiben variability

of exposure in an observational group/ stove is smaﬂz(iﬂ approaches 0r ,Ry gsapproaches
<2). Based on the estimates presented in table 2.0.9, the vajBg¢efor biomass stove is 33,

whereas for kerosene and LPG stqy®,95is8 and 7. These values suggest that the exposure is
not uniform and there are many sources of variability within ateden houses. To identify the
covariates or determinants that influenced the between household gasfagrposure, a mixed
effects model was run in the dataset of PM2.5 from biomass stoup.gfhe mixed effect
model was run with and without fixed effects (model without covaiimtandom effects model)
covariates. The selection of covariates for the mixed effacdel was based on the ANOVA
test results. Any covariates that significantly influencedrtean concentrations of PM2.5 in
ANOVA test were included into the random effects model (oneteme) first. Any covariates
that reduced the between households variance in random effects mogl¢hereincluded into
the mixed effects model (model 5). A separate within and betwagamnce structures was used
as a variance covariance structure in mixed effects modele Pa0.14 presents the results of
difference in mean concentration of PM2.5 by potential exposure fedgovariates (ANOVA
test). Table 2.0.15 presents the results of between households vafi&d@.6 by exposure
predictor/covariates obtained from the random effects model (model 2).
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Table 2.0.14 Mean exposure levels of PM2.5 in miircovariates- ANOVA test from hourly data
(analyzed using proc GLM model)

Housing Variables Number of Number of Mean P value
characteristics household hours of mg/m?
sample
Stove Biomass stove 19 2691 0.778 F=74.4
Kerosene stove 3 434 0.156 P value= 0.001
LPG stove 6 866 0.076
Kitchen location =~ Cook outdoor 6 867 0.787 F=2.73
including (open air) P value= 0.065
Separate kitchen 10 1397 0.713
inside the house
Kitchen not 3 427 0.970
separated inside the
house
Secondary stove  Yes 1023 0.889 F=5.18
No 1668 0.709 P value= 0.023
Housing type Pucca &Semi- 4 583 0.633 F=3.93,
pucca P value=0.048
Kutcha 15 2108 0.818
Windows open  Yes 2102 0.677 F=20.53
during No 679 1.076 P value = 0.001
monitoring
Incense burnin  Yes 6 846 1.196 F=55.38
the house No 13 1845 0.586 P value =0.001
Non electric lamp Yes 13 1878 0.838 F=5.73
used in the house No 6 813 0.638 P value = 0.017
Observer Good 8 1096 0.511 F=335
assigned Fair & Poor 11 1595 0.961 P value = 0.001

ventilation status
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Table 2.0.15 Estimation of between household variance of PM2.5 by exposureomedibiomass
stove group by random effects model (model 2.0) on hourly average data witheseduiatand
between variance components

Predictors Mean  Mean Fixed o¢°py 6wy o2y Between
(mg/mg) exposure effect (Ro.gs (WRo.g5) (yRo.e5) household

(Biomass P variance
stove) value reduction

Only-Biomass 0.663 -2.064 - 0.802  2.5049 3.306 -

stove (33.429) (494.791) (1246.301)

Kitchen location 0.685 -2.056 0.969 0.849 2.505 3.355 +6%

(ref: kitchen (37.108) (494.729) (1312.658)

outside and

kitchen inside

separated by

walls

Use of secondary 0.685 -2.056 0.962 0.849 2.505 3.355 +6%

stove (ref: no) (37.109) (494.729) (1312.658)

Incense burned in 0.552 2.236 0.234 0.778 2.505 3.2825 -3%

the kitchen (ref: (31.706) (494.79) (1214.416)

no)

Non electric lamp 0.540 -2.280 0.495 0.825 2.505 3.330 +3%

burned in the (35.159) (494.79) (1277.805)

kitchen (ref: no)

Observer defined 0.460 -2.405 0.168 0.753 2.505 3.258 -6%

ventilation (ref: (30.019) (494.79) (1182.721)

good)

Windows opened 0.431 -2.371 0.009 0.554 2.505 3.059 -31%

during cooking or (18.499) (494.729) (949.423)

IAP monitoring

period in the

kitchen (ref:

no)*

House 0.683 -2.059 0.991 0.850 2.505 3.355 +6%

construction (ref: (37.116) (494.729) (1312.798)

puccahouse)

The results in table 2.0.15 show that predictors such as windows opertlee tthe during
cooking, observer assigned good ventilation and burning incense indoors redbetwiben
household variances of exposure. All these three predictors wéwndddanto the multivariate
mixed effects model (model 5) to investigate the total reductidretvieen households variance
after their simultaneous inclusion. The result of final model (chig#ect) is shown in table
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2.0.16. The multivariate results showed that opening windows all thee duming cooking
significantly reduces the mean concentration of PM2.5. All threeried®@a simultaneously
reduced the between household exposure fold pge-| by 54%.

Table 2.0.16 Multivariate mixed effect model

Predictors Estimate Standard DF t-value P-value
error

Biomass stove -2.5751 0.2556 15 -10.08 0.0001

Ventilation status (Good vs. Poor) -0.2109 0.4494 15 -0.47 0.6456

Windows in the kitchen (opened all the1.3669 0.4157 15 3.29 0.005

time vs. some time and not opened)
Burned incense (No vs. Yes) 0.866 0.4646 15 1.86 0.082

Table 2.0.17 Comparison of between households’ variance of PM2.5concent@tdsidmass stove
by exposure predictors estimated before and after adjustment (an hourly data

Predictors Mean Mean 6 by 6wy o’y Fold range
mg/m3 exposure (pbRo05)  (wRo.99 (yRo.95) ICC reduction
(Biomass (before and
stove) after

adjustment)

Biomass 0.663 -2.0640 0.802 2.505 3.306 0.24 before:
stove (with- (33.429) (494.791) (1246.301) 1246.301-
out covariates After: 876.2979

adjustment)
Reduction= 30%

Biomass 0.339 -25751 0.483 2.505 2.988 0.16
stove (after (15.241) (494.729) (876.298)
covariates

adjustments?*)

The normality assumption of the multivariate mixed model (tab1@) was tested by
generating standardized random effects. The estimated rantkuts efivided by their estimated
standard errors were also tested for normality. The deviations fiormality test showed no
significant deviations value 0.194). The normality test results are presented in table.2.0.18
Similarly the random effects divided by their estimated stah@arors were plotted in g-q
format. Figures 2.0.13-2.0.14 shows the probability plot of residuals.
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Table 2.0.18 Assumption of normality of random stove eff@cfsifder mixed effect model
(table 2.0.16 ) for biomass stove using the Shapiro-Wilks W statistitest thep{/SE3;)

Stove type N Normality test statistics (W test)  p-value of normality of test
statistics

Biomass 19 0.949 0.383

Biomass* 19 0.933 0.194

* mixed effect model without co-variates (table 4.15)

Figure 2.0.13 Probability plot for random effects model-5
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Figure 2.0.14 Probability plots of residuals for random effects médel
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2.4 Results of kitchen concentration of Naphthalene in pgfn

Table 2.0.19 summarizes the naphthalene concentrations for all stove types. Kitchen
concentrations were approximately log normally distributed. See fjQrg5.

Table 2.0.19 Naphthalene concentrations for all stove types irf pg/m

Moments Kitchen concentration In (Kitchen concentration
Naphthalene Naphthalene)

N 27 27

Mean 2.67 0.98

Standard Deviation (SD)3.02 1.11

COV(%) 113.11 -

Minimum 0.18 -1.71

Maximum 15.76 2.76

Std. Error of Mean 0.58 -0.54

Upper 95% mean 3.86 1.35

Lower 95% mean 1.47 0.39

Figure 2.0.15 Distribution of Naphthalene in p(arithmetic mean) for all stove type

l _ Percent —————— kdensity napth_3607, area=120 ‘

Note: The x axis is mean concentration of naphthalene and y axis istpgecen

Mean naphthalene concentration was compared across stove groups BJAANS with
scheffe option (scheffe multiple-comparison test). The mean coatient between kerosene
and biomass stove were not statistically different but the m@arentration of naphthalene was
lower in LPG stove than the other two stove types (ANOVA F = 1.5623>0T he difference in
mean concentration was observed even after excluding one outlief9Ivith biomass stove)
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which had a weekly mean concentration of 15.76 flgifable 2.0.20 summarizes the kitchen
concentrations across different stove types.

Table 2.0.20 Naphthalene concentration in |idpyrstove type

Moments Biomass stove Kerosene stove LPG stove
N 18 3 6

Mean (ug/m) 3.20 3.26 0.79
Standard Deviation (SD) 3.42 2.22 0.53
Minimum 0.74 0.84 0.18
Maximum 15.76 5.20 1.51

Std. Error of Mean 0.81 1.28 0.22

Upper 95% mean 1.49 8.77 1.34

Lower 95% mean 4.90 -2.25 0.23

Figure 2.0.16 One-way analysis of variance (ANOVA) In (Naplene pg/ff) by primary stove
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2.4.1 Housing characteristics and Naphthalene concentration from all stovepes

The mean naphthalene concentration was evaluated by housingtetistias to see their
influence. The mean naphthalene concentrations were evaluated by kKdchgon, housing

type, observer assigned ventilation status and other sourcesssiamin the kitchen. Different
housing types had significantly different kitchen concentration, whdieasen concentrations
were not statistically different by kitchen locations. Concéioina were not found statistically
different by other housing characteristics and emission souResults are shown in table
2.0.21.
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Table 2.0.21 Analysis of variance (ANOVA): Naphthalene comagah pg/mi by housing
characteristics and other sources of emission in the kitchen

Housing Variables N Mean  Std. Dev F and p value
characteristics
and other
emission
sources
Kitchen Cook outdoor including (open air) 6 5.16 5.41 F=3.06
location Separate kitchen inside the house 12 1.85 1.30 P value= 0.07
Kitchen not separated inside the 9 2.10 1.76
house
Housing type  Kutcha 16 3.48 3.56 F=1.52
Pucca 4 1.62 2.04 P value=0.24
Semipucca 7 1.37 0.97
Smokers in the Yes 8 1.96 1.13 F=0.61
house No 19 2.97 3.52 P value =0.44
Incense burn in Yes 7 2.93 1.76 F=0.07
the house No 20 2.58 3.39 P value =0.80
Non electric Yes 16 2.43 1.42 F=0.24
lamp usedin  No 11 3.02 453 P value =0.63
the house
Observer Very good 3 5.55 8.84 F=1.32
assigned Good 10 2.36 191 P value =0.29
ventilation Fair 10 1.82 1.17
status Poor 4 3.38 0.60

2.4.2 Housing characteristics and Naphthalene concentration from biomas®oses

Effect of housing characteristics on naphthalene concentrations werateddhr households
using biomass stoves only. Results are presented in table 2.0.22.
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;I'able 2.0.22 Analysis of variance (ANOVA): Naphthalene comatiah in ug/m by housing

characteristics and other sources of emission in the kitchen.

Housing Variables n Mean Std. F and p value
characteristics Dev
and other
emission
sources
Kitchen Cook outdoor including (open air) 6  5.16 541 F=1.62
location Separate kitchen inside the house 10 2.12 1.25 P value=0.23
Kitchen not separated inside the 2  2.69 1.88
house
Housing type Kutcha 14 3.60 3.78 F=0.88
Semipucca & Pucca house 4 177 0.94 P value=0.36
Smokersin  Yes 7 2.02 1.20 F=1.37
the house No 11 3.94 4.18 P value =0.26
Incense burn Yes 5 2.81 1.63 F=0.09
in the house No 13 3.35 3.95 Pvalue =0.77
Non electric  Yes 13 224 1.21 F=438
lamp used in  No 5 5.68 5.89 P value =0.05
the house
Observer Very good 1 1576 O F=2721
assigned Good 7 248 1.72 P value =0.00
ventilation Fair 7 2.09 1.32
status Poor 3 3.26 0.68

2.4.3 Multivariate regression for naphthalene concentrations indoors

Before running a multivariate ordinary least square (OLSHé¢mtify the best predictors for
higher concentration of naphthalene in the kitchen, a univariate anafyglationship between
PM2.5 and naphthalene and nicotine were evaluated. A linear sthtistatzgonship between
PM2.5 and naphthalene concentrations was observed, whereas negatioashétatwas
observed between kitchen and bedroom nicotine concentration and PM2.5 and naghthale
Appendix-2.7, tables A.0.4-A.0.7 have the estimated coefficients (unejaiad its associated
values. Table 2.0.23 has the description of variables included in the matévenodel. The
predictors which showed statistically significant differeintegnean concentrations in ANOVA

test were included in the multivariate model.
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Table 2.0.23 Variables included modeling Naphthalene concentration indeoudtivariate regression

Variable name Description Values

InKitchenPM PM2.5pg/m kitchen Continuous
concentration (log transferred)

InNaphthalene Naphthalene concentration Continuous
pg/nt (log transformed)

InKitNicotene Kitchen nicotine concentration  Continuous
ug/n? (log transformed)

Stove type Primary stove type 0= LPG*

1= Biomass stove
2 = Kerosene
Kitchen location Location of kitchen in the house 1 = Cook outdoor
3 = Separate kitchen inside the house*
4 = Kitchen not separated inside the

house
House type Present construction of house 0 =Pucca*
1 = Semipucca
2 =Kutccha
Ventilation status  Observer assigned ventilation 1 = Very good
status 2 = Good
3 = Fair*
4 = Poor

Num_cig_smoked Number of cigarette smoked Continuous
during monitoring period

Kit_vol Kitchen volume m Continuous
Hrs_stove used Average hours of present stove Continuous
Dur_incense_burn use Continuous
Dur_lamp_burn Duration of incense burn in

minutes Continuous
Dur_garbage burn Duration of non-electric lamp

burned in minutes Continuous

Duration of garbage burn outside

in minutes

* Reference category

Table 2.0.24 shows the results of final OLS model for Naphthalene kitcbecentration
(g/nT). This model includes all three stove categories where LPG istaveeference category.
The stepwise regression dropped house tyqtchaand puccahouse), duration of garbage
burned outside the house (in minutes), PM2.5 concentration, kitchen nicotine catnment
ventilations in the kitchen, kitchen volume, duration of incense burned inesjnoimber of
cigarette smoked, and kitchen inside the house not separated by Wwallmo@iel had Rof 0.66,
suggesting that around 66% of variation on kitchen concentration isreegblay the model. The
Shapiro- Wilk tesp value of final model was 0.45, which suggest that it will be reasertabl
accept the null hypothesis that data for this model are normsligbuted. Residual vs. fitted
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values and g-norm plot of regression model (table 2.0.24) are preseriigdrés 2.0.17 and
2.0.18.

Table 2.0.24 Final regression model for Naphthalene kitchen concentration

Naphthalene ug/f Coefficient  Std error t p value 95% CI
Biomass stove 3.37 1.48 3.08 0.01 1.45-7.79
Kerosene stove 3.05 2.08 1.52 0.15 0.64-14.55
Kitchen outdoor including open2.85 1.47 2.72 0.02 1.25-6.49
air

Duration of non electric lamp 1.01 1.00 2.32 0.04 1.00-1.02
burned

Hours of stove used 0.95 1.02 -2.68 0.02 0.90-0.99
Constant 1.38 1.42 0.92 0.37 0.66-2.89

n=21, R = 0.66 adj = 0.54

Figure 2.0.17 Residual vs. fitted values of regression

Residual vs. Fitted values of Regression Model for Napthalene Kitchen Concentration
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Figure 2.0.18 Q norm plot of the regression model

Q Norm Plot of the Regression Model Napthalene Concentration
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2.5 Discussion

Out of 28 participants in this study, 18 had unimproved and 1 had improveddsiagtove (with

chimney), 4 had kerosene and 5 had LPG stoves. All participants whegated their main

cookstove as being a biomass cookstove were found to be correcteahevive reporting use
of a LPG stove. One of the four participants who had reported usingeke stove, however,
was found to be using an LPG stove. On that basis, the accurackefiores + total reports) of
stove reporting was 96%. In the case of ventilation charaaterigine participant who had
reported not having a window in her kitchen was found to have a temporaigeckitchen with

a window-sized opening. Two participants who reported having a wingdte ikitchen actually
did not have a window. Based on these data, the accuracy of repentitiigtion was 89%. The
results suggest that the questionnaire used during face-to-faceient at the hospital was
adequate and reliable to collect main exposure information (stpeeayd ventilation in the
kitchen) from study participants of indoor air pollution and lens opa@taracts) and
tuberculosis (TB) in Pokhara.

A significantly different mean PM2.5 concentration was found betwleie® tgroups of stove.
Mean concentration of PM2.5 for all averaging times were hiffber biomass stove followed

by kerosene and LPG stoves. However, at higher averaging times $#ordays moving
average) the PM2.5 concentrations were higher from LPG stoves camytrékerosene stoves
(0.206 vs 0.173 mg/fh In the LPG stove group, one household had the above normal mean
concentration of PM2.5. The higher concentration in this particular lcmudd be due to other
sources of emission indoors. However, due to small sample size the6jmain covariate
influencing this high value could not be determined.

The PM2.5 concentrations were highly variable during the days bas#te aooking pattern.
The concentrations showed diurnal pattern, higher in the morning (bettvé&@nAM) and
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evenings (between 7-9 PM) and lower in the afternoon. The variatil®M2.5 concentration
in terms of coefficient of variations (CoV), which is definedles riatio of standard deviation to
mean (a measure of the variability of data relative to ganmh were higher for biomass stove
(mean CoV = 2.53; range: 2.32-2.80) followed by kerosene (mean CoV=1.28; ran@ed®)/6
and LPG stove (mean CoV=1.04; range:0.72-1.80). However, the fluctuatidbs\sf were
mostly observed in LPG and kerosene stoves. In biomass stove group, alttm{giwére
higher than kerosene and LPG stoves but they were similar througleektiays as well as
weekends. The ratios of highest to lowest CoVs in seven dd§erasene, LPG, and biomass
stoves were 2.70, 2.51 and 1.20, respectively. Similarly the 15 minutes@aadntrations of
PM2.5 was highest in biomass stove (75 niyy/m

The widest ranges of exposures were evident in biomass stove ghouwygetl by kerosene and
LPG stove. The overall exposure fold range (ratio of ®@abd 2.8 percentiles of the log
normally distributed concentrations of PM 2.5) in biomass, kerosene d@dtole groups were
1245, 28 and 13. The overall exposure fold ranges by days were alsm Higimass stove
group (557 on Sunday and 1688 on Wednesday). In biomass and kerosene stove group, the
exposure varied mostly within than between households/stove groups.ad/lerePG stove
group, total variance of PM2.5 explained by within stove was 45% cechpaith 55% of
variances caused by differences between the stoves. The ratithiof and between variances
(A) were 3.13, 1.68 and 0.812 for biomass, kerosene and LPG stoves. The hitier wi
compared to between variability of exposure in biomass and kergseme suggests that day-
to-day differences in exposure to PM2.5 are more prominent tharedifis in mean exposure
between stoves.

Similarly, the uniform exposure of PM2.5 was not observed in awe ggroups (biomass#o os

=33, kerosengRp 95 =8 and LPG fuel stovgRy95=7), this suggests that it will be helpful and
important in future studies to assess the uniformity of exposuretiingsis before making any
assumption. On the basis of acceptability of temporal varialfivithin-house variability of
PM2.5 level) of 20%, the estimated variance components of betweerwitnahouseholds
suggested that averaging times of 48 hours are needed tblyretisaracterize between-
household differences in PM2.5 levels. As high intra-class coorldtCC) indicates lower
temporal variance relative to total variance, and suggests smgeahe duration of
measurements is no longer necessary, 82% of the variability in 48-laverage PM2.5
concentrations was explained by between-household differences,onhilé1% of the 1 hour
concentration variability was explained by between-household factohe ICC values were
similar (~0.82) for moving averages of 60 hours and more and approached 0.90 on seventh days.

In the households using biomass stove, housing characteristics such as hqssirigtchen
location, use of secondary stove, windows opened all the time, burningeoséand non-
electric lamps influenced the PM2.5 concentrations (ANOVA test restts)ever, when these
covariates were included in the random effects model for unigaaaalysis, the between
household variance of PM2.5 concentrations decreased significantbnlip one covariate —
‘windows opened all the time during cooking period compared with windowsperted or
opened half of the time (-31% reduction)’. Other predictors sucihserver assigned ventilation
and burning of incense indoors reduced the between- household variancesaray 36
respectively but they were not statistically significant. tBe other hand, covariates such as
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burning of secondary stove (Kerosene stove for making tea and othectlétyes), non-electric
lamp and poor housing qualitkutchhg increased between household variability of PM2.5 by
6%, 6% and 6% respectively. When all three predictors, which reduaedbetween
stove/household variances were included into the multivariate mixedteefihodel (model 5),
the between household exposure fold ragRyds was reduced by 54%. Thus specific
households/kitchen characteristics, which affect the between housettddsnde of variance
could be considered in developing a criteria for defining uniformpos&d groups of people in
future epidemiological studies. The weekly mean PM2.5 concentratidhe kitchens that used
biomass (778 ug/th kerosene (156 pgfnand LPG stoves (76 pgfnwere 78, 16 and 8 times
higher than the WHO annual air quality guidelines value (10 H)g/m

The PM2.5 concentrations found in this study is similar to the sesifltother indoor air
pollution monitoring study conducted in Nepal and in other developing courtriéise study
conducted near Kathmandu valley, Shrestha et al [33] has documented onmeday
concentrations of 2418 uginfrange 505-8078 pgfinof PM10 from biomass fuel stoves and
793 pg/ni (range 355-1698 pgfnfrom kerosene stoves. In the co-location study conducted
near Kathmandu valley using photometric devises, similar to the BMton used this study
(UCB), Kurmi et al [34] has documented one day mean concentrations of 792(jegige 136-
2610 pg/m) of PM2.5 from biomass fuel stoves. In Guatemala, Naeher et al Ha§]
documented 636 pghof PM 2.5 in 22 hours of monitoring from open fire and 174 [igffBM

2.5 from Plancha (improved biomass stove). Similarly, Balakrishnan et al has daueche
maximum 24 hours PM2.5 level of >3000 pdfimm biomass based fuel combustion in India
[36].

The higher within variance of PM2.5 compared with between found irpthésent study is
comparable to other studies. In an indoor air pollution study conductednyaKBoleij et al
(1989)[37] has reported 69% of total variance of PM2.5 explained by withieholdsvariances
compared with 31% variances caused by differences between the houses.

The 15 minutes peak concentration of PM2.5 documented in the presen(Zguag/ni) is
very high compared with other studies of indoor air pollution in developmuontges. For
example, in a study conducted in rural part of Kenya, Ezzai[Ef] has documented highest
level of suspended particulate matter ~ 50,000 fiffom an unimproved biomass stove. In
Costa Rica, Park et al[18] has documented highest peak concenfaiM®2.5 as 18900 pgfin
from fogon stove ( a type of biomass stove). In an hour long measureoheparticle
concentrations, Regalado et al [38] has documented peak concentratrl6fa2 3000 pg/fn
from unimproved biomass stove in rural Mexico.

The naphthalene concentrations in majority of samples were @bevenit of detection. The
weekly mean concentrations of naphthalene between kerosene and bicowasswsire not
statistically different but the mean concentration was lowéPiG stoves than other two stove
types (ANOVA F = 1.56, p=0.23). The difference in mean concentratioapithalene between
biomass and LPG stoves was observed even after excluding one theliere@n concentration
of 15.76 pg/mfrom biomass stove).
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The housing characteristics and presence of other exposure tewanighe kitchen did not
influence the mean naphthalene concentrations. For example, betteatientil the kitchen did

not reduce the naphthalene concentration. The highest concentration of reayehtved found in

the separate kitchen outside the house (n=1). The smokers in the house and use of incense did not
add naphthalene concentration indoors. However, duration of use of norcditp and

duration of use of stove were found to be good predictors of naphthaléime multivariate
regression model. The naphthalene to PM ratio was 0.004, 0.02 and 0.01 for plerasmne

and LPG stove. Similarly the ratios of naphthalene to kitchen nicobneentrations in the
biomass, kerosene and LPG stove using households were 23, 22 and 2vedgpddie
naphthalene badges used in this study can thus be deployed in other studies in future.

The weekly mean concentration of naphthalene from biomass stove anch&estmee in this
study is higher than the ambient naphthalene concentration found in devetypedes but
lower than the reported mean concentration indoors. For example amnbagritoring of
naphthalene in the 11 US urban/suburban areas have documented concentratignOrang
170 pg/mi, with a median concentration of 0.94 pg/(@.0002 ppm). In the US, the measured
concentrations of naphthalene in ambient air in urban areas have beericimutiches higher
than in rural areas. The highest concentration of naphthalene hakbbedmear industrial and
hazardous waste sites. For example the average concentratiomsplthalene near five
hazardous waste sites in New Jersey were in the range o#.6.4%3/ni. Near the creosote
impregnation plant, Bouchard et al [39] has documented 3.79°of/maphthalene. In the
occupational setting, very high naphthalene concentration has been foundhartteal making
plant using wood fuel [12]. In a preliminary quantitative assessnkatifh et al [12] has
documented 11.5 (SD: 1.54) pdbh naphthalene from charcoal making plant in Brazil.
Authors have also reported monotonic increase in the level of urinaapatiees of naphthalene
(2-napthol) among non smokers charcoal makers with the level of egposwood smoke. In
the indoor environment setting, Viau et al [11] has reported meanrtomoens of 28.7+23.4
Hg/nt (standard deviation) of naphthalene from 8-12 hours of sampling from idoedstove

in Burundi.

Exposure to naphthalene has become an environmental and occupational eantchsde.

The National Toxicology Programs (NTP'$)1"™ Report on Carcinogensas listed this
compound asreasonably anticipated to be a human carcinoggt®]. The California EPA has
considered naphthalene as a toxic air contaminant and a substancausest cancer and has
calculated a unit risk of 3.4 x P@er pg/m[41]. For non-cancer effects, EPA has set a reference
concentration of 3 pg/f(0.67 ppb) and reference exposure level of 9 fgMn42]. Similarly,
OSHA has set a PEL (permissible exposure limit) of 10 ppm (@67 for naphthalene and
ACGIH has set TLV (threshold limit value) of 10 ppm (50 pd/mnd STEL (short-term
exposure limit) of 15 ppm (75 ughnfor naphthalene, which is similar to NIOSH's REL
(recommended exposure limit) and STEL values[13].

The concentration of naphthalene from biomass and kerosene stoves studlyiss slightly
higher than the reference concentration set by California lERAower than the ACGIH TLV
values of 50,000 pg/inAs inhalation is the main route of exposure of naphthalene followed by
dermal routes [43], the average daily intake of naphthalene for marne cook with biomass
fuel and kerosene in the present study site is about 62 micro ghasnvalue is about three
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times higher than the naphthalene intake by general public in thecd#Sidering median
naphthalene concentration of ~1 pgimurban and suburban area with inhalation rate of
20 ni/day.

In this study, the nicotine concentrations in some samples were the limit of detection. The
mean concentration of nicotine was higher in the bedroom (0.293:¢tam in the kitchen

(0.20 pg/m). The maximum nicotine concentration was found in the kitchen compated w
bedroom (1.87 pg/fvs. 1.53 pg/min the bedroom). However, the mean concentrations of
nicotine in the bedroom and kitchen were not statistically differ&he higher nicotine
concentrations were found in the house with smoking family memberpatech with non
smoking family members in the house (0.63 vs. 0.11 g e kitchen and 0.65 vs. 0.06 pg/
m? in the bedroom). Housing characteristics did not influence the m@arentration but the
housing type was exception. The highest concentration was found pndbghouse compared
with semi-puccaandkutchahouse. The ratio of kitchen nicotine and PM2.5 concentration was
0.0004. Appendix 2.7.2 has nicotine study results in detail.

The mean concentration of nicotine found in this study is lower ti&nitotine concentration
found in the homes of smokers (1-3 pd/f#4] and work places where smoking is allowed
(2.14 pg/m) in the US [45]. The mean concentration of nicotine found in this stadylower
than the mean concentration that is generally observed in the hosrasladrs (1-3 pg /fhand
work places where smoking is allowed (2.14 pag/r'm the US. However, the median
concentration of nicotine was higher than the median nicotine concemtdatcumented in the
homes with smokers in Asia ( 0.15 vs. 0.09 |fy/and lower than that of median nicotine
concentrations documented in the homes with smokers in Nepal (~0.3) jag/neported in the
multi-country second-hand smoke study conducted in 31 countries (in 1284 holu&esn
America, Asia, Eastern Europe and Middle East [46] The nicotmmeentrations in multi-
country second hand smoke study were measured by passive nicalges bar one week
similar to our study. The lower concentration could be due to seyaeaings/ventilation in the
houses in Nepal.
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Appendix 2.7

Table A.0.1 List of UCBs and temperature and patrticle codffigie

SN UCBID Temperature Particle Coefficient obtained from mosquito coil,
Coefficient woodchips, incense (outside) and , incense (inside)
(Average) Mosquito coil Woodchips Incense Incense
(outside) (inside)
1 P3b00303 -0.6465 0.0424 0.0334 0.0567 0.0862
2 P3b00351 -2.5598 0.0453 0.0328 0.0899 0.0862
3 P3b00352 -0.6453 0.0303 0.0265 0.0511 0.0710
4 P3b00353 -1.1406 0.0280 0.0262 0.0406 0.0775
5 P3b00417 -0.8918 0.0264 0.0249 0.0405 0.0697
6 P3b00333 -0.7478 0.0299 0.0316 0.0447 0.0809
7 P3b00392 -0.8682 0.0365 0.0319 0.0575 0.0842
8 P3b00413 -0.6914 0.0471 0.0359 0.0718 0.0857
9 P3b00402 -0.80365 0.0392 0.0444 0.0568 0.1150
10 P3b00400 -0.60695 0.0332 0.0376 0.0455 0.0991
11 P3b00416 -0.8572 0.0226 0.0219 0.0344 0.0584
12 P3b00376 -0.7385 0.0266 0.0266 0.0415 0.0738
Average values 0.0340 0.0311 0.0526 0.0823

Note: Incense (inside) means one incense stick is placed inside chamber @nt@itbanproduces high
concentrations of particles

Incense (outsideheans two incense sticks are placed outside the chamber and butdrtofjet smoke
is channeled through a funnel and tube inside the chamber.
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Table A.0.2 List of UCBs with average patrticle coefficigt€s) and standard deviation

SN UCBID Temperature Coefficient  Average values Standard Deviation
(Average) (SD)
1 P3b00303 -0.6465 0.0547 0.0231
2 P3b00351 -2.5598 0.0636 0.0288
3 P3b00352 -0.6453 0.0447 0.0206
4 P3b00353 -1.1406 0.0431 0.0238
5 P3b00417 -0.8918 0.0404 0.0208
6 P3b00333 -0.7478 0.0468 0.0237
7 P3b00392 -0.8682 0.0525 0.0239
8 P3b00413 -0.6914 0.0601 0.0227
9 P3b00402 -0.80365 0.0639 0.0349
10 P3b00400 -0.60695 0.0539 0.0306
11 P3b00416 -0.8572 0.0343 0.0170
12 P3b00376 -0.7385 0.0421 0.0223
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Table A.0.3 Weekly PM 2.5 concentration in mgbwg stove type from minutes average data

Moments Biomass stove Kerosene stove LPG stove
N 19 3 6

Mean 0.776 0.156 0.082
Standard Deviation (SD)33.629 0.418 0.241
Coefficient of variation

(COV %) 467.7 267.9 293.9
Geometric mean (GSD)0.088 (5.333) 0.0867 (2.230) 0.0588 (1.876)
Minimum 0.017 0.046 0.028
Maximum 135.78 14.01 28.70

2" highest value 53.37 5.49 4.87

3" highest value 51.68 3.47 2.74

4" highest value 41.47 3.35 2.36

Std. Error of Mean 0.009 0.003 0.001

Upper 95% mean 0.793 0.161 0.084

Lower 95% mean 0.758 0.151 0.080

Table A.0.4 Ratios between PM2.5, Naphthalene and Nicotine irrespetcsieve type

Ratios Values
Kitchen Nicotine/PM 0.0004
Naphthalene/PM 0.005
Naphthalene/Kitchen nicotine 13.1
Naphthalene/Bedroom nicotine 9.20

Table A.0.5 Univariate and adjusted linear regression betweerhabgpte and PM2.5

Pollutant PM 2.5 PM 2.5 concentration PM 2.5 adjusted
concentration adjusted for kitchen  for bedroom
nicotine nicotine concentration
concentration
Coef R? P value Coef R’ Pvalue Coef R? P value

Naphthalene 0.002 0.22 0.01 0.002 0.24 0.02 0.002 0.19 0.06
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Table A.0.6 Univariate and adjusted linear regression betweerhabptdg and nicotine

Pollutant Kitchen nicotine Kitchen nicotine Bedroom nicotine concentration
concentration concentration adjusted for PM 2.5
adjusted concentration
for PM 2.5
concentration
Coef R° Pvalue Coef R° Pvalue Coef R? P value
Naphthalene -0.84 0.01 0.59 -0.20 0.24 0.89 0.50 0.19 0.77

Table A.0.7 Univariate and adjusted linear regression betweemsiemid PM2.5

Pollutant PM 2.5 concentration PM 2.5 concentration adjusted for
Naphthalene concentration
Coef R Pvalue Coef R P value
Kitchen nicotine -0.0001  0.03 0.39 -0.0001 0.03 0.50
Bedroom nicotine -0.0002 0.09 0.20 -0.0002 0.10 0.21

Table A.0.8 Within and between households fraction of variance and IG€Jay measurements time

Time Between Within household Total Intra-class
household variance variance  correlation (p)
variance

3 minutes 0.444 10.718 11.163 0.04

15 minutes 0.445 6.439 6.884 0.06

lhour 0.444 3.633 4.076 0.11

12 hours (0.5 days)0.415 0.295 0.709 0.58

24 hours (1 day) 0.392 0.139 0.530 0.74

36 hours (1.5 days)0.370 0.098 0.469 0.79

48 hours (2 days) 0.351 0.077 0.429 0.82

60 hours (2.5 days)0.336 0.069 0.405 0.83

72 hours (3 days) 0.322 0.063 0.385 0.84

96 hours (4 days) 0.296 0.055 0.350 0.84

120 hours (5 days)0.273 0.046 0.319 0.86

144 hours (6 days) 0.252 0.039 0.292 0.86

168 hours (7 days) 0.229 0.035 0.264 0.87
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Appendix 2.7.1

XAD Coating of Quartz Filters
Hammond Lab, UC Berkeley

Cleaning Aluminum foil glassware

Clean aluminum foil by baking at 4@ for least 30 minutes, or by using a 1: 1: 1 mixture of
hexane, methanol, and dichloromethane. Clean all glassware usatdisbsid protocols for
organic-free glassware. (For new and XAD contaminated glasswW&B soaks the inside of
each piece with alcoholic KOH; and rinses 5 times with de-ionwzater; followed by air
drying; rinse with solvent just before use. For glassware qushyji cleaned with KOH and not
contaminated with XAD, it is not necessary to use KOH in subsequent cleaning.

Baking the Quartz Filters

Place a piece of quartz fabric in a muffle furnace. Arrgmgecut quartz filter individually on
the quartz fabric by using clean forceps. Hold the edge of the Witaout damaging it. A
second layer can be placed over the first; slightly offsethab dll filter will be exposed to
enough oxygen to remove organic contaminants from them. Cover the askdittdaie with
piece of quartz fabric. Bake filters at 700-8@0for 4 hours. Turn the furnaces off and once the
furnace is cooled, transfer the baked filters to a clean ga#siner. The filter should be kept
away from contact with ambient air until the coating process starts.

Preparing the slurries for coating filters

1. To coat seventy-five 37 mm quartz filters or sixty 47 mm quiditers, add 1.8 g ground
and cleaned XAD4 resin in clean 400 ml beaker. Add 275 ml n-hexaméhmtbeaker
and cover the slurry with a clean aluminum foil. Sonicate forast|80 minutes in the
hood. The slurry can be sonicated up to 4 hours.

2. Turn the sonic bath off and allow the slurry to settle for 15 seconds. Decant above 75% of
the slurry (About 200 ml) into a clean 250 ml beaker.

3. Sonicate the optimized slurry briefly. Divide the slurry equatlp two clean 150ml
beakers. Pour about 30 ml into the first beaker and the next 30 mlerdedbnd beaker.
And then again pour above 30 ml into the first beaker and 30 ml intoc¢bedsbeaker.
Keep doing this until the slurry is divided equally. Cover the both yshwith clean
aluminum foil.

Preparing QC filters
Prepare four baked quartz filters. Scratch very gently backdidach filter without making a

hole. (i.e. Scratch once for QC filter#1, Scratch twice for Q€r#i2, etc.)Weigh the four filters
and second their weight in the lab book.
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Coating the filters

1. Sonicate the first slurry briefly and put the second slurry asidée hood. After the
sonication, take a baked quartz filter with a pair of clean foreepws hold the edge
without damaging. Dip the filter ten times into the filter thog slurry. Place the coated
filter on clean aluminum foil. Coat the second filter in the savag. Keep track of the
order in which filters are coated. Sonicate the slurry briefliesuspend the XAD every
10 filters. Coat a pre-weighed QC filters every 10 or 15 §lt€ontinue this procedure
until all of the backed filters are coated. Let the coatédrdi dry in the hood (set
temperature at 30 to 410).

2. Sonicate the second slurry (about 30 minutes).Once the second slteaglysand the
filters are dry, repeat the coating procedure in reveder o(Start coating with the filter
that was most recently coated). After the second coating is etanf#t the filters dry in
the hood.

3. Once the filters are dry, remove excess XAD from the éilt&dd 100ml n-hexane into a
clean 150ml beaker. Dip the coated filter ten times into the hext@h@lace it on clean
aluminum foil. Rinse the second filter in the same way. Keej the order in which
filters are rinsed. Continue this procedure until all of ther§ltare rinsed once. Add
100ml n-hexane into another clean beaker and repeat rinsing pr@dedaverse order.
Let the filters dry in the hood. Once the filters are dry, weighfour QC filters and
record weight in the lab book. Calculate the difference betweenveight and post-
weight.

4. Transfer all of the filters to a clean glass amber jaoas as the filters are dry. Put label
on the jar (i.e.date, name, #of filters, etc.). Keep the fikgray from ambient air until
the filters are used for sample collection.
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Extraction of PAH from XAD-coated Quartz Filter
Hammond Lab, UC Berkeley

Purpose: To extract PAH from XAD- coated quartz filters without contamgn#ie sample;
filter and concentrate to 0.20 to 0.30 ml.

This procedure describes the extraction of individual XAD- coated quartz &ftenm and 47
mm, for determination of polycyclic aromatic hydrocarbon (PAH)

Laboratory equipment and special facilities

1.

Laboratory hood with adequate ventilation and vacuum, for location the filtration
apparatus and sanitation.

2. Ultra pure N (dry, hydrocarbon-free) for evaporation the sample extract.
3.
4. All — glass vacuum filtration device, suitable for 25-47 mm diameter filpgeserably

Sonicator.

designed to collect the filter directly into a pear- shaped flask with a 24ffastitaper
(for rotary evaporation) or beaker.

Supplies needed

1.

N OTRAWN

9.

50 ml pear- shaped flask for filtration apparatus (about half a dozen), with 24/40dtanda
tapers Teflon filter for filtering extract — Millipore FHUP, 47-mnaxtieter, 0.5
micrometer pore size (unlaminated). If alternate filter is used, chatkt tan remove
particle as small as 0.5 micrometer in diameter from liquid.

Filter holder with vacuum sidearm for #3 (as described in laboratory Equipment, #4.)
150 ml beaker (6)

500 ml beaker

Glass funnels (2)

Clean aluminum foil (bake at 400°@r 30 min)

Graduated cylinder, 1|

2 ml vials with narrow neck and Teflon lined cap for holding filtered evaporateacextr
(one per extract)

Extraction solution, Dichloromethane

10.Internal standards (deuterated fluoranthene, deuteated phenanthrene, in hexane)
11.Ring stand and clamp or rod

12. Tweezers (blunt end) for handling the Teflon filters

13.Labels and marking pens for glassware

14.log sheet laboratory note book

15. Syringes or glass micro pipette for adding known volume of internal standards.
16. Syringes (250 pul and 500 ul) for measuring the extract final volume, prefevibly

blunt-tipped needles

17.Powder-free gloves such as Microgrip Boxed-Ambi-Nitrile(VWR40328)
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Cleaning

Clean all glassware using established protocols for organic-free glasgia@rnew and XAD
contaminated glassware, UCB soaks the inside of each piece with alcoBdlicalkd rinses 5
times with de-ionized water; followed by air drying; rinse with solventhesbre use). For
glassware previously cleaned with KOH and not contaminated with XAD, it is cessery to
use KOH in subsequent cleanings.

1.

Clean aluminum foil by baking at 400°@r 30 min. Wrap Teflon caps in clean
aluminum foil. When dry place bottles (not Teflon caps) in muffle furnace for 4 hours at
500 C°. When bottles are at room temperature seal with clean Teflon caps.

. Prepare a clean flat area of the laboratory hood to locate the ring steswdag Invert

the beakers on a clean surface or cover them. Cover the openings of the filtration
apparatus with clean aluminum foil.

Extraction

1.

© o No A

Change to nitrile gloves. For extraction of 6 filters, measure approxyri&i@iml of

DCM in a loosely covered 250 ml beaker.

Record the first numbers and sample identification on the appropriate log sheetrend in t
laboratory notebook.

Using a syringe add appropriate amounts of internal standards to the filter. Add 50u
PAH 1 (~150 ng D10-Phenanthrene and 50ng D10-Fluoranthene)

Place the filter in a 150 ml beaker and 5mL DCM using a glass pipette and bulb.
Sonicate for 15 minutes.

Transfer the liquid to a 50 ml beaker.

Add another 5 ml DCM to the filter.

Sonicate for 15 minutes.

Transfer the liquid to the same 50 ml beaker, rinse the filter 3x with DCM and add to the
beaker.

10. Assemble a vacuum filter system with a new Millipore FHUP filter andyapatuum to

rinse with 30 ml of DCM. Discard the rinse, change to a clean collection flaskl{(50-m
pear shaped flask). Pass the extract through the filter into the 50 ml pear saskdeoit
guantitative transfer, rinse the beaker 3x with DCM and filter

11. Transfer the filtrate to a clean 14mL centrifuge tube. Rinse the 50 méipaaed flask

3x and add the rinse to the centrifuge tube.

12.Concentrate up to 6 filter extracts in centrifuge tubes using ultra-pured\2 gams block.
13.When the contents of a tube reach ~300 ul, turn off the N2 flow to that tube.
14.Using a clean syringe (rinse 20x with DCM before each new sample), take up the

contents of the centrifuge tube. Measure and record the final volume of the sample.
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15. Transfer the syringe contents to a clean 2-ml vial with a glass arsieflon septum.
Label the vial with appropriate identification and place a mark on the bottle lzdttioen
of the solvent meniscus. Run on the GC/MS or store the vial in a freezer &t -20 C

Filter blank

1. Each day that filter samples are extracted, a blank XAD coatedsfilterd be extracted
as well.

QA/QC
1. Each time a new batch of solvent is made, save 150 ml and evaporsdenghle to 0.5 to
1 ml as in step 10, Extraction, above. Cool flask to room temperafi@@sure with a
syringe and record in log sheet the amount of extract and co#orsfér to a clean 2 ml

brown bottle with narrow neck and Teflon lined cap. Label the bottle appropriate
identification. Store the bottle in a freezer at-20 C

Determination of PAH

Run standards and samples using the GC/MS
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Appendix 2.7.2

2.7.2.1 Nicotine measurements method

There is an evidence of a dose-response relationship betweeanhbétive effects of active
tobacco smoking and the risk of cataracts[47] and tuberculosis (TBpasgive smoking
increasing the risk of TB in children[48-50]. Environmental tobaccokem(ETS) is emitted
either as side stream smoke or the exhaled mainstream sxinokmrettes. ETS is a complex
mixture of over 4500 chemicals found in both particulate and gas plhagesicotine [3-(1-
methyl-2-pyrrolidinyl)-pyridine] is a marker of ETS, asstunique to tobacco [51, S52Vlicotine

IS a major constituent in the smoke and comes with enough environnecentzntrations
compared with other constituents and it is also relatively eagyeasureSince approximately
95% of ETS nicotine is in vapor phase[53], passive samplers can easily collecbtheseids.

A passive diffusion sampler developed by Dr. S. Katherine Hammdatalim UC Berkeley[53]

was used to monitor nicotine concentration in the kitchen and bedroom. Tine passitor
works on a principle of passive diffusion (Ficks law), where nicairtéffused to a filter treated
with sodium bisulfate. The sodium bisulfate compound was treated flo-teated glass fiber
filter. The nicotine passive samplers were exposed for one weklere co-located with UCB
particle monitor and Naphthalene passive samplers. After expaierg for one week, the
samplers were refrigerated af € before processing them in the lab. In the lab, the adsorbed
nicotine in the filter was desorbed from the filters and analpzeglas chromatography for total
nicotine.
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2.7.2.2 Results of Kitchen and bedroom concentration of nicotine (ugfm

Table A.0.9 summarizes the kitchen and bedroom nicotine concentrations. Kitchewularirbe
nicotine concentrations are approximately lognormally distributed. Seedigudel and A.0.2.

Table A.0.9 Kitchen and bedroom concentration of Nicotine (Jdfom all houses

Moments Kitchen In (kitchen Bedroom In (Bedroom
nicotine nicotine nicotine nicotine
concentration concentration)  concentration concentration)

N 27 21

Mean 0.20 -1.07 0.29 -0.91

Standard 0.40 0.58 0.48 0.66

Deviation (SD)

CoV 200% - 166% -

Geometric mean 0.08 0.06 0.12 0.12

Minimum 0.00 -2.00 0.00 -2.00

Maximum 1.87 0.27 1.53 0.18

Std. Error of 0.08 0.12 0.10 0.16

Mean

Upper 95% mean 0.36 -0.83 0.51 -0.58

Lower 95% mean 0.05 -1.31 0.07 -1.23

Figure A.0.1 Distribution of Kitchen Nicotine (arithmetic mean)
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Figure A.0.2 Distribution of Bedroom Nicotine (arithmetic mean)
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A mean difference in the kitchen and bedroom nicotine concentration was compassddoy
both parametric (t test) and non parametric test (sign ranked test). Theaneantation was
not significantly different across these two places. Results are showteiit@d0.

Table A.0.10 The comparison of means of kitchen and bedroom nicotine conoentrati

Place ttest * Wilcoxon signed rank test
category Mean nicotine Mean nicotine concentration

concentration

N Mean Std. Sign Observed Sum Expected

Error ranks
Kitchen 20 0.24 0.10 Positive 10 103 104.5
Bedroom 20 0.30 0.11 Negative 9 106 104.5
p value = Zero 1 1 1
0.33
All 20 210 210

Unadjusted variance 717.5
Adjustment for ties  -0.38
Adjustment for zeros -0.25
Adjusted variance ~ 716.88
p value 0.96

* Note: Bartlett's test performed on cells with positive variance: riglesobservation cells
not used

67



To distinguish the mean concentration of nicotine in the kitchen anddradand to identify the
best proxy of nicotine concentration in the houses, participants’ haneseddivided as smokers
and non-smoker’s house and by number of smokers in the house. Althoegid @ft higher
mean nicotine concentration was seen in the house where large nunpeaplE smoked but
results were not statistically significant. Tables A.0.11-A.0.14 sumesatie results.

Table A.0.11 Kitchen nicotine concentration (ud)/by smokers and non smokers in

Moments Participant is Participantis  Both Neither participant
smoker not participant nor
but no other smoker but and other other family
family other family family members
members smoke members members smoke in the
(n=5) smoke smoke house
(n=6) (n=5) (n=11)
Mean 0.09 0.12 0.63 0.11
Std Dev 0.07 0.09 0.81 0.20
Median 0.05 0.08 0.15 0.04
Highest 0.21 0.29 1.87 0.67
Lowest 0.01 0.04 0 0
Standard Error  0.033 0.04 0.36 0.06
Lower 95% CI  -0.006 0.02 -0.37 -0.02
Upper 95% CI  0.18 0.21 1.63 0.24
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Table A.0.12 Kitchen nicotine concentration in ptj&mcording to (indoor air pollution) pre and post
monitoring questionnaire responsee

Moments Did any body  Did you (study Did other family By total number of
smoke cigarette Participant) members smoke smokers in the house
during smoke cigarette? cigarette? including participant
monitoring
period?®
Yes No Yes No Yes No 0 1 2

(n=8) (n=19) (n=10) (n=17) (n=11) (n=16) (n=11) (n=7) (n=9)

Mean 0.21 0.20 0.36 0.11 0.35 0.10 0.11 0.08 041
Std Dev 0.34 0.43 0.61 0.16 0.58 0.17 0.20 0.06 0.63
Median 0.10 0.05 0.10 0.05 0.11 0.05 0.04 0.07 0.15
Highest 1.03 1.87 1.07 0.67 1.87 0.67 0.67 0.21 1.87
Lowest 0 0 0 0 0 0 0 001 O

Standard Error 0.12 0.10 0.19 0.04 0.17 0.04 0.06 0.02 0.21
Lower 95% ClI -0.07 -0.01 -0.08 0.03 -0.04 0.02 -0.02 0.03 -0.8
Upper 95% CI 0.49 0.41 0.80 0.20 0.74 0.19 0.24 0.14 0.90
ANOVA (p value) F ratio =0.005 (0 F ratio =2.51 (0.1 F ratio =2.62 (0.: F ratio =1.92 (0.17)

Tukey (p value) Q * Not significal Q * Not significant Q * Not significal Q * Not significant

? Information collected under post monitoring quastiaire during indoor air pollution monitoring syud
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Table A.0.13 Bedroom nicotine concentration (Lly smokers and non smokers in the house

Moments Participant is smoker Participant is not Both Neither participant nor
but no other family a smoker but  participant other family members
members smoke other family and other  smoke in the house
(n=4) members smoke family (n=6)
(n=6) members
smoke
(n=5)
Mean 0.21 0.28 0.65 0.06
Std Dev 0.25 0.43 0.78 0.09
Median 0.11 0.16 0.1 0.01
Highest 0.58 1.13 1.53 0.22
Lowest 0.05 0 0.05 0
Standard Error 0.13 0.17 0.35 0.04
Lower 95% ClI -0.19 -0.17 -0.32 -0.04
Upper 95% CI 0.61 0.72 1.61 0.15
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Table A.0.14 Bedroom nicotine concentration in pfggiecording to indoor air pollution pre and post
monitoring exposure questionnaire response

Moments Did any body Do you (study  Does other By total
smoke cigarette Participant) family number of smokers
during smoke cigarette? members smoke in the house
monitoring cigarette? including
period? participant
Yes No Yes No Yes No 0 1 2

(n=8) (n=13) (n=9) (n=12) (n=11) (n=10) (n=6) (n=6) (n=9)

Mean 025 031 0.45 0.17 0.44 0.12 0.06 0.36 0.40
Std Dev 0.50 0.48 0.62 0.31 0.61 0.18 0.09 042 0.63
Median 0.07 0.16 0.1 0.06 0.16 0.05 0.01 018 0.1
Highest 147 153 1.53 1.13 1.53 0.58 0.22 113 153
Lowest 0.02 0.0 0.05 0 0 0 0 005 O

Standard Error 0.18 0.13 0.21 0.09 0.18 0.06 0.04 0.17 040
Lower 95% CI -0.17 0.02 -0.02 -0.03 0.03 -0.009 -0.04 -0.09 -0.09
Upper 95% CI 0.66 0.61 0.93 0.37 0.85 0.25 0.15 0.81 0.88
ANOVA (p value) Fratio =0.09  F ratio = 1.96 F ratio =2.62 F ratio =1.01

Tukey (p value) (0.77) (0.18) (0.12) (0.39)

2.7.2.3 Housing characteristics and Kitchen nicotine concentration

The kitchen nicotine concentrations were evaluated by kitchen dagdtiousing type and
availability of closing door in the kitchen. Nicotine concentratiomsenfound higher ipucca
houses (house made with good material, cement and brick) compardditelibhouse (house
made with poor quality material, mud and brick). Other predictors dighuw any difference
in kitchen nicotine concentration. Results are summarized in table A.0.15.

* Information collected during face to face intewie
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Table A.0.15 Analysis of variance: Kitchen nicotine conceiotngig/ni

Housing Variables N Mean Std. F and p value

characteristics Dev

Stove type Biomass stove 17 0.14 0.24 F=1.81
Kerosene stove 3 0.15 0.07 P value = 0.19
LPG stove 5 0.52 0.80

Kitchen Cook outdoor including (open air) 5 0.038 0.02 F=0.75

location Separate kitchen inside the house 11 0.24 0.32 P value= 0.49
Kitchen not separated inside the 8 0.33 0.63
house

Housing type Kutcha 16 0.09 0.07 F=3.86
Pucca 3 0.70 1.01 P value= 0.04
Semipucca 5 0.38 0.45

Smokersin  Yes 7 0.24 0.35 F=10.03

the house No 18 0.21 0.44 P value =0.87

Incense burn Yes 7 0.37 0.66 F=1.32

in the house No 18 0.16 0.27 P value =0.26

Non electric  Yes 15 0.14 0.25 F=1.37

lamp used in  No 10 0.34 0.57 P value =0.26

the house

Observer Very good 2 0.03 0.014 F=0.27

assigned Good 9 0.17 0.21 P value =0.84

ventilation Fair 10 0.26 0.57

status Poor 4 0.33 0.47
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Table A.0.16 Analysis of variance: Kitchen nicotine conceiotndh the house using biomass stove

Housing Variables N Mean  Std. F and p value
characteristics Dev
Kitchen Cook outdoor including (open air) 5 0.038 0.02 F=0.87
location Separate kitchen inside the house 9 0.22 0.32 P value=0.44
Kitchen not separated inside the 2 0.13 0.03
house
Housing type  Kutcha 14 0.10 0.08 F=8.31
Pucca - 0.70 P value=0.01
Semipucca 2 0.53
Closing door in Yes 12 0.10 0.08 F=3.38
the kitchen No 3 0.38 0.56 P value= 0.09
Smokers in the Yes 6 0.27 0.37 F=272
house No 10 0.08 0.08 P value =0.12
Incense burn in Yes 5 0.10 0.04 F=0.20
the house No 12 0.16 0.29 P value =0.66
Non electric Yes 12 0.15 0.28 F =0.05
lamp usedin  No 5 0.12 0.12 P value =0.82
the house
Observer Very good 1 0.04 0 F=1.76
assigned Good 6 0.11 0.11 P value =0.20
ventilation Fair 7 0.07 0.04
status Poor 3 0.41 0.53
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CHAPTER 3

Pre-clinical measures of eye damage (lens opdcty)
exposure to biomass smoke in Nepalese women
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Pre-clinical measures of eye damage (lens opacity) frgposexe to biomass smoke in Nepalese
women

3.0 Introduction

The World Health Organization (WHO) has defined blindness aisaldity to count fingers at
a distance of 3 meters or having visual acuity of 3/60 or I&bsbest possible correction [1].
According to WHO estimates, there are 37 million blind people wadielvand 135 million are
visually disabled and depend on family support or care on a daily[Bhdishas been estimated
that, annually, about 1-2 million people become blind, and cataractsfeaxdive error accounts
for more than 60% of this blindness [2]. Cataract is a lens opasggciated with visual
symptoms and some visual disability. Lens opacity is defined bBxus of increased light
scattering in the crystalline lens resulting in a decreaskenticular transparency [3]The
opacities in eyes range from minor (not interfering with vistoninajor (interfering with total
vision loss or blindness).

Currently there is no clear agreed definition of cataracts. [@hils of definition has hampered
comparisons of cataract burden across countries. Howheegxisting global blindness statistics
show that there is a marked difference in cataract burden betlggeloping and industrialized
countries [4]. Also, data from developing countries show that the presalof blindness is
higher in rural areas than in urban areas and a higher proportiomaieethan males are blind
because of cataracts [5]. A meta-analysis based on published pompbkded surveys has
reported the age-adjusted odds of blindness in females to be highen thales in many
developing countries (39% higher in Africa and 41% higher in AsiayJl6Epidemiological
studies have established certain risk factors for lens opacitgaacact formation, but these
accounts for a relatively small percentage (about 15%) of paiterduses. At present,
understanding of risk factors and biochemical and structural eveadsg to the formation of
cataracts or lens opacity is quite incomplete [1].

Cataracts are generally classified as congenital, infantilage-related (“senile”). Cataracts are
also divided into four distinct anatomical, pathologic, and clinicaltiesti nuclear sclerosis,
posterior sub-capsular (PSC), cortical and mixed types. Nuaapsis or nuclear opacity is
the most common type of cataract found in the nucleus of the lengriBlostub-capsular
cataracts form as a granular layer of cells betweebdblk of the lens and its encircling capsule.
Cortical cataracts occur at the periphery of the lens in a dij@keranner. Any combination of
the three types of cataract is designated as mixed ca{&la Since 1980s, epidemiological
studies of cataract have focused on three main classes oflagé eataracts: nuclear, cortical
and posterior sub-capsular. Differentiation of type is importattiérstudy of cataracts because
risk factors appear to be different for each type. At mteseuclear opacity dominates the
cataract categories in developing countries but the causes atmdwtstood [9]. However,
studies have indicated that environmental and genetic factors probably playl®}ole
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3.1 Risk factors for cataract: epidemiological evidences and biological plaibility

Senile or age related cataracts have multiple etiologies. Epidematllsgidies have indicated
the following possible risk factors associated with cataract formation;

Exposure to sunlight/UV-B radiation [9, 11-20]

Cigarette smoking [20-25]

Diabetes [26-28]

Severe diarrhea and malnutrition [29-31]

Lower socioeconomic status, lower education and occupation [32-36]
Exposure to indoor smoke from solid fuel [32, 37-41]

Epidemiological studies support the association between tobacco smakdhgcataracts.
Tobacco smoke and biomass fuel smoke have similar properties fitatkesome differences
also[42]. Currently nearly half of the world’s population cooks ovemaiss fires (solid fuel)
producing high levels of indoor air pollution (IAP) [42]. Although theresaeeral studies of the
association of cataracts and IAP from cooking, there have been thaheexamined the
association with pre-clinical cataractdentification of risk factors for cataracts at pre-clinical
stages could not only offer an earlier medical intervention buat laétp identify prevention
strategies for the most common form of blindness in women in developingries. The main
aim of this study was to investigate whether cataradtsegbre-clinical stage are associated with
the use of solid fuel (biomass fuel) for cooking in households.

3.1.1 Exposure to indoor smoke from solid fuel and cataracts-existing studiaad
limitations

Approximately 90% of rural households in the poorest developing courghjesr unprocessed
biomass-based solid fuels (wood, dung and crop residues) for cooking amd).higlatst of the
stoves are not energy efficient and fuels in such stoves are notdbconepletely. The
incomplete combustion of biomass releases a complex mixture of morgad organic
compounds. Cigarette smoke and solid fuel smoke has many sinsldmitiethere are many
differences also. In the study of Shalini et al [43] plasma&on spectroscopy revealed that
fuel smoke condensate (FSC) contains Mn, Cu, Fe, Co, Pb and Ni andteiganeke
condensate (CSC) contained the same metals. Besides metalssdiasad solid fuel burning
also produces poly-cyclic aromatic hydrocarbons like naphthalene, laethydes, like
formaldehyde [42, 44-46].

During cooking, particularly with biomass fuels in an unimproved stovéasito be blown into
the fire from time to time and this causes considerable smgkaesese to the person who is
responsible for cooking. There could be two possible routes by whantests present in the
smoke reach the eye lens and cause damage: through the corngaeosystemic circulation.
Bruce et al [47] suggests that toxins from biomass fuel smakalesorbed systemically and
accumulate in the eyes (which are also absorptive surfacesjeaunlt in its opacity [47].
Wegener et al [48] suggest that the tear film covering theeabrand conjunctival surfaces
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forms a lipid/water interface into which chemicals, vapors and sdsgeparticles can dissolve.
Once a chemical reaches a sufficient concentration in thélteathey can either penetrate the
cornea directly or be absorbed by the conjunctiva. Or if a compouode#he naso-lacrimal
duct and is absorbed into the blood through the nasal mucosa or is dngastethe
gastrointestinal tract together with the nasal mucosa, thideadyto the systemic distribution of
a chemical. Compounds may reach the eye through a combination of bo#) pvatéded the
substances succeed in crossing the blood-ocular barriers. Howes@ndiag to Shalini et al
[43], a direct absorption mechanism is less likely because #ig leys is protected entirely by
the capsule, aqueous humor and cornea. They postulate that inhaledreauties the lens
through circulation and then causes the damage. Shalini et dd¥&Jalso investigated the in
vitro effects of firewood smoke condensate (FSC) on isolated intecienses and lens cell
membranes. In this study, investigators monitored the changestuateal in vitro in the lenses
of pigmented Copenhagen rats. After oral feeding of FSC daily gt eveeks, the results
indicated that FSC contain factors that cause oxidative stne$iseilens. Similar to CSC
(cigarette smoke condensate) it is believed that FSC also eshtheci®rmation of super oxide
radicals, decreases the formation of antioxidants and causes \oxigaéiss, which ultimately
reduces the important antioxidants in the aqueous humor, such as glutainibgiicose-6-
phosphate dehydrogenase (G6PD). Glutathione and glucose-6-phosphategietage (G6PD)
are important antioxidants, that protect against cataract formation [49].

The epidemiological study of Mohan et al [32] supports the hypothlsis glutathione
peroxidase and G6PD reserves protect human eyes from cétanaation. In a hospital-based
case-control study of 1441 patients with age-related cataaadt$49 controls, in New Delhi,
India, the investigator measured blood biochemistry (serum le¥ealcium, zinc, and copper
and plasma level of proteins, ascorbic acid and vitamin E) on 207) (88%ract-free controls
and 928 (64%) cases. Investigators also measured nutrient-depentbidae cell enzymes:
glutathione reductase (riboflavin dependent), transketolase (thianpeedknt), aspartate
aminotransferase (pyridoxine-dependent) and glutathione peroxidgdseiym-dependent) and
erythrocyte levels of G6PD. From the measured blood biochemstigbles, they created three
antioxidant indexes (AOs). The AO1 comprised of glutathione peroxiaiadeascorbic acid,;
AO2 comprised of glutathione peroxidase, ascorbic acid, and vitamml BR@3 comprised of
glutathione peroxidase, ascorbic acid, vitamin E, and G6PD. The studg & higher level of
AO3 in serum to be associated with reduced risk of posterior sub-aapS®R: 0.23; 95%CI:
0.06-0.88) and combined posterior sub-capsular-nuclear cataracts (QRI®ACI: 0.03-0.56).
This study also found use of cow dung and biomass-based fuels tobmtasswith increased
risk of cataract (adjusted odds ratio of 1.61; 95%CI. 1.02-2.50) for nuclaical, and mixed
cataracts, but not posterior sub-capsular cataracts.

Besides study of Mohan et al [32], other five epidemiologiaadiss have found an association

between IAP and cataracts or blindness. This is further discbhstmd. The main findings are
presented in Table A.
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3.1.1.1 Exposure to indoor smoke from solid fuel and risk of cataracepidemiological evidence

To identify the etiology of senile cataracts in people betweemd(68 years, Sreenivas et al
[40] conducted a community based case-control study in two ruras arfe Calcutta (West
Bengal) and Angamally (Kerala) in India. The study included 2&#&<€ and 308 controls from
Angamally, and 301 cases and 591 controls from Calcutta. In the studystmgure was used
to collect information from all participants about their socio-dgraphic details (religion,
education, and monthly family income), exposure to sunlight and protectbam sunlight
exposure, exposure to fire/dust, type of cooking fuel used in the house,otamcking and
tobacco chewing habits, alcohol drinking habit, nutrition intake and blocgbyne In the
multivariate model, the risk of senile cataract was assdcvaite usage of cheap cooking fuels -
wood & cow dung for both sexes (men and women) in Calcutta (OR=1.8299%.3;2.92).
Whereas, in Angamally, the risk of cataracts was found signififor only 2 hours per day
exposure to fire/dust (OR = 1.85; 95% CI 1.43 ; 2.40). Authors did not reparniutieariate
OR for use of cheaper cooking fuels in Angamally. However, the uaigesOR was 0.37 (95%
C10.02 ; 6.65). A separate analysis of data from Calcutta also showed a maket cif of OR
by gender. The OR for risk of cataracts from the use of cooking-fw@od & cow dung was
1.80 ¢ 0.02) for men and 2. (0.002) for women. The sex specific estimates for use of cooking
fuels were not reported from Angamally (Kerala).

Mishra et al [50] analyzed the relationship between the typeakimrg fuel and the prevalence
of partial and complete blindness in India, using data on 173 520 perso8@ age over from
the 1992-1993 National Family Health Survey. In this survey, a questiating to blindness
was ‘Does anyone listed (in the household listing) suffer frandbéss?’ Response categories
were ‘yes, partial’, ‘yes, complete’, and ‘no’. The partiahbhess was defined as blindness in
one eye, partial cataract, night blindness or other eye probksukimg in seriously impaired
vision. The analysis yielded an adjusted odds ratio for reported partaimplete blindness of
1.32 (1.16; 1.50) in respect of persons mainly using biomass fuel compdredtier fuels,
after adjusting for socio-economic, housing and geographical variables.

Zodpey & Ughade [38] conducted a group-matched case-control study atotleEn@ent
Medical College in Nagpur, India, to investigate the association betexg@osure to cheaper
biomass-based cooking fuel (solid fuel) and age-related cat@hecstudy included 223 female
cases of age-related cataract and an equal number of conttolechéor age and sex. The risk
of age related cataract associated with exposure to cheagleng fuels was two times higher
among solid fuel users compared to liquid fuel users (OR: 2.37; 95%.42; 4.13), after
adjusting for socio-economic status.
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Table A Studies that have investigated the association betwi@kfusbuse relative to cleaner burning
fuel or electricity and risk of cataracts and blindness

Authors Study type and Outcome  RR (95% ClI) Exposure Metric used
location and prevalence %
Mohan et al India-US case Cataracts 1.61(1.02;2.50) Exposure questionnaire
(1989)[32] control study (main cooking fuel
currently use)
Sreenivas et al Case-control  Cataracts 1.82(1.13;2.92) Exposure questionnaire
(1999)[40] study, (wood/ cow-dung as
Calcutta, India cooking fuel)
Zodpey et el Case-control, Cataracts 2.37(1.44;4.13) Exposure questionnaire
(1999)[38] India (type of fuel household
use mainly for cooking)
Mishra et al (1999) Cross Blindness 1.32(1.16;1.50) Exposure questionnaire
[50] sectional, (Clean fuel stove, solid
India fuel improved stove and
solid fuel unimproved
stove)
Pokhrel et al Case-control, Cataracts 1.90(1.00;3.61) Exposure questionnaire
(2005) [51] Nepal- India (Fuel stove used-wood,

coal dung vs. LPG)
Duration/number of years
of use of stove

Haq et al (2009) Cross Cataracts Prevalance (solid- Exposure questionnaire
[41] sectional, fuel vs. LPG)- (Fuel used-wood, coal
Aligarh India 24.9% vs. 14% dung vs. LPG)

Pokhrel et al (2005) conducted a cataract case-control studyairearof the Nepal-India border
where cooking with solid fuels in unvented indoor stoves is a commonaaractithis study, the
presence or absences of cataracts (yes vs. no) in studypaatsc(all women) were confirmed
by slit lamp examination in a regional eye hospital. This sfodynd evidence that the use of
solid fuel in an unvented indoor stove is associated with increaseaf gakaract in women who
do the cooking. Compared with using a liquid and gaseous-burning-fuel btogaq, liquefied
petroleum gas, or kerosene), the adjusted odds ratio (OR) for ugemgeal solid-fuel stove was
1.23 [95% CI: 0.44; 3.42], whereas use of an unvented solid-fuel stove had anl®R (§5%
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Cl: 1.00; 3.61). Lack of kitchen ventilation was an independent risk femtoataract (OR 1.96;
95% CI: 1.25; 3.07).

Haq et al (2009) conducted a community based cross-sectional prevalgmeg of ocular
morbidities (cataracts, refractive errors, glaucoma and doapeeities) and its socio-cultural
correlates in Aligarh, India. The study included all adults aboveed@syold (n=226) residing in
the field practice areas of the urban and rural health traiogmgers of the Department of
Community Medicine, Jawaharlal Nehru Medical Center in Aligarhe participants were
interviewed and asked questions about socio-demographic charactdnstigding types of fuel
mainly used (firewood, coal, cow dung, LPG) in the house. The catavace defined as lens
opacity accompanied by or capable of causing some level of vimsaM/hich was based on the
results of visual acuity and slit lamp examination. The overalglence of cataracts was
21.7%. The bilateral cataract was present in 16.9% and unilateésaaact was present in 4.8%.
In the univariate test (Mantel-Haenszel chi-square test)racatavas significantly associated
with the use of solid fuels (prevalence 24.9%) compared with use of(hR@alence 14.0%)
with p 0.031.

Although the findings of existing studies of IAP and cataractglbkss suggest an association,
these studies have important limitations. The first study to fmdssociation between cataract
and indoor smoke exposure by Mohan et al. (1989) was not specificaéigtiomting this
association. They regarded it as an incidental finding likehate been a result of confounding
by socioeconomic factors. The second study by Sreenivas et al @869oncluded that the
association found for cheap cooking fuel was likely to be related to poor socio-ecataius.

The third case-control study, by Zodpey and Ughade (1999), which also douassociation
between cataract and cheaper cooking fuels (coal, cow dung, and wosedhtgddimited data
on potential confounding factors, other than age and socioeconomic statudicigrathere
was no information on kitchen characteristics or ventilation, didtabjts/practices, history of
diarrhea, exposure to sunlight, or smoking habits, which might confoundl&tenship. The
fourth study, by Mishra et al (1999), with a cross-sectional deagpy data from the 1992-93
Indian National Family Health Survey. This study found an association &efwemass fuel use
and partial and complete blindness after adjustment for a numbeteftiplly confounding
factors. However, information was not available on smoking or ondipéndness, which was
determined through self-reporting.

In the fifth study of Pokhrel et al (2005), the risk factors foarzits were not analyzed by type
of cataract. Also there was some concern related to selecéienlbithe study, controls were
recruited from the refractive error clinic from the same hakpitlthough there do not exist any
studies showing an association between IAP and refractive erewg #xist (inconclusive)
evidence of the association of refractive error with educationc@tawh of higher socio-economic
status) [52-57] [58-60]. Thus there is a possibility that peoplba wefractive error may have
different life styles or exposure patterns and lower odds of expdsusolid fuel smoke than
cataracts cases [61]. The sixth study of Haq et al has opbrteel a univariate association
(higher prevalence) of cataracts with solid fuel use, leaving dpepdssibility of confounding
of this association.
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These concerns regarding existing studies suggest that tleereeel to confirm the association
of IAP and cataracts by applying a high-quality objectiveraataclassification system, which
guantifies opacities on a continuous scale from the earlier staddpllowing a different study
design that reduces selection bias. Conducting the study in a mliffggegraphical setting
would also add credibility to the findings. In addition, identificationcataracts at the pre-
clinical stage using such a classification system and itetidn of risk factors associated with
the most common forms of cataract could offer an earlier viam#ion opportunity for
populations at risk.

To identify risk factors associated with progression of opatificawith a specific focus on
exposures to IAP in women, a hospital-based, cross-sectional studgn®nopacity was
conducted between July-November 2006 at the Ophthalmology DepartmenhipaMdedical
College, Pokhara, Nepal

3.1.1.2 Hypothesis of lens opacity study

“Cooking with traditional biomass stoves without a chimney increases thetg@fdens
opacity in women compared with cooking using gaseous fuels”.

3.2 Research design and methods

3.2.1 Recruitment of participants

Human subject’s approvals were obtained from the institutionalwewiards at the University
of California, Berkeley, and Nepal Health Research Council. Wdmémeen 20-65 years were
recruited from the Ophthalmology and Outpatient Department (ORPDJaaipal Teaching
Hospital, Pokhara, Nepal. To avoid the possibility of recruiting oabperative participants by
an interviewer in the hospital, throughout the study period, only theifiespatients present at
the OPD between 9-10 am each morning were recruited. Participduatsreported being
pregnant, diabetic, infected with HIV-AIDS, or on chemotherapy for form of cancer, or
having had previous diagnosis or surgery for cataracts, maculanetatien or history of
penetrating eye trauma were excluded.

3.2.2 Ocular examination

After oral consent, and recruitment, all participants’ visual ssuivere measured at 3 meters
with an illuminated Bailey and Lovie visual acuity chart witle room lights off [62]. Visual
acuity of the right eye was measured by asking -participatttgead down the chart from the
first line while closing their left eye and the visual @guif the left eye was similarly measured
with the right eye covered. The procedure was followed by redraahd measurement of intra-
ocular pressure (IOP in mm Hg). This was followed by exanunatf the eye brows, eyelids,
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conjunctiva, sclera, cornea, anterior chamber, iris, pupils andaltiystlens first by diffuse

illumination and then with a slit lamp. After the completion of gaheye examination, the
guestionnaire concerning the participants’ demographics and envir@nexposures were
administered. After completion of the interview, participants’ pupise dilated to 7 mm or
more with a mixture of 1% Tropicamide and 10% Phenylephrine. &lipst lenses of these
patients were then examined under slit-lamp first with diffligmnination, then with a slit beam
and later with retro-illumination. The height and breadth of l#iam were maintained at 5
millimeter (mm) and 1-2 mm. The slit beam was narrower thamm, especially for the retro
and the cross sectional photos. The slit lamp had an inbuilt digitedrea TOPCON Model SL-

D) and lens photographs were taken when the pupil diameter reached of more. It took

about 90 minutes to complete the procedure in one participant.

For photography of nuclear opacity, vertical height of the slitnbe@as extended to maximum
and breadth of the slit beam was fixed at minimum. The slit veasrdirected at 4%rom left of
the biomicroscope and the nuclear opacity was photographed. For photograganiical and
posterior sub-capsular opacities, the height of the slit beasrfived at 5mm and the breadth of
the slit beam was fixed at approximately 1-2mm. The slit beamplaced at the junction of the
right margin of the patients’ pupils in both eyes. The corticalpastierior sub-capsular opacities
were then photographed against the red background. First the Icopamties were focused
using the joystick of the slit-lamp and photographed, then the posselecapsular opacities
were focused and photographed. Altogether six photographs of the ectisga view and the
retro-illumination view were collected from 144 participants.eAfphotography one participant
was found with congenital cataracts, this participant was excluded fromklaatisr analysis.

After completion of the study, the photographs were sent electigrécal on compact disk to
the School of Optometry at the University of California, BerkgldCBSO). At UCBSO two
graders provided scores for each photograph by comparing withférenee photographs of
LOCS Il system [63]. The LOCS lll system is a standadiiz@lidated and widely used system
of grading age-related opacification in the human lens. Compared ththsubjective
classification of cataracts such as ‘yes’ vs. ‘no’ or ‘immatumature’ and ‘hyper mature’, the
LOCS Il system quantifies opacities on a continuous scale (0.1)yaitsl type (nuclear opacity,
nuclear color, cortical, posterior sub capsular)[64] [63]. The seages from the lowest value
of 0.0 to the highest value of 6.9. The LOCS Il system uses &ssefrireference photographs,
with each series arranged in order of severity and numbered. ditee6ereference photographs
in the series that show progressively more severe nucleared)amith 5 ordered severity levels
for cortical cataract and posterior sub-capsular cataract. With tbtssef seference photographs,
the cataract grader assigns scores using decimalizatevpatdting between the ranked levels of
severity and extrapolating beyond the sample showing least ggwenmber 1) and the sample
showing most severity (humber 6 for the nuclear series, and nunibeéné cortical cataract or
PSC series). For the series illustrating the severity ofeauathange, there are two different
gualities that are graded, nuclear opalescence (NO) and noclea(NC). For each, the range
of possible scores is from 0.0 to 6.9. For both the cortical cat@€acnd the posterior sub-
capsular cataract (PSC), the range of possible scores is from 0.0 to 5.9.
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The nuclear opacity was graded on a decimal scale of 0-6.9 basediacah dgnsity and the
nuclear color (NC) was similarly graded as 0-6.9. A lens givé®@s Ill NC grade of O is
colorless. A lens with a LOCS IIl NC grade of 3.0 has a lenalow color (brunescence). A
lens given a LOCS Ill NC grade of 6.9 is reddish-brown nucleasr.c&imilarly, Cortical
opacity was graded on a decimal scale of 0-5.9 according to theyoieati obscured the light
reflex on retro-illumination, and posterior sub-capsular opacitR&s graded on a decimal
scale of 0-5.9. Besides LOCS IlI scores, the results weceeadpressed as secondary score and
as % area opaque for Cortical (C) and posterior sub-capsulaj (p&€ities. However, results
of secondary scores are not presented in this chapter.

3.2.3 Definition used for ocular morbidities in the study

Vision loss

Normal vision 95-110 (Visual Acuity Rating-from Bailey and Lovigad) 20/25 or
Mild vision loss b7eéfgr4 (Visual Acuity Rating-from Bailey and Lovie itha 20/63 or
Moderate vision Iossbe5tt56-r74 (Visual Acuity Rating-from Bailey and Lashart) 20/160 or
Severe vision loss be?EtSE-r54 (Visual Acuity Rating-from Bailey and Lahart) 20/400 or
Profound vision IossbelttSE-;4 (Visual Acuity Rating-from Bailey and Loviartyh 20/1000 or
Near blindness b%t-tﬂ (Visual Acuity Rating-from Bailey and Loviertyh&0/2000 or

better
Blindness No light perception

Intra ocular pressure (IOP)

IOP between 10 and 20 mmHg was considered as normal.

Cataracts

Lens opacity for nuclear opalescence (NQ)O, nuclear color (NCx2.0, Cortical (C»>2.0 and
Posterior sub-capsular (PS£).0

Participants were characterized as having age-relatechcistad any type of opacity had scores
equal or greater tham) 2. The grade-2 cutoff is close to a grade 2 or greater’ in the LOCS 1l
system, which was also the definition of cataracts adoptedime snajor population-based
cataract studies [65, 66].
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Refractive error

Emmetropia (no error of refraction): Spherical equivalent betw@es0 and +0.50 diopter
sphere [DS]

Hypermetropia (far-sightedness): Spherical equivalent between > +0.56rdippere [DS]
Myopia (near-sightedness): Spherical equivalent between < -0.50 dioptex HpSér

Astigmatism: Cylindrical error more than 0.50 diopter cylinder YdCany axis. Astigmatism
was further classified as simple hyperopic and simple myopimpoand hyperopic or
compound myopic and mixed astigmatism.

3.2.4 Exposure variables under this study (questionnaire)

Questions were asked about the participants’ (main) present, prewidysast fuel stove type
(gaseous fuel stove, kerosene fuel stove, solid fuel in improved stodesolid fuel in
unimproved stove). They were asked if they remembered changingdusi®ves anytime
before and after their marriage and types of fuel and stoveh#teghanged or switched to and
duration of their use. Information about the duration of use of fuel-stowesthe age they had
started cooking actively (before or after marriage) till teypped cooking (if they had stopped
cooking during the time of interview) was used to study the expa®sponse relationships
between duration of cooking with biomass and kerosene fuel/stoves and the risk of légs opac

Participants were also asked the number of hours they spentasbiteng or helping in the
kitchen and the kitchen location and presence of windows in the kitcimee. &cook’s personal
exposure to indoor air pollution depends on the overall ventilation charactghich kitchen
locations and opening windows in the kitchen play an important role, infiorman kitchen
location and opening windows in the kitchen were combined to createposibendichotomous
variable for ventilation. “Fully/partially ventilated kitchenstluded open-air kitchen + kitchen
inside & outside + separate kitchen outside with opening windbww-ventilated kitchens”
included separate kitchen outside without windows and partitioned kitcheite iwithout
windows and non-partitioned kitchen inside the house (in the bedroom).

In addition, information was also collected on other sources of emisgloars such as type of
fuel used to heat the house; source of light in the house, practim@rohg mosquito coil or
incense indoors. A detailed histories of tobacco smoking and alcolmirmoption, exposure to
environmental tobacco smoke, exposure to sunlight (time work outside ianttevery day and
number of years of work) protection from sunlight exposure was collected. And questions
related to socio-economic status (annual family income, levetlaéadion, area of residency,)
and dietary practices were also asked and documented.

* (hours/day x 6 day/week x 52 week/year x # year)
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Some exposure variables such as number of tobacco products (cigacHidi) participants
smoked every day and years of smoking was combined to caldutapatk-years of smoking.
The number of pack-years smoked was calculated as the average wdimigarettes smoked

per day multiplied by the duration in years of smoking, divided by Zynasisg that a pack
contains 20 cigarettes dmdis. The median pack-years were used to access the risk of lens
opacity by pack-years. The standard questionnaire developed by N&mmedr Institute was
used to document tobacco- related information.

Since nutritional epidemiological studies have shown higher frequentiesnsumption of

vegetables and meat or protein rich diets to be associated wittecedsk of cataract formation,
guestions related to the frequencies of consumption of meat & fishaadgsilk per week and
month were also asked.

3.2.5 Statistical analysis methods and risk modeling

3.2.5.1 Statistical analysis of lens opacity scores

The preliminary analysis of the data included participants’ deapbic information and the
descriptive statistics of opacity scores provided by two s&di@ the right and the left eye. The
opacity scores were summarized as means, medians, standartodgvipercentiles, and
measures of skewness and kurtosis. To check for approximate normalityibtidestrof scores,

a skewness-kurtosis test was used. ffalues of <0.05 for skewness and kurtosis was used to
reject the null hypothesis of normality assumption. The differemoeean opacity scores of the
left and the right eye were evaluated with the two sample &fsdetest, which tests the
hypothesis that the population means opacity score in the righetinelyés are equal. The
value of <0.05 rejects the null hypothesis of equality.

To investigate if there was a systematic bias in opacdyirgg on the same eye by two scorers,
the patterns of agreement or disagreement was investigatedtdilstical tools like correlation
coefficient, regression or Kappa statistics are commonly tsedvestigate the patterns of
agreement or disagreement[67]. However, studies have shown that tles/nemults of two
continuous measurements may be highly correlated but there coulddtangial differences in
the two values/results across their range of measurements[68].aldmg,with correlation and
regression, the patterns of agreement or disagreement on gy were investigated by the
Bland-Altman plot (BAP). The basic concept of Bland-Altman’'s p®tto visualize the
difference of the measurements results made by the two metbooi®rs in this study) by
plotting the differences or the bias, on Y-axis versus the me#redfvo methods/score on X-
axis[68]. This plot helps to visually check if the magnitudes ofdifferences are essentially
constant throughout the range of measurements. When there is noasigsteias, then the
differences are symmetrical around zero. However, if one isisousually higher than the other
by a consistent amount, then the mean will be far from zerchbutdnfidence interval will be
narrow. On the other hand if the scorers tend to disagre&ithaiut consistent pattern or one
giving higher score than the other, the mean will be neartzgrthe confidence interval will be

®(scorer 1 = RD; scorer 2 = IB)
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wide. To further investigate if the mean difference of score@®ase or decrease with increasing
level of opacity scores, a linear relationship line was drawn between thd gddference and the
paired average on the BAP. The linear trend suggests lack ehagmneat higher opacity scores.
The Stata software (Stata version $fta Corp LLC, College Station, TX, US#as used in all
analysis including Bland Altman Plot. Also on the BAP tesguits, thep value of 0.00 for
Pitman’s correlation implies that the variances of two correlated sa@aalifferent.

On the basis of the results of descriptive statistics and paittéragreement or disagreement of
opacity scores, all four scores (two score for each eye given by twes3doreeach opacity type
were included in the statistical analysis including risk model8ince observations of opacity
scores for the same individuals are highly correlated, this giveased estimate of variance if
the underlying correlation structure is not taken into account imnhésis. This problem was
addressed by using a cluster option in the risk models, which edljwsthin individual-cluster
correlation and gave robust variance estimate and unbiased 95% confidanedsif&8, 70].

3.2.5.2 Identification of confounders and covariates for the risk model

A combination of causal diagrams, prior knowledge of potential confosirficdlecataracts, and a
data-driven approach were taken to identify potential confounders oélét@nship between
lens opacity and the use of biomass fuel stove for cooking. After fidatiin of potential
confounders through causal diagrams, analysis of variance (AN@g#8s) were conducted a) to
investigate the distributions of mean opacity scores across confelow@riates and b) to
determine whether some covariates significantly affectednmtban opacity scores. ANOVA
measured overall test of significance (F-test) between tlasnef opacity by confounders /
covariates. In addition to known confounders, other covariates that sigiyfiedigicted the
mean opacity score9 (value <0.05) were considered a candidate for an adjustment in the
multivariate risk model.

3.2.5.3 Risk models

The observed opacity scores ranged from 0 to 4.2. Two types of npdelproach were used to
estimate the risk of opacity in populations by the exposure ofestteFirst, the population
means of different types of opacities were estimatechéyntain exposure of interest using an
ordinary multivariate least square regression models with tstecl option. For this model,
opacity scores on a continuous scale were used. However, as therseveescores for all types
of opacities, they could not be adequately modeled by the logdraratfon. As a consequence,
the opacity scores were also grouped into five bins (ordinal categased ‘0", 1 ‘0-<=0.9’, 2
>0.9- <=1.9, 3 >1.9 - <=2.9' & 4 >2.9'. The bins included no opacitpm® opacity,
moderate opacity, high and severe opacity. The risks of seveopagfties were then estimated
by an ordered logistic regression model with the cluster optionofdered logistic regression
model estimated the odds ratio for a one-category increaseernty of opacities, given that the
other variables in the model were held constant[71].
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3.2.5.4 Visual acuity

The preliminary analysis of the data included the descriptive stati$tiisual acuity on both
eyes and prevalence of refractive errors (Emmetropia, Hypernetidpopia and Astigmatism)
in the study population.

3.3 Results

3.3.1 Participants age, area of residence and marital status

Participants’ mean, minimum and maximum age (standard deviatignv&e 45 (SD: 12), 20
and 65 years. Majority of participants were Hindus (95.14%), maf@&dB3%) and urban
residents (84.72%). Table 3.0.1 summarizes participants’ age in 10 bagads their marital
status and area of residency.

Table 3.0.1 Participants age in 10 years band, religion, maritas stad area of residence

Age, marital status and Number Percentage (%)
locality

Age in 10 years band 11 7.64
>= 20 & <=29 35 24.31
>29 & <=39 45 31.25
>39 & <=49 6 4.17
>49 & <=59 47 32.64
>59

Religion

Hindus 137 95.14
Buddhists 6 417
Christian 1 0.69
Marital status

Married 138 95.83
Unmarried 6 4.17
Locality

Rural 20 13.89
Urban 122 84.72
Peri-urban 2 1.39
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3.3.2 Education
Equal number of participants reported that they can and cannot,méasriée in Nepali. The

highest level of education was college degree (4.17%). Table 3.0.2 suesnparticipants’
literacy and level of education.

Table 3.0.2 Participants level of literacy and education

Education Number Percentage (%)
Level of literacy 72 50.0
Can read and write 72 50.0

Cannot read and write

Level of education

Adult education (6 months of informal education) 12 8.33

Primary school (1-3 grades) 21 14.58
Middle school (3-7 grades) 19 13.19
High school (7-10 grades) 14 9.72
College (10-14 grades) 6 4.17
None of these education levels (illiterate) 72 50.00

3.3.3 Occupation

Like in many developing countries, in Nepal, women generally tagrimary responsibility
to care or feed family by cooking food and taking care of livestockApart from these
responsibilities, women are also actively involved in farming or busioegsommerce (in city
areas). In this study, 44% of participants were housewives and ®iRédvon their own farm.
About 10% of participants were involved in commerce and business related activities

A guestion was asked about the number of years they have been warkiregdurrent main

occupation or employment. The mean years of employment in caceapation was 26 years
(SD: 14 years), with maximum and minimum years of 0.25 and 58 yeapgctively. Table

3.0.3 summarizes the distribution of participants’ main occupation ancthé¢lae duration of

employment (in years) in the present main occupation.
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Table 3.0.3 Participants present main occupation and years of emaploym

Main occupation Number Percentage (%) Mean years Minimum and
(SD) of maximum years of
employment employment

Farming on own land 45 31.47 29 (13) 2 and 58

Agriculture labor (paid) 6 4.20 28 (10) 16 and 42

Laborer (non-agriculture) 7 4.90 8 (13) 0.75 and 37

Government services 5 3.50 10 (11) 0.25 and 22

Commerce/business 14 9.79 13(12) 0.33 and 42

Housewife 63 44.06 30 (12) 9 and 53

Teacher and student 3 2.10 16 (6) 10 and 22

3.3.4 Cooking practices, kitchen location and ventilation

Cooking is one of the main activities of women in Nepal. They atarking in the kitchen as
young girls by either helping their mother or other elders atehdrhus, women are exposed to
cooking fuel smoke at an earlier age than men. After marrcagdking becomes one of their
main activities. In this study, participants’ mean age ofistatooking actively was 12 years
(SD: 5 years). During the interviews, about 90% of participants reportethéyacook regularly,
whereas 10% of participants reported that they cook sometimes anahenarticipant reported
she had never cooked. Irrespective of stove types, the mean duratimkiofdo the morning,
afternoon and evening, respectively, were: 1.29 (SD: 0.46 hours), 0.58.68Dhours) and 1.29
(SD: 0.48) hours. The mean duration of cooking in a day was 3.11 hours (SD: 1.14).

About 68% of participants had a separate kitchen inside the house arad 86%e kitchens had
openings- windows and a door. Similarly 5% of participants had agé#dn in the kitchen and
9% had an exhaust fan in the kitchen. Table 3.0.4 summarizes @antsCipeported present
cooking practices, kitchen location and status of ventilation in the kitchen.
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Table 3.0.4 Present cooking practices, kitchen location and vemtilatthe kitchen

Present cooking practices, kitchen location Number Percentage (%)

and ventilation in the kitchen

Present cooking practices

Cook regularly 128 88.9
Cook sometimes 15 10.4
Never cooked 1 0.69
Present kitchen location

Open-air kitchen 2 1.39
Separate kitchen outside 13 9.03
Kitchen both outside and inside 3 2.08
Semi-enclosed kitchen 3 2.08
Separate kitchen inside 98 68.1
Separate kitchen inside not partitioned by walls 25 17.4
Overall ventilation in the kitchen (definitions on

page 84)

Fully ventilated 112 77.8
Unventilated 32 22.2

3.3.5 Participants’ current main fuel-stove and duration of use

The predominant fuel-stove type was an LPG stove, followed by unimproved bisioess
Nobody reported using an improved biomass stove (biomass stove with flue). Howeueér, a
10% of participants had biogas and 4% had kerosene stove as their main fuel-steva.Orabl
presents the distribution of main fuel-stove types and duration of use of present mnstiovieie
at the time of interview.

Table 3.0.5 Main fuel-stove type at home and duration of use of present ntaitoee

Fuel-stove type Number Percentage Mean years of use Minimum and

(%) (SD) maximum years of

use

Biomass-unimproved stove 57 39.6 24.7 (11.8) 1 and 49 years
Kerosene pump stove 4 2.78 11.5(9.88) 4 and 26 years
Kerosene wick stove 1 0.69 4 -
LPG stove 68 47.2 7.36 (4.10) 0.25 and 19 years
Biogas stove 14 9.72 9.93 (5.03) 3 and 20 years

3.3.6 Stove change pattern
To evaluate the stove change pattern, a question was asked whetbdrad ever been a change

in fuel-stove type used. This question was followed by a questiout ahe stove and fuel type
before the present one and type of fuel-stove during their childhoodliler they lived at their
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parents’ house and when they started cooking. About 66% of particippatteckthat they had
had changed stove in the past. About 93% reported that they had cookeh witimproved
biomass stove while at their parents’ home, before marriage mgdineir childhood. Table
3.0.6 summarizes participant’s previous and past fuel-stove types.

Table 3.0.6 Previous and past (at parents house) fuel-stove useddiygrdst

Fuel-stove type Previous At parents house (during childhood)

Number Percentage (%) Number Percentage
(%)

Biomass - unimproved stove 69 47.9 134 93.1

Kerosene pump stove 13 9.03 2 1.39

Kerosene wick stove 4 2.78 0 0.00

LPG stove 2 1.39 1 0.69

Biogas stove 6 4.17 Currently living at

parents house but had
following fuel-stove:
LPG stove: 6
Electric stove 1 0.69 Biogas stove: 1 4.86
No other stove used 49 34.0

3.3.7 Duration of use of various cooking fuel stove over active cooking life

To evaluate an exposure-response pattern of lens opacity by duration of exposurentpfoebki
smoke during active cooking life (age they started cooking activeliiéyl stopped cooking, if
they were not cooking at the time of interview), durations of exposure to fuelkstdkeir types
were calculated. For this calculation, kerosene pump and wick stoves were conundeGa
and biogas fuel stoves were combined. Table 3.0.7 summarizes participants méam afurat
use of various cooking fuel stove.

Table 3.0.7 Mean duration of exposure to smoke from various fuel-syme® dyring active cooking life

Fuel-stove type Mean years of exposure Minimum and maximum years of
(SD) exposure

Biomass unimproved stoves  24.5 (13.5) 0 and 55 years

Kerosene pump stoves 1.61 (5.06) 0 and 26 years

Biogas and LPG stoves 4.79 (5.37) 0 and 20 years

3.3.8 Main heating and lighting fuel used in the present house

A question was asked about the heating fuel and main source of light used in thehyonesent
60% (n=86) of participants used wood as a source of heating fuel in the house. And 98% had
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electricity in the present house and only 2 participants used a kerosene lara@.0abl
summarizes the results.

Table 3.0.8 Main heating and lighting fuel in the present house

Heating and lighting fuel Number Percentage (%)
Heating fuel type

Wood/Biomass 86 59.7
Coal 1 0.69
Electricity 2 1.39
No heating fuel used 55 38.2
Main source of light in the

house

Electricity 141 97.9
Kerosene lamp 2 1.39
Solar lamp 1 0.69

3.3.9 Tobacco smoking

Tobacco smoking is a known risk factor for cataracts. About 33% (n=4Tigipants reported
they had smoked. However, of them only 38% (n=18) were current smokeomghithe ever
smoked group, 89% reported they smoked cigarettes, 9% reported they dith&eohd 2%
reported they smokedhakkaregularly.

Participants’ were asked about their smoke inhalation praciiog¢/HMajority of participants,
who smoked, reported that they inhale smoke up to the chest (62%).

Smoker participants’ were asked about the types of tobacco producniokg generally. 28%
reported they smoke unfiltered tobacco product, 30% reported they sittekedfand 42%
reported they smoke both filtered and unfiltered tobacco products eqidable 3.0.9
summarizes participants’ smoking practices.
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Table 3.0.9 Ever vs. never smoked cigarddidi,or hukka tobacco inhalation method and mean duration
of tobacco smoking

Ever vs. never smoked Number Percentage (%)

Ever vs. never smoked

Ever smoke 47 32.64

Never smoke 97 67.36

Smoke inhalation method

Mouth only 5 10.64

Mouth and up to chest 13 27.66

Chest 29 61.70

Tobacco product mainly Mean years of smoking  Minimum and maximum
smoked (SD) years of smoking
Cigarettes 42 26.40 (12.38) 1 and 51 years
Bidis 4 18.67 (10.60) 9 and 30 years
Hukka 1 13 -

3.3.9.1 Pack years of smoking

The average number of cigarettes smoked per day was recardatl €urrent smokers. The
number of pack-years smoked was calculated as the average nuncigarettes smoked per
day multiplied by the duration (years) of smoking, and divided by 20 mddan pack-years of
smoking among smokers were 8.7, with the mean of 11 pack-yeard QSick-years). This
variable was further categorized as, 0 pack-year smai@gack-years smoked and >9 pack
years smoked. Table 3.0.10 summarizes the results.

Table 3.0.10 Pack-years of smoking

Pack years of smoking Number Percentage (%)
0 pack-years of smoking 97 67.36
>0 and<9 pack-years of smoking 24 16.67
>9 pack-years of smoking 23 15.97

3.3.10 Number of smokers in the house and relationship with participant

Participants were asked if there were other family membas smoked inside the house; 58
(40.3% of total) participants reported other family members smaks&del the house. Some
participants had two or more than two family members who smaksdei the house. This
information was combined and the total number of smokers in the housmlcakited. Table
3.0.11 summarizes the results.
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Table 3.0.11 Number of smokers in the house other than the participant

Smokers in the house and participant’s Number Percentage (%)
relationship

Participants relationship with the smoker

Husband 37 63.8
Father 5 8.62
Father-in-law 3 5.16
Mother-in-law 5 8.62
Son 3 5.16
Mother 3 5.16
Brother-in-law 2 3.44
Total number of smokers in the house

No other family member smoke 97 67.4
One family member smoke 39 27.1
Two family members smoke 6 4.17
Three family members smoke 1 0.69
Four family members smoke 1 0.69

3.3.11 Use of mosquito coil and incense indoors

Mosquito coils are generally burned indoors between March and September. Howevesgethei
is intense when the population of mosquitoes peaks, during or after the monsoon (raimy seas
In this study, 37% participants reported that they burned mosquito coils in their houses for
three months.

Incense is burned while worshipping in the morning and evening every Miority of
participants (91%) reported they burned incense indoors. The meamfrgaidourning incense
was 6.95 days (SD: 0.62 days) per week. The incense burning @raescanalyzed by religion.
About 92% of Hindus and 83% of Buddhists reported they burned incense indaguest#on
was asked about the place where they burn incense mostly. 44%ddpest burned incense in
the kitchen and 31% reported they burn incense in the bedroom. Table 3.0.1%izamtha
results.

Table 3.0.12 Burn mosquito coil and incense indoors

Burn mosquito coil and incense indoors Number Percentage (%)

Use mosquito coil

Yes 53 36.8
No 91 63.2
Burn incense indoors

Yes 131 91.0
No 13 9.03
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3.3.12 Alcohol consumption

Participants were asked if they regularly (every day) coerduaicohol. Only 7 participants
(4.86%) reported they regularly consumed alcohol. Out of these 75 @aported that they still

consume alcohol; Participants were asked their age when tdrégdsdrinking alcohol and age
when they stopped drinking. The mean age when they started drinking3wgsars (SD: 15

years) and the mean duration of drinking alcohol was 17.14 (SD: 15.77) years.

Table 3.0.13 Alcohol consumption

Ever consumed alcohol Number Percentage (%)
Yes 7 4.86
No 137 95.1

3.3.13 Diet and nutritional intake

Nutritional epidemiological studies have shown higher frequeraiesonsumption of fruits,

vegetables and meat or protein rich-diets, and milk, to be assbomth reduced risk of
cataracts. Participants were asked about their present food. sitoist 92% of participants
were non-vegetarian, and 8% were vegetarian. Among vegetariamst ane participant had
stopped eating meat or fish for more than 12 years. The meas genot eating meat or fish
was 41 years (SD: 19 years) and some were lifelong vegeta&nse frequency of
consumption of meat, milk or eggs depends on the socio-economic conditioicg)quag were

further asked a question about the frequencies of consumption of vegetadad/ish, egg and
milk. Table 3.0.14 summarizes the results.
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Table 3.0.14 Dietary practice and frequency of consumption

Dietary practice and frequency of consumption Number Percentage (%)

Vegetarian or non-vegetarian

Vegetarian 11 7.64
Non-vegetarian 133 92.4
Frequency of consumption of meat

Once per week 73 50.7
Once per month 58 40.3
Daily 1 0.69
Never 12 8.33
Frequency of consumption of egg

Once per week 46 31.9
Once per month 19 13.2
Daily 2 1.39
Never 4 2.78
Rarely 73 50.7
Consume green leafy vegetables everyday

Yes 140 97.2
No 4 2.78
Consume milk everyday

Yes 79 56.8
No 28 194
Sometimes 37 25.7

3.3.14 Exposure to sunlight and sunlight protection

Exposure to UV-B rays is a known risk factor for certain typesatdract. About 64% (n=92) of
participants reported they work outside in the sun every day for thaneone hours. The mean
duration of exposure to sun every day was 4 hours (SD: 1.90) with minamdmaximum of 1
and 8 hours, respectively. Those who reported that they work outgidiarhe were further
asked numbers of years they had been working outside. The meamfyearging outside in
the sun was 26.5 years (SD: 13.5 years) with minimum and maximeuaclofwork being 2 and
53 years.

A question was asked if they protected their eyes from sun expwostirea veil, hat or
sunglasses while working or walking outside. No one reported udiag. #lowever, 88 (61%)
particpants reported they use a veil to protect themselves, bud ¢aly8%) reported they use
sunglasses. Table 3.0.15 summarizes the results.
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Table 3.0.15 Work outside in the sun every day and protection from the UV-B exposur

Work outside in the sun every day Number Percentage (%)

and protection from UV-B exposure

Work outside in the sun every day
Yes 92 63.9
No 52 36.1

Use protection

Vell 88 61.11
Sunglass 4 2.78
No protection used 52 36.11

3.3.15 Socio-Economic status

Studies have linked cataracts with poverty. A series of questilatsddo socio-economic status
(SES) were asked to participants. The questions related taovBESannual family income in
Nepalese rupees (NRs), land ownership and means of personal ti@mepawned by the
household. Table 3.0.16 summarizes the results.

Table 3.0.16 Participants socio-economic status

Participants’ socio-economic status Number Percentage (%)

Family annual income in NRs

<25,000 29 20.14
25,000-50,000 49 34.03
50,000-100,000 39 27.08
>100,000 21 14.58
Declined to give answer 6 417

Own any land?

Yes 103 71.53
No 41 28.47
Type of personal transportation in the house

Car, jeep or van 7 4.86
Motorcycle 22 15.28
Bicycle 5 3.47
None of the above 110 76.39

Note: 3 participants who had car, jeep van also had motorcycle thus only highesf personal
transportation was kept
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Ocular Morbidities

3.3.16 Intra ocular pressure, refractive error & visual acuity

3.3.16.1 Intra ocular pressure (IOP)

The mean and standard deviation of IOP was 14.04 +2.90. The mean and standard deviation of
IOP for right and the left eyes were 14.26 £3.01 and 13.82+2.79, respectively. The mean IOP
were in the normal range (10-20 mm Hg)

3.3.16.2 Refractive error

Table 3.0.17 presents the results of prevalence of refractioe ierthe right and left eyes in
study participants. The majority of the participants had noresf refraction (emmetropia;
72.5% in the right and 75.2% in the left eye). About 16 % had far-sigtsedingpermetropia) in
the right eye and 14% in the left eye. The prevalence of myopiagigtedness) was 1.41% in
the right and 1.42% in the left eye. The prevalence of astigmatiss 10.5% in the right eye
and 9.2% in the left eye.

Table 3.0.17 Prevalence of refractive error

Refractive error type Right Eye Number (%) Left Eye Number (%)
Astigmatism 0 1(0.71%)
Astigmatism Compound 4 (2.82%) 3 (2.13%)
Hypermetropic

Astigmatism Mixed 1 (0.70%) 1 (0.71%)
Astigmatism Simple Hypermetropic 7 (4.93%) 6 (4.26%)
Astigmatism simple myopic 3(2.11%) 2 (1.42%)
Emmetropia 103 (72.5%) 106 (75.2%)
Hypermetropia 22 (15.5%) 20 (14.2%)

Myopia 2 (1.41%) 2 (1.42%)

3.3.16.3 Visual acuity

Table 3.0.18 summarizes the prevalence and range of vision loss tudiieparticipants. The
majority of participants had normal vision (55.3% in the right eye %hf% in the left eye).
Following correction, there was only a minor change in the distobwdcross the people with
normal vision but the visual acuity score (VAS) improved slighftigracorrection in people with
mild and moderate vision.
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Table 3.0.18 Visual acuity score (VAS) and prevalence of vision loss

Ranges VAS VAS
(letter count-Right eye) (letter count-Left eye)
n=141 n=142

(Near-) Range of normal vision 78 (55.3%) 85 (59.9%)

Normal vision VAS: 95-110 (20/25)

Mild vision loss 46 (32.6%) 41 (28.9%)
VAS: 75-94 (20/63)
Low vision Moderate vision loss 17 (12.1%) 16 (11.2%)
VAS: 55-74 (20/160)
Severe vision loss 0 0
VAS: 35-54 (20/400)
0 0
Profound vision loss
VAS: 15-34 (20/1000)

(Near-) Near blindness 0 0

Blindness VAS: 0-14 (20/2000)

Blindness 0 0

No perception of light
VAS=Visual Acuity Score

Ocular Opacities (Lens Opacity Classification System I[II-LOCS 1)

3.3.17 Nuclear opacity (NO)

3.3.17.1 Summary statistics of nuclear opacity scores

Figures 3.0.1 and 3.0.2 summarizes the frequencies and distribution afok&3 for right and
the left eye from scorers 1 and 2. The intra correlation of st@t@geen the right and left eyes
were slightly higher for scorer 1 than scorer 2 (correlation: @s9®.83- see table 3.0.19), but
when the scores for the right and left eyes were comparedytitedation was higher for the left
than the right eye (correlation 0.72 vs. 0.64). However, the mean difednscorers was
slightly higher for left than the right eye. See the Blantinah Plot (BAP) in table 3.0.20. The
BAP also showed that the 4.20% and 5.63% of values on the right and #énekeftiere outside
the limits of agreement. The differences between the sdayhtysincreased with the increasing
level of opacity. In terms of variability, the variance of scoses higher for scorer 1 than 2
(Pitman’sp <0.05).
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Table 3.0.19 LOCS llI- Nuclear opacity scores from scorers 1 énel123)

Moments Scorer 1 Scorer 1 Scorer 2 Scorer 2
Right Eye Left Eye Right Eye Left Eye
Mean 1.64 1.65 1.58 1.56
Standard 0.89 0.84 0.59 0.60
Deviation 0.80 0.71 0.35 0.36
Variance 1.6 1.6 1.6 1.6
Median 0 0 0.3 0
Smallest value 4.2 4.1 3.9 3.6
Largest value 0 0 0.3 0.3
1% percentile 1 1.1 1.2 1.2
25% percentile 2.3 2.1 1.9 1.8
75% percentile 3.9 3.8 3.4 34
99% percentile 0.39 0.34 0.51 0.55
Skewness 2.63 2.79 4.47 4.25
Kurtosis
Correlation (f) 0.90 0.83
t test (p value) -0.41 ( 0.68) 0.80 (0.42)

Table 3.0.21 has the descriptive statistics of combined scores effeach of the lens opacity
grades for each subject (2 eyes, 2 graders). The combined noeas was 1.61 with standard
deviation (SD) of 0.74. The distribution statistics indicated thahtioear opacity scores are not
normally distributed (skewness (p=0.00) and kurtosis (p=0.06)). Figure 3.th8 fsequency
graph of NO without transformation.
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Figure 3.0.1 Frequencies and distribution of nuclear opacity (NO)ssimoreght and the left eyes from
scorer 1

Scorer 1 Right Eye-Nuclear Opacity Scorer 1 Left Eye-Nuclear Opacity
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Figure 3.0.2 Frequencies and distribution of nuclear opacity (NO) scomgghiivand the left eyes from
scorer 2

Scorer 2 Right Eye-Nuclear Opacity Scorer 2 Left Eye-Nuclear Opacity
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Table 3.0.20 Comparison of nuclear opacity scores for right andftreyés (BAP and regression)

Scorer 1 Vs. Scorer 2 Bland Altman plot- right
Eye

Scorer 1 Vs. Scorer 2 Bland Altman plot-
Left Eye

Agreeement between scorer 1 & 2 nuclear opacity - right eye
6/143 = 4.20% outside the limits of agreement
Mean difference 0.054
95% limits of agreement (-1.295, 1.402)
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Agreeement between scorer 1 & 2 nuclear opacity - left eye
8/142 = 5.63% outside the limits of agreement
Mean difference 0.084
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Difference (scorer 1 - scorer 2)

Regression between the difference and the average score
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2 3.85
Average of scorer 1 & 2

Limits of agreement (Reference Range for
difference): -1.075to 1.243

Mean difference: 0.084 (CI -0.012 to 0.180)
Range : 0.200 to 3.850

Pitman's Test of difference in variance: r = 0.479, Pitman's Test of difference in variance: r =

n =143, p =0.000

0.467, n =142, p = 0.000
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Table 3.0.21 LOCS llI- All Nuclear opacity scores (n=571)

Moments Mean NO
Mean 1.61
Standard Deviation 0.74
Variance 0.55
Median 1.6
Smallest value 0
Largest value 4.2
1% percentile 0
25% percentile 11
75% percentile 2.0
99% percentile 3.8
Skewness 0.47
Kurtosis 3.42
Skewness/Kurtosis tests for normality

Pr (Skewness) 0.00
Pr (Kurtosis) 0.06
Adjsted Chi-square (2) 20.11
Pr Chi-square 0.00

Figure 3.0.3 Frequencies and distribution of nuclear opacity (NO) sce®&1(n
Nuclear ogsacity score-combined
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3.3.18 Nuclear color (NC)

3.3.18.1 Summary statistics of nuclear color scores

Figures 3.0.4 and 3.0.5 summarizes the frequencies and distribution e¢dx&3 for right and
the left eyes from scorers 1, and table 3.0.22 summarizes $arescores 1 and 2. The intra
correlation of scores between right and the left eyes weaghbtlglihigher for scorer 2 than 1
(correlation: 0.92 vs. 0.88) but when the scores for right and the leftvegi® compared, the
correlation was higher for the left than the right eye (0.74 vs. 0.T8g mean difference of
scores was slightly higher in the left than the right €435 vs. 0.006). The BAP showed
4.90% and 4.20% of values outside the limits of agreement on the righttaeyeke In terms of
variability, the variance of scores were similar for scdreand 2 (Pitman’'g >0.05). Table
3.0.24 has the descriptive statistics of combined scores- four of e#uoh lens opacity grades
for each subject (2 eyes, 2 graders). The combined mean scote/@agith standard deviation
(SD) of 0.76. The distribution statistics indicated that the nuaelor scores are normally
distributed (skewness (p=0.64) and kurtosis (p=0.07)). See figure 3.0.6.

Table 3.0.22 LOCS llI- Nuclear color scores from scorers 1 andI43)

Moments Scorer 1 Scorer 1 Scorer 2 Scorer 2
Right Eye Left Eye Right Eye Left Eye
Mean 1.73 1.76 1.72 1.61
Standard 0.80 0.75 0.76 0.74
Deviation 0.64 0.57 0.58 0.54
Variance 1.7 1.7 1.8 1.7
Median 0 0.1 0.2 0
Smallest value 3.8 3.9 3.7 3.7
Largest value 0.1 0.2 0.3 0.2
1% percentile 1.2 1.3 1.1 1.1
25% percentile 2.2 2.2 2.3 2.1
75% percentile 3.7 3.8 3.5 3.3
99% percentile 0.047 0.12 0.02 -0.03
Skewness 2.67 291 2.40 2.61
Kurtosis
Correlation (f) 0.88 0.92
t test (p value) -1.014 ( 0.31) 4.19 (0.00)
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Figure 3.0.4Frequencies and distribution of nuclear color (NC) scores for nghtedt eyes from
scorer 1

Scorer 1 Right Eye-Nuclear Color Scorer 1 Left Eye-Nuclear Color
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Figure 3.0.5 Frequencies and distribution of nuclear color (NC) sconagtfoand left eyes from scorer
2

Scorer 2 Right Eye-Nuclear Color Scorer 2 Left Eye-Nuclear Color
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Table 3.0.23 Comparison of nuclear color scores for right and left éB&# and regression)

Scorer 1 Vs. Scorer2 Bland Altman Graph- Scorer 1 Vs. Scorer 2 Bland Altman Graph-

Right Eye Left Eye
Agreeement between scorer 1 & 2 nuclear color - right eye Agreeement between scorer 1 & 2 nuclear color - left eye
71143 = 4.90% outside the limits of agreement 6/142 = 4.23% outside the limits of agreement
Mean difference 0.006 Mean difference 0.135
95% limits of agreement (-1.109, 1.120) 95% limits of agreement (-0.814, 1.085)
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0.071,n =143, p=0.401 n=142, p=0.505
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Table 3.0.24 LOC IlI- All nuclear color scores (n=571)

Moments Mean NC
Mean 1.70
Standard Deviation 0.76
Variance 0.58
Median 1.7
Smallest value 0
Largest value 3.9

1% percentile 0.2
25% percentile 1.2
75% percentile 2.2
99% percentile 3.7
Skewness 0.046
Kurtosis 2.67
Skewness/Kurtosis tests for normality

Pr (Skewness) 0.644
Pr (Kurtosis) 0.073
Adjsted Chi-square (2) 3.43
Pr Chi-square 0.1801

Figure 3.0.6 Frequencies and distribution of nuclear color (NC) scorggl(n=

Nuclear gplor score-combined
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3.3.19 Cortical opacity (C)

3.3.19.1 Summary statistics of cortical opacity scores

Figures 3.0.7 and 3.0.8 summarizes the frequencies and distribution cdlamtcity scores for
right and the left eyes from scorers 1 and 2, and table 3.0.25 sumsntiméz cortical opacity
scores for both eyes provided by scorers 1 and 2. The intraatmmebf scores between the
right and left eyes provided by scorers 1 and 2 were simoarefation: 0.69 vs. 0.67). Similarly
the inter correlations of scores on the same eye provided bwehscorers were also similar
(correlation: 0.76 vs. 0.77). The mean difference of scores wgglslhigher on the right
(0.169) than the left eyes (0.122). The BAP showed that 4.90% and 6.99%e @altight and
the left eyes were outside the limits of agreement. The eliféer between the scores compared
to mean did not show the increasing trend with increasing levalpatity. In terms of
variability, the variance of scores was higher for scorer 12h@itman’sp <0.05). Table 3.0.27
has the descriptive statistics of combined scores- four of eable tdns opacity grades for each
subject (2 eyes, 2 graders). The mean score was 0.95 with standatbd€SD) of 0.85. The
distribution statistics of all scores (table 3.0.27) suggestedctinital opacity scores are not
normally distributed (skewness (p=0.00) and kurtosis (p=0.00)). About 99 (4d8fgs were
zero.

Table 3.0.25 LOC IlI- Cortical opacity scores from scorers 1 and 24@)=

Moments Scorer 1 Scorer 1 Scorer 2 Scorer 2
Right Eye Left Eye Right Eye Left Eye
Mean 1.01 1.02 0.85 0.90
Standard 0.93 0.94 0.79 0.74
Deviation 0.86 0.88 0.62 0.54
Variance 0.9 1.0 0.7 0.8
Median 0 0 0 0
Smallest value 3.8 3.9 3.2 3.1
Largest value 0 0 0 0
1% percentile 0 0.2 0.2 0.3
25% percentile 1.7 1.6 13 1.7
75% percentile 3.1 3.4 3.2 3.1
99% percentile 0.65 0.79 1.05 1.04
Skewness 2.61 2.99 3.56 3.69
Kurtosis
Correlation (f) 0.69 0.67
t test (p value) -0.08 ( 0.94) -0.98 (0.33)
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Figure 3.0.7 Frequencies and distribution of cortical opacity scoragliband left eyes from scorer 1

Scorer 1 Right Eye-Cortical Opacity Scorer 1 Left Eye-Cortical Opacity
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Figure 3.0.8 Frequencies and distribution of cortical opacity scoregfibiand left eyes from scorer 2
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Table 3.0.26 Comparison of cortical opacity scores for right dheyles (BAP and regression)

Scorer 1 Vs. Scorer 2 Regression Graph-Right  Scorer 1 Vs. Scorer 2 Regression Graph-Left

Eye Eye
Agreeement between scorer 1 & 2 cortical pacity - right eye Agreement between scorer 1 & 2 cortical opacity - left eye
7/143 = 4.90% outside the limits of agreement 10/143 = 6.99% outside the limits of agreement
Mean difference 0.169 Mean difference 0.122
95% limits of agreement (-1.016, 1.353) 95% limits of agreement (-1.054, 1.298)
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Pitman's Test of difference in variance: r = 0.249Ritman's Test of difference in variance: r =
=143, p = 0.003 0.353, n = 143, p = 0.000
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Table 3.0.27 Table 25 LOC IlI- All cortical opacity scores (n=571)

Moments Mean cortical opacity
Mean 0.95
Standard Deviation 0.85
Variance 0.73
Median 0.80
Smallest value 0
Largest value 3.9
1% percentile 0.0
25% percentile 0.2
75% percentile 1.4
99% percentile 3.2
Skewness 0.89
Kurtosis 3.20
Skewness/Kurtosis tests for normality

Pr (Skewness) 0.000
Pr (Kurtosis) 0.000
Adjsted Chi-square (2) 47.43
Pr Chi-square 0.000

Figure 3.0.9 Frequencies and distribution of cortical opacity (C) scorBg{p=

. Cortical opacity score-combined
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3.3.20 Posterior sub-capsular opacity (P)

3.3.20.1 Summary statistics of posterior sub-capsular opacity (P) scores

Figures 3.0.10 and 3.0.11 summarize the frequencies and distribution afopagib-capsular
(P) scores for right and the left eyes from scorers 1 andh@.table 3.0.28 summarizes the
posterior sub-capsular opacity scores for both eyes provided sscand 2. The scorers’ intra
correlation of scores between right and the left eyes werkentigrdifferent (correlation: 0.57
vs. 0.73). Similarly the inter correlations of scores between agtitthe left eyes on the same
participants provided by scorers were 0.67 and 0.50. The mean differ@ihsesres were
comparable between two scores. The BAP showed 6.29% and 6.99 % oforathesright and
left eyes outside the limits of agreement. In terms of vditygbthe variance of scores was
higher for scorer 1 than 2 (Pitmangs0.05). The combined mean opacity score of posterior sub-
capsular in the study participants was 0.22 with standard deviaf®nof®.46. Table 3.0.30
provides summary statistics of the combined score. The distribuéitstiss of all scores (table
3.0.30) - four of each of the lens opacity grades for each subjege$2 2 graders) suggests that
posterior sub-capsular opacity scores are not normally distlib{sieewness (p=0.00) and
kurtosis (p=0.00)). See figure 3.0.12. About 291 (51%) scores were zero.

Table 3.0.28 LOC IlI- Posterior sub-capsular opacity (P) scovesdgcorers 1 and 2 (n=143)

Moments Scorer 1 Scorer 1 Scorer 2 Scorer 2
Right Eye Left Eye Right Eye Left Eye

Mean 0.17 0.22 0.21 0.27

Standard 0.48 0.55 0.36 0.42

Deviation 0.23 0.30 0.13 0.17

Variance 0 0 0.1 0.1

Median 0 0 0 0

Smallest value 3.7 3.5 2.9 2.7

Largest value 0 0 0 0

1% percentile 0 0 0 0

25% percentile 0.1 0.1 0.3 0.3

75% percentile 2.4 2.6 1.8 2.0

99% percentile 455 3.50 4.10 2.93

Skewness 27.18 16.09 26.74 13.59

Kurtosis

Correlation (f) 0.57 0.73

t test (p value) -1.1384 (0.26) -2.261 (0.03)
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Figure 3.0.10 Frequencies and distribution of posterior sub-capBlilsedres for right and left eyes
from scorer 1

Scorer 1 Right Eye-Posterior Sub-capsular Opacity Scorer 1 Left Eye-Posterior Sub-capsular Opacity
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Figure 3.0.11 Frequencies and distribution of posterior sub-capspiuafes for right and left eyes
from scorer 2

Scorer 2 Right Eye-Posterior Sub-capsular Opacity Scorer 2 Left Eye-Posterior Sub-capsular Opacity
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Table 3.0.29 Comparison of posterior sub-capsular (P) for right areyéef (BAP and regression)

Scorer 1 Vs. Scorer2 Bland Altman Graph-

Ri

ght Eye

Scorer 1 Vs. Scorer 2 Bland Altman Graph-
Left Eye

Agreement between scorer 1 & 2 posterior sub-capsular opacity - right eye

9/143 = 6.29% outside the limits of agreement
Mean difference -0.039
95% limits of agreement (-0.743, 0.664)

Agreement between scorer 1 & 2 posterior sub-capsular opacity - left ey

10/143 = 6.99% outside the limits of agreement
Mean difference -0.048
95% limits of agreement (-1.021, 0.926)
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Limits of agreement (Reference range for
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difference): -1.041 to 0.946

Mean difference: -0.039 (CI -0.099 to 0.020) Mean difference: -0.048 (Cl -0.130 to 0.035)
Range : 0.000 to 3.300 Range : 0.000to 3.100

Pitman's Test of difference in variance: r = 0.37Bjtman's Test of difference in variance: r = 0.308,
n =143, p =0.000 n =143, p =0.000
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Table 3.0.30 LOC IlI- All posterior sub-capsular (P) scores (n=571)

Moments Mean cortical opacity
Mean 0.22
Standard Deviation 0.46
Variance 0.21
Median 0.00
Smallest value 0
Largest value 3.7
1% percentile 0.0
25% percentile 0.0
75% percentile 0.2
99% percentile 24
Skewness 3.85
Kurtosis 21.13
Skewness/Kurtosis tests for normality

Pr (Skewness) 0.000
Pr (Kurtosis) 0.000
Adjsted Chi-square (2) )

Pr Chi-square 0.000

Figure 3.0.12 Frequencies and distribution of posterior sub-capspkuofies (n=571)

ro1 Posterior sub-capsular opacity score-combined

Frequency

19,3 > -
% 674 2 2 11 1 1 101

T T
1.21.41.61.8 2 2.22.42.62.8 3 3.23.43.63.8 4 4.24.4
Opacity score

o
N -
~
o -
0 -
-
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3.3.21 Opacity risk factor modeling

3.3.21.1 Potential confounders’ selection criteria for the multivaate model

Summarization of causal links via graphs or diagrams has long beerasian informal aid in
epidemiological studies to identify potential confounders [72]. Results of epildgical studies
show that besides biomass-fuel smoke, tobacco smoking, sunlight expadoodol
consumption, lack of antioxidants and dietary factors, age, rurakresidoccupation could be
risk factors for lens opacity or cataracts. Figure | providengple graph of possible confounders
in the study of association between biomass fuel smoke exposursskd lens opacity. It is
unlikely that it shows all the possible associations between potential riskstactor

Figure | Factors associated with the risk of formation of cataract

Alcohol consumption > antioxidant/nutrition
T Tobacco smoke
Socio Economic Statué Sun exposur

- Lack of Ventilation\

Solid-fuel-unimproved stove > Lens opacity (Cataract)
(Biomass fuel smoke,

Rural Residenc Age

In the case of an association between biomass fuel smoke andpkerisy, socio-economic
status (SES) including literacy and area of residency, occupatiposure to sunlight, lack of
antioxidants or nutrition and tobacco smoking (directly or through $B6)d confound the
relationship and may need to be considered. For example, SES could mfloenuse of cleaner
burning fuel, such as liquefied petroleum gas (LPG) or biogas, cechpdth biomass fuel and
also the tobacco consumption. Area of residency could play an impat@aikecause, compared
with urban residents; rural residents may not have easy accelsaher burning fuels. Rural
residents on the other hand may have easy access to unprocessad-based fuels and thus
may use these fuels more frequently. But biogas is an éxegpecause this is more commonly
used in rural areas than in urban areas of developing countriegpdiion could play an
important role in the pathogenesis of cataract, if a person’s iwarlostly outdoors or on farm
land, leading to less smoke and more ultraviolet light exposure. Tugsipation could
potentially confound the relationship between biomass fuel smoke expamsdirask of lens
opacity or cataracts. Another important risk factor for catdoamation is lack of antioxidants,
which can make people susceptible to oxidative damage. Lack of datidsicould also be
indirectly or directly related to SES of people. Alcohol consumptiortherother hand, may not
play a direct role in the pathogenesis of cataract but it coploress the antioxidant capabilities
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of people, provoking oxidative damage. Age and tobacco smoke can independeetigartbe
risk of cataract through duration of exposure and through suppressiotioxidant capabilities.
Thus, these exposures were considered as potential covariateotdrbed in the risk models
for the association between exposures to biomass fuel smoke amgeity. However, before
running a risk model, the prevalence of lens opacity and the disbrbotimean opacity across
confounders/covariates were examined to further determine covdhatesgnificantly affected
the mean opacity scores.

3.3.21.2 Prevalence of lens opacity by exposure variables

Tables 3.0.31 to 3.0.37 summarizes the prevalence of lens opacity byresef residency,
current main fuel stove, tobacco smoking and alcohol consumption habity hetatice and
work in the sunlight for more than one hour every day. The preval@hother covariates
including other sources of indoor air pollution (use of mosquito coil arehg®) and socio-
economic indicators are presented in Annex 3.6 (tables B.0.1 and B.0.2). Thersumtables
represents four of each of the lens opacity grades for each participgas(2 graders).
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Table 3.0.31 Prevalence of lens opacity by age group in years (% incageagid row total %)

2

Scores Age group in years x
( p value)

20-29 >29-<=39 >39-<=49 >49-<=59 >59
Nuclear
Opacity
0 2 (4.55%) 2 (1.43%) 1 (0.57%) 0 (0.00%) 0 (0.00%) 246.13
>0<0.9 26 (59.09%) 27 (19.29%) 24 (13.64%) 12 (8.82%) 0 (0.00%) (0.00)
>0.9-<1.9 16 (36.36%) 97 (69.29%) 131 (74.43%) 63 (46.32%) 20 (26.32%)
>1.9-<2.9 0 (0.00%) 14 (10.00%) 19 (10.80%) 41 (30.15%) 45 (59.21%)
>2.9 0 (0.00%) 0 (0.00%) 1 (0.57%) 20 (14.71%) 11 (14.47%)
Total 44 140 176 136 76
Nuclear
color
0 1(2.27%) 0 (0.00%) 1 (0.57%) 0 (0.00%) 0 (0.00%) 400.88
>0<0.9 35 (79.55%) 43 (30.71%) 15(8.52%) 7 (5.15%) 0 (0.00%) (0.00)
>0.9-<1.9 8 (18.18%) 91 (65.00%) 115 (65.34%) 41 (30.15%) 2 (2.63%)
>1.9-<2.9 0 (0.00%) 6 (4.29%) 44 (25.00%) 73 (53.68%) 57 (75.00%)
>2.9 0 (0.00%) 0 (0.00%) 1 (0.57%) 15 (11.03%) 17 (22.37%)
Total 44 140 176 136 76
Cortical
0 10 (22.73%) 28 (20.00%) 38 (21.59%) 12 (8.82%) 11 (14.47%) 111.24
>0<0.9 28 (63.64%) 65 (46.43%) 69 (39.20%) 36 (26.47%) 23 (30.26%) (0.00)
>0.9-<1.9 6 (13.64%) 46 (32.86%) 59 (33.52%) 52 (38.24%) 18 (23.68%)
>1.9-<2.9 0 (0.00%) 1 (0.71%) 10 (5.68%) 22 (16.18%) 18 (23.68%)
>2.9 0 (0.00%) 0 (0.00%) 0 (0.00%) 14 (10.29%) 6 (7.89%)
Total 44 140 176 136 76
Posterior
sub-capsular
0 35 (79.55%) 74 (52.86%) 95 (53.98%) 56 (41.18%) 31 (40.79%) 55.68
>0<0.9 9 (20.45%) 63 (45.00%) 75 (42.61%) 65 (47.61%) 34 (44.74%) (0.00)
>0.9-<1.9 0 (0.00%) 2 (1.43%) 6 (3.41%) 7 (5.15%) 10 (13.16%)
>1.9-<2.9 0 (0.00%) 1 (0.71%) 0 (0.00%) 5 (3.68%) 1(1.32%)
>2.9 0 (0.00%) 0 (0.00%) 0 (0.00%) 3 (2.21%) 0 (0.00%)
Total 44 140 176 136 76
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Table 3.0.32 Prevalence of lens opacity by area of residency and |éteiaafy

Scores Area of residency Literacy

Rural Urban & ¥* (p value) Canread and Cannotread y°

Peri-urban write and write ( p value)

Nuclear
Opacity
0 2 (2.50%) 3 (0.61%) 13.73 (0.01) 4 (1.39%) 1 (0.35%) 55.65
>0<0.9 20 (25.00%) 69 (14.02%) 61 (21.18%) 28 (9.86%) (0.00)
>0.9-<1.9 42 (52.50%) 285 (57.93%) 178 (61.18%) 149 (52.46%)
>1.9-<2.9 16 (20.00%) 103 (20.93%) 45 (15.63%) 74 (26.06%)
>2.9 0 (0.00%) 32 (6.50%) 0 (0.00%) 32 (11.27%)
Total 80 492 288 284
Nuclear
color
0 0 (0.00%) 2 (0.41%) 12.26 (0.02) 0 (0.00%) 2 (0.70%) 58.86
>0<0.9 20 (25.00%) 80 (16.26%) 71 (24.65%) 29 (10.21%) (0.00)
>0.9-<1.9 42 (52.50%) 215 (43.70%) 150 (52.08%) 107 (37.68%)
>1.9-<2.9 18 (22.50%) 162 (32.93%) 61 (21.18%) 119 (41.90%)
>2.9 0 (0.00%) 33 (6.71%) 6 (2.08%) 27 (9.51%)
Total 80 492 288 284
Cortical
0 8 (10.00%) 91 (18.50%) 3.89(0.42) 56 (19.44%) 43 (15.14%) 24.39
>0-<0.9 33 (41.25%) 188 (38.21%) 122 (42.36%) 99 (34.86%) (0.00)
>0.9-<1.9 27 (33.75%) 154 (31.30%) 93 (32.29%) 88 (30.99%)
>1.9-<29 8(10.00%) 43 (8.74%) 14 (4.86%) 37 (13.03%)
>2.9 4 (5.00%) 16 (3.25%) 3 (1.04%) 17 (5.99%)
Total 80 492 288 284
Posterior

sub-capsular

0

>0<0.9
>0.9-<1.9
>1.9-<2.9
>2.9

Total

45 (56.25%)
35 (43.75%)
0 (0.00%)

0 (0.00%)

0 (0.00%)
80

246 (50.00%) 6.23 (0.18)

211 (42.89%)
25 (5.08%)

7 (1.42%)

3 (0.61%)
492

160 (55.56%)
116 (40.28%)
10 (3.47%)

2 (0.69)

0 (0.00%)
288

131 (46.13%) 8.95
130 (45.77%) (0.06)
15 (5.28%)

5 (1.76%)

3 (1.06%)

284
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Table 3.0.33 Prevalence of lens opacity by present cooking fuel stove

Scores Present cooking fuel stove v’ (p value
Biomass fuel stove Kerosene fuel stove  Gaseous fuel stove

Nuclear

Opacity

0 3 (1.32%) 0 (0.00%) 2 (0.62%) 13.05

>0<0.9 28 (12.28%) 3 (15.00%) 58 (17.90%) (0.11)

>0.9-<1.9 133 (58.3%) 9 (45.00%) 185 (57.10%)

>1.9-<2.9 53(23.25%) 4 (20.00%) 62 (19.14%)

>2.9 11 (4.82%) 4 (20.00%) 17 (5.25%)

Total 228 20 324

Nuclear

color

0 2 (0.88%) 0 (0.00%) 0 (0.00%) 19.14

>0<0.9 48 (21.05%) 0 (0.00%) 52 (16.05%) (0.01)

>0.9-<1.9 104 (45.61%) 6 (30.00%) 147 (45.37%)

>1.9-<2.9 66 (28.95%) 11 (55.00%) 103 (31.79%)

>2.9 8 (3.51%) 3 (15.00%) 22 (6.79%)

Total 228 20 324

Cortical

0 37 (16.23%) 5 (25.00%) 57 (17.59%) 5.22

>0<0.9 91 (39.91%) 9 (45.00%) 121 (37.35%) (0.73)

>0.9-<1.9 77 (33.77%) 3 (15.00%) 101 (31.17%)

>1.9-<2.9 16 (7.02%) 2 (10.00%) 33 (10.19%)

>2.9 7 (3.07%) 1 (5.00%) 12 (3.70%)

Total 228 20 324

Posterior

sub-capsular

0 123 (53.95%) 5 (25.00%) 163 (50.31%) 102.71

>0<0.9 97 (42.54%) 6 (30.00%) 142 (43.83%) (0.00)

>0.9-<1.9 5 (2.19%) 4 (20.00%) 16 (4.94%)

>1.9-<29 3 (1.32%) 2 (10.00%) 3 (0.93%)

>2.9 0 (0.00%) 3 (15.00%) 0 (0.00%)

Total 228 20 324
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Table 3.0.34 Prevalence of lens opacity by ever smoked cigdiditer hukkaand alcohol consumption

Scores Ever smoked cigarettepidi or hukka?  Alcohol consumption

Never Ever v* (p value) Never Ever v

( p value)

Nuclear
Opacity
0 4 (1.04%) 1(0.53%) 23.46 (0.00) 5 (0.92%) 0 (0.00%) 0.89
>0<0.9 71 (18.49%) 18 (9.57%) 84 (15.44%) 5 (17.86%) (0.93)
>0.9-<1.9 230 (59.90%) 97 (51.60%) 312 (57.35%) 15 (53.57%)
>1.9-<29 63(16.41%) 56 (29.79%) 112 (20.59%) 7 (25.00%)
>2.9 16 (4.17%) 16 (8.51%) 31(5.70%) 1(3.57%)
Total 384 188 544 28
Nuclear
color
0 0 (0.00%) 2 (1.06%)  49.96 (0.00) 2 (0.37%) 0 (0.00%) 7.62
>0<0.9 82 (21.35%) 18 (9.57%) 96 (17.65%) 4 (14.29%) (0.11)
>0.9-<1.9 193 (50.26%) 64 (34.04%) 248 (45.59%) 9 (32.14%)
>1.9-<2.9 97 (25.26%) 83 (44.15%) 165 (30.33%) 15 (53.57%)
>2.9 12 (3.13%) 21 (11.17%) 33 (6.07%) 0 (0.00%)
Total 384 188 544 28
Cortical
0 70 (18.23%) 29 (15.43%) 30.67 (0.00) 95 (17.46%) 4 (14.29%) 8.03
>0-<0.9 167 (43.49%) 54 (28.72%) 216 (39.71%) 5(17.86%) (0.09)
>0.9-<1.9 118 (30.73%) 63 (33.51%) 166 (30.51%) 15 (53.57%)
>1.9-<29 22 (5.73%) 29 (15.43%) 48 (8.82%) 3 (10.71%)
>2.9 7 (1.82%) 13 (6.91%) 19 (3.49%) 1 (3.57%)
Total 384 188 544 28
Posterior
sub-capsular
0 195 (50.78%) 96 (51.06%) 11.73 (0.02) 280 (51.47%) 11 (39.29%) 7.99
>0<0.9 173 (45.05%) 73 (38.83%) 233 (42.83%) 13 (46.43%) (0.09)
>0.9-<1.9 13 (3.39%) 12 (6.38%) 21 (3.86%) 4 (14.29%)
>1.9-<29 3(0.78%) 4 (2.13%) 7 (1.29%) 0 (0.00%)
>2.9 0 (0.00%) 3 (1.60%) 3 (0.55%) 0 (0.00%)
Total 384 188 544 28
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Table 3.0.35 Prevalence of lens opacity by ever work outside in the sun >dafigand land

ownership
Scores Work outside in the sun >1 hour daily  Land ownership

Yes No v’ (p value) Yes No v

(p value)

Nuclear
Opacity
0 5 (1.36%) 0 (0.00%) 10.53 (0.03) 5 (1.23%) 0 (0.00%) 9.74
>0<0.9 46 (12.50%) 43 (21.08%) 70 (17.16%) 19 (11.59%) (0.05)
>0.9-<1.9 218 (59.24%) 109 (53.43%) 230 (56.37%) 97 (59.15%)
>1.9-<2.9 80(21.74%) 39 (19.12%) 86 (21.08%) 33 (20.12%)
>2.9 19 (5.16%) 13 (6.37%) 17 (4.17%) 15 (9.15%)
Total 368 204 408 164
Nuclear
color
0 2 (0.54%) 0 (0.00%) 6.81 (0.15) 1 (0.25%) 1(0.61%) 1.95
>0<0.9 65 (17.66%) 35 (17.16%) 73 (17.89%) 27 (16.46%) (0.75)
>0.9-<1.9 171 (46.47%) 86 (42.16%) 187 (45.83%) 70 (42.68%)
>1.9-<2.9 115 (31.25%) 65 (31.86%) 126 (30.88%) 54 (32.93%)
>2.9 15 (4.08%) 18 (8.82%) 21 (5.15%) 12 (7.32%)
Total 368 204 408 164
Cortical
0 66 (17.93%) 33(16.18%) 1.83(0.77) 61 (14.95%) 38 (23.17%) 6.80
>0-<0.9 142 (38.59%) 79 (38.73%) 160 (39.22%) 61 (37.20%) (0.15)
>0.9-<1.9 119 (32.34%) 62 (30.39%) 137 (33.58%) 44 (26.83%)
>1.9-<2.9 30(8.15%) 21 (10.29%) 37 (9.07%) 14 (8.54%)
>2.9 11 (2.99%) 9 (4.41%) 13(3.19%) 7 (4.27%)
Total 368 204 408 164
Posterior
sub-capsular
0 188 (51.09%) 103 (50.49%) 2.07 (0.72) 216 (52.94%) 75 (45.73%) 12.26
>0<0.9 156 (42.39%) 90 (44.12%) 174 (42.65%) 72 (43.90%) (0.02)
>0.9-<1.9 17 (4.62%) 8 (3.92%) 14 (3.43%) 11 (6.71%)
>1.9-<2.9 4 (1.09%) 3 (1.47%) 4 (0.98%) 3 (1.83%)
>2.9 3 (0.82%) 0 (0.00%) 0 (0.00%) 3 (1.83%)
Total 368 204 408 164
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Table 3.0.36 Prevalence of lens opacity by dietary habits

Scores Vegetarian vs. non-vegetarian ¥ (p value)
Vegetarian Non-vegetarian

Nuclear

Opacity

0 0 (0.00%) 5 (0.95%) 13.26 (0.01)

>0<0.9 2 (4.55%) 87 (16.48%)

>0.9-<1.9 21 (47.73%) 306 (57.95%)

>1.9-<29 16 (36.36%) 103 (19.51%)

>2.9 5 (11.36%) 27 (5.11%)

Total 44 528

Nuclear

color

0 0 (0.00%) 2 (0.38%) 24.63 (0.00)

>0<0.9 1 (2.27%) 99 (18.75%)

>0.9-<1.9 12 (27.27%) 245 (46.40%)

>1.9-<29 25 (56.82%) 155 (29.36%)

>2.9 6 (13.64%) 27 (5.11%)

Total 44 528

Cortical

0 8 (18.18%) 91 (17.23%) 10.14 (0.04)

>0<0.9 13 (29.55%) 208 (39.39%)

>0.9-<1.9 22 (50.00%) 159 (30.11%)

>1.9-<29 1(2.27%) 50 (9.47%)

>2.9 0 (0.00%) 20 (3.79%)

Total 44 528

Posterior

sub-capsular

0 20 (45.45%) 271 (51.33%) 3.38 (0.50)

>0<0.9 19 (43.18%) 227 (42.99%)

>0.9-<1.9 4 (9.09%) 21 (3.98%)

>1.9-<29 1(2.27%) 6 (1.14%)

>2.9 0 (0.00%) 3 (0.57%)

Total 44 528
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Table 3.0.37 Prevalence of lens opacity by annual family income in NagaieR (NRs)

Scores Family annual income in NRs. X
( p value

NRs. NRs. 25,000- NRs.50,000- NRs. Refused to

<=25,000 50,000 100,000 >100,000 answer
Nuclear
Opacity
0 4 (3.45%) 1 (0.52%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 44.62
>0<0.9 16 (13.79%) 29 (15.10%) 25 (16.03%) 18 (21.43%) 1 (4.17%) (0.00)
>0.9-<1.9 54 (46.55%) 114 (59.38%) 95 (60.90%) 52 (61.90%) 12 (50.00%)
>1.9-<29 27 (23.28%) 40 (20.83%) 31(19.87%) 10 (11.90%) 11 (45.83%)
>2.9 15 (12.93%) 8 (4.17%) 5 (3.21%) 4 (4.76%) 0 (0.00%)
Total 116 192 156 84 24
Nuclear
color
0 0 (0.00%) 2 (1.04%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 12.22
>0<0.9 18 (15.52%) 37 (19.27%) 26 (16.67%) 15 (17.86%) 4 (16.67%) (0.73)
>0.9-<1.9 47 (40.52%) 81 (42.19%) 81 (51.92%) 37 (44.05%) 11 (45.83%)
>1.9-<2.9 42 (36.21%) 61 (31.77%) 42 (26.92%) 26 (30.95%) 9 (37.50%)
>2.9 9 (7.76%) 11 (5.73%) 7 (4.49%) 6 (7.14%) 0.00

(0.00%)
Total 116 192 156 84 24
Cortical
0 14 (12.07%) 41 (21.35%) 29 (18.59%) 12 (14.29%) 3 (12.50%) 28.59
>0<0.9 43 (37.07%) 74 (38.54%) 58 (37.18%) 36 (42.86%) 10 (41.67%) (0.03)
>0.9-<1.9 41 (35.34%) 54 (28.13%) 58 (37.18%) 21 (25.00%) 7 (29.17%)
>1.9-<29 11(9.48%) 19 (9.90%) 10 (6.41%) 7 (8.33%) 4 (16.67%)
>2.9 7 (6.03%) 4 (2.08%) 1 (0.64%) 8 (9.52%) 0.00
(0.00%)

Total 116 192 156 24
Posterior
sub-
capsular
0 62 (53.45%) 88 (45.83%) 84 (53.85%) 42 (50.00%) 15 (62.50%) 21.61
>0<0.9 49 (43.24%) 91 (47.40%) 67 (42.95%) 31 (36.90%) 8(33.33%) (0.16)
>0.9-<1.9 4 (3.45%) 8 (4.17%) 3 (1.92%) 9 (10.71%) 1 (4.37%)
>1.9-<2.9 1(0.86%) 2 (1.04%) 2 (1.28%) 2 (2.38%) 0 (0.00%)
>2.9 0 (0.00%) 3 (1.56%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Total 116 192 156 84 24
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3.3.21.3 Analysis of Variance (ANOVA)

Table 3.0.38 presents the mean opacity scores by potential confounders for tleeé type
opacities and nuclear color. Appendix 3.6 has ANOVA results (tables B.0.3-B.0.5)dor ot
exposure and potential confounders (environmental tobacco smoke, frequencies of mead, fis
milk consumption) and sunlight protection.

Table 3.0.38 Analysis of variance (ANOVA apd&alues) between main exposure and potential
confounders and lens opacity

Independent
variables

Dependent Variables : mean opacity score (standard deviation)

Exposure variables Nuclear Opacity Nuclear Color Cortical Opacity  Posterior sub-

(NO) (NC) (© capsular Opacity
(P)

Age in years
20-29 0.75 (0.45) * 0.58 (0.38)* 0.48 (0.47)* 0.03 (0.06)*
>29 -<39 1.35 (0.53) 1.18 (0.46) 0.65 (0.56) 0.15 (0.30)
>39 -<49 1.43 (0.51) 1.64 (0.48) 0.76 (0.68) 0.15 (0.27)
>49 -<59 1.94 (0.80) 2.17 (0.63) 1.42 (0.98) 0.36 (0.69)
>59 2.39 (0.62) 2.65 (0.39) 1.33 (1.05) 1.33 (1.05)
Residence locality
Rural 1.39(0.63) * 1.46 (0.67)* 0.92 (0.85) 0.12 (0.18)*
Urban and Peri- 1.64 (0.75) 1.74 (0.77) 1.09 (0.86) 0.23 (0.49)
urban
Tobacco smoking
Never 1.50 (0.72) * 1.55 (0.71)* 0.81 (0.75)* 0.18 (0.35)*
Ever 1.82 (0.75) 2.02 (0.77) 1.22 (0.97) 0.30 (0.61)
Pack years of
smoking
0 1.50 (0.72)* 1.55 (0.71)* 0.81 (0.75)* 0.18 (0.35)*
>0 & <9 pack-years 1.69 (0.73) 1.90 (0.74) 1.21 (0.89) 0.20 (0.40)
>9 pack-years 1.96 (0.75) 2.15 (0.78) 1.23 (1.05) 0.41 (0.76)

*F-statistics for one-way ANOVA significant at p<0.05
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Table 3.0.38 contd. Analysis of variance (ANOVA and p values) betma@nexposure and potential

confounders and lens opacity

Independent
variables

Dependent Variables : mean opacity score (standard deviation)

Present cooking fuel Nuclear Opacity Nuclear Color

stove (NO) (NC) (©) capsular Opacity
P)

Biomass fuel stove 1.63 (0.65) * 1.60 (0.72)* 0.92 (0.84) 0.16 (0.34)*

Kerosene fuel stove 2.06 (1.01) 2.27 (0.77) 0.80 (1.03) 0.96 (1.28)

Gaseous fuel stove 1.56 (0.77) 1.74 (0.78) 0.98 (0.85) 0.21 (0.40)

Heating fuel in the

house

Wood 1.58 (0.68) * 1.64 (0.69)* 0.94 (0.84) 0.21 (0.47)

No heating fuel used 1.65 (0.83) 1.79 (0.86) 0.95 (0.88) 0.23 (0.44)

Ventilation in the

kitchen

Fully ventilated 1.62 (0.71) 1.74 (0.72)* 0.93 (0.87) 0.21 (0.40)

kitchen

Unventilated kitchen 1.57 (0.85) 1.56 (0.89) 0.99 (0.81) 0.26 (0.62)

Source of light

Electricity & solar  1.62 (0.74)* 1.72 (0.76)* 0.95 (0.86) 0.22 (0.46)

lamp

Kerosene lamp 1.08 (0.52) 0.61 (0.15) 0.86 (0.66) 0.18 (0.24)

Work outside in the

sun >1 hour daily

Yes 1.64 (0.70) 1.78 (0.84) 0.91 (0.83) 0.22 (0.49)

No 1.55 (0.82) 1.66 (0.72) 1.00 (0.89) 0.21 (0.40)

Nutritional status

Vegetarian 2.02 (0.63) * 2.16 (0.52)* 0.93 (0.64) 0.34 (0.54)

Non-vegetarian 1.57 (0.74) 1.67 (0.77) 0.95 (0.87) 0.21 (0.45)

Alcohol

consumption

Never 1.61 (0.75) 1.69 (0.77) 0.93 (0.85)* 0.21 (0.46)

Ever 1.64 (0.60) 1.90 (0.65) 1.30 (0.86) 0.33(0.47)

Burn mosquito coil

indoors

Yes 1.55 (0.73) 1.50 (0.78)* 0.74 (0.68)* 0.21 (0.51)

No 1.64 (0.75) 1.83 (0.73) 1.06 (0.92) 0.23 (0.43)

Cortical Opacity

Posterior sub-

*F-statistics for one-way ANOVA significant at p<0.05
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Table 3.0.38 contd. Analysis of variance (ANOVA and p values) betwaenerposure and potential
confounders and lens opacity

Independent
variables

Dependent Variables : mean opacity score (standard deviation)

Exposure variables

Burn incense
indoors

Yes

No

Socio-economic
variables

Level of literacy
Can read and write
Cannot read and
write

Present occupation
Farming on own
land & Agriculture
labor

Non agriculture
labor

Government

services, commerce

and business and

teacher and student

Housewife

Family annual
income in NRs

Rs. <=25,000

Rs. 25,000-50,000
Rs.50,000-100,000
Rs. >100,000

Refused to answer

Land ownership
Yes
No

Nuclear Opacity Nuclear Color

(NO)

1.58 (0.72)*
1.89 (0.90)

1.39 (0.63) *

1.84 (0.78)

1.69 (0.64) *

1.48 (1.05)

1.25 (0.72)

1.69 (0.75)

1.73 (0.89)

1.61 (0.68)
1.53 (0.68)
1.52 (0.81)
1.83 (0.50)

1.56 (0.72) *

1.74 (0.78)

(NC)

1.68 (0.75)*
1.90 (0.89)

1.46 (0.68)*
1.93 (0.77)

1.75 (0.71)*

1.23 (0.98)

1.42 (0.80)

1.82 (0.73)

1.79 (0.81)

1.66 (0.79)
1.66 (0.67)
1.80 (0.85)
1.62 (0.56)

1.68 (0.74)
1.77 (0.81)

Cortical Opacity

(©)

0.91 (0.82)*
1.27 (1.06)

0.78 (0.70)*
1.12 (0.95)

0.97 (0.83)

0.36 (0.48)

1.04 (0.85)

0.96 (0.89)

1.09 (0.93)

0.88 (0.83)
0.88 (0.73)
1.01 (0.97)
0.97 (0.88)

0.98 (0.84)
0.87 (0.89)

Posterior sub-
capsular Opacity

(P)

0.20 (0.43)*
0.45 (0.63)

0.18 (0.35)*
0.30 (0.54)

0.20 (0.40)*

0.51 (1.14)

0.19 (0.32)

0.21 (0.40)

0.19 (0.36)

0.25 (0.54)
0.16 (0.35)
0.32 (0.53)
0.18 (0.39)

0.17 (0.34)*
0.33 (0.65)

*F-statistics for one-way ANOVA significant at p<0.05
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3.3.21.4 Multivariate least square and ordered logistic regression

By including all 4 opacity scores- four of each of the lens ¢opagades for each subject and
using known confounders of cataracts (exposure to heating fuel stolbieco smoking, dietary
practice, alcohol consumption, exposure to sunlight, area of residadchitexracy) and other
covariates that affected the mean opacity scores for partitgge of opacity in ANOVA test
(table 3.0.38), a multivariate regression models (ordinary leastrescand ordered logistic
regression) were constructed with the cluster option. In additiorgaveriate-land ownership
was included in all models as it is a proxy of socio-econotatas and exposure to sun light but
the covariate-main source of light was not included in the model gstenl participants
reported they burned kerosene wick lamp. Similarly years obub®omass, and kerosene fuel
stove from the age of active cooking till she stopped cooking ffiicgeant had stopped cooking
during the time of interview) were categorized into three 2@sybands and investigated the
exposure response relationships. The exposure response relationshipwerdeddjusted by all
covariates adjusted in the main models. Results of least squaesgien, ordered logistic
regression and exposure response relationship are presented i3 @23@s- 3.0.46 by opacity
types.

3.3.21.4.1 Regression models for nuclear opacity (NO) in women in Pokhara, Nepal

Table 3.0.39 Multivariate regression results for fuel uselation to nuclear opacity (NO) in continuous
and ordered scale in women in Pokhara, Nepal

Variable Adjusted linear regression  Adjusted OR with ordered
with robust SE (95% CI)  logistic regression and robust

SE (95% Cl)

Present cooking fuel

Gas - -

Biomass 0.164 (0.000 ;0.329) 1.759 (1.01;3.067)
Kerosene 0.138 (-0.615;0.891) 1.069 (0.103;11.064)
Heating fuel

No heating fuel used or electricity
Biomass

Pack-years of smoking
0 pack-years

0 -<9 pack-years

>9 pack-years

Burn incense indoors
No

Yes

Literacy

Can read and write
Cannot read and write
Residence locality
Urban

Rural

0.005 (-0.015:0.024)

-0.120 (-0.356;0.116)
0.032 (-0.296:0.360)

-0.001 (-0.401;0.398)

0.014 (-0.166:0.194)

-0.218 (-0.440;0.003)

1.00
0.994 (0.931;1.061)

1.00
0.842 (0.394;1.800)
0.849 (0.321;2.248)

1.00
1.379 (0.335:5.666)

1.00
1.178 (0.642;2.158)

1.00
0.362 (0.158;0.825)
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Table 3.0.39 contd. Multivariate regression results for fuel usadtion to nuclear opacity (NO) in
continuous and ordered scale in women in Pokhara, Nepal

Variable Adjusted linear regression Adjusted OR with ordered
with robust SE (95% CI)  logistic regression and robust
SE (95% CI)

Dietary practice

Non vegetarian - 1.00
Vegetarian 0.006 (-0.303;0.315) 0.962 (0.379;2.440)
Year- hours working in the sun ~ 0.001 (-001;0.002) 1.002 (0.999;1.006)
Alcohol
No - 1.00
Yes _ -0.390 (-0.812;0.032) 0.304 (0.053;1.732)
Main occupation
Government service, teaching and _ 1.00
student
?g/&;l: in own farm and agriculture g 1095 (.0.117:0.324) 1.131 (0.544;2.351)
non ag”.:f”'t“re labor 0.212 (-0.247:0.671) 1.420 (0.332;6.079)

ousewnte 0.022 (-0.203;0.247) 0.814 (0.369;1.798)
Land ownership
ves : 1.00

0.220 (0.022;0.419) 2.159 (1.107;4.211)

Age in years 0.039 (0.030:0.048) 1.141 (1.106:1.177)

Table 3.0.40 Exposure response relationship based on duration of exposumgastzind kerosene fuel
stove and NO

Exposure to Biomass and OR (95% CiI) for biomass fuel OR (95% CI) for kerosene fuel
kerosene fuel stove stove stove

0 (never) 1.00 1.00

1-19 years 1.964 (0.755;5.107) 1.156 (0.417;3.207)
20-39 years 2.856 (0.924;8.833) 1.036 (0.206;5.218)

>40 years 5.894 (1.310;26.514) -

Adjusted for Age, pack-years of tobacco smokiref: (0 pack-years); wood as a heating fuel (refheating fuel used); burn
incense everyday (ref: do not burn incense evejydayer consumed alcohol (ref: never consumedhal3pcannot read and
write (ref: can read and write); rural residenagsf:(urban residency); vegetarian (ref: non-vegatgrihours of work outside in
the sun everyday and years of working; main océapdtef: government service, teaching and studeat) land ownership (ref:
own land).
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3.3.21.4.2 Regression models for nuclear color (NC) in women in Pokhara, Nepal

Table 3.0.41 Multivariate regression results for fuel uselation to nuclear color (NC) in continuous
and ordered scale in women in Pokhara, Nepal

Variable Adjusted linear regression Adjusted OR with ordered

with robust SE (95% CI)  logistic regression and robust

SE (95% CI)

Present cooking fuel
Gas

Biomass

Kerosene

Heating fuel

No heating fuel used or electricity
Biomass

Pack-years of smoking
0 pack-years

0 -<9 pack-years

>9 pack-years

Burn incense indoors
No

Yes

Burn mosquito coil indoors
No

Yes

Ventilation

Fully ventilated kitchen
Unventilated kitchen
Literacy

Can read and write
Cannot read and write
Residence locality
Urban

Rural

Dietary practice

Non vegetarian
Vegetarian

Per year- hours working in the sun

Alcohol
No
Yes

0.050 (-0.084;0.184)
0.319 (-0.082;0.719)

0.005 (-0.008;0.018)

-0.049 (-0.227;0.129)
0.105 (-0.145;0.355)

0.194 (0.121;0.510)

0.086 (-0.229:0.058)
0.007 (-0.279;0.085)
0.018 (-0.147;0.112)
0.236 (-0.435;0.037)

-0.089 (-0.315;0.137)

-0.000 (-0.001;0.001)

-0.240 (-0.634,0.153)

1.00
1.040 (0.592;1.828)
3.727(0.614:22.619)

1.00
1.008 (0.952;1.068)

1.00
0.961 (0.480;1.927)
1.098 (0.397;3.039)

1.00
1.725 (0.462;6.444)

1.00
0.601 (0.329;1.099)

1.00
0.790 (0.364;1.714)

1.00
1.076 (0.615;1.879)

1.00
0.371 (0.158;0.870)

1.00
1.267 (0.444;3.614)

0.999 (0.994;1.005)

1.00
0.492 (0.086;2.791)
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Table 3.0.41 contd. Multivariate regression results for fuel useatiomelto nuclear color (NC) in
continuous and ordered scale in women in Pokhara, Nepal

Variable Adjusted linear regression Adjusted OR with ordered
with robust SE (95% CI)  logistic regression and robust
SE (95% CI)

Main occupation

Government service, teaching and - 1.00

student

th?rk in own farm and agriculture 0,075 (-0.292;0.142) 0.778 (0.324;1.864)
abor

Non agriculture labor -0.025 (-0.343;0.292) 0.890 (0.214;3.783)
Housewife -0.144 (-0.347;0.059) 0.523 (0.227;1.205)
Land ownership

Yes - 1.00

No 0.096(-0.074;0.267) 1.347 (0.668;2.713)
Age in years 0.053 (0.045;0.060) 1.201 (1.164;1.240)

Table 3.0.42 Exposure response relationship based on duration of exposumgakstzind kerosene fuel
stove and NC

Exposure to Biomass and OR (95% ClI) for biomass fuel OR (95% CI) for kerosene fuel
kerosene fuel stove stove stove

0 (never) 1.00 1.00

1-19 years 1.439 (0.546;3.797) 1.336 (0.533;3.353)

20-39 years 1.366 (0.455;4.105) 2.312 (0.570;9.376)

>40 years 2.041 (0.3812;10.903) -

* Adjusted for Age, pack-years of tobacco smokiraf: (@ pack-years); wood as a heating fuel (refheating fuel used); burn
incense everyday (ref: do not burn incense evejydayventilated kitchen (ref: fully ventilated &fiten); burn mosquito coil
(ref: do not burn mosquito coil); ever consumedhfd (ref: never consumed alcohol); cannot readvarit@ (ref: can read and
write) rural residency (ref: urban residency); wagan (ref: non-vegetarian); hours of work outsidehe sun everyday and
years of working; main occupation (ref: governmeenvice, teaching and student); no land ownergbipown land).
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3.3.21.4.3 Regression model for cortical opacity in women in Pokhara, Nepal

Table 3.0.43 Multivariate regression results for fuel uselation to cortical opacity (C) in continuous
and ordered scale in women in Pokhara, Nepal

Variable Adjusted linear regression with  Adjusted OR with
robust SE (95% CI) ordered logistic

regression and robust SE

(95% CI)

Present cooking fuel
Gas

Biomass

Kerosene

Heating fuel

No heating fuel used or electricity
Biomass

Pack-years of smoking
0 pack-years

0 -<9 pack-years

>9 pack-years

Burn incense indoors
No

Yes

Burn mosquito coil indoors
No

Yes

Alcohol

No

Yes

Literacy

Can read and write
Cannot read and write
Dietary practice

Non vegetarian
Vegetarian

Per year- hours working in the sun

Land ownership
Yes
No

Age in years

-0.103 (-0.409;0.203)
-0.522 (-1.104:0.060)

0.007 (-0.016:0.029)

0.181 (-0.176;0.538)
0.132 (-0.341;0.606)

-0.302(-0.746;0.142)

-0.144 (-0.382;0.095)

0.047 (-0.474:0.569)

-0.018 (-0.267;0.230)

-0.237 (-0.654;0.179)

0.002 (-0.000;0.004)

-0.028 (-0.289;0.233)

0.023 (0.008;0.037)

1.00
0.776 (0.366;1.647)
0.339 (0.088;1.306)

1.00
1.006 (0.953:1.062)

1.00
1.513 (0.677;3.383)
1.332 (0.434:;4.087)

1.00
0.549 (0.202;1.496)

1.00
0.848 (0.477;1.506)

1.00
0.944 (0.270;3.296)

1.00
0.970 (0.538;1.748)

1.00
0.644 (0.233;1.780)

1.004 (1.00;1.010)
1.00
0.869 (0.469;1.610)

1.044
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Table 3.0.44 Exposure response relationship based on duration of exposumgakstzind kerosene fuel
stove and cortical opacity

Exposure to Biomass and OR (95% ClI) for biomass fuel OR (95% CI) for kerosene fuel
kerosene fuel stove stove stove

0 (never) 1.00 1.00

1-19 years 1.139 (0.468;2.773) 0.536 (0.249;1.152)

20-39 years 0.960 (0.351;2.629) 0.921 (0.214,;3.968)

>40 years 1.118 (0.239;5.208) -

* Adjusted for Age, pack-years of tobacco smokind; @epack-years); wood as a heating fuel (ref: epating fuel used); burn
incense everyday (ref: do not burn incense evejydayer consumed alcohol (ref: never consumedhal}pcannot read and
write (ref: can read and write) rural residency:(teban residency); vegetarian (ref: non-vegetgriaours of work outside in
the sun everyday and years of working; no landevamip (ref: own land).

3.3.21.4.4 Regression model for posterior sub-capsular opacity (P) in women in Polkipata, N

Table 3.0.45 Multivariate regression results for fuel uselation to posterior sub-capsular opacity (P)
in continuous and ordered scale in women in Pokhara, Nepal

Variable Adjusted linear regression with  Adjusted OR with
robust SE (95% CI) ordered logistic

regression and robust SE
(95% CI)

Present cooking fuel

Gas - 1.00

Biomass -0.070 (-0.163;0.022) 0.781 (0.497;1.228)

Kerosene 0.549 (-0.398;1.496) 3.194 (0.254;40.216)

Heating fuel

No heating fuel used or electricity - 1.00

Biomass -0.008 (-0.026;0.010) 0.980 (0.924;1.039)

Pack-years of smoking

0 pack-years - 1.00

0 -<9 pack-years 0.015 (-0.138;0.168) 0.641 (0.353;1.164)

>9 pack-years 0.105 (-0.141;0.351) 0.818 (0.361;1.858)

Burn incense indoors

No - 1.00

Yes -0.058(-0.377;0.262) 0.470 (0.185;1.196)

Alcohol

No - 1.00

Yes -0.126 (-0.399;0.147) 0.882 (0.288;2.698)

Literacy

Can read and write - 1.00

Cannot read and write -0.038 (-0.177;0.101) 1.050 (0.628;1.758)
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Table 3.0.45 contd. Multivariate regression results for fuel usdaitiore to posterior sub-capsular
opacity (P) in continuous and ordered scale in women in Pokhara, Nepal

Variable Adjusted linear regression with  Adjusted OR with
robust SE (95% CI) ordered logistic
regression and robust SE
(95% CI)
Locality
Urban - 1.00
Rural -0.069 (-0.175;0.037) 0.722 (0.368;1.417)

Dietary practice

Non vegetarian - 1.00

Vegetarian 0.113 (-0120;0.345) 1.060 (0.408;2.754)
Per year- hours working in the sun 0.000 (-0.001;0.001) 1.002 (1.00;1.010)
Land ownership

Yes - 1.00

No 0.091 (-0.033;0.216) 1.429 (0.880;2.321)
Main occupation

Government service, teaching and - 1.00

student

Work in own farm and agriculture  -0.043 (-0.185;0.099) 0.825 (0.419;1.622)
labor

Non agriculture labor 0.277 (-0.273;0.827) 0.838 (0.135;5.199)
Housewife -0.079 (-0.195;0.036) 0.658 (0.372;1.164)
Age in years 0.009 (0.003;0.014) 1.039 (1.018;1.062)

Table 3.0.46 Exposure response relationship based on duration of exposumeassi@od kerosene fuel
stove and posterior sub-capsular opacity

Exposure to Biomass and OR (95% ClI) for biomass fuel OR (95% CI) for kerosene fuel
kerosene fuel stove stove stove

0 (never) 1.00 1.00

1-19 years 2.813 (1.286;6.153) 2.426 (0.968;6.078)

20-39 years 2.260 (0.864;5.591) 0.930 (0.373;2.323)

>40 years 2.116 (0.594,7.536) -

* Adjusted for Age, pack-years of tobacco smoking: @epack-years); wood as a heating fuel (ref: eatimg fuel used),;burn
incense everyday (ref: do not burn incense evejydayer consumed alcohol (ref: never consumedhal3pcannot read and
write (ref: can read and write) rural residencyf:(teban residency); vegetarian (ref: non-vegetgriaours of work outside in
the sun everyday and years of working; main océapdtef: government service, teaching and stugeat)land ownership (ref:
own land).
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3.4. Discussion

The hypothesis of this study was that smokes from biomass feelinsndoor stoves without
flues increases the severity of lens opacity in women compaitdcooking using gaseous
fuels. And the main aim of this study was to identify cataractepacities at the pre-clinical
stage in women that is mostly associated with the use of bsofoa$ for cooking in the
households. Lens opacity scores were graded with LOCS IHifatasion system. Two graders
provided scores for the right and the left eyes. Thus, therefawarecores for each person. The
opacity scores ranged from 0 to 4.2. The correlations of betweesr’s@mores for the same eye
were better for the left than the right eye. The mean opaddiethe right and left eyes were
similar (student t tesp value >0.05) for nuclear and cortical opacity but were different for
nuclear color and posterior sub-capsular opacity. Except for nuctdar, the variances of
opacity scores for nuclear, cortical and posterior sub-capsidatetly varied between two
scorers. The minimum and maximum values that were outside the difragreement between
scorers were 4.20% and 6.99% for right and the left eyes. Congidbandifference in the
variance of scores and some observers bias between scorecsredl were combined for the
statistical analysis. As between observations of opacity sammethe same individuals were
highly correlated, the intra subject correlation was adjusteduittyng a cluster option in the
statistical estimate and in all risk models. The clusteoopiave the robust standard error and
unbiased 95% confidence intervals of the mean scores. For eacbf tgpacity, two separate
regression analyses- ordinary least square regression witmsfiormed but continuous scores,
and ordered logistic regression by grouping opacity scores intbifiggordinal categories) as 0
‘0, 1 '0-<=0.9, 2 >0.9- <=1.9", 3 >19 - <=2.9 & 4 >2.9 were constructetdsing
continuous and ordered scale scores, the effects of exposure togcaotimeating fuel on the
lens opacity were examined over the study participants. Thetpgaaores in five bins were
also used to estimate the prevalence of cataracts in the pwoulyation. For example,
participants were characterized as having age-related datdrany type of opacity had scores
equal to or greater than 2. The grade 2 cutoff of opacity as cistdvas been adopted by some
major population based cataract studies[65, 66].

Nuclear cataracts were the most prevalent type followed ligc@oand posterior-sub-capsular.
The overall prevalence of scores of 2.0 or greater for nuclear catanadtsar color, cortical and
posterior sub-capsular cataracts was 26.4%, 37.24%, 12.42% and 1.47%, respédiwely
prevalence of cataracts monotonically increased by@ag(0). About 28% of participants who
had biomass fuel stove had nuclear cataracts, whereas 40% oppatiavho had kerosene fuel
stove had nuclear cataracts and 24% who had gas fuel stove had nucleetscataeadifference
of mean nuclear opacity by fuel stove category was statisticaflifisant.

In the ordinary regression analysis; after adjustment forpagk-years of tobacco smoking, use
of wood as a heating fuel, practice of incense burning indoomgdjtearea of residency, hours
of work every day and years of work outside in the sun, alcohol consumngtetary practice,
main occupation and land ownership; the current use of biomasaduesed the mean nuclear
opacity by 0.164 (95% CI: 0.000; 0.329) compared with gas fuel stove. Insbeotauclear
color of the lens, compared with the current use of gas fuel stmveutrent use of biomass fuel
stove increased the mean nuclear color by 0.050 (95% CI: -0.084 ; 0.184prfcal opacity,
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compared with the current use of gas fuel stove, the current usenasdds fuel decreased the
mean cortical opacity by -0.103 (95% CI: -0.409 ; 0.203) and for posteriarapsiolar opacity,
compared with the current use of gas fuel stove, the current usensdds fuel decreased the
mean opacity by -0.070 (95% CI: -0.163 ; 0.022).

In the case of current use of kerosene fuel stove, compatiedhe use of gas fuel stove, the
mean nuclear opacity increased by 0.138 (95% CI: -0.615 ; 0.891). Whereasrtdre use of
kerosene fuel stove increased the mean nuclear color by 0.319 (95%08R ; 0.719). For
cortical opacity, compared with the current use of gas fuel soeeurrent use of kerosene fuel
stove decreased the mean cortical opacity by -0.522 (95% (04-10.060) and for posterior
sub-capsular opacity the current use of kerosene fuel stove irttbasmean opacity by 0.549
(95% CI: -0.398 ; 1.496).

Ordered logistic regression analysis of nuclear opacity grattes adjustment of potential
confounders showed evidence of use of biomass fuel compared with lgasre&sing the odds
of nuclear opacity by 1.759 (95% CI: 1.010 ; 3.067). For nuclear coldr¢caloand posterior
sub-capsular opacity, the odds ratios were 1.040 (95% CI: 0.592 ; 1.828), 0.7761(9b366 ;
1.647) and 0.781 (95% CI: 0.497 ; 1.228), respectively.

Similarly the odds of nuclear opacity from the current useesobsene fuel stove compared with
the gas fuel stove were 1.069 (95% CI: 0.103; 11.064). For nuclear coloralkartd posterior
sub-capsular opacity the odds ratios were 3.727 (95% CI: 0.614 ; 22.619), 0.3391(9608&

; 1.306) and 3.194 (95% CI: 0.254 ; 40.216), respectively.

The results of ordinary least square regression and ordereddagigtession above suggest
indoor exposure to smoke from biomass fuel combustion increases thaysefanuclear
opacity in women. Apart from use of biomass fuel stove, age and noghavand also showed
a positive association with nuclear opacity. The risks of nuclearitgpacreased from use of
kerosene fuel stove but it was not statistically significant. i§oificant association was found
between use of biomass fuel or kerosene and change in nuclear cotmriécal and posterior
sub-capsular opacity.

However, before concluding that the linkage is causal, it is impottanbnsider alternative
explanations, particularly the possibility that the study resuigfht be a result of selection bias,
information bias, or confounding in the study design or analysisvifks all epidemiological
studies, the selection bias in recruitment of participantspstential concern. In this study, the
possibility of recruiting only cooperative participants were avoiogdecruiting only first five
patients presented at the outpatient department (OPD) between 0008riQ@troughout the
study period. There were no refusals to participate by selpatéidipants. In comparison to my
previous cataract study with case-control design, the crosersadesign of the present study
provided an internal control for selection bias as it did not exghadcipants with refractive
errors. In my previous cataract study, patients with refraciver were used as the control.
Although there do not exist any studies showing an associatiored®tuse of solid fuel for
cooking and refractive error, there exist (inconclusive) evidendbeofssociation of refractive
error with education (indicator of higher socio-economic statuspby3258-60] Thus there was
a possibility that people with refractive error may have thfiie life styles or exposure pattern
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and low odds of exposure to solid fuel smoke than cases[73]. In the psasdntthe level of
literacy was adjusted in all models. In addition, essentiall\B@% of participants in the study
were from the urban area and for majority of participants’stbdy center is a primary referral
for eye care. Therefore, | assume that selection bias in this study idyunlike

Information bias may take the form of outcome misclassiboatir exposure misclassification.
Since lens opacities were confirmed by evaluating the photographsobscorers and in the
case of nuclear opacity only about 4% of scores were outsiderilie &f agreement, thus, |
consider that disease misclassification is unlikely. Exposure wdate all obtained by
guestionnaire and graders were not aware of the participant'suegpstatus. Participants in
this study were not aware of their lens opacity status. Thisdess likely that some participants
may have remembered or over reported present and past expasaréhan the others. Also in
this study the questions asked were about common exposures, wipatiaipants come across
on a day-to-day basis. | expect that any such differentiallfeias would thus be minimal. In
particular, all of the participants know very well the types o¥es$ and fuel they have used, and
there is no prevailing belief that indoor smoke exposure from unimpraeeessis harmful to
eye. However, there is likely to be some degree of non-eliffedl exposure misclassification.
This is likely to affect some variables more than othersntil&ion status, for example, may be
more substantively misclassified than, say, use of incense, bebt@useis more variation in
ventilation arrangements and it is hard to encapsulate thesesenies of simple questions.
However, | had verified thiigh level of accuracy of reporting of two key exposure variables
stove type and ventilation in the kitchen from validity study conduictehe homes of 28 study
participants of another study conducted at the same time andsartteearea [74]. Considering
this and that there is no prevailing belief that indoor smoke expdeareases the risk of
cataracts, | believe exposure misclassification is likelp¢ minimal. One possible limitation,
however, is that | only asked about the main cooking fuel used.nfigigt have led to some
misclassification of exposure status as people may also use secondary fuel.

The third main area of potential bias is confounding. In one of tige lease-control study,
which suggested that indoor cooking smoke may be associated wditactaf32], authors

reported that it was likely that the association found betweed $ao¢l use and cataract
formation was confounded by other factors related to socio-econtethirs.sThe present study
collected a comprehensive range of data on potential confoundingsfaptuticularly those

associated with socio- economic status. In the univariate an@MNIOVA), the mean opacity
scores did not vary by annual family income, however, the mean ypaoite varied by level of
education and land ownership. | adjusted these two socio-economic varrabhes models.

Adjustment with these variables did not eliminate the key aggmwafound with the nuclear
opacity. Although | cannot totally rule out the possibility of an unkma@enfounding factor

causing the associations found, it seems unlikely.

After eliminating the likelihood of bias being responsible for a p@kytcausal association,
there are several other considerations that may be considergdrimg likely causality (Hill
1965). These include consistency with the findings of other studies,xibenee of an
exposure-response relationship, and biological plausibility. There e six other studies
that have suggested an association between exposure to biomas®veehrsl cataract or
blindness [32, 38-41, 50]. | am not aware of any studies that haveigaved the relationship
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between cataract and indoor smoke exposure and found no evidencessb@aten. However,
except study of Mohan et al [32], other studies on indoor air pollutidncataracts does not
provide separate exposure odds ratio for the three main anatonpiealdf/ cataracts: nuclear,
cortical and posterior sub-capsular. In the present study, expmdiseatios were evaluated for
three anatomical types and change in nuclear color by the use addsiaand kerosene fuel
stove. Among different types of cataracts, the exposure to biomgsstdve was mainly found
to be associated with the nuclear opacity/cataract. This fingliognsistent with the findings of
Mohan et al [32], where use of cow dung and biomass-based fuel®waktb be associated
with increased risk of nuclear, cortical and mixed catataat,not the posterior sub-capsular
cataracts. In the present study the association of corticatypéit use of biomass fuel was not
found. Providing additional confirmation of the relationship between useoofasis fuel stove
and nuclear opacity was a statistically significant exposespense trend based on years of
exposed to biomass fuel stove increasing the risk of nuclear apdoitg of the earlier studies
had investigated such an exposure-response relationship by types of opacity.

A causal relationship between exposure to indoor smoke and catabdmibgically plausible.
There is evidence that smoke can induce oxidative stress and deplstea pascorbate,
carotenoids and glutathione, which provide antioxidant protection agaiasataormation [43,
48, 75]. Tobacco smoke and bio-fuel smoke have many similarities[42,eA@reb studies have
indicated that tobacco smoking and fuel smoke condensate enhanaerthtofo of super-oxide
radicals, which decrease the formation of antioxidants and indfeasesk of cataract [43, 76-
79]. Studies have shown a possible association of cataract witisuee to naphthalene[80-82]
and formaldehyde. Biomass fuel combustion emits naphthalene [44, 46, 83,n@4] a
formaldehyde [42, 45, 85]. In the indoor air pollution study conducted in the@8esholds in
study area (chapter I) , the naphthalene concentrations were found froghdiomass fuel and
kerosene fuel stoves compared with gaseous fuel stove. However, ragshatithe association
found in this study reflects a true causal relationship, stilisunclear which route of exposure,
inhalation or direct eye contact, leads to the pathogenic process of cataraticior

In conclusion, this study confirms that use of biomass fuel stoassciated with an increased
risk of nuclear opacity. Bias including potential confounding, is likaty to explain these
associations, which are biologically plausible and consistent with réiselts of other
epidemiological studies. However, a much larger population-based sgcsnal study is
needed to confirm this finding. Irrespective of the evidencea$siociations between biomass-
fueled stoves and nuclear opacity, it is clear that biomassstaeé without flues produce
substantial indoor air pollution with naphthalene and fine particulattem known to cause
harm to health including eyes. Therefore, replacement of these stoveteantéralternatives is
justified. One, at least partially effective, remedial suea would be to replace unflued stoves
with chimney stoves, which vent cooking smoke directly to the extefitre house. However,
these improved stoves require continuing maintenance if they are uselid in improving
indoor air quality. ldeally, electric stoves or low-emissions biomassssteueh as semi-gasifier
stoves, or those with cleaner burning fuels (biogas or LPG) woults&é& The public health
benefits of earlier diagnosis of problem of refractive error and lens ppacd widespread stove
improvement, particularly addition of flues and promotion of semi-gasdi gaseous stove,
could be immense.
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3.6 Appendix Prevalence of lens opacity by exposure categories

Table B.0.1 Prevalence of lens opacity by main heating fuel andatemtiln the kitchen

Scores Heating fuel used in the house Ventilation status in thehit
Wood No heating  ¥° Fully Unventilated y°
fuel used (p value) ventilated (p

value)
Nuclear
Opacity
0 3 (0.87%) 2 (0.88%) 3.17 (0.53) 2 (0.44%) 3 (2.50%) 13.94
>0<0.9 51 (14.83%) 38 (16.67%) 62 (13.72%) 27 (22.50%)0.01)
>0.9-<1.9 203 (59.01%) 124 (54.39%) 267 (59.07%) 60 (50.00%)
>1.9-<2.9 72(20.93%) 47 (20.61%) 99 (21.90%) 20 (16.67%)
>2.9 15 (4.36%) 17 (7.46%) 22 (4.87%) 10 (8.33%)
Total 344 228 452 120
Nuclear
color
0 2 (0.58%) 0 (0.00%) 12.36 (0.02) 1 (0.22%) 1 (1.01%) 12.05
>0<0.9 58 (16.86%) 42 (18.42%) 67 (14.82%) 33 (27.50%)0.02)
>0.9-<1.9 172 (50.00%) 85 (37.28%) 208 (46.02%) 49 (40.83%)
>1.9-<2.9 97 (28.20%) 83 (36.40%) 153 (33.85%) 27 (22.50%)
>2.9 15 (4.36%) 18 (7.89%) 23 (5.09%) 10 (8.33%)
Total 344 228 452 120
Cortical
0 53 (15.41%) 46 (20.18%) 3.31(0.51) 83 (18.36%) 16 (13.33%) 5.72
>0<0.9 139 (40.41%) 82 (35.96%) 177 (39.16%) 44 (36.67%).22)
>0.9-<1.9 112 (32.56%) 69 (30.26%) 134 (29.65%) 47 (39.17%)
>1.9-<2.9 28 (8.14%) 23 (10.09%) 40 (8.85%) 11 (9.17%)
>2.9 12 (3.49%) 8 (3.51%) 18 (3.98%) 2 (1.67%)
Total 344 228 452 120
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Table B.0.1 contd. Prevalence of lens opacity by main heating fuel atildtien in the kitchen

Scores Heating fuel used in the house Ventilation status in the kitchen
Wood No heating y* Fully Unventilate y*
fuel used (pvalue) ventilated d (p
value)
Posterior
sub-
capsular
0 174 117 5.03 (0.29) 229 62 (51.67%) 11.95
(50.58%) (51.32%) (50.66%) (0.02)
>0<0.9 152 94 (41.23%) 196 50 (41.67%)
(44.19%) (43.36%)
>0.9-<1.9 11 (3.20%) 14 (6.14%) 21 (4.65%) 4 (3.33%)
>1.9-<29 4 (1.16%) 3 (1.32%) 6 (1.33%) 1 (0.83%)
>2.9 3 (0.87%) 0 (0.00%) 0 (0.00%) 3 (2.50%)
Total 344 228 452 120

145



Table B.0.2 Prevalence of lens opacity by main source of light in the house

Scores Main source of light in the house xz (p value)
Electricity Kerosene lamp

Nuclear

Opacity

0 5 (0.89%) 0 (0.00%) 22.05 (0.00)

>0<0.9 83 (14.72%) 6 (75.00%)

>0.9-<1.9 326 (57.80%) 1 (12.50%)

>1.9-<2.9 118 (20.92%) 1 (12.50%)

>2.9 32 (5.67%) 0 (0.00%)

Total 564 8

Nuclear color

0 2 (0.41%) 0 (0.00%) 38.30 (0.00)

>0<0.9 92 (16.31%) 8 (100.00%)

>0.9-<1.9 257 (45.57%) 0 (0.00%)

>1.9 -<2.9 180 (31.91%) 0 (0.00%)

>2.9 33 (5.85%) 0 (0.00%)

Total 564 8

Cortical

0 97 (17.20%) 2 (25.00%) 1.38 (0.85)

>0<0.9 218 (38.65%) 3 (37.50%)

>0.9-<1.9 178 (31.56%) 3 (37.50%)

>1.9-<2.9 51 (9.04%) 0 (0.00%)

>2.9 20 (3.55%) 0 (0.00%)

Total 564 8

Posterior sub-

capsular

0 287 (50.89%) 4 (50.00%) 0.59 (0.96)

>0<0.9 242 (42.91%) 4 (50.00%)

>0.9-<1.9 25 (4.43%) 0 (0.00%)

>1.9-<2.9 7 (1.24%) 0 (0.00%)

>2.9 3 (0.53%) 0 (0.00%)

Total 564 8

146



Table B.0.3

Prevalence of lens opacity by incense and mosquito burningsindoor

Scores Burn incense indoors Burn mosquito coil indoors

Yes No v* (p value) Yes No v

(p value

Nuclear
Opacity
0 5 (0.96%) 0 (0.00) 17.24 (0.00) 2 (0.94) 3(0.83) 7.50
>0<0.9 79 (15.19%) 10 (19.23%) 32 (15.09%) 57 (15.83) (0.11)
>0.9-<1.9 305 (58.65%) 22 (42.21%) 134 (63.21) 193 (53.61)
>1.9-<2.9 108 (20.77%) 11 (21.15%) 32 (15.09) 87 (24.17)
>2.9 23 (4.42%) 9 (17.31%) 12 (5.66) 20 (5.56)
Total 520 52 212 360
Nuclear
color
0 2 (0.38%) 0 (0.00) 8.03 (0.09) 1 (0.47%) 1(0.281%) 34.02
>0<0.9 92 (17.69%) 8 (15.38%) 53 (25.00%) 47 (13.06%) (0.00)
>0.9-<1.9 239 (45.96%) 18 (34.62%) 109 (51.42%) 148 (41.11%)
>1.9-<2.9 161 (30.96%) 19 (36.54%) 38 (17.92%) 142 (39.44%)
>2.9 26 (5.00%) 7 (13.46%) 11 (5.19%) 22 (6.11%)
Total 520 52 212 360
Cortical
0 90 (17.31%) 9(17.31%) 10.36(0.04) 40 (18.87%) 59 (16.39%) 19.12
>0<0.9 208 (40.00%) 13 (25.00%) 94 (44.34%) 127 (35.28%) (0.00)
>0.9-<1.9 163 (31.35%) 18 (34.62%) 66 (31.13%) 115 (31.94%)
>1.9-<2.9 44 (8.46%) 7 (13.46%) 12 (5.66%) 39 (10.38%)
>2.9 15 (2.88%) 5 (9.62%) 0 (0.00%) 20 (5.56%)
Total 520 52 212 360
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Table B.0.3 contd. Prevalence of lens opdgityincense and mosquito burning indoors

Scores Burn incense indoors Burn mosquito coil indoors

Yes No v* (p value) Yes No v

('p value

Posterior
sub-
capsular
0 277 (53.27%) 14 (26.92%) 25.30(0.00) 114 (53.77%) 177 (49.17%) 7.21
>0<0.9 217 (41.73%) 29 (55.77%) 86 (40.57%) 160 (44.44%) (0.13)
>0.9-<1.9 19 (3.65%) 6 (11.54%) 7 (3.30%) 18 (5.00%)
>1.9-<2.9 4 (0.77%) 3 (5.77%) 2 (0.94%) 5 (1.39%)
>2.9 3 (0.58%) 0 (0.00%) 3 (1.42%) 0 (0.00%)
Total 520 52 212 360
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Table B.0.4 Analysis of Variance (ANOVA apdsalues) between main exposure and potential
confounders and lens opacity

Independent
variables

Dependent Variables : mean opacity score (standard deviation)

Exposure variables Nuclear Opacity Nuclear Color

Smoking filtered vs.
non-filtered
cigarette

Do not smoke
Smoke unfiltered
cigarette

Smoke filtered
cigarette

Smoke both filtered
and unfiltered
cigarette

Number of family
member smoke in
the house

No family member
smoke

One family member
smoke

>2 family members
smoke

(NO)

1.50 (0.72)*
1.68 (0.82)

1.64 (0.66)

2.05 (0.72)

1.66 (0.77)*
1.44 (0.60)

1.73 (0.94)

(NC)

1.55 (0.71)*
1.69 (0.92)

1.93 (0.69)

2.30 (0.60)

1.84 (0.75)*
1.35 (0.67)

1.74 (0.82)

Cortical Opacity  Posterior sub-

(©)

0.81 (0.75)*
1.30 (0.93)

1.16 (0.95)

1.24 (1.02)

1.08 (0.88)*
0.54 (0.57)

1.26 (0.98)

capsular Opacity

(P)

0.18 (0.35)*
0.47 (0.91)

0.20 (0.33)

0.26 (0.50)

0.24 (0.44)*
0.10 (0.18)

0.56 (1.05)
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Table B.0.5 Analysis of Variance (ANOVA apdsalues) between main exposure and potential
confounders and lens opacity

Independent
variables

Dependent Variables : mean opacity score (standard deviation)

Exposure variables Nuclear Opacity Nuclear Color Cortical Opacity  Posterior sub-

(NO) (NC) © capsular Opacity
(P)

Frequency of meat
& fish consumption
Vegetarian 1.94 (0.66)* 2.14 (0.51)* 0.89 (0.64) 0.31 (0.53)*
Once per week 1.52 (0.81) 1.62 (0.83) 0.89 (0.79) 0.25 (0.54)
Once per month 1.65 (0.65) 1.72 (0.68) 1.03 (0.96) 0.16 (0.29)
Frequency of egg
consumption
Never 1.19 (0.50)* 1.38 (0.72)* 1.04 (0.53)* 0.22 (0.28)
Once per week 1.41 (0.71) 1.47 (0.80) 0.99 (0.93) 0.20 (0.38)
Once per month 1.60 (0.65) 1.81 (0.67) 1.20 (0.85) 0.18(0.36)
Daily 0.93 (0.44) - - -
Rarely 1.78 (0.76) 1.84 (0.73) 0.85 (0.80) 0.24 (0.53)
Frequency of milk
consumption
Yes 1.58 (0.78) 1.64 (0.80) 0.93 (0.85) 0.20 (0.38)
No 1.63 (0.71) 1.75 (0.67) 0.83 (0.78) 0.25 (0.64)
Sometimes 1.67 (0.67) 1.80 (0.74) 1.07 (0.90) 0.23 (0.44)
Measures of UV
protection (veil,
sunglasses or hat
used
No 1.62 (0.83) 0.20 (0.40) 0.95 (0.84) 0.22 (0.49)
Yes 1.63 (0.69) 0.24 (0.49) 0.99 (0.87) 0.21 (0.40)
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CHAPTER 4

Tuberculosis and Indoor Biomass and Kerosene Use in
Nepal: A Case-Control Study
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Tuberculosis and indoor biomass and kerosene use in Nepal: A case-control study

Amod K. Pokhrell, Michael N. Batesl,Sharat C. Vermzdf‘ Hari S. Josh?,Chandrashekhar T.
Sreeramareddiland Kirk R. Smith

'School of Public Health, University of California-BerkeleBerkeley, California, USA;
2Regional Tuberculosis Center, Ram Ghat, Pokhara, NéﬁEpartment of Community
Medicine, Manipal Teaching Hospital, Manipal College of Medical Sciences, Rokihepal

4.0 Chapter summary

Background: In Nepal, tuberculosis (TB) is a major problem. Worldwide, sixvipres
epidemiologic studies have investigated whether indoor cooking with bidoessich as wood
or agricultural wastes is associated with TB with inconsistenttses

Objectives: Using detailed information on potential confounders, we investigaled t
associations between TB and the use of biomass and kefosts

Methods: A hospital-based case-control study was conducted in Pokhara, Negak i€ =
125) were women, 20-65 years old, with a confirmed diagnosis of TBmegehed controlsn(
= 250) were female patients without TB. Detailed exposure histavere collected with a
standardized questionnaire.

Results: Compared with using a clean-burning fuel stove (liquefidtbfmim gas, biogas), the
adjusted odds ratio (OR) for using a biomass-fuel stove was 1.21 [95%ermef interval (Cl),
0.48-3.05], whereas use of a kerosene-fuel stove had an OR of 3.36C(93%1-11.22). The
OR for use of biomass fuel for heating was 3.45 (95% CI, 1.44-8.27) anddoof kerosene
lamps for lighting was 9.43 (95% CI, 1.45-61.32).

Conclusions: This study provides evidence that the use of indoor biomass fuétufaty as a
source of heating, is associated with TB in women. It also protgeBrst evidence that using
kerosene stoves and wick lamps is associated with TB. Theseia@®ns require confirmation
in other studies. If using kerosene lamps is a risk factor for iiTBjould provide strong
justification for promoting clean lighting sources, such as saiapda

Key words: biomass fuel, cooking-fuel smoke, heating, indoor air pollutiomgdene lighting,
kerosene stove, smoking, womdtnviron Health Perspect18:558-564 (2010). doi:10.1289/
ehp.0901032 [Online 17 December 2009]

4.1 Introduction

Tuberculosis (TB) is a major infectious disease tiaaises illness and death worldwide[1]. In 2006,
there were about 9.2 million new TB cases and 1.7 millidnelated deaths[2]. Most new cases and
deaths occurred in Asia and Africa. In Nepal, a Sdgian country, TB is a major public health
problem[3], with an overall annual incidence of all fornfisT8 estimated at 176 per 100,000
persons[4].
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A range of social, environmental, and behavioral factors influenoesexe and susceptibility to
Mycobacterium tuberculosimfection. Identifying TB risk factors and minimizing exposure to
them could reduce the TB burden in Nepal and other developimdries. Active tobacco smoking,
for example, has been shown to be a risk factoF Bympresumably by damaging immune and other
protective mechanisms, allowing TB infection to pragpe7]. The composition of tobacco smoke
has many similarities to that of indoor cooking smdéken biomass fuel [8-10], exposure to
which is common in the developing world, including Nepal. Thereforesaaciation of TB with
indoor cooking smoke is plausible. Six previous epidérgic studies have investigated whether
an association exists between TB and exposure to cookingiiokkeq11-16]. Although four of
these studies found some evidence of an association, all the dtadidsnitations. The first
study to find an association between exposure a&icg-fuel smoke and TB presented limited data
on potential confounding factors, and the risk model was adjusted omlgdpwhich left open the
possibility of confounding by socioeconomic factorssmoking [12]. Mishra et al. (1999)[14] also
reported evidence of an association; however, they used data fra®02d.993 Indian National
Family Survey, which was based on self- reported TBustarhis leaves the possibility of
outcome misclassification. A third study found an assoaidigtween cooking smoke exposure
and TB but included no validation of key components of the gquestire [15]. In a study
conducted in Malawi, Crampin et al. (2004)[11] found no associatiomeleet cooking smoke
exposure and TB, but the study participants varied little in {he df fuel they used, and the risk
model was adjusted only for age, sex, area of residence, andstaiis, leaving open the
possibility of confounding by other socioeconomicdestor smoking. The fifth study, conducted in
South India by Shetty et al. (2006) [16], also fomedassociation of cooking-fuel smoke with TB,
but they did find an association between TB and not haxisgparate kitchen. The sixth study
was conducted by Kolappan and Subramani (2009) in Chennai, théia;found a marginal
association between biomass fuel and pulmonary TB in their studyagtiopufadjusted OR =
1.7; 95% confidence interval (CI), 1.0-2.9]. The study paditipin this study were primarily men
(87%) but because women do most of the cooking, treynare likely to be exposed to smoke
from cooking fuel [13].

We conducted a TB case-control study in the Pokharaaipatity of Nepal where cooking with
biomass fuels in unvented indoor stoves is a common practice. OGumirolnjactives were to
confirm results of earlier studies using clinically confirniégl cases and to investigate possible
confounding of the relationship using a validategestionnaire and exposure assessment in the
kitchens of a subset of participants' houses.

4.2 Methods

Subjects' approvals were obtained from the institutional reviewdboat the University of
California-Berkeley, and at the Nepal Health Research Council

The study was conducted at the Regional Tuberculosis Centel) @itiGhe Manipal Teaching
Hospital (MTH), Manipal College of Medical Sciences, in Pokhatee RTC and MTH are the
two major health centers [directly observed treatment short&o(DdOTS) clinics] that

specialize in diagnosing TB and caring for people who live askk (Pokhara) and seven
adjoining hill districts: Syangja, Parbat, Tanahu, Lamjigagdi, Baglung , and Gorkha, which
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are in the midwestern development region of Nefphisubjects were recruited and interviewed
between July 2005 and April 2007. The climate of the region is temgaraitean be cool at
times. For example, in Pokhara city (latitude 28.2° N), whict2i& @ above sea level (Central
Bureau of Statistics 2009), the mean temperature and deEBn minimum temperatures in
January 2006 (the coldest month of the year) were 14.3°C and 7.2°C, respébDipartment
of Hydrology and Meteorology 2006/2007)[17]. Other, more elevated paifte oégion can be
colder.

4.2.1 Recruitment procedure for cases and controls

Cases were all female patients, 20-65 years old, who visBedlinics in RTC (90.4%) and
MTH (9.6%) and who had been newly diagnosed witivagiulmonary TB by chest X-ray and
positive active sputum smears (two sputum specimensiveodior acid-fast bacilli by
microscopy), which are routinely conducted at the hospgalg methods recommended by the
WHO[18]. Women who were pregnant, who were on chemotherapy forrcavioe had HIV/
AIDS or diabetes, or who had a history of TB werewed from the study.

Controls were recruited from outpatient and inpatient departs (dental, 1.6%; ear, nose, and
throat, 1.6%; ophthalmology, 25.6%; general medicine, 56%gtics and gynecology, 7.2%;
orthopedics, 2.4%; skin, 1.6%; surgery, 3.2%; and psychiatry, 0.8%) at the iMThe same
months when cases were identified. For each case, the cauitjetts were the first eligible
female patients without pulmonary TB, matched tsesaon age (5-year frequency bands), who
presented at MTH between 0900 and 1000 hours after case embll@ontrols were excluded
from the study for the same reasons as for thesc&mtrol subjects were interviewed only after
medical screening confirmed that they did not have TB. Confirmgfonedures included a
chest X-ray and an on-the-spot sputum examination. The ratio of cases t® eamrbl2.

After obtaining an informed oral consent to participatecafies and controls were interviewed
face-to-face by trained interviewers shortly after d@gis while they were still at the hospital.

The three interviewers were unavoidably aware of tee oacontrol status of the interviewees but
were not aware of the main exposure of intereshymothesis of the study. All interviewers

interviewed both cases and controls.

The questionnaire collected data on education ,learela of residence (urban, peri-urban, and
rural), history of use of cooking fuels and stotlegt included present and previous (including in
parents' houses, before marriage) cooking fuelsawes, present kitchen type and location, kitchen
ventilation, house type, participant's smoking hystord smoking status of family members, alcohol
consumption, vitamin supplement consumption, usemosquito coils and incense, household
crowding, vehicle ownership, and annual incomellev

4.2.2 Statistical analysis

Liguefied petroleum gas (LPG) and biogas were desggl "gaseous- fuel stoves” (GFS), which was
used as the reference category for most analysapaced with kerosene-fuel stoves (KFS) and
biomass-fuel stoves (BFS). Very few participants (two casesfour controls) reported burning
biomass in stoves with flues or chimneys venting to the outark no one reported using an
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electric cooker. For this reason, no separate categas\crgated for vented BFS, and these subjects
were included in the BFS category.

We examined the extent of agreement of responses @xplosure information (current stove/fuel
type and ventilation) obtained during face-to-factenviews at the hospital with data obtained
from actual inspection of these features in the houses oir$h@8 study participants (13 cases
and 15 controls). The effect of misclassification wadculated in terms of sensitivity and
specificity.

We combined information on kitchen location and windowshim kitchen to create a composite
dichotomous variable for ventilation. "Fully and partiallyntieated kitchens" included open-air
kitchens, separate kitchens outside the house, aittbpad kitchens with windows inside the house.
This was used as the reference category for vamilaunventilated kitchens included partitioned
and non-partitioned kitchens without windows inside the house. We were upablearly
interpret questionnaire data on closing doors in a waygdldd be used to characterize ventilation.

To calculate the number of pack-years of smoking, we combined threnation on the average
number of tobacco products (cigarettesinlis) smoked every day multiplied by the duration of
smoking in years divided by 20, assuming that a pack of cigarette rontaenty
cigaretteddidis. One participant who reported she smokéulilkka(water pipe) was excluded from
this analysis.

We calculated crude odds ratios (ORs) between exposureustmme. We decided a priori to
include all statistically significanip(< 0.05) variables in the model, as well as any atbevgnized risk
factors for TB. Then we applied a stepwise backward eliminationlmaeitie a variable selection
criterion ofp = 0.2, to all the variables to identify any others that should bededlin the final
model. Using the selected covariates, we constiuetemultivariate unconditional logistic
regression model for risk of TB. We calculated adjustechfermopulation-attributable fractions
and associated Cls using the aflogit command in StataigwelO; Stata Corp LLC, College
Station, TX, USA) statistical software. This procedassumes that the proportion of controls
exposed is a good estimate of the proportion exposed in the targetipopula

4.3 Results

Four potential interviewees (all cases) did not meet the indugiteria: two were diabetic and
two were HIV positive. During recruitment, one potentialtcmrwas found to have pulmonary TB
and was transferred to the case group. Except for ontic@tl potential interviewees agreed to
participate in this study. In total, we recruited and ineved 125 cases and 250 controls. Cases
were more likely to be referred by a health care profess{@0a4%) than were controls (7.2%).
This might reasonably be expected because TB caagess illness, but many of the controls would
have had much less severe conditions.

Table 4.0.1 lists descriptive data for the cases and contros unadjusted ORs and Cls. With
the exception of the income variable, few data were mis§iogfirming the success of the
matching process, distributions of cases and denivere similar in terms of age. Most cases and
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controls (72.0% of cases, 94.4% of controls) were from the Kastkict. Cases were more likely
than controls to be Buddhist, to live in urban and peri-udo@as, to reside in poorer quality
housesKucchg, to be illiterate, to have non-partitioned and umiated kitchens indoors, and to
use kerosene wick lamps as their main source of ligige€Cwere also more likely than controls to
regularly consume alcohol, to be tobacco smokersate more smokers in the family than controls,
and to have not always lived in their present howgethink that, to some extent, the latter variable
probably captures the likelihood of previously maviused other cooking fuels. Except for three
cases, none of the participants who had smoked egptrait they had ever quit smoking for 6
months or more. Therefore, we classified smokers as ever-smakérsiever-smokers. The
median smoking experience for both cases and contrel8wwack- years (SD = 13.37 pack-years).
More cases than controls had had household membersBvitidreover, cases were more likely to
be using BFS or KFS than were contrqis=(0.004). The distribution of cooking fuel used by the
study participants was biomass from wood or cropdues (44.3%), LPG (42.7%), kerosene
(11.2%), and biogas (1.9%).

We created a heating fuel variable that treated pamitsipaho reported either using electricity (1
case, 3 controls) or using no heating fuel (38 cases¢cdi®rols) as the reference category, and the
remaining subjects, who mainly used wood (84 cases, 107 cona®ld)e biomass fuel category.
The biomass group included a few women who used coal (on®kand kerosene (one case,
one control) for heating.

We verified stove-fuel types and ventilation cheeastics in the houses of 28 participants. All 18
participants who had reported their main cookstove as bemgnaass stove were found to be
correct, as were the five reporting use of a LPG stowe of the four participants who had reported
using kerosene stove, however, was found to bg asirLPG stove. On that basis, the accuracy (true
reports + total reports) of stove reporting was 96%. In the inspeat ventilation characteristics,
one participant who had reported not having a window in her kitchen was foumavé a
temporary outside kitchen with a window- sized opening. Twicfmnts who reported having a
window in the kitchen actually did not have a window. Basedhese data, the accuracy for
reporting ventilation was 89%.

As shown in Table 4.0.1, the unadjusted exposure ORs for cookiB§S and KFS were 1.98
(95% ClI, 1.24-3.17) and 2.54 (95% CI, 1.26-5.12), respectively. Useaddme lamps had an
unadjusted OR of 10.35 (95% CI, 3.42-31.3), and use of biomass fuel for Headirggn OR of
2.81 (95% CI, 1.78-4.42). Compared with cooking in a fully ventilategartially ventilated
kitchen, cooking in an unventilated kitchen was associated withtdinipwf the risk of TB (OR
=2.02; 95% CI, 1.31-3.13).

The univariate analysis showed statistically sigaiit {p < 0.05) associations of TB with use of mainly
biomass, coal, and kerosene as a source of heating fueh/rurbh locality of residence,

residence outside the Kaski district, religion, literacy, qoitibn type of present house, not
always having lived in the present house, ventilation,ofise kerosene lamp, tobacco smoking,
one or more smokers in the family, alcohol consumptionmittaconsumption, and having had a
family member with TB. Although not selected by the stepwigerdhm, in the multivariate

model we also included annual family income in Nepapees as an additional indicator of
socioeconomic status, and age, because it was a matchiagl@afiable 4.0.2 shows the results
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of the main logistic regression model. Compared with 68+8, use of a biomass- fueled stove for
cooking showed a slight positive relationship, but @lewas so wide that this provides little
evidence of an association with TB. Kerosene cooking-fuelhmeever, was associated with TB.
Also particularly strongly associated with TB i timodel were use of biomass as a heating fuel (OR
=3.45; 95% Cl, 1.44-8.27) and kerosene lamps as the main souigigiaflin the house (OR =
9.43; 95% Cl, 1.45-61.3).

We investigated possible effect modification of the bionfass variables by other exposures.
However, investigation was limited because of small nusloé participants in many of the
exposure categories, leading to very unstable estimatesvi&es with sufficient numbers in
separate categories permitting some useful exaomnaf effect modification were ventilation,
literacy, and house construction. We found evidence ofteff@dification of the effects of heating
fuel by ventilation status: participants who lived in heuseth unventilated kitchens were at
much higher risk (adjusted OR = 26.0; 95% ClI, 4.24-158) were those who lived in houses with
ventilated kitchens (adjusted OR = 7.07; 95% CI8433.9). Corresponding estimates for biomass
cooking fuel were much more equivocal, with the adjusted @R ventilated and unventilated
kitchens being 0.80 (95% CI, 0.19-3.37) and 0.47 (95% CI, 0.08-2.94), respectrdlijteffate
and literate participants, adjusted ORs for heating fuel &se ®.12 (95% CI, 0.96-27.4) and
2.93 (95% CI, 0.87-9.91), respectively. We found no evidence of effadification of literacy
status on biomass cooking-fuel effects. Finally, parti¢gpavho lived inkucchaconstruction
houses (bamboo and mud, with thatched roofs) appeared to be atrisgtliesm both biomass
cooking and heating fuels than were participants who livgoligtaor semipuccaconstruction
houses (brick and cement or brick and mud). For heating heegdjusted ORs were 11.9 (1.38-
102) and 2.73 (0.88-8.41) fokuccha and puccdsemipucca houses, respectively. The
corresponding values for biomass cooking-fuel use were 4.07 (95%.43k38.8) and 0.73
(0.22-2.40), respectively. With the possible exception of the matidit by ventilation of the
effects of biomass cooking fuel, these effects might gignbeaconsidered to be in the predictable
direction—higher ORs associated with less ventilation amore-deprived socioeconomic
circumstances.
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Table 4.0.1 Characteristics of TB cases and controls, Pokhara, Nepal

Characteristic

Cases (%)

Controls (%)

Univariate OR (95%

Cl)
All participants 125 (100) 250 (100) -
Age (years)
20-29 54 (43.2) 108 (43.2) -
30-39 26 (20.8) 52 (20.8) -
40-49 22 (17.6) 44 (17.6) -
50-59 3 (2.40) 6 (2.40) -
>60 20 (16.0) 40 (16.0) -
Mean+SD 35£13 3513 -
Residence in Kaski district
Yes 90 (72.0) 236 (94.4) 1.00
No 35 (28.0) 14 (5.60) 6.56 (3.37-12.8)
Area of residence
Urban/peri-urban 87 (69.6) 212 (84.8) 1.00
Rural 38 (30.4) 38 (15.2) 2.44 (1.46-4.08)
Education
Literate 61 (48.8) 154 (61.6) 1.00
lliterate 64 (51.2) 96 (38.4) 1.68 (1.09-2.60)
Religion
Hindu 89 (71.2) 236 (94.4) 1.00
Buddhist 31 (24.8) 9 (3.60) 9.13 (4.18-19.9)
Christian 4 (3.00) 5 (2.00) 2.65 (0.75-9.38)
Muslim 1(0.01) 0 (0.00)
Occupation
Government services and commerce 16 (12.8) 32 (12.8) 1.00
Farming 41 (32.8) 57 (22.8) 1.44 (0.70-2.96)
Nonagricultural labor 9 (7.20) 47 (18.8) 0.97 (0.49-1.94)
Teacher and student 11 (8.80) 15 (6.00) 1.47 (0.55-3.92)
Housewife 48 (38.4) 99 (39.6) 0.97 (0.49-1.94)
Present house construction
Puccaor semipucca’® 66 (53.0) 171 (68.0) 1.00
Kucchahous 59 (47.0) 79 (32.0) 1.93 (1.25-3.00)
Always lived in the present house
Yes 38 (30.4) 111 (44.4) 1.00
No 87 (69.6) 139 (55.6) 1.83 (1.16-2.88)
Crowding
<3 people per room 104 (83.2) 206 (82.4) 1.00
>3 people per room 21 (16.8) 44 (17.6) 0.95 (0.53-1.67)
Age started cooking
>13 years 74 (59.2) 129 (51.6) 1.00
<13 years 51 (40.8) 121 (48.4) 0.73 (0.48-1.13)

aNo missing data, except as indicatéfanahu, Syangja, Baglung, Parbat, Myagdi, and Lamjung
districts.CPuccahouse made with brick and cement; seantcahouse made with brick and mutl.

Kucchahouse made ith bamboo and mud (with thatched roof).
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Table 4.0.1 contd. Characteristics of TB cases and controls, Pokhara, Nepal

Characteristic Cases (%) Controls Univariate OR (95%
(%) Cl)

Current fuel and stove use
Gas (GFS) 41 (32.8) 126 (50.4) 1.00
Kerosene (KFS) 19 (15.20) 23 (9.20) 2.54 (1.26-5.12)
Biomass (BFS) 65 (52.0) 101 (40.4) 1.98 (1.24-3.17)
Main heating fuel use in the house
Electricity 1(0.8) 3(1.20) -
No heating fuel 38 (30.4) 137 (54.8) -

Combined 39 (31.2) 140 (56.0) 1.00
Wood 85 (68.0) 109 (43.6) -
Coal 0 (0.00) 1(0.40) -
Kerosene 1(0.8) 0(0.00) -

Combined 86 (68.8) 110 (44.0) 2.81(1.78-4.42)
Kitchen location
Open air kitchen and separate kitchen 18 (14.4) 37 (14.8) 1.00
outside 45 (36.0) 134 (53.6) 0.69 (0.36-1.33)
Partitioned kitchen inside house 62 (49.6) 79 (31.6) 1.61(0.84-3.10)
Non partitioned kitchen inside house
Windows in the kitchen
Yes 117 (95.1) 231(92.8) 1.00
No 6 (4.90) 18 (7.20) 0.66 (0.25-1.70)
Missing 2 1
Overall ventilation in the kitchen
Fully ventilated 59 (47.2) 161 (64.4) 1.00
Unventilated 66 (52.8) 89 (35.6) 2.02 (1.31-3.13)
Source of light in the house
Electricity 107 (85.6) 246 (98.4) 1.00
Kerosene lamp 18 (14.4) 4 (1.6) 10.35 (3.42-31.3)
Smoking status
Never smoked 83 (66.4) 200 (80.0) 1.00
Ever smoked 42 (33.6) 50 (20.0) 2.02 (1.25-3.28)
Pack-years of smoking
0 84 (66.2) 200 (80.0) 1.00
<8 16 (12.8) 31(12.4) 1.23(0.64-2.37)
>8 25 (20.0) 19 (7.60) 3.13(1.64-5.99)
Smokers in the family
None 58 (46.4) 165 (66.0) 1.00
One 48 (38.4) 72 (28.8) 1.90(1.18-3.04)
Two or more 19 (15.2) 13(5.20) 4.16 (1.93-8.95)
Burn mosquito coils indoors
No 76 (60.8) 136 (54.8) 1.00
Yes 49 (39.2) 113 (45.2) 0.78 (0.50-1.21)
Missing 0 1
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Table 4.0.1 contd. Characteristics of TB cases and controls, Pokhara, Nepal

Characteristic Cases (%) Controls Univariate OR (95%
(%) Cl)

Burn incense indoors

No 28 (22.4) 46 (18.4) 1.00

Yes 97 (77.6) 204 (81.6) 0.78 (0.46-1.32)

Alcohol consumption

No 106 (85.5) 238 (95.6) 1.00

Yes 18 (14.5) 11 (4.40) 3.67 (1.68-8.05)

Missing 1 1

Taking vitamin supplements

No 120 (97.56) 214 (85.94) 1.00

Yes 3(2.44) 35(14.06) 0.15 (0.05-0.51)

Missing 2 1

Household member had TB

No 77 (61.6) 227 (90.8) 1.00

Yes 48 (38.4) 23(9.20) 6.15(3.51-10.8)

Annual income (Nepalese rupees)

<25,000 26 (23.9) 72 (30.3) 1.00

25,000-50,000 58 (53.2) 90 (37.8) 1.78 (1.02-3.13)

>50,0000 te<100,000 16 (14.7) 51 (21.4) 0.87 (0.42-1.79)

>100,000 9 (8.20) 25 (10.5) 0.99 (0.41-2.42)

Missing 16 12

Land ownership

No 32 (25.6) 83(33.3) 1.00

Yes 93 (74.4) 166 (66.7) 1.47 (0.91-2.38)

Missing - 1

Personal transportation

Yes 15 (12.0) 47 (18.8) 1.00

No 110 (88.0) 203 (81.2) 1.70(0.91-3.17)

4.3.1 Exposure response

We investigated whether associations with TB varied actpid duration of cooking with BFS
or KFS (Table 4.0.3). We categorized the total dunatiof cooking on BFS and KFS by cases
and controls into bands. The adjusted exposure ORs were 1.17 (95% CI, 0.32-4.335%.64 (
Cl, 0.18-2.20), and 0.47 (95% CI, 0.11-2.02) for use of a BFS for less thear§ $-10 years,
and >10 years, respectively. For KFS, the unadjusted ORs were9%5%6C1, 1.44-17.1) and
4.60 (95% CI, 1.34-15.7) for less than and more than 5 years okspectively, relative to no
KFS use. Because we did not collect duration dataither heating fuel use or household lighting,
we could not carry out comparable analyses foetiiasables.

As one measure of the potential public health implicatioth@fassociation, we estimate that the
population-attributable fractions of TB from exposuoeBFS, KFS, biomass fuel heating, and
kerosene lamps in our target population were 9% (95% ClI, -42% to 42%),(0.2 to 22%),
47% (22 to 64%), and 13% (4 to 22%), respectively.
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Table 4.0.2 Multivariate logistic regression model for fuelingelation to TB in women in Pokhara,
Nepal (log likelihood = -118.73, R 2 = 0.44).

Variable OR (95% Cl) ®
Fuel stove

GFS 1.00

BFS 1.21 (0.48-3.05)
KFS 3.36(1.01-11.22)
Heating fuel

No heating fuel use or electricity 1.00

Biomass, coal, or kerosene 3.45(1.44-8.27)
Main light source in the house

Electricity 1.00

Kerosene lamp 9.43 (1.45-61.32)

? Adjusted for age, religion, income, residence locality, residenaictliiteracy, type of present house
construction, always lived in the present house, pack-years of smoking, nundoarlphiembers who
smoked indoors, alcohol consumption, taking vitamin supplements, familyhi$tdB, and ventilation
in the kitchen

Table 4.0.3 Exposure-response relationships based on duration of codkiBF®iand KFS

Exposure to fuel stove Cases (%) Controls (%) OR®0Cl)

Adjusted® Unadjusted
Exposure to BFS (Years)
0 26 (20.8) 43(17.2) 1.00 1.00
>0t0<5 20(16.0) 28(11.2) 1.17(0.324.32) 1.18(0.55-2.52)
>510<10 18(14.4) 51(20.4) 0.64 (0.18-2.20) 0.58(0.28-1.22)
>10 61 (48.8) 128(51.2) 047 (0.11-2.02) 0.79 (0.44-1.40)
Exposure to KFS (years)
0 86 (68.8) 209 (83.6) 1.00 1.00
>0t0<5 12 (9.6) 14 (5.60) 4.96 (1.44-17.1) 2.09(0.934.73)
>510<10 27(21.6) 27 (10.8) 4.60 (1.34-15.7) 2.54(1.39-4.64)

& Adjusted for duration of use of BFS and KFS, GFS, biomass heating fuelatientiuse of kerosene
lamp, pack-years of smoking, number of family members smoking indoaggmeresidence district,
locality, literacy, present house construction, always lived in thernirbease, alcohol consumption,
family members had TB in the past, taking vitamin supplements, inaothage.

4.4 Discussion

The results of this study suggest that indoor exposure to dmakdiomass fuel combustion is a
risk factor for TB. The association, however, appears to be maiithy use of biomass for
heating, rather than cooking. The study also strosigdygests that exposure to smoke from kerosene
fuel combustion, either in stoves or in lamps, nislafactor for TB.
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Religion, income, residence outside Kaski distwdamin consumption, a family history of TB,
and not always having lived in the present house also shetatstically significant associations
with TB (Table 4.0.1). Pack-years of smoking (> 8kpgears) showed an association with TB=(
0.06), which did not change appreciably after @adjest. Smoking is now an established risk factor
for TB [5, 19-22]. The very elevated relative risk estentor Buddhists relative to Hindus is
striking. We considered the possibility that this may have bemube some Buddhists who live
around Pokhara are Tibetan and reside in refugee camps. Crowamditons in those camps
could facilitate TB transmission. However, only 8 of 40 Buskshin the study (six cases, two
controls) were Tibetan refugees—an insufficient number to exphe finding. Other studies
have also shown differences in TB rates betweenlrana religious groups, including Tibetan
Buddhists [14, 23-26].

Before concluding that statistical associations are caitsial important to consider alternative
explanations, particularly whether study results mighalresult of selection bias, information
bias, or confounding in the study design, data collectiomnalysis. As with all case-control
studies, selection bias in the recruitment of contsoéspotential concern. In this study, a systematic
procedure for recruitment of all controls from itipat and outpatient departments of MTH was
used, and only one potential control refused to particiBseause most cases were recruited from
the RTC, and all controls from MTH, the catchment areas foHMMd RTC might have been
different. RTC patients came from a broader area,usect is a referral center for the western
development region of Nepal. A higher proportioncases (28%) than controls (6%) were from
five districts other than Kaski. The Kaski districtlides Pokhara city, and in general, Kaski
residents are more likely to live in urban areas and to behmegalThis could simply mean that
living outside of Kaski is associated with highepesure to TB risk factors but, alternatively,
could indicate some selection bias. We adjustecifea of residence (Kaski or other districts) in
the final model, but this would not necessarily have eliminatddasba@s.

Another possible source of selection bias arisesusecae did not exclude some other, non-TB
respiratory disease cases from the control group. Wmiately, control diagnoses were not
collected at the time of the study and proved impossible tanolstaretrospect, because of the
limited period for which the hospital retains patient rdso Because absence of TB was
confirmed in controls by X-rays, we can, however, be confidieat no chronic obstructive
pulmonary disease or pneumonia cases were amongoatmls. It is possible that inclusion of
respiratory disease cases among the controls ¢tawe produced a bias toward the null, if risk
factors for those cases were similar to risk factor TB.

Information bias may take the form of outcome misclassiboabr exposure mis- classification.
Because all cases were newly diagnosed with active pulmoBaoy The basis of evidence from
clinical tests, and controls were also confirmed by chestyXand on-the-spot sputum smear testing
as not having active pulmonary TB, we consider that disees#assification is unlikely to have
occurred. We obtained all the exposure data by questionnaire. Cas#-studies are often
considered susceptible to recall bias, in that casgsbe more likely than controls to remember
past exposures. Because questions asked in this studyloeetecammon exposures, however,
which both cases and controls experience on a day-to-desy Wasexpect recall to have been
accurate and any differential recall to have been minimalv&kéed the high level of accuracy
of reporting of two key exposure variables (stove type and veoiijeby visiting the homes of 28
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study participants. Considering this and that thene igrevailing belief that indoor smoke exposure
from biomass-burning stoves or kerosene-burning stoves or lamgdatedreso TB occurrence,
we believe exposure mis- classification is likely to baimal. One possible limitation, however,
is that we only asked about the main cooking fuel ugéds might have led to some
misclassification of exposure status.

The third main area of potential bias is confounding. We collectéd ala a much more
comprehensive range of exposures than did previous staddtesnvestigated their potential to
confound the associations with fuel use. Although confounding was preserstnasht with
these variables did not eliminate the key associations. Thaye of course, be some residual
confounding due to misspecification of the variabses] there is no way to rule out the possibility
of unknown confounding factors causing the associafiomsd. One possibility is malnutrition,
for which we obtained no data and which a known risk factor for TBventer, family income,
for which we did obtain data and which is an excellent indiaaf a family's ability to feed itself,
was taken into account.

A notable finding in our study was the association with bisnuged as a heating fuel. This was
unexpected because the study design focused oingdakl use. Hence, the study population was
limited to women, who generally do the cooking in Nepal. Algifowe collected data on history of
stove and cooking- fuel use, we did not collectragarable level of data for heating fuels and so are
unable to examine heating-fuel use for evidence of an exposposse relationship.

In hindsight, the findings with biomass as a heating and a cookinghaled sense. Women may
light a cooking fire, set the pot atop it, and leave the room,niatuonly periodically while
cooking takes place. On the other hand, use of heating fuel involves matoniof ventilation
and deliberate exposure, as the family sits around the fireopitdl India and Africa, where
several of the other TB and biomass studies have ba@ied out, use of heating fuel is less
common than in the mid-hills of Nepal, where night- time and wintgueestures are lower.

Our study also found the OR for TB to be high among both kerosewe and lamp users,
particularly the latter. Kerosene cooking fuel and kerosene laens ugere for the most part
mutually exclusive groups. Only one of the 22 kerosene lamp usdrs gtudy used a kerosene
stove. Kerosene stove users were more likely to use elgctaciighting. With one exception, as
far as we are aware, no previous studies have ardma relationship between kerosene and
TB[15]. This one study, carried out in Mexico, obtained crude ORaderof kerosene-burning
stoves of 1.9 (95% ClI, 0.8-4.5) for active TB and 4.4 (95% CI, 1.5} Tor past TB; no adjusted
estimates were presented. We have been unable to firsluahgs where the relationship between
kerosene lighting and TB has been investigated or even incideafmilyed.

The question arises as to why kerosene as a cooking fuel coadTBerisk factor but not
biomass cooking fuel. This could have something to do with theenaf the emissions. Biomass
burning produces very obvious smoke, which may irritate the eyes empitatory tract,
encouraging avoidance behavior. Kerosene, on the other hand, hppdheance of burning more
cleanly, even if it does produce substantial anwwiftfine particulate matter and vapor-phase
chemicals, and may not encourage the same avoidance behavior assksomoie. Cooks may
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be more likely to remain in the room while cookinghnkerosene fuel. There are also likely to be
differences in the toxic effects of the pollutanktures from the two fuels.

Kerosene is one of the main sources of cooking fuel in urban amddsghting fuel in rural areas
of developing countries, including Nepal. Therefore, if ken@sburning can be confirmed as a TB
risk factor in other studies, the public health irogifions would be substantial. In rural areas not
connected with electric power, kerosene wick lamps areetiuat least 4-5 hr every day.
Commonly, these lamps are homemade devices that are legeigy inefficient, with low
luminosity. Simple wick kerosene lamps emit substantial amafrgsioke and particles[27]. A
study conducted in rural Malawi has shown a higher loadingoaticulates in alveolar
macrophages in men from exposure to kerosene ipsl@aempared with candles, hurricane lamps,
and electric lamps[28]. Other emissions from kerosemebuastion include carbon monoxide,
carbon dioxide, sulfur dioxide, nitrogen dioxide, formaldehyde, and varidd€sV(volatile
organic carbons)[29]. An indoor air pollution study conducted in Bangladests $1as shown
significantly higher concentrations of benzene, toluene, xylemane, and total VOCs emitted
from kerosene stoves than from wood burning stoves [30].

The use of kerosene fuel is associated with harnifatts that have been documented in a few
studies. These effects include impairment of ventilatbupction and a rise in blood
carboxyhemoglobin in women exposed to kerosene fuel smoke[8tl4, laigher incidence of acute
lower respiratory infection in children in homesngsKFS and BFS[32].

A causal relationship between exposure to biomass fuel stmok&Ris biologically plausible.
The smoke could affect either risk of infectionrigsk of disease in infected people, or both, as has
been shown to be the case with tobacco smokingfghout knowledge of the time of infection,
however, the present study cannot distinguish betwbe two possibilities. Inhalation of
respirable particles and chemicals found in smoke from theseesogenerates an inflammatory
response and impairs the normal clearance of sesedn the tracheobronchial mucosal surface,
and may allow TB bacteria to escape the first |@fghost defenses, which prevent bacilli from
reaching the alveoli[33]. Smoke also impairs the function of pobry alveolar macrophages, an
important early defense mechanism against bacteria[34]. Aivealerophages isolated from the
lungs of smokers have reduced phagocytic ability comparédmatrophages from nonsmokers
and secrete a lower level of pro-inflammatory cytogjB8]. Exposure to wood smoke in rabbits
has been shown to negatively affect antibacterial properties @blaivmacrophages, such as
their ability to phagocytize bacteria [36].

4.5 Conclusion

Our study provides evidence that the use of biomass fuel for househtitdy hea risk factor for
TB, but little evidence that the use of biomass as a coduglgs a risk factor in this population.
The association is biologically plausible and consistent with #salts of some other
epidemiologic studies. Nonetheless, there is the possibilita stlection bias arising from
differences in the sources of cases and controls.tlithg also strongly suggests that kerosene fuel
burning, particularly for lighting, is a risk factor for TBhdt kerosene lamp burning was more
strongly associated with TB than kerosene stove use may be &déaanps are likely to be kept
burning for longer periods than are stoves, which are udgdaloring the period of cooking, and
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the lamps may be kept closer to people during the evening, imgehasieffective intake fraction.
In addition, most of the kerosene lamps were wick lamps (21 of 22yeas most (33 of 42) of
the stoves were pressurized (pumped), which produce fewer emig®o unit fuel. Because
these kerosene findings are apparently unique, stoidies in different settings are needed to
confirm them. Should the association with kerosemepl use be confirmed, replacement of the
kerosene lamps with solar lamps or other cleanilighgystems would be a solution. Considering
the strong associations of both religion and districiesidence in this study, in any future case-
control study examining this issue in Nepal, consideration shouldvbe @ matching on these
factors.

Irrespective of the evidence for associations betvedoor biomass use and TB, it is clear that such
use produces substantial indoor air pollution withlthedamaging chemicals and particulate matter.
One, at least partially effective, remedial measur&iseplace unflued stoves with chimney
stoves. Such stoves, however, require continuing maintet@meaintain good indoor air quality,
and because they usually just exhaust emissiotisetoear outdoors but not reduce them, even
well-operating chimney stoves can only partly reducd &tposures [37, 38]. Ideally, electric
stoves or low-emission biomass stoves, such as semi- gasiessbor those with cleaner
burning fuels (biogas or LPG) would be used. It isentbfficult to generalize about kerosene stoves
and lamps, because emissions vary greatly by typdewice and fuel quality, which is not
uniform[10]. Pressurized kerosene stoves and lamps usiod-qga@lity fuel may have low
particulate emissions if properly maintained, but inexgensick lamps can be dirty, particularly
with low-quality fuel. Their replacement with cleateirning devices may also be justified.
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Conclusion

5.1 Dissertation summary

It is estimated that about half of the world’s households cook daitymaimass fuel, most using
unvented stoves, with women, infants and young children experiencing thesthlighels of

exposure. In addition to biomass fuel, many poor households in developing cafgdeuse

kerosene for cooking and or lighting. Burning of biomass in unimproved deanzeburning of

kerosene, patrticularly in inexpensive devices like wick stoves ac#l lamps, emits fine
particulates (PM2.5) and many organic chemicals. Although somnith hegpacts from use of
biomass fuel are well documented, the possible health impact® aff kerosene for cooking
and lighting are not. The major objectives of this dissertation teedocument levels of fine
particulates, nicotine and naphthalene in kitchens from three maintoceeks(unimproved

biomass, kerosene and liquefied petroleum gas) and to investigatsst@atons between
tuberculosis (TB) and pre-clinical damage of lens (lens opafity)h use of biomass and
kerosene cookstoves. These issues were separately explored irrsclzapdeand 4 of this
dissertation.

In chapter 2, concentrations of PM2.5 and naphthalene from three mainoseskgdiiomass,
kerosene and LPG were measured. In addition, the extent of agreefnmesponses on the
exposure information (stove types and ventilation in the kitchen) eptainring face-to-face
interviews at the hospital were compared with data obtained &wial inspection of these
features at the houses of a subset participants. The acctrtecyeports+total reports) of stove
reporting was 96% and the accuracy of ventilation reporting898s. The results suggested
that the questionnaire used during face-to-face interviews ahdbpital was adequate and
reliable for collecting main exposure information (stove type andilagon) from the study
participants in Pokhara, Nepal.

Newly designed passive naphthalene badges were deployed ielthefmeasure naphthalene
concentrations indoors. Weekly average naphthalene concentrations froas$jiderosene and
LPG cookstoves were 3.20 pg/8D: 3.42), 3.26 pg/MSD: 2.22) and 0.79 pghiSD: 0.53),
respectively. The maximum weekly naphthalene concentration was foankitchen that used a
biomass cookstove (15.76 pgjmiThe difference in weekly average naphthalene concentrations
between kerosene and biomass stoves was not statisticallyicsighifp=0.23). Housing
characteristics and presence of other exposure covariates kitdhen did not influence the
mean naphthalene concentrations. For example, better ventilation kitctien did not reduce

the naphthalene concentration. Having smokers in the house and use of aisend& not
increase naphthalene concentrations. However, duration of use ofecticdamps and stoves
were good predictors of naphthalene concentration in the multivaregeession. The
naphthalene to PM2.5 ratio was 0.004, 0.02 and 0.01 for biomass, kerosene and LBG stove
respectively. The results of the naphthalene study suggest thakepezgshthalene badges can be
reliably deployed in the field in future.

A statistically significant difference in PM2.5 concentratiomas found between biomass,
kerosene and LPG cookstoves. Results indicated significantly hier5 from biomass
followed by kerosene and LPG cookstoves. Weekly mean PM2.5 conamrdratithe kitchens
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from three stoves were, 78, 16 and 8 times higher than the WHO axingahklity guidelines
value (10 pg/r).

The UCB particulate matter monitor documented the highest meagbredinutes PM2.5
concentration (75 mg/fhon a weekday from a biomass stove. Within the biomass stove group,
for PM2.5, there was a 495 exposure-fold range (ratio of"%an8l 2.5' percentiles of the log-
normally distributed concentrations). Corresponding exposure-fold ranges the kerosene
and LPG stove groups were 14 and 6, respectively. Relatively highhimiisehold variability of
PM2.5 concentrations was observed in the biomass and kerosene stove group§ Btoves,
the total variance of PM2.5 explained by within-household variabilig similar (45%) to that
of between-household variability (55%). In the biomass stove group, housing cdlistiasteuch
as kitchen location, house construction, use of secondary stoves and nanlateps increased
the between-household variance of PM2.5, whereas covariates like siogewed all the time,
burned incense indoors and observer assigned ventilation status dediteasbdtween-
household variance of PM2.5.

On the basis of acceptability of temporal variability of 208tH{in-household variability of

PM2.5 level), the estimated variance components of between- and-tvithseholds indicated

that averaging times of 48 hours are needed to reliably char&ctbetween-household
differences in PM2.5 levels in Pokhara. Since high intra-clagslaton (ICC) indicates lower
temporal variance relative to total variance, and suggests smgedhe duration of
measurements is no longer necessary; 82% of the varialnlig8-hours average PM2.5
concentrations was explained by between-household differences,onhil@1% of the 1 hour
concentration variability was explained by between-household factbinge. ICC values were
similar (~0.82) for moving averages of 60 hours and more and approached 0.90 on seventh days.

In addition to PM2.5 and naphthalene, higher mean nicotine concentragoasound in the
bedroom (0.29 pg/ fhthan in the kitchen (0.20 pg/Arand in houses reporting smoking family
members compared with those reporting no smoking family mem®&3 ys. 0.11 pg /iin
the kitchen; and 0.65 vs. 0.06 pg*/im the bedroom). A higher maximum nicotine concentration
was found in the kitchen than the bedroom (1.87 pg/ven 1.53 pg/ ). However, the
difference in mean concentrations between bedrooms and kitchassnat statistically
significant £=0.33). The mean concentration of nicotine found in this study was tbaerthe
mean concentration that is generally observed in the homes of k& pg /) and work
places where smoking is allowed (2.14 pg)) im the US [1, 2]. However, the median
concentration of nicotine was higher than the median nicotine concemtdatcumented in the
homes with smokers in Asia ( 0.15 vs. 0.09 pd) emd lower than that of median nicotine
concentrations documented in the homes with smokers in Nepal (~0.4){8].m

In chapter 3, using a cross-sectional study design, the assodatween use of cooking and
heating fuels on the risk of pre-clinical damage to the lens was investigatecr/between 20-
65 years were recruited from the Ophthalmology and outpatient depastnat Manipal
Teaching Hospital (MTH), Pokhara, Nepal. After recruitment andirmhtaoral consent, all
participants’ visual acuities were measured, followed by measunts of intra ocular pressure,
refraction and photographs of the lens. Altogether six photograptiee afross-sectional view
and the retro-illumination view were collected from each of thepgtticipants. The changing
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patterns of lens and opacity scores were graded by referentbe LOCS Il classification
system. Two graders provided scores for the right and theykst @hus, there were four scores
for each participant. The opacity scores ranged from O to 4.2 (on a £56dle ®.0). In the study
population, nuclear cataracts were the most prevalent type, fdlloweortical and posterior-
sub-capsular cataracts. In the linear regression analysisadjtstment for age, pack-years of
tobacco smoking, use of wood as a heating fuel, practice of inbensed indoors, main light
source in the house, education, area of residency, ventilation, hourskoéweoy day and years

of work in the sun (years-hours), alcohol consumption, dietary practia®s occupation and
land ownership; the current use of biomass cookstoves increased uksar npacity score by
0.164 (0.000 ;0.329) compared with use of gas cookstoves. The current use of kerosene
cookstoves, compared with the use of gas cookstoves increased the nmeanapacity score

by 0.138 (-0.615; 0.891), but it was not statistically significant. Ord&ygdtic regression
analysis of nuclear opacity grades after adjustment for eénirmnfounders showed use of
biomass fuel compared with gas increased the odds of nuclear opacity by 1.759 (1.01; 3.067).

This study provides evidence that the use of biomass cookstoveso@ated with an increased
risk of nuclear opacity but not cortical or posterior sub-capsalagcity. Supporting a
relationship between use of biomass stoves and nuclear opacity stasstically significant

exposure-response trend showing years of exposure to biomass fual asseeiated with

increasing risk of nuclear opacity. Bias including potential confoundsngot likely to explain

these associations, which are biologically plausible and consistéht thhe results of

epidemiological studies showing an association with clinically diagnosaccts.

In chapter 4, using a case-control study design, the associatitutsecfulosis (TB) in women
with cooking, heating and lighting fuels was investigated. Tha wigjectives of this study were
to confirm results of earlier studies using clinically confidnEB cases and to investigate
possible confounding of the relationship using a standardized questeianai confirm self-
reported exposure assessment in the kitchens of a subset of paxicimases. Cases in this
study were all female patients, 20-65 years old, who visited [irc in the Regional
Tuberculosis Center (RTC) and Manipal Teaching Hospital (MTid) who had been newly
diagnosed with active pulmonary TB by chest X-ray and positii®easputum smears (two
sputum specimens positive for acid-fast bacilli by microscoplgich are routinely conducted at
the hospital using methods recommended by the WHO[4]. Controlsweenen between 20-65
years attending MTH who did not have TB. Women who were pregmdid, were on
chemotherapy for cancer, who had HIV/AIDS or diabetes, or who Hadtay of TB were
excluded from the study.

Controls were recruited from outpatient and inpatient departmentalde; ear, nose, and
throat, 1.6%; ophthalmology, 25.6%; general medicine, 56%; obstetrics an®lggyed.2%;
orthopedics, 2.4%; skin, 1.6%; surgery, 3.2%; and psychiatry, 0.8%) at theiifid same
months when cases were identified. For each case, the controltsubgre the first eligible
female patients without pulmonary TB, matched to cases obaggar frequency bands), who
presented at MTH between 0900 and 1000 hours after case enrollmembl Gobfects were
interviewed only after medical screening confirmed that theyndidhave TB. Confirmation
procedures included a chest X-ray and an on-the-spot sputum examimagaratio of cases to
controls was 1:2 and there were 125 cases and 250 controls.
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Most cases and controls (72.0% of cases, 94.4% of controls) were fdftagki district. Cases
were more likely than controls to be Buddhist, to live in urban aneupgean areas, to reside in
poorer quality houses (kuccha), to be illiterate, to have non-partitiame unventilated kitchens
indoors, and to use kerosene wick lamps as their main source of lagés @ere also more
likely than controls to regularly consume alcohol, to be tobacco sma&drave more smokers
in the family than controls, and to have not always lived in fhreisent house. Except for three
cases, none of the participants who had smoked reported that theydraglit smoking for 6
months or more. More cases than controls had had household members wiloréBcases
(14.4%) used kerosene wick lamps as their source of light than cofii@ds) and more cases
(69%) used wood, kerosene and coal as a source of heating fuel than ddifr@lsMoreover,
cases were more likely to be using a biomass cookstove or kerosekstove than were
controls p = 0.004). The distribution of cooking fuel used by the study participeagiomass
from wood or crop residues (44.3%), LPG (42.7%), kerosene (11.2%), and biogas (1.9%).

In the multivariate logistic regression model, after contugllifor age, religion, income,
residence locality, residence district, literacy, type of prelseuse construction, always living in
the present house, pack-years of smoking, number of family memer smoked indoors,
alcohol consumption, taking vitamin supplements, family history of TB,vamtilation in the
kitchen, use of a biomass cookstove compared with a gas cookstove sheliggd positive
relationship (OR=1.21; 95% CI, 0.48-3.05) but the confidence interval wasdsotmat this
provides little evidence of an association with TB. Kerosene cookivgg\res, was associated
with TB (OR=3.36; 95% CI, 1.01-11.22). Also particularly strongly aissed with TB in the
model were use of biomass as a heating fuel (OR = 3.45; 95% CI, 1.44a8R7se of a
kerosene lamp (OR =9.43; 95% ClI, 1.45-61.32). As one measure of the ppidoliiahealth
implication of the association, the population-attributable fraction3Bffrom exposure to
biomass and kerosene cookstoves and biomass heating fuel, and kerosene k@garget
population were 9% (95% CI, —42% to 41%), 12% (0.2 to 22%), 47% (22 to 64%d)3&n¢
to 22%), respectively.

5.2 Future research directions

5.2.1 Examination of severity of lens opacity by cumulative exposure to naphthalene

Both in vivo and in vitro animal studies have shown an associationashctg with naphthalene
[5-8]. The lens opacity study (chapter 3) showed an associatioedretwse of a biomass stove
and nuclear opacity. The risk of opacity was also found higher amoogeker stove users but it
was not statistically significant. The results in chaptesh8w that the mean concentrations of
naphthalene from biomass and kerosene cookstoves are similar. Hoageteere were only
three kerosene stove users in IAP monitoring study, the resultsfdithalene needs further
confirmation. If confirmed that kerosene emits higher naphthalene moattens comparable to
biomass cookstoves then this will provide some justification for redensg policy to replace
kerosene as well as unimproved biomass devices with suitable tesn&ke biogas or LPG
stoves. Kerosene is heavily subsidized in many developing countpekc¢ythat would need to
be re-examined if significant health impacts were found to be associakeid wit
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There have been no epidemiologic studies looking at the associatiopeheseverity of lens
opacity or cataracts with cumulative dose of naphthalene. Lackastiaffle measurement tools
have been one reason for lack of such studies. However, the passive naphtialges
developed and deployed in this study suggest that these badges cean adetecollect
naphthalene in kitchens that use biomass or kerosene cookstoves. Thubatlgese can be
deployed in the field in the future to collect mean concentratiameisas variance components.
Using the unbiased mean estimates, researchers can compargréee afelens opacity with
cumulative exposure to naphthalene.

5.2.2 Indoor air pollution and lens opacity

The evidence found in the current study that use of biomass fugdasiated with pre-clinical
damage of lens or lens opacity is coherent. The results of clgaptethis dissertation suggest
that present and past use of biomass cookstoves is associated va#r ppelkity. In the present
study, the prevalence of nuclear opacity (opacity sce?d3) was 26.4%, which is comparable
to the prevalence of nuclear opacity in women in India[9]. Muclefgpgpulation-based studies
covering both rural and urban residents are needed to confirm thegBnafirthis study. If the
association is established, then the public health benefit could de d&r nuclear opacity
dominates the cataracts burden in developing countries. Recentlyssadies have indicated
that severe heat stress or exposure to high ambient tempasmrdamage lens [10-12]. In
future, studies should include investigation of the association of lern#ypéth heat stress or
exposure to higher temperatures.

5.2.3 Indoor air pollution and tuberculosis infection

Tuberculosis (TB) is a major infectious disease that causessland death worldwide[13]. In
2006, there were about 9.2 million new TB cases and 1.7 million TBdel¢aths[14].
Worldwide, six previous epidemiologic studies have investigated whattieor cooking with
biomass fuels, such as wood or agricultural wastes, is assowdted B--with inconsistent
results. The results of chapter 4 of this dissertation suggestinti@or biomass burning,
particularly as a heating fuel, and use of kerosene, as a canKigbting fuel is associated with
TB. The results of use of kerosene for cooking and lighting &sang the risk of TB in women
are unigue. However, as the present study had a case-control wasige hospital controls were
compared with the cases, the possibility of selection bias coulobenmimpletely ruled out. The
implications will be profound if the association of TB with the us&eybsene for cooking and
lighting is confirmed. As all of the previously conducted studieg\Bfand TB have focused on
active pulmonary TB disease, there have been no studies invesfitjirole of use of biomass
or kerosene on the risk of TB infection. Such information would be ugafydolicy making,
particularly in countries where the prevalence of TB infection is velgtiow.
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5.3 Concluding remarks

In conclusion the results of the three main chapters of thisrthien suggest that in Nepal
cooks who use unvented biomass cookstoves experience very high mean aexippsake to
PM2.5 compared to cooking with kerosene and LPG stoves. By contrastolteexperience
higher concentrations of naphthalene from both kerosene and biomass cookstoves coitipared w
LPG cookstoves. Current and past use of biomass cookstoves is adsediatan increase in
the risk of nuclear opacity. Similarly use of biomass as arfieéiel and kerosene, either in
stoves or in lamps, is a risk factor for TB. Irrespective ofeffidence for associations between
indoor biomass use and risk of lens opacity and TB, it is cleastichtuse produces substantial
indoor air pollution with health-damaging chemicals and particutastter. One, at least
partially effective, remedial measure is to replace unfluedest with chimney stoves. Such
stoves, however, require continuing maintenance to maintain good indoguaity, and
because they usually just exhaust emissions to the near outdoors, teaucetthem, even well-
operating chimney stoves can only partly reduce total exposures |[1iedly, electric stoves
or low-emission biomass stoves, such as semi-gasifier stovésserwith cleaner burning fuels
(biogas or LPG) would be used. It is more difficult to genezalibout kerosene stoves and
lamps, because emissions vary greatly by type of device andqbadity, which is not
uniform[17]. Pressurized kerosene stoves and lamps using good-qualityndyehave low
particulate emissions if properly maintained, but inexpensive wakp$ can be dirty,
particularly with low-quality fuel. Their replacement with gdiamps or cleaner burning devices
may also be justified.
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