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EFFECTS OF COOKING SMOKE ON PREVALENCE OF 
BLINDNESS IN INDIA 

ABSTRACT 

Objective. To measure the effect of cooking smoke from biomass fuels on prevalence of blindness 

among persons age 30 years and older in India. 

Methods. Data are from India's 1992-93 National Family Health Survey, which is based on a 

nationally representative sample of 88,562 households comprising 514,827 individuals. Logistic 

regression is used to estimate the net effects of cooking smoke from biomass fuels (wood and dung) 

on prevalence of blindness after controlling for a number of potentially confounding variables. 

Results. Persons living in households that primarily use biomass for cooking fuel have a considerably 

higher risk of developing partial or complete blindness than persons living in households that use 

cleaner fuels. These results hold even when the effects of kitchen availability, house type, crowding, 

age, gender, urban-rural residence, education, religion, castelhibe, and geographic region are 

statistically controlled, and also when the analysis is done separately for men and women and for 

urban and rural areas. 

Conclusions. Results indicate that use of biomass fuels for cooking substantially increases the risk 

of blindness. 



INTRODUCTION 

In developing countries, concentrations of health-threatening air pollutants tend to be highest 

indoors, where biomass fuels such as wood, animal dung, and crop residues are burned by many 

households for cooking and heating.' This is contrary to the common perception that air pollution 

is primarily an urban phenomenon associated with motor vehicles and industries. Biomass fuels are 

at the high end of the energy ladder in terms of air pollution, and at the low end in terms of 

combustion efficiency.' Biomass smoke contains many noxious components, including respirable 

particulates, carbon monoxide, nitrogen oxides, formaldehyde, and polyaromatic hydrocarbons such 

as benz~(a)pyrene?",~ 

In India the principal biomass fuels are wood, crop residues, and dung cakes, which are the 

primary cooking fuels for at least three-quarters of Indian  household^.^ Cooking is often done under 

poorly ventilated conditions, and about one-half of all households do not have a separate kitchen that 

would shield persons in other rooms from cooking smoke. Life in a typical Indian household 

revolves around the cooking area, and Indian women spend much of their time there. Cooking stoves 

in most households are nothing more than a pit, a U-shaped chulha, or three pieces of brick. Cooking 

under these conditions entails high levels of exposure to cooking smoke. In developing countries 

such as India, daily air pollution exposures from cooking with biomass typically exceed relevant 

health-based guidelines by factors of twenty or more.' 

Anecdotal association of eye problems with cooking smoke is common, but few 

epidemiological studies seem to have been done.3" The chief proximate cause of complete blindiess 

worldwide is cataract, which accounts for at least 50 percent of prevalence.' Cataract is a progressive 

opacification of the lens and is known to be linked to oxidative damage that can be produced by 

heavy airborne pollution as well as other factors.' A case-control study of cataract patients and 

controls at a New Delhi ophthalmic clinic showed that, compared to home use of bottled cooking 

gas, low-quality cooking fuels (wood, dung) were significantly associated with three of the four 

major types of cataract (cortical, nuclear, and mixed), even after controlling for 56 physiologic, 

behavioral, environmental, and biochemical variables? As far as we know, this is the only scientific 

study of the effects of cooking smoke on cataract in a human population. A number of studies 

indicate that tobacco smoke can cause cataract:' suggesting that cooking smoke might have a similar 



effect. A connection between cataract and both wood smoke and tobacco smoke has also been 

observed in experimental studies of laboratory rats.".12 

Both blindness and cataract are major health problems in India. Cataract is an even more 

important cause of complete blindness in India than it is in the world as a whole. A number of 

studies have indicated that cataract accounts for more than 80 percent of complete blindness in the 

~ountry.'~.'~ Cataract accounts for nearly 1 percent of the total burden of disease in India Cataract 

in India also accounts for approximately one-third of the global prevalence of cataract.ls In the 1980s. 

the prevalence of complete blindness in India is estimated to have ranged between 0.5 and 0.7 

percent.".14 In the early 1990s, according to India's 1992-93 National Family Health Survey 

(NFHS), 3 percent of the population suffered from blindness-2.6 percent frompamal blindness and 

0.4 percent from complete blindness. (The somewhat lower prevalence of complete blindness in the 

NFHS may be due partly to the fact that the NFHS did not include completely blind persons who 

were permanently institutionalized at the time of the survey.) These percentages translate into almost 

30 million partially or completely blind people in the country. The risk of partial or complete 

blindness increases dramatically with age, reaching 16 percent for 60-69 year-olds and 23 percent 

for those over 70.6 

Our study examines the relationship between use of biomass fuels for cooking and the 

prevalence of partial or complete blindness among persons age 30 years and older in India, after 

statistically controlling for the effects of several potentially confounding variables. The analysis is 

limited to persons age 30 and over because the effects of cooking smoke on blindness are long-term 

and cumulative, so that cooking smoke is not likely to result in blindness in children and young 

adults. As far as we know, ours is the fmt study to provide quantitative estimates of the effects of 

cooking smoke on the prevalence of blindness in a human population. 

DATA AND METHODS 

Data for this study come from India's 1992-93 National Family Health Survey (NFHS). The 

NFHS collected demographic, socioeconomic, and health information from a probability sample of 

88,562 households covering a total of 514,827 persons. All parts of the country except Kashmir and 



Sikkim are represented in the sample, which covers 99 percent of India's population. Details of 

sample design are found in the basic survey report? For reasons just described, the analysis is limited 

to usual residents age 30 and over, who number 173,520 in the survey. 

The NFHS included several questions about the current health status of each household 

member, including whether each member suffers from partial or complete blindness. Partial 

blindness is defined as blindness in one eye, partial cataract, night blindness, or other eye problem 

resulting in seriously impaired vision. In our analysis, blindness is represented by dummy variables 

for partial blindness, complete blindness, and blindness in general (partial or complete). These are 

the response variables in ow statistical models. 

Our indicator of exposure to cooking smoke is the type of fuel used for cooking. The NFHS 

used a nine-fold classification of cooking fuel: wood, dung cakes, charcoal, coal/coke/lignite, 

kerosene, electricity, liquefied petroleum gas, bio-gas, and a residual category of other fuels. 

Unfortunately, the NFHS did not include a separate category for crop residues, which are known to 

constitute the second largest category of biomass fuel after wood.16 It is evident that in the NFHS 

most households using crop residues as their primary cooking fuel reported using wood, inasmuch 

as the proportion of households falling in the residual category of "other fuels" is only 2 percent. 

Initially we grouped fuels into three categories-high-pollution fuels (wood and dung), 

medium-pollution fuels (charcoal, coal/coke/lignite, and kerosene), and low-pollution fuels 

(electricity, petroleum gas, and bio-gas). However, differences between medium-pollution fuels and 

low-pollution fuels in their effects on blindness turned out not to be statistically significant, so we 

regrouped fuels into just two categories-biomass fuels (wood and dung) and cleaner fuels (charcoal, 

coal/coke/lignite, kerosene, electricity, petroleum gas, and bio-gas). Households using "other fuels" 

are excluded from the analysis. 

In terms of total pollution content, coal/coke/lignite are not very different from biomass fuels. 

However, in terms of exposure to cooking smoke, coal/coke/lignite may be regarded as cleaner fuels 

in the present context. In India, coal/coke/lignite are usually burned on portable stoves that are often 

started in open areas and then, once the fuels are burning cleanly, brought indoors for cooking. Most 

of the smoke from these fuels is released outdoors within the first few minutes after the fue is 

ignited. Wood, crop residues, and dung cakes, on the other hand, are usually burned on stoves that 



cannot be lifted or transported. Moreover, f m  kom these fuels q u i r e  more or less continual fuel- 

feeding, resulting in extended exposure to noxious indoor pollutants. 

In our analysis, type of cooking fuel is represented by a dummy variable with value 1 for 

biomass fuels and 0 for cleaner fuels. This is our principal predictor variable. 

The NFHS also collected information on various socioeconomic and demographic 

characteristics of households and individuals. Among these characteristics are avdability of a 

separate room for cooking (i.e., a separate kitchen), housing type (indidng quality of construction), 

number of rooms in the house (from which the average number of persons per room in the household 

can be calculated as a measure of crowding), age, gender, urban-rural residence, education, religion, 

casteltribe, and geographic region. These variables function as control variables in our analysis. 

The rationale for including these variables as controls is the following: Availability of a 

separate kitchen controls to some extent for intensity of exposun: to cooking smoke. It also helps to 

control for household economic status, for which we have no direct measure. (The NFHS did not 

collect income data.) Controlling for household economic status is important because it is an indirect 

indicator of nutrition and health as well as access to medical services that might prevent blindness. 

Housing type may control to some extent for how well ventilated the house is, and it is also 

correlated with household economic status. Housing type is dichotomized into kachchu (lowquality 

construction materials such as mud and thatch) andpucca or semi-pucca (at least some highquality 

construction materials such as bricks, tiles, cement, and concrete). Average number of persons per 

room in the household controls for crowding, which may also be correlated with exposure to cooking 

smoke as well as household economic status. 

Age is controlled because it has a large effect on the risk of blindness and is also correlated 

with intensity of exposure to cooking smoke. Gender is controlled mainly because. women usually 

do the cooking and are therefore exposed more intensely to cooking smoke than men are. Urban- 

rural residence and education are conttoued because they are correlated with type of cooking fuel 

and with household economic status. And they are especially correlated with access to and use of 

medical services which may prevent blindness. Religion and castdtribe are included because they 

may capture cultural and life style differences that are correlated with type of cooking fuel and 

intensity of exposure to cooking smoke. Region is included to control for regional differences in 



climate, topography, and local customs that may be correlated with both blindness and exposure to 

cooking smoke. 

All variables, except age, education, religion, and geographic region, are dichotomous. Each 

dichotomous variable is represented by one dummy variable in the analysis. Age is grouped into five 

categories-30-39,40-49,50-59,6049, and 70 years or older-and is represented by four dummy 

variables, with 3G39 as the reference. Education has three categories represented by two dummy 

variables--one for medium education (literate but less than high school) and one for high education 

(high school or more), with illiterate as the reference category. Religion is also represented by two 

dummy variables--one for Hindu and one for "other religion," with Muslim as the reference 

category. Geographic region is represented by three dummy variables--one for north and northeast, 

one for central and eastern, and one for west, with south as the reference category. 

The basic methodological approach in this study is logistic regression, with blindness (partial, 

complete, or either) as the response variable, cooking fuel type as the principal predictor variable, 

and the ten demographic and socioeconomic variables mentioned earlier as controls. The logistic 

regression analysis of partial blindness is conditional on not being completely blind at the time of 

the survey (i.e., completely blind persons are excluded from the analysis), and the logistic regression 

analysis of complete blindness is conditional on not being partially blind at the time of the survey 

(i.e., partially blind persons are excluded from the analysis). We also did the analysis using 

multinomial logit regression, which yields results similar to those obtained by conditional logit 

regression. (Odds ratios representing the effect of cooking fuel type agree to two decimal places.) 

We have opted to show the results obtained by conditional logit regression because this method 

allows easy calculation of confidence intervals for odds ratios. 

We estimated our logistic regression models taking design effects due to clustering into 

account. We did so using the HLOGIT option in the STATA statistical computing package." 

The NFHS oversampled certain states and certain categories of households. Weights must 

be used to restore the representativeness of the sample. Results presented in this paper are based on 

the weighted data.6 



RESULTS 

Table 1 contains variable definitions and mean values in our sample of 173,520 persons age 

30 and over. Mean values are presented separately for urban, rural, and total (i.e., urban and rural 

combined). The table shows that the overall prevalence of blindness (partial or complete) is in the 

neighborhood of 7 percent. The prevalence of partial blindness is about 10 times higher than the 

prevalence of complete blindness. Biomass fuels are used for cooking by about threequarters of the 

population. By residence, the proportion using biomass fuels is almost three times higher in rural 

areas (93 percent) than in urban areas (32 percent). The means of the control variables relating to 

housing, education, and casteltribe also differ considerably between urban and rural areas. 

Effects of cooking fuel type on blindness 

Figure 1 shows the effects of cooking fuel type on prevalence of blindness. The unadjusted 

and adjusted prevalence rates shown in the figure are predicted values derived by logistic regression 

and multiple classification analysis, which is a method for transforming regression results into 

simple bivariate tables which can be portrayed as bar ,graphs.'' The unadjusted prevalence rates for 

a particular category of blindness (partial, complete, or either) are predicted from a logistic 

regression of blindness (1 if blind, 0 otherwise) on type of cooking fuel (1 if wood or dung, 0 

otherwise). The adjusted prevalence rates are predicted from a logistic regression of blindness on 

type of cooking fuel and the ten control variables discussed earlier. in the catcularion of adjusted 

prevalence rates, the control variables are held constant by setting them to their mean values in the 

underlying logistic regression. In the calculation of both unadjusted and adjusted prevalence rates, 

the value of the constant term in each underlying logistic regression is reset so that, with the 

predictor variable or variables set to their mean values, the prevalence rate predicted by the 

regression equals the observed prevalence rate in the sample for which the regression is run. 

Figure 1 shows that unadjusted prevalence rates of partial and complete blindness are 

substantially higher among persons living in households using biomass fuels than among persons 

living in households using cleaner cooking fuels. Adjusting for control variables reduces these 

differences to some extent, but considerably more so for complete blindness than for partial 

blindness. The adjusted prevalence rates of partial blindness (per 100,000) are 7,206 among those 

using biomass fuels and 5,489 among those using cleaner fuels. The difference of 1,717 between 



these two prevalence rates is large and statistically significant (pc.0001). On the other hand, the 

adjusted prevalence rates of complete blindness are 665 and 609 for the two cooking fuel categories, 

and the difference of 56 is small and not statistically significant (p=.59), although still in the 

expected direction. The finding that cooking smoke from biomass fuels has a larger effect on partial 

blindness than on complete blindness is perhaps not surprising, inasmuch as the effects of cooking 

smoke tend to be incremental. Complete blindness is more often caused by birth defects, birth 

trauma, childhood diseases, or accidents. 

Effects of the control variables on blindness 

The effects of the control variables on prevalence of blindness are also of interest and are 

summarized in Table 2, along with the effects of cooking fuel type already shown graphically in 

Figure 1. In Table 2, effects are measured by odds ratios, as estimated by logistic regression. (Table 

2 and the adjusted bars in Figure 1 are based on the same logistic regression.) Odds ratios and their 

95 percent confidence intervals are presented separately for partial blindness, complete blindness, 

and either (partial or complete). For any given predictor variable specified by a row label, the set of 

control variables consists of all the other predictor variables in the table. The discussion below 

focuses on the adjusted effects shown in the last column pertaining to the combined category of 

partial or complete blindness. 

With other variables controlled, persons living in households with a separate kitchen have 

a lower risk of blindness (partial or complete) than persons living in households without a separate 

kitchen, as expected. Persons living in higher quality housing @ucca or semi-pucca) have a lower 

risk of blindness, also as expected. Surprisingly, crowding tends to reduce the risk of blindness, 

perhaps because persons living in more crowded conditions spend more time outside the house. It 

is also possible that cooking under more crowded conditions is more likely to be done in an open or 

partially open area. Older persons have a much higher risk of blindness, as expected. Women have 

a considerably higher risk of blindness than men, no doubt mainly because women are more exposed 

to cooking smoke. Women may also be less likely than men to obtain medical treatment for eye 

problems, and, because of gender discrimination, may be more likely to suffer from nutritional 

deficiencies related to blindness. Women also spend more time indoors than men, working on eye- 

straining jobs such as sewing, knitting, and picking stones from grains. 



With other variables controlled, urban residents have a higher risk of blidness than rural 

residents. This effect, which is not statistically significant, is the reverse of what is found for 

unadjusted prevalence, which is considerably lower in urban areas than rural areas (see Table I). It 

may be that after cooking fuel type and other socioeconomic and demographic variables are 

controlled, the reversal of direction of the effect of urban residence reflects higher levels of ambient 

air pollution and chemical pollution in urban areas. 

More educated persons have a lower risk of blindness, as expected. Hindus have a higher risk 

of blindness than Muslims, who have a higher risk than persons in the residual category of other 

religions. However, the differences between Hindus and Muslims are not statistically sigruficant. The 

low risk of blindness among persons of other religions may occur because of the higher 

socioeconomic status of this group, which entails better access to and more use of medical services. 

Persons who belong to scheduled castes and scheduled tribes have a higher risk of blindness than 

persons who belong to other castes, perhaps mainly because persons from scheduled castes and 

scheduled tribes have poorer access to medical care. 

Regional differences are surprisingly large. The risk of blindness is highest in the west 

region, followed by the south region, the central and eastern region, and the north and northeast 

region. Large regional differentials are found for both partial blindness and complete blindness. The 

regional differentials indicate a geographical gradient in the prevalence of blindness that tends to rise 

from north and east to south and west, and this suggests that the prevalence of certain eye diseases 

may follow a similar merit However, we do not have any disease-specific evidence that bears on 

this conjecture. 

In Table 2, the effects of the demographic and socioeconomic variables on partial blindness 

and complete blindness are rather similar to the effects of these variables on the combined category 

of partial or complete blindness. 



Further analysis of gender differences and urban-rural differences in the prevalence of 

blindness 

Because women tend to do the cooking and are much more exposed than men to cooking 

smoke, and because urban and rural environments are so different, we decided to repeat the above 

analysis separately for men and women and separately for urban residents and rural residents. Only 

the combined blindness category (partial or complete) is considered in these analyses. 

Figure 2 shows adjusted prevalence of blindness (partial or complete) by type of cooking fuel 

separately for men and women. The methodology for estimating the adjusted prevalence levels in 

this figure is similar to that in Figure 1, discussed earlier. In the case of the two bars for males in 

Figure 2, the control variables are set to their mean values for males, and in the case of the two bars 

for females the control variables are set to their mean values for females. In this figure, the adjusted 

effect of cooking fuel type on prevalence of blindness is about the same for both men and women. 

For both men and women the effect is highly significant, with p<.0001 for men and p=.001 for 

women. The similar effect for men and women is surprising, because women are more exposed than 

men to cooking smoke. However, partial blindness may be less likely to be reported for women than 

for men, especially in households that use biomass fuels for cooking, and this may account for the 

estimated effect of cooking fuel type on blindness not being larger for women than for men. 

Table 3 provides additional detail on adjusted effects of the control variables on the risk of 

blindness by gender, as measured by odds ratios. The effects of the control variables tend to be rather 

similar among men and women, except that the effects of education and region are substantially 

larger among women than among men, for reasons that are unclear. 

Figure 3 shows adjusted prevalence of blindness (partial or complete) by type of cooking fuel 

separately for urban areas and rural areas. In the case of the two urban bars the control variables are 

set to their mean values in urban areas, and in the case of the two rural bars the control variables are 

set to their mean values in rural areas. The adjusted effect of cooking fuel type on prevalence of 

blindness is considerably larger in rural areas than in urban areas. The adjusted effects are significant 

for both urban areas @=.04) and rural areas @<.0001). The smaller effect in urban areas may occur 

because the availability and quality of medical services for prevention and treatment of eye problems 

is better in urban areas. 



Adjusted effects of the control variables on the risk of blindness by urban-rural residence are 

shown in Table 4. The effects of the control variables, like the effect of cooking smoke itself, tend 

to be stronger among rural residents than among urban residents. Again the reason may be that the 

availability and quality of medical services for prevention and treatment of eye problems is better 

in urban areas. The effect of being Hindu, relative to being Muslim, is to increase blindness in rural 

areas, but to decrease it in urban areas. However, in urban areas the effect of being Hindu is not 

statistically significant. 

Proportion of risk of blindness attributable to cooking smoke 

It is also of interest to look at the proportion of the risk of blindness in the population that 

is attributable to smoke from biomass fuels relative to cleaner fuels. This measure, which is 

sometimes referred to as the "population attributable risk pr~portion,"'~ is defined here as 

in total mevalence - Rev- 
(Prevalence in total population) 

This measure is usually defined in terms of incidence, but here we define it in terms of prevalence 

since we do not have data on incidence. 

In the present context, this measure can be interpreted as the proportionate reduction in 

prevalence of blindness in the population that would occur if everyone used cleaner fuels. Those 

using cleaner fuels an: the unexposed group in the formula. If, hypothetically, everyone uses cleaner 

fuels, the mean values of the other predictor variables in the unexposed group must be the same as 

the mean values of the predictor variables in the total population. Therefore, adjusted values of 

prevalence, with control variables set to their mean values in the total population, must be used to 

estimate "prevalence in unexposed group" in the formula Note that if the calculation is done 

separately for urban or nual, "total population" in the formula then refers to "total urban population" 

or "total rural population." 

Applying the formula, we find that 18 percent of blindness (partial or complete) in the total 

population (urban plus rural) is attributable to cooking smoke from biomass fuels. This proportion 

is 6 percent in urban areas and 29 percent in rural areas. The proportion is much higher in rural areas 



not only because the effect of biomass fuels on blindness (as measured, for example, by odds ratios) 

is higher in rural areas, but also because the proportion of households using biomass fuels is much 

higher in rural areas. 

DISCUSSION 

Results from this study indicate that exposure to cooking smoke (from biomass fuels 

compared with cleaner fuels) substantially increases the risk of blindness, especially partial 

blindness. The effect on partial blindness is large and highly statistically significant @<.0001) even 

when the effects of a number of potentially confounding variables are statistically controlled by 

holding them constant. The effect on complete blindness is diminished and no longer statistically 

significant when potentially confounding variables are controlled. 

We also did the analysis separately for men and women and separately for urban and rural 

areas. Here we examined partial and complete blindness as a combined category rather than 

separately. The effects of cooking smoke on this combined category of blindness were found to be 

large and statistically significant for each sex and for each residence category. 

The true effects of biomass fuels on blindness are probably stronger than we have estimated, 

for three reasons. The first is that households in India typically use a combination of cooking fuels, 

whereas we have information only on the primary cooking fuel. Our estimated effects are attenuated 

to the extent that a mix of biomass fuels and cleaner fuels is used instead of biomass fuels alone. The 

second reason stems from our lack of information about the history of fuel use in the household, 

which is important because the effects of cooking smoke on blindness are cumulative over time. 

Previous shifts from biomass fuels to cleaner fuels tend to bias downwardly our estimates of effects. 

Our estimates of the effects of cooking smoke from biomass fuels on blindness would also be larger 

had we measured the effects of biomass fuels relative to a very clean fuel such as electricity instead 

of a residual category of other fuels that includes charcoal, coal/cokeAignite, kerosene, petroleum 

gas, and bio-gas as well as electricity. 

Nevertheless, there are several factors that could affect the validity of our conclusions. Fuel 

type is not an ideal measure of exposure to smoke, and reports of blindness (especially partial 



blindness) by household heads or other household informants are not as accurate as clinical measures 

of blindness. And although our set of control variables included several measures of socioeconomic 

status, which is correlated with access to and use of medical services, we were not able to control 

directly for extent of use of medical services in connection with eye problems, because the NFHS 

survey did not collect any information on this subject. The NFHS also did not collect any data on 

such behaviors as tobacco smoking, drinking, and exposure to hazardous conditions at work which 

might account for some of the variation in the prevalence of blindness. Nor did the survey collect 

any information on nutrition--e.g., on vitamin deficiencies relating to blindness. The survey also 

lacks information on frequency of severe diarrheal episodes. According to some but not all studies, 

a history of severe diarrheal episodes may be associated with cataract development, in part because 

of the detrimental effects of dehydration of ocular  fluid^.^^^'^ We also lack information on extent 

of exposure to sunlight. The oxidizing effect of the ultraviolet component of sunlight is a known 

cause of ~ataract.~' 

The socioeconomic variables included as controls in our models are likely to capture much, 

but not all, of the effects of these missing variables on blindness. Future health surveys might 

consider including additional questions on these variables. Longitudinal intervention studies using 

epidemiological methods would be especially useful for untangling the effects of the various risk 

factors, although cross-sectional surveys such as the NFHS are also very useful because they 

typically cover much larger and more representative populations at a considerably lower cost per 

respondent. 

Our findings indicate that the prevalence of blindness in India, and probably in many other 

developing countries as well, might be reduced substantially by lowering exposure to cooking 

smoke, especially from biomass fuels. Perhaps the most obvious long-run policy implication is that 

the government should promote a shift from biomass fuels to cleaner fuels, which would also have 

significant health benefits from reduced respiratory, cardiovascular, and perinatal problems. In the 

short run, however, such a shift may not be feasible for the large proportion of households who 

cannot afford more expensive cleaner fuels. Moreover, given current infrastructure and fuel 

availabiity, the government does not have the capacity to provide al l  households with cleaner fuels. 

A more feasible policy in the short run would be for the government to increase its efforts to educate 

the public about the adverse health effects of cooking smoke and to accelerate its improved 



cookstove program by making available inexpensive biomass-burning stoves that are fuel-efficient, 

relatively smokeless, and equipped with flues or hoods designed to prevent the release of pollutants 

directly into the kitchen and other parts of the dwelling. For such programs to be effective, local 

needs and community participation should be given high priority. The government should also place 

greater emphasis on blindness prevention in its health programs, because blindness can often be 

prevented if detected and treated at an early stage. 
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Table 1: Variable definitions and mean values' for persons age 30 years and older, India 1992-93 

Variable 
name 

PBLIND 

CBLIND 

BLIND 

BIOMASS 

KITCHEN 

PUCCA 

CROWD 

AGE40-49 
I 

AGESO-59 ! Dummy variable, with value 1 if age 50-59 17.4 17.8 17.7 

AGE60-69 , Dummy variable, with value 1 if age 60-69 11.6 14.7 13.9 
1 

AGE70+ / Dummy variable, with value 1 if age 70 years or older 6.8 8.7 8.2 
! 

FEMALE 1 Dummy variable, with value 1 if female 47.2 48.1 47.9 

URBAN Dnmny variable, with value 1 if residence is urban 100.0 0.0 27.8 

EDM 1 Dummy variable, withvalue 1 for literate people with , 34.3 26.7 28.8 
i less than a high school education I 

I ! 
EDH ! Dummy variable, with value 1 for people with at least 1 33.7 8.7 15.6 

: high school education I 

1 I 

Variable defmition 

Response variables (mean values expressed per 
100,000) 

Dummy variable, with value 1 if person suffers from 
partial blindness 

Dummy variable, with value 1 if person suffers from 
complete blindness 

Dummy variable, with value 1 if person suffers from 
panial or complete blindness 

! 

Means 
Urban h r a l  Total 

5485 7153 6689 

477 728 658 

5911 778 1 7262 

---------------------------------------+----------------------- 

I 

Predictor variables (mean values of dummy variables ! 
expressed as percentages) 

Dummy variable, withvalue 1 ifperson lives in a 32.1 93.1 75.8 
household that uses wood or animal dung as its primary 
cooking fuel 

Dummy variable, with value 1 if person lives in 67.9 54.1 57.9 
household that has separate kitchen 

Dummy variable, with value 1 if person lives in apucca 84.1 41.8 53.6 
(high quality) or semi-pucca housez 

Dummy variable, with value 1 if three or more persons 38.7 45.6 43.7 
per room in the household 

Dummy variable, with value 1 if age 40-49 26.2 23.8 24.5 



(Table 1 continued) 

N m :  
1. Mean values are based on the weighted sample. 
2. The reference catceow is hchcha. Kachcha h o w  are made fmmmud thatchor Low-aualitv materials. Pucca houses are made h m  hieh- - .  - 

qualrry matmals (such as bndts t~lcs, cemem and comete) throughout, indudma mf, walls, and floor Smu-pucco ho- arc made h m  
partly lowquahty matmals and partly lu&+ty matmds 

3 Scheduled castes (SC) and whcduled t n k  (ST) a e  those castes and mbcs ~liermfiod by the Govemmcm of& as socrally and e u n o m d y  

Means 
Urban Rural Total 

76.8 84.8 82.6 

8.0 5.7 6.3 

11.4 23.6 20.2 

2.6 5.0 4.4 

47.1 55.1 52.9 

25.0 18.2 20.1 

56351 117169 173520 

Variable 
name 

HMDU 

OTHREL 

SCST 

NORTH 

CENTR 

WEST 

n 

backward and in need of pmtdon fmm social h w c e  and exploitation 
4. Actual sample sizevaries sli$dly for hdividuel variables +ding oaths nvmba of mki iva luss  

Variable definition 

Dummy variable, with value 1 if the person lives in a 
household whose head is Hindu 

Dummy variable, with value 1 if the person lives in a 
household whose head is not Hindu or Muslim 

Dummy variable, with value 1 if the person lives in a 
household whose head belongs to a scheduled caste (SC) 
or scheduled tribe (Sp3  

Dummy variable, with value 1 for people living in 
J m u  Region of J m u  & Kashmir, Himachal 
Pradesh, Assam, h c h a l  Pradesh, Manipur, 
Meghalaya, Mizoram, Nagaland, or Tripura 

Dummy variable, with value 1 for people living in 
-ma, Punjab, Delhi, Uttar Pradesh, Madhya 
Pradesh, Bihar, West Bengal, or Orissa 

Dummy variable, with valne 1 for people living in 
Maharashtra, Goa, Gujarat, or Rajasthan 

Number of unweighted persons 30 years and older in the 
sample4 



Table 2: Adjusted effects of type of cooking foe1 and other selected variables on the risk of blindness among 
persons age 30 years and older, India 1992-93 

Cooking fuel type 
Biomass fuels 
Cleaner fuels* 

Separate kitchen 
Yes 
No* 

House type 
Kachcha* 
Pucca or semi-puccc 

Crowding 
-3 persons per room 
23 persons per room 

Age 
30 - 39t 
40 - 49 
50 - 59 
60 - 69 
70 + 

Gender 
Male* 
Female 

Residence 
Urban 
Ruralt 

Education 
Illiterate* 
Below high school 
High school& more 

Religion 
Hindu 
Muslimt 
Other 

Geographic region 
North and northeast 
Central and eastern 
west 
South' 

bariable 

b 167992 1 159138 o. of unweighted cases 1 168888 
! 

Partial blindness 

Odds 95% Confidence 
Ratio Interval 

Complete blindness 

Odds 95% Confidence 
Ratio Interval 

Natc: F a  definition ofvariablep see text and Table 1. Cd& ntim ars d m s k d  by Lo&kli5r~?pGx~ C m f i k  klmwhiake k iga  effear b u r  
chlaing itdo aomurd Fa any given pcdidor variable rpcsifid by a mw Label, the sd ofccdml &I- o f d  & r*bcr@ida \ULMa 
inthe table. Models an baptd mthe weighid -1% 

. 
Partial or complete 

blindness 
Odds 95% Confidence 
Ratio Interval 



Table 3: Adjusted effects of type of cooking fuel and other selected variables on the risk of blindness (partial 
or complete) among persons age 30 years and older by gender, India 1992-93 

Now: For d c f d o n  of vanable w tea and Tablo I . &  ratios are d by lo@c regressim Confidence h a l s  take design e E w  due to 
r l u m  into m u m  For any predictor vanahlo spcrrfied by a row label the set of cmlml vanable cons& of all the othn prcdimr variables 

banable 

Cooking fuel type 
Biomass fuels 
Cleaner fuels* 

Separate kitchen 
Yes 
No* 

House type 
Kachchat 
Pucca or semi-pucca 

Crowding 
<3 persons per roomt 
23 persons per room 

Age 
30 - 397 
40 - 49 
50 - 59 
60 - 69 
70 + 

Residence 
Urban 
Rural* 

Education 
Illiterate* 
Below high school 
High school & more 

Religion 
Hindu 
Muslim* 
Other 

Caste 
SCIST 
Other* 

Geographic region 
North and northeast 
Central and eastern 
West 
South* 

No. of unweighted cases 

- .  

inthetable. Mcdels arc baaed onthe weigMed 98mpIs. 

Male 
Odds 95% Confidence 
Ratio Interval 

1.31 1.12, 1.52 
1.00 -- 
0.90 0.83, 0.98 
1.00 -- 
1.00 - - 
0.88 0.80, 0.97 

1.00 -- 
0.89 0.82, 0.97 

1.00 -- 
2.78 2.37, 3.26 
5.54 4.75, 6.46 

10.75 9.24,12.52 
19.38 16.58,22.64 

1.05 0.91, 1.21 
1.00 -- 
1.00 -- 
0.91 0.83, 0.99 
0.71 0.62, 0.82 

1.24 1.05, 1.46 
1.00 -- 
0.82 0.64, 1.04 

1.11 1.01, 1.22 
1.00 -- 
0.28 0.23, 0.35 
0.69 0.60, 0.80 
1.11 0.94, 1.32 
1.00 -- 

87744 

Female 
Odds 95% Confidence 
Ratio Interval 

1.30 1.12, 1.50 
1.00 - - 
0.87 0.80, 0.94 
1.00 - - 
1.00 - - 
0.92 0.84, 1.02 

1.00 - - 
0.94 0.87, 1.02 

1.00 -- 
2.64 2.29, 3.05 
5.02 4.37, 5.77 

10.04 8.80,11.46 
16.18 13.95,18.75 

1.07 0.93, 1.24 
1.00 - - 
1.00 - - 
0.77 0.68, 0.86 
0.54 0.43, 0.69 

1.00 0.87, 1.14 
1.00 - - 
0.80 0.65, 0.99 

1.07 0.98, 1.18 
1.00 -- 
0.27 0.22, 0.34 
0.72 0.63, 0.83 
1.14 0.96, 1.35 
1.00 -- 

81 144 

- 



Table 4: Adjusted effects of type of cooking fuel and other selected variables on the risk of blindness (partial 
or complete) among persons age 30 years and older by residence, India 1992-93 

Biomass fuels 
Cleaner fuels* 

Pucca or semi-pucca 

-3 persons per rooni 
23 persons per room 

Below high school 
High school & more 

Geographic region 
Noah and noaheast 
Central and eastern 

ariable 

Note: For &Man o f d l e g  wc t e a  4 Table 1. Odds d m  are cdmtcd by lo@c +on Cca6dmoc in!mah I&C. &am ducur 
~ ~ i n t o a c m v n r F o r a n y ~ m p c d i ~ v a r i e b l s ~ c d b y a m w L . b e 4 t b D s a o f ~ w i r b I w ~ d d ~ a b c r p r d i c u r ~ ~  
in& table. Models an based mthc weigmed -I& 

Urban 

o. of mweigbted cases 

Ihusll 

55550 113338 

Odds 95% Confidence 1 Odds 95% Confidence 



UNADJUSTED 

Partial Complete BUndness 
blindness blindness ( p d  or complete) 

ADJUSTED 

Partial Complete Blindness 
blindness bUndne~1 (partial or complete) 

Figue 1: Unadjusted and adjusted prevalence of blindness by type of cooking 
fuel: persons age30 years or older, India 1992-93 
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