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ambient air pollution-related deaths due to emissions 
in the ambient environment, responsible for 0.4 million 
deaths (12% of the total from ambient air pollution).[2] In 
2012, roughly three-quarters of the global population was 
exposed to particulate matter in concentrations exceeding 
WHO Air Quality Guidelines. Through rigorous efforts, the 
Delhi government has been able to lower the air pollutant 
levels, and Delhi is in 12th position in May 2016 from the 

INTRODUCTION

Household and ambient air pollution are jointly responsible 
for about 7 million premature deaths annually. These deaths 
attributed to 36% – ischemic heart disease, 33% – stroke, 
17% – chronic obstructive pulmonary disease (COPD), 
8% – acute lower respiratory infection, and 6% – lung 
cancer cases globally.[1] As per the 2011 census, 780 million 
individuals using solid fuels for cooking and heating live 
in India. Household air pollution is also a contributor to 
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dubious distinction of being first in the list of cities with 
the worst ambient air quality worldwide.[3] As per Central 
Pollution Control Board air quality monitoring 2015 data, 
Delhi had 96% bad days, i.e., when one or the other 
parameter of air quality exceeded the norms.[4]

Another important risk factor for altered lung function 
is tobacco smoke. In poorly ventilated dwellings, indoor 
smoke can be 100 times higher than acceptable levels 
for fine particles. It is estimated that there are 1.1 billion 
tobacco smokers worldwide.[5] On the basis of the 
proportions of secondhand smoke exposure, as many as 
40% of children, 35% of women, and 33% of men are 
regularly exposed to it.[6]

Earlier published studies to assess the altered lung functions 
and their risk factors have either been conducted in the 
hospital settings in males or children or in female population 
in the community settings in the rural areas with better 
ambient environmental factors, higher indoor pollution 
and lower outdoor pollution. Women living in slums, 
with unhealthy environment, both indoors and outdoors, 
particularly those living close to industrial and/or vehicular 
pollution zones due to multiple sources of air pollution, are 
at the higher risk of having impaired lung function tests.

We, therefore, conducted a study in an urban slum area of 
Delhi to estimate the prevalence of altered lung function 
tests and to identify the environmental risk factors 
associated with them among adult women of 18–59 years.

MATERIALS AND METHODS

The study was approved by the Ethical Committee 
of Lady Hardinge Medical College (LHMC) and data 
collection was done from January to December 2015. It 
was a cross-sectional study carried out at Vishwas Nagar 
slum in East Delhi with 528 houses,[7] approximately 5500 
population and residing here for 15–25 years. It has been 
one of the most polluted zones in the city because of Inter 
State Bus Terminus at Anand Vihar, just half kilometer 
from the study site, with large vehicular density and 
traffic congestion. In addition, there are other sources 
of pollution from factories at Sahibabad, Ghazipur, and 
Jhilmil industrial areas and construction activities in 
nearby malls, metro railways, etc., all within 5 km radius 
from the study site.

Women who were residing in the study area for minimum 
of 1 year were eligible for the study while pregnant women 
or females with the history of heart disease or any other 
severe debilitating illness were excluded from the study. If 
a household had more than one eligible woman, only one 
was randomly selected. Of 528 households in the study 
site, 34 refused to give the consent while 6 households who 
were living on the rented upper floors gave the consent 
for the study. Out of 550 adult women aged 18–59 years 
in 528 houses, eventually, 500 females gave consent 

for participation in the study. Observations were made 
through home visits to know their living conditions such as 
type of house and ventilation, place of kitchen, type of fuel 
used for cooking and warming homes in winters, smoking 
(self and/or other family members within household), 
number of hours spent per day cooking within household, 
presence of exhaust, and smoke outlet within the kitchen, 
apart from interviewing their sociodemographic profile.

All the individuals were subjected to clinical history 
based on MRC questionnaire. Since lung volumes show 
diurnal variation, therefore, spirometry was performed 
as per ATS guidelines[8] in the community between 
8 a.m. and 11 a.m. in the morning each time using a 
portable spirometer with turbine flow sensor technology 
“Spirolab II” (manufactured by SDI Diagnostics Pvt. Ltd.,) 
for this purpose. The investigator had undergone necessary 
training in the Department of Physiology at LHMC, 
New Delhi, for conducting the spirometry. Out of 500 
participants, 101 refused to give consent for spirometry, and 
of 399 participants who consented for spirometry, 19 were 
not able to perform it. From rest 380 curves, only 299 curves 
were satisfactory and were categorized acceptable for 
analysis. A minimum of three acceptable maneuvers were 
performed in the all of these participants. In our analysis, 
we used the forced expiratory volume in 1 s (FEV1) and 
the forced vital capacity (FVC). Linear regression models 
were used to predict the lung function parameter FEV1 and 
FVC based on age and height. The prediction equations for 
creating reference values for these women were:[9]

F V C  ( L )  =  2 0 . 0 7  −  0 . 0 1 0  × 
age − 0.261 × ht + 0.000972 × ht2

FEV1 (L) = −2.267 − 0.019 × age + 0.033 × ht

FEV1 and FVC values which were <5th percentiles define 
the lower limit of normal (LLN); therefore, any value below 
LLN was taken as abnormal.

LLN = Predicted value − (1.645 × S.E.E).

S.E.E – Standard error of estimate (constant for different 
pulmonary function parameters).

Biomass fuel exposure index was derived by multiplying 
duration of biomass fuel usage (years) and cooking 
duration/day.[10] Smokers were classified[11] as current 
smokers (who smoked regularly within 1 month before the 
interview); nonsmokers (who never smoked or occasionally 
smoked), and ex-smokers (who stopped smoking more than 
1 month before the interview). One pack-year was defined 
as smoking 20 cigarettes per day for 1 year. In case of beedi 
smokers, the number of pack-years was further divided by 
4 as the net weight of tobacco per beedi is about one-fourth 
as compared to weight in a cigarette.[12]

Chronic cough was defined as any cough lasting for 
8 weeks or longer and chronic bronchitis when cough was 
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present for most days in a month for 3 or more months in 
a year for 2 consecutive years (MRC, UK). Chronic phlegm 
production was defined as regular sputum production 
for 3 or more months in a year for 2 consecutive years. 
Dyspnea was defined as breathlessness when walking, 
which required the case to stop or slow down for breathing 
while walking on the level.[13]

Statistical analysis was done using  SPSS version 12 (IBM 
SPSS Statistics). Chi-square test was done to test the 
association of risk factors with lung functions. ANOVA 
was used to test the association of mean values of FEV1 
and FVC with age. Factors significant at P < 0.10 in the 
bivariate analysis were considered in multiple logistic 
regression. The results reported as OR (95% confidence 
interval). Thereby, multiple logistic regression analysis was 
done for variables – age group, duration of stay, tobacco 
smoking, and history of respiratory disease.

RESULTS

Ambient air pollution in the study area as indicated in 
Figures 1 and 2; past year records revealed levels of NO2, PM10, 
and PM2.5 higher than safe limits.[14] Surge of air pollutants 
was particularly noticed during winter months as climatic 
factors such as temperature, wind, and precipitation play 
important roles in determining patterns and concentrations 
of air pollution over multiple scales in time and space.

Most of the study participants (71%) were in the age 
group of 20–39 years and mean age was 35.4 ± 10.3 years. 
Majority of the participants were Hindu (92.4%) and 
were part of nuclear family (3/4th), almost 3/4th were 
illiterate, and 87% were currently married. About 
80% of the families belonged to lower (12%) or upper 
lower socioeconomic (68%) status as per the modified 
Kuppuswamy scale. Nearly 60% of the participants have 
stayed in the study area for more than 10 years with a 
mean duration of stay 15.2 ± 9.5 years. Nearly 55% of the 
participants were employed outside their homes, mainly as 
housemaids, and majority (96%) had their jobs within 5 km 

Figure 1: Line diagram showing monthly average of PM10 and PM2.5 
levels of the study area (Central Pollution Control Board Anand Vihar 
station) for the past 1 year (prescribed standard for PM10 and PM 
2.5–100.00 µg/m3)

of the residential area. Sociodemographic characteristics 
of the participants with acceptable pulmonary function 
test curves showed no significant difference than those 
of total number of participants initially screened for the 
study [Table 1].

Tobacco smoking in the form of beedi was seen in 
3.8% of the participants while 1.4% participants were 
ex-smokers. Majority (73.6%) of the smokers had smoked 
for <2.5 pack-years. About 31% of the participants were 
exposed to secondhand smoke, and in 13 instances, both 
the study participants and their spouses were currently 
smoking indoors, mostly (90.2%) beedis.

Dyspnea while walking at normal pace or at rest, chronic 
cough, chronic phlegm, and wheeze were observed 
in 14.2%, 5.6%, 2.4%, and 2.6%, respectively, among 
500 participants interviewed, while out of 299 study 
participants with acceptable spirometric curves, 5% had 
reduced FEV1/FVC ratio than the normal and 26.8% and 
17.4% had reduced values for FVC and FEV1, respectively. 
The mean values of FEV1 were 5.2% to 18.3% lower 
than the mean predicted FEV1 while the mean values 
of FVC were 17.4% to 26.7% lower than the predicted 
value of FVC. After applying ANOVA, it was observed 
that with increasing age, FEV1 and FVC decreased 
significantly [Figure 3].

Multiple logistic regression model was significant with 
χ2 = 26.115, P = 0.006, 13% variance (R2) Nagelkerke; 
82.6% cases were correctly classified with abnormal 
FEV1. Smokers and participants with a history of 
respiratory disease had 4.619 (1.075–19.851) and 
3.479 (1.121–10.798) at P < 0.05 higher chance of 
abnormal FEV1. Participants who stayed more than 
15 years in the study area had 15% more odds with 
P = 0.005 of having abnormal FEV1 values. Since none 
of the factors in the bivariate analysis showed significant 
P < 0.10 with FVC, therefore, it was not considered for 
multivariate analysis.

Figure 2: Line diagram showing monthly average of NO2 and SO2 
levels of the study area (Central Pollution Control Board Anand 
Vihar station) for the past 1 year (prescribed standard for NO2 and 
SO2 – 80.00 µg/m3)
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DISCUSSION

As per literature, coarse particles (PM10) consisting mainly 
of organic material, silicates and larger carbon aggregates, 
cause damage to larger airways and provoke higher 
inflammatory response than smaller particles[15] while 
deficits in the lung function are correlated with a set of 
pollutants that include nitrogen dioxide, acid vapor, and 
fine particulate matter (PM2.5) that reach the alveoli.[16]

Stankovic et al. (2007)[17] commented that women residing 
in highly polluted areas had a higher prevalence of all 
respiratory symptoms than women living in the lower 
polluted area. Most of these studies were conducted in 
females of age 35 and more. Lung functions start declining 
after 25 years of age that is accelerated on increased exposure 
to tobacco smoke, higher indoor and outdoor air pollution, 
uncontrolled asthma, and working in dusty occupations. 
Schikowski et al.[18] in their study among 55-year-old women 
showed that increasing exposure to PM10 was associated 
with reduction in both FEV1 and FVC by 5.1% and 3.7%, 
respectively. We observed a similar reduction for FEV1 but 
observed much higher reductions in FVC (23.7%).

Nearly 26% dwellings in the study area were of kucha type 
and most of them were ill ventilated (98.6%). Contrary to 
this, Singh and Jamal (2013)[19] observed one-third of kucha 
dwellings and only 26% being poorly ventilated. They have 
also observed that built materials such as mud, bamboo, 
thatched, tin sheets, and polythene (used in kucha houses) 
adsorb the smoke and other pollutants emitted from 
cooking fuels for longer period and thus increasing the 
exposure duration of the individuals. They also observed 
that very low-income group participants, 64% of those who 
were staying in kutcha house and mostly using biomass 
fuel; out of them, 85% had one of the respiratory diseases. 
Our study reported that out of all those symptomatic and 
staying in kutcha house, 58% of them were using biomass 
fuel for cooking.

In our study, only 13.6% of the households had a 
separate kitchen, 2.8% had kitchen in the outdoor 
setting, while the rest (83.6%) were cooking within the 
living room. Out of those women who were cooking 

Figure 3: Distribution of study participants by age and mean values of 
lung volumes. M: Measured value, P: Predicted value

Table 2: Relationship of the altered lung functions with 
the environmental determinants (n=299)
Environmental factors n Abnormal 

FEV1, n (%)
Abnormal 

FVC, n (%)
Kucha/kucha‑pucca	house 77 13	(16.8) 27	(35)
Ventilation	inadequate 295 51	(17.2) 79	(26.7)
Dampness	present 111 18	(16.2) 33	(29.7)
Overcrowding	present 293 51	(17.4) 78	(26.6)
Presence	of	pet 14 2	(14.2) 4	(28.5)
Kitchen	within	the	living	room 250 47	(18.8) 69	(27.6)
Smoke	outlet	absent 179 36	(20.1) 51	(28.4)
Exhaust	absent 216 37	(17.1) 57	(26.3)
Biomass	fuel	(with	or	without	LPG)	
for	cooking

44 9	(20.4) 14	(31.8)

Cooking	duration	>2	h 86 15	(17.4) 21	(24.4)
Biomass	fuel	exposure	index	>60	
hour	years

21 3	(14.2) 6	(28.5)

Tobacco	smoking	(self) 15 5	(33.3)* 5	(33.3)
Presence	of	environmental	tobacco	
smoke

92 14	(15.2) 19	(20.6)

History	of	respiratory	disease 17 7	(41.1)* 5	(29.4)

Only the factors which act as poor environmental determinants have 
been mentioned. *Significant P<0.05. Figures in brackets denote 
percentages, FEV1: Forced expiratory volume in 1 s, FVC: Forced vital 
capacity, LPG: Liquid petroleum gas

Table 1: Sociodemographic profile of the study 
participants
Sociodemographic 
factors

Total 
participants (500), n

Participants with acceptable 
PFT curves (299), n

Age	in	years*
<20 20	(4) 13	(4.3)
20‑29 176	(35.2) 107	(35.7)
30‑39 180	(36) 108	(36.1)
40‑49 86	(17.2) 45	(15)
50‑59 38	(7.6) 26	(8.6)

Education	status
Illiterate 365	(73) 210	(70.2)
Primary	school 48	(9.6) 33	(11)
Middle	school	and	
above

87	(17.4) 56	(18.7)

Socioeconomic	
status
Upper	middle 19	(3.8) 9	(3.0)
Lower	middle 77	(15.4) 52	(17.3)
Upper	lower 346	(69.2) 202	(67.5)
Lower 58	(11.6) 36	(12)

Duration	of	
stay	(years)
≤15 276	(55.2) 160	(53.5)
>15 224	(44.8) 139	(46.5)

Occupation
Homemaker 201	(40.2) 137	(45.8)
Employed	outside	
home
Housemaid 259	(51.8) 156	(52.2)
Laborer 13	(2.6) 6	(2)
Others 27	(5.4) 0

Total 500 299

*P<0.05. Figures in brackets column percentages. PFT: Pulmonary 
function test
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indoors, 60% and 72% lacked smoke outlet and 
exhaust in the kitchen, respectively. On the other hand, 
Johnson et al. (2011)[20] found 50.7% households had 
outdoor kitchen while 49.3% had indoor kitchen. This 
study was conducted in rural areas in much cleaner 
background environment. Liquid petroleum gas (LPG) was 
recently introduced in the study area through different 
government run schemes, and therefore, majority (85%) 
of the study participants were using LPG for cooking and 
10% were utilizing both LPG and biomass fuels such 
as wood and coal for cooking and rest 5% were totally 
dependent on wood for cooking fuel. Nearly one-fifth of 
the households used biomass fuels for warming homes 
during winters. These figures were quite different as 
compared to observations made under NFHS-3 by 
Agrawal[21] where cleaner fuels were used by 29.8% 
and biomass fuels by 70.2% households for cooking. 
Mean biomass exposure index was 52.15 ± 25.20 hour 
year by Bihari et al.[10] in a cross-sectional study in UP 
while mean biomass exposure index in our study was 
24.98 ± 21.6 h years.

We observed a significant portion of participants 
had a restrictive pattern with lower FVCs than 
predicted [Figure 3]. These findings are similar to the 
BOLD study that observed a restrictive pattern not only 
in India but also other low- and middle-income countries 
that was mainly attributed to poor socioeconomic status 
which is an indirect marker for nutritional status.[22] We 
observed that most of our participants with abnormal 
FEV1 (49/52 [94.2%]), and abnormal FVC (74/80 [96.2%]) 
had biomass exposure index <60, respectively [Table 2]. 
We observed that there was almost even distribution of 
lung function impairments across the biomass exposure 
index [Figure 4]. Since the minimum threshold of biomass 
exposure index to have significantly increased risk of 
chronic bronchitis is above 60,[23] most of our participants 
had a biomass exposure index below 60; we hypothesize 
that ambient air quality has a significant additive effect to 
biomass fuel exposure.

The overall prevalence of tobacco smoking was 5%, which 
is almost twice the national average (2.9%) in females.[24] 
We observed a significant proportion of participants had 
impaired lung functions. Reduced FEV1/FVC ratio was 
seen in 20% of ever smokers and 4.2% among nonsmokers, 
with OR for abnormal FEV1 value as 4.619 (1.075–19.851), 
while it was 2.9 (1.1–7.6) for COPD among females.[25] 
Furthermore, they mentioned higher odds of developing 
COPD and abnormal FEV1 in those who were exposed to 
environmental tobacco smoke. Although we could not 
find any such association, higher prevalence in our study 
could be due to higher exposures to outdoor air pollutants 
owing to the location and other sources of air pollution 
in the study area.

Altered lung function tests were significantly associated 
with age, tobacco smoking, and history of respiratory 
disease and duration of stay more than 15 years. In addition 
to household air pollution, ambient air pollution was found 
a risk factor for altered lung function tests.

CONCLUSIONS AND RECOMMENDATIONS

Both ambient and household air pollution are affecting 
the health of residents staying in the study area for a 
long time. Further, research needs to be done to find 
the exact association of different air pollutants on their 
health. To mitigate the effects of ambient air pollution, 
regular flow of traffic needs to be ensured by avoiding 
traffic congestions and using laser-based traffic signals 
on roads. To decrease household air pollution, regular 
supply of LPG at subsidized rates will tend to reduce the 
use of biomass fuel. Housing conditions in the community 
need to be improved by taking simple affordable measures 
such as providing ventilation within the kitchen and use 
of chimneys for smoke outlet.

Limitations
Individual exposure to indoor air pollutants could not be 
measured due to the high cost.

Figure 4: Line diagram of dose–response relationship between biomass exposure index and altered lung function tests
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