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ABSIRACT; Obicetives: To detrrrrinr tie effeat dt seco,nith,r,tr *mokc (SES) €rposrr.e oa pr.lmanrry firncti,ol tc$s (pFT)
and study the predictors of abnormal pFT in tbese children.
Methods: D€scrlptiYe cross-s€ctiotrsl study was undertaken at r stBrl-urbatr tertiary eare hsspfuc il lEdia fros November
2019 to May 2021 . 60 cotrsecutive chlldrcn from thc age of 8-l 5 years exposed to slis wto visitea the p€distric dopaiment
and flttcd tte inclusion and exclusion crlterir wer€ etrroued. All interview schedul€ wr! uscd for drra collection. pulmonary
l'urctlon was assessed by spirometry. Qualitative (cat€gorlcal) varlables were reprei€nted by frequency and p€rcentage
analysis. Quantitative variables (cotrtinuous) r'€re represented by nlean and staniard dcviation. iogistic regression wasperformed to find th€ relationihip between pulmonary function te;h with other yeriabler, A p-value oi< 0.05 )vrs taken asstadstlcllly slgrlfi canC
Rcsults: 507" (30/60) of thc SllS-crposcd chlldrm had an ibtroreal PFT. splromctric lidiccs in 25/30 of those rdth
abnormal PFT. Ff,V1/FVC was 457o of tte prcdicted vslue suggestive or ar'obstructtve psttcrn. G-yrlu€ 0.000) Thepredictors for an abnormal PFT thrt was strtisticaBy significrat wcrc vrrieblcs likc sociodc'mographic facto.., ,^oking
habiq ttrd t}?e of biofucl.
Coaclerion: SI{S erpmure een eaBsc rbrorrE t PFT ofrB obstrEctiv€ prtterE Mof,t ofthf prerfictors for ra abnormal pFI
are relat8d to SES er?osur€ at homc and ar€ preventable.
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INTRODUCIION:
The rnoJt provaielt but pr€ventable environmsnta] factor tiat affefis rhe pediau'ic lung is cigaretre smoke. Accordirg ro india Global
Yolth Tobacco Survey (GYTS)2019, exposure to secondhaad smote 1Susl in you occirs in eoclosed pubtic places (21%), and
at homc (l l%). Thc World Hcalth organization (WHO) Global Burdca of Discasc St d-y.' 2017 cstinratcs that aro'.rnd 700 million
chil&cn are exposed m and 65 000 die each year fiom illncsses attributable to SHS. A sysrematic rcview atrd meta-atralysi6 of 60
snrdies concluded that SHS exposure increases the risk ofpediatric lower respiratory traci infectious I I ], exacerbatcs sy6ptoms of
pre'existing diseases such as asthma, and hasdetrimental effects on pulmonary funchon tests (pFT) [ i].'iln review ofthc literature,
there are very few studies from Tndia addressing the pulmonarv effect.rf SHsexposure i. chiidren;j alrnost none iooke6 into the
factors that predict an abnormal PFT in these children [ 3,4]. The aim ofthis study .was to determine rhe effect of sHs ex!,osure on
PFT and study the predictors of abnomal PFT itr these childrcn.
METHODS
Thi: descript.ive qoss-secrional surdy was udertaker at a somi-wbaa tertiary care bospiral in Iadia Aom Novembe.r 2019 ro May
2021. Aftcr bemg approved by the instindiolal ethics comruittes iflfomEd conseol from parents was takcn, Comecutive childrcn
between the age of 8-15 years who were exposed to SHS who visited the pediatric OPD and/o, got 

"d-itt"a 
to rhe pediatric ward,

wffe enrolled in the shdy. D€finition of SHS(WHO): It is a mixture of exhated rnainstream smoL and. sidestream srnok€ released
from a smoldering cigaretle or other smoking device and diluted with ambient at. sHS exposure is defined as family members
snoking greater than or equal to I cigarette per day.
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Exclusion qiteria wcre childlen nith significant respiratory infectiofl in thc last 6 months, childrea with acute astftma in the last 6
months, children with chronic diseases (heart, lung, liver, immunoco[rFromised), and children wirh Asthma ou rclicvers if taken
short-acting 0 agonist within 6 hows or iftakeu tong-acting p agodst within 24 Hows_

c slr.-.plc sizc was cstirnatcd using a prcvious study by Rcgcii o Pucz-Padille ot al [ 5]. At a sigiificancc lcycl of59lo, with 209l,r
relative prscision, arld power ofthe study of 8O%. and a pre!'aleuce of rcspistory slmptoms following SHS exposure of 66.37o the
stmplc sizc was caleulared as 49. To allow for attritiun. 75 ehildrcn were assessetl for elisibility. Ar intcrview schedule was used
for data collection using a standard questionnaire which included parents reported sociodemographic data, srnokin g habits, and
respiratory discases {as*rma, pneureonia, ear inlbction, tecturenl history of tsnsillectomy) based oa standard
quEsti@s utilizcd in respiratory cpidcariolog [6]. by spironEtry corductcd usirg by MR
intermedical Spirolab diagnostic spirometer with Winspiro 1. To obtain thtee acceptable tests, multiple
numeuvers were conducted for each child according to L (ATS) criteria [ 7]. The predicted value
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was calculated based on the age, sex, heighl and race of the patientwhich was why no control group was used. Wc analyzed forced
expiratory volume in I sscond (FEVI). forced vital capacity (FVC), and their ratio (FEVI/FVC).
Statistical analysis: The data were entered into an excel workshee! and analysis was performed using SPSS23. Frequency and
percennge anaiyses of rhe quaiitarive (categoricai) variables lyas done. Quanrinrive (continuous) variablss were representsd by
nrean and standard deviation. Logistic regression was performed to find the relationship between pulmonary function tests with
other variables. A p-value of < 0.05 was taken as statistically significarrt. Logistic regression would also factor in various
confounding factors in the variables.
RESI'LTS
A total of 75 children with SHS exposure were assessed for eligibility to be enrolled in the study (Fig. l). A total of 60 children
were finally ineh-rded in the study. The soeiodemographic charaeteristies, elinical characterislics, and pulmonary fiinetion test resnlts
are shown in Table I . The average age was 10.33 with a srandard deviation of I .820. The average weigtrt was 25.53 Kg with a
standarddcviationof 3.4l2.The averageheighl.was 130.5cmwithastandarddeviaLion ot6.521. ThcaveragcFEVI was l.30Litrc
(L)with a standard deviation of 0.39. The average FVC was I .41 L with a standard deviation of 0.34. The aveftrge FEVI /FVC ratio
wx 9lYo with a standard deviation af 8.72. The average FEV25-75 was 1.88L with a standard deviation of 0.36. Thc PFT done
showcd that 50% of the SHS cxposcd chil&en had an abnormal PFT. Spirometric indiccs in 25 of the 30 with abuomral PFT,
FEVI/FVC was <85%o of the predicted value suggestive of an obskuctive pattern. In 5 out of the 30 abnormal PFTs FVC was <80%
of the predicted value suggestive of a restrictive pttern. Among the abnornral PFTs, an obskuctive pattern (83.3%) was morc
compared to a restrictive pattern (16.7%) (p-value 0.000). The predictors for an abnormal PFT were analyzed (Table 2) which
showcd variabics iike sociodernographic factors, smoking habit, and O/p€ of biofirci as statisticaiiy significant.
DISCUSSION
Though there have been studies describing the pulmonary effect of SHS Exposure in literature our study looked into the predictors
of an abnormal PFT in these children too. In ow study, out of the 60 study subjects, 507o had abnormal PFTs of which, an obstnrctive
pattcm orr PFT (83.3%) was statistically significant. Mcrghani ct a!. rvho studicd I35 young malc studcnts in Sudan, also found thc
FEVI and FVC to be significantly lower in fte SHS-exposed children

[ 8]. In our stutly socio-econtrmic status was a sigrrificant prcdictor of abnormal PFT. Thc ubsfrustivc pattcrn was significantly morc
in the upperJower (100.07n) and lower-middle (47.1o/,'l classes, Raju et al, found that FEVI, FVC, and peak expiratory flow (PEF)
were within the normal range in children of the high-incorn€ group [ 9]. Our study reveals tlrat abnormal PFT was significantly
highcr in childrcn ufoose parcnts only finishcd high school {69.2o/o) and wcre working as skilled workers (7 | .4o/o). In a study by Iva
Zaloudikovi et al, children living in families with middle and low levels of parents' education were significantly more exposed to
environmcntal tobacco smokc at homc[ l0]. In our study thc relafionship befween abnormal PFT and lears of exposurc to SHS was
significantly higher in cases with exposure of 6-10 years (52.5Yo) and more than l0 years (40.0%). In addition, the rclationship
betwesn abnormai PFT and the exposure to numirer of smokes per day was significantly mor€ in cases with i i-20 smokes per day
(87.5o/o) and more than 20 smokes per day (60.0%). Our study also showed that abnormal PFT was sigrrificantly higher in children
of unemployed smokcrs (60.9%). In our study abnormal PFT was significantly lower in beedi (25.0%) comparcd to cigarette
(46.2%) and beedi * cigarette (57.1yr) exposure. Also, an association between abnormal PFT and type of biofuel reveals that
obstructive type PFT rns significantly lolver in children v;ith gas stoves at horae (26.39lo) and both gas stove and firervood (38.7%)
corpared to firewood alone (80.(P2). In a study by Shiyas er al. children coming from homes wift firewood being used as fuel had
more respiratory symptoms and low peak expiratory flow rate [ 11].
Corsidering respiratory diseases as a predictor of abnormal PFT, our study revealed that the obstructive rype PFT was significantly
higher in cases with a history of recurrent respiratory infection (56.1W. Gqta D et al, and Yelena Bird et al. found that passive

smoking increases the risk of lower respiratory tract infections such as bronehitis, pneumonia, and b'ronchiolitis in chil&en but the
effect on PFT was not studied I I2,l3]. We found that the relationship between pulmonary function test and history of asthma was

not statistically significant contrary to studics by Wang ctal and ltleophytou et al which showsd that passive smoking had a greatsr

effect on the early prognosis of asthma and respiratory symptoms and was an independent risk factor for physician-diagnosed
asthma and exercise-induced breathiessness in aduithood I i 4, i 5]. Finaiiy, tire associarion irenveen PFT and history of pneurnonia,
history of ear infection, and history of tonsillectomy was not found to be statistically significant in our study.
The sreng& of our study was that it represents a well-characterized group of children studicd repeatedly with high-quality
spirometry measurements. The respiratory diseases were assessed by standard questions utilized in respiratory epidemiology to
classi!'thcm as rccurcnt rcspiratory infcctions. [ 6]. Ilo',vc.,'cr, this rnay havc bccn affcctcd by rccall which is a limitation. ,\nothcr
limitation was the questionnaire metftod for collecting sociodmrographic data reported by parcnts, which may result in deficiencies
in the data collected on the amount of exposure. This could have been partly resolved by measuring the level of urinary cotinine,
still the most valid marker for tohacco smoke exposure, which was not done in our study. We also did not do reversihility testing
in these ehildren due to covid guidelines regarding nebulizer use during the period of,study.
Onr study conchldes that SHS exposure can cause abnormal PFT of an obstructive pattern. Most of the predictors for an abnormal
PFT are related to SHS exposure at home and are preventable. Healthcare providers have a major role to play in educating parents

on this point to provide a smoke-free honrc for all children.
What this study adds

SHS exposure in children can cause PFT abnormalities of obstructive

Most of the predictors for an abnormal PFT are preventable by educating
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Table I Sociodemo characteristics,Clinical Prohle, Pulmo firnction lests of Children With SHS exposurc

>

rss

Frequency
N (60)

Percentage

8-9 24 40Yo

10-t I 18 30%
L Age (years)

11-i2 i8 30%
male 42 70%2. Sex
female I8 3OYn

20-25 32 53.3yo
26-30 2i 38_39;

3. weight (Kg)

3t- 35 5 83%
12

126-t ]0 28 46.1yo

131-135 I t3.3%

4. Height (cni)

>135 t2 2004

Uppcr
Upper middle t4 23.3yo
Lcr',,er middle 34

5. Sooioccolromic status

Uppcr lower 8 13.3%
Profsssional 3 5o/o

G.aduate 9 tsYo
Intei!ediate 22

6. Education of parents

High school 26 43j%
Professional '1 I I .7v.
Semi -professional 7 n.'7%
ClericaVshop/fhrm 18 30%

7. C)ccupation

26 46.60/oSkilled work
Nuclear 39 65%8. Family structure
Joint 2t )5%

31 61.'7%Employed9. Employment
Status of smoker Not cnployed 23 383%

Upto5 l0 t6.'7yo

6-10 40 66.6%
10. Years of SHS
cxposure

>10 l0 r6.'1%

Beedi 2t) 33.3./.
Cigarette t4 23.4%

I l. Type of snroke

Both 26 413%
18.3%Up io 10 29

r l-20 16 26-7%
12. Numbcr of smokes
pcr day

>20 l5 25%
t0 t 6.?%Firewood
19Gas stove

13. Type of biotuel

Both 3l
Yes 20s14. History of Asthma
No 48 80%
Controlled 8 t3.4yo
Partiaily controlled 2 3.!Yo

2 3.3%Iincontrolled

[5. Asthma sratus

No Aslhma 4b 807i,
Yes 4l 68.3y"t6. History of Rcc

R.espiratory iofcction No l9 3t.1yo
Yes ll 2t;7y"ofI'7. Historv
No 4i
Yss 16 26.'7%18. Ilistory of ear

infection
Yes 1 fi.7% /:of19. History

Tonsillectomy No 53 88.3% I
normal 30 50%

25 83.30/.

20, PIjT
-L-^*^t
I Ohstructive
2 Reslnetive 5 16.70./.

Charac teristi cs

36.',|%

31.7%
5l.6Yr

t2

t,



Variables
Pulmonary Function Test

P valueNornal Obsffuctive Restrictive
lSercio economic
status

Upper 4{100%) 0(0%') 0
0.000Upper middle l3(92.9%\ t (7.1%\ 0 (0.0%)

Lower middle l3(38.2%) to(41.1%t 5 ti4.1%:)
Upper lower 0(0%) 8l 100.0%) 0l 0.0%

2 Education of
parents

Professional 3 (r00.0%) 0 0.0%) 0 0.0%'
0.000Graduate 9 (100.0%) 0 0.0%) 0 (0.0%)

Intermeciiate
Diploma

14 (53.5%) 7 (31.8o2) I (4.5ol")

rr:-t- 6 l- InlHu J(irluur + ( rJ.+70' 1 0 //6 
^i/\L6 lua.aaot .r t 1J.a70 t

30cctpation
Parents

of Prot'essional 7 (100.0%) 0 (0.0%t 0 (0.0olo)

0.000

Semi+rofessional 7 (100.0%) 0 (0.0%) 0 (0.0%)
Clerical I Shop /
Fanra

t2 (66.7%) 5 (2',t.8%) t (s.6%)

Skilled Work 4 fi4.3%\ 20 (71.4o/o\ 4 (14.3%\
4.Family Structure Nrrnleqr ) (\ to/^\

0.000
Joiut 3 (14.3%\ \s (71.4%\ 3 (14.3n/o\

5. Employment
status

Employed 25(67.6%) 11 29.7o/o) r(2.7%\
0.001Not employed 5(21.78/o\ 14(60.*/o\ 4fi7.4n/o\

6. Years
Exposure

of LIp to 5 l0 000.0%) 0 (0.0%) 0 (0.0%) 0.002
6-l0 ls (37.5%\ 2t (525%) 4 (to.v/,\
>10 s (s0.0%) 4 (40.W,) I f10.0Pl,)

?. Type ofSmoke Beedi r5 (7s.0%) 5 0 U.U"/o 0.012
Cigarette 3 {2t.4%l 8 (57.r%\ 3 QL.4%l
Both t2t46.2%\ t2{6.2%\ 2 {7.7o/sl

8 Number of
Smokes per Day

Ufr to l0 27 (e3.t%) 2 (6.e%\ 0 (o.o%) 0.000
Ii -20 116.3%l 14 (\',i.s%\ I
>24 2fi3.3%) 9 (60.0%) 4 (26.7%)

9 Biofipl Fire Wnod r (r0.0%) 8 (80.0%) r (r0.0%) 0.006
Gas Stove t4 (73.7%) 5 (26.3o/s\ 0 i0.0o/o)
Both ts (48.4%\ 12 (38.7%',) 4 (12.9%\

l0 History of
Asthma*

Yes s (4t.7%\ 6 (50.0%) I (8.37o)

0.796No 25 t53.2i/o\ 19 (40.4,'/0) 4
l l.Asthma Status* Conholled 4 (50.0%) 3 (37.s%) I (12.s%)

0.9r5
Partially
Controlled

4 (66.7%) 2 (33.3%) 0 (0.0%)

Unconkolled l (s0.0%) l (50.0%) 0 (0.0%)
Not Asthmatic 2t (47.7%) 4t 9.1%'

12. History of Rec
Respiratory
lnfection*

Yes 14 (34.1%\ 23 {56.1%t 4
0.001

No 16 (.84.2%\ 2 (.10.s%) t (.s.3%\

13. History of
Pneumonia*

Yes 5 (38.5%) 6 (46.2%) 2 (1s.4%)
0.496No 25 {53.2%) 19 (40.4%l 3 (6.4V,)

14. History of Ear
Infection*

Yes 6 (37.5%\ 8 (50.0%) 2 (12.5%\
u-r /+I\U 41/El EOf\z+ lJ+.J70t ii (38.6%\ 3

15. History of
T^-.i I l-^+^*..*r ur 16. r rewrur r rJ,

Yes I (t4.3%\ s (71.4%\ I(14.3%l
n lnoai t<A 10/\a7 \J1. t /U t

1i taa 10/\LV lJ t. t /o, 4 (75%)
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Table 2 Predictors for an abnormal PFT

*based on standard questions utilized in respiratory epidemiology
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