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Abstract 
Introduction: Exposure to secondhand smoke (SHS) risks children’s health. However, biomarkers are rarely used to study SHS exposure among 
children in low- and middle-income countries.
Aims and Methods: We analyzed cross-sectional data collected between March and November 2022 for a cluster-randomized controlled trial 
investigating a Smoke-Free Intervention in 2769 children aged 9–15 in 74 schools (34 in Dhaka, Bangladesh, and 40 in Karachi, Pakistan). Children’s 
saliva was tested for the concentration of cotinine—a highly sensitive and specific biomarker for SHS exposure. Based on their reports, children’s 
homes were categorized as Nonsmoking Homes (NSH) when residents were nonsmokers; Smoke-free Homes (SFH) when residents and 
visitors smoked outdoors only; and Smoke-permitted Homes (SPH) when either residents or visitors smoked indoors. We compared cotinine 
concentrations across these home types and the two cities using a proportional odds model.
Results: Overall, 95.7% of children (92% in Dhaka; and 99.4% in Karachi) had cotinine levels between 0.1 and 12 ng/mL, indicating SHS expo-
sure. Median cotinine levels were higher in Karachi (0.58 ng/mL, IQR 0.37 to 0.93) than in Dhaka (0.27 ng/mL, IQR 0.16 to 0.49). Median cotinine 
concentration was also higher among children living in SPH than those in either NSH or SFH; with absolute differences of approximately 0.1–0.3 
and 0.05 ng/mL, respectively.
Conclusions: The level of SHS exposure in Dhaka and Karachi indicates widespread and unrestricted smoking. Smoking restrictions in 
households and enforcement of smoking bans are urgently needed.
Implications: The high levels of SHS exposure in children living in SFH suggest parental behavior to hide their smoking and/or exposure in pri-
vate vehicles or public spaces. It is important to advocate for SFH and cars to protect children from SHS exposure. However, these initiatives 
alone may not be enough. There is a need to enforce smoking bans in enclosed public places and transportation, as well as extend these bans 
to playgrounds, parks, fairgrounds, and other public spaces that children frequently visit. It is essential to complement smoking restrictions with 
tobacco cessation advice and support in these settings.

Received: February 9, 2024. Revised: May 17, 2024. Accepted: May 27 2024.
© The Author(s) 2024. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), 
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction
Exposure to secondhand smoke (SHS) is a significant health 
concern for children and adolescents worldwide.1 According 
to the Global Youth Tobacco Surveys conducted worldwide 
between 2010 and 2018, 63% of adolescents were exposed 
to SHS in the previous week, with 33% exposed daily.2 SHS 
exposure leads to lower respiratory tract infection3 and 
otitis media4 in children. Globally, SHS exposure is respon-
sible for approximately 50 000 deaths and the loss of 4.5 
million disability-adjusted life years per annum in children.5 
Additionally, exposure to adult smoking at home6 and in 

public places7 is strongly associated with smoking among 
adolescents.

Over the past two decades, there has been a gradual de-
cline in smoking prevalence globally.8 The overall proportion 
of children exposed to SHS has also fallen.2 However, this tra-
jectory differs between high-income countries (HIC) and low- 
and middle-income countries (LMIC). HIC have witnessed 
much sharper declines in the proportion of children exposed 
to SHS, and the frequency/intensity of that exposure.9,10 In 
the United Kingdom, a decline of over 90% has occurred in 
nonsmokers’ exposure to SHS. Among children in England, 
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the mean cotinine value (a highly sensitive and specific bio-
marker of SHS exposure)11 fell from 0.50 to 0.05 ng/mL be-
tween 1998 and 2018,12 and among nonsmoking adults in 
Scotland, it declined from 0.46 to 0.01 ng/mL between 1998 
and 2016.13 Conversely, LMICs are experiencing a much 
slower decline, with an increase or no change in SHS ex-
posure in public places in most countries.2,14 Despite being 
signatories to the World Health Organization’s Framework 
Convention on Tobacco Control (WHO FCTC), most LMIC 
countries are yet to offer comprehensive protection from SHS 
exposure. This indicates weak implementation of the FCTC 
and enforcement of smoking bans.15

It is crucial to prioritize efforts to protect children from 
SHS exposure in LMICs. To inform and evaluate smoke-free 
policy actions, there is an urgent need for robust data on SHS 
exposure and its determinants.

In this paper, we focus on Bangladesh and Pakistan—two 
populous countries with high tobacco burden. The adult prev-
alence of tobacco use and smoking is 19.1% and 12.4% in 
Pakistan16 and 35.3% and 18% in Bangladesh,17 respectively. 
Both countries have introduced laws prohibiting smoking in 
public places. However, Bangladesh’s smoke-free laws are 
comprehensively applied only in healthcare and education 
facilities. A few small-scale observational studies have re-
ported poor compliance with smoke-free laws in both coun-
tries.18,19 We previously published an estimate of children’s 
exposure to SHS in Dhaka, Bangladesh using a low-cost par-
ticulate monitor (Dylos DC1700).20 However, it turned out to 
have lower specificity in Bangladesh than in HIC due to other 
sources of indoor air pollution and high levels of ambient air 
pollution and outdoor-to-indoor air exchange. Therefore, here 
we report the salivary cotinine levels measured in children in 
Dhaka, Bangladesh, and Karachi, Pakistan. Additionally, we 
assessed the association between indoor and outdoor adult 
smoking behaviors and salivary cotinine levels in children in 
both cities.

Materials and Methods
Study Design and Settings
We analyzed baseline (pre-intervention) data collected at the 
start of a cluster-randomized controlled trial of the Smoke-
Free Intervention.21 The trial titled “Children Learning 
About Secondhand Smoke” (CLASS III) recruited 74 schools 
and 2769 children from Dhaka, Bangladesh and Karachi, 
Pakistan. We received ethics approvals from the University 
of York, the Bangladesh Medical Research Council, the 
Aga Khan University, and the Health Research Institute, 
Pakistan.

Study Participants
A list of eligible schools (those that follow national curricula 
and have primary and secondary classes and smoke-free 
policies) was prepared in purposively selected localities. These 
were centrally located in some of the most densely populated 
neighborhoods of Dhaka and Karachi. From this list, 113 (50 
in Dhaka and 63 in Karachi) schools were randomly selected 
and 74 (34 in Dhaka and 40 in Karachi) of them agreed to 
participate. Among these schools, 2769 children in year five 
(age range approximately 9–15 years old) were recruited 
after securing their assent and parental consent on an opt-out 
basis. Due to our primary interest in children exposed to SHS, 
we excluded children reporting active tobacco use.

Data
We measured salivary cotinine among all enrolled children 
as a biomarker of SHS exposure. While nicotine has a 
very short half-life, cotinine, its proximate metabolite 
with a half-life of 17 hours, is detectable even 72 hours 
after SHS exposure.11 Once collected, saliva samples were 
stored at ambient temperature and sent to ACM Global 
Laboratories, UK (https://www.acmgloballab.com/) within 
2 weeks. These were analyzed using a gas-liquid chroma-
tography technique. Salivary cotinine was the primary out-
come of the main trial.

The salivary cotinine concentrations were quantifiable 
between 0.1 and 50 ng/mL, denoted as “within limits of 
quantification” (WLQ) from hereafter. Less than 0.1ng/mL 
measurements were below the limit of quantification (BLQ), 
and those greater than 50 ng/mL were above the limit of quan-
tification. In line with the planned analyses of the CLASS III 
trial, we use a cutoff of > 12 ng/mL22 to classify participants 
as potentially consuming smoked tobacco.

In addition, we also collected data on children’s 
sociodemographic variables, smoking-related behaviors in-
cluding smoking restrictions at home, exposure to and visi-
bility of tobacco smoke and their attitudes towards smoking.

Data Collection
The data were collected during a classroom session. 
Participating children provided saliva samples in a sterile in-
dividually labeled tube and completed a questionnaire on a 
digital tablet. The questionnaire asked for outside space at 
the home (yes/no). For assessing smoking restrictions at home 
and exposure to and visibility of tobacco smoke, children 
were asked: Does anybody who lives with you smoke to-
bacco? (yes/no), Do people who live with you smoke? (an-
ywhere inside your home/in some rooms in your home/only 
in one room in your home/only outside), Do people who live 
with you smoke in front of children? (yes/no), Do people who 
visit your home smoke? (anywhere inside your home/in some 
rooms in your home/only in one room in your home/only 
outside/nonsmoker visitors only), Do people who visit your 
home smoke in front of children? (yes/no), Did anyone smoke 
(in the last seven days) while you were in the vehicle (yes/no)? 
Have you been near someone smoking anywhere other than 
at home or in the vehicle in the past seven days? (yes/no).

Participants who indicated that nobody within their house-
hold smokes and that none of their household visitors smoke 
were categorized as being from nonsmoking homes (NSH). 
Participants who responded “Only outside” to both questions 
were categorized as being from Smoke-free Homes (SFH). 
All remaining combinations were categorized as Smoke-
permitted Homes (SPH).20

Data Analysis
The analyses focus on the participants with cotinine 
concentrations ≤12 ng/mL (including those with 
concentrations BLQ), hereafter referred to as the “main 
sample.” Key demographics of the main sample were 
summarized by home type (NSH, SFH, or SPH) and country 
(Bangladesh or Pakistan). Continuous/ordinal data (age and 
cotinine concentration) were summarized in terms of their ar-
ithmetic and geometric means, standard deviations, medians, 
and interquartile ranges. Categorical data were summarized 
in terms of frequencies and percentages.
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For the main sample, we estimated the cumulative dis-
tribution functions of the cotinine measurements for each 
home type (NSH, SFH, or SPH) and country (Bangladesh or 
Pakistan) using a proportional odds model with fixed effects 
for home type, country, sex, age (modeled using a four-knot 
restricted cubic spline with knots placed at the 5th, 35th, 
65th, and 95th percentiles of the observed age distribution), 
Outside space at the home (Yes/No) and SHS exposure out-
side of the home (Yes/No). For the latter indicator of SHS 
exposure outside the home, a value of “Yes” was assigned 
if the participant reported SHS exposure while they were in 
a vehicle, or if they reported SHS exposure anywhere other 
than at home or in a vehicle. Any participants that were 
missing values for any of the explanatory variables (home 
type, country, sex, age, and outside space at home or outside 
SHS exposure) were excluded. We used ordinal regression for 
two main reasons. Firstly, such an approach naturally han-
dles the mixture of discrete and continuous outcome data that 
occur when using measurements of a biomarker that are sub-
ject to detection limits.23 Secondly, this approach facilitates 
inference regarding multiple aspects of the distribution of 
the outcome across participant characteristics using a single 
analysis model. For example, we can use a single model to 
compare and plot any quantiles of the distribution that are 
of interest (such as medians or upper or lower quartiles), or 
the probabilities of having measurements above or below any 
particular values of interest (such as the probability of having 
measurements that exceed 0.1 ng/mL).23 We used the fitted 
model to obtain and plot point estimates and 95% confidence 
intervals (based on the delta-method standard errors) for me-
dian cotinine concentrations by home type and country con-
ditional on various representative values of the other fixed 
effects included in the model. We also used the fitted model to 
obtain and plot point estimates and 95% confidence intervals 
for the probability of having salivary cotinine concentration 
BLQ (ie, < 0.1 ng/mL) by home type and country conditional 
on various representative values of the other fixed effects in-
cluded in the model. Analyses were conducted using Stata/
MP v18.024 and R version 4.2.325 with the RMS package26 
being used to fit the specified proportional odds model and 
obtain estimates of the quantities reported (medians and 
probabilities of having measurements BLQ).

Results
Saliva samples were collected from 2746 out of 2769 children 
recruited (Figure 1), although measurements could not be 
obtained from five (0.2%) samples due to insufficient volumes 
(n = 2) or problems reading the sample (n = 3). Of the 2741 
children (1382 from Dhaka and 1359 from Karachi) with a 
valid measurement, 23 (0.8%) had concentrations > 12 ng/
mL (14 were in the 12–50 ng/mL range and 9 were > 50 ng/
mL, ie, above the limit of quantification). Hence there were 
2718 children with measurements that were ≤ 12 ng/mL (the 
main sample), including 118 that were BLQ.

Table 1 shows that around 56% of children reported 
no smoking by household members and visitors (the NSH 
group). There was a fairly even split between SFH and SPH 
among the remaining children, with around 23% categorized 
as being from SFH and 21% being from SPH. Roughly half 
of the children in the NSH group, were from each country 
(49.7% Dhaka, 50.3% Karachi). However, this pattern was 
not replicated in either the SFH group (63% Dhaka) or the 

SPH group (62% Karachi). There was some evidence of an as-
sociation between type of home and sex, with the proportion 
of males being lowest in the NSH category at around 43% 
and increasing to around 48% and 49% in the SFH and SPH 
categories, respectively. No such relationship was apparent 
concerning age, with the mean age being just over 11 years 
across all categories. Similarly, the proportion of participants 
reporting outside space at their homes was similar across the 
three categories (66%–68%). Around 60% of children re-
ported SHS exposure outside of their home; 63% in SPH, 
67% in SFH, and 53% in NSH. There was some evidence of 
an association between the type of home and cotinine concen-
tration. Firstly, 95 (6.3%) children in NSH had BLQ cotinine 
concentrations compared to just 3% and 1% in SFH and 
SPH, respectively. Secondly, for all measures of central ten-
dency reported, there is an apparent gradient, with children 
in NSH having the lowest measurements and those in SPH 
having the highest.

Table 2 shows that 1369 (50.4%) children were from 
Dhaka and 1349 (49.6%) from Karachi. The female-male 
ratio was approximately 55:45 across both countries and 
the mean/median ages were also similar. Around 65%–70% 
of participants reported having some outside space at their 
home and most participants (58.5%) reported SHS exposure 
outside their homes. As per Table 1, the proportion of children 
in NSH was similar across the two countries, but there were 
differences in the SFH and SPH, with Pakistani children being 
considerably more likely to report smoking indoors at their 
homes. The number and proportion of participants with sal-
ivary cotinine concentrations BLQ were considerably higher 
in Dhaka (110, 8.0%) as compared to Karachi (8, 0.6%). 
Likewise, all measures of central tendency show that meas-
ured cotinine concentrations were generally lower among 
Bangladeshi participants.

Figure 2 suggests clear variation in median cotinine 
measurements across the three home types, with measurements 
from children in SPH generally being slightly higher than 
those from otherwise similar children resident in SFH, which 
in turn are generally higher than those in NSH. However, the 
absolute differences in medians were relatively small across 
all covariate patterns shown. Even when comparing children 
resident in NSHs to children in SPHs, the absolute differences 
in point estimates of the medians are generally around 0.1–
0.3 ng/mL and are less than 0.05 ng/mL when comparing 
the SPH and SFH categories. Also evident is some variation 
in cotinine concentrations by age and sex, with children 
older than 11 years generally having slightly higher median 
measurements than children aged between 9 and 11, and 
males generally having slightly higher medians than females. 
Plots of the estimated probability of having a cotinine con-
centration BLQ by type of home conditional on various rep-
resentative covariate patterns show a similar pattern, with 
children in NSH generally having higher probabilities of 
having measurements BLQ than children in the SFH and SPH 
categories (Appendix 1).

Figure 3 suggests some clear differences in median cotinine 
measurements across the two countries, with measurements 
from Pakistani participants generally being higher than those 
from otherwise similar Bangladeshi participants. Indeed, the 
point estimates of the medians for Pakistani children are ap-
proximately double those for otherwise similar Bangladeshi 
children. The absolute differences in medians are generally 
around 0.2–0.5 ng/mL depending on age, sex, and type of 
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Figure 1. Schematic of data availability and analysis sets.

home. Plots of the estimated probability of having a cotinine 
concentration BLQ by country conditional on various rep-
resentative covariate patterns show a similar pattern, with 
residency in Bangladesh being associated with a substantially 
higher probability of having a cotinine concentration BLQ 
(Appendix 1).

Discussion
Among our sample of 2741 children, almost all (95.7%) 
were exposed to SHS. The estimates of the mean (arithmetic 
and geometric) and median cotinine concentration indicate 
a substantial level of SHS exposure in the two cities. This 
widespread SHS exposure is likely to be due to the high prev-
alence of male smoking in Bangladesh (33%)27 and Pakistan 
(21%),16 respectively. In the Global Adult Tobacco Surveys 
conducted in 21 countries, children’s exposure to SHS was di-
rectly linked to the rates of smoking in adults.28 Furthermore, 
the extent of SHS exposure indicates unrestricted smoking, 
both in private and public spaces.29 In our sample, children 
who were living with at least one smoker, 36.7% in Dhaka 
and 60.8% in Karachi reported indoor smoking at home. The 

difference in indoor smoking norms between the two coun-
tries could be the reason behind our finding of much higher 
salivary cotinine concentrations in children in Pakistan. In 
Pakistan, research related to indoor smoking is very limited, 
making it an under-researched area. According to Pakistan’s 
Demographic Health Survey, 40% of pregnant women re-
ported being exposed to secondhand smoke (SHS) at home.30 
Previous surveys of smoking restriction/permission at homes 
in Bangladesh, although limited in number and sample sizes, 
align with our findings.14,31

Ours is among a handful of studies conducted in LMICs 
assessing SHS exposure using exposure biomarkers. 
We conducted a previous, albeit smaller survey among 
schoolchildren in Dhaka in 2016 and observed similar 
findings.14 In another survey in Malaysia, 77% of school 
children had cotinine levels indicative of SHS exposure with 
a mean cotinine concentration of 0.4 6ng/mL.32 The mean 
cotinine estimates observed in our current study are also com-
parable to cotinine estimates observed over a generation ago 
in the United Kingdom; 0.50 ng/mL in England and 0.46 ng/
mL in Scotland in 199812,13 We also found that median 
cotinine levels of children in Karachi were around twice as 
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Table 1. Characteristics of the Main Sample by Home Type (Nonsmoking Homes, Smoke-Free Homes, or Smoke-Permitted Homes) and Overall. 
Numbers (Percentages) are Presented Unless Otherwise Specified

NSH (N = 1517) SFH (N = 618) SPH (N = 582) Total (N = 2717)

Country, n (%)

Dhaka 754 (49.7) 390 (63.1) 224 (38.5) 1368 (50.3)

Karachi 763 (50.3) 228 (36.9) 358 (61.5) 1349 (49.7)

Sex, n (%)

Male 648 (42.7) 296 (47.9) 282 (48.5) 1226 (45.1)

Female 869 (57.3) 322 (52.1) 300 (51.5) 1491 (54.9)

Age (years)

N 1516 618 582 2716

Mean (SD) 11.3 (1.0) 11.3 (1.0) 11.4 (1.1) 11.3 (1.0)

Median (Q1, Q3) 11.2 (10.8, 12.0) 11.2 (10.8, 12.0) 11.2 (10.8, 12.0) 11.2 (10.8, 12.0)

Min, Max 8.0, 16.5 9.0, 15.3 8.0, 15.0 8.0, 16.5

Outside space at home?, n (%)

No 489 (32.2) 197 (31.9) 199 (34.2) 885 (32.6)

Yes 1028 (67.8) 421 (68.1) 383 (65.8) 1832 (67.4)

Reports SHS exposure outside of home?, n (%)

No 707 (46.6) 226 (36.6) 193 (33.2) 1126 (41.4)

Yes 810 (53.4) 392 (63.4) 389 (66.8) 1591 (58.6)

Cotinine concentration (ng/mL)

Within [0.1, 12] ng/mL, n (%) 1422 (93.7) 600 (97.1) 577 (99.1) 2599 (95.7)

Arithmetic mean (SD) 0.57 (0.77) 0.67 (0.84) 0.80 (0.83) 0.64 (0.81)

Geometric mean (GSD) 0.40 (2.19) 0.46 (2.21) 0.58 (2.17) 0.45 (2.22)

Median** Q1, Q3) 0.35 (0.20, 0.63) 0.42 (0.26, 0.75) 0.57 (0.32, 0.97) 0.40 (0.23, 0.72)

BLQ (< 0.1 ng/mL), n (%) 95 (6.3) 18 (2.9) 5 (0.9) 118 (4.3)

*One of the 2718 participants in the main sample was missing data on smoking restrictions within the home and is therefore excluded from this table.
**This row provides the quartiles for the set of all measurements in the main sample (including those that were below the limit of quantification).

high as those from otherwise similar children in Dhaka; this 
translates into an absolute difference in conditional medians 
of around 0.2–0.5 ng/mL. The smoking prevalence among 
males in Pakistan is less than in Bangladesh.27,16 Therefore, 
poorer adherence to smoking bans in public spaces and a 
significant lack of smoking restrictions in private spaces in 
Pakistan are likely to be responsible for the difference in SHS 
exposure between the two cities.

We also examined the association between the adult 
smoking behaviors of residents and visitors at homes and 
salivary cotinine levels in children in both cities. Compared 
to children living with nonsmokers, those living with adult 
smokers had higher levels of SHS exposure. Similarly, 
children living in houses permitting indoor smoking had 
slightly higher levels of SHS exposure than those where 
smoking was not permitted. The median cotinine concentra-
tion in the saliva of children living in homes permitting in-
door smoking was around 0.1–0.3 ng/mL higher than those 
living in homes having no smokers or no permission to smoke 
indoors. However, the difference in median salivary cotinine 
concentration between those living in homes permitting in-
door smoking and those restricting smoking to just outside 
spaces was considerably smaller, less than 0.05 ng/mL for 
all covariate patterns. Our data were gathered from children 
living in two of the most densely populated cities in the 
world, and therefore highly dense and/or multi-unit housing 
might have played a part in children’s exposure to tobacco use 
from nearby smoking-permitting homes. While two-thirds of 

homes had outdoor spaces, their proximity to indoor living 
spaces might not have completely protected children even if 
adults stepped outside to smoke.

The negative association between SHS exposure and 
smoking restrictions at home observed in our study has been 
found previously in several studies in LMICs.33,34 However, 
it is worth noting that biomarkers such as cotinine have 
been rarely utilized in LMICs14,32 as compared to HIC.35–38 
A study conducted in the United Kingdom found that the 
cotinine levels were significantly lower in children whose 
parents did not smoke inside the house, even after adjusting 
for the average daily cigarette consumption of the parents.36 
A more recent study conducted in the U.S. surveyed mothers 
regarding the smoking habits of their household. Also, the 
study evaluated child saliva samples for cotinine. The re-
search concluded that children living in homes with smoking 
restrictions had a lower level of salivary cotinine and less risk 
of exposure to SHS compared to those living in homes with 
no restrictions.39 Like our study, these and other authors also 
noted that smoking restrictions may not be sufficient on their 
own to provide full protection to children from SHS exposure, 
especially those living with smokers.40,41 A combination of 
smoking restrictions at home and smoking cessation may be 
needed in this group.42,43 Furthermore, our study suggests that 
even living with nonsmokers may not be sufficient to provide 
full protection to children from SHS exposure. Those living 
in NSHs also had a substantial median cotinine value. If their 
self-reports on no smoking are accurate, this SHS exposure 

D
ow

nloaded from
 https://academ

ic.oup.com
/ntr/advance-article/doi/10.1093/ntr/ntae130/7695959 by guest on 21 O

ctober 2024



6 Siddiqi et al.

Table 2. Characteristics of the Main Sample by Country (Dhaka or Karachi) and Overall. Numbers (Percentages) are Presented Unless Otherwise 
Specified

Dhaka
 (N = 1369)

Karachi
 (N = 1349)

Total
 (N = 2718)

Type of home, n (%)

NSH 754 (55.1) 763 (56.6) 1517 (55.8)

SFH 390 (28.5) 228 (16.9) 618 (22.7)

SPH 224 (16.4) 358 (26.5) 582 (21.4)

Missing 1 (0.1) 0 (0.0) 1 (0.0)

Sex, n (%)

Male 623 (45.5) 603 (44.7) 1226 (45.1)

Female 746 (54.5) 746 (55.3) 1492 (54.9)

Age (years)

N 1369 1348 2717

Mean (SD) 11.24 (0.79) 11.43 (1.20) 11.33 (1.02)

Median (Q1, Q3) 11.20 (10.80, 11.87) 11.17 (10.75, 12.00) 11.19 (10.79, 12.00)

Min, Max 9.00, 14.75 8.00, 16.48 8.00, 16.48

Outside space at home?, n (%)

No 415 (30.3) 470 (34.8) 885 (32.6)

Yes 954 (69.7) 879 (65.2) 1833 (67.4)

Reports SHS exposure outside of home?, n (%)

No 592 (43.2) 534 (39.6) 1126 (41.4)

Yes 776 (56.7) 815 (60.4) 1591 (58.5)

Missing 1 (0.1) 0 (0.0) 1 (0.0)

Cotinine concentration (ng/mL)

Within [0.1, 12] ng/mL, n (%) 1259 (92.0) 1341 (99.4) 2600 (95.7)

Arithmetic mean (SD) 0.46 (0.59) 0.82 (0.95) 0.65 (0.82)

Geometric mean (GSD) 0.32 (2.12) 0.60 (2.06) 0.45 (2.22)

Median* (Q1, Q3) 0.27 (0.16, 0.49) 0.58 (0.37, 0.93) 0.40 (0.23, 0.72)

BLQ (< 0.1 ng/mL), n (%) 110 (8.0) 8 (0.6) 118 (4.3)

*This row provides the quartiles for the set of all measurements in the main sample (including those that were below the limit of quantification).

might have come from outside the homes. Therefore, both 
private and public indoor smoking restrictions may need to 
be implemented.7

Our study is one of the few to report on SHS exposure 
using exposure biomarkers among children in LMICs. 
However, there are some limitations to our findings. Firstly, 
the non-probability sampling strategy was used to recruit 
participants for the CLASS III trial means that our results 
cannot be generalized to the wider population of the two 
countries. However, the children were recruited from a mix 
of schools, both public and private, across a wide range of 
socioeconomic backgrounds in the two cities. Secondly, the 
variables used to capture indoor smoking behaviors were 
based on the children’s observations and their reporting 
accuracy, which were likely subject to observation and re-
porting biases, respectively. Parents may be good at hiding 
their smoking habits, especially indoor smoking, which could 
falsely characterize them as nonsmokers and their homes 
as smoke-free. The high concentration of cotinine found in 
children who reported living with nonsmokers or in smoke-
free environments suggests that this may be the case. Finally, 
we were unable to accurately collect data on children’s expo-
sure to smoking behaviors outside of their homes. This is due 
to the dynamic nature of such behaviors, making it difficult 
to report. However, new technologies have been developed to 

accurately record geospatial and temporal data, which could 
help address this gap in future studies. Given the high levels of 
cotinine found in children living in nonsmoking homes, accu-
rately reporting their outside exposure is an important issue 
that needs to be addressed in future research.

Bangladesh and Pakistan are signatories to WHO FCTC 
and have introduced smoke-free laws in public places. While 
Pakistan’s legislation is comprehensive, Bangladesh’s smoke-
free laws are only partial when applied to workplaces, 
restaurants, and public transport. Furthermore, previous re-
search studies have expressed concerns about poor compli-
ance with smoke-free laws in both countries.18,19 Exposure to 
SHS is a significant threat to the life chances of children in 
Bangladesh and Pakistan. Therefore, we call for a compre-
hensive approach to protect them from this harm. Enforcing 
smoking bans in public places, such as shops, restaurants, 
cafes, and public transport, should be given high priority. 
Smoking bans should also be extended to playgrounds, 
parks, fairgrounds, and other public spaces frequently vis-
ited by children. While advocating for smoke-free zones in 
private settings like homes and automobiles is crucial, this 
initiative alone might fall short of the comprehensive ac-
tion required. Therefore, other evidence-based interventions 
should be delivered in a variety of healthcare and community 
settings, such as schools. Any of the above efforts should 
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Figure 2. (A–D) Estimated median cotinine concentrations by type of home (NSH, Smoke-free Homes or Smoke-permitted Homes), conditional on age 
(9–15 years), country (Bangladesh = BD or Pakistan = PK), sex (Male = M or Female = F), outside space reported at home and SHS exposure reported 
outside of the home. The point estimates are shown as the darker line with the shaded areas showing pointwise 95% confidence intervals. Note the 
variation in the range of the Y-axis across the four plots.

Figure 3. (A–F) Estimated median cotinine concentrations by country (Bangladesh = BD or Pakistan = PK), conditional on age (9–15 years), type of 
home (NSH, Smoke-free Homes, or Smoke-permitted Homes), sex (Male = M or Female = F), outside space reported at home and SHS exposure 
reported outside of the home. The point estimates are shown as the darker line with the shaded areas showing pointwise 95% confidence intervals. 
Note the variation in the range of the Y-axis across the four plots.
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be complemented by offering tobacco cessation advice and 
support in these settings. Salivary cotinine levels could be 
used for benchmarking and setting targets for countries like 
Bangladesh and Pakistan. Measuring cotinine levels could 
supplement Global Youth Tobacco Surveys as part of the 
monitoring actions included in WHO’s MPOWER strategy.44

In summary, while SFH have the potential to greatly re-
duce children’s exposure to SHS, they may not entirely pro-
tect children from SHS exposure, especially in homes with 
nonsmokers. The effectiveness of smoking restrictions at 
home in fully protecting children from SHS exposure may de-
pend on various factors, including the smoking behaviors of 
household members and the implementation of comprehen-
sive tobacco control measures.
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