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Exposure to secondhand smoke (SHS) is
a known health hazard for both children and
adults that significantly contributes to morbid-
ity and mortality.1 With more than 1 billion
smokers worldwide, many nonsmokers are
exposed to SHS, about two thirds of whom are
children and adolescents.2 Annually, SHS ex-
posure accounts for more than 600 000 deaths
among nonsmokers worldwide, about one
third of whom are children.3 In 2003, the
member states of the World Health Organiza-
tion (WHO) unanimously adopted the Frame-
work Convention on Tobacco Control (FCTC),
Article 8 of which requires the creation of
smoke-free environments to protect non-
smokers from SHS exposure.4 However, as of
2012, only 16% of the world’s population was
covered by comprehensive smoke-free policies5—
13% among West African countries as of
December 2013.6 This limited coverage of
comprehensive smoke-free policies in the
West African region requires deeper analysis
of the prevalence and the factors associated
with SHS exposure in each country to inform
policy initiatives and advocacy.

Several studies have been conducted to un-
derstand SHS exposure among nonsmoking
children7 and adults.8 A key finding reported
by most studies is that SHS exposure among
children is influenced by parents’ and peers’
smoking behavior and family socioeconomic
status.9---11 These studies on SHS exposure have
been, however, confined mostly to high-income
countries, with a limited number in low- and
middle-income countries (LMICs).

To address the sparse research on SHS
exposure among youths in Africa2,12 and to
help further protect children inWest Africa, we
aimed to estimate the prevalence and identify
factors associated with nonsmoking adoles-
cents’ exposure to SHS. Despite the generally
low rates of smoking prevalence, we hypothe-
sized that there would be a high level of SHS
exposure among adolescents and that several
other factors, including parental smoking

behavior, would be identified as possible de-
terminants because of the communitarian cul-
ture of West African countries and the general
absence of comprehensive smoke-free policies.

To our knowledge, our study is the first
regional-level investigation into SHS exposure
among nonsmoking adolescents in the Sub-
Saharan African region. A regional-level ap-
proach to tobacco-induced issues in West Africa
is important because of the continuous economic
integration through the Economic Community
of West African States and the regional ap-
proach recently applied by transnational tobacco
companies to market and promote tobacco.

We studied 9 West African countries (Cape
Verde, Cote d’Ivoire, Ghana, Guinea, Mali,
Mauritania, Niger, Senegal, and Togo). In
2013, whereas the total prevalence of cigarette
smoking among adults ranged from 3.5%
(Cape Verde and Niger) to 13.7% (Cote
d’Ivoire), that of the youths ranged from 3.6%
(Ghana) to 17.8% (Mauritania).5 Although the
geography and population sizes of West African
countries differ, they bear similarities in culture,
economic standards, tobacco use (e.g., a wide

gender gap13) and control (e.g., limited com-
prehensive smoke-free policies6,14), and the
presence and operation of the tobacco industry.
All countries in the region are classified as
LMICs, with the Human Development Index
ranging from 0.304 in Niger to 0.586 in Cape
Verde15 and the per capita annual income
ranging from $700 in Liberia to $4400 in
Cape Verde. The domestic tobacco markets are
controlled by transnational tobacco companies,
with British American Tobacco controlling the
largest market share. These similarities ensure
the comparability of our results.

METHODS

In the 9 West African countries we studied,
a Global Youth Tobacco Survey (GYTS) was
administered to collect nationally representa-
tive tobacco-related information on school-
going adolescents. On the basis of established
standards,16 we included data collected be-
tween 2006 and 2009 and used the latest
years the GYTS was administered and made
publicly available by WHO and the US Centers
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for Disease Control and Prevention for each
country. We extracted data during the first half
of 2014. The total sample included 12 892
nonsmoking school-going adolescents aged 13
to 15 years. The overall proportion of school
enrollment among the youths aged 12 to 18
years during the time data were collected
ranged from as low as about 12% in Niger to
about 84% in Cape Verde.17

A detailed description of the GYTS has been
published elsewhere.16---20 In brief, a 2-stage
cluster sampling design was used to select
clusters of schools at the first stage, and class-
rooms within selected schools where the survey
was given were randomly selected at the second
stage. Regardless of age, all students available in
the classrooms on the day the survey was
administered were eligible to participate. How-
ever, we specifically focused on those aged13 to
15 years who were nonsmokers because the
GYTS was designed to be representative for this
age group and to ensure consistency and com-
parability with the literature.16,18,21

Study Measures

The 2 outcome measures were (1) SHS
exposure inside the home, and (2) SHS exposure
outside the home. Respondents were asked,
“During the past 7 days, on howmany days have
people smoked in your home in your presence?”
and the responses were “0, 1---2, 3---4, 5---6, and 7
days.” We converted these responses into a bi-
nary measure by clubbing all the nonzero re-
sponses to 1. We used a similar approach to
code SHS exposure outside the home. The
question in that case was “During the past 7 days,
on how many days have people smoked in your
presence in places other than in your home?”

We used the following independent vari-
ables drawn from the literature16---20 in our
analysis: age, gender, parent or peer smoking
behavior, knowledge of smoking harm,
whether the adolescent supported a smoking
ban in public places, and exposure to anti-
smoking media messages and antismoking
school education.18 The detailed coding of
responses to these GYTS measures is available
as a supplement to the online version of this
article at http://www.ajph.org.

Data Analysis

We computed the prevalence estimates of
SHS exposure inside and outside the home

using sampling weights from the survey so that
the estimated proportions are representative of
the population of the respective countries.
Additionally, we performed bivariate analysis
between SHS exposure and the independent
variables. Finally, we performed multivariable
logistic regressions to estimate the associations
between the independent variables and SHS
exposure among the adolescents. We estimated
separate models for each country for SHS
exposure inside and outside the home. We
conducted a Hosmer---Lemeshow test to check
for the goodness of fit of the model.22 The P
value was > .05 for the Hosmer---Lemeshow v2

analysis for all the models except that of Mali
and Senegal, indicating good model fit. We
reported only the average marginal effects for
each of the multivariable logistic regression
models for SHS exposure inside and outside
the home across the 9 countries because they
are more intuitive and can inform both the
direction and the magnitude of effects.

The average marginal effects determine the
probability of exposure to SHS from the logistic
regressions and we have presented them after
multiplying by 100 so that the results can be
interpreted as percentages. One can interpret
the marginal effects as in the following example:
Suppose the average marginal effect is 0.26
(26%) for the parental smoking=1 variable for
SHS exposure inside the home for Ghana data.
This means the probability of being exposed to
SHS inside the home for nonsmoking adoles-
cents in Ghana is 26 percentage points higher
for those adolescents whose parents smoked
than for those whose parents did not smoke,
adjusting for all other characteristics. The aver-
age marginal effects are different from marginal
effects evaluated at a single point, such as the
mean, and are more meaningful when inter-
preting logistic regression results.

We estimated all models using the statistical
software Stata version 12.0 (StataCorp, College
Station, TX).

RESULTS

The sample size for nonsmoking school-going
adolescents aged 13 to 15 years ranged from
904 in Niger to 3154 in Ghana (data available
as a supplement to the online version of this
article at http://www.ajph.org). Boys constituted
more than half of the participants in 8 of the 9

countries. The percentage of multivariable par-
ticipants with at least 1 smoking parent ranged
from 5.8% in Ghana to 19.8% in Senegal, and
those with a close friend that smoked ranged
from 10.2% in Togo to 31.4% in Mali. Across
the 9 countries, at least two thirds of the
adolescents were knowledgeable of health dan-
gers related to smoking. More than half of the
participants in each of the 9 countries supported
a ban on smoking in public places, with the least
in Ghana (55.2%) and the most in Cote d’Ivoire
(89.8%). More than half of the participants were
exposed to antismoking media messages only in
Cape Verde (51.2%) and Senegal (75.4%), and
had antismoking school education in Ghana
(62.9%), Guinea (57.2%), and Mali (55.6).

Secondhand Smoke Exposure Inside the

Home

The percentage of adolescents exposed to
SHS inside the home ranged from 13.0% in
Cape Verde to 45.0% in Mali (data available as
a supplement to the online version of this
article at http://www.ajph.org; Table 1).
Whereas the rate of SHS exposure ranged from
13.2% (Cape Verde) to 45.3% (Senegal) for
boys, that of girls ranged from 12.6% (Cape
Verde) to 45.8% (Mali). In terms of age, the
lowest rate of SHS exposure was reported by
those aged 13 years in Cape Verde (10.8%)
and the highest by those aged 14 years in Mali
(48.6%). Although the rate of SHS exposure
inside the home among nonsmoking adoles-
cents with at least 1 smoking parent varied
from 36.9% in Cape Verde to 73.7% in Mali,
those with smoking peers ranged from 22.2%
in Cape Verde to 62.2% in Senegal.

Among adolescents who were knowledgeable
of smoking harm, the rate of SHS exposure
inside the home ranged from 13.4% in Cape
Verde to 49.8% in Senegal. For adolescents who
supported smoking bans in public places, 13.3%
(lowest) and 46.1% (highest) were exposed to
SHS inside the home in Cape Verde and Mali,
respectively. Among adolescents exposed to
antismoking media messages, SHS exposure in-
side the home varied from 17.0% in Cape
Verde to 51.3% in Mali; and for those exposed
to antismoking education, the rates ranged from
15.4% in Cape Verde to 51.1% in Mali.

Table 2 and data available as a supplement
to the online version of this article at http://
www.ajph.org show the average marginal
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effects of each of the independent variables
from the multivariable logistic regression
model on SHS exposure inside the home across
the 9 countries for adolescents aged 13 to 15
years. We found that neither the gender nor
the age of the respondents had any significant
association with the probability of SHS expo-
sure inside the home in any of the 9 countries.
However, various other characteristics of non-
smoking adolescents had a statistically signifi-
cant association with the probability of their
exposure to SHS inside the home. The associ-
ation between parental smoking behavior and
the probability of SHS exposure inside the
home varied considerably between countries.
The probability of SHS exposure inside the
home was 20.8 (lowest) and 41.2 (highest)

percentage points higher for adolescents with
at least 1 smoking parent than for those with no
smoking parents in Ghana and Togo, respec-
tively, adjusting for other characteristics of
nonsmoking adolescents. Similarly, the effects
of peer smoking behavior on the probability of
SHS exposure inside the home also varied
considerably across countries. In Cape Verde,
the probability of SHS exposure inside the
home was 8 percentage points (lowest) higher
for those adolescents with smoking peers than
those without, and it was 15.5 percentage
points (highest) higher in Togo.

In terms of knowledge of smoking harm, the
probability of SHS exposure inside the home
was statistically significant for only Guinea,
Senegal, and Togo, being, respectively, 16.4,

10.9, and 4.7 percentage points higher among
those who were knowledgeable about smoking
harm than those who were not.

The probability of SHS exposure inside the
home was 10.2 percentage points higher
among those who supported a ban on smoking
in public places than those who did not in
Mauritania, whereas it was 13.0 percentage
points lower in Senegal. By contrast, the prob-
ability of SHS exposure was 4.2 to 6.8 per-
centage points higher among the adolescents
exposed to antismoking media messages than
those not exposed in Cape Verde, Ghana,
Mauritania, Niger, and Senegal.

Similarly, the probability of being exposed to
SHS inside the home was 3.8 to 9.5 percentage
points higher for those exposed to antismoking

TABLE 1—Nonsmoking Adolescents’ Exposure to Secondhand Smoke Inside the Home: Global Youth Tobacco Survey, 9 West African Countries,

2006–2009

Characteristic

Cape Verde

(n = 970), %

Cote d’Ivoire

(n = 1382), %

Ghana

(n = 3154), %

Guinea

(n = 938), %

Mali

(n = 1593), %

Mauritania

(n = 1217), %

Niger

(n = 904), %

Senegal

(n = 1124), %

Togo

(n = 1610), %

Overall 13.0 29.4 14.9 23.9 45.0 32.2 21.1 44.5 17.2

Gender

Male 13.2 28.4 15.5 22.5 44.8 34.6 23.4 45.3 19.1

Female 12.6 30.3 14.1 25.9 45.8 29.9 19.2 41.4 15.1

Age, y

13 10.8 25.8 14.0 18.9 47.5 31.5 19.6 48.1 14.9

14 11.7 30.0 14.3 29.4 48.6 32.2 19.3 44.6 17.6

15 16.2 31.5 16.3 22.3 38.1 32.4 24.1 41.8 18.6

Parent smokes

No 8.8 23.8 13.4 18.7 38.0 27.7 19.1 37.5 13.1

Yes 36.9 58.7 38.9 51.3 73.7 54.8 50.7 72.3 53.5

Peer smokes

No 10.4 25.1 12.1 21.7 43.8 28.3 17.8 39.5 15.5

Yes 22.2 40.6 32.1 34.0 47.8 40.1 34.5 62.2 32.6

Knowledge of smoking harm

No 9.8 29.4 12.1 12.8 41.7 26.8 18.9 35.2 15.2

Yes 13.4 29.4 16.5 31.9 45.9 34.3 21.5 49.8 17.9

Support smoking ban

No 10.6 27.0 12.4 18.3 38.4 24.7 20.1 44.8 15.5

Yes 13.3 29.6 16.4 26.1 46.1 36.3 21.8 42.6 17.5

Exposed to antismoking media messages

No 8.8 27.2 11.7 19.1 40.6 28.0 17.1 32.0 16.0

Yes 17.0 32.6 19.8 29.1 51.3 38.7 28.1 48.6 21.5

Exposed to antismoking education in school

No 12.5 27.1 12.3 22.5 37.1 30.0 20.1 42.0 18.0

Yes 15.4 32.0 16.3 24.7 51.1 35.0 23.6 46.6 16.2

Note. All percentages are weighted. P < .05 for all data.
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education than for those not exposed in Ghana,
Cote d’Ivoire, Senegal, Mauritania, and Mali. By
contrast, those who were exposed to anti-
smoking education in schools in Togo had 3.6
percentage points lower probability of SHS
exposure inside the home.

Secondhand Smoke Exposure Outside

the Home

A higher percentage of nonsmoking school-
going adolescents was exposed to SHS outside
the home than inside the home in all countries.
SHS exposure outside the home ranged from
24.7% in Cape Verde to 80.1% in Mali (data
available as a supplement to the online version
of this article at http://www.ajph.org; Table 3).

The rate of SHS exposure outside the home
among nonsmoking adolescents was lowest
in Cape Verde and highest in Mali among
both boys and girls and across all ages and
among those with a smoking parent or peer,
who were knowledgeable of smoking harm,
who supported smoking ban in public
places, who were exposed to antismoking
media messages, or who received antismoking
school education.

Table 4 presents the results for the average
marginal effects of various factors from multi-
variable logistic regression model on the
probability of SHS exposure outside the home.
We found that the age of the respondents had
no significant association with the probability

of SHS exposure outside the home in any of the
9 countries and the gender of the respondent
had no effect on SHS exposure outside the
home in 8 of the 9 countries. Guinea was an
exception in this regard: boys had 7.3 per-
centage points higher probability of exposure
to SHS outside the home than did girls. Unlike
gender and age, various other characteristics of
the nonsmoking adolescents had statistically
significant effects on the probability of their
exposure to SHS outside the home.

Similar to SHS exposure inside the home, the
effects of parental smoking on the probability
of SHS exposure outside the home were sig-
nificantly higher for adolescents with smoking
parents than those without smoking parents,

TABLE 2—Average Marginal Effects of Nonsmoking Adolescents’ Exposure to Secondhand Smoke Inside the Home: Global Youth Tobacco Survey,

9 West African Countries, 2006–2009

Characteristic

Cape Verde

(n = 970), %

Cote d’Ivoire

(n = 1382), %

Ghana

(n = 3154), %

Guinea

(n = 938), %

Mali

(n = 1593), %

Mauritania

(n = 1217), %

Niger

(n = 904), %

Senegal

(n = 1124), %

Togo

(n = 1610), %

Gender

Male 0.5 –1.8 –0.5 –4.5 –4.5 0.6 –2.6 0.8 2.3

Female (Ref) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Age, y

13 (Ref) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

14 0.9 2.6 1.5 7.2 1.2 –1.0 –2.0 –1.1 2.9

15 2.0 2.7 1.9 1.1 –2.3 –2.1 2.7 –0.3 3.9

Parent smokes

Yes 25.7*** 33.8*** 20.8*** 29.8*** 33.8*** 24.2*** 31.1*** 35.0*** 41.2***

No (Ref) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Peer smokes

Yes 8.0** 12.4*** 13.7*** 8.5* 10.4*** 8.3** 15.2*** 14.1*** 15.5***

No (Ref) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Knowledge of smoking harm

Yes –1.4 –1.9 2.3 16.4*** 1.0 2.9 1.5 10.9*** 4.7*

No (Ref) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Supports smoking ban

Yes 0.3 4.9 1.4 5.2 4.4 10.2*** 4.2 –13.0** 0.9

No (Ref) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Exposed to antismoking media message

Yes 4.2* 3.2 4.8*** 4.6 2.5 5.8* 5.7* 6.8* 2.1

No (Ref) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Exposed to antismoking education in school

Yes 2.6 5.1* 3.8** –0.4 9.5*** 6.3* 2.3 5.7* –3.6*

No (Ref) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

H-L v2(8)a 8.2 (0.4) 11.3 (0.2) 10.8 (0.2) 9.7 (0.3) 12.6 (0.1) 10.8 (0.2) 9.7 (0.3) 5.7 (0.7) 13.0 (0.1)

Note. Average marginal effects were estimated from the multivariable logistic regression and converted to percentages.
aH-L v2(8) shows the results of Hosmer–Lemeshow test for the goodness of fit of the model with 10 groups. The values in parentheses indicate Prob > v2.
*P < .05; **P < .01; ***P < .001.
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except in Mali, Mauritania, and Niger. The
excess probability ranged from 9.7 percentage
points in Cote d’Ivoire to 23.0 percentage
points in Togo. Across all countries, the prob-
ability of being exposed to SHS outside the
home was significantly higher for adolescents
with than those without smoking peers, except
in Senegal, where the effects were not signifi-
cant. The excess probability varied from 8.6
percentage points in Cote d’Ivoire to 21.1
percentage points in Niger. Compared with
respective referent populations, probabilities of
SHS exposure outside the home were signifi-
cantly higher among nonsmoking adolescents
who were knowledgeable of smoking harm,
supported a ban on smoking in public places,
were exposed to antismoking media messages,

and received antismoking education in school
in 7, 4, 8, and 5, respectively, of the countries.

DISCUSSION

Although SHS is an established health haz-
ard,1 children and adolescents still constitute
the majority of people exposed to it.2 Article 8
of the WHO FCTC and its guidelines oblige
governments to create smoke-free environ-
ments to protect nonsmokers from the
dangers of SHS exposure. Although all 16
countries in the West African region have
ratified the WHO FCTC, only 2 (Burkina Faso
and Ghana) had comprehensive smoke-free
policies as of January 2015. Scientific evidence
is a key rationale for tobacco control policy

initiatives and advocacy,23 and our study
provides evidence on the prevalence and de-
terminants of SHS exposure inside and outside
the home among nonsmoking school-going
adolescents aged 13---15 years in 9 West
African countries.

Despite the generally low (but increasing)
rates of smoking (3.5%---13.7% among adults
and 3.6%---17.8% among adolescents5), our
results show that 1 in 10 (Cape Verde) and 1 in
2 (Mali and Senegal) nonsmoking school-going
adolescents were exposed to SHS inside the
home, and 1 in 4 (Cape Verde) and 4 in 5
(Mali) were exposed to SHS outside the home
among the 9 African countries. This situation
poses a major public health problem because
noncommunicable diseases are expected to be

TABLE 3—Nonsmoking Adolescents’ Exposure to Secondhand Smoke Outside the Home: Global Youth Tobacco Survey, 9 West African Countries,

2006–2009

Characteristic

Cape Verde

(n = 970), %

Cote d’Ivoire

(n = 1382), %

Ghana

(n = 3154), %

Guinea

(n = 938), %

Mali

(n = 1593), %

Mauritania

(n = 1217), %

Niger

(n = 904), %

Senegal

(n = 1124), %

Togo

(n = 1610), %

Overall 24.7 71.8 29.0 49.7 80.1 45.4 52.9 45.5 38.2

Gender

Male 26.0 72.2 30.6 53.0 80.7 50.2 55.9 43.2 40.3

Female 23.8 71.1 27.3 46.8 79.3 41.8 50.4 44.4 35.6

Age, y

13 22.7 69.3 29.0 45.2 79.9 45.1 49.9 45.1 35.0

14 22.4 71.8 28.6 54.1 80.1 47.0 54.7 46.8 39.4

15 28.9 73.7 29.4 48.6 80.3 44.3 53.5 44.4 39.4

Parent smokes

No 21.6 70.4 27.5 47.0 79.3 44.4 51.9 40.5 35.5

Yes 42.7 81.2 50.8 64.3 84.4 53.2 68.9 61.3 57.7

Peer smokes

No 20.1 68.7 27.1 46.7 76.0 37.9 47.9 42.1 36.4

Yes 40.5 80.2 40.5 62.9 89.8 62.4 72.7 57.8 55.3

Knowledge of smoking harm

No 17.8 64.7 20.9 37.3 70.1 30.3 39.3 32.6 33.2

Yes 25.9 73.3 33.7 58.7 82.8 51.8 55.5 53.0 39.9

Support smoking ban

No 20.1 65.8 23.3 37.2 69.8 35.1 47.0 42.1 29.4

Yes 25.5 72.4 33.5 54.2 82.0 51.8 56.4 45.1 39.6

Exposed to antismoking media messages

No 19.4 66.6 22.1 45.2 77.4 35.9 47.5 32.8 35.8

Yes 29.8 79.2 39.6 54.4 83.7 60.1 62.3 49.9 46.7

Exposed to antismoking education in school

No 24.6 70.6 24.2 46.1 74.6 42.6 49.9 40.5 36.1

Yes 25.5 73.8 31.8 52.1 84.2 49.5 61.2 52.2 41.7

Note. All percentages are weighted. P < .05 for all data.
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the leading cause of mortality in Sub-Saharan
Africa by 2030.24

The high rates of SHS exposure among
nonsmoking adolescents in West African
countries should attract the attention of poli-
cymakers and the public health community for
several reasons. First, SHS is a confirmed
health hazard.1 Studies have found that expo-
sure to SHS increases the incidence of wheeze
and asthma in children and young people by at
least 20%25 and bronchitis in infants by 2 and
a half times.26

Second, adolescents are a vulnerable popu-
lation because they lack the ability to avoid
SHS either inside or outside the home, which
suggests the need for protection as required by

the WHO FCTC and international human
rights conventions such as the Convention on
the Rights of the Child. The lack of avoidance
of SHS exposure among youths inWest African
countries is exacerbated by the communitarian
culture, which limits the rights of children
compared with those of adults. This phenom-
enon may explain why in places such as Mali,
although about 1 in 10 (youths and adults)
smokes,5 up to 4 in 5 nonsmoking adolescents
reported SHS exposure outside the home.

Third, although the main culprit for the
increasing trend in tobacco use in LMICs,
including West African countries, is the to-
bacco industry, studies suggest that youths’
SHS exposure increases the likelihood of future

tobacco use because youths see this as socially
acceptable behavior.18 Evidence from else-
where suggests that up to 90% of regular
smokers begin smoking as minors,27 which
implies that protecting youths from SHS expo-
sure with comprehensive smoke-free policies
and educational and advocacy campaigns will
produce dual benefits: preventing youths from
the dangers of SHS exposure and reducing the
uptake in tobacco use.28 Additionally, when
this high level of exposure is coupled with the
fact that more than 50% of adolescents in these
countries support a ban on smoking in public
places, it should encourage policymakers to
pursue smoke-free public places, including
100% smoke-free school campuses. Moreover,

TABLE 4—Average Marginal Effects of Nonsmoking Adolescents’ Exposure to Secondhand Smoke Outside the Home: Global Youth Tobacco

Survey, 9 West African Countries, 2006–2009

Characteristic

Cape Verde

(n = 970), %

Cote d’Ivoire

(n = 1382), %

Ghana

(n = 3154), %

Guinea

(n = 938), %

Mali

(n = 1593), %

Mauritania

(n = 1217), %

Niger

(n = 904), %

Senegal

(n = 1124), %

Togo

(n = 1610), %

Gender

Male 0.3 –1.5 0.9 7.3* –2.4 1.3 1.0 –2.0 0.9

Female (Ref) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Age, y

13 (Ref) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

14 –1.1 2.6 –0.2 2.0 0.2 –2.9 1.0 –1.1 4.3

15 3.5 4.9 –0.3 –4.6 3.8 –5.9 2.2 2.4 1.3

Parent smokes

Yes 16.9*** 9.7** 19.7*** 12.8** 3.2 6.8 12.5 13.6*** 23.0***

No (Ref) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Peer smokes

Yes 18.9*** 8.6** 8.8*** 10.2* 11.6*** 18.9*** 21.1*** 6.1 18.5***

No (Ref) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Knowledge of smoking harm

Yes 5.4 5.9 8.7*** 13.8*** 11.8*** 15.5*** 10.4* 17.8*** 5.5*

No (Ref) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Support smoking ban

Yes 4.7 5.7 4.8** 15.4*** 8.0** 11.3*** 3.6 –4.3 6.4

No (Ref) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Exposed to antismoking media message

Yes 6.3* 11.3*** 13.4*** 5.1 4.0* 13.8*** 10.9** 10.6** 7.3*

No (Ref) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Exposed to antismoking education in school

Yes –0.6 2.0 6.3*** 1.9 10.9*** 6.0* 10.4** 7.4* 4.6

No (Ref) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

H-L v2(8)a 1.8 (0.9) 10.3 (0.2) 14.5 (0.1) 13.4 (0.1) 27.2 (0.0) 8.7 (0.4) 13.2 (0.1) 23.8 (0.0) 13.4 (0.1)

Note. Average marginal effects were estimated from the multivariable logistic regression and converted to percentages.
aH-L v2(8) shows the results of the Hosmer–Lemeshow test for the goodness of fit of the model with 10 groups. The values in parentheses indicate Prob > v2.
*P < .05; **P < .01; ***P < .001.
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for predominantly Muslim countries such as
Guinea, Mali, Mauritania, Niger, and Senegal
that have high SHS exposure, religion can be
incorporated into tobacco control activities by
amplifying existing “fatwas,” or religious rulings
against smoking.29

In delineating the probabilities of exposure, we
found that unlike previous studies in other parts
of Sub-Saharan Africa,30 demographics (age and
gender) were generally not significantly associ-
ated with SHS exposure. However, consistent
with previous studies,12,30 parental smoking be-
havior significantly resulted in a higher proba-
bility of SHS exposure inside or outside the home
in almost all 9 countries. Although having a
smoking parent resulted in a significantly higher
probability of SHS exposure inside the home in
all the countries, it resulted in a higher probability
of SHS exposure outside the home in 6 of the 9
countries. These results are consistent with stud-
ies involving nonsmoking adolescents from 192
countries2 and never-smoking adolescents from
168 countries.21

This situation presents policy challenges
because although conventions such as the
WHO FCTC and Convention on the Rights of
the Child require the protection of this vul-
nerable population from the dangers of SHS,
there is resistance to government interference
in private and social life. Thus, comprehensive
smoke-free policies could protect adolescents
from SHS exposure outside the home, and
public education campaigns could inform par-
ents of the dangers of SHS exposure for their
nonsmoking adolescents and promote smoke-
free households. When peers provide SHS
exposure, there is a need for the empowerment
of nonsmoking adolescents so that they can
insist on their rights to a smoke-free environ-
ment. Additionally, public health workers can
engage communities to take actions against
youths’ exposure to SHS, which could be very
potent in communitarian societies.31

The results of the other factors—knowledge
of smoking harm, support for a ban on smoking
in public places, exposure to antismoking mes-
sages, and antismoking education in school—
varied greatly across the 9 countries. Our study
shows that knowledge of smoking harm was
associated with probability of SHS exposure
inside (3 of 9 countries) and outside (7 of 9
countries) the home, which is consistent with
an earlier study in South Africa.12

In contrast with earlier studies, when
knowledge of smoking harm, support for
a smoking ban in public places, and exposure to
antismoking media messages were negatively
associated with probability of SHS exposure,32

we identified positive relationships. However,
our results on the association of these factors
with the probability of SHS exposure are
similar to those of earlier studies conducted
using GYTS data in which the 3 factors were
positively associated with increased SHS ex-
posure among never-smoking adolescents in
168 LMICs21 and increased susceptibility to
cigarette smoking among never-smoking ado-
lescents.18

This phenomenon may be explained by the
lack of youth avoidance behavior in societies
such as those in our study and the smoking
behavior of familial relations that thwart the
effectiveness of efforts to improve people’s
knowledge of smoking harm and modify their
smoking behavior through policies such as
a ban on smoking in public places and media
and educational campaigns. Social acceptability
of smoking among these adolescents may also
make them tolerant of SHS exposure. There-
fore, although our results highlight the need to
critically assess how knowledge about smoking
is communicated to youths in these countries,
they simultaneously highlight the need to close
any gaps between the message communicated
to youths about tobacco use and adult tobacco
use behavior and create a policy environment
that protects nonsmokers. These results show
the need for further qualitative investigation to
identify why these factors are positively asso-
ciated with the probability of SHS exposure
and susceptibility to smoking in other studies,18

in not only LMICs such as West African
countries but also worldwide.

Limitations

We assessed SHS exposure using a self-
report questionnaire without any objective
measurement, such as the volume of tobacco-
related particulate matter in the air, and
biomarkers, such as saliva cotinine, tobacco-
specific nitrosamines in the urine, or nicotine
level in the hair. We, thus, may have under-
estimated the number of those exposed to SHS
because previous studies found higher levels of
SHS exposure on the basis of tobacco bio-
markers than on self-reported exposure.33,34

Additionally, the GYTS data included only
adolescents who attended school on the day
the survey was administered. Moreover, the
GYTS relies on a self-administered question-
naire with no independent verification of the
responses. Furthermore, there is a lack of
information on specific venues of SHS expo-
sure among adolescents outside the home,
which suggests the need for WHO and Centers
for Disease Control and Prevention and their
collaborators to collect such information to
inform local legislation designed to protect the
public, and particularly youths, from SHS.
Nonetheless, this study provides the first, to our
knowledge, regional-based analysis of SHS
exposure in Sub-Saharan Africa on the basis of
comparable domestic-generated data.

Conclusions

In the midst of sparse research on SHS
exposure in LMICs, including those in Sub-
Saharan Africa, and comprehensive smoke-free
policy stasis in the WHO African region, we
examined the prevalence and determinants of
SHS exposure among nonsmoking school-
going adolescents aged 13 to 15 years in 9
comparable West African countries with na-
tionally representative GYTS data. Whereas
the overall rate of SHS exposure inside the
home ranged from 13.0% in Cape Verde to
45.0% in Mali, that of SHS exposure outside
the home ranged from 24.7% in Cape Verde to
80.1% in Mali.

Regardless of the venue, the main determi-
nants of SHS exposure were the smoking
behavior of parents and peers. With no known
safe level of SHS exposure and SHS exposure
contributing to uptake in tobacco use as well, it
is important for policymakers to adopt com-
prehensive smoke-free policies that are consis-
tent with the WHO FCTC and its guidelines,
create 100% smoke-free school campuses,
educate adults about the health dangers of SHS
exposure, promote smoke-free households,
empower nonsmoking youths to insist on their
rights to smoke-free environments, and incor-
porate religion (e.g., fatwa in predominantly
Muslim countries) into tobacco control.

It has been estimated that tobacco-induced
noncommunicable diseases such as cancer,
cardiovascular diseases, and respiratory dis-
eases will be the leading causes of mortality in
Sub-Saharan Africa by 2030. Therefore, it is
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imperative that these countries take the neces-
sary preventive and curative actions to thwart
the emergence of chronic diseases, including
those related to SHS exposure, and protect
people from SHS exposure, particularly vul-
nerable ones such as youths. In this respect, the
Economic Community of West African States
can provide a collaborative forum for action to
be taken to address the exposure of youths to
SHS as required by the WHO FCTC. j

About the Authors
Hadii M. Mamudu and David M. Kioko are with the
Department of Health Services Management and Policy,
East Tennessee State University, Johnson City. Sreenivas
P. Veeranki is with the Department of Preventive Medicine
and Community Health, University of Texas Medical
Branch, Galveston. Rijo M. John is with the Indian Institute
of Technology, Jodhpur, India. Ahmed E. Ogwell Ouma is
with the Regional Tobacco Control Advisor, World Health
Organization Regional Office for Africa, Brazzaville, Re-
public of Congo.
Correspondence should be sent to Hadii M. Mamudu,

PhD, MPA, Associate Professor of Public Health, Depart-
ment of Health Services Management and Policy, College of
Public Health, East Tennessee State University, S. Dossett
Drive, Lamb Hall, P.O. Box 70264, Johnson City, TN
37614 (e-mail: mamudu@etsu.edu). Reprints can be or-
dered at http://www.ajph.org by clicking the “Reprints” link.
This article was accepted March 1, 2015.

Contributors
H. M. Mamudu wrote the first draft of the article with
input from all other authors. S. P. Veeranki and D. M.
Kioko managed the data. R. M. John analyzed the data
with input from S. P. Veeranki. A. E. Ogwell Ouma
provided substantive input to writing and revising the
article. All authors interpreted the results and contrib-
uted to revising the article.

Acknowledgments
Wewould like to thank the Department of Health Services
Management and Policy and the College of Public Health
for providing logistical support for the research.

Human Participant Protection
No protocol approval was necessary because data were
obtained from secondary sources.

References
1. US Department of Health and Human Services. The
Health Consequences of Involuntary Exposure to Tobacco
Smoke: A Report of the Surgeon General. Atlanta, GA:
Centers for Disease Control and Prevention; 2006.

2. Oberg M, Jaakkola MS, Woodward A, Peruga A,
Prüss-Ustün AA. Worldwide burden of disease from
exposure to second-hand smoke: a retrospective analysis
of data from 192 countries. Lancet. 2011;377(9760):
139---146.

3. WHO Report on the Global Tobacco Epidemic, 2011:
Warning About the Dangers of Tobacco. Geneva, Swit-
zerland: World Health Organization; 2011.

4. WHO Framework Convention on Tobacco Control.
Geneva, Switzerland; 2003.

5. World Health Organization. WHO Report on the
Global Tobacco Epidemic 2013: Enforcing Bans on
Tobacco Advertising Promotion and Sponsorship. Geneva,
Switzerland: World Health Organization; 2013.

6. Implementation of the WHO Framework Convention
on Tobacco Control in the African Region. Geneva,
Switzerland: World Health Organization; 2013.

7. Rosen LJ, Myers V, Hovell M, Zucker D, Ben Noach
M. Meta-analysis of parental protection of children from
tobacco smoke exposure. Pediatrics. 2014;133(4):698---
714.

8. Dunbar A, Gotsis W, Frishman W. Second-hand
tobacco smoke and cardiovascular disease risk: an
epidemiological review. Cardiol Rev. 2013;21(2):94---
100.

9. Coultas DB, Samet JM, McCarthy JF, Spengler JD.
Variability of measures of exposure to environmental
tobacco smoke in the home.AmRev Respir Dis. 1990;142
(3):602---606.

10. Forastiere F, Agabiti N, Dell’Orco V, et al. Ques-
tionnaire data as predictors of urinary cotinine levels
among nonsmoking adolescents. Arch Environ Health.
1993;48(4):230---234.

11. Dell’Orco V, Forastiere F, Agabiti N, et al. House-
hold and community determinants of exposure to in-
voluntary smoking: a study of urinary cotinine in children
and adolescents. Am J Epidemiol. 1995;142(4):419---427.

12. Peltzer K. Determinants of exposure to second-hand
tobacco smoke (SHS) among current non-smoking in-
school adolescents (aged 11---18 years) in South Africa:
results from the 2008 GYTS study. Int J Environ Res
Public Health. 2011;8(9):3553---3561.

13. Thun M, Peto R, Boreham J, Lopez AD. Stages of the
cigarette epidemic on entering its second century. Tob
Control. 2012;21(2):96---101.

14. Mamudu HM, Cairney P, Donley ST. Global tobacco
policy: a new venue for effective transnational action?
Public Adm. 2015;Epub ahead of print.

15. United Nations Development Programme. Human
development index and its components. 2014. Available
at: http://hdr.undp.org/es/content/table-1-human-
development-index-and-its-components. Accessed January
7, 2015.

16. Koh HK, Alpert HR, Judge CM, et al. Understanding
worldwide youth attitudes towards smoke-free policies:
an analysis of the Global Youth Tobacco Survey.Tob Control.
2011;20(3):219---225.

17. United Nations Educational, Scientific and Cultural
Organization. Regional profiles: Sub-Saharan Africa. 2014.
Available at: http://www.uis.unesco.org/DataCentre/
Pages/region-profile.aspx?regioncode=40540. Accessed
January, 7, 2015.

18. Veeranki SP, Mamudu HM, Anderson JL, Zheng S.
Worldwide never-smoking youth susceptibility to smoking.
J Adolesc Health. 2014;54(2):144---150.

19. Warren CW, Lea V, Lee J, Jones NR, Asma S,
McKenna M. Change in tobacco use among 13---15 year
olds between 1999 and 2008: findings from the Global
Youth Tobacco Survey. Glob Health Promot. 2009;16(2
suppl):38---90.

20. Mamudu HM, Veeranki SP, John RM. Tobacco use
among school-going adolescents (11---17 years) in Ghana.
Nicotine Tob Res. 2013;15(8):1355---1364.

21. Veeranki SP, Mamudu HM, Zheng S, et al. Second-
hand smoke exposure among never-smoking youth in
168 countries. J Adolesc Health. 2015;56(2):167---173.

22. Hosmer DW, Lemesbow S. Goodness of fit tests for
the multiple logistic regression model. Comm Stat Theory
Methods. 1980;9(10):1043---1069.

23. Cairney P, Studlar DT, Mamudu HM. Global
Tobacco Control: Power, Policy, Governance and Transfer.
New York, NY: Palgrave McMillan; 2012.

24. Marquez PV, Farrington JL. The Challenge of Non-
Communicable Diseases and Road Traffic Injuries in Sub-
Saharan Africa: An Overview. Washington, DC: World
Bank; 2013.

25. Burke H, Leonardi-Bee J, Hashim A, et al. Prenatal
and passive smoke exposure and incidence of asthma and
wheeze: systematic review and meta-analysis. Pediatrics.
2012;129(4):735---744.

26. Jones LL, Hashim A, McKeever T, Cook DG, Britton
J, Leonardi-Bee J. Parental and household smoking and
the increased risk of bronchitis, bronchiolitis and other
lower respiratory infections in infancy: systematic review
and meta-analysis. Respir Res. 2011;12:5.

27. US Department of Health and Human Services. The
Health Consequences of Smoking: 50 Years of Progress: A
Report of the Surgeon General. Rockville, MD; 2014.

28. WHO Report on the Global Tobacco Epidemic, 2009:
Implementing Smoke-Free Environments. Geneva, Switzerland:
World Health Organization; 2009.

29. Jabbour S, Fouad FM. Religion-based tobacco
control interventions: how should WHO proceed? Bull
World Health Organ. 2004;82(12):923---927.

30. Rudatsikira E, Muula AS, Siziya S. Exposure to
environmental tobacco smoke among adolescents in
Kampala-Uganda, 2002. East Afr J Public Health. 2009;
6(2):197---199.

31. Mohlman MK, Boulos DN, El Setouhy M, et al. A
randomized, controlled community-wide intervention to
reduce environmental tobacco smoke exposure. Nicotine
Tob Res. 2013;15(8):1372---1381.

32. Orton S, Jones LL, Cooper S, Lewis S, Coleman T.
Predictors of children’s secondhand smoke exposure at
home: a systematic review and narrative synthesis of the
evidence. PLoS ONE. 2014;9(11):e112690.

33. Jaakkola MS, Jaakkola JJ. Assessment of exposure to
environmental tobacco smoke. Eur Respir J. 1997;10(10):
2384---2397.

34. Benowitz NL. Biomarkers of environmental tobacco
smoke exposure. Environ Health Perspect. 1999;107(suppl
2):349---355.

RESEARCH AND PRACTICE

1830 | Research and Practice | Peer Reviewed | Mamudu et al. American Journal of Public Health | September 2015, Vol 105, No. 9

mailto:mamudu@etsu.edu
http://hdr.undp.org/es/content/table-1-human-development-index-and-its-components
http://hdr.undp.org/es/content/table-1-human-development-index-and-its-components
http://www.uis.unesco.org/DataCentre/Pages/region-profile.aspx?regioncode=40540
http://www.uis.unesco.org/DataCentre/Pages/region-profile.aspx?regioncode=40540

