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Abstract:
BACKGROUND: Exposure to environmental tobacco smoke (ETS) has harmful effects on the pregnancy 
outcomes similar to those observed in actively smoking pregnant women. The aim of this study was to estimate 
the sensitivity and specificity of the breath carbon monoxide (BCO) analysis in the assessment of smoking status 
among Saudi pregnant women, including ETS exposure compared to self‑reported tobacco smoke exposure.

METHODS: A cross‑sectional design was used during January 2012, 560 pregnant women, irrespective of their 
gestational age, agreed to undergo BCO testing and completed the data collection sheet for the study. Sensitivity, 
specificity, positive and negative predictive values were calculated to compare the BCO test with self‑reported 
exposure to ETS.

RESULTS: Of the study population 151 (27%) women self‑reported ETS exposure during the index pregnancy, 
409 (73%) self‑reported non‑exposure. Sensitivity of the test was 32.5% (95% CI; 25.2‑40.3%), the Specificity 
was much higher at 69.2% (95% CI; 64.4‑73.5%), the positive predictive value was 28% (95% CI, 21.9‑35.1%), 
and the negative predictive value was 73.5% (95% CI; 68.9‑77.7%).

CONCLUSION: The BCO test is an ineffective tool to detect the level of ETS exposure among Saudi pregnant women.

Key words:
Breath carbon monoxide analyzer, environmental tobacco smoke, pregnancy, Saudi Arabia

Environmental tobacco smoke (ETS) exposure 
is one of the major public health problems 

given that 22‑30% of non‑smoking pregnant 
women were reported to be exposed to ETS.[1] A 
study from the Eastern Province of Saudi Arabia 
reported that 50% of pregnant women had 
been exposed to ETS.[2] Exposure to ETS of 
non‑smoking pregnant women has harmful effects 
on pregnancy outcomes comparable to those 
observed in actively smoking pregnant women, 
including; stillbirth, congenital malformations, 
low birth weight, intrauterine growth restriction, 
sudden infant death syndrome, miscarriage, and 
preterm delivery.[3‑9]

Various methods were cited in the literature 
to assess tobacco exposure, such as assays of 
cotinine (the major metabolite of nicotine) in 
urine and blood, hair nicotine, breath carbon 
monoxide analysis (BCO) and self‑reporting of 
tobacco exposure. Cotinine test is considered 
the most popular and accurate measure of 
the tobacco smoking and ETS exposure as it 
has a longer half‑life of 17 h in non‑pregnant 
populations[10] and 9 h in pregnant women.[11] 
Hair analysis for nicotine is another non‑invasive 
test of the long‑term accumulation of tobacco 

exposure.[12] On the other hand, BCO analyzer is 
an immediate, non‑invasive and affordable tool 
used to assess active smoking and ETS status 
and is appropriate for assessing smoking status 
in a wide variety of clinical settings including 
antenatal clinics.[13,14] BCO analyzer has different 
cut‑off points in different populations, based on 
the intended use of the tool, which can be used 
for assessing: Antenatal smoking;[15] secondhand 
smoke;[16] in the clinical and community‑based 
surveys[17] as well as validating smoking 
cessation.[18]

Self‑reported smoking has been used in 
many studies to evaluate the smoking status 
in different population.[19,20] However, this 
method is likely to under‑estimate the smoking 
exposure in certain communities due to societal 
unacceptability or among a certain group of 
people including pregnant women and parents 
of young children.[21]

Pregnancy is known to affect the maternal 
metabolism, which leads to accelerated clearance 
of many substances, including nicotine, compared 
to non‑pregnant women.[22] Hence, the short 
half‑life of cotinine in pregnant women and the 
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shorter window for detecting the substance in the breath after 
the last exposure.[23]

This study aimed at estimating the sensitivity and specificity 
of using the BCO analysis in the assessment of smoking status 
among Saudi pregnant women, including ETS exposure 
compared to self‑reported tobacco smoke exposure.

Methods

This study was conducted at the antenatal clinics of a university 
hospital, Riyadh, Saudi Arabia. It is a tertiary referral hospital 
with 750 bed‑capacity. The obstetrics department includes a 
neonatal intensive care unit, in‑vitro fertilization and maternal 
and fetal medicine units.

Using a cross‑sectional design during January 2012, 
560 pregnant women, irrespective of their gestational 
age, agreed to undergo BCO testing and completed the 
data collection sheet for the study. Two staff nurses from 
the obstetric outpatient department were trained by the 
researchers; on the objectives of this study and how to 
conduct BCO testing. Consequently, they assisted participants 
incompleting the data collection sheet and BCO testing, which 
was measured using (BMC‑2000) analyzer.[24]

The data collection sheet was designed in three parts. The first 
part included the demographic data (age, level of education; 
occupational status…, etc.). The second part collected data 
about exposure to ETS, which was defined as occurring when a 
woman, who did not smoke at all whilst pregnant, lived with a 
household member (husband, son, daughter or other relatives) 
who reported smoking during the index pregnancy. The third 
part collected information about the status of tobacco exposure, 
women who self‑reported smoking were excluded from the 
study. Occupational exposure was not assessed as only small 
percentage of the cohort was working for pay and the Kingdom 
legislation bans smoking in the work place. In addition, the 
duration of exposure to ETS was not reported since only 20% 
of the women could recall the duration of exposure.

Ten minutes after completing the questionnaire and explaining 
BCO testing procedures, women were asked to perform the test. 
They were asked to exhale completely, inhale fully, hold their 
breath for 15 second and then exhale slowly into the BMC‑2000 
chamber. The BMC reading was then registered and reported 
as parts per million (PPM).

Data analysis
The BCO test was considered negative if the PPM was zero, 
whilst any reading above zero was considered as positive. 
Sensitivity was defined as the proportion of all self‑reported ETS 
exposed for whom there was a positive BCO test result while 
specificity was defined as the proportion of all self‑reported 
non ETS exposed for whom there was a negative BCO test 
result. Positive predictive value (PPV) is the probability that 
women with a positive PPM test truly exposed to ETS. Negative 
predictive value (NPV) is the probability that women with a 
negative test were truly unexposed to ETS. Sensitivity, specificity, 
positive and negative predicted values were calculated through 
knowledge translation clearinghouse website, center for 
Evidence Based Medicine Toronto.[25] Statistical Package for 

Social Sciences (SPSS), namely PASW statistics data document 
18, was used for other descriptive statistics.

All ethical considerations were observed, including protection 
of confidentiality of information and anonymity of participants. 
The approval of the Institutional Review Board of College of 
medicine, King Saud University was obtained (numbered 
E‑11‑363), before commencing the study.

Results

During the study period, 1,636 pregnant women were 
seen at the antenatal clinic and 560 women consented to 
the study. All participants had both self‑reported tobacco 
exposure and BCO testing data. The mean age of the cohort 
was 28 ± 6.19 years. Only 15 women were illiterate while the 
rest had formal education and more than half had university 
and above education (51.6%). Of the participants, 73% were 
housewives [Table 1].

Of the study population, 151 (27%) women self‑reported ETS 
exposure during the index pregnancy, 409 (73%) self‑reported 
non‑exposure and 9 (1.6%) women were current active smokers 
and were excluded from further analysis [Table 1].

Table 2 showed that out of 151 women who reported ETS 
exposure, only 49 (32.5%) had positive PPM test results while 
126 women had false positive results. On the other hand, 283 
women out of 409 (69%) who reported non‑exposure to ETS, 
had negative PPM results while 102 women had false negative 
results.

Sensitivity of the test was 32.5% (95% confidence interval [CI]; 
25.2‑40.3%), which means that BCO analysis could correctly 
detect about 33% of self‑reported ETS exposed pregnant 
women. The specificity was much higher at 69.2% (95% CI; 

Table 1: Demographic characteristics of pregnant 
women and the exposure to environmental tobacco 
smoke (n=560)
Characteristic Mean+SD 
Age (years) 28±6.19
Parity 1.78±2.04
Gravidity 3.13±2.39
Level of education n (%)

Illiterate 15 (2.7)
Basic schooling (6‑12 years) 248 (44)
University education and above 289 (51.6)

Work status n (%)
Housewife 409 (73)
Student 73 (13)
Employee 78 (14)

ETS self‑reported status n (%)
ETS exposed 151 (27)
ETS non‑exposed 409 (73)

Smoking status n (%)
Husband 150 (27)
Pregnant women’s children 1 (0.2)
Pregnant reported smokers 9 (1.6)

Data are n (%) or mean±standard deviation, ETS = Environmental tobacco 
smoke
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64.4‑73.5%) meaning that the probability of BCO test correctly 
identifying subjects not exposed to ETS was 69.2%. Among 
those who had a positive BCO test, the probability of ETS 
exposure was 28% (PPV = 28%, 95% CI, 21.9‑35.1%) while 
among those who had a negative BCO test, the probability of 
being not exposed to ETS was 73.5% (NPV = 73.5%, 95% CI; 
68.9‑77.7%) [Table 3].

Discussion

The result of this study showed that BCO analysis had a 
sensitivity of 33%, which means that the test was able to detect 
only one third of the population who reported exposure to 
the ETS; however, the test had a better specificity of 69.2% 
meaning that the probability of the test to identify ETS non 
exposure was  69%. The modest performance of the BCO 
analyzer in detecting ETS exposure may be attributed to many 
factors related to the physiological changes of pregnancy, the 
metabolism of nicotine in the human breath and the ability 
of the BCO analyzer to detect the relatively low levels of ETS 
compared to those of active smokers.

The physiological changes of pregnancy alter the clearance of 
some drugs and chemicals from the body including cotinine,[22,26] 
which results in a short half‑life of Carbon Monoxide (CO), 
secondary to exposure to ETS, in the exhaled air of the pregnant 
woman and subsequently a narrow window for detection. 
The attendance of the pregnant women to the antenatal clinic, 
especially for the morning clinic, after an overnight sleep made 
the interval between last exposure and the BCO test long, which 
explains the high rate of false negative results.[13]

Another reason for the poor performance of CO analysis in 
screening for ETS exposure, is the inability of the BCO analyzer 
to detect low levels of tobacco exposure;[14] it has been confirmed 
that exposure to ETS results in far lower levels of nicotine in the 
blood and subsequent CO in the breath compared with active 
tobacco smoking,[27] which may explain the low positive and 
negative predicative values for this test.

The findings of this study confirmed that self‑reported exposure 
is more reliable than the BCO testing in the detection of the Saudi 

pregnant women who were exposed to ETS and hence can be 
used for screening to facilitate health education to reduce the 
harm of exposure. However, for more evaluation of impact of 
measure to reduce ETS exposure among pregnant Saudi women, 
more robust biomarker detection test to quantifying nicotine 
exposure in the hair, blood, urine or saliva are needed.[10,12]

One‑third of the study population were exposed to domestic 
ETS, this result was similar to other studies[28‑30] but less than 
other cohort with an estimated exposure of 52%.[31] Previous 
studies have demonstrated the pivotal role of knowledge about 
the harmful effects of tobacco use on pregnancy outcomes as 
a base for positive attitude toward the practice of avoidance 
ETS exposure.[32‑34] Antenatal setting represents a great 
opportunity for obstetricians and other health‑care providers 
to campaign for and raise awareness of pregnant women to 
smoking cessation and avoidance of ETS exposure, because 
women frequently visit the clinic during their pregnancy and 
can be monitored easily.[35,36] Studies showed that 15‑40% of 
women who smoked when not pregnant, spontaneously quit 
smoking during pregnancy.[37] Moreover, a study from Iran 
confirmed that the health education on the harmful effects of 
ETS exposure was associated with a reduction of ETS exposure 
among pregnant women.[38]

It  is  worth noting that the majority of this study 
population (96%) had formal education, which makes the 
utilization of written educational material and internet based 
health education a viable option.

We are aware of the limitations of this study including the use 
of self‑reported ETS rather than biomarkers as a gold standard; 
however, we believe that self‑reported exposure to ETS may 
be considered reliable in this cohort, as it is not associated with 
social unacceptability, similar to active tobacco smoking. The 
occupational ETS exposure was not assessed in this study. 
However, this might not have affected the results because of 
the low percentage of respondents who reported working for 
pay, in addition to the fact that, there is gender segregation in 
most of Saudi workplaces and the recent implementation of 
the legislation which bans smoking in the public places.[39,40]

Conclusion

The BCO test is an ineffective tool to detect the level of ETS 
exposure among Saudi pregnant women in this study.
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