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Objectives: Second-hand smoke (SHS) exposure causes >600,000 deaths annually worldwide, however, information regarding SHS exposure in Lao People’s Democratic Republic (Lao PRD) is limited; we report SHS exposure prevalence at home, inside workplaces, and indoor public spaces in Lao PDR.
Methods: Data were from the 2015 Lao National Adult Tobacco Survey, a nationally representative sample of 7,562 participants aged ≥15 years recruited through a stratified 2-stage cluster sampling approach.
Results: 88.3% (83.9% of non-smokers) reported SHS exposure at home and 63.0% (54.0% of non-smokers) at workplaces. Among non-smokers, women had greater exposure at home than men (86.6 vs. 77.0%). Lower education levels were associated with exposure at home or the workplace. 99.2% reported SHS exposure at any public place; specifically for restaurants/food stores 57.7%, government offices 56.2%, public transport 31.6%, and health care facilities 11.7%.
Conclusion: SHS exposure at home and workplace in Lao PDR is among the highest in South-East Asia. Comprehensive smoke-free policies at government-owned workplaces and facilities, stricter enforcement of these smoke-free policies, and strategies to encourage smoke-free environments at homes and in public places are urgently needed.
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INTRODUCTION
According to the World Health Organization (WHO) report on the worldwide burden of disease from exposure to second-hand smoke (SHS), more than 600,000 annual deaths worldwide are caused by SHS [1]. Among non-smokers, lung cancer risk increases with both the duration and the level of SHS exposure [2]. Tobacco-related diseases account for 10.9 million disability-adjusted life years (DALYs) worldwide. Of all deaths attributable to SHS, 28% occur in children, and 47% in women [3]; SHS exposure can cause lung cancer [4], ischemic heart disease [5], asthma [6], and chronic obstructive pulmonary disease (COPD) among adults [7]. SHS exposure in pregnant women can result in low birth weights, while SHS in childhood can cause chronic respiratory symptoms, lower respiratory illness, asthma, middle-ear infection, reduced pulmonary function, and sudden infant death syndrome [1]. The WHO Framework Convention on Tobacco Control (FCTC) suggests creating smoke-free environments in all indoor workplaces, public places, and on public transport, while also instituting educational strategies such as voluntary smoke-free home policies to prevent tobacco-related mortality and morbidity [8].
In Lao People’s Democratic Republic (Lao PDR), cigarette smoking is a major public health problem; 50.8% of men and 7.1% of women smoke tobacco [9, 10]. The prevalence of tobacco use in Lao PDR is among the highest in the Southeast Asian region, with chronic exposure to tobacco smoke and impaired lung function being particularly high among men. The Lao government has implemented several of the tobacco control measures described in the WHO FCTC [11]. The National Assembly approved the National Tobacco Control Law in 2009 and the National Tobacco Control Committee was established in 2012. Some governmental institutions, including the Lao Women’s Union and the Ministry of Education, maintain 100% smoke-free facilities, while several other ministries are in the process of enforcing the smoke-free environment policy [12]. Warnings about the adverse health consequences of smoking are required on cigarette packaging. These tobacco control policies, together with nationwide media-based education campaigns to increase public awareness of the dangers of smoking, are associated with cessation attempts or intention to quit among smokers [10]. However, some other measures necessary for tobacco control, such as tobacco treatment programs/quitline or nicotine replacement therapy, are still not utilized in Lao PDR [11].
There is very limited information regarding the national prevalence of SHS exposure in Lao PRD. This study aims to examine the national prevalence of SHS exposure at home, inside the workplace, and indoor public places (e.g., government offices, health care facilities, restaurants/food stores, and public transport vehicles). The study findings will provide a basis for appropriate future policies and strategies to reduce SHS exposure and the associated morbidity and mortality burden in Lao PDR.
METHODS
Data were from the National Adult Tobacco Survey (NATS) conducted in 2015 in Lao PDR [9]. The Lao NATS consisted of a nationally representative sample of 7,562 participants ≥15 years old recruited nationwide through a stratified 2-stage cluster sampling approach [10]. Provinces served as strata (n = 18), and villages or comparable administrative units served as primary sampling units (PSU) in each stratum. The probability proportional to size method was used to select PSUs. At the second stage, 20 households were selected from each PSU through a circular systematic sampling method (total sample: 2,969 households). All the eligible people ≥15 years old in selected households were invited to participate. Almost all (99%) of the pre-identified households were contacted successfully (i.e., having correct addresses and occupied), had at least one eligible individual, and agreed to participate. The individual participation rate was 85%, with an average of 2.5 persons/household participating. The field data collection team included 4 supervisors and 12 interviewers. Data collection started in November 2014 and lasted for approximately 1 year. The survey included questions about demographics, tobacco uses practices, and exposure to SHS at different places. The questionnaire was administered by the CommCare software on tablets. CommCare is an open-source mobile platform used for data collection. It includes CommCareHQ (Web) and CommCare Mobile components [13, 14]. Comprehensive training was provided to all interviewers to ensure standardization.
The main dependent variables in this analysis were SHS exposure at home, SHS exposure in workplaces, and SHS exposure in public places. SHS exposure at home was considered present if the participant’s response to the question about having seen someone smoking inside the home was either “daily,” “weekly” or “monthly,” and was considered absent if the participant’s response was “less than monthly” or “no.” SHS exposure in workplaces and public places was assessed using questions asking the participants if they saw anyone smoking in each specific place during the past 30 days. Sociodemographic variables of interest include age, sex, residence, ethnicity, religion, marital status, educational attainment, occupation, and average income per household member per day in US dollars.
We used SAS 9.4 to perform statistical analyses and accounted for the complex sampling design and sampling weights (using PROC SURVEYFREQ). We first performed basic descriptive statistics to examine the variables. We used a generalized linear mixed model with a logit function to examine associations between dependent variables and independent variables of interest. We adjusted models for age groups, sex, residence, ethnicity, religion, marital status, average household income, and educational level for evaluating the association with SHS exposure at home with additional adjustment for occupation for evaluating association with SHS exposure at workplaces. All p-values were two-tailed and the results for the statistical tests were considered significant if p < 0.05.
RESULTS
The NATS results showed that 88.3% of Lao people (83.9% among non-smokers) reported SHS exposure at home (Table 1) and 63.0% (54.0% among non-smokers) reported SHS exposure at the workplace (Table 2). Participant characteristics have been reported in Supplementary Table S1. Among those who reported SHS exposure at home in the past 30 days, 71.5% were exposed to daily SHS (Supplementary Table S2) and 17.8% were exposed to weekly SHS. For all participants, the prevalence of SHS exposure at home was highest among the 45–64 years of age group (89.4%), while for non-smokers it was the highest in the 15–24 years of age group (86.7%). Considering non-smokers, women were more likely than men to report SHS exposure at home (86.6 vs. 77.0%) (Table 1). SHS exposure at the workplace was highest for Lao people ≥45 years of age (70.7% among all participants and 59.5% among non-smokers, Table 2).
TABLE 1 | Prevalence of secondhand smoke exposure at home, Lao People’s Democratic Republic, 2015.
[image: Table 1]TABLE 2 | Prevalence of secondhand smoke exposure inside the workplace, Lao People’s Democratic Republic, 2015.
[image: Table 2]Participants with lower education levels were more likely to report SHS exposure: 89.9% of those who never attended any school reported SHS exposure at home and 79.6% of those who completed primary school or lower reported SHS exposure at workplaces. Having an average income per household member per day below $1.9 US was associated with a higher prevalence of SHS exposure both at home and in the workplace both among all participants and among non-smokers.
In the adjusted analysis, being female [prevalence ratio (PR) = 1.19, 95% CI: 1.13–1.26], having a lower education level, and having an average income per household <$1.9 US (PR = 1.09, 95% CI: 1.02–1.15) remain associated with SHS exposure at home among non-smokers (Table 1). Also, in the adjusted analysis, completing primary school or a lower education level (PR = 1.21, 95% CI: 1.05–1.40), and having an agriculture occupation (PR = 1.31, 95% CI: 1.08–1.59) were associated with SHS exposure at their workplaces among non-smokers (Table 2); sex was not associated with SHS exposure at the workplace among non-smokers.
The weighted prevalence of SHS exposure at any indoor public place (including inside government offices, health care facilities, restaurants or food stores, and public transportation vehicles) was 99.2%, with the highest SHS exposure prevalence reported at restaurants or food stores (57.7%), followed by government offices (56.2%), public transportation vehicles (31.6%), and health care facilities (11.7%) (Table 3). Although men were more likely than women to report SHS exposure for each indoor public place category, the overall SHS exposure at any indoor public place was similarly high (>99%). Likewise, the overall SHS exposure at any indoor public place was comparably high for both rural and urban residents.
TABLE 3 | Prevalence of secondhand smoke exposure at indoor public places, National Adult Tobacco Survey, Lao People’s Democratic Republic, 2015.
[image: Table 3]DISCUSSION
The study’s main finding is that SHS exposure at home and in the workplace among all participants and non-smokers in Lao PDR is higher than exposures in other South-East Asian countries. Specifically, among all participants, the prevalence of SHS exposure at home in Lao PDR (88.3%) was higher than that in Bangladesh (54.9%), India (40.0%), The Philippines (54.4%), Thailand (33.2%), and Vietnam (73.1%) [Global Adult Tobacco survey (GATS) 2008–2010] [15]. Similarly, for non-smokers, SHS exposure at home in Lao PDR (83.9%) exceeds that in Bangladesh (48.4%), India (34.7%), The Philippines (44.8%), Thailand (25.3%), and Vietnam (67.6%) (GATS 2008–2010) [15]. While SHS exposure at workplaces among all participants in Lao PDR (63.0%) is similar to that in Bangladesh (62.2%), it is higher than that in India (29.9%), The Philippines (32.6%), Thailand (27.2%) (GATS 2008–2010) [15], and Vietnam (42.6%, NATS 2015) [16]. Similarly, among non-smokers SHS exposure at workplaces in Lao PDR (54.0%) is comparable to that in Bangladesh (54.6%), but higher than that in India (26.1%), The Philippines (28.0%), Thailand (23.6%) (GATS 2008–2010) [15], and Vietnam (36.8%) (NATS 2015) [16]. Finally, SHS exposure among all participants inside government buildings in Lao PDR (56.2%) is higher than in Bangladesh (43.3%), India (26.2%), The Philippines (25.5%), Thailand (13.0%), or Vietnam (38.7%) (GATS 2008–2010) [15]. These results highlight the need for comprehensive smoke-free policies at workplaces in Lao PDR, and for encouraging no smoking inside homes. Smoke-free policies for workplaces not only reduce SHS exposures at work but can also reduce SHS exposure at home; employment in a smoke-free workplace is associated with living in a smoke-free home [17]. Additionally, more robust smoking restrictions in the workplace are associated with lower daily cigarette consumption and a greater intention to quit [18].
From 2006–2008, several ministries of Lao PDR (e.g., Ministry of Education, Ministry of Health, and Ministry of Public Works and Transport) issued smoke-free policies for governmental premises [10, 12], including educational and healthcare facilities. Despite these policies, SHS exposure at public places remains very high based on data reported herein; stricter enforcement of smoke-free policies may be needed. In addition, the Lao government should introduce measures to encourage other public places, such as restaurants or food stores, to adopt either smoke-free environments or designated smoking areas.
The high prevalence of SHS exposure at home reported by non-smokers aged 15–24 (86.7%) is of particular concern. Adolescents and young adults who are frequently exposed to SHS at home may normalize smoking behavior and thus may be more likely to initiate smoking [19, 20]; starting smoking at an early age is associated with nicotine dependence and sustained tobacco use [21]. Even if SHS exposure does not lead to smoking in this age group, it still poses significant health risks; SHS exposure is a preventable risk factor for the development of cardiovascular disease through the development of endothelial dysfunction [22], lung and breast cancer [23], upper and lower respiratory tract infections, asthma [6], and COPD [7]. Additionally, SHS exposure is associated with mental health issues in non-smoking adolescents, including stress, major depressive disorder, generalized anxiety, and attention-deficit/hyperactivity disorder [24]. Interventions to reduce SHS exposure among adolescents and young adults in Lao PDR are needed to prevent future tobacco use and associated morbidity.
An earlier study showed that smoking prevalence is higher in Lao men than in Lao women [9, 25], thus it is understandable that the present study shows a higher prevalence of SHS exposure at home for women who did not smoke. Women and children worldwide are disproportionately affected by SHS exposure; 28% of SHS-related deaths occur among children and 47% among women [3]. SHS exposure increases the risk of several adverse health outcomes for both women and children. SHS exposure during pregnancy can cause low birth weight, fetal growth retardation, delayed immune development, reductions in all phases of infant sleep cycles, and also negatively affect the infant’s neurological development [26, 27]. Maternal SHS exposure is also associated with stillbirth, preterm birth, spontaneous abortion, and birth defects [27]. The gender-based disparity in SHS exposure is particularly prevalent at home rather than at the workplace. This disparity may be related to the awareness of the harms associated with SHS exposure, which is found to be low in low-and middle-income countries, and the patriarchal family structure in Asia that may hinder women’s confidence and ability to challenge men’s smoking behavior or ask them to smoke outdoors [28]. In addition, there is a lack of voluntary restrictions on smoking in households in some of the Asian countries including Lao PDR [29]. Thus, educational interventions to raise awareness and adopt smoke-free homes are necessary to protect the health of women and children and to reduce this gender-based health disparity. Smoke-free policies at public places seem to influence smoke-free home adoption [30]. Therefore, efforts to implement smoke-free environments at indoor public places in Lao PDR may further protect women both at these public places and at home. While NATS is comprised of a nationally representative sample it has certain limitations: all variables were collected via self-report, which might be subject to recall bias or social desirability bias. SHS exposure was not confirmed by biomarkers, such as serum cotinine levels or salivary cotinine levels that are available and were used in other Asian countries [31]. There might be a possibility of under-reporting of SHS exposure among women and children assessed by self-reporting in this study. There is a possibility of smokers misreporting SHS exposure to be absent despite being exposed to their smoke. Some stratified analyses (e.g., SHS exposure among smokers) could not be performed due to the small sample sizes of the subgroups.
Conclusion
Findings from the 2015 NATS showed that the SHS exposure at home and workplace among all participants and non-smokers in Lao PDR is higher than those in other South-East Asian countries. There is a need for more comprehensive smoke-free policies at government-owned workplaces and facilities, stricter enforcement of these smoke-free policies, and strategies to encourage a smoke-free environment at homes and other public places such as restaurants or food stores. Educational interventions and campaigns are also needed to raise people’s awareness of the harms caused by SHS, which is necessary for the adoption of smoke-free homes or non-governmental environments to protect non-smokers’ health, particularly the health of women and children.
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