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1. Introduction 

Tobacco causes premature death through cardiovascular disease, cancer, and respir-

atory disease. It has adverse effects on all areas of health, including mental health, with 

an increased risk of suicide and depression [1–4]. There are more than 1.3 billion smokers 

worldwide, and more than half of them will die from smoking-related diseases [5]. Smok-

ing is linked to greater mortality than the combined effects of drinking alcohol, traffic 

accidents, and acquired immune deficiency syndrome. It is estimated that smoking causes 

nearly 9 million deaths each year, of which 1.2 million are due to second-hand smoke [3,5]. 

As of 2020, smokers are estimated to comprise 22.3% of the global adult population, with 

a higher prevalence in males, accounting for 36.7% of that cohort compared to 7.8% of 

females [5]. 

Tobacco is a clear, leading preventable cause of death. Reducing tobacco consump-

tion and exposure has become a significant public health priority. The World Health Or-

ganization (WHO) enacted the Framework Convention on Tobacco Control (FCTC), the 

first international treaty in the field of health, in 2003 and is working and cooperating 

worldwide for tobacco control [6]. Furthermore, the Centers for Disease Control and Pre-

vention (CDC) in the U.S. manages tobacco use as a key risk factor in preventing the four 

major chronic diseases: cardiovascular diseases, chronic respiratory diseases, cancers, and 

diabetes [7]. 

2. Measurement of the Prevalence of Active and Passive Smoking 

The most important factor in policy making, including tobacco control policies, is to 

investigate the current status based on accurate statistics. It is crucial to determine how 

tobacco-related indices, such as smoking or exposure prevalence, are generated and 

whether they are accurate. There have been consistent study findings that, although most 

countries utilize self-reported (SR) data for their official statistics, this does not accurately 

reflect reality [8]. 

There are several methods for measuring smoking-related indices, and the most com-

mon are SR and biomarkers. SR is the most widely used method to survey populations, 

owing to its convenience and economic advantage and the ability to examine the indices 

in various situations and environments. However, tobacco use tends to be underestimated 

due to social desirability response bias [9–11]. In Confucian-influenced Asian countries, 

including South Korea, false responses are more common due to social desirability. To-

bacco use has been reported to be more than twofold higher than the official statistics 

suggest among females [11]. Adolescents are another group heavily influenced by social 

desirability. For this reason, smoking-related indices among adolescents are sometimes 

investigated using online instead of face-to-face surveys [9,12]. However, even an online 
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survey cannot eliminate errors linked to the method of investigation, and the risk of bias 

(risk for underestimation) remains high [12]. 

One investigation method that is not affected by such bias is the use of biomarkers. 

Biomarkers are the most accurate indices for tobacco use and smoking exposure [13]. Nic-

otine and cotinine are the most widely used substances. Cotinine is more often used in 

population surveys owing to its relatively more appropriate half-life and convenience of 

sampling. Detection of cotinine in a biological sample at a certain threshold or higher in-

dicates current smoking or exposure to passive smoking [14]. 

Biomarkers overcome the subjectivity and inaccuracy of SR, can be used to identify 

current smokers, and reflect exposure to second-hand smoke in all places. SR-related bias 

can identify current smokers and individuals exposed to second-hand smoke [15,16]. Most 

existing second-hand smoke surveys ask about possible recent (e.g., in the past seven 

days) exposure to tobacco smoke, such as “Did someone else smoke cigarettes or other 

tobacco products indoors?” [17]. However, this method is vulnerable to a few measure-

ment errors. The questions ask about exposure to other people’s smoking at home, work, 

or other public places, ignoring that individuals can be exposed to second-hand smoke in 

other areas. Although some questions ask about other places, accurate responses are often 

hindered due to inaccurate recall and an inability to remember all exposure situations in 

the past. In other words, the respondent’s memory limitations and unrecognized exposure 

cannot be measured. Moreover, interest in thirdhand smoke (THS) has grown in recent 

years. THS refers to exposure to indirect smoking through tobacco residue that is ad-

sorbed into surfaces within an environment and is re-emitted to the individual remaining 

in the same space afterward [18,19]. Studies have reported that individuals in these cir-

cumstances do not recognize tobacco smoke, and even short-term exposure through THS 

can elevate cotinine concentrations in the body [20]. SR only reflects second-hand smoke 

and cannot reflect THS. In other words, SR cannot fully reflect smoking exposure. 

Therefore, it is not necessarily the case that biomarkers are the best method. Bi-

omarkers are, for instance, more costly than SR; thus, it is not easy to use screening for 

large-scale surveys. Furthermore, biomarker concentration only shows current smoking 

or indirect smoking exposure and severity, and cannot shed light on the details of context 

and situation, such as smoking habits, places, and reasons. 

3. The Necessity of Biomonitoring in Global Surveillance: Lessons from the US, UK, 

and South Korea 

Few developed countries, including the United States, United Kingdom, Canada, Ko-

rea, and Poland, measure biomarkers in national health surveys [21–24]. Therefore, bi-

omarkers cannot be established as the standard international indices. Nevertheless, bi-

omarkers should be recommended as smoking-related indices reported by international 

organizations, such as the World Health Organization (WHO), the Organisation for Eco-

nomic Cooperation and Development (OECD), and the European Union (EU). The gen-

eration of accurate statistical data is critical to policy making. Many studies have utilized 

biomonitoring and reported that the actual smoking population would be larger than the 

officially reported statistics [9–12,18]. Thus, biomarkers must be utilized as supplements 

to reflect reality better. 

Regarding passive smoking, the United States has already set the reduction of serum 

cotinine concentration, as opposed to the decrease in smoking on SR, as the target in 

Healthy People 2030 [21,25]. The UK monitors the passive smoking rate based on SR and 

saliva cotinine concentrations in their annual Health Survey for England. Unfortunately, 

no other countries around the world utilize biomarkers in official statistics or as part of 

the policy agenda despite existing study findings on the usefulness of biomarkers. In Ko-

rea, urine cotinine measurement started in 2008. However, it has never been published as 

an official statistic or an agenda of the Health Plan. Many studies conducted in Korea have 

already reported that the current smoking rate, determined based on cotinine concentra-

tion markedly, differs from that calculated based on SR. Furthermore, the official passive 
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smoking exposure rate based on SR has substantially declined in the past ten years. Fur-

thermore, studies have shown that the exposure rate does not decrease when ‘no expo-

sure’ is defined as a cotinine level below the limit of detection (LOD), a method used by 

the US, but biomarkers are still not used. Therefore, Asian countries must implement bi-

omonitoring in national health policies. Recommendations by international organizations, 

such as the WHO and OECD, can facilitate countries currently measuring biomarkers in 

their national health surveys to implement biomonitoring officially. In addition, several 

studies have compared SR and biomarkers in specific population subsets in various coun-

tries. Establishing such a reporting system will promote the use of biomarkers as supple-

mentary data to determine current tobacco-related status and evidence for policy making, 

even in countries that do not investigate biomarkers as part of their national health sur-

veys. 
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