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Background: Similar to smoking, exposure to secondhand smoke is a risk factor for developing hypertension and
cardiovascular diseases; however, there is no standardized method for measuring smoke exposure. Measuring
urine cotinine levels is one possible means for determining the degree of exposure to secondhand smoke. This
study investigated the association between urinary cotinine levels and blood pressure in Korean adults exposed to
secondhand smoke.

Methods: Data from the Korea National Health and Nutrition Examination Survey conducted between 2016 and
2018 were used. A total of 9,273 participants aged =19 years self-reported as current non-smokers, which was coti-
nine-verified. A complex sample general linear model regression analysis was performed to analyze the association
between urine cotinine and blood pressure. A P-value of <0.05 was considered statistically significant.

Results: Corrected urine cotinine levels were positively associated with systolic and diastolic blood pressure in fe-
male participants (P<0.001 and P=0.040, respectively). Furthermore, a 10-fold increase in the corrected urine coti-
nine level of those in contact with secondhand smoke was independently associated with 2.085 mm Hg and 0.575
mm Hg increases in systolic and diastolic blood pressure, respectively. However, there was no association between
systolic and diastolic blood pressure in male participants (P=0.226 and P=0.256, respectively).

Conclusion: Urinary cotinine levels were positively associated with increased blood pressure in females exposed to
secondhand smoke. Therefore, urinary cotinine may be used as an indicator to quantify and monitor the effects of
blood pressure elevation in females exposed to secondhand smoke.
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INTRODUCTION

Hypertension is a leading cause of several major human diseases and
is a risk factor for developing cardiovascular conditions, such as coro-
nary artery disease, congestive heart failure, and stroke. Over 1 billion
people worldwide are affected by hypertension, with over 9.4 million
dying from the disease yearly."” In Korea, the prevalence of hyperten-
sion over the age of 30 years was around 27.2% in 2019, the awareness
rate was 71.4%, and the control rate was 48.8%.2 While the data indi-
cates an improvement over previous years, sufficient recognition and
control of high blood pressure (BP) has yet to be achieved.

Smoking is a significant risk factor for hypertension. Similar to
smoking, secondhand smoke is a risk factor for developing cardiovas-
cular diseases, including hypertension and several other smoking-re-
lated diseases. Research is underway in several countries and efforts
are being made to prevent secondhand smoke exposure. In 2019,
among non-smokers aged 19 years in Korea, the rates of exposure to
secondhand smoke were 4.7%, 14.1%, and 18.3% in homes, indoor
working areas, and public areas, respectively.z)

Unlike the “pack-year” unit for quantifying cigarette smoking, there
is no standardized method to measure secondhand smoke exposure;
moreover, developing a standardized survey to determine the degree
of secondhand smoke exposure is challenging. There may be a dis-
crepancy between the perceived degree of exposure and the concen-
tration of smoking constituents inhaled through secondhand smoke.”
Therefore, research on the effect of secondhand smoke using surveys
is limited.

Cigarette components such as nicotine and cotinine play vital roles
in BP elevation by increasing peripheral resistance and stimulating

sympathetic nerves.*> A recent mouse model study confirmed that

24,269 Participants of the 2016-2018
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chronic nicotine inhalation significantly increases BP.? In addition,
various studies have been conducted on the effect of smoking on the
human body by measuring cotinine levels in various human-derived
biological fluids. Although measuring the serum cotinine has been re-
garded as the traditional method for determining the level of nicotine
metabolites, urine and saliva cotinine levels have become universal
indicators of smoking status due to their non-invasiveness and suit-
ability for large-scale epidemiological studies.”

However, to date, few studies have examined whether secondhand
smoke negatively affects BP, and previous studies have reported incon-
sistent results regarding the relationship between secondhand smoke
and BP*” Therefore, we aimed to investigate the relationship between
BP and secondhand smoke based on urine cotinine levels in a large

cohort database representative of the Korean population.

METHODS

1. Study Population and Design

Data for this study were obtained from the Korea National Health and
Nutrition Examination Survey (KNHANES) VII conducted from 2016
to 2018. The KNHANES is an annual national survey conducted by the
Korea Disease Control and Prevention Agency (KDCA) to assess the
health and nutritional status of the Korean population. In the
KNHANES, a professional survey team investigates four regions week-
ly (192 areas over 48 weeks per year). A three-day survey was conduct-
ed in each area, and a mobile examination vehicle visited the sites to
conduct a health examination, health interview, and nutrition survey.
Since 2007, the KDCA has chosen the Rolling Sampling Survey meth-
od to conduct the KNHANES, which was introduced so that indepen-

dent rolling samples from each year over 3 years (three samples) could

KNHANES
- Aged <19 years (n=4,880)
- Aged >19 years and with a history of kidney
»  disease or serum creatinine >1.5 mg/dL (n=162)
- Missing values for serum creatinine or kidney
v disease history (n=2,306)

16,921 Participants aged >19 years,
without a history of kidney disease
and serum creatinine <1.5 mg/dL

\ 4

(n=10)

9,328 Participants self-reported current
non-smokers and urine cotinine-verified

- Current smokers (n=3,092)
- Urine cotinine-verified smokers (>100 ug/g)

among self-reported current non-smokers (n=415)
- Urine cotinine-undetectable non-smokers (n=3,204)
- E-cigarette users (n=13)
- Nicotine replacement products users within 5 days

- Users of cigarettes other than traditional cigarettes

v or e-cigarettes (n=11)

- Missing values for the smoking questionary,
drinking frequency, or urinary cotinine (n=861)

non-smokers (0 ug/g <urine cotinine
/urine creatinine <100 pg/g)

A 4

- Missing values for body mass index (n=27)
- Missing values for blood pressure (n=19)
v - Missing values for HDL cholesterol (n=9)

Figure 1. Flow diagram of the study partici-
pants. KNHANES, Korea National Health and
Nutrition Examination Survey; HDL, high-

9,273 Final study participants
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be used to represent the whole country.

Among the participants (n=24,269), those aged >19 years with no
history of kidney disease and serum creatinine <1.5 mg/dL were se-
lected to reduce the effects of renal function on nicotine metabolism
or cotinine concentration (n=16,921). From this group, current self-re-
ported non-smokers, verified by measuring urine cotinine levels, who
did not use any cigarettes, e-cigarettes, nicotine replacement products,
or other types of cigarettes, were included (n=9,328). Urine cotinine-
verified non-smokers were defined as those with a urine cotinine-to-
creatinine ratio <100 pg/g.'” After excluding participants with missing
values, 9,273 participants were included in the final analysis. After cal-
culating the weighted number of Koreans, the total number of partici-
pants in the final analysis was 20,663,797 (Figure 1).

Statistical analysis was performed according to sex, considering sex-
dependent differences in nicotine metabolism,” cardiovascular effects
in current smokers,""? non-smokers,*'” and the Korean smoking re-
sponse.*'¥

This study was approved by the local ethics committee of Severance
Hospital at Yonsei University (registration no., 4-2022-1181).

2. Secondhand Smoke-exposed Participants

Self-reported current non-smokers were those who indicated on the
questionnaire that they smoked in the past, but were not currently
smoking or had no history of smoking. To eliminate false reports, those
with a urine cotinine-to-creatinine ratio exceeding 100 pug/g were ex-

cluded using the study values obtained to distinguish smokers from

Table 1. General characteristics of the study participants

secondhand smoke-exposed participants in the same study group.'”
The sensitivity analysis secondhand smoke-exposed group consisted
of those who answered “yes” to a survey on the presence of second-
hand smoke in the workplace, home, or public place.

3. Alcohol Intake

In the 1-year drinking frequency survey, people who answered that
they were non-drinkers, did not drink at all in the past year, or drank
less than once a month were placed in the ‘<1 time/mo’ group. Those
who answered that they drank once a month or 2 to 4 times a month
were placed in the ‘1-4 times/mo’ group. Finally, those who answered
that they drank 2 to 3 times a week or more than 4 times a week were

assigned to the ‘>2 times/wk’ group.

4. Blood Pressure Measurement and Hypertension

Four nurses from the KDCA professional investigation team conduct-
ed the BP and pulse measurements. The BP of adults aged 19 years
was measured using a non-mercury automatic BP meter (Watch BP
Office AFIB; Microlife, Widnau, Switzerland). When measuring BP,
several 4 cm high armrests were used to adjust the arm height to heart
level, and the average arm height using the armrests was 83 cm for
males and 81 cm for females. Three BP measurements were taken, and
the averages of the second and third BP measurements were defined
as the absolute systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP). Hypertension was defined as SBP >140 mm Hg, DBP >90

mm Hg, or the use of hypertension medication.

Characteristic Total Men Women t-value or y* P-value
Total sample size/weighted no. 9,273/20,663,797 3,487/8,917,364 5,786/11,746,433
Age () 48.1+16.5 47.0+16.4 48.9+16.4 -267.305 <0.001*
Body mass index (kg/m?) 24.0£3.5 24.7+3.3 23.4+3.6 809.754 <0.001*
Urine cotinine (ng/mL) 0.577 (0.546) 0.603 (0.585) 0.553 (0.521) 14.943 <0.001*
Urine creatinine (mg/dL) 158.7+84.0 183.5+86.3 139.8+77.0 1,213.358 <0.001*
Urine cotinine/Urine creatinine (ug/q) 0.446 (0.559) 0.393 (0.468) 0.494 (0.617) -72.069 <0.001*
Fasting glucose (mg/dL) 99.9+22.3 102.3+23.4 98.0+21.3 442 577 <0.001*
Total cholesterol (mg/dL) 193.0+36.6 190.7+36.6 194.1+36.6 -208.543 <0.001*
Triglyceride (mg/dL) 128.7+111.0 149.9+139.6 112.5+79.3 769.701 <0.001*
High-density lipoprotein cholesterol (mg/dL) 52.0+12.4 48.1+£10.9 55.0+12.7 -1,297.805 <0.001*
Serum creatinine (mg/dL) 0.803+0.175 0.948+0.130 0.692+0.112 4,800.502 <0.001*
Uric acid (mg/dL) 51+1.4 5.9+1.3 44+1.0 3,156.039 <0.001*
High-sensitive C-reactive protein (mg/L) 0.50 (0.68) 0.58 (0.73) 0.48 (0.60) 199.197 <0.001*
Alcohol intake (%) 1.580x10° <0.001*
<1 time/mo 44.6 30.7 55.2
1-4 times/mo 35.7 395 329
>2 times/wk 19.7 29.8 11.9
Systolic blood pressure (mm Hg) 118+16 120+14 115+17 714.265 <0.001*
Diastolic blood pressure (mm Hg) 76+10 79+10 73+9 1,235.981 <0.001*
Hypertension (+) (%) 4,573.049 <0.001*
Medication (+) 18.5 19.2 18.0
Medication (-) 81.5 80.8 82.0

Values are presented as mean=standard deviation, median (interquartile range), or %. P-values were calculated by weighted Rao-Scott chi-square test for categorical variables

and weighted t-test for continuous variables.
*P<0.05 (statistically significant).
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5. Body Measurement

Weight was measured using a digital scale (InBody 970; BioSpace, Ut-
bandale, IA, USA). Height was measured by using an extensometer
(Seca 274; Seca, Hamburg, Germany). The body mass index (BMI) was

calculated from the measured values.

6. Blood Tests

Typical blood tests included total cholesterol, triglycerides (TG), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein cho-
lesterol, blood urea nitrogen, creatinine, fasting glucose, glycated he-
moglobin, hepatitis B surface antigen, hepatitis C antibody, aspartate
aminotransferase, alanine aminotransferase, hemoglobin, hematocrit,
red blood cell count, white blood cell count, uric acid, and high-sensi-
tivity C-reactive protein (hsCRP).

7. Urine Tests and Urine Cotinine

Urine tests included protein, glucose, urobilinogen, ketones, bilirubin,
specific gravity, pH, nitrate, sodium, potassium, microalbumin, coti-
nine, and creatinine levels. Urine cotinine was measured by HPLC-
MS/MS using Agilent 1100 Series with API 4000 (AB Sciex, Framing-

Table 2. Correlation between blood pressure and metabolic parameters
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ham, MA, USA). Methylene chloride (Fisher Scientific, Pittsburgh, PA,
USA), methanol (Merck, Wiesbaden, Germany), hydrochloric acid
(Sigma-Aldrich, Burlington, MA, USA), acetonitrile (Fisher Scientific),
and formic acid (Sigma-Aldrich) were used as reagents. The detection
limit for urinary cotinine was 0.27399 ng/mL. Values below this level

were excluded.

8. Statistical Analysis

All statistical analyses were performed using IBM SPSS ver. 26.0 (IBM
Corp., Armonk, NY, USA). Because the KNHANES data were collected
using a rolling sampling survey method, the general characteristics of
the study participants were analyzed using weighted data (Table 1). P-
values were calculated by the weighted Rao-Scott chi-square test for
categorical variables, and the weighted t-test for continuous variables
was used to assess gender differences. A complex sample general lin-
ear model (CSGLM) was used to examine the associations between
metabolic parameters, including urine cotinine and BP. In the SPSS
software, CSGLM was used for linear regression and variance and co-
variance analyses of the survey data with complex sampling methods.

Statistical significance was defined as a P-value <0.05.

Systolic BP Diastolic BP
Characteristic
r or mean (SE) P-value r or mean (SE) P-value
Men
Age (y) 0.272 <0.001* 0.047 0.006*
Body mass index (kg/m? 0.244 <0.001* 0.315 <0.001*
Fasting glucose (mg/dL) 0.163 <0.001* 0.067 <0.001*
Total cholesterol (mg/dL) 0.068 <0.001* 0.234 <0.001*
Triglyceride (mg/dL) 0.136 <0.001* 0.229 <0.001*
HDL cholesterol (mg/dL) -0.027 0.109 -0.052 0.002*
Serum creatinine (mg/dL) 0.021 0.212 0.060 <0.001*
Uric acid (mg/dL) 0.025 0.139 0.134 <0.001*
hsCRP (mg/L) 0.068 <0.001* 0.047 0.005*
Alcohol intake (%) 0.000* 0.000*
<1 time/mo 121 (0) 76 (0)
1-4 times/mo 119 (0) 78 (0)
>2 times/wk 124 (0) 79 (0)
Women
Age () 0.531 <0.001* 0.142 <0.001*
Body mass index (kg/m?) 0.305 <0.001* 0.255 <0.001*
Fasting glucose (mg/dL) 0.268 <0.001* 0.114 <0.001*
Total cholesterol (mg/dL) 0.120 <0.001* 0.195 <0.001*
Triglyceride (mg/dL) 0.240 <0.001* 0.190 <0.001*
HDL cholesterol (mg/dL) -0.166 <0.001* -0.052 <0.001*
Serum creatinine (mg/dL) 0.065 <0.001* -0.010 0.431
Uric acid (mg/dL) 0.098 <0.001* 0.081 <0.001*
hsCRP (mg/L) 0.111 <0.001* 0.083 <0.001*
Alcohol intake (%) <0.001* <0.001*
<1 time/mo 120 (0) 74(0)
1-4 times/mo 114 (0) 73(0)
>2 times/wk 115 (1) 75 (0)

P-values were calculated by complex samples general linear model regression analyses.

BP, blood pressure; SE, standard error; HDL, high-density lipoprotein; hsCRP, high-sensitive C-reactive protein.

*P<0.05 (statistically significant).
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RESULTS

Table 1 presents the general characteristics of the study participants.
Of the 9,273 participants (weighted number 20,663,797), 3,487
(weighted number 8,917,364) and 5,786 (weighted number
11,746,433) were males and females, respectively. The mean age for
male and female participants was 47.0 years and 48.9 years, respec-
tively. The median urine cotinine level and urine cotinine-to-urine
creatinine ratio were 0.603 ng/mL and 0.393 g/g, respectively, in fe-
male participants and 0.553 ng/mL and 0.494 g/g, respectively, in male
participants. However, the mean BP of male participants (120/79 mm
Hg) was higher than that of female participants (115/73 mm Hg).
Table 2 shows the correlations between BP and metabolic parame-
ters. Age; BMI; fasting glucose, total cholesterol, TG, and hsCRP levels;
and alcohol intake were positively associated with SBP in men. Serum
creatinine and uric acid levels positively correlated with DBP, whereas
HDL-C negatively correlated with DBP. In females, age; BMI; fasting
glucose, total cholesterol, TG, uric acid, and hsCRP levels; and alcohol
intake were positively associated with SBP and DBP, whereas HDL-C

209

was negatively associated with SBP and DBP. In females, the serum
creatinine levels were positively correlated with SBP.

Table 3 and Figure 2 show the independent association between the
urine cotinine level and BP. After adjusting for age, BMI, fasting glu-
cose, total cholesterol, TG, HDL-C, uric acid, hsCRP, and alcohol in-
take, corrected urine cotinine levels were positively associated with
SBP and DBP in females (P<0.001 and P=0.040, respectively). Further-
more, a 10-fold increase in the corrected urine cotinine levels in sec-
ondhand smoke-exposed subjects was independently associated with
increases in SBP and DBP of 2.085 mm Hg and 0.575 mm Hg, respec-
tively. However, there was no association between SBP and DBP in
men (P=0.226 and P=0.256, respectively).

Appendices 1 and 2 present the results of the sensitivity analyses. As
seen in the final study participants, the sensitivity analysis participants
exhibited the same pattern of results. After adjusting for BP-related
factors, corrected urine cotinine levels were positively associated with
SBP and DBP in females (P=0.004 and P=0.012, respectively). More-
over, males demonstrated no association with SBP or DBP (P=0.539
and P=0.233, respectively).

Table 3. Complex general linear model regression analyses to identify an independent relationship between urine cotinine level and BP

o Systolic BP Diastolic BP
Characteristic
B P-value B P -value
Men
Age () 0.229 0.103 -0.027 0.010*
Body mass index (kg/m?) 1.045 1.588 0.790 <0.001*
Fasting glucose (mg/dL) 0.027 0.630 0.014 0.048*
Total cholesterol (mg/dL) -0.007 0.103 0.039 <0.001*
Triglyceride (mg/dL) 0.009 1.588 0.009 <0.001*
HDL cholesterol (mg/dL) 0.121 0.630 0.023 0.185
Serum creatinine (mg/dL) 1.469 0.103 3.194 0.010*
Uric acid (mg/dL) 0.384 1.588 0.139 0.301
hsCRP (mg/L) 0.191 0.630 0.065 0.376
Alcohol intake (ref: <1 time/mo)
1-4 times/mo 0.103 0.845 0.580 0.123
>2 times/wk 1.588 0.007* 1.563 <0.001*
Urine cotinine? 0.630 0.226 -0.421 0.256
Women
Age () 0.470 <0.001* 0.031 <0.001*
Body mass index (kg/m?) 0.609 <0.001* 0.505 <0.001*
Fasting glucose (mg/dL) 0.059 <0.001* 0.008 0.165
Total cholesterol (mg/dL) 0.012 0.046* 0.035 <0.001*
Triglyceride (mg/dL) 0.016 <0.001* 0.011 <0.001*
HDL cholesterol (mg/dL) 0.034 0.064 0.022 0.066
Serum creatinine (mg/dL) -2.805 0.115 -2.123 0.058
Uric acid (mg/dL) 0.411 0.055 0.078 0.563
hsCRP (mg/L) 0.234 0.020* 0.133 0.036*
Alcohol intake (ref: <1 time/mo)
1-4 times/mo -0.072 0.868 0.052 0.849
>2 times/wk 1.265 0.042* 1.554 <0.001*
Urine cotinine? 2.085 <0.001* 0.575 0.040*

P-values were calculated by complex samples general linear model regression analyses.

BP, blood pressure; HDL, high-density lipoprotein; hsCRP, high-sensitive C-reactive protein; ref, reference.

Urine cotinine (ng/mL)

*P<0.05 (statistically significant). "Urine cotinine= logio “Urine creatining (mg/dl) *

https://doi.org/10.4082/kjfm.22.0153
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Beta coefficients (95% Cl)

SBP_M DBP_M SBP_F DBP_F

Figure 2. Adjusted association between urine cotinine (ug/g-creatinine) and blood
pressure (mm Hg). SBP, systolic blood pressure; DBP, diastolic blood pressure; M,
male; F, female; Cl, confidence interval.

DISCUSSION

In the present study, corrected urine cotinine levels were positively as-
sociated with BP in females exposed to secondhand smoke, after ad-
justing for confounding variables. Similar to first-hand smoking, sec-
ondhand smoke is harmful to the lungs, heart, and blood vessels.>'>'®
Therefore, minimizing secondhand smoke exposure is a global health
target, and the early detection and prevention of secondhand smoke
exposure are essential. However, there are limitations to solely relying
on surveys to determine the effects of secondhand smoke.”

Nicotine, a component of cigarettes, plays a vital role in elevating BP
by increasing peripheral resistance and stimulating sympathetic
nerves.*” However, nicotine has a short half-life (approximately 2
hours) and is not a useful quantitative indicator of nicotine intake.
Conversely, cotinine, the major proximate metabolite of nicotine, is
the most widely used biomarker of nicotine intake; it has a long half-
life, and can minimize false positivity.” A recent review article indicat-
ed that serum cotinine cut-off values for cotinine-verified current
smokers ranged from 3.0 to 20 ng/mL, and urine cotinine cut-off val-
ues ranged from 31.5 to 550 ng/mL."” As such, there is a wide range of
urine cotinine cut-off values for classifying smokers and non-smokers.
Several studies have shown that corrected urine cotinine levels are a
better representation of serum cotinine levels.'*'® Conversely, in an-
other study, uncorrected values showed a stronger correlation with se-
rum cotinine levels than corrected values." In the present study, cor-
rected urine cotinine levels were used to distinguish non-smokers
from smokers. A previous study examined the urine cotinine cutoff
values of smokers and nonsmokers based on data from the 7th
KNHANES, which comprised the same population as in the present
study.'”

Excitation of the sympathetic nerve underlies the effect of nicotine
on BP. There are two main mechanisms by which nicotine boosts sym-
pathetic activity: in the first mechanism, it acts directly on the central
nervous system to activate the sympathetic nerves. In the central ner-

vous system, specifically in the medulla, the rostral ventrolateral me-

https://doi.org/10.4082/kjfm.22.0153
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dulla (RVLM) is responsible for the basal and reflex control of sympa-
thetic activity. Nicotine activates the excitatory nicotinic receptors
present in the RVLM to excite the sympathetic nerves. The second
mechanism involves indirect activation of sympathetic nerves through
the inhibition of nitric oxide (NO) production. A lowered NO level sup-
presses the effect of central sympathetic outflow.”

Previous studies have evaluated the changes in BP due to smoking
or exposure to secondhand smoke. Moreover, studies evaluating the
effects of smoking or secondhand smoke exposure on serum or urine
cotinine have been conducted since the 1970s and have increased in
number since the 2000s.

In a Western study on secondhand smoke, SBP elevation was asso-
ciated with increased serum cotinine among those in contact with
secondhand smok,* and preschool children with smoking parents
had significantly higher SBP and DBP A recent 2020 study found that
among children and adolescents exposed to secondhand smoke, an
increase in DBP was observed only in males.'” In Asia, a Chinese study
involving elderly women aged >60 years showed no statistically signifi-
cant difference in SBP and DBP elevation between those who were ex-
posed to secondhand smoke and those who were not; however, the
prevalence of hypertension was significantly higher among the sec-
ondhand smoke-exposed participants.??

A previous study in Korea found that male smokers had consider-
ably lower SBP and DBP levels than those of non-smokers®); however,
in the case of secondhand smoke, a Korean study observed a signifi-
cant increase in SBP and DBP among females exposed to secondhand
smoke.?” In addition, another study found that the prevalence of hy-
pertension was higher among secondhand smoke-exposed partici-
pants regardless of sex.®’ A recent study also found that the group with
reduced secondhand smoke exposure showed a significant decrease
in SBP?

In the present study, corrected urine cotinine levels were associated
with SBP and DBP elevation in females but not in males. Based on the
results of this and previous studies, smoking or secondhand smoke
tends to cause BP elevation in females rather than males, and affects
SBP rather than DBP. Although the exact mechanism is unknown, sex
hormones strongly influence cotinine levels, which may partly explain
the difference in the relationship between cotinine and BP. The gener-
ation of cotinine from nicotine via the liver enzymes CYP2A6 and es-
trogen induces CYP2A6 and cotinine glucuronidation activity.” More-
over, considering that there have been sex-dependent false response
rates in smoking questionnaires among Koreans for reasons such as
Confucian social norms, a sex analysis should be conducted.>"'?
Therefore, future studies are needed to determine the cause of the sex-
specific differences in the effects of long-term smoking, secondhand
smoke exposure, and nicotine or cotinine accumulation. In addition,
as uncorrected urine cotinine has been used in various studies, it is
necessary to determine whether corrected or uncorrected urine coti-
nine better reflects serum cotinine levels in the Korean population.

Liquid e-cigarettes and heat-not-burn cigarettes were introduced in

South Korea in 2008 and 2017, respectively. The proportion of heat-
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not-burn cigarette users compared to liquid e-cigarette users is in-
creasing because of the similarity between heat-not-burn cigarettes
and traditional cigarettes. In addition, most people use heat-not-burn
cigarettes in their cars and homes.* Therefore, the impact of second-
hand smoke from heat-not-burn cigarettes has been evaluated in Ko-
rea.?”*® Although the 8th KNHANES, conducted in 2019, investigated
liquid e-cigarettes and heat-not-burn cigarettes separately, this was
not the case in the 7th KNHANES. Therefore, information on the ef-
fects of secondhand smoke is limited. Although the cardiovascular risk
of cigarette-type e-cigarettes has been studied abroad,” there have
not been any studies on Koreans; thus, more research is needed in the
field.

Our study had some limitations. First, the cross-sectional design of
the study does not permit clarification of any cause-and-effect mecha-
nism. Secondly, we could not obtain data on secondhand smoke ex-
posure time, intensity, or frequency, making it difficult to subdivide
the characteristics of secondhand smoke exposure. This relationship
has not been explored in other populations.

A major strength of this study is the use of a large real-world data-
base representative of the Korean population. In addition, we exam-
ined the urinary cotinine levels, which have been used as biomarkers,
with and without creatinine correction. These properties render coti-
nine suitable for large-scale epidemiological studies.

In conclusion, corrected urinary cotinine levels and BP were posi-
tively correlated among Korean females exposed to secondhand
smoke. Therefore, urinary cotinine may be used as an indicator to
quantify and monitor the effect of secondhand smoke exposure on fe-

males.
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Appendix 1. Complex general linear model regression analyses to identify an independent relationship between urine cotinine level and BP among the participants included in
the sensitivity analysis

Systolic BP Diastolic BP
Characteristic
B P-value B P-value
Men
Age () 0.232 <0.001* 0.026 0.198
Body mass index (kg/m? 0.996 <0.001* 0.748 <0.001*
Fasting glucose (mg/dL) 0.028 0.114 0.023 0.070
Total cholesterol (mg/dL) -0.012 0.343 0.038 <0.001*
Triglyceride (mg/dL) 0.015 <0.001* 0.012 <0.001*
HDL cholesterol (mg/dL) 0.107 0.015* 0.014 0.640
Serum creatinine (mg/dL) 4177 0.190 1.518 0.498
Uric acid (mg/dL) 0.508 0.131 0.026 0.914
hsCRP (mg/L) 0.100 0.589 -0.018 0.888
Alcohol intake (ref: <1 time/mo)
1-4 times/mo -0.396 0.688 1.127 0.104
>2 times/wk 2.048 0.058 1.996 0.009"
Urine cotinine 0.512 0.539 -0.700 0.233
Women
Age () 0.369 <0.001* 0.044 0.020*
Body mass index (kg/m? 0.800 <0.001* 0.628 <0.001*
Fasting glucose (mg/dL) 0.046 0.017* 0.006 0.613
Total cholesterol (mg/dL) 0.026 0.032* 0.050 <0.001*
Triglyceride (mg/dL) 0.018 0.004* 0.011 0.009*
HDL cholesterol (mg/dL) -0.001 0.984 -0.015 0.545
Serum creatinine (mg/dL) -1.045 0.781 0.961 0.693
Uric acid (mg/dL) 0.687 0.116 0.287 0.311
hsCRP (mg/L) 0.320 0.120 0.110 0.407
Alcohol intake (ref: <1 time/mo)
1-4 times/mo -0.902 0.303 0.449 0.428
>2 times/wk 1.149 0.325 2.402 0.002*
Urine cotinine 2.415 0.004* 1.367 0.012*

P-values were calculated by complex samples general linear model regression analyses.
BP, blood pressure; HDL, high-density lipoprotein; hsCRP, high-sensitive C-reactive protein; ref, reference.
Urine cotinine (ng/mL)

*P<0.05 (statistically significant). TUrine cotinine= logio “rine oreatinine my/dL)
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Beta coefficients (95% CI)

SBP_.MS  DBP_MS  SBP_FS DBP_FS

Appendix 2. Adjusted associations between urine cotinine (ug/g-creatinine) and
blood pressure (mm Hg). SBP_MS, DBP_MS, systolic and diastolic blood pressure
among male sensitivity analysis participants; SBP_FS, DBP_FS, systolic and diastolic
blood pressure among female sensitivity analysis participants.
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