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Abstract

Objective: To examine the relationship between urinary cotinine and serum vitamin A levels in
Korean adults.

Methods: A total of 4445 adults (age > |9 years) participating in the Korea National Health and
Nutrition Examination Survey (KNHANES) from 2016 to 2018 were classified by sex and as
smokers/electronic cigarette users (SE) or non-smokers (NS). Data were analyzed using complex
sample general linear models.

Results: There were no differences in dietary intake of vitamin A, carotene, or retinol between
the SE and NS groups. Adjusted mean serum vitamin A levels were higher in the SE group
compared with those in the NS group (0.63mg/L vs 0.60mg/L among men; 0.55mg/L vs
0.51 mg/L among women). Among all participants, urinary cotinine and serum vitamin A levels
were positively correlated (R?=0.037). However, no correlation was observed in either the SE
or NS groups individually. In a model adjusted for age, body mass index, sex, frequency of binge
drinking, and dyslipidemia, a stronger correlation was observed (R? = 0.244).

Conclusion: In Korean adults, urinary cotinine levels were positively associated with serum
vitamin A levels. Mean serum vitamin A levels were significantly higher in the SE group compared
with the NS group.
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Introduction

Evidence from several epidemiological stud-
ies has consistently suggested that diets rich
in fruits and vegetables are associated with
reduced risks of chronic diseases such as
cancer and heart disease."> However, in our
busy modern society, it is difficult for many
people to consume three well-prepared meals
a day. Nutritional deficiencies can be mitigat-
ed through nutritional supplementation to
remove reactive oxygen species from the
body and protect health. As such, nutritional
supplements have become indispensable for
many people, and are commonly supplied
separately from regular meals and processed
foods. Most people believe that vitamins are
safe to consume even if their health benefits
may be limited. Therefore, dietary supple-
ments are commonly used to prevent cardio-
vascular disease and cancer, especially in the
USA, where consumption of supplements
has increased over time. A recent survey
found that 77% of the adult population in
the USA wuses multivitamin/multimineral
supplements.®> According to 2005 data from
South Korea, 29.1% of adults aged 20 years
or older used dietary supplements; a higher
proportion of women (33.0%) than men
(23.6%) wused supplements, except among
those aged 70 years or older.*Despite various
studies of the cellular and biological func-
tions of vitamins and ongoing discussion
of their roles in health and disease, the
long-term health impacts of vitamin supple-
mentation remain unknown.’

Lung cancer is the leading cause of
cancer death in the USA and worldwide.®

The most common cause of lung cancer is
smoking tobacco. Risk of lung cancer can
be most effectively reduced by stopping
smoking. However, among those who are
addicted to smoking tobacco or are exposed
to lung carcinogens, other strategies for
lung cancer prevention are required. Most
studies that analyzed serum beta-carotene
levels in prospectively collected blood sam-
ples found lower levels of beta-carotene in
people who subsequently developed lung
cancer.” Three large-scale clinical trials
tested the effects of beta-carotene supple-
mentation on risk of chronic diseases such
as cancer. All three trials concluded that
beta-carotene provided no protection
against lung cancer, and quite unexpected-
ly, two trials found a higher risk of lung
cancer among patients given beta-carotene
supplements.® No satisfactory explanation
for this result has been given.

There is a significant correlation between
cigarette use per day and urinary cotinine
levels.” Therefore, using data from the
Korea National Health and Nutrition
Examination Survey (KNHANES) from
2016 to 2018, this study aimed to examine
correlations between urinary cotinine levels
(as a surrogate measure of tobacco con-
sumption) and serum vitamin A levels.

Subjects and methods

Data source and study population

The KNHANES is conducted annually
with rolling sampling. Data are based on a
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complex stratified multistage probability
cluster survey of a cross-sectional and
nationally representative sample of individ-
uals from the non-institutionalized civilian
population of the Republic of Korea. The
survey assesses the health and nutritional
status of the Korean population and is
administered by the Korea Centers for
Disease Control and Prevention (KCDC).
The KNHANES received approval from
the institutional review board of the
KCDC (Ethics Committee reference
number 2018-01-03-P-A). All participants
in the survey provided written informed
consent.

This study was based on data from the
KNHANES from 2016 to 2018. All partic-
ipants aged 19 years or older were included
unless they met the following exclusion

criteria: (i) non-participation in vitamin
tests or urine cotinine tests, (ii) diagnosis
of disease such as stroke, myocardial infarc-
tion, angina, renal failure, liver cirrhosis,
thyroid disease, or cancer, (iii) pregnancy;
(iv) failure to answer at least one question-
naire, and (v) non-smokers with urinary
cotinine level >300ng/mL (Figure 1).
Finally, 4445 participants were classified
into the smoker/electronic cigarette user
(SE) group or the non-smoker (NS) group.

Lifestyle habits

Interviews and health examinations were
performed by trained interviewers and med-
ical staff using calibrated equipment and a
standardized protocol. The interviewers
collected data on demographic

Baseline data n=24,269

Who did not participate
Vitamin test and

Urine cotinine test

Age < 19 years

13,186 were excluded

With serious illness (Stroke,
MI or angina, Renal failure,
Liver cirrhosis, Thyroid

disease, Malignancy)

4,880 were excluded

Pregnant women

709 were excluded

Non-smoker with urine

cotinine level > 300 ng/ml

20 were excluded

Who did not answer the

questionnaire at least one

81 were excluded

y

948 were excluded

Eligible participants n= 4,445

Figure |. Flow diagram of study participants.
MI, myocardial infarction
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characteristics including living situation,
current medical conditions (hypertension,
diabetes, dyslipidemia, cerebrovascular
accidents, myocardial infarction, angina,
osteoarthritis, and osteoporosis), socioeco-
nomic status, and educational level. Marital
status was classified as married only for
those currently living with their spouses;
participants who were separated, widowed,
or divorced were all classified as unmarried.
Educational level was classified as elemen-
tary school, middle school, high school, or
university graduation as the highest level of
education. Household income was catego-
rized into quartiles according to sex and
age groups.

Smoking status, alcohol use, and physi-
cal activity were investigated through self-
administered questionnaires. Smokers were
defined as those who have smoked more
than 100 cigarettes in their lifetime and cur-
rently smoke cigarettes. Electronic cigarette
users were defined as non-cigarette smokers
who answered ‘yes’ to the question, “Have
you used electronic cigarettes in the past 1
month?” The NS group included those who
were neither smokers nor electronic ciga-
rette users. Binge drinking was defined as
average alcohol consumption of seven or
more drinks per day for men and five or
more drinks per day for women. Self-rated
health was classified as ‘healthy’ for partic-
ipants who answered ‘very good,” ‘good,” or
‘average’ on the question, “What do you
think of your general health?” Activity
restriction was classified based on yes/no
responses to the question, “Are you cur-
rently restricted in your daily life and
social activities because of health problems
or physical or mental disorders?”

Height and body weight were measured
to the nearest 0.1 kg and 0.1 cm, respective-
ly, while participants were wearing light
clothes without shoes. Body mass index
(BMI) was calculated as weight in kg divid-
ed by the square of height in m. We used the
World Health Organization criteria for the

Asian population, which define under-
weight as BMI < 18.5 kg/m” and obesity
as BMI >25 kg/m>."

Nutritional assessment

A nutritional survey of 24-hour dictary
recall was conducted by a team of profes-
sional interviewers consisting of nurses, a
dietitian, and health science professionals.
Daily intake of energy and nutrients was
further calculated from reported consumed
foods or dietary supplements.

Biochemical analysis

Blood and urine samples were collected
after at least 12 hours of fasting and were
analyzed at a certified laboratory. Vitamin
A and vitamin E levels were measured using
an Agilent 1200 high pressure liquid chro-
matography (HPLC) system (Agilent,
Santa Clara, USA). Serum vitamin A and
E levels were measured only in one third of
all participants. Urinary cotinine levels
were measured using an Agilent 1100
HPLC system connected to an API 4000
liquid chromatography-tandem mass spec-
trometry instrument (AB Sciex,
Framingham, MA, USA). According to a
previous study, urinary cotinine levels of 0
to 300ng/mL were observed in non-
smokers, levels of 400 to 900 ng/mL were
observed in those with passive exposure to
tobacco smoke, and levels >1000ng/mL
were observed in active smokers in Korea.''

Statistical analyses

Because the data from the KNHANES
were acquired using a complex sampling
design method, variance of cluster sampling
(primary sampling units), variance of strat-
ified sampling (k strata), and the
individual integrated weights were applied.
Categorical variables were analyzed using
the Rao-Scott y* test and continuous vari-
ables were analyzed using complex sample
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general linear models to assess differences
between the SE and NS groups by sex.
Complex sample general linear models
were used to assess differences in serum
vitamin A levels between the two groups
in the model after adjusting for smoking,
age, frequency of binge drinking, self-rated
health, and dyslipidemia (in men) and for
smoking, age, education level, houschold
income, and frequency of binge drinking
(in women). We measured correlations
between urinary cotinine and serum vitamin
A levels. All data were analyzed using SPSS
version 26 (IBM Corp., Armonk, NY,
USA). Values of p <0.05 were considered
statistically significant.

Results

The demographics for the SE and NS
groups are shown in Table 1. Totals of
738 men (weighted number 2,586,872)
were in the SE group and 1243 men
(weighted number 4,117,208) were in the
NS group. Totals of 134 women (weighted
number 388,177) were in the SE group and
2330 women (weighted number 5,517,944)
were in the NS group. Among men, the
weighted proportion of participants with
dyslipidemia in the SE group (31.0%) was
higher than that in the NS group. In addi-
tion, mean age (42.24 years) as well as the
weighted proportions of participants who
self-rated as healthy (83.0%) and having
hypertension (24.5%) in the SE group
were lower than those in the NS group
(»<0.05). Among women, mean age
(38.97 years) and the weighted proportion
of married participants (48.9%) were lower
in the SE group compared with the NS
group (p < 0.05).

Among women, weighted proportions of
participants who had graduated from high
school and who had mid-high household
incomes were higher in the SE group com-
pared with the NS group (47.6% vs 33%
and 32.1% vs 30.8%, respectively;

p<0.05). Among men, the weighted pro-
portion of participants who consumed alco-
hol monthly or less than once a month was
lower in the SE group than in the NS group
(p <0.001). Among women, the highest fre-
quency of binge drinking was weekly in the
SE group and never in the NS group
(»<0.001).

There were no significant differences in
dietary intake of vitamin A, carotene, or
retinol or in supplementary intake of vita-
min A between the SE and NS groups.
There were also no significant differences
in the numbers of participants taking vita-
min A supplements between the SE and NS
groups. Among men, only mean energy
intake was higher in the SE group
(2523.98 kcal) compared with the NS
group (p =0.008).

Serum vitamin A and E levels and uri-
nary cotinine levels in the SE and NS
groups by sex are shown in Table 2.

The mean serum vitamin A and urinary
cotinine levels in the SE group were higher
than those in the NS group (0.61 mg/L vs
0.56mg/L and 1310.85ng/mL vs 3.34ng/
mL among men, respectively; 0.59 mg/L vs
0.45mg/L and 903.99 ng/mL vs 3.27 ng/mL
among women, respectively; p < 0.001).

In a model adjusted for smoking, age,
frequency of binge drinking, self-rated
health, and dyslipidemia, serum vitamin A
levels differed significantly between men in
the SE and NS groups (Table 3). The
adjusted mean serum vitamin A level was
0.63+0.0l mg/L in the SE group and
0.60+0.0lmg/LL in the NS group
(R?=0.159, p=0.003)

In a model adjusted for smoking, age,
education level, household income, and fre-
quency of binge drinking, serum vitamin A
levels differed significantly between women
in the SE and NS groups (Table 3). The
adjusted mean serum vitamin A level was
0.554+0.0l mg/L in the SE group and
0.51+0.0lmg/L in the NS group
(R?=0.131, p=0.003).



Journal of International Medical Research

(panunuod)

(028 112 (217 6T (5'5¢) 81¥ (£75¢) 8£T TE
(80¢) 789 (1'28) 1+ (0'1€) 99¢ (T1g) 8t CETEMIN
(8°€7) £59 (8€0) s¢ (6°17) 98¢ (€20 w1 MO|-PIl\|
€00 (#€1) o8¢ (£20) 6¢ (or11) €21 (€11) ool MO
Qwodul _u_Oswm:OI
(1'v¥) 626 (T6D) ov (6°05) 699 (esp) 21€ 983|100
(0€g) €52 (9'2¥) 6S (€59) 11¥ (8°0%) 06T |ooyds y3iH
(9°8) 1£T (o%1) 1T (99 111 (69 L8 [o0Yds 3|PPIIA
2000 (€¥%1) Le¥ (9°8) ¥1 (T1) Ts1 (69 ¥L [ooyds AJejuswa|3>
|2A9| uonesnp3y
1000 (T'99) 9291 (68%) 1L (£79) 606 (£°09) L6¥ paLLIEly
snjels _mu_.hmz
(020 999 (€70 e (0'1%) sos (ep) Lte (§T<) wBremisnQ
(0'£9) 6¥SI (89) €6 (659 112 (1'¥S) 16€ (57-9'81) IewuoN
18%°0 (69 911 (62) 6 (Te) 1t (90 ot (5°81>) ydemuspun
YEY0 600F ITET 0’0 F 68°TT 11'0 F 95T 91'0F €94 (w/3>) xapul ssew Apog
(£'8) €11 (80 ¥ (€8 181 (1°¢) ¥¥ 0L<
(g01) 8c€ (Lv) 8 (801) 65T (1'9) oz 69-09
(919 TS (T91) #T (100 1Tt 70 #91 6505
(100 9% (0+0) €t (s'61) 60T (0% s£1 67—0F
(6'81) 9¢¥ (Tel) 1€ (s'61) 80T (50 £L1 6£-0€
100°0> (6°61) 60€ (Tes) ve (817 6.1 (£9¢) 801 6761
1000> LEOTF95'SH 9L'| F L6'8€ 60 T 681 SOFHTT (saeaf) a8y
anjeA-d Pr6'L15G=N 111886 =N 80T'L11'P= N /8°98ST=N
oggr=u pEl=u gy =u ggL=u
.\_wv_OEmucoz Jasn mvuumc_mm_u va_OEm-COZ Jasn wuuw(_.mw_u
pI[V[e¥hbl] =] 21U0JId3]
J0 Jdjowg 40 Jdjowg
USWIOAA U

"dnoug Jayjows-uou ay) pue dnoud Jasn 93394e31> JIUOIIDD[S/IHOWS I JO SINISIIIDBIBYD [BJBUID) °| d]qeL



Cho

'sjus|eAInba A31ADE [ounal ‘Jyy (9US0.ED JO xeaul AJRISIP 4 T|/| + [ounad Jo jeaul Auelsip = (FyyS) v ulwelA jo xeaul Aiersiq
-azis a|dwes pajySiom = | ‘ozis a|dwes pajySiamun =u
'SJOJJD pJepuels F sueaw Jo (% paiyS1am) saunod pajydlomun se passaJdxa aJe sanjep
'S9|qELIBA SNONUIIUOD 10} Sjopow Jeaul| [etauag ajdwes xa|dwod pue sa|qelieA [ed110391ed J0) 159) Nx 1102G-0®Yy WO.) a4 sanjeA-d

syuswd|ddns \y ulwelA

810 (1°2¢) 81 (170 8 16170 (1°0¢) 06 (8¢) 1€ 3upel sienpiAlpul jJo JaquinN
(Qvydr) v uwena
9/T0  LO'LTETTF €8'£59T €6'9F T €€81 1 8160 601+ F £5°T8T 1785 F 05°SLT j0 e Aregusws|ddng
€200 €9°S F0O8¥EI 609 FOI'6/I 8740 €#°01 F08'881 €0°LI F6L181 (8) jounau jo el Auedaiq
$90°0 LSL9TFO0L9T9T  L¥IITTFIEEITT €1S0  SO'16F SLEHOE 61711 F 6k Ly6T (81) suazoued jo deIUl Aueralq
0780 ¥S'8F 11'¥SE YUby F PEHIE 8750 YO¥1 FITERY ST6l F86'LTh (3vydr) v uiwea jo eur Lelsiq
0180 6 L1 FSTOILI LE'901 F8T9ELI 8000  ¥¥OET 159°S8ET Yh € F 86'€TST (1e>1) jeaur A3aau3
WLo 70 %09 (6'€0) 9¢ 9000 (L0 sg¢ (0'1¢) T£T elwapidisAg
8660 (82 21T (82) ol 895°0 (t6) 9¥1 (9°8) €8 smyjlaw d133qeIq
6900 (€00 89 (s€1) Tt €200 (0'0¢) 6T (%0 €0t uoisus1sadAH
1690 (09) #91 (6¥) £ 0¥L0 (0¥) £9 (€9) 9¢ Sa\
uolndl3Isad \Au_>_uu<
vLEO (828) 9681 (Te6L) €0l 100°0> (£°68) 8601 (0€8) S19 Apeay
yajeay pajed-jjes
(9'1) 8¢ (£'9) ol (89) 18 (es1) €11 Areg
(99) 1¥1 (€'5¢) L€ (Tel) ¥€T (0'2¢) ¥£T INREETYY
(667) 019 (8%¢) TS (T8g) 1€¥ (5°€¢) €T yauow & U0 Uey3 s3] JO A|Yuo|
100°0> (6719) 1+51 (Te0) s¢ 100°0> (8°5¢) 16¥ (Te61) LSI JBAN
3upjuap a3uiq jo Aduanbauy
anjeA-d Pr6'L19'S =N 111886 =N anjeA-d 80T'LI1'v= N 7/8'985°T=N
oggr=u pEl=u €pTI=u ggL=u
Jaxows-uoN Jasn 23324e31d> JdoWs-uoN Jasn 23324831
pI[V[eNhbL] =] 21U0JId3(]
40 Jdjowg 40 Jdjowg
USWOAA U

penunuod | d|qeL



Journal of International Medical Research

Table 2. Comparison of serum vitamin A and E levels and urinary cotinine levels in each group.

Smoker or electronic

cigarette user Non-smoker P-value
Men
Vitamin A (mg/L) 0.61+£0.01 0.56 +0.01 <0.001
Vitamin E (mg/L) 13.23£0.23 13.32£0.20 0.752
Urinary cotinine (ng/mL) 1310.85 + 36.65 3.34+0.67 <0.001
Women
Vitamin A (mg/L) 0.59+0.01 0.45+0.00 <0.001
Vitamin E (mg/L) 13.07 £ 047 13.63+£0.15 0.246
Urinary cotinine (ng/mL) 903.99 +66.08 3.27+£043 <0.001

p-values are from complex sample general linear models.
Values are expressed as means =+ standard errors.

Correlation between urinary cotinine and
serum vitamin A levels are shown in
Figure 2. Among all participants, a weak
positive correlation between urinary cotin-
ine and serum vitamin A levels was observed
(R?=0.037; parameter estimate (standard
error), 5273 x107° (5.313 x 107°);
p<0.001). The same analysis was per-
formed separately for the SE group and
the NS group and showed no correlation
between urinary cotinine and serum vitamin
A levels in either group.

Discussion

The total number of cancer cases in Korea
in 2017 was 232,255, representing an
increase of 1019 cases (0.4%) over the pre-
vious year. The incidence of cancer in
Korea in 2017 was 264.4 cases per 100,000
individuals, lower than the Organization for
Economic Cooperation and Development
average of 301.1 cases per 100,000 individ-
uals. Lung cancer incidence ranked second
among men and fourth among women.'?
A total of 1,762,450 new cancer cases
and 606,880 deaths from cancer were
expected to occur in the USA in 2019. In
the USA, lung cancer is the second most
common cancer in both men and women
and is also the leading cause of cancer-
related death. Although smoking tobacco

is the major etiological factor accounting
for 80% to 90% of all lung cancer diagno-
ses, numerous risk factors have been iden-
tified as casually associated with lung
cancer.'?

Increased consumption of vegetables,
fruits, fish, and soy products may reduce
the risk of lung cancer, while consumption
of red meat and processed foods can
increase the risk.'* However, almost all
trials of nutritional supplementation,
including with vitamin A, vitamin E, vita-
min C, folic acid, selenium, and carote-
noids, have failed to demonstrate
effectiveness in preventing lung cancer.'”

Three large-scale clinical trials have been
conducted of beta-carotene supplementa-
tion: (i) the Alpha Tocopherol Beta
Carotene [ATBC] trial, conducted among
29,133 Finnish men who were heavy smok-
ers; (ii) the Beta-Carotene and Retinol
Efficacy Trial [CARET], conducted
among 18,314 current and recent ex-
smokers (men and women) and asbestos
workers (men); and (iii) the Physician’s
Health Study (PHS), conducted among
22,071 US male physicians, approximately
half of whom were current smokers.'¢'®

In the ATBC trial, participants received
alpha-tocopherol (50 mg per day) alone,
beta-carotene (20 mg per day) alone, both
alpha-tocopherol and beta-carotene, or
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Table 3. Analysis of covariance of serum vitamin A levels between the smoker/electronic cigarette user

group and the non-smoker group

Parameter estimates Test statistics 95% Confidence

Predictor variables (standard error) (df=520) interval p-value
Men
Intercept 0.572 (0.033) 17.212 (0.507, 0.637) <0.001
Smoker or electronic cigarette user 0.030 (0.010) 2.958 (0.010, 0.050) 0.003
Age 0.002 (0.000) 9.334 (0.001, 0.002) <0.001
Frequency of binge drinking
Daily —0.184 (0.024) —7.689 (—0.231, —0.137) <0.001
Weekly —0.149 (0.026) —5.852 (—0.199, —0.099) <0.001
Monthly or less than once a month —0.092 (0.025) —3.671 (—0.142, —0.043) <0.001
Never (reference category)
Self-rated as healthy 0.032 (0.014) 7.306 (0.056, 0.098) <0.001
Dyslipidemia 0.077 (0.011) 5.080 (0.001, 0.002) <0.001
Women
Intercept 0.450 (0.030) 15.024 (0.392, 0.509) <0.001
Smoker or electronic cigarette user 0.040 (0.013) 2.988 (0.014, 0.066) 0.003
Age 0.003 (0.000) 10.900 (0.002, 0.003) <0.001
Education level
<Elementary school 0.034 (0.013) 2491 (0.007, 0.060) 0.013
Middle school 0.032 (0.013) 2413 (0.006, 0.059) 0.016
High school 0.008 (0.008) 1.052 (—0.007, 0.024) 0.293
>College (reference category)
Household income
Low —0.037 (0.013) —2.886 (—0.061, —0.012)  0.004
Mid-low —0.017 (0.009) —1.837 (—0.035, —0.001)  0.067
Mid-high —0.018 (0.009) —2.103 (—0.035, —0.001)  0.036
High (reference category)
Frequency of binge drinking
Daily —0.146 (0.028) —5.260 (—0.200, —0.091) <o0.001
Weekly —0.110 (0.028) —3.941 (—0.164, —0.055) <0.001
Monthly or less than once a month —0.051 (0.029) —1.783 (—0.108, 0.005) 0.075

Never

(reference category)

Among men, R?=0.159; the complex sample general linear model was adjusted for smoking, age, frequency of binge
drinking, self-rated health, and dyslipidemia. The adjusted mean serum vitamin A level was 0.63+0.01 mg/L in the smoker/
electronic cigarette user group and 0.60£0.01 mg/L in the non-smoker group (p=0.003).

Among women, R?=0.131; the complex sample general linear model was adjusted for smoking, age, education level,
household income, and frequency of binge drinking. The adjusted mean serum vitamin A level was 0.55+0.01 mg/L in the
smoker/electronic cigarette user group and 0.51+0.01 mg/L in the non-smoker group (p=0.003).

placebo. In the CARET, participants
received a combination of 30mg of beta-
carotene and 25,000 international units of
retinol (vitamin A) per day or placebo. The
PHS was a placebo-controlled trial of beta-
carotene (50 mg administered on alternate
days). The median duration of follow-up

of the ATBC trial, the CARET, and the
PHS were 6.1, 4, and 12 years, respectively.

Results from the ATBC trial and the
CARET revealed that individuals at high
risk of developing lung cancer (heavy smok-
ers and asbestos workers) who received
high-dose supplemental beta-carotene had
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Figure 2. Correlation between urinary cotinine and serum vitamin A levels. (a) Correlation among all
eligible participants: R =0.037; parameter estimate (standard error), 5.273 x 107> (5.313 x 107°);

p <0.001. *R? = 0.244; parameter estimate (standard error), 1.473 x 107> (4.981 x 10~); *p = 0.003.
*Adjusted for age, body mass index, sex, frequency of binge drinking, and dyslipidemia. (b) Correlation in the
smoker or electronic cigarette user group: R>=0.001; parameter estimate (standard error), 8.254 x 107°
(8.821 x 107); p=0.350. (c) Correlation in the non-smoker group: R*=0.001; parameter estimate

(standard error), 0.000 (0.000); p=0.167.

increased relative risks (18%-23%) of
developing lung cancer than participants
who did not receive beta-carotene supple-
ments. The trial with the longest duration
of follow-up, the PHS, found that neither
smokers nor non-smokers had any change
in their relative risks of lung cancer associ-
ated with supplemental beta-carotene.
These results were quite unexpected.
Several authors concluded from these
beta-carotene trials that the protective
effects of antioxidants against chronic dis-
eases had been overhyped. Although beta-
carotene may or may not be an antioxidant;
it certainly differs in many aspects from the

prototypical antioxidant, vitamin E.* In
addition, high-dose beta-carotene supple-
mentation appears to increase the risk of
lung cancer among current smokers.'” !

The SU.VIL.MAX Study showed that
after 7.5 years, low dose antioxidant supple-
mentation (including 6 mg of beta-carotenc)
lowered overall cancer incidence and all-
cause mortality in men, but not in women.
Dietary supplementation may be effective
in men only because of their lower baseline
levels of beta-carotene.”” The beneficial
effects of antioxidant supplementation in
men  disappeared at S5-year  post-
intervention follow-up.*
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Agreements and disagreements between
studies may be caused by differences in
design (e.g., observational or intervention-
al) or differences in participants’ serum
vitamin A levels. For adults over 18 years
of age, the reference values for serum vita-
min A are 32.5 to 78.0 pg/dL.** In the cur-
rent study, participants’ vitamin A levels
were almost normal. The mean serum vita-
min A level in the SE group was higher than
that in the NS group (63 pg/dL vs 60 pg/dL
among men; 55 pg/dL vs 51 pug/dL among
women; p=10.003), even though there were
no differences in vitamin A intake (dietary
and supplementary) between the two
groups or between men and women.
According to a previous study, serum
levels of vitamin A in men are higher than
those in women. There were no significant
differences between the sexes in serum car-
otene or vitamin E levels. The previous
study also found that serum levels of vita-
min A were higher in men than in women,*
so in the current study data were analyzed
by gender. Men had higher energy intakes
than women and energy intake among men
in the SE group was higher than that
among men in the NS group. However,
this difference in energy intake did not
have a significant effect on serum vitamin
A levels. Thus, providing high concentra-
tions of vitamin A to smokers who have
normal vitamin A levels may be harmful.

Among all participants, serum vitamin A
levels increased slightly as urinary cotinine
levels increased. Thus, serum vitamin A
levels may have increased depending on
the number of cigarettes smoked per day.
However, in both the SE and NS groups
individually, there was no correlation
between urinary cotinine levels and serum
vitamin A levels. This lack of correlation
could have several explanations. First,
there were some active smokers with uri-
nary cotinine levels < 300ng/mL in the
SE group. Second, second-hand smoke
may increase urinary cotinine levels.

Third, the smoking status of participants
was investigated through a  self-
administered questionnaire.

To evaluate potential selection bias, we
compared the general characteristics of
non-participants aged 19 years or older
(e.g., individuals who were excluded
because of the absence of dietary data,
serum vitamin A and E levels, and urinary
cotinine levels). The reason for the large dif-
ference in the number of potential partici-
pants in the original database and the study
sample size was that only one third of par-
ticipants’ serum vitamin A and E levels
were measured. The general characteristics
of the SE and the NS group among
non-participants were similar to those of
participants included in this study. Among
non-participants, 1814 individuals (weight-
ed number 5,749,427) were in the SE group
and 9537 individuals (weighted number
23,203,941) were in the NS group. There
were significant differences in mean age
and the weighted proportions of individuals
according to sex and BMI between the SE
group and NS group (44.33 years old vs
49.66 years old, 86.1% vs 39.0%, and
24.25% Vs 23.88%, respectively;
p<0.001). Additionally, there were signifi-
cant differences in the frequency of binge
drinking, self-rated health, and dyslipide-
mia between the SE and NS groups of
non-participants. Mean energy intake also
showed significant differences between the
SE and NS groups of non-participants
(2377 kceal vs 1907 kcal, p <0.001). There
were no significant differences in dietary
intake of vitamin A, carotene, or retinol
or in supplementary intake of vitamin A
between the SE and NS groups of non-
participants. There were no significant dif-
ferences in the numbers of individuals
taking supplemental vitamin A between
the SE and NS groups of non-participants.

Because vitamin A is a fat-soluble vita-
min and potentially toxic at high concentra-
tions, administration of high doses of
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vitamin A may carry safety risks.
Therefore, it may be better for individuals
to supplement their diets with a small
amount of vitamin A after taking the nutri-
tional status survey.

As mentioned above, vitamin A supple-
mentation can have negative effects when
levels are already high. In the SU.VI.MAX
study, a group of male participants could
have had positive effects because they con-
sumed a small amount of beta-carotene with
other micronutrients or they had baseline
levels of beta-carotene around 24.5 ug/dL,
lower than the reference value.*?

Together, the data show that smoking
does not cause a decrease in vitamin A
levels, but instead slightly increases its
levels. The correct way to provide supple-
mental vitamin A to individuals, especially
smokers, is to either provide a sufficient
dose to those with low baseline levels until
a standard level is reached, or to provide a
small dose with other micronutrients to
those who have normal vitamin A levels.

A limitation of this study was uncertain-
ty in the degree that urinary cotinine levels
could reflect amount of smoking. A prior
study showed that the number of cigarettes
smoked per day was associated with total
urinary cotinine, but not in a linear fashion.
When a high level of smoking was reported
(e.g., >40-45 cigarettes per day), urinary
cotinine levels did not increase consistently
or to the same degree as for lower doses.” In
this study, almost all smokers smoked <40
cigarettes a day, except for one individual
who smoked 55 cigarettes a day. Therefore,
urinary cotinine levels were probably reflec-
tive of the amount of smoking. Additional
limitations of this study were that dietary
intake was recorded using only a single
24-hour recall survey and its cross-
sectional design. Although the 24-hour
recall method may be inaccurate, it enabled
comparison of serum vitamin A and uri-
nary cotinine levels. To increase accuracy,
professional interviewers visited

participants’ homes and provided proper
management. Despite these limitations,
this study was meaningful as a large-scale
study of the Korean population.

Conclusion

As urinary cotinine levels increased, serum
vitamin A levels also increased. Hence,
increased serum vitamin A levels depend
on the number of cigarettes smoked per
day. Mean serum vitamin A levels in smok-
ers were higher than in non-smokers.
Therefore, vitamin A or beta-carotene sup-
plementation is not needed in smokers and
smoking does not result in decreased vita-
min A levels in serum.
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